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Abstract

In this study, Aethionema sancakense Y1ld. & Kilig (Brassicaceae) anatomical, palynological and seed surface features were determined.
This study aims to reveal the structural features of this species. Root, stem cross-sections, leaf epidermis features were investigated
from the plant and anatomical features were determined by taking images. Superficial and transverse sections were taken from the plant
by hand, stained with alcian blue and safranin at a ratio of 3:2, examined under a light microscope and photographed. Multi layered
cortex structure was detected under the outermost epidermis of the trunk. Peridermis layer is torn in some points and removed from the
root. The cortex layer is composed of parenchymal cells and is in 7-8 rows. The sclerenchymal tissue in the cortex layer consists of 2-
4 rows of cells arranged intermittently. For palynological examinations, pollen of A. sancakense were examined under the light
microscope by Woodhouse method. The type of pollen, whose electron microscope images were taken, was determined as monad and
aperture type tricolpat. It was observed that the pollen grains were radially symmetrical and isopolar and their measurements were taken.
The seed surface was dark brown and oval shaped, and the surface ornamentation was reticulate-verrucate. In our study, we tried to
determine the taxonomic characters of 4. sancakense in terms of both anatomical characters and palynological features.

Keywords: Aethionema, Anatomy, Palynology, Seed surface, Cruciferae.

Aethionema sancakense Yild. & Kili¢’in (Bllassicaceae) Anatomik,
Palinolojik ve Tohum Yiizeyi Ozellikleri

Oz

Bu calisma ile Bing6l’de yayilis gosteren, yeni tiir olarak tespit edilen Aethionema sancakense Yild. & Kili¢ (Brassicaceae) tiiriiniin
anatomik, palinolojik ve tohum yiizey ozellikleri tespit edilmistir. Bu ¢aligma, bu tiiriin yapisal 6zelliklerini ortaya ¢ikarmayi
amaclamaktadir. Bitkiden kok, govde enine kesitleri, yaprak epidermis oOzellikleri arastirilmis ve goriintiileri alinarak anatomik
ozellikleri tespit edilmistir. Yiizeysel ve enine kesitler bitkiden el ile alinarak alcian mavisi ve safranin ile 3:2 ile oraninda boyandiktan
ve 151k mikroskobu altinda incelenip fotograflar ¢ekilmistir. Govde, en dista epidermisinin altinda ¢ok katmanli korteks yapis1 tespit
edilmistir. Periderm tabakas1 baz1 yerlerde yirtilmig ve kdkten uzaklastirilmistir. Korteks tabakasi parankimatik hiicrelerden meydana
gelmistir ve 7-8 siralidir. Korteks tabakasindaki sklerenkimal doku 2-4 sira hiicreden olusur. Palinolojik incelemeler i¢in A. sancakense
polenleri 1s1k mikroskobu altinda Woodhouse yontemiyle incelenmistir. Elektron mikroskobu goriintiileri alinan polenlerin tipi monad
ve apertiir tipi trikolpat olarak belirlenmistir. Polen tanelerinin radyal simetrik ve izopolar oldugu gézlemlenmis ve dl¢limleri alinmistir.
Tohum yiizeyi, koyu kahverengi ve oval sekilli, ylizey ornemantasyonu ise retikulat-verrukat olarak belirlenmistir. Calismamizda A.
sancakense tliriiniin hem anatomik karakterler hemde palinolojik Ozelllikler agisindan, taksonomik Karakterleri belirlenmeye
caligilmugtir.

Anahtar Kelimeler: Aethionema, Anatomi, Palinoloji, Tohum yiizeyi, Cruciferae.
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1. Introduction

The monophylectic Brassicaceae family, to which
Aethionema sancakense Yild. & Kilig species is a member, is a
large family consisting of 345 genera and 4020 species distributed
all around the world except Antarctica (Ertugrul et al., 2021). The
main spreading area of Brassicaceae are the Mediterrranean,
Iranian-Turanian and Saharo-Sindian regions (Hedge, 1976).
Aethionema is an lIranian-Turanian genus belonging to
Aethionemae tribe and has around 60-70 species worlwide
(Yilmazoglu, 2022). The main gene centers of the genus
Aethionema are Anatolia and Iran (Hedge, 1965; Mohammedin et
al., 2017; Moazzeni et al., 2018).

In the first volume of Flora of Turkey, the number of
Aethionema taxa in Turkey according to Hedge was 30 species,
then Davis et al. (1965) added 9 taxa and Adigiizel (2000) added
5 taxa, the total number of taxa has reached up to 44. It is known
that the number of taxa of Aethionema, which is named as “Rock
Rose” in Turkey, has increased to 55 together with the newly
defined species in taxonomic arrangement based on
morphological observations only (Ertugrul, 2012, Karabacak et
al., 2013; Kandemir et al., 2017; Yildirimli & Kilig, 2016-2018;
Ertugrul et al., 2021).

Some recent studies have revealed both stem-leaf
anatomy and palynology of Aethionema taxa. Atceken et al.
(2016) determined the morphology, anatomy and pollen
morphology of four taxa (A. arabicum, A. armenum, A. cordatum
and A. karamanicum) belonging to the genus Aethionema and
emphasized that the sculpture structure plays a major role to
distinguish taxa according to pollen morphology. Birgi & Sezer
(2019) examined the morphology and anatomy of endemic A.
turcicum H.Duman & Aytag. Karaismailoglu (2018) examined
some taxa belonging to the genus Aethionema in a study based on
pollen morphology and stated that these taxa differ from each
other by features such as pollen and colpus sizes. Pinar et al.
(2007) conducted a sead coat mikrosculpturing study in some
Turkish Aethionema species. Recently, the anatomical features of
another endemic species, A.dumanii Vural & Adigiizel, were
studied (Dural & Citak, 2020). The seed structures of 12 taxa of
the genus Aethionema distributed in Turkey were examined. Also,
the anatomical structure of testa and endosperm of the species
were studied and it has been reported that it is of great importance
to show the interrelationships between species (Karaismailoglu,
2019).

Aethionema sancakense was proposed as a new species
(Yiddirirmhi  ve  Kilig, 2019). Aethionema sancakense is
morphologically close to Aethionema membranaceum DC.
However, because of its characteristics such as flowering stem c.
5-8 cm (not c. 10-17 cm); flat leaf (not incurved); siliculae 5 x 4-
5 mm (not 6.5-10 x 6-11 mm) cymbiform (not flat), it has been
placed in a new species category (Yidirimh ve Kilig, 2019).
Therefore, the present study aims to determine the unknown
anatomical and  seed-micromorphological  features  of
A.sancakense. The genus Aethionema is one of the most difficult
taxonomic species in Turkey. Many herbarium materials are not
sufficient for the determinaton as both flowering and fruiting
samples are required for the determination. The main aim is the
taxonomy of the genus by fully examining the anatomical features
of A. sancakense.

e-ISSN: 2148-2683

2. Material and Method
2.1. Plant Material

The plant sample was collected from Bing6l district and
turned into a herbarium sample (Bing6l: Center, 7 km towards
Asagikoy, oak forest clearing, slope, 1450-1550 m, 19.05.2018
AD 687). Fresh specimens of this new species, defined according
to the flora of Turkey, were stored in 70% alcohol for anatomy
studies. For palynology studies, with flowering specimens of A.
sancakense were kept and used.

2.2. Anatomical Study

For the anatomical study, cross sections from the stem and
leaf of the samples prepared with 70% alcohol and superficial
sections from the upper and lower surfaces of the leaf were made
by hand. Safranin-fast green (Bozdag et al., 2016) was used for
painting anatomical sections (Table 1). Anatomical photography
and measurement of the specimens were performed with the help
of a digital camera with a Euromex CMEX-10PRO trinocular
microscope (Figure 1, 3).

2.3. Palynology Study

The pollen morphology of the taxon in the study was
examined with light microscopy and Scanning Electron
Microscopy. The pollens obtained from the samples in light
microscopy examinations were prepared according to the method
of Wodehouse (1935). Measurements were performed and the
photographs were taken with Euromex CMEX-10PRO trinocular
microscope (100x). Polar axis (P), equatorial axis (E), and exine
thickness (Ex). The terminology used is mainly from Faegri &
Iversen (1975) and the study of Kili¢ et al. (2020). These
measurements are reported in Table 2 and micrographs in Figure
3.

Pollens belonging to the A. sancakense were placed on metal
pollen carriers (stap) with double-sided adhesive tape under a
binocular microscope to be examined by SEM and covered with
gold to provide the appearance of the pollen in the electron
microscope. The pollen appearances and detailed surface
ornamentations of the studied pollen were obtained from Bingdl
University Central Laboratory. Microphotographs at 1500x —

10000x magnification were taken for each taxon.
2.4. Seed Surface Study

Seeds belonging to the A. sancakense were placed on metal
seed carriers (stap) with double-sided adhesive tape under a
binocular microscope to be examined by SEM and covered with
gold to provide the appearance of the pollen in the electron
microscope. The pollen appearances and detailed surface
ornamentations of the studied pollen were obtained from Bingol
University Central Laboratory (Figure 2).

3. Results and Discussion

In cross-sections taken from the A. sancakense roots, it
consists of peridermis, cortex sclerenchyma, phloem and xylem
cells, from the outside in. Peridermis is the outermost layer of the
root. Peridermis layer is torn in some points and removed from
the root. The cortex layer is composed of parenchymal cells and
is in 7-8 rows. The sclerenchymal tissue in the cortex layer
consists of 2-4 rows of cells arranged intermittently.

2



European Journal of Science and Technology

Sclerenchymal cells can be pentagonal or in different shapes.
Conduction tissue consists of phloem and xylem elements.
Phloem is located on the outside and xylem towards the center.
The pith region is narrowed and filled with xylem cells (Table 1
and Figure 1).

In the transverse sections taken from the stem, there are
epidermis, cortex, sclerenchyma, vascular bundles and pith region
from the outside to in. The outermost layer, the epidermis, is in 2-
3 rows. Epidermal cells are oblong-oval shaped. There is no
epidermal hair in the epidermis. The cortex region, which is
located in the continuation of the epidermal layer, consists of 7-
12 rows of parenchymal cells. Cortex parenchymal cells are round
or oval in shape. The sclerenchymal tissue cells in the cortex layer
consist of clusters of 1-2 rows of cells. Sclerenchymal cells can
be pentagonal in shape. Just below the cortex parenchyma,
vascular bundles are arranged parallel to the body axis. Phloem
and xylem are well developed. Vascular bundles are of collateral
type. The pith region contains circular, oval parenchymal pith
cells (Table 1 and Figure 1).

In the cross-sections taken from the leaves, it was
determined that the stomata are amaryllis type and according to
the arrangement of the stomatal cells and auxiliary cells, they are

4. Conclusions and Recommendations

Tekin (2022) in his anatomical Aethionema lepidioides Hub.-
Purple study, determined that the pith region of the root was filled
with xylem, and that there was a multilayered cortex under the
outermost single-layered epidermis. In the root sections of the 4.
sancakense species we studied, the results were similar because
the pith area was covered with xylem tissue. Tekin determined
that, stomatal characteristic of leaf is amphistomatic, stoma type
is anisocytic and the stoma index of the upper epidermis and lower
epidermis are 26% and 28.4% respectively (Tekin, 2022).
However, stoma index of A4.sancakense species was found to be
22.5% for the upper epidermis and 26.1% for the lower epidermis,
while the stoma type was found to be anisocytic. Our study is
parallel to these results. In the study examining the anatomical
features of A. dumanii, a single layer of epidermis, parenchymal
cortex, and vascular bundles were detected in the transverse
sections of the trunk (Dural & Citak, 2020). This study is parallel
to our study, except for the number of layers found in the cross-
section of the trunk. Birgi and Sezer (2019) examined the root,
stem and leaf anatomy of Aethionema species that are endemic to
Turkey and obtained results consistent with our study. In the study
examining the anatomical features of four Aethionema species (4.
arabicum, A. armenum, A. cordatum and A. karamanicum)
endemic to Turkey, only 4. arabicum is annual, while the other
three are perennial. In the study, which is said to reflect the
anatomical features of this situation, it has been observed that the
number of layers and size of A. arabicum is less in all sections
compared to other species. It was stated that pith cells were not
found in all of the studied species (Atgeken et al., 2016). In the
root sections of the 4. sancakense species we studied, the results
were similar because the pith was covered with xylem tissue.

The morphological features of pollen of the genus
Aethionema were evaluated by different researchers and the
pollen type with monad, isopolar and generally tricolpate aperture
was determined (Atgeken et al., 2016; Ceter et al., 2018). Ceter et
al. (2018), studied the pollen morphology of 4. membranicum

e-ISSN: 2148-2683

anisocytic type. The leaf is amphistomatic. The stoma index is
22.5% for the upper epidermis and 26.1% for the lower epidermis.
So, the number of stomata in the lower epidermis was found to be
higher than upper epidermis (Figure 1).

The pollen grains of the examined samples belonging to
the A. sancakense species are symmetrical with respect to the
equatorial diameter and are isopolar. Also, pollen grains are
monad and tricolpate. Pollens in polar view are subtriangular or
oval. In equatorial view, pollens are elliptical, not flattened at the
poles. Equatorial axis (E) is 16.65-26.84 pm, polar axis (P) is
16.80-25.52 um, P/E ratio is 1.01 um pollen shape is prolate-
spheroidal. Average colpus length is 11.41 pm and width is 3.5
um. The mean exine thickness is 1.24 um and exine sculpture is
reticulate (Table 2 and Figure 3).

The seed shape of the examined taxa A. sancakense
species is broadly ovate, and the seed color changes from brown
to dark brown. The micropillar pole is acute and the calazal pole
is orbicular. Seed sizes vary between 1.81-2.23 x 1.15-1.89 mm.
In the SEM micrograph of the seed samples, the seed surface
ornamentation is determined as reticulate-verrucate. The shapes
of the cells on the seed surface vary as terragonal and polygonal
cells. Cell ridges are observed as striat (Figure 2).

which is morphologically close to A. sancakense and found the
results as (P) 17.1 um, (E) 10.4 um, P/E ratio 1.64 um, pollen
shape subprolate, exine 0.9 um, clg (length) 13.3 pum, aperture
type tricolpate. In our study, the mean of the polar axis (P) was
22.62 pum, the mean of the equatorial axis (E) was 22.23 um, and
the mean of the exine was 1.24 um. 4. sancakense species, which
is quite different from A. membranicum in terms of pollen shape
and dimensions is similar in that the aperture type is tricolpate.
Phylogenetic relationships of taxa were investigared by Batur
(2014) according to the sequence of bases in the tmL-F region and
rbcL-a region of the chloroplast DNA of some species belonging
to the genus Aethionema. A. membranicum which is
morphologically close to 4. sancakense species, was included in
the same clade with A. spicatum and A. grandiflorum species in
Batur’s study. 4. grandiflorum pollen measurements are (E) 8.63-
16.42 um, (P) 10.28-21.9 um, pollen shape is given as prolate,
subprolate and prolate-spheroidal, colpus length 11.26-16.86 um,
colpus width 1.75-5.61 pm (Yilmazoglu, 2022). The pollen size
of A. sancakense species included in our study is quite large
compared to 4. grandiflorum species. On the other hand, pollen
morphology of A. spicatum was studied and its measurements
were determined as P 18.7 um, E 18.7 um, P/E ratio 1 um, pollen
shape spheroidal, exine 0.8 pum, clg (length) 14.1 um, aperture
type tricolpate and tetracolpate (Ceter et al., 2018). When
evaluated in terms of pollen sizes and shapes, differences emerge
in pollen shapes of taxa.

Seed micromorphology in the Brassicacae family includes
seed characteristics that can be used to distinguish species
(Brochmann, 1992; Koul et al.,, 2000; Pmar et al., 2007;
Karaismailoglu, 2019). When the seed of the genus Aethionema
was evaluated in terms of surface ornametations, the importance
of seed surface details in solving taxonomic problems was seen
(Buth & Roshan, 1983; Brochmann, 1992; Koul et al., 2000).
Pmar et al. (2007) determined that there are four basic seed
surface ornamentations in the scanning electron microscopy study
of the seed surface of 17 species belonging to the genus
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Aethionema: reticulate, ruminate, reticulate-verrucate, and
verrucate. Our research is in accordance with the studies carried
out. Seed color, seed size and ornamentation are more prominent
among these characteristics. Pinar et al. (2007) reported that, 4.
grandiflorum taxa had the largest seeds among 17 species in the
genus Aethionema. Rectangular, elliptical and sickle-shaped,
broadly ovate and ovate seeds have been reported in previous
studies in Aethionema genus (Pinar et al., 2007; Karaismailoglu,
2019). When the examined species were evaluated in terms of
seed color, light brown or brown seeds were detected. Pinar et al.
(2007) also found dark green seeds. Karaismailoglu (2019)
reported that he observed brown-gray colored seeds. In terms of
seed surface ornametation, Pinar et al. (2007) identified four
different seed surface types. 4. sancakense species examined in
our study with reticulate-verrucate seed surface ornamentation,
fits Pinar et al’s “Type III: the ones with reticulate-verrucate seed
surface ornamentation”. In the reticulate ornamentation structure
of' the species, it is noteworthy that the walls are prominent or not.

In this study, the anatomical, palynological and seed surface
characteristics of 4. sancakense, which was accepted as a new
species, were determined. In anatomical studies, it is compatible
within the genus Aethoinema with features such as the pith being
filled with xylem in the root, the presence of sclerenchyma layer
in the stem and root, the stomata in leaves being amphistomatic
and the stomatal type being anisocytic. However, 4. sancakense
species differs within the genus in terms of number of layers and
size. In terms of pollen shape and dimensions, A. sancakense
species is similar to 4. membranicum species, to which the pollen
shape is morphologically close, and it has been determined that it
is a different species due to its large pollen size. A. sancakense
species have reticulate-verrucate seed surface ornamentation
within the genus Aethionema. Anatomy of this endemic species,
which was determined to be a new species morphologically, was
supported by the pollen and seed surface studies, and its
differences were revealed within the genus.

Table 1. Anatomical measurement results of A.sancakense (um)( SD — standard deviation).

Min-Max Mean = SD Min-Max Mean £+ SD
Root
Cortex cells 10.23-46.62 24.18 £9.21 5.54-20.13 16.90 + 5.43
Trachea diameter 6.23-24.86 13.21 £4.83 — —
Stem
Cuticle thickness 0.12-2.11 0.52 +0.22 — —
Epidermis cells 11.28-24.21 17.80 £5.96 4.13-23.55 13.76 £5.32
Cortex cells 5.45-27.34 14.89 £6.52 4.56-15.75 13.56 £3.70
Leaf
Upper epidermis cell 5.14-24.13 16.04 £5.33 12.17-29.01 2236 +4.55
Lower epidermis cell 15.23-35.65 25.12+5.65 8.22-28.32 17.31 £4.36
Leaf thickness 476.2-718.05 618.37+£49.01 — —
Table 2. Palynological measurement results of A.sancakense (mm) (SD — standard deviation)

P E Ekzi Shape clg clt Ornamentat
n ion
Min. Max. Mean SD Min. Max. Mean SD Ort.
A.sancakense | 16.80 25.52 22.62 2.37 | 16.65 26.84 22.23 2.52 124 | 101 114 | 35 Reticulate-
1 perforate
Prolatae-
Sipheroidal
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Root

Stem

Leaves Cross-Sections

Leaf Superficial Sections

Fig. 1. Photomicrographs of root (A-B) and stem (C-D) cross sections, leaf-cross section (E-F), leaf superficial sections (G—H) of
A.sancakense. Abbreviations: co — cortex, pe — periderm, ph — phloem, st — stoma, sc — sclerenchyma, xy — xylem, lec — lower epidermis
cell, st — stoma, uec — upper epidermis cell.
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Fig. 2. Micrographs of 4. sancakense seed. General view of the seed and ornamentation of the seed-coat surface.
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Fig. 3. Pollen grains photomicrographs of A. sancakense
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Abstract

Knee meniscuses are fibrous cartilages that are present to disperse friction in the knee joint between the tibia and femur bones. They
work to disperse body weight and reduce friction while moving. Because the condyles of the femur and the tibia converge at one point
(which changes as they bend and stretch), the meniscus expand the weight of the body.

It is important to describe the mechanical behavior of the meniscus because of its significant role in bearing the load on the knee joint.
Research shows Compressive stresses on the menisci have been shown to be a major factor in destructive joint injuries, including
osteoarthritis. Anterior cruciate ligament tearcan also have a profound effect on the meniscus. Clinically, meniscus injury is common
in patients with a tear cruciate ligament. The main purpose of this study is to determine the stress distribution diagram of internal and
external menisci and to evaluate the comparison of healthy meniscus stress and meniscus tearwith the stability of the cruciate ligament
and the instability of this ligament.

The bone structure of a healthy joint was designed and analyzed in ANSY'S program package, and the forces applied to the meniscus
under the presence or absence of ACL ligament were evaluated.

The results of biomechanical studies showed that tearof the meniscus and the anterior cruciate ligament play an important role in the
stability of the meniscus. With the tearof the meniscus and ligament diagram, the distribution of stress and the amount of stress in the
meniscus increases, which can be obtained by the interdependence of the meniscus and the surrounding ligaments for normal joint
function.

Keywords: Meniscus, Cross-Ligament, Knee Biomechanics, FEM.

Capraz Bag Kosullarina Dayah Meniskiisiin Boyuna Yirtilmasinin
Diz Biyomekanigine Etkileri

Oz

Diz meniskiisleri, diz ekleminde tibia ve femur kemikleri arasindaki siirtinmeyi dagitmak i¢in mevcut olan lifli kikirdaklardir.
Hareket halindeyken viicut agirhigmi dagitmak ve siirtinmeyi azaltmak igin ¢alisirlar. Femur ve tibia kondilleri bir noktada
birlestiginden (ki bu biikiildiikge ve esnedik¢e degisir), meniskiis viicudun agirligini dagitir.

Diz eklemi iizerindeki yiikii tagimadaki 6nemli rolii nedeniyle meniskiisiin mekanik davranisin1 tanimlamak 6nemlidir. Arastirmalar,
meniskiis iizerindeki baski streslerinin osteoartrit dahil olmak iizere yikict eklem yaralanmalarinda 6nemli bir faktdr oldugunu
gbsteriyor. On capraz bag yirtilmasi da meniskiis iizerinde derin bir etkiye sahip olabilir. Klinik olarak meniskiis yaralanmasi gapraz
bag yirtikli hastalarda sik goriiliir. Bu ¢alismanin temel amaci, i¢ ve dis meniskiisiin stres dagilim diyagraminm belirlemek ve saglikli
meniskiis stresi ve meniskiis riiptiiriiniin ¢apraz bagin stabilitesi ve bu bagin instabilitesi ile karsilastirmasini degerlendirmektir.
Saglikl1 bir eklemin kemik yapist ANSYS program paketinde tasarlanarak analiz edilmis ve ACL bag1 varliginda veya yoklugunda
meniskiise uygulanan kuvvetler degerlendirilmistir.

Biyomekanik ¢alismalarin sonuglari, meniskiis ve 6n ¢apraz bagin yirtilmasinin meniskisiin stabilitesinde dnemli bir rol oynadigini
gostermistir. Meniskiis ve bag diyagramiin yirtilmasi ile meniskiis ve ¢evresindeki baglarin normal eklem fonksiyonu i¢in birbirine
bagimliligi ile elde edilebilecek olan meniskiisteki stres dagilimi ve stres miktar: artar.

Anahtar Kelimeler: Capraz Bag, Meniskiis, Diz Biyomekanigi, SEY
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1. Introduction

The meniscus of the knee consists of two semicircular
wedge-shaped pieces fixed by a network of ligaments. The
human knee consists of an external meniscus and an internal
meniscus. That between the condyle of the femur and the tibia
are located. The menisci are cartilage-like tissues but much
stronger than that and have a high elasticity. Their main task is to
absorb the shocks that enter the knee. When running, each time
the sole of our foot hits the ground, the calf and thigh bones hit
each other hard at the knee joint, and the meniscus reduces the
severity of the impact by being located between the two bones.
Meniscus function includes joint fluid distribution, articular
cartilage nutrition, shock absorption, joint deepening, and
compensation for incompatibility between the femoral and tibial
condyles, and load bearing. Since the main function of the knee
meniscus is load transfer and stability, this tissue must withstand
many different forces, including compression, tensile and shear.
The structure and composition of each semicircular meniscus are
well suited for this purpose. This performance is created by the
unique mechanical properties of the meniscus (Carter, Taylor,
Spritzer, & Utturkar, 2015).

During normal activities such as walking or climbing stairs,
the knee joint experiences loads of 2.7 - 4.9 times the body
weight. Overall, the meniscus of the knee is estimated to
withstand 45% to 75% of this load. The posterior horn of the
meniscus bears more load than the anterior horn. When the knee
is bent, it is more prone to injury, and the level of contact
between the bones in the joint decreases by 30% for every 40
degrees, indicating variability in the meniscus load-bearing
capacity. Various deviations from this morphology can occur
through abnormal growth, disease, degeneration, or traumatic
injury that results in degeneration and trauma to the meniscus. A
meniscus tear may be long, usually starting at the back of the
meniscus and may extend to the anterior meniscus. This
meniscus, which is now divided into two parts inside and outside
due to rupture, can be pressed against the condyle of the femur
and its two inner and outer parts can be opened. This open
position of the meniscus is called a ruptured bucket handl.
Meniscus health tolntensity depends on the ligament joints of the
knee. A cruciate ligament tearcan have a profound effect on the
meniscus. Clinically, meniscus injury is common in patients with
ruptured cruciate ligament, indicating interdependence of the
meniscus and surrounding ligaments for normal joint function
(Athanasiou & Adams, 2009).

Figure 1. Knee bone structure

e-ISSN: 2148-2683

Due to the function of the meniscus in creating stability and
shock absorption, this organ is at risk and the prevalence of
meniscus tearin a lot of people, especially athletes. According to
previous studies and clinical observations, the highest
percentage of meniscus tear is longitudinal tear. In this study,
longitudinal meniscus tear was investigated. Research has shown
that compressive stresses on the menisci are a major factor in
destructive joint injuries, including osteoarthritis. Anterior
cruciate ligament (ACL) tear can also have a profound effect on
the meniscus. In this study, the distribution of stress on the knee
during longitudinal rupture of the internal meniscus along with
the stability of the anterior cruciate ligament and the instability
of this ligament were investigated (Pena, Calvo, & Martinez,
2005).

The main purpose of this study is to investigate the diagram
of compressive stress distribution on the meniscus plates and to
evaluate the comparison of healthy Minsk stress and Minsk
rupture when the cruciate ligament is intact or torn.

2. Material and Method

In the first step, a model of the finite elements of the knee
including the femur, tibia and meniscus was developed. Then
loading was applied in three different modes including healthy
meniscus, longitudinal tear of the meniscus when the ligament
was healthy and longitudinal torn of the meniscus with rupture
of the ligament on the knee and the results of different loadings
were compared. Joint bone structure was meshed in ANSYS
software, figure 2. The menisci were assumed to be
homogeneous and linear elastic and isotropic transverses with a
radial and longitudinal elastic modulus of 20 MPa and a
circumferential 140 MPa. The poinson coefficient of the menisci
was considered 0.2 in the isotropic plane and 0.3 in the non-
isotropic plane and the shear modulus of the modulus Shear 57.7
in MPa from previous finite element studies. The anterior and
posterior cruciate ligaments are assumed to be homogeneous,
linear, and isotropic with an elastic modulus of 0.8 GPa and a
Poisson ratio of 0.3. The meniscus density is 1450 kg/m3 and the
density of the anterior and posterior cruciate ligaments is 1240
Kg/m3, respectively, according to previous research. Contact
surfaces between femur and meniscus, meniscus and tibia, femur
and tibia were modeled for both internal and external articular
halves. Anterior and posterior cruciate ligaments, internal and
external meniscus are attached to femur and tibia. The menisci
transmit about 81% of the total vertical force of weight, of which
49% of the total force of weight is transmitted by the internal
meniscus. A vertical pressure of 800 N, equivalent to a person's
weight, is applied to the midline of the femur. compressive stress
Shear has been compared. Only Static analysis is performed at
full extrusion or zero degree of flexion. The results are in good
agreement with the results of previous studies evaluated in this
field.
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3. Results and Discussion

Longitudinal meniscus tear occurs when the anterior
cruciate ligament is intact. Maximum contact pressure in the
inner meniscus is 33.73 MPa and in the external meniscus is
3.23 MPa. The main stresses are minimum in the inner meniscus
with a value of 2.95 MPa and compression, and in the external
meniscus with a value of 6.21 MPa and compression. The
maximum shear stress on the inner meniscus plate is 8.7 MPa
and on the external meniscus plate 4.67 MPa. As a result, the
maximum contact pressure in the rupture of the internal
meniscus has increased by about 63%. In longitudinal rupture of
the internal meniscus with anterior cruciate ligament, the
maximum contact pressure occurs in the internal meniscus with
a value of 5.99 MPa and in the external meniscus with a value of
2.86 MPa. The main stresses are minimum in the inner meniscus
with a value of 6.38 MPa and compressive, and in the external
meniscus with a value of 9.33 MPa and compressive. The
maximum shear stress on the inner meniscus plate is 6.38 MPa
and on the external meniscus plate is 9.33 MPa. Contact pressure
is 6.82 MPa in ligament rupture and 3.25 MPa in healthy
ligament. As a result, the maximum contact pressure in the
ligament rupture has increased by about 54%.
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Figure 3. Comparison of analysis values in different modes

The model was compared with the logical results of
previous papers, and although most of the results were
qualitatively expressed, this study was able to provide a better
understanding of the biomechanical behavior of the knee joint
and different treatment methods. Previous studies have

e-ISSN: 2148-2683

Figure 2. FEM of Joints and menisci

Table 1. Mechanical properties of meniscus, Anterior and

posterior cruciate ligament

Model Density Poiss
componeants Kg/m3 on ratio
Meniscus 1450 0.26
Anterior 1240
cruciate ligament 0.3
1240
Posterior
cruciate ligament 0.3

compared the types of meniscus tears, the effect of
meniscectomy on the biomechanics of the knee to determine the
critical areas of the meniscus to be considered in surgery, and
compared the types of meniscectomy, but at the same time,
longitudinal meniscus rupture when healthy or Anterior cruciate
ligament rupture has not been investigated.
The results of this study showed that ligaments play an
important role in the stability of the menisci and the results show
that the interdependence of the meniscus and surrounding
ligaments for normal joint function can be obtained. In many
previous 3D models, the femur and tibia were assumed to be
homogeneous and orthotropic elastic, which in this modeling
was considered first with orthotropic properties and then as
rigid; However, due to the close results, in order to reduce the
volume of calculations, in this study, the behavior of the dense
femur and tibia bones was considered as rigid. Numerical results
showed that each meniscus tear leads to an increase in
compressive and shear stress in the meniscus on the inside of the
knee, especially for the meniscus with anterior cruciate ligament
rupture. According to the results obtained in ligament rupture,
the amount of stress and stress distribution diagram increased.
The prevalence of longitudinal rupture is higher in the internal
meniscus. In a healthy knee, the maximum amount of tension in
the internal meniscus is higher than in the external meniscus, so
the internal meniscus will be more damaged. The areas receiving
the maximum stresses are also different in these two, the
maximum stresses are located in the inner meniscus in the
posterior part and in the external meniscus in the anterior part of
its edges. The amount of shear stress, displacement and strain is
higher in the areas of the meniscus where more stress is applied.
And weight gain strongly affects the amount of meniscus
deformation and shear stress, but weight gain does not change
the distribution and displacement diagrams.

4. Conclusions and Recommendations

The meniscus is known as the part of the knee joint that has
limited regenerative capacity. The finite element method can be
used to evaluate the load, to investigate the distribution of stress
components and strain components, and finally to predict the
mechanical behavior and stability of the knee meniscus and
surrounding ligaments. This model provides a better
understanding of the role of the meniscus in transmitting the
force of weight on the knee.
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The finite element method can be used to evaluate the load,
to investigate the distribution of stress components and strain
components, and finally to predict the mechanical behavior and
stability of the knee meniscus and surrounding ligaments. This
model provides a better understanding of the role of the
meniscus in transmitting the force of weight on the knee.
Nowadays, finite element method is used to evaluate the effect
of meniscectomy, choosing the right place to perform
meniscectomy, bone biomechanical behavior and structural
analysis of orthopedic implants.

In fact, the precise three-dimensional finite element model
of the knee joint can be used in many medical fields such as
accident simulation, sports equipment design, orthopedic
implant design and construction simulation, and surgical
equipment improvement. Therefore, the results of stress
distribution on the menisci at the clinical level are used in
meniscectomy surgeries and artificial meniscus construction
(Grassi, Dal Fabbro, & Di Paolo, 2021).
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Oz

Giliniimiiziin arag¢ teknolojisi, icten yanmali motorlara dayanmaktadir. Ancak son yillarda hibrid modeller piyasaya sunulmustur. Bu
modellerin amact yakit tiiketimini azaltmaktir. Hibrid araglar, elektrikli ve benzinli bir motorun ayni anda c¢alismasi prensibine
dayanmaktadir. Bu ¢aligma prensibine gore i¢ten yanmali motorlarin kullaniminin uzun bir siire daha devam edecegi 6ngoriilmektedir.
Bu nedenlerle fosil yakitla ¢caligan motorlarla ilgili ¢caligmalar halen devam etmektedir ve gelecekte de devam edecegi diigiiniilmektedir.
Motor ve motoru meydana getiren makine elemanlariyla ilgili yapilan ¢alismalarda uygun tasarim ve malzeme se¢imi On plana
citkmaktadir. Dolayisiyla motoru meydana getiren parcalarinin iiretiminde dikkat edilmesi gereken tasarim ve kullanilan malzemenin
uygunlugu ve agirligidir. Motor elemanlarinin tasarimini yaparken dikkat edilmesi gereken en 6nemli kisim motorun araca olan etkisini
yani performansini en {ist diizeye ¢ikarabilmek ve bu seviyeye ulagabilmek igin gerekli olan ¢aligmalarin yapilabilmesidir. Bunun igin
de motoru olusturan elemanlarin ve bu ¢alismanin konusu olan biyel kolunun tasarimi biiyiik bir 6nem teskil etmektedir. Motorun bir
kismini teskil eden ve motor igerisinde olusan gerilmelere yeterli dayanim géstermesi beklenen ve tek basina bir biyel kolundaki tasarim
faktorii etkili gériinmese de, birden fazla elemanin bir araya gelmesiyle tasarim ve dolayisiyla agirlik a¢isindan motorun performansi
da bu durumdan etkilenmektedir. Bu ¢alismada biyel kolu tasarimi yapilarak performans agisindan gerekli analizler yapilmistir. Dort
farkli malzeme kullanilarak; aliiminyum alagimi, titanyum alagimi, ¢elik alagimi ve dokme demir, bir ANSYS Workbench yazilimi
kullanilarak tasarimi yapilan biyel kollarinin analizi yapilmustir. Yapilan analizlerde, stres ve deformasyon ile ilgili ¢alismalar
gerceklestirilmigtir. Sonug olarak aliiminyum alagimi malzemenin hem agirlik hem de malzemenin temini agisindan en uygun tasarim
oldugu sonucu elde edilmistir.

Anahtar Kelimeler: Biyel kolu, Deformasyon, Gerilim.

Deformation and Stress Analysis of Connecting Rod with Different
Materials

Abstract

Today's vehicle technology is based on internal combustion engines. However, hybrid models have been introduced to the market in
recent years. The purpose of these models is to reduce fuel consumption. Hybrid vehicles are based on the principle of simultaneous
operation of an electric and gasoline engine. According to this working principle, it is predicted that the use of internal combustion
engines will continue for a long time. For these reasons, studies on fossil fuel-powered engines are still ongoing and are expected to
continue in the future. Appropriate design and material selection come to the fore in studies on the engine and the machine elements
that make up the engine. Therefore, it is the design and the suitability of the material used and the weight that should be considered in
the production of the parts that make up the engine. The most important part to be considered while designing the engine elements is to
maximize the effect of the engine on the vehicle, namely the performance, and to carry out the necessary studies to reach this level. For
this, the design of the elements that make up the engine and the connecting rod, which is the subject of this study, is of great importance.
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Although the design factor in a connecting rod alone, which is a part of the engine and is expected to withstand the stresses formed in
the engine, does not seem to be effective, the performance of the engine in terms of design and therefore weight is also affected by this
situation. In this study, necessary analyzes were made in terms of performance by designing the connecting rod. Using four different
materials; aluminum alloy, titanium alloy, steel alloy and cast iron, connecting rods designed using an ANSYS Workbench software
were analyzed. In the analysis, studies on stress and deformation were carried out. As a result, it was concluded that the aluminum alloy
material is the most suitable design in terms of both weight and material supply.

Keywords: Connecting rod, Deformation, Stress.

1. Giris

Motor biyel kolu pistondaki donme kuvvetini kranka ileten
motorun dinamik bir parcasidir. Biyel kollari motorlarda
kullanilmakta ve krank ile birlikte ¢aligmaktadirlar. Biyel kolu
motorun iginde pistondan aldig1 itme hareketini krank miline
donme hareketi olarak iletmektedir. Milyonlarca tekrar eden yiike
maruz kalan biyelin, motor igerisinde hareket ederken meydana
gelen gerilmelerin sonucunda yeterli performansi gostermesi
gerekir. Bununla birlikte pistonun yaptigi her devirde yon
degistirme ve durma hareketlerinde atalet kuvvetlerini azaltmak
icin de yeterince hafif olmalidir. Biyel kollari, en diistik agirlikta
mimkiin olan en yiiksek saglamlikta olacak sekilde
gelistirilmelidir (Ozdemir, 2013; Charka ve Jaju, 2009).

Celik ve aliiminyum alasimli malzemeler, biyel kolu i¢in
literatiir aragtirmasina bagl olarak uygun malzemeler arasindan
secilmektedir. Biyel kollart genellikle c¢elik ve aliiminyum
alasimlarindan dévme yontemiyle iiretilir. Ancak son yillarda bazi
tireticiler farkli malzeme ve iiretim yontemleri kullanarak daha
hafif, daha ucuz ve daha esnek tasarimlar iizerinde
¢aligmaktadirlar. Kullanildig1 yere bagli olmak tizere biyellerde
genellikle karbonlu ya da alasimli ¢elikler kullanilir. Normalde
giinlimiizde kullanilan aliiminyum, metal matrisli kompozit
(MMC) formunda olup, aliiminyum ve silisyum karbiir
alagimlarindan olusur. Bu tip aliminyum matrisli kompozitler
yaygin olarak kullanilmaktadir, ¢linkii bu malzemeler % 29
oraninda artan sertlik ile agirlikta % 25 azalma ve % 20 oraninda
mukavemet artisina sahiptirler (Joshi ve Sharma, 2021; Joshi ve
Sharma, 2021; Ekici, 2016; Acar, 2016).

Bir biyel tasarimi igin, farkli tiretim yontemleri ile farkli
malzeme tiirleri kullanilabilir. Biyeller genellikle toz dovme,
dovme ve dokiim yontemleriyle iiretilir ve motor igerisinde farkli
yiiklere maruz kalirlar. Yanma odasindaki gaz basincindan
kaynaklanan boyuna sikistirma yiiklemesi, piston hizindaki
degisikliklerden kaynaklanan karsilikli ¢cekme ve sikistirma
kuvvetleri, serbest birakma hareketi nedeniyle gévdede egilme ve
stkisgtirma  kuvvetleri nedeniyle maruz kalan burulma
yiiklemesidir (Bulut ve Cihan, 2020; Singh vd., 2015; Sathish vd.,
2020).

Arastirmacilar, biyel kolu {iizerinde bir¢ok c¢alisma
yapmiglardir. Londhe vd, (2009), test kosullarini simiile eden,
dogru yorulma Omriinii tahmin etmeye yardimci olan ve en
onemlisi sanal dogrulama icin kolay bir prosediir saglayan dogru
bir sonlu elemanlar (FE) modelleme teknigi ve analiz prosediirii
olusturmuslardir. Bu amaca ulagmak i¢in statik gerinim 6lgiimii
ve yorulma testleri yapilmistir. Shaari vd., (2010) biyel koluna
topoloji optimizasyonu uygulamislardir. Mevcut tasarimin yapisal
analizinden sonra topoloji optimizasyonu yapilmistir. Analiz
sonucunda agirlik % 11,7 oraninda azalmis ve tasarim bu sonuca
gore yapilmistir. Hiiseyin vd, (2014), aliiminyum alasimi 7068
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T6, T6511 malzemesini kullanarak biyel kolunun tasarimini ve
analizini gerc¢eklestirmislerdir. Elde edilen sonuglara gore,
aliminyum alagimi dévme celik gibi diger malzemelere gore daha
fazla giivenlik faktoriine, daha az agirliga, daha az strese ve daha
yontemiyle [.C Motor baglanti g¢ubugunun stres analizini
gerceklestirmiglerdir. Teorik ve sonlu elemanlar analizinden,
baglanti gubugunun kii¢iikk ucundaki gerilimin, biiyiik ucundaki
gerilimden daha biiyiik oldugunu bildirmiglerdir. Jaju ve Charkha
(2009), maliyet ve malzeme optimizasyonu i¢in dort zamanli tek
silindirli motorun biyel kolunun modellemesini ve analizini
gerceklestirmisti. Once baglanti ¢ubugunun statik yiik stres
analizi ve ardindan agirlik i¢in ikinci optimizasyon olmak {izere
iki konuda c¢aligma yapmuslardir.

Daha hizli iriin gelistirme ihtiyacinin artmasi ve buna
ragmen optimum tasarima ulasma ihtiyaci ile birlikte, sonlu
elemanlar yontemlerinin (FEM) 6nemi ve gerekliligi artmaktadir.
Dogru gerilim ve deformasyon tahmini, dzellikle biyel kolunun
analizi ve sayisal dogrulamasi i¢in basit bir prosediir saglar. Daha
once yapilan ¢aligmalar 1s1ginda, bir ANSY'S Workbench yazilimi
kullanilarak biyel kolu analizi yapilmigtir. Calismada biyel
kolunun Von-Misses gerilme ve deformasyon analizleri sayisal
olarak incelenmistir.

2. Materyal ve Metot

Bir biyel kolunun 6zellikleri tespit edilerek, yapisal olarak
icinde bulundugu calisma kosullarini dikkate alinarak maruz
kaldig1 kuvvetler incelenmis, bu kuvvetlere bagli olarak analizler
gerceklestirilmistir. Biyel tasarimi birgok parametre yardimiyla
yapilip, elde edilen analiz sonuglari kullanilarak en uygun
malzeme tespit edilmeye c¢aligilmistir. Calisma yonteminde,
oncelikli olarak karmasik olan geometri sonlu elemanlar adi
verilen daha basit birbirine bagl kiigiik bolgelere ayrilmaktadir.

Sonra, bu sonlu elemanlarda siirekli  fonksiyonlarin
tanimlanabilecegi kabul edilmektedir. En son olarak da her bir
elamanin  diigiim noktalarindaki degerler siirekli olan

denklemlerin ¢oziimii ile elde edilmektedir (Acar, 2016).

Sekil 1’de bilgisayar destekli tasarim programiyla iiretilmis
biyel kolu modeli verilmistir. Daha sonra bu biyel kolu modeli
ANSYS Workbench yazilimina, say1sal analizler
gerceklestirebilmek amaciyla aktarilmistir. Uygulanan yiikler igin
sonlu eleman analizleri (FEA) gerceklestirilmis olup, biyel
kolunun tasariminda kullanilan AA6061-T6, Ti-6Al-4V, dokme
demir ve yapisal celik malzemelerin 06zellikleri Tablo 1'de
verilmistir.

Modellemenin bir sonraki asamasi, olusturulan modelin ag
modelinin olusturulmasidir. Dortytizlii eleman tipi kullanilmistir.
Biyel kolunun ag modeli, Sekil 2'de verilmistir.
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Sekil 1. Biyel kolu kati modeli

0,00 50,00

100,00 (mm)

25,00 75,00

Sekil 2. Biyel kolunun ag modeli

Tablo 1. Biyel kolu malzemelerinin dzellikleri

Malzeme UTS (Mpa) Poisson Oram1  Young Modiilii (GPa) Yogunluk (g/cc) Kayma Modiilii (GPa)
AA6061-T6 313 0.33 69.04 2.713 26
Ti-6Al-4V 918 0.3387 111.2 4.429 41.533
Dokme demir 141.4 0.26 89.44 6.999 35.492
Yapisal ¢elik 422.5 0.3046 210 7.850 80.484

Analizler i¢in motor, motor hizt ve tork degerleri ile birlikte
pistona uygulanan kuvvet hesaplandiginda; gilivenlik faktoriiniin
biyel tasarirminda 5 ile 9 arasinda kullanilmasi tavsiye
edildiginden, bu ¢alismada giivenlik faktorii 5 olarak se¢ilmis ve
sonug olarak 3420 N maksimum yiikleme degeri elde edilmistir
(Ekici, 2016). Sonlu elemanlarin analizinde bu deger esas
almmustir. Biyel kollari, motor igerisinde calisirken ¢cekme ve
basma yiiklerinin etkisi altindadir. Gaz ve atalet kuvvetlerinin
etkisi acisindan gaz kuvvetleri daha yiiksek oldugundan basma
gerilimi, c¢ekme gerilimine gore daha etkilidir (Kumar ve
Prajapati, 2017). Biyel kolunun krank mili ucu sabit tutularak
piston pimi ucuna basma yiikii uygulanmistir.

e-ISSN: 2148-2683

3. Arastirma Sonuclari ve Tartisma

FEA analizinin sonuglari bu boliimde hem gorsel hem de
sayisal olarak verilmistir. Aliiminyum alasimi AA6061-T6, Ti-
6Al1-4V, dokme demir ve yapisal ¢elik malzemeler i¢in basma
analizleri yapilmustir. Sekil 3°de gerilme dagilimi ve deformasyon
analizlerine ait resimler verilmistir.

FEM analizi sonucunda maksimum gerilmenin her zaman
biyel kolunun kiiciik goz bolgesinde meydana geldigi
gozlemlenmistir. Bu sonuglar literatiirle de uyumludur. Delprete
ve Carlo (2017), yaptiklar1 ¢alismada maksimum stres degerini
piston pimi ug bolgesinde tespit etmislerdir. Pathade vd., (2012),
tarafindan yapilan analizlerde de gerilimin piston pimi bolgesinde
daha fazla oldugunu bildirmislerdir. FEM analiz sonuglar1 Tablo
2’de verilmistir.
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Sekil 3. Gerilme analizi; a) AA6061-T6, b) Ti-6A1-4V, ¢) Dokme Demir, d) Yapisal Celik, Deformasyon Analizi; e) AA46061, f) Ti-641-4V,
g) Dokme Demir ve h) Yapisal Celik
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Tablo 2. Analiz sonuglart

Malzeme Gerilme (MPa) Deformasyon (mm)  Yogunluk (g/cc)
AA6061-T6 115.41 0.091 2.713
Ti-6Al-4V 115.15 0.056 4.429
Yapisal ¢elik 116.19 0.030 7.850
Dékme demir 117.63 0.071 6.999

4. Sonug

Statik yapisal analizden, aliiminyum alasimi, titanyum
alagimi, dokme demir ve yapisal ¢elik i¢in Esdeger Von-Misses
gerilmeleri ve Toplam Deformasyon analiz sonuglar
karsilagtirtlmigtr.

Belirli bir yiikleme altinda aliiminyum alagimi ve titanyum
alasiminin dokme demir ve yapisal ¢elik ile karsilastirildiginda
yiliksek mukavemete sahip oldugu gozlemlenmistir.

Malzemelerin yogunluklart dikkate alindiginda, AA6061-T6
alasimy, silindirde meydana gelen kuvvetleri digerlerine gére daha
az agirlikta karsilayabildigi ve bunun da motor performansi ve
agirlik  acisindan  iistiin - oldugu  diisiiniilmektedir.  Ayrica
alliminyum malzemelerin teminindeki avantaj g6z oniine alinirsa
onemli faydalar saglayacagi ongoriilmektedir.

Ti-6Al-4V malzemesi ise demir ve ¢elik malzeme gore elde
edilen sonuglar ve yogunluk farki dolayisiyla kullanim agisindan
uygun goriilmektedir.

Celik ve demir malzemelerin analiz degerlerinin aliminyum
ve titanyum alagimi malzemeye yakin olmasina ve hatta ¢elik
malzemenin deformasyon degerinin en az olmasina ragmen
motorun  agirhgm  arttirdigr  icin  efektif  olmadiklar
diigiiniilmektedir.

Tasarim faktorleri dikkate alinarak; farkli tasarim ve farkli
malzemeler kullanilarak, biyel kollarinin gelistirilmesi amaciyla
yeni ¢aligsmalar yapilabilecektir.
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Oz

CsA orani, ¢gimentolu sistemlerin reolojik 6zelliklerini biiyiik oranda etkileyen parametrelerden birisidir. C3A oranindaki artisla birlikte
hedef yayilmay1 saglamak igin su azaltict katki ve/veya su ihtiyaci artmaktadir. Hamur karigimlarinin reolojik parametrelerinin
Ol¢iimii i¢in iiretilen karisimlarin su/¢imento (s/¢) orani ve su azaltici katki gereksiniminin belirlenmesinde; kullanilan reometrenin
tipi, uygulanan ydntem, karisimimn homojen hazirlanmasi ve su azaltici katki igerigi gibi parametreler dikkate alimaktadir. Uretilen
karisimin asirt kati (reometrenin 6lgliim kapasitesini asabilir/karisim homojen olmayabilir) ve asir1 akigkan (ayrigma riski olabilir)
olmamasi gerekmektedir. Bu sebeple, reolojik 6l¢tim alinabilen karigimlarda, optimum su azaltici katki gereksinimi ve s/¢ oraninin
belirlenmesi biiyilk 6nem tagimaktadir. Bu ¢alismada, farklt C3A oranina sahip hamur karigimlarinda reolojik 6l¢iim alinabilen ve
segregasyona yol agmayan optimum polikarboksilat esasli su azaltic1 katki (PCE) dozaj1 ve s/¢ orani arastirilmistir. Bu amagla, %2,
%3, %6, %9 olmak iizere 4 farkli oranda C3A oranina sahip CEMI 42.5R tipi portland ¢imentosu kullanilmustir. 5 farkli dozajda PCE
(¢imento agirhigmin %0, 0.05, 0.10, 0.15 ve 0.20’si) ilave ederek 4 farkli s/¢ oranina (0.30, 0.32, 0.35 ve 0.40) sahip toplam 80 farkl
hamur karigimi hazirlanmigtir. Elde edilen sonuglara gore, karisimlarin C3A oranindaki artigla birlikte katki ihtiyacinin ve s/¢ oraninin
arttig1 gdzlemlenmistir. Ote yandan, diisiik C3A oranina sahip karisimlarda, PCE dozajmin ve s/¢ orammin artmasiyla segregasyon
egiliminin artti1 tespit edilmistir. Sonug olarak, hamur karigimlarinda reolojik parametreler bakimindan optimum PCE dozaji %0,
%0.10 ve 9%0.15 olarak tespit edilmistir. Ayrica, optimum s/¢ orani 0.32 ve 0.35 araliginda elde edilmistir.

Anahtar Kelimeler: C3A, Su/¢imento orani, Su azaltic1 katki, Reoloji

Determination of Optimum Water Reducing Admixture Dosage and Water
Content in the Measurement of Rheological Parameters of Paste Mixtures
Having Different C3A Ratios

Abstract

CsA ratio is one of the parameters that greatly affects the rheological properties of cementitious systems. With the increase in the C3A
ratio, the water reducing admixtures and/or water requirement increases to achieve the target spread. Some parameters are taken into
account such as the type of rheometer, application of the method, the homogeneous preparation of the mixture and the water reducing
admixture content in determining the water/cement (w/c) ratio and water reducing admixture requirement in the mixtures produced for
the measurement of the rheological parameters of paste mixtures. The mixture produced should not be too solid (it may exceed the
measuring capacity of the rheometer / the mixture may not be homogeneous) and excessively fluid (there may be a risk of
segregation). For this reason, it is of great importance to determine the optimum water reducing admixture requirement and
water/cement (w/c) ratio in mixtures where rheological measurements can be taken. In this study, optimum polycarboxylate-based
water reducing admixture (PCE) dosage and wi/c ratio were investigated in paste mixtures having different C3A ratios. For this
purpose, CEMI 42.5R type portland cement with 4 different CsA ratios as 2%, 3%, 6% and 9% was used. A total of 80 different paste
mixtures with 4 different wi/c ratios (0.30, 0.32, 0.35 and 0.40) were prepared by adding PCE (0, 0.05, 0.10, 0.15 and 0.20% by weight
of cement) in 5 different dosages. According to the results, it was observed that the admixture requirement and wi/c ratio increased
with the increase in the CsA ratio of the mixtures. On the other hand, it was determined that the segregation tendency increased with
the increase of PCE dosage and w/c ratio in mixtures with low C3A ratio. As a result, the optimum PCE dosage was determined as
0%, 0.10% and 0.15% in terms of rheological parameters in paste mixtures. Also, the optimum w/c ratio was obtained between 0.32
and 0.35.

Keywords: CsA, Water/cement ratio, Water reducing admixture, PCE, Rheology
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1. Giris

Cimentonun C3A bileseni, karisimlarin reolojik 6zellikleri
ve erken yas dayamimi {izerinde biiylik etkiye sahiptir.
Cimentonun su ile temasiyla birlikte C3A c¢ok hizli sekilde
reaksiyona girerek suyu tiiketir (Mardani-Aghabaglou, 2016;
Karakuzu ve ark, 2021). Ayrica, C3A iceriginin yiiksek olmasi,
su azaltici katki varliginda ¢imento-katki uyumu sorunlarinin
ortaya c¢ikmasina neden olabilmektedir. Bu nedenle, ¢imentolu
karisimlarda genellikle C3A oranmin diisiik olmasi tercih
edilmektedir (Zingg ve ark, 2009; Alonso ve Puertas, 2015;
Altun ve ark, 2021). Su azaltict katki ve ¢imento arasindaki
uyumsuzluk, erken ¢okme kaybi, diisiik yayilma performansi,
belirli bir kivam ig¢in yiikksek PCE gereksinimi, siddetli
segregasyon ve hidratasyon gecikmesi gibi ¢esitli sekillerde
kendini gosterebilir (Han ve ark, 2011; Liu ve ark, 2021; Ozen
ve ark, 2021).

C3A oranindaki artigla birlikte hedef yayilmayi saglamak
icin su azaltict katki ve/veya su ihtiyact artmaktadir. Bu
durumun, C3A oram yiiksek ¢imentolu karigimlarda, optimum
s/¢c oran1 ve PCE gereksiniminin belirlenmesinde géz oniinde
bulundurulmas: gerekmektedir. Bu baglamda, CzA orani
degisiminin ¢imentolu sistemlerin taze hal, reolojik 6zelliklerine
etkisi incelenirken, tiim karisimlar igin, Ol¢lim almabilir ve
karsilastirilabilir aralikta optimum s/¢ oram1 ve PCE dozaji
secimi dikkate alinmalidir. Bu calismada, farkli C3A oranina
sahip hamur karisimlarinda reolojik Ol¢iim alinabilen ve
segregasyona yol agmayan optimum polikarboksilat esasli su
azaltic1 katki (PCE) dozaj1 ve s/¢ orani aragtirilmigtir.

2. Materyal ve Metot

2.1. Malzeme

Bu ¢alismada, %2, %3, %6, %9 olmak lizere 4 farkli oranda
C3A igerigine sahip CEMI 42.5R tipi portland ¢imentosu
kullamlmigtir. Cimentolara ait bazi1 &zellikler Tablo 1°de
gosterilmistir. 5 farkli dozajda PCE (¢imento agirliginin %0,
%0.05, 0.10, 0.15 ve 0.20°si) ilave ederek 4 farkli s/¢ oranina
(0.30, 0.32, 0.35 ve 0.40) sahip toplam 80 farkli hamur karisimi
hazirlanmigtir. Kullanilan PCE’ye ait baz1 6zellikler Tablo 2°de
gosterilmistir.

2.2. Metot

Hamur karigimlann TS EN 196-1’e  uygun olarak
hazirlanmistir. Bu amagla, su ve ¢imento 62.5 rpm hizla 30
saniye boyunca karistilmistir. Karigtirma kabinin  cidar
styrildiktan sonra PCE ilave edilerek 125 rpm hizla 120 saniye
daha karigtirilmigtir. Karistirma islemi bitince karisim yavasga
ve Orselemeden reometre kabma alinmistir. Karigimlarin 6l¢iim
almabilirliginin belirlenmesinde, Sekil 1’de gosterilen 8 mm’lik
bilyeli 6l¢iim sistemine sahip (MCRS52 Ball Measuring System-
BMS) reometre kullamlmistir.  Ol¢iimiin  baslangicinda
reometrenin maksimum tork kapasitesi olan 200 mN.m degerine
ulagmast durumunda karigimin asir1 katt oldugu kabul edilerek
deney sonlandirilmistir. Ayrica, reometre kabindaki karigimin
ylizeyinde suyun birikmesi ve hava kabarciklarinin ortaya
¢tkmasi, bilyenin donerken hamurda actigi izin kapanma
durumlarina gore segregasyon hali gdzlemlenmistir.

Karisimlarin isimlendirilmesinde ¢imento C3A orani dikkate
almmistir.  Ornegin, %3 oraninda C3A igeren ¢imento ile
hazirlanan hamur karigimi, C3 ile isimlendiirlmistir.

Tablo 1. Cimentoya Ait Bazi Ozellikler

(%) C2 C3 C6 C9  Fiziksel ozellikler C2 C3 C6 C9
Si0, 18,94 19,58 19,73 20,15 Ozgiil agirlik 3,21 3,20 3,17 3,1
Al,O3 4,33 4,72 519 553 Blaine 6zgiil yiizey (cm?/g) 3786 3754 3659 4259
Fe,Os; 5,53 5,27 410 3,31 0.090 mm elek istii kalan (%) 4,8 0,2 0,2 0,0
CaO 61,67 6062 62,62 62,68 0.045mm elek iistii kalan (%) 11 4,6 4,2 2,6
MgO 155 177 1,75 1,69 Mekanik ozellikler C2 C3 C6 C9
SOs 3,10 2 giinliik 25,8 24,6 26,3
2,82 2,66 2,36 Basing dayanimi (MPa)
KO 0,57 0,54 0,57 0,58 28 giinlik 48,5 48,4 51,0

Na,O 0,31 0,32 0,36 0,26
LOI 3,33 3,34 301 431

Tablo 2. Su Azaltict Katkiya Ait Bazi Ozellikler

Tiir Kati icerigi Yogunluk pH Klorid Alkali orani,
" (%) (glem®)  25°C  icerigi (%)  Na:O (%)
Polikarboksilat 40 1.070 2.5 <01 <10
esaslt
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Sekil 1. BMS Olgiim Sistemine Sahip Reometre

3. Arastirma Sonuclari ve Tartisma

Farkli C3A oranina sahip hamur karisimlarinda reolojik
Olciim alinabilen ve segregasyona yol agmayan optimum PCE
dozaji ve s/¢ oraninin arastirildigi bu calismada, elde edilen
sonuglar Tablo 3’te gosterilmistir.

Tablo 3’teki sonuglara goére, ¢imento C3A oram ve
su/¢cimento oranindan bagimsiz olarak, hamur karisimlarinda

%0,05 oraninda PCE kullanildiginda, katkisiz karigimlara
kiyasla karisimlarin akicilik 6zelliginde 6nemli bir degisiklik
olmamigtir. Dozajin ¢ok diisiik olmasinin, PCE’nin karigimlar
iizerinde yeterli etkinlik gosterememesine yol agtifi
diistiniilmektedir. Ayrica, %0,15’in tizerinde PCE kullanildiginda
karigimlarda genellikle segregasyon meydana gelmistir. PCE
dozaji ve ¢imento C3A igeriginden bagimsiz olarak, 0,40
su/cimento  oraninda hazirlanan  karigimlarda  genellikle
segregasyon durumu goriilmiistiir.

0,30 su/¢cimento oraninda hazirlanan C9 karigiminda ise
%0,15 oraninda PCE ilavesine kadar karisimin asir1 kat1 oldugu
goriilmiistiir. Cimentonun su ile temas etmesiyle birlikte,
C3A’nin hizli sekilde suyu tiiketmesi, karigimlarin katilagmasina
neden olmaktadir (Mardani-Aghabaglou, 2016; Karakuzu ve ark,
2021). %0,15’in altinda PCE kullanilmasi ise, séz konusu
cimento hamurunun O6l¢iim alinabilirligi i¢in yeterli katkiy:
sunmamistir. 0,30 su/cimento ve %0,10 oraninda PCE ile
hazirlanan C9 ¢imentosuna ait hamur karigimiin reometre
kabindaki asir1 kati durumu Sekil 2’°de gosterilmistir.

Elde edilen tiim sonuglar incelendiginde segregasyon ve
6l¢lim alinabilirlik bakimindan optimum PCE dozajinin %0,
0,10 ve 0,15 oldugu tespit edilmistir. Ayrica s6z konusu kriterler
bakimindan en uygun su/¢cimento orani ise 0,32 ve 0,35 olarak
belirlenmistir.

Tablo 3. Hamur karisimlarinda optimum PCE dozaji ve su/¢imento oranimin belirlenmesi i¢in yapilan tarama listesi

su/¢cimento orani

0,30 0,32

0,35 0,40

cC2 C3 C6 co9 C2

C3 C6 C9

C2 C3 C6 C9 C2 C3 C6 C9

v A:
uygun fazla kat1

Sekil 2. 0,30 su/cimento ve %0,10 PCE ile hazirlanan C9 ¢imentosuna ait asurt katt hamur karigiminin reometre kabindaki durumu
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4. Sonug¢

Farkli C3A oranina sahip hamur karigimlarinda reolojik
6l¢tim almabilen ve segregasyona yol agmayan optimum PCE
dozaji ve s/¢ oraninin incelendigi bu c¢alismada asagidaki
sonuglar elde edilmistir:

e PCE’nin 9%0,05 oraninda kullanilmasi, karigimlarin
Olciim alinabilirligi iizerinde belirgin bir etkiye yol

agmamistir.

e (9 cimentosu kullanilarak 0,30 s/¢ oraninda hazirlan
karigimlarda, PCE’nin %0,15’in altinda
kullanilmasinin, karigmlarin reolojik Olciim

alinabilirligine etkisi goriilmemistir.

e PCE’nin %0.20 oraninda kullanilmasi veya s/¢ oraninin
0,40 olmasi, karigimlarda genellikle segregasyona
neden olmustur.

e C3A oraninin artisi,
ihtiyacint arttirmastir.

e Tim karnigimlar i¢in optimum PCE ve su/¢cimento
oranlar1 sirastyla %0,10, %0,15 ve 0,32, 0.35 olarak
belirlenmistir.

genellikle PCE ve/veya su
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Oz

Ugak motorunun durumu, ugagin giivenligini, ucus kalitesini ve c¢alismasini dogrudan etkiler. Ugak motorlart i¢in belirti izleme
faaliyetleri, motorun kalan faydali 6mriinii tahmin etmek i¢in bir 6nceden 6nlem alinmasim saglayabilecek bir avantaj yaratabilir.
Ugak motoru yapilari hem soyut hem de somut bilesenlerle karmasik oldugundan, motor faaliyet bozulma siirecini gdstermek oldukca
zahmetlidir. Bu yazida, kalan faydali 6miir tahmini dogrulugunu iyilestirmek icin 6znitelik odakli ¢erceve gelistirilmistir. Bu cergeve,
motorlardan gelen gereksiz duyusal girdileri ortadan kaldirir ve hesaplama maliyetlerini diisiiriir. Bir uygulama 6rnegi olarak, sensor
verilerine dayali olarak ugak motorunun kalan faydali dmriinii tahmin etmek i¢in gelistirilmis 6znitelik odakli ¢ergeve kullanilmistir.
Sonugclar, diger yontemleri uygulamadan dnce, bir¢ok girdi 6zelligine sahip sistemlerin, maliyeti diisiirmek i¢in 6zellik uyarlama
prosediirlerine ihtiya¢ duydugunu, ancak kalan faydali 6mrii tahmin etmek i¢in kesinligi artirdigin1 gostermektedir.

Anahtar Kelimeler: Ugak Motor, Veri Madenciligi, Makine Ogrenmesi, Destek Vektor Makineleri, Lojistik Regresyon, Dogrusal
Regresyon, NASA Turbofan Veri Seti, Oznitelik Se¢gme, PCA

Feature-Oriented Remaining Useful Life Prediction of Aircraft
Engines Based on Sensor Data

Abstract

Aircraft engine’s condition straightforwardly influences the security, unwavering quality, and operation of the aircraft. Prognostics
and wellbeing administration for aircraft engines can give a advantage to estimate the remaining useful life of the engine and can
enable to take precautionary actions in advanced. Be that as it may, aircraft engine frameworks are complex with both intangible and
dubious components, it is troublesome to demonstrate the complex degradation process. In this article, the remaining useful life
estimation is developed to improve feature -oriented framework. This frame eliminates unnecessary sensory inputs from engines and
reduces calculation costs. As an application example, the developed feature -oriented frame has been used to estimate the remaining
use of the aircraft engine based on sensor data. The results show that before applying other methods, systems with many input
characteristics need feature adaptation procedures to reduce costs, but increase the certainty to estimate the remaining useful life.

Keywords: Aircraft engine, data mining, machine learning, support vector machines, logistics regression, linear regression, nasa
turbofan data set, attribute selection, PCA
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1. Giris

Modern havacilik teknolojisinin hizli geligimi, giivenilirlik
ve kalite endeksleri i¢in daha yiiksek 6n kosullara sahip, giderek
daha karmasik mimarilere sahip olan ugak sistemlerine yol
agcmaktadir. Bu kapsamda, ugagin sahip oldugu motor birgok
faktore gore genel giivenligi, isletimi ve bakimi dogrudan
etkilemektedir.

Erken teshis ve saglik izleme yetenekleri, sadece ugak
motorlarinda degil, performans gozetimlerini saglayacak birgok
ozellige sahip tim motorlarda giderek daha ©nemli hale
gelmektedir. Motorlardan ariza erken teshis ve saglik izleme
bilgilerini elde etmek igin, teknik elemanlarin motorlarla ilgili
titresim, yag sicakligi, motor sicakligi, likidite seviyesi vb. gibi
verilere ulagsmas1 gerekmektedir. Bu nedenle, ucak motorunun
kalan faydali dmriiniin 6nceden tahmin edilerek arizalanmamasi
veya ilgili Onlemlerin 6nceden alinmasi icin sadece Onemli
sensor ¢ikis verilerinin alinmasi biiyiik onem arz etmektedir.

Kalan faydali omiir (RUL) tespiti i¢in mevcut bir¢ok
yontemden 6znitelik odakli olan yontemler, basarili tahminleme
konusunda en umut verici olan yontemler olarak kargimiza
¢ikmaktadir. Bir ugak motorunun RUL'unu tahmin etmeye
calisirken 6nemli sayilabilecek birgok faktér bulunmaktadir.
Model gelistirme igin ilk O6nemli kural verilere nasil
yaklagilacagi ve degerlendirileceginin belirlenmesidir. Modeller
bu ifade etrafinda gelistirileceginden, neyin hedeflendigini
anlamak ¢ok 6nemli olmaktadir.

Bu calismada segcili bir veri setine 6znitelik odakli bir yap1
kurularak, farkli makine Ogrenmesi algoritmalari kullanilarak
modellerin egitilmesiyle ugak motorunun geriye kalan faydal
Omiir siiresi tahminleme analizinin ne oranda basarili bir sekilde
yapabildigi arastirilmaktadir. Ornek caligmalarin bazilarinda
kullanilan bu yap1 arastirilarak, bu ¢alismada daha gelismis ve
hizli bir yap1 kurulmaya calisilmaktadir. Kurulan yapi, ¢ok
sayida sensOr Dbilgisinden ¢ikarilabilecek 6nemli verilerin
toplamini en iist diizeye ¢ikarmay1, hem deneyime dayali hem de
veriye dayali yaklagimlari entegre etmeyi amaglamaktadir.

2. Materyal ve Metot

2.1. Tigili Calismalar

Ugak motor RUL tahminleme konusunda gergeklestirilen
¢ok sayida calisma bulunmaktadir. Bunlardan bazilar1 dogru
tahminlemeye ulasmak igin Oznitelik Ozelliklerine [1-3]
odaklanirken, bazilari ¢alisan ve arizali motorlar arasindaki gegis
durumlarina odaklanmaktadir [4-6]. Bu calismalarin amaci,
arizalar hakkinda oOnceden uyari saglamak, sistem Omriinii
uzatmak ve aralikli arizalar1 6nceden teshis etmektir.

Ugak motorlar1 kalan faydali 6miir iizerine literatiirde yapilmis
¢alismalarin bazilari raporun bu kisminda listelenmektedir:

Xu vd. [1] caligmasinda, sistem durumu tahmin dogrulugunu
gelistirmek i¢in prognostik ve saglik yonetimi odakli bir entegre
fiizyon prognostik cercevesi gelistirilmektedir. Bu c¢ergeve,
izleme sensOril verilerini stratejik olarak birlestirmektedir ve
ilgili smirlamalarint  azaltirken veriye dayali prognostik
yaklagimin ve deneyime dayali yaklasimin giiclii yanlarini
biitiinlestirmektedir.

Javed vd. [4] caligmasinda, basarisizlik prognostigini
iyilestirmek igin yeni bir yaklasim &nermektedir. Ozetle,
onerilen prognostik model, yipranma davranisi tahmin etmek,
yipranan makinelerin durumlarini otomatik olarak belirlemek
igin bir Toplama Dalgac1g1 Asirt Ogrenme Makinesi (SWELM)
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ve Cikarici-Maksimum Entropi Bulanik Kiimeleme (S-MEFC)
olmak tizere iki yeni algoritmay biitinlestirmektedir.

Wang vd. [7] calismasinda, Kalan Faydali Omrii(RUL)
tahmin etmek i¢in benzerlige dayali bir yaklasim sunulmaktadir.
Yaklagimda, 6zellikle tasarlanmig bir sistem ic¢in bol miktarda
calismadan-arizaya verinin mevcut oldugu durumlar igin
uygunlugu belirtilmigtir. Ayni sistemin birden ¢ok biriminden
gelen veriler, c¢aligmanin bozulmas1 seklinde olusturulan
kaliplarin kitapligini olugturmak igin kullanmaktadir. Bir test
biriminin RUL’u tahmin edilirken, test biriminden gelen veriler
kitapliktaki bu kaliplarla eslestirilmekte ve bu eslesen birimlerin
kalan gergek Omrii tahminin temeli olarak kullanilabilecektir.
Sonuglar, benzerlik temelli yaklasimm RUL tahminini
gerceklestirmede cok etkili oldugunu gdstermektedir.

Liu vd. [8] ¢aligmasinda, sensor teknolojisinin hizli geligimi
ve bir miihendislik sisteminin durumunu izlemek igin birden
fazla sensoriin kullanilmasina deginerek kalan kullanim émriini
tahmin etmedeki dogrulugunu gelistirmek amaciyla birden fazla
sensorden gelen veriyi entegre edebilen metodolojiler
gelistirmenin 6nemini vurgulamaktadir. Bu c¢alismada, ¢oklu
bozulma tabanli sensdr verilerinin birlestirilmesi yoluyla
sistemin performansini karakterize etmek i¢in birlesik bir saglik
endeksi olugturmak i¢in bir metodoloji sunulmaktadir. Bu
metodoloji, geligsmis bir bozulmaya dayali modele yol

acan veri se¢imi, veri isleme ve veri birlestirme adimlarini
igermektedir.

Moghaddass vd. [9] calismasinda, etkin prognostik ve
sistem durumu yo6netimi (PHM) ¢ercevesi araciligiyla arizalarin
ve arizalarin zamaninda tespitinin, yikici arizalart 6nlemek ve
sistemlerin genel bakim maliyetini en aza indirmek i¢in proaktif
olarak programlanabilecek uygun bakim eylemlerine yol
acabilecegine deginilmektedir. Calismada, go6zlemlenemeyen
bozulma altinda mekanik sistemlerin ¢evrimigi teshisi ve
prognostiginin pratik zorluklarma deginilmektedir. ilk olarak,
¢ok durumlu bir bozulma yapisinin unsurlart  gdézden

gecirilmektedir ve ardindan bir model seg¢im ¢ercevesi
tanitilmaktadir.  Cevrimi¢i  teshis ve  prognostik igin
kullanilabilecek ~ 6nemli  dinamik  performans  dlgiileri
tanitilmaktadir.

Tamilselvan vd. [10] ¢alismasinda, derin inang ag1 (DBN)
kullanan yeni bir “cok sensorlii saghk tam1 yOntemi”
sunulmaktadir. DBN, hizli ¢ikarim, daha zengin ve daha yiiksek
dereceli ag yapilarini kodlama yetenegi gibi vaat ettigi
avantajlart nedeniyle son zamanlarda makine Ogreniminde
popiiler bir yaklasim haline gelmektedir. DBN, birden ¢ok
yigilmis kisith Boltzmann makinesiyle hiyerarsik bir yap1
kullanmaktadir ve katmanlar ardigik 6grenme siireci boyunca
caligmaktadir. DBN tabanli durum siniflandirmasint kullanan
onerilen ¢ok sensorlii saglik tan1 metodolojisi birbirini takip
eden 1iic asamada yapilandirilabilmektedir: ilki, saglik
durumlarinin tanimlanmasi ve DBN egitimi ve testi i¢in duyusal
verilerin On islenmesi; ikincisi, dnceden tanimlanmis saglik
durumlarinin teshisi icin DBN tabanli smiflandirma modelleri
gelistirmek; tglinclisii, duyusal veri setini test ederek DBN
siiflandirma modellerini dogrulanmasidir.

Javed vd. [11] c¢alismasinda, Ogrenme  siiresini
siirlandirirken ve rastgele baslatma prosediiriiniin  etkisini
azaltirken, dogruluk ve genelleme performanslari saglayan yeni
bir baglanti ag yapist olan Summation Wavelet Extreme
Learning Machine (SW-ELM) onerilmektedir. SW-ELM, hizl
toplu Ogrenme igin Extreme Learning Machine (ELM)
algoritmasim1  temel almaktadir, ancak gizli katman
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diigtimlerinde ikili etkinlestirme islevleri bulunmaktadir. Bu,
dogrusal olmayan durumlarla verimli bir sekilde basa ¢ikmay1
gelistirmektedir. Dalgaciklarin (gizli diigiimlerin) ve sinir ag1
parametrelerinin (girig-gizli katmanin) baslatma asamasi, veriler
modele sunulmadan 6nce gerceklestirilmektedir. Tiim 6nerme,
zaman serisi uygulamasiyla ilgili ii¢ konuda testler
gerceklestirilerek gosterilmektedir ve tartisilmaktadir.

2.2. Oznitelik Odakh Yaklasim Yapisi

Bir¢ok veri uygulamasinda, 6zniteliklerin 6nemi ve katkilar1
model gelistirmede ¢ok 6nemli bir rol oynamaktadir. Makine
O0greniminde, veri kiimesinin karmasikliginin iistesinden gelmek
ve etkili modeller olusturmak i¢in en iyi Oznitelikleri analiz
etmek ve segmek icin ¢esitli yontem tiirleri bulunurken, derin
O0grenme gibi daha gelismis uygulamalarda olusturulan yapi,
saglanan veri kiimesinde en uygun 6zellikleri bulmaktadir. Yine
de derin 6grenme modelinin gereksiz girdilerle beslenmesi,
maliyet sorunlar1 yaratabilmektedir ve yiiksek hesaplama
durumundan dolay1 gereksiz zaman harcanmasima neden
olabilmektedir.

Herhangi yararli bir bilgi igcermeyen Oznitelikler ile basa
¢ikmanin birden fazla metodu bulunmaktadir. Bu metotlardan
biri genellikle Oznitelik secimi digeri ise boyut azaltmadir.
Oznitelik segme metodolojisinde, makine 6greniminde degerli
bilgiler i¢eren en yararli 6znitelikleri segmeye yonelik en ¢ok
bilinen yontemler korelasyon matrisleri, varyans, ki-kare ve bilgi
kazanci yontemleridir.

Korelasyon yontemi, degiskenler arasindaki korelasyon
katsayilarin1 gosteren bir tablodur. Tablodaki her hiicre, iki
degisken arasindaki korelasyonu gostermektedir. Verileri
ozetlemek icin, daha geligmis bir analize girdi olarak ve gelismis
analizler igin bir teshis olarak bir korelasyon matrisi
kullanilmaktadir. Varyans, bir veri setindeki sayilar arasindaki
yayilmanin istatistiksel bir ol¢iimiinii ifade etmektedir. Daha
spesifik olarak, varyans, kiimedeki her sayinin ortalamadan ve
dolayisiyla kiimedeki diger her sayidan ne kadar uzakta
oldugunu olgmektedir. Ki-kare, iki degiskenin bagimsiz olup
olmadiginin incelenmesinde kullanilmaktadir. Bilgi kazanimu,
bir veri kiimesini bir gekilde doniistiirmenin entropisindeki
azalmay1 hesaplamaktadir.

Boyut azaltma metodolojisinde, makine 6grenmesinde en
¢ok bilinen yontemler genel olarak PCA, SVD ve LASSO'dur.
PCA, verilere dayal1 hiyerarsik bir koordinat sistemi kullanarak
veri kiimelerindeki istatistiksel varyasyonlari temsil etmeye
olanak tanimaktadir. SVD, veriye dayali bir Fourier doniisiimii
genellemesidir. LASSO ise Oznitelik se¢imi igin temsili bir
yontemdir.

Bilgi igeren Ozniteliklerin analiz edilmesi ile daha hizli
sonu¢ ve maliyet azaltma imkanlar1 karsimiza c¢ikmaktadir.
Fakat her zaman goriiniirde bilgi igeren Ozniteliklerin kullanimi
en optimal sonucu vermeyebilir. Ornegin 2 farkli &zniteligin
fazla bilgi icermedigi analiz sonucunda belli oldugunu
varsayalim. Fakat bu 2 6zniteligin birlestirilmesi ile olusturulan
sentez dzniteligi onemli bilgi igeriyor olabilir. Bu yiizden bu tip
islemlerin uygulanabilirliginden de haberdar olmak gereklidir.

Yukarida belirtilen yontemler tekil olarak kullanildig1 gibi,
entegre yontemler olarak da kullanilabilmektedir. Bu
arastirmada Dbelirtilen yontemlerden segilenler tekil olarak
uygulanarak etkileri gozlemlenmeye caligilmaktadir. Kurulan
yapinin  degerlendirilmesi  icin ise asagidaki modeller
kullamilmakta olup, skor olarak MAE ve R2 degerleri ele
almmaktadir:
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e Dogrusal Regresyon,

e  Optimize Edilmis Dogrusal Regresyon,

e Dogrusal Support Vector Regression (SVR),

e Optimize Edilmis Dogrusal Support Vector Regression
(SVR),

e Optimize Edilmis Poly Support Vector Regression
(SVR),

e Optimize Edilmis RGF Support Vector Regression
(SVR).

2.3. Veri Seti Ozellikleri

Makine 6grenme tekniklerini kullanarak ugak motor Kalan
Faydali Omiir tahmini yapilabilmesi igin giivenilir kaynaktan
edilen bir veri seti olmasi gerekmektedir. NASA’nin Turbofan
motor bozulma veri seti, Ticari Modiiller Hava Tahrik
Sistemindeki model Simiilasyon (C-MAPSS) test yatagi [12]
simillasyonu tarafindan  birgok ariza ile sonuglanan
yoriingelerden olusmaktadir. Farkli sorunlardan ve 4 alt veri
kiimesinden olugan C-MAPSS veri kiimesi, veriye dayali
prognostiklerin gelistirilmesi i¢in iyi bir sekilde uyarlanmis
oldugu kanitlanmistir. Her alt veri kiimesi, kendi iglerinde belirli
motor sayisi igeren egitim ve test setinden olugsmaktadir. Her bir
motor  basingli  kompressorler,  tiirbinler, vb.  gibi
komponentlerden olugsmaktadir. Motor modelinin ana bilesenleri
ve simiilasyonda gesitli alt rutinlerin nasil birlestirildigine iliskin
akig semast Sekil 1'de sunulmaktadir.

Fap Combustor NU  1PT

—

LPC  HPC N2

I=]

Sekil 1 — ()C-MAPSS'de simiile edilen motorun basitlestirilmis
diyagrami.(b)Simulasyondaki ¢esitli modiiller arasindaki baglantilar
gosteren diagram [13]

Dataset FDOO1  FDOO2 FDO003  FDOO4
Fault mode 1 1 2 2
Operational condition 1 6 1 6
Engines in train set 100 260 100 249
Engines in test set 100 259 100 248
Train minimum lifespan(cycles) 128 128 145 128
Train maximum lifespan(cycles) 362 378 525 543
Minimum test length{cycles) 31 21 38 19
Maximum test length(cycles) 303 367 475 486

Sekil 2 — C-MAPSS veri kiimesinin temel bilgileri[13]

Her bir motorun bozulma davraniglari, bir operasyonel
dongii periyodu boyunca 21 sensor ¢ikisindan drneklenen ¢ok
degiskenli zamansal veri noktalarma karsilik gelen yoriingeler
saglanarak temsil edilmektedir. Ayrintili olarak, her veri noktasi,
yalnizca sensor bilesenlerinin ¢alismasini kaydeden 21 sensor
sinyali degil, aymi zamanda c¢alisma ayarlarimi, motor
kimliklerini ve ¢alisma dongiisiinli de igeren bir anlik
gorlntiidiir. Sekil 2, hem tek operasyonel kosulu hem de birden
fazla operasyonel kosulu igeren dort alt veri kiimesinin bazi
temel bilgilerini 6zetlemektedir. Her motor saglikli bir hal ile
baglamaktadir ve sistem arizast vermeden Once belirli bir
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zamanda motor arizasi olugsmaya baslamaktadir. Sistemin ¢esitli
boliimlerinden toplanan veriler, bozulma zamaninda basing,
sicaklik, hiz gibi sensér Olgiimleri {izerindeki etkilerini
kaydetmektedir. Daha fazla ayrinti i¢in okuyucular [14]'e
basvurabilir. Sensor verileri dogrusal olmadigi, yiiksek diizeyde
giiriiltii icerdigi ve farkli genis zaman araliklarina dagildig igin,
RUL tahmini oldukga karmasik ve zor olmaktadir.

