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Abstract

In this study, length-weight relationship (LWR), length-length relationship (LLR), and condition factor (K) of Spicara smaris
(Linnaeus, 1758) collected from Aegean Sea and Black Sea during 2023-2024 fishing season were determined. A total of 116
samples (Aegean Sea N=56, Black Sea N=50) were obtained from commercial fishermen. The mean (£SD) total length and
weight of samples varies between 15.47+£0.98 cm, 34.82+6.45 g, and 12.35+1.40 cm, 20.01+£8.93 g for Aegean and Black
Sea, respectively. The slopes (b values) of the total length—weight regressions indicated (-) negative allometric growth to (+)
positive allometric growth in localities. In addition, LLRs were calculated by using the linear regression model. LLRs were
also highly significant (P<0.001) with coefficient of determination (R?) ranging from 0.748 to 0.975. The Fulton’s condition
factor was calculated according to localities and sex, separately, and when the two localities were compared in terms of
condition factors, a significant difference was found between them (F=7.699, P=0.007).

Key Words: Picarel, length-weight relationship, length-weight relationship, condition factor, Tiirkiye

Ege Denizi ve Karadeniz’den Orneklenen Izmarit, Spicara smaris (Linnaeus,
1758)’in Boy-Agirlik, Boy-Boy lliskileri ve Kondisyon Faktorii

Oz

Bu ¢alismada, 2023-2024 av sezonunda Ege Denizi ve Karadeniz'den 6rneklenen Spicara smaris (Linnaeus, 1758)’in boy-
agirlik iligkisi (LWR), boy-boy iligkisi (LLR) ve kondisyon faktorii (K) belirlenmistir. Toplamda 116 (Ege Denizi N=56,
Karadeniz N=50) 6rnek ticari balik¢ilardan temin edilmistir. Orneklerin ortalama (+SD) total boylar1 ve agirliklar1 Ege ve
Karadeniz igin sirastyla 15,47+0,98 cm, 34,82+6,45 g ve 12,35+1,40 cm, 20,01+8,93 g arasinda degismektedir. Boy-agirlik
regresyonlarinin egimleri (b degerleri), lokalitelerde (-) negatif allometrik biiyiimeden (+) pozitif allometrik biiylimeye kadar
degismistir. Ayrica dogrusal regresyon modeli kullanilarak LLR'ler hesaplanmistir. Ayrica boy-boy iligkileri 0,748 ile 0,975
arasinda degisen belirleme katsayilarina (R?) bagli olarak énemli bulunmustur (P<0,001). Fulton’un kondisyon faktorii

lokalitelere ve cinsiyete gore ayr1 ayr1 hesaplanmis ve iki lokalite kondisyon faktorleri agisindan karsilagtirildiginda aralarinda
anlamli fark bulunmustur (F=7,699, P=0,007).

Anahtar Kelimeler: izmarit, boy-agirlik iliskisi, boy-boy iliskisi, kondisyon faktorii, Tiirkiye

Atif / To cite: Ozpicak M, Ibitiirk G (2024). Length-Weight, Length-Length Relationships and Condition Factor of Picarel,
Spicara smaris (Linnaeus, 1758) Sampled from Aegean Sea and Black Sea. Karamanoglu Mehmetbey University Journal of
Engineering and Natural Sciences, 6(2): 1-8.

1. INTRODUCTION

Picarel, Spicara smaris (Linnaeus, 1758), a marine and
commercial fish species is found in the Mediterranean and
Black seas, as well as the Atlantic from Portugal to
Morocco and the Canaries. It lives on seagrass beds and
muddy bottoms at depths of between 15 and 100 meters.
(Tortonese 1986). In addition, it feeds on mainly
zooplankton. It is a protogynous hermaphrodite and a total
spawner from August to October (Froose and Pauly 2023)

also spawns on detritic sandy bottoms, where the nests are
excavated (Tsangridis and Filippousis 1992). During the
reproductive stage, picarel entirely exhibits sexual
dimorphism (Zei 1949; Tortonese 1975). These actions
were the primary causes of the systematic confusion
within the family Centracanthidae that lasted until at least
1970. However, male S. smaris was classified as a distinct
species, while male S. flexuosa was occasionally mistaken

This study is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License.
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for a male S. smaris (Pollard and Pinchot 1971; Dulci¢ et
al. 2003). Unfortunately, this confusion occurs in many
studies. At this point, it is an undeniable fact that both
molecular and morphometry studies should be used
together. For this reason, it is very important to identify
the species correctly in the studies and to create an
effective management plan by calculating the population
parameters accordingly.

Fish have a special place among all vertebrates,
particularly when considering growth patterns and
behaviors. Growth is generally described as a living
system's constant rise in quantity over time. The growth
performance of organisms is the primary determinant of
the economic return in commercial aquaculture facilities
(Lugert et al. 2016). Fish growth underlies a wide range of
positive or negative impacting factors. In fish, growth
mainly depends on feed consumption and quality (Slawski
etal. 2011), stocking density (Li et al. 2021); biotic factors
such as sex (Imsland and Jonassen 2003) and age (Yilmaz
et al. 2015; Lugert et al. 2016; Paladin et al. 2023); food
(Weatherley and Gill 1987; Rahman et al. 2008); genetic
variation; abiotic factors such as water chemistry,
temperature (Abd El-Hack et al. 2022; Crouse et al. 2022),
photoperiod (Imsland and Jonassen 2003) and oxygen
level (Brett 1979). Overall health and growth indicators
for fish could provide comprehensive information on the
effects of the aquatic environment (Zapfe and Rakocinski
2008). Studies on population dynamics and species
management have been the main applications for these
indicators (Ortiz de Zarate and Babcock 2016; Zambrano
et al. 2023) to compare different habitat qualities (Brazova
etal. 2021).

For stock assessment studies, the associations between
fish length-length (LLRs) and length-weight (LWRs) are
valuable tools (Froese 2006). Many studies have
emphasized the significance of figuring out LWRs and
condition factor (K), as it offers details regarding growth
trends, health, habitat circumstances, life history, and
morphological traits of fish (Schneider et al. 2000;
Sinovéi¢ et al. 2004; Froese 2006; Hossain 2010;
Giarrizzo et al., 2015; Ozpicak et al., 2017; Jisr et al. 2018;
Ozpigak et al. 2018; Saygin et al. 2018; Park et al. 2021;
Salcioglu and S6nmez 2022; Ginting and Huang 2023;
Simsek et al., 2024). In addition, season and habitat, as
well as gonadal development, sex, food, stomach fullness,
health, and preservation techniques, all impact LWR
(Froese 2006). However, to comprehend the most popular
tools for fisheries data and the rational management of
fishing resources, fisheries biologists have to get LWR
data (Yedier et al. 2019). In addition, length-weight
relationship parameters constitute a very important part of
population dynamics studies by estimating the fish's
weight from its length, calculating the condition index,
and comparing the populations and life processes of the
fish in different habitats. Furthermore, the condition factor
is a numerical measure of fish health that will impact
current and future population success through growth,
reproduction, and survival. It also evaluates seasonal
trends in each fish's physical condition. (Le Cren 1951;
Froese 2006). The condition of a fish reflects recent
physical and biological circumstances and fluctuates by
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interaction among feeding conditions, parasitic infections,
and physiological factors (Le Cren 1951). Furthermore,
LLRs are significant because they enable growth studies
that compare various fish body length measurements
(Moutopoulos and Stergiou 2002). Various length
measurements as total length (TL), fork length (FL), and
standard length (SL) are also used for comparative growth
patterns between taxonomically similar species (Huh et al.
2017; Park et al. 2021), and/or size converting between
various body measurements when one of the body parts
are damaged during sampling procedures (Froese 2006).

In the literature, there are some studies about LWR, LLR
and condition factor of different Spicara species (Ismen
1995; Vidalis and Tsimenidis 1996; Duléi¢ et al. 2000;
Dulci¢ et al. 2003; Karakulak et al. 2006; Cigek et al.
2007; Kalayc1 et al. 2007; Salcioglu and Sonmez 2022).
Also, there is no study about the comparisons of LLR,
LWR and K of S. smaris from different seas of Tiirkiye.
This study aims (i) to provide data of LWR, LLR and K of
S.smaris, and (i) compare these relationships between
Aegean and Black Sea.

2. MATERIAL AND METHOD

2.1. Sampling and Biological Studies

S. smaris samples were obtained from commercial
fishermen from Aegean (N=56) and Black Seas (N=50).
Before the laboratory process, all samples were checked
for morphologic misidentification based on previous
studies in the literature (Minos et al. 2013; Salcioglu et al.
2021).

The total length (TL), fork length (FL) and standard length
(SL) of each sample were measured to = 0.1 cm, and
weighted (£0.01 g) using electronic balance. The gonads
were examined by macroscopically.

2.2. LWR, LLR and Condition Factor

In fish, weight (W) is exponentially related to its length
(L), according to the potential model:

W = al? (1)

Logarithmic transformation was applied to arrive at a
linear relationship in the form of

logW =loga + blogTL 2)
according to Le Cren (1951) and Ricker (1975). All LLRs
of S. smaris were computed using linear regression
analysis (Zar 1999) and estimated separately according to

localities.

In addition, Fulton’s condition factor (K) was calculated
according to the following formula;

K = (W/TL?) x 100 3)

(Le Cren 1951).
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2.3. Statistical Analysis

The differences in mean values of TL, W and K between
the sexes were checked by appropriate tests. Chi-square
test was performed to test whether the observed sex ratio
between females to males is deviated from the expected
ratio of 1:1. In order to ascertain whether there were any
appreciable variations in the slopes between the sexes,
ANCOVA was employed (Zar 1999). Minitab, Microsoft
Excel, and SPSS Statistics version 21.0 were used for the
statistical analyses.

Ozpicak and Ibitiirk

A total of 116 samples (Aegean Sea N=56, Black Sea
N=50) were obtained from commercial fishermen. The
mean (£SD) TL and W of samples varies between
15.47£0.98 cm, 34.82+6.45 g, and 12.35+1.40 cm,
20.01£8.93 g for Aegean and Black Sea, respectively
(Table 1). In addition, the sex ratio (female: male) was
calculated as 1:0.7 and 0.8:1 for Aegean and Black Sea;
these results did not deviate significantly from 1:1 (x* =
0.045; P>0.05). Fish body anatomical changes associated
with isometry and allometry are established during
ontogeny and continue until sexual maturity.

3. RESULTS
Table 1. Descriptive statistics of TL and W for picarel (N: number of specimens)
Locality Variable N Mean SE SD Min. Max.
Aegean Sea TL 56 15.47 0.913 0.98 13.70 17.60
\ 34.82 0.86 6.45 22.72 48.96
Black Sea TL 50 12.35 0.20 1.40 9.50 17.50
W 20.01 1.26 8.93 7.38 64.16

3.1. LWRs and LLRs for S. smaris

There is no difference in TL and W between male and
female individuals in both locations (Independent samples
t test, P>0.05). Additionally, there is no difference in total
length (F=3.851, P=0.520) and weight (F=0.698, P=0.405)

Table 2. Growth types and LWR parameters for S. smaris

between Aegean and Black Seas. The LWRs for S. smaris
according to localites were shown in Figure 1 and Figure 2.
The LWRs were significantly important (P<0.001, R*>
0.83). The growth type of LWR was changed between (-)
allometry to (+) allometry in picarel according to results of
this study (Table 2).

Locality Sex a b R’ 95% Confidence Interval Growth Type
Aegean Sea Q 0.015 2.827 0.900 1.963-2.611 (-) Allometry
3 0.016 2.807 0.881 2.343-3.397 Isometry
2+4 0.013 2.870 0.863 2.579-3.111 Isometry
Black Sea Q 0.004 3.420 0.986 3.138-3.697 (+) Allometry
3 0.005 3.303 0.891 2.861-3.745 Isometry
2+3 0.004 3.365 0.963 3.138-3.591 (+) Allometry
55 50
L J
1 w=ooisTae: @ | weoasen = | W=00131TL255% ©
4 R2= 09001 * R2= 08306 40 R2=0.8363
ch N @ 3s
= 35 ot =
By 3o )
% 5 3 25 z 2 .
2 0 * 20
15 1 15
10 10 10
10 15 0 10 20 10 15 20
Total Length (cm) Total Length (cm) Total Length (cm)

Figure 1. LWRs for S. smaris; (a) female, (b) male, (c) whole population from Aegean Sea

Additionally, in two locations, the slopes of LWRs for both sexes were not found to be statistically significant. (ANCOVA,

P>0.05).

To calculate LLRs, the linear regression model was
utilized. LLRs were also highly significant (P<0.001) with
ranging from 0.748 to 0.975 (Table 3). All of the
relationships were found significant according to locations
(P<0.001). According to analysis, there was no significant
difference in condition factor between sexes in both
localities (Independent samples t-test, P> 0.05). However,
when the two localities were compared in terms of
condition factors, a significant difference was found
between them (F=7.699, P=0.007).

Table 3. Length-weight relationships and growth type in
different Spicara species

Locality a b R? P

Aegean Sea 1.265 0.839 0.922 <0.001
0.697 0.844 0.889 <0.001
2.262 0.676 0.748 <0.001

Black Sea 0.618 0.966 0.958 <0.001
0.715 0.838 0.975 <0.001
0.059 0.822 0.959 <0.001
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Figure 2. LWRs for S. smaris; (a) female, (b) male, (c) whole

population from Black Sea
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3.2. Fulton’s Condition Factor

The Fulton’s condition factor for S. smaris is shown in
Table 4.

Table 4. Condition factor values of S.smaris according to
localities.
Locality  Sex

Mean SE SD Min. Max.

Aegean @ 0.938 0.010 0.057 0.847 1.099
Sea 3 0.923 0.013 0.061 0.811 1.017
Q+4 0.932  0.008 0.059 0.811 1.099
Black Q 1.004 0.020 0.096 0.775 1.197
Sea a3 1.008 0.018 0.093 0.793 1.157
Q+4 1.006 0.013 0.093 0.775 1.197

4. DISCUSSION AND CONCLUSION

This work provides LWR, LLR, and K for S.smaris from
Aegean and Black Seas in Tiirkiye. The LWRs are affected
by a series of factors including season, habitat, gonad
maturity, sex, diet, stomach fullness, health and
preservation techniques (Tesch 1971; Bagenal and Tesch
1978). Furthermore, the physiological parameters of the
sea, such as salinity and temperature, as well as the quality
of the water and food sources, affect the regional variance
in fish growth (Moutopoulos and Stergiou 2002; Gerritsen
and McGrath 2007; Salcioglu and S6nmez 2022).

According to results of present study, both LWR and LLRs
were found significantly important in both localities
(P<0.001). The regression coefficient values obtained from
both LWRs and LLRs are high (R?> > 0.83). When the
literature was examined, studies were found examining the
length-weight relationships and growth types of different
Spicara species (Table 5).

Table 3. Length-weight relationships and growth type in different Spicara species

Locality Species a b R? Growth Type Reference
Petrakis and
Greece (Aegean Sea) S. maena 0.00008 2.663 0.90 - Stergiou (1995)
Moutopoulos  and
Greece (Aegean Sea) S. maena 0.01040 3.096 0.88 - Stergiou (2002)
Croatia S.smaris 0.0122 2.955 0.99 Isometric Dul¢i¢ et al. (2003)
Mediterranean Sea S.smaris 0.01975 2.695 0.97 Isometric Valle et al. (2003)
Northern Aegean Sea- . . Karakulak et al.
Tiirkiye S.smaris 0.0138 2.877 0.72 Isometric (2006)
Turkey S. maena 0.0076 3.137 0.98 (+) Allometric Cicek et al. (2007)
Black Sea-Tiirkiye 0.0063 3.1504 0.96 (+) Allometric Kalayci et al. (2007)
Central Aegean Sea S.smaris 0.0137 2.962 0.96 Isometric Ozaydm et al. (2007)
Bastern - Black  Sea- ¢ o ris 0.009 3.008 0.86 Isometric Ak et al. (2009)
Tiirkiye
Aegean Sea- Tiirkiye  S. maena 0.011 3.020 0.96 - Soykan et al. (2010)
Central Aegean Sea S. smaris 0.00001 2.88 0.96 (-) Allometric Kapiris and
& ) ) ) ) Klaoudatos (2011)
. Kapiris and
Central Aegean Sea S. flexuosum 0.000005 3.13 0.97 (+) Allometric Klaoudatos (2011)
Northern . Cengiz and Parug
Acgean Sea (Tiirkiye) S. maena 0.002 3.34 0.94 (+) Allometric 2021)
Black Sea-Tiirkiye S. flexuosum 0.0118 2.972 0.94 (-) Allometric Dalgig et al. (2021)
s g : . Salcioglu and
Black Sea-Tiirkiye S. flexuosum 0.0694 2.297 0.96 (-) Allometric Sénmez (2022)
Black Sea-Tiirkiye S.smaris 0.004 3.365 0.963 (+) Allometric Present study
Black Sea-Tiirkiye S.smaris 0.013 2.870 0.863 Isometric Present study
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It was observed that the results obtained from this study
were similar to the literature, on the other hand, some
differences were observed, too (Table 5). The differences in
b values could be results of these factors. Our results
showed that the b values for the LWRs varied from two to
four, as demonstrated by Tesch (1971). Associated with
these results, the Aegean Sea, semi-enclosed basin of the
eastern Mediterranean Sea, is a region of special interest for
the Mediterranean oceanographic community, as one of the
dense-water formation sites of the Mediterranean, driving
its thermohaline circulation (Zervakis et al. 2004).
Nonetheless, the largest land-locked inland sea in the world
is the Black Sea. It receives drainage from nearly one-third
of continental Europe. In the past 30 years, the ecosystem
of the Black Sea has been severely degraded by waterborne
trash from 17 different countries. The subhalocline waters
of the Black Sea are anoxic due to natural sources. The
Black Sea has historically provided food supplies, a scenic
environment for travel and recreation, and even a place to
dispose of garbage, including nuclear wastes, all while
serving humankind well despite this natural shortcoming
(Bakan and Biiyiikgiingér 2000). These structural
differences observed between seas have caused the fish
living in them to exhibit different characteristics.

In addition, the sex ratio were caculated as 1:0.7 and 0.8:1
for Aegean and Black Sea, these results did not deviate
significantly from 1:1 (x> = 0.045; P > 0.05). The sex ratio
(F:M) of Spicara smaris was reported as 1.59:1 (Sahin and
Geng, 1999), 1:4.1 (Dulci¢ et al. 2000), and 4:1 (Kalayc1 et
al. 2007). The likely reason for the differences in reported
sex ratios of the species could be as a result of protogynous
hermaphroditism, sampling size or season.

LLRs are also beneficial for conversion when compared to
values found in the literature, data on growth patterns, and
ultimately, fish biomass estimation (Aburto-Oropeza et al.
2011). Additionally, LLRs give more details, especially
with respect to growth pattern and will be beneficial for
fishery management and fish biology studies. Karachle and
Stergiou (2008) investigated LLRs of S.smaris from North
Aegean Sea and found highly significant relationships
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Abstract

In this study, the antimicrobial effects of different levels (0%, 5%, 10%) of ethanolic extract of propolis (EEP), sage (EES),
lavender (EEL), yarrow (EEY), and St. John’s Wort (EEC) on total psychrotroph aerobic bacteria (TPAB), total coliform and
fecal coliform, yeast-mold in chicken sausage were investigated. The sausages were divided into seven groups. The first and
second groups were the control samples. The surface of second control group of chicken sausage was sprayed with only ethyl
alcohol (70%). The third, fourth, fifth, sixth, and seventh groups were sprayed with EEP, EES, EEC, EEY, and EEL at two
levels, respectively: 5%, and 10%. Prior to each treatment, sausages were left to be stored at +4°C for ten days. All extracts
significantly (P<0.05) reduced the numbers of total psychrotroph aerobic bacteria (TPAB), total coliform and fecal coliform,
and yeast mold compared with control samples. 10% EEP reduced the TPAB count to 6.61 log cfu/g compared to the control
(8.82 log cfu/g). 5% EEC showed the least antimicrobial effect (33.03 log cfu/g) on coliform bacteria. The antimicrobial
effect of 5% EEY (1.21 log cfu/g) and 5% EEP (0.61 log cfu/g) were determined higher than 10% EEY (16.14 log cfu/g) and
10% EEP (3.87 log cfu/g) on coliform bacteria, respectively. Yeast-mold number in chicken sausages reached 10.5 log cfu/g
on the 10th day of storage. EEP decreased the population more efficiently than the other extracts and ethanol treatments. The
results indicate EEP, EEL, EES, EEY, and EEC as antimicrobial agents might be used to reduce the number of microorganisms
in sausages.

Key Words: Propolis, sage, lavender, St. John’s Wort, yarrow

Cesitli Etanol Ekstraktlarimin Tavuk Sosislerinin Bazi Mikrobiyolojik Ozellikleri

Uzerine Etkileri

Oz

Bu ¢alismada farkli diizeylerde (%0, %5, %10) propolis (EEP), adacay1 (EES), lavanta (EEL), civanpercemi (EEY) ve sar1
kantaron (EEC) etanolik ekstraktlarinin antimikrobiyal etkileri aragtirilmigtir. Tavuk sosisinde toplam psikrotrof aerobik
bakteri (TPAB), toplam koliform ve fekal koliform, maya-kiif analizleri gerceklestirilmistir. Sosisler 7 gruba ayrilmis olup
birinci ve ikinci grup kontrol érnekleri olarak isaretlenmistir. Tkinci kontrol grubu tavuk sosisinin yiizeyine sadece etil alkol
(%70) piiskiirtiilmiistiir. Ugiincii, dérdiincii, besinci, altinc1 ve yedinci gruplara sirasiyla %5, %10 olmak iizere iki diizeyde
EEP, EES, EEC, EEY ve EEL piiskiirtiilmiistiir. Her uygulamadan once sosisler +4°C'de 10 giin siireyle depoya birakilmaistir.
Tiim ekstraktlar, kontrol drnekleriyle karsilastirildiginda toplam psikrotrof aerobik bakteri (TPAB), toplam koliform ve fekal
koliformu, maya-kiif sayilarin1 énemli 6l¢iide azaltmistir (P<0.05). %10 EEP’nin, kontrole (8,82 log kob/g) kiyasla TPAB
sayisini 6,61 log kob/g'a diistirdiigii tespit edilmistir. %5 EEC, koliform bakteriler lizerinde en az antimikrobiyal etkiyi (33,03
log kob/g) gostermistir. Koliform bakteriler iizerinde %5 EEY (1,21 log kob/g) ve %5 EEP'in (0,61 log kob/g)
antimikrobiyal etkisinin %10 EEY (16,14 log kob/g) ve %10 EEP'den (3,87 log kob/g) daha yiiksek oldugu belirlenmistir.
Tavuk sosislerinde maya-kiif sayisi depolamanin 10. giiniinde 10,5 log kob/g'a ulasmistir. EEP’nin, populasyonu diger
ekstraktlara ve etanol muamelelerine gore daha etkili sekilde azalttig tespit edilmistir. Sonuglar, antimikrobiyal ajan olarak
EEP, EEL, EES, EEY ve EEC'nin sosislerdeki mikroorganizma sayisini azaltmak i¢in kullanilabilecegini gdstermektedir.

Anahtar Kelimeler: Propolis, adacay1, lavanta, sar1 kantaron, civanpercemi
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The Effect of Extracts on Sausages

1. INTRODUCTION

Nowadays, the number of consumers researching the
components of the products they buy is increasing.
Conscious consumers have turned to foods that do not
contain chemical preservatives. For this purpose, various
herbal and livestock (especially beekeeping) products
have been used. By using the antimicrobial and
antioxidant properties of these products, the shelf life of
foods is tried to be increased naturally (Lopez and Belloso
2008; Seckin et al. 2010).

Pathogenic microorganisms such as Escherichia coli,
Staphylococcus — aureus, Salmonella  spp, Listeria
monocytogenes, Entercoccus spp. and Clostridium
perfringens are encountered in the analyzes performed in
emulsified meat products due to reasons such as
unhygienic production, storage in bad conditions, and
non-compliance with the cold chain (Elmali et al. 2005;
Giner et al. 2012). Especially meat products pose a risk
due to their nature as with all food products. Food safety
rules must be followed at all stages, such as production,
processing, packaging, storage, and distribution (Tosun
and Demirbas 2012).

Salvia officinalis L. is a medicinal sage species officially
accepted for use in Europe. This species are widely grown
in Turkey, too. Its essential oils are known to have an
antimicrobial effect (Riahi et al. 2013). According to
studies, lavender and sage have high antioxidant and
antimicrobial properties due to the phenolic compounds
they contain. These plants’ oils have antimicrobial
properties (Moon et al. 2006).

Yarrow (Achillea millefolium) is a plant that is widely
distributed in the northern hemisphere and Turkey. Some
Achillea species have been found to have antispasmodic,
anti-inflammatory, and antimicrobial properties. These
pharmacological properties are believed to result from
flavonoid and phenolcarbonic acid complexes. The
antimicrobial effect of yarrow on the microorganisms
Bacillus cereus, Enterococcus faecalis, Staphylococcus
aureus, Escherichia coli, Pseudomonas aeruginosa,
Proteus mirabilis, Salmonella typhimurium, Citrobacter
[freundii, Candida albicans, and Aspergillus fumigatus was
examined by Kazemi (2015). Kazemi (2015) found that
fungi were more susceptible than bacteria and that yarrow
showed higher antibacterial activity compared to the
antibiotics tested (ampicillin and fluconazole). It has been
found by many researchers that essential oils obtained
from various Achillea species have antifungal,
antibacterial and antimicrobial effects (Tuberoso et al.
2005; Filippi et al. 2006; Kordal1 et al. 2009; Demirci et
al. 2011).

Salvia officinalis L. is a type of medicinal sage that is
officially accepted in Europe. This species grows widely
in Turkey and is used for medicinal purposes. Medicinal
sage (Salvia officinalis L.), known as the Mediterranean
plant, belongs to the Labiatae family and contains
essential oil. Since many species of the Salvia genus are
medicinal plants used in the treatment of various diseases
from ancient times to the present day, they have been
studied by various researchers in terms of their chemical
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components and the substances they carry. According to
research data, sage species are important in terms of the
flavonoids and essential oils and components they contain.
Sage also has a disinfectant effect (Jazo et al. 2023).

Flavonoids, triterpenoids, and 2-hydroxycinnamic acid
esters have been identified in the leaves of lavender
species. The major flavonoid components in the leaves are
flavone glycosides. These are simple flavone glycosides,
flavone C-glycosides, 6-hydroxyflavone 7-glycosides,
and 8-hydroxyflavone 7-8 glycosides. It has been reported
that 0.7% of the weight of the dry leaves of L. angustifolia
and 1.0-1.9% of the dried leaves of L. latifolia are ursolic
acid and are found together with 0.5% oleanolic acid.
Rosmarinic acid, chlorogenic acid, and caffeic acid were
found from 2-Hydroxycinnamic acid esters (El-Feky and
Aboulthana 2016)

Lavender flowers contain 1-3% essential oil. 60-65% of
lavender essential oil consists of monoterpene alcohols,
20-45% of which is linalool, and 25-46% is linalyl acetate.
Other terpenoids include 1,8 cineole, terpinen-4-ol,
lavandulyl acetate, o-terpineol, camphor, limonene,
geraniol and B-caryophyllene, and the non-terpenoid 3-
octanone (Moon et al. 20006).

St. John's wort, known as Hypericum perforatum L., is in
the Clusiaceae family. It is naturally distributed in Western
Europe, Asia, and North Africa (Walker et al. 2001). It is
also found in Australia, New Zealand, South Africa, and
other warm regions of the world (Campbell and Delfosse
1984). H. perforatum L. grows naturally in Turkey, at
altitudes from sea level to 2500 m and in temperate
conditions (Davis 1982).

In many studies, It is stated that Hypericum perforatum L.
contains 0.1-0.3% dianthron (hypericin, pseudohypericin,
and hypericin-like  substances), flavonoids, 3%
hyperforin, 0.2-1% essential oil and tannin substances
(Wichtl 1986; Berger et al. 1996; Bomme 1997; Wagner
1980).

The whole extract and some identified phytochemicals
from some Hypericum species exhibit numerous
pharmacological properties, ranging from wound healing
and antiseptics to antiviral, anti-inflammatory,
antitumoral, and apoptosis-inducing activities. In recent
studies, St. John's Wort; antioxidant, antifungal,
antimicrobial and cytotoxic activities have been
confirmed (Cakir et al. 2005; Hosseinzadeh et al. 2005).

Del Monte et al. (2015) by St. John's Wort Bacillus cereus,
an enterotoxigenic strain of E. coli; Its effect on
Staphylococcus aureus and P. aeruginosa was examined. It
was concluded that the antimicrobial effect of St. John's
wort is proportional to the total amount of phenolic
substances contained in St. John's wort.

It has been supported by many studies that various active
substances found in most Hypericum species have
antimicrobial activity (Bombardelli and Morazzoni 1995;
Dall'Agnol et al. 2003).
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The chemical structure of propolis differs depending on
the plant origin from which it was obtained. Propolis
contains 45-55% resin, 23-35% waxes and fatty acids,
10% essential oils, 5% pollen and 5% other organic
substances and minerals (Scazzocchio et al. 2006). It was
reported that wax content of propolis was between 11.2-
29.3%, in a study conducted with propolis and honeycomb
wax samples. Monoesters formed the largest fractions
(62.1-86.6%) in both types of wax. Hydrocarbons (6.9-
24.7%) followed monoesters (Polat and Kocan 20006).
Various effects, such as antioxidant and antimicrobial, of
propolis provide the opportunity to be used in the field of
food technology. Propolis’ antimicrobial activity is one of
the most widely known and most important properties.
Antimicrobial effects of propolis on different bacteria,
fungi, viruses etc. have been studied in different
investigations, in different years (Digrak et al. 1995;
Salomao et al. 2004).

In this study, some antimicrobilogical properties of
ethanolic extracts of sage (Salvia officinalis L.) (EES),
lavender (Lavandula angustifolia Mill) (EEL), yarrow
(Achillea millefolium) (EEY), St. John’s Wort (Hypericum
perforatum) (EEC) and propolis (EEP) sprayed on all of
the surface of the chicken sausages were investigated
during refrigeration conditions.

2. MATERIAL AND METHOD
2.1. Material

The raw chicken sausage samples were used in this
research. Samples were bought from markets in Karaman;
sage, lavender, yarrow and St. John’s Wort were obtained
from Rasayana organic products company located in
Konya; propolis was collected from Pertek district of
Tunceli. All materials were brought to Karamanoglu
Mehmetbey University, Faculty of Engineering and Food
Engineering Department laboratory under aseptic
conditions. Sausages were provided on the day of analysis.
Plants and propolis extracts were prepared 1 day before
analysis and stored at +4°C until analysis.

2.2. Methods

Ethanol was chosen as the organic solvent (due to the high
dissolution of propolis in ethanol). In addition, the present
study used ethanolic extracts of sage, lavender, yarrow,
and St. John’s Wort. The insolubility or little dissolution
of propolis in water was also effective in the choice of
ethanol as the solvent. The analyzes were carried out in
two replicates and two parallel.

2.2.1. Preperation of Ethanolic Propolis Extract
(EEP)

For 5% EEP, 5 g of propolis was resolved in 95 ml of 70%
ethyl alcohol; for the extract of 10% EEP, 10 g of propolis
was resolved in 90 ml of 70% ethyl alcohol. The solution
was left in a closed container in a light-free environment
for one week. The solution was shaken twice a day.
Solution was filtered through Whatman no: one filter
paper at the end of the period, placed in sterile bottles, and
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stored at +4°C until used for analysis (maxiumum 3 days
before analyses) (Lu et al. 2005).

2.2.2. Preperation of Ethanolic Extracts of Sage (EES),
Lavander (EEL), Yarrow (EEY) and St. John’s Wort
(EEC)

Classical method was preferred as extraction method. For
5% ethanolic extract of each material, 10 g of plant in 95
ml of 70% ethyl alcohol; for 10% ethanolic extract, 20 g
of plant in 90 ml of 70% ethyl alcohol were kept in shaking
water bath by shaking at 65°C for 1 hour. The extracts
taken from the water bath were filtered through coarse
filter paper and collected into the flask. The remaining part
of the filter paper was put back in volumetric bottles and
95 ml of 70% ethanol for 5% and 90 ml of 70% ethyl
alcohol for 10% was added and extracted at 65°C for 1
hour. Each extract was filtered and transferred to the flask.
The extracts obtained were stored at -18°C until used in
research, up to 3 days (Sen Arslan and Cam 2022).

2.2.3. Preperation of Sausages for Microbiological
Analysis

Raw chicken sausages used in the study were divided into
4 groups. The first and second groups were prepared as
control samples (has no any extract). The first control
sample was prepared without treatment with any of the
ethanolic extracts of sage, lavender, yarrow, St. John’s
Wort and propolis. The second control group was sprayed
with only ethanol (70%). In the third and fourth groups, 2
different levels (5% and 10%) of extracts (sage, lavender,
yarrow, St. John’s Wort and propolis) were added as
spraying (2 ml per sample) to the both surface of the
samples. For this purpose, 10 + 0.5 g sausage sample was
weighed into sterile stomacher bags for each group. Then
they were stored at +4°C for 10 days. Total psychrotroph
aerobic bacteria (TPAB), total coliform and fecal coliform,
yeast-mold analysis were performed on 0, 2, 4, 6, 8 and 10
days of storage.