Sekil-2’de belirtilen 4 farkli veri alt kiimesinden, ¢alisma
kondisyonu olarak daha az, iizerinde analiz gergeklestirilmesi
daha uygun ve veri setini daha rahat tanima olanagi
sundugundan RUL analiz ve model calismalar1 icin FD0OO1 alt
veri seti segilmektedir. FDOO1 alt veri setine ait olan .csv uzantili
bu dosyalar agagida belirtilmektedir:

e train_FDO001

e test FDOO1

e RUL_FDO001

Egitim seti olarak train FDOO1 ve test seti olarak
test FDOO1 kullanilmaktadir. Egitim ve test setleri ile bilgi
Sekil-2’de verilmektedir. Egitim setinde RUL degeri rasgele bir
degerden baglamaktadir ve 0’a kadar birer olarak azalmaktadir.
Deger 0’a wulasinca ilgili motorun arizaya girdigini
gostermektedir. Test setinde ise RUL degeri 0’a kadar gitmeyip,
belirli rasgele bir degere kadar gitmektedir. Amag ise test
setindeki RUL’un ka¢ adim sonra arizaya gececegini, yani 0’a
gelecegini bulmaktir. Bu kesin deger ise RUL FDO00O1 setinde
bulunmasi gereken deger seklinde sunulmaktadir.

Veri kiimesine NASA sitesinden (NASA n.d.) [15]
ulasilabilinmektedir.

2.4. Yaklasim ve Uygulama

NASA Turbofan Motor Veri Setini analiz edebilmek ve
RUL tahminlemesi yapabilmek icin Python programlama dili
kullanilarak proje hazirlanmaktadir. Bu programin yazimi igin
Google Colab ortami Python 3.7.13 versiyonu kullanilmis olup,
alt boliimlerde bahsedilecek Python kiitiiphaneleri de gerektikce
kullanilmaktadir.
Projenin  Ozet
belirtilmektedir:
- 1lk adim hangi alt veri setinin kullamlacagini segmek
olmaktadir. Belirtildigi lizere sadelik ve anlagilabilirlik adina
FDO0O01 alt veri seti kullanilmaktadir.

- Alt veri kiimesi analiz ortamina yiiklenmektedir.

- Veri kiimesi veri analizine uygun yapida degilse uygun yapiya
getirilmektedir.

- Alt veri kiimesi u¢ degerler ve kayip degerler i¢in analiz
edilmektedir.

- Oznitelik siitunlarda siitun adlar1 kontrol edilmektedir. Yoksa
eklenmektedir.

- Egitim ve test verileri uygun formata getirilmektedir. Bunun
icin ulasilmaya caligilan degerler g6z oniinde bulundurulacaktir.
- Oznitelik  segimleri ve boyut azaltma metotlari
uygulanmaktadir.

- Daha sonra veri setindeki egitim verileri SciKit-Learn
kiittiphanesindeki makine 6grenmesi algoritmalari

titizlikle uygulanip, farkli parametrelerle iterasyonlara sokularak
modellerin sonuglari elde edilmektedir.

- Secilen algoritmalar test verileri ile karsilastirilarak, mutlak
sapma(MAE) ve model uygunlugu(R2) parametlerine bakilarak
en uygun Oznitelik-boyut indirgeme yontemi ile model
belirlenmektedir.

Bu agamalar Sekil 3’te gortilmektedir.

niteligini  tagiyan  asamalar1  asagida
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Veri Seti Colab Veri Setinin Analiz'e

Ug ve Kayip
Alt Veri Seti Secimi fe] > Uygun Hale | E— =
Yiiklenmesi Getirlimesi Dedeiieh it
Oznitelik 5
Secimlerine Gore il ol Egitim ve Test Oznitelikler ve iigili

«——— velveyaBoyut <«———

¥ Al AR A Verileri On Analizi

Model Skoru
Karsilagtinimasi

Siitun Adlan Analizi

Sonug

Sekil 3 — Proje Asamalar

2.4.1. Python Gelistirme Ortaminin Belirlenmesi ve
Hazirlanmasi

Analiz i¢in gerekli kodlar Google COLAB platformu
iizerinde yazilmistir. COLAB iizerinde mevcut Python siirimii
3.7.13’tiir.

2.4.2. Veri Setinin Hazirlanmasi

Gelistirme ortamu hazirlandiktan sonra, alt veri seti se¢ilerek
COLAB ortamina. csv uzantili dosyalar olarak eklenmektedir.
FDOO1 alt veri setine ait olan. csv uzantili bu dosyalar asagida
belirtilmektedir:

e train_FD001

o test FDOO1

e RUL_FDO001

Dosyalar COLAB ortamuina yiiklendikten sonra veri yapist
sekline ilgili kiitiphaneler ile getirilmektedir. Bu islem
sonrasinda Ozniteliklere iliskin belirleyici siitun basliklart
olmadigindan dolayi siitun adlandirma islemi yapilmaktadir.

2.4.3. Veri On Analizi Gergeklestirilmesi

Oznitelik siitun tanimlamasindan sonra degeri olmayan satir
ve siitunlar analiz edilmektedir. CSV formatindaki verinin son
stitununun bos veri igerdigi tespit edilmektedir ve son siitun
kaldirtlmaktadir.

Ardindan egitim seti asama(cycle) sayisi’nin en biiyiik
degeri, baslangictan baslayacak sekilde ve 0’a inene kadar
azalacak sekilde her bir motor numarast igin yeniden
diizenlenmektedir ve RUL siitunu olusturularak buraya
eklenmektedir. Test verisinde gercek sonug bilgisi RUL_FD001
veri dosyasinda oldugundan, buradaki hedef sonug, motor
numarast ile iligkilendirilerek RUL siitunu olusturularak buraya
eklenmektedir.

Egitim veri setinin aynm1 zamanda karaktersitikliklerini
gormek adina describe() fonksyionu ¢agrilmistir. Desribe
fonksiyonu veri setinde segilen her bir 6zniteligin ortalamasini,
standart sapmasini, yiizdelik dagilim agirligini ve Ozniteligin
veri setindeki minimum ve maksimum degerlerini gosteren
aciklayici bir fonksiyondur.

Yukaridaki gorsellerden goriildiigii lizere net bir sekilde
Setting3, S1, S5, S10 ve S16°da veriler degismemekte ve standart
sapma(std)’leri ¢ok diisik goziikmektedir. Bunun yaninda
Ozniteliklerin birbirleriyle olan korelasyonuna bakmak uygun
goziikmektedir. Sekil 5°de 0.7°den biiylik korerasyonlar
gosterilmektedir.
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Sekil 5-0.7 den biiyiik korelasyonlar

Yukaridaki sekilden goriildiigii iizere 0.8’den biiyiik olarak
yanstyan korelasyonlar (s14-59), (s11- s4), (s11-s7), (s11-s12),
(s4-s12), (s8-s13) ve (s7-s12)’dir. Bu bilgi 6znitelik se¢iminde
kullanilmaktadir.

%.4.4. Makine Ogrenmesi Regresyon Algoritmalart ve Oznitelik
Islemleri

Saglanan veri dosyalarinda egitim ve test veri setleri hazir
oldugundan herhangi bir ayirma yapilmamaktadir. Belirlenen
Oznitelikler ilgili verilerden c¢ikartilip veya boyut indirgeme
yapilip, farkli modellere sokulmaktadir. Algoritmasal bazda
dogrusal tahminleyici algoritmalar se¢ilmektedir. Bundaki temel
neden verinin siirekli bir yapiya sahip olmasi ve net bir deger

bulma amacindan kaynaklanmaktadir. Kullanilan
modellemelerde asagidaki algoritmalar tabanli modeller
kullanilmaktadir:

e Dogrusal Regresyon,

e  Optimize Edilmis Dogrusal Regresyon,

e Dogrusal Support Vector Regression (SVR),

e Optimize Edilmis Dogrusal Support Vector Regression

(SVR),

e Optimize Edilmis Poly Support Vector Regression
(SVR),

e Optimize Edilmis RGF Support Vector Regression
(SVR).

Dogrusal Regresyon

Dogrusal regresyon analizi, bir degiskenin degerini baska
bir degiskenin degerine dayali olarak tahmin etmek igin
kullanilmaktadir. Tahmin etmek istenilen degiskene bagiml
degisken denirken diger degiskenin degerini tahmin etmek i¢in
kullanilan degiskene bagimsiz degisken denmektedir. Bu analiz
bicimi, bagimli degiskenin degerini en iyi tahmin eden bir veya
daha fazla bagimsiz degigskeni iceren dogrusal denklemin
katsayilarini tahmin etmektedir. Dogrusal regresyon, tahmin
edilen ve gergek cikti degerleri arasindaki tutarsizliklar: en aza
indiren diiz bir ¢izgiye veya ylizeye uymaktadir. Bir dizi
eslestirilmis veri i¢in en uygun dogruyu bulmak i¢in "en kii¢iik

kareler" yontemini kullanan basit dogrusal regresyon
hesaplayicilar1 bulunmaktadir.
SVR

Destek Vektor Makinesi, algoritmay:r karakterize eden tim
ana Ozellikleri (maksimum marj) koruyarak bir regresyon
yontemi olarak kullanilabilmektedir. Destek Vektér Regresyonu
(SVR), smiflandirma i¢in SVM ile aym prensipleri
kullanmaktadir, sadece birka¢ kiiciik farklilik bulunmaktadir.
Her seyden once, ¢ikti gercek bir sayr oldugundan, sonsuz
olasiliklara sahip olan eldeki bilgiyi tahmin etmek ¢ok zor hale
gelmektedir. Gerileme durumunda, problemden zaten talep etmis
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olacak olan SVM'ye yaklasik olarak bir tolerans marj1 (epsilon)
belirlenmektedir. Ana fikir her zaman aym olmaktadir: hatay1 en
aza indirmek, marj1 en iist diizeye c¢ikaran hiperdiizlemi
bireysellestirmek, hatanin bir kisminin tolere edildigini akilda
tutmaktir. SVR algoritmasi, dogrusal(dogrusal), polinomiyal
cekirdek(poly)ve radyal tabanli fonksiyon c¢ekirdegi(rbf)
yontemlerini uygulayabilmektedir.

Yukarida belirtilen algoritmalar temel alinarak 6zniteliklerin
10 farkli se¢im olusturulmaktadir. Olusturulan 9 se¢im, bolim
5.3 Oznitelik analizleri ve bazi yaynlar temel alarak
olusturulmus olup sirast ile belirtilen 6 farkli algoritmaya
sokulmul olup sonuglar1 karsilastirililmaktadir. Geriye kalan 1
secim ise tiim veri setine uygulanan boyut indirgeme yontemi
olup, PCA metodu kullanilmaktadir. Ozniteliklerin metotlara
gore secimi Sekil 6’da gosterilmektedir.

[ Metot-1] Metot-2 | Metot-3 | Metat-4 | Metot-5 | Metot-6 | Me:
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Sekil 6— Degerlendirecek oznitelik temelli metotlar (X ler

secilen oznitelikleri géstermektedir)

Yukarida belirtilen metotlardaki se¢imi etkileyen faktorler
asagida belirtilmektedir:
e Metot-1: Tercihen secilen sadece degismeyen-Onemsiz
veri igeren Ozniteliklerin ¢ikartildigi metot,

e Metot-2: Metot-1’in  farkli bir versiyonu olarak
diizenlenen metot,
e Metot-3: “PHM-Oriented Integrated Fusion

Prognostics for Aircraft Engines Based on Sensor Data”
arastirmasinin temel aldigi Oznitelikleri iceren metot
(11,

e Metot-4: Tim veriler ile yapilan boyut indirgeme
(PCA) igeren metot,

e Metot-5: “Making use of partial knowledge about
hidden states in HMMs: an approach based on belief
functions.” arastirmasmin temel aldig1 Oznitelikleri
iceren metot [2] (Deperlendirme kriteri
bulunmamaktadir),

e Metot-6: Metot-5’in Setting-2 ve Setting-3’tin dahil
olmadig olarak diizenlenen metot,

e Metot-7: “A Similarity-Based Prognostics Approach
for Remaining Useful Life Estimation of Engineered
Systems” arastirmasinin temel aldig1 6znitelikleri igeren
metot [7] (Deperlendirme kriteri bulunmamaktadir),

e Metot-8: Metot-7’nin Setting-2 ve Setting-3’tin dahil
olmadigi olarak diizenlenen metot,

e Metot-9: Oznitelik analizleri sonucu kisisel dznitelik
secimlerini igeren metot,

e Metot-10: Metot-9’un Setting-2 ve Setting-3’iin dahil
olmadig olarak diizenlenen metot.

Veri setlerinin farkli formasyonlarda analizi i¢in sete model
analizi sirasinda bir takim iglemler uygulanmaktadir. Bunlardan
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biri verinin dagilimmin homojen olmasim saglayan Minmax
Olgeklendirmesidir. Minmax dlgeklendirmesinde degerler 0 ile 1
arasina, aralarindaki Olgek bozulmadan dagitilmaktadir. Bir
diger islem ise RUL degerlerinin kirpma islemi olmaktadir.
Kirpma isleminde RUL degerlerinin dagilimina bakildiginda
degerlerin ¢ogunun belirli bir degerden fazla olmayacag:
benimsenmektedir. Bu nedenden dolayi iist deger olarak dongi
degeri 125 olarak alinmaktadir ve kirpma islemi olmasi
durumunda bu degerin iistiinde belirtilen degerler 125 degerine
esitlenerek iglem yapilmaktadir [16].
Metotlar algoritmalara 3 farkli sekilde sokulmaktadir:

e Olgeklendirme olmadan, kirpma olmadan

e Olgeklendirme olmadan, kirpma ile

e Olgeklendirme olarak, kirpma ile

Sonu¢ Degerlendirme-Karsilastirma Parametresi Secimi

Egitim ve test verilerine segilen Oznitelik metotlar
uygulandiktan sonra, veri setleri algoritma modellerine
sokularak algoritmanin ne kadar basarili oldugunun &lgiilmesi
gerekmektedir. Veriler siirekli veri oldugundan ve tahmin etmeye
calisilan deger kiimesi bir tam say1 kiimesi oldugundan buna
uygun sonu¢ karsilagtirma, yani skor parametresi se¢imi
olmaktadir. Bu projede uygun goriilen sonu¢ karsilastirma-
degerlendirme parametreleri olarak Ortalama Mutlak Hata
(MAE) ve Ortalama Kare Hatas1 (R2) olarak belirlenmistir.

Ortalama Mutlak Hata (MAE)

Ortalama Mutlak Hata, regresyon modelleriyle birlikte
kullanilan bir model degerlendirme metrigidir. Bir test setine
gore bir modelin ortalama mutlak hatasi, test setindeki tiim
ornekler iizerindeki bireysel tahmin hatalarinin  mutlak
degerlerinin ortalamasi olmaktadir. Her tahmin hatasi, 6rnegin
gercek degeri ile tahmin edilen degeri arasindaki farktir. Modelin
ortalama mutlak hatasi, test setindeki tim Ornekler lizerindeki
bireysel tahmin hatalariin mutlak degerlerinin ortalamasidir.

1 n
MAE = — . — X
n;‘xz‘ x|

Sekil 7— MAE Formiil [17]

R-Kare (R2)

R-kare (R2), bir bagimsiz degisken veya bir regresyon
modelindeki degiskenler tarafindan agiklanan bir bagimh
degisken i¢in varyansin oranmi temsil eden istatistiksel bir
Olclidiir. R-kare degerleri O ile 1 arasinda degismektedir ve
genellikle %0 ile %100 arasindaki yiizdeler olarak
belirtilmektedir. Dolayisiyla, bir modelin R2'si 0,50 ise,
gozlemlenen varyasyonun yaklasik yarist modelin girdileriyle
aciklanabilmektedir. %100'liik bir R-kare, bagimli bir degiskenin
tim hareketlerinin, ilgilenilen bagimsiz degiskenin hareketler
tarafindan tamamen agiklandigini belirtmektedir.

R? _ 1 Unexplained Variation

Total Variation

Sekil 8— R-Kare Formiil [18]
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3. Arastirma Sonuclar1 ve Tartisma

Oznitelik odakli sensor verisi bazli ugcak motorlar1 geriye
kalan faydali 6miir tahminleme projesi kapsaminda; egitim ve
test verilerinin analiz ortamina aktarilmasi, egitim ve test
verilerinin analiz i¢in uygun formata getirilmesi, verilerin eksik
deger ve diger On analizlerinin yapilmasi, kullanilacak
Ozniteliklerin secilmesi ve belirlenmesi ve olusturulan farkli
Oznitelik metotlart iizerinde farkli algoritmalarin etkinliginin
nasil degistiginin gozlemleme islemi yapilmaktadir. Bu
algoritmalarin skorunun R-kare ve Ortalama Mutlak Hata ile
Olciilerek veri setine en uygun model algoritmasi ve Oznitelik
se¢cimi degerlendirilmis olup, sonug¢ tablosu Sekil 9°de
sunulmaktadir.

Lineer Regr. Lineer Regr. Lineer SVR Lineer SVR Poly SVR

Olg. Kirp. Olg. Kirp. Ol. Kirp. Olg. Kirp. Olg. [

X X X X X X X X

WAE R2 MAE RZ MAE [ MAE A2 MAE R2 MAE R2
077 7,74 13 19

RBESVR
= .

arp. Ol arp.

5088 065 1627 1972 067 1 o071 .76 081 1193 083
Metot1 Test | 25,46 045 1761 070 2062 0,66 1982 056 16,01 076 1448 077
51,20 054 1692 074 NA NA 16,86 074 14,94 078 12,38 0,80

Metot2 Test | 26,15 02 1884 067 NA NA 1892 067 17,66 072 1598 072
Metot-3 Eitim | 51,29 064 17,05 074 1718 073 1699 074 15,05 078 13,07 0,80
Metot 3 Test | 26,58 040 1325 067 1930 0,65 1938 086 1758 071 1664 072
Metot=5 Eitim | 32,45 0562 17,71 071 15,69 0,68 17,64 071 18,28 058 1417 077

25,12 027 22,00 056 23,16 0,52 22,88 055 23,95 0,47 2002 051

062 1771 071 2035 0,60 17,64 071 1971 054 1418 077
027 22,00 056 23,09 0,50 22,84 055 14,18 077 2001 051
078 17,04 074 17,07 072 1657 074 15,00 078 1305 080
071 19,07 067 19,28 0,67 19,16 066 18,18 071 16,36 072

054 17,05 074 17,05 072 1698 074 15,04 078 13,08 080
041 1912 057 1927 0,67 1914 056 18,13 071 1635 072
16,30 15,75 1626 13,94 12,10

065 ¥ 076 X 0,76 $ 076 X 051 X 083
042 18,20 058 1820 0,68 1850 067 1598 074 1495 072
065 1631 076 21,48 0,56 1626 076 1395 081 1213 083
Metot40Test | 2588 042 1817 058 2417 041 1856 087 1535 075 1495 075
Tiim Oznitelikler

ca, 7 | P 2 P
3 Ganitelik Dahil 56 i 56 126

En iyi Sonug RBESVR_|_En iyi Sonug Poly SVR_| _En iyi Sonug RBE SVR_| _En iyi Sonug RBE SVR
[MetotaEsitim | 12652 | 081 1254 | 081 1187 | 083 1179 | oss
[metoratest | 1850 | o065 1500 | os¢ 1441 | 076 1805 | o077

Sgkil 9— Metot-quel Algoritma Sonug¢ Karsilastirmasi
(Olgeklendirme: Olg. ; Kirpma: Kurp. ; X: Mevcut)

Sekil 9 sonug tablosuna bakildiginda, gercek sonug veri
kiimesine en az hata ile yakinlik gosteren ilk 5 metot ve
algoritma: Metot-1/RBF SVR, Metot-4/PCA>0.9, Metot-
4/PCA>0.95, Metot-10/RBF SVR olarak goriilmektedir. Burada
ayrica Metot-3 ile elde edilen sonug¢ olan MAE=17,98 ile
referans verilen ¢alismada elde edilen DSR, SVM ve RNN
algoritmalarinin performanslarindan (siras1 ile 26,19 / 31,14 /
29,00) daha iyi sonug verdigi goriilmektedir. Ayrica yine Metot-
3’teki referans arastirma ile karsilastirdiginda, PCA bazli boyut
indirgeme isleminin RBF SVR ile elde edilen sonug¢ olan
MAE=14,05"in, referansta verilen Comentropy-based fusion
algoritmasindan elde edilen sonug¢ olan MAE=14,1997’den daha
yilksek oldugu gozlemlenmistir. Burada &znitelikler ayni
olmasina ragmen, uygulanan kirpma ve dl¢eklendirme igleminin
elde edilen performansa katkisinin yiiksek oldugu sonucu
¢ikarilabilmektedir.

4. Sonuc¢

Bu calisma kapsamimda NASA Turbofan veri seti ele
alinarak Oznitelik odakli makine dgrenmesi modelleri ile RUL
tahminleme ¢alismasi sunulmaktadir. RUL tahminlemesinin
yapilmasinin nedeni hataya ag¢ik olan ugak motorlarinda hatanin
daa fazla ilerleyip, motorun c¢alismasina engel olacak asamaya
gelmeden Once Onleyici aksiyonlar alinmasini saglayabilmektir.

Calisma kapsaminda Oznitelik secimi ve boyut indirgeme
islemleri gergeklestirilerek, takibinde farkli makine 6grenmesi
modelleri  egitilmis  olup  sonuglar1  karsilastirilmistir.
Kargilastirma sonucunda Oznitelik se¢iminin  ve boyut
indirgemenin 6nemi bir kez daha anlasilmis olup, RBF SVR
modellerinin genel anlamda bu veri setinde sunulan diger
modellere  nazaran daha iyi performans  gosterdigi
gozlemlenmistir.

Ilerleyen ¢alismalarda &znitelik segimi ve boyut indirgeme
uygulanarak veriler derin 6grenme modellerine sokulacak ve
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derin 6grenme modellerinin uygun egitimi parametrelerini
bulmasi beklencektir.

5. Tesekkiir

Calisma kapsaminda once kendime sonra her zorlukta
yamimda olan ailem Mustafa Girgin, Candan Girgin ve Iremsu
Girgin’e ve son olarak caligmaya olan tiim yardimlarindan
dolay1 Cemil Zalluhoglu’na tesekkiirlerimi sunarim.
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Abstract

A permanent magnet direct current (PMDC) motor centrifugal pump is intended to be used as the water supply unit in a feedback
linearization based coupled-tank water meter testing system. Flow rate generated by the pump corresponds to the input variable for
implementing the input-output feedback linearization to this single-input-single-output (SISO) system. The pump motor is driven by an
Arm Cortex M7 based microcontroller applying the pulse-width modulation (PWM) strategy at various frequencies and pwm methods.
It is aimed to determine a suitable PWM frequency and driving method in order to provide a stable flow rate at the desired duty cycle
values. An H-Bridge driver integrated circuit (L298N) is used in both fast decay and slow decay modes for driving the pump motor.
Flow rate measurements are carried out at 4 range of frequencies between 100 Hz and 20 kHz for each mode. Fast decay mode in low
pwm frequency (100Hz) results in higher deviations at the steady-state flow rate. However, slow decay mode provides a faster reduction
in motor speed despite the slower current decay, which improves the flow rate stability and minimize deviations at constant pwm duty
cycle values. High pwm switching frequencies increase the energy losses resulting in a lower driving voltage range, which reduces the
effective range of selection for pwm duty cycle setting of flow rate adjustment. 1 kHz PWM frequency combined with the slow-decay
driving mode achieves good performance in terms of linear regression and wider range for pwm duty cycle to flow rate transformation.

Keywords: PMDC Centrifugal Pump, Flow Regulation, Pwm Motor Control, Water Meter Test System.

Birlesik Tankh Su Sayaci Test Sisteminde Geribeslemeli
Dogrusallastirma Tabanh Santrifiij Pompa Akis Hiz1 Kontrolii

Oz

Daimi miknatisli dogru akim (PMDC) motorlu santrifiij pompasi, geri besleme dogrusallagtirmali birlestirilmis tankli su sayaci test
sisteminde su besleme iinitesi olarak kullanilmak tizere tasarlanmistir. Pompa tarafindan iretilen akis hizi, bu tek girisli tek ¢ikisl
(SISO) sisteme giris-¢ikis geri besleme dogrusallagtirmasini uygulamak i¢in gerekli giris degiskenine karsilik gelmektedir. Pompa
motoru, darbe genislik modiilasyonu (PWM) stratejisini ¢esitli frekanslarda ve pwm yontemlerinde uygulayan Arm Cortex M7 tabanl
bir mikro denetleyici tarafindan yonetilmektedir. istenilen gérev dongiisii degerlerinde kararl bir akis hiz1 saglamak igin en uygun pwm
frekansi ve siiriis yonteminin belirlenmesi amaglanmaktadir. Pompa motorunu siirmek i¢in hem hizli hem de yavas diisme modlarinda
bir H-Bridge siiriicii entegre devresi (L298N) kullanilmistir. Debi 6l¢timleri, her mod i¢in 100 Hz ile 20 kHz arasindaki 4 frekans
degerinde gergeklestirilmistir. Diisiik pwm frekansinda (100 Hz) hizli diisme modu, kararli durumdaki su akis hizinda daha fazla
sapmalara neden olmaktadir. Yavas diisme modunda ise, motor akiminin daha yavas azalmasina ragmen motor doniis hizinda frenleme
etkisi ile daha hizli bir azalma saglamakta, bu da pompanin akis hiz1 stabilitesini iyilestirmekte ve arzu edilen pwm gorev dongiisii
degerlerinde sapmalart istenildigi sekilde en aza indirmektedir. Buna karsin, pwm anahtarlama frekansi arttirildikga, enerji kayiplari da
artt1g1 i¢in siirliciiniin kontrol edilebildigi gerilim aralig1 azalmaktadir. Sonug olarak 1 kHz Pwm frekansi, yavas diismeli siiriis moduyla
birlestirildiginde, dogrusal regresyon basarisi ve genis kontrol edilebilme aralig1 agisindan en iyi performans elde edilmistir.

Anahtar Kelimeler: PMDC Santrifiij Pompa, Akis Diizenleme, Pwm Motor Kontrolii, Su Sayaci Test Sistemi.
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1. Introduction

Smart electronic meters that accurately measure water,
electric and gas consumption are the main interest areas of
internet of things implementations. In addition to the high-
accuracy measurement features of smart meters, communication
capabilities in various technology infrastructures are also
available. These meters can store and transmit the consumption
data repeatedly in a preconfigured period (Ramos et al., 2019).
The ultrasonic water meter segment becomes the fastest growing
smart liquid metering market in terms of meter physical type and
measurement technology. Many researchers focus on this
technology, for the reason that ultrasonic meters provide more
precise and accurate flow values than mechanically constructed
water meters. Santhosh & Roy (2012) introduced a brilliant flow
measurement approach by using optimized neural network model
on an ultrasonic flow meter. Hamouda et al. (2016) proposed a
new method for measuring ultrasonic transit time difference with
a precision as low as 10 picoseconds. Least-square-sine-fitting
principle was used on the steady state receive signals at upstream
and downstream directions which opened a new door in low flow
rate measurement field. Lee et al. (2017) proposed a time of flight
(TOF) type ultrasonic water meter that is applicable to residential
water consumption measurement in low-to-medium flow rates.
Sunol et al. (2018) presented the cross-correlation method for
high precision TOF measurement in order to measure lower flow
rates than other methods used in the metering industry. Since very
low flow values can be measured in new generation meters, both
the efficiency of water companies increases, and subscribers are
directed towards better management of their own water
consumption. Therefore, the choice of correct meter type plays an
important role in preventing water losses.

As smart water meters enter our lives, their production
processes and efficiency gain more importance. The test and
calibration processes of these meters which have the ability to
measure very low flow rates starting at 1 1/h require long cycle
times and reduce the efficiency of industrial production line.
Therefore, finding alternative solutions to traditional production
and test systems is an important research and development area.
Dutta & Komar (2017) stated two major drawbacks of
conventional calibration techniques for smart water meters as
time consuming process and exact dependency on the test system
parameters. Any change in the pipe diameter, temperature or
pressure at the system requires recalibration at full scale of input
range. High precision and time saving methods are essential to be
adapted to water meter test systems.

Flow-controlled variable speed water pumps are frequently
used in industrial applications. Pumps with high power and high
flow capacity are generally centrifugal and the flow rate of the
pump is adjusted with frequency control. Since the flow rate in
centrifugal pumps is directly proportional to the impeller speed,
the control process is easier than other pump types. Janevska
(2013) stated the linear mathematical model of a centrifugal pump
system by using state variables method to describe the dynamics
of the system. Goppelt et al. (2018) modeled a simple theoretical
centrifugal pump system based on using lumped parameters, they
showed that the centrifugal pump system could be modeled with
a linear first order transfer function depending on the needed
model accuracy. Shablovskiy & Kutoyov (2019) showed that
pressure characteristic of a small pump can be considered as linear
using the hydrodynamic modeling method and approximations.
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Applications which require steady flow rates can be implemented
by using conventional PMDC motor based centrifugal pumps
together with advanced control techniques.

Gevorkov et al. (2018) simulated and analyzed a pump model
in Simulink for a wide range of flow settings, which can be used
for working on various control methods of centrifugal pump
constructions. Ivanov & Erkaev (2021) constructed a
mathematical model of centrifugal pump based on calculations in
ANSYS Fluent software. Gogolyuk et al. (2004) modeled a pump
together with a synchronous motor by using the electrical analogy
equivalent diagram of centrifugal pump. Naresh et al. (2012)
modeled and simulated the PMDC pumping system fed by solar
cell. Wang et al. (2021) established a mathematical model by
using the basic parameters of the pump. In a different approach,
A Aly (2007) studied a pump and dc motor system as a black box,
applying Neural Network based on the conventional PID
controller.

2. Material and Method

In order to apply feedback linearization based nonlinear
control strategy to a coupled-tank water meter test bench, it is
necessary to obtain exact system parameters to achieve best
results. Flow rate corresponds to the input variable for such a
single-input-single-output (SISO) system. It is mandatory to
define input parameter correctly in the transformations to be
applied for the input-output feedback linearization. The
volumetric flow is transferred from the pump outlet directly to the
first tank, so the inlet flow rate of the coupled tank system is
directly proportional to the pump's rotational speed.

A PWM controlled pump is used to supply water to the 1%
tank, so that the 2" tank is not affected by the irregular flow
caused by the pump dynamics. Feedback linearization method is
used for controlling the water level h, at the 2™ tank (Figure 1).
Calculation of the change of water level in the tank is
implemented by using the principle of conservation of mass,
which is based on the change of mass in the tank. The dynamic
change is proportional to the difference between masses of water
entering and leaving the tank, in terms of internal cross-sectional
area:

dhy
gy =
dh
Ay _dtz = Q2 — Q3 — kpyp0Q4

At equilibrium, flow coefficient of the ball valve kbv is at
preset value, and due to the constant water level set point, the
derivatives of the water height in each tank must be zero.

Q1= Q;

U =0, = kPWMWmax, Uy =S4, Y1 = Iy
Q; = Szazm
Q3 = 53“3\/29—}12
Y2 = Q4 = kpy * 54“4\/%

Given as hy(t) and hy(t) are the water levels in the 1 and 2"
tanks respectively. Qi(t) is the inlet flow rate, Qx(t) is the flow rate
between two tanks, Qs(t) is the stabilization flow rate from 2
tank to reservoir, and Qu(t) is the flow rate from 2™ tank to test
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bench which is turned on during water meter test. The cross-
sectional areas of the tanks are given as A; and A, and the orifice
areas of the inlets and outlets of the tanks given with the flow
coefficients for Q,, Q3 and Qs as S,a,, S303 and S,4Q4,
respectively. The system is defined by the following nonlinear
differential equations:

dh4 1
dt - A_l(kPWMWmaxul — 520229 (hy — hy))
dhz

1
(Szazv 2g9(hy — hy) — S3034/ 2gh,
— kpy * Sa044/ 2gh;)

18
e

Water Meter

Valve 1 Valve 3

N 103
valve 2

— Pump
E‘ Water Reservoir

Figure 1. Block Diagram of Modeled System

By defining state variables as X; = h, and X, = hy — hy,
dynamic model of the meter test bench is obtained, and state
equations can be given as:

dh, (3a3 + kpy * $4a4)/ 29
B N

T T A,

(s3a3 + kpy * 5404)4/29
X, = o \/_
(A1 + A3)s,0a,4/2g \/—
4.4,
kPWMWmax
+ -
4,

y=hy;=x

In order to obtain the relative degree of output in proposed
system, output is differentiated repeatedly until the input variable
appears explicitly in the result:
dh(x) ah(x) dx 9dh(x)

at  ox dt  ox

By using the functional representation of the dynamic model:

=f)+g() *u
e-ISSN: 2148-2683

Differentitation of the output can be simplified in terms of Lie
derivatives of h(x) with respect to fand g:

. 0Oh(x)
Y= 0x

* [f(x) + g(x) *u] = Lgh(x) + Lgh(x) *u

The first derivative of the output is equal to the state equation
X; of the system, which does not include an input term in it:

at

dhz (53‘13 + kbv *S404)4/29 \/—

y=x =

szaz\/_\/_

Therefore y is independent of u. In terms of Lie derivative:
Lgh(x) = 0and y = Leh(x)

Taking the second derivative of the output results in a form
which includes both state equations x; and x:

) — x(Z) (53(13 + kpy * S4a4)4/29
y 1 A, + e
4 5202429 52a21/

After substituting the state equations into y® and
simplifying them:

@) _ 295,a;5(53a3 + Kpy * $4a4) (\/_ \/_>
g 243 V5
29(53a3 + kpy * 5404)°
243
29(52a7)%(A1 + Ay)
B 24, A2
Szazm kpwmWmax u
24,4, V%
Input is obtained in the 2" derivative, so the relative degree
of the output is 2. The proposed system is fully feedback

linearizable, because the relative degree of the output is equal to
the order of the system.

k=n=2y® =L12h(x) + LyLeh(x) xu,y @ =v

A transformation is implemented in order to form a linear
system with the new input v:

Z.1=22,Z'2 =U,y=Zl

2=[y olz+[i]v
y=[1 0]z

y@ =v=Ffx)+ d(x)*u
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_295,a,5(s3a3 + kpy *54a4) (VX1 VX3
fx) = -

243 V% VE

29(s3a3 + kpy * 54a4)°
243
29(52a2)* (A + 43)
B 24, A2

SZaZ\/ Zg kamax
24,4,  x;

Here, u is the original input to the nonlinear system. Simply
by taking it to the left side of the equation, it can be defined in

terms of new input of the system v and non linear states:

_v—f(x)
A Ye%)

d(x) =

Finally the original input U can be stated as:

24,450 — (24,9520, (s3a3 + kpy * 5,04)) (E - @)

_ VX2 WXy
Alszazm kpWmax
I
+ 2A19(s3a3 + kpy * 5404)% — 29(5202)% (A1 + A3)
Alszazm kpWmax
1 VX2

Which means that, if the input flow rate from the centrifugal
. . 1
pump is applied as u = 5(—f + v) to the proposed system
where v is the new input, then the nonlinearity is avoided. So, a
simple relationship is obtained between output and new input v:

y@ =y

2.1. Experimental Setup

Experimental setup consists of a flow generator submersible
pump and a frequency-output reference flow meter connected to
the embedded control system of coupled tank (Figure 2), which
communicates with PC via serial port.

2.1.1. Main Control Unit

Arm Cortex M7 32-Bit Microcontroller is used for the control
system, which operates at 216 MHz with FPU support for
complex mathematical operations. A high-resolution TFT display
is used in the embedded control system to provide a clear,
instantaneous display of variables in the experiments (Figure 3).
Pwm signal generation is implemented by the internal general
purpose timer, which works in non-blocking mode without
interrupting the cpu during the state transitions of duty cycle. Duty
cycle change is executed in the PWM on-the-fly mode without
blocking the cpu and not requiring time-delay for peripheral init
— deinit operations. STM32F7-Discovery board is connected to
the PC via USB serial port, which is used as both debugging and
virtual com port. Virtual com port is used for obtaining flow rate
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information to the PC through a serial port terminal application
during real time running mode. Cortex-M7 processor with
216MHz CPU speed, full duplex Uart and I/O configurable Timer
with Direct Memory Access (DMA) controller form the basis of
the main hardware layer.

Figure 2. Photo of Experimental Setup

Non-blocking coding method is implemented in the bare-
metal control firmware. Serial communication (UART) port is
initialized in DMA mode and connected to the PC through the
virtual com port of debugger. Direct memory access capability
eliminates the need for the CPU for transmitting the measured
data to the PC. Any other methods i.e. input polling or interrupt
relies on CPU operations to stop by and execute communication,
conversely the DMA functionality releases the CPU for other
tasks completely.

Figure 3. Main Control Unit Display (a), STM32F7
Discovery Board (b)

2.1.2. Motor Pump

Water meter test system requires a constant flow rate during
the test cycle. When the flow is supplied directly by the pump,
internal dynamics of pump motor and small variations in the
impeller angular frequency cause flow disturbances which
reduces the accuracy and reliability of the measurement system.
Instead of direct feeding the meter under test, coupled-tank drain
method is studied to generate a constant flow. Therefore, a pwm
controlled pump is used to supply water to the first tank of coupled
system, so that the second tank is not affected by the irregular flow
caused by the pump dynamics (Figure 5).
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Reference
Flow Meter
Frequency
Qutput
—
Set Pwm Pwm H-Bridge
Duty Cylcle Signal Cutput
_— STM32ZF7 L298N JT-500
PC USE - Virtual Com Port Development Board |— 7 Motor Driver  |——— /]DC Motor Fump
Read
Flow Data
—

Figure 4. Control System Block Diagram

DC Brushed Motor pump is driven by the pwm signal
generated from an embedded Arm Cortex M7 microcontroller
development platform. Logical drive signal is amplified and
applied to the motor pump by using an integrated H-bridge driver
circuit. The effect of pwm frequency over the relationship
between the duty cycle and flow rate is explored in this study.
Both outputs of the L298N dual H-bridge driver circuit are
connected and used in parallel as a single H bridge output, in order
to increase the maximum drive current from 2A to 4A. PWM
voltage at 100% duty cycle is applied as +12V DC (which is the
nominal operating voltage of the DC pump, and will be defined
as the input voltage value at maximum flow rate).

Figure 5. PMDC Motor Pump and L298N Driver Module

DC motor pump is supplied by the H-Bridge Motor driver
with 4 different pwm signals selected from 100 Hz to 20 kHz. For
each frequency value, generated pulse width is adjusted from 10%
to 100% with each step of 1 percentage by the controller software.
Total dynamic pump head and the flow rate is recorded at each
step. As a rule of thumb, the flow rate does not start until the pump
head reaches to the height of the U-shaped flow pipe.

2.1.2. Reference Flow Meter

An electromagnetic flow meter is used as reference flow
measurement unit in the experimental setup (Figure 6). Flow rate
is obtained from the frequency output of the reference flow meter,
which is connected to the timer/counter input of the
microcontroller through a system clock prescaler. Measurement
range and flow output frequency are configured according to the
physical limit of the maximum pump flow which is equal to 10
1/min.

e-ISSN: 2148-2683

Figure 6. Flow Meter Connection
2.1.2. H-Bridge Pump Motor Driver

H-Bridge circuits are mainly used in motor drivers, inverter
circuits and new generation battery charging devices for electrical
vehicles. Gupta (2010) presented three alternative circuits of H-
Bridge for driving a DC motor, with comparison in terms of
current consumption and efficiency. Mori et al. (2016) worked on
a new strategy to reduce high-frequency harmonics by modifying
the slope of transients during switching in a step-down converter
which is designed with H-Bridge. Drgona & Stefun (2018)
studied the application of stepper motors with H-bridge drivers in
CNC machines. El-Saadawi et al. (2020) modeled a DC motor and
applied fractional order PID for speed control through L298N H-
bridge motor driver using fast decay mode. In this study, H-Bridge
circuit of L298N is activated with a general “ENABLE” port
which drives one input of each AND Gate to logic high. The other
input of each AND gate is driven by the IN1 and IN2 ports. As the
rotation of the pump should be always in the same direction, IN2
port is tied to ground - logic low. Driving the pump by switching
the Enable port causes all the Gates to be disabled during pwm
low cycles (signal path 2 in Figure 7), which generates a fast
decay mode. On the other hand, switching the IN1 port keeps the
low side Gates activated and a slow decay mode is observed
(signal path 3 in Figure 7).

2.1.3. Test and Measurement

First, L298N motor driver circuit is first configured to work
in fast decay mode with the command sent from the computer.
(IN1 input port is hold at logic high level, pwm signal is applied
to ENABLE A port.) In fast decay mode, pwm duty cycle is
increased by one percent starting from 1% for 5 seconds
measurement at each frequency value. 5 samples were taken from
the reference measuring instrument where the flow rate is
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calculated within 1 second intervals. This is implemented by the
timer/counter peripheral of the microcontroller by setting to 1
second overflow value to count the pulses received from the
frequency output of the reference meter within this period. Total
5*100 samples were obtained at each frequency value up to 100%
pwm duty cycle. The mean and standard deviation of the obtained
samples are calculated and given in table-3 by multiples of 10
percent.

SUPPLY VOLTAGE
VO

QU]

=
T
oD

Figure 7. Fast and Slow Decay Mode Current Paths in a H-
Bridge Driver

Subsequently, switching to the slow decay mode command
was sent to the drive circuit where the remaining test conditions
were kept unchanged, and samples were taken again. (ENABLE
A port is hold at logic high level and the pwm signal is applied to
the IN1 input port of the motor driver). The mean and standard
deviation of new samples are given in table-4.

3. Results and Discussion

Fast decay mode and slow decay mode current paths are
shown in Figure 7. In fast decay mode, reverse current flows
through Q> and Qs transistors, related current path is given in
black colour. Fast decay mode in low pwm frequencies (100 Hz —
1 kHz) has more deviations in the flow rate at constant duty cycle
values. In slow decay mode, both transistors at the low side (Q>
and Q) are still active during the pwm signal off cycles. This
current path through Q, and Q4 results in a slower decay in
current, which causes a rapid decrease in the motor speed. Slow
decay mode provides better performance in terms of efficiency
and stable flow at these frequency levels. At higher range pwm
frequencies (10 kHz — 20 kHz), decay mode does not affect the
overall performance of the flow supply system. However, high
pwm switching frequencies increase the energy losses resulting in
a lower driving voltage range, similar to the findings of Van Der
Geest et al. (2014) that investigated the losses in the rotor,
windings and laminations of a permanent magnet machine caused
by the PWM switching frequency.

Table 3. Fast Decay Mode Flow Characteristics (ENABLE _A=1, pwm signal applied to IN1)

PWM Frequency

100 Hz 1 kHz 10 kHz 20 kHz
Duty | Water Flow Rate | Pump Flow Rate | Pump Flow Rate | Pump Flow Rate
Cycle | Height (I/min) Head (I/min) Head (I/min) Head (I/min)
(%) | (cm) (cm) (cm) (cm)
10 0 0 0 0 0 0 0 0
20 0 0 0 0 0 0 0 0
30 29.0+1.8 0 16.3+0.5 0 0 0 0 0
40 56.5+1.4 0 45.0+0.3 0 9.0£0.4 0 9.5+0.3 0
50 66.5 0.96+0.04 | 66.5 0.45+0.02 | 35.5+0.3 0 39.0+0.2 0
60 66.5 2.14+0.06 | 66.5 1.7840.02 | 66.5 0.31+0.01 | 66.5 0.35+0.02
70 66.5 3.17+0.10 | 66.5 2.81+0.03 | 66.5 2.02+0.02 | 66.5 2.07+0.03
80 66.5 3.99+0.08 | 66.5 3.59+0.02 | 66.5 3.2940.02 | 66.5 3.3120.02
90 66.5 4.69+0.09 | 66.5 4.40+0.02 | 66.5 4.25+0.03 | 66.5 4.2240.03
100 66.5 5.20+0.10 | 66.5 5.1240.02 | 66.5 5.13+0.01 | 66.5 5.1240.02

Radsanjani & Astharini (2017) studied control application of
a DC motor, and compared the results at different frequency levels
presenting an efficient range between 400 and 600 Hz in their
setup, while the experiments in this research give out optimum
performance at 1 kHz as the dc motor is coupled to the pump.

Maximum driving voltage (100% duty cycle) is DC 12V. Due
to the internal physical construction of permanent magnets and
coils of DC motor, rotation starts after 24% pwm duty cycle which
is equal to an average driving voltage of 2.88V. Regardless of the
pwm frequency, lower voltage levels at duty cycle less than 24%
can not deliver adequate current to the motor coils resulting an
insufficient electromagnetic force, so the motor does not start to
rotate.

e-ISSN: 2148-2683

4. Conclusions and Recommendations

PMDC motor centrifugal pump is driven by an Arm Cortex
M7 based microcontroller applying the PWM method at different
frequencies and driving modes. Flow rate measurements are
carried out at 100 Hz, 1 kHz, 10 kHz and 20 kHz for each mode.
Fast decay mode in low pwm frequency (100Hz) results in higher
deviations which is not the optimum setting for a regular flow
supply. Better than this setting, slow decay mode provides a faster
reduction in motor speed despite the slower current decay, which
improves the flow rate stability and minimize deviations at
constant pwm duty cycle values. However, high pwm switching
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frequencies reduces the effective range of selection for pwm duty
cycle setting of flow rate adjustment.

1 kHz Pwm frequency in slow-decay driving mode achieved
leading performance within 4 frequency (100Hz, 1kHz, 10kHz,
20kHz) values and 2 decay (fast, slow) modes, in terms of
improved linearization and wider range for pwm duty cycle to
flow rate transformation. This setting assures exact knowledge of
dynamic input parameter (Q;) for feedback linearization.

Internal floating point unit availability and high CPU speed
(up to 216MHz) of Cortex M7 microcontroller used in the

experiments are highly sufficient for medium-to-large scale
control  applications. = Compatibility = with  the  other
microcontrollers in the same family of Arm Cortex Mx Core
allows a wide spectrum of applications without changing the main
controller design concept. State feedback and coordinate
transformation algorithms for feedback linearization and
advanced control strategies of complex non-linear systems can be
implemented on-board without the processing support of
additional high-performance computers.

Table 4. Slow Decay Mode Flow Characteristics (IN1=1, pwm signal applied to ENABLE A)

PWM Frequency
100 Hz 1 kHz 10 kHz 20 kHz
Duty | Water Flow Rate | Pump Flow Rate | Pump Flow Rate | Pump Flow Rate
Cycle | Height (1/min) Head (1/min) Head (1/min) Head (1/min)
(%) | (cm) (cm) (cm) (cm)
10 0 0 0 0 0 0 0 0
20 0 0 0 0 0 0 0 0
30 28.5+0.5 0 16.0+£0.3 0 0 0 0 0
40 55.0+£0.3 0 44.8+0.2 0 9.0+0.3 0 9.5+0.3 0
50 66.5 0.95+0.01 66.5 0.44+0.01 35.540.3 0 39.0+0.1 0
60 66.5 2.11+£0.02 | 66.5 1.76+£0.01 66.5 0.30+0.01 66.5 0.34+0.01
70 66.5 3.10+£0.02 | 66.5 2.80+0.02 | 66.5 2.02+0.02 | 66.5 2.06+0.02
80 66.5 3.85+0.01 66.5 3.60+0.01 66.5 3.2840.02 | 66.5 3.29+0.02
90 66.5 4.48+0.02 | 66.5 4.37+0.02 | 66.5 4.26+0.03 | 66.5 4.21+£0.02
100 66.5 5.15¢0.03 | 66.5 5.10+0.01 66.5 5.14+0.01 66.5 5.12+0.01
6~ PWM frequency = 100Hz . PWM frequency = 1kHz
O flow data O  flow data
Linear: y = 0.08635*x - 3.182 p Linear: y = 0.09094*x - 3.765 -
50 R? = 0.9791 pdﬁﬁd 5t R? = 0.987 &
Norm of residuals = 1.527 »de Norm of residuals = 1.16 ,fo"o
e &
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Figure 8 - Linearity Evaluation Between Duty Cycle and Flow Rate at Different Frequencies
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Abstract

Today, polymers have found a wide range of uses from kitchen utensils to artificial heart valves, thanks to their lightness, easy shaping,
corrosion resistance, and cheapness. A large number of polymers are used in the packaging of food, textiles, and machinery, and they
are an important part of solid waste disposed of in landfills. In addition, microplastics, which are small particles under 5 mm, pose a
major problem in the pollution of rivers, lakes, seas, and oceans and increase our carbon footprint. Many strategies are being developed
in parallel with the Green Deal to reduce both all the negative effects caused by polymers and our carbon footprint. According to the
European Green Deal, reducing waste, compensating for carbon footprint emissions, and protecting resources and sustainability are key
priorities for the EU now and in the future. Reusability and biodegradable polymer production are important parts of these strategies.
The scientific works demonstrated the opportunity for renewable, biodegradable biopolymers to replace their synthetic counterparts in
a variety of /application. Biopolymer is a type of polymer and a biodegradable chemical compound that is produced by living beings in
the ecosphere. Biopolymers obtained from natural materials (e.g. alginate, zein, gelatin, agar, and chitin/chitosan) are highly abundant
but underexploited renewable biomasses. Besides their natural biological and structural functions, the biopolymers can be tailored to
new biomaterials with novel functionalities. The roles of biopolymers in obtaining environmentally friendly materials are very important
for the future of the world.

So, are we aware of plastic pollution and ways to reduce it? Is there enough awareness in academia, industry, and society for biopolymers
that are so important for a sustainable environment? In this study, the answers to these questions are researched and discussed.

Keywords: Biopolymer, Bioplastic, Green Deal, Sustainable Environment, Pollution.

Biyoplastikler / Biyopolimerler: Ne Kadar Farkindayiz?
Oz
Gilinlimiizde polimerler, hafiflikleri, kolay sekillendirilmeleri, korozyona dayanikliliklari ve ucuz olmalart nedeniyle mutfak
gereglerinden yapay kalp kapakgiklarina kadar genis bir kullanim alan1 bulmustur. Gida, tekstil ve makinelerin paketlenmesinde ¢ok
sayida polimer kullanilmaktadir ve bunlar ¢opliiklere atilan kat1 atiklarin 6nemli bir boliimiinii olusturmaktadir. Ayrica 5 mm'nin altinda
kiigiik pargaciklar olan mikroplastikler nehirlerin, gollerin, denizlerin ve okyanuslarin kirlenmesinde biiyiik sorun teskil etmekte ve
karbon ayak izimizi arttirmaktadir. Hem polimerlerin neden oldugu tiim olumsuz etkileri hem de karbon ayak izimizi azaltmak igin
Yesil Mutabakata paralel olarak birgok strateji gelistiriliyor. Avrupa Yesil Mutabakatina gore, atiklar1 azaltmak, karbon ayak izi
emisyonlarini telafi etmek ve kaynaklar1 ve siirdiiriilebilirligi korumak AB igin simdi ve gelecekte temel Onceliklerdir. Yeniden
kullanilabilirlik ve biyolojik olarak pargalanabilen polimer iiretimi bu stratejilerin dnemli pargalaridir. Bilimsel ¢aligmalar, yenilenebilir,
biyolojik olarak pargalanabilen biyopolimerlerin ¢esitli uygulamalarda sentetik muadillerinin yerini alma firsatin1 gostermistir.
Biyopolimer, ekosferde canlilar tarafindan iiretilen bir tiir polimer ve biyolojik olarak pargalanabilen bir kimyasal bilesiktir. Dogal
malzemelerden (6rnegin aljinat, zein, jelatin, agar ve kitin/kitosan) elde edilen biyopolimerler oldukga boldur ancak yeterince
kullanilmamus yenilenebilir biyokiitlelerdir. Dogal biyolojik ve yapisal islevlerinin yani sira biyopolimerler, yeni islevselliklere sahip
yeni biyomalzemelere uyarlanabilir. Biyopolimerlerin ¢evre dostu malzemeler elde etmedeki rolleri diinyanin gelecegi icin oldukca
onemlidir.
Peki, plastik kirliliginin ve bunu azaltmanin yollarmin farkinda miy1z? Siirdiiriilebilir bir ¢evre i¢in bu kadar 6nemli olan biyopolimerler
icin akademi, endiistri ve toplumda yeterli farkindalik var mi1? Bu ¢alismada bu sorularin cevaplari arastirilmakta ve tartisilmaktadir.

Anahtar Kelimeler: Biyopolimer, Biyoplastik, Yesil Mutabakat, Siirdiiriilebilir Cevre, Cevre Kirliligi.
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1. Introduction

It can be said that the meeting of the modern world with
plastics started in the 1400s after Christopher Columbus
encountered a ball made of natural rubber in Haiti. Charles
Goodyear had added sulfur to natural rubber, making its
properties incredibly change. After the first synthetic polymer was
obtained in the early 1900s, the properties of its molecules were
discovered in the 1920s, and nylon was indented in 1928. Since
the early 1950s, many different types of polymeric materials have
been developed [1].

Today, plastics have an important place of our lives. It has
found a wide range of usage for many reasons such as lightness,
easy formability, mixing ability with different additives and
changing properties easily, and having good corrosion resistance.
Except the naturals, polymers can also be classified as
thermoplastics and thermosets. A thermoset cannot be
reprocessed due to its cross-links, so it is not recyclable. However,
a thermoplastic material can be reprocessed and recycled by
heating it to the appropriate temperature. Polymeric materials find
a wide range of uses, from kitchenware to car bumpers, from
chairs to artificial heart valves. But especially a large amount of
polymeric material is used in packaging (food, textile, machinery,
etc.) processes. The disappearance of plastics in nature begins
after 450 years.

In the EU, around 25.8 million tonnes of plastic waste are
produced in every year. The collected plastic waste is less than
30% of all generated plastic in total [2]. Only 6% of plastic
products are demanded in Europe as recycled plastics. Around 5
to 13 million tons of plastics, 1.5 to 4% of global plastic
production worldwide, are transported to the oceans. It is
estimated that 150 000 to 500 000 tonnes of this amount originates
from the European Union [3,4]. This ratio is frightfully increased
by the increasing amount of plastic waste produced each year. The
most important factor on this increase is the increase in the
amount of ‘single-use’ plastics which are used to produce small
packaging, bags, disposable cups, etc.

Plastic wastes are important part of solid waste disposed to
solid waste landfills. Most of these wastes are packaging plastics.
In this environment, they can remain intact for many years, which
causes the landfill to be filled prematurely. Reuse in
manufacturing,  incineration  for  energy  generation,
biodegradation in compost or in soil in natural environment can
be counted as disposal processes of plastic wastes. However, large
quantities of plastic (millions of tons per year), especially
packaging plastics, are still being thrown into landfill, where they
take up a large amount of space and contribute to capacity
shortages. Plastic packaging parts are represented about 8% of the
overall refuse in the landfills [5].

Microplastics can be defined as tiny fragments below 5 mm
in size. Their leakage and pollution are also increasing day by day
and are almost a part of the food chain in the oceans.
Approximately 75000 to 300000 tons of microplastic emissions
are estimated in the European Union per year [6].

As explained above, plastics and microplastics represent one
of the biggest environmental and health problems in the world and
Europe. To reduce all negativities caused by plastics, Europe
needs a sustainable and innovative plastic strategy. For this
purpose, EU has developed "A European Strategy for Plastics in
a Circular Economy" [7]. Reusability and nature-degradable
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plastic production are an important part of this strategy. Actions
on compostable and biodegradable plastics are included in this
strategy, also.

In the ASTM document D883-00, “Standard Terminology
Relating to Plastics” necessary definitions are made related to
degradable plastic materials [8]:

-Biodegradable plastic: A degradable plastic in which the
degradation results from the action of naturally occurring
microorganisms such as bacteria, fungi, and algae.

Biodegradation of organic materials is the result of the
activities of microorganisms such as fungi, yeasts, actinomycetes,
and bacteria. Fungi and bacteria represent a wide range of
possibilities [5]. Biodegradable plastics, "Green plastics",
typically can be produced in various forms such as film and fibers,
and are compatible with extrusion and moulding which are easy-
to-apply production forms. Except some application area like
starch-based loose-fill packaging market, Green plastics comprise
less than 1% of today’s plastics [9].

For a more livable world, biodegradable plastics should be
recognized and used. Although research on green plastics is
increasing day by day, their use is not at the desired level. Most
people and most manufacturers either have no knowledge of these
plastics or know very little.

For this reason, the FutureBio project idea is developed,
supported by the Turkish National Agency with project number
2021-1-TR01-KA220-HED-000032160 within the scope of
Strategic Partnerships in the Field of Higher Education. FutureBio
aims:

For society

-To raise social awareness that plastic pollution is an issue
that needs urgent and immediate action

-To give information about biodegradable and compostable
products

-To obtain awareness about biodegradable and compostable
products

- To raise awareness of young people, especially at secondary
and higher education levels

- To increase the usage of bio bags by replacing and selling
plastic bags throughout the country and Europe.

For academics

-To give information about biodegradable and compostable
products

-To obtain awareness about biodegradable and compostable
products

- Encourage and guide the development of biodegradable and
compostable materials and products

-To guide them to prioritize these issues in their academic
career planning

-To increase the competencies of trainers for vocational
education

For manufacturers

-To give information about biodegradable and compostable
products and their usage areas
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-To obtain awareness about biodegradable and compostable
products' advantageous

- Encourage and guide the manufacturing of biodegradable
and compostable products

-To help the people who are working/will work in these
manufacturers to gain the right professional knowledge and
competence

The project outputs and the events to be organized in line with
the European strategies within the scope of the FutureBio idea can
be summarized as follows:

- To prepare a curriculum and training materials for both
higher education and companies related to green polymers

-To prepare a guide on the usability of methods and machines
instead of today's plastic material for the production of
biodegradable plastics

-To prepare dissemination materials for raising social
awareness (leaflet, website, social media platforms, etc)

-To prepare dissemination activities for raising social
awareness

-To contribute to the training and development of the
academic staff of the project partners in applications and products
in different fields

-To contribute to the training and development of the
employees of companies engaged in applications and products in
different fields

-To prepare webinars for academics and employees

- Creating a value chain extending from the laboratory to the
industry, from industry to the environment and the economy.

Despite the importance of biopolymeric/biodegradable
materials in technology and the impact on our life the knowledge
and implications related to them seem not so common. This is why
a short survey was created to guide the project idea and to analyze
the initial needs. A total of 347 people from Turkey, Romania,
Italy, Denmark, and the other EU countries answered the survey.
In this study, the results of the survey study are given and the
general awareness level about biopolymeric/biodegradable
materials is discussed.

2. Material and Method

The survey prepared to measure the level of knowledge at
basic level and awareness about bioplastics/biopolymers consists
of a total of 13 questions and two parts. No personal data was
requested from those who filled out the survey and the syrvey was
filled on a voluntary basis. A permission was obtained from
Pamukale University Social and Human Sciences Research and
Publication Ethics Committee for the survey application.

The first part of the survey prepared for university students,
academicians and industrial workers was included the following
information:

1. the country of the participants,
2. the last school level from which he/she graduated,

3. whether they are students, academics, scientists or
industrial workers
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4. working area

The second part of survey was included following questions
related to bioplastics/biopolymers basic knowledge:

1. Your level of knowledge on Polymers / Plastics
2. Do you use plastic bags while shopping?

3. Do you separate plastic waste for recycling?

4. Your level of knowledge on biopolymers

5. Do you know the difference between biopolymer and
conventional plastics / polymers?

6. Do you want to take online courses related Biopolymer?
7. Do you want to attend a seminar related Biopolymer?

8. If there is a social media account about Biopolymer, would
you follow it?

9. Would you like to do a scientific study after you have
enough information about biopolymers?

After completing the questionnaire prepared and filled using
Google Forms, analysis was made for each question.3. Results
and Discussion

The survey was filled by a total of 347 participants from
Turkey, Romania, Italy, Denmark, and the other EU countries
answered the survey (Figure 1).

Pleaze choose your couniry

B Dernmark
@ haly
Rormunin

B Ty
' o Lol
B Criher

Figure 1. Distribution of respondents by country

As can be seen in Figure 2, 43.8% of the respondents have a
high school degree, 20.7% have a bachelor degree, 11.2% have a
master's degree, and 24.2% have a PhD.

Please select your current graduation degree

247 wanit

i High School
@ Undergraduate level
B Mastor of Science

® P10

Figure 2. Distribution of respondents by graduation degree

The rate of students, academic staff/scientists, and industrial
workers who responded to the survey were 52.2%, 31.8%, and
16%, respectively (Figure 3).

38



European Journal of Science and Technology

You are
343 yanit

@ & stedent

® an acadomic stall
& a scientst

@ an industrial worker

Figure 3. The rate of students, academic staff/scientists, and
industrial workers who responded to the survey

As can be seen in Figure 4, fields of study of participants are
engineering (159), educational sciences (66), social sciences (22),
economic and administrative sciences (41), Science and
Mathematics (24), architecture (7), Medicine and health sciences
(9) and other professional branches (19). Thus, an awareness
study was carried out in a wide range of professional groups.

Your field of study

347 yornt
@ Scence and Mathematcs
@ Engneerng
@ Educational sciences
Y —

® Low

@ Medicine, Dentistry, Pharmmacy

@ Economic and Administrative science
@ Health Sciences

Figure 4. Fields of study of respondents

The level of knowledge on polymer/plastic materials
question showed that only 10.1% of the participants have good
knowledge of plymeric materials (Figure 5).

Your level of knowledge on Polymers / Plastics
347 yanit

il | have ro dea

@ | have lite knowledge

B | have moderate knowledgo
@ | have a good knowledge

Figure 5. The level of knowledge on polymer/plastic materials
of respondents

Only 10.1% of respondents answered that they do not use
plastic bags in shopping, while the remaining participants stated
that they rarely use plastic bags (Figure 6).
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Do you use plastic bags while shopping?
J4T yani
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Figure 6. The level of plastic bags using

Only 11.8% of the participants gave a negative answer to the
question about the separate of plastic wastes for recycling. While
16.4% of the respondents seldom sorted garbage, the remaining
participants stated that they usually sorted the garbage for
recycling (Figure 7).

Do you separate plastic waste for recycling?
347 yaeul

[ 1

. er
B Cifien

B Generaty
W Adways

Figure 7. Separation rate of plastic wastes

Figure 8 shows that the level of knowledge on biopolymer
materials. It can be seen that only 6.4% of the participants have
good knowledge.

Your level of knowledge on biopolymers
34T yaeut

@ | have no idea
@ | have ite knowdedge
80 | hures mider ale knowiedge

i | have 8 good knowledge

Figure 8. The level of biopolymer materials knowledge

The results showed that only 37.8 % of the participants know
enough about biodegredable polymers and only 13.8% of them
know the difference between traditional plastics and
biodegredable polymers very well (Figure 9).

Da you know the difference between biopolyrmer
and comventional plastics / polymers?
347 yan

y
e @ | dort know
@ | know passally
@ | know

Figure 9. The level of knowledge between biodegredable
polymers and traditional plastics
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The respondents except 17% of the participants stated that if
there are courses and seminars related to biodegredable polymers,
they can participate in these (Figure 10 and Figure 11).

Do you want to take online courses ralated Biopolyrner?

F4T yanit

» vis
B Mo

Mooyl

Figure 10. Responders' willingness to join online courses related
biopolymer

Do yvou want to attend a seminar related Biopolymer?

A4 et

L D e
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B hlaybe

Figure 11. Responders' willingness to join seminars related
biopolymer

Approximately 57,1% of the responders seem to be able to
follow the issue effectively if sufficient awareness is created
(Figure 12).

If there is a social media account about Biopolymer,
would you follow it?

347 yanit

L @ vos
i @ MNo
B Maybe

Figure 12. Responders' willingness to follow social media
accounts related biopolymer

Figure 13 shows that the responders' answered ,48,4% rate, if
they will have enough information on biopolymers, they would
like to do scientific study.

Would you like to do a scientific study after you have
enough information about biopolymers?

34T yanat

® Yos
@ Mo
@ Maybe

Figure 13. Willingness to do scientific work on biopolymer
after having sufficient knowledge
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4. Conclusions and Recommendations

Polymeric waste is frightfully increased with 'single-use' plastics
each year. For reducing this rate, reusability and naturedegradable
polymer production are important. According to the European
Green Deal Communication [10], reducing wastes, compensating
carbon footprint emissions, saving resources, and sustainability
are key priorities for the Europe now and in the future. For a more
liveable and green world, biopolymers should be developed and
used.

The preliminary studies carried out within the scope of the
FutureBio project supported by the Turkish National Agency
show that the knowledge and awareness of all segments of the
society about biopolymer is not at the desired level. For this
reason, information and awareness studies should be carried out
in especially in universities, industrial institutions, employees in
these institutions, and in every part of the society.

In the efforts to increase awareness and knowledge level, digital
training materials, whose importance has become more evident
with the Covid-19 pandemic, should also be used. In order to
attract the attention of the Z generation, educational materials and
social media platforms containing high-performance and
interesting digital technology should be prepared, and more
importance should be given to environmental activities.
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Oz

Ozellikle 20. ve 21. yiizyillarda sanayi devriminin hizlanmasi ve bundan dolay: Diinya nin kiiresel 1snmasi ile sicaklik miktarlarinin
artmasi, yeryiiziinde mevsimlerin dongii ve siddetlerinin degismesine sebep olmustur. Hayatin her alaninda ihtiya¢ duyulan enerji
kullaniminin artmast, 6zellikle de fosil yakitlara yonelim, sera gazlari arasinda dnemli bir paya sahip olan CO2’nin saliniminin artmasina
ve iklim degisikliklerine neden olmus ve olmaya da devam etmektedir. Dolayisiyla Diinya lizerindeki tiim iilkeler i¢in insan
faaliyetlerinden kaynakli CO; emisyon miktarlarinin yonetimi, takibi ve tahlili 6nem kazanmistir. Bu ¢alismada, iklim degisikligi ile
iligkili sera gaz1 olan CO2’nin Tiirkiye ve AB iilkelerinin tahmini ve egilimlerinin irdelenmesi hedeflenmistir. Bu hedef dogrultusunda,
makine dgrenmesi algoritmalarindan karar agaci modellemesi, yapay sinir aglari ve destek vektor makineleri kullamlarak enerji elde
edilirken ortaya ¢ikan CO> salinim miktarlari igin tahmin yapilmistir. Makine 6grenme metotlarinin basar1 performans: karar agaci
modellemesi skor degeri, ortalama hata karesi (MSE) ve ortalama hata karesinin kokii (RMSE) kullanilarak degerlendirilmistir. Ulkeler
icin 2010-2019 yillarindaki niifus, CO2 emisyon miktari, enerji tilketim miktarlart kullanilarak, destek vektor makineleri (DVM) ile
yapay sinir aglar1 (YSA) metotlar: uygulanmis ve tahminler yapilmistir. Sonuglara gére DVM ydnteminin, YSA yontemine gore daha
basarili sonuglar verdigi tespit edilmistir. Avrupa Birligi iilkelerine toplu olarak bakildiginda, CO2 emisyon miktarinin azalarak arttig
yani artis hizinin azaldigi goriilmiistiir. Ayrica Almanya, Hollanda, Italya, Fransa iilkelerinde CO, emisyon miktarlarinda azalma
beklenmektedir. Tiirkiye i¢in ise durum farklidir. Tirkiye’de 2010-2019 yillar1 arasindaki karbondioksit salinim miktari her y1l artmakta
olup oniimiizdeki yillarda da alternatif, CO, salinimi1 olmayan enerji kaynaklarina yonelinmez ise bu artisin devam edecegi yapilan
caligmada goriilmiistiir.

Anahtar Kelimeler: Makine Ogrenmesi, Emisyon, Destek Vektor Makineleri, Karar Agaci, Yapay Sinir Aglart

CO; Emissions in Turkey and EU Countries Using Machine Learning
Algorithms

Abstract

Especially in the 20th and 21st centuries, the acceleration of the industrial revolution, the global warming of the world, and the increase
in the amount of temperature caused the cycles and intensities of the seasons on earth to change. The increase in the use of energy
needed in all areas of life, especially the orientation to fossil fuels, has caused and continues to cause an increase in the emission of
CO», which has an important share among greenhouse gases, and climate changes. Therefore, the management, follow-up, and analysis
of CO; emissions caused by human activities have gained importance for all countries in the world. This study, it is aimed to examine
the estimation and trends of CO, a greenhouse gas associated with climate change, in Turkey and EU countries. In line with this goal,
an estimation was made for CO, emissions that occur when energy is obtained by using decision tree modeling, artificial neural
networks, and support vector machines from machine learning algorithms. Success performance of machine learning methods was
evaluated using decision tree modeling score value, mean square error (MSE) and root mean square error (RMSE). Support vector
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machines (SVM) and artificial neural networks (ANN) methods were applied, and estimations were made by using the population, CO;
emission amount, and energy consumption amount for the countries in the years 2010-2019. According to the results, it has been
determined that the SVM method gives more successful results than the ANN method. When the European Union countries are
considered as a whole, it has been observed that the amount of CO, emissions have decreased and increased, that is, the rate of increase
has decreased. In addition, reductions in CO, emissions are expected in Germany, the Netherlands, Italy, and France. For Turkey, the
situation is different. The amount of carbon dioxide emissions between 2010-2019 in Turkey is increasing every year, and it has been
seen in the study that this increase will continue if alternative energy sources that do not emit CO> are not used in the coming years.

Keywords: Machine Learning, Emission, Support Vector Machines, Decision Tree, Artificial Neural Networks

1. Giris

Iklim degisikligi Diinya iizerindeki tiim canli hayat: iizerinde
yasami farkhlastiracak bilyikk bir degisimdir. Mevsimlerin
stireleri, sicakhk ortalamalari degismektedir. Genel olarak;
okyanus sicakhk artiglari, yiikselen deniz seviyeleri, kutuplarda
buzullarin erimesi, kasirgalar, sicak hava dalgalari, orman
yanginlari, kurakliklar, seller ve yagislar gibi asirt hava
kosullarinda sikhik ve siddet degisiklikleri ile bitki Ortiisti
degisikliklerini kapsar. Isinma olaylar: buharlagsmay: etkilemekte
ve kurakhiga neden olmaktadir. Dolayisiyla bitkilerin hasat
zamant verimlilikleri degismektedir. Yiiksek CO. seviyeleri
iiriinlerin verimi {izerinde olumsuz etkilere sahip olabilmektedir.
Iklim degisikligi bitkileri, hayvanlar1 ve insanlar etkileyen yeni
zararh hastaliklarin ortaya ¢ikmasina ve insan sagligi igin yeni
riskler olusturmasina neden olabilmektedir.

Kiiresel enerji talebi 2020'nin ilk ¢eyreginde %3,8 azalmakla
birlikte dogalgazin kullanimina dayali ekonomik faaliyetler
lizerinde pandemiden kaynakli olarak, 2020’nin ilk ¢eyreginde
fazla bir etki yaratmamustir. Ayrica baz iilkelerde tam kapanma
doneminde elektrik enerji talebinde yaklasik %20 oraninda
distisler goriilmiustir [1]. COVID-19'dan  kaynaklanan
aksakliklara ragmen, kiiresel sera gazi emisyonlari 2020'de
artmigtir. Kiiresel olarak, deniz seviyesi 2020'de zirve yaparak
yilda ortalama 3,29 (+/-0,3) mm yiikselmistir [2].

Son donemlerde yapay zeka ¢aligmalar1 karmasik problemler
icin baglant1 kurma, gruplandirma ve tahmin ¢aligmalarinda bir
hayli uygulanmakta ve giivenilir sonuglar vermektedir. Gelisen
teknoloji, hizh bilgi kayd: hem veri miktarlarini ¢ok arttirmig hem
de ¢ok c¢esitli, karmagik veri yiginlarinin olugmasina neden
olmustur ve olmaya da devam etmektedir. Artik veri analizlerinde
sadece istatistiksel yontemler yeterli olmamakta bunun yaninda
veri madenciligi yontemlerine de ihtiya¢ duyulmaktadir [3].
Makine oOgrenmesi ise yapay zekd caligmalarinin yaklagim
tirlerinden biri olup, yeni bir yaklagim tiiriidiir. Makine
ogrenmesindeki temel amag, elimizdeki veriler ile bu verilerin
sonuglart arasindaki iligkiyi bulmaktir. Dolayisiyla, denemeler
gerceklestirmeden mevcut verilere uygun bir makine dgrenme
yontemi belirlenememektedir. Mevcut veri hacmi arttikga ve
veriler tizerinde farkli yontem denemesi miimkiin oldugunca
arttirilirsa en dogru ydntemin bulunmast saglanir. Makine
O0grenimi uygulamalari ile kalite denetim siireglerinde, reklam ve
promosyon ¢alismalarinda, bankacilik islemlerinde, metin
caligmalarinda, goriintii ve ses tanimlamalar: gibi pek ¢ok alanda
caligilabilmektedir [4].

S6zen ve ark. (2007) sektorlerden kaynakli CO, emisyon
miktarlarin1 yapay sinir aglartyla gelecek icin CO2 salinim miktari
tahmininde bulunmustur. Calisma CO> emisyon verilerinin trendi
tizerinden yapilmstir [5]. Yilmaz ve Yilmaz (2013) 1990 — 2009
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yillarindaki CO; verileri ile 2010 — 2020 yillarindaki tahmini CO-
salmim miktarlarii hesaplamiglardir. Caligmada gri tahmin
metodu kullanilmustir [6]. Papugcu ve Bayramoglu (2016) enerji
iiretimi ve tiikketimi ile endiistriyel tiretim ve ulasim amacli enerji
kullanim miktarlarini, CO, emisyon tahmini i¢in kullanmiglardir.
CO; salinim miktarlari, yapay sinir aglar1 yontemi ile AB — 28
iilkeleri ve Tiirkiye igin tahmin edilerek 2020, 2025 ve 2030
yillart i¢in CO2 miktarlar1 hesaplanmistir [7]. Behdioglu ve Celik
(2016), 1996 — 2013 yillar1 arasinda OECD iilkelerine ait AR-GE
harcamalar: ile emisyon verileri arasindaki iligkiyi, STIRPAT
modeli {izerinden yapay sinir aglari kullanarak analiz etmislerdir.
Sonuglara gore, OECD iilkelerinde yapilan Ar-Ge harcamalari,
emisyonlari negatif yonde etkilemistir [8]. Kiling ve Altiparmak
(2020), 2020 yilinda ¢evre vergilerinin, CO; emisyonu tizerindeki
etkisine yonelik bir ¢aligma yapmislardir. Analiz sonuglarina gore
21 AB iilkesi ile Tirkiye’de, ¢evre vergileri ve Ar-Ge enerji
harcamalari, CO, emisyon salinimim negatif yonde, GSYH
miktar: ile enerji tiketimi ise CO2 emisyonsalimmint pozitif
yonde etkilemektedir [9].

Bu c¢aligsmada, Tiirkiye ve AB iilkeleri i¢in makine 6grenmesi
yontemleri ile ¢esitli yakit tiplerine gore tiiketilen enerji miktarlari
ve ilkelerin niifus miktarlar1 kullanilarak, iklim degisikligine
sebep olan CO, emisyonu tahmininin yapilmas: amaglanmustir.

2. Materyal ve Metot

Calismada, Tirkiye ve Avrupa Birligi iilkeleri incelenmistir.
Ulkelerin CO, emisyonlarinin tahmininin yapilmasi i¢in 2010-
2019 yillart arasindaki “Toplam Niifus, Kat1 Fosil Yakit Tiiketimi,
Dogalgaz Tiiketimi, Petrol Tiiketimi, Giines Enerjisi Tiiketimi,
Biyogaz Tiiketimi, Birincil Kat1 Bioyakit Tiiketimi, Yenilenebilir
Belediye Atik Tiiketimi, Jeo Termal Enerji Tiketimi, Hidro
Elektrik Uretimi” verileri incelenmistir. Calismada kullanilan
degiskenlerden, tiiketilen enerji miktarlarinin yanmasi sonucu
ac1ga ¢ikan CO2 emisyonu verileri %801 6grenme, %20°si ise test
amagli kullanilmigtir. Makine 6grenme metotlarindan karar agaci
modellemesi, destek vektor makineleri ve yapay sinir aglari
teknikleri kullanilarak uygulama yapilmistir. Makine 6grenme
metotlarinin basar1 performansi karar agact modellemesi skor
degeri, MSE ve RMSE kullanilarak degerlendirilmistir.

2.1. Makine Ogrenmesi

Makine 6greniminin temeli, belirli bir konudaki veriler izerinden
algoritmalar olusturarak, ¢iktilart yeni veriler c¢iktikca
giincelleyerek, sonuglarin tahmini igin istatistiksel analizleri
kullanmaya dayanmaktadir. Makine 06grenimi danigmanh
(gbzetimli), danmigmansiz (gdzetimsiz), yari danigmanli ve
takviyeli Ogrenme olarak dort gruba ayrilir. Danigsmanli
(gozetimli) 6grenmede, model gelistirmek i¢in sonuclar1 belli bir
egitim verisi bilgisi bulunmaktadir. Danismansiz (goézetimsiz)
ogrenmede ise veri setindeki bilgiler kullanilarak, degiskenler
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arasindaki iligkilerin ortaya ¢ikarilmasi saglanir. Makine
o0greniminde en ¢cok kullanilan 6grenme algoritmalari; yapay sinir
aglarl, destek vektor makinalarl, karar agaglari ve lojistik
regresyon olarak siralanabilir [10].

2.2. Yapay Sinir Aglan

Temelde yapay sinir aglari, insan beyninin ¢aligma seklinin 6rnek
ahnarak gelistirilmis, baglantilar araciligiyla birbirleri arasinda
baglanan, her biri kendi bellegine sahip, biyolojik sinir aglar1 gibi
karar alip hareket eden bilgisayar programlaridir [11].

Bulunan hatayr yayma yténi
Girlg Clki
—_—
—
Cikug hesaplama y&nii (lleri)
Girig katman Gizli katman Cikeg katmani

Sekil 1. Yapay Sinir Aglari

Yapay sinir aglart mevcut verilerle bilgi saglamakta, bu bilgiler
tizerinden genel bir ¢ikarim yapmakta sonrasinda yeni durumlar
ile karsilastirilinca elde ettigi bilgilerden faydalanarak yeni
durumlar igin bir sonu¢ ¢ikarmaktadir. Yapay sinir aglari,
ogrenebilme-genellestirme 6zellikleri sayesinde pek ¢ok alanda
uygulanabilmekte ve karmasik sorunlari ¢ozebilme imkam
sunmaktadir [12]. Yapay sinir aglarinin 6grenebilme yetenegi
farkli olup, farkli farkli algoritmalarla dgrenebilirler. Bilinmeyen
ciktilar icin sonug bilgisi iiretebilirler. Oriintiileri kavrayp,
¢Ozebilir ve siniflandirma yapabilirler. Net olmayan ya da eksik
bilgi ile ¢alisabilirler.

2.3. Destek Vektor Makineleri

Destek Vektor Makineleri (DVM), hem smiflandirma hem de
regresyon c¢aligsmalart konusunda uygulanan, giiclii bir denetimli
makine oOgrenmesi algoritmasidir. Genellikle siniflandirma
problemlerinde, Oriintli tanima caligmalarinda, hastalik teshisi
konulmasinda, zaman serisi analizi gibi pek ¢ok alanda
kullanilmaktadir. DVM’nin asil amaci iki farkli gruba gore
etiketlenmis bir egitim verisi i¢in gelistirilen algoritmasi ile yeni
bir gdzlem verildiginde bu gozlemin hangi grupta olmasi
gerektigini belirten bir model olusturulmasidir. Yani iki grubun
ayrimini en iyi yapabilen hiper diizlemin bulunmasidir [13].

2.4. Karar Agaci Algoritmasi

Verilerin siniflandiriimasi, makine 6greniminde iki asamali bir
stire¢ olup, bu asamalar, 6grenme ve tahmin asamalaridir.
Ogrenme asamasinda, model egitim verileri kullanilarak
gelistirilmigtir. Tahmin asamasinda ise model, verilen veriler ile
tahmin i¢in kullanilir. Karar agaci, anlasilmas: ve yorumlanmasi
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en kolay, yaygin simiflandirma algoritmalarindan biridir. Karar
agact algoritmasi, danigmanli 6grenme algoritmalari grubuna
aittir. Diger danismanli 6grenme algoritmalarinin aksine, karar
agaci algoritmas1 regresyon ve siniflandirma problemlerini
¢ozmek i¢in de kullanilabilir. Bir karar agac1 kullanmanin amaci
egitim verilerinden ¢ikarilan basit karar kurallarim 6grenerek
hedef degiskenin simfim veya degerini tahmin etmek igin
kullanilabilecek bir egitim modeli olusturmaktir. Karar
agaclarinda, sinif etiketini tahmin etmek i¢in agacin kokiinden
isleme baglanir. Kok 6zniteliginin degerleri, kaydin 6zniteligiyle
karsilastirilir. Karsilagtirmaya dayanarak, bu degere karsilik gelen
dah takip edilir ve bir sonraki diigiime gegilir. Karar agaglarinin
tiirleri, sahip olunan hedef degiskenin tiiriine gore kategorik ve
stirekli degiskenli karar agaci olmak tizere iki tiirdiir [14].

2.5. Tahminler icin Performans Metrikleri

Makine 6grenmesi ¢aligmalar1 tamamlandiktan sonra kullanilan
metotlarin, veriler iizerindeki bagar1 skorunun degerlendirilmesi
gerekmektedir. Yapilan tahminlerin, basar1 durumlarinin sayisal
bir deger olarak yorumlanabilmesi i¢in karar agac1 modellemesi
skoru, ‘ortalama mutlak hata (MAE), ortalama hata karesi
(MSE), ortalama mutlak yiizde hata (MAPE) ve ortalama hata
karesinin kokii (RMSE) gibi yontemler bulunmaktadir.