2.2.4. Microbiological Analysis
2.2.4.1. Total Psychrotroph Aerobic Bacteria (TPAB)

Sausage samples were added to 90 mL of sterile peptone
water. Then, samples homogenised in a stomacher for 1
min. Decimal dilutions were prepared using sterile
peptone water (0.1%, w/v) and the total psychrotrophic
viable cells were counted by the spread plate method. Plate
count agar (PCA; Merck, Darmstadt, Germany) was used
as a medium and incubated aerobically at 4°C for 10 days
for the enumeration (AOAC 2000).

2.2.4.2. Total Coliform and Fecal Coliform

The analysis were carried out using the most probable
number (MNP-3 tube) method. In MNP method, 3 Lauryl
Sulphate Tryptose Broth (LSTB) (Merck, Germany) tubes
were used. 1 mL of sample dilutions was added to LSTB.
The tubes were left for incubation at 37°C for 24-48 hours.
After incubation, gas positive tubes were found out and
the number of coliform bacteria was calculated using the
MNP table. In order to prove the probability test results,
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Brilliant Green Bile Broth (Merck, Germany) medium
containing durham tube from all gas positive tubes were
inoculated with a loop. After incubating at 37°C for 24-48
hours; the number of proven coliform bacteria in 1 mL of
the first dilution was determined using the MNP table.
This value was multiplied by the dilution factor of the
initial dilution and the number of proven coliform bacteria
per 1 gram of sample was calculated. In order to count the
fecal coliforms, LSTB tubes, which gave positive results
in total coliform analysis, were inoculated with
Escherichia coli (EC) Broth with a durham tube. Then
they were incubated at 45°C for 24-48 hours. The tubes
with gas formation were determined, using the MNP table,
the possible number of fecal bacteria in 1 mL of the first
dilution was determined. This value was multiplied by the
first dilution factor and the number of probable fecal
coliform bacteria in 1 gram of food was found out (Feng
et al. 1998).

2.2.4.3. Yeast- Mold

For the yeast-mold count, the sterilized Patato Dextrose
Agar (PDA) medium supplemented with 10% tartaric acid
(Merck, Germany) was used. 0.1 mL of the prepared
dilutions was transferred to petri dishes. Then the petri
dishes were incubated at 28°C for 4-5 days. All colonies
that developed at the end of incubation were counted and
expressed as yeast-mold (Halkman 2005).

2.2.5. Statistical Analysis

Results were statistically analyzed using SPSS 22 (IBM
Corp., Armonk, New York, USA) program. Sample
averages were compared by applying one-way and two-
way ANOVA. The 95% confidence interval was studied.

3. RESULTS and DISCUSSION

The effect of extracts (Table 1) and storage time (Table 2)
were found to be statistically significant (P <0.05) on the
TPAB, coliform and yeast-mold. Table 1 shows the effects
of ethanolic extracts on mean TPAB, coliform and yeast-
mold.

3.1. Total Psychrotroph Aerobic Bacteria (TPAB)

TPAB count of sausages (control) was found as 8.82 log
cfu/g, ethanol showed the least antimicrobial effect (8.31
log cfu/g). 10% EEP showed the highest inhibitory effect
as 6.61 log cfu/g. If extracts are ranked from the most
antimicrobial activity to the lowest, it can be represented
as EEP, EES, EEC, EEL and EEY. The inhibitory effect of
5% EES (7.74 log cfu/g) and 5% EEC (7.83 log cfu/g)
were determineted higher than 10% EES (7.95 log cfu/g)
and 10% EEC (7.90 log cfu/g), respectively. The
antimicrobial effect of 10% concentrations of other
extracts was found to be higher than 5% concentrations.
TPAB was high in all samples (except 10% EEP). 10%
EEP in agreement with Turkish Food Codex
Microbiological Criteria, i.e. <5.10° CFU/g (Food Codex
2011).
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Table 1. Effects of EES, EEL, EEY, EEC and EEP on
TPAB, coliform and yeast-mold count log cfu/g.

Factor TPAB Coliform Yeast-Mold
Sausage 8,82+0,55* 33,73+£0,02* 8,55+0,192
Ethanol 8,31+0,36% 13,3740,01¢ 6,99+0,23¢
EES 5% 7,74+0,33¢  19,3740,02° 6,89+0,29¢
EES 10%  7,95+0,14® 14,8940,02¢ 6,55+0,89¢d
EEL 5% 8,05+0,14* 11,04+0,02° 7,65+0,58°
EEL 10%  7,94+0,12° 2,1440,024 7,01+0,62°
EEY 5% 8,18+0,26® 1,2140,01¢ 7,53+0,36°
EEY 10%  7,83+£0,51% 16,1440,21% 7,67+0,32°
EEC 5% 7,83+0,19% 33,0340,232 7,66+0,57°
EEC 10%  7,90+0,74° 32,8340,45° 7,32+0,62b°
EEP5% 7,470,329 0,6140,01¢ 6,88+0,45¢
EEP 10%  6,61+£0,43° 3,8740,02¢ 5,60+0,424

* indicates a significant difference between means (p <0.05),
(EES; ethanolic extract of sage, EEL; ethanolic extract of
lavander, EEY; ethanolic extract of yarrow, EEC; ethanolic
extract of St. John’s Wort, EEP; ethanolic extract of propolis)

Table 2 shows the count of TPAB, coliform and yeast-
mold of first control group (please check which group is
it, I understand first control group, S) of chicken sausage.
According to the Table 2the count of TPAB increased
during storage. TPAB in the sausage samples was found
as 5.98 log cfu/g on 0. day. After 10 days of storage, the
level of TPAB in the control sausages reached 11.37 log
cfu/g. The treatment of sausage samples with all extracts
reduced the levels of TPAB during storage period
compared to the control sausages.

Table 2. Effects of only storage days (without samples)
on mean TPAB, coliform and yeast-mold log cfu/g.
Storage

TPAB Coliform Yeast-Mold

(day)

0 5,98+0,03" 6,50+0,02° 4,83+0,03¢

2 6,4440,03¢  6,43£0,01>  6,22+,005¢

4 7,604£0,04¢  9,59+0,00°  5,65+0,03¢

6 8,86+0,31  4,50£0,01¢  7,95+0,03%

8 9,06+0,04° 1,07+0,004 8,01+0,04°
10 11,370,032 6,04+0,01% 10,50+0,032

* indicates a significant difference between means
(p <0.05)

Figure 1 shows 10% EEC had the highest antimicrobial
effect on TPAB as 4.52 log cfu/g on 4.day. 10% EEP
showed the highest antimicrobial effect (7.88 log cfu/g)
when the TPAB in the control sample reached 13.42 log
cfu/g on the last day of storage. In various studies, it has
been stated that the addition of 2% EEP (Viera et al. 2016)
and 3-7% EEP (Payandan et al. 2017) additions to
sausages have an antimicrobial effect on psychrophilic
bacteria. Many studies have reported that EES, EEY, EEL,
EEC and EEP has an antimicrobial effect (Ayar et al. 2002;
Bakkaloglu and Aric1 2019; Caligkan 2019; Da Silva et al.
2018; Ekiz 2016; Monroy et al. 2017; Yilmaz and Ergiin
2012; Yerlikaya 2021). However, there are also studies in
which the inhibitory activity of EEP is higher than the
others (Candan and Bagdathi 2018; Yerlikaya and Sen
Arslan 2022). It is thought the phenolic compounds it
contains cause the high antimicrobial activity of propolis.
Vasinauskiene et al. (2006) stated EEY has inhibtory effect
against Pseudomonas spp. and Bacillus spp as
psychrotroph aerobic bacteria.
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Yerlikaya et al. (2021) reported 5% and 10% EEY has
antibacterial activity on Bacillus cereus as TPAB.
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Figure 1. Inhibitory effect of extracts on TPAB depent on storage time.

3.2. Total Coliform and Fecal Coliform

The coliform count of sausages was found as 33.73 log
cfu/g, and 5% EEC showed the least antimicrobial effect
(33.03 log cfu/g). 5% EEP showed the highest inhibitory
effect as 0.61 log cfu/g. If extracts are ranked from the
most antimicrobial activity to the lowest, it can be
represented as EEP, EEL, EEY, EES and EEC. The
inhibitory effect of 5% EEY (1.21 log cfu/g) and 5% EEP
(0.61 log cfu/g) were determined higher than 10% EEY
(16.14 log cfu/g) and 10% EEP (3.87 log cfu/g),
respectively. The antimicrobial effect of 10%
concentrations of other extracts was found to be higher
than 5% concentrations (Table 1). Table 2 shows that there
is a fluctuation in the storage process. Coliform was found

120

100 I

D [ele]
(=] (=]

Coliform cfu/g
s

20

as 6.50 log cfu/g on 0.day of storage; this number
decreased 1.07 log cfu/g on 8.day of the storage.
Containing coliform bacteria, which is accepted as a
hygiene indicator, make think insufficient heat and time
applications during the cooking of the products, or the
possibility of exposure to a secondary contamination of
the products. Figure 2 shows 10% EEP had the highest
antimicrobial effect on coliform as 0 log cfu/g in all
storage days except 0.day. While the number of coliform
bacteria in the control samples increased continuously
during storage, it was determined that ethanol and
ethanolic extract additions decreased this number. EES
had the least antimicrobial effect on coliform bacteria.
10% concentration of all extracts showed more effect than
5% concentration.
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Figure 2. Inhibitory effect of extracts on coliform depend on storage time.

Viere et al. (2016) reported that 2% EEP has no inhibitory
effect on total coliform bacteria in sausages. In the current

study, 5% EEP showed a full antimicrobial effect on the 2.
day of storage. Yerlikaya and Sen Arslan (2022) stated
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EEP has more antibacterial effect on E.coli (a member of
coliform bacteria) than EES and EEL. They also reported
as FE.coli concentration increased, antimicrobial effect of
EEL is higher than that of EES. Sarigoban and Yerlikaya
(2015) determined different concentration of propolis has
antibacterial effect on E.coli. Ilkimen and Giilbandilar
(2018) reported EEL has higher antibacterial effect than
EES on E.coli (as a coliform), as in this study. Serpi et al.
(2012) indicated EEL has inhibitory activity on some
pathogen microorganisms. Hasimi et al. (2015) and Nostro
et al. (2000) determined different plants’ ethanolic extracts
have antimicrobial activity E.coli, as coliform bacteria.

3.3. Yeast-Mold

While the yeast-mold count of sausages was found as 8.55
log cfu/g, 10% EEY showed the least antifungal effect
(7.67 log cfu/g). 10% EEP showed the highest inhibitory
effect as 5.60 log cfu/g. If extracts are ranked from the
most antifungal activity to the lowest, it can be represented
as EEP, EES, EEL, EEC and EEY. The inhibitory effect of
5% EEY (7.53 log was determineted higher than 10% EEY
(7.67 log cfu/g). The antifungal effect of 10%
concentrations of other extracts was found to be higher
than 5% concentrations (Table 1).
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Table 2 shows, the count of yeast-mold count increased
during storage (except for 4.day). 0.day of storage, the
count of yeast-mold was found as 4.83 log cfu/g; this
number reached 10.50 log cfu/g on 10.day of the storage.
It was determined that 10% EEP showed the most
antifungal activity on all storage days (Figure 3). 10% EEP
reduced yeast-mold count to 8.2 log cfu/g when S (control)
count was 12.49 log cfu/g at the end of storage. The yeast-
mold concentration increased on the 10th day of storage in
all treatments. On Oth day of storage, there was 5.92 log
cfu/g yeast-mold in the S sample; 10% EEP (4.12 log
cfu/g) showed the highest antifungal effect.

EEP decreased the population more efficient than the other
extracts and ethanol treatments. Inhibitory activity by
phenolic and other substances of propolis can be thought
to be the cause of this situation. The higher inhibitory
activity of propolis than the other extracts may be related
to the flavanols, flavones, flavanones and isoflavones in
its composition (Hema'ndez and Bemal 1990; Sforcin et
al. 2000). Compared to ethanol (negative control), it is
thought the inhibitory activity of propolis is due to other
substances, not just ethanol in propolis.

EES 5% EES 10% EEL 5% EEL 10% EEY 5%

EEY EEC5%
10%

EEC
10%

EEP 5% EEP 10%

Samples

6.day m8.day ®10.day

Figure 3. Inhibitory effect of extracts on yeast-mold depend on storage time.

Kujumgiev et al. (1999) stated that propolis collected from
different geographical regions has antifungal activity.
Bruni et al. (2003) stated that the antimicrobial effect of
sage on yeast-mold is due to the phenols, aldehydes and
ketones it contains.

4. CONCLUSION

Problems such as the inadequacy of the sausage
production methods with modern technologies, the
incorrect or insufficient application of heat treatment
during production, and the poor microbiological quality of
the raw materials used can cause the microbiological

quality of the sausages to threaten public health. For this
reason, serious microbiological problems may be
encountered during storage in sausages. Various
techniques are used to avoid these problems. One of them
is to add natural additives without using chemical
preservatives. In this study, various plant and propolis
extracts were used as a natural method. It has been
determined that all the extracts (EES, EEY, EEL, EEC and
EEP) can be used in the storage of sausages for the
inhibition of TPAB, coliform bacteria and yeast-mold. In
particular, the antimicrobial effect of propolis was found
to be higher than the others.

14



The Effect of Extracts on Sausages Yerlikaya et al.

CONFLICT OF INTEREST THANKS

No conflict of interest was declared by the authors. Financial support (scientific research project) was
provided by Karamanoglu Mehmetbey University (Project
no: 08-M-19), Turkey

REFERENCES

AOAC (2000). Official Methods of Analysis (18th ed.). Arlington, VA, Association of Official Analytical Chemists.

Ayar A, Ozcan M, Akgiil A (2002). The effect of thyme and sage extracts on microbiological quality of butter. Anadolu
Journal of Agricultural Sciences, 17(2): 45-49.

Bakkaloglu Z, Arici M (2019). Effects of propolis extraction with different solvents on total phenolic content, antioxidant
capacity and antimicrobial activity. Akademic Food, 17(4): 538-545.

Berger K, Buckard W, Biiter B, Schaffner W (1996). Ziichterische bearbeitung von arzneipflanzen mit dem ziel einer
optimierung der inhaltst off produktion. Z.F.Arznei-und Gewiirzpflanzen, 1: 33-36.

Bombardelli E, Morazzoni P (1995). Hypericum perforatum. Fitoterapia, 66: 43—58.

Bomme U (1997). Produktionstechnologie von Johanniskraut (Hypericum perforatum L.). Z. F. Arznei-und
Gewiirzpflanzen, 2: 127-134.

Bruni R, Medici A, Andreotti E, Fantin C, Muzzoli M, Dehesa M (2003). Chemical composition and biological activities
of Ishpingo essential oil, a traditional Ecuadorian spice of Ocotea quixos (Lam) Kosterm. (Lauraceae) flower calices.
Food Chemistry, 85(3): 415-421.

Cakir A, Kordali S, Zengin H, Izumi S, Hirata T (2004). Composition and antifungal activity of essential oils isolated
from Hypericum hyssopifolium and Hypericum heterophyllum. Flavour and Fragrance Journal, 19(1): 62-68.

Caligkan Z (2019). Effect of lavander essential oils on sensory, chemical and microbiological quality of meatballs with
Escherichia coli O157:H7. Master theses, Burdur Mehmet Akif Ersoy University.

Campbell MH, Delfosse ES (1984). The biology of Australian weeds 13. Hypericum perforatum L.. Journal of The
Australian Institute of Agricultural Science, 50: 63-73.

Candan T, Bagdatli A (2018). Edible film and coating applications in food products el-cezeri. Journal of Science and
Engineering, 5(2): 645-655.

Da Silva, C, Prasniewski A, Calegari, M, De Lima V, Oldoni TL (2018). Determination of total phenolic compounds and
antioxidant activity of ethanolic extracts of propolis using ATR—FT-IR spectroscopy and chemometrics. Food Analytical
Methods, 11(7): 2013-2021.

Dall’Agnol R, Ferraz A, Bernardi AP, Albring D, Nor C, Sarmento L, Lamb L, Hass M, von Poser G, Schapoval EES
(2003). Antimicrobial activity of some Hypericum species. Phytomedicine, 10: 511-516.

Davis PH (1982). Flora of Turkey and The East Aegean Islands. Edinburgh University Press, Vol. 7., Edinburgh.

Del Monte D, De Martino L, Marandino A, Fratianni F, Nazzaro F, De Feo V (2015). Phenolic content, antimicrobial and
antioxidant activities of Hypericum perfoliatum L.. Industrial Crops and Products, 74: 342-347.

Demirci F, Kiyan HT, Demirci B, Baser KHC (2011). The in vivo angiogenic evaluation of Achillea biebersteinii Afan.
and Achillea teretifolia Wild. essential oils. Planta Medica. 77(12): 1391.

Digrak M, Yilmaz O, Celik S, Yildiz S (1995). Propolisteki yag asitleri ve antimikrobiyal etkisi iizerinde in vitro
arastirmalar. Gida, 20(4): 249-255.

Ekiz T (2016). The effect of some natural antimicrobial substances and potassium sorbate superficial application on the
heat-treated sucuks quality characteristics. Master thesis, Afyon Kocatepe University.

El-Feky, AM, Aboulthana WM (2016). Phytochemical and biochemical studies of sage (Salvia officinalis L.).
Pharmaceutical and Biosciences Journal, 4: 56.

Elmali M, Ulukanli Z, Yaman H (2005). Kars'da satisa sunulan emiilsifiye tipi et iiriinlerinin mikrobiyolojik kalitesi.
rciyes Universitesi Veteriner Fakiiltesi Dergisi, 2(19): 15-21.

Feng NK, Zhi JC, Chun NL, Che MT (1998). Scavenger and antioxidant properties of prenylflavones isolated from
Artocarpus heterophyllus. Free Radical Biology and Medicine, 25: 160-168.

Filippi JJ, Lanfranchi DA, Prado S, Baldovini N, Meierhenrich UJ (2006). Composition, enantiomeric distribution, and
antibacterial activity of the essentialoil of Achillea ligustica All. from Corsica. Journal of Agricultural and Food
Chemistry, 54: 6308-6313.

15



The Effect of Extracts on Sausages Yerlikaya et al.

Gtiner A, Atasever M, Aydemir AA (2012). Yeni ortaya ¢ikan ve 6nem kazanan gida kaynakli bakteriyel patojenler. Kafkas
Universitesi Veteriner Fakultesi Dergisi, 18(5):889-898.

Halkman AK (2005). Merck gida mikrobiyolojisi uygulamalari. Ed. AK Halkman. Basak Matbaacilik Ltd. Sti.

Hasimi N, Kizil S, Tolan V (2015). An investigation on antimicrobial activities of fennel and sage essential oils. Journal
of Life Sciences, 5(2): 227-235.

Hema'ndez NMR, Bemal KC (1990). Efecto antibio” tico del propo” leo frente a cepas de Staphylococcus aureus origen
clinic humano. Revista Cubana de Farmacia, 24: 45-50.

Hosseinzadeh H, Reza Karimi G, Rakhshanizadeh M (2005). Anticonvulsant effect of Hypericum perforatum: role of
nitric oxide. Journal of Ethnopharmacology, 98(8): 207-208.

Ilkimen H, Giilbandilar A (2018). Investigation of antimicrobial effects of lavender, sage tea, thyme and chamomile.
Journal of Turkish Society of Microbiology, 48(4):241-246.

Jazo Z, Glumac M, Pastar V, Bectic S, Radan M, Carev I (2023). Chemical composition and biological activity of Salvia
officinalis L. essential oil. Plants, 12:1794.

Kazemi M (2015). Chemical composition and antimicrobial, antioxidant activities and anti-inflammatory potential of
Achillea millefolium L., Anethum graveolens L., and Carum copticum L. essential oils. Journal of Herbal Medicine 5:
217-222.

Kordali S, Cakir A, Akcin TA, Mete E, Akcin A, Aydin T (2009). Antifungal and herbicidal properties of essential oils
and n-hexane extracts of Achillea gypsicola Hub-Mor. and Achillea biebersteinii Afan. (Asteraceae). Industrial Crops and
Products, 29: 562-570.

Kujumgiev A, Tsvetkova I, Serkedjieva Y, Bankova V, Christov R, Popov S (1999). Antibacterial, antifungal and antiviral
activity of propolis of different geographic origin. Journal of Ethnopharmacology, 64: 235-240.

Lopez AS, Belloso OM (2008). Use of nisin and other bacteriocins for preservation of production in a Lactobacillus RN
78 strain isolated from a dairy sample in Iran. Medical Journal of Islamic World Academy of Sciences, 16(1): 19-24.

LuLC, Chen YW, Chou CC (2005). Antibacterial activity of propolis against Staphylococcus aureus. International Journal
of Food Microbiology, 102(2): 213-220.

Monroy YM, Rodrigues R.A, Rodrigues MV, Sant’ana AS, Silva BS, Cabral FA (2017). Brazilian green propolis extracts
obtained by conventional processes and by processes at high pressure with supercritical carbon dioxide, ethanol and water.
The Journal of Supercritical Fluids, 130: 189-197.

Moon T, Wilkinson JM, Cavanagh HM (2006). Antiparasitic activity of two Lavandula essential oils against Giardia
duodenalis, Trichomonas vaginalis and Hexamita inflata. Parasitology Research, 99(6): 722—728.

Nostro A, Germano MP, D’angelo V, Marino A, Cannatelli MA (2000). Extraction methods and bioautography for
evaluation of medicinal plant antimicrobial activity. Lett Appl Microbiology, 30(5): 379-84.

Payandan E, Sayyed-Alangi SZ, Shamloofar M, Koohsari H (2017). Study of chemical composition and efficacy of
different extracts of Iranian propolis on the microbiological and sensory parameters of minced Cyprinus carpio meat at
4°C storage. Journal of Aquatic Food Product Technology, 26: 593-603.

Polat G, Kogan D (2006). Propolis ve antimikrobiyal etkisi. Tiirkiye 9. Gida Kongresi Bolu, Tiirkiye.

Regulation on Turkish Food Codex (2011). Microbiological criteria. Law of authorization: 5996 Ankara, Turkey: Official
Gazette of Turkey.

Riahi L, Elferchichi M, Ghazghazi H, Jebali J, Ziadi S, Aouadhi C (2013). Phytochemistry, antioxidant and antimicrobial
activities of the essential oils of Mentha rotundifolia L. in Tunisia. Industrial Crops and Products 49: 883—-889.

Salomao K, Dantas AP, Borba CM, Campos LC, Machado DG, Aquino Neto FR, Castro SL (2004). Chemical composition
and microbicidal activity of extracts from Brazilian and Bulgarian propolis. Letters in Applied Microbiology, 38(2): 87-
92.

Sarigoban C, Yerlikaya S (2015). Inhibitory effects of ethanolic extracts of propolis at different concentrations against S.
aurcus and E. coli 0157:H7. Fleischwirtschaft International, 4: 56-61.

Scazzocchio F, D’Auria FD, Alessandrini D, Pantanella F (2006). Multifactorial aspects of antimicrobial activity of
propolis. Microbiological Research, 161(4): 327-33.

Seckin AK, Tosun H, Aritiirk R (2010). Biyokorumanin siit endiistrisinde kullanim olanaklari. Gida Teknolojileri
Elektronik Dergisi, 5(3): 36-46.

16



The Effect of Extracts on Sausages Yerlikaya et al.

Sen Arslan H, Cam M (2022). Antidiabetic and antioxidant properties of nine medicinal and aromatic plants extracts:
Inhibition of key enzymes linked to type-2 diabetes. Journal of Agroalimentary Processes and Technologies, 28(1): 27-
34.

Serpi M, Ozdemir ZO, Salman Y (2012). Investigation of the antibacterial effects of some plant extracts on
Propionibacterium acnes. KSU Journal of Natural Sciences, 15(1).

Sforcin JM, Fernandes JRA, Lopes C, Bankova V, Funari SRC (2000). Seasonal effect on Brazilian propolis antibacterial
activity. Journal of Ethnopharmacology, 73: 243-249.

Tosun D, Demirbas N (2012). Tirkiye'de kirmuzi et ve et tirtinleri sanayiinde gida giivenligi sorunlari ve dneriler. Bursa
Uludag Universitesi Ziraat Fakiiltesi Dergisi, 26(1): 93-101.

Tuberoso CIG, Kowalczyk A, Coroneo V, Russo MT, Dessi S, Cabras P (2005). Chemical composition and antioxidant,
antimicrobial, and antifungal activities of the essential oil of Achillea ligustica All. Journal of Agricultural and Food
Chemistry, 53(26): 10148-10153.

Vasinauskiene M, Radusiene J, Zitikaite I, Surviliene E (2006). Antibacterial activities of essantial oils from aromatic and
medicinal plants against growth of phytopathogenic bacteria. Agronomy Research, 4: 437-440.

Viera VB, Piovesan N, Moro KIB, Rodrigues AS, Scapin G (2016). Preparation and microbiological analysis of Tuscan
sausage with added propolis extract. Food Science and Technology, 36: 37-41.

Wagner N (1980). Pharmazeutische biologie 2. drogen und ihre inhaltstoffe. Gustav Fsicher Verlag Stuttgart, New York.

Walker L, Sirvent T, Gibson D, Vance N (2001). Regional differences in hypericin and pseudohypericin concentrations
and five morphological traits among Hypericum perforatum plants in the Northwestern United States. Canadian Journal
of Botany, 79 (10): 1248-1251.

Wichtl M (1986). Hypericum perforatum L. das johanniskraut. Z. F. Phytotherapie, 3: 87-90.

Yerlikaya S (2021). Staphylococcus aureus ATCC 25923 inhibition with propolis in pasteurized and UHT milks. Journal
of Agroalimentary Processes and Technologies, 27(3): 342-344.

Yerlikaya S, Pinar Karaarslan G, Sen Arslan H (2021). Inhibitory effects of ethanolic yarrow extracts against Bacillus
cereus ATCC 11778. Proceeding of the 5.International GAP Food Agriculture and Veterinary Sciences Kongress, Istanbul,
Turkey.

Yerlikaya S, Sen Arslan H (2022). Effects of ethanolic extracts on pathogens inoculated onto chicken sausages.
Fleischwirtschaft, 5: 76-80.

Yilmaz S, Ergiin S (2012). Effects of medicinal herb extracts on egg hatching of the angelfish (Pterophyllum scalare).
Journal of the Faculty of Veterinary Medicine, Kafkas University, 18(2): 185-189.

17



Karamanoglu Mehmetbey Universitesi
Miihendislik ve Doga Bilimleri Dergisi
Karamanoglu Mehmetbey University
Journal of Engineering and Natural Sciences
e-ISSN: 2687-5071 © KMUJENS

DOI: 10.55213/kmujens.1477330 Aragtirma Makalesi (Research Article) 6(2): 18-32 (2024)

Giinliik Akarsu Akim Verilerinin Destek Vektor Makinesi ve Dalgacik Doniisiimii ile
Modellenmesi: Coruh Havzasi Biiyiikdere Cay1 Ornegi

Ulviye ZIYA!'™, Mehmet Ali HINIS!
! Aksaray Universitesi, Miihendislik Fakiiltesi, Insaat Miihendisligi Boliimii, Aksaray, Tiirkiye

Alindi/Received: 02/05/2024; Kabul/Accepted: 25/07/2024; Yaym/Published: 29/11/2024

! Makale birinci yazarin yiiksek lisans tezinden iiretilmistir.

* Sorumlu yazar e-posta: mhinis@aksaray.edu.tr

Oz

Gilinlik akarsu akimlarmin tahmini su yapilarmin isletilmesi, kontrolii ve yonetimi i¢in 6nemlidir. Kisa siireli akim
degerlerinin tahmini birgok parametreye bagl ve degigkenlik gosteren zor bir gorevdir. Giinliik, haftalik gibi kisa siireli akig
tahminleri, bir havzadaki belirli bir rezervuarm 6niimiizdeki kisa zaman boyunca akigini tahmin etmek i¢in kullanilir. Bu
tahminler, mevcut su kaynaklarmin optimum kullanimi i¢in reservuarda depolamasiin aktif olarak diizenlenmesini
gerektiren hidroelektrik giic planlamasi ve tagkin azaltmay1 planlamak i¢in kullanilir. Bu sebeple gerek akarsu yapilarinin
yonetiminde reservuarda ne kadar su biriktirilecegi veya birakilacaginin belirlenmesinde gerekse iiretilecek enerji miktarinin
belirlenmesinde kisa siireli akim tahminlerine ihtiya¢ duyulmaktadir. Bu sebeple kisa siireli akimlar i¢in en uygun tahminin
yapilabilmesi su yapilarinin yonetiminde hayati dneme sahiptir. Bu ¢alismada giinliik akim verilerinin kisa siireli akim
tahminlerinde son yillarda gelistirilmis ve siklikla tercih edilen makine 6grenmesi yontemlerinden birisi olan Destek
Vektorleri Makineleri (DVM) incelenmistir. Coruh havzasinda bulunan Biiyiikdere Cayina ait 1981-2009 yillar1 arasinda
Olciilmiis 10168 adet giinliik akim verileri kullanilarak bu yontem ile gelistirilen modeller sonuglarinin iyilestirilmesi i¢in
dalgacik doniisiimii kullanilarak hibrit modeller elde edilmis ve giinliik akim verileri i¢in en uygun modeller aragtirilmigtir.
Gelistirilen modeller arasinda 1,2 ve 5 giinliik geciktirilmis akim verilerin kullanilarak gelistirilen Dalgacik doniisiimlii DVM

(WDVMO04) modeli gesitli istatistik kriterleri (R:0.998; NSE:0.996; KGE:0.993; PI:0.039; RMSE:0.304 ve MAPE:0.056)
kullanilarak en iyi model olarak bulunmustur.

Anahtar Kelimeler: Destek vektorleri makineleri, giinlik akarsu akimi, dalgacik déniistimii

Estimation of Daily Stream Flow Data Using Support Vector Machines and Wavelet
Transform Model

Abstract

Estimating daily stream flows is significant for water structure operation, control, and management. Estimating short-term
current values is difficult, depending on many parameters and variables. Short-term flow forecasts, such as daily, weekly,
etc., are used to predict the flow of a particular reservoir in a basin over the next short period. These forecasts are used to
plan hydroelectric power planning and flood mitigation, which requires active regulation of reservoir storage for optimal use
of available water resources. For this reason, short-term flow forecasts are needed to determine how much water will be
accumulated or left in the reservoir to manage river structures and to determine the amount of energy to be produced.
Consequently, making the most appropriate prediction for short-term flows is vital in managing water structures. Support
Vector Machines (SVM), one of the frequently preferred machine learning methods developed in recent years for short-term
flow forecasting using daily flow data, were examined in this study. Hybrid models were obtained using wavelet transform
to improve the results of the models developed with this method, using 10168 daily flow data of Biiyiikdere Stream in the
Coruh basin, measured between 1981 and 2009, and the most suitable models for daily flow data were investigated. Among
the developed models, the Wavelet Transform SVM (WDVMO04) model, developed using 1, 2, and 5-days lagged flow data,
was used using various statistical criteria (R: 0.998; NSE: 0.996; KGE: 0.993; PI: 0.039; RMSE: 0.304 and MAPE: 0.056)
was found to be the best model.

Key Words: Support vector machines, daily stream flow, wavelet transform
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Giinliik Akimlarin DVM ve Dalgacik ile modellenmesi

1. GiRiS

Su kaynaklar1 miihendisligi plan ve projelendirme
calismalarinda kullanilan en o6nemli veriler arasinda
akarsu akimlari, yeraltt su seviyeleri, yagis, akis, sizma ve
buharlagsma degerleri sayilabilir. Bu verilerin saglikli
sekilde elde edilmesi, eksik olan verilerin tamamlanmasi
ve gelecege yonelik tahmin yapilmasi planlamanin saglikli
yapilabilmesi i¢in en dnemli asamadir. Tagkin ve kurak
zamanlar ve bu zamanlardaki akim tahminleri biiyiik ve
kiigiik hidrolik yapilarin tasariminda ve yonetiminde
o6nemlidir. Akim tahminlerinde uzun siireli ve kisa siireli
akimlarin tahmin edilmesi planlama agisindan kisa siireli
ve uzun siireli planlamalarin kolaylastirilmasina ve su
yapilarinin tasarimina 11k tutacaktir.