2.5.1. Ortalama Hata Karesi (MSE)

Ortalamadan sapmalarin karelerinin toplanmasi ve bu degerinin
ortalamasinin alinmasi ile “Ortalama Hata Karesi (MSE)”
bulunup, performans degeri ifade edilmektedir. Esitlik (1)’e gore
cikig sayist “n” ile gosterilir. Burada, e;, gercek degerden tahmin
edilen degerin ¢ikarilmasiyla elde edilir.

MSE = %2’;1 e (1

2.5.2. Ortalama Hata Karesinin Kokii (RMSE)

Ortalama hata karesinin kokii ¢ok kullanilan performans
olgiitlerinden biridir. Esitlik (2)’de gosterildigi gibi hesaplanir.

RMSE = /% n e )

3. Arastirma Sonuclari ve Tartisma
3.1. Bulgular

Tirkiye’nin 2010 - 2019 yillarindaki CO; emisyon verilerinin
tahmininde, enerji tiikketim verilerine, karar agac1t modellemesi,
yapay sinir aglar1 yontemi ve destek vektor makineleri yontemi
uygulanmustir. Verinin %80° i 6grenme, %20’ si ise test igin
kullanilmigtir. Ayrica ¢alismada, tahminlerin basar1 performansi
degerlendirmesi icin karar agact modellemesi skor degeri,
ortalama hata karesi (MSE) ve ortalama hata karesinin koki
(RMSE) kullamlmigtir. Tablo 1’de Tirkiye’nin CO2 emisyonu
performans sonuglar1 ve Sekil 2’de CO» tahmin degeri ile CO>
gercek degeri gosterilmektedir.
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Sekil 2. CO; tahmin degeri ve CO> gercek degeri

AB iilkelerinin CO; emisyonu performans sonuglart Tablo 2’de
gosterilmektedir.

Tablo 1. Tiirkiye CO; emisyonu performans degerlendirmesi

Karar Agaci Test

Verisi Skoru MSE RMSE
Karar Agaci Modellemesi 0,96 * *
YSA * 7477,06 86,47
DVM * 27483,00 165,78

Tablo 2. AB Ulkeleri CO, emisyonu performans degerlendirmesi

Karar Agaci Test

Verisi Skoru MSE RMSE
Karar Agact Modellemesi 0,98 * *
YSA * 8608,12 92,78
DVM * 71765,05 267,89

Ulkeler i¢in 2010-2019 yillarindaki niifus, CO; emisyon miktari,
enerji tiiketim miktarlar1 kullanilarak, destek vektdr makineleri
(DVM) ile yapay sinir aglart (YSA) metotlar1 uygulanmig ve
tahminler yapilmistir. Sonuglara gére DVM yonteminin, YSA
yontemine gore daha bagarilt sonuglar verdigi tespit edilmistir.
Avrupa Birligi iilkelerine toplu olarak bakildiginda, CO2 emisyon
miktarinin azalarak arttig1 yani artig hizinin azaldigt gorilmiistiir.
Ayrica Almanya, Hollanda, italya, Fransa iilkelerinde CO;
emisyon miktarlarinda azalma beklenmektedir. Tiirkiye i¢in ise
durum farkhidir. Tiirkiye” de 2010-2019 yillar1 arasmdaki
karbondioksit salinim miktar1 2019 yilina kadar her yil artmakta
olup Onlimiizdeki yillarda da alternatif, CO, salinimi olmayan
enerji kaynaklarina yonelinmez ise bu artisin devam edecegi
yapilan ¢caligmada goriilmiistiir.

4. Sonug¢

Ulkemizde ve Diinya’da karbondioksit miktarinin artis:
durdurulamaz ya da azaltilmaz ise, mevsim kaymalari, ¢ok
yitksek sicaklik degerleri, yogun yagis sebebi ile sel ve su
baskinlar artarak devam edecektir. CO, salinim miktarindaki
yiikseligin temel sebebi tiim Diinya’da oldugu gibi Tiirkiye’de de
enerji talebinin artmasidir. En ¢ok kullanilan ve CO; salimimini en
cok etkileyen fosil enerji kaynaklari; komiir, petrol, dogal gaz
olup bunlarin diginda niikleer enerji, hidro elektrik enerjisi ve
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venilenebilir enerji kaynaklari bulunmaktadir. Bu nedenle,
Tiirkiye dahil tiim dlkelerin karbondioksit salinim miktarlarin
geriye cekmek icin gerekli onlemler alinmahdir. Ulkelerin fosil
yakitlar1 kullanmak yerine, yenilenebilir enerji kaynaklarina
yonelmesi gerekmektedir.

Literatiirde CO2 emisyonlari tahmini konusunda pek ¢ok
calisma mevcuttur. Ancak bu tahminlerin biyiik bir bolimii
istatistiksel yontemler ile gerceklestirilmektedir. Bu ¢alismada
karbondioksit salinim miktarint 6n gérmek igin makine
Ogrenmesi yontemleri uygulanmistir. Sonrasinda ise tahmin
metotlarinin basar1 skoruna gore metotlar kiyaslanmistir. Gelecek
caligmalarda degisken sayisi arttirilarak biiylik veri ¢aligmalari
yapilabilir.
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Abstract

Dementia and Alzheimer's disease are affecting more and more people worldwide. According to the World Health Organization, 60-
70% of the approximately 55 million people diagnosed with dementia worldwide suffer from Alzheimer's, adding 9.9 million new cases
diagnosed each year. While the annual global cost of dementia exceeds $1 billion, its cost is estimated to double by 2030.

It is stated that new digital technologies and e-health solutions for dementia patients have a strong potential to help individuals face the
challenges related to dementia and neurodegenerative disorders. Some examples of e-health solutions for people with dementia are
reported as wearable, portable, or implantable devices, depending on appropriate platforms and services, and to support interaction
between patients and doctors. New digital technologies are powerful tools to help individuals overcome the challenges of dementia and
neurodegenerative disorders. Communication difficulties are common in people with dementia. Meaningful communication initiatives
using technology and the Internet can help alleviate symptoms and perhaps lessen their severity. To develop and implement this potential,
it is essential to produce solutions that combine health sciences, social sciences, and engineering solutions. With the idea of REMEM,
developed with this in mind, with the support of the Turkish National Agency and the European Union, mobile applications aimed at
improving memory that can be used not only by dementia and Alzheimer's patients but also by others were examined and a new mobile
application called REMEM was developed.

Keywords: Mobile application, E-health solution, Dementia, Alzheimer’s, Digital technology.

Demans ve Alzheimer Hastalar icin Dijital Oneriler: REMEM Ornegi

Oz

Demans ve Alzheimer hastalig1 diinya ¢apinda giderek daha fazla insam etkiliyor. Diinya Saglik Orgiitii'ne gore, diinya ¢apinda demans
teshisi konan yaklasik 55 milyon kisinin %60-70'1 Alzheimer'dan muzdariptir ve buna her yil teshis edilen 9,9 milyon yeni vaka
eklenmektedir. Demansin yillik kiiresel maliyeti 1 milyar dolar1 assa da, maliyetinin 2030 yilina kadar iki katina ¢ikacagi tahmin
ediliyor.

Demans hastalarina yonelik yeni dijital teknolojilerin ve e-saglik ¢6ziimlerinin, bireylerin demans ve nérodejeneratif bozukluklarla ilgili
zorluklarla yiizlesmelerine yardimci olacak giiclii bir potansiyele sahip oldugu belirtilmektedir. Demansh kisiler igin e-saglik
¢oztimlerinin baz1 &rnekleri, hastalar ve doktorlar arasindaki etkilesimi desteklemek igin, uygun platformlara ve hizmetlere bagli olarak
giyilebilir, tagabilir veya implante edilebilir cihazlar olarak bildirilmektedir. Yeni dijital teknolojiler, bireylerin demans ve
ndrodejeneratif zorluklariin istesinden gelmelerine yardimei olacak giiclii araglardir. Demansli kisilerde iletisim giigliikleri yaygindir.
Teknolojiyi ve interneti kullanan anlamli iletisim girisimleri, semptomlar: hafifletmeye ve belki de ciddiyetlerini azaltmaya yardimci
olabilir. Bu potansiyeli gelistirmek ve uygulamak i¢in saglik bilimleri, sosyal bilimler ve miihendislik ¢6ziimlerini birlestiren ¢6ziimler
iretmek esastir. Bu diisiinceyle gelistirilen REMEM fikri ile Tiirkiye Ulusal Ajanst ve Avrupa Birligi destegi ile sadece demans ve
Alzheimer hastalarinin degil, baskalarinin da kullanabilecegi hafizay1 gelistirmeye yonelik mobil uygulamalar incelenmis ve REMEM
adli yeni bir mobil uygulama gelistirilmistir.

Anahtar Kelimeler: Mobil Uygulama, E-saglik C6ziimii, Demans, Alzheimer, Dijital Teknoloji.
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1. Introduction

Alzheimer's disease is the most well-known form of dementia
and has been known for about 110 years. While it is common for
the disease to begin after the age of 65, there are cases where it
occurs after the age of 40-50 [1]. In parallel with the increase in
the elderly population, the number of Alzheimer's patients is
increasing day by day and this situation increases the emotional,
social, and economic problems in the society. Alzheimer's disease
gradually begins to affect the areas of the brain that control
thinking, memory, and language, and the patient's condition
usually deteriorates gradually. Although the exact cause of
Alzheimer's disease is not known, the disease does not consider
gender, geographical location, social class, and ethnicity. There is
no definitive treatment for this neurodegenerative disease. Not all
forgetfulness should be perceived as dementia and not all
dementia is Alzheimer's.

Alzheimer's does not yet have a cure, but treatments for the
symptoms are available. Although the current Alzheimer's
treatments cannot prevent disease progression, they can slow the
worsening of dementia symptoms and improve the quality of life
for Alzheimer's patients and their caregivers. Today, there is a
worldwide effort to find ways to treat the disease, delay the onset
of the disease, and prevent its development.

In addition to the prescription drugs known, today, to delay
memory lapses, dementia patients including Alzheimer's, use
herbal remedies, dietary supplements, or other alternative
treatments such as diet, physical activity, and mental activities.
Studies have shown that mental exercises such as puzzles and
brain training games can help slow the progression of cognitive
problems such as memory loss and decrease in thinking skills.

Although dementia creates communication difficulties in
people, it is known that effective communication increases the
quality of life of people. The inability to remember the correct
words and object names may be due to reduced communication
ability. The person may replace a wrong word or find no words at
all. As the disease progresses, communication difficulties
gradually turn into a lack of communication. Dementia symptoms
such as depression, aggression, anxiety, and sleep difficulties are
associated with this loss of communication. One of the methods
used to alleviate these symptoms is the use of technology and the
internet. Considering that about 30 percent of people with
dementia experience delusions, this shift in perception is bound to
be disturbing for both patients and caregivers. Seeing pictures of
familiar faces, watching clips of favorite television shows or
favorite singers can help a patient who is confused and frightened
to calm down [2].

The European Commission's “Implementation report on the
Commission Communication on a European initiative on
Alzheimer's disease and other dementias” also states that new
digital technologies have strong potential to help individuals face
the challenges associated with dementia and neurodegenerative
disorders [3]. Some examples of e-health solutions for people
with dementia are listed in this report as wearable, portable, or
implantable devices that support interaction between patients and
doctors, depending on available platforms and services.

In the design process of the REMEM application, which was
developed considering these needs, mobile applications, games,
and platforms that are used to improve memory and can also be
used for early-stage Alzheimer's patients were examined. This
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study covers the examination of existing applications, taking into
account the benefits of the internet and mobile applications.

2. Benefits of
Applications

Internet and Mobile

It can be said that technology can contribute to the happiness
of the elderly who are healthy or have health problems. In this
context, social networks, video calls, and games offer very good
solutions [4]. For this reason, Alzheimer's patients can use the
internet to do the things they liked to do before or to find new
applications that will motivate them. Face-to-face meetings with
relatives and people they know through the internet can ensure
that the faces are not forgotten. Listening to the songs of their
favorite artists and watching their movies can take them to one of
their own memories. They should use the Internet and technology
to motivate themselves or to do memory exercises. The use of
mind games and other computer-based stimulation therapy can
shed new light on healthcare professionals, caregivers, and
patients themselves.

Innovative technologies such as technologies used to adapt
caregiving environments for the cognitive impairment of
individuals with dementia or telecare used to support individuals
suffering from dementia and their caregivers can facilitate
dementia care. Innovative technologies can also help with [2,4,5]:

e  Promoting independence and autonomy

e Improving the self-confidence and quality of life of
the individual suffering from dementia

e Helping manage potential risks in and around the
home

e  Supporting people with dementia to live longer in
their own home

e Helping memory and recall

e Supporting the person suffering from dementia to
maintain some of their abilities

e Providing caregivers with relaxation and helping
them feel less stressed

The internet environment, is a part of the daily life of people
of all ages, in other words, the virtual world contains many
elements of interpersonal communication. It can increase
interpersonal communication such as getting to know new people,
chatting, sharing ideas, and being a member of various groups. In
today's world, people can meet their needs by connecting to the
Internet at any time and place during the day, freed from spatial
addiction in most cases, such as chatting with friends or relatives,
sharing their ideas, or being a member of various groups.

For the elders who have spatial addictions and have difficulty
leaving the house due to the health problems brought about by old
age, the use of the Internet can offer some opportunities in terms
of expressing themselves and communicating with the social
environment. The use of the Internet can provide the elders with
advantages such as staying in daily life, maintaining
communication with the social environment, meeting with friends
or relatives who cannot communicate face-to-face, accessing
news sources, and obtaining information [2,5]:

o Life satisfaction may increase with Internet use in
the elders.

e Their loneliness may decrease.

e It can increase their self-confidence.
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e Technology can help bridge the gap between
patients and the people around them to improve the
quality of life of people with cognitive disabilities.

e Technology tools such as iPods can help people with
dementia solve cognitive problems.

Some aiding technologies are focused on increasing safety
and reducing risk. The products may not have been designed with
the specific needs of individuals suffering from dementia in mind.
Therefore, it is anticipated that the individual will comply with
the technology rather than the technology is compatible with the
individual suffering from dementia. Waiting for the person
suffering from dementia to adapt himself/herself without listening
to their opinions may affect their willingness to use technology
and will have an impact on how successful the application is.
Aiding technologies, especially more advanced devices, can also
be extremely expensive, especially for elders who pay for their
own care. Therefore, there is a need to develop free applications

[6].

In mobile applications, it should be aimed to increase the
skills of cognitive thinking, communication, making logical
decisions, behaving clearly, and using memory actively [2,7,8]:

e There should be games to increase the cognitive
skills of dementia patients.

e Mood regulating practices should be included in
dementia patients.

e Applications for the care of dementia patients
should be included.

e  Practices for the physical health of dementia patients
should be included.

e Practices should be included to improve the mental
state of caregivers resulting from the burden of care.

e Educational information on how to use computers
and mobile phones for dementia patients and their
caregivers should be included.

e There should be an area where pictures can be
uploaded to help dementia patients remember daily
events.

Wandering is one of the most common behaviors exhibited
by people with dementia and adds to their caregivers' stress on
keeping the person with dementia safe [9]. Various digital
solutions can be used as a precaution against the wandering
problem, such as providing location information with GPS or
alerting when leaving the designated area [10,11]. Both
approaches provide peace of mind and should include a system to
help caregivers find a missing family member as quickly as
possible. For location tracking, systems often require dementia
patients to carry a GPS-integrated mobile device in a pocket,
shoulder or waist bag, or waist belt for continuous monitoring.
Applications are being developed that use a registered mobile
phone to send geographic information to a server at specified time
intervals to monitor patients and alert caregivers according to
predefined parameters. In this regard, mobile phones with GPS
integrated can also be used [12].

Studies show that using smartphones or iPods helps improve
cognitive abilities in Alzheimer's patients. There is a vital need to
develop assistive technologies, especially for dementia, which is
relatively associated with dementia. It explains that a mobile
application that can help Alzheimer's patients better can have vital
features. It also helps relieve the mental and economic burden on
caregivers as well as on patients [13].
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3. Mobile Applications

In the early or mildest stage of dementia, it is very important
to get a person to do different activities to help them maintain as
much independence as possible, to help keep their brain active,
and to slow the onset of mid-stage dementia. Most people today
have a smartphone or tablet device with all kinds of apps installed.
There are also many applications on the market that can be
beneficial for Alzheimer's patients. Some of these applications
and their features are given below:

REMEM is an easy-to-use mobile application designed to
meet the daily needs of Alzheimer's patients and their caregivers.
It was developed within the scope of the KA204- Adult Education
project "Click me, if you forgot" supported by the Turkish
National Agency. While the REMEM application was being
developed, all mobile applications in the application so far were
examined. In addition, interviews and surveys were conducted
with the patients and their relatives, and their needs and wishes
were taken into consideration. So, this application is based on the
experience of patients as well as caregivers and their relatives.
Users upload photos of people they want and save them with their
names. Then they can start playing games with these photos and
names. They do photo, word, and sound matching. These games
make it easier to remember the appearance and names of these
people in daily life as the questions asked in these games are the
information of people they know. It is available for free on iOS
and Android devices [14].

People with dementia typically have short-term memory
problems and may forget to take their regular medication.
Medication Reminder (MediSafe- Meds & Safe Pill Reminder)
application is the one that allows them to alert them when it is
time to take various types of medicines and when it is time to
reorder a prescription. It was developed for Android mobile
phones [15]. People with dementia often forget where they are or
where they should be. Life 360 — Family Locator GPS Tracker
allows family members to track each other, provided the device is
with them and GPS is enabled [16]. MyTherapy Pill Alarm &
Reminder, Health Assistant provides peace of mind to people with
dementia and their families. It has comprehensive blood pressure,
blood sugar, etc. monitoring features in easy-to-use charts as well
as medication reminders. Many physicians also use the
MyTherapy application's built-in reports to better understand their
patients' progress. It is available for free on Android and iOS [17].
Elevate Brain Training Games were designed to improve
cognitive skills and increase confidence. This application allows
people to do more than 35 different activities and puzzles to
improve their brain function. It is available for free on Android
and i0OS [18]. Lumosity Brain Training is an application designed
to improve memory, interest, and other cognitive abilities through
daily activities and games. This application designed by a team of
scientists offers a variety of cognitive and neuropsychological
tasks that boost brain function. Available for free on Android and
IOS [19]. Colorfy Colouring for Adults is an application that
provides relaxation. It increases the awareness of the individual
and helps focus the mind on something. This application is full of
images like flowers, animals, cats, nature, and famous pictures.
Available for free on Android and iOS devices [20].

Because people with dementia can feel stressed, depressed,
anxious, and sometimes aggressive, sound and images are
important to reduce these feelings and help them relax. Relaxing
Sounds contains a wide variety of soothing nature recordings
designed to create a calm relaxing and calming environment for
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the listener. Sounds include forest and campfire, sea, river and
waterfall, and bird and other animal sounds [21]. Memory loss,
confusion, and mental fog can be stressful and distressing for
someone with dementia. Headspace Meditation and mindfulness
can be helpful when things are too busy for users and this
application guides the user through a series of short meditations.
It is free to download initially. However, users will have to pay to
unlock additional materials [22]. People with dementia can
sometimes lose track of the time of day or night, which can later
affect their sleep cycles and lead to insomnia. Shoothing Sleep
Sound application with soothing sleep sounds is designed to offer
sounds that will put you to sleep. It includes an extensive catalog
of relaxing music. Available for free on Android and iOS devices
[23]. Memory Box is an application that contains information
about famous people, places, subjects, and events from the 20th
century and that can increase communication and help
conversations between patient and caregiver. There is also an
album to save favorite memories. It is available for free on
Android devices [24]. MindMate, created by Applnstitute, is for
relatives, caregivers, and emergency room personnel working

4. Conclusions and Recommendations

With the aging of the population, an increasing number of people
with dementia and Alzheimer's are diagnosed. It can be said that
they are the diseases that affect society the most socially,
economically, and emotionally. The exact cause of these diseases
is unknown and there is no definitive treatment. Along with drug
treatment, it is important for the patient to be fed, to be in an
environment where they feel safe, and to do usual or new
activities. In addition, there are digital solutions developed and
recommended to help with medical treatment, slowing down the
disease to some extent, and helping to ensure the safety of the
patient. Digital applications will be able to help patients more
today and in the future.

5. Acknowledge

REMEM project is supported by the Turkish National
Agency with project number 2019-1-TR01-KA204-074782within
the scope of Strategic Partnerships in the Field of Adult
Education. The project is “Funded by the Erasmus+ Programme
of the European Union. However, European Commission and
Turkish National Agency cannot be held responsible for any use
which may be made of the information contained therein”.

References

1.Gauthier S, Rosa-Neto P, Morais JA, & Webster C. (2021).
World Alzheimer Report 2021: Journey through the diagnosis
of dementia. London, England: Alzheimer’s Disease
International. Available at: https://www.alzint.org/u/World-
Alzheimer-Report-2021.pdf

2.Yamagata, C., Coppola, J. F., Kowtko, M., & Joyce, S. (2013).
Mobile app development and usability research to help
dementia and Alzheimer patients. In 2013 IEEE Long Island
Systems, Applications and Technology Conference (LISAT)
(pp. 1-6). IEEE.

3.European Commission. (2014). Implementation report on the
Commission communication on a European initiative on
Alzheimer's disease and other dementias.

4.Ekici, S. K., & Giimiis, O. (2016). Technology usage in older
ages. Ege Journal of Medicine, 55, 26-30.

e-ISSN: 2148-2683

with people with dementia in emergencies. It includes
recommendations on how to approach and communicate with
someone with moderate to late-stage dementia who may be
anxious or upset, as well as guidance on dealing with specific
situations. Free and paid versions are available for iOS devices
[25]. A Walk Though Dementia is an innovative virtual reality
application that allows users to understand what life is like for a
person with dementia. It uses a combination of 360-degree video
sequences and computer-generated environments to show how
even the simplest tasks can be difficult for a person with dementia.
It is available for free on Android devices [26]. YoTeCuido
Alzheimer is a very easy-to-use application designed to answer
the doubts and questions many caregivers and those affected by
Alzheimer's face in their daily lives. Produced by Lapisoft in
collaboration with the Association of Relatives of Alzheimer's
Patients in A Coruiia (AFACO), this company's content is based
on the experiences of patients and professional caregivers, as well
as caregivers and family members. The application language is
Spanish and is available for free on Android [27].

5.Sahin, B., & Yildirim, A. (2019). Yashi Bireylerde internet
Kullanin ile Yasam Doyumu, Algilanan Sosyal Destek Ve
Umutsuzluk Diizeyleri Arasindaki Iligkinin Incelenmesi.
Yasli Sorunlar1 Aragtirma Dergisi, 12(2), 97-106.

6.Aile ve Sosyal Politikalar Bakanlig1 (2017). Demans Bakim
Modeli Raporu, Aile ve Sosyal Politikalar Bakanlig1 Sosyal
Icerme Politikalar1  Alaninda Kurumsal —Kapasitenin
Artirllmast Projesi. Aile ve Sosyal Politikalar Bakanligi,
ASPB, Ankara.

7.Gupta, G., Gupta, A., Jaiswal, V., & Ansari, M. D. (2018,
December). A review and analysis of mobile health
applications for Alzheimer patients and caregivers. In 2018
Fifth International Conference on Parallel, Distributed and
Grid Computing (PDGC) (pp. 171-175). IEEE.

8.Joddrell, P., & Astell, A. J. (2016). Studies involving people
with dementia and touchscreen technology: a literature
review. JMIR rehabilitation and assistive technologies, 3(2),
e5788.

9.Cipriani, G., Lucetti, C., Nuti, A., & Danti, S. (2014).
Wandering and dementia. Psychogeriatrics, 14(2), 135-142.

10.Miskelly, F. (2005). Electronic tracking of patients with
dementia and wandering using mobile phone technology. Age
and ageing, 34(5), 497-499.

11.Wan, L., Miiller, C., Randall, D., & Wulf, V. (2016). Design of
A GPS monitoring system for dementia care and its
challenges in academia-industry project. ACM Transactions
on Computer-Human Interaction (TOCHI), 23(5), 1-36.

12.Koo, B. M., & Vizer, L. M. (2019). Examining mobile
technologies to support older adults with dementia through
the lens of personhood and human needs: Scoping review.
JMIR mHealth and uHealth, 7(11), e15122.

13.Gupta, G., Gupta, A., Barura, P., & Jaiswal, V. (2019). Mobile
health applications and android toolkit for alzheimer patients,
caregivers and doctors. In Biological Forum—An International
Journal (Vol. 11, No. 1, pp. 199-205).

14. https://remem.eu/

15. https://www.medisafeapp.com/

16.https://1ife360.tr.uptodown.com/android/download

17.https://play.google.com/store/apps/details?id=eu.smartpatient.
mytherapy&hl=en_US&gl=US

18.https://apps.apple.com/us/app/elevate-brain-
training/id875063456#:~:text=Elevate's%20games%20are%

50


https://www.alzint.org/u/World-Alzheimer-Report-2021.pdf
https://www.alzint.org/u/World-Alzheimer-Report-2021.pdf
https://remem.eu/
https://www.medisafeapp.com/
https://life360.tr.uptodown.com/android/download
https://play.google.com/store/apps/details?id=eu.smartpatient.mytherapy&hl=en_US&gl=US
https://play.google.com/store/apps/details?id=eu.smartpatient.mytherapy&hl=en_US&gl=US
https://apps.apple.com/us/app/elevate-brain-training/id875063456#:~:text=Elevate's%20games%20are%20designed%20in,training%20program%20for%20each%20user
https://apps.apple.com/us/app/elevate-brain-training/id875063456#:~:text=Elevate's%20games%20are%20designed%20in,training%20program%20for%20each%20user

European Journal of Science and Technology

20designed%?20in.training%20program%20for%20each%20
user

19. https://www.lumosity.com/en/

20.https://play.google.com/store/apps/details?id=com.fungamesf
orfree.colorfy&hl=en US&gl=US

21.https://apps.apple.com/us/app/relax-sounds-relaxing-nature-
ambient-melodies-help/id782361353

22 .https://play.google.com/store/apps/details?id=com.getsomehe
adspace.android&hl=tr&gl=US

23.https://apps.apple.com/us/app/soothing-sleep-
sounds/id880195209

24 https://apps.apple.com/us/app/memorybox-
app/id1033303683

25. https://www.mindmate-app.com/

26.https://www.alzheimersresearchuk.org/campaigns/awtd/#:~:te

xt=A%20Walk%?20Through%20Dementia%?20is.dementia%
20has%200n%20people's%20lives
27. https://www.myalzteam.com/

e-ISSN: 2148-2683

51


https://apps.apple.com/us/app/elevate-brain-training/id875063456#:~:text=Elevate's%20games%20are%20designed%20in,training%20program%20for%20each%20user
https://apps.apple.com/us/app/elevate-brain-training/id875063456#:~:text=Elevate's%20games%20are%20designed%20in,training%20program%20for%20each%20user
https://www.lumosity.com/en/
https://play.google.com/store/apps/details?id=com.fungamesforfree.colorfy&hl=en_US&gl=US
https://play.google.com/store/apps/details?id=com.fungamesforfree.colorfy&hl=en_US&gl=US
https://apps.apple.com/us/app/relax-sounds-relaxing-nature-ambient-melodies-help/id782361353
https://apps.apple.com/us/app/relax-sounds-relaxing-nature-ambient-melodies-help/id782361353
https://play.google.com/store/apps/details?id=com.getsomeheadspace.android&hl=tr&gl=US
https://play.google.com/store/apps/details?id=com.getsomeheadspace.android&hl=tr&gl=US
https://apps.apple.com/us/app/soothing-sleep-sounds/id880195209
https://apps.apple.com/us/app/soothing-sleep-sounds/id880195209
https://apps.apple.com/us/app/memorybox-app/id1033303683
https://apps.apple.com/us/app/memorybox-app/id1033303683
https://www.mindmate-app.com/
https://www.alzheimersresearchuk.org/campaigns/awtd/#:~:text=A%20Walk%20Through%20Dementia%20is,dementia%20has%20on%20people's%20lives
https://www.alzheimersresearchuk.org/campaigns/awtd/#:~:text=A%20Walk%20Through%20Dementia%20is,dementia%20has%20on%20people's%20lives
https://www.alzheimersresearchuk.org/campaigns/awtd/#:~:text=A%20Walk%20Through%20Dementia%20is,dementia%20has%20on%20people's%20lives
https://www.myalzteam.com/

Avrupa Bilim ve Teknoloji Dergisi European Journal of Science and Technology
Ozel Say1 37, S. 52-58, Haziran 2022 Special Issue 37, pp. 52-58, June 2022

© Telif hakki EJOSAT a aittir LAl Copyright © 2022 EJOSAT
Arastirma Makalesi www.ejosat.com ISSN:2148-2683 Research Article

Predicting COVID-19 Infection Using Machine Learning Methods
Combined with Feature Selection

Umut Ahmet Cetin', Fatih Abut®”

1 Cukurova University, Faculty of Engineering, Department of Computer Engineering, Adana, Turkey, (ORCID: 0000-0001-8755-4417), uacetin@student.cu.edu.tr
2" Cukurova University, Faculty of Engineering, Department of Computer Engineering, Adana, Turkey, (ORCID: 0000-0001-5876-4116), fabut@cu.edu.tr

(5™ International Symposium on Innovative Approaches in Smart Technologies— 28-29 May 2022)

(DOI: 10.31590/ejosat.1132337)

ATIF/REFERENCE: Cetin, U. A. & Abut, F. (2022). Predicting COVID-19 Infection Using Machine Learning Methods Combined
with Feature Selection. European Journal of Science and Technology, (37), 52-58.

Abstract

COVID-19 is an infection that has affected the world since December 31, 2019, and was declared a pandemic by WHO in March 2020.
In this study, Multi-Layer Perceptron (MLP), Tree Boost (TB), Radial Basis Function Network (RBF), Support Vector Machine (SVM),
and K-Means Clustering (kMC) individually combined with minimum redundancy maximum relevance (mRMR) and Relief-F have
been used to construct new feature selection-based COVID-19 prediction models and discern the influential variables for prediction of
COVID-19 infection. The dataset has information related to 20.000 patients (i.e., 10.000 positives, 10.000 negatives) and includes
several personal, symptomatic, and non-symptomatic variables. The accuracy, recall, and F1-score metrics have been used to assess the
models’ performance, whereas the generalization errors of the models were evaluated using 10-fold cross-validation. The results show
that the average performance of mRMR is slightly better than Relief-F in predicting the COVID-19 infection of a patient. In addition,
mRMR is more successful than the Relief-F algorithm in finding the relative relevance order of the COVID-19 predictors. The mRMR
algorithm emphasizes symptomatic variables such as fever and cough, whereas the Relief-F algorithm highlights non-symptomatic
variables such as age and race. It has also been observed that, in general, MLP outperforms all other classifiers for predicting the
COVID-19 infection.

Keywords: Relief-F, mRMR, machine learning, prediction, COVID-19, coronavirus.

COVID-19 Enfeksiyonunun Nitelik Se¢me ile Birlestirilmis Makine

Ogrenmesi Yontemleriyle Tahmin Edilmesi

Oz

COVID-19, 31 Aralik 2019'dan itibaren diinyay: etkisi altina alan ve Mart 2020'de DSO tarafindan pandemi ilan edilen bir
enfeksiyondur. Bu calismada, yeni nitelik segme tabanli COVID-19 tahmin modelleri olusturmak ve COVID-19 enfeksiyonunun
tahmini i¢in etkili degiskenleri ayirt etmek i¢in minimum fazlalik maksimum 6nem (MRMR) ve Relief-F nitelik segiciler ile ayri ayr
birlestirilmis Cok Katmanli Algilayici1 (MLP), Tree Boost (TB), Radyal Temelli Fonksiyon Ag1 (RBF), Destek Vektor Makinesi (SVM)
ve K-Means Kiimeleme (kMC) yontemleri kullanilmigtir.  Veri seti, 20.000 hasta (10.000 pozitif, 10.000 negatif) ile ilgili bilgileri
icermektedir ve ¢esitli kisisel, semptomatik ve asemptomatik degiskenlerden olusmaktadir. Modellerin performansini degerlendirmek
icin dogruluk, duyarlilik ve FI1-Skor metrikleri kullanilmistir ve modellerin genelleme hatalar1 10 kath capraz dogrulama ile
degerlendirilmistir. Sonuglar, bir hastanin COVID-19 enfeksiyonunu tahmin etmede mRMR’in ortalama performansinin Relief-F’den
biraz daha iyi oldugunu gostermektedir. Ek olarak, mRMR’m, COVID-19 tahmin degiskenlerinin goreceli alaka sirasini bulmada
Relief-F algoritmasindan daha basarili oldugu gozlemlenmistir. mRMR algoritmasi ates ve oksiiriik gibi semptomatik degiskenleri
vurgularken, Relief-F algoritmasi yas ve irk gibi asemptomatik degiskenleri 6ne ¢ikarmaktadir. Ayrica, genel olarak MLP’nin COVID-
19 enfeksiyonunu tahmin etmede diger tiim siniflandiricilarindan daha iyi performans gosterdigi de gézlemlenmistir.

Anahtar Kelimeler: Relief-F, mRMR, makine 6grenmesi, tahmin, COVID-19, koronaviriis.
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1. Introduction

Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-
CoV-2) was discovered in Wuhan, Hubei Province, China, in
January 2020. Ever since, it has infected more than 465 million
people and caused more than 6 million deaths as of March 17,
2022 (Ciotti et al., 2020; COVID Live, 2021). SARS-CoV-2
causes severe pneumonia along with a fatality rate of 2.9%.
Patients infected with SARS-CoV-2 may have asymptomatic,
mild, or severe symptoms. The most common symptoms of
SARS-CoV-2 include cough, shortness of breath, and fever, but
also symptoms like vomiting and diarrhea. SARS-CoV-2’s
transmission is mainly through the respiratory route like other
respiratory viruses. Patients suspected of having SARS-CoV-2 are
verified mostly through reverse real-time PCR (rRT-PCR) tests
(Ciotti et al., 2020).

Using models for predicting the outcome or the trend of an
infectious disease is not a new topic in the literature. Several
studies have already been conducted to predict diseases like swine
fever, HIN1 flu, and influenza. However, the different
characteristics and trends of COVID-19 make it spread across the
world at an unprecedented scale and forced governments,
businesses, and other similar organizations to take harsh measures
that were almost never taken before, such as nationwide curfews,
temporary closing of all non-emergency government buildings
and businesses, vaccine requirement for public spaces or traveling
aboard and many more similar measures.

Governments, businesses, and other similar organizations
need to develop prediction models to combat the spread of such
diseases, prevent any negative consequences caused by such
diseases, and plan their decisions to use their budget and health
infrastructure effectively. By doing so, they can avoid problems
such as using too much budget than needed, overfilled facilities,
an insufficient amount of medicine, medical equipment, or
medical staff, and many more similar problems.

There are many studies for predicting COVID-19 infection
using various machine learning (ML) methods. (Althnian et al.,
2020) conducted a study to predict the susceptibility of the
individuals based on demographic data using MLP, SVM,
Decision Tree (DT), and Random Forest (RF) methods and
evaluated their models with accuracy, precision, recall, F1-score,
and Area Under Curve (AUC) metrics. (Fayyoumi et al., 2020)
conducted a study to forecast potential COVID-19 patients using
Logistic Regression (LogReg), SVM, and MLP models. They
evaluated their models with accuracy, sensitivity, specificity,
Geometric Mean (G_Mean), and precision metrics. (Santana et
al., 2021) conducted a study to help the detection of COVID-19
based on the early symptoms of the COVID-19 using RF, SVM,
MLP, K-Nearest Neighbors (KNN), DT, Gradient Boosting
Machine (GBM), and XGBoost. They evaluated their models with
precision, accuracy, recall, and AUC metrics. (de Souza et al.,
2020) conducted a study to make a prognosis or early
identification of COVID-19 patients using LogReg, LDA (Linear
Discriminant Analysis), Naive Bayes, KNN, DT, XGBoost, and
SVM models. They evaluated their models with Receiver
Operating Characteristic (ROC), AUC, Precision-Recall (PR)
Curve, AUC, precision, recall, and Fl-score metrics.
(Wollenstein-Betech et al., 2020) conducted a study to forecast
hospitalization, mortality, need for Intensive Care Unit, and “need
for a ventilator” events using sparse SVM, sparse LogReg, RF,
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Table 1. Descriptive statistics of the dataset

Variables Mean = Standard Deviation
Age 39.24+17.43
Sex 0.56+0.50
Race 1.92+1.51
Pregnant 0.006+0.076
Fever 0.41+0.49
Breathing difficulty 0.16+0.37
Cough 0.54+0.50
Runny nose 0.39+0.49
Throat pain 0.33+0.47
Diarrhea 0.16+0.37
Headache 0.52+0.50
Lung comorbidity 0.03+0.18
Cardio comorbidity 0.13+0.34
Renal comorbidity 0.005+0.07
Diabetes comorbidity 0.05+0.21
Smoking comorbidity 0.02+0.14
Obesity comorbidity 0.02+0.15
Table 2. List of ranks of predictor variables assigned by
mRMR and Relief-F
Rank Predictor Variables Predictor Variables
Ranked by mRMR Ranked by Relief-F
1 Fever Age
2 Cough Race
3 Headache Fever
4 Age Cough
5 Breathing difficulty Headache
6 Obesity comorbidity Cardio comorbidity
7 Throat pain Runny nose
8 Diarrhea Diarrhea
9 Runny nose Throat pain
10 Pregnant Breathing difficulty
11 Smoking comorbidity Sex
12 Renal comorbidity Diabetes comorbidity
13 Race Obesity comorbidity
14 Lung comorbidity Pregnant
15 Sex Lung comorbidity
16 Diabetes comorbidity Smoking comorbidity
17 Cardio comorbidity Renal comorbidity

and XGBoost models and evaluated their models with accuracy,
weighted F1-score, and AUC metrics. (Prakash et al., 2020)
conducted a study to predict which age groups were more affected
by COVID-19 using DT, Multi-Linear Regression (MLR), SVM,
XGBoost, RF, KNN+NCA, Gaussian Naive Bayes (GNB), and
LogReg models and evaluated their models using R2 and
accuracy metrics. To the best of our knowledge, no study has used
the ML methods combined with Relief-F (Robnik-Sikonja et al.,
2003) or mRMR (Peng et al., 2005) feature selectors to reveal the
discriminative predictors of COVID-19 infection.

This study aims to create new feature selection-based
COVID-19 prediction models using MLP, SVM, RBF, kMC, and
TB algorithms individually combined with Relief-F and mRMR.
10-fold cross-validation has been carried out to assess the
generalization error, whereas the accuracy, recall, and Fl-score
metrics are used to evaluate the models’ performance.
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Table 3. COVID-19 prediction models along with their predictor variables for mMRMR

Model Selected Features

Model 1 Fever, cough, headache, age, breathing difficulty, obesity comorbidity, throat pain, diarrhea, runny nose,
pregnant, smoking comorbidity, renal comorbidity, race, lung comorbidity, sex, diabetes comorbidity,
cardio comorbidity

Model 2 Fever, cough, headache, age, breathing difficulty, obesity comorbidity, throat pain, diarrhea, runny nose,
pregnant, smoking comorbidity, renal comorbidity, race, lung comorbidity, sex, diabetes comorbidity

Model 3 Fever, cough, headache, age, breathing difficulty, obesity comorbidity, throat pain, diarrhea, runny nose,
pregnant, smoking comorbidity, renal comorbidity, race, lung comorbidity, sex

Model 4 Fever, cough, headache, age, breathing difficulty, obesity comorbidity, throat pain, diarrhea, runny nose,
pregnant, smoking comorbidity, renal comorbidity, race, lung comorbidity

Model 5 Fever, cough, headache, age, breathing difficulty, obesity comorbidity, throat pain, diarrhea, runny nose,
pregnant, smoking comorbidity, renal comorbidity, race

Model 6 Fever, cough, headache, age, breathing difficulty, obesity comorbidity, throat pain, diarrhea, runny nose,
pregnant, smoking comorbidity, renal comorbidity

Model 7 Fever, cough, headache, age, breathing difficulty, obesity comorbidity, throat pain, diarrhea, runny nose,
pregnant, smoking comorbidity

Model 8 Fever, cough, headache, age, breathing difficulty, obesity comorbidity, throat pain, diarrhea, runny nose,
pregnant

Model 9 Fever, cough, headache, age, breathing difficulty, obesity comorbidity, throat pain, diarrhea, runny nose

Model 10 | Fever, cough, headache, age, breathing difficulty, obesity comorbidity, throat pain, diarrhea

Model 11 | Fever, cough, headache, age, breathing difficulty, obesity comorbidity, throat pain

Model 12 | Fever, cough, headache, age, breathing difficulty, obesity comorbidity

Model 13 | Fever, cough, headache, age, breathing difficulty

Model 14 | Fever, cough, headache, age

Model 15 | Fever, cough, headache

Model 16 | Fever, cough

Model 17 Fever

Table 4. COVID-19 prediction models along with their predictor variables for Relief-F

Model Selected Features

Age, race, fever, cough, headache, cardio comorbidity, runny nose, diarrhea, throat pain, breathing
Model 1 difficulty, sex, diabetes comorbidity, obesity comorbidity, pregnant, lung comorbidity, smoking
comorbidity, renal comorbidity

Model 2 Age, race, fever, cough, headache, cardio comorbidity, runny nose, diarrhea, throat pain, breathing
difficulty, sex, diabetes comorbidity, obesity comorbidity, pregnant, lung comorbidity, smoking
comorbidity

Model 3 Age, race, fever, cough, headache, cardio comorbidity, runny nose, diarrhea, throat pain, breathing
difficulty, sex, diabetes comorbidity, obesity comorbidity, pregnant, lung comorbidity

Model 4 Age, race, fever, cough, headache, cardio comorbidity, runny nose, diarrhea, throat pain, breathing
difficulty, sex, diabetes comorbidity, obesity comorbidity, pregnant

Model 5 Age, race, fever, cough, headache, cardio comorbidity, runny nose, diarrhea, throat pain, breathing
difficulty, sex, diabetes comorbidity, obesity comorbidity

Model 6 Age, race, fever, cough, headache, cardio comorbidity, runny nose, diarrhea, throat pain, breathing
difficulty, sex, diabetes comorbidity

Model 7 Age, race, fever, cough, headache, cardio comorbidity, runny nose, diarrhea, throat pain, breathing
difficulty, sex

Model 8 Age, race, fever, cough, headache, cardio comorbidity, runny nose, diarrhea, throat pain, breathing
difficulty

Model 9 Age, race, fever, cough, headache, cardio comorbidity, runny nose, diarrhea, throat pain

Model 10 | Age, race, fever, cough, headache, cardio comorbidity, runny nose, diarrhea

Model 11 | Age, race, fever, cough, headache, cardio comorbidity, runny nose

Model 12 | Age, race, fever, cough, headache, cardio comorbidity

Model 13 | Age, race, fever, cough, headache

Model 14 | Age, race, fever, cough

Model 15 | Age, race, fever

Model 16 | Age, race

Model 17 | Age
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Table 5. The intervals for values of the utilized parameters for
the COVID-19 prediction models

Method | Parameter Range
Number of hidden layers 1
Hidden layer activation function Logistic
MLP | Output layer activation function Logistic
:\lumber of neurons in hidden [2-20]
ayer
Number of trees in series [10-400]
T Depth of individual trees 5
Proportion of rows for each tree 0.5
Influence trimming factor 0.01
Minimum size node to split 10
Maximum number of neurons 100
Radius [0.01-400]
RBF " ambda [0.001-10]
Population size 200
Cost (C) [0.1-2000]
SVM Epsilon (g) 0.001
Gamma (y) [0.001-20]
KMC Number of clusters [2-200]
Search step 1

The rest of the paper is organized as follows. Section II gives
information about dataset generation and provides the
methodology for developing prediction models. In Section III,
results and discussion are presented. Lastly, in Section IV, the
paper is concluded.

2. Materials and Method

2.1. Material and Procedure

The dataset used in this study was obtained from the Espirito
Santo State Portal of Brazil (Data on COVID-19 pandemic, 2021)
on May 23, 2021. The dataset contains over 40 columns and has
over 1.4 million rows. The dataset contains data that was collected
between March 17, 2020, and May 23, 2021, and includes a
diverse amount of knowledge such as symptoms of COVID-19
(e.g., fever and cough), biological characteristics of patients (e.g.,
sex, age, and race), comorbidities of patients (e.g., obesity and
diabetes), date-based variables, location-based features (e.g.,
neighborhood and county), education status, and various test
results.

This study aimed to predict whether a patient is infected with
COVID-19 by using the patient’s symptoms, comorbidities, and
biological characteristics. Because of this, we removed columns
that we didn’t plan to use from the dataset. After this step, 17
predictors remained for developing the models. Next, we removed
rows with empty values and converted string-based values to
numeral or binary values. Finally, due to the massive amount of
data, we created a smaller dataset by randomly choosing 10.000
positive and 10.000 negative cases.

In the dataset, 0 and 1 values for the “sex” variable represent
male and female genders, respectively. Similarly, 0, 1, 2, 3, 4, and
5 values for the “race” variable represent “ignored,” “white”,
“indigenous”, “brown”, “black”, and “yellow”, respectively. The
descriptive statistics of the dataset are shown in Table 1.
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2.2.  Methodology

By utilizing the mRMR and Relief-F feature selectors, the
rank of each variable has been calculated and sorted in descending
order by their ranks, as shown in Table 2. In this study, we used
the Mutual Information Difference (MID) scheme of the mRMR.
Then, we removed each variable with the lowest rank
successively. By doing so, we created 17 mRMR-based and 17
Relief-F-based prediction models, as illustrated in Table 3 and
Table 4, respectively.

We used five different ML techniques in our study, namely
SVM (Hsu et al., 2003), MLP (Popescu et al., 2009), RBF (Orr,
1996), TB (Natekin et al., 2013), and kMC (Kulis et al., 2012).
Table 5 lists the intervals for values of the parameters used by
SVM-based, MLP-based, RBF-based, kMC-based, and TB-based
models.

The performance of each model has been evaluated using 10-
fold cross-validation and calculating accuracy, recall, and F1-
score values, as given in (1), (2), and (3), respectively.

| _ TP + TN 0
CoUracy = Tp Y TN + FP + FN
TP
_ - 2
Recall TPTFN 2

Fl—s 2 Precision X Recall 3)
— — X
core Precision + Recall

In Egs. (1) through (3), “TP”, “TN”, “FP”, and “FN” refer to
true positives, true negatives, false positives, and false negatives.

3. Results and Discussion

Table 6 through Table 8 show the accuracy, recall, and F1-
score results of all COVID-19 models developed using the
different ML classifiers individually combined with Relief-F and
mRMR feature selectors.

The following discussions can be made about the results
obtained:

e According to mRMR and Relief-F, fever and age
variables have been reported to be the most important
variables  for predicting COVID-19 infection,
respectively. In contrast, the least essential variables for
both feature selectors are the non-symptom variables,
especially the comorbidities.

e The MLP-based Model 9 created using the mRMR
feature selector, and the MLP-based Model 7 created
using the Relief-F feature selector performed best in
accuracy values with 70.75% and 70.76%, respectively.

e The MLP-based Model 2 created using the mRMR
feature selector, and the MLP-based Model 5 created
using the Relief-F feature selector achieved the highest
recall values with 90.29% and 89.32%, respectively.

e The MLP-based Model 2 created using the mRMR
feature selector, and the MLP-based Model 5 created
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Table 6. Accuracy results for COVID-19 models using MLP, TB, RBF, SVM, and kMC individually combined with Relief-F

and mRMR
Accuracy (%)
Model mRMR Relief-F

MLP TB RBF SVM kMC MLP TB RBF SVM kMC
Model 1 70.64 69.89 69.88 69.38 66.20 70.64 69.89 69.88 69.38 66.20
Model 2 70.56 70.04 69.72 69.38 65.81 70.62 69.78 69.88 69.38 66.06
Model 3 70.59 69.95 69.94 69.45 65.85 70.59 70.02 69.73 69.58 66.00
Model 4 70.73 70.03 69.84 69.76 66.32 70.62 69.86 69.59 69.66 66.05
Model 5 70.61 69.80 69.88 69.72 66.50 70.45 69.84 69.49 69.64 66.24
Model 6 70.63 69.88 69.85 70.47 66.86 70.58 69.73 69.50 69.71 65.98
Model 7 70.74 69.97 69.66 70.53 66.97 70.76 69.84 69.70 69.65 66.03
Model 8 70.67 69.95 69.67 70.56 66.54 70.61 69.70 69.48 69.69 66.34
Model 9 70.75 69.92 69.81 70.62 66.57 70.30 69.73 69.73 69.53 66.07
Model 10 69.56 69.38 69.22 69.12 66.88 69.37 69.58 69.49 68.86 66.54
Model 11 69.56 69.35 69.27 69.13 65.75 69.73 69.55 69.55 68.96 66.40
Model 12 69.14 68.99 69.03 68.89 65.98 68.79 68.89 69.30 68.46 65.96
Model 13 69.13 68.86 68.98 68.95 66.30 68.93 69.92 68.97 68.77 66.50
Model 14 69.03 68.88 69.12 68.99 65.75 68.52 68.38 68.62 68.49 64.94
Model 15 67.95 67.95 67.95 67.95 53.50 65.89 65.90 65.91 65.92 62.09
Model 16 67.17 67.17 67.17 67.17 50.00 54.01 53.89 53.76 53.92 51.81
Model 17 65.05 65.05 65.05 65.05 50.00 53.35 52.65 53.09 53.34 51.80

Table 7. Recall results for COVID-19 models using MLP, TB, RBF, SVM, and kMC individually combined with Relief-F

and mRMR
Recall (%)
Model mRMR Relief-F

MLP TB RBF SVM kMC MLP TB RBF SVM kMC
Model 1 87.96 81.18 80.36 77.19 70.44 87.96 81.18 80.36 77.19 70.44
Model 2 90.29 81.61 80.38 77.88 68.97 87.99 80.69 80.40 77.23 70.58
Model 3 86.36 81.21 80.62 78.60 67.55 85.46 81.04 80.22 77.64 70.04
Model 4 86.57 81.24 80.31 79.67 69.37 86.77 81.23 80.38 78.15 69.24
Model 5 86.26 80.58 80.68 79.62 71.32 89.32 80.55 80.43 78.14 69.42
Model 6 88.04 81.87 80.97 82.77 70.73 85.70 81.30 80.26 78.50 69.74
Model 7 85.97 81.49 80.72 83.03 71.08 88.29 81.13 80.17 78.87 69.45
Model 8 86.40 81.43 80.71 83.34 71.01 84.94 81.30 80.10 88.80 72.08
Model 9 85.61 81.75 80.62 83.46 71.10 88.06 81.27 80.51 79.83 69.92
Model 10 79.87 81.50 78.85 79.39 70.17 81.15 82.34 80.00 79.22 68.61
Model 11 81.26 81.50 78.63 81.31 67.23 83.04 82.09 79.94 79.33 69.01
Model 12 78.27 78.29 76.65 77.78 68.58 78.50 78.09 76.27 78.25 67.61
Model 13 78.72 77.67 77.03 77.72 67.74 79.26 78.70 76.84 77.52 68.13
Model 14 77.91 77.96 75.67 76.83 68.48 79.27 79.98 80.65 80.96 65.04
Model 15 74.87 74.87 74.87 74.87 68.11 53.87 54.39 54.24 54.96 57.87
Model 16 85.29 85.29 85.29 85.29 68.45 57.86 62.26 65.13 60.43 52.15
Model 17 55.92 55.92 55.92 55.92 68.28 61.30 56.17 55.43 54.99 52.07

using the Relief-F feature selector achieved the highest
F1-scores with 75.41% and 75.14%, respectively.

When the accuracy and F1-score values of the models
created by using the Relief-F feature selector are
compared, it is seen that the MLP-based models, in
general, exhibit the best performance. The performance
of TB-based, RBF-based, and SVM-based models are
similar/comparable. In other words, there is no
superiority of one classifier over the other two
classifiers, but their accuracy and F1-score values are
lower than the ones of MLP-based models. Finally, the
kMC-based models produce the lowest accuracy and F1-
score values. In contrast, when the recall values of the
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models created using the Relief feature selector are
compared, the general order of ML classifiers leading
from the best to the worst results is MLP, TB, RBF,
SVM, and kMC.

Similarly, when the accuracy and F1-score values of the
models created by using the mRMR feature selector are
compared, it is seen that again the MLP-based models,
in general, produce the highest accuracy and F1-scores.
The performance of TB-based, RBF-based, and SVM-
based models are similar/comparable, occupying the
second rank. Finally, the kMC-based models produce the
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Table 8. Fl-score results for COVID-19 models using MLP, TB, RBF, SVM, and kMC individually combined with

Relief-F and mRMR
F1-Score (%)
Model mRMR Relief-F

MLP TB RBF SVM KkMC MLP TB RBF SVM KkMC
Model 1 74.97 72.95 72.73 71.59 67.58 74.97 72.95 72.73 71.59 67.58
Model 2 75.41 73.15 72.63 71.78 66.85 74.97 72.75 72.74 71.61 67.53
Model 3 74.60 72.99 72.84 72.01 66.42 74.40 72.99 72.60 71.85 67.32
Model 4 74.73 73.05 72.70 72.49 67.32 74.70 72.93 72.55 72.04 67.10
Model 5 74.59 72.74 72.82 72.44 68.04 75.14 72.76 72.50 72.02 67.28
Model 6 74.98 73.10 72.87 73.70 68.10 74.44 72.87 72.47 72.16 67.22
Model 7 74.61 73.07 72.68 73.80 68.27 75.12 72.90 72.58 72.21 67.15
Model 8 74.65 73.04 72.69 73.90 67.97 74.29 72.85 72.41 74.55 68.17
Model 9 74.53 73.10 72.76 73.96 68.02 74.78 72.86 72.68 72.37 67.33
Model 10 | 72.41 72.69 71.92 71.99 67.93 72.60 73.02 72.39 71.79 67.22
Model 11 72.75 72.67 71.90 72.48 66.25 73.28 72.94 72.41 71.88 67.25
Model 12 | 71.73 71.63 71.22 71.43 66.85 71.55 71.51 71.30 71.27 66.51
Model 13 71.83 71.38 71.29 71.45 66.78 71.84 72.34 71.23 71.28 67.03
Model 14 | 71.56 71.47 71.01 71.24 66.66 71.57 71.67 71.99 71.99 64.97
Model 15 70.02 70.02 70.02 70.02 34.15 61.23 61.46 61.40 61.73 60.42
Model 16 | 72.21 72.21 72.21 72.21 66.67 55.71 57.45 58.48 56.74 51.98
Model 17 | 61.54 61.54 61.54 61.54 66.67 56.79 54.26 54.16 54.10 51.93

lowest accuracy and F1-score values. In contrast, when
the models’ recall values created using the mRMR
feature selector are compared, the general order of ML
classifiers leading from the best to the worst results is
MLP, TB, RBF, SVM, and kMC. However, it should be
noted that the SVM-based Model 6 through Model 12
exceptionally perform better than TB-based and RBF-
based models.

e Models created by using the Relief-F feature selector
produced average accuracies of 67.87%, 67.48%,
67.39%, 67.23%, 64.18%; average recall values of
79.93%, 76.69%, 75.96%, 75.29%, 66.55%; and average
Fl-scores of 71.02%, 70.03%, 69.80%, 69.48%, 64.94%
for MLP, TB, RBF, SVM, kMC, respectively.

e Models created by using the mRMR feature selector
produced average accuracies of 69.56%, 69.12%,
69.06%, 69.12%, 63.63%; average recall values of
79.88%, 77.67%, 76.21%, 78.41%, 68.55%; and average
F1-scores 0f 70.97%, 70.96%, 70.05%, 71.97%, 66.73%
for MLP, TB, RBF, SVM, and kMC, respectively.
According to these results, it is seen that mRMR
achieves slightly better results than Relief-F on average
in terms of accuracy, recall, and F1-score values.

e Average training times of MLP-based, RBF-based,
SVM-based, TB-based, and kMC-based prediction
models are appr. 16 min, 32 min, 13 h, 2 min, and 4 min,
respectively. TB has been observed to be the most time-
efficient classifier. It gives the second-best performance
in the shortest time.

4. Conclusion and Future Work

This study proposed new models based on MLP, RBF, SVM,
TB, and kMC individually combined with mRMR and Relief-F
feature selectors for predicting COVID-19 infection. The utilized
dataset consists of information related to 20.000 patients (i.e.,
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10.000 positives, 10.000 negatives) and includes several personal,
symptomatic, and non-symptomatic variables. Performing 10-
fold cross-validation on the dataset, the performance of the
models has been assessed by calculating the accuracy, recall, and
Fl-scores. The results show that the average performance of
mRMR is slightly better than Relief-F. Furthermore, mRMR is
more successful than the Relief-F algorithm in finding the relative
relevance order of the predictor variables to predict COVID-19
infection. Finally, the mRMR feature selector emphasizes
symptomatic variables such as fever and cough, whereas the
Relief-F algorithm emphasizes non-symptomatic variables such
as age and race.

This study compared the performance of models developed
by using MLP, TB, SVM, RBF, and kMC with individual
combinations of Relief-F and mRMR feature selectors for
predicting COVID-19 infection. Even though mRMR performs
slightly better than Relief-F, and MLP outperforms other ML
models, more studies on more datasets with different
characteristics are needed to generalize the advantage of one
algorithm over the others in this field.
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Abstract

The demand for food, which is the indispensable basic need of people, has turned to healthier and safer alternatives with
increasing awareness all over the world, especially in developing countries. At the same time, food safety management in accordance
with society's health goals, customer demands, and international food standards is increasing its importance day by day in a period of
increasing food-borne diseases. As a result of this, the maximum risk level that manufacturers can take in the production of products
has decreased. The food supply chain, which consists of production, collecting, packaging, warehousing, processing, distribution, and
transfer processes, is so sensitive and complex process and has high risks. Traditional methods are insufficient for food supply chain
risk management due to the increasing demands of consumers for transparent information and food safety concerns.

In recent years, technological research and studies have accelerated in the agriculture and food industry to protect and improve the
trust of consumers. In 2008, with the publication of the white paper on “Bitcoin: Peer-to-peer Electronic Cash Payment System” by
Satoshi Nakamoto, the world met with blockchain technology, where there are no middlemen and transfers are made securely. In the
following years, with the development of Ethereum by Vitalik Buterin and the interpretation of the concept of Smart Contracts with
blockchain technology, blockchain technology has begun to influence all sectors, thanks to its benefits such as increasing transparency
and reliability in contracts between parties. Blockchain technology, in addition to providing solutions to financial systems that have
become dysfunctional, also brings alternatives to supply chain management, where data needs to be transferred securely and quickly.
Blockchain applications used in FSC emerge as a technology that will enable us to solve problems such as food security, food
integrity, food fraud, etc.

In this paper, It has been studied on how to use blockchain technology in the food supply chain, how to choose the suitable blockchain
platform, and how It will be facilitating for solutions such as tracking from field to fork, back-tracking are examined the data saved in
the blocks and the working mechanism will be discussed in the background.

Keywords: Agriculture and food supply chain, Food safety, Risk reduction, Blockchain, Smart contracts, Trust, Information
transparency.

Blockchain Tabanh Tarim ve Gida Tedarik Zinciri Kaynagi
Olusturma: Literatiir Incelemesi

Oz

Tiim diinyada, 6zellikle gelismekte olan iilkelerde artan bilinglenmeyle, insanlarin olmazsa olmaz temel ihtiyaci olan gidalara yonelik
talebi, daha saglikli ve daha giivenli alternatiflere yonelmistir. Ayn1 zamanda toplumsal saglik amaglarina, miisteri ihtiyaclarina,
uluslararas1 gida giivenligi standartlarina uygun gida giivenligi yonetimi, gida kaynakl hastaliklarin arttigi bir donemde Gnemini
giinden giine artirmaktadir. Bunun etkisi sonucu iireticilerin iiretimde gdze alabilecegi maksimum risk diizeyi diismiistiir. Uretim,
toplama, paketleme, depolama, isleme, dagitim ve tasima siireclerinden olusan gida tedarik zinciri, en hassas ve kompleks islemlerden
bir tanesidir ve riskleri yliksektir. Tiiketicilerin artan seffaf bilgi talepleri ve gida giivenligi endiselerinden dolay1 geleneksel
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yontemler gida tedarik zinciri risk yonetimi igin yetersiz kalmaktadir. Bu sebeple son yillarda tarim ve gida sektoriinde, tiiketicilerin
giivenini korumak ve iyilestirmek i¢in teknolojik arastirmalar ve caligmalar hizlanmigtir. 2008 ’de Satoshi Nakamoto tarafindan
“Bitcoin: Esten-ese Elektronik Nakit Odeme Sistemi” konulu teknik dokiimanin yayinlanmastyla birlikte, diinya, aracilarin olmadig
ve transferlerin giivenli bir sekilde gerceklestigi blokzincir teknolojisiyle tanisti. ilerleyen yillarda Vitalik Buterin tarafindan
Ethereum’un gelistirilmesi ve Akilli S6zlesmeler kavraminin blokzincir teknolojisi ile birlikte yorumlanmasiyla, taraflar arasi
sozlesmelerde seffafligin ve giivenilirligin artmasi, aracilarin ortadan kaldirilmasi gibi faydalar1 sayesinde blokzincir teknolojisi tiim
sektorleri etkisi altina almaya baglamistir. Blockzincir teknolojisi, basta islevsiz kalmis finansal sistemlere ¢6ziim getirmenin yani sira
verilerin, giivenli ve hizli sekilde aktarilmasina ihtiya¢ duyulan tedarik zinciri yonetimine de alternatifler getirmektedir. Tarim ve gida
tedarik zincirinde kullanilan blockzincir uygulamalari, kiiresel aglik, gida giivenligi, gida biitiinligii, gida kagak¢iligr gibi sorunlar
¢dzmemizi saglayacak bir teknoloji olarak karsimiza ¢ikmaktadir. Iste bu makale de blockzincir teknolojisinin tarim ve gida tedarik
zincirinde nasil kullanilabilecegi, art1 yonleri, entegre edilmesi ve gelecekteki etkisi iizerine calisilmustir.

Bu bildiride, blok zinciri teknolojisinin tedarik zincirinde nasil kullanilabilecegi, uygun blok zinciri platformunun nasil segilecegi ve
tarladan c¢atala takip, geri izleme gibi ¢oziimlerin nasil saglanacagi incelenmistir. Bloklara kaydedilen veriler incelenecek ve arka
planda calisma mekanizmasi tartigilacaktir.

Anahtar Kelimeler: Tedarik zinciri, Tarim ve gida tedarik zinciri, Gida giivenligi, Risk azaltma, Blokzincir, Akilli s6zlesmeler,

Giiven, Bilgi Seffafligi.

1. Introduction

In the 21st century, food safety increases its importance as a
result of globalization, growth of economies, and increasing
population rates, as a result of changing people's living standards
and consumption habits. Food safety is physical, chemical,
biological and all kinds of damage that may occur in food refers
to the measures taken to eliminate; and safe (healthy) foods can
be defined as clean and healthy food whose nutritional values
have not been lost in terms of physical, chemical and biological
hazards (Erkmen, 2010). In the past years, a couple of serious
food safety issues occurred, such as "Sudan red", "clenbuterol”,
"Sanlu toxic milk powder". It is worth noting in the world these
kinds of scandals have broken out during the past 20 years,
including Escherichia coli in hamburgers, Salmonella in eggs,
poultry, and pork, Listeria in pates, and cheeses, and the
"horsemeat scandal" in 2013 (Tian 2016). According to the
World Health Organization, contaminated food causes 600
million cases of foodborne disease and 420.000 deaths per year
around the world. Children under the age of five account for
30% of all foodborne deaths. Each year, the World Health
Organization estimates that 33 million years of good life are lost
owing to eating unsafe food, and this figure is likely
underestimated. These and similar food problems have not only
worried people day by day, but also damaged their trust in
companies and institutions.

In addition to these problems, in the agriculture and food
supply chain, the food goes through a dynamic operation in the
process according to the manufacturer, producer, wholesaler,
distributor, and retailer, in short, from farm to fork. Food quality
can be affected by uncertain conditions like weather, related
heat, humidity, and coolness. The limited shelf life, delivery
delays, and volatile demand structure of food products increase
uncertainty and risk. These events also reminded people of the
many problems and the inadequacy of traditional methods in the
already complex food production, supply chain, and processing
environment. The process of the supply chain is summarized in
Figure 1 (Awan et al., 2021).
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Figure 1- Agricultural food supply chain process (Awan et
al., 2021).

With the acceleration of technological developments and their
integration into many industries, technological infrastructures
have begun to be created against problems in supply chain
management, food, and agriculture sectors. Quality and
assurance in the food chain process can be monitored with
modern technologies and all information can be transmitted to
the consumer without changing it. When there is a threat to
health, it is necessary to trace the process backward and find the
source of the problem and establish an information system for
crisis management by following it forward. There may be
different definitions between businesses in the food chain,
incompatibility problems may arise between administrative and
physical units, or food-related information may not be verified.
In order to follow the food, all members should be connected to
a transparent information network, and information about the
features and location of the product should be shared instantly.
For this purpose, tracking technologies such as paper tracking,
product labeling, barcode, temperature, light, and humidity
sensors embedded with RFID (radio frequency identification)
can be used. As a result of the adoption of Internet of Things
(10T) technologies and their usage in many sectors of daily life,
they have started to be used in agriculture and food production
and distribution processes, and studies on reliable, traceable, and
auditable systems have increased. Current loT-based traceability
and provenance systems for Agri-Food supply chains are built on
top of centralized infrastructures and this leaves room for
unsolved issues and major concerns, including data integrity,
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tampering, and single points of failure (Caro et al., 2018).
However, the majority of the current 10T solutions still rely on
heavily-centralized cloud infrastructures, where there is usually
a lack of transparency, and by nature presents security threats
including availability, data lock-in, confidentiality, and
auditability (Armbrust et al., 2010). IoT includes a system of
devices that can collect, transfer and store data over a wireless
network. Using blockchain with 10T devices enables smart
devices to exchange data and other financial transactions in a
scalable, private and reliable way (ReportLinker, 2022). At the
points where 10T is lacking, Blockchain can be used as a
solution with its decentralized structure, auditability,
immutability, and encryption where 10T is insufficient.

2. Material and Method
2.1. Blockchain Technology

Blockchain is the basic infrastructure of digital currencies,
known as crypto money, which everyone is familiar with.
Although cryptocurrencies are the most well-known application
area of Blockchain technology, Blockchain is a strong and
general subject that is not limited to the financial sector.

Blockchain is completely decentralized and the place where
every transaction or every data is recorded in the parts we call
blocks. Each block contains all transaction data in a given time
period and these act as digital 1Ds that can be used for
verification. In blocks, each block is linearly linked to each
other, sequentially with each other in time, and contains the hash
value of the previous one.

Especially with the emergence of Ethereum, the concept we call
‘Smart Contracts' has gained meaning again today. Smart
contracts and blockchain technologies will be a solution to the
classical methods that are insufficient in almost every field and
in every subject and will provide benefits such as saving
documents or transactions in a secure environment, sharing,
traceability, control, and immutability, automation of ongoing
manual processes.

Blockchain technology can be visualized as a general term for
technical schemes which are similar to NoSQL (Not Only
Structured Query Language), and it can be realized by many
kinds of programming languages (Tian, 2016). The key
characteristics of blockchain are shown in Figure 2 (Puthal et al.,
2018).
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Figure 2 - Key characteristics of Blockchain Technology (Puthal
et al., 2018).

By integrating the blockchain into the supply chain and
saving every piece of information on a block, the whole process
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is tracked and reviewed. It provides the consumer with all
information about the product they buy. Product owner, logistic
business, and purchaser are the three key entities involved in the
trade and delivery system. A product owner is someone who
sells a product in the supply chain; a logistic firm is a
corporation that transports products; and a consumer, as the
name suggests, is someone who wishes to spend ethers on a
product. As previously stated, the logistic firm is a system-
registered entity. Arbitrators are in charge of off-chain dispute
resolution in the event of a transactional dispute. Figure 3
depicts the trading and delivery business, though (Shadid et al.,
2020).
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Figure 3 - Blockchain-based end-to-end solution for agri-food
supply chain (Shadid et al., 2020).

Data Layer

2.1.1. Consensus Mechanism

X In the applications of blockchain, we need to solve two
problems-double spending and Byzantine Generals Problem
(Lamport et al., 1982). Using a digital asset more than once at
the same time is called double-spending. Since blockchain
networks work with a distributed ledger system, every
transaction is verified. Transactions performed on networks such
as Bitcoin are processed on the blockchain with the approval of
the miners. If the same transaction is attempted a second time,
full nodes indicate that the transaction is fraudulent. This
protects users against the possibility of double-spending. The
Byzantine Generals Problem; deals with the stalemate that
generals, who can only send messages to each other via
messenger, reach consensus on the move to attack or retreat. It is
a consensus problem about coordination and integration
problems in software technologies, especially in distributed
systems. Data would be transmitted between nodes via peers.
Some nodes may be attacked, which may cause the relevant
content to change. Normal nodes need to distinguish the
information that has been tampered with and obtain consistent
results with other normal nodes (Mingxiao et al., 2017). This
requires the design of the consensus mechanism needed.

Consensus (mechanism) algorithms are the decision-making
process for a group where its members form and support the
decision that is best for the rest of the group. The algorithm
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basically says: If this happens then this if this happens and so
on... The consensus algorithm for blockchain allows a group of
people to make sure that all transactions are authentic and real.
There are some methods for achieving that, such as POW (Proof
of Work), POS (Proof of Stake), DPOS (Delegated Proof of
Stake), and PBFT (Practical Byzantine Fault Tolerance).

POW (Proof Of Work)

Its core idea is to distribute accounting rights and rewards
through hash power competition between nodes. Hashing is the
name given to the process of creating a fixed-size output from
different-sized inputs. This is done using mathematical formulas
(implemented as hashing algorithms) known as hash functions.
Based on the information from the previous block, the different
nodes calculate the specific solution to a mathematical problem.
(Mingxiao et al., 2017).

The proof of work mechanism works on the principle that
adding transactions to the network is difficult but easy to verify.
It is very easy to understand whether a transaction is valid or not,
as all previous transactions stop transparently on the network. If
a malicious user attempts to commit fraudulently, their
transaction will be rejected by the rest of the network. However,
this is a very expensive method and poses big problems in terms
of energy consumption. In addition to these, there are long
processing times and certain security problems.

POS (Proof Of Stake)

The core idea of PoS evolves around the concept that the
nodes who would like to participate in the block creation process
must prove that they own a certain number of coins at first
(Ferdous et al., 2020). Proof of stake is a consensus mechanism
that has become popular in recent years, using different
variations of some cryptocurrencies. Proof-of-stake architecture
does not require huge amounts of processing power and devices
as in proof-of-work. Instead of miners, there are validators called
"validators" on the network and they do the work of adding
blocks. In the proof of stake architecture, each block is added
every 10 seconds. This provides a much faster transaction
processing time than the bitcoin blockchain.

DPOS (Delegated Proof Of Stake)

In the Proof of Stake protocol based on cryptocurrency
ownership, a user has the right to verify transactions and
generate blocks by keeping their crypto assets in their wallet
connected to the relevant blockchain. dPoS, on the other hand,
comes with some additional features and leverages the power of
stakeholders to resolve consensus by voting fairly. It uses a
social reputation system to drive consensus across its Delegated
Proof-of-Stake (dPoS) blockchain network. Referred to as the
least decentralized protocol compared to others, dPoS aims to
give cryptocurrency holders a say in the management of the
network. Unlike the Proof-of-Stake system, users delegate their
crypto assets in their wallets to another user. Cryptocurrency
asset is not transferred from the wallet but is considered as the
asset of the delegated user, increasing the delegated user's voice
in the network. The person who receives the right to delegate
from other users receives a larger share of the revenues in the
network and shares the revenue with the delegates in proportion
to their shares.

PBFT (Practical Byzantine Fault Tolerance)

When we evaluate it through the blockchain structure, the
generals represent the nodes in the network. Nodes in the
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network must reach a consensus for the transaction to occur.
Thus, proven data is transferred to the blocks. In simpler terms, a
consensus is needed by the majority of network participants,
given that erroneous or incomplete information may occur.

The algorithm is designed to work in asynchronous systems.
It is optimized to provide high performance and fast execution
time. In fact, all nodes in the pBFT model are pipelined. One of
them is the master node (leader), the others are called backup
nodes. All nodes in the system interact with each other. The
purpose of all honest nodes is to agree on the state of the system
based on the majority opinion. It is important not only to prove
that messages came from a particular peer-to-peer node but also
to make sure that the message did not change during
transmission.

2.2. Blockchain Platforms

Two of the most suitable blockchain platforms for use in the
supply chain will be examined and compared according to their
purpose, operating logic, privacy level, programming languages ,
and consensus mechanism.

Ethereum and Hyperledger

Ethereum is an open-source distributed public blockchain
network that uses Smart Contract technology to allow
decentralized applications to be built on top of it.

Hyperledger Fabric, an open-source project like Ethereum,
is a widely accepted platform for enterprise blockchain
platforms with its modular structure. Designed to develop
enterprise-grade applications and professional solutions, the
convenient, modular architecture uses "plug and play"
components to adapt to many use cases. The most important
point of the project is to create intersectoral cooperation by
enabling blockchain-based projects to interact with each other.
Hyperledger hosts several enterprise-grade blockchain-based
software projects. Projects are designed by the developer
community for vendors, organizations, service providers, and
academics to build and deploy blockchain networks or
commercial solutions.

Each peer in Ethereum has a role, which means that
whenever a transaction occurs, numerous nodes must participate
in order for it to be completed, which causes scalability, privacy,
and efficiency difficulties. Hyperledger, on the other hand, is a
distributed ledger technology (DLT) that does not require each
peer in the network to be informed in order to complete a
transaction.

The anonymity of users within the system is one of the most
emphasized issues in crypto money projects. However, this is
not always required. Keeping data on a public network and
making it accessible to everyone can cause issues in some
projects. Hyperledger is a permissioned blockchain that uses an
identity management module to enable us authenticate.

For this reason, It can store some information specific to a
certain user group by using Hyperledger due to the private
structure.

Figure 4 shows the differences between Ethereum and
Hyperledger.
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Purpose Client-side B2C apps  Enterprise-level B2B apps
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Programming o
Language Solidity Golang, Java
Consensus Proof of Practical Byzantine Fault
Mechanism Work Mechanism Tolerance

Speed of Less More

Transactions
Cryptocurrency Ether or Ethereum None

Figure 4 — Difference between Ethereum and Hyperledger

Since the blockchain to be integrated into the supply chain
will only provide information flow between the stakeholders, in
short, it will be a B2B application, Hyperledger is a more
suitable platform for this.

2.3. Blockchain-driven 10T Technology

10T aims to provide food identification and monitoring and
collecting pieces of information about heat, humidity, cold chain
protection, in short, concentration product-related in the
agricultural supply chain. Agricultural production personnel can
analyze environmental big data by monitoring pests and diseases
and various risk factors so that targeted agricultural production
materials can be put in place; various execution equipment can
be mobilized as required to perform temperature control,
dimming and ventilation, as well as other actions to achieve
intelligent control for the growing environment of agriculture
(Linetal., 2018).

Wireless communication technologies (such as Bluetooth
and Wi-Fi) are used in the connection layer to transmit data
between sensor nodes and relay nodes, while machine-to-
machine (M2M) communication technologies are used to
transmit data between relay nodes and specified 10T platforms.
IoT development platforms are used to develop and manage
applications at the application layer, and application
programming interfaces are used to connect external systems
and databases (APIs). It should also be incorporated with ERP
for things like managing and controlling internal resources and
expenses. In terms of decentralized control, data transparency,
auditability, distributed information, decentralized consensus,
and high security, blockchain may currently bridge the gap in
0T systems.
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3. Results and Discussion

Blockchain technology provides a solution to many
problems in the FSC with the visibility and traceability it
provides. We examined the benefits and possible consequences
of the integration of blockchain with 10T. The disadvantage of
the loT system being centralized can be overcome by using
blockchain technology. The blockchain is a powerful technology
that is able to decentralize computation and management
processes that can solve many loT issues, especially security
(Lin et al., 2018).

While the data stored with the use of the Hyperledger
platform can be retrieved later, especially due to its performance
and its openness to members only, It is possible to write smart
contracts and include them in the system so that the data is
automatically generated by the sensor creates certain conditions.
Both platforms are suitable for making complex smart contracts.
However, Hyperledger allows a custom transaction structure to
be defined.

The suggested blockchain-based paradigm has numerous
advantages and benefits, including increased trust, efficiency,
quality, durability, and stability. In terms of efficiency, it reduces
overall traceability process handling and, as a result, relevant
traceability-related operating expenses, and eliminates hidden
costs and paper burden from the FSC traceability process. The
self-fulfillment provided by the creation and inclusion of smart
contracts also serves as a cost-reduction mechanism and ensures
the authenticity and real-time synchronization of incoming
information

4. Conclusions and Recommendations

The combined use of blockchain and 10T can enable the
creation of a self-governing, intelligent agriculture and supply
chain management that connects all parties transparently from
the beginning in the FSC processes which information is
transmitted in the flow without changing it. This proposition
minimizes the human factor, which includes traditional tracking
and the security of information.

In conventional practice, insufficient information on the
delivery and traceability of processes is inefficient and
unreliable. By using 10T, all collected data is stored and
managed in a remote database, with the addition of the
blockchain, this information is recorded in blocks and cannot be
changed, forming the basis of reliable information flow. All this
information can be used in the analysis of food process
management and predictions can be made about food life. As a
result, consumers can access information such as the way food is
grown, and the time of collection and distribution, rather than
just learning about the shelf life of the product they buy. Thanks
to this data, companies can implement different strategies in the
production and distribution process, making improvements both
operationally and costly.

The use of blockchain will provide benefits such as creating
a completely transparent and reliable system in all processes,
and self-disclosure, thanks to its features such as its distributed
and decentralized structure, being closed to outside interference,
and creation of smart contracts. Blockchain applications
currently used in agriculture and the food supply chain are only
used for supply chain management, except for the benefit of
tracking food products to the source they come from. loT
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technologies are currently limited to monitoring the agricultural
environment or being used in processes such as the cold chain,
and the manufacturers of the first product cannot communicate
with the buyers. In this article, we developed a complete
approach by integrating 10T and blockchain into the whole
process. With this approach, it can provide information to the
first producer about the environmental conditions necessary to
produce products with high efficiency and quality, and provide
the know-how to create suitable conditions or improve the
production process. One of the most important features of this
model is that the collaborators can transmit the information flow
between each other and cross in real-time and cannot be
accessed from the outside, protecting information security. The
smart model will greatly boost the efficiency and reliability of
the food supply chain, which will inevitably increase food safety
and regain customer trust in the food industry (Awan et al.,
2021).

This paper presents a blockchain and loT-based framework
for farm-to-fork traceability of the food and agricultural supply
chain. Organizations, processes, functions, and their interaction
with each other are explained. Through smart contracts, the
benefits of establishing and maintaining a standard of product
definition throughout the process, enabling processes to be
carried out without the need for parties to trust each other, and
providing an improved supply chain management are discussed.
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Abstract

The construction of a smart autonomous mobile robot system that can operate in an anonymous environment can be difficult. Building
an autonomous mobile robot requires collecting data from sensors and cameras in order to recognize the surrounding environment, get
knowledge of existing landmarks, and figure out its position and orientation. Many research studies have been carried out in recent
years providing algorithms for achieving autonomous motion of mobile robot systems and object detection. The most common platform
utilized for robot motion design is ROS (Robot Operating System) and for object detection YOLO (You Only Look Once) is a common
choice. Additionally, the autonomous system needs motion planning in a systematic way to avoid obstacles by using LIDAR or other
sensing methods generating the feedback signals required for control of motion around occupied spaces. One of the most effective and
versatile feedback systems for mobile robot control can be constructed using visual feedback, which relies on a high-resolution camera
that processes the image in real-time and the result is fed back to the control system for decision making. Visual feedback can be
employed alone without sensors for feedback control of autonomous mobile robots, and it can be used for multiple tasks like path
planning, obstacle avoidance, object detection, object recognition in addition to motion control. In this research, results of design and
construction of an autonomous mobile rescue robot for finding victims through video data are presented. It is aimed to find victims via
applying video as a data collection and feedback generation tool in the autonomous mobile robot control system. The visual feedback
and YOLO v3 are used not only for finding victims but also for motion control. Our autonomous mobile robot is designed to move
smoothly to the victim's direction and avoids obstacles by using ROS Global Planner. The robot is tested in multiple scenarios in
different locations, various obstacle and victim numbers, and satisfactory results with good performances are obtained.

Keywords: Autonomous mobile robot, ROS, YOLO, Motion planning, Obstacle avoidance, LIDAR, Visual feedback system.

Gorsel Geri Beslemeli Otonom Mobil Kurtarma Robotunun Tasarim,
Uretim ve Kontrolii

Oz

Bilinmeyen ortamlarda calisabilen akilli otonom mobil robot sistemi {iretimi zorluklar igerebilir. Otonom mobil robot gelistirilmesi ig¢in
¢evreyi tanimlamak amactyla algilayicilar ve kameradan veri toplanmasi, mevcut kdse noktalarinin bilinmesi ve robotun konumu ve
yoniiniin anlagilmast gerekir. Son yillarda mobil robotlarin otonom hareketi ve nesne belirleme hedefleri igin yazilmis algoritmalar
sunan ¢ok sayida arasgtirma yapilmustir. Robot hareket tasarimi igin en yaygin kullanilan platform ROS (Robot Isletim Sistemi) iken,
nesne belirleme iginse YOLO (You Only Look Once) genel kabul gormektedir. Ek olarak, otonom sistemlerde lidar ve diger algilama
yontemleriyle engeller igeren ortamlarda hareket kontrolii i¢in gereken geri besleme isaretini iiretmek {izere sistematik hareket
planlamaya ihtiya¢ duyulmaktadir. Mobil robotlar igin en etkili ve ¢ok yonlii geri beslemeli sistemlerden biri, yiiksek ¢oziintirliklii
kamerayla ger¢ek zamanli goriintii isleme ve geri beslemeli kontrol karar isareti liretimine dayanan gorsel geri besleme yoluyla imal
edilebilir. Gorsel geri besleme otonom mobil robotlarin algilayicilar olmadan geri beslemeli kontrolii i¢in kullanilabilecegi gibi, hareket
kontroliiyle birlikte yol planlama, engelden kacinma, nesne belirleme, nesne tanima gibi ¢oklu gorevlerde de kullanilabilir. Bu
calismada, akan goriintii verisi kullanilarak kurban / kazazedeleri bulmaya yarayan otonom mobil robot sisteminin tasarim ve {iretimi
ile ilgili sonuglar sunulmaktadir. Burada kamera goriintiisiinii hem veri toplama hem de otonom mobil robot sisteminde geri besleme
igaretini liretme amaciyla kullanarak kurban / kazazedeleri bulmak amaglanmigtir. Gorsel geri besleme ve YOLO v3 sadece kurban /
kazazedeleri bulmak igin degil ayn1 zamanda hareket kontrolii i¢in kullamlmaktadir. Urettigimiz otonom mobil robot, ROS kiiresel
planlayic ile kurban / kazazede ydniine dogru yumusak bir hareketle ilerlemek ve engellerden kaginmak igin tasarlanmistir. Robot farkli
engel ve kurban / kazazede saylari i¢in degisken ortamlardaki senaryolar i¢in test edilmis ve yiiksek basarimli tatmin edici sonuglar elde
edilmistir.

Anahtar Kelimeler: Otonom mobil robot, ROS, YOLO, Hareket planlama, Engelden kaginma, LIDAR, Gorsel geri beslemeli sistem.
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1. Introduction

The cutting-edge robotic technologies have assisted
mankind in the past few decades, and robots have been employed
universally in several fields for various functions to carry out
significant duties. Robots are designed to operate in various
environments with or without human intervention, and many
times the main purpose is to help humans in their tasks and even
save their lives in certain cases. They can operate and achieve the
goals in environments where all special tangible characteristics
have to be under control. Autonomous mobile robots can carry
out searching and rescuing jobs where conditions are
tremendously risky for humans. In such scenarios, robots must
have autonomous expertise and capabilities of certain human
skills, even so, they do not suit human intervention. Examples of
the requirement of applying autonomous human detection and
rescue can be wars, earthquakes, building collapses, mine
collapses, and similar. In these situations, there are possibly large
numbers of victims who encounter risk of death, not to mention
those who sacrifice their lives in rescuing others. Search and
rescue operations are the main cause of demise along with other
collateral damage in such environments. The design and
construction of an autonomous mobile robot that can operate
autonomously in catastrophic areas for search and rescue missions
has vital value and can save lives of the potential victims and
protect rescue teams as well.

2. Material and Method

In areas after wars or natural disasters, many members of the
rescue teams lose their lives, in addition to many victims who are
trapped under the rubble or in places that are difficult to reach. In
our research, we have designed a simple prototype of an
autonomous mobile rescue robot that can search for victims. The
mission of our robot is to search for, find and locate victims
autonomously. We have used the Robot Operating System (ROS),
which is a set of software libraries and tools that help to build any
robot, and You Only Look Once (YOLO), which is an object
detection algorithm that includes localization of objects in a
picture and guessing the class to which it belongs. In disaster
places, it is likely to suffer from weak internet and in many cases
the lack of internet connection. We have solved this problem by
saving the video data on the computer hard disk. The control
system we have used is traditional visual servoing, where we have
used the desired site of the current position of the feature point in
the image and the feature point in the image. We have used
RPLIDAR A1MS to avoid obstacles, which is based on the laser
triangulation ranging principle and uses high-velocity sight
acquisition and processing devices. The navigation stack in ROS
consists of a mobile robot motion planner and controller that
creates a 2D map for the surrounding area to bypass the obstacles
and move the robot until it reaches its destination. I should be
noted that this node transmits the commands to the robot base as
a speed vector for translation motion and single rotation speed
variable as rotation speed around the z-axis. Move base is a part
of the navigation stack that is responsible for robot motion
behaviour. In analysing video data, we have relied on YOLO
which detects a person from the camera feed and passes the
detected bounding box to box2goal node that takes the detected
bounding box from YOLO and current position from the moving
base and generates a 2D point as a new goal to the motion base.
Arduino bridge is the node responsible for translating the motion
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variables that come from the navigation stack to the locomotion
model and producing a torque control for each wheel of the robot
(velocity PID control for each motor). One of the expected results
in our research is to know the number of victims in the disaster
area before starting the rescue mission and to know and prepare
the necessary equipment for the mission to save time.

2.1. Robot signal flow and visual servoing

The web camera of the robot can be considered as the robot's
eye. The camera records a live video of the place where the robot
is operated and sends the recorded video to YOLO, which
analyses the video data in order to identify the desired object that
is a victim in our case. After selecting the required object, the data
is sent to the ROS, which is on our computer to send/receive
instructions to/from Arduino and receive from RPLIDAR A1MS
and web camera. We have used an RPLIDAR AIMS8 and
ultrasonic sensor for our robot to avoid obstacles, also the
RPLIDAR A1MBS sends the data captured by the laser scanner to
the ROS. ROS 1is considered our robot’s brain, which
programmatically links all these elements together and
sends/receives data from all the elements. Similarly, we have used
the Arduino to control the process and connected it to the ROS
programmatically and to the L298N driver physically. The L298N
driver is connected to the two motors physically, and it sends
control signals to the two motors at the same time, also receiving
data from both motors’ encoders. Finally, we have used LED to
turn on when the mobile robot finds a person and turn off when
there is no person detected. Our signal flow diagram is given in
Figure 1.

Computer
ROS + Object
Detection
YOLO v3

| [

Arduino
Motor Control

o —

L298N

Web HD
Camera

RPLIDER Al

Ultrasonic
Sensor

il

Figure 1. Communication pathways to all hardware of the
designed autonomous mobile robot.

2.2. Control Law

A general look at the methods that can be implemented for
generating the control signal reveals that the visual operation can
be divided into two parts based on the image data used, the first
one being the position-based approach and the second one being
the image-based approach (Lang et al. 2016). The block diagrams
are the same for the two traditional methods, with only difference
in the terms of the control system and the processed data received
from the video feedback, as shown in Figure 2.

Right Wheel

Encoder

Left Wheel

Desired pesition
in the work space

Autonomous Mobile
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- comers |—

Figure 2. The block diagram of the visual servoing.
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The aim of the control system is the reduction of the position
error of the image or the position error of the object in 3D space,
for the two alternative methods respectively. In controlling the
motion of the mobile robot, in our study it is implemented that the
mobile robot moves towards the victim and tries to put the box
shown in YOLO in the middle of the screen. We can write the
error as follows:

e(t) = s(i(t),c) — s, (1)
Where

e(t) is the error between measured and desired positions,

s is the measurement from the image or it can be estimate by
using computer vision,

i(t) is a set of picture measurements,

¢ are parameters describing additional information about the
system (e.g 3D object model or camera parameters),

s, are desired values of the features,

s(i(t), ¢) and s, can be specified depending on which kind
of visual servo control is used.

A standard method is to design a speed control system,
which needs the relationship between the time variation of s and
the camera velocity. Let us write the spatial velocity of the camera
as § = (v,w); where v is the linear speed of the origin of the
camera and w is the angular speed of the camera. The relationship
between § and £ is given by:

$§=L¢ (2)
Where

§ is the speed of the target objects,
L is the interaction matrix,
¢ is the speed vector of the webcam.

By solving (1) with (2), the dynamic equation for the error can be
written as:

e(t) = L& 3)

Where e(t) is the time variation of the error. The Lyapunov
function can be used as a control law for the square-of-error,

$=L"1(—ke) 4)

2.3. Mathematical Model of Image-based Visual
Servoing

The purpose of the image-based visual serving is to reduce
positional errors of the target objects in images captured by the
camera when the autonomous mobile robot is in motion. The
control system continuously adjusts the velocity of the mobile
robot wheels based on the outputs of the control system (Lang et
al. 2016), so that the paths of the target objects u;, v; navigate to
the wanted sites uy;, V4; on the camera picture. Thus, the error
vector of the target objects in the image plane is written as
follows:

) [T

_[u
Tl vl Tlosye - e

Where

)

sy and s,, both of it delineate scales of image pixels of the
camera,
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1 and c are pixel coordinates

The speed of the target objects can be written by the following
equation:

d(u-ug) .
. dt _ju
€= law—va _[1';] ©)
dt

By substituting (6) into (3), we get the equation as follow:

ul _
5] =L (7)
If we suppose the error dynamics satisfies € = —ke, a

proportional controller based on Lyapunov theory can be designed
as follows:

§=L"'(—ke) ®)

Here k > 0 and k is proportional gain, thus the control law can be
obtained by substituting (5) into (8) as follows:

Sy (T' - rd)

§=—kL” [_Sy(c —¢q)

9
Here, r and ¢ describe the pixel coordinates in the captured figure
via camera. The required speed of the camera at the 3D space can
be computed from the image measurements. Furthermore, the
improved controller guarantees asymptotic stability in a closed-
loop design. Equation (9) contains the interaction matrix that
explains the motion relationship between the camera in three-
dimensional space and the target objects in the image in terms of
their respective speeds. We can write the interaction matrix in a
detailed formulation as follows:

_A g 2 ow Bt
uj _ _ z¢ z¢ 2 a
;] =1¢= - ¢ (0
v 0o i v 2w
PR 2 2

Where

A is the focal length,
z€ is the distance between the camera coordinate in 3D space
and the object of interest.

To complete the interaction matrix, the distance must be either
approximated or measured. In some applications, if we do not
have a direct way to measure the distance, we can estimate it.

3. Construction of Autonomous Mobile
Rescue Robot

The construction of the mobile robot is based on many
studies and models (Baldemir et al. 2020, Bhondve et al. 2014,
Bishop et al. 2005, Dissanayake et al. 2006, Habibian et al. 2021,
Kayisli et al. 2017, Kegeci 2009, Liu et al. 2016, Sucuoglu et al.
2018, Tyugin et al. 2019, Zhang et al. 2020), the structure should
be suitable for the anonymous environment as much as possible.
Depending on many previous studies, the autonomous mobile
robot relies on suitable motor torques, sufficient to carry the tools
used for mobile robot and low speed. Schematic representation of
system electronics and their connections is given in Figure 3. A
high-resolution camera is used for capturing live video images of
the surrounding environment. A laptop computer with CORE i7
processor is used in the robot. A detailed list of other equipment
used in robot construction is provided in Table 1.
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Figure 3. Electronic circuit of autonomous mobile robot.

In this study, it is aimed to design a small prototype of the
mobile robot as shown in Figure 4 to test the control design part.
The dimensions of the robot are 45 cm in length, 35 cm in width,
and 42 cm in height. total weight is 3.5 kg including the electronic
equipment used for mobile robot and to recognize the victims
easily. In designed robot structure, completely open box on the
left side is preferred to provide convenience in input-output
connections of the laptop as shown in Figure 4.b, and the right
side is made up of three shelves placed in the form of stairs in
order to connect the wires easily as shown in Figure 4.a. The
RPLIADER is placed at the front of the top of the upper shelf
because the surrounded area should be empty to give accurate
values. The camera is placed in the middle of the second shelf in
order to record live videos of several positions of the victims like
the victim completely on the floor, half lying on the ground or half
lying on a chair. The ultrasonic sensor is used in order to stop the

robot when it approaches the victim at a very small distance
before crashing into them as shown in Figure 4.d. The LED is
supposed to turn on when the camera captures the victim and turn
off when no victim is captured. We rely on two wheels from the
back Figure 4.c and castor wheels in the front for ease of
movement in different directions as shown in Figure 4.d.

Figure 4. Physical structure of constructed autonomous mobile
robot as seen in right view (a), left view (b), back view (c), and

front view (d)

Table 1. Equipment used in robot construction

USB Webcam The C270 HD webcam can record video data obviously and smoothly with max resolution 720p/30fps in
a widescreen format with a diagonal 55° field.

Computer The specification of used computer:

e  Processor Intel(R) Core (TM) i7-8750H CPU @ 2.20GHz 2.21 GHz
e Installed RAM 16.0 GB (15.9 GB usable)
e  System type 64-bit operating system, x64-based processor

RPLIDAR A1M8 Based on the laser triangulation scope principle, which uses high-velocity vision acquisition and
processing devices. RPLIDAR A1MB8 is a 2D laser scanner and can perform a 360 scan within 12 meters
range (6 meters range of AIM8-R4). The 2D points created can be used in mapping, localization and
obstacles avoidance. RPLIDAR A1l can work perfectly in indoor environments.

Arduino It is an open-source electronics platform that is easy to use as hardware and software. The Arduino board
can read inputs such as sensor signals, pushbuttons, or a tweet message and convert them into an output
such as turning a motor on/off, turning LED on/off.

DC motor Two DC motors with an encoder are used with a power supply of 12v, speed 76 RPM and current 0.2 A.
In the maximum efficiency 12v, speed 66 RPM and current 0.74 A.

L298N The L298N control the direction and speed of two motors at the same time because it has a dual H-Bridge
motor driver and generates PWM single.

Ultrasonic Sensor Distance ratings between 0.2 to 18 meters.

Power Supply TTEC plus FP1270 12V 7AH-20HR is preferred for it does not need maintenance.

The castor wheels Which allow the robot to move in any direction are also used.

Signal LED Blue LED turn on when the robot detects the victim and turn off when the robot does not detect the victim.
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Table 2. Test results of mobile robot for different scenarios

Location Applied tests | Accuracy Applied tests Accuracy Applied tests Accuracy
Howse |20 ogurson | ek AT one [ wias | S dMemtbredl | o
Laborstory | SIS0 [vrsop | S dlomonest s | Sedfomredt | soom
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Accuracy = number of successful tests / number of test cases.

Table 3. Victim detection results in different positions

The victim is completely
on the floor and the
YOLO detection
percentage for the victim
is 38%.

-
B
o]
e

2
“

700

The victim is sitting on the
floor next to the sofa and
the YOLO detection
percentage for the victim is
93%.

EDepERA

The victim is half laying
on the ground and the
YOLO detection
percentage for the victim
is 92%.

FoePE@NRA:

06

The victim is between two
obstacles  (suitcase and
table) and the YOLO
detection percentage for the
victim is 91%.

The victim is half lying
on the sofa and the
YOLO detection
percentage for the victim
is 57%.

FOePEONA

700

Only the upper part of the
victim is visible and the
YOLO detection percentage
for the victim is 34%.

The victim is sitting on
the floor between two
obstacles (suitcase and
table) and the YOLO
detection percentage for
the victim is 89%.

EQepONS

)
e
we

Only the lower part of the
victim is visible and the
YOLO detection percentage
for the victim is 49%.

LA Jo) X

3. Results and Discussion

Experimental results with various environments have been
tested in real environments with different positions of obstacles,
and the results have shown the flexibility of the mobile robot in
avoiding obstacles as well as detecting victims accurately. The
results are satisfactory for many search and rescue applications of
various scenarios, as presented in Table 2 and Table 3. The first
experimental test is in a house with two rooms, the size of the
whole perimeter is 5.5 X 5.5 = 30.25 m? as shown in Figure 5.
The second experimental test is conducted in laboratory, 12
meters in length and 8 meters in width as shown in Figure 6. The
third one in an office with three rooms as shown in Figure 7. The

e-ISSN: 2148-2683

victims in various situations are detected successfully by using
YOLO V3 as shown in Table 3. Also, obstacle avoidance is
achieved successfully by using RPLIDAR AIMS8 and an
ultrasonic sensor. Many tests have been conducted depending on
victims and obstacles, the first test is for one victim without
obstacles in the tested area and the robot moves directly to the
victim smoothly. For the case of one victim with one obstacle on
the mobile robot path, the tests have shown accurate results to
reach the final goal and avoid the obstacle. For the case of one
victim with more than two obstacles on the path, the tests have
shown good results except that the mobile robot loses the path to
reach the final target many times if the two obstacles are too close
to each other, if the distance between the obstacles is less than 50
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cm. Finally, in narrow corridors less than 50 cm wide, the mobile
robot cannot pass easily and in some cases, it is stuck in the
corridor. All test scenarios conducted separately in three different
locations are given and results are summarized in Table 2.

Finding victims in a disaster area is a difficult problem for
rescue teams, so many robots have been designed and developed
to perform the process of recognizing victims using object
recognition algorithms. Among the most commonly used single-
stage detectors are YOLO v3, YOLO v2, Retina Net and SSD that
satisfy this aim (Gelan 2019). For all body postures in different
positions in cases of fully visible and partially occluded, the tests
show that the YOLO algorithm has the highest precision rates
(Redmon 2016). In our study, we use the YOLO v3 algorithm to
identify victims in various positions, such as lying, under the
rubble or trapped, and when their bodies may be partially visible.
We capture images of victims from the mobile robot with the
camera situated at 35cm from the ground level, and results of
victim detection performances are depicted in Table 3.

" BOCDONS|

LY 2

Figure 5. A map created from the tested house.

" FPNEDONS|

LY K

Figure 6. A map created from the laboratory.

" EOePONS:

L

Figure 7. A map created from the office.
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4. Conclusions and Recommendations

In this research, the design and construction of an
autonomous mobile rescue robot with visual feedback is
presented. The autonomous mobile robot is designed to search for
the victims in indoor areas after disasters like earthquakes or
explosions, and also to transfer the collected data about the area
and the victim’s position. The designed prototype of the
autonomous mobile robot has given sufficiently accurate results.
Experiments have been conducted in the real environment in order
to observe robot movement and validate the results on victim
detection, map construction and path planning. Test results justify
the prospective value of the designed autonomous mobile robot in
search and rescue missions. In future, further improvements on
the robot are planned via optimisation in robot design for real
rescue missions in harsh environments.

In the upcoming studies, further improvements on the
autonomous mobile robot are planned via optimization in robot
design for actual rescue missions in harsh environments. First, the
prototype of an autonomous mobile robot can be developed to do
more tasks, such as helping victims or carrying them to safer
places, also in some cases delivering first aid to locked people
under rubbles. Our autonomous mobile robot could be integrated
with other mobile robots to do full missions, for example, connect
with a robot arm to carry victims. On the other hand, the victim
detection algorithm could be developed to determine whether the
people in disaster areas stay alive, injured or dead, and achieve
the necessary process to save their life.
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Abstract

Since the 1950s a discipline called ‘Artificial Intelligence’ has been gaining significant popularity. The curiosity about creating
computers that can think and produce information like human beings has allowed scientists and computer engineers to contribute to
this field. Many components such as robots, softwares and algorithms have been produced due to this purpose. Like various
disciplines, Artificial Intelligence has been branched into several sub-disciplines. One of these branches is named ‘Machine
Learning’. Machine Learning has different types of sub-branches such as Supervised Learning, Unsupervised Learning and Deep
Learning. Deep Learning is the main Machine Learning technique used in this study. The ability to cope with complex situations
allows Deep Learning models to be used in different application areas widespread. Predicting cryptocurrency prices can be counted as
one of these applications. Because of investors’ desire to observe the cryptocurrency prices trend and reduce the investment risk using
an effective method is becoming crucial. For this purpose, we created a Long Short-Term Memory which is a type of Deep Learning
with the appropriate parameters via Python programming language. The dataset which is used to feed this model was obtained from
the internet. After running the algorithm with this dataset, the validity of the model is calculated by a statistical tool called Mean
Square Error. To visualize the effectiveness of the model’s output, a Python programming language library known as Matplotlib was
chosen. Also, after the reviewing results of the model required interpretations and information about future studies will be explained
by us in the Conclusion chapter.

Keywords: Cryptocurrency, Deep Learning, Long Short-Term Memory, Forecasting

Uzun Kisa-Siireli Bellek ile Kripto Para Fiyatlarinin Tahmini

Oz

Yapay Zeka 1950’lerden buy ana 6nemli popiilerlik kazanan disiplinlerden birisidir. Insanlar gibi diisiinen ve bilgi iireten
bilgisayarlarin tasarlanmak istemesi bilim insanlari ve bilgisayar miihendislerinin bu alana katki yapmasina olanak tanimigtir.
Robotlar, yazilimlar ve algoritmalar gibi araglar bu amag¢ dogrultusunda iiretilmistir. Birgok diger disiplin gibi Yapay Zeka’da farkli
alt disiplinlere ayrilmistir. Bu dallardan biri ‘Makine Ogrenmesi’ olarak adlandirilmistir. Makine Ogrenmesi’nin Gézetimli Ogrenme,
Gozetimsiz Ogrenme ve Derin Ogrenme gibi alt disiplinleri vardir. Derin Ogrenme bu ¢aligmada kullanilan Makine Ogrenmesi
teknigidir. Kompleks durumlarla basa ¢ikma 6zelligi Derin Ogrenme modellerinin farkli alanlarda yaygin olarak kullamlmasina
olanak tanir. Kripto para fiyatlarini tahmin etmek bu uygulamalara 6rnek olarak verilebilir. Yatirimeilarin kripto para fiyatlarindaki
trendi gozlemleme ve yatirim riskini azaltma istegi sebebiyle etkin bir yontem kullanmak olduk¢a Onemlidir. Bu amagla Derin
Ogrenme’nin bir ¢esidi olan uygun parametrelere sahip Python programlama dili ile yazilmis bir Uzun Kisa-Siireli Bellek modeli
bizler tarafindan olusturulmustur. Modeli beslemek i¢in kullandigimiz veri seti internetten alinmustir. Bu veri seti ile algoritma
calistirildig1 zaman modelin gecerliligini hesaplamak i¢in ise Ortalama Kare Yontemi denilen bir istatistiksel araca bagvurulmustur.
Modelin ¢iktilarim gorsellestimesi i¢inse Python dili igin yazilmig Matplotlib kiitiiphanesi tercih edilmistir. Bunun yam sira, modeli
degerlendirdikten sonra gerekli yorumlar ve gelecege yonelik calismalar hakkinda bilgi tarafimizca sonuglar kisminda saglanacaktir.

Anahtar Kelimeler: Kripto Para, Derin Ogrenme, Uzun Kisa-Siireli Bellek, Tahmin
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1. Introduction

After World War 1l, many countries decided to accelerate
their developments to become victorious against their opponents.
Some important and era changer scientific researches were
conducted during these years. Artificial Intelligence (Al) was
one of the prominent fields that were created as a result of the
efforts. Especially, studies conducted by famous computer
scientist and mathematician called Alan Turing can be counted
as pioneers of artificial intelligence technology. The article
called ‘Computing Machinery and Intelligence’ by Alan Turing
is published in 1950 and has been considered a revolutionary
work by many people. [1] After the publication of this article,
several works maintained by various scientists and experts have
started to increase dramatically. However, in the 70s some
opposing views arose. These views included negative
consequences that were thought to have a high probability of
occurrence. As a result of the negative criticisms studies related
to Artificial Intelligence were halted for a while and
developments related to this field could not appear significantly.
But, when the 1980s arrived the negative approach toward
Artificial Intelligence has started to change. Many studies have
begun to arise and new methods have been created during these
years. This trend continued in the 1990s. Some inventions such
as Deep Blue showed the world that machines can behave like
human beings. For example, the mentioned computer ‘Deep
Blue’ could be able to defeat Garry Kasparov, one of the greatest
chess players, in a chess game. This ability can be assessed as
incredible, but it is not exactly like that. Because most Artificial
Intelligence products and applications can handle only one task.
To improve these technologies and applications, Al is divided
into a few sub-disciplines. Machine Learning (ML) is one of the
branches of Al. Machine Learning is a method that aiming
computers to learn and produce output on their own. Like Al,
Machine Learning has also a few sub-branches. One of the
components of these branches is called ‘Deep Learning’. Deep
Learning is a Machine Learning Method that imitates the human
brain. As the human brain uses its nerve cells for transporting
impulses, in Deep Learning models artificial neural networks are
executing the same operation. Some components of Deep
Learning models such as Layers, Nodes and Activation
Functions are assisting the model to cope with the data handling
process. Thus, Deep Learning models become able to solve
complex problems and produce a valid output. This ability is the
main reason for the widespread utilization of Deep Learning
models.

, Crutput fayer

Figure 1. General Structure of a DL Model [2]
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On the other hand, it is seen that cryptocurrencies have been
gaining popularity in the last decade. Cryptocurrencies are
virtual money types that were mainly created for escaping
government control policies on economical activities. Some
types such as Bitcoin, Litecoin and Ether can be given as
essential examples of cryptocurrencies. They caught the
attention of many people when they were first introduced to the
market area but, their popularity skyrocketed especially in 2017.
Since this year, many investors put their money into
cryptocurrencies to obtain more profit. At this point, establishing
some methods to reduce the investment risk becomes more
crucial for related people. Deep Learning is one of the best
alternatives for this purpose. The Ability of processing datasets
for complex issues, allows Deep Learning Model to produce
valid outcomes. So in this study, we will try to create a Deep
Learning model that can predict cryptocurrency values according
to the date of each element of the dataset after being trained by a
historical dataset.

2. Material and Method
2.1. Material

For establishing the price prediction Deep Learning model,
a proper dataset is required for the training of the model. As
mentioned in the abstract, the appropriate dataset which is
containing relevant information about cryptocurrency values is
obtained from a website called ‘https://min-
api.cryptocompare.com/’. On this website, users can find data
tables of cryptocurrencies which is including some necessary
information such as date, highest-lowest price and closed value.
These types of information can be obtained through a link
provided by this website. This link was used while gathering the
dataset for the price forecasting model. Moreover, users can
obtain the dataset for different types of currencies such as the US
Dollar, Euro and Canadian Dollar. For our model, we have
chosen Euro as the cryptocurrency price to be converted into and
Bitcoin as the correspondent cryptocurrency type. To see the
dataset more clearly, the table below should be consulted:

Table 1. First Five Elements of Our Dataset

high low open volumefrom  volumeto close

time

2020-12-30 3696045 34936.99 35231.98 13296 4791836.13 36920.20

2020-12-31 37191.61 35448.55 36920.20 144,15 5262525.40 36626.94

2021-01-01 37288.09 35899.74 36626.94 09.59 3644271.18 36701.49

2021-01-02 40728.34 35192.06 36701.49 211.87 8156208.77 39585.56

2021-01-03 42233.31 34462.09 39585.56 24568 9734913.75 40353.36

We have a total of 501 components in the dataset. The list of
the dataset is very long, so that is why only the first five data are
printed above. Each data is consisting of seven titles and titles
except time and close are our model’s input while ‘close’ is the
target. After obtaining the results ‘Time’ expression will be used
for creating graphics to understand the model validity better.
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2.2. Method and Application

For establishing the model, we decided to follow four steps.
These steps are including obtaining real-time data on
cryptocurrency prices, splitting the dataset into training and test
parts, conducting a prediction operation using the Deep Learning
technique and assessing the validity of the model. The data for
the model was gathered from the relevant website, so the first
step was accomplished. To execute the remaining step we
decided to use the Python programming language which we
launched from Google COLAB. After importing the dataset to
the COLAB interface we split the whole dataset into ‘training’
and ‘test’ groups. %80 of the dataset was decided to be the
training set and the remaining chapter was used as the test set.
Normally, Python does not contain any element to execute this
operation. So, external libraries such as Scikit-learn and Keras
were used for our model. Here, the graphic of our dataset can be
seen below:

Training and Test Slices of Dataset
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Figure 2. Splitting Dataset into Training and Test Sets

The third step is the most important chapter of our study.
Because we have built the prediction algorithm in this chapter.
The first movement conducted here is data normalization. Data
normalization is a process that aiming reduction of unnecessary
components such as repeated data. [3] In addition to data
normalization, a transaction called ‘data extracting’ was
conducted immediately after the previous step. Because we need
only input variables for training the model we should have to
eliminate the unnecessary ones. After arranging the data the
conditions required to build a Deep Learning model become
appropriate. At this point, selecting the correct Deep Learning
technique is a very significant factor. For our model, we decided
to use Long Short Term Memory (LSTM) technique for
establishing a price prediction algorithm. The main reason for
selecting the LSTM method is its ability to include feedback
connections. Thus, LSTM layers can use the information stored
in the previous layers instead of the current ones. [4] Instead of
the used Deep Learning technique some model components such
as the number of neurons, type of the activation function and
model error calculation technique are playing an important role
in the study. Well, if the number of neurons is lower the model
cannot produce the correct output. On the other hand, if the
number of neurons is higher the model will become too complex
and hard to be executed. So, before deciding the neuron number
trying different parameters is recommended. Furthermore, the
other element called ‘Activation Function’ can impact the model
mechanism and output. Functions such as sigmoid, tanh and
linear are the most common ones to be used in Deep Learning
models. It is hard to predict which one is better, so trying each
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one would be preferred by developers. In this study, all of them
were tried before comparing outputs. Also, there is another
parameter called ‘Epoch’ is included in Deep Learning models.
Epoch is an equivalent term to ‘tour’. So, the number of epochs
is affecting the performance and output of the Deep Learning
structures. For a clear output, all of those parameters are stored
in a Python function placed in our code block. Also, to evaluate
the error for the model a statistical method called ‘Mean Squared
Error’ was chosen. Mean Squared Error (MSE) is measuring the
mean of the difference between calculated output and the actual
value. Thus, possible negative outcomes will be eliminated with
the help of this tool. [5] Besides the error calculation method,
optimizers are another element of a Deep Learning algorithm.
Optimizers are a type of function that schedules attributes of
neural networks like weights and learning rate. The main
purpose of optimizers is to reduce the overall loss and improve
the efficiency of artificial neural networks. [6] Because
optimality can only be achieved after implementing a way. If we
go back to the model, the parameters were set up according to
many trials conducted by us. The number of neurons is chosen
as 100 because the error has increased otherwise. Also, the
amount of epochs is fixed to an amount of 30. As the number of
neurons, the number of epochs was chosen after many trials. The
next step after setting the parameters is running the code of our
model. Running the code makes us able to obtain the result. The
result and the error rate which is illustrating our model’s validity
will be provided in the Results chapter.

3. Results and Discussion
3.1. Results

After 30 epochs, the results of our model could be produced
as mentioned in the previous chapter. We decided to use the
Mean Absolute Error method for a correct assessment. The error
was calculated as 90.029 approximately. This value can be
classified as a low value. Furthermore, a graphic created with the
assistance of an external Python library called ‘Matplotlib’ can
present a visualization for a better understanding of our model’s
accuracy level. After the forecasting operation, we gathered real-
time data when the time has come. Thus, a graphic that includes
the comparison of the actual and predicted data could be created.
Below, this graphic can be seen:

Faining and Test Slices of Dataset
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Figure 3. Comparison of Real Data and Prediction Results
(EUR)

Also, to ensure the model validity we decided to use the
same model for a different type of currency: the US Dollar. This
time the error rate was evaluated as %0.028. It is similar to the
previous operation, but the error rate is a little bit smaller. So, we
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can determine that the consequences are similar, and the validity
of our model is registered. Another graphic presented below is
illustrating the comparison between real data and predicted ones
like the first one, but this time it is using US Dollar as the base:
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Figure 4. Comparison of Real Data and Prediction Results
(USD)

According to these two graphics, our model is generally
seen as successful. The difference between the two lines is
appropriate. This means that we are successful to escape from
overfitting and underfitting problems.

4. Conclusions and Recommendations

As mentioned in the introduction, Deep Learning is an
effective approach to solving complex problems. With the
assistance of its components such as layers, nodes, and
activation functions Deep Learning models’ ability to handle
hard issues will result in their popularity to become higher. In
this study, we provided a Deep Learning technique called Long
Short-Term Memory for producing forecasted cryptocurrency
prices. We gathered historical data from a particular website and
fed this dataset into our model. After conducting some necessary
data transactions, we formed an algorithm via Python
programming language. According to error rate that calculated
countless experiments, we finally found out the true parameters.
Moreover, using a statistical validation calculation tool (MSE)
allowed us to determine the effectiveness of our model. Also, for
better understanding we used visualization methods in our model
and created relevant graphics for better grip. The produced
results turned out as we wanted. The error rate for two trials was
calculated at low levels and we did not observe some problems
such as underfitting and overfitting. Thus, the inference
emphasizing that the model is valid can be made due to this
outcome.
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On the other hand, some other studies were conducted
before our work. In one of them, the researchers used different
types of Deep Learning techniques for cryptocurrency price
prediction. They used the GRU method besides the LSTM.
According to their outputs, GRU performs at higher speeds, but
when the data amount increases LSTM is producing less error.
[7] So, the reliability of the LSTM models is proven again via
this study. But this does not mean that other methods should not
be used. Techniques such as Recurrent Neural Networks,
Convolutional Neural Networks and Restricted Boltzmann
Machines should be used in the future for clear results. Also,
another Artificial Intelligence methods can be chosen for this
type of studies for observing the different outcomes.

In short, it is proven that the Long Short-Term Memory
method is a valid technique for predicting cryptocurrency prices
in this study. If similar types of studies become more
widespread, people who want to reduce investment risk can
benefit from these developments.
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Abstract

This study aims to develop a mobile application for university students to make their transportation easier by carpooling. This
application is designed especially for students who may not be able to come or leave the university of their opportunity. GoToUni
application allows students to see the live location and schedule of the drivers on the Google Map and send a carpooling request.
Drivers can respond to requests as well. Communication between the passengers and drivers will be provided. University members
can only use the GoToUni application to prevent security concerns. This application is developed with Android Studio to be used on
Android devices. Our goal is to bring together drivers and passengers commuting to universities simultaneously and route.

Keywords: Carpooling, Mobile Application, Android Application.

GoToUni: Araba Paylasimi I¢in Mobil Uygulama

Oz

Bu calisma, {iniversite Ogrencilerinin ara¢ paylasimi yaparak ulagimlarini kolaylastiracak bir mobil uygulama gelistirmeyi
amaglamaktadir. Bu uygulama 6zellikle kendi imkanlariyla tiniversiteye gelemeyecek veya iiniversiteden ayrilamayacak 6grenciler
i¢in tasarlanmigtir. GoToUni uygulamasi, 6grencilerin Google Harita tizerinde siiriiciilerin canli konumlarini gérmelerini, gelis/gidis
programlarini g6rmelerini ve ara¢ paylasimi talebi gondermelerini saglar. Strtciler de istekleri kabul edebilir/reddedebilir.
Universiteye ulasmak isteyen yolcular ile arabasi olan iiyeler arasindaki iletisim saglanacaktir. Diger araba paylasim uygulamalariin
giivenlik sorunlari vardir, bu nedenle GoToUni uygulamasi giivenlik endiselerini énlemek igin yalmzca Universite iiyeleri tarafindan
kullanilabilir. Bu uygulama Android cihazlarda kullanilmak tizere Android Studio ile gelistirilmistir. Amacimiz siiriici ve yolcuyu
iiniversiteye giderken ya da ¢ikarken ayni anda ve rotada bulusturmaktir.

Anahtar Kelimeler: Araba paylagimi, Mobil Uygulama, Android Uygulama.
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1. Introduction

Nowadays, traveling by car is popular. Transportation is
difficult for people who do not have a car. Drivers are willing to
pick people up on the road who go the same route. This study
aims to introduce these two groups to each other and enhance
collaboration.

Some students live within walking distance of the school,
but some are not lucky enough to get to university without
driving or using public transport. Students face different
problems while going to university. For example, students who
use public transportation can miss the bus or metro on their way
to school. In addition, these students get wet and cold in bad
weather conditions while waiting for public vehicles.

The second major problem is the vast number of vehicles
accessing the university campus. Limited parking spaces make it
difficult for students and staff to find a parking area
(Kamaruddin ve Rozlis, 2019). Students can use carpooling to
solve these problems, a term often used when people share a
vehicle to get to a joint place of arrival (Kamaruddin ve Rozlis,
2019). Carpooling is a student-friendly and eco-friendly system
at the same time. It minimizes the number of cars on the roads,
reducing problems such as pollution, traffic jams, and parking
shortages (Binu & Viswaraj, 2016).

One of the essential criteria in an application is that it can be
used on Android OS devices. Many large and small enterprises
and organizations use this framework because it is free to
develop. Therefore, the Android Studio platform is used to
develop the application.

2. Existing Systems for Carpooling

A literature review has been conducted to see if there are
similar applications to the application that will be developed.
The similarities and differences between the GoToUni
applications with other mobile applications mentioned in the
studies have been investigated.

In this study by Kamaruddin and Rozlis, information about
the mobile application called "UiTM Share Ride," which uses
the ride-sharing approach to reduce the parking problem at the
university, is given its technical details are explained. When the
data about the technical part of the application in this study is
examined, it is examined that three-tier architecture consisting of
a presentation layer, application layer, and data layer is used as
application architecture. First, XML (Extensible Markup
Language) displays information in the presentation layer.
Secondly, Java Programming language is used in the application
layer. Finally, Firebase, a real-time and NoSQL database type,
stores and retrieves data in the data layer. In addition, this
application is developed using Android Studio and Google Maps
APT for passenger pickup and destination locations (Kamaruddin
ve Rozlis, 2019).

In another study (Covi¢ & Babi¢, 2014), the location is
defined using the Google Maps API, and data synchronization is
done with JSON (JavaScript Object Notation).

In the study by (Antao, Correia, and Gonsalves, 2015), they
mentioned the importance of Carpooling as a highly effective
way to minimize pollution and traffic congestion. They thought
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that carpooling also gives one the chance to meet new
individuals. The main reason for designing the carpooling
application was to reduce the cost of travel for traveling people.
The application will allow the user to select his/her role, i.e.,
driver or passenger. This app is being developed for ANDROID
versions 3.0 and up. With the help of PHP, the program is
connected to a MySQL database. When the application is
installed, the route is determined by the driver.

The study of Amasyali and Giil is about adding VoIP
features for calls to the ride-sharing application TAG, working
on Android and IOS mobile applications. As stated in the study,
some users were concerned about phone number privacy.
Therefore, VoIP has ensured that drivers and passengers can
make voice calls. Thus, the phone number of the users remains
confidential. Twilio framework uses cloud technology for VoIP
calls on mobile applications. In addition, in this study, it is
mentioned that while the driver and passenger once matched, a
trust can be created by taking into account the Facebook friends
of the users, their mobile phone connections, their colleagues,
and similar features. In the conclusion part of the study, it is
reported that the VoIP-based communication system has been
successfully added to the TAG application (Amasyali & Giil,
2017).

It is seen that the Google Maps service is used in many
applications. An example of this can be given in the "Yol
Arkadasi" application. In the study conducted by Ilhan and
Mutlu in 2014, the carpooling application developed for the
Android OS named "Yol Arkadasi" was introduced. This
application can work on Android 2.3.3 and newer Android
versions. This study uses Google Maps API v2 for map services
in the "Yol Arkadasi" application. In addition, MsSQL was used
as the database system in this application, and the application
was developed with the Java programming language. Another
important point mentioned in this study is that there were no
results for Turkish queries in mobile application markets for
"carpooling" and "car-sharing" (ilhan & Mutlu, 2014).

In the light of the literature, it was decided to use Google
Maps API for map services in this study. Also, the Firebase
platform is used to perform database operations of the
application in real-time.

3. Material and Method

3.1 Requirements

A software requirements specification was accomplished to
determine the study's user and system requirements. This
specification explains how the project will fully meet the user's
needs and serves as a roadmap for the study's development.

3.1.1. Product Perspective

GoToUni offers ease of transportation. It is possible to
access the application from different platforms, including
Android and IOS. The technologies and platforms used in
GoToUni enable all developers to reach their target audiences
easily. The application has several interactions with passengers,
drivers, and administrators. They have data transmission
between themselves too. Interactions are given in Figure 1.
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Figure 1 Overall System Context Diagram

Passengers are one of the primary two users of the
application. The application serves them by finding suitable
routes and drivers on time they entered. Passengers must verify
their accounts with a mail sent to their university email
addresses. They can register to the system, log in, log out, and
change their profile information, address description, and course
hours. They can see drivers on the road route and share their
location with the app. They can view the instant live location of
drivers. They can send requests to drivers whose time and route
are suitable for the route they will go and chat with them.

Drivers are users who have a car(s) and can take passengers
to their destination. Passengers who want to be a driver must
have a driver's license for at least two years and one vehicle.
Drivers can create an account by entering car information into
the system, and they must verify their accounts with a mail sent
to their university email addresses. They can view, change and
delete vehicle information at any time. Drivers can determine
and save their travel routes on the map while sharing their
instant location with the passengers. Drivers can see the
passengers looking for a vehicle on the map and access their
information of the passengers. Drivers can accept or reject ride
requests from passengers. If the driver accepts the incoming
travel request, the driver can message the passenger who sent the
request and see the passenger's information. When the driving
process is completed, the driver can evaluate the passenger(s).

The administrator is also the developer of the application.
He has the right to view and manage drivers' and passengers'
data. Using his SQL knowledge, he can easily add, modify,
delete, and view data from the application's database and limit
users' access by considering their roles. The administrator should
read related data effectively using their analytical skills. He has
to be an expert in using at least one database management
system with adequate SQL knowledge. The administrator is also
responsible for creating a GoToUni application in Android
Studio by using Java programming language essentially. The
administrator should maintain the mobile application user
interface by considering basic design concepts. He must know
how a mobile application is developed and published in different
stores. Regardless of his education level, he should have
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proficiency in at least one programming language and essential
programming concepts.

3.1.2. Constraints

The following are the defined as the constraints of the

application

e Only students, instructors, and staff affiliated with a
specific university can use the application.

e To use the application, users must create an account by
registering with the application. In addition, users are
required to verify their accounts with university emails.

e Drivers must register at least one vehicle in the
application.

e React Native environment should be used with the
JavaScript programming language mainly.

e The car owner must add photos of his driver's license
and license(permit) when registering in the application.

e  The driver has to stick to his chosen path.

3.1.3. Non-Functional Requirements

Internet connection is essential for GoToUni to work
properly. Minimum system requirements to meet this system
requirement are as follows:

Hardware Requirements

Hardware requirements for GoToUni are a phone with
operating system version 15.3.1 and later for iOS or
version 11 and

later for Android.

» Processor: Minimum 1 GHz; Recommended 2GHz

or more
« Ethernet connection: (LAN) OR a wireless adapter
(Wi-Fi)

« Hard Drive: Minimum 32 GB; Recommended 64
GB or more

*  Memory (RAM): 4 GB

+ Screen Resolution: 1280x800

» Processing Power: x86
Software Requirements

A mapping platform is needed to perform map
operations in the GoToUni application. For this, the Google
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Maps Platform will be used. A database is needed for
operations such as keeping User data and registering users in
the GoToUni application. Firebase platform will be used for
this.
» Operating Systems: Windows: 10
Database: Firebase
Integrated  Development

Android Studio 4.0

Environment  (IDE):

3.1.4. Software Methodology

The waterfall method was used in this study's software
development life cycle. The main reason for using the method is
that the dates of the stages in the project development process
are predetermined.

The waterfall model starts with the analysis step. All
software requirements are determined in the analysis step, and
the analysis document is produced. Then, in the design step, the
interface, database, class, etc., the software designs are made,
and the design document is produced. In the next coding step,
the software; is coded as specified in the analysis and design
documents. Test scenarios are written for all functional and non-
functional requirements and designs in the analysis and design

GoToUni Application

Us er Management

Trip Management

documents in the test step. The software is tested by executing
these test scenarios.

3.1.5. Software Architecture and Interfaces

GoToUni mobile application uses a 3-layer architecture,
namely Presentation Layer, Business Layer, and Data layer. In
the Presentation Layer, the user can interact with the application
through the application's interfaces. In this way, the user can
send and receive data from the application.

The second layer is the Business Layer. In this layer, User
Management and Trip Management operations are performed.
User Management processes are Registration, Validation, and
Modification. Trip Management operations are Scheduling trips,
managing requests, and route planning by Google Map
Visualization and Location Tracking. Operations in this layer
were developed in Android Studio using the Java programming
language.

The third layer is the Data Layer. In this layer, Data Access
and Data Modification operations are performed. Firebase
Firestore Database, a real-time database, was used to store the
data in the application. The system architecture of the GoToUni
application is given in Figure 2.

Presentation Layer

User Interface of the GeToUni

Business Layer

Figure 2. GoToUni Sofiware Architecture Schematic

Some of the user interfaces are as given as follows: on the
register page (Figure 3), users should enter their first name, last
name, university email, password, phone number, profile photo,
birthdate, and gender. If the user has a car, he/she should enter a
driver's license, car model, car color, and plate number. The
system should check the email extension entered (.edu), and a
confirmation email will be sent to the university email. The
entered user and vehicle information will be saved to the
firebase database.
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On the login page (Figure 4), users should enter their email
and password to enter the system. Then, users' information is
recorded in the database.

On the route page, drivers and passengers decide where and
when to go. They can see each other’s location on the map is
given in Figure 5. If the passenger finds a suitable driver on
her/his route, he/she will be able to go together. The selected
route is shown on the page with the help of Google Maps.
Google Maps recommends all the possible best routes.
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3. Results

Thanks to GoToUni mobile application, students can
register to use carpooling while transporting. If we constantly
adjust the live location update, the problem may occur in the
database. Therefore, we adjust the live location update every

4. Conclusions

This study is developed only for carpooling between
university members. The development of this project showed
that there is a big market for reliable, safe, and efficient
carpooling solutions. Early adaption of this application depicted
that people are willing to use such solutions to overcome
transportation hindrances. To amplify the benefits of the idea, we
propose the following future work:

-Matching drivers with the university sticker to retrieve
information for the database.

-Matching drivers and passengers by their schedule
automatically beforehand.

-Application could be used between universities.

-Message system could be added.

-Barcode system for identification.

References

Amasyali, M. B., & Gul, E. (2017). VoIP integration for mobile
ride-sharing application. 2017 7th International Conference
on Communication Systems and Network Technologies
(CSNT), 44-47. DOI: 10.1109/CSNT.2017.8418509

Antao, A., Correia, V., & Gonsalves S. (2015). Carpooling
application in Android. International Journal of Current
Engineering and Technology, 5(2), 955-958. Retrieved from
http://inpressco.com/category/ijcet

Binu, P. K., & Viswaraj, V. S. (2016). Android based application
for efficient carpooling with user tracking facility. 2016
IEEE International Conference on Computational
Intelligence and  Computing  Research  (ICCIC),

e-ISSN: 2148-2683

’ B Q%wamfzhn»

Forgot my password?

Rarmada Ankara

Almanya Blyukelgilig
Hukuk, Konso nsluk

IDATA Ankora Q 0 a

Google

Figure 4. Login Page

Figure 5. Map Page

single 20 seconds. GoToUni has a register, login, schedule,
admin, home, map, send request, and settings pages. Generally,
students' schedules are similar. Significantly during the exam
weeks, this increases the possibility of the GoToUni application
being used for carpooling.

Computational Intelligence and Computing Research
(ICCIC), 2016 IEEE International Conference On, 1-4.
DOI: https://doi.org/10.1109/iccic.2016.7919536

Covi¢, Z., & Babié, D. (2014). Development and
implementation of location based native mobile application.
International  Journal of Electrical and Computer
Engineering Systems, 5(1).

Ilhan, A., & Mutlu, A. (2014). Yol Arkadasi: Android-Tabanli
Sistemler Icin Bir Araba Imecesi Uygulamasi. Selcuk
University Journal of Engineering, Science & Technology /
Selcuk Universitesi Miihendislik, Bilim ve Teknoloji
Dergisi, 2(4), 16-25. doi:
https://doi.org/10.15317/Scitech.2014410340

Kamaruddin, K. A., & Rozlis, N. R. M. (2019). UiTM Share
Ride: Requirements Validation, Design and Development of
a Campus Ride-Sharing Mobile Application. 2019 6th
International Conference on Research and Innovation in
Information Systems (CRISIS), 1-6. DOI:
https://doi.org/10.1109/ICR11S48246.2019.9073510

80


http://inpressco.com/category/ijcet
https://doi.org/10.1109/iccic.2016.7919536
https://doi.org/10.15317/Scitech.2014410340
https://doi.org/10.1109/ICRIIS48246.2019.9073510

Avrupa Bilim ve Teknoloji Dergisi European Journal of Science and Technology
Ozel Sayr 37, S. 81-89, Haziran 2022 Special Issue 37, pp. 81-89, June 2022

© Telif hakki EJOSAT a aittir > i Copyright © 2022 EJOSAT
Arastirma Makalesi www.ejosat.com ISSN:2148-2683 Research Article

-}

A .04

Tirkiye’de Bilisim Teknolojileri Kullaniminin CKKYV Yontemleriyle
Incelenmesi: 2014-2021 Dénemi

Orhan Ecemis!”, Aysun Coskun?

1 Gaziantep Universitesi, Oguzeli Meslek Yiiksekokulu, Bilgisayar Teknolojileri Béliimii, Gaziantep, Tiirkiye (ORCID: 0000-0002-8270-0857)
2 Gazi Universitesi, Teknoloji Fakiiltesi, Bilgisayar Miihendisligi Boliimii, Ankara, Tiirkiye (ORCID: 0000-0002-8541-9497)

(5™ International Symposium on Innovative Approaches in Smart Technologies— 28-29 May 2022)

(DOI: 10.31590/ejosat.1134753)

ATIF/REFERENCE: Ecemis, O. & Coskun, A. (2022). Tiirkiye’de Bilisim Teknolojileri Kullaniminin CKKV Yontemleriyle
Incelenmesi: 2014-2021 Dénemi. Avrupa Bilim ve Teknoloji Dergisi, (37), 81-89.

Oz

Tiirkiye’de son yillarda azalan alt yapi maliyetleriyle birlikte artan elektronik ve haberlesme sektdr yatirimlari, Bilgi Iletisim
Teknolojilerinin (BIT) yayginlasmaktadr. Tiirkiye Istatistik Kurumu (TUIK)2021 yil1 verilerine gore internet erisimi olan hane sayis1
%92’e yiikselmistir. Bilgi ve iletisim teknolojilerinin gelisimi, {ilkelerin kalkinma hizina etki ederek toplumsal doniisiimii
saglamaktadir. Tiirkiye’nin bolgesel farkliliklara ragmen bilisim alt yapisinin gelisimini biiyiik gelisim gdstermistir. Bu ¢aliymada,
Cok Kriterli Karar Verme Yontemleriyle, istatistiki bolge diizeyinde Tiirkiye’deki bolgelerin, bilisim teknolojilerinin kullanimina
yonelik gelisim performanslarini 6lgebilecek model ile incelenmistir. Olusturulan modelde kriterlerin agirliklandiriimasinda PSI
(Preference Selection Index), bolgelerin BIT kullanim diizeyinin degerlendirilmesinde ise WEDBA (Weighted Euclidean Distance
Based Approach) yontemleri kullamlmistir. Calismada ki veriler TUIK veritabanindan almmustir ve kurum tarafindan gergeklestirilen
2021 yili Hane Halki Bilisim Teknolojileri (BT) Kullanim Arastirmasi dayanmaktadir. Bilgi iletisim teknolojilerinin kullanimina
yonelik kriterler, internet erisimi, genis bant, sabit genig bant, mobil genis bant, diizenli internet kullanimi ve internet kullanimi
kriterlerinden olugsmaktadir. Calismada elde edilen bulgulara gore en 6nemli kriter 2014 yillarinda internet erisimiyken, 2021 yilinda
mobil bant genisligi oldugu sdylenebilir. Calisma kapsaminda en iyi performans: Istanbul ve Dogu Marmara bélgeleri gostermistir.
Ayrica en fazla gelisim gosteren Giineydogu Anadolu bolgesini, Bati Anadolu, Akdeniz, Orta ve Orta Dogu Anadolu bolgeleri takip
ettigi, diger bolgelerdeki gelisimin ise anilan bolgelere gére daha az oldugu sonucuna ulagilmustir.

Anahtar Kelimeler: Cok Kriterli Karar Verme, PSI, WEDBA, Bilisim Teknolojileri

Examination of the Use of Information Technologies in Turkey by
MCDM Methods: 2014-2021 Period

Abstract

Electronics and communication sector investments, which have increased with the decreasing infrastructure costs in recent years in
Turkey, Information Communication Technologies (ICT) is becoming widespread. According to the data of the Turkish Statistical
Institute (TUIK) for 2021, the number of households with internet access has increased to 92%. The development of information and
communication technologies provides social transformation by affecting the development speed of countries. Despite the regional
differences in Turkey, the development of the informatics infrastructure has shown great improvement. In this study, with Multi-
Criteria Decision Making Methods, a model that can measure the development performance of the regions in Turkey towards the use
of information technologies at the statistical region level has been examined. In the model created, PSI (Preference Selection Index)
was used to weight the criteria, and WEDBA (Weighted Euclidean Distance Based Approach) methods were used to evaluate the ICT
usage level of the regions. The data in the study was taken from the TUIK database and is based on the Household Information
Technologies (IT) Usage Survey of 2021 carried out by the institution. The criteria for the use of information and communication
technologies consist of internet access, broadband, fixed broadband, mobile broadband, regular internet usage and internet usage.
According to the findings of the study, it can be said that while the most important criterion was internet access in 2014, it was mobile
bandwidth in 2021. Within the scope of the study, Istanbul and East Marmara regions showed the best performance. In addition, it
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was concluded that the Southeastern Anatolia region, which showed the most development, was followed by the Western Anatolia,
Mediterranean, Central and Middle East Anatolia regions, and the development in other regions was less than the aforementioned

regions.

Keywords: Multi-Criteria Decision Making, PSI, WEDBA, Information Technologies

1. Giris

Diinyada ki geligmis iilkeler Ikinci Diinya Savagindan sonra
bilim ve teknolojiye daha fazla yatirim yapmaya baslamislardir.
Savas sonrasinda gelismis iilkeler arasinda hemen hemen her
alanda yasanan rekabet, bilgi ¢ag1 olarak adlandirilan yeni bir
dénem ortaya c¢ikmasina neden olmustur (Unal, 2009).
Glinlimiizde bilgi iletisim teknolojilerinde yasanan ilerlemelerin,
basta ekonomik faaliyetler olmak iizere diger faaliyetler iizerinde
de olumlu etkileri oldugu soylenebilir. Boylece teknolojinin
gelisimi ile birlikte yogun iiretime gegilmesi, sinirlart agan
sermaye hareketleriyle birlikte, ekonominin dijitallesmesi
yolunda yasanan 6nemli ilerlemeler gozlenmektedir (Dikkaya,
M., & Aytekin, 1.,2019). Bu ilerlemelerden dolay1 teknoloji
politikalart iilkelerin biiylime siireclerinde katki saglamaktadir.
Diger bir ifadeyle teknolojik gelisim gdstergelerinin,
sirdiiriilebilir ~ bliylimenin  temel  etkenlerinden  oldugu
sOylenebilir. (Temiz Ding, D. 2020).

Bilgi iletisim teknolojilerindeki geligsmeler, uluslararasi pazarin
kiiresellesmesi, iletisimin olanaklarinin ve bilgi aktariminin
diinya genelinde ve aligverisinin kolaylastirilmasi, serbest ticaret
oniindeki engellerinin kaldirilmast bigimindeki olgular tim
diinya {lkelerinin ekonomilerini biiyiikk oranda etkilemis
bulunmaktadir (Berberoglu, 2010). iginde bulundugumuz
yiizyilin anahtar kavramlarindan olan yenilik ve yenilesme ile
kavramlart bilgi ekonomisi olarak adlandirabilecegimiz
ekosistemi basari, performans ve rekabet diizeylerine katki
saglamaktadir. (Ozsagir, 2014).

Giiniimiiz toplumlarinda ulusal diizeyde, egitim sistemine bagl
olarak iretilen bilgi ve teknoloji, kiiresellesmeyi saglayan
unsurlardir. Bu baglamda, toplumlarin egitim sistemlerinin
etkinligi 6n plana ¢ikmaktadir (Temel & Ferudun, 2005). Ciinkii
giiniimiiz bilgi ¢caginda iilkeler agisindan en 6nemli deger maddi
kaynaklardan 6te, nitelikli bilgi {iretme yetenegine sahip insan
kaynaklar1 oldugu s6ylenebilir. (Berberoglu, 2010).

Kalkinma Bakanliginin hazirlamis oldugu Bilgi Toplumu
Stratejisi 2015-2018 eylem planina goére iilkemizde genis bant
altyapist yayginlastirilmasi ve sektorel rekabet saglanmasina
yonelik hedefler belirlenmistir. Hedefler incelendiginde, yeni
nesil altyapilarin yayginlastirilmasi, bina igi iletisim altyapisina
ait standartlar belirlenmesi, genis bant alt yapisinin
olusturulmasinda karli olmayan bdlgeler i¢in tesvik saglanmasi,
mobil iletisimde vergilerin azaltilarak mobil genis bant alt
yapisinin  saglanmasi, elektronik haberlesme alt yapisinda
igletmecilerin karsilagabilecekleri sorunlar igin gerekli yasal
zeminin hazirlanmasi, Tirkiye’nin uluslararasi bir veri iletim
merkezi olmasina yonelik tedbirler alinmasi gibi hedefler yer
almaktadir  (Kalkinma Bakanligi, 2022). Bu hedefler
dogrultusunda artan kamu yatirimlariyla birlikte Tiirkiye’de
bilisim sektorii alt yapisinin gelistigini ifade edebiliriz.

Tiirkiye’de kamu ve ozel sektdr yatirimlariyla birlikte 2020
yilinda mobil genis bant veri trafigi artis1 %56,1, Mobil genis
bant abone bagina veri trafigi artis1 %50,8, Sabit genis bant veri
trafigi artig1 %58,7, ; Sabit genis bant abone basina veri trafigi
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artist %41,2 oraninda artmistir (TUBISAD, 2021). Bu artis
oranlariin Tirkiye’de bolgelere gore yansimasinin hangi
diizeyde gergeklestigi sorusu ayni zamanda bu ¢aligmanin
konusudur.  Literatiirde  bolgesel  farklar/performanslarin
Olciilmesinde Cok Kriterli Karar Verme Yontemleri (CKKYV)
kullanilmaktadir.

CKKYV, cesitli gostergeler, celisen hedefler ve kriterler dahil
olmak tizere karmasik senaryolarda en uygun sonuclar1 bulmakla
ilgilenen bir yo6neylem arastirmasi dalidir (Krishankumar,
Ramprakash, Premaladha, & Ravichandran, 2017). Tiirkiye’de
bolgeler iizerine ¢ok kriterli karar verme yontemleri kullanan
bazi ¢alismalar sunlardir.

Durmaz vd. (2020) yilinda yapmis olduklari ¢aligmada ¢ok

kriterli karar verme yontemlerinden SMAA-2, SWARA
yontemleriyle Tirkiye’deki Diizey-1 Bolgelerini, egitim
gostergeleriyle  degerlendirmislerdir (Durmaz, Boyaci, &

Gencer, 2020). Kisa (2020) TR83 bolgesinde yenilenebilir enerji
kaynaklarinin CRITIC ve Gri lliskisel Analiz (GIA) yontemiyle
incelenmistir (Kisa, 2020). Belgin ve Avsar (2019) GIA
yontemiye Tiirkiye’de bolgesel ve il diizeyinde ar-ge ve yenilik
performansi degerlendirmistir (Belgin & Avsar, 2019). Tiire
2019 yilinda Tiirkiye'nin bolgeleri (IBBS-2) igin refah diizeyi
WASPAS yontemiyle ele almustir (Tire, 2019). Pekkaya ve
Bucak (2018) yilinda yapmis olduklar1 ¢alismada, Bati
Karadeniz boélgesinde, bolgesel liman kurulus yeri segim
problemini PROMETHEE, TOPSIS, CKPM ve VIKOR
yontemleriyle degerlendirmiglerdir (Pekkaya & Bucak, 2018).
Dinger ve Demir (2018) yilinda yapmis olduklar1 c¢aligmada
Tiirkiye’ de illerin VIKOR yontemiyle sosyo gelismislik
stralamalarini gergeklestirmistir (Dinger & Demir, 2018).

Literatiirde yer alan ¢aligmalar incelendiginde Tiirkiye’de BIT
kullanim diizeyinin bdlgelerin  donemsel gelisimi {izerine
calismaya rastlanmamisti. Bu amagla ayni zamanda
stirdiiriilebilir kalkinmay: etkileyen faktorlerden birisi olan bilgi
iletisim teknolojilerinin bolgelere gore gelisim diizeyleri bu
calismanin odaginda yer almaktadir. Ayrica literatiirde yeni
sayilabilecek, az sayida ¢alismada kullanilan bir CKKV yontemi
olan WEDBA yo6ntemi kullanilmustir.

2. Materyal ve Metot
2.1. Materyal

Diinya genelinde yasanan gelismelerle birlikte, biligim
teknolojilerinin yayginlagmasi bireylerin ve toplumlarin dijital
dontigtimleri yagamasina neden olmustur. Giiniimiiz bilgi
caginda, bilginin iiretilmesi, kullanilmasi {ilkelerin gelisim
diizeylerine artt deger kazandirmaktadir. Bu baglamda
calismanin amaci; istatistiki bolge diizeyinde Tiirkiye’deki
bolgelerin, bilisim teknolojilerinin  kullanimima  ydnelik
gelisiminin PSI-WEDBA yontemleriyle incelenmesidir. Bilgi
teknolojilerinin kullanimini kapsayan kriterlerin PSI yontemiyle
agirliklandirilmasi ve Tiirkiye’de 2014-2021 donemi istatistiki

bdlgelerin bilgi iletisim teknolojilerinin kullanim
performanslarinin Olciilmesi calismanin kapsamint
olusturmaktadir. Calismada kullanilan kriterlerden olusan

arastirma modeli ise su sekildedir:
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Sekil 1 Arastirma Modeli

Aragtirmanin ana kiitlesini bilgi teknolojilerinin kullanim
performansinin dlgtilecegi Tiirkiye bulunan iller olusturmaktadir.
Arastirma Orneklemini ise, TUIK veri tabanindan belirlenen
kriterlere yonelik veri seti tam olan Istanbul, B. Marmara, Ege,
D. Marmara, B. Anadolu, Akdeniz, Orta Anadolu, B. Karadeniz,
D. Karadeniz, Kuzeydogu Anadolu, Ortadogu Anadolu ve
Gilineydogu Anadolu boélgeleri olusturmaktadir. Calismada
kullanilan kriterler Tablo 1°de yer almaktadir.

Tablo 1 Kriterlere ait bilgiler

Kisaltma Kriter Adi Birim Fayda/Maliyet

K1 internet erigimi olan hane % Fayda
K2  Genis bant erisimi olan hane % Fayda
K3  Sabit genis bant erigimi olan % Fayda
K4  Mobil genis bant erisimi olan % Fayda
K5 Diizenli Internet kullanan hane % Fayda
K6 internet Kullanimi olan hane % Fayda

2.1.1. Metot

2.1.1.1 PSI Yontemi

Maniya ve Bhatt (2010) tarafindan literatiire kazandirilan
PSI (Preference Selection Index - Tercih Segim Indeksi)
yonteminde kriterler arasinda goreceli Onem derecesinin
belirlenmesi, kriterler agirliklarinin  hesaplanmasina ihtiyag
duyulmamaktadir. (Maniya & Bhatt, 2010; Attri, R., & Grover,
S.(2015). Atri ve Grover (2015) yilinda yapmis olduklar
¢aligmada iiretim sistemi yasam dongiisiiniin tasarim agamasinda
karar verme probleminin ¢6ziimiinde PSI ydnteminin
potansiyelini, uygulanabilirligini ve dogrulugunu diger CKKV
yontemleriyle karsilastirmiglardir. Karsilagtirma sonucunda, PSI
yonteminin AHP, ANP, TOPSIS, VIKOR, WEDBA, MOORA,
PROMETHEE, Gri Iliskisel Analiz yontemlerine gore
anlagilmasinin ¢ok basit ve uygulanmasinin kolay oldugunu
ifade etmiglerdir (Attri & Grover, 2015). Yorulmaz ve Can
(2022) yapmis olduklar1 ¢alismada, Moodle Ogrenim Y&netim
Sisteminde, belirlenen amaglara ulagsma kapsaminda, 6grenci
performanslarini PSI-Entropi-Marcos yontemleriyle
degerlendirmislerdir (Yorulmaz & Can, 2022).

e-ISSN: 2148-2683

PSI yonteminde alternatifler tercih se¢im indeksi en iyiden en
kotiiye dogru siralanmaktadir (Adali, 2016). PSI yontemi
asagida yer alan uygulama adimlariyla gergeklestmektedir.

1. Karar Matrisinin Olusturulmasi: Karar matrisi, karar
probleminde yer alan alternatiflerin kriterlere gore degerlerini
iceren matris olarak ifade edilebilir. Karar matrisi X, m:alternatif
sayist; n:kriter sayisi; xij:i. altenatifin j. kritere gore degerini
gostermektedir.

[x}l X.1j '"X%n-l

X=|%1 - XjXpn|;i=1..,m j=1,...,n ¢Y)

|
lxml s+ Xmj "'xan

2. Normalize Karar Matrisinin: Kriterlerin, fayda (esitlik 2) ve
maliyet (esitlik 3) o6zelliklerine gore normalize karar matrisi
olusturulur.

xi]'

pij = m (2)
_ min(xi]-)
A (3)

3. Ortalama Degerlerinin Hesaplanmasi: Esitlik (4) kullanilarak
her 6zniteligin normalize verilerinin ortalama degeri hesaplanir.

1 m
Xi=_ leij (4)
]=

4. Tercih Degisim Degerinin Hesaplanmasi: Kriter degerlerinin
ortalamaya gore fark karelerinin toplami olan kriter degiskenlik
degerleri PV, esitlik (5)’e gore hesaplanmaktadir.

PV = (5 - piy)? ®)
=

5. Tercih Degerindeki Sapmanin Hesaplanmasi:PV; parametresi
hesaplandiktan sonra genel tercih degerindeki sapma @, Esitlik
(6)’ya gore hesaplamakdadir.

@;=1-PV (6)

6. Genel Tercih Degerinin Hesaplanmasi: Esitlik 7'ye gére her
ozellik icin genel tercih degeri belirlenir:

__9
YT e;

Q)

7. Tercih Se¢im Indeksi: Tercih secim indeksi her bir alternatif
icin Egsitlik (8)’e gore hesaplanmaktadir. Alternatifler tercih

se¢im index degerine gore azalan swralamaya gore
belirlenmektedir.
n
IL' = Zpu Wj (8)
=1
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2.1.1.1 WEDBA Yontemi

Actlimi, Agirhkhi Oklid uzakhigma dayali yaklasim olan
WEDBA yonteminde, oznitelik agirliklari nesnel agirliklar,
oznel agirliklar ve entegre agirliklar olmak iizere 3 tiirde ifade
edilmektedir (Jain, V., Ajmera, P. 2019).Toslak vd. (2022)
yapmig olduklart ¢aligmada, bir lojistik firmasmin 2010-2020
yillar1  arasindaki performansim MEREC ve WEDBA
yontemleriyle degerlendirmislerdir (Toslak, Aktiirk, & Ulutas,
2022). Isik yapmig oldugu calismada bir Tiirk sigorta sirketinin
finansal performansinit AHP, CRITIC ve WEDBA yo6ntemleriyle
degerlendirmistir (Isik, 2021). Demir (2021), Tirkiye’de
bulunan 56 vakif {iniversitenin akademik performansim1 URAP
2020 y1l1 verileriyle CRITIC-WEDBA yontemi degerlendirmistir
(Demir, 2021). WEDBA yonteminin asamalar1 agagidaki gibidir.

1. Karar matrisi: m: alternatif sayisi; n:kriter sayisi; xij:i.
altenatifin j. kritere gore degerini gostermektedir.

2. Normalize karar matrisi: Kriterlerin, fayda (esitlik 2) ve
maliyet (esitlik 3) ozelliklerine gore normalize karar matrisi
olusturulur.

3. Standardize karar matrisi : Esitlik (9) ile normalize karar
matrsisi standardize karar matrisi seklinde ifade edilir.
pij — 1
y; = ———2L 9)
Burada, pj, ortalama degerini oj ise standart sapmayi ifade
etmektedir. Asagidaki esitliklerle hesaplanmaktadir.

Zﬁﬂ’u
W= (10)

m (= )2

4. Ideal y{;ve anti-ideal y;; degerlerin hesaplanmasi: Esitlik 12
ile ideal degerler, esitlik (13) gore anti-ideal degerler

hesaplanmaktadir.
vij = max(yy;) 12)
yij = min(y) (13)

5. Agirlikli Oklid uzakliklarinin hesaplanmasi: Her alternatif igin
agirthkh WED{, WED; sirasiyla Esitlikler (14) ve (15)
kullanilarak elde edilir.

n

WED; = | wy vy — v} (14)
J=1

WED, = | (wvy — v (15)
J=1

6. indeks Puaninin Hesaplanmasi: Alternatiflerin siralanacagi
Indeks puani Esitlik (16) ile hesaplanmaktadir. IS; degerinin
azalan siralama sonucu alternatiflerin basari siralamasini ifade
etmektedir.
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WED;

IS; =
'~ WED; + WED;}'

(16)

3. Arastirma Sonugclari ve Tartisma
3.1 Bolgelerin 2014 Yili BIT Kullanim Performanst
3.1.1 PSI Yontemi Kriter Agirliklarinin Hesaplanmasi

Calismada kriter agirliklarinin hesaplanmasi i¢in PSI ydntemi
kullanilmigtir. Karar matrisinde yer alan kriterlerin fayda
Ozelligindedir, alternatiflerin kriterlere gore degerleri olan 2014
yili  bolgelere gore BIT kullanim verileri Tablo 2’de
sunulmustur.

Tablo 2 2014 Yil1 Verileri

Bolgeler K1 K2 K3 K4 K5 K6
istanbul 75,5 74,0 54,7 45,1 56,1 64,42
Bati Marmara 63,6 58,2 38,4 40,6 43,6 52,60
Ege 57,4 56,8 38,2 37,1 47,3 55,16
Dogu Marmara 62,3 61,4 45,4 37,5 49,5 58,28
Bati Anadolu 58,7 55,4 41,9 26,0 48,8 58,63
Akdeniz 57,8 53,2 30,5 41,9 44,3 53,23
Orta Anadolu 55,3 51,8 29,8 33,6 40,0 51,37
Bati Karadeniz 44,4 43,0 27,6 25,9 37,1 45,55
Dogu Karadeniz 62,7 56,2 31,3 42,6 41,7 51,94
Kuzeydogu 48,4 41,4 18,8 33,0 29,0 40,43
Ortadogu Anadolu 43,6 42,2 18,5 35,7 29,3 37,56
Glineydogu 53,0 44,9 22,5 29,4 30,3 39,02

Kaynak: Hanehalki Bilisim
Arastirmasi, (TUIK, 2021)

Teknolojileri (BT) Kullanim

2014 y1li BIT verilerine gore hazirlanan karar matrisi esitlik 2’ye
gore normalize edimisir. Normalize karar matrisi Tablo 3’te
sunulmustur.

Tablo 3 Normalize Karar Matrisi

Bolgeler K1 K2 K3 K4 K5 K6
istanbul 11 1 1 1 1
Bati Marmara 0,8 0,7 0,7 0,9 0,7 0,8
Ege 0,7 0,7 0,6 0,8 0,8 0,8

Dogu Marmara 0,8 0,8 0,8 0,8 0,8 0,9

Bati Anadolu 0,7 0,7 0,7 0,5 0,8 0,9
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Akdeniz 0,7 0,7 0,5 0,9 0,7 0,8
Orta Anadolu 0,7 0,6 0,5 0,7 0,7 0,7
Bati Karadeniz 0,5 0,5 0,5 0,5 0,6 0,7
Dogu Karadeniz 0,8 0,7 0,5 0,9 0,7 0,8

Kuzeydogu 0,6 0,503 0,7 0,5 0,6
Ortadogu Anadolu 0,5 0,5 0,3 0,7 0,5 0,5
Giineydogu 0,7 0,6 0,4 0,6 0,5 0,6

Kriterlerin ortalama degerleri Tablo 4’te yer almaktadir.

Tablo 4 Kriterlerin Ortalama Degerleri

Ortalama K1 K2 K3 K4 K5 K6
¥ 0,7537 0,7189 0,6056 0,7923 0,7375 0,7868
Kriterlerin  degiskenlik  degerleri ~ PV; degerlerinin

hesaplanabilmesi i¢in kriterlerin ortalamaya gore fark karelerinin
toplamina ait degerler Tablo 5°te yer almaktadir.

Tablo 5 Kriterlerin Ortalamaya Gore Fark Kareleri

Bolgeler K1 K2 K3 K4 K5 K6
0,061 0,079 0,156 0,043 0,069 0,045
Bati Marmara 0,008 0,005 0,009 0,012 0,001 0,001
Ege 0,000 0,002 0,009 0,001 0,011 0,005
0,005 0,012 0,050 0,002 0,021 0,014
0,001 0,001 0,026 0,046 0,017 0,015
0,000 0,000 0,002 0,019 0,003 0,002
0,000 0,000 0,004 0,002 0,001 0,000
0,028 0,019 0,010 0,047 0,006 0,006
0,006 0,002 0,001 0,023 0,000 0,000
Kuzeydogu 0,013 0,025 0,069 0,004 0,049 0,025
Ortadogu Anadolu 0,031 0,022 0,072 0,000 0,047 0,041
0,003 0,013 0,038 0,019 0,039 0,033

istanbul

Dogu Marmara
Bati Anadolu
Akdeniz
Orta Anadolu
Bati Karadeniz

Dogu Karadeniz

Glineydogu

Tablo 5°’te ki bilgilerden hareketle her bir kriter i¢in ortalama
fark kareleri toplami olan PV;, Qj degerleri ve kriter agirhk
degerleri Tablo 6’da yer almaktadir.

Tablo 6 Kriter Agirliklar

K1 K2 K3 K4 K5 K6
PV; 0,1552 0,1802 0,4452 0,2176 0,2635 0,1883
@; 0,8448 0,8198 0,5548 0,7824 0,7365 0,8117
w 00,1857 0,1802 0,1219 0,1720 0,1619 0,1784

Tablo 6 incelendiginde internet erigimi (K1) %18,57 degeri ile
en 6nemli kriter olarak hesaplanmistir. Diger kriter agirliklari ise
genis bant (K2) %18,02, internet kullanim1 %17,84 (K6), mobil
genis bant %17,20(K4), diizenli internet kullanim1 %16,19 (K5),
sabit genis bant %12,19 (K3) oldugu goriilmiistiir.

3.1.2 WEDBA Yintemiyle Bolgelerin 2014 Yili BIT
Kullanim Performansi
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Adim 1: Normalize karar matrisi

Tablo 7 Normalize Karar Matrisi

Bolgeler Kl K2 K3 K4 K5 K6
istanbul 1 1 1 1 1 1
Bati Marmara 0,84 0,78 0,70 0,90 0,77 0,81

Ege 0,76 0,76 0,69 0,82 0,84 0,85
Dogu Marmara 0,82 0,83 0,83 0,83 0,88 0,90
Bat1 Anadolu 0,77 0,74 0,76 0,57 0,87 0,91

Akdeniz 0,76 0,71 0,55 0,93 0,78 0,82
Orta Anadolu 0,73 0,69 0,54 0,74 0,71 0,79

Bati Karadeniz 0,58 0,58 0,50 0,57 0,66 0,70
Dogu Karadeniz 0,83 0,75 0,57 0,94 0,74 0,80
Kuzeydogu Anadolu 0,64 0,56 0,34 0,73 0,51 0,62
Ortadogu Anadolu 0,57 0,57 0,33 0,79 0,52 0,58
Glineydogu Anadolu 0,70 0,60 0,41 0,65 0,54 0,60

2. Normalize karar matrisinin standardize edilmesi: Esitlik (9)
ile normalize matrisi standardize karar matrisi olarak Tablo 8’de
sunulmustur.

Tablo 8 Standardize Karar Matrisi

Bolgeler K1 K2 K3 K& K5 K6

istanbul 2,0731 2,1958 1,9604 1,4764 1,6962 1,6296

Bati Marmara  0,7520 0,5267 0,4773 0,7726 0,2476 0,2274
Ege 0,0605 0,3842 0,4586 0,2194 0,6732 0,5310

Dogu Marmara 0,6054 0,8649 1,1169 0,2802 0,9320 0,9016

Bati Anadolu 0,2032 0,23150,7980 - 0,8534 0,9431
Akdeniz 0,0989 - - 09795 0,3287 0,3023

Orta Anadolu  -0,1754 - - - - 0,0814

Bati Karadeniz  -1,3973 - - - - -

Dogu Karadeniz  0,6509 0,3152 -  1,0828 0,0342 0,1497

Kuzeydogu -0,9533 - - - . _
Ortadogu Anadolu -1,4834 - - 00004 - -

Gilineydogu -0,4297 - - - - _

3. (yl?;-) ve () degerlerinin hesaplanmasi: Tablo 9’da ideal
degerler Esitlik (12) ve anti-ideal degerler Esitlik (13) yer
almaktadir.

Tablo 9 Ideal , Anti Ideal Deger Bilgileri

K1 K2 K3 K4 K5 K6
y;;- 2,0731 2,1958 1,9604 1,4764 1,6962 1,6296
yi; -1,4884 -1,2431 -1,3327 -1,5416 -1,4319 -1,5565

4. Alternatiflerin agirlikli Oklid Uzakliklar1 ve igin indeks
puanlarinin  hesaplanmasi: Tablo 10 incelendiginde BIT
kullanimda Istanbul, Dogu Marmara, Batt Marmara bélgeleri ilk
iic sirada yer almaktadir. Bu bdgeleri sirasiyla Ege, Dogu
Karadeniz ve Akdeniz bolgeleri takip etmektedir. Dogu ve

Gilineydogu Anadolu bolgeleri dezavantajli durumda oldugu
ifade edilebilir.
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Tablo 10 Bélgelerin 2014 Yili BIT Kullanim Performanslar

Bolgeler WEDi+ WEDi- IS Sira
Istanbul 0,0000 11,3361 11,0000 1
Bati Marmara 0,5502 0,8059 10,5943 3
Ege 0,5940 0,7643 0,5627 4
Dogu Marmara 0,4421 09136 0,6739 2
Bat1 Anadolu 0,7385 10,7753 0,5122 7
Akdeniz 0,6581 10,7482 10,5321 6
Orta Anadolu 0,8113 0,5379 0,3987 8
Bat1 Karadeniz 1,1443 0,2722 0,1922 9
Dogu Karadeniz 0,6232 0,7787 0,5555 5
Kuzeydogu Anadolu  1,1944 0,2319 0,1626 11
Ortadogu Anadolu 1,2383  0,2833 0,1862 10
Giineydogu Anadolu 1,1604 0,2187 0,1586 12

3.2 Bélgelerin 2021 Yili BIT Kullanim Performanst
3.2.1 PSI Yéntemi Kriter Agirliklarinin Hesaplanmasi

Adim 1: Karar matrisinde yer alan kriterlerin fayda
Ozelligindedir, alternatiflerin kriterlere gore degerleri olan 2021
yilma ait BIT kullanim verileri Tablo 11’de goriilmektedir.
Tablo 11, incelendiginde biitiin bolgelerde tiim kriterler igin artis
gozlenmektedir.

Tablo 11 2021 Yil1 Verileri

Bati Marmara 0,888
0,925
0,965
0,970
0,940
0,922
0,870
0,909
0,892
0,931
0,966

0,888 0,753 0,919 0,850 0,863
0,925 0,801 0,960 0,896 0,893
0,965 0,855 0,967 0,929 0,936
0,970 0,873 0,945 0,959 0,969
0,940 0,735 0,979 0,873 0,888
0,922 0,718 0,947 0,873 0,884
0,870 0,635 0,906 0,828 0,838
0,909 0,678 0,954 0,874 0,879
0,892 0,433 0,921 0,710 0,752
0,931 0,499 0,964 0,776 0,823
0,966 0,537 1,000 0,816 0,846

Ege
Dogu Marmara
Bati Anadolu
Akdeniz
Orta Anadolu
Bati Karadeniz
Dogu Karadeniz
Kuzeydogu
Ortadogu Anadolu
Giineydogu

Kriterlerin ortalama degerleri Tablo 13’de yer almaktadir.

Tablo 13 Kriterlerin Ortalama Degerleri

Bolgeler K1 K2 K3 K4 K5 K6
istanbul 97,1 97,1 79,0 90,0 89,6 90,9
Bati Marmara 86,3 86,3 595 846 76,2 784
Ege 89,9 899 63,3 883 804 81,2

Dogu Marmara 93,7 93,7 675 89,0 833 851
Bati Anadolu 94,2 94,2 690 87,0 86,0 88,1
Akdeniz 91,3 91,3 580 90,1 783 80,7

Orta Anadolu 89,6 89,6 568 87,1 783 80,3
Bati Karadeniz 84,5 84,5 50,2 83,4 743 76,2
Dogu Karadeniz 88,3 88,3 53,5 878 784 79,9
Kuzeydogu Anadolu 86,6 86,6 343 84,8 63,7 684
Ortadogu Anadolu 90,4 90,4 39,5 888 69,6 74,8
Glineydogu Anadolu 93,8 93,8 425 92,0 73,2 769

Ortalama K1 K2 K3 K4 K5 K6
W 0,9320 0,9320 0,7102 0,9539 0,8658 0,8813
Adim  3-4-5-6:  Kiriterlerin  degiskenlik ~ degerleri PV},
degerlerinin hesaplanabilmesi igin kriterlerin ortalamaya gore
fark karelerinin toplamina ait degerler Tablo 14’te yer
almaktadir.
Tablo 14 Kriterlerin Ortalamaya Gére Fark Kareleri
Bolgeler K1 K2 K3 K4 K5 K6
istanbul 0,004 0,004 0,084 0,0006 0,018 0,014
Bati Marmara 0,001 0,001 0,001 0,0012 0,000 0,000
Ege 0,000 0,000 0,008 0,0000 0,001 0,000
Dogu Marmara 0,001 0,001 0,021 0,0002 0,004 0,003
Bati Anadolu 0,001 0,001 0,026 0,0001 0,008 0,007
Akdeniz 0,000 0,000 0,000 0,0007 0,000 0,000
Orta Anadolu 0,000 0,000 0,000 0,0000 0,000 0,000
Bati Karadeniz 0,003 0,003 0,005 0,0023 0,001 0,001
Dogu Karadeniz 0,000 0,000 0,001 0,0000 0,000 0,000
Kuzeydogu Anadolu 0,001 0,001 0,076 0,0010 0,024 0,016
Ortadogu Anadolu 0,000 0,000 0,044 0,0001 0,007 0,003
Glineydogu Anadolu 0,001 0,001 0,029 0,0021 0,002 0,001

Kaynak: Hanehalki Bilisim Teknolojileri
Arastirmasi, (TUIK, 2021)

(BT) Kullanim

Adim 2: Kriterler fayda 6zelligine sahip oldugundan dolay1 karar
matrisi esitlik 2’ye gore normalize edilir. Normalize karar
matrisi Tablo 12°de yer almaktadir.