Biiylik debi, yiiksek su seviyesi ve biiyiik hizlar ile
karakterize edilen taskin degerinin bilinmesi hidrolik
yapilar i¢in Onemlidir. Ayn1 zamanda su yapilarimin
yonetilmesi esnasinda gelecekte meydana gelecek olan
bliylik akim degerlerinin 6nceden kestirilmesi halinde
depolama hacminin o6nceden tahmin edilip gerekli
hazirliklarin  yapilmasi icin yeterli zaman kazanmak
miimkiindiir. Ozellikle baraj, baglama ve su kuvveti
tesislerinde tagkin debilerinin bilinmesi biiylik 6énem tasir
(Erkek ve Agralioglu 1993). Hidrolik yapilarin
tasariminda  akislarin  gelecekteki olast  degerleri
kullanilmaktadir. Rastgele degisken olan yagiglar sonucu
olusan akislarin gelecekteki degerlerini 6nceden tam olarak
kestirmek miimkiin olamamakla beraber bu degiskenin
gelecekteki durumu yapay sinir aglari ve tiirevleri olan
cesitli makine 0grenmesi yontemleri ile yaklasik olarak
belirlenebilmektedir. Hidrolik yapilarin tasarim ve
isletilmesinde, debi tahminlerinde ve havzalarda yerleske
kurmaktan tagkin tahliyesine kadar uzanan ilgi alanlarinda
tahmin modelleri kullanmak zorunlu hale gelmistir

Giinlik akarsu akimlarinin tahmini su yapilarinin
isletilmesi, kontrolii ve yonetimi i¢in olduk¢a 6nemlidir.
Kisa siireli akim degerlerinin tahmini birgok parametreye
bagl olarak degiskenlik gésteren zor bir konudur. Akis
tahmin modellerinin dogrulugu ve becerisi, su kaynaklari
yonetimi kararlar {lizerinde dogrudan etkiye sahiptir. Su
kaynaklar1 yoneticilerine ve politika yapicilara daha iyi ve
bilingli karar vermede yardimci olmak igin ¢esitli
istatistiksel ve kavramsal akis tahmin modelleri
gelistirilmistir. Regresyona dayali modeller de dahil olmak
iizere istatistiksel teknikler asir1 derecede basittir ve
analizden once degiskenler arasinda islevsel bir bigimle
simirlidir. Kavramsal hidrolojik modeller, bir havzadaki
akarsu akigini daha iyi simiile edebilir ¢linkii matematiksel
formiilasyon yoluyla hidrolojik dongiliniin  ¢esitli
stireclerini hesaba katarlar. Ancak son yillarda gelistirilen
cesitli makine Ogrenmesi yoOntemleri ile daha uygun
sonuglar almak miimkiin olmaktadir. Yapay zeka
yontemleri ve Makine Ogrenmesi yontemleri; yiiksek
boyutlu verilerin daha diisiik boyutlara indirgenmesi,
kiimeleme ve siniflandirma analizleri gibi ¢ok degiskenli
veri incelenmesinde kullanilan istatistiksel yontemlere
alternatif olarak son yillarda kullanilmaktadir (Liu ve
Weisberg 2005). Akim verilerinin tahmin edilmesinde
kullanilan yontemler arasinda yapay sinir aglarina ilave
olarak uzman sistemler ve son yillarda giderek popilerlik
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kazanan makine Ogrenmesi yontemleri sayilabilir. Bu
yontemler uygulanirken uzun dénem tahminlerinde (aylik,
yillik) daha iyi sonuglar elde edilirken kisa donem
tahminlerinde (giinliik, saatlik) ayn1 basar1 elde
edilememektedir.

Deo ve ark. (2017) ii¢ farkli algoritmayla Coklu
Uyarlanabilir Regresyon Egriler (MARS), En kiiciik
kareler Destek Vektor Makineleri (LSSVM), M5 Karar
agaclarint kuraklik analizleri lizerinde uygulamiglardir.
Faizollahzadeh Ardabili ve ark. (2019) Rastgele Orman
yonteminin hidrolojik modellemede etkin bir bigimde
kullanilabilecegini gdstermiglerdir.

Son yillarda cesitli yapay zeka tekniklerinin kuraklik
tahminlerindeki kullanimina deginen Mokhtarzad ve ark.
(2017), ANN, ANIFS ve SVM yontemleri ile Bojnourd
(iran) bolgesinde bir calisma yapmislardir. Bu calisma
Normallestirilmis Yagis Indisi (SPI) ile kuraklik analizi
yapmis ve analiz sonu¢larini modellemistir. 1984 — 2012
yillar1 arasinda yagis verisini kullanarak SPI’1 3 aylik
zaman periyodunda modellemistir. Mohamadi ve ark.
(2020) ANFIS, MLP, Radyal Tabanli Yapay Sinir Aglari
(RBFNN) ve SVM algoritmalarindan yararlanarak
kuraklik modellemesi yapmis ve su kaynaklarinin etkili
yonetilmesinde son derece dnemli oldugunu goéstermistir.

Choubin ve ark. (2016) aylik ortalama yagis verisini
kullanarak Kuraklik analizi yapmis ve analiz i¢in veri
madenciliginde yer alan Cok Katmanlh Algilayict (MLP),
ANFIS ve Karar Agaclart (MP5) yontemlerinden
yararlanmigtir. MLP ile yapilan analizlerin digerlerinden
daha iyi oldugu sonucuna ulagmistir. Ghorbani ve ark.
(2016) akarsu akimi tahmininde MLP, RBFNN ve SVM
yontemlerini karsilagtirarak, MLP'nin diger modellere gore
daha iyi tahmin etme kabiliyetine sahip oldugunu ortaya
koydular.

Giinlik akim tahmininde son yillarda kullanilan baskin
yaklagim, makine dgrenimi ve regresyon algoritmalarinin
uygulanmasidir. Dogrusal modellerin (¢ogunlukla zaman
serisi modelleri) aylik ve yillik olan daha biiyiik zaman
Olceklerinde daha rekabet¢i oldugu  bulunmustur
(Papacharalampous  ve ark. 2018). Regresyon
algoritmalar1, belirli bir zamandaki bagimli degisken
akisini bir dizi seg¢ilmis ongoriicii degiskenin (drnegin,
geemis akis akis degerleri, gecmis yagis degerleri ve
gecmis sicaklik degerleri) fonksiyonu olarak modeller; son
iki tiir bilgi topluca "dissal tahmin degiskenleri" olarak
adlandirilir. Makine o6grenimi durumunda, bu islev
algoritmik bir yaklasimla dogrudan verilerden 6grenilir.
Gtinliik akis akis1 tahminine yonelik mevcut yaklasimlarin
cogunlukla tek bir makine O6grenimi algoritmasinin
uygulanmasina dayanmaktadir.

Mevcut ¢alismanm sonuglari, hidrolojik uygulamalar
alaninda giinliik akis tahmini i¢in kullanilabilecegi gibi

zaman serisi modellerinin  goreli  performansinin
anlagilmasim1i da gelistirecek sonuglar igermektedir.
Hidroloji  bilimi uygulamalarinda makine 6grenimi

uygulamalarmin daha iyi anlasilmasimi kolaylastirarak
sonu¢lar sunulmustur.
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Bu c¢alismada son yillarda en ¢ok kullanilan makine
O0grenmesi yontemleri arasinda yer alan Destek Vektor
Makineleri (DVM) kullanilarak baraj ve baglama gibi
onemli su yapilarinin ydnetilmesinde 6nemli yer alan
glinlik akarsu akimlarimin modellenmesi ve akim
degerlerinin ileriye yonelik tahmin edilmesinde yardime1
olacak bir model ortaya koymak amaglanmisti. DVM
yontemi ile hesaplanan modeli iyilestirmek i¢in dalgacik
dontistimi kullanilmis ve model sonuglar1 gesitli istatistik
kriterler ile karsilagtirilarak en uygun model belirlenmistir.

2. MATERYAL VE METOT

2.1. Calisma Alam ve Veri

Bu c¢alismada Coruh havzasinda bulunan Biiyiikdere
Cayina ait 1981-2009 yillar1 arasinda 6l¢iilmiis 10168 adet
glinlik akim verileri kullanilmigtir. Biiyiilkdere Cayinin
cografi konumu Sekil 1°de gosterilmektedir. Biiyiikdere
Cay1 Bayburt ilinin 6nemli su kaynagi olan Coruh irmagina
dokiilmektedir. Bolgede Karadeniz iklimi ile Dogu
Anadolu iklimi arasinda, karasal 6zellikleri agir basan bir
gecis iklimi mevcuttur. Bayburt’ta tiim yillara ait ortalama
yagis 433,4 mm olup en yiiksek sicaklik 36,2° C ve en
diisik sicaklik —26,2° C olarak goriilmiis ve ortalama
sicaklik 7,0° C derecedir (Anonim 2024).

Bu amag¢ dogrultusunda, Coruh havzasinda bulunan
Biiyiikdere Cayna ait 1981-2009 yillart arasinda 6lglilmiis
10168 adet giinlik akim verileri eksiksiz olarak
kullanilmistir.  Bu  verilere ait modeller olusturulup
sonuclar1 degerlendirilmistir. Devlet Su Isleri Genel
Midiirliigii’nden elde edilen giinliik akim verileri Sekil
2’de verilmistir.  Verilerin = %70’lik  kismu  egitim
asamasinda, %30’luk kismi ise test asamasinda
kullanilmigtir.  Kullanilan verilerin temel istatistiksel
ozetleri tablo 1°de verilmistir. Bu c¢alismada gilinliik
akimlar1 tahmin edebilmek ic¢in pek ¢ok model
olusturulmus ve bu olusturulan modeller arasindan en iyi
sonu¢ veren yedi farkli model segilmistir. Caligmada
kullanilmak {izere gelistirilen Modeller tablo 2’de
verilmistir. Buna gore t gozlenen akis ve tahmin verisi
zamanini, t-1; 1 glinlik, t-2; 2 gilinlik, t-3; 3 ginliik
geemise yonelik Otele zamanini temsil etmektedir. Bu
modeller ii¢ farkli DVM egitim (Lineer, Polinom ve Gauss)
fonksiyonlar1 kullanarak hesaplanmig ve sonuglar
karsilagtirillmistir.  Daha sonra Dalgacik  Doniigiimii
kullanilarak yine ayni yontemler ile olusturulan modeller
hesaplanmis ve modeller birbirleri ile karsilagtirtlarak
sonuglar1 yorumlanmuistir.

Tablo 1. Verilen temel istatistik degerleri

Tim Veri  Egitim Verisi  Test Verisi
Ortalama 3.851 3.848 3.860
St.Sapma 5.144 5.222 4.957
\I’é‘;f:‘asyyfs’f 1.336 1.357 1.284
Carpiklik 2.577 2.735 2.138
Maks 70.476 70.476 30.610
Min 0.118 0.118 0.183
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Tablo 2. Calismada kullanilan modeller

Modeller Girdi Cikt1
MO1 Qui Q
MO02 Qu1, Q2 Q
MO3 Qe1, Qe2, Qe3 Q
MO04 Qt1, Qe2, Qes Q
MO5 Qe1, Q2,6 Q
MO06 Qe1, Qw2 Qe-11 Q
MO07 Qr1, Qe2, Q30 Qi

2.2. Destek Vektorleri Makinesi (DVM)

DVM modelleri baslangicta dogrusal olarak ayrilabilir
nesne smiflarinin siniflandirilmast ig¢in  gelistirilmigtir.
DVM’nin calisma prensibi iki sinifi birbirinden ayirabilen
en uygun karar fonksiyonun tahmin edilmesidir. iki ayr
smiftan dogrusal olarak ayrilabilen nesnelerden olusan iki
boyutlu bir diizlemde bunlart miikemmel sekilde ayiran bir
smiflandirict  bulmak amaglanmistir.  Bu  nesneleri
smiflandirmak i¢in SVM, maksimum marj iireten bir
hiperdiizlem bulmaya ¢alisir (Vapnik 1995). Bu
hiperdiizlem ile SVM, her sinifin en yakin veri noktasi
arasindaki mesafeyi maksimuma ¢ikarir. Her iki sinifin
hiperdiizlemlerinin  iizerine diisen nesneler destek
vektorleri olarak adlandirilir. Destek vektorleri en dnemli
egitim noktalaridir. Destek vektorleri Hiperdiizlemi
tanimlar ve karar yiizeyinin optimum konumunun
belirlenmesinde dogrudan etkiye sahiptir (Raghavendra ve
Deka 2014). Gergek zamanli problemlerde, verileri uzayda
bolen, ayirict bir hiperdiizlemi tam olarak belirlemek
miimkiin degildir ve ayrica bazi durumlarda egri bir karar
smirt elde edilebilir. Dolayisiyla SVM, ayrilamayan
smiflar i¢in bir siniflandirict olarak da kullanilabilir. Bu
gibi durumlarda, orijinal girdi uzay1, 6zellik fonksiyonlari
ad1 verilen dogrusal olmayan fonksiyonlar kullanilarak her
zaman daha yiiksek boyutlu bir 6zellik uzayma (Hilbert
uzay1) eslenebilir. Ozellik uzay: yiiksek boyutlu olmasima
ragmen, hiperdiizlemin siniflandirilmast i¢in dogrudan
ozellik fonksiyonlarin1 kullanmak pratikte miimkiin
degildir. Bu gibi durumlarda, ozellik fonksiyonlari
tarafindan olusturulan dogrusal olmayan haritalandirma,
cekirdek (kernel) adi verilen Ozel dogrusal olmayan
fonksiyonlar kullanilarak yapilabilir.

Cekirdek fonksiyonlariin se¢imi daha iyi bir genelleme
yapilmasint saglar. Cekirdek fonksiyonu kullanilarak
SVM'lerde dogrusal olmayan sinirlar olusturulabilir ve
boylece problem daha iyi tanimlanip c¢oziilebilir. Bu
amagcla kullanilabilecek olduk¢a fazla sayida cekirdek
vardir. Bunlar arasinda dogrusal, polinom, gauss
fonksiyonlar1 sayilabilir. Dogrusal olmayan c¢ekirdekler
(nonlineer kernel) sayesinde, SVM'ye karmagik ayirici
hiperdiizlemleri modelleme yetenegi verir.
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Sekil 2. Biiyiikdere Nehri Giinliik Akim degerleri

DVM veri seti iizerinde ortalama hata karesini minimize
ederek tiiretilen ampirik risk minimizasyonu prensibinden
ziyade, istatistiksel Ogrenme teorisindeki yapisal risk
minimizasyonu niteliginde c¢aligmasidir. Gergek diinyada
karsimiza c¢ikan problemlerin g¢ogu dogrusal olarak
ayirabilen verilere sahip degildir. Bu durumda giris verileri
klasik yontemle ¢oziilmeyebilir. Béyle problemlerde ise
dogrusal olmayan siniflandirma ydntemi kullanilmaktadir
(Cristianini ve Shawe-Taylor 2000).

Hidrolojik analizlerde pek ¢ok parametre dogrusal olmama
egilimindedir. Bu sebeple dogrusal olmayan problemleri
¢o6zmek amaciyla girdi degiskenlerini daha yiiksek boyutlu
bir 6zellik uzayima doniistiirmek i¢in dogrusal olmayan bir
esleme fonksiyonunun tanitilmasidir. Bu nedenle bu
¢alismada akig tahmini i¢in dogrusal olmayan destek
vektor regresyonunu uygulanmistir.

Drucker ve ark. (1997) tarafindan Onerilen destek vektor
regresyonu (DVR) regresyon i¢in kullanilan bir Destek
vektér makinesi modelidir. DVR, yiiksek boyutlu bir
ozellik uzaymnda dogrusal fonksiyonun bir hipotez uzayini
kullanir ve yapisal risk minimizasyonu ilkesine gore
egitilir (Wu ve ark. 2019). DVR’de karar fonksiyonu
asagidaki gibi yazilabilir:

f)=w:$(x)+b )

Burada f(x): regresyon fonksiyonu, x: girdi vektorii, w ve
b fonksiyonun parametreleridir. ¢(x) ise dogrusal olmayan
haritalandirma fonksiyonudur. Amag optimum degerlerin
bulunmasidir. Bu amaca asagidaki optimizasyon
denkleminin ¢6ziilmesi ile ulasilabilir:

. 1 -
Minyp e ;W2 + C Ly (8 + &%) ©)
Asagidaki sartlar1 saglamalidir:

yi—(w-@(xi)+b)<e+§i (3.2)

(W-@(xi)+b)—yi<e+Eix (3.b)

&i,&i%>0 i=1,...,n

Burada &i ve &i* esnek degiskenler, C: sabit ceza katsayisi,
e: marjin degeridir. Denklem 3’te sag taraf modelin
genellestirilmesini, sag taraf ise ampirik riski temsil
etmektedir. Bu iki degerin minimumda tutulmasi ile DVR
¢Ozlime ulagmaktadir.

Dogrusal  olmayan
gosterilebilir.

DVR, Lagranj carpanlarn ile
ming o. = 21y N, (ai — ai #) (a) — aj DK ) + £ X1y (ai +
ai*) =Y yi(ai —ai*) (4)

*,yi(ai —aix) =0 5)

0<ai,ai*<C,i=1,...,n; ai ve aix : Lagranj ¢arpanlari; K:
Kernel fonksiyonudur.

K=K(i.j))=p(xD)T p(x))K=K (i,))=p(x1)T p(x}) (6)
Yaygin olarak kullanilan kernel fonksiyonlart;

Dogrusal Kernel:

K(i,j)=xi-xj (7)
Gauss Kernel:

K(i.j)=exp(—ylxi=xj|2) ®)
Polinom Kernel:

K(@j)=(y(xi-xj)+r)? )

Burada; y: Yapisal parametre; d: polinom derecesi; r:
kalint1 terimidir.

2.2. Dalgacik Doniisiimii

Dalgacik (wavelet) doniigiimii, gozlemsel elde edilen
biiyiik veri kiimelerinden (tarihsel kayitlar, zaman serileri
vb.) Onemsiz ve potansiyel olarak yararli bilgi veya
bilginin ¢ikarilmasinda uygulanabilir. Simiflandirma veya
tahmin sorunlarin1 ¢ézmek icin kullanilabilen dalgacik
doniistimil, bir sinyalin zaman-frekans alanindaki davranigt
hakkinda bilgi saglayabilen ¢oklu c¢ozintrliklii bir
analizdir (Saraiva ve ark. 2021). Dalgacik doniisiimiiniin

22



Giinliik Akimlarin DVM ve Dalgacik ile modellenmesi

istatistik analizlere gore bir avantaji, sinyali ayristirmak
icin tek bir pencere teknigi yerine farkli pencere boyutlar
analizini gergeklestirmesidir.

Hidrolojik  zaman  serisi modellemede dalgacik
donisiimiiniin uygulamalarinda hidrolojik serilerin ¢ok-
zamanli  Olgeklerinin  belirlenmesi  ve  anlasilmasi,
mevsimselliklerin ~ ve  egilimlerin  tanimlanmasinda
kullanilabilmektedir. Bu nedenle, dalgacik doniisiimiiniin
duragan olmayan sinyalleri farkli zamansal olgeklerde
(seviyelerde) alt sinyallere ayrigtirma yetenegi, hidrolojik
stireclerin daha iyi yorumlanmasinda yardimci olmaktadir
(Nurani 2014). Dalgacik doniisiimii, sinyali sirastyla diisiik
ve yiiksek ¢oziiniirlikli bilesenlere ayirmak icin dar ve
genis pencere analizini kullanir. ikinci avantaj ise hidro-
meteorolojik zaman serilerinin ¢ogunlukla duragan
olmamasi nedeniyle bu serilerde dalgacik doniisiimiiniin
Istatistik analizinden daha basarili bir ara¢ olarak
degerlendirilmesidir (Partal ve Kisi 2007). Dalgacik
doniisimii avantajlarindan biri de diigiik frekanslar igin
genis, ylksek frekanslar icin dar olacak sekilde degisen
pencere boyutlarmin olmasidir.

Ziya ve Hinis

Boylece, biitiin frekans araliklarinda uygun deger zaman-
frekans ¢oziiniirliigii saglanabilmektedir (Erséz ve Ozsen
2011).

Dalgacik  doniigiimiinde  kullanilan ana  dalgacik
fonksiyonu Olgek parametresi ve konum parametresine
bagli olarak Denklem 10°da verilmistir.

W, (6) = lal 29 (£2)

Burada, a ve b dlgek parametresi, t zamandir. Dalgacik
fonksiyonu W(t) ana fonksiyonunun “a” kadar
Olceklendirilip “b” kadar zaman ekseninde Gtelenmesi ile
elde edilir (Bagakin 2019).

(10)

Daubechies dalgacik fonksiyonu gézlem verisindeki sinyal
bilesenlerinin  hassas sekilde ¢ikarilmasi miimkiin
kildigindan Daubechies dalgacik ailesi (db) literatiirde
siklikla kullanilmaktadir. Bu ¢alismada daubechies 45
(db45) dalgacik fonksiyonu ile 5 seviye dalgacik
doniisimii  kullanilmigtir. Calismada kullanilan giinliik
akim verileri ve 5 seviyede db45 dalgacik doniistimii
sonucu elde edilen yaklasik ve detayli serileri Sekil 3°de
verilmigtir.
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Sekil 3. Calismada kullanilan giinliik akim verilerinin Daubicies 45 (db45) dalgacik doniistimii ile ayristirilmis serileri

2.4. Model Performans basari olciitleri

MATLAB programi {izerinde gelistirilen modellerin
performanst cesitli istatistiksel degerlendirme kriterleri
kullanilarak degerlendirilmistir. Bu caligmada Korelasyon,
Nash-Sutcliffe verimlilik katsayis1 (NSE), Kling-Gupta
verimlilik katsayis1 (KGE), Performans Indisi (PI),
Karekok ortalama karesel hata (RMSE) ve Ortalama
mutlak yiizde hata (MAPE) kriterleri kullanilmistir. R,
NSE ve KGE kriterleri i¢in mitkemmel deger 1’e yakin
olan degerler olurken, PI, RMSE ve MAPE kriterleri i¢in
mitkemmel deger 0’a yakin degerlerdir. Bu degerlerden
uzaklasilmasi miikemmellikten uzaklagildigini
gostermektedir.

Zy:1(xi(Géz)_X1(sz))x(Xi(Hesap) _Xl(H;esap))

R =
—_— 2 2
JZ{\L1(Xi(Géz)_X1(sz)) x\/ZiN=1(Xi(Hesap)_Xl(Hesap))

(11)

NSE = 1 — Zy:l(xi(Gﬁz)_Xl(H;asap))z

12
=N (Kiccon —Kagon) (12)
RMSE
_ |X1(Gt)z)|
Pr=—" (13)
1 211/2
RMSE = [ﬁ x 21 (Xicosz) — Xigtesap)) ] (14)
MAPE = L x g}, e ittesap)] (15)
N [Xiccoz)
K=G=1-[R-1D*+(a—D*+ (B - 1*]"?
(16)
OHesap
« OGoz (17)
X1(Hesap)
18
X(Goz) (18)
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RMSE
_ %oz
Pl == (19)
3. BULGULAR

Bu c¢alismada gilinlik akim verileri Destek vektor
makinelerinin ti¢ farkli Kernel yontemi kullanilarak
modellenmigstir. Giinliik akim verilerinin farkli zaman
gecikmeleri ile olusturulan ve tablo 2’de verilen yedi farkli
model ilk 6nce dalgacik analizi ile ayristirilmadan ve daha
sonra dalgacik analizi ile ayristirilarak incelenmistir. Elde
edilen sonuglar arasinda dalgactk analizi ile
donistiiriilmemis olanlar tablo 3°de, dalgacik doniigiimii
ile elde edilen modellerin sonuglar1 ise tablo 4’de
verilmistir.

Dalgacik doniisiimii 6ncesi kurulan model sonuglarini
gosteren tablo 3 incelendiginde; egitim serisi igin biitiin
modellerde Korelasyon, NSE, PI ve RMSE kriterlerine
gore en iyi sonuglar Polinom kernel fonksiyonundan elde
edilirken, KGE kriterine gore ise en iyi sonuglar lineer
kernel fonksiyonu ile hesaplanan DVM modellerinden elde
edilmistir. Test serisi sonuglar1 incelendiginde Korelasyon,
NSE, PI ve RMSE kriterlerine gore yedi adet modelin dort
adedinde lineer, iki adet gauss ve bir adet polinom kernel
fonksiyonu ile elde edilen modellerin en iyi model oldugu,
KGE kriterine goére ise tamaminda lineer kernel
fonksiyonlu  DVM  modelinin en iyi model oldugu
bulunmustur.

Dalgacik doniisiimii 6ncesi egitim ve test serisi modelleri
incelendiginde; egitim serisi verileri i¢in biitiin modellerde
polinom fonksiyonlu DVM modelinin Korelasyon, NSE,
PI ve RMSE kriterleri i¢in en uygun model oldugu, KGE
ve MAPE kriterleri i¢in lineer fonksiyonlu DVM
modellerinin en uygun model oldugu gorilmiistiir. Egitim
veri setinde en uygun model Korelasyon ve NSE
kriterlerine gore (0.979; 0.958; 0.141) MO3 olurken,
KGE’ye gore (0.968) M04 ve M05 modelleri, RMSE ig¢in
(1.078) M06 ve MAPE igin (0.082) M02 olmustur. Test
veri seti incelendiginde farkli istatistiksel kriterler igin
Lineer, Polinom ve Gauss fonksiyon tabanli DVM
modelleri 6n plana ¢ikmaktadir. M04,M05,M06 ve M07
modellerinde lineer fonksiyonlu DVM modelleri en iyi
sonuglar1 verirken, MO1 modelinde polinom, M02 ve M03
modelleri i¢in Gauss fonksiyon tabanli DVM modelleri en
iyi sonuglari vermistir. Bu modeller arasinda en iyi bulunan
model ise; Korelasyon ve NSE, PI ve RMSE kriterlerine
gore (0.977;0.955;0.137;1.047) Gauss tabanlt M02 modeli;
KGE (0.972) gore lineer tabanli M02, M04 ve MO5
modelleri; MAPE kriterine gore (0.081) lineer tabanli MO1
modelleri en iyi model olarak bulunmustur.

Modellerin iyilestirilmesi igin dalgacik ayristirmasi
donisimii  uygulanmis ve yeni kurulan modeller
incelenmistir. Dalgacik  donilisimii  sonrasi  kurulan

modellerde ise gerek egitim serisi gerekse test serisinin
biitiin modellerinde lineer tabanli DVM modellerinin en
uygun sonuclart verdigi gorilmigtir. Egitim serisi
modelleri arasinda ise WDVM (dalgacik doniisiimlii destek
vektor makinesi) WMO04 modeli kriterlerin ¢ogunluguna
gore en uygun model olarak bulunmustur (R: 0.998;
NSE:0.995; PI: 0.046; RMSE:0.356). KGE ve MAPE

Ziya ve Hinis

kriterlerine gore ise DVM_WMO03 modeli (KGE:0.996;
MAPE:0.042) en iyi model olarak goriilmiistiir. Dalgacik
doniisiimii sonrast elde edilen modellerin test serisi
incelendiginde kriterlerin gogunluguna gére WM04 modeli
(R:0.998, NSE:0.996; PI. 0.039; RMSE:0.304) en iyi
model olarak bulunmustur. KGE ve MAPE kriterlerine
gore ise M03 modeli (KGE: 0.995; MAPE: 0.051) en iyi
model olarak goriilmektedir.

Dalgacik doéniisiimii 6ncesi elde edilen en iyi modeller
arasinda olan M02 ve M04 modellerinin goézlem verisi ile
karsilagtirilmasi Sekil 4’de, dalgacik doniisiimii sonrasi
elde edilen en iyi modeller olan WMO03 ve WMO04
modellerinin gozlem verisi ile karsilastirilmasi ise Sekil
5’de verilmistir. Dalgacik doniisiimii 6ncesi ve sonrasinda
NSE kriterine goére M04 modelinde % 4.9, M03 modelinde
% 4.6 ve MO05 modelinde % 4.6 oraninda iyilesme
goriilmistiir.

Model sonuglarmin dalgacik doniisiimii dncesi ve dalgacik
doniigiimii sonrasi elde edilen model sonug¢larmnin sagilim
grafiklerinin kargilastirilmasi Sekil 6’da verilmistir. Sekil
6’nin st satirmda dalgacik doniisiimii 6ncesi elde edilen
model sonuglari, Sekil 6’nm alt satirinda ise dalgacik
doniisiimii sonrasi elde edilen model sonuglarinin sagilim
grafikleri verilmistir. Sagilim grafikleri incelendiginde
biitiin dalgacik doniisiimii sonrast elde edilen model
sonuglarinin dalgacik doniisiimii olmadan elde edilen
sonuglardan daha Tistiin oldugu goriilmektedir. Dalgacik
doniisiimii ile elde edilen sonuglar incelendiginde WMO1
modelinde diger modellere gore en az iyilesme oldugu
goriilmiistii. WMO1 modeli disindaki diger dalgacik
modelleri sagilma grafiklerinin 45%1ik egime (1:1 ¢izgisine)
olduk¢a yakin sonuglar verdigi goriilmiistiir. Diger bir
anlatimla, dalgacik doniisiimii sonrasi kurulan modellerde -
WMO1 modeli hari¢g- goézlem degerlerine olduk¢a yakin
sonuglar elde edilmistir. Bu modeller arasinda WMO03 ve
WMO04 modelleri dogru denklemleri olarak en iyi sonug
vermis goriinmekte olsa da WMO! haricindeki biitiin
modeller performans agisindan gozlem degerlerine oldukga
yakin sonuglar verdigi goriilmektedir. Hangi modelin daha
iyl performans gosterdigini belirleyebilmek igin Taylor
grafigi ve Violin (Keman) grafigi kullanilmistir. Biitiin
modellerin Taylor grafigi ile karsilagtirilmas: Sekil 7°de
verilmig olup en uygun bulunan modellerin dagilimlarmin
karsilastirilmasi Violin (Keman) grafigi olarak Sekil 8’de
verilmigtir.

Taylor grafigi (Sekil 7) incelendiginde dalgacik doniistimii
oncesi kurulan modellerin grafigin st kisminda grup
halinde kiimelendigi ve birbirine olduk¢a yakin sonug
verdigi, dalgacik doniisiimili sonrasi kurulan modellerin
gozlem degerine daha yakim bir pozisyonda gruplandig:
gorlilmistiir.  Biyttilerek daha detayli incelendiginde
WMO04 ve WMO03 modellerinin gézlem degerlerine en yakin
oldugu ve WM04 modelinin gozlem degerine daha yakin
oldugundan daha iyi bir model oldugu goriilmiistiir. Bu
modelleri ise ligiincii sirada en iyi model olarak WMO05
modeli izlemektedir. Bu modellere ait NSE; KGE; PI;
RMSE ve MAPE degerlerine sirasiyla bakildiginda: WM04
(0.996; 0.993; 0.039; 0.304 ve 0.056); WMO03 (0.996;
0.995; 0.042; 0.321 ve 0.051) ve WMOS5 (0.994; 0.993;
0.048; 0.368 ve 0.065) olarak tespit edilmistir. Burada KG
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kriteri haricindeki diger kriterler birbirleri ile uyumlu olarak
modellerin sirasmi iyi bir sekilde tespit etmistir. Ancak
KGE kriteri M03 modelini M05 modeline gore daha uygun
olarak gostermis fakat bu durum Taylor diyagraminda teyid
edilmemistir. Dolayisi ile KGE kriterini kullanirken, diger
istatistiksel kriterler ile onaylamak gerekmektedir.

Dalgacik doniisiimii sonrasi elde edilen modeller dalgacik
doniisiimsiiz modellere gore daha iyi sonug verdiginden

Ziya ve Hinis

Sekil 8’de dalgacik sonrasi elde edilen modellere ait Violin
(keman) grafikleri verilmigtir. Sekil 8 incelendiginde
dalgacik doniigiimii sonrasi model sonug¢larinin goézlem
verisi ile ¢ok yakin aritmetik ortalama ve medyan verisine
sahip oldugu; tahmin edilen verilerin dagilimmin gézlem
verilerinin dagilimina olduk¢a benzer oldugu; ancak
maksimum deger tahmininde hi¢ birisinin maksimum
gozlem degerine (30.61) ulasamadig1 goriilmiistiir.