Tablo 12 Normalize Karar Matrisi

Bolgeler K1 K2 K3 K4 K5 K6
1,000 1,000 1,000 0,978 1,000 1,000

istanbul
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Her bir kriter igin ortalama fark kareleri toplami olan PVj, Qj
degerleri ve kriter agirlik degerleri Tablo 15°de yer almaktadir.

Tablo 15 Kriter Agirliklar

K1

K2

K3

K4

K5

K6

PV; 0,0163 0,0163 0,2994 0,0083 0,0682 0,0486
®; 0,9837 0,9837 0,7006 0,9917 0,9318 0,9514
w 0,17750,1775 0,1264 0,1789 0,1681 0,1717

Tablo 15 incelendiginde mobil genis bant (K4) %17,89 orani ile
en Onemli kriterdir. Internet erisimi (K1) ve genis bant %17,57
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(K2) degerleriyle ile esit derecede onemli kriterlerdir. Diger
kriter agirliklariysa internet kullanimi (K6) %17,17 , diizenli
internet (K5) %16,81, sabit genig bant %12,64 olarak
hesaplanmistir.

3.1.2 WEDBA Yintemiyle Bolgelerin 2021 Yili BIT
Kullanim Performansi
1. Normalize karar matrisinin olusturulmasi

Tablo 16 Normalize Karar Matrisi

Bolgeler K1 K2 K3 K4 K5 K6
1,0000 1,0000 1,0000 0,9785 1,0000 1,0000
0,8889 0,8889 0,7531 0,9196 0,8500 0,8631
Ege 0,9259 0,9259 0,8014 0,9600 0,8969 0,8934
0,9656 0,9656 0,8550 0,9679 0,9295 0,9368
0,9708 0,9708 0,8735 0,9459 0,9596 0,9695
0,9401 0,9401 0,7350 0,9797 0,8738 0,8886
0,9227 0,9227 0,7188 0,9473 0,8732 0,8843
0,8709 0,8709 0,6357 0,9063 0,8285 0,8383
0,9096 0,9096 0,6780 0,9546 0,8745 0,8798
Kuzeydogu 0,8922 0,8922 0,4339 0,9217 0,7105 0,7524
Ortadogu Anadolu 0,9310 0,9310 0,4999 0,9648 0,7769 0,8232
0,9668 0,9668 0,5377 1,0000 0,8164 0,8466

istanbul

Bati Marmara

Dogu Marmara
Bati Anadolu
Akdeniz
Orta Anadolu
Bati Karadeniz

Dogu Karadeniz

Glineydogu

2. Standardize Karar Matrisi: Normalize karar matrisi esitlik (9)
kullanilarak standardize karar matrisine doniistiiriilmektedir.

Tablo 17 Standardize Karar Matrisi

Bolgeler K1 K2 K3 K4 K5 K6

istanbul 1,7635 1,7635 1,7568 0,8946 1,7048 1,7863

Bati Marmara 41,1192 -1,1192 0,2602 -1,2446 -0,2007 -0,2748

Ege -0,1596 -0,1596 0,5530 0,2214 0,3946 0,1815
Dogu Marmara 0,8700 0,8700 0,8780 0,5112 0,8096 0,8353
Bati Anadolu 1,0058 1,0058 0,9900 -0,2876 1,1920 1,3277
Akdeniz 0,2100 0,2100 0,1506 0,9388 0,1011 0,1088

Orta Anadolu -0,2435 -0,2435 0,0525 -0,2396 0,0933 0,0448

Bati Karadeniz -1,5870 -1,5870 -0,4515 -1,7280 -0,4742 -0,6471

Dogu Karadeniz -0,5824 -0,5824 -0,1949 0,0255 0,1105 -0,0231

Kuzeydogu Anadolu  -1,0334 -1,0334 -1,6745 -1,1671 -1,9737 -1,9408

Ortadogu Anadolu  -0,0262 -0,0262 -1,2747 0,3987 -1,1294 -0,8756

Glineydogu Anadolu  0,9021 10,9021 -1,0455 1,6767 -0,6278 -0,5231

3. (¥} ve (y;) degerlerin hesaplanmasi: ideal degerler Esitlik
(12) ve anti-ideal degerler ise Esitlik (13) kullanilarak elde
edilir.

Tablo 18 Ideal ve Anti Ideal Degerler

K1 K2 K3 K4 K5 K6
yf]'- 1,7635 1,7635 1,7568 1,6767 1,7048 1,7863
¥i; -1,5870 -1,5870 -1,6745 -1,7280 -1,9737 -1,9408
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4 Alternatiflerin  agirlhikli Oklid Uzakliklari ve igin indeks
puanlarinin hesaplanmasi: 2021 yili bélgelerin BIiT kullanim
performanslar1 Tablo 19°da yer almaktadir.

Tablo 19 Bélgelerin 2021 Yili BIT Kullanim Performanslar

Bolgeler WEDi+  WEDi- 1S Sira
istanbul 0,1399 1,3810 0,9080 1
Bati Marmara 1,0296 0,5017 0,3276 10
Ege 0,6695 0,7877 0,5405 6
Dogu Marmara 0,3942 11,0444 0,7260 2
Bati Anadolu 0,4274 11,0960 0,7194 3
Akdeniz 0,6052 0,8542 0,5853 4
Orta Anadolu 0,7619 0,6850 0,4734 7
Bati Karadeniz 1,2102 0,3698 0,2341 11
Dogu Karadeniz 0,8143 0,6543 0,4455 8
Kuzeydogu Anadolu  1,3158 10,1714 0,1152 12
Ortadogu Anadolu  0,9147 0,5953 0,3942 9
Gilineydogu Anadolu 0,6951 0,9370 0,5741 5

Tablo 19 incelendiginde BIT kullanimda Istanbul, Dogu
Marmara, Bat1 Anadolu bolgeleri ilk {i¢ sirada yer almaktadir.

2014-2021 yillarma ait BIT kullamim performansi Tablo 20°de
yer almaktadir.

Tablo 20 2014-2021 Yili Stralama Degerlerinin Karsilastirilmast

Bolgeler 2014 Yih 2021 Yih
istanbul 1 1
Bati Marmara 3 10
Ege 4 6
Dogu Marmara 2 2
Bati Anadolu 7 3
Akdeniz 6 4
Orta Anadolu 8 7
Bati Karadeniz 9 11
Dogu Karadeniz 5 8
Kuzeydogu Anadolu 11 12
Ortadogu Anadolu 10 9
Glineydogu Anadolu 12 5

Tablo 20 incelendiginde, 2014 yilinda 7. Sirada olan Bati
Anadolu Bolgesi 3. Swraya yiikselmistir. Aymi sekilde
Gilineydogu Anadolu bolgesi 2021 yilinda en fazla performans
artisin1 gostererek 5. Siraya yiikselmistir. 2014 yili degerlerine
gore bolgesel performans siralamalari farklilagmistir.

4. Sonug¢

Bu ¢alismada PSI ve WEDBA yontemleriyle, 2014 ve 2021
yillar1 Tiirkiye’de bolgelerin bilisim teknolojileri kullanim
performanslart kargilagtirillmigtir. Arastirma konusu bdolgelere
gore bilgi teknolojilerinin donemsel performasini karsilastiran
ilk caligmalardan oldugundan dolayi, ¢alisma literatiire katki
saglayabilir.
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2014 yili BIT kriterlerinde internet erisimi (K1) %18,57
degeri ile en 6nemli kriter oldugu sdylenebilir. Diger kriter
agirliklart ise genis bant (K2) %18,02, internet kullanimi1 %17,84
(K6), mobil genis bant %17,20(K4), diizenli internet kullanimi1
%16,19 (K5), sabit genig bant %12,19 (K3) oldugu goriilmiistiir.

2014 yili Bolgelerin performans siralamalarina bakildiginda
en basarili bolge Istanbul olmustur. Diger bolgeler ise Dogu
Marmara, Bati Marmara, Ege, Dogu Karadeniz, Akdeniz, Bati
Anadolu, Orta Anadolu, Bati Karadeniz, Ortadogu Anadolu,
Kuzeydogu Anadolu, Giineydogu Anadolu olmak iizere
siralanmugtir.

2021 yili BIT kriterleri incelendiginde mobil genis bant
(K4) %17,89 orani ile en 6nemli kriterdir. Internet erisimi (K1)
ve genis bant %17,57 (K2) degerleriyle ile esit derecede dnemli
kriterlerdir. Diger kriter agirliklartysa internet kullanimi (K6)
%17,17, diizenli internet kullanimi (K5) %16,81, sabit genis
bant %12,64 olarak hesaplanmistir.

2021 yih Bélgelerin performanslar1 ise Istanbul, Dogu
Marmara, Bati Anadolu, Akdeniz, Gilineydogu Anadolu, Ege,
Orta Anadolu, Dogu Karadeniz, Ortadogu Anadolu, Bati
Marmara, Bati Karadeniz, Kuzeydogu Anadolu bolgeleri olarak
gergeklesmistir.

Calismada elde edilen sonuglara gore tiim kriterlerde en iyi
performans1 gosteren ilk iki bolge Istanbul, Dogu Marmara
bolgeleri 2021 yilinda da en iyi performansi gostererek
siralamadaki  yerleri degismemigtir. 2014 donemine gore
kriterlere gore performansi azalan bdlgelerin 2021 yilindaki
siralamalart ise Batt Marmara (3->10), Dogu Karadeniz (5->8),
Ege (4->6), Bati Karadeniz (9->11), Kuzeydogu Anadolu (11-
>12) bolgeleri seklinde gerg¢eklesmistir. 2014 yilina gére daha
iyi performans gosteren bolge, 12. Siradan 5. Siraya ¢ikan
Gilineydogu Anadolu bolgesidir. 2014 yilinda performansi artan
bolgeler ise Bati Anadolu Bolgesi (7->3), Akdeniz Bolgesi (6-
>4), Orta Anadolu (8->7), Ortadogu Anadolu (10-9) bolgeleridir.

Selim ve Bayanel (2017) yapmis olduklari ¢alismada 2013
yili Hanehalki Bilisim Teknolojileri Kullanim Arastirmasi
verilerini  kullanarak bilisim teknolojileri {irlinleri sayisini
belirleyen faktorleri incelemislerdir. Caligmalarinda Tiirkiye’de
bilisim  teknolojileri  {irlinleri sayis1 bakimindan  dogu
bolgelerinin ve kirsal kesimin, bati bolgeleri ve kentsel kesime
gore dezavantajli durumda oldugunu ifade etmislerdir. Rengber
(2018) Tiirkiye’de illerin bilgi iletisim teknolojileri gelismislik
diizeylerini inceledigi calismasinda benzer sekilde Dogu ve
Gilineydogu Anadolu bolgelerinin daha az gelistigi sonucuna
ulagsmigtir. Bu ¢aligmalarla, 2014 yili verilerine goére bolgesel
performans sonuglar1 ortiismektedir. 2021 yilinda ise en fazla
gelisim gosteren bolge Giineydogu Anadolu bolgesidir. Dogu ve
Gilineydogu  bolgelerindeki alt yapt 6nemli derecede
iyilestirildigi sdylenebilir. Bilgi toplumu yolunda dezavantajli
bolgelerde sabit bant genisligi daha fazla artirilmalidir.

Tiirkiye’de BIT kullanim performansinin yillara gore artan
bir performans gostermektedir. Pandemi siirecinde internet alt
yapisinin giiglendirilmesi, uzaktan/esnek ¢aligma modellerinin
benimsenmesi, ozellikle Milli Egitim Bakanligi’nin “Firsatlari
Artirma, Teknolojiyi Iyilestirme Hareketi (FATIH)” projesi
kapsaminda bilgi iletisim teknolojilerine yonelik dezavantajli
bolge/okullarda alt yapr yatirimlarimin bolgesel performanslari
etkiledigi ifade edilebilir.

2021 yil1 itibari ile internet erisim yiizdesi 6nemli dlgiilerde
artmistir. Yiiksek baglant1 hizi ile birlikte internet alt yapisinin
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bolgesel farkliliklarin giderilerek iilke genelinde
yayginlastirilmasi, tim alanlarda/sektorlede kaynaklarin verimli
kullanilmasina ve bilgi toplumu yolunda Onemli adimlar
atilmasina katki saglayabilir.
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Abstract

Street lighting accounts for a large part of the total energy consumption in cities. This study focused on reducing energy consumption
in light-emitting diode (LED) street lighting and detecting defective LED streetlights. For this purpose, a microcontroller-based
wireless communication system has been designed for smart LED streetlights. In the designed system, the light intensity of the LED
streetlight, the air temperature and humidity, and the number of movements around the streetlight were observed. The developed
module consists of an embedded system in which the observed values are analyzed, and the brightness of the LED luminaire is
controlled according to the output. The microcontroller used in the embedded system is programmed with the C programming
language to enable the communication of the sensors and data transmission. A human-machine interface has been developed for
observing the measured values. Long-range (LoRa) technology is used to transfer the data received from the sensors to the computer
environment. LoRa technology consists of an end device, gateway, server (Chirpstack), and human-machine interface. After sunset,
the motion sensor was activated and the number of environmental movements was detected. The environment was described as
crowded or secluded according to the number of detected movements. The brightness of the LED streetlight was determined
automatically after midnight according to the ambient conditions. The effects of the developed system on energy consumption were
analyzed, and the results were presented.

Keywords: LoRa, Microcontroller, Fault detection, Energy saving, Smart streetlight.

Akilhh Sokak Lambalari icin Mikrodenetleyici Tabanh Kablosuz

Haberlesme Sistemi Tasarimm
Oz
Sokak aydinlatmasi sehirlerdeki toplam enerji tiiketiminin biiyiik bir kismin1 olusturmaktadir. Bu ¢alisma, 151k yayan diyot (LED)
sokak aydinlatmasinda enerji tiiketimini azaltmaya ve arizali LED sokak lambalarini tespit etmeye odaklanmistir. Bu amagla akilli
LED sokak lambalari i¢in mikrodenetleyici tabanli kablosuz iletigim sistemi tasarlanmistir. Tasarlanan sistemde LED sokak
lambasinin 151k siddeti, hava sicakligr ve nemi ile sokak lambasinin etrafindaki hareket sayis1 gézlemlenmistir. Gelistirilen modiil,

gozlenen degerlerin analiz edildigi ve ¢ikisa gore LED armatiiriin parlakliginin kontrol edildigi gomiilii bir sistemden olugsmustur.
Gomiilii sistemde kullanilan mikrodenetleyici, sensorlerin iletisimini ve veri iletimini saglamak i¢in C programlama dili ile

1* Corresponding Author: emrecevdetyilmaz@gmail.com
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programlanmustir. Olgiilen degerlerin gézlemlenmesi igin bir insan-makine arayiizii gelistirilmistir. Sensorlerden gelen verileri
bilgisayar ortamina aktarmak i¢in uzun menzilli (LoRa) teknolojisi kullanilmistir. LoRa teknolojisi, bir ug¢ cihaz, ag gegidi, sunucu
(Chirpstack) ve insan-makine arayiiziinden olugur. Giin batimindan sonra hareket sensorii devreye girmistir ve ortam hareketlerinin
sayisi tespit edilmistir. Tespit edilen hareket sayisina gore ortam kalabalik veya tenha olarak tanimlanmistir. LED sokak lambasinin
parlakligi, ortam kosullarina gore gece yarisindan sonra otomatik olarak belirlenmistir. Gelistirilen sistemin enerji tikketimi tizerindeki

etkileri analiz edilmis ve sonuglar sunulmustur.

Anahtar Kelimeler: LoRa, Mikroislemci, Hata tespiti, Enerji tasarrufu, Akilli sokak lambasi.

1. Introduction

Electrical energy consumption is overgrowing with
population growth and urbanization (Satterthwaite, 2009). The
increase in energy consumption brings with it types such as
environmental, noise, and light pollution (Gallaway, Olsen, &
Mitchell, 2010). Reasons for light pollution; are street lighting,
vehicle lighting, and lighting made to decorate parks and
gardens (Korkmazer et al., 2019). Street lighting illuminates the
environment at night, increases the viewing distance, creates a
sense of trust, and decorates the environment (Douglas &
Douglas, 2004). However, unconscious and excessive lighting
negatively affects nature and electrical energy consumption
(Abdou, 1997). Street lighting can be divided into classical and
light-emitting diode (LED) lighting (Lagorse, Paire, & Miraoui,
2009). In classical lighting, the preferred luminaire type is
sodium vapor street luminaire (Rustemli & Demir, 2021). The
sodium vapor streetlight is monochrome, relative to the color
visible during the day, and shows objects as shaded black
(Owens & Lewis, 2018). Besides, sodium vapor fixtures require
warm-up time (Peck, Ashburner, & Schratz, 2011). Sodium
vapor fixtures cannot operate at full power during the warm-up
period and glow pink/red (Xie et al., 2011). Sodium vapor
armatures have a life of 9000 - 12000 hours (Sanford, 2004).
With the emergence of LED street fixtures, sodium vapor
fixtures are no longer preferred (Minnaar et al., 2015). LED
technology has high energy efficiency, low cost, and long life,
and therefore it has been used in many interior and exterior
lighting areas, especially street lighting (De la Obra et al., 2017).
LED luminaires are more advantageous than traditional lighting
with their features such as providing the same light power with
lower energy, saving a large amount of energy, long-lasting
around 50,000 hours without maintenance, and not changing
color when the light is dimmed/turned on (Taguchi, 2008). LED
street luminaires are available in different colors (Davidovic et
al., 2019). In addition to converting street luminaires from
sodium vapor to LED luminaires, the adverse effects can be
reduced by making systems intelligent (Yoomak et al., 2018).
Also, making systems smart increases energy savings and social
welfare (Sharma et al., 2021). Intelligent systems realize features
such as using electrical energy at the desired level and
passivation by adapting to environmental factors at certain times
(Goodenough, Abruifia, & Buchanan, 2007).

In this study, designed a system to reduce energy
consumption by making the LED streetlight smart and detecting
faulty streetlights. There are sensors in the system that measure
the light intensity, humidity, and temperature of the environment
and detect the movement in the environment. These variables are
the light-dependent resistor, which measures the light intensity
of the LED streetlight, the motion sensor that captures the
movement in the environment, and a temperature and humidity
sensor that measures the temperature and humidity of the
environment. In the designed system, a Long-range wide area
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network infrastructure was used for data transfer to the server
and the processes reaching the processor from the server.
Inversely proportional to the number of detected movements, the
brightness of the streetlight decreases at specific rates after
midnight. The streetlight was not completely turned off to not
create a security gap and not disturb the welfare of society. At
sunrise, the streetlight is completely turned off. The system
checks whether the streetlight is off. If the streetlight is not
turned off, the server is informed that it is not turned off. All
variables can be monitored with the designed human-machine
interface.

The declaration's content is as follows: the equipment used
and the communication protocol are mentioned in Section 2. the
results obtained in the designed project are given in Section 3.
conclusions are presented in Section 4, and future research
directions are outlined.

2. Material and Method

The designed system consists of a light-dependent resistor
for light-emitting diode (LED) luminaire, temperature and
humidity sensor for ambient temperature and humidity, motion
sensor for human density, in-plane switching display, and LED
street luminaire, power supply, L298N motor driver, and,
STM32L053R8 microcontroller. It also consists of a Long-range
(LoRa) end device, LoRa gateway, server, and application that
enables the system to exchange information, retrieve information
such as time and date, display broadcast information, and store
sensor data. Voltage control on the L298N is done by pulse
width modulation. The workflow diagram of the designed
system is given in Fig. 1.

Fig. 1. Workflow Diagram
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2.1. Peripheral Units

The designed system uses a light-dependent resistor (LDR)
to measure the light intensity emitted by the light-emitting diode
(LED) luminaire. The operating temperature range of the LDR is
between -30 °C and 70 °C, and it is an analog sensor. A 100nF
capacitor is connected in series with the LDR to prevent noise in
the measurement. In the proposed work, an analog to digital
converter (ADC) system converts analog signals from the
temperature sensor to digital signals. The resolution of the ADC
is 12 bits. The LDR is calibrated to lux. Thanks to its wide input
voltage between 3.5 and 5 volts, it is also used in many
applications and industrial projects. LDR is placed in the closest
position to the LED luminaire as it is aimed to get maximum
efficiency from the operation. The LDR used in the designed
system is shown in Fig. 2.

o

2

Fig. 2. Light Dependent Resistor (Putri & Aryza, 2018)

In the designed system, the DHT-11 temperature and
humidity sensor was used to create a new data set, use it in other
studies, and create a more prosperous environment. The sensor is
digital output and calibrated. The operating voltage range is
between 3.5 and 5 volts. Over and above, the operating
temperature is between 0 °C and 50 °C. The sensor uses a single
bus format for communication. A communication process is
approximately 4 ms. Data transmission is a combination of
significant and insignificant bytes, totaling 5 bytes. The
temperature and humidity sensor is preferred for anti-
interference, fast response, small size, low energy consumption,
and signal transmission up to 20 meters. The temperature and
humidity sensor used in the designed system is shown in Fig. 3.

Fig. 3. Temperature and Humidity Sensor (Yuen et al., 2018)

Motion module HC-SR501 is used to detect movements
around the LED luminaire. The motion module detects motion
thanks to its infrared sensor. The module has an adjustable
motion detection distance of 3 to 7 meters. The module has a
digital output, and how long the result stays high can be
adjusted. It gives 3.3 volts. The input voltage is between 5 and
20 V. It is aimed to detect the maximum number of movements
by minimizing the duration of the output being high. The motion
sensor used in the designed system is shown in Fig. 4.

ot

Fig. 4. Motion Sensor (Shiraki et al., 2021)

The LED luminaire used in the system contains 16 LEDs
and has a square structure. It has an operating range of 12 - 24 V.
It consumes 48 watts of energy at 100% brightness. It has been
used in the recommended system due to its waterproof and long
life. The LED luminaire in the designed system is shown in Fig.
5.
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Fig. 5. LED Luminaire

In-plane switching (IPS) thin-film transistor (TFT) display
module is placed in the system to see the data received from the
sensors instantly. The dimensions of the IPS screen used are 13.5
mm X 27.95 mm x 1.5 mm. Its resolution is 80 x 160 pixels. It
also communicates with the microcontroller via serial peripheral
interface protocol. It is placed inside the box that protects the
module, preventing it from being affected by adverse weather
conditions. The 0.96" 80x160 IPS TFT display module used in
the designed system is shown in Fig. 6.

Fig. 6. 0.96" 80x160 IPS TFT Display Module

STM32L053R8 microcontroller has a 64 KB flash 32-bit
ARM cortex MO core. In this project, the microcontroller Long-
range LoRa module will transfer the data and fault information
from the motion, LDR temperature, and humidity sensors to the
relevant institutions. LDR will use it to control the light level of
the system. Unlicensed frequency channels are used in the
industrial, scientific medical band (ISM). Otherwise, the radio
frequency output power is designed not to exceed the value that
can be used without the need for a license. In this way, the cost
of the system has been dramatically reduced. This system is used
in the ISM band with 868 MHz. It first sends a media access
control command to the server when the system boots up. The
server sends the system's hour, minute, second, and date
information. Time-based transactions are easily performed under
the auspices of the time data received from the server. The (a)
STM32L053R8 Microcontroller and, (b) SX1276 M1MAS LoRa
End-Device used in the designed system is shown in Fig. 7.

] "“Efll

Fig. 7. (a) STM32L053R8 Microcontroller and, (b)
SX1276M1MAS LoRa End-Device

These devices use wireless, cellular sharing technologies,
and TCP/IP protocol to transfer data from LoRa nodes to the
server. The LoRa gateway will transfer the data coming from the
LoRa communication module connected to the smart streetlight
to the server in the proposed system. Additionally, it transmits
data from the server to the LoRa end device. The LoRa gateway
used in the designed system is shown in Fig. 8.

(b)

s

X

Fig. 8. LoRa Gateway (Widianto, Pakpahan, & Septiana, 2018)
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2.2 Proposed Smart Streetlight System

A motion sensor was used to detect the number of
movements around the streetlight from sunset to 00:00. The
variable value of the motion sensor increases by one each time it
detects motion. When the variable reaches 60, the environment
is considered crowded, and the brightness of the light-emitting
diode (LED) luminaire remains at 100%. If the amount of
motion detected due to the measurement is between 30 and 60,
the brightness is 25%, and when less than 30% motion is
detected, the brightness decreases by 50%. The brightness ratio
remains at 50% when there is no motion. The brightness of the
LED luminaire is not turned off completely, as completely
turning off the LED Iluminaire will cause a decrease in
environmental safety and an uncertain environment. When the
LED luminaire works, its average temperature is 60 °C. Light-
dependent resistor (LDR) continuously measures the luminous
intensity of the LED street luminaire. When the value received
from LDR falls below a specific value, it is understood that the
streetlight does not work. The temperature and humidity sensor

Requssting local
time from server

No

21d the server send B
local time?

measures the temperature and humidity of the environment. A
liquid-crystal display panel is placed inside the module so that
the data received from the sensors can also be seen on the
module. The measured temperature and motion data, erroneous
or non-defective information, and brightness information are
transmitted by radio frequency to the Long-range (LoRa)
gateway by the LoRa end device. LoRa gateway has internet
access. In this way, the data is transferred to the server. Radio
LoRa broadcasts were made every 1 hour. It also informs the
relevant institutions by broadcasting when the streetlight does
not give light. 868 MHz is broadcast according to European
standards. A Long-range wide area network (LoRaWAN) default
end node class port is defined as Class C. LoRaWAN adaptive
data rate is on. The LoRaWAN activation type is authentication
by personalization. The flowchart of the system is given in Fig.
9.
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9. Flowchart of The System
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The overview of the system is given in Fig. 10.

Fig. 10. System Overview

3. Results and Discussion

This system, it is aimed to examine the relationship between
the amount of energy consumed by the light-emitting diode
(LED) streetlight in different modes and the amount of energy
consumed by the sodium vapor streetlight in different periods,
and the amount of energy consumed. To speed up
troubleshooting/repair phases with an LED streetlight. There are
sensors in the system that measure the value of 4 variables.
These variables are the light-dependent resistor (LDR), which
measures the light intensity of the LED streetlight, the motion
sensor that captures the movement in the environment, and a
temperature and humidity sensor that measures the temperature
and humidity of the environment. LDR and motion sensor are
active when the LED streetlight is turned on to save energy. The
temperature and humidity sensors are always busy. In the
designed system, a Long-range wide area network infrastructure
was used for data transfer to the server and the processes
reaching the processor from the server. When the system starts,
it sends a media access control (MAC) command to the server to
learn the local time. The server checks local time information to
determine whether a downlink is made or not. If the local time
does not reach the system, the MAC command is repeated at
certain time intervals. When the local time goes to the processor,
it is controlled when the LED streetlight will turn on according
to the month and day. When the LED streetlight is on, it lights
up at 100% brightness, and at the same time, the motion sensor
and LDR sensor start to measure. When the light intensity falls
below a specific value, the streetlight sends the LoRa terminal
device to the server with the information that the streetlight is
malfunctioning. When the time is 00:00, the number of detected
motions is evaluated. If the total number of detected movements
is more than 60, the streetlight continues to glow at 100%
brightness. If the total number of seen motions is between 30
and 60, the streetlight will turn on at 75% brightness, and if less
than 30, at 50% brightness. In order not to create a security gap
and not to deteriorate the welfare of society, the streetlight was
not completely turned off. At sunrise, the streetlight is
completely turned off. The system checks whether the streetlight
is turned off. If the streetlight is not turned off, the server is

e-ISSN: 2148-2683

informed that it is not turned off. An example view of the
designed computer interface is shown in Fig. 11.

[l Lisnting Systam Manrerng = a x

4% %% ¥ Ny

Fig. 11. Designed Interface

As a result of the measurements, the data presented in Table 1.
are presented in terms of the current drawn by the streetlight at
different brightnesses in amps, the voltage used in volts, and the
total power consumed in watts.

Table 1. Total Power Consumed at Different Brightnesses

Brightness Current Voltage | Total Power
(A) V) Consumption
(W)
100% 0.565 A 10.26 V 5.80 W
Brightness
75% 0.493 A 9.15V 451W
Brightness
50% 0.410A 7.24V 297TW
Brightness
25% 0.224 A 3.34V 0.75W
Brightness

The amount of energy consumed by the streetlight at different
brightnesses is shown in Fig. 12 every month.

ENERGY CONSUMPTION (Wh)
v
/J

MONTHS

100% 50% 25%
BRIGHTNESS IRIGHTIVESS BRIGHTNESS BRIGHTNESS

Fig. 12. Energy Consumption of Streetlight by Month
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4. Conclusions and Recommendations

This study designed and tested a light-emitting diode (LED)
street luminaire system with communication protocol instead of
a sodium vapor street luminaire. The brightness of the LED
streetlight should be checked by examining the data received
from the sensors connected to the system. The transfer of data to
the server was performed by the long-range (LoRa) end device,
the LoRa gateway. The long-range wide area network protocol
can be quickly and successfully applied to transmit data and
multiple systems. The data reaching the server can be easily
examined thanks to the prepared interface, and the authorized
person is automatically informed via e-mail in case of
unintentional data changes. Sodium vapor street fixtures
consume 70-400 Watts of power. Thanks to the designed system,
energy consumption has decreased considerably, and significant
energy saving has been achieved. The LED streetlight
malfunctioned cases were determined, and the malfunction
information was sent to the server. The system was
implemented, the application details were explained, and
presented the results. Based on the results given, no problems
were encountered in the communication and stability of the
system, and it has been shown to perform adequately. Machine
learning methods can be used to improve wireless
communication in case the proposed work is continued or
similar in the future.
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Oz

Diinyanin pek ¢ok yerinde, tarihi eser niteligi tagiyan yapilarda kire¢ esasli harg ve sivalarin kullanildigi bilinmektedir. Horasan harci
ise llkemizin Onemli kiiltire] miraslarmi olusturan tarihi yapilarda siklikla rastlanan kire¢ esasli bir geleneksel harg tiiriidiic
Yiizyillardan beri yapilarn insas1 sirasmda orgii ve siva harci olarak kullanilan Horasan harci giiniimiizde bu yapilarin onarim ve
gliclendirme islerinde sikhikla tercih edilmektedir. Bu sebeple, bu harcin dayanim ve durabilite 6zelliklerinin gelistirilmesine yonelik
cahigmalar devam etmektedir. Bu ¢ahsmada dasentetik bir lif ¢esidi olan polipropilen lif takviyesinin, yiliksek sicakliga maruz birakilan
Horasan harcinin bazi 6zelliklerine etkisi incelenmisti. Bu amagla, kontrol karisimina ek olarak %0.4, 0,6, 0,8 oranlarinda 3 mm
uzunlugunda polipropilen lif igeren toplamda 4 farkli har¢ karisim hazirlanmisti. Tiim kangmmlar i¢in su/baglayici, agrega/baglayict
oranlari ve yayilma degerleri sirasiyla, 0,91, 3,0 ve 150£10 mm olarak sabit tutulmugtur. Tiim karigimlarda, baglayici kiitlesinin %80’ini
dogal hidrolik kire¢ ve %20’sini tugla tozu olusturmaktadir. Agrega olarak ise, %70 oraninda tugla kirig1 %30 oraninda dere kumu
kullantlmisti.  Elde edilen har¢ numunelerinin, 90 giinliik kiir siiresisonunda, baslangigc durumunda ve 300, 600, 900 °C sicakhiga maruz
birakildiktan sonraki birim hacim agirlik, ultrases gegis hiz1 ve dinamik elastisite modiilii degerleri belirlenmistir. Deneysel ¢alisma
sonucunda, harg karigimlarinda Iif kullanimi ve dozajmm artig1 ile hedef yayilma degerine ulagabilmek i¢in su azaltict katki ihtiyacmm
artt1g1 tespit edilmistir. Ayrica, lif igerigine bagl olarak, numunelerin baslangic durumunda ve 300 °C sicakhifa maruz brrakildiklarinda
s0z konusu degerlerinde azalma oldugu goriilmiistiir. Daha yiiksek sicakhiklarda ise lifli ve lifsiz numunelerin ultrases gegis hizi ve
dinamik elastisite modiilii degerleri agisindan benzerlik gdsterdigibelirlenmistir.

Anahtar Kelimeler: Horasan Harci, Kire¢ Harci, Polipropilen Lif, Yiiksek Sicaklik

Effect of Elevated Temperature on Some Properties of Polypropylene

Fiber Reinforced Khorasan Mortar
Abstract

In many parts of the world, it is known that lime-based mortars and plasters are used in buildings that have the characteristics of historical
monuments. On the other hand, Khorasan mortar is a traditional type of lime-based mortar that is frequently found in historical buildings
that constitute the important cultural heritage of our country. Khorasan mortar was used as a masonry mortar and plaster d uring the
construction of structures for centuries. It is also frequently preferred in the restoration works of these structures. Forthis reason, studies
are continuing to improve the strength and durability properties of this mortar. In this study, the effect of polypropylene fiber
reinforcement on some properties of Khorasan mortar specimens exposed to high temperatures was investigated. For this purpose, in
addition to the control mixture, four different mortar mixtures containing 3 mm long polypropylene fiber at 0.4, 0.6 and 0.8% ratios
were prepared. Water/binder, aggregate/binderratios and target flow value for all mixtures were constantat0.91, 3.0 and 150+10 mm,
respectively. 80% of the binder mass consists of natural hydraulic lime and 20% of brick dustin all mixtures. 70% crushed brick and
30% river sand were used as aggregate. At the end of the 90-day curing period, the unit weight, ultrasonic pulse velocity and modulus
of dynamic elasticity values of the mortar specimens were determined in their initial state and after exposure to 300, 600, 900 °C. As a
result of the experimental study, it was determined that the need for water-reducing admixture increased to reach the target flow value
with the increase in fiber utilization ratio in mortar mixtures. In addition, depending on the fiber utilization ratio, it was observed that
the values in question decreased in the initial state and after exposure to a temperature of 300 °C. At higher temperatures, fibrous and
non-fibrous specimens were found to have similar properties in terms of ultrasonic pulse velocity and modulus of dynamic elasticity.

Keywords: Khorasan Mortar, Lime Based Mortar, Polypropylene Fiber, Elevated Temperature.
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1. Giris

Cimento teknolojisinin gelismesinden 6nce yapilarda, kireg
esash harglarm tercih edildigi bilinmektedir. Bu sebeple, tarihi
yapilarda kire¢ esash harglara siklikla rastlanmaktadir. Ancak
kirecin geg priz almasi, dayanim kazanma siiresinin uzun olmas1
ve gozenekli yapis1 nedeniyle g¢esitli dayanim ve dayaniklilik
sorunlan gézlemlenebilmektedir (Silva ve ark., 2019; Arizzi ve
Cultrone, 2012). Bu amagla, dénemin teknolojisine bagl olarak,
cesitli katki ve lif kullanmm ile bu harglarm dayanim ve
dayanikhlik performanslart arttinlmaya ¢aligilmigtir (Brandt,
2008; Tekin ve Kurugdl, 2012). Kire¢ esash bir harg tiirii olan
Horasan harci, Ogiitiilmiis tugla veya kiremit parcasi igeren
geleneksel bir harg tiiridiir. Horasan harcinin yapisinda bulunan
pismis kil (tugla tozu, tugla king1 vb.), puzolanik aktivite 6zelligi
ile harcmn hidrolik performansini arttirarak, karigimlarm dayanim
ve dayaniklilik 6zelliklerini olumlu etkilemektedir. Horasan harci,
hidrolik 6zelliginden otiirli, Osmanli, Selguklu ve Bizans
donemlerinde, suya maruz kalan yapilarda siklikla tercih
edilmistir (Akman ve ark.,1986; Boke ve Ipekoglu, 2004; Isafca
ve ark, 2021).

Tarihi yapilarda, ¢evresel kosullara, dinamik yiiklere, yapmnm
kullanim amacma ve kullanilan malzeme gibi etkenlere bagh
olarak gesitli bozulmalar meydana gelebilir (Torraca, 1982; Isafca
ve ark., 2021). Yangmlar da bu etkenlerden biridir. Diinyanm pek
¢ok farkhi yerinde meydana gelen yangmlar, tarihi yapilarda ciddi
hasarlar meydana getirmektedir. Horasan harci gibi, yigma
yapilarda tastyict duvarlann olugturan elemanlart birbirine
baglama amach yada yapiy1 korumak iizere siva olarak kullanilan
malzemelerin, yiikseksicakliga maruz kalmasi sonucunda, fiziko -
mekanik ve kimyasal ozellikleri o6nemli derecede olumsuz
etkilenebilmektedir. Ornegin, 6rgii harglarmm performansmin
zayiflamast yapmm stabilitesinin olumsuz etkilenmesine sebep
olabilmektedir. ~ Yangma maruz kalan harcm performansi,
malzemenin yapisi, ulagilan maksimum sicaklk ve maruz kalma
siiresigibi etkenler ile iligkilidir (Pachta ve Stefanidou, 2021).

Cimentolu sistemlerde, yiiksek sicakhga karsi direncin
arttrlmasmda polipropilen (PP) lifler siklikla kullanilmaktadir
(Akga ve Zihnioglu, 2013; Akca ve Ozyurt, 2018; Durgun ve ark.,
2021). Lifler, yiiksek sicakhikta eriyerek yiiksek sicaklik etkisine
bagh olarak olusabilecek buhar basmcinin azalmasini saglayan
bosluklar olusturmaktadi. Fakat, Horasan harcmm yiiksek
sicaklik direncinin arttmlmasma yonelik yapilan ¢ahgmalarda
eksiklik oldugu goriilmiistiir.

Bu ¢alsma kapsaminda da yiiksek sicaklifa maruz birakilan
PP lif takviyeli Horasan har¢ numunelerinin dinamik elastisite
modiilii ve gdzeneklilik 6zelliklerinin ultra-ses gecis hiz (UPV)
deneyi yardimi ile yorumlanmasi hedeflenmistir. Bu amacla, lif
icermeyen kontrol karigimma ek olarak, hacimce %0,4, 0,6 ve 0,8
oranlarmda PP lif igeren toplamda 4 farkh har¢ karigimi
hazirlanmuisti. Hazirlanan harg karigmmlarmm, 15010 mm olarak
belirlenen hedef yayilma degerine ulasabilmesi i¢in gerekli su
azaltict katki miktann ve zamana bagh yayilma degerleri
belirlenmigtir. 90 giinliik kiir siiresinin sonunda sertlesmis hal
birim hacim agirlik (BHA), ultrases gegis hizt (UPV) ve dinamik
elastisite modiilii (DEM) degerleri tespit edilmistir.
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2. Materyal ve Metot

2.1. Malzemeler

Horasan harg karigimlarinda, baglayici olarak agirhkga %80
dogal hidrolik kire¢ (NHL3,5) ve %20 tugla tozu (90 um elekten
elenmis) kullanilmisti. Hidrolik kire¢ vetugla tozunun fiziksel ve
kimyasal Ozellikleri Tablo 1’de verilmigtir Agrega olarak 4
mm’lik elekten elenen tugla agregasi ve nehir kumu tercih

edilmigtir.
gOsterilmistir.

Tablo 1. Har¢ karisimlarinda kullanmlan dogal hidrolik kireg

Agregalara  ait

gradasyon egrisi

Sekil

ve tugla tozuna ait fiziksel ve kimyasal 6zellikler

I’de

Miktar
Bilesen Birim Dogal Hidrolik Tugla
Kireg Tozu
SiO; % 8,47 47,72
Al> 03 % 3,46 14,60
Fe>03 % 0,39 11,02
CaO % 53,84 8,98
MgO % 0,62 6,51
S0; % 0,54 1,25
Na>O % 0,16 2,39
K>0 % 0,27 1,60
Kizdirma Kaybi % 30,41 0,92
Ozgiil Agirhik 2,79 2,95
Blaine cn?/g 5850 4150
100
g 80
[ >4
g 60 oz
g 40 [P e
E i - a’ ’
m 20 AT g
o Boci-—@-—="" g
0,06 0,12 0,25 0,50 1,00 2,00 4,00
Elek Aciklig1 (mm)
--&-- Tugla K ——®-- Dere Kumu

Sekil 1. Tugla agregasi ve dere kumuna ait gradasyon egrisi
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Tablo 2. Har¢ karisimlarini olusturan malzeme miktarlar

Tugla Tozu | Tugla Kirnig1 | Dere Kumu Lif (%) Su Azaltici
Karigim Kires(e) © © © SUO | T ] Katki (%)
K 280 70 735 315 320 - -
PPF4 280 70 735 315 320 0,4 0,28
PPF6 280 70 735 315 320 0,6 0,40
PPF§ 280 70 735 315 320 0,8 0,50

*Hacimce **Agirhkca

2.1.1. Karigtmlarin Hazrlanmasi

Calisma kapsaminda, su azaltici katki veya lif icermeyen
kontrol karigimma ek olarak, hacimce %04, 0,6 ve %08
oranlarmda 3 mm uzunlugundave 0,91 g/cm?® yogunlugunda PP
Iif igeren dort farkh Horasan har¢ kangmm hazirlanmigti. Tim
karigimlarm baglayici/agrega orani ve hedefyayilma degerleri
swrastyla 1/3 ve 150+10 mm olarak sabit tutulmustur. Ayrica lifli
karigimlarda, hedef yayima degerini saglamak igin
polikarboksilat eter esasli suazaltict katki kullanilmgtir.

Kangmmlarm isimlendirilmesi, i¢erdikleri lif oranlarmna
gore yapimst. Lif icermeyen kontrol kangmu K ile
gosterilitken %0,4 oraninda lif igeren karigim PPF4 olarak
isimlendirilmistir. ~Horasan har¢ kangmmlarmin {iretiminde
kullanilan malzeme miktarlar1 Tablo 2'de verilmigtir.

Tablo 2°’de wverilen karigim oranlarnn géz Oniinde
bulundurularak, yiiksek sicaklik deneyine tabi tutulmak iizere,
50 mm boyutlarinda kiip numuneler hazirlanmusti. Hazirlanan
numuneler, EN 1015-11’¢ uygun olarak, ilk 2 giinii kalip
icerisinde olmak tizere 20+£2°C’de %95+5 bagil nemli ortamda
7 giin, deney giiniine kadar da 20+£2°C’de, %655 bagil nemli
ortamda bekletilmistir.

2.1. Metot

PP Ilif kullanmmm har¢ karigimlarmmm zamana bagh
yayllma miktarma etkisini incelemek amaci ile 60 dakika
boyunca her 15 dakikada bir ASTM Cl1437 standardma gore
yayima Ol¢limii gergeklestirilmistir.

90 giinliikk Horasan har¢ numunelerinin birim hacim agrhk
degerleri TS EN 12390-7 Standardma, ultrases ge¢is hizi
degerleri ASTM (597 Standardina gore tespit edilmistir.
Numunelerin dinamik elastisite modiilleri Neville (2010)
tarafindan oOnerilen ve asagida gosterilen Denklem 1
kullanilarak hesaplanmustir.

5 1+v)(1 -2v) 1)
Egn =pc* ——————~——
(1-v)

Edn: numunenin dinamik elastisite modiilii (MPa),
p: sertlesmis numunenin yogunlugu (kg/m?),

c: ultrases gecis hiz1 degeri (knv's)

v = Poisson orani

Poisson orani tiim numuneler i¢in 0,15 olarak kabul edilmistir
(Demirkan D.S., 2014; Drougkas ve ark., 2019).
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3. Arastirma Sonuclarn ve Tartisma

3.1. Taze Hal Ozellikleri

Karigimlarm hedef yayima degerini saglamak igin su
azaltict katki gereksinimi ve zamana baglh yayilma degerleri
Tablo 3’te verilmistir.

Tablo 3: Harg karisimlarina ait zamana bagh yaytlma
degerleri (mm)

Su
Azaltic 0. 15. | 30. 45. 60.

Karisim

Katki dk dk dk dk dk

(%)™
K - 16,0 | 15,6 | 14,7 | 14,7 | 142
PPF4 0,28 16,0 | 15,6 | 154 | 151 | 147
PPF6 0,40 159 | 149 | 142 | 14,1 | 13,7
PPF8 0,50 140 | 13,3 | 13,0 | 12,5 | 12,5

*Agirlikca

Tablo 3’ten de anlasildigi gibi kanigimlara lif ilavesi ve
kullanim oranmm artmast ile istenilen yayilma degerini
saglamak i¢in su azaltict katki gereksiniminin  arttig
gorilmiistii. S6z konusu su azaltict katki gereksiniminin
artismm,  liflerin  islenebilirligi  olumsuz etkilemesinden
kaynaklandigi diisiiniilmektedir. Lif dozajinin artis1 ile bu etki
daha baskin hale gelmektedir. Literatiirde PP Lif kullanilan
caligmalarda benzer sonuglar tespit edilmistir (Izaguirre ve ark.
2011; Barbero-Barrera ve Medina, 2018).

Lif kullanimmin karigimlarm  zamana bagh yayilma
davranigina etkisini incelemek igin, karigimlarm yayilma
degerleri, her 15 dakikada bir olmak tizere 60 dakika boyunca
Olciilmiigtiir. Buna gore, 60 dakika sonunda karngimlarin
yayima degerlerindeki kaybm %7,8 ve 10,9 arasinda oldugu
gorilmiistiit. Bu baglamda, kivam koruma bakimindan en iyi
performans1 PPF4, en kotii performanst ise PPF6 karigimmin
gosterdigi belirlenmigtir.

3.2. Sertlesmis Hal Ozellikleri
3.2.1. Sertlesmis Hal Birim Hacim Agiwrltk

Calisma kapsaminda, Horasan har¢ numuneleri 25°C ve
300°C, 600°C ve 900°C sicakhga maruz birakildiktan sonra
BHA degerleri belirlenmistir. Elde edilen sonuglar Tablo 4°te
verilmistir.
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Tablo 4: Horasan har¢ numunelerine ait sertlesmis hal

birim hacim agurlik degerleri (kg/m?)

Karisimlarin sertlesmis hal BHA degerleri (kg/m?)
22°C 300°C 600°C 900°C
K 1757,33 1756 1728 1584
PPF4 1706,67 1700 1676 1544
PPF6 1714,67 1688 1680 1544
PPF§ 1680 1679.52 1628 1524

Tablo 5: Har¢ numunelerine ait UPV degerleri (km/s)

Hem kire¢ esash harglarda hem de ¢imentolu sistemlerde
kullanilan lifin topaklagmasmin, kangmlarm islenebilirlik ve
sikistirlabilirlik  dzelliklerini  olumsuz etkileyerek harcin
yapisinda bosluk olusumuna sebep oldugu bilinmektedir
(Rosato ve ark., 2017; Izaguirre ve ark., 2011; Latifi ve ark.,
2021; Durgun ve ark. 2022). Yiiksek sicakhk etkisinden
bagmsiz olarak, bu durum har¢ numunelerinin bosluk yapismi
etkilemektedir. Tablo 4’ten goriildiigii iizere Lif ilavesi ile tiim
sicakhk derecelerinde, har¢ numunelerinin BHA degerlerinde
azalma meydana gelmistir Lif dozajindan bagmmsiz olarak,
numunelerin maruz kaldig1 sicakhk arttikca BHA degerlerinde
azalma meydana gelmistir. 300 °C’ye maruz birakian tim
numuneler icin BHA degerlerindeki azalma, %1’in altinda
olmustur. Bununla birlikte BHA kaybmdaki en yiiksek ve en
disiikkayiplar swrasiyla, 600 °C icin %3,1 (PPF8) ve %1,7 (K),
900 °C i¢in ise %9,9 (K) ve %9,3 (PPF8) seklinde olmustur.

Yiiksek sicakliga maruz kalan lifli numunelerin bosluk
yapis1 iizerinde 2 farklh mekanizmadan bahsedilmektedir
(Aydin ve ark, 2008; Durgun ve ark, 2022). Birinci
mekanizmada, numunelerin igerisindeki lifler yiiksek sicaklik
altinda eriyerek numunelerdeki bosluk miktarmmm artmasina
sebep olur. Ikinci mekanizmada ise erimis liflerin olusturdugu
bosluk sebebiyle numunelerin gézeneklerindeki buhar basinci
azalr. Bu durum, bu basincin numuneye olan zararl etkisini
azalt. Buna bagh olarak yiiksek sicakliktan kaynakli g¢atlak
olusumu da azalabilmektedir. Ayrica, bosluk miktar1 fazla olan
numunelerde, soguma daha yavas gerceklesmektedir. Buna
bagh olarak da sogutma islemi swrasnda numunede catlak
olusumunun daha az oldugu bildirilmistir (Durgun ve ark.,
2022).

Calisma kapsammda kullanilan PP lifin erime sicakligi 162
°C’dir. Bu sebeple, 300°C’ye kadar yiiksek sicakhk deneyine
tabi tutulan numunelerde gerceklesen BHA degerlerindeki
azalmanm, liflerin erimesine bagh oldugu diisiiniilmektedir.
200-600°C arasmnda, har¢ yapisinda bulunan kalsiyum silika
hidrat ve kalsiyum aliimina hidratlarm dehidroksilasyona
ugradig1 bilinmektedir (Boke ve ark., 2006). 600 °C’deki agrhk
kaybmm liflerin  erimesine ek olarak bu durumdan
kaynaklandigi diisiiniilmektedir. Sicakhk 900°C’ye ulastiginda
ise, baglayicihk Ozelligi gdsteren yapilarm dekompoze olmasi
nedeniyle agirlik kaybi olugmaktadir.

3.2.2. Ultrases Gecis Hiz

Yiiksek sicakhk deneyine tabi tutulan Horasan harci
numunelerinin deney 6ncesinde ve sonrasmda UPV degerleri
Olciilmiistiit. Elde edilen sonuglar ve numunelerin baglangic
durumuna gore bagil UPV degerleri swrasiyla, Tablo 5 ve Sekil
2’de verilmistir.
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Karisimlarin UPV degerleri (km/s)
Karisim 22°C 300°C 600°C 900°C
K 1,843 1,561 1,063 0,291
PPF4 1,796 1,501 1,087 0,246
PPF6 1,795 1,403 1,071 0,217
PPF8§ 1,770 1,217 1,053 0,187
100
~ 80
S
= 60
2
M 40
>
% 20
0
300°C 600°C 900°C
Sicaklik (°C)

mK I PPF4 nPPF6 1 PPF8

Sekil 2. Yiiksek sicakliga maruz kalan numunelerin UPV
degerleriigin kayip yiizdeleri

Tablo 5’ten goriildiigii lizere sicaklik etkisinden bagimsiz
olarak lif oraninin artig1 ile UPV degerleri azalmistir. PP lif
kullaniminin, ¢imentolu sistemlerin gézenekliligini arttirdigmai
goOsteren ¢aligmalar mevcuttur (Karahan ve Atig, 2011). Bu
sonug, numunelerin birim hacim agwhk degerleri ile de
ortismektedir.  Sicaklik  artist  ile  numunelerin  UPV
degerlerindeki diisiis yiizdeleri de artmusti. 300 °C derece
sicaklikta UPV degerindeki en diisiik azalma kontrol
numunesinde ger¢eklesmistir. Lif kullanim oranmnin atmasiyla,
UPV degerindeki azalma artmigti. Bu durumun, 300 °C ‘de
eriyen liflerin bosluk olusturarak UPV degerini azaltmasmdan
kaynaklandig1 diisiiniilmektedir. Uysal ve arkadaslart da (2012)
cimentolu sistemler iizerinde yaptiklari bir ¢alhismalarinda,
yiksek sicakhfa maruz brakian, PP lif iceren numunelerin
UPV degerlerindeki diisiisiin lifsiz numunelere gore daha fazla
oldugunu tespit etmislerdir Bu baglamda, Lf kullanim ile
matriste olugsan bosluk miktarmm UPV degerlerini olumsuz
etkiledigi soylenebilmektedir.

600 ve 900 °C’de UPV degerlerindeki diisiis oranlar
birbirine yakmn olmus ancak 300 °C’deki degerlere gore artig
gostermistir. Bu durumun ise lif kullaniminm etkili oldugu 2.
mekanizmaya bagh oldugu diisiiniilmektedir. Sicakhk artigi ile
numunenin igerisinde olusan buhar basinci da artmigtir. Ancak
lif orani yiiksek olan numunelerde lifin erimesi ile olusan
bosluklar bu basmca bagh olarak meydana gelebilecek catlak
olusumunu azaltmisti. Ancak kontrol numunesinde, bosluk
miktarmm daha az olmasma bagh olarak, sicaklik artisi ile
birlikte  buhar basmcindan kaynakli hasar olustugu
diisiiniilmektedir. Buna bagh olarak, kontrol numuneleri 300
°C’de lifli numunelere gore daha {istiin performans sergilerken
600 °C’deki performansi lifli numunelere yakin olmustur.

900 °C’de ise, numunelerde renk degigimi gdzlemlenmis
ve sogumaya birakilan numunelerin boyutsal kararliiginin
bozuldugu tespit edilmistir Bu sicaklikta, tiim numunelerin
UPV degerlerinde %80’in iizerinde diisiis gergeklesmistir. Bu
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durumun, birim hacim agwlk degerlerinden de gorildiigi
tizere, numunelerin  boyutsal kararliigmm  bozulmus
olmasmdan kaynaklandig1 diistiniilmektedir (Sekil 3).

Sekil 3. 900 °C derece sicakliga maruz birakilan harg
numunelerinin sogutulmadan énce (a) ve sonraki (b)
goriiniimii

3.2.3. Dinamik Elastisite Modiilii

90 giinliikk Horasan harci numunelerinin dinamik elastisite
modiilii degerleri ve sicakliga bagh olarak meydana gelen
azalma yiizdeleri sirastyla Tablo 6 ve Sekil 4’te verilmistir.

Tablo 6: Har¢ numunelerin ait dinamik elastisite modiilii

degerleri (MPa)
Numunelerin DEM degerleri (MPa)

Karigim 22°C 300°C 600°C 900°C
K 5,671 4,066 1,855 0,127
PPF4 5,230 3,639 1,881 0,089
PPF6 5,216 3,157 1,822 0,069
PPF$§ 5,000 2,363 1,715 0,050

120
E
5100
)
% ~ 80
= X
8 Z 60
©wn O
e
£
A 0

300°C 600°C 900°C
Sicaklik (°C)

mK  MPPF4  WPPF6  MPPF8

Sekil 4. Yiiksek sicakliga bagli olarak har¢ numunelerinin
dinamik elsatisite modiilii degerlerindeki kayip yiizdeleri

Tablo 6’dan goriildiigii lizere sicakliktan bagmsiz olarak
lif takviyesi ile har¢ numunelerinin dinamik elastisite modiilii
degerlerinde belirgin bir degisim gozlemlenmemistir. Gil ve
ark. (2016) da lif takviyesinin ¢imento ve kire¢ esash harglara
etkisini inceledikleri c¢alismalarinda, kire¢ esash harglarnmn
dinamik elastisite modiilii degerlerinde 6nemli bir degisiklik
olmazken ¢imento har¢larmda bir miktar sag¢ilma oldugunu
tespit etmiglerdir.

Lif kullanimindan bagimsiz olarak, sicaklik artigt ile
birlikte dinamik elastisite modiilii degerlerinde de diisiis tespit
edilmisti. Numunelerin 6Sl¢iilen UPV degerleri ile baglantili
olarak, 300°C’de lif oraninmn atig1 ile dinamik elastisite modiilii

e-ISSN: 2148-2683

degerlerinde azalma olurken; 600 ve 900 °C’deki degerlerin
diisiis yiizdelerinde dnemli bir fark tespit edilememistir.

4. Sonu¢

Yiiksek sicakligm, lif takviyeli Horasan harcinin baz
ozelliklerine etkisinin incelendigi ¢calismada asagidaki sonuglar
elde edilmistir.

e Lif takviyesi yapilan har¢ kangmlarmm islenebilirligi
olumsuz etkilenmig ve belirlenen hedef yayilma miktarina
ulagmasi i¢in su azaltict katki gereksinimi artnustir.

e Lif kullanmmdan bagmmsiz olarak, yiliksek sicakhik
deneyine tabi tutulan har¢ numunelerinin tamaminda birim
hacim agirlik, ultarases gegis hizi ve bunlara bagh olarak
da dinamik elastisite modiilii degerlerinin azaldig1
gorillmiistiir. Sicakhk artis1 ile birlikte s6z konusu
degerlerdeki diisiis belirginlesmistir.

e Har¢c numunelerindeki Lif igeriginin artig1 ile 300°C’de
UPV ve dinamik elastisite modiili degerleri olumsuz
etkilenirken, &zellikle 600 °C sicakliga maruz birakilan
tiim numunelerin s6zkonusu degerleri arasinda 6nemli bir
fark olmadig1 goriilmiistiir.
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Oz

Rekabet ortammnm fiyat ve {iriin kalitesi ile degerlendirildigi giiniimiizde iiretim maliyetini dogru hesaplamak 6nem kazannustir.
Ozellikle biiyiik gaph iiretimlerde hatali maliyet hesab1 goz ardi edilemez. Teknoloji gelistikge sirketler daha dogru, daha kapsamli ve
daha hizli maliyet hesaplamalar1 yapabilmek i¢cin gelismis teknolojilere yonelmistic. Bu durum; dogru maliyet ¢ikarmm yapabilmek,
gelir ve gider verilerini kayit altmda tutabilmek, ge¢mis hesaplamalari inceleyebilmek gibiihtiyaglar dogurmustur. Son yillarda, maliyet
hesab1baghg: altinda {iretim planlama problemleri ile ilgili ¢ok sayida ¢aliyma bulunmaktadir. Bu ¢ahsmada, yiyecek-icecek iiretimi
yapan firmalara yonelik Microsoft Visual Studio gelistirme ortamuinda C# programlama dili kullanilarak bir uygulama gelistirilmis tir.
Uygulama gereken hammadde ihtiyacy, is¢ilik ve paketleme gibi maliyet kalemlerini tiretim miktarma goére hesaplamaktadir.

Anahtar Kelimeler: Maliyet Hesaplama Uygulamasi, Maliyet Analizi, Masaiistliuygulamasi

A Cost Calculation Model and Application Suggestion for a Jam and
Syrup Production Company

Abstract

In today's world, where the competitive environment is evaluated by price and product quality, it has become important to calculate the
production cost correctly. Especially in large-scale production, faulty cost calculation cannot be ignored. As technology develops,
companies have turned to advanced technologies in order to make more accurate, more comprehensive and faster cost calculation s. This
situation has increment needs such as making accurate cost inferences, keeping records of income and expense data, and examining
past calculations. In recent years, there have been many studies on production planning problems under the title of cost calc ulation. In
this study, an application was developed by using C# programming language in Microsoft Visual Studio development environment for
companies producing food and beverage. The application calculates the cost items such as raw material requirement, labor, and
packaging according to the production amount.

Keywords: CostCalculation Application, Cost Analysis, Desktop application
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1. Giris

Uretilen mal ve hizmetler ihtiya¢ ve talepleri karsilamay1
amaglar. Yiyecek ve igecek endiistrisinin temel amaci yiyecek ve
icecek tedarik edebilmektir. Bu sektoriin 6nemi ve istikrarli
konumu nedeniyle birgok firma et {iriinleri, siit {iriinleri, unlu
mamiiller, recel ve meyve suyu iiretiminde ve daha bircok gida
alaninda faaliyet gostermektedir. Firmalar birbirleriyle siirekli
rekabet halindedirler ve en sik kargilagilan problemler arasinda;
gida iiretim siireglerinde yasanan aksakliklar, iiretim i¢in gerekli
is giiclinden az ya da fazla sayida personel ¢ahstrmak, yeterli
hammadde miktar1 ve diizgiin maliyet hesabiyer almaktadir. Bu
problemlerin ¢0ziimiine yoOnelik caligmalar her gegen giin
artmaktadi. Firmalar aras1 rekabeti arttwan en Onemli konu
sliphesiz diisiik maliyet ve yiiksek kar orani ile {iretim
yapabilmektir. Dogru maliyet hesaplamasi ve liretim siirecinin
etkin kullanmm en Onemli kriterlerdir. Maliyet hesabi manuel
olarak yapilabilir ancak iiretim ¢esitliligi fazla olan firmalarda
uygulamalardan destekalmak is siirecini kisaltacaktm. Literatiirde
¢ok farkli sektorler igin iretilen uygulamalara rastlamak
miimkiimdii. Omegin, 2013 yilinda 1s1 geri kazanimli bir Darbeli
Elektrik Alan Maliyeti islemi i¢in bir model olusturulmus,
istenilen miktarda iiriin elde edebilmek i¢in gereken tiim maliyet
kalemlerinin  hesaplanmas1 ve bir biitce planmnin (personel
hizmeti, iriin paketleme, elektrik giderleri) yapilmasmi saglayan
bir uygulama gelistirilmistir (Sampedro, 2013). Bir baska
cahigmada; iiretim maliyetini en aza indirmek i¢in ve perovskit
gines pilleri iretmek icin rulodan ruloya (R2R) yontemi
kullanarak yedek parga, alet, elektrik kullanim ve tesis gibi
parametrelerin  her bir siire¢ adimmm maliyeti hesaplanmugtir
(Chang, ve digerleri, 2018).

Yiyecek sektoriine yonelik gahsmalar incelendiginde, Oztiirk
(2012) isletmelerin irin  maliyetlerini hesaplarken
kullanabilecekleri yontemleri tanmlamustir. Uretim asamasma
gecilmeden Once, iriinlerin maliyetlerinin = belirlenmesinin

imalat¢t firmalar i¢in olduk¢a Onemli bir konu oldugunu
belirtmistir ~ Bu c¢aliymada, yan irilinlerin maliyetlerinin
belirlenmesinde  Uretim Miktar1 Yontemi (PQM), Katsay1

Yontemi (TCM), Pazar Degeri Yontemi (TMVM), Net Satis
Geliri Yontemi (TNSRM), Standart Getiri Yontemi (TSYM), Yan
Uriin Uretim Maliyeti Yontemleri (BPCPM) kullanilnustir.
Oztiirk’e gore firmalar {iriinlerin maliyetini hesaplarken tercih
ettikleri yontemi dikkatle se¢meli ve sonrasmda tekrar ayni
yontemle maliyet hesaplamalarma devam etmelidir. Bunun
sebebi, her yontemden farkli sonuclar elde edilebilmesidir
(Oztiirk, 2002).

Yakin zamanda yapilan bir c¢alismada ise; tath ekmek
dretiminin hammadde tedarik yoOnetimi analiz edilmis ve
degerlendirilmistir. Hammadde gereksinimlerini planlamak ve
iretim maliyetini en aza indirmek i¢in malzeme ihtiyag
planlamas1 ve ekonomik sipariy miktar1 teknigi Dbirlikte
kullantlmistir (Citraresmi & Azizah, 2019).

Uriinlerin  yasam dongiisii maliyetlerinin = ve tiiketici
maliyetlerini tahmin etmenin ekonomik yonlerinin agiklandig1 bir
bagka calismada ise; ham madde, sogutulmus veya dondurulmus
tedarik zincirleri de dahil olmak Ttizere tiiketim ve iretim
secenekleri degerlendirilmigtir (Rivera & Azapagic, 2016).
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Yiyecek sektoriinde yapilan bir bagka calismada; recete
maliyet hesaplama programu ile regeteyi igeren her bir
parametrenin  birim ve toplam maliyetini hesaplamay1
amaclamistir. Tarifte yer alan tiim malzemelerin yiizdesi, gram ve
maliyeti  ekranda  gOsterilerek  porsiyon  maliyetlerinin
hesaplanmasisaglanmisti. (Wintschel, 2013)

Yiyecek sektoriinden bagimsiz olarak bir baska g¢ahgmada
ise, kiiclik elektrikli makinelerin iretim siireciyle ilgili teknik
degigikliklerin ~ maliyet  hesaplamalart  lizerindeki  etkisi
incelenmistir. Kiigiik elektrikli makinelerin maliyetini diigiirme
olanaklan degerlendirilmistir. Uriinlerin hesaplanmas1 maliyet
tlirlerine gore boliinmiis ve katki paylan (karsilama kazanglar ve
diger maliyetler) eklenmistir. Caliymada, fiyatlandirma, birim
maliyetine yansitilmaktadir (Vitkova & Hajek, 2016).

Yapilan c¢ahgmalara ek olarak firmalarn  ihtiyaglart
dogrultusunda birtakim uygulamalar gelistirilmistir. 2017 yiinda
gelistirilen Uretim Planlama Programu, iiretim asamalarmin
yonetilmesine ve rapor alinarak analiz edilmesine olanak saglar.
Aaro Muhasebe ve Uretim Programu tamamen web tabanli bir
uygulamadi. Kullanicilarm, {iretim regeteleri olusturup iiriin
agacmi gorsel olarak tasarlayarak iiriinlerin hammadde ve ig¢ilik
maliyetlerini anhk olarak gormelerine imkdn tanr (AARO
Yazihm, 2017). PACE (Maliyet Hesaplamalar1 igin Bilgisayar
Programi), uygulama yazilmu ise; makine {icretlerini, yol yapmm
maliyetlerini ve hasat maliyetlerinin hesaplanmasmi saglamistir
(Food and Agriculture Organization, 2002). Made Up Pro, diisik
biitceli sirketler i¢cin maliyet hesaplama progranu olarak
olusturulmustur. Program, maliyet hesabmi olustururken hesaba
personel, hammadde, elektrik ve vergi giderlerini dahil etmektedir
(IKIE Yazllm ve Bilisim Hizmetleri Ticaret Ltd.S., 2012).
Maliyet Hesaplama Programi, Milli Egitim Bakanhginin
ulastrma ihalesiyle uyumlu ¢alisan bir maliyet hesaplama
sistemidir. Programinin dort 6zelligi; rota durumuna gore ii¢ ayr
rota hesaplamak, rotalar1 kategorilere aywarak veritabanina
kaydetmek, Excel listeleri iizerinden toplu hesaplamalar yapmak
ve parametreleri manuel veya otomatik olarak diizenlemektir
(Tagmah Egitim, 2020).

Enflasyon artigi, hammadde fiyatlarini etkilemektedir. Buna
baglh olarak, firmalarin ihtiyag duyduklarn hammaddelerin
maliyetleri diizenli araliklarla degisim gdstermektedir. Bu
durumu takip edebilmek adma, sirketlerin Oncelikle {iriin
maliyetlerini hesaplamalari gerekmektedir. Uretim yapan tiim
firmalar i¢in ortaya ¢ikacak {iriinlerin maliyetlerinin belirlenmes i
onemli bir konudur. Tutarl maliyet hesaplamas1 elde edebilmek
i¢in iiriin maliyet raporlarinin enflasyonave degisen fiyatlara gore
diizenli araliklarla yenilenmesi gerekmektedir. Bu g¢aligmanin
amaci, arastirilan literatiir 1513mnda, miisterilerin taleplerini
kargilayabilmek igin {riinlerin maliyetini hesaplayabilen bir
program tasarlamak ve gelistirmektir.  Izmir, Menemen’de
faaliyetini siirdiiren bir recel-serbet iireticisi ile cahgilustir.
Amag, gelen talebi karsilayacak diiretimin maaliyet hesabmi
¢ikarmaktir.

2. Materyal ve Metot

Uretim verileri firmadan almmustir. Veri; firmanm {iretmekte
oldugu iiriinlerin regetelerini ve birim maliyetlerini icermektedir.
Bu caligmada {iretim modeli olusturulmus ve bir uygulama
geligtirilmig tir.
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2.2. Matematik Modelleme

Firma farkh tiirlerde recel ve serbet iiretmektedir. Her
iriintin maliyeti faklidi. Bu bolimde matematiksel model ile
iiriin maliyet hesab1 detaylandrilmaktadr.

Recel iiretimi icin gerekli malzemeler meyve, seker, sitrik
asit, kalsiyum, pektin, kavanoz, kapak, paket ayirict (seperator),
kavanoz ortiisii ve etikettir. 1 litre serbet iiretmek icin gereken
malzemeler ise;meyve, seker, sitrik asit, kalsiyum, pektin, cam
sise, kapak, paket ayirc1 ve etikettir. Uriin maliyetlerine isilik
de dahil edilerek matematik modeler olusturulmustur.

A. Endeksler

Modelig¢in asagidaki endeksler tanimlannustir:

i=1riin sayisy;, {i=1,2,3,...,n} i=1,...k (recel); i=k+1,...,(n)
(serbet)

B. Parametreler

Modeligin asagidaki parametreler tanimlanmstir:

Xi=regel {i=1,2,3,...k} =l,...k

Y; = serbet {i=k+1,k+2,k+3,...,n} i=k+l,...,n
Fi = i iirlin i¢in meyve; (kg) {i=1,...,n}

Si = 1. riin i¢in seker; (kg) {i=1,..,n}

Pi= 1. lirlin i¢in pektin; (kg) {i=1,...,n}

Ci =1. Uriin i¢in sitrik asit; (gr) {i=1,...,n}

Ji =1 riin i¢in kavanoz; (birim) {i=l,....k}
GB; = i. {irlin i¢in cam sige (birim) {i=k+1,...,n}
CP; = i. iiriin i¢in kapak; (birim) {i=1,...,n}
LA; =1i. lirlin i¢in etiket; (birim) {i=1,...,n}
CO; =1i. trinigin orti; (birim) {i=1,....k}
PA;=i. iirlin i¢in paket; (birim) {i=1,...,n}
SE; = i. iiriin i¢in separator; (birim) {i=1,...,n}

L = i iirlin i¢in iggiicii; (birim) {i=1,...,n}

C. Problem Formiilasyonu

Recel ve serbetiiretiminde kullanilan temel malzemelerin
modeli (1)’de verilmisir.

BAi=[Fi + Si+ Pi + G (1)

Paketleme modeli recel (2) ve serbet (3) i¢in agagidaki gibi
olusturulmustur:

PACGji = [Ji + CP; + LA; + CO; +PA; + SE|] )
PAGsi = [GB; + CP; + LA + PAi+ SEi] 3

Is gliciimodeli agagidaki gibidir:
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LG =L ©)

Ayrica; bir birim regel iliretmek icin gereken malzemelerin
toplamu (5) ve bir litre serbet iiretmek i¢in gereken malzemele rin
toplamu (6) sirastyla verilmektedir. Bir birim regel liretmek igin
(370cc=450gr) kullanilan toplam malzeme miktar1 (7)’de, bir
birim serbet iiretmek i¢in toplam bilesen miktart (8)’de
verilmistir.

JAWi=[BA;i + PAGji + Li] %)
JUWi = [BAi+ PAGsi + Li] (6)
i1 AW X)) ™
I JUW YY) ®)
2.2. Uygulama

Bu bolimde makine, personel ve malzemelerin toplam
maliyetini birim {irlin maliyetlerinden yola ¢ikarak hesaplamay:
amaclayan yazihmin geligtirme asamalan anlatilmigtir. Program,
veritaban1 ile etkilegime giren bir masaiistii programu olarak
tasarlanmustir. Urliniin birim veya talep edilen miktar1 igin ne
kadar maliyete sahip olacagmi hesaplamak amaciyla
geligtirilmistit. ~ Yazihmm  gereksinimleri, metin bigimi ve
kullanic1 ve yoneticileri arasmndaki tiim etkilesimleri diyagramlar
ve sekillerle anlatilmistir.

A. Kapsam

Gelistirilen  uygulama  masaiistii uygulamas1 olarak
tasarlanmug  olup, iriin giderlerinin  maddeler halinde
goriintiilenmesini  saglar. Dolayisiyla ~muhasebe siirecini

kolaylagtirmaya yardimci olur. Program, yonetici tarafindan
analiz ve hesaplama yapilabilmesine olanak saglar. Yazilimin
masaiistiine kurulumu dicretsizdir  Kullanicmm uygulamayi
kullanabilmesi i¢in gereken tek sey uygulamanin kullanicmnin
bilgisayarinda kurulu olmasidir. Baska bir girise gerek kalmadan,
sirketin tiim bilgilerini veritabanmndan alr. Tiim sistem bilgileri
veritabaninda saklanmak iizere tasarlanmigtir. Yazihm gelistirme
yontemi olarak selale modeli kullanilmustir.

B. Yazilim Mimarisi

Sistem, yazilim mimarisi ve ag mimarisi olmak iizere iki ana
baslik altinda tasarlannugtir (Sekil 2.1).

Microsoft SQL

Desktop Interface Visual Studio

—B—

Documents

///

User

f é

i ((({

)

-
’,.«\

Developers

Homepage
Sekil 2.1 Sistem Mimarisi
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Uygulamanm  veritabanmm  Microsoft SQL  Server
Management Studio'da kurulumu yapildiktan sonra veritabani
Microsoft Visual Studio ile entegre edilmistir. ik olarak
Microsoft SQL Management Studio'da veritabani tablolar1
olusturulmug, ardindan firmanmn gereksinimlerine gore Visual
Studio'da bu tablolar doldurulmustur. Ag mimarisi  Sekil 2.2 ile
agiklanmaktadir.

E
Bl -
|

DATABASE SERUTR

ABMINMANAGER

—— B

TSER
APPLICATION SERTER
wl i

DEVELCEER

Sekil 2.2 Ag Mimarisi

Maliyet hesaplama sistemi Seki/ 2.3 ’de verilen Microsoft
SQL veritabani sunucusu iizerinde ¢cahgmaktadir.

User Server Database Server

[ Functions il i _>{ Cnm;:w DB D| ‘ Listing ﬂ|L _){ !:lhl:l—.i:&n'l a‘

&akﬂaﬂorﬂw&aﬁm qg(alwiamﬁw cstion
} 7

Sekil 2.3 Dagitim Semasi

C. Uygulama Ozellikleri

Bu c¢aliyma, C# programlama acgik kaynak teknolojileri ve
depolama i¢in kullanilan Microsoft SQL veritabani ile
gelistirilmistir. Kurulumu ve kullanmmu icretsizdir. Uygulamada 4
farkll kullanict rolii bulunmaktadir. Yonetici; sistemdeki bilgileri
isleme yetkisine sahiptir. Yonetici kayit olabilir, sisteme giris
yapabilir ve sistemden ¢ikis yapabilir, maliyeti hesaplayabilir ve
maliyet hesabi raporlarin1 okuyabilir. Ayrica sistemdeki maliyet
raporlarinin degisimini izleyebilir ve ortaya ¢ikabilecek tiim rapor
sorunlarina miidahale edebilir. Firma yetkilisi; genel sistemi ve
filli raporlan goriintiileyen ve gdzden gegiren yetkili kigidir.
Sistemdeki maliyet raporlarmmm degisimini izleyebilir ve ortaya
¢ikan  sorunlara miidahale edebilir Yazlim  geligtirici;
veritabanma veri girigi yapabilen, veri silebilen ve tiim
giincellemeleri yapan kigidir. Ayni zamanda sistemin arayiiziini
goriintiileyebilir. ~ Gelistirilen — uygulamanm yazihm  diline
hakimdir.  Yonetici tarafindan gerekli goriildiigii takdirde
gelistirici arayiizde degisiklikler yapabilir. Kullanici, sisteme girig
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yapmasi gerekmeyen ve uygulamay1 maliyet hesaplamasiyapmak
icin kullanabilen kisidir. Kullanici ayrica maliyet raporlarmi da
goriintiileyebili. ~ Sekil 2.4 ‘de kullanim durumu gemasi
verilmigtir.

Recel ve Surup
Girig Yap <

isletmenin Maliyet

Tablosunu Goriintil

o Isletmenin Oriin
Verilerini Giincelle
»( Arayiizii Gériintiile
Cikis Yap

Sekil 2.4 Kullanim Durumu Semasi

!

Kullama

Yonetici

Gelistirici

D. Uygulamanin Fonksiyonlar

Onerilen masaiistiiuygulamasi1 6 farkh ekrandan olusmaktadir.

® (Girig Ekrant: Girig ekrani; kullanic1 tipi liste kutusu,
kullanic1 adi metin kutusu ve sifre kutusundan olusur.
Beni hatirla opsiyonu sunulmustur. Beni hatirla onay
kutusunun seg¢ilmesi durumunda bir sonraki girigte
kullanic1 adi ve sifre sistem tarafindan otomatik olarak
doldurulacaktr. Sistemde kayith olmayan kullanici
“Kayit OI” butonuna tiklayarak kayit sayfasmna gegis
yapabilir. “Cikis” butonu ile uygulamadan ¢ikilir (Sekil
2.5).

o Kullanict Ekrani: Kullanic1 ekrani dort etiket, dort metin
kutusu ve bir hesaplama butonu icerir. Buna ek olarak,
ekranda iriin listesinin tablosu yer almaktadir. Metin
kutularina iriin adi, Urinin tird ve riin miktar:
girilebilir. Hesaplama sonucu metin kutusu lizerinden
goriintiilenebilir. Kullanic1 ¢ikis butonu ile uygulamadan
¢ikabilir.

®  Gelistirici Ekrant: Gelistirici, tim  arayiizi
goriintiileyebilir. Metin kutular1 ve butonlar araciligryla
verileri gilincelleyebilir.  Geligtirici ekle butonu ile
veritabanma yeni veri ekleyebilir, sil butonu ile
veritabanindan veri silebilir ve giincelle butonu ile
veritabanmda veri igerigini giincelleyebilir. Gelistirici,
¢ikis butonuile uygulamadan ¢ikabilir.

® Kullanici Listesi Ekrani: Kullanict listesi ekrani Sekil
2.6’da verilmektedir. Kullanicilar tablosunda
kullanicilar ~ hakkindaki  verileri giincellemek igin
gereken metin kutulart ve durum i¢in onay kutusu
bulunur. Ayrica kullanici listesi ekrani bir giincelleme
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butonu ve sayfaya don butonu aracihifiyla yoOnetici
sayfasma gecis saglayan bir baglantiigerir. Cikis butonu
ile uygulamadan ¢ikilir.

®  Yonetici Ekrani: Yonetici ekraninda ii¢ adet veri tablosu
bulunmaktadir. Bunlar, veritabani baglantist aracihfiyla
goriintiilenebilen birim maliyet, personel gideri ve iiriin
bilgileridir. ~ Ayrica yOnetici maliyet hesaplama
bolimiinden iriinlerin maliyetlerini de hesaplayabilir.
Bu boliim dort etiket, dort metin kutusu ve bir hesaplama
butonuigerir. Metin kutularma iiriin ad1 ve tiirdi, tirliniin
miktar1 girilebilir. Metin kutular1 tizerinden hesaplama
sonucu gorintiilenebilir. YOnetici, kullanict listesini
goriintiile butonu araciigiyla kullanici listesi ekranmna
gecis yapabilir ve kullanicilan goriintiileyebilir. Yonetici
bir ¢ikis butonu ile uygulamadan ¢ikabilir (Sekil 2.7).

® Kayit Ekrant: Bu ekran baslik, ¢ikis butonu, kullanici
resmi, birlesik giris kutusu aracihigiyla kullanict tipi,
metin kutusu araciligryla kullanic1 adi, sifre kutusu
aracihgiyla sifre, kayit olusturma butonu ve oturum
agma baglant1 sayfasindan olusur. Olusturulan sifreler
alt1 karakterden az ise sistem hata mesaji verecektir.
Kullanic1 sisteme kayit olmak icin kayit ol butonuna
tiklamahdir. Cikis butonuile uygulamadan g¢ikilr.

@

User Type  Admin 2
Username  GuzinTirkes
ssssssane

Password

Remember Me

Lagin

Mot registered yet?

Register

Sekil 2.5 Giris Arayiizii

User List

UserlD  UserfName PassWord Status  UserType
UserlD & 1 GuzinTirkes |jamjuice1 | ] |Admin

2 BelkisPinar _ |jamjuice2 | & |Developer|
Userfame |Ali 3 IzelEce jamjuiced | [ |User

4 AyseCanbolat |jamjuiced | | | |User

s BugraCelik  |jamjuices | [] |User
PassWord | Jamjuicet & Ali jamijuices [w] Juser

=
W] Status
UserType | User
Update

Sekil 2.6 Kullanici Listesi Arayiizii
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View Products View Unit Cost

MatiD Mathame Unircase Mestnit

View Persennel Expenses and Utility Costs Caleulate the Cost

Calculate.

Sekil 2.7 Yonetici Arayiizii
3. Yazihm Testi

Calismanm test senaryolari, kullanim senaryolarn baz alimarak
hazirlanmisti.  The Unit Test Boiler Plate Generator test araci
olarak kullanilnugtw. Her farkh XAML penceresi, daha iyi
islevsellik elde etmek i¢in uygulama islevleriyle testedilmistir.

Regel&Serbet  uygulamasi (Siirim 1), 15/05/2021'ten
20/06/2021°e  kadar Unit Test Boilerplate Generator test
platformunda test edilmistir. Yiiriitiilen test asamasi (referans
yazilim test plani) Unit Test yontemi araciligiyla bir string array
list olarak her asama i¢in bir siitun baslklar1 listesi
dondiirmektedir (Sekil 3.1). Testlnitialize araciigiyla her testigin
yeni olusturulan alanlar olarak kaydedilir. Ayrica, test edilen
smiftaki tim genel yoOntemler, bir test yontemi taslagiyla
kLilru]mustur.

[TestClass]

= public class WindowlTests

i
public object Assert { get; private set; }
[TestMethod]
= public void TestMethod1()
{
// Arrange

var windowl = new Windowl1();

/1 Act

// Assert
//object p = Assert.Fail();

Sekil 3.1 Test Uygulamasi

4. Sonu¢

Calismanm ik asamasinda dogru maliyet hesabmmn
oneminden bahsedilmisti. Uriin maliyeti hesaplamalarmda
Recel&Serbet  masaiistii  uygulamasi gibi  uygulamalarin
kullanlmas1 ~ firmalarm i yiikiinii azaltmaktadir. Onerilen
uygulama ne kadar miktarda hammadde kullanilacagma, ne kadar
miktarda iiriin elde edilecegine ve ne kadar sayida ¢alisana ihtiyag
duyulacagina dair sorulara cevap bulmayr amaglamaktadir.
Uygulama benzer yapidaki {iretim firmalarma kolaylikla
uyarlanabilir.
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Uygulama, test edildikten sonra sirket yetkililerinin
kullanimma  sunulmustur. Uretim  yoneticisinin  de  test
asamasindan gegen uygulama, sirket tarafindan kullanimaya
baglamigtr.  Firmanm ihtiyaclann dogrultusunda uygulama
gelistirilmeye devam edilecektir.
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Abstract

This study presents an active disturbance rejection control (ADRC) technique for a boost convertersystem which is represented with a
second - order transfer function. Then, linear active disturbance rejection control (LADRC) technique, wherein a linear extended state
observer (LESO) is constructed to estimate both the total disturbance and the system state at the same time, has been applied to the
converter. In this context, a pole placement design reduces the number of tuning parameters of LADRC to two to lessen the difficulty
of parameter adjustment. The control scheme increases the tracking capability. A numerical example is provided to highlight the
effectiveness of the control strategy. The tracking performance and step response are observed via several simulation studies using
MATLAB/Simulink tool. It is demonstrated that the algorithm used in study is alternative way of tuning duty cycle of the boost converter
instead of PID control technique. The performance of the controller is evaluated with a number of performance metrics. The tabulated
results validate the controller's efficacy.

Keywords: Active Disturbance Rejection Control (ADRC), Power Converters, Renewable Energy, Extended State Observer

Yiikseltici DA-DA Donustiiriicii icin Bozucu Bastirma Kontrolii
Metoduna Alternatif Bir Yaklasim

Oz

Bu ¢aligma, ikinci derece transfer fonksiyonuile ifade edilmis yiikseltici konvertor sistemi i¢in aktif bozucu bastirma kontrolii (ABBK)
teknigini ortaya koymaktadir. Daha sonra hem toplam bozulmay1 hem de sistem degiskenlerini aynianda tahmin etmek i¢in tasarlannug
lineer genisletilmis durum goézleyicisini biinyesinde barmdiran dogrusal aktif bozucu bastirma kontrol (DABBK) teknigi doniistiiriiciiye
uygulanmisti. Bu baglamda, bir kutup yerlestirme tasarmi, DABBK’nin parametre ayarlama zorlugunu azaltmak igin ayar
parametrelerinin  sayisin1 ikiye indirmektedir. Kontrol semas: izleme Kkabiliyetini arttirmaktadi. Kontrol strajesinin etkinligini
vurgulamak icin sayisal bir 6mek verilmistir. Izleme performans1 ve basamak tepkisi MATLAB/Simulink programn kullanilarak
simiilasyonla gézlemlenmistir. Cahgmada kullanilan algoritmanin PID kontrol teknigi yerine yiikseltici doniigtiiriicli gérev ¢evrim orani
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ayarlanmasmm alternatif yolu oldugu gosterilmistir. Kontrolciiniin performanst bir takim performans indisleri ile degerlendirilmistir.
Tablo haline getirilmis sonuglar, kontrolciiniin etkinligini dogrular niteliktedir.

Anahtar Kelimeler: Aktif Bozucu Bastrma Kontrolii (ABBK), Gii¢ Doniistiiriiciileri, Yenilenebilir Enerji, Genisletilmis Durum

Gozleyicileri

1. Introduction

DC-DC power converters have been employed in a range of
applications including wind energy, solar energy, and energy
storage systems. To mention a few, in PV systems, power
converters are utilized to convert energy form and increase energy
harvesting capacity. On the other hand, they are used for the
integration of energy storage systems with smart power grids.
Power electronics allow control of power through electronic
circuits that includes semiconductor devices with different
ratings. It is possible to modify the voltage or current in any
energy systemby using the power electronics circuits. The main
goal of the field of power electronics can be expressed as
promoting the performance and stability of circuits that are used
in energy systems. In this manner, typical applications of power
electronics involve the conversion of DC to AC, ACto DC, AC to
AC, and DC to DC. The boost converteris one kind of DC-DC
converter that is frequently used to accomplish the conversion of
DC voltage to a regulated level of DC voltage. Various control
strategies have been applied to boost converters such as robust
adaptive sliding mode control (Oucheriah & Guo, 2013) and
adaptive backstepping sliding mode control (Wu & Lu, 2019).

From the feedback control point of view, numerous types of
PID controllers are dominantly used in order to stabilize the
output voltages and to provide the need of tracking performance;
but for the converters that have dynamic systemfunctionality, the
PID controllers do not have the ability to maintain the same
efficiency. Active Disturbance Rejection Control (ADRC) is one
of therecently utilized control techniques which could overcome
the drawbacks of conventional controllers. The application of
ADRC to DC-DC converters is still remained a gap to be filled.

Apart from the various control techniques, ADRC can be
considered as an efficient technique that is used in several sectors
of industry and research. It was first proposed by J. Han (Han,
2009). The main motivation is to demonstrate the fact that PID
control is not satisfactory for the new demands of industry and an
alternative control technique could be used instead of PID. The
reason behind raised motivation is the capability of ADRC
regarding dealing with a wide range of uncertainties and
disturbances (Herbst, 2013). Although it was first proposed as a
nonlinear controltechnique, it is such an effective method that can
overcome the drawbacks of PID. The effectiveness of ADRC has
been investigated in several engineering applications by
conducting experimental and simulation studies. Some ADRC
applications have been carried out in various fields such as diesel
engines (Criens et al, 2015), flywheel energy storage systens
(Chang et al., 2015), photovoltaic systems (Zhou etal., 2021), DC
microgrid systems (Liu et al., 2021), and gas turbine systems (Shi
et al., 2020).

Besides the aforementioned studies, improved version of
ADRC algorithm is applied to the DC bus voltage of the wind
power grid-connected inverter system which contains
nonlinearities and susceptibility to the grid-side voltage changes
in (Yuan et al.,, 2022). The traditional Linear Active Disturbance
Rejection (LADRC) and improved version of that algorithm
mentioned in the study are compared in terms of disturbance
rejection performance. In terms of renewable energy field

e-ISSN: 2148-2683

likewise the wind energy concept mentioned above, DC-DC buck
converters are widely used to reduce the voltage. In (Abdelmalek
et al.,, 2020) DC-DC buck converter control problem is adressed
because the voltage trajectory tracking and Maximum Power
Point (MPP) applications are the concerns to be clarified. With
proposed technique which includes sliding mode controller,
nonlinear state observer for current estimation; different test
scenarios on state estimation, trajectory tracking and active
disturbance rejection performances are compared with PI control
technique. Whereas the comparison of PI and ADRC are the
topics of some papers, the combination of them for inverter-based
arc supression coils are used particularly in resonant grounded
distribution power systems in (Barzegar-Kalashani, M., &
Mahmud, M. A., 2022). The fault currents and faulty phase
voltages are compansated and disturbance rejection performance
of'the hybrid controller performs betterthan individually designed
ADRC and PI controllers. Another combination of ADRC with
Fuzzy control technique is applied to the interior permanent
magnet synchronous motor to find a solution of speed control
issue in (Feng et al, 2022). The speed fluctuations in Fuzzy-
LADRC is observed less than thatin LADRC technique.

The idea of ADRC is to treat all uncertainties and
disturbances as a generalized disturbances and to estimate them
by Extended State Observer (ESO) (Eker & Ozbek, 2021). Then,
the control scheme utilizes the uncertainties and disturbances as
feedback to reduce undesired signals. Although the ADRC
algorithm is easy to implement with modemn digital computers,
the designer is expected to deal with a set of parameters. To
overcome this issue a new approach is proposed namely Linear
Active Disturbance Rejection Control (LADRC), wherein a linear
ESO and state feedback are used.

This paper is organized as follow. In Section 2, the studied
model is given for the individual parameters as a transfer function.
Then, in Section 3, LADRC algorithm is applied to the boost
converter model and obtained results are addressed. In Section 4,
the functionality of the controller is discussed and comments are
given.

2. Model of the Boost Converter

A DC-DC boost converter circuit, as illustrated in Fig.1, is a
power electronic circuit that employs a switching mechanism to
transfer one voltage level to another voltage level. Because of'its
potential impact on the power capacity, control of DC-DC power
converters is an issue that attracts attention in industrial
applications.

|

K74

Fig. 1. DC-DC Boost Converter Topology

As in Fig.1. the capacitance, load resistance,and inductance
are denoted by C, R, and L, respectively. For modelling of boost
converter, firstly the state space equations are extracted to get the
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transfer function of the system. For the elaborated DC-DC ideal
boost converter, the system states are x, = i;, x, = V,; and D
represents the switching state of the DC-DC boost converter,
which is a discrete set in the range 0—1. The following state-space
representation is used to develop an accurate control scheme.

x][ 0 --DL]x] [VelLl]
L‘(j_{(l—D)/C —1/(RXC)}[XJ{4L/C}

ORCEN

2

(M

By using the system variables, small-signal model is
expressed as a transfer function. Based on the converter
parameters and state variables, the resulting transfer function is as
follows:

_ —60000[s — (1.25x10%)]
s? +1000s + (1.25x107)

G(s) (@)

The parameters of the elaborated boost converterare presented
in Table 1.

Table 1. Boost Converter Parameters

Parameters | STl | Value
Input Woltage Vi, 15V
Inductance L 2mH
Capacitance C 10 uF
Resistance R 100 Q
Duty Cycle D 0.5

3. ADRC Design for the Boost Converter

The functionality of the boost converter is to get a higher
output voltage level than the input voltage level with the same
polarity. According to converter parameters such as input voltage
and duty cycle, the second-order model is constructed in the
previous section. Through the model; DC gain, damping factor,
and time constant of the system can be calculated for utilization
in LADRC algorithm.

Fig. 2. LADRC topology

e-ISSN: 2148-2683

According to the transfer function K, D, and T values can be
calculated as 60, 500, and 0.002 seconds, respectively. The
transfer function has one zero, that is why by evaluating the
natural frequency w, of the transfer function and using with
damping ratio { value, a second-order transfer function is
constructed as the standard form of the second-ordersystem:

W

n

S°+24W, S+ W

©)

The systemmodel is rearranged by using the equation (3) as
given below:

y=bu+f 4)

where by is the input parameter, u is the input signal, y is the
output signal, and f'is the generalized disturbance. It should be
noted that f parameter involves the input disturbance, the first
derivative part of output signal. The parameter by, which improves
the control performance of ADRC, can be approximately
calculated from K/7°. However, the tuning of by is generally found
by trial and error (Wang, F., Wang, R.-J., & Liu, 2019).

Fig. 3. ADRC topology used in the study

For the simplicity bois considered to be 1 in the present study.
In the pursuit of getting good robustness and satisfactory dynamic
response simultaneously, the parameter can be selected a small
value, then increase slowly until a sufficient control system
performance is achieved. There will be three state variables for a
second-order system due the augmented generalized disturbance
parameter as an extra state, see Fig. 3. The most crucial part for
the estimation the state variables is to design the observer as in
Fig. 3. For this study Luenberger type of observeris designed. The
objective is to design the observer to make the estimation of all
system parameters as close as actual state variables. The states
are:

X =Y
X, = y (5
X, = f
According to these considerations the state-space
representation can be arranged as:
X = Ax+Bu+B, f
(6)

y =Cx

When the system parameters 4, B, C, By are determined, the
observercan be designed according to the following equation:
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L canbe named as the observer gain and selection of observer
parameters depend on the parametrization techniques. Then, PD
controller parameters can be evaluated by determining the settling
time of the system. The designer should adjust the settling time
depend on the design and application of the boost converter.

One practical approach to tune the controller is to choose K,
and Ky as critically damped behaviour. For this simulation, the
settling time is selected as / second and selection of the closed-
loop poles as selected according to 5% rule regarding to:

6
SeL = _T 7Kp = (SCL)Z! Ky ==2x(¢,) ™

settling

According to the design procedure K, and Ky are calculated
as 36 and 2 respectively, but it is a necessity to define the
observer gains and pole locations. According to the bandwidth
parametrization method (Gao, 2003), it can be calculated as:

$5° =(3..10) x s, @®)

Observerpoles should be selected as at least three times faster
than closed-loop poles as regards Equation (7). For this
simulation, observer poles are selected as five times faster than
closed-loop poles. Once the observer pole locations are chosen,
the observer gains are computed from the characteristic
polynomial of (A-LC) butit can be calculated directly from:

Il:—B'SESO,IZ :3'(SESO)2,I3 :_(SESO)3 (9)

By using Eq. 9 the gains are calculated and design procedure
can be completed. However, the tuning procedure should be
adjusted with b value. It should be selected as / at the beginning
of simulation and increase slowly to get rid of the oscillation at
the starting point of transition.

4. Performance Evaluation

The closed loop system was simulated via
MATLAB/Simulink platform. Step response graph and tracking
graphs of the systemare shown in Fig. 4 (a) and (b), respectively.

. Step Response
35

= Respanse

—Step

O e

y (Output)

Time (sec)
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Fig. 4. (a) Step Response Graph and (b) Error Signal Graph

It can be seen that LADRC algorithm operates and regulates
the converterregarding the conditions that designerchooses. The
reference voltage is set to 30 V. From the Fig. 4 (a), a small
amount of overshoot can be observed and the maximum value of
the overshoot 31.45 V. The desired settling time is arranged as 1
second while the designing procedure and after tuning, the settling
time is monitored as 0.85 second. This demonstrates that
performance of controller is satisfactory for the boost converter
model used in this paper. From the Fig. 4 (b), the maximum output
voltage difference between the reference voltage and the
maximum output voltage can be calculated as 1.45V. Thus, the
maximum error voltage regarding to reference voltage is 4.83 %
which is below the expected percentage error value.

Tracking Graph
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Fig. 5. (a) Tracking Graph and (b) Tracking Error Graph

In the second scenario tracking performance is tested in the
presence of square wave input signal. According to the Fig. 5.,
50% of the square wave which has an amplitude value of 30 V is
applied to the closed loop system for the duration of 20 seconds.
The capability of tracking the voltage values indicated as in the
graph shows that the tracking performance of the controlled
systemis sufficient for the application.
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A number of performance metrics namely Integral Absolute
Error (IAE), Integral Squared Error (ISE), Integral Time Square
Error (ITSE) and Integral Time Absolute Error ITAE), have been
employed for a quantitative performance measurement of the
control scheme. In this context, the numerical results of the
aforementioned indices are shown in Table 2, wherein the step
changes were taken into account in order to get the performance
indices.

Table 2. Performance Criterions

Performance Parameter Value
IAE 14.04
ISE 251.89
ITAE 19.80
ITSE 305.9
During the parameter tuning procedure, it is not

recommended to increase the bg parameter too much because it
affects the duration of the settling time.

5. Conclusion

In this paper, a new control technique named as ADRC is
applied to a boost converter model. After the transfer function of
the systemis extracted, the damping factor, time constant,and DC
gain of the systemare adjusted. PD based LADRC is designed
with proportional gain and derivative gain by using the practical
approach. Then, the locations ofthe observerpoles are determined
to complete the design procedure. Regarding to the results, it can
be stated that the LADRC approach is an alternate technique that
may be utilized in the place of the PID.
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Abstract

This paper presents an evaluation of temperature effects on ultrasonic piezoelectric transducers for electronic flow measurement
devices. Transducers generates ultrasonic wave against electrical signals and electrical signals against ultrasonic waves due to their
bidirectional characteristics. Temperature dynamics of the physical environment is one of the most crucial parameters which a ffects
the electrical dynamics of the ultrasonic transducers. Due to the temperature related false sensor readings, flow me asurement process
for different temperature causes calibration errors. In order to identify the temperature effects on transducers characteristics and
constitute a generalized solution, a test procedure and data collection process are developed. Initially, two identical transducers are
located reciprocally on a flow meter body. Secondly, bodies are located on a test bench to get signal measurements for different flows.
A wireless communication data acquisition card is employed to collect ultrasonic signal measurements. Test procedure is repeated for
5 different temperatures and 13 flow rates. The created dataset is evaluated and visualized in MATLAB environment. A temperat ure
effect compensation process, which is based on machine learning algorithms, is proposed. This method considers time domain
information of transducer elements. Experiment temperature value and average values of Time-of-Flight (TOF) signals for each
transducers are considered to predict actual flow velocity. In this manner, machine learnin g algorithms linear regression, suppor vector
regression (SVR), Gaussian process regression (GPR) and artificial neural networks (ANN) are employed to construct the relation
between temperature variation and flow measurement. Compensation performance is investigated by considering the R?, root mean
square error (RMSE), mean absolute error (MAE ) and mean square error (MSE) model evaluation metrics. According to the results,
neual network based compensation algorithm gives the best result with R? = 0.95.

Keywords: Ultrasonic transducers, Flow metering, Compensation, Time-of-Flight Measurement.

Ultrasonik Akis Olciimiinde Sicaklik Etkisinin Incelenmesi ve
Kompenzasyonu

0Oz

Bu makale, elektronik akis Olgiim cihazlart igin ultrasonik piezoelektrik donistiiriiciiler lizerindeki sicaklik etkilerinin bir
degerlendirmesini sunar. Dontistiiriiciiler, ¢ift yonlii 6zelliklerinden dolay: elektrik sinyallerine kargi ultrasonik dalga ve ultrasonik
dalgalara kars1 elektrik sinyalleri iiretir. Fiziksel ortamin sicakhk dinamigi, ultrasonik donistiiriiciilerin elektrik dinamiklerini
etkileyen en Onemli parametrelerden biridir. Sicaklik degisimi kaynakli yanlis sensér okumalari, farkli sicakhiklar i¢in akis Olglim
islemi srasinda kalibrasyon hatalarina neden olur. Bu nedenle, doniistiiriici 6zellikleri tizerindeki sicaklik etkilerini belirlemek ve
genellestirilmis bir ¢d6ziim olusturmak igin bir test prosediirii ve veri toplama siireci gelistirilmistir. Baglangigta, bir akis 6lger govdesi
iizerinde karsilikli olarak iki 6zdes déniistiiriicii konumlandinlmustir. ikinci olarak, gévdeler, farkli akislar i¢in sinyal 6l¢iimleri almak
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lizere bir test masasma yerlestirilmistir. Ultrasonik sinyal olglimlerini toplamak igin bir kablosuz iletisim veri toplama Kkarti
kullantlmigtir. Test islemi 5 farkhi sicaklik ve 13 debi i¢in tekrarlanmistir. Veri toplama sonucu elde edilen veri seti MATLAB

ortaminda degerlendirilip,

calisma kosullart belirlenmistir ve makine Ogrenmesi algoritmalarina dayali bir sicakhk etkisi

kompenzasyon modeli onerilmistir. Bu yontem, doniistiiriicii elemanlarmm zaman ekseni bilgilerini dikkate almaktadir. Gergek akis
hizin1 tahmin etmek igin her deney sicaklik degeri ve Ugus Siiresi (TOF) sinyallerinin ortalama degerleri dikkate almmaktadir.
Boylece, sicakhk degisimi ve akis Olglimii arasindaki iliskiyi olugturmak igin makine Ogrenmesi algoritmalarmdan dogrusal
regresyon, destek vektdr regresyonu (SVR), Gaussian siire¢ regresyonu (GPR) ve yapay sinir aglan (YSA) ku llanilmustir. Onerilen
modelin kompenzasyon performans1 R2, ortalama kare-kok hata (RMSE), ortalama mutlak hata (MAE) ve ortalama kare hata (MSE),
gibi hata metriklerinin hesaplanmasi ile incelenmistir. Sonuglara gére, YSA tabanh kompenzasyon algoritmasmnm R? = 0.95 metrigi

ile en iyi sonucu verdigi goriilmiigtiir.

Anahtar Kelimeler: Ultrasonik transduser, Akis 6l¢timii, Kompanzasyon, Ugus siiresi6lgtimii.

1. Introduction

Parameter change caused by temperature effect is a widely
countered disturbance phenomenon in the sensor and
measurement fields including biomedical (Sarjova et al., 2005),
process control (Mehta et al., 2022), measurement devices (Fang
et al, 2022) and embedded system designs (Rudnicki, 2020).
Transducers are commonly used cheap and easy to use sensor
elements to measure distance (Balasubramanian et al., 2022),
liquid flow (Yao et al., 2021), gas flow (Chen et al.,, 2021) and
pressure (MacAskill et al., 2021). However, change of
temperature has a significant role on transducer electrical
characteristics which causes false sensor readings and
measurement errors (Zibitsker et al., 2021). Calibration process,
due to the underlying problem, is underwhelmed to converge to
actual measurement. Identifying the behavior of the problemand
developing a method to eliminate temperature effects is a
crucially significant for the sake of true measurement process.
Related literature is investigated to study on different
perspectives on the problem. Huang and Young (2009) employed
an external sensor to measure the temperature of a distance
measurement system to compensate the ultrasound velocity
during the measurement process. Wang and Zhang (2010)
proposed to use a neural network model which considers the
temperatre sensor data and ultrasonic flow measurements to both
calibrate and compensate the measurements, and proved that the
measurement error decreased to 3% from 5.2%. Scale transform
and cross-correlation methods are employed by Harley and
Moura (2012) to find phase delay caused by the temperature
variations. Herein, they can find the optimal time domain
information of the ultrasonic waves. A methodology, that aims to
model temperature effects on signal amplitute and waveform of
the ultrasound to understand that how temperature affects the
measurement, is proposed by Jia et al. (2021). Huang et al.
(2021) employed the transducers to predict temperature value of
a specific medium where the ultrasound velocity is known and
used to extract temperature.

In this study, transducer complex dynamics are investigated
under certain temperature and flow conditions with a data
acquisition process. The problems defined in the literature focus
on the temperature change of the water however we focus on the
temperature effect on the transducer and its electrical
characteristics. Upstream and downstream signals, which
represents the electrical signals on transducers caused by
ultrasonic wave transmitted from other transducer, might be
evaluated to determine the working conditions. Thus,
transducers are placed inside of a brass flow meter body to
measure the stream signals during the flow. Through the
instrument of heat test bench, flow and temperature test
conditions are satisfied. Flow measurements, temperature

e-ISSN: 2148-2683

measurements, Time Of Flight (TOF) values representing the
time domain features of stream signals and actual flow
measurements are collected using a data acquisition card. During
the test process, data are collected for different water
temperatures (10° C, 20° C, 30° C, 40° C, 50° C) and 13 flow
rates between 16 L/h and 5000 L/h.

Remaining parts of the paper is organized as follows: In
Section 2. transducer element and its mathematical dynamics are
explained. Problem is detailly defined, collected data are given
and proposed compensation method is explained. In Section 3.
the results of the experiment and compensation work are
presented. Conclusion and the future work of the study are
presented in the Section 4.

2. Material and Method

2.1. Ultrasonic Transducer and Flow Metering

Ultrasonic transducers are piezoelectric components used to
generate and/or receive the ultrasonic sound waves (Jaffe et al.,
1965). Pulsed ultrasonic transducers use electrical energy to
generate ultrasonic wave trains into the water medium. Reflected
waves, which might be called echo, are transformed into
electrical energy back by the ultrasonic transducers. The total
time during the transmission and reflection is considered to
compute distance or depth in a water medium. Based upon this
principle, ultrasonic transducers might be employed for flow
measurement process. Initially, reciprocal transducers are
located on a body (or transducer paths are connected with the
mirror reflecting the waves) to generate and receive waves
(Figure 1). Transducers are pulsed with a pre-determined
specific period of time. Received signals by the transducers are
employed to compute wave transmission time measure Time-of-
Flight (TOF). These waves are called Upstream (In the direction
of flow ) and/or Downstream (In the reverse direction of flow)
signals. This transmission/receiving operation might be
performed with an ultrasonic Time-to-Digital Conversion (TDC)
integrated circuit chip. TOF difference value, which might be
computed considering the time difference between downstream
and upstream signals, is considered to measure both direction
and amplitute of the flow with an offset compensation and
calibration process.

Transducer A

¥

Transducer B

Mirror

a) [a 2

N |
Mirror & # Mirror

Figure 1. Visual representation ofan ultrasonic flow meter.
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2.2. Time of Flight Measurement and Data
Collection

TOF of an ultrasonic wave in the direction of downstream
might be given as:

. D N L N L N D
(B>4) = Cy Co+vcos(a) Cy+vcos(a) C

where L is the distance between transducers, D is the diameter of
the pipe, a is the degree between pipe and mirror, C, is the speed
of ultrasonic wave in water, v is the flow velocity, and t(z- ») is
the downstream TOF value. In the same manner, upstream TOF
migh be calculated as:

LoD L L D @

o — vcos(a) + Co— vecos(a) + C_O

tB>a) * t(a>B)
4(L + D)2

- (Co — vcos(a))(CO + vcos(a)) @)
4Dcos (a) (L — CoL — Dvcos(a))

+ CS(CO — vcos(a))(CO + vcos(a))

Left side of the Eq. (4) may be assumed as zero, and substituting
(4) in (3) for €2 — v?cos*(a) gives temperature independent
flow velocity as:

AT (L+D)? ©)
v =

= *
tB>a) * t(a>B) Lcos(a)

Due to the flow calculation is not dependent on C,
variations, measurement is not affected by temperature variation.
However, the aim of this study is to eliminate temperature
effects on transducer electrical characteristics. To understand the
temperature related measurement behaviors and dynamics of the
transducer, flow measurements are performed for different
temperatures and velocities (Figure 2). TOF values for both
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where t(g. ) is the upstream TOF value. Due to the TOF value

is reverse proportional to the flow velocity, TOF Difference
(TOF DIFF) value migh be computed as:

AT = t(g>a) — t(a>B)

2L 2L
Co— vecos(a) Cy+ vcos(a) ®)
4Lvcos(a)

€2 —v?cos?(a)

Computing the flow velocity is directly affected by the
change of water temperature due to the sound velocity C, is
affected by temperature. To eliminate this dependency:

e-1SSN: 2148-2683

measurements and actual flow velocities are recorded to perform
a calibration process which eliminates the temperature variation
effects.
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Figure 2. TOF signal evaluation ofco

2.3. Temperature Compensation Process

Temperature parameter must be know to eliminate its effects
on transducer. Due to the C, parameter has a known correlation
with temperature, it migh be employed to estimate temperature
value. C, might be computed as:

4LC,
—v2cos?(a)

©)

tg>a) T t(a>p) = 2
0

due tothe CZ > v? cos?(a), equation (6) becomes:
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llected data during experiments.

4L
t>a) t t(a>B)

Co 7

Proposed compensation method is based on a machine
learning model which considers the water temperature correlated
parameter C,, flow measurement v to estimate actual velocity v
(Figure 3).
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Co Machine
Learning based v
v Compensation
Block

Figure 3. Block representation of proposed machine learning
model.

To perform this process, machine learning models are employed.
Linear regression is method which defines a linear mathematical
expression between dependent and independent variables to
perform a prediction process of the independent variable
(Weisberg, 2005). This model might be defined as:
where y is the model prediction, 8 represents model regression
parameters, and X represents model inputs.

Support \ector Regression (SVR) method employees a
mapping kernel function which projects feature space into a
higher dimensional hyperplane (Awad and Khanna, 2015). The
objective of constructing a Support \Vector Machine (SVM) is to
map features into a higher dimensional space (F) by employing
a kernel function. Estimation function of a general SVR might
be defined as:

5} = aiK(xi,xj)+ b (10)

where «a; represents the support vectors with i samples, and b
represents the bias term. Mapping function K is employed as
linear, quadratic and cubic, respectively.

Gaussian process regression is a non-parametric regression
method based on optimizing the distribution kernel function
hyper parameters (Wilson et al., 2011). Kernel function with
optimal parameters define a regression fit which maximize the
negative log-marginal-likelihood (NLML) of thetraining set.

In this framework, probabilistic approach to regression
between input-output relation might be defined as:

y=fx) +e (11)

where e term represents a Gaussian distribution.

Fundamentals of ANN is based on learning brain neuron
cells, and hypostatized in machine learning framework (Eskov et
al.,, 2019). This model consists of an input layer, hidden layers,
an output layer and processing elements known as neurons. Each
neuron node receives its input from previous neuron nodes.
Neurons passes linearly weighted sum of the signal to another
neuron over an activation function. Activation functions within
the hidden layers gain the model its dynamics, and are selected
considering the complexity of the dataset. Multi-Layer
Perceptron (MLP) type of ANN has known number of input and
output layer neurons, and equals to the number of independent
and dependent variables, respectively. MLP might be defined as:

9 = ho (WS h (Wi, + X)) (2

where W,, represents the hidden-layer neuron parameters, h; (-)
represents the hidden-layer activation function, W, represents
the output-layer neuron parameters, and h, () is the output-layer
activation function. In this work, a single hidden-layer MLP type
ANN is employed for compensation process.

3. Results and Discussion

MATLAB environment is employed to study on the
collected dataset. Firstly, C, and v values are computed for each
temperature value. Linear regression, SVR, GPR and ANN are
employed to perform compensation process. Model
performances are investigated by considering the metrics
R% RMSE,MSE, MAE values (Table 1).

Table 1. Model performance metric evaluations.

Linear LinearKernel | QuadraticKernel | CubicKernel SVR GPR ANN

Regression SVR SVR
R? 0.82 0.81 0.81 0.84 0.92 0.95
RMSE 0.09876 0.1009 0.1007 0.0932 0.0374 0.0707
MSE 0.0097 0.0101 0.0101 0.0086 0.0014 0.0050
MAE 0.0414 0.0315 0.0352 0.0220 0.0076 0.0065

e-1SSN: 2148-2683
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According to the results, linear models have close
performance in terms of R? and error metrics. Although the
quadratic kernel SVR is a nonlinear model, it is understood that
it provides close performance to linear models in terms of R?
and error metrics. Cubic kernel SVR gives slightly better
performance on R?, RMSE and MSE metrics, but it is successful
in terms of MAE metric compare to previous models. Thus, it is
observed that solving the problem with quadratic or qubic
approaches is not appropriate in terms of a trade-off between
model complexity and model performance. GPR, as a
probablistic distribution based model, gives the best
performance in terms of RMSE and MSE metrics due to its
stochastic behavior. ANN, which gives the best performance in
terms of R?, also is successful in terms of MAE compare to all
proposed models on predictin the actual flow velocity.

4. Conclusions and Recommendations

This study presents a machine learning based calibration
method for temperature effects on transducer dynamics on flow
measurement devices. Herein, the problem is identified and
related works are given. Initially, transducer component and
flow measurement process are defined. The data collection
process for understanding the nature of the problem and adapting
the proposed method parameters are explained. Afterward,
temperature effect and proposed method are explained. Machine
learning models and machine learning based compensation
process are detailly explained. Finally, model performances on
compensation process are investigated via performance indexes.
According to the results, neural network based compensation
block gives the better performance compare to other models in
terms of performance metrix In the future direction of the study,
a reinforcement learning based compensation method may be
considered to eliminate disturbance effects.
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Abstract

Instrumentation and measurement have become a very important field in the developing industry. This development reveals
requirements such as minimization of measurement errors. Accurate measurement of flow and consumption is a significant proces s to
avoid wrong billing and entanglement for water utilities. This paper presents an ultrasonic Time-of-Flight (TOF) estimation algorithm
evaluation for liquid or gas flow rate measurement applications for electronic smart meters. Transducers, as a piezoele ctric material,
are employed in flow measurement industry, and generate ultrasonic sound waves against pressure. Reciprocal located transducers in
a flow medium are triggered to obtain ultrasonic sound waves in both flow direction. Due to the small distance between transducers
and speed of sound in flow medium, TOF calculation becomes a challenging process. Equivalent circuit model of a transducer is
implemented on MATLAB/Simulink environment numerically, and both upstream and downstream signals, which are the transit
waves between transducers and named in order to triggering order, are obtained. Firstly, behavior of an excited transducer is evaluated
on simulation environment, and a random signal, which simulates measurement noise, is employed to mimic the real-world
conditions. Problem definitions and proposed algorithms given in the literature are investigated, and candidate TOF measureme nt
algorithms are selected. Each method is implemented. Afterward, obtained transit waves are employed with the conventional method
to compute TOF at each zero-crossing point. To improve the measurement performance, a cross -correlation based method is proposed
for TOF estimation process, and results are compared to conventional method-based measurements. Possible future directions of the
study are indicated.

Keywords: Ultrasonic time of flight, ultrasonic flow meter, cross-correlation, flow measurement.

Ucus Siiresi Hesaplamasinda Farkli Yontemlerin Degerlendirilmesi

Oz

Enstriimentasyon ve Ol¢iim gelisen endiistride olduk¢a Onemli bir alan haline gelmigtir. Bu gelisim 6lgiim hatalarinin eniyilenmesi
gibi gereklilikler ortaya ¢ikartmaktadir. Akis ve tiiketimin dogru &lglimii, yanhs faturalandirma ve sular idaresinde meydana
gelebilecek karigikhiklart 6nlemede O6nemli bir siiregtir. Bu caligmada, elektronik akilli sayaglarda sivi veya gaz akis hizi dlgiim
uygulamalari i¢in ultrasonik ugus siiresi (TOF) hesaplama algoritmalarmm degerlendirilmesi sunulmaktadir. Transdiiserler, bir
piezoelektrik malzeme olarak akis 6l¢iim endiistrisinde kullanilir ve basinca karsi ultrasonik ses dalgalan iiretiler. Bir akis ortaminda
kargihkh olarak yerlestirilmis transdiiserler, her iki akis yoniinde ultrasonik ses dagalar iiretmek amaci ile tetiklenir. Transdiiserler
aras1 kisa mesafe ve akig ortaminda sesin yiiksek hizt nedeniyle, TOF hesaplamasi1 zorlu bir siire¢ haline gelmektedir. Bir transdiiserin
es deger devre modeli MATLAB/Simulink ortamunda niimerik olarak uygulanmakta ve transdiiserler arasi geg¢is dalgalar olan ve
tetiklenme sirasma gore isimlendirilen yukarv/asag: akis sinyalleri elde edilmektedir. Tlk olarak, tetiklenmis bir transdiiserin davranisi
benzetim ortammnda incelenir ve gercek diinya kosullarmi taklit etmek i¢cin Olgiim giiriiltiisiinii benzeten bir sinyal kullanilir.
Literatiirde verilen problem tanimlari ve Onerilen algoritmalar incelenir ve aday TOF 6lgiim algoritmalar segilir. Segilen her y ontem
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gerceklenir. Daha sonra elde edilen gegis dalgalan, her sifir gegis noktasinda TOF degerini hesaplamak i¢in geleneksel yonte m ile
kullanihr. Olgiim performansi arttrmak igin ¢apraz korelasyon tabanl bir TOF tahmin siireci metodu 6nerilir ve sonuglar geleneksel
yontemtabanli dl¢limler ile kargiagtwilir. Calismanmn gelecekteki olasi yonleri paylagilmistir.

Anahtar Kelimeler: Ultrasonik ugus siiresi, ultrasonik sayag, ¢apraz korelasyon, akis 6lgiimii.

1. Introduction

In flow rate and velocity measurement, ultrasonic
flowmeters (UF) are extensively used devices (Cengel and
Boles, 2015) due to it's advantages as follows; i) Easy to install
(Rajita and Mandal, 2016), ii) No pressure drop (Lynnworth and
Liu, 2006), iii) No moving parts (Mousavi et al, 2020), iv)
Measuring reverse flows (Chen et al., 2020). UF devices
measure the ultrasonic wave flight time, also known as Time-of-
Flight (TOF), to compute the flow rate of fluid (Peng et al.,
2018). For this process, transducer components are employed.
Transducers are piezoelectric materials which provide bipolar
transformation between electrical signals and sound-waves
(Chen et al., 2021). A flowmeter consists of two transducer (A
and B) which are triggered sequentially. Firstly, transducer A is
triggered to generate the ultrasonic wave called upstream signal
in fluid, and transmit to transducer B. Secondly, transducer B is
triggered, after the upstream signal is read, to generate another
ultrasonic wave called downstream signal, and transmit to
transducer A. TOF difference (TOFD) of upstream and
downstream signals may be determined to compute the direction
and velocity of flow on an embedded system (Uchiyama et al.,
2019).

As for the measurement of TOFD signal, related literature is
investigated (Willigen et al., 2021; Sun et al., 2021; Huang and
Young, 2009; Angrisani et al., 2006; Gueuning et al., 1996;
Demirli and Saniie, 2001; Andria et al., 2001; Barshan, 2000).
Willigen et. al. (2021) proposed different excitation signal
characteristics to minimize measurement zero-flow error. Sun et.
al. (2021) proposed an interpolation based method to increase
measurement accuracy of TOF signal. Huang and Young (2009)
defined a temperature problem on TOF measurement, and
designed a novel self compensated TOF measurement syste.
Angrisani et. al. (2006) proposed a discrete Kalman filtering
based method on TOF measurement process, and reliability of
the system is investigated. Gueuning et. al. (1996) combined the
conventional method and phase-shift method, and performed
experimental studies to investigate the performance of the
proposed system. Demirli and Saniie (2001) proposed a
parametric generalized echo model based method to estimate the
actual TOF value. Andria et. al. (2001) proposed to use wavelet
and short time Fourier transform to determine the enveloped
signals, and applied pulse detection algorithms for measurement
process. Barshan et. al. (2000) employed threshold, correlation,
curve-fitting, and sliding-window based measurement methods,
and compared to results considering the different error
evaluation metrics.

This paper represents a comparison of different methods on
computation of TOF value of the streams. Firstly, a RLC
equivalent model of transducer is employed to mimic it's
dynamics and behavior as given in Willigen et al (2021).
Numerical implementation and analysis of the model is
performed on MATLAB/Simulink environment. Nonlinear and
complex dynamics of the transducer model are evaluated.
According to the evaluations, necessary implementation
conditions of the proposed method are determined. Equivalent
circuit parameters are changed to generate phase-shift on signals.
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This phase-shift provides the upstreamand Downstream signals.
Afterward, these signals are contaminated by a noise signals to
mimic the real system conditions. A sample cross-correlation
function, threshold method and Nth zero-crossing method are
applied to signals to investigate the time domain performances
of the proposed methods. TOF measurement results of the three
methods are compared, and results are given.

Remaining parts of the paper are organized as follows; i) In
Section 2, related equivalent model of the transducers, TOF
measurement process and proposed method are explained, ii)
Section 3 represents the results of the proposed method based
TOF measurement, and it's performance evaluations, iii) A brief
summary of the paper, necessary findings of the proposed
method, and possible future directions of the study are indicated
in the Section 4.

2. Materialand Method
2.1. Transducer Equivalent KLM-model

A simple KLM-model is employed in order to observe
complex dynamics of a transducer in simulation environment
(Krimholtz and Leedom, 1970) (Figure 1).

Rix Ry Ca Cp RB

|—M~T—o

La Lg L
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T "pulse =9 Vpulse T

Figure 1. KLM electrical equivalentcircuit ofa transducer.

Transducer equivalent model consists of a transmitting circuit
including a resistor R,, and a voltage source V,,,. R, resistor is
employed as the receive circuit impedance. To mimic the cable
capacitance and transducer waveform and phase features, C,, is
considered for the modelling process. Separated parts of the
KLM-model represents the upstream transducer A and
downstream transducer B. Proportionality between I, and

Vouise Tepresents the transition of the ultrasonic wave from one

transducer to another. V;,, signal is employed as the excitation
signal of the streaming transducer, and chosen as a single pulse
signal. V... signal is considered as the overall output signal of
the model which represents the received ultrasonic stream
waveform.

2.2. Simulation of Equivalent Transducer Model

Numerical analysis of the KLM-model is performed on
MATLAB/Simulink environment. Related model component
parameters are chosen from Willigen et al. (2021) (Table 1).

Table 1. Implementation of electrical circuit model parameters.

R L Cy Cp Cg() Cyz(D)
20Q 46uH 139pF  0.55nF 139pF 130pF
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A phase-shifton upstreamsignal is obtained by setting the
capacitor Cp to be 5% mismatch. Thus, downstreamsignal is
achieved. A zero mean unit variance white noise is added to the
stream signals as measurement noise. Amplitude of this noise is
assumed to be 10% of the signal amplitudes (Figure 2).
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Figure 2. Contaminated stream signals.

2.3. Time-of-Flight Measurement Methods

Nth zero-crossing (NZC) method is an algorithm which
identifies the points where the signals are crossing the time-axis.
After each of N zero-crossing points of both upstream and
downstream signals are determined, TOFD might be determined
from the time difference related to the first zero-crossing point
after a predetermined threshold is obtained. In this study, TOFD
value is computed for different values of N.

Threshold (T) based TOFD measurement is a method which
detects the time point where the stream signals are exceeding a
predetermined threshold value <. Time difference of exceeding

points may be determined as TOFD value of the corresponding
stream signals. In this study, threshold based measurement

method is repeated for different choice of 7.

A sample cross-variance function might be defined as:

(1o
| 5> O1e =) Daere—72) sk =0,1,..
=4 1

}
' } 6]

1 _ -
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where y, and y, are the time series inputs of the sample cross-
correlation function, y; and Yy, represent the mean of the time
series, c,, ,,, represents the cross-variance function, and T is the
number of sample points. Thus, sample cross-correlation
function might be expressed as:

Cyy 3, (K) 03]

Tyiy, (K) =
e SY1SYZ
where s, and s, represents the standard deviations of the time
series, and r, . is the sample cross-correlation. In this study,
upstream and downstream signals are considered as s, ands,,,
and TOFD measurement is performed by employing the sample
cross-correlation function.

3. Results and Discussion

Nth Zero-crossing (NZC) and threshold (T) based methods
are employed for different settings, and a cross-correlation (CC)
based method is considered. Table 2 indicates the results for
each measurement.

Table 2. TOFD measurement resultsin nanoseconds (ns).

CC  NZC(5%) NZC(10%) NZC(15%)

T(5%) T(10%) T(15%)

0.0246 0.0070 0.0070

While the predetermined value of threshold is increased, the
variation of the measurement is increasing for threshold method.
However, the measurement variation is small for NZC based
method while the threshold is changed. Besides, CC based
measurement provides the largest TOFD value compared to
other methods. Execution time of the proposed methods are
computed to evaluate the algorithm performances. T method
performs the related task faster. Likewise, CC based
measurement method gives the most inefficient results in terms
of computation time.

e-1SSN: 2148-2683

0.0088

0.0026  0.061 0.0097

4. Conclusions and Recommendations

This study represents a numerical implementation of a
transducer equivalent electrical circuit model, and TOFD
measurement comparison of the methods in literature. Herein,
the problem is defined and related previous works given in the
literature are indicated. Firstly, the model implementation
parameters are determined for the simulation works. Secondly,
necessary implementation of the KLM-model is performed on
the Simulink simulation environment. To simulate the both
upstream and downstream transit waves, model parameters are
varied in a small margin. Thus, ultrasonic waves in both flow
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directions may be obtained. Afterward, measurement methods,
which are selected from literature, are employed to determine
TOFD for different settings of; i) Nth zero-crossing based
method, ii) Thresholding based method, iii) Sample cross-
correlation based method. Also, changes in both thresholding
and zero-crossing level effects on algorithm performances are
investiageted. A normally distributed random signal, which is a
mimic of noise signal, is employed to mimic real-world
implementation conditions. According to the results, sample
cross-correlation based method gives better performance on
computing the TOFD value. As the future direction of the study,
a machine learning based TOFD estimation algorithm, which
considers numerical and statistical features of the transit waves,
may be a new area for the researchers.
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Abstract

Alzheimer's disease is one of the greatest health problems of our time. Since there is no cure, it is necessary to diagnose the disease in
the early stages and to apply preventive treatments. However, early diagnosis of the disease is very difficult, so most people can be
diagnosed after significant and irreversible effects occur. Various studies are carried out by researchers around the world for the early
diagnosis of the disease. Deep learning has recently gained importance in the early diagnosis of Alzheimer's disease. With th e use of
models created using deep learning, the success of early diagnosis has reached high levels. In this study, the stages of Alzheimer's
disease and the changes that occur were examined. A literature review was conducted for various techniques used in the diagno sis of
Alzheimer's and the use of imaging techniques in the early diagnosis of Alzheimer's was investigated. Due to its widespread us e, the
MRI technique has been emphasized, and mostly studies using MRI have been examined. Concepts used in deep learning are
explained, innovations and results are presented. The architectures used in deep learning and the innovations they bring to this field
are revealed, and deep learning models that have been created and tested in current studies are examined. The innovations and success
rates brought by various studies have been revealed. Efforts have been made to develop a fast, efficient and successful model that
provides ease of use. For this, the scheduler structure, MONAI framework, Data loader structure and various technigques are presented
with simple use. Also, the model is optimized to run smoothly on Google Colab. In addition, the tools in the FSL library, which are
very important in preprocessing, were studied and optimal parameters were found for the "Bias field and Neck Clean Up", "Standard
Brain Extraction Using BET2" and "Robust Brain Center Estimation" tools. By using this library, optimal brain images can be
obtained for any model. The DenseNet121 model was used as a basis in the model and it was presented in a structure that can be
easily changed. The model can directly use 3D MR images, thus preventing the loss of various spatial information.

Keywords: Alzheimer’s Disease, Deep Learning, Image Recognition, Early Diagnosis, Artificial Intelligence

Derin Ogrenme ile Alzheimer Hastalii Teshisi icin Model Onerisi

Oz

Alzheimer hastaligi ¢agm en biiyiik saglik problemlerinden biridir. Bir tedavisi bulunmamas1 nedeniyle hastaligin erken evrelerde
teshis edilmesi ve Onleyici tedavilerin uygulanmas1 gerekmektedir. Ancak hastahgm erken teshisi olduk¢a zordur, bu nedenle ¢ogu
kiside belirgin ve geri doniigsiiz etkiler olustuktan sonra teshis yapilabilmektedir. Hastaligin erken teshis edilmesi i¢in diinyada

aragtirmacilar tarafindan gesitli galismalar yapilmaktadir. Deep leaming, Alzheimer hastahiinmn erken teshisinde son zamanlarda
olduk¢a Onem kazanmustir. Deep learning ile olusturulmus modellerin kullaniimasiyla erken teshis yapilabilme basaris1 yiiksek

“Corresponding Author: ozkayaal8@itu.edu.tr

" Data used in preparation of this article were obtained from the Alzheimer's Disease Neuroimaging Initiative (ADNI) database (adni.loni.usc.edu).
As such, the investigators within the ADNI contributed to the design and implementation of ADNI and/or provided data but did not participate in
analysis or writing of this report. A complete listing of ADNI investigators can be found at: http://adni.loni.usc.edu/wp-
content/uploads/how to_apply/ADNI_Acknowledgement_List.pdf
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seviyelere ulagmistir. Bu caliymada Alzheimer hastaligmm olusum evreleri ve olusan degisiklikler incelenmigtir. Alzheimer’s
teshisinde kullanilan ¢esitli teknikler igin literatiir taramasi yapilmis ve goriintiileme tekniklerinin Alzheimer’s erken teshisinde
kullanimu arastirilmustir.

Yaygm kullanim nedeniyle MRI teknigi iizerinde durulmus, ¢ogunlukla MRI kullanilan ¢ahgmalar incelenmistir. Deep learning’te
kullanilan kavramlar agiklannug, yenilikler ve sonuglar ortaya konmustur. Deep learning’te kullanilan mimariler ve bu alanda
getirdikleri yenilikler ortaya konmus, mevcut ¢alismalarda olusturulmus ve test edilmis deep learning modelleri incelenmistir. Yapilan
cesitli calismalarn getirdigi yenilikler ve basari oranlan ortaya konmustur. Kullanim kolaylig1 saglayan ve hizh, performansh ve
bagamrili bir model gelistirilmesi i¢in ¢aligilmigtir. Bunun i¢in scheduler yapisi, MONAI yapisi, “Data loader” yapisi ve gesitli
teknikler basit bir kullanimla sunulmustur. Ayrica model Google Colab iizerinde sorunsuz sekilde ¢alismasi i¢in optimize edilmistir.
Ayrica goriintii Oniglemede olduk¢a 6nemli olan FSL kiitiiphanesindeki toollar ile ¢ahgsilnus ve "Bias field and Neck Clean Up",
“Standard Brain Extraction Using BET2” ve "Robust Brain Center Estimation" toollar i¢in optimal parametreler bulunmustur. Bu
kiitiiphane ile herhangi bir model igin optimal beyin goriintiileri elde edilebilmektedir. Modelde temel olarak DenseNet121 modeli
kullantlmistir ve kolaylkla model degistirilebilen bir yapida sunulmustur. Model 3 boyutlu MR goriintiilerini dogrudan

kullanabilmektedir ve bu sayede ¢esitli uzaysal bilginin kaybmnm oniine gegilmistir.

Anahtar Kelimeler: Alzheimer Hastahgi, Derin Ogrenme, Goriintii Tanima, Erken Teshis, Yapay Zeka

1. Introduction

Alzheimer's disease is a neurodegenerative disease
characterized by irreversible deterioration of cognitive and
memory functions. Symptoms develop progressively towards the
advanced stages of the disease and affect the daily life of the
patient. The disease causes irreversible damage to brain cells and
in advanced stages the disease is fatal. AD is the most common
type of dementia and accounts for approximately 50% to 80% of
total dementia cases [1]. The average expected life expectancy of
people with Alzheimer's disease is between 3 years and 10 years.
This expectation varies according to the age at which the disease
occurs. As age increases, life expectancy also decreases[1]. For
people older than 65 years, the risk of Alzheimer's doubles every
5 years [2]. Mild Cognitive Impairment (MCI) is a stage in
which cognitive functions are impaired and dementia symptoms
appear mildly, unlike healthy people of similar age. In other
words, it can be said that it is the intermediate stage between a
healthy person and a person with dementia. MCI has language,
thinking and decision-making problems, and memory problems,
and these are much more serious than normal age-related
problems. Symptoms can be seen on tests, but they do not yet
affect daily life like dementia. MCl is a factor that increases the
risk of developing dementia. In fact, the risk of Alzheimer's
disease increases when memory problems predominate in MCI.
Some MCI patients can develop into AD. Some studies have
found that between 10% and 15% of people with MCI develop
AD each year [3][4]. Correctly detecting the possible conversion
from MCI to AD is very important for the diagnosis of AD in the
early stages.

The most used techniques in the early diagnosis of
Alzheimer's disease in recent years are imaging methods. The
images obtained by imaging methods like Functional
MRI(fMRI), Structural MRI (sMRI), Diffusion Tensor Imaging
(DTI) and Positron Emission tomography (PET) are processed
with various models and meaningful results are obtained. Many
studies have been conducted to improve success rates, and a
variety of models have been tested on these students. First of all,
the imaging technique to be used should be selected. MRI is one
of the most used imaging techniques. This is because the MRI
technique has many advantages over other imaging techniques.
One of the studies in which the functional MRI technique is
preferred is the study [5]. Resting-State fMRI (RS-fMRI), a type
of functional MRI, was used in studies [6] and [7]. \Wblumetric
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MRI (vMRI) was used in the study [8], structural MRI (SMRI)
was used in [9] and 4D fMRI is used in [10]. There are also
studies using imaging techniques otherthan MRI. In one of these
studies [11], 18F-FDG PET technique, a type of positron
emission tomography, was used. In [12] and [8], Diffusion
TensorlImaging (DTI) technique was used.

According to experiments, Convolutional Neural Networks
are the best deep learning method for image recognition and
processing. For this reason, high success rates have been
obtained in studies using this method. In the study [10] using 4D
fMRI, 3D convolutional neural networks were used. 4D imaging
such as fMRI encompasses the time dimension, among other
dimensions, so much more information can be obtained from
imaging. However, since there is not enough and suitable 4D
algorithm, 4D images that can be led by various imaging
techniques are transformed into 2D and 3D. A model for
processing 4D images is presented in the article. This model is
the C3d-LTSM model and is created by combining 3D
convolutional neural networks. Temporal and spatial features can
be extracted from 3D images in fMRI images. Consequently, it
is an excellent approach for processing 4D fMRI images. As a
result experiments and comparisons, C3d-LTSM gave much
better results than 2D imaging, 3D imaging and functional
connectivity methods that are currently used under the same
conditions.

In recent studies, it has been seen that better results are
obtained by using more than one method together. Much better
results will be obtained by combining CNN, which is a very
successful method, with other methods. Finding the best
combination of these is the main challenge. Such a study was
conducted with convolutional neural networks in [13] and early
diagnosis of dementia and Alzheimer's disease, and separation of
MCI and Alzheimer's patients were studied. In the study, an
ensemble of 3D densely connected convolutional networks (3D-
DenseNets) model is proposed for the diagnosis of Alzheimer's
disease and MCI patients. 1000 iterations were made to select
the best from different 3D-DenseNets models, and as a result,
the best 5 3D-DenseNets models were selected as the base
classifier. Then, a probability-based fusion method was applied
and 3D-DenseNets were combined with different architectures
and an ensembled model was created. The accuracy rating of this
ensembled model is 97.52 percent. This is better than a stand-
alone 3D-DenseNet. It was seen that the probability-based
ensemble model and the majority voting approach used in the
study performed quite well and could give better results than the
state-of-art models. It has also been determined that combining

124



European Journal of Science and Technology

multiple classifiers reduces the error rate and increases the
success rate. The probability-based ensemble model which is
proposed in the study performed much better than the majority
voting method. The proposed model gave an accuracy rate of
98.83% in distinguishing Alzheimer's patients from normal
individuals, and an accuracy rate of 93.61% in discriminating
Alzheimer's Disease/Mild Cognitive Impairment. It also
outperformed Demet on other thorny classification missions. It
was concluded that the proposed ensemble 3D-DenseNet model
is an effective way to distinguish and diagnose Alzheimer's
diseases and MCI.

The availability of proper data is one of the most crucial
challenges in the early diagnosis of Alzheimer's disease. Deep
learning methods need data consisting of a large number of
images. If there are not enough images, an overfitting problem
may occur. Various techniques exist to solve this problem like
data augmentation and transfer learning and have been used in
various studies. In a transfer learning application study [14],
accuracy results are increased by using data augmentation. This
shows the importance and benefit of data augmentation. In
addition, data augmentation plays a key role in preventing the
overfitting problem. In addition to the necessity of having
sufficient data, it is also necessary to preprocess the data used
correctly. Preprocessing of MR images is a very challenging
issue for researchers. For this, various methods have been tried
in this study.

2. Materials and Method
2.1. Dataset

Various imaging techniques are used in the diagnosis of
Alzheimer's. It is very difficult for researchers to collect and
organize the images obtained with these techniques. For this
reason, various organizations have been established to collect
and standardize Alzheimer's disease data. One of these is the
Alzheimer's Disease Neuroimaging Initiative (ADNI) [15]. In
addition to MRI, PET images, genetic and biospecimen data are
also included and these data are shared with researchers free of
charge. In this study, MR images were studied due to its
prevalence and ease of use, and trials were conducted using the
ADNI1:Baseline 3T and ADNI1:.Complete 1Yr 1.5T4 datasets.
There are 3 classes in these datasets and they are Control Normal
(CN), Mild Cognitive Impairment (MCI) and Alzheimer's
Disease (AD). It also has various information about the people
with the images, such as gender, age and number of visits. The
ADNI database contains data of 3208 people from various age
groups and different genders. Despite the large number of data
available, not every patient has all types of data. Images in the
ADNI database have undergone certain processes to establish a
certain standard. All exams in the ADNI1 database are intensity
normalized and gradient un-warped T1 images. The distribution
of the data in the ADNI database is shown in Table 1. NC:
Normal Control, MCI: Mild Cognitive Impairment, EMCI: Early
MCI, LMCI: Late MCI, AD: Alzheimer’s Disease
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Table1. Age distributionsof peoplein ADNI [16]

Age Group £ CN | MCI | EMCI @ LMCI | AD
Under 2 1 0 0 0 0
2-11 0 0 0 0 0
12-18 0 0 0 0 0
19-29 0 0 0 0 0
30-39 0 0 0 0 0
40-49 0 0 0 0 0
50-59 39 3 18 10 24
60-69 282 170 133 54 85
70-79 422 343 137 95 216
80-89 114 144 51 24 119
Above 89 6 5 1 2 12
Unknown 0 0 0 0 0

2.2. FMRIB Software Library (FSL)

Although the MR images in the ADNI database have
undergone certain processes, they still need various processes to
enter the model. The most critical ones are clearing the neck area
from the image and removing the skull from the image. As a
result of these procedures, the regions in the MR image that are
unnecessary for the model are deleted, leaving only the brain
regions. In this way, various errors that may occur are prevented.

There are various methods and tools used in this field. One
of them is Fsl [17][18][19], which is a very comprehensive
library of analysis tools. It can be used on Windows, macOs and
Linux The tools used for MR images in Alzheimer data are
“Bias field and Neck Clean Up”, “Standard Brain Extraction
Using BET2” and “Robust Brain Center Estimation” [20][21].
With Bias Field and Neck Clean Up process, various irrelevant
areas in the MR image are deleted such as neck, nose, sinuses
and eyes. In this way, the performance increases and the learning
rate increases while training the deep learning model. After this
process, Standard Brain Extraction Using BET2 is applied and
skull stripping is performed. In this way, the skull around the
brain is erased and a very clean brain image is obtained.
Alternatively, the Robust Brain Center Estimation process can be
applied, which aims to give the best result by applying the BET2
tool several times to obtain a more accurate image.

2.3. Convolutional Neural Network (CNN)

Convolutional Neural Network is a type of Multi-Layer
Perceptron (MLP). The CNN algorithm, which is a forward-
looking neural network, was inspired by the visual center of
animals. In Convolutional Neural Networks, convolutional
layers are used as an essential part. A CNN consists of one or
more convolutional layers, a subsampling layer, followed by one
or more fully connected layers such as a standard multilayer
neural network. The purpose of CNNs is the same as neural
networks. With the various transformations of the inputs,
representations of a more abstract level are obtained [22].
Conversely, convolutional layers use local connectivity instead
of full connectivity and performcalculations and transformations

125



Avrupa Bilimve Teknoloji Dergisi

between input and hidden neurons. Another component of the
CNN is the pooling layer. They are usually found between a
convolutional layer and the next one. The main purpose of the
pooling layers is to reduce the dimensions, that is, the features,
and while doing this, to protect the information as much as
possible. They do this with various pre-specified pooling
methods. The pooling layer works with various hyperparameters
and makes dimension reduction with these parameters. There are
various pooling methods. For example, averaging-pooling,
stochastic pooling, max-pooling, etc. According to [23] the
method that gives the best results with images is the maxpooling
method, so it is the most used pooling method.

The first CNN network is the architecture called LeNet,
which was introduced by Yann LeCun in 1988 and continued to
be improved until 1998 [24]. In the LeNet network, the
sublayers consist of cascading convolution and maximum
pooling layers. The next upper layers correspond to the fully
connected conventional MLP. CNN algorithms are applied in
many different fields such as natural language processing (NLP),
medical image processing, especially in the fields of image and
sound processing. In particular, the best results have been
obtained in the field of image processing. In the ImageNet
Competition in 2014, all of the teams that received the best
scores in object classification and detection with millions of
images and hundreds of object classes used modifications of
CNN algorithms [25]. In a 2015 study, CNN demonstrated
success in capturing faces in wide-angle ranges, including
reversed faces. This network is trained on a database of 200,000
images containing faces from various angles and orientations,
and another 20 million images without faces [26]. Apart from
these examples, CNN has been used in many areas.

2.3.1 Supervised Learning

In supervised learning, each data in the used dataset has a
label. Each feature creates a dimension and the vector created by
the features is called the feature vector. A label can be of many
different types like integer, real number, matrix, vector, classes,
etc. The purpose of supervised learning is to produce a model
that uses a dataset. The model uses the features taken from the
feature vector as input and produces output. With these outputs,
label deducing is done for the feature vector [27]. Diagnosing
Alzheimer's using MRI images is a type of supervised learning.
Using MR data, each of which has a label, the deep learning
model is trained and the success of classification for the test data
is measured. Supervised learning is more widely used than
unsupervised learning. The most well-known supervised
network methods are Convolutional Neural Network (CNN),
Recurrent Neural Network (RNN), and Deep Neural Network
(DNN) [28]. The most successful method among them is the
convolutional neural network. Many CNN models can
successfully perform AD classification. Examples of these are
the models VGNet, AlexNet [29][30][31][32], ResNet [33][34],
DenseNet [35][36] and Inception [37][38].

There have been many studies using these models, and
many have achieved high accuracy rates. For example, in one
study [39], a feature map was created using the improved
PCANet model and this map was used as an input in the
DenseNet model. Thanks to the dense connections in DenseNet,
image classification was made in a fast and high-performance
way. Although CNN is a very successful model and is
considered better than traditional feature extraction methods, it
requires a large number of image data for training. Also, a CNN
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model needs more time to train properly than other methods
[28]. As can be seen in the studies carried out, the lack of
medical image has always been a big problem. Various methods
such as data augmentation and transfer learning have been
created to overcome this problem. With the techniques tried in
the proposed model, the time spent on preprocessing and
training has been reduced. In addition, an optimal model has
been tried to be created with the infrastructure of proven
architectures such as DenseNet and ResNet. Various data
augmentation methods such as adding noise, Gaussian offset and
image flipping are also available in the model. The DLTK library
is used for this [40].

2.3.2 \bxel-based Feature Extraction

In this method, feature extraction is done over voxels. The
method is to extract the activated voxel values in preprocessed
images utilizing statistical methods. These voxel values are
features. If a three-dimensional analysis is desired like the
diagnosis of Alzheimer’ Disease by using MR images, it is the
method that can be applied most directly. In this way,
quantitative analysis of the brain can be done directly using
voxels. With the voxel-based feature extraction method, even
very small changes in the brain can be noticed and quantitatively
analyzed. In addition, this process can be easily done for certain
areas of the brain.

In a study, Woxel-Based Morphometry (VBM) obtained from
MR images was used to distinguish between AD and normal
control individuals [41]. Since there are too many voxels in MR
images and computational costs will be high if all of them are
used, some methods have been applied to reduce the number of
features. The “t-algorithm” was used in a study to reduce the
calculation amount and computational cost and to increase the
performance. With this algorithm, appropriate voxels are
selected and other voxels are excluded [42].

2.4. Google Colab

Google Colab is a platform established by Google to provide
free resources to researchers [43]. This platform, which can be
used for many different purposes such as machine learning and
deep learning applications, has specially optimized hardware.
Thus, it provides convenience and time savings in the studies
carried out. Since it is free, its resources are limited and its use
needs to be managed correctly. On average, 12.5 GB of RAM is
available for system RAM usage. The use of GPU provides very
high performance in the field of image recognition. That's why
it's important to properly manage GPU usage. On average, 12.5
GB of GPU RAM is available for free use. The disk space
available for free is 70 GB on average. The model used uses an
average of 11 GB of GPU RAM. The remaining GPU RAM is
insufficient to use all images. For this reason, it is necessary to
insert images into the model in batches, notall at once.

2.5. Proposed Method

The main purpose of the proposed model is to find solutions
to various problems that researchers encounter while
establishing or applying a deep learning model, and thus to lead
the way in the creation of more successful and performance
models. For this reason, various tools and techniques that
provide ease of use have been researched and tested in the model
to be easily used by other researchers. PyTorch framework is
preferred in the model. This is because of the open-source and
easily modifiable nature of PyTorch builds. Successful
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architectures such as DenseNet264 and ResNet can easily be
used instead of DenseNet121 used in the model. The MONAI
framework [44][45] was used as the infrastructure in the model.
It has been preferred because it provides ease of use and is easy
to understand. 3D images can be used directly in the model and
feature extraction is voxel-based. The model is openly shared on
Github and researchers can access it easily on Github. The
process of preparing the dataand applying the model is shown in
Figure 1.

Figure 1. Process of Data and Model
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3. Results and Discussion

In the skull stripping process, which is an important
preprocessing step, the optimal parameter (Fractional Intensity
Threshold) for the ADNI dataset was found to be =05 as a
result of approximately 300 trials for the "Bias field and Neck
Clean Up" tool. By using this value, neck and nose parts can be
wiped optimally. Since only the brain is used in the diagnosis of
Alzheimer's disease using MR images, the performance and
accuracy of the model increase with this process. The second
operation is the accurate deletion of the skull around the brain in
the image with the neck, nose and eye parts removed. The point
to be considered in this process is to protect the brain regions
while wiping the skull, and therefore the correct parameter usage
is very important. For “Standard Brain Extraction Using BET2”,
approximately 700 images were tested and the optimal value was
found to be f=0.15. In the experiments performed on the same
images with the "Robust Brain Center Estimation" tool, the
optimal parameter for this tool was found to be f=0.1. Figure 2
shows the sagittal plane image of an MR image taken from the
ADNI database. The sagittal plane view of the image formed as
a result of the operations performed with the Bias field and Neck
Clean Up tool is shown in Figure 3. The last image created with
the Standard Brain Extraction tool is shown in Figure 4 and it is
seen that the brain is successfully separated from other regions.
With the FSL processing, the regions outside the brain were
deleted and a brain MR image was created which is ready to
enter the deep learning model. To process these images, a model
was created that can directly use 3D images. In this way, three-
dimensional images such as MR can be used directly without the
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2.5.1. Scheduler Structure

Optimal parameter selection in deep learning models is a
very important and difficult issue. In the proposed model, the
"Scheduler" structure is used to find the optimal value of the
"Learning Rate" parameter. With this structure, the learning rate
changes automatically and gradually, and the success rates can
be followed on the graph. By default, the initial learning
rate=le-7 and the max learning rate=1e-5 are given in the model.
The amount of learning rate increase is calculated depending on
the size of the training dataand the number of epochs.

2.5.2. Data loader Structure

Each of the MR images used is 42 MB on average and
contains a lot of data. Therefore, RAM usage is high. It causes
problems, especially in Google Colab and prevents the model
from working. For this reason, the data loader structure, which is
a structure that puts images into the model piece by piece, not all
at once, was used and RAM usage was significantly reduced.
The batch size can be adjusted according to the amount of free
RAM available and the model can work optimally. In this way,
low RAM capacity or high image count is no longer a problem.
Due to the usage limits of Google Colab, the optimal batch
size=7 for the training data is determined and the model can
work without any problems. It is possible to easily change the
batch size according to the changing sources.

need for any slice operation and loss of information. In addition,
with the new brain extracted images, training time is reduced by
approximately 35% compared to normal MR images.

One of the benefits of the model is that it greatly reduces
the need for RAM by using a data loader. Most models store all
images on RAM, which results in performance degradation.
Thanks to the data loader structure used in the proposed model,
the images are used in batches and provide improvements in
terms of performance and resource usage. Due to the usage
limits of Google Colab used in the study, it is very important to
manage the resource usage correctly and a great improvement
has been achieved with this structure.

Figure 2. Magnetic Resonance Image From ADNI [15]
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Figure 3. Neck, Nose and Eye Removed

Figure 4. Brain Extracted (Skull Stripped)

To provide a standard for images, they are first resized to
128*128*128. All images are normalized within the model and
pixel values are drawn between zero and one. Different
normalization options are also available in the model and can be

4. Conclusions and Recommendations

In the study, a new model is proposed to be used in the
diagnosis of Alzheimer's and to provide an infrastructure for new
models. In the proposed model, various techniques that increase
success and performance are presented in an easy-to-use and
customizable manner. The main purpose of the model is to
present the techniques that can be simply used in future research
and to support the researchers at the points where they have
difficulties. It was aimed and succeeded to provide improvement
in the fields of image preprocessing, model construction, optimal
determination of parameters, and efficient use of resources. As a
result of the trials with the ADNI dataset, approximately 35%
reduction in training time was achieved. The most important
reason for this is that the unused voxels are cleaned fromthe MR
image with the FSL library. In the study, optimal parameters
were found for three tools in the FSL library. With the data
loader structure, the limited resources in Google Colab were
used effectively and the model was run without any problems.
With the scheduler structure, the learning rate parameter has
changed automatically and it has been possible to find the
optimal parameter quickly and easily. All of these developments
are presented in a proposed model with easy use and it is aimed
to reduce the difficulties in new studies.
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easily arranged as desired. Various data augmentation methods
such as adding noise, Gaussian offset and image flipping are also
included in the model and can be used. The DLTK library was
used for data augmentation and normalization [40]. In addition,
DenseNet121 infrastructure is used in the model. The
infrastructure can be easily changed with minor modifications,
thus providing great convenience in new works that can be done.
Using proven infrastructures promises high accuracy and success
rates. With the data to be prepared with the aforementioned Fsl
tools, both ease of use, high performance and economical
resource use, as well as high success can be achieved. In this
sense, all the tools mentioned in this study work seamlessly in
harmony and overcome various difficulties in use.

The scheduler structure used in the model is one of the most
important features used in the model. This structure is a structure
that aims to facilitate parameter management, which is quite
time-consuming. Without the need for any processing, the
"Learning Rate" in the model is constantly changing within the
specified range and the optimal learning rate is found much
faster. In addition, The Tensorboard library is used for
visualization and parameters can be monitored simultaneously
with the model.

The advantage of using 3D images directly in the model is
that the loss of information is at a minimum level. Spatial
information loss occurs when 3D images are converted by
various methods. Preserving this valuable information will
increase the success of potential studies using the proposed
model. In addition, converting 3D images and inserting them
into the model in different ways means extra time and resource
usage. With the proposed model, these processes are not required
and time and resource  savings are  provided.

In future studies, using the techniques in the proposed model
will save researchers from many difficulties and save time and
resources. In addition, the use of the PyTorch framework will
also provide ease of work due to its more open structure.
Researchers can easily develop their models or use parts of the
proposed model in the future.
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Oz

Gelisen teknoloji ile birlikte son dénemlerde sikca duymaya basladigmz “Yapay Zeka” ve “Derin Ogrenme” kavramlarmm pek ¢ok
uygulama alanlar1 mevcuttur. Insan zekasmi taklit eden bu yéntemler ¢evresinden aldig1 veri setlerini tipki insanlar gibi de neyim yoluyla
ogrenir. Bu caligmada Kayseri’nin Yahyali ilgesinde yetisen elma gesitlerinin cinslerine gore siniflandiriimasi yapilmigtir. Elma meyvesi
Eyliil ayinda toplandigi i¢in elmalarin agactan koparildigi hasat zamaninda elde edilmistir. Elma {iretimi yapan g¢ift¢ilerin en biiyik
problemleri el izi olmadan ve en kisa siirede elmalarin ¢esitlerine gére siniflandirlmasidir. Bu ¢ahgmada, 20 Golden, 20 Arjantin, 20
Buckeye Gala, 20 Galaval, 20 Superchiefve 20 Joremin elma tiirlerinden toplam 120 goriintii alimmustir. Goriintiiler sabit bir arka fonda
ayni ag1 ve ayni biiyiiklikte Canon EOS 70D DSLR marka fotograf makinasi ile ¢ekilmistir. Goriintii islemek icin MATLAB
programmm R2021a siiriimiinden faydalaninugti. Elma ¢esitlerinin  tiirlerine gore smiflandiriimas1  i¢in  derin  6grenme
algoritmalarndan yararlanilmugti.  Smiflandirma problemlerinin  ¢éziimiinde kullanilan en temel mimarilerinden olan AlexNet ve
GoogleNet derin 6grenme algoritmalart kullanilmugti. Cahgma AlexNet ve GoogleNet yontemlerinin her ikisinde de 10 epoch deg erinde
ve sgdmegitim algoritmasinda gerceklestirimistir. Ogrenme oranlar AlexNet ve GoogleNet i¢in swrastyla 0.0001 ve 0.0003 olarak ele
almmisti. Goriintiilerin %701 egitim %30’u test amaciyla kullanilmig olup toplam veri seti her gesitte 20 adet olmak iizere 120 tane
gorselden olusmaktadir. AlexNet mimarisi %83.33 basar orani, 1 dakika 52 saniyedir. GoogleNet mimarisinin smiflandirma bagar
oran1 %91,67° dir, 2 dakika 14 saniye siireile en basarih smiflandrma islemini gerceklestirmistir.

Anahtar Kelimeler: Elma Smiflandirma, AlexNet, GoogleNet, Derin Ogrenme.

Classification of Apple Varieties by Types Using Image Processing
Techniques

Abstract

With the developing technology, the concepts of "Artificial Intelligence"” and "Deep Learning", which we have been hearing fre quently
in recent years, have many application areas. These methods, which imitate human intelligence, learn the data sets they receive from
their environment through experience, just like humans. In this study, apple varieties grown in Yahyal district of Kayseri were classified
according to their type variables. Since the apple fruit is picked in September, it was obtained at the harvest time when the apples were
plucked from the tree. The biggest problem of the farmers producing apples is the classification of apples according to their varieties
without a handprint and as soon as possible. In this study, a total of 120 images were taken from 20 Golden, 20 Argentina, 20 Buckeye
Gala, 20 Galaval, 20 Superchief and 20 Joremin apple varieties. The images were taken with a Canon EOS 70D DSLR camera at the
same angle and the same size, on a fixed background. R2021a version of MATLAB program was used for image processing. Deep
learning algorithms were used to classify apple varieties according to their types. AlexNet and GoogleNet deep learning algorithms,
which are among the most basic architectures used in solving classification problems, are used. The study was carried out in both

* Sorumlu Yazar: Kayseri Universitesi, Lisansiistii Egitim Enstitiisii, Elektrik-Elektronik Anabilim Dali, Kayseri, Tiirkiye, ORCID: 0000-0002-8693-
1126, sevim-adige@hotmail.com
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AlexNet and GoogleNet methods at 10 epochs and sgdmtraining algorithm. Learning rates are taken as 0.0001 and 0.0003 for Ale xNet
and GoogleNet, respectively.70% of the images were used fortraining and 30% for testing, and the total data set consists of 120 images,
20 of each type. AlexNet architecture has 83.33% success rate, 1 minute 52 seconds. The classification success rate of the GoogleNet
architecture is 91.67%, and it performed the most successfulclassification process for 2 minutes and 14 seconds.

Keywords: Apple Classification, AlexNet, GoogleNet, Deep Learning.

1. Giris

Tirkiye, verimli ve c¢evresel olarak c¢esitlendirilmis tarim
alanlant ile kaliteli tarrm {irlinleri iireten iilkeler arasinda yer
almaktadmr. Tarimsal {iretimin 6nemli kollarndan biri de yas
meyve yetistiriciligidir. Tirkiye, bazt meyve tiirleri bakimindan
diinyanm 6nde gelen iireticisidit. Elma (Malus domestica), giil
(Rosaceae) familyasndan bir meyve tiiriidiit. Elma, icerdigi
antioksidanlar, vitaminler, lif ve bircok farkli mineral ile saghkli
ve yaygimn olarak tiiketilen bir meyvedir. Elma, yiiksek miktarda C
vitaminine esdeger fenolik bilesikler, kanser ve DNA hasan
riskini azaltan degerli antioksidanlar icerir [1]. 2019-2020
sezonunda Tiirkiye diinya elma iiretiminde 4. swada yer
almaktadir [2]. Son yillarda elma iiretiminin artmasiyla birlikte,
yetistiriciler i¢in en 6nemli endigelerden biri, elmalar1 kisa siirede
temassiz olarak farkli tiirlere aywrmaktir. Elmalarm tiirlerine gore
smiflandirmas1 swrasinda el degmeden smiflandirilmas: ihracatta
kayiplan azaltir ve elma kabugunun daha steril olmasmi saglar.
Bu sorunu ¢6zmek i¢in modern tarimda teknolojiyi en iist diizeyde
kullanmak ve otomasyondan yararlanmak {ireticiler igin bir
¢O6ziim yoOntemidir. Kamera, video kamera, tarayici gibi
cihazlardan elde edilen saysallastirilnug goriintiilerin bilgisayar
ortammnda yazilimlar vasitasiyla islenmesi veya analiz edilmesi
goriintil isleme olarak tanimlanmaktadwr. Bir karar vermek icin
bilgisayarla gérme gorevleri, dijital goriintiileri toplama, isleme,
degerlendirme ve anlama ydntemlerini igerir.

Gelisen teknoloji ile birlikte son donemlerde sikga duymaya
basladigimiz “Yapay Zeka” ve “Derin Ogrenme” kavramlarinin
pek ¢ok uygulama alanlari mevcuttur. Insan zekdsmi taklit eden
bu yontemler ¢evresinden aldig1 veri setlerini tipki insanlar gibi
deneyim yoluyla 6grenir.

Yapay zekd ¢ahgmalart genel olarak insanm diisiinme
yontemlerini taklit eden yapay yontemler gelistirmeye yonelik
calismalara Onem veren bir disiplindir Ancak yapay zekanin
yetenekleri bununla smirh degildi.  Ogrenebilen, kendini
gelistirebilen ve ayni zamanda gelecekte insan zekdsmdan
bagimsiz gelisebilecek bir kavrama dogru yeni ydnelimler
olugmaktadi. Bu yonelim, insanm evreni ve dogay: anlama
¢abasmda kendisine yardimci olabilecek belki de kendisinden
daha zeki, insan 6tesimakineler olusturmanm bir tirtiniidiir.

Derin 6grenme, olusturulan veri setleri ile sonuglar hakkinda
tahminde bulunan birden ¢ok katmandan meydana gelen makin e
6grenme yontemidir. Derin 6grenme, yapay zekd yontemlerinden
biridir. Derin 6grenme yontemi birden ¢ok katmanda islem
yapabilmektedir. Genel olarak literatiirde goriintii isleme, tip,
endiistri, nesne tespiti, gelecek tahmini gibi pek ¢ok alanda ¢6ziim
iretmektedirler. Raikar ve arkadaslan [3] tarafindan, bamyalarin
uzunluguna gore kiiciik, orta, biiyiik ve ekstra biiyiik olmak iizere
dort smiflandirma  yapilmisti.  Bamyalarm  uzunluguna gore
derecelendirmek igin yapay gorme teknolojisi ile arastirma
yapimisti. Bamyanm derecelendirilmesinde ii¢ derin dgrenme
modeli kullanimistir: AlexNet, GoogleNet ve ResNet50. Elde
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edilen dogruluklar AlexNet i¢in %63,45, GooglLeNet modeli i¢in
%68,99 ve ResNet50 i¢in %99 dur. Liu ve arkadaslart [4]
tarafindan CNNs modelinin  komiir goriintii tanima ve
smiflandrmadaki ~ operasyonel siiregleri ortaya konmus,
smiflandrma agwliklarmi etkileyen ozellikler analiz edilmistir.
En yiiksek smiflandirma dogrulugu ResNet50 modelinde tespit
edilmig, kangik kOomiir numunesi goriintii veri setindeki
smiflandrma dogrulugu %83,42 olarak belirlenmistir. Antrasit
renkli komiir numunelerinde dogruluk orani ise %90,19’dur.
GoogleNet  sinir aglarnt  kullanilarak  tibbi  goriintiiler
incelenmektedir, tibbi veri tabanindan bir sorgu goriintiisiine
benzer goriintiiler saglayarak hastalik teshisine yonelik oldukga
bagarih sonuglar elde edilmektedir [5]. Yabanci ot tohumlarmin
tespitinde de GoogleNet ve AlexNet sinir aglan kullanilarak
smiflandrma islemi gergeklestirilmektedir [6]. Diinya’da en ¢ok
ekimi gerceklestirilen muswr mahsuliiniin yapraklan iizerinde
hastalik tespiti i¢in de evrisimli sinir aglaryla smiflandirma
yapilmaktadir [7]. AlexNet evrisimli sinir aglari smiflandirma igin
saglk alaninda oldukga ciddi problemler i¢in verimli bir sinir ag1
olmustur. Alzheimer hastaligmi MCI diizeyinde teshis etmek i¢in
MRI (Manyetik Rezonans Goriintiileme) tibbi goriintiilerinden
onemli ozellikleri etkili bir sekilde almak amaciyla AlexNet sinir
aglarmm kullanildig1 bir siniflandirma modeli dnerilmektedir [8].
Meyveler iizerinde birgok smiflandrma g¢esidinde derin
o6grenmenin kullanildig1 literatiirde sik rastlanan bir durumdur.
Papaya meyvelerinin olgunluk smiflandirmas1 i¢in aralarinda
GoogleNet ve AlexNet’in de bulundugu 7 farkli dnceden egitilmis
evrisimli sinir ag1 kuulanilmistir [9]. Erken olgunlagmis ve olgun
cilek Omeklerini smiflandrmak i¢in de Onceden egitilmis
AlexNet evrigsimsel sinir ag1 kullanilmigtir [10]. Derin 6grenme
teknikleri araciigiyla tiirlerini smiflandrmak i¢in iki bitki
tohumu veri setini incelemis; mahsullerde hastaliklarm erken
tespiti ve mahsul verimini artirmak i¢in ¢ok dnemli sonuglar elde
edilmigtir [11-12]. Bitkilerdeki hastaliklarm smiflandirimasi
evrisgimi sinir aglarmm kullanmm yine baz g¢aliymalarda
gergeklestirilmis ve iyi sonuglarelde edilmistir [13].

Gorilintli isleme fotograf makinasi, video kamera ve tarayici
gibi cihazlardan elde edilerek sayisallastirilan goriintiilerin
bilgisayar ortaminda gergeklesen yazihmlar yardmuyla islenmesi
veya analizi olarak tanimlanmaktadi. Bu ¢aliymada kullanilan
derin 6grenme yapilarmdan AlexNet, goriintii smiflandirmasinda
kullanilan derin konvoliisyonel bir sinir agidm. ilk bes tanesi
konvoliisyonel olmak {izere, son ii¢ tanesiise tam baglh sekiz adet
katmandan olugmaktadr. Bu katmanlar arasinda “pooling-
ortaklama” ve “aktivasyon” katmanlari da bulunmaktadir. Ayrica
giris ve ¢ikig katmanlari da birgok yapay zeka alanlarmda oldugu
gibi yer almaktadwr. AlexNet mimarisi, 1000 nesneyi
smiflandiracak sekilde tasarlanmigs ve ayni zamanda nesne
tanimlamada hata orani %15,3 olarak belirlenmistir. Bu ¢aliymada
analizleri gerceklestirilen bir diger derin 6grenme yapisi ise
GoogleNet’ti. ~ GooglLeNet [14] yapisindaki Inception
modiillerinden dolayr AlexNet mimarisine gore karmasik bir
mimaridir ve 22 katmanl bir yapiya sahiptir. Bu yapmnm nesne
tanimlamada hata oran1 %5,7 olarak tespit edilmistir. GoogleNet
mimaris, ardigik bir sekilde konvoliisyon ve havuzlama yapisi
olusturmaktan uzak CNN mimarilerinden birisidir. GoogleNet
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bellek ve gii¢ kullanim iizerinde giliniimiiz teknolojisinde de
onemli bir yere sahiptir.