Tablo 3. Dalgacik doniistimii 6ncesi Test ve Egitim setlerinde akim verilerinin tahmin edilen degerleri

MODEL YONTEM TEST SETI EGITIM SETI
DVM Korelasyon NSE KGE PI RMSE MAPE Korelasyon NSE KGE PI RMSE MAPE
- Linear 0.974 0.949 0.966 0.146 1.114 0.081 0.969  0.939 0.961 0.170 1.290 0.077
§ Polinom 0.975 0.950 0.962 0.145 1.109 0.113 0.974  0.949 0.945 0.156 1.185 0.107
Gauss 0.974 0.949 0.961 0.146 1.116 0.143 0.970  0.941 0.938 0.168 1.272 0.129
~ Linear 0.975 0.950 0.972 0.146 1.111 0.085 0.970  0.940 0.967 0.170 1.285 0.082
§ Polinom 0.970 0.939 0.962 0.161 1.220 0.084 0.978  0.957 0.951 0.143 1.085 0.084
Gauss 0.977 0.955 0.968 0.137 1.047 0.125 0.971 0.943 0.946 0.164 1.242 0.111
- Linear 0.975 0.950 0.970 0.146 1.111 0.106 0.969  0.940 0.966 0.169 1.284 0.102
§ Polinom 0.968 0.935 0.950 0.167 1.266 0.189 0.979  0.958 0.950 0.141 1.073 0.182
Gauss 0.976 0.952 0.963 0.143 1.088 0.132 0.971 0.943 0.940 0.164 1.246 0.115
- Linear 0.975 0.949 0.972 0.146 1.114 0.094 0.969  0.939 0.968 0.170 1.287 0.091
§ Polinom 0.965 0.924 0.898 0.180 1.364 0.359 0.979  0.953 0.900 0.148 1.128 0.348
Gauss 0.974 0.949 0.959 0.147 1.117 0.139 0.971  0.942 0.933 0.166 1.259 0.118
v Linear 0.975 0.950 0.972 0.146 1.111 0.093 0.970  0.940 0.968 0.169 1.284 0.090
olinom . . . . . . . .957 0. . . .
E Poli 0.966 0.932 0.953 0.171 1.295 0.117 0.979  0.957 0.950 0.143 1.087 0.117
Gauss 0.974 0.950 0.965 0.146 1.114 0.135 0.971  0.943 0.934 0.165 1.252 0.114
° Linear 0.975 0.950 0.970 0.146 1.110 0.107 0.969  0.940 0.966 0.169 1.283 0.103
E Polinom 0.969 0.938 0.961 0.162 1.234 0.149 0.979  0.957 0.954 0.142 1.078 0.143
Gauss 0.974 0.948 0.959 0.148 1.128 0.132 0.971  0.942 0.935 0.166 1.260 0.110
inear . . . . . . . . . . . .
— Li 0.975 0.950 0.971 0.146 1.110 0.107 0.969  0.940 0.967 0.169 1.283 0.103
= Polinom 0.970 0.938 0.948 0.162 1.230 0.134 0.979  0.956 0.942 0.143 1.092 0.134
=
Gauss 0.975 0.950 0.958 0.146 1.110 0.133 0.970  0.940 0.932 0.169 1.282 0.113
Tablo 4. Dalgacik doniisiimii sonrasi Test ve Egitim setlerinde akim verilerinin tahmin edilen degerleri
MODEL YONTEM TEST SETI EGITIM SETI
DVM  Korelasyon NSE KGE PI RMSE MAPE Korelasyon NSE KGE PI RMSE MAPE
= Linear 0.985 0.969 0.969 0.113 0.868 0.077 0.982 0.965 0.965 0.128 0.979 0.072
= Poly 0.923 0.470 0.253 0.486 3.609 2.381 0.769  -0.294 0.078 0.873 5.942 2.375
auss . . . . . . . . . . . .
z G 0.896 0.794 0.772 0.308 2.252 0.286 0.937 0.858 0.787 0.264 1.967 0.120
Q Linear 0.997 0.994 0.993 0.050 0.385 0.059 0.997 0.994 0.994 0.054 0.418 0.047
= Poly 0.969 0.854 0.646 0.250 1.897 1.148 0.941 0.761 0.613 0.342 2.555 1.126
auss . . . . . . . . . . . .
Z G 0.825 0.665 0.653 0.407 2.870 0.422 0.915 0.800 0.705 0.317 2.338 0.133
s Linear 0.998 0.996 0.995 0.042 0.321 0.051 0.998 0.995 0.996 0.048 0.366 0.042
= Poly 0.951 0.770 0.589 0.316 2.379 1.316 0.961 0.804 0.594 0.307 2.314 1.299
auss . . . . . . . . . . . .
z G 0.776 0.584 0.580 0.467 3.198 0.545 0.903 0.760 0.652 0.349 2.556 0.150
2 Linear 0.998 0.996 0.993 0.039 0.304 0.056 0.998 0.995 0.993 0.046 0.356 0.048
= Poly 0.891 0.579 0.543 0.440 3.215 1.278 0.902 0.609 0.545 0.446 3.268 1.235
auss . . . . . . . . . . . .
z G 0.757 0.556 0.557 0.487 3.302 0.606 0.899 0.748 0.634 0.359 2.623 0.156
o Linear 0.997 0.994 0.993 0.048 0.368 0.065 0.997 0.994 0.993 0.053 0.410 0.053
= Poly 0.855  -0.464 -0.220 0.837 5.997 3.813 0.902  -0.159 -0.177 0.768 5.624 3.743
auss . . . . . . . . . . . .
z G 0.753 0.549 0.549 0.492 3.328 0.617 0.898 0.744 0.629 0.362 2.643 0.165
2 Linear 0.997 0.994 0.992 0.049 0.380 0.077 0.997 0.994 0.991 0.054 0.416 0.064
= Poly 0.956 0.858 0.756 0.247 1.868 0.754 0.984 0.936 0.782 0.174 1.326 0.727
z Gauss 0.738 0.528 0.531 0.507 3.404 0.648 0.895 0.733 0.615 0.370 2.698 0.172
S = Linear 0.997 0.994 0.989 0.051 0.389 0.083 0.997 0.993 0.989 0.055 0.421 0.070
z < Poly 0.954 0.716 0.482 0.350 2.640 1.717 0.945 0.664 0.460 0.405 3.029 1.692
Gauss 0.714  0.490 0.489 0.535 3.539 0.675 0.889  0.712 0.587 0.386 2.804 0.172
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Sekil 6 (devam). Test veri seti i¢gin modellerin dalgacik doniisiimii dncesi (iist satirda verilen modeller) ve dalgacik doniigiimii sonrasi (alt satirda verilen modeller) sagilma grafiklerinin
karsilastirilmast (Kirmizi renk ile verilen gizgi 1:1 (45%1ik) simetri gizgisidir)
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4. TARTISMA VE SONUC

Bu c¢alismada gilinlik akim verilerinin modelleme
caligmasinda siklikla kullanilan Destek Vektor Makineleri
(DVM) incelenmis ve DVM igin en uygun model
gelistirilmesinde kullanilan farkli Kernel fonksiyonlari
arastirilarak en uygun fonksiyonlar ve modeller ortaya
konulmustur. Elde edilen modeller {iizerinde dalgacik

Ziya ve Hinis

fonksiyonlarindan Polinom, Gauss ve Lineer (dogrusal)
fonksiyonlar karsilastirildiginda en iyi sonuglarin Linear
ve Gauss fonksiyonlarindan elde edildigi goriilmistiir
(Tablo 3). Dalgacik doniisiimii kullanilarak olusturulan
modellerde ise Lineer DVM fonksiyon sonuglarinin biitiin
modellerde daha iyi oldugu gozlemlenmistir. Giinliik
akarsu akim modellerinde dalgacik doniigiimiiniin Lineer
Kernel fonksiyonu ile hesaplanan DVM modellerinde

kullanilmasiin model performansini artiracagi bu galisma
ile elde edilen en 6nemli sonugtur.

donisimii  kullanilarak  sonuglarin  iyilestirilmesi
saglanmistir. Gilinlik akim verilerinin farkli zaman
gecikmeleri ile yedi farkli model olusturulmustur. Bu
modeller ti¢ farkli DVM kernel (Lineer, Polinom ve Gauss)
fonksiyonlart  kullanarak hesaplanmis ve sonuglar
karsilagtirilmistir. Elde edilen modellerin iyilestirilmesi
icin dalgacik doniisiimii olarak daubechies 45 (db45)
dalgacik fonksiyonu ile 5 seviye dalgacik doniistimil
kullanilmig ve model sonuglarinda yaklasik %5 oraninda
iyilesme gorilmiistiir.

CIKAR CATISMASI

Herhangi bir ¢ikar ¢atigmasi yoktur.

TESEKKUR

Bu ¢alismada kullanilan giinliikk akim verilerinin temin
edilmesinde katkis1 bulunan DSI Genel Miidiirliigiine

Giinlik akarsu akim degerlerinin modellenmesinde  tesekkiir ederiz
kullanilan ~ Destek =~ Vektorleri ~ Makinas1  kernel
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Abstract

In this paper, we study on complete rewriting system for the Schiitzenberger - crossed product of two cyclic monoids, which
is defined in (Emin et al. 2013). Additionally, we obtain normal form structure of elements of this monoid construction and
give solvability of the word problem. Finally, we present an example part.
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Monoidlerin Schiitzenberger — Capraz Carpiminin Tam Yeniden Yazma Sistemi

Oz

Bu makalede, (Emin ve ark. 2013) de tanimlanan iki devirli monoidin Schiitzenberger — ¢apraz ¢arpiminin tam yeniden
yazma sistemi calisilmistir. Ayrica bu monoid yapisinin elemanlarinin normal form yapisi elde edilmistir ve kelime
probleminin ¢dziilebilirligi verilmistir. Son olarak, bir 6rnek boliim sunulmustur.

Anahtar Kelimeler: Schiitzenberger ¢arpim, ¢apraz ¢arpim, yeniden yazma sistemi, normal form

Atif / To cite: Giizel Karpuz E, Yildiz F (2024). Complete Rewriting System of Schiitzenberger — Crossed Product of
Monoids. Karamanoglu Mehmetbey University Journal of Engineering and Natural Sciences, 6(2): 33-40.

1. INTRODUCTION AND PRELIMINARIES

The origin of Combinatorial Group Theory can be traced
back to 1911 when Max Dehn posed three questions
concerning groups defined by finite presentations: the
word, conjugacy and isomorphism problems (Adyan and
Durney 2000). These questions prompted the idea of using
algorithms to solve problems related to Group Theory.

In this paper, we study on solvability of the word problem
for a new monoid product, which is defined in (Emin et al.
2013) and called Schiitzenberger-crossed product of
monoids. To have solvability word problem for this
construction we study on complete rewriting system.

The aim of the rest of this section is just to give the
standard definitions and information about complete
rewriting system, crossed product and Schiitzenberger
product of monoids.

Let X be a finite alphabet and let X~ be the free monoid
consisting of all words obtained by the letters of X . A
string rewriting system, or simply a rewriting system, on
Rc X'xX" and an element
(X,¥) €R, also written as X = Y, is called a rule of

*

X is a subset

R . The idea for a rewriting system is an algorithm for
substituting the right-hand side of a rule whenever the left-
hand side appears in a word. In general, for a given

rewriting system R, we write X —> Y for X,y e X" if
Xx=uvw, y=uv,w and (v,v,)eR. Also we write
X—" yif X=Y or X—>X —>X, —>---—> Y for some
finite chain of reductions. Furthermore an element

X € X" is called irreducible with respect to R if there is
no possible rewriting (or reduction) X —> Y ; otherwise X

is called reducible.
The rewriting system R is called
* Noetherian if there is no infinite chain of rewritings

X — X, = X, — -+ for any word xe X",

* Confluent if whenever x "y, and X ="y, , there is a

z e X" such that Y, —" 7z and Y, -z,

» Complete if R is both Noetherian and confluent.
33
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If R is a complete rewriting system, then for every word
X there is a unique irreducible word Y such that

X — y; this word is called the normal form of X. Each
element of the monoid presented by < X R> has a unique
normal form representive. For u,v e X", if |u| > |V| or if
|u| - |V| and V precedes U in the lexicograpfic ordering

induced by a linear ordering on X then we write v<u
and < is called length-lexicographic ordering. A
rewriting system is R is called a length-lexicographic
rewriting system if S<Tr, for all (r,S)eR. It is clear
that length-lexicographic rewriting system is Noetherian.

A critical pair of a rewriting system R is a pair of
overlapping rules such that one of the forms

() (h5,S), (Lh,t)e R with I, #1 or
(i) (KLL,S), (N, eR,

is satisfied. Also a critical pair is resolved in R if there is
aword Z such that sr, —"z and rt —" 7 in the first case

or s—"z and rtr, —" 7 in the second case. A Noetherian

rewriting system is complete if and only if every critical
pair is resolved. A rewriting system is complete then the
word problem for given rewriting system is solvable.

We note that the reader is referred to (Book 1987; Book
and Otto 1993; Sims 1994) for a detailed survey on
(complete) rewriting systems and to (Cetinalp et al. 2016;
Cetinalp and Karpuz 2018; Cetinalp et al. 2019; Dehn
1911) for complete rewriting systems of some group and
semigroup constructions.

As known crossed product construction appears in

different areas of algebra such as Lie algebras, C’-
algebras and group theory. This product has also many
applications in other fields of mathematics like group
representation theory and topology. This product is more
important than known group constructions since it
contains  direct and semidirect products of
groups/monoids. One can also study this new product in

many applications of Hopf algebra and o -algebra.

Definition 1.1 Let A and B two monoids. A crossed
system of these monoids is a quadruple (A,B,a, f),

where o:B— End(A) and f :BxB — A are two

maps such that the following compatibility conditions
hold:

abl (abz (@)f (b] > bz) =f (b] P bz)ablbz (@, ©)
f (bl’bz) f (b1b2:b3) =Gy (f (b2»b3)) f (blab2b3) 2

for all b,b,b,eB and aeA. The crossed system
(AB,a, f) is called normalized if f(15,1;)=1,. If
(AB,af) is

normalized crossed system then

Giizel Karpuz and Yildiz

f(15,b)= f(b,15)=1, and a (a) =a (see (Agore and
Militaru 2008)).
Now let A#;B := Ax B be a set with a binary operation

defined by the
(a.b).(a,,b,) = (& (e, () f (b,b,),bb,),

formula:

for all a,a,eA and b.b cB. Then (A#'B,) is a

monoid with the unit | =(1,,15) if and only if
A# B

f
a

(A,B,a, f) is a normalized crossed system. In this case
the monoid A#; B is called the crossed product of A and

B associated to the crossed system (A,B,a, f) (Agore
and Militaru 2008).

The reader is referred to (Agore and Militaru 2008; Agore
and Fratila 2010; Ates et al. 2021; Cetinalp 2022; Cetinalp
2023; Cevik et al. 2020; Karpuz and Cetinalp 2016) for
more details on crossed product constuctions and related
results.

The Schiitzenberger product operation on monoids is a
well known construction introduced by M. P.
Schiitzenberger (Schiitzenberger 1965). This product was
originally defined for two monoids in view of applications
to Language Theory. The Schiitzenberger product plays an
important role in the study of several problems of
Automata Theory, such as, the Dot Depth Hierarchy of
regular languages and studying concatenation product. In
(Howie and Ruskuc 1994), the authors obtained a
presentation for Schiitzenberger product of two monoids
and gave the normal form structure of the elements of this
product. In (Ates et al. 2011), the authors obtained normal
form of elements of Schiitzenberger product of two
monoids by using Grébner-Shirshov bases theory. Many
authors combined Schiitzenberger product with different
products to obtain a new monoid construction. As an
example of these works, in (Ates 2009), Ates obtained a
new monoid construction under semidirect product and
Schiitzenberger product.

The reader is also referred to (Ates et al. 2009; Straubing
1981) for related results on Schiitzenberger product
constuction.

Definition 1.2 Let A and B be monoids. For P — AxB
and acAbeB, we define

aP ={(ac,d)|(c,d)eP}and Pb={(c,db)|(c,d)eP}.

Then the Schiitzenberger product of monoids A and B,
denoted by AOB, is the set AxP (Ax B)>< B (where

P (.) denotes the power set) with the multiplication given
by
(a.P.b)(a,,P,.b,)=(aa,,Pb,uaP,bb,).

It is known that AOB is a monoid with identity (1,,D,15)
(see (Howie and Ruskuc 1994)).
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The reader is referred to (Gracinda et al. 2006; Karpuz et
al. 2010; Karpuz et al. 2016; Karpuz and Cetinalp 2024;
Schiitzenberger 1965) for some algebraic results of
Schiitzenberger product.

2. SCHUTZENBERGER - CROSSED PRODUCT
OF MONOIDS

In this section, we obtain a complete rewriting system for
the Schiitzenberger-crossed product of two cyclic monoids
by using the presentation of this product given in (Emin et
al. 2013).

Definition 2.1 (Emin et al. 2013) Let A and B be
monoids. For Pc AxB and beB, we define

Pb={(a,db):(a,d) e P}. Then the Schiitzenberger -
crossed product of monoids A and B, denoted by
A:D#LB , is the set AxP(AxB)xB with the

multiplication

(a,R.b)@,,R,.b,) = (aa, (a,) f (b.b,),Rb, UP,.bb,).

This product defines a monoid with unit element
(1A7®7IB)'

Theorem 2.2 (Emin et al. 2013) Let us suppose that the
monoids A and B are defined by presentations ( X ; R )
and (Y;S), respectively. Then the Schiitzenberger-
crossed product of monoids A and B, Aw#{‘B, is defined
by generators Z = X U YU{za‘b; a€Abe B} , and
relations

DR, @)S=Ws, B)yx=a,®)y ,

(4) 24 = Zap (5) ZapZca = ZcaZap »

(6) ZapY = YZapy » @) XZgb = ZgbX,

(xeX,yeY,a,c€ADb,deB),where Wy is the word
on X.

In Theorem 2.2, by considering two finite cyclic monoids
we get the following presentation.

Corollary 2.3 Let C, and C,, be finite cyclic monoids
presented by C, =(x; x"=1) and C,, =(y; y™ =
1), respectively. Then the Schiitzenberger-crossed

product of these monoids, C, #{;Cm, has the following

Nep
generators,
X,Y1Z211:21y, ...,Zl'ym—z 'Zl,ym_1 1 Zx1 1 Zxy s ...,Zx‘ym—i ,
...,an—z‘l ,an—zry , ...,an—z’ym—z ,an—z‘ym—i 'an_l,l ,
an—l’y ) ey an_l,ym_z , an—l'ym—l

and the following relations
Hx"=1, Qy"=xfKm>k 0<k<n-1),
B) xty=yx (0<t=<n-1),

(4) Zﬁp'yq = pr'yq )
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(5) ZyxP1,yq1 ZxP2 yd2 = ZxP2 y92 ZxP1,y91 ,

(6) zypya y =y Zyp yay »

(7) xzypya = Zyp yax .

Here 0 < p,p1,p, <n—1and0<4q,q,, <m—1.

Regarding the numbers of relations given in the forms (1)-
(7) in Corollary 2.3, the following numerical values and
formulas are obtained.

Number of relations of the form (1): 1
Number of relations of the form (2): 1
Number of relations of the form (3): 1

Number of relations of the form (4): mn

Number of relations of the form (5): n((m—21)m)+

mz ((n—l)n)
2

Number of relations of the form (6): mn
Number of relations of the form (7): mn
With an easy calculation, the following result is obtained.

Corollary 2.4 The total numbers of generators and

relations in the presentation given in Corollary 2.3 are

mn(5+mn)+6

formulated as mn + 2 and , respectively.

Now we can give the main result of this section. To do that,
we consider the generators and relations given in
Corollary 2.3 and order the generators as follows.

x > Zyn-1,m-1 > Zyn-1,m-2 > e > Zyn-1

y y >
Zyn—1q > 0t > Zyym=1 > Zyym=2 >t > Zyy > Zyg >

> Zyym-1 > Zygmez > > Zy 2 > Zyy > 2y > Y

&)

We note that we consider the reductions steps on words by
taking into account length-lexicographical order on words.
We also note that the notation (r) N (p) denotes the
overlapping word of left-hand sides of relations () and

(p).

Theorem 2.5 Let C,=(x;x"=1) and C, =
(y; y™=1). A complete rewriting system for
Schiitzenberger-crossed product of monoids C, and C,, ,

C, Cp#éCm, consists of the following rules by considering

the order on generators given by (3):

(1) x"-1,
) y">x*¥ (m>k 0<k<n-1),
B) xty->yx (0<t<n-—-1),

(4) Zip,yq = Zxpy4,

(5) zZyp1ya1 Zypz yaz = Zyp2 42 Zyp1 a1,
(6) ZxPy1Y =Y ZxP yy »

(7) xzypya = Zup yax .

Proof: This rewriting system is Noetherian since there is
no infinite chain of rewritings of overlapping words for
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the given length-lexicographical order. In order to show
the second condition, the confluent property (diamond
rule), the words obtained by appropriate overlappings of
the words on the left-hand side of all rewriting rules and
the critical pairs formed by the first reductions of these
words are given below.

Mn@: xm -

y
txy >
WG 2 > Loty L e Ly
MN(7): x"zxpya
pr,yq
_>{ n-1 n
X Zyp ydX v Zyb yaX T > Zyp g4
k k-1 k
X"y > Xx yxX ... YX
. ym+l
@n@): y™ - K
yx
-1 m k+1
xy™ > o> ytx o x
@n@: atym - P y =1
k+1
X
Zzp q = Zxp y4
. .3 xPy x5y
(4') n (4') . pr,yq - { 2
pr'yq d prlyq
. 52
(4-) n (5) . prl'yqlzxpz'yfh
ZxP1yd1 ZxP2 y92 = ZxP2 y92ZxP1 yd1
ZyP1,yd1 ZxP2 y92ZxP1 yd1 = Zipz'yquxm'ylh = Zxp2 y92ZxP1 y01

(#)N(6): zgp yay
{ Zyp yay = nyp,qu

2
ZxPydYZxp ya+1t = YZyp ya+r1 7 YZxp ya+1

P
(5) n (4-) : pr1'y‘hzx7’2,yqz
{ ZxP1ya1 Zxb2 y92 > ZyP2 y2ZxP1,yq1

2
ZxP1y41 ZxP2 ya2ZxP1 yd1 = prz,ytIszpllyql = ZxP2,y92ZyP1 ya1

(5) n (6) P ZyP1y01ZxP2 y92)
ZyP2,ya2ZyP1 ya1Y > ZxP2 y92YZxP1 yq1+1
= VZyxp2 ya2+1ZxP1 yq1+1
ZxP1,yd1 YZxp2 ydz+1l = YZyP1 ya1+1ZyP2 y42+1
d yZXZ’z'yQZ+1ZxZ’1'yQ1+1

(6) N (2): zyp yay™

m-—1 m k
VZyp yat1y = D Y Zyp yatm > XU Zyp ya+m
- g pr‘qurmxk = e Zx”,yqu

pr,yqu
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2
(7Hn@4): xz:%l’ ya = {Zx”,y"xzxp.yq = Zyp yaX > ZxpyaX

XZxpya = Zxp yaX

(7)yn(): XZxP1,y91ZxP2 2
ZxP1,y91XZxP2 y92 = ZxP1,y91ZxP2,y92X > ZxP2 ya2ZxP1,y01X
XZyxp2,y92ZxP1,y91 = ZxP2,y92XZyxP1 1 = ZxP2 y2ZxP1,yq1X

(7) 1 (6): xzyp 40y

pr’yqu - pr’yqyx - nyp'qux
xnyp‘yqﬂ - yXpr’qu - nyp‘qux

It is seen that all overlapping words are reduced to the
same words after appropriate steps. Therefore, the
confluent property for the given rewriting system is also
satisfied. Consequently, since the presentation of

C

Nep
Hence the result.

#ng is Noetherian and confluent, it is complete.

By considering Theorem 2.5, we have the following other
result of this section.

Corollary 2.6 The normal form of a word w, representing
an element of C,, Cp#{; Cp, 1S

y"Wza,b,xl 0<k<m-10<I<n-1), (4)

where Wza,b, (a'€C,, b €Cy) is a reduced word
obtained by generators z, ;, (a € Cp,, b € Cp,).

By considering Theorem 2.5 and Corollary 2.6, we can
give the following result.

Corollary 2.7 Let C,, and C,, be finite cyclic monoids.
Then the word problem for Schiitzenberger-crossed
product of these monoids, C, Cp#éCm, is decidable.
Proof: By Theorem 2.5, since the rewriting system of
Schiitzenberger-crossed product of C, Cp#ng is
Noetherian and confluent, this system is complete. By this
complete rewriting system, each element of the monoid of
C, . #é C,, has a unique structure containing normal form
given in (4). Thus, the word problem for of C, Cp#ng is
decidable.

3. EXAMPLE PART

In this section, by considering two cyclic monoids with
ranks 2 and 3, we give applications of Theorem 2.5 and
Corollary 2.6.

Let C, =(x;x>=1)and C3=(y; y3=1) be two
finite cyclic monoids. The generator set of the
Schiitzenberger-crossed product of these monoids,

f .
C, Cp#aC3, is { X, Y, 211 Z1,y: 21,2 Zx, 10 Za,yr Zx 2 }
Now we order these generators as follows.
X>Zyy2 > Zyy > Zyg > Zyy2 > 21y > 211 > Y.
. . . f
By the ordering given above, the monoid C, Cp#aC3 has

the following rewriting system.

(1) X* —>1, @y ->x%x 3)xy—>yx
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2 2
4 22y Ly, Ly Ly xl

2 2
iy DTy L 22 s

5) 2 oTy DLyl o0 Lata D IaZ 0 Lol 2 L ol

Zx’yzzl,y - Z]‘yZX 2 ZX 221,1 - Z]JZX y2? Zy yle - lezx RY
ZiyZ 2 2 0t Boliy D Tyl Loy D 2y
202 2 22 o0 Zaky DL Lok D4

ly2 X,12

Z ,Z;, —)Z z z
Ly?

Ly% 22 211_>lez y2? Z, Z _>Z|121y>

Ly 2
(6) Yy —>VYg, . 7,y > yzl’yza 1,y2 y—>VY,,

ZaY 2 Vg LY VL s 0¥ Y2,
(7 xz,, > 2,,X, Xz, —> 7, X, X2 27 oX

Xy > 2% Xy DT X% XL oL X

To show that this system is confluent, we check all
overlapping words and corresponding critical pairs as
follows.

Overlapping of the relation (1) with itself:
M) X, (%),

Overlapping of the relation (1) with form (3):
(DN Xy, (Y, Xyx),

Overlappings of the relation (1) with form (7):
(1)0(7) :Xzzl,l’ (y, ny)a (l)m(7) :Xzzl,ys (Zl,y’ le,yx)’
M@ :xzzlyyz,(zlvyz,le’y2x), N X2y, (2, X2,,X),
N X2, 0 (2,0 X2,,%), (D) :xzzx’yz,(zx’yz,xz
Overlapping of the relation (2) with itself:
@@ 1y, (),

Overlapping of the relation (3) with form (2):
BG)N@) 2y, (yxyx),

Overlappings of the relation (4) with itself:
Hn@® 7)), (7)), Bn@ 7, (7)),
BHN@) :Z V2’ (le 2522 2), DHNE) :le’ (251323,1%
(4)ﬁ(4) nya ( X,y xy) (4)0(4) Z 29 (Z iyZ)a

Overlappings of the relation (4) with form (5):

.52
(4)ﬁ(5) . Zl,yzl,]’ (Zl,yzl,]’ Zl,yzl,lzl,y)=

AHNG) 22,z (2, 2

1y2 1y’
@HNEG) - 212,y2 2y (2520002 5002, ),
@HNEG) - zj’lzl’yz, (202, 2202, 220,
CIal®)) :Zi,lzl,w (Zx,lzl,y’ Zx,lzl,yzx,l)a
BNG) 1232, (2,2, 2,20,2),
BDNG) 23,2, (T2, 2,202y,

.52
(4)0(5) 'zx,yzlvy2> (Zx,yZ]’YZ’ xy Ly 2 xy)

1,y> Zl,y2 Zl,yzl’yz ):

y2
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(4) M (5) : Zf,yzl,y! (Zx,yzl,y’ 1 LY TX y)
BHNEO) Zf,yzl,lﬂ (Zx,yzl,l’ Z,,Z, y)
@HNEG) : zijzX " (zquzzx,y, 2 2T o),
HN(5) :Ziyzzxp (Zx’yzzx,l’ 2 2,2 2)
L2
@) : zx’yzzl’yz, (Zx,y2zl,y2’ zZ y2 zl,yzzX yz),
@ N(6) :ziyzzl,y, (z, LIS 2)
@O : Zj 2 Z, (Zx,yz 2,2 2)
Overlaps of form (4) with form  (6):
4)n (o) : Z12,1Ya (Zl,ly’ Zl,lyzl,y)ﬂ
@) 2.y, (2, 2,,¥2, 5,
BNO) 2y, (2.2 .y
(4) 0(6) : Z:,lyﬁ (Zx,ly’ Zx,lyzx,y)=
(4)ﬂ(6) : Zz,y y’ (Zx,y y’ Zx,yyzx’yz )’
(4) M (6) : Ziyz ya (Zx,y2 ya Zx,y2 yzx,l)’
Overlappings of the relation (5) with form (4):
72
(5)m(4) z X,y2 x y? (Zx,yz yzzx,y’ y2 X y)
G)N@:z ,z,, (lez 24y15 2 2 Z,1)
xys Xy
. 2
S)n@4):z ZZI,yZ’ (zl’y2 zx’y2 Zl,yz’ zx‘y2 Zl,y2 ),
(5)ﬁ(4) z "y 12ya (Zl,yzx yZZl,y7 z Zzl,y)’
(5)0(4)-2 yy? 121’ (21,1Z V2 Z,,Z 11)
(5)0(4) ny xl’ (le X,y xl’zxyle)’
(5)0(4):Zx, Z 2’ (Zlyzzxyzly2’ ><yZ1 2)
(5)ﬁ(4) Z ly’ (Zly X,y Iy’zx,yzl,y)’
S)n@): Zy 11a (211 xyZins Zx, 211)’

(5)(\(4):2“2 2 (Zl zlez 2 2,2 Ly 2),

Z lyﬂ (Zly X,1 ]y’zx,lzl,y)’
5)n@):z, 11a (2),2,,2,), 2,,2,,),

G)N@):

G)N@#):
G)Nn@:

G)n@:

2
Ly>
2

Z 2211’ (Zl,lz1 y2 11’

11’ (Zl,lzl,yzl,l7 z

zl’yzz (zl’yz1 221y

Z,

Overlappings of the relation

()N G)
)N G :

:Z Z .z

z

z
1y2 Ly

2 11)

(5

2><y x,1° (nyXZXI’

z z

.7 ,Z z
y2 X,y Ly 2° ( X,y X,yz 1,y2’

(5)N () 'z Znyzly, (Zx,yz xy?

G)NEG) :z

)N (G) :Zx’yzzx,lzl’y29 (Zx,lz »Z

YA zZ .z
y2 xy 1,1° ( X,y x,y

X,y

24

,Z

z ,1)7

y©l

)

y)

11’

Ly

27

):

with  itself:

2

Xy

><1 xy)
221 sz,y)v
1 LY TX y)

11 xy)

2 xl)
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5N () :ZX 2242

(z,,z ,z,,,2 zzlyle)’ Overlappings of the relation (7) with form (4):
y y-

Ly> X,1 X’yz Ly?» X, 2
GIalC)) SXZyy, (Zl,lle,l’le,l)’

é)nG) 1z ,z,,7, (z,,2 ,2,,,2 ,Z,,Z,)
x,y? TXICLD ATy 2 LD By 2 LT NN@) Xz, (2,%2,,%2,,),
NG iz .z .z Z .2 ,2,.,2 ,Z1,.2 X
5)N () wy2 T1y2 Ly ( 1Ly Ty LY Sy 2Ly l,yz)a (1) (4) %72 (2 X2 L%z ),
GG 2,2 L2, (2,2 ,2,,,7 ,2,,Z ) N b
xy? 1Ly2 L Ly? Txy2 TLP Ty 2T 2 b ()N (4) :xz2,, (2,,X2,,, X2,,),

5m(S) :z .z, .2 .2 ,Z,,,Z ,Z Z
A MA@ X, (1,0,,.5,,)

(S)G(S) :Zx,yzx,lzl’yzﬂ (Zx,lzx,yzl’y27zx,yzl’y2 Zx,l)? (7)ﬁ(4) 2XZ: y2’ (Zx yZXZX yz, XZX yz)’
(5)0(5) :Zx,yzx,lzl,yﬂ (Zx,lzx,yzl,y’Zx,yzl,yzx,l)’ . . .
(5)NG) 22, 2.2 (227 .2.2.2) Overlappings of the relation (7) with form (5):
R e DA X2, (2,02,02,2,).
M :

3)NG) 1z, Ly2 Ly’ ( 1y2 Xy Ly Sxy Sy 1,y2), UIaI®)) :X21,y2zw’ (Zl,yzle’y,le’yzl,yz)’
5O :z,.z ,z,,, z ,2,.2,,,2,.,2,,Z ,),
( ) ( ) X,y l’yz 1,1 ( l,yz X,y TLI Ex,y Tl l,yz) (7)ﬁ(5) :le’yzzl,l’ (Zl’y2le,1’le,lzl,y2)’
O)NG) 222 (g2 LuyBitiy) DAG) X2 50 (2,0 5.2, ,2,).
NG 2,2 ,2,,, (Z ,2,,2,.,,2,.2,.Z ,), Y v

X,1 1!yz Ly 1,y2 X17Ly > Ex 17y 1,y2 (7)0(5) :szslzl,y’ (qulle’y,le,yzx’l)’
(NG 'Zx‘lzl.yzzl’l’ (Zl,yzzx’lzl’l’Zx’lzl’lzl,yz)’ ()N (5) $XZ,12,,, (Zx,1le,1ale,1zx,1)°
)N (5) :Zx,IZ],yZI,]’ (Zl,yzx,]ZI,UZx,lzl,lzl,y)’ (7)m(5) :sz,yzx,lv (ZX,yXZX’l,XZX’IZX,y),
)G -2 plyh (Zl’yzl,yzzl’l’Zl,yzzl‘lzl’y)’ (NN(B) :xz, vE, 20 (z, yXZ 2> XL 5Ty y)>

Yoy Yy ¥R
Overlappings of the relation (5) with form (6): (DNG) :xz,,7,,,  (Z,,%2,,,XZ, 2, ),
BG)N(0) 12 1Z,,Y, (242 2YZ 2YZ, o), NG X272, (2,,%X2,,,X2,,2,,);
)N©) 12 22,y (342 2¥.Z V2, NG X2, o2y (2, X XT 2 5
)N 2,2, LY. (2,2 .¥2 V2. NAG) 2, 2,0 (2, 2,2,2, ),
()N (O) 12 2.y, (2,2 Y2 5V, ), NNG) Xz, 12 o0 (22X 5% LT ),
G)N(©6) 2 L2y, (2,2 ,Y.2 ,¥2,,), NG Xz 52y, (2, 2X2,,X2,Z ),
B5)N(©) 12,2, (2,2, 2., Y2, ) (NNG) ixz L2, (2 X0,,X0,Z ),
(5)0(6) :zx,yzl 2y’ (Z1 sz,yyﬂ Zx,yyzl,l)’ . . .
Y J Overlappings of the relation (7) with form (6):

5)m(®) : Z, 2 4Ys (Zl,yZX’yy, Zx,yyzl’yz ) (7N (6) : Xz,,Y, (21,1XY» Xyzl’y),
(5)N(6) 12,7, (Zl,lzx,yy’ zxgyyzl,y), (NN (6) :xz,,y, (z,,XY, xyzl)yz),
(G)N(©) 12,2 oY, (2 224, Z4Y2), NNO) X2, .Y, (2 %Y. %92,,),
B)N(©) 12,2y, (242> ZaYZ, o) (D) X2y, (2, %092 ,),
5)N(6) :7,,7,,Y,  (2,,Z,,Y, 2,,YZ,), (DAO) X2, Y, (Z,XY, X2 )

)N : Zl’yzzl,yy’ (Zl,yzl’yz Y, Zl’yz yzl)yz ),
All these above critical pairs are resolved by

)N (©) : ZWZ 2y (Zl’lzl,y2 Y Zl,y2 ¥2iy); corresponding reduction steps. We show two of them as
5N () :z,,2,,y, (2,,2,,Y,2,,¥7,,), examples.

ZiyZ 2V 7 ByYia Y2, %0 Y4l o
Overlappings of the relation (6) with form (2): G)n©z 2,y > ;v oy,

Xy Y %

©)NQ) :z,,y",  (y2,,¥.2,%),
6)NQ) :z,.y’ z LY, 7, X
©n@) ¥ v l’yzy T ) Ly X2y = 2y 2 X —> 2,2, X

NNB)xz, 2, >
ONQ@) 7,y (2.7, 0. DO, %xzuzl,y»zl,lleﬁzl,lzl,yx

©)N@) : Z“yz’ (yzx’yyz’ ZaX), Since the rewriting system given with (1)-(7) is
©)N(?2) : Zx’yy3, (yzx’y2 Yy, Z, ,X), Noetherian and confluent, it is complete.
©NQ) :z Ly, (¥2,Y%2 %),
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Now we consider normal form structure of an arbitrary the reduced words y2zllzl and Z ,Z ,X are of the
word yeC, #'C,.Itis easily seen that it is of the form; Y Ly? xy
L form y"WZ X'
ab
YW, X (0<k<2,0<I<1),
ab Finally, we can say that the number of generators and

where W, N ae Cz,b' €C,) is a reduced word relations of C%p#fi C, are 8 and 36. We can ecasily see these
ab

results by taking n =2 and m =3 in the generator number

formula mn+2 and relator number formula

nm(nm+5)+6
2

obtained by generators z,, (a€C,,beC,) . For example,

in Corollary 2.4.
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Abstract

The recognition of 5-hydroxymethylfurfural (HMF) content in honeys has been the subject of many scientific studies as it is
a significant indicator of the toxicity, its processing method, storage situations and age. In this research, the amount of HMF
in 95 different flower and honeydew honey samples obtained from markets, factory sales offices and local beekeepers in
Turkiye was determined. High performance liquid chromatography (HPLC) method was employed to recognize HMF
contents. Before sample analysis, the standard HMF solutions were prepared at different concentrations and method
validation studies were carried out. The HMF content limit value of flower and honeydew honey in the Honey Communiqué
(TFC/Communiqué No:2020/7) is stated as 40 mg.kg™'. According to the obtained results, the HMF contents in honey samples
were found as 0.00-16.65 mg.kg™!. It was determined that the amounts of HMF were at the highest level in monofloral milk
vetch honey (MH_MV) samples coded MH_MV3 and MH_MV4. Therefore, it was concluded that all of the honey samples
were compatible with the Honey Communiqué in terms of HMF and had appropriate honey quality values.

Keywords: Floral honey, Honeydew honey, 5-hydroxymethylfurfural, HPLC

Ballarin Kalitesinin Belirlenmesinde HPLC-DAD Metodunun Kullanimi: 5-

Hidroksimetilfurfural (HMF) Analizi

Oz

Baldaki 5-hidroksimetilfurfural (HMF) igeriginin tespiti balin toksititesinin, islenme seklinin, saklama kosullarinin ve yasimnin
onemli bir gostergesi oldugu icin birgok bilimsel arastirmanin konusu olmustur. Bu ¢aligmada Tiirkiye’deki marketlerden,
fabrika satig ofislerinden ve yerel bal iireticilerinden temin edilen 95 farkli ¢igcek ve salgi bali numunesinin HMF igerigi
belirlenmistir. HMF igeriklerinin tespitinde yiiksek performansli sivi kromatografi (HPLC) yontemi uygulanmigtir. Numune
analizleri Oncesinde farkli konsantrasyonlarda standart HMF c¢dozeltileri hazirlanmis ve yonteme ait metot validasyon
calismalar gergeklestirilmistir. Bal Tebliginde (TGK/Teblig No:2020/7) ¢igek ve salgi ballarinda HMF igerigi sinir degeri 40
mg.kg™! seklinde belirtilmektedir. Gergeklestirdigimiz analizlerden elde edilen sonuglara gére numunelerdeki HMF degerleri
0.00-16.65 mg.kg 'seklindedir. MH_MV3 ve MH_MV4 kodlu monofloral geven bali numunelerinde HMF degerinin en

yiiksek diizeyde oldugu belirlenmistir. Sonug olarak incelenen bal numunelerinin tiimiiniin HMF agisindan teblig ile uyumlu
oldugu ve uygun bal kalite degerlerine sahip olduklar1 kanaatine vartlmistir.

Anahtar Kelimeler: Cigek bali, Salgi bali, 5-hidroksimetilfurfural, HPLC

Atif / To cite: Ozbay M, Arslan FN, Gériir G (2024). The Use of HPLC-DAD Method in Determining the Quality of Honeys:
5-Hydroxymethylfurfural (HMF) Analysis. Karamanoglu Mehmetbey University Journal of Engineering and Natural
Sciences, 6(2): 41-45.

honeydews. It is a sweetener and could be employed by a
human devoid of procedure (Das et al. 2022; Elhamdaoui
et al. 2020). Honey is a mixture of many different types of
components which mainly organic acids, sugars (fructose

1. INTRODUCTION

Honey is one of the most complicated nutritions fabricated
by honeybees from the plants and nectar of diverse
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and glucose), minerals, enzymes and water (International
Honey Commission 2009; Lewkowski 2001; Kurtagi¢ et
al. 2021). Meteorological, climate, entomological and
floral issues all impress the compound and feature of
honey (El Sohaimy et al. 2015; De Almeida et al. 2016;
Samarghandian et al. 2017). Also, the compound of honey
is remarkably controlled by the time, temperature and
other conditions of storage (Islam et al. 2012; Mehryar et
al. 2013; Das et al. 2022; Chua et al. 2012; Sabireen et al.
2020). Physico-chemical features of the honeys like the
contents of sugar, water, HMF, acidity, amino acid,
electrical conductivity, mineral, vitamin, organic acid,
proline, protein, enzyme activity and organoleptic features
are established by common quality standards like EU
regulation; however, as markers the contents of HMEF,
sucrose, the ratio of fructose to glucose draw attention for
honey quality (Jandri¢ et al. 2017; Das et al. 2022).

HMF has a furan ring skeleton, and it has a carbaldehyde
group at the site of the 5-hydroxymethyl skeleton
(Kurtagic¢ et al. 2021; Lewkowski 2001; PM da Silva et al.
2016). It is almost not existing in fresh foods; however, it
is naturally forming in some types of foods including
sugars (particularly ketosis and aldoses), and also in
cooked and baked foods (Vorlova et al. 2006; Shapla et al.
2018; Kurtagi¢ et al. 2021). HMF is derived from
carbohydrates (like glucose, fructose and sucrose) during
Maillard reaction based on acid catalytic hydrolysis and
dehydration steps. Newly fabricated honey samples have
extremely little HMF, and its limit should be 40 mg.kg™' to
Codex Alimentarius Commission (Bastos et al. 2012; Das
et al. 2022; Ruiz Matute et al. 2010).

The temperature range of 32-40°C during fabrication
process doesn’t affect the quality of honey. However,
HMEF tends to increase when honey is heated above 60°C
(Shapla et al. 2018). The higher amount of HMF depicts
the dishonesty of honey quality owing to fabrication faults
mostly heating over 60°C to make stronger viscosity and
get rid of fermentation/solidification, inappropriate
storage situations, the adding of adulterants like sugar
solution and aging (Shapla et al. 2018; Das et al.
2022).The content of HMF in honeys have an indicator
role for storage or shelf life of them (Kurtagic¢ et al. 2021).

Recent studies have proven the carcinogenic, genotoxic
and cytotoxic impacts of HMF, disclosing the need of
recognizing its amount in honeys (Sabireen et al. 2020;
Glatt et al.2012; Pastoriza et al. 2017). For the recognition
of HMF amount in foods, different methods are used
(International Honey Commission 2009; Shapla et al.
2018; Zappala et al. 2005; Makawi et al. 2009; Kurtagi¢ et
al. 2021). Herein, the HMF content of 95 different flower
and honeydew honey samples obtained from markets,
factory sales offices and local honey producers in Turkiye
was determined by the validated HPLC method.

2. MATERIAL AND METHOD

2.1. Chemicals and Standards

Methanol (HPLC-Grade), ultrapure water (HPLC-Grade)
and 5—(Hydroxymethyl) furfural standard used in the

Ozbay et al.

study were purchased from commercial suppliers and used
directly without any purification process.

2.2. Samples

95 honey samples including 12 kinds of monofloral honey
(MH) samples [n=55honeys, thyme (MH TVI to TV6),
acacia (MH Al to A2), carob (MH CI to C5), chestnut
(MH CHI to CH6), black cumin (MH BCI to BC4), milk
vetch (MH MVI1 to MV7), sunflower (MH S1 to S3),
citrus (MH _CF1 to CF8), rhododendron (MH RI to R3),
thistle (MH TI), linden (MH LI to L5), lavender
(MH FLI to FL5)],20 polyfloral honey (PH) samples
obtained from 2019-2020 seasons(n=20; PH 1 to 20) and
2 kinds of honeydew honeys (HH) [rn=20honeys,
honeydew (HH HI to H14) and oak (HH Ol to 0O6)] were
used. All samples were purchased from the local markets,
factory outlets and local beekeepers, and they were stored
at +4°C in a cabinet away from daylight.

2.3. HMF Analysis by HPLC

An Agilent 1260 Series HPLC equipped with a DAD
system was used for the recognition of HMF content. The
method was optimized and validated by us in our
laboratory. 5 mL of ultrapure water was added tol g
sample and this solution was passed through 0.45 pm-
membrane filter, and 5 pL of sample was injected into the
HPLC system. A Novapak Cis column (30x0.39 cmx4
pm) was used.

The method comprised of a mobile phase of
methanol:water (10:90, v/v) with a flow rate of 1.0
mL.min"'. The temperature of column was set as 25 °C.
The peak of HMF was recorded at Aaps=285 nm. The
standard HMF solutions in different concentrations (0.1,
0.5,1.0,2.0,5.0, 10.0 and 20.0ppm) was used and method
validation studies were carried out based on the
parameters of specificity, recovery, linearity, limits of
detection (LOD) and quantification (LOQ). The findings
of HMF content in honeys were reported as mg HMF.kg'!
honey.

3. RESULTS

The chromatogram of HMF standards used for the
calibration graphics shown in Figure 1. As depicted in
Figure 1, the peak of HMF was eluted in 11.32 +0.01 min
and the linearity of method was assessed from the
calibration curve at seven concentration levels. The
method performance was validated based on the statistical
parameters of linearity, sensitivity, precision and accuracy
(Table 1).

The findings in this table clearly show the method to be
sensitive and accurate for the recognition of HMF content.
The linear calibration graph was constructed by the peak
areas versus the concentrations of HMF. The correlation
coefficient (R?) was found as 0.99, and the accuracy of
method was 96.90%. The %RSD for HMF was estimated
about 0.12%, and the sensitivity of HPLC method (LOD
and LOQ) was also computed as 0.86 and 2.61mg kg™
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Figure 1. HMF chromatogram of the HMF standards in
different concentrations

Table 1. Method validation results for HMF detection

Method validation study
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The chromatograms of some honey samples are illustrated
in Figure 2, and the HMF contents of all samples are given

in Table 2.
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Figure 2. HMF chromatogram of honey samples (a) MH_TV2,
(b) MH_CHS6, (¢) HH H9 and (d) HH_O1

(@)

Table 2. HMF contents of honey samples, mg.kg!

Monofloral Honey (MH) HMF content
Samples (mg.kg")
MH_Al nd*
MH_A2 nd*
MH_BC1 nd*

MH BC2 nd*

MH BC3 nd*

MH BC4 nd*
MH_C1 0.76 +0.00
MH_C2 nd*

MH C3 1.52 £0.00
MH_C4 5.70 £0.01
MH_C5 0.89 +0.06
MH _CF1 nd*

MH _CF2 nd*
MH_CF3 nd*
MH_CF4 nd*
MH_CF5 nd*

MH _CF6 nd*

MH _CF7 nd*
MH_CF8 nd*
MH_CHI1 nd*
MH_CH2 nd*
MH_CH3 nd*
MH_CH4 3.00 +0.02
MH _CHS 0.78 +0.03
MH _CH6 6.70 +0.02
MH_FL1 nd*
MH_FL2 nd*
MH_FL3 nd*
MH_FL4 nd*
MH_FL5 nd*

MH L1 nd*

MH 12 nd*

MH L3 nd*

MH L4 nd*

MH L5 nd*

MH MVI1 5.20 +0.03
MH _MV2 2.53 +0.00
MH_MV3 16.65 +0.03
MH_MV4 15.77 +0.00
MH_MVS5 5.09 £0.10
MH _MV6 nd*

MH MV7 nd*

MH R1 nd*
MH_R2 nd*
MH_R3 nd*
MH_S1 nd*
MH_S2 nd*
MH_S3 nd*

MH Tl nd*

MH TV1 1.84 £0.01
MH TV2 8.56 £0.03
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MH_TV3 nd*
MH_TV4 nd*
MH_TV5 nd*
MH_TV6 nd*
Polyfloral Honey (PH)

Samples

PH1 nd*

PH2 nd*

PH3 nd*

PH4 nd*

PH5 nd*

PH6 nd*

PH7 nd*

PHS nd*

PHO nd*

PHI10 nd*

PH11 nd*

PH12 nd*

PH13 nd*

PH14 nd*

PHIS nd*

PHI16 nd*

PH17 nd*

PHI18 nd*

PH19 nd*

PH20 nd*
Honeydew Honey (HH)

Samples

HH_HI 0.83 +£0.02
HH_H2 1.20 £0.24
HH H3 1.21 £0.01
HH_H4 1.17 £0.04
HH_HS5 0.36 £0.01
HH_H6 2.69 +0.02
HH_H7 2.00 +0.03
HH H8 1.78 £0.01
HH H9 1.65 +0.03
HH HI10 0.40 £0.04
HH HI1 1.72 £0.04
HH_HI12 0.40 +0.04
HH_H13 1.85 +0.01
HH_H14 0.67 +£0.00
HH_O1 6.19 +0.03
HH 02 1.28 £0.03
HH O3 nd*

HH 04 1.28 +1.81
HH OS5 nd*
HH_0O6 nd*

nd*: not detected.

As is well known that, HMF is a product of non-enzymatic
browning reactions and is formed in foods as a result of
the condensation reaction of sugars and proteins. It is one
of the products of Maillard reactions that occur between
sugars and biomolecules that contain amine groups, such
as amino acids. Its low level in honey is an indicator of the
freshness of honey. As can be seen from Table 2, the HMF
values in honey samples under study were detected as
0.00-16.65mg.kg!. The maximum HMF contents were
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Oz

Bu calisma is saghig1 ve giivenligi (ISG) risk degerlendirme (RD) ¢alismalarinda is giivenligi uzmanlarinin (IGU) risk
degerlendirme yontemlerini uygulamadaki performanslarini arastirmak amaciyla yapilmistir. Bu kapsamda, iilkemizde ve
diinyada yaygin olarak kullanilan RD yéntemlerinden olan Fine-Kinney ve L Tipi Matris yontemleri kullanilmistir.
Isletmelerde en gok karsilasilan tehlikelerden olan giiriiltii ve yiiksekte ¢alismayla ilgili olusturulmus tehlike senaryolar1 ve
alt senaryolar bu iki yontem ile IGU’lara RD yaptirilmistir. Yapilan ¢aligma IGU’larin RD konusundaki mevcut basari
performanslarinin belirlenmesi agisindan 6nem arz etmektedir. Arastirma, is giivenligi sektoriinde Tiirkiye’de gesitli illerde
calisan toplam 107 adet A, B ve C sinifi IGU nun katilimyla gerceklestirilmistir. Elde edilen verilerin analizleri sonucunda

IGU’larm RD performanslarmin ve RD yéntemlerini kullanim yetkinlikleri belirlenmeye ¢aligtlmistir. Bununla birlikte
IGU’lar arasindaki farkliliklar ortaya konularak énerilerde bulunulmustur.

Anahtar Kelimeler: Fine-Kinney Yontemi, Is Giivenligi Uzmanlarmin Performansi, L Tipi Matris Yontemi, Risk
Degerlendirmesi, Risk Degerlendirmesindeki Oznel Farkliliklar, Risk Tahmini Basar1 Oran1

Investigating The Performance of Occupational Safety Specialists In Applying Risk
Assessment Methods

Abstract

This study was conducted to investigate the performance of occupational safety specialists (OSS) in applying risk assessment
methods in occupational health and safety (OHS) risk assessment (RA) studies. In this context, Fine-Kinney and L Type
Matrix methods, which are widely used in our country and in the world, were used. Hazard scenarios and sub-scenarios
related to noise and working at height, which are the most common hazards encountered in the enterprises, were created and
RD was carried out by the HRVUs with these two methods. The study is important in terms of determining the current success
performance of the OSS’s on RA. The research was conducted with the participation of a total of 107 A, B, and C class OSS
working in various provinces in Turkey in the occupational safety sector. As a result of the analyses of the data obtained, it
was tried to determine the performance of the OSS’s and their competencies in the use of OHS methods. In addition, the
differences between the OSS were revealed and recommendations were made.

Key Words: Fine-Kinney Method, L Type Matrix Method, Performance of Occupational Safety Specialist, Risk Assessment,
Risk Estimation Success Rate, Subjective Differences in Risk Assessment.

Atif / To cite: Yaylali C (2024). s Giivenligi Uzmanlarinin Risk Degerlendirme Yéntemlerini Uygulama Performanslarmin
Arastirilmasi. Karamanoglu Mehmetbey Universitesi Miihendislik ve Doga Bilimleri Dergisi, 6(2): 46-51.

1. GIRIS

Endiistride yillar boyunca meydana gelen gelismeler olmustur. Bununla birlikte isletmelerin en 6nemli kurulus

sonucunda {iretim ve hizmet siiregleri ve sistemler
karmasik bir yaptya biiriinmiislerdir. Bu durum ise ¢alisma
ortamlarindaki insan, malzeme, makine ekipman gibi
faktorlerden kaynaklanan kazalarin sayisinda artiga sebep

amacinin kar olarak belirlendigi giintimiizde, maliyetlerin
disiiriilmesi kir elde etmenin en énemli unsurudur. Is
kazalar1 ve meslek hastaliklarinin  maliyetleri de
diistiriilmesi gereken 6nemli maliyet kalemlerindendir. Bu
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maliyetlerin de is saghg1 ve giivenligi (ISG) ¢alismalari ile
disiiriilmesi  gerekmektedir. Kazalara neden olan
potansiyel tehlikelerin ve bu tehlikelerin risklerinin
incelenmesi “Risk Degerlendirmesi” (RD) kavraminin
ortaya ¢ikmasina sebep olmustur.

Risk degerlendirmesinin dogru ve giivenilir bir sekilde
yapilabilmesi i¢in “Tehlike” ve “Risk” kavramlarmin ne
anlama geldiginin iyi bilinmesi gerekir. Fransizca kokenli
olan risk kelimesi Tiirk Dil Kurumu sézliiklerinde kelime
anlami bakimindan “zarara ugrama tehlikesi” olarak
tanimlanmistir. Tehlike kelimesi ise Arapg¢a kokenli olup
Tiirk Dil Kurumu sézliiklerinde “Gergeklesme ihtimali
bulunan fakat istenmeyen sakincali durum” seklinde
tanimlanmustir (Tiirk Dil Kurumu, 2023). Priest ve Baillie
(1995), risk kavrammni degerli bir seyi kaybetme
potansiyeli olarak tanimlamislardir.

Mevzuatimizda Risk Degerlendirme Yonetmeliginde
Tehlike, “Isyerinde var olan ya da disaridan gelebilecek,
calisan1 veya igyerini etkileyebilecek zarar veya hasar
verme potansiyeli”, risk, “Tehlikeden kaynaklanacak
kayip, yaralanma ya da baska zararli sonu¢ meydana gelme
ihtimali”, seklinde tanimlanmistir. ISO 45001 (2018) Is
Saglig1 ve Glivenligi Yonetim Sistemleri Standardinda ise
tehlike, “Insan yaralanmasi ya da hastaligma neden
olabilecek kaynak, faaliyet veya durum” risk “Tehlikeli bir
durumun veya tehlikeye maruz kalmanin meydana gelme
olasilig1 ve bu durum ya da maruz kalmadan kaynaklanan
yaralanma veya hastaligin biyiikligii ve sonuglarmin
bilesimi, seklinde tanimlanmaktadir.

Ridley ve Pearce (2006), Risk Degerlendirmesini,
“Tehlikelerden kaynaklanabilecek zarar veya hasar riskini
degerlendirmek i¢in kullanilan bir teknik”, tehlikeyi,
“Zarar veya hasara neden olma potansiyeli olan bir durum
veya olay” risk kavramimni ise “Tehlikeli olayin meydana
gelme olasiliginin ve olasi zararin maksimum boyutunun
bir bilesimidir” seklinde tanimlamiglardir. Woodruff
(2005)* a gore risk R=SxP formiilii ile hesaplanir ve
tanimlanan bir sonucun gergeklesme olasiligidir. S zararin
ciddiyetini, P is zararin gergeklesme olasiligini ifade eder.

RD kavrami i¢in literatiirde bir¢ok tanim bulunmaktadir.
Tirk mevzuatinda yer alan haliyle iSG RD
Yonetmeliginde “Isyerinde var olan ya da disaridan
gelebilecek tehlikelerin belirlenmesi, bu tehlikelerin riske
doniismesine yol acgan faktorler ile tehlikelerden
kaynaklanan risklerin analiz edilerek derecelendirilmesi ve
kontrol tedbirlerinin kararlagtirilmasi amaciyla yapilmasi
gerekli ¢aligmalar” olarak tanimlanmistir (Anonim 2012a;
2012b).Baska bir tanima gore RD, isletmelerde galisanlari
tehdit eden tehlikelerin belirlenmesi, bu tehlikelerin
calisanlart nasil etkileyebilecegi, tehlikelerin risklerinin
analiz edilmesi, alinacak risk kontrol tedbirlerinin
kararlastirilmasi, bu tedbirlerin hayata gegirilmesi ile
tehlikeler, riskler ve tedbirlerin siirekli takip edilerek
gerekliyse yeni tedbirleri igeren siiregler biitiiniidiir
(Birgoren ve Yilmaz 2015).

Isyerlerinde RD yapilmasmin en dnemli amaci ¢alisma
ortamlarinda bulunan tehlikelerin belirlenmesi ve bu
tehlikelerin risklerinin ortaya konularak gerekli korunma
onlemlerinin almmasidir. Fakat burada ortaya c¢ikan en
onemli sorun hangi tehlike icin Oncelikle Onlem

Yaylali

almacagidir. Bu noktada RD yontemleri devreye
girmektedir. Bu tehlikelerin hangisi veya hangilerine
oncelikli olarak tedbir alinmasi gerektigi RD ydntemleri
kullanilarak karar verilebilir. RD ¢aligmalart belirli bir
metodoloji dogrultusunda yapilmasi: gerekmektedir. RD
stireclerinin, farkli kurulug ve {iilkelerin uygulamalarinda
bes ya da daha fazla adimdan olustugu goriilmektedir.
Fakat bu uygulamalar igerik olarak birbirlerine ¢ok
benzemektedirler. ISG RD Yénetmeligine gére RD
calismalarinin agamalar Sekil 1’de goriilmektedir.

Risklerin belirlenmesi ve analizi asamasinda, bir 6nceki
adimda tanimlanan tehlikeler ayr1 ayr1 dikkate alinarak bu
tehlikelerin riskleri tanimlanir. Riskler tanimlanirken
tehlikenin sebep olabilecegi kayip ve zararin kimleri
etkileyebilecegi, tehlikenin hangi siklikta olusabilecegi
belirlenir. Bu tespit esnasinda mevcut risk kontrol
onlemleri de dikkate alinir. Tehlikeler ve bu tehlikeler igin
tanimlanan risklerin oncelik sirasinin belirlenebilmesi ve
derecelendirilmesi icin bir veya birkag yontem bir arada
kullanilarak risk tahminleri yapilir.

Risklerin belirlenmesi ve analizi agamasinda yapilan
caligmalar risklerin seviyelerinin ve Onceliklerinin
belirlenmesi i¢in onemli bir role sahiptir. Bu asamada
yapilacak olan 6nceliklendirme ile hangi tehlike i¢in daha
once onlem alinacagina karar verilir ISG RD
Yonetmeliginde belirtilen RD’nin asamalar1 Sekil 1’de
sematik olarak gosterilmistir. RD’nin saglikli bir sekilde
yapilabilmesi igin dncelikle tehlikelerin dogru ve eksiksiz
bir sekilde belirlenmesi gerekir. Belirlenen her bir
tehlikenin riskleri tanimlanmali ve belirli ydntemlerle
analiz edilerek derecelendirilmelidir.

Tehlikelerin Belirlenmesi

Risklerin Tanimlanmasi ve Analizi

Risk Kontrol Tedbirlerinin Kararlastirilmasi

Dokiimantasyon

Risk Degerlendirmesinin Yenilenmesi

Sekil 1. RD’nin Asamalari

Bu derecelendirilme sirasina gore riski en biiyiik olan
tehlikeden baglayarak tehlikelere karst alinacak risk
kontrol tedbirlerine karar verilmesi ve bu tedbirlerin
uygulanmasi gerekir. Bu asamaya kadar yapilan ¢calismalar
sistematik olarak belgelenmelidir. Caligma ortaminda
meydana gelebilecek degisiklikler, is kazasi, meslek
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hastalig1 veya ramak kala olay olugmasi sonucunda veya
periyodik siirelerde RD’nin yenilenmesi gereklidir.

Bu cahismada ISG sektériinde ¢alisan IGU’larm RD
uygulamalarindaki performanslarinin dlgiilmesi amaciyla
tehlike senaryolart olusturulmustur. Bu senaryolara
IGU’lar tarafindan yapilan RD’lerinin sonuglari IGU
egiticisi uzmanlarin ayni senaryolara yaptiklar1 RD’leri ile
karsilagtirilarak  IGU’larm = RD  uygulamalarindaki
performanslari tespit edilmistir.

2. MATERYAL VE METOT

2.1. Materyal

Bu ¢aligma kapsaminda Konya ve Karaman illerinde kamu,
ISGB (Isyeri Saglik ve Giivenlik Birimi) ve OSGB (Ortak
Saglik ve Giivenlik Birimi)’lerde ¢alisan A, B ve C sinifi
IGU’lar ile yiiz yiize ve diger illerdeki IGU’lar ile online
canli olarak RD c¢aligmasi1 gergeklestirilmistir. Caligmaya
toplamda 107 IGU katilmistir. Calismaya katilan is
giivenligi uzmanlarmm IGU smifi bilgilerine gore
gruplandirilmasi Sekil 2°de gosterilmistir.

Uzmanlhik Sinifi Dagilimlari

M A Sinifi
M B Sinifi
C Sinifi

34;32% 34;32%

Sekil 2. Is Giivenligi Uzmanlarmin Uzmanhk Sinifi Dagilimlari

IGU’lar ile yapilan RD calismasi i¢in isletmelerde en ¢cok
karsilagilan tehlikelerden olan giirtiltii ve yiiksekte
calismayla ilgili tehlike senaryolart olusturulmustur.
Gurilti  ile 1ilgili olusturulan tehlike senaryosunda
polipropilen ¢uval dokuma fabrikasindaki makinelerden
ortaya cikan 106 dB(a) siddetindeki giiriiltiiye maruz
kalindiginda ortaya gikabilecek riskler analiz edilmistir.
Yiiksekte c¢alisma ile ilgili olusturulan tehlike
senaryosunda ise 12 mt yiiksekte yapilan dig cephe siva
iginde olusabilecek riskler analiz edilmistir. Bu tehlikeler
icin hicbir 6nlem alinmamis hali ile IGU’lara risk
degerlendirmesi yaptirilmistir.

2.2. Metot

Aragtirma Sekil 3’de gosterilen metodolojiye gore
yiritilmiistiir. Caligma metodolojisinde belirtilen tehlike
senaryolart i¢in her biri A siifi IGU ve IGU Egiticisi olan
3 uzman tarafindan RD yapilarak tehlike senaryolar i¢in
uzman en dogru tahminlerle risk puanlari ve risk araliklar
belirlenmistir. Caligmaya katilan IGU’larn  yapmis
olduklar risk skorlamalarina gore belirlenen risk araliklar
uzmanlarin risk araliklari ile karsilastirilarak IGU’larin
yaptiklart degerlendirmeler dogru ve yanlis olarak
belirlenmistir. IGU’larin  yaptiklar1 RD’leri uzman
degerlendirmeleri ile karsilagtirilirken Sekil 4°te gosterilen
kavramsal model {izerinden hareket edilmistir.
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~

Hangi riskler tizerinde
calisilacagi belirlenmistir. Bu
belirlemede KKD Yon. Ek-
1’deki Risk kategorileri esas
almmustir.

- J
( )
Belirlenen risklere sebep
olabilecek tehlikeler i¢in
senaryolar olusturulmustur.

J
4 )

Tehlike senaryolarinda
belirtilen riskler, IGU’lara RD
yaptirilmistir.

- J
. I
IGU’larin risk
degerlendirmelerinden elde
edilen sonuglar

degerlendirilmis ve

onerilerde bulunulmustur.

[ 4

Sekil 3. Calisma Metodolojisi

IGU’larm tehlike senaryolar1 igin yapmis olduklart
RD’lerden elde edilen risk skorlari, ¢alismada kullanilan
yontemler i¢in Tablo 5 ve Tablo 8’de verilen risk
derecelendirme araliklarina gore igerisinde yer aldigi risk
aralik  degerleri  uzman  degerlendirmeleri  ile
karsilagtirtlmistir. Sekil 4°te verilen kavramsal modele gore
IGU’larin risk bileseni (siddet, olasiik ve frekans)
tahminleri ve risk araligit  tahminleri uzman
degerlendirmeleri ile karsilastirilarak IGU’larin basari
oranlart tespit edilmistir. Basar1 oranlar1 tespit edilirken
caligmaya katilan i{GU’lar uzmanlik smifina gore iig ayr

smifa ayrilmisti.  Bu  smiflandirmalar  Tablo 1’de
belirtilmistir.

Tablo 1. is Giivenligi Uzmanlarmin Demografik
Gruplandirilmasi

Uzmanhik A Smifi Is Giivenligi Uzmani

B Simifi Is Giivenligi Uzmani
C Sinifi is Giivenligi Uzman1

Sinifina Gore

IGU’larmn her iki tehlike senaryosu ve her iki RD
yontemine goére yaptiklari risk araligi tahminleri IGU
smifina goére olusturulan her bir sif igin 3 IGU
egitmeninin yaptiklar1 risk araligi tahminleri ile
karsilastirlmis  ve IGU’larin dogru veya yanlis
tahminlerine gore basart durumlari tespit edilmistir.