Bu calismada elma cesitlerini tiirlerine gore smiflandirmak i¢in
AlexNet ve GoogleNet derin 6grenme yontemleri kullanilnus tir.
Kayseri'nin Yahyah bolgesine ait 6 farkli tiirden elde edilen elma
gorilintiileri egitim ve test veri setlerine ayrilnug; AlexNet ve
GoogleNet yontemleriyle elde edilen sonuglar birbirleriyle
karsilas tirlmus tir.

2. Materyal ve Metot
2.1. Arastirma M odiilii

Tarim, insanlk tarihi i¢in her donemde 6nemli olmustur. En
temel iliretim dallarmdan biri olan tarim sektorii iilke niifusunun
devam edebilmesi, milli gelire ve is alanlarmlarmdaki
cahgilabilirlige katkis1 6nemlidir. Ayni zamanda diger sektorlere
hammadde ve sermaye saglamasi ve biyolojik ¢esitlilik ile
ekolojik dengeye olan katkis1 nedeniyle diinya genelinde
vazgecilmez bir sektor olmustur. Bundan dolay1 bu sektor,
ekonomik ve sosyal boyutlariyla, toplumun biitiin kesimlerin i
olduk¢a yakindan ilgilendirmektedir [15]. Tarmmsal alanin en
onemli dallarndan biri de meyve yetistiriciligidir. Bu ¢ahigmada
kullanilan elmalar Kayseri ilinde iiretilmisti. Ulkemiz elma
iretiminde Kayseri’yi 6nemli kilan ilgelerden biri de Yahyali
ilgesidir. Yahyali ilgesinde iklim ve toprak 6zellikleri bakimindan
elma yetigtirmenin uygun olmasi alan basma yetistirilen elmanin
¢oklugu, kalitesi ve dogalligin1 da olumlu yonde etkilemektedir.
Yahyah elmasi kendi igerisinde goriintii ve tatagisindan “Golden,
Arjantin, Joremini, Siiper Chief Buckeye Gala, Starking Red
Chief, Starkrimson, Scarlet Spur, Fuji, Gala, Beraburn, Rainders

Golden, Gold Chief,
barindirmaktadir.

Pink Lady” gibi bircok cesidi

Bu cesitler aras1 ayrimu yapabilmek makinelesmenin de insan
glicliniin yerini almasiyla daha ekonomik, hizh ve sistemli hale
gelmigti. Hata paymm az oldugu, teknoloji c¢agmm aktif
kullanildigt, seri iretimin fazla oldugu bu ¢agda elmalar arasi
kalite ve cins ayrimmin analizinin yapilabilmesi i¢in ¢ogu alanda
kullanilan otomasyon bu alanda da gerekliligini gostermektedir.
Tarmsal tiriinlerin 6zelliklerinden olan renk, uzunluk, yiizey alani
ve iz disim alan1 gibi fiziksel Ozelliklerinin  bilinmesi
mithendislik ¢galismalari agismdan olduk¢a 6nem tasmaktadur.

Bu calismada Yahyali Bolgesine ait elmalarla ilgili goriintii
isleme analizleri AlexNet ve GoogleNet sinir aglariyla
gergeklestirilmigtir.

2.1.1. AlexNet

Bu calismada incelenen yaygm onceden egitilmis CNN modeli,
2012'de ILSVRCYyi kazanan AlexNet'tir [16]. AlexNet, daha
derin bir mimariyle tasarlandigi geleneksel CNN mimarisine
kiyasla, kiimelenmis evrigim katmanlart igeren daha fazla filtre
katmanma sahiptit. 5 evrigim katmanmi ve 3 tam baglantili
katmandan olusur. Ilk iki evrisim katmanmm her bir, bir alt
katmandan ve bir yantt normallestirme  katmanindan
olugmaktadir. Her katmani bir ReLU islemi takip eder. Birinci,
ikinci ve besinci evrigim katmaninin her birini bir maksimum
havuzlama katmani izler. AlexNet, yerel yanit normallestirmesini
kullanmak gibi etkinlestirme islevinin doygunlugunu 6nlemek
icin bazi avantajlara sahiptir. Bu arastrma i¢in, veri kiimesi 6
farkh meyveden olustugundan, tam baglantili katmanlar 6 farkli
kategoriyi smiflandirmak i¢in ayarlanmugti. AlexNet sinir
aglarmm genel mimarisi Sekil 1'de gosterilmektedir.

G|r|§ resmi

evr|$|m1 J—(evrlsnmz evr|5|m3]—» evrisim4
havuzl havuz2

|

] [evrlslmSJJ)\fc4096’—’{fc4096]—’lfc1000]—" SoftMax‘

Sekil 1. AlexNet sinir aginin mimarisi

Sekil 1°de verilen AlexNet, 5 evrisim katmani ve 3 tam baglantih
katman dahil olmak iizere 8 agirlik katmanindan olusurve birinci,
ikinci ve besinci evrisim katmanlarmi takiben {i¢ maksimum
havuzlama katmani kullanilir. ik evrisim katmani, 4 piksel adiml
ve 2 piksel dolgulu 11 % 11 boyutunda 96 filtreye sahiptir. Diger
evrigimli  katmanlarm admm ve dolgusu 1 piksel olarak
ayarlanmustir. Ikinci evrisim katmani 5 x 5 boyutunda 256 filtrey e
sahiptir. Ugiincii, dordiincii ve besincievrisim katmanlan sirasiyla
3 x 3 boyutunda 384, 384 ve 256 filtreye sahiptir.
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2.1.2. GoogLeNet

GoogleNet, ag modelinin derinligini ve genisligini artwrarak
olusturulan derin evrisimli bir sinir ag1 modelidir. Parametreli 22
katman ve 100'den fazla ayr katmandan olusan GooglLeNet, RGB
i¢ renkli kanal kullanir ve sensor piksel boyutu 224 224'tiir.
Gradyanin kaybolmasmi Onlemek i¢in iki kaybi farkh bir
derinlikte ayarlani. Gradyanin geri doniisiinii saglamak, fazla
uydurmay1 onlemek ve yakinsama hizin1 hizlandirmak igin bir
ReLU ile takip edilir [17]. GoogleNet, baslangic birimini
kullanarak agin genisligini de artirr. Sekil 2’de GoogleNet sinir
aglarmm genel mimarisi verilmigtir.
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Sekil 2. GoogleNet sinir aginin mimarisi

2.1.3. Verilerin Toplanmasi ve Coziimlenmesi

Bu calismada Kayseri’nin Yahyal ilgesinde yetisen elma
¢esitlerinin cins degiskenlerine gore smiflandirilmas1 yapilmustir.
Elma meyvesi hasatzamani Eyliil aymmda yapildig1 icin en dogm
verilere ulagsmak admna bu ¢calismada elmalarin agactan koparildig1
hasat zamaninda yapilmis olup 20 Golden, 20 Arjantin, 20
Joremini, 20 Siiper Chief, 20 Buckeye Gala ve 20 Galaval elma
tiirlinden toplamda 120 goriintii almnugtir.

Elma cinslerine gore yapilan smiflandirmada 6 cinsten 1’er
elmanin fotografi ahnmistir. Goriintiiler sabit bir arka fon ile ayni
ac1 ve ayni biiyiikliikte hepsi ayr ayr fotograflanmigti. Elmalara

e-ISSN: 2148-2683

ait degerler gorintli igleme algoritmalart yardimyla elde
edilecekti. Ayrica elmalarin  cinslerinin = ayristirilmasi  i¢in
renklerinden ve boyutlarindan yararlanilip bilgiler elde edilmistir.
Bu Ozellikler  kullanilarak  elmalarin ayristirimasinda
MATLAB’de bulunan ilgili smiflandirma algoritmalari kullanilip
uygun olanlar1 incelenip kullanilmigtir. Elde edilen 120 elma
fotografinin farkli 6grenme setioranlarmda derin 6grenme modeli
gelistirilmisti. Ogrenme setinin haricinde kalan fotograflar ise
testamaciyla kullanilmgtir.

Fotograflar Canon EOS 70D DSLR marka bir fotograf
makinesi ile elde edilmistir. Bu fotograf makinasmda CMOS tipi
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bir sensdr bulunmaktadir. Detayh 6zellikler Tablo 1. araciigiyla
verimistir. Derin Ogrenmenin gerceklestirildigi bilgisayar, Intel
i5 3.4 GHz islemcili ve 16 GB RAM ozelliklerine sahiptir. Bu
Ozelliklerde bir bilgisayar kullanilarak modelleme islemleri

yapimisti.  Modelleme islemleri, c¢ok paradigmali sayisal
hesaplama yazihmm ve dordiincii nesil programlama dili olan
MATLAB programmin 2021b siirliimiinde gergeklestirilmistir.

Tablo 1. Calismada kullanilan kameranin teknik ozellikleri

CANON EOS 70D DSLR Teknik Ozellikler
Sensor Tipi CMOS
KameraTipi DSLR
Maksimum Coziiniirliik 5472X3648
Etkili Piksel 20 MP
Gériintii Islemcisi Digic 5+

2.1.4. Verilerin Analizi

Bolim 2.1.1 ve 2.1.2 de bu ¢alismada kullanilan veri setlerinin
nasil elde edildigi verilmistir. Derin 6grenme uygulama alanmnin
iki farkli yontemi olan Alexnet ve GoogleNet ile belirlenen veri
setlerinin goriintii islemeleri analiz edilmigtir. Bu analizler Matlab
programu iizerinden ilgili yOntemlerin, 0&zgiin veri setleriyle
birlikte incelenmesi sonucu elde edilmistir. Her iki ag yapisida
hata oranlarin1 minimum degere ¢ekmeye ¢ahgsarak 6 farkli elma
tlirtinti ayurt etmek i¢in program kosturulmus olup smiflandirma
islemi gerceklestirilmistir. Elma tiirlerini aymt etmek amaciyla
gergeklestirilen analiz sonuglari bir sonraki boliimde verilecektir.

3. Arastirma Sonuclan

Calismanm bu boliminde smiflandirma i¢in kullanilan her iki
algoritmanin da sonuglart irdelenecektir Bu arastrma igin
deneyler Boliim 2.1.3.” de verilen 6zellikli bilgisayar ve program
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ile yapimusti. Elma veri seti yukaridaki bdlimlerde verilen
kamera Ozellikleriyle fotograflanarak bireysel ve profesyonel
¢ekim sonucunda elde edilmigtir. Veri seti “Golden, Joremini,
Buckeye Gala, Arjantin, Galaval, Super Chief” tiirlerine ait
toplamda 120 elma c¢esidinden olugmaktadir. Her smif i¢in
goriintiilerin boyutu 512 x 512 pikseldir, ancak bu deney i¢in tim
goriintiiler 224x224 olarak yeniden boyutlandmrilmistir.

3.1. AlexNet Sinir Aglar1 Simiilasyon Sonuclar

Her iki algoritmada da tiim veri setinin %30 u kadar test verisi
aymlmisti. Caligmalarda 94 tanerastgele se¢ilmis elmalar egitim
seti olarak kullanilmugti. Sekil 3 AlexNet sinir aglarryla egitimi
gergeklestirilmis olan veri setinin test sonuglan gostermektedir.
Bu sonuglara gore ilgili sinir agmin smiflandirma sonuglarmin
oldukca bagarih oldugu tespit edilebilmektedir. Sekil 4’ te verilen
karmagiklk  matrisinin sonuglarma goére de Galaval ve
Buchkeygala cinsi elma tiirleri haricinde diger tiirlerde %100
dogrulukta tahmin ger¢eklestigi anlagilmaktadir.
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Buckeye Gala Arjantin Superchief Superchief Golden Superchief
Joremin Golden Arjantin Buckeye_Galal Superchief Superchief
Goldon Buckeve_Gala Joremin Buckeve. Gala Buckeye, Gala Superchief
Golden Buckeye_Gala Buckeye_Gala Joremin Golden Golden
Joremin Joremin Joremin Superchief Arjantin Arjantin
Arjantin Buckeye Gala Galaval Buckeve, Gala Arjantin

e & © ¢ 9

Sekil 3. AlexNet siniflandirma sonug¢lar

Arjantin

Buckeye Gala

Galaval

Golden
Joremin

Dogruluk Sinifi

Superchief

Tahmin Sinifi

Sekil 4. AlexNet Confusion matrix

Tablo 2’de AlexNet sinir aglariyla gergeklestirilen sniflandirma Ortalama 2 dakikalik bir ¢aliyma siiresi igerisinde yaklagik 5
analizinin  dogruluk sonucu ve c¢aligma siiresi verilmigtir. verinin 4’iniin dogru siniflandmldigr tespit edilmistir.

Tablo 2. AlexNet sinir aglarinin dogruluk performansi

Girdi Gorsel Girdi Boyutu Dogruluk Toplam Siire Ogrenme Oram  Tekrar
Sayisi
RGB Gorsel 224x224x3 % 83.33 1 dk 52 sn 0.0001 10
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3.2. GoogleNet Sinir Aglar: Simiilasyon Sonucglart

Buckeyve Gala Buckeye Gala Buckeye Gala
Golden Superchief

Joremin Arjantin Joremin
Galaval Superchief Joremin
Golden Golden Buckeye Gala

® @
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Buckeye Gala Galaval Arjantin
® o @
Golden Galaval Golden.
® o @
Arjantin Joremin Superchief
® & @
Arjantin Arjantin Superchief

¢
¢

Joremin

*

Arjantin Galaval

L 4
@

Superchief Superchief

Sekil 5. GoogleNet siniflandirma sonuglar
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Sekil 6. GoogleNet Confusion matrix

36 tane egitim setinde kullanilmamis elmalar test seti olarak
kullantimisti. ~ Sekil 5 GoogleNet sinir aglariyla egitimi
gergeklestirilmis olan veri setinin test sonuglarini gostermektedir.
Bu sonuglara gore ilgili sinir agmm smiflandrma sonuglarmmn
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oldukga basarih oldugu tespit edilebilmektedir. Sekil 6’da verilen
karmagiklik matrisinin sonuglarma gore de Galaval ve Joremin
cinsi elma tiirleri haricinde diger tiirlerde oldukca yiiksek
dogruluk oraninda tahmin gergeklestigi tespit edilmistir.
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Tablo 3. GoogleNet sinir aglarinin dogruluk performansi

Girdi Gorsel Girdi Boyutu Dogruluk  Toplam Siire Ogrenme Oram Tekrar
Sayisi
RGB 224x224x3 % 91.67 2 dk 14 sn 0.0003 10
Gorsel
Tablo 3° te GoogleNet sinir aglariyla gergeklestirilen GoogleNet encodings. Computers in Biology and

smiflandirma analizinin dogruluk sonucu verilmigtic. Bu sinir
aglanyla gerceklesen caligma i¢in gerekli ¢aliyma siiresiyine ayni
tablo icerisinde verilmistir. 2,14 dakikahk bir ¢alisma siiresi
icerisinde yaklagik %92 oraninda dogru smiflandirma yapildig1
tespit edilmigtir.

4. Sonug

Bu caigmada AlexNet ve GoogleNet'in elma tiirlerini tanima
icin elde edilen veri setlerine dayah farkh dogruluk
performanslan arastirilmusti.  Ozgiin fotograflara dayah olarak
meyve tanima performanslari analiz edilmisti.  Deneylerin
sonuclarma dayanarak, AlexNet ve GoogleNet sinir aglarinin
CNN temelli derin 6grenme olarak miikemmel sonuglar verdigini
gorebiliriz.

GoogleNet sinir aginmn genel egitim ve test siiresi, AlexNet
sinir agma kiyasla daha uzun olmasma ragmen, daha dogm
sonuglar verdigi gozlemlenmistir. Farkli sekil, renk ve dokuya
sahip elmalar1 tanimada GoogleNet'in daha iyi sonuglar verecegi
bu calismada godzlenmistir. Gelecekteki c¢aligmalar icin, diger
makine Ogrenimi ve derin 68renme teknikleriyle diger veri
kiimeleri {izerinde daha fazla deney yapilarak smiflandirma
islemleri gerceklestirilecektir.
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Oz

Baglantili arag teknolojisi araglarin diger araglarla ve diger trafik unsurlar ile haberlesmesini saglayan iletisim teknolojisidir. Bu alanda
olusan pazarda Tirkiye’ nin pay alabilmesi, sdzsahibibir pozisyonaulagabilmesi ve veri giivenligini saglayabilmesi i¢in bu teknolojinin
gelisim ve olgunlasma asamalarinda gerekli aksiyonlarm alinmasi kritik 6nem tagmmaktadir. Bu makalede, baglantili arag tekno lojisinin
diger iilkelerdeki durumlan &zetlenmis ve Tirkiye’de konu ile ilgili yapilan ¢aligmalar incelenmistir. Elde edilen veriler neticesinde
oncelik verilmesi gereken calisma konulart hakkinda dneriler sunulmustur. 2014 yilindan itibaren Tiirkiye’de akilli ulagim sistemleri
ad1 altinda bu konu ile ilgili ¢ahgmalarin hiz kazanmis oldugu goriilmiistiir. Diinyada yapilan ¢alismalar g6z 6niinde bulunduruldugunda
Tiirkiye’nin Kooperatif Akilli Ulagim Sistemleri (K-AUS) olarak adlandirdigi baglantili arag teknolojisi ile ilgili ¢alismalara daha geg
donemlerde basladigive konu hakkinda daha fazla deneyime ihtiya¢ duydugu goriilmiistiir. Hazirlanan eylem planlar, kurulan ara gtirma
merkezleri ve derneklerin verimli ¢alisabilmesi i¢in gerekli destegin ve kaynagn saglanmasi gerekliligi dikkat ¢cekmektedir. Baglantili
ara¢ teknolojisinde veri giivenligi ve giivenilirlik {izerinde ulusal standardizasyonlarin ve mevzuatlarin hazirlanmasmm 6nemli bir
ihtiya¢ oldugu ve bu alanda daha fazla ¢alisma yapilasi gerektigi sonucuna varilmigtir.

Anahtar Kelimeler: Baglantili Araglar, K-AUS, Veri Giivenligi

Development of Connected Vehicle Technology in Turkey

Abstract

Connected vehicle technology is acommunication technology that enables vehicles to communicate with othervehicles and other traffic
assets. Itis critically important to take the necessary actions during the development, and maturation stages ofthis technology for Turkey
to gain a share in the emerging market, have a position, and ensure data security. In this article, the situation of connected vehicle
technology in other countries is summarized and the situation in Turkey is examined. As a result of the work, suggestions were made
about the subjects that should be given priority. It has been observed that studies on this subject under the name of intelligent
transportation systems have gained momentum in Turkey in 2014. Considering the studies carried out around the world, it has been
seen that Turkey started to work on the connected vehicle technology called Cooperative Intelligent Transportation Systems (C-ITS) in
later periods and it needed more technical experience on the subject. It is noteworthy that the necessary supportand resourc es should
be provided in order for the action plans, research centers, and associations to work efficiently. It has been concluded that the preparation
of national standardizations and regulations on data security, and reliability in connected vehicle technology is an important need and
more work should be done in this area.

Keywords: Connected Vehicles, C-ITS, Information Security
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1. Giris

Aragtan Herseye (Vehicle to Everything - V2X), ara¢larin
diger aracglar, altyapi, yayalar ve diger trafik unsurlan ile
iletisim kurabilmelerini  saglayan baglantili arac¢ iletisim
teknolojisidir. Baglantih arag teknolojisi ile trafik sikigikligmin
onlenmesi, trafik kazalarmm ve g¢evre kirliliginin azaltilmas1
hedeflenmektedir.  Tiirkiye’de Kooperatif Akilli  Ulasim
Sistemleri (K-AUS) olarak adlandmlan baglantih arag
teknolojisi {ilkemizde heniiz test ¢aligmalari yiiriitiilen bir
teknolojidir (Ulagtrma Ve Altyapi Bakanligi, 2020).

Cesitli lilkeler tarafindan 2000’li yillarm bagmdan itibaren
baglantih ara¢ teknolojisi ile ilgili ¢aligmalara baglandigi, konu
hakkinda teknik testler yapildigi, standardizasyon ve
mevzuatlarm  belirlendigi  goriilmektedir  (Choi,  2020).
Hazirlanan mevzuat ve standardizasyonlarla kamu kuruluslar,
O0zel sektdor ve iniversitelerin is birligi iginde c¢aligilmasi
hedeflenmektedir. Ulkeler arasmnda yapilan anlasmalar ile
birlikte c¢alisabilirligin =~ saglanmas1 amaglanmakt.  V2X
teknolojisinde, IEEE 802.11p standardina dayanan DSRC
(Dedicated Short Range Communication) ve ITS-G5; 3GPP
(The 3rd Generation Partnership Project) standardina dayanan
hiicresel C-V2X olmak {iizere iki farkhh yaklagmn kullanildig:
goriilmektedir. Gelecekte kullanilabilecek bu iki teknolojiye
uygun standartlarin olusturulup iletisim i¢in kullanilacak
spektrumun belirlenmesi onem tagimaktadir.

Baglantili ara¢ teknolojisi ile yiiksek miktarda wveri
tiretilmesi beklenmektedir. Kisisel bilgiler igeren bu verilerin
gizlilk ve gilivenliginin saglanmasi, Tlizerinde durulmasi
gereken diger bir konu olarak kargimiza ¢ikmaktadir. Baglantili
araglar tarafindan iretilen verilerin sahipligi, kullanim ve
paylasim politik olarak ¢6zilmesi gereken 6nemli sorunlar
haline gelmektedir. Bu sorunlarin ¢6ziimii icin yerel diizeyde
resmi diizenlemeler yapilmasi gerekmektedir (Cohen, 2020).

Tiirkiye’deki baglantii arag teknolojisindeki geligimi
degerlendirebilmek ve bir referans noktasi belirlemek i¢in
Diinya’daki ¢esitli iilkelerin konu hakkindaki ¢aligmalari
aragtirilmigti.  Olusturulan pilot projeler ve testler, hazirlanan
standartlar ve veri giivenligi ile ilgili 6zel standartlara sahiplik
degerlendirme unsuru olarak secilmigtir.

Ikinci boliimde baglantih arag teknolojisinin Tiirkiye igin
onemi vurgulanmis ve Tirkiye’deki baglantili arag iletisimi
veri gilivenligi konusunda kullanict ¢ekinceleri {izerinde
durulmustur. Ugiincii boliimde cesitli iilkelerin baglantil arag
taknolojsi konusunda yaptig1 c¢alsmalar  Ozetlenmistir.
Tiirkiye’de yapilan akilli arag¢ teknolojisi ve baglantil araglar
ile ilgili ¢ahgmalar incelenmisti. Sonug¢ boliimiinde ise bu
bilgiler dogrultusunda K-AUS yapisinda gelinen nokta
degerlendirilerek,  yapilmast gerekenler Oneri seklinde
sunulmustur.

2. Baglanti Ara¢ Teknolojisinin Onemi

2.1. Trafik Kazalan Oliim Oranlan

Baglantili arag¢ teknolojisinin sagladigi giivenlihiz, giivenli
mesafe ve giivenli manevra kabiliyeti ile siiriiciilerin neden
oldugu kazalar azaltilabilmektedir (Weif3, 2011). Arastirmalar
kazalarm %90'mmn siiriici ihmalinden veya insan hatasmdan
kaynaklandigim1 goéstermeltedir (Sam, 2016). 2018 yilinda
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Diinya Saglik Orgiitii (DSO) tarafindan yayimlanan rapora gore
2016 yiinda Tirkiye’de trafik kazalarmdan hayatmikaybeden
insan sayismmn 9 782 oldugu tahmin edilmektedir Oransal
olarak bu deger 100 000°de 12,3’tiir. Bu oranm Kore’de 9,8;
Almanya ve Japonya’daise 4,1 oldugu goriilmektedir (WHO,
2018). Tablo 1’de ¢esitli Avrupa ve Asya Pasifik lilkeleri ve
ABD’deki trafik kazalarima bagh 6liim oranlart listelenmistir.
Trafik kazalarmm ve trafik kazalarma baglh Sliimlerin yiiksek
oldugu Tiirkiye’de baglantili arag teknolojisinin en kisa siirede
hayata gecirilmesi kritik 6nem tagimaktadir.

Tablo 1: Trafik Kazalarina Bagl Oliim Oranlar

Karayolu trafik
Ulke Karayolu trafik - o 0000
Olimleri* ..

niifus basina oran*
Ingiltere 2019 3,10
Almanya 3327 4,10
Japonya 5224 4,10
Fransa 3585 5,50
Giiney Kore 4990 9,80
Tirkiye 9782 12,30
ABD 39 888 12,40
Cin 256 180 18,20

*Diinya Saglik Orgiitii Tahmini 2016

2.2. V2X Donamimh Ara¢ Sayisindaki Artis

V2X pazarmm biiylime orani ve bu alanda yapilan
yatrmmlar da dikkat ¢ekici bir diger konudur. IHS Markit
tarafindan yapilan aragtirmaya gore Kuzey Amerika, Cin ve
Avrupa bagta olmak iizere diinya genelinde V2X destegine
sahip ara¢ sayisinda artiy oldugu goézlemlenmektedir. 2021
yilinda 2 milyona yaklasan V2X teknolojisi ile donatilmis arag
sayisinin 2024 yiinda 11,2 milyona ulasilacag: belirtilmis tir
(IHS Markit, 2019). Amerika Birlesik Devletleri Ulasturma
Bakanlig1 tarafindan yaymlanan 2020-2025 stratejik planinda
ise akilli ara¢ teknolojisine yapilan yatirimmn 25 milyar dolari
gectigi belirtilmistir (Sharon Chan-Edmiston, 2020).

Tablo 2:V2X Pazar: Biiyiime Oranlar

(x ﬁ;tg; Yillik bilesik
ArastirmaKurulugu Y1l Araligi biiy iime orani
ABD (CAGR)
Dolary)
Precedence Research 2020-2027 12,93 %43,7
M arketsandM arkets 2020-2028 12,859 %44,2

Ulkelerin ~ baglantii  arag  teknolojisine  yaptiklari
yatmrmmlarm her gegen yil arttigr goriilmektedir. Tablo 2’de
farkli aragtrma sirketleri tarafindan hazirlanan V2X biiyiime
hizi raporlart gosterilmistir. 2020 yih ile 2027-2028 yillar:
arasindaki yilik birlesik biliyiime oranmin ortalama %44
olacag1 ongoriilmektedir (Precedence Research, 2022; Markets
and Markets, 2020). Kuzey Amerika, Avrupa ve Asya Pasifik
iilkelerinin pazarda yiiksek pay sahibi oldugu goriilmektedir.

2.3. Veri Giivenligi Cekinceleri

Veri  giivenliginin =~ saglanmasinin, baglantih  arag
teknolojisinin yaygmlagsmadan Once ¢dzilmesi gereken ana
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unsurlaradan biri oldugu goriilmektedir (Weimerskirch, 2011).
Teknik bir gereklilik olmasi digmnda kulanicillarm da veri
giivenligi konusunda ¢ekinceleri oldugu goriilmektedir.
Kullanicilarm tam otonomsiiriis ile ilgili endiselerini anlamak
icin 109 iilkeden veri toplanarak yapilan bir yazihm korsanligi
ve verilerin kotiiye kullanminmn ik swada oldugunu
goOstermistir (Kyriakidis, 2015).

Deloitte Tiirkiye ve Otomativ Distribiitérleri Dernegi
(ODD) is birligi ile olusturulan "Tiirkiye Otomotiv Tiiketicileri
Arastirmast: fleri Aragc Teknolojileri" raporunda anket
katilimeilarinn %75’inin  baglantih  araglarm  fayda
saglayacagini diisiindigii belirtilmistir. Baglantih araglar
tarafindan iretilecek verilerin giivenligini koruma konusunda
yapilan ankette ise kigisel verilerin kotii niyetli taraflarca ele
gegirilebilecegini diigiinenlerin sayis1 %57 olarak verilmistir
(Deloitte, 2019). Bu sonuglardan yola ¢ikarak baglantili arag
iletisgimindeki giivenligin saglanmasmm ve elde edilen verilerin
korumasmmm kullanic1  i¢in  kritik 6neme sahip oldugu
gorilmiistiir.  Bununla Dbirlikte, katiimcildarm  %32’sinin
baglantih arag¢ teknolojisi ile elde edilecek verilerin giivenligi
konusunda hi¢bir organizasyon ya da kurulusa giivenmedigi
belirtilmistir. Tablo 3’de tiiketicilerin veri yonetimi i¢in tercih
ettifi organizasyonlar ve tercih oranlar verilmistir. Baglantili
araglar tarafinda iretilen verilerin yonetimi i¢in tiiketicilerin
hiikimet kuruluslarmdan daha fazla markalara giivendigi
goriilmiistiir. Stratejik dneme sahip, kotii niyetli kisilerce kotii
amaclar i¢in kullanilabilecek bu verilerin yabanci markalar
tarafindan yonetilmesi tehlike arz etmektedir Bu bilgilerin
parasal amaglar i¢in kullanilmayacagmmin  kontroliiniin
saglanmas1 ve baglantii araclar tarafindan iretilen verilerin
kigisel veri statiisii tagimasisaglanarak korunmasi biiylik 6nem
tagmaktadir. Tiiketicilerin hiikiimet kuruluslarina
glivenebilmesi i¢in giivenlik standartlarnm, mevzuatlarmm ve
stratejilerinin  belirlenip 6n hazirlik g¢ahgmalarinin  yapilmasi
gerekmektedir.

Tablo 3:Baglantili Araclar Tarafindan Uretilen Verilerin
Yonetimi igin Tiiketicilerin Tercih Ettigi Organizasyonlar (%)

Ulkeler M arkalar

Hiikiimet Kuruluglar Diger Higbiri

Turkiye 30 16 36 18
Cin 38 24 34 4
Almanya 40 15 15 30
ABD 40 2 27 31
Ingiltere 36 10 29 25

3. Baglantilhi Ara¢ Teknolojisi Cahismalan

3.1. ABD’deki Cahsmalar

ABD’de 1999’dan itibaren akilli ara¢ teknolojisi ile ilgili
calismalar yapilmaya baglanmus ve 2000’lerin basindan itibaren
konu ile ilgili standartlar sunulmustur. Amerikan Otomotiv
Miihendisleri Birligi ve IEEE tarafindan hazrlanan
standartlarve bilgilendirici yazilar Amerika Birlesik Devletleri
Ulastirma Bakanlig1 sitesinde yaymlanmaktadir (United States
Departman of Transportation, 2021). ABD genelinde test
platformalar1 ve denemeler Amerika Birlesik Devletleri
Ulastrma Bakanlig: tarafindan yapilmaktadir (ITS JPO, 2022).
2015 yimndan itibaren baglantil ara¢ pilot uygulama programi
kapsaminda Tampa, Wyomingve New York sehrinde test
ortamlart kurulmustur. Bunun digmda Florida ve Virginia’da
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cesitli iiniversiteler test ortamlarnt hazwlanmustir (ITS JPO,
2022). New York test alaninda giivenlik uygulamalan ile ilgili
testlere agwlik verilmistir. Tampa’da ise 1000’den fazla tasit ve
47 yol tlnitesi kullanilarak olusturulan test ortammda trafik
sikigikligr ve kazalar1 azaltma ile ilgili testler yapilmustir.
Amerika Birlesik Devletleri Ulagtrma Bakanhgi tarafindan
2015-2019 ve 2020-2025 stratejik planlant yaymmlanmisti. Bu
planda bakanligin yer alacagi gesitli otonom arag projeleri
listelenmistir (Sharon Chan-Edmiston, 2020).

3.2. Avrupa’daki Cahsmalar

Avrupa genelinde birlikte ¢alisabilirligin saglanmas1 adina
tiye iilkeler baglantii arag¢ teknolojisi konusunda ortak
calismalar ylriitmektedir. Akilli ulagim sistemleri standartlar,
Avrupa Standardizasyon Orgiitii tarafindan gelistirimektedir.
Bu alandaki ilk dokiiman 2005 yilinda sunulmustur. Yaymlanan
tiim standartlar ETSI TC ITS (European Telecommunications
Standards  Institute Technical Committee  Intelligent
Transportation  System) Komitesinin  web  sitesinde
yaymlanmaktadir (ETSI, 2022). Avrupa komisyonu 2014
yilinda, ortak bir vizyon gelistirmek amaciyla isbirlik¢i bir
gerceve olarak tasarlanan C-ITS Platformunu kurmustur. 2016
yiinda Uye Devletler, C-ITS'yi birbirine baglamak ve koordine
etmek i¢in C-Roads Platformunu baslatmistir (Marilisa,
(2018)). C-Roads Platformu 16 Avrupa iilkesinin ortak
girisimidir. Bu ¢aligma ile uyumlu ve birlikte ¢alisabilir C-ITS
hizmetlerinin  Avrupa ilkeleri arasinda yaygmlagtirilmasi
hedeflenmistir (Kernstock, 2017). C-ITS hizmetlerini tegvik
etmeye yonelik Avrupa eylemi kapsaminda, C-Roads Platformu
ile Car 2 Car Communication Consortium (C2C-CC) arasmnda
Haziran 2017'de ikili anlagmalar imzalanmustir (Car-2-Car
Communication Consortium, 2022).

Avrupa'daki ik C-ITS olan SCOOP@F Fransiz C-ITS pilot
projesidir. Bu proje Paris ile Strasbourg, Brittany, Bordeaux ve
Isere arasmndaki 2 000 kmlik yol boyunca yaklasik 3 000 arag
birbirine baglanmusti. Proje, 2018 yilinda sona ermistir
(European Commission, 2015).

2016 yilinda Hollanda, Almanya ve Avusturya’nin katildig1
C-IITS Koridoru projesi baslatimistr  (MorSicht, 2015).
NordicWay ve NordicWay2 Danimarka, Finlandiya, Norveg ve
Isvec’te yiiriitiilen akillh ulasim sistemleri projeleridir. Bu
projeler sayesinde karli ve buzlu kosullar altinda test yapma
imkan1 saglanmistir (Solveig Meland, 2017). Bunun digmda
Belgika, Cek Cumhuriyeti, Slovenya, Macaristan, Italya,
Portekiz ve Ispanya’dadacesitli projeler hazirlanmstir.

3.3. Giiney Kore’deki Calismalar

Giiney Kore Telekomiinikasyon Teknolojisi Dernegi (TTA)
2000 yiinda DSRC standartlarin1 yaymlanustir (TTA, 2006).
2006 yimda V2I (Vehicle to Infrastructure) DSRC iletigimi ile
ilgili standartlarhazirlanmistir (TTA, 2007) (TTA, 2018) (TTA,
2013).

2012 yihinda DSRC kullanan akilli ulagim sistemleri plani
olusturulmustur (Choi, 2020). Eyliil 2019'da C-V2X deneysel
hizmetleri saglama planmni duyurulmustur. Bu kapsamda C-
V2X ve diger akilh ulagmm sistemi teknolojileri hakkinda daha
fazla aragtirma yapilmasi tesvik edilmistir Heniiz kesin bir
politika karar1 vermemis olsa da hem DSRC hem de C-V2X
teknolojilerine agik politikalar yiiriitmiislerdir.
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2006-2012 yillar1 arasmnda faaliyet gostermis olan u-
Transportation Projesi ile giivenlik ve verimliligi artiran
cekirdek teknolojiler geligtirilmistic. =~ Bunun sonucunda
sinyalsiz kavsak yonlendirme hizmeti, V2X tabanh uyan
hizmeti ve kusbakig1 goriintiileme hizmeti gibi hizmetler
sunulmusgtur. 2008 yilinda baglatilan SMART otoyol projesi ile
iletisim teknolojisi, ara¢ teknolojisi ve yol teknolojisi
birlestirilmistir. Proje sonucunda V2I ve V2V (Vehicle to
Vehicle) iletisimi uygulanarak yol bilgisi tabanh ara¢ kontrol
hizmeti, engel tanmmlama hizmeti, acil uyart hizmeti ve
zincirleme reaksiyon g¢arpigsma Onleme hizmeti gibi hizmetler
sunulmustur (Choi, 2020).

2014 yihinda baslatiip 2017 yihnda sonlanan C-ITS pilot
projesi kapsaminda, Daejeon ve Sejong sehirlerindeki yollarda
testalanlan olugturulmustur (Bae, 2020). 2018 yilinda ise Seul
metropolitan ¢evre yolunda ve Kyungbu ekspres yolunda
toplam 128 km'lik testalanlar kurulmustur.

2030 yima kadar Giiney Kore'nin hedefinin g¢arpigsma
kazalarmm sifira  indirilmesini saglayacak  iletisim
hizmetlerinin kurulmas1 oldugu agiklanmistir (Choi, 2020).

3.4 Japonya’daki Cahsmalar

Japonya, 1,2 milyon km'den fazla yolla baglanan bir ada
iilkesidir. Japonya toplumun ciddi trafik sikisikligi sorunlariyla
kars1 karsiya kaldigi bir donem olan 1990 yillarinda
aragtrmalarmi  hizlandirarak araglardan bilgi toplanmasmni
saglayan ETC sistemini tasarlamist. 2001 yilinda tanitilan

sistem Japon karayollarmdaki araglarm %90'mdan fazlasinda
kullanilmaktadir (Public Relations Office Goverment of Japan,
2021).

DSRC ARIB STD-T75 standardi 2001 yilinda
yaymlanarak trafikte iki yonlii iletisim saglanabilmesi igin
teknik altyapt olusturulmaya baslanmust. Aralik 2016'da
Icisleri ve Haberlesme Bakanhgi baglantih araglar {izerinde
calisacak bir calisma grubu kurmus ve 2017 yilinda otonom
arag iletigimi planmi duyurmustur.  Bilgi-iletisim
teknolojilerinin ihtiyaglarma uygun ag altyapis1 teknikleri ve
iletisim  politikalarmm  tartigthp  2020-2030  arasmndaki
gelismelerin - Ongoriilmesi  hedeflenmistir (Soumu, 2018).
Basbakanhk 2018 yilinda akilli ulasmm sistemleri yol haritasmi
yaymlamigtrr (Prime Minister of Japan, 2018).

Japonya’da gelistirilmis olan ETC 2.0 akilli ulagm sistemi
hizmeti, ayn1 anda araglar ve yollar hakkinda veri toplama ve
bilgi saglama yetenegine sahip diinyanm ilk sistemdir. Aralik
2020 itibariyle otoyollardaki araglarm %251 ETC 2.0
kullanmaktadir (Public Relations Office Goverment of Japan,
2021).ITS Connectticari hizmeti 2015 yihnda baslamisti. V2V
ve V2I giivenlik 6zellikleri saglayan sistem ARIB STD-T109
ile uyumludur.

Toyota’nn 2021 yilinda yaymladigi rapora gore
Japonya'da 240 000’den fazla DSRC kullanabilecek arag
bulunmaktadir (Toyota, 2021).

3.5. Cin’deki Cahsmalar
Cin diger illkelerden farkli olarak C-V2X(Cellular-V2X)
kullanan ilk iilkelerden biri olma yolunda ilerlemektedir. C-

V2X, gelecek 5G mobil teknolojileriyle tam uyumlu olacak
sekilde tasarlanmug bir otonom arag¢ iletisim teknolojisidir.
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Audi, BMW, Ford, Tesla, Toyota ve neredeyse tiim mobil
operatorler bu teknolojiyi desteklemektedir (GSMA, 2017).

Cin otonomarag iletisimi i¢in C-V2X teknolojisini kullanmay1
planlamakta ve bu teknoloji ile ilgili projeler kapsaminda testler
gerceklestirmektedir. Cin’in  Beijing, Shanghai, Chongqing,
Changchun, Wuhan ve Hangzhou sehirlerinde Cin Endiistri ve
Bilgi Teknolojileri Bakanhgi destegiile C-ITS test ortamlari
kurulmustur. Yapilan testlerde trafik isiklarmm, yaya ve
motorsuz araglarin tanimlanmasi, serit takibi ve hiz limiti ile
ilgili testler yapilmisti. Cin Otomativ Miithendisligi Aragtirma
Enstitiisii tarafindan hazirlanan I-VISTA test platformu ile uzun
tiineller ve rampal yollara sahip Chongqing sehrinde testler
gergeklestirilmistir  (Chongqing International Media Center,
2018). 170km2°lik alan1 kapsayacak sekilde tasarlanmig olan
Wuxi C-V2X projesi ile de sehir seviyesinde iletisim testleri
yapimstir (Choi, 2020).

3.5 Tiirkiye’de Yapilan Cahsmalar

2000’li yillarm basmdan itibaren bircok kamu otoritesi
tarafindan hazrlanan belgelerde akilli ulagim sistemlerinden
bahsedilmekte fakat teknik bir standardizasyon
belirtiimemektedir. Akilli ulasim sistemleri bir biitiin olarak ele
almmakta ve baglantili arag sistemleri de bir ¢esit akilli ulagmm
sistemi olarak goriilmektedir. Baglantili ara¢ teknolojisinin K-
AUS adinda ayrica ele almmasinmn ardindan konu ile ilgili
caligmalara baslanmisti. K-AUS’un gelismesi i¢in dernekler,
kuruluslar ve arastirma merkezleri olusturulmustur. 63-64 GHz
arah@1r baglantili araglardaki iletisim igin tahsis edilmigtir
(Cuhadaroglu, 2021). Fakat konu ile ilgili standartlar tam
anlamiyla belirlenememistir.

Tiirkiye’de AUS 6zelinde hazirlanan 2014-2023 Ulusal
Alillh Ulagmm Sistemleri Strateji Belgesi birgok bakaligm
yanisira TURKSAT, TUBITAK, belediyeler ve iiniversitelerin
katkis1 ile Ulagtrma ve Altyapt Bakanlig:i tarafindan
yaymlanmustir,. Hazirlanan dokiimanda AUS kavramu agiklanip
diinyadaki uygulamalan ile ilgili karsilagtrmalar yapilnugtir.
Bu belgede, akilli ulagim sistemleri bir biitiin olarak ele alimarak
gerekli stratejilerin gelistirilmesi amaglannugti. AUS’un iilke
genelinde planlama ve entegrasyonu i¢in idari ve teknik
mevzuatm ulusal ve uluslararasi ihtiyaglara gore gelistirilmesi
ilk stratejik amag olarak belirlenmistir.

AUS Stratejisinin gelismelere uygun olarak belirli arahklar
ile degerlendirilmesi i¢in Ulastrma ve Altyapr Bakanhgi
baskanliginda 0Ozel sektor temsilcileri, Universiteler ve
STK’larin temsilcilerini de icerecek sekilde bir izleme ve
yonlendirme komitesinin kurulmasi planlanmugtir. Stratejiler
kapsamindaki ilerlemeleri gorebilmek adma 6 ayda bir izleme
ve degerlendirme komitesine izleme/degerlendirme raporu
sunulacagi belirtilmigtir (Ulastrma ve Altyapt Bakanlig:
Strateji Geligtirme Bagkanlgi, 2014). Kamu kurumlart ve 6zel
sektor arasmda kurulacak is birliklerinin  6neminden ve
Tirkiye’de yeterli uzmanligmn  olugmamus olmasmndan
bahsedilmistir.

Tiirkiye’de  2014-2023  Eylem planinin yaymlanmasi
ardindan K-AUS alaninda geligmeler yasanmusti. Dernekler,
aragtrma merkezleri kurularak ve konu hakkinda g¢esitli
projeler yiiriitiilmeye baslandig1 goriilmektedir.

2014-2023 Eylem Plan1 uyarinca, 2016 yilinda Tiirkiye
Akilli Ulagmm Sistemleri Dernegi (AUS Tiirkiye) kurulmustur
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(AUS Tiirkiye, 2016). AUS Tiirkiye, AUS alaninda g¢ahgan
kamu kuruluslari, 06zel sektdor, STK, belediyeler ve
tiniversiteleri tek cati altinda toplayarak belirlenecek standartlar
dogrultusunda uyum i¢inde c¢ahsmalarmi1 amaclayan bir
dernektir.

Gelisen teknoloji ve degisen gereksinimler neticesinde
2014-2023 Eylem planinda giincelleme yapilmasi gerekliligi
nedeniyle Ulagtirma ve Altyapi Bakanlig1 tarafindan 2020-202 3
Eylem Plan1 yaymlanmigti. Bahsedilen eylem planinda
baglantih ara¢ teknolojilerinin K-AUS olarak isimlendirildig i
gorilmiistiir. Mevcut AUS altyapilarinin gelistirilerek, kurulan
K-AUS altyapilarnt ile entegrasyonunun saglanmasi ve iilke
genelinde yaygmlastirilmast uzun donem hedefler arasmna
eklenmigtir. 2021 yilna kadar K-AUS i¢in test ve uygulama
koridorunun planlanmasi, 2023 sonuna kadar ise kurulmast
hedeflenmistir (Ulagtrma Ve Altyap1 Bakanhgi, 2020).

2016 yilinda Ulastrma ve Altyapt Bakanligi ile Bilgi
Teknolojileri ve fletisim Kurumu onciiliigiinde yeni nesil
haberlesme sistemleri ile ilgili iiriin, hizmet ve teknolojiler
gelistirmeyi  amaglayan 5GTR  Forum’un  kuruldugu
bildirilmistir SGTR Forum biinyesinde yer alan Hizmet ve
Uygulama Cahgma Grubunda baglantii araglar ile ilgili
cahgmalar yapimaktadir (SGTR Forum, 2022).

2014-2023 Eylem Plan1 uyarinca, 2017 yilinda Bandirma
Onyedi Eylil Universitesi Akilli Ulasim Sistemleri Uygulama
ve Arastrma Merkezi (BAUSMER) kurulmustur (AUS
Tiirkiye, 2021). BAUSMER’in  amaci AUS alaninda
diizenlenen konferans, sempozyum kongre ve ¢alistaylan takip
edip katihm saglamaktir Konu ile ilgili uluslararast is
birliklerinin saglanmasi, projeler olusturulmasi, ¢ahstay, ve
konferanslar diizenlenmesi hedeflenmektedir.

2018 yilinda Tirkiye’de kurulan Tiirkiye'nin Otomobili
Girisim  Grubu (TOGG) biinyesinde, baglantili araglar
konusunda ¢aligmalar yiriitiilmektedir. Ayrica, 2019 yilinda
TOSB Inovasyon  Merkez ve ITU OTAM
koordinasyonlugunda TOGG’un da ig¢inde yer aldig1 62 farkli
organizasyonun katihmuyla Tiirkiye Baglantih ve Otonom Arag
Kiimelenmesi (TCAV) kurulmustur. Bu olusum ile firmalar
arasinda ig birliginin saglanmas1 hedeflenmistir (TCAV, 2020).

Avrupa Birligi Ufuk 2020 destekli SG-MOBIX projesi ile
5G ve yapay zeka  teknolojisinden faydalanarak
otomatiklestirilmis ara¢  fonksiyonlarmm  geligtirilmesi
hedeflenmistir (5G-MOBIX Projesi, 2020). Projede, araglarin
konvoy halinde Tirkiye-Yunanistan smir gegis koridorunda
ilerlemesi tasarlanmistir. Projenin Tiirkiye tarafinda BILGEM ,
Ford Otosan, Turkcell ve Ericcsson TR; Yunanistan tarafinda
ise Cosmote, WINGS ve Ericcsson GR gibi kuruluslar
bulunmaktadir.

2021 yilinda Aragsal Aglar ve Akilli Ulagim Sistemleri
(VeNIT) Laboratuvar’nm ¢ahsmalan ile Marmara Universitesi
Dragos Kampiisiinde K-AUS i¢in altyapi1 hazirlanarak testler
gergeklestirilmistir (Marmara Universitesi, 2021).

4. Standartlar, Testler ve Veri Giivenligi
Cahsmalarina Genel Bakis

Tiirkiye’de baglantih  ara¢ teknolojisindeki  geligimi
degerlendirebilmek ve bir referans noktasi belirlemek i¢in
¢esitli iilkelerin konu hakkindaki ¢gahgmalari aragtirilmistir. Ele
alman iilkelerde V2X iletisim teknolojisi ile ilgili pilot projeler
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ve testlerin yapillp yapilmadigi, standartlarm mevcut olup
olmadig1 ve V2X iletisim giivenligi ile ilgili 6zel standartlara
sahip olup olmadiklart degerlendirilmistir.

Uluslararas1 Telekomiinikasyon Birligi
Radyokomiinikasyon Sektorii (ITU-R) tavsiyesi olan 5,725—
5,875 MHz arahiginda olmak {izere spektrum tahsisleri iilkeden
tilkeye farkhhk gostermektedir (Tablo 4). ABD'de 5850-5925
MHz frekans araligi segilmistir. Avrupa’da ETSI, 5855-5925
MHzde g¢ahgma gerekliligini tanimlayan EN 302 571
standardmi yaymlamistir (ETSI EN 302 571 V2.1.1, 2017).
Cin, 59 GHz bandinda 5905-5925 MHz araligini
kullanmaktadi. Giiney Kore Bilim ve Bilgi ve lletisim
Teknolojileri Bakanhgi (MSIT), 2016 yilinda baglantili arag
uygulamalar igin 5855-5925 MHz araligini tahsis etmistir.
Japonya’da ITS-Connect ve ETC/ETC2.0 i¢in iki farkli bant
arahgi tahsis edilmis. Tiirkiyede ise 63-64 GHz aras1t V2I ve
V2V haberlesmelerde kullanilmak {izere tahsis edilmistir.
Ayrica, 5875-5905 MHz band araligi 6zel amacglara yonelik
kullanilmak {izere tahsis edilmistir (Cuhadaroglu, 2021).

Tablo 4:Spektrum Tahsisleri

Ulke Spektrum
ABD 5850-5925 M Hz
Avrupa 5855-5925 MHz
Cin 5905-5925 MHz
Ganey 58555025 M Hz
Japonya 755.5-764.5 M Hz /5770- 5850 M Hz
Tirkiye 63-64 GHz /5875 — 5905 MHz (Ozel Amag)

Standartlar: ABD, Avrupa, Cin, Giiney Kore ve
Japonya’da baglantili ara¢ teknolojisi ile ilgili standartlar
yaymlandig1 goriillmektedir (Tablo 5).

Veri Giiveligi Standartlari: ABD, Avrupa, Cin, Giiney Kore
ve Japonya’dabaglantili arag veri giivenligi ile ilgili standartlar
yaymlanmisti. Ayrica, Avrupa 29. Madde Calisma Grubu
tarafindan yapilan bildiride baglantih ara¢ kullaniminda
iretilecek verilerin kisisel veri olarak sayildig1 goriilmektedir
(Article 29 Data Protection Working Party, 2017).Tiirkiye’de
ise AUS 2020-2023 eylem planinda veri paylasmm ve
giivenliginin saglanmas1 stratejik amaglardan biri olarak
belirlenmistir. Bu kapsamda AUS verileri ydnetim merkezinin
kurulmas1 ve bu merkezlerin trafik kontrol merkezleriy le
entegrasyonunun saglanmasi hedeflenmistir (Ulastrma Ve
Altyap1 Bakanhgi, 2020).

Tablo 5: Standartlar

Standartlar

ABD  Avrupa Japonya Cl'glélr‘zy Cin
IEEE  ETSI
1609.X  ITS ARIBSTD A ICV
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Veri Giivenligi Standartlan

ABD Avrupa Japonya GKﬁélreey Cin
IEEE ETSI ITS ICV-
102 Forum TTAE.IT- Information
1609.211800L00T  g40.  (RC- X.1372  Security
943  009) (204)

Testler: Cesitli ulusal standardizasyon gruplari, spektrum
kullanim diizenlemesi konusunda kendi kararlarin1 verebilmek
i¢in arastirmalar yapip test ortamlart hazirlamiglardir (Tablo 6).
Avrupa iilkelerinin test gelistirme konusunda da is birligi
yaptig1 goriilmektedir. Bu ama¢ dogrultusunda Avrupa Uye
Devletleri ve karayolu operatdrlerinin ortak bir girigimi ile C-
Roads platformu kurulmustur. ABD’de ulastrma bakanhgi
testlere Onciilitkk etmektedir. Test yataklarmm olusturulmasi i¢in
cesitli sehirlerde iiniversitelerle is birlikleri  yapildig:
gorilmektedir (ITS JPO, 2022). Bunun diginda Japonya, Giiney
Kore ve Cin’de de g¢esitli testlerin gerceklestirildigi
gorilmektedir (Choi, 2020).

Tablo 7°de standardiasyon, veri giivenligi ve olusturulan
testler géz oOniinde bulundurularak iilkelerin V2X iizerinde
yaptig1 calismalar kargilastmlmisti.  Diger iilkeler ile
karsilastmldiginda Tiirkiye’nin standart olusturma konusunda
gec kaldig1 goriilmektedir. Baglantili arag¢ teknolojisi ile ilgili
test calismalart mevcut olsa da konu hakkinda deneyimin
artirllmas1 i¢in yeni pilot projelerin olusturulmasma ihtiyag
vardir.

5. Sonuc¢

K-AUS siteminin Tiitkiye’de kullanilabilir hale gelmesi ve
diinyadaki baglantih ara¢ sistemleri ile uyumlu olabilmesi i¢in
gerekli mevzuat, standardizasyonlarm belirlenip uygun
spektrumun tahsis edilmesi biiylik 6nem tasimaktadi. Bu

sekilde altyapida genel g¢erceve olusturularak {ireticiler ve
gelistiricilerin yol haritalarin1 belirleyip bunauygun tasarimlar
yapabilmesinin  6nii agilacakti. Bu durum ise birlikte
calisabilirligin =~ ve {rlin  uyumlulugunun artiilmasini
saglayacaktir. Bu yaklasmm ayni zamanda Tiirkiye’deki ulusal
K-AUS  gelistirmelerinin @~ hizn1  artwracakt.  Yapilan
diizenlemelerin hiicresel tabanli, kablosuz ag tabanh ya da
hibrit yapilar ile uyumlu olabilecek ¢ercevede hazirlanmasi
gerekmektedir. Bu teknolojilerden hangisinin kullanilacagmin
belirlenmesi ise sadece uluslararas1 yaym takibi ve global
ireticilerin  agiklamalarma bakilarak degil ulusal diizeyde
yapilan testler, aragtwrmalar ve bunlara bagh Ongoriiler ile
belirlenmelidir.  Bunun yapilabilmesi i¢in gereken insan
kaynagiolugturulmah ve aragtirmalarin bu ydnde yapilabilmes i
icin gerekli tesvik saglanmalidi. Bu sayede karsilagilabilecek
ulusal tehditlerin dniine gegilmesi miimkiin olacaktir. Yapilacak
uluslararas1 anlagmalar, projeler ve ortakliklar ile K-AUS
alaninda Tirkiye’nin de bir aktér olmasi {ilke ekonomisine
biiylik katki saglayacakti. Kullanict verileri ve iletisim
verilerinin kot niyetli taraflarca ele gegirilmesinin  Oniine
gecmek icin iletisim giivenliginin ve sistem giivenilirliginin
saglanmas1 esasti. K-AUS sistemlerinde iiretilen verilerin
gizliligi, giivenligi saglanmali ve uygun veri koruma
mekanizmalart belirlenmelidir. Tletisim srasinda kotii niyetli
iiclincii taraflarin sebep olacagi kazalarm Oniine gegebilmek ve
kisisel verileri korumak i¢in K-AUS iletisimi gilivenlik
mekanizmas1 olusturulmali ve gerekli altyapmm kurulmasi
yonilindeki hazrliklar yapimahdwr.  Belirlenecek giivenlik
yontemine bagh olarak gerekli otoritelerin olugturulmasi ile
ilgili On c¢ahgmalarm yapilip gilivenlik senaryolarnin
belirlenmesi onemlidir. Bu konuda  hazrlanacak
standardizayonlarm ulusal olmas1 stratejik nem tasimaktadur.

Tablo 6:Testler

ABD Avrupa Japonya

Giiney Kore Cin

VIRGINIA CONNECTED
CORRIDOR (VCC)

WYOMING DOT (WYDOT) C-ITS CORRIDOR

C-ROADS ETC2.0

U-
TRANSPORTATION

SMART HIGHWAY

SHANGHAIPILOT
INTELLIGENT VEHICLES

PILOT INTEGRATED TEST AREA
TAMPA-HILLSBOROUGH
EXPRESSWAY CITY-WIDE LTE-V2X PROJECT
AUTHORITY (THEA) DOT SCOOP@F WUXI
PILOT
NEW YORK DOT (NYCDOT) A2/M2CONNECTED
PILOT VEHICLE CORRIDOR CAR2X WUZHEN
NORDICWAY IOV PILOT ZONE FUJIANPINGTAN
AUTONOMOUSPILOT TEST ZONE
INTERCOR SHENZHEN
Tablo 7:Karsilastirma
Ulke Standardizasyon Calismalar Test Cahgmalan Veri Giivenligi
Baslangic Caligmalar
IEEE 1609.2/J3061/DOT
ABD FCC-99-305A1 (1999) Mevcut HS 812 333
Avrupa ETSI TR 102 492-1 (2005) Mevcut ETSI 102 940-943
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Giiney Kore TTAS.KO-06.0035 (2001) Mevcut TTAE.IT-X.1372
Japonya ARIB STD-T75 (2001) Mevcut ITS Forum (RC-009)
Cin IcV (2017) Meveut ICV-Information Security
(204)
Tiirkiye Mevcut Degil Mevcut Mevcut Degil

Tiirkiye’deki K-AUS uygulamalarinda iletisim swrasmda
iiretilen verilerin paylagmm, korunmasi veiglenmesi konusunda
diizenlemeler yapilmalhdir. K-AUS sitemindeki verilerin
Avrupa Birliginde oldugu gibi kisisel veri olarak sayilmas1 ve
kullanicilarin kigisel verileri lizerinde tam yetkiye sahip olmas1
saglanmahdir.

Tiirkiye 2014 yilindan itibaren akidli ara¢ sistemleri
konusundaki ¢ahgmalarma hiz verse de diger dlilkeler ile
kargilastmldigmda bu alandaki tecriibelerinin yetersiz oldugu
gorillmektedir. Baglantih ara¢ konusunda yeterli deneyime

ulagabilmek i¢in bu konudaki ¢ahsma hiznmn ivmesinin
artirlmas1 gerekmektedir.
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Abstract

When obtaining an image of a scene, the lens focuses on objects at a certain distance, and objects at other distances are blurred. This is
called the limited depth of field problem. An approach for solving this problem is multi-focus image fusion. A clearer view of the entire
scene is obtained by using the multi-focus image fusion method. For this method, at least two images captured at different focuses are
combined. Various algorithms have been developed for multi-focus image fusion methods. For multi-focus image fusion, pixel-level
block-based methods are commonly used. The block size is a factor that significantly affects the fusion performance. As a result, the
block size parameter must be improved. The Jellyfish search optimization algorithm (JSA) is used to propose a block-based multi-focus
image fusion approach based on the optimal selection of clearer image blocks from source images. The results of DWTPCA, DCHWT,
APCA, PCA, SWTDWT and SWT methods, which are traditional image fusion methods, and ABC (artificial bee colony) and JSA
optimization algorithms, which are metaheuristic methods, are compared. In addition, it has been determined that the JSA method has
better performance than other traditional methods when compared both visually and quantitatively.

Keywords: Image Fusion, Extending Depth of Field, Jellyfish Search Optimization Algorithm.

Denizanas1 Arama Optimizasyon Algoritmasi ile Cok-Odakh
Goriintiilerin Birlestirilmesi

Oz

Bir sahnenin goriintiisii ¢ekilirken lens belirli bir mesafede bulunan nesnelere odaklanir ve diger uzaklikta bulunan nesneler ise bulanik
olur. Buna smirli alan derinligi problem adi verilir. Cok-odakli gériintii birlestirme yontemi bu problemi ¢6zmek i¢in kullanilan bir
yontemdir. Cok-odakli goriintii birlestirme yontemi kullanilarak sahnenin tamaminin net goriintiisii elde edilir. Bu yontem igin farkli
odaklarda ¢ekilmis en az iki goriintii birlestirilir. Cok-odakli gériintii birlestirme igin klasik goriintii birlestirme yontemlerine ek olarak
cesitli algoritmalar gelistirilmistir. Cok-odakli goriintii birlestirme igin piksel diizeyinde blok tabanli yontemler yaygin olarak kullanilir.
Kullanilabilecek blok boyutu birlestirme performansin1 6nemli 6lgiide etkileyen bir faktordiir. Dolayisiyla blok boyutunun optimize
edilmesi gerekmektedir. Bu makalede, deniz anasi arama (JSA) optimizasyon algoritmasi kullanilarak kaynak goriintiilerden daha net
gOriintii bloklarinin optimal se¢imine dayanan, blok tabanli ¢ok-odakli goriintii birlestirme yontemi Onerilmistir. Geleneksel goriintii
birlestirme yontemlerinden olan DWTPCA, DCHWT, APCA, PCA, SWTDWT ve SWT metotlari ile metasezgisel yontemlerden olan
yapay ar1 kolonisi (ABC) ve JSA sonuglar1 kiyaslanmistir. Ayrica JSA metodunun hem gorsel hem de nicel olarak karsilastirildiginda
diger yontemlerden daha iyi performansa sahip oldugunu belirlenmistir.

Anahtar Kelimeler: Goriintii Birlestirme, Sinirli Alan Derinligi Artirma, Deniz Anasi Arama Optimizasyon Algoritmasi.
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1. Introduction

Due to the fact that optical lenses have a limited depth of
field, it is difficult to achieve a sharp and fully focused image with
all objects in focus. A series of images with different focus
settings are combined using image fusion techniques. This is how
the limited depth of field problem is solved. The fusion of source
images obtained at two or more distinct focuses to form a single
completely focused image is known as multifocus image fusion.
Image fusion is used to create a fusion image that is higher in
quality and contains more information than the original photos.
Blur is a factor that significantly reduces information in an image.
Multifocus image fusion methods allow us to obtain a fused image
with more details than the input images (Goshtasby & Nikolov,
2007). Various fusion methods enhance the restricted depth of
field of lenses. Multifocus image creation methods are used in
image processing, remote sensing, medical imaging object
recognition, computer vision and other applications. There are
several different techniques that can be used to carry out
multifocus fusion. Multi-focus image fusion methods can be
examined in four main groups; hybrid methods, spatial domain
and transformation domain methods, and deep learning-based
methods which on very popular in recent years (Garg, Gupta, &
Kaur, 2014; Irshad, Kamran, Siddiqui, & Hussain, 2009; Meher,
Agrawal, Panda, & Abraham, 2019). Spatial domain methods are
aggregation methods that deal directly with pixels and operations
based on pixel density (Nejati et al., 2017; Nejati, Samavi, &
Shirani, 2015). Fusion is performed without any transformation
on the density of pixels in the source image, whereas transform
field methods use wavelet transform or pyramid decompositions
to exploit information at different scales or multiple resolutions
thereby transforming the source images, then reconstructing the
fused image. Pixel-based, block-based, and region-based methods
are the three types of spatial domain approaches. (Zhang et al.,
2020). In these methods, the aim is to select pixels, blocks or
regions that contain more information. In pixel-based methods,
sharpness analysis is performed for each pixel in the image
separately and a fusion image is created by selecting the pixels
that are understood to be clear. The input images are split into tile-
like chunks of defined size in block-based approaches. Each
block's activity level is measured using this way. In the literature,
many approaches for the spatial and transformation domains have
been offered. Aslantas and Toprak presented a pixel-based multi-
focus image domain approach based on the basic premise that
focussed and unfocused pixels of source images may be
recognized by estimating the point spread functions (PSF) of these
images. (Veysel Aslantas & Toprak, 2014). The original pixel
values of the source images are not maintained in the fused image
when using transform domain techniques. Furthermore, the
implementation of these approaches is difficult, and algorithm
implementation takes time. The pixel-based image fusion
approach is straightforward and well-suited to real-time image
processing. However, it ignores the relationship between
surrounding pixels, and this can cause undesirable side effects
such as increased or decreased contrast in the fused image. To

R.Amutha proposed a technique for multi-focus image fusion
based on the Discrete Cosine Transform (DCT) (Phamila &
Amutha, 2014). The source photos are separated into blocks using
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increase the quality of the combined image, many block-based
multifocus image fusion approaches have been developed. These
approaches work by picking sharper image chunks among the
original photos to generate a fused image. However, the fixed
block size may not apply to every application. Another
undesirable block size is one that is either too little or too huge.
To get a combined image incorporating the sharper regions of the
source photos, block size optimization is required. Algorithms
have proved to handle optimization issues in many sectors of
science and engineering in recent years, according to research.
Zhang et al. developed the concept of image blocks and
evolutionary search algorithms for multifocus image fusion at the
pixel level (Bai, Liu, Chen, Wang, & Zhang, 2016). An adaptive
genetic search method selects the optimum image using a
different mix of image blocks (GA). However, the GA algorithm's
processing speed is insufficient. Aslantas and Kurban provide an
ideal approach for multifocus image fusion in the spatial domain
based on the differential evolution (DE) algorithm in order to
optimize the block size in order to maximize the sharpness of the
fused image (Veysel Aslantas & Kurban, 2010). Agrawal et al.
Offer a pixel-based multifocus image fusion japproach based on
independent component analysis (ICA) and the bacterial search
optimization (BFO) algorithm. (Agrawal, Swain, & Dora, 2013).

The Jellyfish search algorithm, which is one of the innovative
metaheuristic algorithms that has come to the fore with numerous
advantages, is used to present an efficient and resilient multifocus
image fusion approach based on the selection of sharper image
blocks from source images. Source images are split up into blocks
for the first stage. The block size is then chosen using JSA
strategies. In the next step, the spatial image frequency is used to
compare the blocks with sharper images with their counterparts in
the source images, and the variance metric is used to measure the
overall quality of the combined image. In addition, we
implemented several new methods for comparison with our
proposed work, including ABC, algorithms for optimization of
block size alongside traditional fusion methods. The
accomplishment of developing an effective and robust approach
for multi-focus image fusion with quicker convergence utilizing
newly developed JSA to optimize the block size to enhance the
sharpness of the fused image is the key contribution of this study.
The remainder of the article is organized as follows. A brief
introduction to block-based multi-focus image fusion and focus
measurements is described in Section 2. Adopting the best ever
JSA in multi-focus image fusion is proposed in Section 3. In
section 4, experimental results are presented. It is discussed in
section 5. The article ends in chapter 6.

2. Methods for Image Fusion and Quality
Metrics

2.1. Image Fusion Methods
this manner. Each block's DCT coefficients are determined. For

image fusion, the modified block with the highest AC coefficient
is chosen. On fused DCT blocks, consistency checking is

148



European Journal of Science and Technology

conducted. To reconstitute the original fused image, inverted DCT
is applied to the fused DCT coefficients. (Cao et al., 2014). The
input images are deconstructed using db3 wavelets and a discrete
wavelet transform with one or two stages of decomposition in the
image fusion approach, which employs the discrete wavelet
transform based on the mean of the main components. The input
images’ detailed and approximate coefficients are subjected to
principal component analysis. For multiscale coefficients,
principal components are evaluated. The input images' detailed
and approximate coefficients are subjected to principal
component analysis. For multiscale coefficients, principal
components are evaluated.The fusion is calculated across each
column (Vijayarajan, Muttan, & Communications, 2015).
Wavelets, which are fundamentally linear transformations, are
used in the Discrete Wavelet Transform (DWT). The wavelet
transform image fusion method examines two DWT coefficients
in the input images and picks the one with the highest value. The
Stationary wavelet transform (SWT) method involves the
following steps: obtaining the focused areas in the source images.
The focused image is reconstructed using an inverse stationary
wavelet transformThe fusion outcome is influenced by the
wavelet basis and coefficient selection techniques. It is resistant
to rotation and translation (Wang et al., 2005). DWTPCA and
SWTDCT methods are hybrid methods that use the advantages of
spatial domain and transformation field methods and combine
them in one method.

2.2.Focus Quality Metrics for Image Fusion

The spatial frequency (SF) is an image quality indicator that
indicates how active a image is overall (Eskicioglu & Fisher,
1995). The spatial frequency is defined as:

SF = VRF? + CF? (1)

where RF is the row frequency and CF' is the column frequency
(Eskicioglu & Fisher, 1995; Shutao Li, Kwok, & Wang, 2001).

;,4 B/F is used to evaluate the performance of fusion systems at

the pixel level and has three components. The first is a traditional
multi-resolution fusion system that employs a subband pixel
selection approach for pyramid fusion. The second is the Quad
Mirror Filter decomposition approach using a cross-band
selection technique for pyramid fusion, and the third is a
background/foreground-based computationally efficient system
separation and fusion process. (Xydeas & Petrovic, 2000).

SCD (Sum of Correlations of Differences) is a statistic for image
fusion image quality. It's based on the relationship between the
source images and the difference images calculated using the
merged image. Rather than measuring merged image quality
directly using correlations between source and merged images,
the suggested metric determines quality by taking into account the
source images and their impact on the combined image. (V
Aslantas, Bendes, & communications, 2015).

The QY metric was defined by Yang (Shanshan Li, Hong, & Wu,
2008) which works on structure similarity for converged image
quality assessment.

3. JellyFish Search Algorithm (JSA)

The artificial Jellyfish Search (JSA) algorithm is a
metaheuristic algorithm. This algorithm was developed by being
inspired by Jellyfish's movements in water. After the ocean
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current, jellyfish foraging behavior includes mobility (both
passive and active) within a swarm, a transitory control
mechanism for switching between different motions, and
convergence with jellyfish blooms. Jellyfish can be found at
various temperatures and depths. They are bell-shaped, some less
than one centimeter in diameter and others several centimeters
[21]. They are available in a variety of sizes, colors, and forms.
Many animals have adapted to the maritime environment in
unique ways. Some jellyfish use their tentacles to move food into
their mouths. Others take what the current gives them.Other
jellyfish actively chase their food and use their tentacles to
immobilize them (Bastian et al., 2014; Dorigo, Birattari, &
Stutzle, 2006). The characteristics of jellyfish allow them to
control their motions. Their undersides are closed like an
umbrella, allowing water to escape and propelling them forward.
Despite having such an ability, they mostly drift in water due to
the tides and currents (Fossette, Putman, Lohmann, Marsh, &
Hays, 2012). In favorable conditions, jellyfish can form swarms.
Jellyfish flower is a very large jellyfish mass. Jellyfish are slow
swimmers. Therefore, adjusting them to the current is very
important to protect the flowers and prevent them from getting
stuck. Factors affecting herd formation are ocean currents,
available nutrients, temperature and oxygen availability. The most
critical of these elements is ocean currents, as they can create
swarms of jellyfish (Brotz, Cheung, Kleisner, Pakhomov, &
Pauly, 2012; Dong, Liu, & Keesing, 2010; Fossette et al., 2015).
The capacity to spawn practically anywhere in the water is due to
each jellyfish's individual motions within the swarm and its ability
to follow the ocean current to form jellyfish blooms. The amount
of food varies where jellyfish go; thus, the best place will be
determined when the amount of food is compared.

Three rules govern the JSA optimization algorithm:

1. A "time control system" handles the transition between both
forms of movement. Jellyfish follow the ocean current or migrate
into the swarm.

2. In pursuit of food, jellyfish travel across the ocean. Where there
is a greater abundance of food, they are more attracted.

3. The location and related goal function determine the amount of
food found.

3.1. Ocean Current

There are a lot of nutrients in the ocean current. Jellyfish tend
to go to large amounts of food. So, they go towards the ocean
current. All trends influence the direction of the ocean current,
from every jellyfish in the water to the one in the best position
right now:

1

Ytrend, = —— (X' —eX) = X* — e, 22k =
Mpop

Mpop Mpop

X" —e.l )

trend =

df=eu €))
trend= determined as;

trend=X" — df 4
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The distance + fo around the jellyfish mean location includes the
specific probability of all jellyfish, where o is the standard
deviation of the distribution.

df =B x o x rand” (0, 1) (5)
o =rand® (0, 1) x u (6)
From here;

df = B x rand” (0, 1)x rand® (0, 1) x u )
df = B x rand(0, 1) * u (8)
e.=f x rand(0, 1) )
trend=X" — B x rand(0, 1)  u (10)

The new position of each jellyfish is given as follows:

X;(t + 1) = X,(t) + rand(0, 1) x trend (11)

Xi(t+ 1) =X;(t) + rand(0, 1) x(X* — B x rand(0, 1) x u ) (12)

where n,,,, :is population size of jelly fish. X*, currently the best-
positioned jellyfish in the herd.ec factor that governs
attractiveness and u is the average position of all jellyfish. df,
represents the difference between the best available position of a
jellyfish and the average position of all jellyfish.

3.2. Jellyfish Swarm

Jellyfish move in flocks in two ways, active (type B) and
passive (type A) (Mariottini & Pane, 2010; Zavodnik, 1987). Most
jellyfish demonstrate type A movement while the swarm is first
formed. They display greater and more type B motions with time.
Type A motion describes the movement of jellyfish around their
present place and is determined by each jellyfish's current
position.

X;(t+1) = X;()+yxrand(0,1)x(Uy-Ly) (13)

where, respectively, U, and Ly, represent the upper bound and
lower bound of the search spaces; v > 0 is a coefficient of motion
related to the length of motion around the jellyfish's positions.

A different jellyfish (j) from the one of interest is randomly
selected to mimic B-type motion. The direction of motion is
determined by using a vector that runs from the jellyfish (i) of
interest to the chosen jellyfish (j). The jellyfish move towards the
first when the amount of food in position (j) of the selected
jellyfish exceeds the amount in position (i) of the jellyfish of
interest. If the amount of food available to the chosen jellyfish (j)
is less than that available to the matching jellyfish (i) it will
migrate away from it immediately. Thus, each jellyfish moves in
the better direction to find the food in the flock.

step = X;(t+1)-X;(t) (14)

e-ISSN: 2148-2683

step = rand(0,1) x Durection (15)
Direction  ={ X;(t)-X(t).f(X)> f(X})

X®-X@© L fX)<[X) }(16)
X;(t+1) = X;(t) + step (17)

3.3. Time Control Mechanism

Jellyfish are drawn to the ocean current because of the
abundance of nutrient-rich food it carries (Dorigo, M., Birattari,
M., & Stutzle, T. ,2006). Swarms occur as more jellyfish
congregate over time. Wind or temperature changes the ocean
current so that the jellyfish in the swarm move towards another
ocean current and form a new swarm. In a jellyfish swarm, the
jellyfish travel through two types of motions: type A (passive
movements) and type B (active movements). Initially, type A is
favoured; nevertheless, as time passes, type B is preferred. To
imitate this condition, a time control method is used. The time
control mechanism that governs the movement between jellyfish
moving in the swarm and following the ocean current includes the
c(t) function and the C, constant. The random value of the time
control function varies over time from 0 to 1.

c(®)=| (I- (18)

1

e (2 xrand(0,1)-1) |
The time control function is defined by the equation. The jellyfish
follows the ocean current when its value surpasses C,. They move
in the swarm when its value is less than C,. An exact value of C,
is unknown and the time control changes randomly from zero to
one. t is the time defined as the number of iterations, and The
maximum number of repetitions with a parameter initialized is
known as "max iterations".The two main stages of a meta-
heuristic algorithm are discovery and exploitation. (Xu & Zhang,
2014). Exploration is movement towards an ocean current.
Exploitation is the movement of the jellyfish within the swarm.
The time control mechanism switches between them. The
likelihood of discovery initially outweighs the possibility of
utilizing it to locate regions with ideal placements; but, over time,
the probability of exploitation outweighs the probability of
exploration, and the jellyfish finds the best location within the
allocated zones.

4. Experimental Results

In this study, a new method with better performance than the
studies in the literature, is proposed by comparing different
methods for multi-focus image fusion. DWTPCA, DCHWT,
APCA, PCA, SWTDWT and SWT methods are evaluated using
quality metrics such as Qp_ABF, QSCD, Qy, QSF and Qstd on
two multi-focus image pairs taken from Lytro dataset and another
two multi-focus image pairs taken with Nikon D3500 digital
camera. Experiments are carried out on a laptop computer with
2.8 GHz Intel Core processor and 16GB RAM with Matlab
programming language. The schematic diagram of the proposed
JSA based image fusion method is given in Figure 1.
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Figure 1. The schematic diagram of the JSA based image fusion method

4.1. Numerical Results

In Figure 2, four different source images are given. Figure 2 results, the best method on the basis of each metric is shown in
(a), (b), (c) and (d) are taken with the Nikon D3500 digital camera.  red, the second-best method in blue, and the third-best method in
Figure 2 (g), (h), () and (f) are obtained from the Lytro dataset  green.
(Liu, Wang, Cheng, Li, & Chen, 2020). In the analysis of the

Figure 2: Source images used in the study
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Table 1: Numerical results of the quality metrics of compared fusion methods by using source images (a) and (b) in Figure 2.

Fused Qp_ABF | QSCD | Qy QSF Qstd CPU

image 1 Time

DWTPCA | 0,5412 0,4693 | 0,9153 | 16,9985 | 60,3942 | 0,0373
DCHWT 0,6785 0,6621 0,9629 | 28,2454 | 64,0712 | 0,6145
APCA 0,5537 0,4734 | 0,9105 | 16,7488 | 60,3407 | 0,0872
PCA 0,5465 0,4673 | 0,9061 | 16,6308 | 60,2780 | 0,0037
SWTDCT | 0,4812 0,4011 | 0,8768 | 28,6786 | 62,5037 1,0134
SWT 0,6345 0,5469 | 0,9387 | 24,0612 | 61,4136 | 0,0574
ABC 0,7412 0,7086 | 0,9817 | 29,9223 | 65,6519 | 2,3084
JSA 0,7414 0,7087 | 0,9817 | 29,9257 | 65,6532 1,2568

Quantitative fusion results of Figure 2 (a) and (b) source
images using DWTPCA, DCHWT, APCA, PCA, SWTDWT and
SWT, ABC and JSA methods are given in Table 1. According to
Table 1, JSA is better than other methods in terms of all quality
metrics. The second-best result is the ABC method for all metrics,
and the third best result is DCHWT in terms of Qp_ABF, QSCD

and Qstd metrics. When the CPU time consumption of the
methods are compared, PCA method gets the fastest results from
the traditional methods, the DWTPCA method is the second and
the SWT method is the third. In addition, it is seen that the JSA
method, which is one of the metaheuristic methods, can converge
to the optimal solution faster than the ABC method.

Table 2: Numerical results of the quality metrics of compared fusion methods by using source images (c) and (d) in Figure 2.

Fused Qp_ABF | QSCD | Qy QSF Qstd CPU

image 2 Time

DWTPCA | 0,4132 0,5950 | 0,9484 16,5128 | 54,8139 | 0,0087
DCHWT 0,7082 0,8622 | 0,9708 24,4752 58,8326 | 0,6058
APCA 0,4823 0,6154 | 0,9038 14,9379 | 53,3984 | 0,0696
PCA 0,4636 0,6019 | 0,8711 13,4026 | 52,9873 | 0,0030
SWTDCT | 0,3760 0,3511 | 0,7897 244114 | 53,9247 | 0,8698
SWT 0,5724 0,6522 | 0,9038 19,6422 | 53,8438 | 0,0398
ABC 0,7170 0,8764 | 0,9815 24,7407 | 60,4575 | 2,2242
JS 0,7188 0,8786 | 0,9816 24,7687 | 60,4612 | 1,4493

Numerical fusion results of Figure 2 (c) and (d) source image
are given in Table 2. As seen from Table 2, it has been
experimentally analyzed that JSA is the best in terms of all quality
metrics. In addition, it is analyzed that the second best method is
the ABC method and the third method is the DCHWT method in

terms of all metrics. In comparison of the CPU time consumptions
of methods to accomplish the image fusion, it is seen in Table 2
that the fastest is PCA method, the second fastest method is
DWTPCA method, and the third fastest method is the SWT
method.

Table 3: Numerical results of the quality metrics of compared fusion methods by using source images (e) and (f) in Figure 2.

Fused Qp_ABF | QSCD | Qy QSF Qstd CPU

image 3 Time

DWTPCA | 0,7062 0,2144 | 0,9711 | 16,9740 | 58,0915 | 0,0054
DCHWT 0,7245 0,3255 | 0,9681 | 19,6180 | 58,5238 | 0,5989
APCA 0,7219 0,2126 | 0,9599 | 13,8119 | 57,6983 | 0,0712
PCA 0,7217 0,2151 | 0,9597 | 13,8137 | 57,7072 | 0,0016
SWTDCT 0,6299 0,1747 | 0,9468 | 19,4881 58,1494 | 0,8711
SWT 0,7370 0,2881 | 0,9685 | 18,7292 | 58,2420 | 0,0254
ABC 0,7496 0,3920 | 0,9675 | 20,8022 | 59,0853 | 2,6699
JS 0,7495 0,3923 | 0,9674 | 20,8127 | 59,0880 | 3,3527
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In Table 3, fusion results of Figure 2 (d) and (e) source images
by using DWTPCA, DCHWT, APCA, PCA, SWTDWT and
SWT, ABC and JSA methods are analyzed with various quality
metrics. As can be seen from Table 3, JSA is the best method in
terms of QSCD, QSF, Qstd quality metrics, ABC method is best
for Qp_ABF quality metric and DWTPCA method is best in Qy
metric. It is shown that the second best performing method is ABC
in terms of QSCD, Qy, QSF and Qstd metrics and JSA according
to Qp_ABF metric with. The third best performing method is the
SWT method according to Qp_ABF metric, the DCHWT method
in terms of QSCD, QSF and Qstd metrics and the JSA method
according to Qy metric. As can be seen in Table 4; the numerical
fusion results of Figure 2 (g) and (h) source images shows that the
JSA method is the best among all methods in terms of Qp ABEF,
QSCD and Qstd quality metrics and the second best in terms of
Qy and QSF metrics. Table 4 shows that ABC performs best in

terms of Qy and QSFmetrics, and the second best in terms of
Qp_ABF, QSCD and Qstd. It is understood that the method with
the third best performance is the DCHWT method in all metrics.