Her bir IGU nun tahminlerdeki basarili olma durumuna
gore her bir demografik sinifin egitim oncesi ve egitim
sonrasindaki basar1 oranlar1 hesaplanmistir. Bu makalede
sadece egitim Oncesi basar1 oranlarina gore is giivenligi
uzmanlarimin performanslart incelenmistir. Hesaplanan
basar1 oranlar1 ¢aligmanin arastirma bulgular1 ve tartigma
boliimiinde verilmistir. Aragtirma kapsaminda 5x5 L Tipi
Matris ve Fine Kinney RD yontemleri kullanilmistir.

Fine-Kinney RD yontemi

Fine-Kinney RD yontemidir. Bu yontemi ilk olarak 1971
yilinda William Fine 6nermis, Kinney ve Wiruth (1976) bu
yontemi yenileyerek literatiire sunmustur. ISG RD
caligmalarinda Avrupa’da siklikla tercih edilerek kullanilan
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Fine Kinney yontemi 6331 Is Saghg ve Giivenligi
Kanununun yiirirliige girmesinden sonra iilkemizde de
kullanilmaya baslanmistir (Birgéren 2017).

Bu yontemde, riskin biiyiikliigiinii tahmin edebilmek igin
ii¢ tane risk faktorii kullanilmaktadir. Riskin biyikligi
olasilik, tehlikeye maruz kalma siklig1 (frekans) ve siddet
faktorleri kullanilarak hesaplanmaktadir. Fine ve Kinney
(1971) tarafindan ortaya konulan yontemde risk puani
hesaplanirken kullanilan formiil su sekildedir.

Risk Puani= Sonu¢ x Maruziyet x Olasilik
Formiildeki faktdrlerin tanimlar1 da su sekilde yapilmistir.

Sonug: Potansiyel bir kazanin, yaralanmalar ve maddi
hasar dahil olmak iizere olast sonuglari,

Maruziyet: Tehlikeli olaym olusma sikligi,

Olasilik: Tehlikeli olay meydana geldiginde kazanin ve
sonuglarinin olugma olasiligi,

Kinney ve Wiruth (1976) yaptiklar1 ¢alismada Fine’in
yontemini gelistirerek risk faktorleri i¢in hazirlanan
Olgekleri ve risk derecelendirme tablosunu
giincellemislerdir. Kinney ve Wiruth’un hazirladiklar
Olgekler ve derecelendirme tablosu Tablo 2, Tablo 3 ve
Tablo 4 ve Tablo 5°te verilmistir.

Tablo 2. Tehlikeli Olayin Sonuglarinin Olasiligi Olgegi
(Kinney ve Wiruth 1976)

Olasihk Deger
Beklenen 10
Olduk¢a miimkiin 6
Olagandigi ama miimkiin 3
Diisiik olasilik ama miimkiin 1
Akla yatkin ama pek miimkiin degil 0,5
Pratik olarak imkansiz 0,2
Neredeyse imkansiz 0,1

Tablo 3. Tehlikeye Maruz Kalma Siklig1 (Frekans)
Olgegi (Kinney ve Wiruth 1976)

Maruz Kalma Sikhig1 (Frekans) Deger
Siirekli 10
Sik (Giinliik) 6
Ara Sira (Haftalik) 3
Olagandisi (Aylik) 2
Seyrek (Yilda birkag kez) 1
Cok Seyrek (Y1llik) 0,5

Tablo 4. Tehlikenin Olasi Sonuglar1 Olgegi (Kinney ve
Wiruth 1976)

Olasi Sonug¢ Deger
Felaket (Birgok 6liim veya 10.000.000 $ dan fazla 100
hasar)

Felaket (Birkag 6liim veya 1.000.000 $ dan fazla 40

hasar)
Cok Ciddi (Oliim veya 100.000$ dan fazla hasar) 15

Yaylal

Tablo 5. Fine Kinney Yontemi Risk Derecelendirme
Tablosu (Kinney ve Wiruth 1976)

Risk Skoru Risk Durumu Eylem

>400 E?:;Yuksek Operasyonu durdurmayi diisiiniin
200-400 Yiiksek Risk; Derhal diizeltme gerekiyor
70-200 Onemli Risk; Diizeltme gerekiyor

20-70 Olas1 Risk; Dikkat edilmeli

<20 Diisiik risk;  Thmal edilebilir

Bu arastirmada Kinney ve Wiruth tarafindan son hali
verilen risk bileseni olgekleri ve risk derecelendirme
tablosu kullanilmistir.

5x5 L Tipi Matris yontemi

Bu yontem uygulamasi kolay olmasi sebebiyle tek basina
RD yapmak zorunda olan is glivenligi uzmanlari i¢in ¢ok
kullanighdir. Ancak karmasik siireglerin oldugu isler igin
yetersizdir. Is giivenligi uzmanmin bilgi birikimine ve
tecriibesine gore yontemin uygulamasindaki basar1 degisir.
Karmagik siireclerde acil dnlem alinmasi gerekli olan
riskler i¢in kullanilmalidir. (Ozkilig 2005).

5x5 L Tipi Matris Yonteminde Risk skoru;
Risk Skoru = Olasilik x Siddet

formiilii ile hesaplanir ve risk skorunu hesaplamada
kullanilan olasilik ve siddet 6l¢ekleri Tablo 6 ve Tablo 7°de
gosterilmigtir. Elde edilen Risk Skoru Tablo 8’e¢ gore
degerlendirilir.

Tablo 6. 5x5 L Tipi Matris Yontemi Bir Olayin
Gergeklesme Olasiligi Olgegi

IHTIMAL ACIKLAMA DEGER

Cok Kiigiik Hemen hemen hig 1

Kiiciik Cok az (Yilda bir kez), sadece anormal )
durumlarda

Orta Az (Yilda birkag kez) 3

Yiiksek Siklikla (Ayda bir kez) 4

Cok Yiiksek Cok siklikla (Haftada bir veya birkag 5

kez), normal ¢alisma sartlarinda

Tablo 7. 5x5 L Tipi Matris Yoéntemi Bir Olayn
Gergeklestigi Taktirde Siddeti Olcegi
SONUC DERECELENDIRME DEGER
Cok Hafif is Saati Kayb1 Yok, ilkyardim Gerektiren 1

Is Giinii Kayb1 Yok, Kalic1 Etkisi

Hafif Olmayan Ayakta Tedavi Ik Yardim 2
Gerektiren
Hafif Yaralanma, Is Giinii Kayb1 Var

Orta Yatarak Tedavi Gerekir 3

Ciddi Ciddi \{aralanma, Uzuv Kaybi, Meslek 4
Hastalig1

Cok Ciddi Oliim, Siirekli Is Gérmezlik 5

Ciddi (Ciddi Yaralanma veya 10.000 $ dan fazla
hasar)

Onemli (engellilik veya 1000 $ dolardan fazla
hasar)

*Dikkat Cekici (Kiigiik ilk yardim kazasi veya 100 $
dan fazla hasar)

Toplamda 107 IGU’nun yapmis oldugu RD sonucunda
elde edilen risk skorlarina gore belirlenen risk araligi
tahminleri, IGU egiticilerinin (uzmanlar) ortak tahminleri
ile karsilastirilmistir. I{GU’larin risk arahigi tahmini ile
uzmanlarin belirledigi risk aralig1 tahmini ayni ise dogru,
ayn1 degil ise yanlig olarak kabul edilmistir.
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Yaylali
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Sekil 4. Is Giivenligi Uzmanlarmin Risk Degerlendirmelerinin Analizinde Kullamlan Kavramsal Model

Tablo 8. 5x5 L Tipi Matris Yontemi Sonucun Kabul Edilebilirlik Degerleri

SONUC EYLEM

Katlamilamaz Riskler

Belirlenen risk kabul edilebilir bir seviyeye diisiiriiliinceye kadar is baglatilmamali eger devam eden bir
faaliyet varsa derhal durdurulmalidir. Gergeklestirilen faaliyetlere ragmen riski diisiirmek miimkiin

@5) olmuyorsa, faaliyet engellenmelidir.
.. .y Belirlenen risk azaltilincaya kadar is baslatilmamali eger devam eden bir faaliyet varsa derhal
Onemli Riskler L. D e o ..
durdurulmalidir. Risk isin devam etmesi ile ilgiliyse acil dnlem alinmali ve bu énlemler sonucunda
(15,16,20) . . s
faaliyetin devamina karar verilmelidir.
((;r;alf))lll;t)éydekl Riskler Belirlenen riskleri diigiirmek igin faaliyetler baglatilmalidir. Risk azaltma 6nlemleri zaman alabilir.
b b
Katlanilabilir Riskler Belirlenen riskleri ortadan kaldirmak i¢in ilave kontrol proseslerine ihtiyag olmayabilir. Ancak mevcut
(2,3,4,5,6) kontroller siirdiiriilmeli ve bu kontrollerin siirdiiriildiigii denetlenmelidir.
Onemsiz Riskler Belirlenen riskleri ortadan kaldirmak i¢in kontrol prosesleri planlamaya ve gergeklestirilecek faaliyetlerin
Q) kayitlarini saklamaya gerek olmayabilir.

Elde edilen dogru ve yanlig cevap sayilarin1 demografik
ozelliklere gore gruplandirilan  uzman sayilarina
oranlanmasi ile basari oranlar tespit edilmistir.

Ornegin Tablo 10’da Tehlike senaryosu-1 i¢in uzmanlik
sinifina gore caligmaya katilan A, B ve C sinifi IGU’lardan
uzmanlarin belirledigi dogru risk araligi (her bir alt senaryo
i¢in) ile aymi risk aralig1 tahmininde bulunan IGU’larn
sayilarmin o smiftaki toplam IGU sayisina boliimiiyle
basar1 oranlar1 hesaplanmigtir. Uzmanlarin tehlike
senaryolar1 i¢in yaptiklar1 risk degerlendirmelerine gore
elde edilen risk puanlar1 ve risk smiflar1 Tablo 9°da
verilmistir.

Tablo 9. Uzman Degerlendirmelerine Gore Risk Siiflart
Fine Kinney Yoéntemi 5x5 Matris Yontemi
Tehlike Tehlike Tehlike Tehlike
Senaryosu 1 Senaryosu 2 Senaryosu 1 Senaryosu 2

Risk

900 2400 20 25
Puani

Risk  Cok Yiiksek Cok Yiiksek . . . Katlanila-maz
Sinift  Risk Risk Onemli Risk Risk

Tehlike Senaryosu-1 (TS-1) igin Uzman grubunun Fine
Kinney Yontemine gore belirledigi risk araligi Risk
Skoru>400 seklindedir. TS-1 i¢in ¢alismaya katilan 34 tane
A smifi IGU’dan 31 tanesi, uzman grubu ile ayni risk
araligi tahmininde bulunmuslardir. Bu durumda basari
orani;

31
Basari Orani (%) = 32" % 91,2

olarak hesaplanmistir.

Tehlike Senaryosu-1 (TS-1) i¢in Uzman grubunun Fine
Kinney Yontemine gore belirledigi risk aralii Risk
Skoru>400 seklindedir.

TS-1 i¢in galigmaya katilan 39 tane B smifi {GU’dan 37
tanesi, uzman grubu ile aym risk araligi tahmininde
bulunmuslardir. Bu durumda basari1 orani;

37
Basari Orani (%) = 39~ % 94,9

olarak hesaplanmistir.

Tablo 10. Ornek Basar1 Orani Hesaplanmast
TS-1 igin Uzmanlik Sinifina Gore Risk Arahigi Basari
Oranlar

Uzman Grubu A Smifi IGU BSmfiiGU C SmufiiGU

Risk Araligi (34 (39) (34
Tahminleri

Sayr  Oran % Sayr  Oran % Sayr Oran %
>400 31 91,2 37 94,9 28  82,4%

Ortaya ¢ikan dogru ve yanlis cevaplar Sekil 4’de gosterilen
Kavramsal Modele gore asagidaki ana basliklar altinda
gruplandirilmistir.
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Risk Degerlendirme Yontemleri Uygulama Performansi
1.Tehlike Senaryosu-1 (Giiriiltilye maruziyet) i¢in Fine-
Kinney Yontemine gore

2.Tehlike Senaryosu-1 (Giriiltiiye maruziyet) i¢in 5X5 L
Tipi Matris Yontemine gore

3.Tehlike Senaryosu-2 (Yiiksekte caligma) icin Fine-
Kinney Yontemine Gore

4.Tehlike Senaryosu-2 (Yiiksekte calisma) icin 5X5 Matris
Yontemine Gore

3. BULGULAR

Hazirlanan iki tehlike senaryosu icin IGU’larm yaptiklart
RD sonucunda toplanan verilere gore elde edilen basar1
puanlar1 IGU simiflarina gore Tablo 11°de gdsterilmistir.

Tablo 11. Uzmanlik Sinifina Goére Bagari Oranlari (%)
Tehlike Senaryosu-1  Tehlike Senaryosu-2

Uzmanlik (Meslek Hastah.gl.) (Is Kazas1) _
Fine- L Tipi . . L Tipi

Sinifi . . Fine-Kinney .
Kinney Matris YVontemi Matris
Yontemi  Yontemi Yontemi

A SmfiiIGU 91,2 100,0 97,1 100,0

B Simifi IGU 94,9 97,4 100,0 100,0

C Sinifi IGU 82,4 94,1 97,1 100,0

4. TARTISMA VE SONUC

IGU’larmn tehlike senaryolar1 igin yaptiklari RD’lerdeki
risk aralig1 tahminlerindeki basar1 oranlari incelendiginde
her iki senaryoda da L tipi matris yonteminde daha basarili
olduklar1 goriilmektedir. Fakat L tipi matris yontemindeki

KAYNAKLAR

Yaylal

risk faktorii (siddet ve olasilik) &lgekleri Fine Kinney
yontemindeki risk faktorii Olgeklerine gore kasitlilik
gostermektedir. Bununla birlikte L Tipi Matris yonteminde
her iki risk faktorii dlgeginin de ayni skorlamaya sahip
olmasindan dolay1 risk skoru tahminde

Fine-Kinney yontemine gore daha zayif kalabilmektedir.
Ozellikle tehlikeli ve cok tehlikeli isyerlerindeki RD’lerde
L tipi matris yerine Fine Kinney yonteminin kullanilmasi
daha saglikli olacaktir. Bu yiizden i{GU’larin Fine Kinney
yontemindeki basart oranlarmin  ve Fine Kinney
yontemindeki yetkinliklerinin  yiikseltilmesi igin is
giivenligi  uzmanlarima  egitimler  verilmesi, RD
rehberlerinin  hazirlanmast gibi ¢aligmalar yapilmasi
IGU’larin bu yondeki kabiliyetlerini artiracaktr.

Elde edilen sonuglar senaryo bazinda incelendiginde is
kazasi olusturabilecek tehlikeyle (yiiksekte calismayla
ilgili senaryo) ilgili yapilan RD’lerde IGU’larin basari
oranlariin daha yiiksek oldugu goriilmektedir. Bu durum
IGU’larin meslek hastalig1 olusturabilecek tehlikelerin
RD’deki yorumlama yetkinliklerinin diisiik oldugunun bir
gostergesi  olarak  goriilebilir.  Bu  yetkinliklerin
artirtlabilmesi icin meslek hastaligina sebep olabilecek
tehlikelerle ilgili &zellikle C smifi IGU’larda uygulamali
egitim ¢aligmalarinin yapilmasi faydali olacaktir.

Sonuglar yéntem bazinda incelendiginde B sinifi IGU’larin
basari oranlarmin diger IGU siniflarma gore daha yiiksek
oldugu goriilmiistiir. IGU’larin  demografik bilgileri
incelendiginde ise B sinifi iGU’larin %56’sinin lisansiistii
egitime sahip olduklart belirlenmistir. Bu durumda
lisansiistii  egitimin risk degerlendirmesindeki bagart
oranlarini yiikseltmis oldugu sdylenebilir.
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Abstract

Wind energy, one of the renewable energy sources, plays an increasingly important role in our world as a clean and sustainable
energy source. Since the electricity generation potential from wind energy has a variable structure, energy generation
estimates to be made to minimize the adverse effects of this situation have an important place for both power plants and
operators. Various estimation methods are used for wind energy sources. In this study, wind speed (m/s) is estimated using
fuzzy logic, one of the 34902 data Adaptive-Network-Based Fuzzy Inference System (ANFIS) models consisting of hourly
average temperature (°C), relative humidity (%), and actual pressure (hPa) parameters are taken at Karaman-17246
Meteorology Station in 2022. The Root Mean Square Error (RMSE) of the obtained results is examined, and it is seen that
the method used approached the result with 0.97%. Thus, the technical information is presented for researchers to determine
the wind energy potential for the Karaman region in Turkiye.

Key Words: Wind energy; estimation; wind speed; renewable energy, ANFIS

ANFIS ile Riizgar Hizinin Tahmini: Karaman Sehri Vaka Calismasi

Oz

Yenilenebilir enerji kaynaklarindan biri olan riizgar enerjisi, temiz ve siirdiiriilebilir bir enerji kaynagi olarak diinyamizda
giderek daha 6nemli bir rol oynamaktadir. Riizgar enerjisinden elektrik iiretim potansiyeli degisken bir yapiya sahip
oldugundan, bu durumun sebep olacagi olumsuz etkileri minimuma indirmek i¢in yapilacak enerji {iretim tahminleri hem
santral hem de isletmeciler acisindan onemli bir yere sahiptir. Riizgar enerjisi kaynaklari i¢in gesitli tahmin ydntemleri
kullanilmaktadir. Bu ¢alismada, 2022 yilinda Karaman-17246 Meteoroloji Istasyonu'nda saatlik ortalama sicaklik (°C), bagil
nem (%) ve gercek basing (hPa) parametrelerinden olugan 34902 veriden olugsan Adaptif Ag Tabanli Bulanik Cikarim Sistemi
(ANFIS) modellerinden biri olan bulanik mantik kullanilarak riizgar hiz1 (m/s) tahmini yapilmistir. Elde edilen sonuglarin
Kok Ortalama Kare Hatast (RMSE) incelenmis ve kullanilan yontemin sonuca %0,97 ile yaklastigi goriilmiistiir. Bdylece

arastirmacilara Tiirkiye'de Karaman bdlgesi icin riizgar enerjisi potansiyelini belirlemede yardimer olacak teknik bilgiler
sunulmustur.

Anahtar Kelimeler: Riizgar enerjisi; tahmin; riizgar hizi; yenilenebilir enerji, ANFIS

Atif / To cite: Gulhan S, Kul S, Balci S, Celtek SA (2024). Estimating Wind Speed with ANFIS: A Case Study in Karaman
City. Karamanoglu Mehmetbey University Journal of Engineering and Natural Sciences, 6(2): 52-57.

1. INTRODUCTION

The rapidly increasing world population, significant
technological advances, and accelerating industrialization
significantly increase the energy demand. The widespread
use of fossil fuels in energy production causes carbon
emissions, environmental pollution, and global warming.
The Kyoto Protocol (Doan et al. 2024), an international
agreement adopted under the United Nations Framework
Convention on Climate Change (UNFCCC) (Odeyemi

2020) and which imposes binding obligations on member
countries, is taken into account in the increasing
importance of renewable energy within the scope of
sustainable and clean energy and in reducing greenhouse
gas emissions that cause global warming and climate
change. Following the end of the Kyoto Protocol in 2020,
the Paris Agreement (Salman et al. 2022), which aims to
regulate the climate change regime and strengthen
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socioeconomic resilience to climate change, has come into
effect. The global increase in energy supply and the
decrease in fossil energy sources and their adverse effects
on nature are increasing the demand for environmentally
friendly and sustainable renewable energy sources. On the
other hand, wind energy stands out as a sustainable, clean,
and scalable source with low operating costs compared to
fossil energy sources.

According to the World Wind Energy Association 2024
Report (WWEA Annual Report 2023) in Fig. 1, global
installed wind capacity has reached 1046.8 GW, meeting
approximately 10% of global electricity demand and
ranking second after solar energy. The share of wind
energy in electricity production has exceeded 20% in more
than ten countries worldwide. When these countries are
examined, it is seen that Denmark leads with 56%, while
Germany, the Netherlands, Portugal, the UK, and Uruguay
are among the countries that produce one-third or more of
their electricity from wind.
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Figure 1. Total Cumulative Installed Capacity (World Wind
Energy Association)

As of the end of June 2024, Turkiye's installed power
reached 110,518 MW, and as seen in Fig. 2, 11.1% of this
power is provided by wind energy.
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N Sun m Geothermal
B Other
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Figure 2. Turkey's Installed Power Distribution by Resources
(Republic of Tiirkiye Ministry of Energy and Natural Resources)

With the increase in wind power plants, studies on
production potential have become more important. Since
the production potential in wind energy varies even during
the day, especially with newly emerged artificial
intelligence and optimization methods, estimation studies
are applied in a way that will achieve minimum error.
Accurate wind speed estimation allows for calculating the

Gulhan et al.

total energy capacity obtained from wind power plants,
providing maximum benefit from wind energy, and
monitoring daily changes. Therefore, in order to produce
wind energy effectively, regional wind speed, depending
on the location, must be known and estimated accurately.
Different methods and techniques are used to estimate
wind speed, and it comes to the fore as a studied subject.

Experimental data collected from three wind power plants
in Southern Italy and the backpropagation learning
algorithm have shown that a two-hidden-layer neural
network can be useful for high-accuracy wind energy
output prediction (Grassi and Vecchio 2010). Barbounis
and Theocharis (2007) used the spatial correlation to
estimate wind speed using locally recurrent neural
networks. Cassola and Burlando (2012) investigated the
Kalman filter to find the most suitable configuration for
predicting wind speed and power. This method performed
a retrospective test with wind speed data recorded by a
Numerical Weather Prediction (NWP) model and two
anemometer stations in eastern Liguria (Italy) over two
years. It was shown that the methodology can provide
significant forecast improvement over the direct output of
the wind speed model, especially when used for short-term
forecasts, by adjusting the Kalman filter's forecast period
and time step. In Nouhitehrani et al (2024), a new reliable
method for wind energy prediction was proposed using the
Exponential Weighted Moving Average Algorithm,
Johnson SU distribution mathematical techniques, and the
Berstein Online Aggregation Method. The average error
level is reduced by 28% with the proposed method. Short-
term wind speed prediction for Bingdl province in Turkey
was performed with a deep learning method using the
Convolutional Neural Network (CNN) model (Kader
2024). Information is provided about the region's wind
speed and power potential for wind energy investments to
be made in the area. In Song et al (2023), where wind and
wave energy are predicted using deep learning methods,
and the prediction results of eight neural networks (LSM),
Gated Recurrent Unit (GRU), and Bi-directional Long
Short-Term Memory (BiLSTM) are compared. The
proposed AT-BiLSTM performs better than other models
regarding 11.25 W/m? and 0.1 kW/m mean absolute
error, 22.947 W/m?, and 0.3 kW/m root mean square
error for wind and wave energy. Another case study is the
wind speed forecast for Tokat province, which is made
with a deep learning-based hybrid forecast model
consisting of Gated Recurrent Unit (GRU) and
Convolutional Neural Network (CNN) models (Findik
2022). The CNN-GRU hybrid model, which is used for the
first time in wind speed forecasting, has been compared
with different deep learning techniques (CNN-LSTM,
CNN-RNN, LSTM-GRU, LSTM, GRU), and a significant
success rate has been achieved as a result of the
comparisons. In Tekin (2022), short-term artificial
intelligence-based wind power forecasting has been made
for the Cukurova Region.

The case study in Unes et al (2019) used meteorological
measurement data from the Nevada Region of the United
States of America. Wind forecasting was done using Fuzzy
Logic Sugeno (S-BM) methods, Fuzzy Logic Mamdani
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(M-BM), and Multiple Linear Regression (MLR)
methods, and the results were compared.

In this study, hourly average temperature (°C), relative
humidity (%), and actual pressure (hPa) parameters
measured in the Karaman-17246 Meteorology Station
region for the year 2022 were used as inputs in the
Adaptive-Network Based Fuzzy Logic model to estimate
wind speed (m/s). The method's performance was
evaluated by considering the RMSE error results.

The contribution of this study to the literature can be
summarized as follows:

- It was observed that the results obtained using ANFIS
made an estimation with 0.97 RMSE error and are within
the reliability limits.

- 34902 data analyses were performed for 2022. By
accepting the base year, feasibility reports can be created
by performing wind analysis and estimating this region for
the following years.

2. MATERIAL AND METHOD

2.1. Adaptive-Network Based Fuzzy Inference Systems
(ANFIS)

Adaptive Neuro-Fuzzy Inference System (ANFIS) is a
hybrid intelligence system that combines neural networks'
learning capabilities with fuzzy logic's interpretability
(Jang 1993). ANFIS is quite effective in modeling
complex and nonlinear systems and is preferred in cases
where traditional mathematical approaches are inadequate
(Qureshi et al. 2023). This system provides learning and
adaptation of fuzzy rules based on artificial neural
networks, thus increasing the system's accuracy. ANFIS
optimizes membership functions and fuzzy rules during
training, usually using a combination of gradient descent
and least squares methods (Chiu 1994). Fig. 3 shows the
general working structure of ANFIS.

é {Wspeed
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Figure 3. The working structure of the ANFIS

Sugeno fuzzy logic system plays an important role in
ANFIS and is particularly effective in managing
uncertainties with computational efficiency. Takagi and
Sugeno developed the Sugeno model, which uses a linear
combination of inputs as output, which provides
advantages in optimization and control tasks. In ANFIS,
the Sugeno model facilitates the creation of a fuzzy rule
base that is adapted through training, thereby improving
the accuracy of the system (Takagi et al. 1985). Integrating
the Sugeno method with ANFIS solves various real-world
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problems in energy systems, such as estimation and
control problems. It supports decision-making processes
under uncertainty in these systems (Pérez-Pérez et al.
2022).

2.2. Case Study: Karaman Region (17246 Meteorology
/ Weather Station)

Wind energy is a low-cost and renewable resource
compared to other energy sources. Cold air replaces rising
heated air, creating pressure differences and triggering
wind formation. This process provides circulation in the
atmosphere and causes winds to move. Winds generally
move from high pressure to low pressure. Therefore, the
direction and speed of the wind are affected by the
differences between different temperature and pressure
areas. This movement varies according to the Earth's
surface and between geographical regions.

Eq. 1 gives the power that the kinetic energy carried by the
air mass called wind, with a mass of m, will transfer to a
wind turbine with a power transfer factor of C, due to its

movement (Durak and Ozer 2008).
P = 0.5C,phAw? (1

where P, ph, A, and w are respectively power (Watt), air
density (1.225 kg/m?), turbine rotor swept area (m?),
wind speed (m/s). As seen from Eq. (1), the power carried
by the wind is directly proportional to the 37¢ power of
the wind speed and the density of the air mass. This power
carried by the wind is transferred to a wind turbine with a
power transfer coefficient C, in proportion to the area A
swept by the turbine blades of radius r. This also indicates
that wind speed is the most important factor affecting the
potential of wind energy in a wind turbine.

The measurement area at the coordinates 37°11'37.2"N
33°13'16.2"E of the Karaman-17246 Meteorological
Station located in the Central District of Karaman
Province in Turkey was selected as the application area.
We tried to estimate the wind speed using the annual
hourly average values for 2022 received from the
meteorological station. The obtained data was compared
with the actual data. The reliability and accuracy of the
method were also tested by calculating the RMSE errors
of the obtained results with the formula given in Eq. 2. The
general view of the Meteorological Station location is
given in Fig. 4.

RMSE = |y, 22 2)

Here, y;, yii, and n are the estimated value, observed

value, and a number of observations.

3. RESULTS AND DISCUSSION

In the analysis, Hourly Average Temperature (°C), Hourly
Average Actual Pressure (hPa), and Hourly Average
Relative Humidity (%) for 12 months of 2022 are the input
parameters, and Hourly Average Wind Speed (m/s) is the
output parameter. In the ANFIS method analysis, 23242
data from the first eight months are used as the training
set, and 11660 data from the last four months are used as
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the test set. The training dataset includes 5832 data for
each input parameter. The testing dataset includes 2926
data for each input parameter. The distribution chart for
the ANFIS modeling of each epoch training dataset is
given in Fig. 5.

Figure 4. Location of the Karaman 17246 Meteorology Station

The test set for the ANFIS Sugeno model is utilized to
evaluate the model's accuracy and generalization ability
following the training process (Kul et al. 2022). The test
set has a similar structure to the dataset used for training,
but it consists of data previously unseen by the model.
This approach allows the model's performance to be
assessed using new and unknown data. In this study, a total
of 2928 data points for each pair, comprising Hourly
Average Temperature (°C), Actual Pressure (hPa), and
Relative Humidity (%) as input variables and Hourly
Average Wind Speed (m/s) as the output variable for the
last four months of 2022, were used as the test set for the
ANFIS Sugeno Model, as seen in Fig. 6.
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Figure 6. ANFIS modeling of testing data pairs in the dataset
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Fig. 7 presents the graph that compares the estimated data,
and the data intended for testing. The estimation results
obtained from the ANFIS test data demonstrate a good fit,
thereby providing a successful case study for determining
the average wind speed.
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Figure 7. Comparison and analysis of the test results
performance

Based on the results and distribution graphs, the
probability of estimating the average wind speed value
using three different input parameters trained with 250
epochs through sub-clustering is less than 1%. According
to the results of the analysis, the error rate calculated using
RMSE is 0.97%. In this context, the estimation of the
average wind speed value based on the input parameters
in the dataset and 27 Fuzzy Rule functions is presented in
Fig. 8.
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Figure 8. Testing ANFIS Model in Rule-based Viewer

The estimation results obtained from the ANFIS model for
estimating the average wind speed based on the 2022 wind
energy data for the Karaman region are summarized in
Table 1, with input parameters categorized as annual,
monthly, daily, and hourly. In this table, the error rates
represented by RMSE indicate the accuracy level of the
case study conducted.

4. CONCLUSION

This study conducted a case study to determine the wind
energy potential using ANFIS based on wind data
provided by the Karaman Meteorology Station. Hourly
Temperature (°C), Hourly Average Actual Pressure (hPa),
and Hourly Average Relative Humidity (%) were defined
as input variables.
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Table 1. Comparison of the dataset with ANFIS At the same time, hourly average wind speed (m/s) was
estimation values used as the output variable for estimation analyses. For the

-G gl L 2 dataset, 23,242 data points from the first eight months of
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23?5 PEIFE = 2022 were used as the training set, and 11,660 data points
'E = § 2 § E § 5 = E from the last four months were used as the test set.
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g 31|16 3,5 911 65,0 | 0,6 | 0,85 | 0,06
g3L17] 23 Jll 720 02 | 085 | 042 There is no conflict of interest between the authors.
~ 3118 | 1,7 912 76,0 | 04 | 0,74 | 0,12
3119 0,7 912 80,0 | 0,1 | 0,61 | 0,26
> 2 2 2 2 THANKS
3120 | 0,6 912 81,0 | 0,3 | 0,55 | 0,06
31]21]-0,5 912 85,01 0,3 | 0,30 | 0,00 We would like to thank the Karaman Meteorology Station
311221 -17 912 8701 06 | 0,10 | 025 Directorate for providing us with the real data used in this
31123]-23 912 88,0 | 04 0,01 ]| 0,15
study.
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Oz

Derinin insan hayatinda ilk ¢aglardan beri var oldugu tahmin edilmektedir. Nitekim ilk baslarda sadece soguktan ve riizgardan
korunmak i¢in kullanildig1 diigiiniiliirken giintimiizde deri, dayaniklilig1 ve estetikligi sebebiyle moda, mobilya ve otomotiv
gibi devasa sektorlerde ¢ok genis bir kullanim alanina sahiptir. Kiiresel deri pazari her gecen yil daha da biiyiimektedir. Bu
durum deri tiretiminde akilli yaklagimlarin 6nemini her gegen giin artirmaktadir. Tabakhanelerde deri iiriinlerindeki yiizey
kusurlarimi tespit edebilmek i¢in tecriibeli insan denetgilerin kullanilmasi uzun zamandir siiregelen bir uygulamadir. Ancak
bu yéntem, yorucu, zaman alici, hatalara agik ve kiginin tecriibesine gore degiskendir. Kaliteli deri iiriinlerinde hata paymnin
diisiik olmasi ekonomik olarak ciddi 6neme sahiptir. Sektordeki insan hatalarindan kurtulmak ve verilen kararlar
nesnellestirebilmek adina deri yiizeyindeki kusurlarin otomatik tespit edilebilmesi ihtiyact ortaya ¢ikmistir. Bu ¢aligmada
hayvan derisinin kusurlarin1 tespit edebilmek amaci ile makine 6grenmesi tekniklerini kullanan ¢aligmalar hakkinda literatiir
taramast yapilmigtir. Goriintii analizi ve makine 6grenmesi yOntemleri ile deri yiizeylerindeki kusurlari tespit etme
yontemlerinin detayl bir incelemesi yapilmigtir. Bu alanda gelecekte yapilacak ¢aligsmalart tesvik etmek amaci ile zorluklar
ve gelisim evreleri sunulmustur.

Anahtar Kelimeler: Hayvan derisi, ylizey kusur tespiti, bilgisayar goriisii, makine 6grenmesi

Use of Machine Learning Techniques in Defect Detection of Leather - Review
Abstract

It is estimated that leather has existed in human life since ancient times. As a matter of fact, while it was initially thought that
it was used only to protect from cold and wind, today leather has a wide range of usage in huge sectors such as fashion,
furniture, and automotive due to its durability and aesthetics. The global leather market is growing every year. This situation
increases the importance of smart approaches in leather production day by day. It has been a long-standing practice for
tanneries to use experienced human inspectors to detect surface defects in leather products. However, this method is tiring,
time-consuming, prone to errors, and varies depending on the person's experience. A low margin of error in determining the
quality of leather products is of serious economic importance. In order to get rid of human errors in the sector and to objectify
the decisions made, the need to automatically detect flaws on the leather surface has emerged. In this study, a literature review
was conducted on studies using machine learning techniques to detect defects in animal leather. A detailed review of methods
for detecting defects on leather surfaces using image analysis and machine learning methods was conducted. Challenges and
stages of development are presented with the aim of encouraging future work in this field.

Key Words: Leather, surface defect detection, computer vision, machine learning

Atf / To cite: Atag HO, Kayabasi A, Aslan MF M (2024). Hayvan Derisinin Kusur Tespitinde Makine Ogrenmesi
Tekniklerinin Kullanimi — Literatiir Taramasi. Karamanoglu Mehmetbey Universitesi Mithendislik ve Doga Bilimleri Dergisi,
6(2): 58-67.

1. GiRiS

Hayvan derisi, tarith boyunca insanlarim yasamini dogal etkenlerden korurken ayni zamanda siginaklarin
kolaylagtiran ¢esitli driinlerin temel malzemesi olarak dayanikliligimi artirmak i¢in kullanildi. Daha sonralarda
kullanilmistir. 1k insanlar hayvan derisini giyim ve tarimin  gelismesiyle birlikte deri kullanimi daha da
barinma ihtiyaclarmi karsilamak i¢in kullanmaya cesitlendi ve artik cantalar, kovalar, su depolari,

basladilar (Liong ve ark. 2020). Bu dénemde deri, avcilar
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ayakkabilar gibi giinliik esyalarin yapiminda yaygin
olarak kullanilmaktadir (Smith ve ark. 2023).

2020'de, deri ve deri lirlinlerinin yillik ticaret hacmi 80
Milyar $'1 gegerek diinya genelinde en fazla ticareti
yapilan {irlinlerden biri olarak kabul edilmistir (Omoloso
ve ark. 2021). Bu say1 2003 yilinda yaklasik 40 Milyar $
olarak hesaplanmistir (Doble ve ark. 2007). Sadece 17
yilda 2 kat biiyiime yasanan deri ve deri {irtinleri
sektoriindeki diretimin  biiyilk kismi Tirkiye gibi
gelismekte olan iilkelerde yapilmaktadir (Branca ve ark.
1996). Ekonomik ve teknolojik ilerlemeler sayesinde
Tiirkiye’de deri ve deri mamulleri {iretimi ile ihracati her
gecen giin artmaktadir. Tiirkiye Istatistik Kurumu (TUIK)
verilerine gore, 2020'de en ¢ok {iretilen deri tiirii 4.358.732
adetle koyun derisi olmustur. Onu, 3.228.632 adetle sigir
derisi takip etmistir (TUIK 2020). Deri ve deri mamulleri
sektorii ihracat1 ise 2021'de %38,6 oraninda artarak 1,9
milyar $ seviyesine ulagmistir. Ayakkabilar, sektordeki en
biiyiik ihra¢ kalemi olarak %56,9'luk bir paya sahiptir.
Deri esyalar, ham ve iglenmis deri iiriinleri ile postlar ve
kiirklerin ihracattaki paylar ise sirastyla %21,7, %13,3 ve
%8’dir (Ticaret Bakanlig1 2022).

Taze kesilmis hayvanlardan soyulan deri genellikle kiirk
veya ham deri olarak bilinir. Yagdan arndirma, tiy
giderme, kromlama gibi islemlerden sonra mavi bir renk
alir. Bu form genellikle 1slak mavi deri olarak adlandirilir.
Deri isleme asamalarinin yart mamuliidiir (Chen ve ark.
2021). Deriden iretilen driinler giiclii, pahali ve
dayaniklidir dolayisiyla onlarca yil kullanilabilir. Ayrica
liks tiiketimde de yaygin olarak kullanilmaktadir. Bu
nedenle sektdriin maksimum kar elde edebilmesi ve
miisterilerden iyi geri bildirim alabilmesi i¢in hatasiz iiriin
iiretmesi ¢ok onemlidir (Ghimire ve ark. 2022). Diinya
standartlarinda, kaliteli {irtinler tiretebilmek i¢in kullanilan
derinin hatasiz oldugundan emin olmak gerekir. Ancak
¢ogu deri parcalari, bocek siriklari, kesikler, lekeler ve
kirigikliklar gibi dogal kdkenlerinin izlerini tasir (Liong ve
ark. 2019). Deri yiizey kusurlarinin geleneksel tespiti ve
siniflandirilmasi, insanlarin temelde tutarsiz olmasi ve bu
tiir basit ve tekrarlanan gorevler ig¢in uygun olmamasi
nedeniyle Onemli sayida kusuru gbézden kagirma
egiliminde olan insan denetgiler tarafindan gergeklestirilir.
Sorunun zor dogasindan dolay1, otomatik deri yiizey kusur
muayenesi iizerine nispeten az sayida ¢alisma yapilmistir.
Goriinlimleri  ve boyutlar1  biiyiik 06l¢iide  farklilik
gosterdiginden kesin denetim modellerini olusturmak ¢ok
zordur. Ayn1 kusur sinifina ait olsalar bile ayni sekil ve
biiyiiklikte iki kusur bulmak neredeyse imkansizdir
(Kwak ve ark. 2001). Ayrica, manuel denetimler yavas ve
emek yogun iglerdir. Yoruma ag¢ikli§i nedeni ile farkh
uzmanlar arasinda goriis ayriliklart meydana gelmektedir
(Pereira ve ark.). Bu faktorler deri endiistrisini kisitlayan
darbogazlar haline gelmistir (Kohli ve Garg 2013). Tim
bu nedenlerle, kusur inceleme prosediiriine yardimeci
olmak i¢in deri pargalari iizerinde dijital goriintii isleme
gibi insandan bagimsiz bir metot ile otomatik kalite
denetimi yapilmasi 6nemlidir. Ancak literatiirde konuyu
aragtiran nispeten az sayida arastirmaci bulunmaktadir
(Liong ve ark. 2019). Bu ¢aligmada otomatik deri kusur
tespiti ile ilgili literatiir g¢esitli perspektiflerden
incelenmistir.

Atag ve ark.

2. DERi KALITESI VE KUSURLARI

2.1. Deride kalite

Deri endiistrisi, et endiistrisinin yan {iriini olarak
degerlendirilse de derinin kullanim alaninin ¢ok genis
olmasi, insan hayatina olan dogrudan ya da dolayh
etkilerinin ¢ok olmasi gibi nedenlerden dolay:1 biiyiik
oneme haizdir. insanlk tarihi boyunca birgok farkli amag
icin kullanilmigtir. Deri ilk ¢aglarda soguktan ve ¢evresel
faktorlerden korunmak amacli giyim ve barinak
alanlarinda kullanilmis olsa da (Liong ve ark. 2020)
zaman ic¢inde tarimin gelismesi ile ¢anta, ayakkabi gibi
giindelik ihtiya¢ malzemelerinin yapiminda kendisine yer
bulmustur. Giliniimiizde liikks tiiketim sektoriinde de gok
biiyiik bir paya sahip olan deri, bir¢ok alanda alternatifleri
¢ikmis olsa da insanlar tarafindan ragbet gormeye devam
etmektedir.  Diinyadaki  deri  iretim  miktarlar
incelendiginde {iretimdeki  %60’likk  biiyiikk  payin
gelismekte olan iilkeler tarafindan karsilandig1 ve bu payin
giin gectikce arttig1 goriilmektedir (Branca ve ark. 1996).
Endiistri devriminden beri toplu {iiretim s6z konusu
oldugunda imalat endiistrisi her zaman kaliteyi artirirken
maliyetleri diisirmeyi hedeflemistir. Yiizey kusurlar
derinin kalitesini belirlemede ¢ok Onemli bir etkiye
sahiptir. Gliniimiizde deri iizerinde kusur tespiti hala insan
denetciler tarafindan goz ile yapilmaktadir. Ancak bu
yontem zaman alici, yorucu, sikici ve kisinin tecriibelerine
gore degiskendir (Khanal ve ark. 2022). Bu nedenle deri
ylizeyi kusur tespitini otomatik hale getirebilecek bir
sistemin gelistirilmesine olan ihtiya¢ 6nem arz etmektedir.
Kontrol sistemleri birgok sektérde manuel insan
operasyonlarinin yerini alabilmis olsa da deri yiizeyindeki
kusur tespiti isinde hala diinya ¢apinda standart olarak
kullanilabilecek bir yaklagim benimsenememistir. Deride
kalite tiretim maliyetinin yaklasik %50-70’ini olusturdugu
i¢in en dnemli unsurdur (Aslam ve ark. 2019).

2.2. Deri kusurlar

Yaygin olarak, post ve derilerdeki kusurlar, antemortem
(hayvanin Oliimiinden 6nce), postmortem (hayvanin
Olimiinden sonra) ve isleme kusurlari olarak
smiflandirilir. Hayvanlarm yasamlari boyunca meydana
gelebilecek olast kusurlar marka ve damgalama isaretleri,
kene izleri, hastalik izleri, bdcek 1siriklari, yaralar,
cizikler, biiyiime izleri vb.’dir. Oliim sonrasinda ise kesim
kaynakl1 hatalar (delikler, ¢izikler vb.), saklama kosullar
yanligsa meydana gelen hatalar (tuz lekeleri, ¢lirlimeler
vb.) ve tabaklama hatalar (et kesikleri, yarilma nedeniyle
esit olmayan kalinliklar, kimyasal kaynakl kusurlar, nem
kaynakli kusurlar vb.) olarak siniflandirilabilir. Sekil 1°de
1slak mavi formdaki deri fotograflarinda g¢esitli kusurlarin
ornekleri gosterilmistir.

Deri kalitesinin derecelendirilmesi i¢in iilkeler farkl
ilkeler benimsemistir. Baz1 iilkelerde 3’lii siniflandirma
kullanilirken bazilarinda ise 4°li siniflandirma metodu
uygulanmaktadir. Genel olarak ufak degisikliklere ragmen
iilkeler benzer derecelendirme ilkeleri kullanirlar. Ornek
bir standart siniflandirma ilkesi Tablo 1°te verilmistir.
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a) Delik

¢) Hastalik

(e) Bocek 1sir1g1 () Dikis izi
Sekil 1. Kromlama asamasinda deri kusur 6rnekleri

Tablo 1. Deride kalite siniflar1

Diizenli ve iyi kiirlenmis, ¢iiriime belirtisi

olmayan, genel olarak kusursuz ya da ¢ok az
1.Siif  kusurlu (sadece birkag ¢izik izi veya karin
bolgesinde bir delik), marka izi yok, bdcek
wsiriklart yok ya da ¢ok az (birkag adet).
Diizenli ve iyi kiirlenmis, ¢iiriime belirtisi
olmayan, az kusurlu (alt kisimda birkag kiigiik
delik ve/veya ¢izik), dis kisma yakin miinferit
bolgelerde birkag cesit/adet kusur, 18cm’den
kiigiik bir marka izi, 10 ile 20 adet aras1 bocek
1S1r181.
Kotii desenli veya bozuk goriiniimlii, ufak
¢lirlime belirtili, kusurlar deri yiizeyinin
%30’una kadar yayilmis, marka izli ve
genellikle 18 cm’den biiyiik, 10 ile 20 adet
aras1 bocek 1sirgy, leke ve idrar izleri bariz.
Cok kotii desenli veya bozuk goriiniimlii,
¢lirlime belirtileri yogun, kusurlar deri
yiizeyinin %50’sine kadar yayilmis, bocek
wsiriklart genellikle ¢ok fazla.

2.Smf

3.Simif

4.Smf

Derecelendirme ilkeleri hem alicilar hem saticilar igin
afaki 6neme sahiptir. Genel olarak ilkeler sektorde kiiresel
capta kabul edilmis olsa da insan yorumuna dayandiklari
icin karisikliklar sik sik meydana gelmektedir. Ilkelerin
uygulanabilmesi i¢in makinelerin yorumlarina dayanan
bir otomasyon ihtiyaci ortaya ¢ikmustir.

2.3. Kusur Tammmlamalar

Belirli bir kusura odaklanan siniflandiricilar ile yapilan
bircok ¢aligma literatirde mevcuttur. Gegmisten

Atag ve ark.

glinimiize bu yontemler ile bircok farkli kusur tipine
odaklanilarak yiiksek basari oranlari elde edilmis olsa da
kusur cesitleri ¢ok fazla oldugu igin tamaminda yiiksek
basar1 gosteren bir siiflandirict heniiz uygulanamamistir.
Bu metotlar genellikle Oznitelik ¢ikarma ve desen
smiflandirma olarak 2 ana baslikta gerceklesir.

2.3.1. Kusurlarda Oznitelik Cikarim

Deri kusurlarinin tespit edilebilmesi igin kusurlarin
Ozniteliklerinin ¢ikartilmasi genis kullanima sahip bir
yontemdir (Ding ve ark. 2020). Bu sayede kusursuz
alan/kusurlu alan ve kusur tipleri aralarindaki farklarin
matematiksel olarak ifade edilebilmesi saglanir. Resmin
Ozniteliklerini ¢ikarmak igin renk oOzellikleri, desen
ozellikleri, sekil oOzellikleri, spektral oOzellikleri ve
istatistiksel ~ Ozellikleri tabanli metotlar 6n plana
¢ikmaktadir.

Tablo 2. Zaman i¢inde deri kusurlarinda 6znitelik ¢ikarimi

Calisma Oznitelik Cikarim Yolu

Wang ve ark. Tahmini lokal yogunluk, histogram
(1992) gii¢ spektrumu 6zellikleri

Tafuri ve ark.  Deneme yanilma yoluyla

(1996) yonlendirilmis akis alan1 modellemesi

Desen yapisinin degistigi her bolgeye
bir parametre vektorii atayip, daha
sonrasinda bu vektorleri filtreleme
yontemi ile

Branca ve ark.
(1996)

Branca ve ark.  Coklu ¢6ziiniirliklii analizle

(1997) yonlendirilmis akig alani tahmini
Kwak ve ark. Normalize edilen 6l¢iilendirme ile
(2000) geometrik ve istatistiksel 6zellikler
Georgieva ve x2-kriteri ile desen iizerinde kalite
ark. (2003) tespiti

(Krastev ve ark.
2004; Krastev ve Histogram ozellikleri
Georgieva 2005)

Optimize edilmis filtrelerin her birini
bir dalgacik alt bandina uygulayarak
boyut ve sekil bilgilerine gore ayirma

Sobral ve ark.
(2005)

Peters ve Koenig 1D&2D konvoliisyon gekirdekleri

(2007)
Amorim ve ark. HSB ve RGB uzaylarinda 6znitelik
(2009) cikarimi, gabor filtresi
. Geometrik 6zelliklerine gore (uzunluk,

Jian ve ark. .

genislik, alan, ¢evre, doku, renk)
(2010) ST

Oznitelik ¢ikarimi
Kasi ve ark. Otomatik uyarlamali bir kenar
(2014) algilama algoritmasi
Wu ve ark. Bir goriintii o%e!}lginli 1y11§st1npe
(2016) olmadan alt goriintiiniin gri seviye

farki ile karsilagtirma (istatistiksel)

Liong ve ark.
(2019)

Mask R-CNN (Mask Regional
Convolutional Neural Network)

2.3.1.1. Kusur Oznitelik Cikariminda Renk Ozellikleri

Renk ozelligi, o&lgek degistirme, dondirme gibi
degiskenlerden bagimsiz olarak kullanilabildigi igin
bir¢ok caligmada kullanilmigtir. Bong ve ark. (2018), 6
adimli bir muayene yontemi ile deri kusur tespitinde SVM
(Support Vector Machines) yaklagimint kullanmustir.
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RGB (Red-Green-Blue) goriintiilerin  her bir renk
kanalindaki ortalama, standart sapma, ¢arpiklik degerini
hesaplamig daha sonra resmi griye ¢evirip her bir kanalda
renk momenti ve gri momenti birlestirilerek goriintiiniin
renk modelini olusturmustur. Bu bilgi kullanilarak SVM
yardimt ile %98’den yiiksek dogruluk oranina ulagilmistir.

Amorim ve ark. (2010), deri ylizey kusurlarini tespit
edebilmek i¢cin HSB (Hue-Saturation-Blur) ve RGB’nin
her bir renk bilesenin ortalama degerini alip histogram
degerini cikardilar. Bu verileri C4.5, kNN (k-Nearest
Neighboor), Naive Bayes ve SVM olmak iizere 4 farkli
smiflandirict ile degerlendirdiler. Islak mavi deri ve ham
deri ornekleri iizerinde yaptiklart kusur smiflandirma
islemlerinde en yiiksek %95,9 dogruluk oranina kNN ile
ulagmislardir.

2.3.1.2. Kusur Oznitelik Cikariminda Doku ve
Geometri Ozellikleri

Cisimlerin doku  oOzellikleri 3 ayr1  kategoride
incelenmektedir. Bunlar giiglii sirali doku, zayif sirali
doku ve sirasiz doku olarak isimlendirilir (Rao 2012).
Giglii sirali dokular tekrarlayan desenler igerirlerken zayif
siralt dokular, dokunun ¢esitli noktalarinda farkli desenler
icerebilir. Bunlarin aksine sirasiz dokular ise tekrarlama
yonelimi  gostermez ancak piiriizliliiklerine  gore
tanimlanabilir. Deri, yapist itibari ile sirasiz doku
kategorisine girer. Geometrik olarak deri kusurlar 3 tiirde
incelenebilir. Bunlar noktasal, c¢izgisel ve yiizeysel
kusurlardir.

Bowman ve ark. (1996), zor tanimlanan kusurlar tespit
edebilmek i¢in lazer kaynakli floresan goriintiiler icin
otomatik bir kusur tespit yontemi gelistirmislerdir. Cok
boyutlu o6zellikler kullanilarak (renk, doku, kenar,
yogunluk) koyun derisi iizerindeki kusurlar tespit
edilmigtir. Pistori ve arkadaslari (Amorim ve ark. 2010;
Viana ve ark. 2007; Pistori ve ark. 2018), deri kusur
tespitinde doku analizi ve makine 6grenimi yontemlerini
denemiglerdir. Doku 6zelliklerini ¢ikarmak igin entropi,
ters fark momenti, farklilik, kolerasyon, kontrast, agisal
ikinci moment gibi yontemlerden faydalanmislardir. Renk
ozelliklerine gore de HSB uzayinda histogramlar
incelenmis olup SVM, MLP gibi algoritmalar ile makine
O0grenmesi yontemleri uygulanmistir. Amorim ve ark.
(2010), 12’si HSB ve RGB uzayi, 7’si etkilesim haritalart,
12’si birlikte olusum matrisi ve 17°si gabor filtresi olmak
iizere toplamda 160 renk-doku 6zniteligi ¢ikarilmistir. Bu
oznitelikler, C4.5, KNN, Naive Bayes ve Destek Vektor
Makineleri (SVM) isminde dort farkli smiflandirict
kullanilarak deri kusur smiflandirma problemine
uygulanmistir. FisherFace, CLDA, DLDA ve YLDA
olmak tizere dort dogrusal diskriminant analiz teknigi ile
bir nitelik azaltma karsilastirmali ¢alismasi sunulmustur.

Jian ve ark. (2010), derinin geometrik 6zelliklerine gore
kusur 6zelliklerini arastirmislardir. Deri 6rneklerinin dig
dikdortgeninin - uzunluguna,  genisligine, alanina,
gevresine, dokusuna ve rengine goére Ozniteliklerini
¢ikararak sinir aglart ve karar agaglari yardimi ile
smiflandirma yapilmustir.
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2.3.1.3. Kusur Oznitelik Cikariminda Cisimlerin
Spektral Ozellikleri

Kenar tespiti gibi pek ¢ok yaygin disiik seviyeli
istatistiksel ~ yaklagim, yogunluktaki ince gegisler
nedeniyle ¢esitli deri kusurlarini ortadan kaldirir. Bu
nedenle deri kusurlarini tespit etmek icin diger saglam ve
etkili bilgisayarli gérme yaklagimlarini kesfetmek g¢ok
onemlidir. Filtre doniigiimii, goriintiiyli uzamsal alandan
frekans alanina veya zaman-frekans alanina doniistiiriir.
Ornek olarak Fourier doniisiimii, dalgacik doniisiimii ve
Gabor doniisimii yaygin olarak kullanilir. Fourier
doniisimii goriintliyii bir frekans alanina dondstiiriir ve
dokuyu ifade etmek igin spektral enerjiyi veya spektral
entropiyi kullanir. Periyodiklik, yonliilik ve rastgelelik
dokuyu karakterize eden ii¢ 6nemli faktordiir (Rao ve
Lohse 1993). Deri gibi diizenli ve periyodik bir yapi,
spektral ~ Ozelliklerin ~ kusurlart  tespit etmek igin
kullanilmasimi  kolaylagtirir.  Ancak rastgele dokulu
goriintiilerde, gri tonlarinin dagilimi genellikle daha
rastgele oldugundan, bu tiir dokularin spektral analizleri
kusurlarmi tespit etmek i¢in uygun degildir. Yani, rastgele
dokulu malzemelerde, periyodik bir desen olmadif icin
spektral yaklagimlar etkili degildir. Ote yandan dalgacik
donisiimii, bir goriintiiniin frekans bilesenlerini analiz
etme yeteneginden dolayi, Ozellikle deri kusurlarinin
taninmasi gibi gorevlerde, goriintii islemede kullanilan
giiclii bir tekniktir.

Diisiik ve yiiksek frekansli ayrintilar arasinda ayrim
yaparak goriintiiyli ¢esitli Olgeklere boler. Yiiksek
frekansli alt bant goriintiileri, goriintiiniin dokusundaki
ince desenleri ortaya ¢ikardigindan, bu c¢oklu
coziiniirliklii yaklasim ozellikle doku ayrintilarinin
yakalanmasi agisindan degerlidir. Piramit dalgacik
doniisimii gibi geleneksel yontemler oncelikle diisiik
frekansli bilesenlere odaklanir ve ¢ogu zaman yiiksek
frekansli alanlarda bulunan temel oOzellikleri gézden
kagirir. Bununla birlikte, dalgacik paket ayrigtirmasi ve
aga¢ yapist dalgacik ayristirmast hem disik hem de
yliksek frekansli alt bantlar1 kapsamli bir sekilde
inceleyerek bu siirlamayi giderir ve higbir kritik bilginin
kagirilmamasini saglar. Bu gelismis teknikler, goriintiide
mevcut olan doku 6zelliklerinin tiim spektrumunu analiz
ederek deri iizerindeki kusurlarin taninmasinda etkilidir.

Fuqgiang ve ark. (2006), ortalama, standart sapma, entropi,
basiklik ve enerji ozellikleri gibi spektral &zellikleri
kullanmiglardir. Ayni sekilde Jawahar ve ark. (2014), deri
goriintiilerinden entropi, enerji, kontrast, korelasyon,
kiimelenme Onemi, standart sapma, ortalama deger gibi
dalgacik istatistiksel Ozelliklerini ve dalgacik birlikte
olusum matrisi Ozelliklerini ¢ikarmak ic¢in dalgacik
doniistimiinii kullanmistir. Sobral (2005), hal dalgacik
doniisiimil ve sekiz optimize edilmis filtre kullanarak doku
ozelliklerini ¢ikardi. Branca ve ark. (1997), vektor bilgi
anormalliklerini baz olarak ¢esitli doku bdlgelerini
filtreledi. Kiigiik kusurlarin gézden kagmasini engellemek
icin filtre boyutlar1 ayarlandi. Villar ve ark. (2011),
Fourier doniisiimii, kosiniis doniigiimii, gabor 6zellikleri,
hu momentleri vb. kullanarak 2002 6znitelik ¢ikardi.
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2.3.1.4. Kusur Oznitelik Cikarmminda Cisimlerin
istatistiksel Ozellikleri

Deri goriintiilerinin doku 6zelligi ¢ikariminda, yaygin
olarak kullanilan istatistiksel 6zellikler arasinda histogram
ozelligi ve gri diizey birlikte olusum matrisi (GLCM)
ozelligi yer almaktadir. GLCM goriintii uzayinda belirli
bir mesafeyle ayrilmis iki piksel arasinda belli bir gri iliski
oldugunu kabul eder. Yaygin olarak kullanilan 6zellik
miktarlart kontrast, korelasyon, enerji, entropi ve
otokorelasyondur (Chen ve ark. 2022). Sousa ve ark.
(2021), 1slak mavi formdaki kegi derilerinde yaptiklari
calismalarinda kusur tespiti ve kategorileme islemi
yapmuslardir. Oznitelik ¢ikarimi icin Yerel ikili Model
(LBP) ve GLCM yontemlerini kullanmislardir. Moganam
ve Seelan (2020) tarafindan toplam 2000 kusurlu ve
kusursuz fotograftan olusan veri kiimesini kullanarak
kusurlular1 0 kusursuzlari 1 olarak etiketleme yapilmustir.
Kusurlu ve kusursuz derinin ayrimi igin GLCM
kullanilmgtir.

Ote yandan histogram, bir goriintiideki farkli piksel
degerlerinin sikligini gosteren grafiksel bir gosterimdir.
En yiiksek ve en diisiik yogunluklar, ortalama degerler ve
piksel degerlerinin yayilmasi gibi bilgileri sunarak bir
goriintiiniin gorsel 6zelliklerini analiz etmek i¢in giiglii bir
ara¢ gorevi goriir. Histogramlardan elde edilen ortalama,
medyan ve aralik gibi temel 6zellikler goriintiiniin kontrast
ve parlaklik diizeylerine iligkin bilgiler sunar. Ek olarak
entropi ve varyans gibi dl¢limler bize goriintliniin dokusu
ve karmasikligi hakkinda bilgi verir. Daha da 6nemlisi,
histogram ozellikleri piksellerin uzamsal
diizenlemesinden etkilenmez, bu da onlar1 6teleme ve
dondiirme gibi goriintii doniisiimlerine karsi dayanikli
kilar. Gan ve ark. (2021), 2 veri kiimesi lizerinde ¢alisip
birincisinde ¢iplak gozle daha rahat fark edildikleri igin
koyu ¢izgi kusurlarina odaklanmuslardir. ikincisinde ise
bocek 1sirig1 kusur tipine odaklanmigslardir. Histogramin
incelenmesi i¢in Kolmogorov-Smirnov testi (Conover
1965) uygulanmustir. Oznitelik sayisin1 azaltmak igin
esikleme yapilmistir. Pistori ve arkadaslari (Amorim ve
ark. 2010; Viana ve ark. 2007; Pistori ve ark. 2018),
GLCM ve histogram 6zelliklerini kullanarak toplamda 63
birlikte olusum ve 3 renk ozelligi ¢ikarmislardir.
Histogram &zelliklerini ¢ikarirken HSB renk uzayinin her
kanali ayr1 kullanilmistir. Ding ve ark. (2020), etkilesim
haritalari, birlikte olusum ve renk 6zelliklerini kullanarak
resimlerin  Ozniteliklerini ¢ikarmigtir. Kwon ve ark.
(2004), ortalama, varyans, standart sapma, diiz alanin ug
noktasi, genislik, diiz alan sayis1 ve kutuplarin konumunu
iceren histogrami kullanarak kusurlari analiz etti. Bu
histogram 0Ozelliklerini kullanarak igne deligi, ¢izik,
kirigiklik hatalar1 gibi kusurlar basartyla tespit edilirken
diger birkag¢ kusur gozden kacirildi. Krastev ve ark.
(Georgieva ve ark. 2003; Krastev ve digerleri 2004;
Krastev ve Georgieva 2005) deri kusurlarinin
tanimlanmasinda histogram u¢ seviyeleri, medyan,
ortalama, varyans ve doku ozellikleri gibi Onerilen
ozellikler kullanilmigtir.

2.3.2. Desen Smiflandirma

Desen siniflandirma deri kusur tespiti ¢alismalarinda ¢ok
onemli bir yere sahiptir. Arastirmacilar, g¢esitli kusur

Atag ve ark.

desenlerini/modellerini analiz ederek diizensizlikleri
yiiksek dogrulukla kategorize etmeyi amaglayan karmasik
smiflandiricilar  gelistirmektedir. Bu  smiflandiricilar,
karmagik kusur modellerinin smiflandirma algoritmalari
tarafindan etkili bir sekilde kullanilabilecek yapiya
doniistiiriilmesine olanak tanryan ¢esitli 6znitelik ¢ikarma
teknikleri kullanilarak egitilir. Uygulanan teknikler
arasinda 2.3.1 bashg altinda belirtilen renk, doku,
geometrik, istatistiksel gibi Ozellikler kullanilmaktadir.
Egitim sirasinda kusur modellerinden kapsamli bir
Oznitelik vektorii iretilir ve sonraki siniflandirma
stirecinin temelini olusturur.

Kusur desenleri 6znitelik vektorlerine doniistiiriildiikten
sonraki adim, herhangi bir ortigmeyi belirlemek i¢in
bilinen kusur desenleri ile titiz bir karsilastirma yapmaktir.
Bu, ¢ikarilan ozelliklerin benzerligini inceleyen desen
smiflandirma algoritmalarinin uygulanmasiyla elde edilir.
Benzerlik derecesi, cildin belirli bir bolgesindeki
kusurlarin varhiginin bir gostergesi olarak kabul edilir.
Aragtirmacilar, desen siniflandirma ydntemlerinden
yararlanarak cesitli kusur tiirlerinin tespit dogrulugunu
onemli dlgtlide artirabilir. Bu sistematik yaklagim, yalnizca
hayvan derisindeki kusur analizinin ilerlemesine katkida
bulunmakla kalmaz, ayn1 zamanda genis bir kusur dizisine
uyum saglayabilen daha genellestirilmis siniflandiricilarin
gelistirilmesinin yolunu da agar.

Veri Olusturma

Resimlerin elde
edilmesi

On Hazirlik

*  Kirpma/bdlme

islemleri
. Veri ¢ogaltma
" islemleri
Oznitelik Gikarimi ———-
* Renk ozellikler
* Doku ve geometri
ozellikler
. Spe_ktral ozellikler
o statistiksel ST Desen
ozellikler Siniflandirma
Onceden egitilmis
modeller ile
desenlerin
) — vektorlerinin
Ko ies) taninmasi

Sekil 2. Deri kusur tespitinde Oznitelik ¢ikarimi ve desen
siniflandirma adimlari

3. MAKINE OGRENMESI TABANLI KUSUR
TANIMLAMALARI

Geleneksel deri ylizey kusuru tanimlama yaklagimi, farkl
tirdeki kusurlar1 ayirt etmek igin gesitli goriintii
ozelliklerinin ~ ¢ikarilmasim1  igeren desen tanima
algoritmalarinin kullanimima dayanir. Bu 6zellikler genel
olarak dort gruba ayrilabilir: birinci dereceden istatistiksel
Olciimler, ikinci dereceden istatistiksel dl¢limler, spektral
Olglimler ve goriintii seviyesi tanimlayicilar. Birinci
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dereceden istatistiksel Slglimler, goriintiiniin yogunluk
dagilimina iliskin genel bir anlayis saglayan ortalama,
varyans ve carpiklik gibi temel goriintii 6zelliklerini
kapsar. ikinci dereceden istatistiksel 6lciimler ise komsu
pikseller arasindaki mekansal iliskilerin karakterize
edilmesinde Onemli olan kontrast, korelasyon ve
homojenlik dahil olmak iizere doku ozelliklerinin
analizini igerir. Frekans alaninin analizini iceren spektral
Olciimler, periyodik modeller sergileyen kusurlarin
belirlenmesinde faydalidir.