4.2. Visual Results

Quantitative evaluations alone are not sufficient in the
comparison of multi-focus image methods, and the necessity of
subjective evaluation on visual results in addition to quantitative
evaluation emerges. In this section, the visual results obtained in
the experiments are given in Figure 3-6. Figure 3 shows the visual
fusion results of source images Figure 2 (a) and (b), Figure 4
shows the visual fusion results of source images Figure 2 (c) and
(d), Figure 5 shows the visual fusion results of source images
Figure 2 (e) and (f) and Figure 6 shows the visual fusion results
of source images Figure 2 (g) and (h).

Table 4: Numerical results of the quality metrics of compared fusion methods by using source images (g) and (h) in Figure 2.

Fused Qp_ABF | QSCD | Qy QSF Qstd CPU

image 4 Time

DWTPCA | 0,6093 0,3622 | 0,9382 | 16,3340 | 56,5882 | 0,0053
DCHWT 0,7016 0,5320 | 0,9644 | 24,8752 | 58,7827 | 0,5886
APCA 0,5894 0,3647 | 0,9301 | 15,0507 | 56,6104 | 0,0714
PCA 0,5885 0,3631 | 0,9301 | 15,0290 | 56,6035 0,0012
SWTDCT 0,4761 0,3125 | 0,9025 | 24,2544 | 57,8108 | 0,8777
SWT 0,6743 0,4519 | 0,9550 | 21,8141 57,4821 0,0289
ABC 0,7437 0,5783 | 0,9737 | 26,3156 | 59,7224 | 3,2552
JSA 0,7438 0,5793 | 0,9736 | 26,3153 59,7259 | 4,1596

DWTPCA DCHWT APCA PCA SWTDCT SWT ABC JSA

algorit algorit
geligti gelisti

s accrimlenee Ve programbmeye

Sragihim

Figure 3: Visual fusion result of Figure 2 (a) and (b) and magnifications of a particular region in the resulting images.

As shown in Figure 5 and Figure 6, it is seen that the fused
images obtained by using JSA and ABC methods have a
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minimum level of blurness, however there are errors in the
transition regions in the images obtained of other methods.
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DWTPCA DCHWT APCA PCA SWTDCT SWT ABC JSA

Figure 4: Visual fusion result of Figure 2 (c) and (d) and magnifications of a particular region in the resulting images

When the fused images in Figure 3 and Figure 4 are  successful merging performance, it is noteworthy that there is blur
examined, it is seen that the fusion images obtained by the JSA  in the combined images obtained from SWTDCT, DWTPCA and
method in a near-perfect manner in terms of sharpness. On the ~ SWT methods.
other hand, while ABC and DCHWT methods exhibited

DWTPCA DCHWT APCA PCA SWTDCT SWT ABC JSA

Figure 5: Visual fusion result of Figure 2 (e) and (f) and magnifications of a particular region in the resulting images

DWTPCA DCHWT APCA PCA SWTDCT SWT ABC JSA

Figure 6: Visual fusion result of Figure 2 (g) and (h) and magnifications of a particular region in the resulting images
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5. Conclusions

In this study, an efficient and robust multifocus image fusion
method is presented by selecting image blocks that are sharper
than source images with JSA. A comparison is realized between
the proposed method and the ABC algorithm, which is one of the
metaheuristic methods, as well as DWTPCA, DCHWT, APCA,
PCA, SWTDWT and SWT methods. Performance comparison of
the methods are conducted using objective quality metrics such as
Qp_ABF, QSCD, Qy, QSF and Qstd. From the experimental
results, it is understood that the JSA method outperforms other
methods visually and quantitatively. Also, the JSA method can
converge to the optimal solution faster than the ABC method.
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Abstract

This paper presents a general-purpose data acquisition system is designed for control and test applications. In this data acquisition
system, the connections ofthe input-output ports and peripherals are performed by employing the STM3214 microcontroller with ARM-
Cortex M4 architecture. The microcontroller communicates with the MATLAB-Simulink, transmits given commands to peripheral
units, and receives data from the environment. The systemhas four digital input-output, two analog inputs, two analog outputs, four
pulse width modulation outputs, an 1298 driver, and encoder inputs. The connections of'the peripherals with the microcontroller are
transferred to the printed circuit board in the Altium Designer program to perform real-world applications and test. Universal Serial Bus
(USB) is used to maintain communication between Simulink library and controller. This communication process provides notonly the
control of input-output, sensors and driver ports but also opportunity of transfer the process of sampled data. The library created in the
MATLAB-Simulink environment interprets and observes the system’s data and controls the peripherals. This library contains blocks to
control the overall systemand each input-output. Proposed systemis intended to be low-cost, accurate, reliable, high resolution, and
compatible with various environments that may communicate over the USB port.

Keywords: DAQ, Data Acquisition, STM32, MATLAB-Simulink,USB

Kontrol ve Test Uygulamalari icin Diisiik Maliyetli MATLAB-

Simulink Uyumlu Veri Toplama Karti Donanimi ve Yazzilimn Tasarimi
Oz

Bu makale, kontrol ve test uygulamalan i¢in tasarlanmis genel amagh bir veri toplama sistemi sunmaktadir. Bu veri toplama sisteminde
giris-¢ikis portlart ve g¢evre birimlerinin  baglantilart ARM-Cortex M4 mimarisine sahip STM32L4 mikroislemci kullanilarak
yapimaktadir. Mikrodenetleyici, MATLAB-Simulink ile haberlesir, verilen komutlar1 ¢evre birimlerine iletir ve ortamdan veri alir.
Sistemde dort dijital giris-¢ikis, iki analog giris, iki analog ¢ikig, dort darbe geniglik modiilasyonu ¢ikigi, bir L298 siiriiciisii ve enkoder
girisleri bulunur. Cevre birimlerinin mikroiglemci ile baglantilari, ger¢ek diinya uygulamalarini gergeklestirmek ve test etmek igin
Altium Designer programmda baskili devre kartina aktarili. Evrensel Seri Veri Yolu (USB), Simulink kiitiiphanesive islemci arasindaki

iletigimi  stirdiirmek i¢in kullantli. Bu iletisim siireci, yalnizca girig-gikiglar, sensorler ve siiriicii portlarmin kontroliinii saglamakla
kalmaz, aynizamanda Orneklenen verilerin siirecini aktarma olanagi da saglar. MATLAB-Simulink ortaminda olusturulan kiitiiphane,
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sistem verilerini yorumlar, gézlemler ve ¢evre birimlerini kontrol eder. Bu kitaplik, tiim sistemi ve her bir girdi-¢iktiy1 kontrol etmek
icin bloklar icerir. Onerilen sistemin diisiikmaliyetli, dogru, giivenilir, yiiksek ¢dziniirlikli ve USB baglant1 noktas1iizerinden iletis im

kurabilen ¢esitli ortamlarla uyumlu olmast amaglanmgtir.

Anahtar Kelimeler: DAQ,Veri Toplama, STM32, MATLAB-Simulink,USB

1. Introduction

Data acquisition (DAQ) is the process of sensing and
measuring the physical or electrical phenomenon and converting
the data into a digital form to accomplish meaningful information
by computer programs. In general, a DAQ system is a
combination of software, hardware, and a computer program to
process acquired data. (Hercog & Gergi¢, 2014). This system
helps to obtain specific information about the environmental
parameters(variables) from the acquired data by capturing,
measuring, and analyzing the characteristics of the data (Rezk,
Tyukhov, Al-Dhaifallah, & Tikhonov, 2017). This specific
information must be obtained accurately, with high resolution and
precision (Dipova & Mathematics, 2017). Therefore, DAQ
systems are evaluated within the scope of peripherals, sampling
of signals from sensors, controlling actuators, sampling rate,
communication type, resolution, functionality, and cost (Robson
& Bousselham, 2006).

DAQ systems have many usage arecas such as industry,
academic usage, environmental monitoring, power plants, and
healthcare (Abdallah & Elkeelany, 2009). Computer-based data
acquisition systems used in mentioned fields have traditionally
required the installation of complex and expensive hardware
(Ocaya, 2005). These computer-based DAQ systems have the
other disadvantages of cumbersomeness, high power
consumption, and require design redundancy. In real-time
systems, powerful and flexible software should be used to data
acquisition, measure, and manipulation of data appropriately
(Gani & Salami, 2002). MATLAB-Simulink is a graphical
programming language that provides an environment suitable for
doing compatible work with the DAQ system as an application
area. Khan et al. employed an FPGA (Field Programmable Gate
Array) based DAQ card with a PCI Express
(Peripheral Component Interconnect Express)  communication
protocol. PCI Express card has an eight 10-bit ADC and DAC,
one digital IO and four PWM outputs (Khan, Hafeez, Mirza, &
Ain, 2011). Ocaya performed a PIC16f877 microcontroller-based
DAQ system that serially communicates with the computer by
RS232 standard (Ocaya, 2005). Kanani and Thakker designed a
low-cost DAQ system based on an Arduino-Uno board.
LabVIEW GUI environment was used to control and monitor the
proposed system. The VISA tool in LabVIEW communicates with
the system connected to the computer via USB. The created
systemhas been tested overa scenario (Kanani & Thakker, 2015).
Hence, there is a need to provide a low-cost, compact size, low
power consumption, and high-resolution device with a software
library suitable for control and testing operations.

The proposed system's software and hardware design
procedures, a 32-bit ARM microcontroller-based MATLAB-
Simulink compatible DAQ card, were performed. The
microcontroller at the system’s center realizes data acquisition,
functional filtering, and communication tasks. The
microcontroller’s communication rate with the computer takes
place at 9600 bps. The data acquired by the microcontroller is
transferred to the computer with the Universal Serial Bus (USB)
serial communication method. A Simulink library is created in
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order to be able to operate on data taken from sensors and to
control actuators. The configurations of software and hardware of
the proposed system are presented, and the performance of the
proposed systemis tested.

The paper is organized as follows: In Section 2, the hardware
and software design of the overall DAQ system is presented.
Section 3 shows the results, and Section 4 gives the conclusions

and recommendations of the work.

2. Material and Method

This section introduces the peripherals of DAQ systems as
follows: Digital inputs, encoder inputs, and Analog-Digital
Converter (ADC) for reading the environmental parameters;
Digital outputs, Pulse Width Modulation (PW M) outputs, Digital-
Analog Converter (DAC), and L.298 driver to adjust signals for
actuators. Also a library, which is created in the MATLAB-
Simulink environment, provides the interpretation and processing
of the data. The flowchart of the proposed systemfor control and
testapplications is in given Figure 1.

Physical Phenomena

Data Acqusition System

P ) Computer
Softwa
Actuator | Hardware, — ke
QEE Embedded- E’
S— Software %

Data Analysis

Physical Phenomena

Figure 1. Data acquisition systemflowchart

2.1. Design of Data Acquisition Card

The STM32 platform with 32-bit ARM technology, dominantly
used in embedded systems, is used as a microcontroller. The
reason is that it is high-precision, high-frequency, high-reliability,
comprehensive architecture, and portable (Zhang & Kang, 2013).
STM321476 (Figure 2) is used as the microcontroller in the
proposed system. STM32L476 has 128 kB Flash and up to 80
MHz frequency with ARM Cortex M4 core. The microcontroller
is responsible for acquiring data, transmitting given commands to
peripheral units, and communication. The USB serial interface
provides communication between the microcontroller and
MATLAB-Simulink.
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Figure 2. STM32L476 with ARM-Cortex M4

Various inputs-outputs (IOs) are needed for the microcontroller
to connect with the outside world. While the inputs provide the
signal or data to be evaluated by the system, the outputs control
the signal or data sent fromthe systemto anothersystemor circuit
component (Braudaway & measurement, 2006). There are four
digital inputs to checkthe status ofthe peripheral connected to the
DAQ card. When the microcontroller's digital input is active, it
creates an interrupt request and transmits the necessary
information to MATLAB-Simulink. Two-channel ADC has been
added to provide data reception from peripheral units producing
analog output. The ADC will take the analog signals obtained
from the peripherals producing analog output and convert those
signals into a digital signal that the computer can use, and will
make the datato be used in operations easy to be processed with
high resolution and precise results. The proposed systemhas a 12-
bit resolution ADC with a 4096 step. Encoder inputs have been
added to determine the rotating actuators'speed and direction. The
encoder has two out-of-phase output channels, channel A and
channel B. The phase relationship between the channels is
considered to determine the direction of motion. Thus, the
detected, whether
counterclockwise. For the rotation speed, revolution per minute
(RPM) is found by counting the pulse produced by the encoderat

direction of motion is clockwise or

each rising or falling edge. Adding all input configurations to the
system will ensure that the requirements are met in the best
possible way.

The DAC generates an analog voltage in response to the
numerical values set by the controller. Two DAC channels have
been added to the card to control peripheral units thatneed to be
controlled analogously. Resolutions of channels are configured as
8-bit. DAC can be used in dual mode when synchronous update
operations are required. In order to control the peripherals that
need to be controlled digitally, four-channel digital outputs are
created in the system. PWM is used to control analog peripherals
by generating an analog signal using the system's digital output.
The main components of PWM output are duty cycle and
frequency. Duty cycle is defined as the percentage of the signal's
total time in a high state. Frequency defines how many times
PWM repeats per unit time (Kim & Sul, 1995). The card has four
PWM outputs. PWM frequency is adjustable between 50Hz to
50kHz, and the duty cycle can be changed from 0 to 100 percent.
1298 driver is embedded in the DAQ card for test and control
applications. This dual full-bridge driver can support up to 24
volts as input voltage and 46 volts at the output.
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Figure 3. Block Diagram of DAQ System

2.2. Design Phase of Simulink Library

MATLAB-Simulink
language used for data acquisition, peripheral control and
industrial purposes (Kos, Kosar, & Mernik, 2012). A library was
created in the MATLAB-Simulink environment in the designed
work by communicating with the DAQ card through the serial
communication interface for the control of the card and the

is an environment with the graphical

sample of the data is provided. The Instrument Control Toolbox,
available in Simulink, is usedto communicate with the card.

Simulink library consists of 8 blocks to monitor and control
the DAQ card. These blocks; are system setup, digital output,
PWM output, DAC output, digital input, ADC input, encoder
input, and L298 driver. System function (s-function) arbitrates the
working principle of the blocks during the different times of the
simulation like initialization, outputs, and termination. The
necessary parameter options for the block are presented by
applying a mask to the blocks created with the S-function. The
System Setup block is the main Simulink block. It implements the
selection of inputs and/or outputs to be used in the hardware part
of the system. The Digital Output block provides control of the
use of the digital outputs on the DAQ card. The desired channel
to be used can be selected from the block's settings. By default,
channell is spotted. The digital output on the card depends on the
input value of the Digital Output block. The Digital Input block
gives output depending on whether the microcontroller's digital
input is high or low. The channel to be used is selected from the
block parameters window. ADC Input block gives output to
observe the value read from the analog peripheral connected to
the card. Channel selection can be made for ADC inputs. The
DAC Outputblock generates analog output from the hardware in
response to the value connected to its input. On the other hand,
the Encoder Input block outputs the data provided by the encoder
sensor connected to the card. Each sensor pulse triggers an
interrupt in the microcontroller, and the data is transferred to the
Simulink. The L298 Driver block controls the peripheral unit
connected to the L298 IC. It provides control of 4 digital outputs
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on the DAQ card. 2 DC motors or 1 steppermotor can be driven
simultaneously. The PWM Output block (Figure 4 (a)) is designed
to modify the PWM signal with 4 channels. The frequency of the
PWM signal can be selected from the block’s parameter screen
(Figure 4 (b)) between 50 Hz and 50 kHz. The value connected to
the input of the block evaluates the duty cycle percentage.

3 Duty Cycle PWM Output Send [

PWM Output

(a)

Block Parameters: PWM Output

F-DAQ
Pulse Width Modulation Output

Setup
Channel 0 -
Frequency 50 Hz hd

Apply

Cancel Help

(b)

Figure 4. PWM Output block (a) and Block

Parameters window (b)

2.3. Communication

DAQ card communicates with MATLAB-Simulink via
Transistor-Transistor Logic(TTL) communication over USB
serial communication protocol. The preference for USB is due to
its ease of use, speed, reliability, low energy consumption, and
cost. 2 USB ports are integrated into the DAQ card (Figure 5).
The first of the ports is connected to the USB OTG pins of the
microcontroller. The second portis designed to communicate over
UART. The CH340, inserted to the DAQ board, realizes the
UART to the TTL interface. 9600 bps is used as the
communication rate. The studies were carried out via the second
USB port in the proposed project. Data packets called telegrams
are created to transfer data securely. Thus, the communication
between MATLAB-Simulink and the hardware is provided
without problems.
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Figure 5. DAQ card from different views

3. Results and Discussion

Different scenarios were applied to test the designed DAQ
card's functionality and the Simulink library’s operability. One of
these scenarios tests the ADC inputs and PWM outputs with the
related blocks in the MATLAB-Simulink. The rotation speed of
the DC motor, connected to the L298 driver on the board, is
adjusted with PWM according to the temperature value evaluated
from the ADC. The LM35 temperature sensor was used to
measure the ambient temperature. The voltage value sent by the
sensorto the controller was read through the ADC Inputblock in
the Simulink library. Thereading is between 0 and 3.6 V. Eql was
used to obtain the temperature value. The sensor value increases
or decreases by 10 mV with each degree change.

(ADC yqiye / 4095) * 3600.0
10.0

Temperature =

(Eql)

Serial Configuration, Serial Send, and Serial Receive blocks
from the Instrument Control Toolbox, a built-in library, were used
to communicate between MATLAB-Simulink and DAQ card.
These blocks are ready to use by setting baud rate, communication
port, parity bit, and data bits parameters. In the System Setup
block, it is stated that the ADC Input, L298 Driver block, and
PWM Output blocks will be used in the test scenario. Channels
used for ADC Input and PWM output blocks are selected. The
pins of the 1298 driver are set to drive the motor and determine
the direction. 10 kHz was chosen as the frequency value of the
PWM signal. The MATLAB Function block was used to
determine the duty cycle value of the PWM signal generated
against changing temperature values. This block determined the
duty cycle to adjust the motor's speed for temperature values in
particular ranges. The output of the selected PWM channel is
connected to the corresponding input of the L298 driver. Figure 6
shows the PWM Output signal graph and Figure 7 shows the
temperature data taken from the LM35. The simulation and test
results confirmed the operation of the system. With these
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simulations and tests, it has been confirmed that all the system
features are achieved.

Figure 7. LM35 temperature sensorplot

4. Conclusions and Recommendations

This paper aims to presenta general-purpose DAQ systemfor
real-time  data exchange with the MATLAB-Simulink
environment. The communication of the manufactured DAQ card
with the computer was provided by TTL communication over
USB serial communication method. Thus, it was guaranteed that
the data could be transferred quickly and securely. ADC, DAC,
encoder, PWM, digital 10s, and L298 driver are integrated into
the system to meet the requirements best. Due to the blocks in the
library created in the MATLAB-Simulink environment, data from
the relevant peripherals can be interpreted and sampled, and
actuators can be controlled. The purchase of existing DAQ
systems or the solution of any problem in these devices are
enormous costs that individual users cannot afford and require
large budget allocations for companies. For this reason, a low-
cost, high-resolution system that can be used with the desired
solver in the MATLAB-Sinulink environment has been
successfully implemented. The performed systemhas been tested,
and the results have been presented. Machine learning algorithms
can be applied for future works by creating a data set from the
obtained data.
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Abstract

In this study, an ARM-based data acquisition module is designed with the Internet of Things in public transportation vehicles for air
quality analysis. The designed module communicates with the driver's computer in the vehicle. TEMPerHUM USB Thermometer
Hygrometer Sensor is used to collect temperature and humidity data and a dust sensor is used as PM2.5 and PM10 sensors. The d ata
obtained from these sensors are sent to the microprocessor with the RS-485 port. Microsoft Azure Hub is used to save all data from
the microprocessor in real-time. Machine learning algorithms are used to evaluate regression models constituting the temperature,
humidity, and PM data. Regression models are generated in the Python Language. Results of the R2 score and RMSE are found for the
different regression models. The results are assessed and represented.

Keywords: Air Quality Analysis, Internet of Things, Machine Learning.

Toplu Tasima Araclarinda Hava Kalitesi icin Nesnelerin Interneti
Tabanh Veri Toplama Modiilii Tasarim

Oz

Bu calismada, toplu tasima araclarmda hava kalitesi analizi igin Nesnelerin Interneti ile kullanilarak ARM tabanl bir veri toplama
modilii tasarlanmaktadr. Tasarlanan modiil, aragtaki siiriicii bilgisayari ile haberlesmektedir. Sicaklik ve nem verilerini toplamak igin
TEMPerHUM USB Termometre Higrometre Sensorii ve PM2.5 ve PMI10 sensorii olarak Dust Sensorii kullanilmaktadw. Bu
sensorlerden elde edilen veriler RS-485 portu ile mikroiglemciye gonderilmketedir. Microsoft Azure Hub, mikroiglemciden gelen tim
verileri gercek zamanli olarak kaydetmek igin kullanilmaktadir. Sicaklk, nem ve PM verilerini olusturan regresyon modellerin i
degerlendirmek i¢in makine Ogrenme algoritmalari kullanilmaktadi. Regresyon modelleri Python dilinde iretilmektedir. Farkh
regresyon modelleri i¢in RZ puanive RMSE sonugclari bulunmaktadir. Sonuglar degerlendirilmekte ve temsil edilmektedir.

Anahtar Kelimeler: Hava Kalitesi Analizi, Nesnelerin Interneti, Makine Ogrenmesi.
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1. Introduction

Air pollution continues to be a major problem in
industrialized cities and causes deaths by threatening the health
of millions of people (Bowdalo, D., 2022). PM2.5 and PM10 are
among the harmful particles to human health (Pandey, P., 2013).
Observation of harmful particles in the air in real-time is
significant to prevent possible negative effects. Objective and
more sensitive results for air pollution can be obtained by
machine learning. Determination of the level of pollution is
substantial. Fixed points and mobile stations in the city are used
to determine air pollution (Mihaita, A. S., 2019). Air quality data
from the fixed points are measured and transmitted in real-time
by wireless sensor networks (Kingsy Grace, R., 2019). Air
quality data in a great number of cities is limited and only taken
from a fixed point by the reason of cost. The collection of
measurements from a single region makes it difficult to interpret
the effect of global warming (Kumar, P., 2015). In mobile
stations, measurements are taken with sensor models placed in
the vehicle (Devarakonda, S., 2013). Data is transferred in real-
time by the Internet of Things. Regression models have been
proposed for the relation between airborne PM2.5 and PM10
particles and humidity and temperature (Peci, A., 2019).

An air quality module is created by using a 32-bit
microcontroller to measure PM25 and PM10 particles and
humidity and temperature variables. In the study, data is
transmitted in real-time with the Internet of Things by placing
the designed module on public transportation vehicles. The
effect of air quality on global warming is observed by the
regression models. R2 and Root Mean Square Error (RMSE) are
usedto analyze the performance of models.

An ARM-based module for public transportation vehicles is
designed. The design of the system is presented in section 2.
Internet of Things is real-timely used to analyze the impact of
PM2.5 and PM10 particles in the air. The impact of temperature
and humidity on airborne PM2.5 and PM10 is mentioned in
section 3. The air pollution identity of the city is observed from
the data obtained from the sensors. In section 4, the conclusion
is described.

2. Material and Method

STM32L4 is used as a microprocessor. The Dust Sensor is
used to collect PM2.5 and PM10 in the air. TEMPerHUM USB
Thermometer Hygrometer Sensor is used to collect temperature
and humidity variables. i.MX6UL card is used for transmission
of the sensor variables through the Microsoft Azure Hub. In Fig.
1., the module of the proposed systemis shown.

e-1SSN: 2148-2683

Figl: The systemfor real-time monitoring

2.1. Transmission of Data

I12C and UART are used to connect data fromthe sensors by
STM32L4. The microcontroller sends the data to the i.MX6UL
by the RS-485 communication protocol. The data is deleted in
case the data is corrupted in the course of sending over the RS-
485 protocol. Message Queuing Telemetry Transport (MQTT)
protocol is used to send the transmitted data to the cloud by
i.MX6U. Regression models are observed by the data in the
cloud.

2.2. Sensors

TEMPerHUM USB Thermometer Hygrometer Sensor is
used to measure the humidity and temperature. PM2.5 and PM10
are measured by the SDS011 sensor. SDS011 can detect particle
concentrations between 0.3pm to 10pum by the principle of laser
scattering (Budde, M., 2018). SDS011 is a low-cost dust sensor.
The ideal range for temperature and humidity sensor
TEMPerHUM USB Thermometer Hygrometer can operate
between -40 and 85 degrees Celsius with a maximum accuracy
of £1°C. The calculation of the temperature and humidity sensor
is shown in Eqland Eq2.

175.72 X CodeTemp

Temperature (°C) = pr— 4 (Eq1)
. _ 125XCodeRH _
%RH = ——————6 (Eq2)

where %RH is the Humidity, CodeTemp, and CodeRH are the
16-bit words returned by the temperature and humidity sensor.

2.3. Internet of Things

The i.MX6UL operates on Linux Operating System and the
Python programming language is used on it. Transmission of the
data determining air quality to the cloud is operated by
i.MX6UL real-timely. The processor is used for internet
connection. In Fig. 2, transmitted data on the local computer is
shown. Data from the sensors is stored in .csv format. The
machine learning algorithm is used in the .csv format data.
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Fig2. Real-Time Monitoring on Computer

2.4. Machine Learning

Regression is the analysis of the process of statistical
methods used to estimate the relationship between variables. In
the study, various supervised learning methods are used. Dataset
has been tested with multiple linear regression, polynomial
regression, random forest, decision tree and K- NN. Regression
models are used to determine the effect of airborne PM2.5 and
PM10 particles on temperature and humidity.

3. Results and Discussion

In the dataset, variables are humidity, temperature, airborne
PM2.5, and PM10 particles. Data is obtained fromvarious points
in the city. Regression models are observed by machine learning
algorithms. Regression models are modeled from the data to
realize the effect of global warming. R? and RMSE are used for
the performance testing of the regression models of the system.

ke —xi)2
RMSE = [FRO0 ()

where y, is the output, x; is the value of the estimated output.

¥ i—xp)?

R2=1-
2?:1(3” _xi)z

(Eq4)

4. Conclusions and Recommendations

Air pollution is becoming increasingly important with the
increase in population. The harmful effects of air pollutants
show complex distribution patterns. The complexity means that
modeling and estimating exposure levels are difficult.
Determination of the pollution level of the area is possible by
measuring air quality frequently. Airborne PM25 and PM10
particles, temperature, and humidity variables have been
collected by the Internet of Things in real-time. The effect of
PM25 and PM10 on the temperature and humidity has been
modeled. The effect of global warming on air pollution has been
observed from the regression models by the obtained data. The
regression model that shows a more valid distribution has been
determined by testing the regression models with R2 and RMSE.
Random Forest is the more accurate model to analyze the data
obtained in terms of RZ and RMSE than the others. In Table 1
results are shown for different machine learning algorithms. The
relation between airborne PM25 and PM10 particles with
temperature and humidity is shown in Fig. 3 and Fig. 4

e-1SSN: 2148-2683

respectively. Air pollution causes an increase in temperature and
humidity is observed. Appropriate precautions can be taken for
the future with the pollutant and concentration data of air
pollution as a conclusion.

Table 1. R? Score and RMSE of Regression Models

Regression Models RMSE R?
Linear Regression 5.18 0.1974
Polynomial Regression 4.07 0.4927
Random Forest Regression 2.83 0.7268
Decision Tree Regression 3.57 0.6019
KNN Regression 3.26 0.6782
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Fig3. Regression Model of PM2.5, PM10 vs Temperature

—— PM2.5(ug/m3)
PM10(pg/m3)
60 1 ——  Humiditiy(%)

=]
; w %M‘\ \

0 200 400 600 800 1000 1200 1400
Time(min)

Fig4. Regression Model of PM2.5, PM10 vs Temperature
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Oz

Bu ¢alismada asitretin (ACT) ve metotreksat (MTX) etken maddelerinin ve alfa lipoik asitin (ALA) rat beyin dokusunda Polifenol
Oksidaz (PO) aktivitesine etkileri arastirilmigtir. Calismada, toplam 50 tane Wistar albino erkek rat kullanilmistir. Calisma gruplart,
Kontrol grubu (K), ALA grubu, ACT+MTX grubu ve ACT+MTX+ALA grubu olarak olusturulmustur. 24 saat a¢ birakilmis olan
ratlara yapilan enjeksiyon islemleri her sabah ayni saatte gerceklestirilmistir. ACT, MTX ve ALA % 0.9’luk NaCl’de ¢oziilmiistiir.
ACT (20mg/kg/giin), MTX (20mg/kg/hafta), ALA (50mg/kg/giin) ve bunlarin kombinasyonlart da viicut agirligi diizeyinde
intraperitonal enjeksiyon ile ratlara verilmistir. Ratlar servikal dislokasyon ile sakrifiye edilmis ve kalp perfiizyonundan sonra
beyinleri ¢ikarilmigtir. Ratlardan alinan beyin doku Orneklerinde, PO enzim aktivitesi Ol¢iilmiistir. ACT+MTX verilen grupta 3.
giinde K’ya gore yaklasik % 5 inhibisyon gozlenirken ALA’nin etkisi ile bu inhibisyon yerini aktivasyona birakmistir. ACT + MTX
kullanim1 beyin PO aktivitesinde 3. giinde inhibisyona neden olurken bu inhibisyon ilerleyen giinlerde aktivasyona dontigsmiistiir. Tek
basimna ALA verilen grup K grubu ile karsilastirildiginda; PO aktivitesi 3. giinde %7 inhibisyon gostermistir. 5. ve 7.giinlerde
inhibisyon seviyesinin yar1 yariya azaldigi gozlenmistir. Bdylece ¢alismamizin sonucu olarak ALA’nin beyin dokusunda antioksidan
etki gosterdigi soylenebilir.

Anahtar Sozciikler: Beyin, Asitretin, Metotreksat, Polifenol Oksidaz

The Effects of Acetretin-Methotrexate Combination and A-Lipolic
Acid on Polyphenol Oxidase Activity in Rat Brain Tissue

ABSTRACT

In this study, the effects of acitretin (ACT) and methotrexate (MTX) active ingredients and alpha lipoic acid (ALA) on Polyphenol
Oxidase (PO) activity in rat brain tissue were investigated. A total of 50 Wistar albino male rats were used in the study. Study groups
were formed as Control group (K), ALA group, ACT+MTX group and ACT+MTX+ALA group.

Injections made to rats that were fasted for 24 hours were performed at the same time each morning. ACT, MTX and ALA were
dissolved in 0.9% NaCl. ACT (20mg/kg/day), MTX (20mg/kg/week), ALA (50mg/kg/day) and their combinations were given to the
rats by intraperitoneal injection at body weight level. Rats were sacrificed by cervical dislocation and their brains were removed after
cardiac perfusion. PO enzyme activity was measured in brain tissue samples taken from rats. While In the group given ACT+MTX,
approximately 5% inhibition was observed on the 3rd day compared to K, this inhibition was replaced by activation with the effect of
ALA. While the use of ACT + MTX caused inhibition in brain PO activity on the 3™ day, this inhibition turned into activation in the
following days. When the group given ALA alone was compared with the K group; PO activity showed 7% inhibition on 3" day. It
was observed that this inhibition level decreased by half on the 5th and 7th days. Thus, as a result of our study, it can be said that
ALA has an antioxidant effect in the brain tissue.

Keywords: Brain, Acitretin, Methotrexate, Polyphenol Oxidase
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Giris

Fenol oksidazlar, aktif bolgelerinde bakir igeren ve fenolik
bilesiklerin molekiiler oksijen ile oksidasyonunu katalizleyen
enzimlerdir. Bu bakir iyonu, aromatik bir bilesigin fenolik

grubunun quinone olarak bilinen bir reaksiyon grubuna
oksitlenmelerini saglar (Whitaker, 1995).

ACT, A vitaminin bir analogu olup sitolojik proliferasyonu
ve hiicre farklilagmalarimi diizenleyen monoaromatik bir
retinoiddir (Sekil 1). Ozelligi bakimindan lipofilik zayif bir
asittir. Suda az ¢6ziiniir. Kokusu ¢ok hafiftir, sari-yesil bir rengi
vardir.

COOH

CH30

Sekil 1. ACT’in kimyasal yapist  (Bhuiyan &
Chowdhury, 2016)
ACT, etretinatin  aktif ve baskin  metabolitidir.

Farmakokinetik olarak daha etkin ve avantajli olmasindan dolay1
kullanimi olduk¢a yaygindir (Dogra & Yadav, 2014). Etki
mekanizmas1 tam olarak anlasilamamasi ile birlikte epitel
hiicrelerinin ¢ogalmasi ve farklilasmasini diizenledigi diisiiniilen
retinoidlerin, antiinflamatuar ve immiinmodulatuar etkilerinin
oldugu da arastirilmaktadir (Menter vd, 2008; Yamauchi vd,
2003). Alzheimer hastaliginda retinoid sinyallemesinin
biyokimyasal, genetik ve diyetsel kanitlar1 vardir. Retinoidlerin,
mikroglia tarafindan gergeklestirilen bagisikligi  azalttig
gosterilmistir.  Peptit fibrillerin  stabilizasyonunu bozdugu
gozlemlenmigtir. Toksik etkileri nedeniyle retinoik asitlerin
kendisi insanlarda terapotik degere sahip olmadigr i¢in 16semi
ve/veya sedef hastaligi igin kullanilan sentetik retinoidler
alzheimer hastalig1t tedavi stratejilerinin odagi haline geldi.
Yapilan bir caligmada, bu onaylanmis ilaglar ile ratlarda
alzheimer proteinlerinin  {iretiminde bir azalma oldugu
gosterilmistir (Holthoewer vd, 2012).

MTX (4-amino-10-metilpteroilglutamik asit), bir folik asit
analogudur (Sekil 2.). Neoplastik olan veya olmayan
hastaliklarda tedavi amaciyla kullanilan bir antimetabolittir.
Romatoid artrit gibi hastaliklarda diisiik doz kullanim1 6nerilir.
MTX kullaniminda dozun toksisiteye etkili oldugu 1iyi
bilinmektedir. MTX, selektif olmamasi nedeniyle kil kokii,
kemik iligi, beyin gibi saglikli dokularda da toksisiteye neden
olabilmektedir (Vardi vd, 2010). Yapilan ¢aligmalarda, MTX ile
tedavi olan hastalarda beyin omurilik sivist (BOS) igeriginde S-
Adenozil  Metiyonin(SAM)  eksilmesine neden oldugu
bildirilmistir. Bu eksikligin reaktif oksijen tiirlerinin artmasindan
kaynakli oldugu vurgulanmigtir (Kumari vd, 2016).

o COOH

NH. N
N H

i

. _ CHs

HoN N N

Sekil 2. Metotreksat’in Kimyasal yapis1 (Lotfi vd, 2016)
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Beyin, viicut agirliginin %2’sinden daha azini olusturmasina
ragmen tim viicudun kullandigi  oksijenin  %20’sini
tiketmektedir. Bu nedenle beyin, biiyiik bir potansiyel oksidatif
kapasiteye sahiptir. Fakat oksidatif strese karst koyma
yeteneginin siirh olmasi, beyni oksidatif hasara karsi en duyarl
organ haline getirir (Kumar ve Khanum, 2013).

ALA; protein, yag ve karbonhidrat metabolizmasinda
onemli fizyolojik etkileri olan besinsel bir koenzimdir. Serbest
radikallerin siipiiriilmesinde de 6nemli rol oynayan ALA, yagda
ve suda ¢Oziinebilir. Organik besin monomerlerinin ATP’ye
donistiiriilmesi igin gerekli olan multi enzim kompleksinin de
parcasidir (Data, 1995).

ALA, SOD ve CAT enzimlerinin aktivitelerini arttirici
etkiye sahipti., Aym zamanda molekiiler hasarlarin
onarilmasinda, asetilkolin {iretiminin arttirilmasinda da goérev
alir. Serbest radikallere kargt koruma ve lipit peroksidasyonunun
olugmasina karst koruma gibi gorevleri de vardir (Tetikgok vd,
2015). Yapisinda bulunan tiyol sayesinde antioksidan olarak etki
gosterir.  Serbest oksijen radikallerinin yakalanmasi ve
agirmetaller ile birlikte selat olusturmada ve antioksidanlarin
etkilerini arttirmada O6nemli rol oynamaktadir. Kan-Beyin
bariyeri (KBB) gecebilme 6zelligine sahiptir ve merkezi sinir
sistemi (MSS) igerisinde antioksidan olarak kullanilabilmektedir
(Patel & Roche, 1990).

Materyal ve Yontem

Calismalar, Ondokuz Mayis Universitesi Etik Kurulu
(2018/13) tarafindan onaylanmustir. Deneyde kullanilan ratlar,
Deney Hayvanlar1 Arastirma Merkezi (DEHAM)’nde iretilip
yetigtirilmistir. Agirliklar1 200 — 250 gram arasinda degisen 50
adet Winstar albino tipi erkek rat kullanilmigtir.

Arastirma Gruplarinin Olusturulmasi:

Grup 1 (K) : Kontrol grubu, hi¢ bir islem uygulanmayan
grup,

Grup 2 (ALA grubu): 50 mg/kg/giin ALA verilen grup,

Grup 3 (ACT + MTX grubu): 20mg/kg/giin ACT ve
20mg/kg/hafta MTX verilen grup,

Grup 4 (ACT + MTX + ALA): 20mg/kg/giin ACT ve
20mg/kg/hafta MTX ve 50mg/kg/giin ALA verilen grup.

Grup 2, Grup 3, Grup 4'iin her birinde 15 adet, K Grupta ise
5 adet rat kullanilmustir.  Ratlar, enjeksiyondan 6nceki son 24
saat boyunca a¢ birakilmistir. Enjeksiyon islemleri, her sabah
aym saatte yapilmustir. Enjeksiyondan sonraki 3., 5. ve 7.
Giinlerde de ratlar, sakrifiye edilmistir. % 0.9 NaCl ile kalp
perfiizyonu yapildiktan sonra beyin ¢ikarilmigtir. Elde edilen
beyinler, deneysel islemler i¢in -80 °C'lik derin dondurucuda
saklanmigtir. Daha sonra derin dondurucudan ¢ikarilmig olan
beyinlere sirasiyla homojenizasyon, sonikasyon ve santrifiij
islemleri uygulanmigtir.  Santrifiijden sonra elde edilen
stipernatant, Polifenol oksidaz (PO) aktivite tayini igin
kullanilmistir. PO aktivitesi Hung ve Boucias (1996) yontemiyle
belirlenmistir.

PO aktivitesi i¢in; 20 mM L-DOPA igeren 950 pL fosfat
tampon ¢ozeltisine 50 uL homojenat hizla ilave edilmistir. Daha
sonra, 420 nm'de egriye karsi bir dakika ig¢inde absorbans
degisimi okunarak aktivite belirlenmistir. Sonugta bir enzim
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birimi, reaksiyonun meydana geldigi kiivette 1 dakikada 0.001
art1s olarak tanimlanmustir.

Tim veriler, SPSS 22.0 istatistik yazilimi kullanilarak
degerlendirilmistir. Gruplar arasindaki fark Kruskal Wallis testi
ile de kontrol edilmistir.

Bulgular

ALA’nin enjeksiyonunu takiben 3.giinde PO aktivitesinin
K’ya goére % 7 inhibisyon gosterdigi (p>0,05), 5.giinde K ile
hemen hemen aymi seviyede oldugu ve 7. giinde ise tekrar

inhibisyon gosterdigi gozlenmistir. ACT+MTX grubu K ile
karsilastirildiginda, 3.glinde %5 inhibisyon (p>0,05) gosterirken
5.giinde K ile ayn1 aktivitede oldugu ve 7.gilinde ise yaklasik %5
civarinda aktivasyon gosterdigi goriilmiistir. ACT+HMTX+ALA
grubu K ile karsilastirildiginda ise ACT+MTX grubunda oldugu
gibi 3.glinde %5’lik inhibisyon gozlenirken 5.giinde K ile aym
aktiviteyi gosterdigi gozlenmistir. 7.glinde ise aktivitesinde
%2’lik bir artig (p>0,05) oldugu gozlenmistir (Sekil 3.).

AKTIVITE

AN

GRUPLAR

Sekil 3. ALA, ACT+MTX ve ACT+MTX+ALA verilmis ratlarin beyin dokusundaki PO aktivitesinin glinlere gore karsilastirilmast

ACT+MTX kombinasyonuna ALA eklenmesini takiben
3.giinde PO aktivitesinde az bir artis goriilmiistiir. 5.giinde
aktivite degerleri hemen hemen ayni iken 7.giinde aktivitenin
daha da arttig1 goriilmiistiir (Sekil 4.).

0,7

0,68

0,66

0,64

0,62

AKTIVITE

0,6

0,58

0,56

GRUPLAR

Sekil 4. Rat beyin dokusundaki PO aktivitesinin gruplar arasi karsilastirilmast
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Tartisma

Calismamizda tek basmma ALA kullaniminin beyin PO
aktivitesini azalttigi gozlemlenmistir. ACT+MTX grubunda PO
aktivitesi K grubu ile karsilastirildiginda 3. giinde inhibisyon
gozlenirken, 5. giindeki aktivitenin hemen hemen K ile ayni
seviyeye geldigi fakat 7. giinde yerini aktivasyona birakmustir.
Bu kombinasyona ALA eklendiginde ise 3.giinde goriilen
inhibisyonun  ALA’nin etkisiyle %2’lik bir aktivasyona
doniistigi fakat 5. ve 7. giinlerde 6nemli bir degisiklik olmadigi
belirlenmistir. Tek basina ALA verilen grupta da K’ya gore tiim
giinlerde inhibisyon goézlenirken inhibisyonda 6nemli degerin 3.
giinde goriildiigi, 5. ve 7. glinlerde ise inhibisyonun azaldigi ve
degerinin neredeyse birbirinin ayni oldugu da belirlenmistir.

Dogal olarak iretilen hem hayvansal hem bitkisel bir
antioksidan olan ALA (Goraca vd, 2011), E vitamini ve C
vitamininin rejenerasyonunu saglamada ve  reaktif oksijen
tiirlerinin notralize edilmesinde olduk¢a 6nemli rollere sahiptir
(Rochette vd, 2013). ALA’nin alzheimer ve biligsel bozukluklar
gibi hastaliklarda da koruyucu etkiye sahip oldugu ifade
edilmistir. ALA ile tedavi edilen hayvanlarda mitokondriyal
fonksiyonlarin artist  ve Dbiligsel islevlerin gelistigi de
gosterilmistir. ALA’nin bu denli biligsel bozuklugu azaltici
etkileri, alzheimer ve bunlarla iligkili bir gok demans hastaliginin
tedavisinde bagarili olabilecegini diisiindiirmiistir (Head vd,
2009).

MTX, c¢esitli hastaliklarin tedavisinde kullanilan bir
antimetabolit olmasina ragmen selektif olmamasi nedeniyle kil
kokii, kemik iligi, beyin gibi saglikli dokularda toksisiteye
neden olabilmektedir (Vardi vd, 2010). Yapilan bir ¢alismada,
MTX ile tedavi olan hastalarda beyin omurilik sivist (BOS)
iceriginde S-Adenozil Metiyonin (SAM) eksikligi bildirilmistir.
Bu eksikligin reaktif oksijen tiirlerinin artmasindan kaynakli
oldugu vurgulanmistir (Kumari vd, 2016). An vd (2017)’de,
farelerde ve hastalarda yaptigi ¢alismalarda ACT ve ACT ile
kombin olarak kullanilan MTX’in karaciger ve diger organlarda
ciddi yan etkilerinin oldugunu belirtmiglerdir. Athoumani Ali vd
(2020) ise ACT ve MTX 1n rat akciger dokusunda fenol oksidaz
aktivitesini  arttirdigini, ACT+MTX kombinasyonuna bir
antioksidan olan ALA ilavesi ile bu aktivitede azalma oldugunu
gozlemislerdir. Ayrica Athoumani Ali vd (2020), ACT+MTX’in
akciger dokusunda fenolik bilesiklere neden oldugunu ALA'nin
ise ACT+MTX tiirevi fenolik bilesiklere karst koruyucu
etkisinin oldugunu da belirtmiglerdir.

Sonuc¢

Calismamizda; ALA nin, beyin dokusunda ilk giinlerde PO
aktivitesini azalttigi sonucuna dayanarak oksidatif strese karsi
koyma yetenegi smirli olan beyin dokusu igin antioksidan
ozelligini gosterdigini soyleyebiliriz. ACT+MTX
kombinasyonunun da 5. giline kadar PO aktivitesini azalttig1 5.
giinden sonra ise aktiviteyi artirdigt fakat ACT+MTX
kombinasyonuna ALA eklenmesi ile ilk giinlerdeki inhibisyonun
da yerini aktivasyona biraktigi gozlemlenmistir. Bu durum;
kombinasyondaki ALA’nin, PO’ bir pargasi olarak goérev
yaptigin1  diisiindiirmektedir. Bodylece beyin dokusunda
ACT+MTX kaynakli radikal olusumuna kars1 koruyucu etkisini
gosterdigi de sOylenebilir. Sonuc¢ olarak giin araliklarinin
siklagtirilarak hatta saatlik degerlendirmelerin de yapilabilecegi
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yeni ¢aligmalarin arttirilmast soru igaretlerinin aydinlatilmasina
katk1 saglayacaktir.
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Oz

Calismamizda 2013/08326 basvuru numarali uluslararasi patent numarali Tricklevent pasif havalandirma sisteminin 1s1l konfora
etkilerini ve enerji tasarrufunu incelenmistir. Tricklevent yenilik¢i pasifhavalandirma sistemi, cepheye yerlestirilen ve dikey veya yatay
olarak tasarlanmis bir otomasyon sistemi ile kontrol edilen bir havalandirma sistemidir. Calismamizda Tricklevent sistemli 14 m?'lik bir
prototip odasiinsa edilmis ve sistem kapali-agik olarak termokupllarla belirlenen yerlerden dlgiimler alinmistir. Testler, 15-16 Agustos
2021 tarihinde giiniin en sicak saatlerinde saat 11:00'de gerceklestirildi. Sistem ayrica hesaplamali akigkanlar mekanigi yazihmu ile
analiz edilmigtir. Sayisal analiz i¢in Re sayis1 hesaplanms ve akisin tiirbiilansl oldugu belirlenmistir. Analizlerde k-€ tiirbiilans modeli
kullantlmigti. Analizde agdan bagmmsizlik ¢aligmasi yapilmisti. Radyasyon modeli olarak Ayrik Transfer modeli kullanilmugtir. 1009
W/n? giines yiikii tanimi yapilmigti. Ortam havasinm hizn 1,94 m/s, basing farki 2,19 Pa ve sistemden alinacak hava debisi 0,024 m’/s
olarak hesaplanmistir. Testlerde elde edilen sonuglara gore Tricklevent sistemi kapatildiginda i¢ ortam sicakligmnin radyasy on etkisiyle
16 dk icinde ortam sicakligni astigi, sistem acikken i¢ ortam sicakligmm 16 dakikada maksimum 30 °Cye, 24 dakika sonraise 34,5
°Clye ulastig1 tespit edilmistir.. Tricklevent YP.H.S agikken ortamda 2-3 °Clik bir sicaklik diigmesinin yeterli oldugu, sistem kapaliyken
ise klimanm yaklagik 6,5-7,5 °Clik bir sicakhik diigiisiisaglamasigerektigi belirlenmistir. Kompreso6r ¢aliyma siiresisistem kapaliyken
daha fazla olacagi goriilmiistiir. Caliyma sonucunda prototip odasinda 14kwh enerji tasarrufu saglandig1 goriilmiistiir. Klimanin giiciine
gore klimanm 16 dakika ¢ahstmrlmamas: sonucunda 1saatlik siirede %16 tasarruf saglanmistir. Binanin yiiksekligine bagh olarak hava
akis1 ve sicaklikta saglanan avantajile klimanmn ¢aliyma siiresi34 dakikaya kadar ¢ikabilmektedir. Bu, yapilacak enerji tasarrufunun 1
saatlik zaman i¢inde %16-50 arasinda olabilecegini gostermistir.

Anahtar Kelimeler: Pasif havalandrma, Enerji tasarrufu, enerji, Isil konfor, Tricklevent, Havalandirma, Hesaplamal akiskanlar
meknaigi, Bina cephe sistemleri.

Investigation of Tricklevent Innovative Passive Facade Ventilation
System in Terms of Thermal Comfort and Energy Saving

Abstract

In our study, the effects of the Tricklevent passive ventilation systemwith the international patentapplication number 2013/08326 on
thermal comfort and energy saving were examined. Tricklevent innovative passive ventilation systemis a ventilation systemplaced on
the facade and controlled by an automation system designed vertically or horizontally. In our study, a 14 m2 prototype room with
Tricklevent systemwas built and measurements were taken from places determined by thermocouples as the systemwas closed-open.

* Sorumlu Yazar: Bursa Teknik Universitesi, M iih. ve Doga Bilimleri Fakiiltesi, M akine Miih. Béliimii, Istanbul, Tiirkiye, ORCID: 0000-0001-8647-
4861, furkan.sokmen@btu.edu.tr
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The tests were conducted at 11:00 am during the hottest hours of the day on August 15-16, 2021. The systemwas also analyzed with
computational fluid mechanics software. For numerical analysis, the Re humber was calculated and it was determined that the flow was
turbulent. The k-€ turbulence model was used in the analyses. In the analysis, independence from the network was studied. The Discrete
Transfer model was used as the radiation model. 1009 W/m? solar load is defined. The velocity of the ambient air is calculated as 1.94
nvs, the pressure difference is 2.19 Pa and the air flow to be taken from the systemis calculated as 0.024 m3/s. According to the results
obtained in the tests, it has been determined that when the Tricklevent systemis turned off, the indoor temperature exceeds the ambient
temperature within 16 minutes with the effect of radiation, and the indoor temperature reaches a maximum of 30 °C in 16 minutes and
34.5 °C after 24 minutes when the systemis on. It has been determined that a temperature drop of 2-3 °Cis sufficient when Tricklevent
Y.P.H.S is on, while the air conditioner should provide a temperature drop of approximately 6.5-7.5 °C when the systemis off. It has
been observed that the compressor operating time will be longer when the systemis off. As a result of the study, it was seen that 14
kWh energy saving was achieved in the prototype room. According to the power of the air conditioner, as a result of not operating the
air conditioner for 16 minutes, 16% savings were achieved in a 1-hour period. Depending on the height of the building, the operating
time of the air conditionercan be up to 34 minutes with the advantage provided in air flow and temperature. This showed thatthe energy
savings to be made can be between 16-50% in 1 hour time.

Keywords: Passive ventilation, Energy saving, Energy, Thermal comfort, Tricklevent, Ventilation, Computational fluid mechanics,
Building facade systems.

alimmaktadi. Ara bdlmeye dolan dis taze hava i¢ kanatlarm
actlmasiyla i¢ hacme almmaktadwr (Erkenel, 2006). Cift katmanli
cephelerde genelde i¢eride kalan pencere ve kanat sistemleri

1. Giris

Gliniimiizde sehir merkezlerinde yliksek kath yapilagmayi
etkileyen bir ¢ok etken vardir. Bu etkenlerden en dnemlisi sehir
niifusunun orantisiz artig1 ve dolayh olarak konut ihtiyacmnin
artmasidir. Bu ihtiyacin geligen teknoloji ile karsilanabilir olmas1
da yiiksek kath binalarin yapilagmadaki katkisini arttrmaktadir.
Yiiksek katl binalarin is merkezi, konut maksadi ile sayismin
artmas1 beraberinde baz teknik problemleri ortaya ¢ikarmustir.
Yiiksek kath yapilarin yangma karsi korunmasi, bina i¢inde
ulasim saglayan asansor sistemleri, bina 1sitma ve sogutma
sistemleri ana problemlerden olmustur. Ozellikle bina hacminin
artmas1 en yiksek enerji sarfiyati olan 1sitma-sogutma
sistemlerinin performansi1 dnem kazanmigti. Binalarda cephe; di
ortam kosullarmi bina diginda tutan, binay1 ¢esitli dis etkilerden
koruyan, ayni zamanda binaya estetik kazandiran bina igin bir
nevi filtre, manto gorevi yapan bina yapisinin pargasidi. Cephe
sistemleri dig ortamda bulunan ve bina i¢inin ihtiya¢ duydugu taze
hava gibi girdileri bina i¢ine alma gorevini de yerine
getirmektedir. Cephe tasarim ve insasni etkileyen baz faktorleri
binanm yiiksekligi, cevre, bina kullanimm maksadi olarak
srralanmaktadir. Yiiksek bina gelisim siireci igerisinde cephe
sistemleri ¢esitleri agagidaki gibi olugmaktadir (Erkenel, 2006)

1. Orgii Teknigi Cepheler

2. Hazir Panel Montajli Cepheler

3. Metal Cerceveli Giydirme Cepheler
4. Cam Cepheler

Erkenel (2006) calismasmda ele alman ve Sekil l.a’da
goriilen Commerzbank binasmm dis cephesi lamine camla
yapimist.  Cephe sistemi iki katmanldwr. Bu katmanlar
arasmdaki bosluk ile dogal havalandurma saglanmaktadir. Dig
ortam havasi dis cephenin kanatinin agilmasi ile ara bolmeye
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aracihfl ile taze hava alim bir ¢ok uygulamada goriilmektedir.
Genelde bu sistemler bina otomasyon sistemine baglanmakta ve
ic mekanda istenmeyen kosullar olustugunda sistem otomatik
acilmakta ve isitma-sogutma sistemine destek olmak icin
kullantimaktadir (Yilmaz, 2006).

Lakot (2007) yaptig1 calismada ARAG Kulesinin cephe
sistemini incelemistir (Sekil 1 b). Cephede bulunan pencereler iki
parca sekilde tasarlanmugti. Pencerelerin 15 cm yiiksekliginde
kismu dig havayr i¢ hacme alma gorevinidedir. Cephe ¢ift
cephelidir. Ust saft icerideki kirli havayidisan atarken 15 cm’lik
bolmeden dis taze havaigeriye almmaktadir (Lakot, 2007). Cephe
cift cephelidir. Ust saft icerideki kirli havayir disan atarken 15
cm’lik bolmeden dis taze hava iceriye almmaktadir. Cephe
boslugu kig aylarinda ayrica yaltim gorevi yapmaktadir. Sistem
ile yilin %50-601 i¢ ortam havalandimasi yapilabilmektedir
(Lakot, 2007).

Unal (2006)’da yaptig1 ¢ahsmada Halenseestrabe Binasmi
incelemigtir (Sekil 2 a). Bu binanin son 7 katinda ¢ift cephe
sisteminin kullanildigmi sistemin kanat agilmasi ile i¢ ortama taze
hava almaktadr. Bu caliymada genelde cephe sistemlerinin ¢ift
katman mantigma sekillendigi goriilmektedir (Unal, 2006). Sekil
2 b’de gorilen RWE AG bina cephesi daha 6nce incelenen
cahgmalarda oldugu gibi ¢ift katmanlh cephe uygulamasi
yapilmusti. Katmanlar aras1 50 cm bosluk bulunmaktadmr. Ara
bosluk oluklu Al malzeme ile kaplanmistr. Cahsmada ara
bolmede kullanilan Al profillerin gelen giines ismlarini ig
ortamdan uzaklastrmak i¢in oldugu ifade edilmistir (Lakot, 2007;
Yilmaz, 2006).
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Sekil 1. a) Commerzbank binasi dis cephe pasif havalandirma b) Arag 2000 Kulesi 'nin Saft Tipi Cifi Kabuk Cephe Sistemi

a)

Yine ¢ift katmanli cephe uygulamasi isvigre’de Kista Science
kulesinde incelenmistir (Sekil 3 a). Dis cephe pencerelerin alt ve
ist kismmndan mekanik kontrol ile havalandrma iglemini
yapmaktadir. Hava cepheye doseme seviyesinden alimmakatdir.
Isman hava pencere iist kotundan atilmaktadir. Is merkezi ve ofis
olarak tasarlanan Debis Binasinda cephe hareketli panjurlardan
olugmaktadir (Sekil 3b). Panjurlar 12 mm kalnliginda cam
panjurlardi.  Cift katmanli olan cephede agis1 ayarlanabilir
panjurlar sayesinde giines ismlarmm 1s1 konforu bozmasi
engellenmeketedir.

a) b)

Sekil 3. a) Kista Tower Binasi ¢ift kabuk ara boslugunun
gariiniisii b) Debis Yénetim Binasi
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b)
Sekil 2. a) Halenseestrabe Binasi(Lakot, 2007) b) RWE AG bina cephesi (Yilmaz, 2006)

Cin’de yaz ve kig aylan i¢in ¢ift katmanh cephelerin
havalandrma ve i¢ hacim konforuna etkileri incelenmistir.
Calismada havanm hava kanalina girmesinde farkli kanatgik
modelleri denenmisti. Elde edilen sonuglarda yiiksek yapili
binalarda bu tiir havalandirmanm i¢ konforu arttirdigi tespit
edilmistir. Cift cidarli cephelerin 1s1l performansi c¢alismada
ayrica incelenmistir. Ozellikle radyasyon etkililerini azalttig1
yoniinde verilere ulagilmisti. Cahsma sonucunda cift cidarli
cephelerin yazin radyasyonu, kigin ise yalitim manasinda
etkisinin oldugu ortaya konmustur (Zhou & Chen, 2010). Shameri
ve digerlerinin 2011’de yaptigi arastirmada cift katmanli cephe
sistmelerinde dikkat edilmesi gereken tasarim parametreleri
iizerine caligilmist. Bu parametrelere 6rmek vermek gerekirse
cam sec¢imi, dig ortam basmcma dayanikh montaj elemanlar:
secimi gibi etkileri incelemis ve ¢ift katmanh cephe sistemlerine
genel bir bakig ortaya koymustur (Shameri et al., 2011). Hien ve
ark.. 2005 yihnda ¢ift katmanh cephe sistemlerini CFD metoduyla
incelemiy ve bu tiir sistemlerin bina enerji tliketiminde
iyilesitirmelere neden oldugunu ortaya koymustur (Hien et al.,
2005). Yimaz ve Cetintag 2005 yilinda tek katmanh ve ¢ift
katmanh cephe sistemlerini Istanbul sartlarinda ki mevsiminde
inceleme yapmustir. Sonug olarak kis mevsiminde bu tiirbir cephe
sisteminin enerji verimliliine etkisinin pozitif olacag:i ortaya
konmustur (Yilmaz & Cetintas, 2005). Shameri ve digerlerinin
2011’de yaptig1 cahsmada cephe caligmalarmda hesaplamali
akigkanlar mekaniginin cephe uygulamalarmda onemine ayrica
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deginmistir. Sicakhk ve hava dagimmnm Onceden tahmin
edilmesinde avantajlan ortaya konmustir (Shameri et al., 2011).
Coussirat ve ark. 2008, CFD metodunu kullanarak hava akis ve
1s1 transferi agisimdan bina cephe sistemlerini incelemistir.
Numerik analizlerin deneysel verilerle dogrulandigi c¢aligma
sonucunda goriilmiistir(Coussirat et al, 2008). Bu g¢aligmada
uluslararas1 patenti Metal Yap1 LTD: STi.’de olan Tricklevent
yenilik¢i pasif havalandirma sistemi (T.YP.H.S) incelenmigtir.
Literatiirde incelenen ¢aligmalarda cift cephe uygulamasi ve iki
cephe arasindaki havanin mekanik tesisat ile hareketi
saglanmistir. Ayrica Yiiksek binalarda 100 m’den sonra kanat-
pencere agilmast mimkiin olmadig1 i¢in klima sistemine daha
fazla ihtiyag duyulmaktadir. TYPHS ile giiniin 24 saati cephe
iizerinden taze hava ortama almmaktadi. Tricklevent YPHS
sisteminde tek cepheden 50 m3/h ve daha fazla hava girdisi
saglanarak i¢ hacim havalandirlmaktadir.  Caligmamizda
literatiirde yer alan CFD caliymalarma ek olarak sayisal analiz
¢iktist olarak 1s1l konfor parametresi PMV incelenmistir.

2. Materyal ve Metot
2.1. Materyal

Tricklevent YP.H.S’nin performansmni tespit etmeden once
havanin yiikseklikle degisen Ozelliklerinin teorisinin bilinmes i
gereki. Buna gore hava yogunlugunun degigimi: Atmosfer
havasmm yogunlugu sicaklik ve yiikseklikle degisir. Esitlik 1 ile
yiikseklige ve sicakhga bagh yogunluk hesap edilebilmektedir
(Sathyajith Mathew, 2006).

_ 353045

po = 2 exp (~0.034 5 Z) kg/m? )

Z: Yikseklik (m), T: Sicaklik (K)

Yine yiikseklige bagh Hava sicakhgmm degisimi Esitlik 2 ile
hesap edilmektedir (Sathyajith Mathew, 2006).

dT ODEESC o035 T°F
(& aneare = 8 =" @
dz/ srandare m ft

Riizgar hizi yiikseklikle degisir. Yer yiizeyindeki hava hizi
slirtiinme direnci nedeniyle yavaslar (smr tabaka etkisi). Bu
silirtiinme direncine hem yeryiiziiniin (topragm) kendisi hem de
bitki ortiisii (agaclar, bitkiler), binalar ve diger yapilar sebep olur.
Siirtiinme direncine sebep olan biitiin bu unsurlar yeryiizi
puriizlilliigi veya sadece yiizey piriizliiliigli olarak adlandmilir.
Yiizey piriziligi, piirizlilik ytksekligi (Zo) ile ifade edilir.
Asagidaki tabloda piriziiliik yiiksekligi degerleri verilmistir.
Ayrica  Sekil4’de  riizgdr hizmin  ylkseklikle — degisimi
gorillmektedir. Meteoroloji istasyonlarmda genellikle 10 m
yiikseklikteki riizgar hizi 6l¢iiliir (Sathyajith Mathew, 2006).

Sinir tabaka etkisi nedeniyle, riizgar hizi yiikseklikle
logaritmik olarak artar. Eger referans yerin yiiksekligi Zr ve

plriizlilik yiiksekligi Zo ise Z yiksekligindeki riizgar hiz1
asagidaki esitlikten hesaplanabilir (Sathyajith Mathew, 2006).
ir!l_rz_."zr) )
viz) =L’{ER]72.-.:.-_~ (3)

il 'szJ’I
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Tablo.1: Degisik araziler i¢in piiriizliilik yiiksekligi
(Sathyajith Mathew, 2006)

Arazi Tammm Zo (mm)

Diizgiin, Buz veya ¢amur 0,01
Sakin agik deniz 0,2
Dalgali deniz 0.5
Kar yiizeyi 3
Cim 8
Otlak arazi 10
Nadas arazi 30
Ekilmis arazi 50
Agaclik 100
Bircok agac ve binalar 250
Ormanhk 500
Ara mahalle 1500
Sehir merkezi 3000

Ritzgar haz {m/s)

1] 0 40 60 B0
Yeryiiziinden yikseklik (m)

Sekil 4: Riizgar hizinin yiikseklikle degisimi (Sathyajith
Mathew, 2006)

Tricklevent YP.H.S digs ortamdaki havayi1 dis ortamdaki
havanin hizndan kaynakh dinamik basing sebebiyle i¢ ortama
almaktadir.

1 "
F=ZrV (4)

PMV degeri g¢alisanm 1s11 konforu algilama seviyesini
gosteren, ortamda hissedilen sicakhg1 ya da soguklugu notlayan,
ASHRAFEnin 7 noktadan olusan termal duyarlilik c¢izelgesidir.
Cizelge -3 ile +3 aras1 degisim gostermektedir. PMV degerini
hava sicakligi, hizi, nemi, ¢calisanin bedenselaktivitesi ve kiyafet
Ozellikleri gibi etmenler etkilemektedir (Sekil 5).

Duyarhhk

Sicak
Ik
Hafif ihk
Notr
Hafif serin

Deger
3
2
1
0
1
2 Serin
3

Soguk

Sekil 5. ASHRAE Isil duyarlilik ¢izelgesi (Ansi/Ashrae, 2004)
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2.2. Metot
2.2.1. Geometri

Sekil 6 a’dan gorildigi lizere kuwmuizi dikdortgen igine
alinmis dis ortama agik ve Sekil 5 b’de ayrintis1 verilen sistem
Tricklevent Yenilikgi Pasif Havalandima Sistemidir. Dig ortam
havasiSekil 5 b’de goriilen temsili mavi oklarm yolunu izleyerek
oda i¢ine dolmaktadir. Bu sistem bina yiiksekliginden bagimsiz
sekilde giliniin 24 saati havalandrma goOrevini yerine
getirmektedir. Sistemin kotii ve iyi kosullarda deneyselve sayisal

olarak ile calisilmisti.  Tricklevent YPHS c¢ahsma prensibi
geometri lizerinde Sekil 6 c’deizah edilmistir. Sekil 6 c’de kirmiz1
daire i¢ine almmg doner sistem bina otomasyon sistemi ile giiniin
istenilen saati ok yoniinde otomatik olarak dondiiriilerek dis
ortamda dinamik basinci fazla olan havai¢ ortama alimmaktadir.

Sekil 6. a) Tricklevent YPHS ornek uygulamasi b) Tricklevent YPHS detay c) Tricklevent YPHS ¢alisma prensibi

Cahgmamizda test ve analizlerinde kullanilan 6mek oda 8
mm kalmhigmnda ¢ift caml, dis ylizeyleri film kaplh camlarda
olugmaktadi. Dig ortam hava akig1 Sekil 6 b’de goriilen mavi ok
kismindan 1 Pa havabasing farkinda 41 m3/h havaakis debisi ile
i¢c hacme girmektedir. Dis ortam havasi ve i¢ ortam havasi
arasindaki basing farki Bernolie Denkleminde dinamik basing
olarak bilinen Esitlik 4’den hesap edilmistir.

2.2.1. Deneysel Calisma

Deneysel calismada 6ncelikli olarak 14 m2 alana sahip oda
birebir imal edilmistir (Sekil 7). Oda gevresi normal binalarda
kullanilan yahtim sistemi ile yahtilmustir. Testler Istanbul’da ve
en sicak aylardan olan Agustos ayindasaat: 11:00’da yapilmstir.
Prototip odada oOncelikli olarak oda cephesindeki Tricklevent
YP.H.S kapal olarak test yapilmisti. Testlerin ve ¢aligmanin
Agustos ay1 iginde yapilmasmin sebebi Jubran & Peter, (2019)
cahiymasinda dabahsettigigibi en yiiksek sogutma yiikiine ihtiyac
duyulan ay olmasindan dolayidr.

Sekil 7. Tricklevent YPHS prototip oda
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Test baslangicinda oda i¢ sicaklig1 28 °C, ¢evre sicakhgi 32
°C dlglilmiistiir. Giines yiikii ve digaridan herhangibir sekilde taze
hava almamamasi1 sebebiyle i¢ ortam havasmnda sicaklik
yikselmis ve dis ortam sicakhgmida gecerek 16 dk iginde
maksimum 34,5 °C’yi buldugu tespit edilmistir. Olgiimlerde
kullanilan termokupullarin 6l¢iim araligi ve hata orani Tablo 2’de
verilmigtir. Termokupullar ilk dlglimlerde kirmizi dairenin oldugu
yerden ¢evre havasmnmn sicakhigmni, i¢ ortamda ise 1,7 m
yiikseklikten sari dairenin oldugu yerden alinnustir.

Tablo 2: Ol¢iim elemani ozellikleri

Hata Orani
-/4+0,1°C

Olgtim Aralig
100°C/+400°C

Termokupul
Standart (K Type)

Aynu1 test Tricklevent YP.H.S sistemi agik halde ertesi giin
ayni saatte (11:00) tekrarlanmigti. Tricklevent sisteminin agik
oldugu testlerde termokupullar ilk testlerdeki yerlerine ek olarak
Sekil 5 b’de kirmuzi noktanin oldugu bdlgeye yerlestirilmis tir.
Ikinci testten elde edilen degerlere gore aynigevre sicakhgmda ve
ayni giines yiikiinde i¢ hacmin sicakhgmm dig ortam sicakligima
ulasamadig1 ortam sicakhfmin maksimum 16-17 dk sonra 30
°C’yi buldugu 24 dk sonra ise 32 °C ¢evre sicakligini buldugu
tespit edilmistir.

2.2.2. Sayisal Calisma

Sayisal calismada FloEFD hesaplamal akiskanlar mekanigi
ticari yazihmu kullanilmigti. Caliymada eleman sayisindan
bagmmsizlik c¢ahgmasi yapilmis ve biitlin ¢oziimler akigkan i¢in
3324624, katilar igin 1642250 eleman i¢in  yapilnustir.
Analizlerde Ist iletimi, tasmmm ve 1gmm dikkate almnustir.
Tricklevent tasarmm iiretildigi malzeme olan Alimiinyum (Al)
olarak segilmistir. Giines yiikii 1009 W/m? olarak tanimlanms tir.
Testin yapildiiin giin 15 Agustos 2021 giinii hava hiz1 6,9 knv/s =
1,94 m/s hizla aktigi giinliik verilerden elde edilmistir. Cevre ve
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i¢c ortam arasmda FEsitlik 4’e gore hesaplana basing farki 2,19 Pa
olarak hesaplanmigtir. Bu hesaba gore Tricklevent sistemi 89 m3/h
=0,024 /s debi ile i¢ ortama dolmaktadir. Bu degeranalize girdi
olarak tanimlanmugti. Havanm Tricklevent sistemi iginde akis
karakteristigi i¢in Re sayisi hesap edilmistic Re sayis1 52834
olarak hesaplanmugtir. Akis tiirbiilanshidir. Analizde ¢6zim igin k-
€ tiirblilans modeli sec¢ilmistir. Camlarin  malzeme atamasi
program i¢inde “Glass” olarak yapilirken 151k gecirgenligi
tanimlanmigti.  Ismm  modeli olarak  Discrete  Transfer
kullantimistir.  Cevre sicakhigi testlerde 6l¢iildiigi gibi 32 °C veig
hacim baglangi¢ sicakhigi testlerde dlgiilen deger 27 °C olarak
tanimlanmugti. Ticari yazilm ¢dziimler i¢in Esitlik 5, 6 ve 7°de
verilen sirasiyla siireklilik, momentum ve enerjinin korunumu
denklemlerini kullanmaktadir.

§+‘ﬁ'_pu=ﬁl Q)
4

5wl + Tpuu + Fp = pf + V.1 (©)
3 Uy m

a(ph]+‘i-‘.phu= E+q -Vgq+& @)

Tarnparature (Flid) [1C]

3. Sonuglar

Test ve sayisal analiz sonuglarma gore Tricklevent
YP.H.S’nin i¢ ortamda gerek sicaklik gerekse konfor gdstergesi
PMV degerini olumlu etkiledigi tespit edilmistir. Sekil 8’de
Tricklevent sistemi ile sistem olmadig1 halin sicaklik dagilimlari
verilmistir.

Test sonuclarinda sistem kapal iken i¢ ortam sicakligmin
ortalamada dig ortam sicakligini gegtigi goriilmiistiir. Sekil 9’de
Tricklevent sistemi a¢ik ve kapal kargilagtrmali grafigide test
verisini dogrulamaktadir.

Tricklevent sistemi agikken i¢ ortam ortamala sicakhgi 29,72
°C iken sistem kapandiginda ortalama sicaklk 33 °Clyi
bulmaktadr. Tricklevent sistemi i¢ ortamda sicaklik diigiimii
yakaladiktan sonra i¢ ortamda 1s1l konfor sartlarmi nasil etkiledigi
amalizlerde incelenmistir PMV degeri bakimmdan sistem
kapahiyken i¢ ortamn biiyiik ¢ogunlugu Sekil 10 a’ya gore sicak
(3) olarak nitelendirilirken Tricklevent sisteminin a¢ik halinde i¢
ortam Sekil 10 b’ye gore ik (2) olarak nitelendirilmistir.

Dis ortam havasmnm Tricklevent sistemi i¢inde sicakhgmdaki
diistis Sekil 11°de verilmigtir.

Temperatre [Flud) [

Sekil 8. Tricklevent sistemi sicaklik dagilimi a) Kapali b) A¢ik

40
35

—

30

25

20

Sicaklik °C

15

10 @ Po inom. (Tricklevent Kapali)

0 0,5 1

@ Po inom. (Tricklevent Agik)

1,5 2 2,5 3

Oda Yiiksekligi (m)

Sekil 9. Tricklevent sistemi A¢ik-Kapali sicaklik karsilagtirmast
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P []

Sekil 10. Tricklevent sistemi 151l konfor PMV dagilimi a) Kapali b) A¢ik

31,50
31,00
30,50
30,00
29,50

29,00
28,50

Sicakhik (°C)

28,00

27,50
27,00

Sicakhk dagilmu alnan dogru

0o 005 01 015 02 025 03 035 04 045

Uzunluk (m)

Sekil 11. Tricklevent sistemi i¢inde havanin sicaklik diisiimii

Trickevent sistemi i¢inde 1s1 tasmim katsayisinin degisim
grafigi Sekil 12’de verilmistir. Sisteme giren havanmn hizindan
kaynakl akis tipinin tiirbiilansili olmasma bagh olarak 1s1 tagmm
katsayis1 yliksek iken havann yavaslamasiile katsaymin diistiigi
goriilmektedir.

IS1 Transfer Katsayis1 (W/m2K)
S

o

005 01 015 02 025 03 035 04

Uzunluk (m)

Sekil 12. Tricklevent sistemi i¢inde 1s1 transfer katsayisi degisimi
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Teorik hesaplarda siireklilik denklemine gore giris hizi 1,53
/s olarak hesap edilirken sayisalsonuclarda giris havas11,57 m/s
olarak tespit edilmistir (Sekil 13).

alaciy ]

Sekil 13. Tricklevent sistemi giris hava hiz

4. Tartisma

Calismamizda elde ettigimiz verilere gore Tricklevent
YPH.S sistemi bina cephelerine uygulandiginda gerek ortam
sicakhgmin yiikselmesinde geciktirme gerekse 151l konfor sartlar
bakimindan iyilestirme saglamaktadr. Yapilan testlerde prototip
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odasitek bagmainsa edilmistir. Sistemin bir binanm daha yiiksek
bolimlerinde uygulanmas1 ile ¢evre havast ve i¢ ortam
havasmdaki basmg farki artacak ve Esitlik 2’ye gore ¢evre
havasmda sicaklik diisiimii saglanacaktr. Boyle bir durum s6z
konusu oldugunda Tricklevent sisteminden iceri giren hava
miktar1 artacak ve igeri giren havanin sicakligi diisiik olacaktir.
Boyle bir durumda ozellikle klima sisteminin ¢aligtirlmasi
ertelenecektir. Calismamizda Tricklevent sisteminin agik oldugu
durumda i¢ ortam sicakligmin dis ortam sicakligma 24 dk
gecikmeli olarak ulagdigi tespit edilmistir. Sistem kapaliyken 34,5
°C gibi rahatsizlik veren sicakhiga 16 dk i¢inde ulasilirken sistem
acikken i¢ ortam sicakligmin 16 dk’da en fazla 30 °C’ye ¢iktig1
tespit edilmistir. Tricklevent sisteminin Al malzemeden yapilmis
olmasi, giines kaynakli iginmma maruz kalmamas1 kapal hacmi dig
sicakliklardan korumakta ve sistem i¢indeki havanm sicakligmin
daha diigiik kalmasmi sagladigi diisiiniilmektedir. Sunardi et al.,
(2020) ve Hoyt et al. (2009) ¢ahsmalarma gore, klima ayarinmn
her 1 °C'llik artigin elektrik sarfiyatinda %3-6 tasarruf sagladigni
belirtmigti. Yine ACEEEnin (Amerikan Enerji Verimliligi
Ekonomisi Konseyi) caliymalarma goére Klimanin elektrik
tilketimini etkileyen faktorler : I¢ hava sicakhgi, Dis ortam
sicakligi, Odanm 1s1 yalitmm ve Klimanin sicaklik ayari olarak
swralanmigti.  Bu  veriler 151¢mda caliymamizda Tricklevent
sistemi ile cepheden pasifhavalandirma yapilan 6rnek ofis i¢in ilk
16 dk icinde sistemin agik oldugu testte oda sicaklign maksimum
30 °Cyi bulmaktadr. Klimanm insan saghgmi ve konfor
sartlarm1 saglamak adma 28-27 °C’ye ayarlandig: diisiiniiliise
yani 2-3 °Clik bir sicakhk diisiimii istenecektir Sistem
kapaliyken ilk 16 dk i¢in i¢ sicaklik 34,5 °C’yi bulmakta ve ayni
konfor sartlar i¢in klimanm yaklagik 6,5-7,5 °C’lik sicaklik
disiimii saglamas1 gerekmektedir. Bu durumun klima tiiketim
enerjisine olumsuz etkiyecegi, TrickleVent sisteminin enerji
maliyetini diiserecegiacik sekilde tespit edilmigtir.

Klimalarda enerji tasarrufu termostat ayarma ve dolayh
olarak kompresor ¢alisma siiresine baghdir. Termostatin 18°C'ye
ayarlanmasi ile 25°C'ye ayarlanmasi kompresor ¢aligma siiresini
direk etkileyecegi igin yiiksek sicaklik ayarlarmda daha az enerji
harcanacagi agikt.  Calismamuzda da test odasi sicakhgi
TrickleVent sistemi agikken termostati 27 °C’ye ayarlannustir. I¢
hacimdeki sicaklik degisimini ilk 16 dk icinde AT= 3 °C i¢in
kompresor daha kisa siire ¢alisacaktir. Sistem kapali halde iken
sicaklk farki AT= 7,5 °C i¢in kompresér daha uzun siire
calisacagi acikti. Wang ve ark. 2013’te yaptig1 ¢alismada her 1
°C diisiim igin m? basina harcanan enerji maliyetini ortaya
koymustur. Bu ¢alismaya gore drnek vermek gerekirse AT=1 °C
igin 1 kWh/m? enerji sarfiyati oldugunu bildirmigti. Bu veriler
gergevesinde drnek ofis odas114 m? oldugu diisiiniiliirse termostat
ayar sicaklign 27 °C alnwsa TrickleVent sistemi agik ve kapali
halde AT= 4 °C avantajsaglamaktadi. Bu da 14 m? 6rnek ofis igin
14 kWh enerji tasarrufu saglacakti. TrickleVent sistemi 1
Ocak 2022 tarihinden itibaren mesken aboneleri icin ayhk
150 kWh'e kadar olan tiiketim miktarlar1 icin nihai fiyat 1,37
TL/ kWh, aylik tiiketimlerin 150 kWh'm istiindekikismu igin ise
2,06 TL/ kWh olarak uygulanmakta olan fiyatlandirmalara gore
ornek ofis odamizda;

* 150 kWh’e kadar ise = 19,18 TL

e 150 kWh'm 2> 2884 TL tasarruf

ettirmektedir.

ustiinde ise

Triclevent sisteminin 6zellikle klima sistemi ile otomasyon
izerinden es zamanl ve ayn ayn ¢ahgmasiyla yapilacak
tasarrufun orani arttiilabilir diye diisiiniilmektedir. Ozellikle
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Tricklevent YP.H.S’nin yiiksek yapilt binalardas kullanilmas1 ile
sistemde igeri alinacak hava debisinin artig1 hava hizima bagh
olusacak basmg¢ farkma gore artiy saglayacak olmasi sistemin
sagladig1 enerji tasarrufunun %10un iizerine c¢ikacagm1
gostermeketedir.  Calismanmuz  test ve sayisal analizlerle
dogrulandigi igin 6rnek Tricklevent sisteminin 40 m yiikseklikteki
bir ofise uygulandigi diisiiniiliip sayisal analiz yapildiginda hava
hiz1 Esitlik 3’ten 8,58 m/s hesaplanmistir. Hesaplanan hava hizina
gore havayogunluk degigimi farki ihmal edilirse 44 Pa bir basing
farki elde edilecektir. Bu basing farkinda sistemden 1800 m3/sa =
0,5 m’/s hava girisi saglanmis olacakti. Yine 40 m yiikseklikte
hava sicaklig1 Esitlik 2’ye gore 0,65 °C daha diisiik olacaktir. Dig
ortamdan i¢eri alman havanin sicakiginmm goéreceli olarak
diismesi, i¢ ortama alinan hava debisinin artmasiyla Tricklevent
sistemi sayesinde i¢ ortam sicakligmm 16 dk sonra 27,8 °C’de
kaldig1 konforu bozan sicaklik degeri yada cevre sicakhigi
degerine 34 dk sonra ulagtig1 tespit edilmistir (Sekil 14). Bunun
hem klima ¢ahstrma siiresini hemde c¢aligtigildiginda ayar
sicakhk farkmm diigiikolmasina sebebiyet verecegi goriilmiistiir.
Yiiksek yapihi bir binada TrickleVent sistemi kullanildigmda
omek hesaplamada 34 dk. sonracevre sicakhgma ulagildig: tespit
edilmistir Burada klima sisteminin her bir saatlik caliyma

stirecinde 30 dk’hk geciktime yaptigmuzda ve klima maksimum
veri lizerinden 1100 W/sa enerji harcayacaktir. Bu dasaatlik %50
tasarrufdemektir. Ayrica40 m yiikseklikte i¢ ortamda TrickleVent
YP.H.S'nin 0Ozellikle gece pasif havalandrma pasif sogutma
yapmas1 giiniin 24 saati kullanilabilmesi, otomasyon sistemine
sarfiyatmi

bagh olarak yiliksek yapilarda enerji
cahsmamizda tespit edilmistir.

azaltacagi

Temperature (Fluid) ['C]

Sekil 14.40 m yiikseklikte ornek ofisi¢i sicaklik dagilimi

5. TesekKkiir

Bu g¢ahgma Tiibitak 1501 Projesi kapsaminda Disarnidaki
Havay1 Sartlandirarak igeri alan Panel Cephe Projesi kapsaminda
iretilmistir.
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