Yerel ikili desenler ve Gabor ozellikleri gibi goriintii
diizeyinde tanimlayicilar, yerel doku desenlerini ve
kenarlarm1 yakalayarak goriintiiniin daha ayrmtili bir
temsilini saglar. Cikarilan bu o&zellikleri farkli kusur
kategorilerine siiflandirmak igin ¢esitli makine 6grenme
algoritmalar1 kullanilir. Deri ylizeyindeki kusurlarin
tanimlanmasinda en yaygin kullanilan algoritmalardan
bazilart arasinda k-En Yakin Komsu (kNN), Sinir Ag1
(NN), Destek Vektor Makinesi (SVM), Bayesian Ag1
(Bayes) ve Karar Agact (DT) yer alir. Ornegin kNN
algoritmasi, belirli bir 06zellik kiimesine en yakin
eslesmeleri  bularak  kusurlar1  tanimlarken, NN
algoritmasi, Ozellikler arasindaki kaliplari ve iligkileri
ogrenmek icin birbirine bagh diigiimlerden olusan
karmasik bir ag kullanir. Giiriiltiiye ve yiiksek boyutlu
verilere karsi dayanikliligiyla bilinen SVM algoritmasi,
smiflar arasindaki marji maksimuma c¢ikaran optimal
hiperdiizlemi bularak kusurlar1 farkli siniflara ayirir.
Olasilik teorisine dayanan Bayes algoritmasi, kusurlarin
tanimlanmasi igin olasiliksal bir ¢ergeve saglarken, DT
algoritmasi, kusurlart bir dizi kural ve kosula gore
smiflandirmak i¢in aga¢ benzeri bir model kullanir. Bu
algoritmalar1 ¢ikarilan goriintii 6zellikleriyle birlestirerek
deri ylizey kusurlarini tespit etmek i¢in dogru ve giivenilir
bir sistem gelistirilmeye ¢aligilmistir.

Literatiirde makine 6grenmesi yontemlerini kullanarak
yapilan birgok ¢aligmada %90 iizerinde basariya
ulasilmistir. Ornegin (Gan ve ark. 2021; Gan ve ark. 2022)
SVM, DT, kNN, NN, Bayes siiflandiricilarini kullanarak
%99 ve %94, Jawahar ve ark. (2014), SVM kullanarak
%98.8, Moganam ve Seelan (2020), NN simiflandirict ile
%94.2, Santos ve ark. (2020) Naive Bayes ve SVM
kullanarak 93.2, hatta Pistori ve digerleri (2018) kNN,
SVM, NN kullanip kNN ile %100 dogruluk oranina
ulasmislardir. Ancak bu oranlar bu yontemlerin kiigiik veri
kiimeleri iizerinde degerlendirilmesinden kaynaklidir
(Aslam ve ark. 2019). Ayrica endiistriyel uygulamalardaki
deri yiizey kusurlarindan g¢ok farklidir (Chen ve ark.
2022). Pratikte deri yiizey kusur sekilleri rasgele ve
degiskendir. Bir goriintiide ondan fazla kusur bulunabilir.

4. DERIN OGRENME TABANLI
TANIMLAMALARI

KUSUR

Derin 6grenme (DL) sayesinde bir makine, her ag
katmanindaki parametre ayarlarm1  geri yayilim
algoritmalart ile tekrar tekrar diizenlemektedir. Bu sayede
derin Ogrenme, biiyikk veri kiimeleri gibi karmagik
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yapilarda basarisini ciddi miktarda artirmaktadir. Derin
O6grenme konusma tanima, nesne algilama, nesne tanima
gibi alanlarda kullanilip etkisini kanitlamigtir (LeCun ve
ark. 2015).

Deri yiizey kusurlarinin lokasyon tespiti ve tanimlanmasi
gibi konularda kullanimi giin gectikge artmaktadir.
Hayvan derilerinde kusur tespitinde derin 6grenmenin
kullanilmasmin deri endiistrisi ig¢in bircok potansiyel
faydasi vardir. Birincisi, manuel denetim ihtiyacim
azaltmaya yardimec1 olarak personelin daha yiiksek degerli
gorevlere odaklanmasina olanak tanir. Ek olarak, derin
O0grenme algoritmalart otomatik sistemlere entegre
edilebilir ve bdylece ger¢cek zamanli kusur tespiti ve
derilerin siniflandirilmast miimkiin olur. Bu, iiretim
stirecinin verimliligini ve dogrulugunu artirmaya yardimci
olurken ayni zamanda israfi azaltip nihai {iriiniin genel
kalitesini de artwrabilir.  Ayrica, derin &grenme
algoritmalari, yeni veriler elde edildikce siirekli olarak
giincellenebilir ve iyilestirilebilir; bu da onlarin, deri
kalitesindeki degisen kaliplara ve trendlere uyum
saglamasina olanak tanir. Tablo 3’te derin Ogrenme
metotlar1 ile kusur tespiti ve tanimlamasi yapilan
caligmalar gosterilmistir.

4. SONUC VE ONERILER

Deri yiizey kusurlarmin deri kalitesine dogrudan etkisi
olmasindan dolayi, bu kusurlarin tespit hassasiyeti
dericilik sektorii i¢in muazzam Oneme sahiptir. Bu
sebepten deri goriintiilerindeki kusurlarin tespiti igin yillar
boyunca bircok yontem Onerilmistir. Her ne kadar bazi
arastirmacilarin ¢alismalarinda ¢ok yiiksek tespit orani
yakalanmis olsa da bu degerler hala sektdrdeki gergek
calisma kosullarma aktarilamamistir. Bu ¢aligmada, deri
kusurlarmin tespiti konusunda literatiir taranmis olup,
mevcut ¢aligmalarin 6znitelik ¢ikarma yontemleri ve daha
sonrasinda yapilan tespit islemi i¢in makine &grenmesi
yontemlerinin alt branslari sirasiyla sunulmustur. Bu

yontemlerin  analizleri, sonuglari, performanslari
degerlendirilmistir. Tartigilan yOntem ve sistemler
1992’den  itibaren  yaymlanmis  dikkate  deger
¢alismalardir.

Literatiirdeki ¢aligmalar incelendiginde ekseriyetinin
kiigiik boyutlu fotograflardan olusan veri kiimeleri
iizerinde calistigi goriilmiis olup gercek tabakhane
iretimlerinde deri boyutlarmin ortalama 2m x 3m
olmasidan dolay1 ¢alismalardaki yiiksek basari oranlari
tabakhanelere aktarilamamaktadir. Gelecekteki
caligmacilarin daha yiiksek ¢oziniirliklii fotograflar
iizerinden c¢aligmasimin, gercek tabakhane kosullarina
daha uygun olacagi kanaatindeyiz. Ayrica 6zellikle derin
O0grenme metotlarmin  dogruluk oranlarint  artirma
konusunda veri ¢ok 6nemli oldugu i¢in, veri ¢ogaltma
(data augmentation) metotlar1 kullanilmasini 6neririz.

CIKAR CATISMASI

Yazarlar arasinda bir ¢ikar catigmasi olmadigini beyan
ederler.
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Tablo 3. Deri kusur tespiti ve tanimlanmasinda derin 6grenme kullanilan ¢aligmalar

Calisma Sahibi DL Methodu Dogruluk Oram  Kusur Tipi
Winiarti ve ark. o Kusursuz, kertenkele, timsah, koyun,
(2018) AlexNet + SVM %99.97 keci, inek
Eg?g)ve ark. Mask R-CNN %70.35 Kene 1sir1g1
Deng ve ark. (2020) ResNet50 %94.6 Kusursuz, ¢izik, delik, bocek 1sir1g1
Zggg)ve ark. AlexNet %94.67 Kusursuz, ¢izik, kirigiklik
Siyah nokta, ciiriik, ¢izik, kan tendonu,
Ding ve ark. (2020) CNN %90 boyun ¢izgileri, delik, miihiir, yara izi,
kesik

Gan ve ark. (2021)  AlexNet + SVM %100 Kusursuz, Kesik
Chen ve ark. (2021) ;g:gﬁg’ 2DUnet, %96 Miihiir, ¢iirtik, yirtik, bocek 1sir1g1, ¢izik
Gan ve ark. (2022)  Alexnet + GAN* %100 Kusursuz, siyah ¢izgi, kirigiklik

26 Adet DL modeli . e
Chen ve ark. (2023)  (en iyi sonug %72,5 Oyuk, igne deligi, ¢izik, cirik, bitylime

DenseNet169) ¢cizgisi, yara, kirigiklik, bakteri yarasi
Yuan ve ark. (2023) LWAFC** + Yolov5s %389 Cizik, leke

AlexNet + SVM +
Gan ve ark. (2023)  Yolov2 + Faster R- %73.47 -

CNN
Igbal ve ark. (2023) MLR-Net*** %385.9 -
Prananda ve o Kusursuz, katlanma izleri, biiylime izleri,
Frannita (2023) Nasnet 7086.03 hafif ezilmeler, igne deligi
é%%jl)lah ve ark. ir/}:l[()ti{)_nc\l\/é}CNN * %99 Kusursuz, kusurlu

o .

Yolovl’den Yolov8’e /032.3 (blrde.n. . i

Chen ve ark. (2024) kadar (v8 dahil) tiim fazla kusur tipi) O.yu.k,. igne deligi, cizik, gumk, bityiime
' modeller %85.1 (tek kusur  ¢izgisi, yara, kirigiklik, bakteri yarasi

tipi)

*GAN: Generative adversarial network (Uretken rekabet ag1)
**LWAFC: Large window attention-based full connection (Genis Pencere Dikkat Temelli Tam Baglanti)
***MLR-Net: Multi-layer residual convolutional neural network (Cok katmanli artik evrigimli sinir ag1)

KAYNAKLAR

Abdullah AB, Jawahar M, Manogaran N, Subbiah G, Seeranagan K, Balusamy B, Saravanan AC (2024). Leather Image
Quality Classification and Defect Detection System using Mask Region-based Convolution Neural Network Model.
International Journal of Advanced Computer Science & Applications, 15(4).

Amorim WP, Pistori H, Jacinto MAC, Sudeste EP (2009). A comparative analysis of attribute reduction algorithms applied
to wet-blue leather defects classification. Brazilian Symposium on Computer Graphics and Image Processing, 2009(1):1-
2.

Amorim WP, Pistori H, Pereira MC, Jacinto MAC (2010). Attributes reduction applied to leather defects classification.
Patterns and Images, 2010(1): 353-359.

Aslam M, Khan TM, Naqvi SS, Holmes G, Naffa R (2019). On the application of automated machine vision for leather
defect inspection and grading: a survey. IEEE Access, 7: 176065-176086.

Bong HQ, Truong QB, Nguyen HC, Nguyen MT (2018). Vision-based inspection system for leather surface defect
detection and classification. 5Sth NAFOSTED conference on information and computer science (NICS). Ho Chi Minh City,
Vietnam.

Bowman CC, Hilton PJ, Power PW, Hayes MP, Gabric RP (1996). Sheep-pelt grading using laser scanning and pattern
recognition. Machine vision applications, architectures, and systems integration, SPIE, 1996(2908): 33-42.

Branca A, Abbate MG, Lovergine FP, Attolico G, Distante A (1997). Leather inspection through singularities detection
using wavelet transforms. Image Analysis and Processing: 9th International Conference, ICIAP’97. Florence, Italy.

64



Hayvan Derisinin Kusur Tespitinde Makine Ogrenmesi Atag ve ark.

Branca A, Lovergine FP, Attolico G, Distante A (1997). Defect detection on leather by oriented singularities. Computer
Analysis of Images and Patterns. 7th International Conference, CAIP’97. Kiel, Germany.

Branca A, Tafuri M, Attolico G, Distante A (1996). Automated system for detection and classification of leather defects.
Optical Engineering, 35(12): 3485-3494.

Chen SY, Cheng YC, Yang WL, Wang MY (2021). Surface defect detection of wet-blue leather using hyperspectral
imaging. IEEE Access, 2021(9): 127685-127702.

Chen Z, Deng J, Zhu Q, Wang H, Chen Y (2022). A systematic review of machine-vision-based leather surface defect
inspection. Electronics, 11(15): 2383.

Chen Z, Xu D, Deng J, Chen Y, Li C (2023). Comparative study on deep-learning-based leather surface defect
identification. Measurement Science and Technology, 35(1): 015402.

Chen Z, Zhu Q, Zhou X, Deng J, Song W (2024). Experimental Study on YOLO-based Leather Surface Defect Detection.
IEEE Access, 2024(12): 32830-32848.

Conover W (1965). Several k-sample Kolmogorov-Smirnov tests. The Annals of Mathematical Statistics, 36(3): 1019-
1026.

Deng J, Liu J, Wu C, Zhong T, Gu G, Ling BWK (2020). A novel framework for classifying leather surface defects based
on a parameter optimized residual network. IEEE Access, 8: 192109-192118.

Ding C, Huang H, Ming P (2020). Inspection method of leather defect based on convolutional neural network and salient
feature. Donghua University Natual Sciences, 2020(46): 408-413.

Fuqgiang H, Wen W, Zichen C (2006). Automatic defects detection based on adaptive wavelet packets for leather
manufacture, In Technology and Innovation Conference (ITIC). Hangzhou, China.

Gan YS, Chee SS, Huang YC, Liong ST, Yau WC (2021). Automated leather defect inspection using statistical approach
on image intensity. Journal of Ambient Intelligence and Humanized Computing, 12: 9269-9285.

Gan YS, Liong ST, Zheng D, Xia Y, Wu S, Lin M, Huang YC (2023). Detection and localization of defects on natural
leather surfaces. Journal of Ambient Intelligence and Humanized Computing, 2023(1): 1-15.

Gan YS, Liong ST, Zheng D, Xia Y, Wu S, Lin M, Huang YC (2021). Detection and localization of defects on natural
leather surfaces. Journal of Ambient Intelligence and Humanized Computing, 2021(1): 1-15.

Gan YS, Yau WC, Liong ST, Chen CC (2022). Automated classification system for tick-bite defect on leather.
Mathematical Problems in Engineering, 2022(1): 1-12.

Georgieva L, Krastev K, Angelov N (2003). Identification of surface leather defects. Proceedings of the 4th international
conference on Computer systems and technologies, CompSysTech. New York, United States.

Ghimire A, Mahaseth A, Thapa R, Magar SA, Singh SK, Khanal SR (2022). Leather Defect Segmentation Using Semantic
Segmentation Algorithms. Journal of Artificial Intelligence and Capsule Networks, 2022(2): 131-138.

Igbal S, Khan TM, Naqvi SS, Holmes G (2023). MLR-Net: A multi-layer residual convolutional neural network for leather
defect segmentation. Engineering Applications of Artificial Intelligence, 126: 107007.

Jawahar M, Babu NKC, Vani K (2014). Leather texture classification using wavelet feature extraction technique. 2014
IEEE International Conference on Computational Intelligence and Computing Research. TamilNadu, India.

Jian L, Wei H, Bin H (2010). Research on inspection and classification of leather surface defects based on neural network
and decision tree. International conference on computer design and applications. Qinhuangdao, China.

Kasi MK, Rao JB, Sahu VK (2014). Identification of leather defects using an autoadaptive edge detection image
processing algorithm. International conference on high performance computing and applications (ICHPCA).
Bhubaneswar, India.

Khanal SR, Silva J, Magalhdes L, Soares J, Gonzalez DG, Castilla YC, Ferreira MJ (2022). Leather Defect Detection
Using Semantic Segmentation: A Hardware platform and software prototype. Procedia Computer Science, 2022(204):
573-580.

Kohli P, Garg S (2013). Leather quality estimation using an automated machine vision system. IOSR Journal of Eletronics
and Communication Engineering, 2013(6): 44-47.

Krastev K, Georgieva L (2005). Identification of leather surface defects using fuzzy logic. Proceedings of the International
Conference on Computer Systems and Technologies. Washington, United States.

Krastev K, Georgieva L, Angelov N (2004). Leather features selection for defects recognition using fuzzy logic. Energy,
2004(3): 1-6.

65



Hayvan Derisinin Kusur Tespitinde Makine Ogrenmesi Atag ve ark.

Kwak C, Ventura JA, Tofang-Sazi K (2000). A neural network approach for defect identification and classification on
leather fabric. Journal of Intelligent Manufacturing, 2000(11): 485-499.

Kwak C, Ventura JA, Tofang-Sazi K (2001). Automated defect inspection and classification of leather fabric. Intelligent
Data Analysis, 2001(4): 355-370.

Kwon JW, Choo YY, Choi HH, Cho JM, Kil GS (2004). Development of leather quality discrimination system by texture
analysis. Region 10 Conference TENCON. Chiang Mai, Thailand.

LeCun 'Y, Bengio Y, Hinton G (2015). Deep learning. Nature, 2015(1): 436-444.

Liong ST, Gan YS, Huang YC, Yuan CA, Chang HC (2019). Automatic defect segmentation on leather with deep learning.
arXiv preprint arXiv: 1903.12139.

Liong ST, Gan YS, Liu KH, Binh TQ, Le CT, Wu CA, Yang CY, Huang YC (2019). Efficient neural network approaches
for leather defect classification. arXiv preprint arXiv: 1906.06446.

Liong ST, Zheng D, Huang YC, Gan YS (2020). Leather defect classification and segmentation using deep learning
architecture. International Journal of Computer Integrated Manufacturing, 2020(33): 10-11.

Moganam PK, Seelan DAS (2020). Perceptron Neural Network Based Machine Learning Approaches for Leather Defect
Detection and Classification. Instrumentation, Mesures, Métrologies, 2020(6): 421-429.

Doble M, Rollins K, Kumar A (2007). Industrial examples in Green Chemistry and Engineering. Academic Press.

Omoloso O, Mortimer K, Wise WR, Jraisat L (2021). Sustainability research in the leather industry: A critical review of
progress and opportunities for future research. Journal of Cleaner Production, 2021(285): 421-429.

Pereira RF, Dias MLD, de S4 Medeiros CM, Rebougas Filho PP (2018). Classification of Failures in Goat Leather Samples
Using Computer Vision and Machine Learning. SIBGRAPI 2018. Foz do Iguacu, Brazil.

Peters S, Koenig A (2007). A hybrid texture analysis system based on non-linear & oriented kernels, particle swarm
optimization, and kNN vs. support vector machines. 7th international conference on hybrid intelligent systems (HIS 2007).
Kaiserslautern, Germany.

Pistori H, Paraguassu WA, Martins PS, Conti MP, Pereira MA, Jacinto MA (2018). Defect detection in raw hide and wet
blue leather. Computational Modelling of Objects Represented in Images. Fundamentals, Methods and Applications.
Cracow, Poland.

Prananda AR, Frannita EL (2023). Toward Adaptive Manufacturing Development: Implementation of Artificial
Intelligence for Identifying Leather Defects. Jurnal Ecotipe (Electronic, Control, Telecommunication, Information, and
Power Engineering), 2023(2): 200-207.

Rao AR (2012). A taxonomy for texture description and identification. Springer Science & Business Media.

Rao AR, Lohse GL (1993). Identifying high level features of texture perception. CVGIP: Graphical Models and Image
Processing, 1993(3): 218-233.

Santos Filho EQ, de Sousa PHF, Rebougas Filho PP, Barreto GA, de Albuquerque VHC (2020). Evaluation of goat leather
quality based on computational vision techniques. Circuits, Systems, and Signal Processing, 2020(2): 651-673.

Smith AD, Du S, Kurien A (2023). Vision transformers for anomaly detection and localisation in leather surface defect
classification based on low-resolution images and a small dataset. Applied Sciences, 13(15): 8716.

Sobral JL (2005). Leather inspection based on wavelets. Iberian conference on pattern recognition and image analysis,
Springer, 2005(1): 682-688.

Sousa CEB, Medeiros CMS, Pereira RF, Neto AA, Neto MAV (2021). A decision support system for fault detection and
definition of the quality of wet blue goat skins. Heliyon, 7(9).

Tafuri M, Branca A, Attolico G, Distante A, Delaney W (1996). Automatic leather inspection of defective patterns.
Machine vision applications in industrial inspection IV, SPIE, 1996(2665): 108-119.

Ticaret Bakanlig1 (2022). Deri ve Deri Mamulleri Sektor Raporu.
https://ticaret.gov.tr/data/5b87000813b8761450e18d7b/Deri_ve Deri Mamulleri_Sekt%C3%B6r%C3%BC.pdf.
TUIK (2020, Aralik). Deri Uretimi Miktarlar. Tiirkiye [statistik Kurumu.

https://data.tuik.gov.tr/Bulten/Downloadlstatistiksel Tablo?p=/ak VjpnzD2nodIn2y9MutlfambT 1x VSPmEU6zK9rXpGm
SEkOkCvdtPrMKm86QILt.

Viana R, Rodrigues RB, Alvarez MA, Pistori H (2007). SVM with stochastic parameter selection for bovine leather defect
classification. Advances in Image and Video Technology: Second Pacific Rim Symposium, PSIVT 2007. Santiago, Chile.

66


https://data.tuik.gov.tr/Bulten/DownloadIstatistikselTablo?p=/akVjpnzD2nodln2y9MutlfambT1xV5PmEU6zK9rXpGm5Ek0kCvdtPrMKm86QlLt
https://data.tuik.gov.tr/Bulten/DownloadIstatistikselTablo?p=/akVjpnzD2nodln2y9MutlfambT1xV5PmEU6zK9rXpGm5Ek0kCvdtPrMKm86QlLt

Hayvan Derisinin Kusur Tespitinde Makine Ogrenmesi Atag ve ark.

Villar P, Mora M, Gonzalez P (2011). A new approach for wet blue leather defect segmentation. Progress in Pattern
Recognition, Image Analysis, Computer Vision, and Applications: 16th Iberoamerican Congress, CIARP 2011. Pucén,
Chile.

Wang Q, LiuH, LiuJ, Wu T (1992). A new method for leather texture image classification. IEEE International Symposium
on Industrial Electronics. Xi'an, China.

Winiarti S, Prahara A, Murinto DPI, Ismi P (2018). Pretrained convolutional neural network for classification of tanning
leather image. Network (CNN), 9(1): 9.

Wu X, Xiong H, Wen P (2016). A defect detection method based on sub-image statistical feature for texture surface. Eighth
International Conference on Digital Image Processing (ICDIP 2016). Chengu, China.

Yuan S, Li L, Chen H, Li X (2023). Surface Defect Detection of Highly Reflective Leather Based on Dual-Mask Guided
Deep Learning Model. IEEE Transactions on Instrumentation and Measurement, 2023(72): 1-13.

67



Karamanoglu Mehmetbey Universitesi
Miihendislik ve Doga Bilimleri Dergisi
Karamanoglu Mehmetbey University
Journal of Engineering and Natural Sciences
e-ISSN: 2687-5071 © KMUJENS

DOI: 10.55213/kmujens. 1488224 Derleme (Review) 6(2): 68-83 (2024)

Buji Ateslemeli Motorlarda Yakit Olarak Etanol Kullaniminin Performans ve
Emisyonlar Uzerindeki Etkisi

Abdullah KAYA"™

! Karamanoglu Mehmetbey Universitesi, Fen Bilimleri Enstitiisii, Makine Miihendisligi, Karaman, Tiirkiye

Alindi/Received: 22/05/2024; Kabul/Accepted: 05/07/2024; Yaym/Published: 10/12/2024

* Corresponding author e-mail: abdullahkaya@yandex.com

Oz

Alternatif yakitlar {izerine yapilan arastirmalar, enerji tiikketiminin her gegen giin artmasi ve zararli egzoz gazi emisyonlariin
azaltilmasini saglamak igin siirekli calisma konusu olmustur. Ulkemizde motorlu kara tasit sayis1 TUIK verilerine gore 2024
yil1 mayis ay1 sonu itibariyle 29791066’ya ulagsmistir. Yine sera gazi emisyonlarinda en biiytlik pay1 2022 yil1 verilerine gore
%71,8 ile enerji sektorii ilk sirada yer almigtir (TUIK 2024). Bu yiizden igten yanmali motorlarda alternatif yakitlar iizerine
calismak kaginilmaz olmustur. Etanoliin i¢ten yanmali motorlar i¢in uygun bir alternatif yakit oldugu ve fiziksel ile kimyasal
ozelliklerinden dolay1 buji ile ateslemeli motorlarda kullanimimin daha uygun oldugu gériilmiistiir. igten yanmali motorlarda
yanma olay1 performans ve emisyon agisindan 6nemli bir faktordiir. Etanoliin benzinle karistirildiginda yanmanin iyilestigi
ve temiz yanma olustugundan dolay1 motor performansi ve emisyonlar iizerinde olumlu etkiler yarattigi goriilmiistiir. Bu
aragtirmada etanoliin (C;HsOH) buji ile ateslemeli (Otto ¢evrimli) motorlarda alternatif yakit olarak kullanilmasi
aragtirtlmistir. Motor performanst ve emisyonlar {izerindeki etkisi incelenmistir. Etanoliin buji ile ateslemeli motorlarda
kullanilmasimin yakit 6zelliklerine gore sonuglari irdelenmistir. Buji ile ateslemeli motorlarda etanol kullaniminin emisyon
degerlerinde azalma ve motor performansinda ise artis sagladig1 goriilmiistiir. Etanol {iretimi i¢in kullanilan bitkisel ham
maddelerin yetigme alani uygun olan cografi bdlgelerde iiretim teknolojilerinin gelismesi devam etmektedir. Diinyanin ¢cogu
yerinde kullanimi miimkiin oldugundan, iilkeler bu alternatif yakit {izerinde aragtirmalarina halen devam etmektedir.

Anahtar Kelimeler: Etanol, emisyon, buji ateglemeli motor

The Effect of Using Ethanol as Fuel on Performance and Emissions in Spark
Ignition Engines

Abstract

Research on alternative fuels has been the subject of constant study to ensure that energy consumption increases day by day
and harmful exhaust gas emissions are reduced. According to TUIK data, the number of motor vehicles in our country reached
29791066 as of the end of May 2024. Again, the energy sector ranked first with the largest share in greenhouse gas emissions,
with 71.8% according to 2022 data (TUIK 2024). Therefore, it has become inevitable to work on alternative fuels in internal
combustion engines. It has been observed that ethanol is a suitable alternative fuel for internal combustion engines and that
it is more suitable for use in spark ignition engines due to its physical and chemical properties. In internal combustion engines,
combustion is an important factor in terms of performance and emissions. It has been observed that when ethanol is mixed
with gasoline, combustion improves and clean combustion occurs, thus creating positive effects on engine performance and
emissions. In this research, the use of ethanol (C,HsOH) as an alternative fuel in spark ignition (Otto cycle) engines was
investigated. Its effect on engine performance and emissions has been studied. The results of using ethanol in spark ignition
engines were examined according to fuel properties. It has been observed that the use of ethanol in spark ignition engines
reduces emission values and increases engine performance. The development of production technologies continues in
geographical regions where the plant raw materials used for ethanol production are suitable for cultivation. Since its use is
possible in most parts of the world, countries are still continuing their research on this alternative fuel.

Key Words: Ethanol, emission, spark ignition engine
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IYM’de Etanol
1. GiRiS

Gilinimiiz diinyasinda, yaklagmakta olan iklim ve gida
sorunlarinin etkilerinin 6ngoriilmesi nedeniyle ¢evresel
kaygilar artarak daha da onemli hale gelmistir. Iklim
degisikligi, hava kirliligi, dogal kaynaklarin stirdiiriilebilir
kullanim1 gibi konular tilkeleri sanayilerin ve teknolojik
gelismelerin ~ gevresel  etkilerini  degerlendirmeye
yoneltmistir. Bu baglamda icten yanmali motorlar enerji
verimliligi, emisyon kontrolii, siirdiiriilebilirlik gibi
konularla dogrudan iliskilendirilmektedir (Kantaroglu
2024). Bu nedenle mevcut motor teknolojilerinin
gelistirilmesi ya da yeni yakit arayislar1 zorunlu bir hal
almistir (Kantaroglu ve Dogan 2024).

Enerji krizi, basta gelismis iilkeler olmak iizere diinyanin
en dnemli sorunlarindan biridir. Artan niifus, sanayilesme,
gelismis ulasim, gesitli sektdrlerde fosil yakitlarin stirekli
kullanim1 enerji kithiginin baslica nedenleridir (Dehande
ve ark. 2021). Ulusal ve Avrupa Birligi iklim hedeflerine
ulagsmak, karayolu ve arazi araglarindan kaynaklanan
egzoz emisyonlarinin azaltilmasi, daha kati diizenlemeleri
karsilamak igin, hem gii¢ iinitelerinin enerji verimliligini
onemli Olgiide artirmak hem de fosil yakitlardan
uzaklagmak gerekli hale gelmistir (Stepien 2024). Enerji
ve ¢evre konulari diinyanin her yerinde giderek artan bir
ilgi gérmektedir (Tang ve ark. 2023).Diinya niifusunun
artmast ve enerji tiiketimindeki benzeri goriilmemis
egilim, i¢inde bulundugumuz yiizyilin 6nemli zorluklarini
temsil etmektedir (Estrada ve ark. 2021).

Enerji, sosyal ve ekonomik siirdiiriilebilir kalkinma igin
kilit bir rol oynamaktadir. Sanayi Devrimi'nden bu yana
diinyanin enerji tiiketimi Onemli Olglide artmustir.
Geleneksel enerji, yani petrol, komiir, dogal gaz ve diger
fosil enerji kaynaklart da hizla tiikkenmektedir (Wu ve ark.
2021). Bu durum arastirmacilarin alternatif yakitlar
iizerine odaklanmasima neden olmustur. Insanlarm igten
yanmali motorlarda ekonomik, giivenli ve ¢evre dostu
yakit arayist yillardir devam eden bir konudur. Etanol,
icten yanmali motorlarda en ¢ok arastirilan alkollii yakit
olmustur (Chansauria ve Mandloi 2018). Alternatif
yakitlar arasinda su an kullanilan yakitlar i¢inde yakit
ozelliklerine uygun olan etanol bilim insanlar tarafindan
arastirma konusu olmustur (Ttirkéz 2012).

Etanol, diinyanin biitiin cografyasinda kolay temin
edilebilmesi, yakit maliyetinin ucuz olmasi ve kullanilan
yakitin kolayca buharlagsmasi birim hacimden maksimum
enerji elde edilmesine olanak saglar. Etanoliin emisyon
degerlerinin  diiglirlilmesi  i¢in  ¢alismalar  hep
siiregelmektedir. Etanol, ¢esitli alkoller arasinda buji ile
ateslemeli motorlar i¢in en uygun yakit olarak bilinir
(Chansauria ve Mandloi 2018). Etanol, etanol/benzin
karigimlarinin oktan sayisini ve oksijen igerigini artirmak,
fosil yakitlara olan bagimlilig1 ve eksik yanma iiriinlerinin
egzoz emisyonlarint azaltmak i¢in buji ateslemeli
motorlar i¢in alternatif bir yakit olarak kullanilabilir
(Todice ve ark. 2021).

Etanol (C,HsOH) ilk olarak 1930'larda bir motor yakiti
olarak ABD'de onerilmistir. Ancak bazi tilkelerde yaygin
olarak kullanimi 1970'lerde gerceklesmistir (Poulopoulos
ve ark. 2001). Ulkemizde son yillarda alkollerden etanol
iretimine yonelik ¢aligmalar yapilmaya baslanmustir.

Kaya

Petrol maliyetinin yiikselmesiyle bu c¢alismalara verilen
onem artmustir (Ozer 2014). Enerjide disa bagimhiligin
azaltilmasi, kaynak cesitliliginin arttirilmasi, c¢evre
kirliliginin azaltilmas1 ve Avrupa Birliginin yenilenebilir
enerji politikalarina uyum saglanmasi amaciyla “Benzin
Tiirlerine Etanol Harmanlanmasi Hakkinda Teblig” Enerji
Piyasas1 Diizenleme Kurulu tarafindan hazirlanarak
Resmi Gazetede yaymmlanmistir. 2023  yili  igin
harmanlama yikimliligi hacimce %2 (v/v)’dir (29
Aralik 2022 tarihli ve 32058 sayili RG).

Diinya fiizerinde iilkelerden bazilarinda igten yanmali
motorlarda etanol kullanimi {izerinde yogun calismalar
yapilmaktadir. Bu iilkelerde etanol alternatif yakit olarak
kullanilmaktadir. Bir o6rnek olarak, Brezilya yagmur
ormanlar1 ortasinda bulunmasi nedeni ile bitkisel {iretim
acisindan zengin bir iilke konumundadir. Bu iilkede
bitkisel fermantasyon ile iiretilen etanoliin saf yakit olarak
kullanilmast petrol konusunda sikinti yasamasidan
kaynaklanmaktadir. Brezilya etanol kullaniminda 30
yildan daha fazla bir deneyime sahiptir (Saria ve ark.
2018). Kendi kendine tutusma direnci ve buji ile
ateslemeli motorlarda sikigtirma oraninin artmasi igin
gerekli 6zelliklere sahip olmasidan dolay1 bu motorlarda
kullanimi daha avantajlidir. Etanol kullanimi gelisen
diinyada petrol ve tiirevi yakitlara olan ihtiyaci azaltabilir
(Meral ve Saydan Kanberoglu 2012). Ulkelerin otomotiv
yakit ihtiyaclari her gegen giin artan bir egilimde
olmasindan, etanoliin ¢evreye etkisi olan emisyon
degerlerinin diisiiriilmesi i¢in de aragtirmalar halen devam
etmektedir (Ogiit ve Kus 2017). 1950’lerde arastiriimaya
baglanilan etanoliin tarihsel gelisimi giiniimiizde de devam
etmektedir (Imrag 2006).

Tarim {irlinlerinden iiretilen etanol, alternatif yakit olarak
yaygin kullanildigr iilkelerin genellikle yagisin bol ve
yliksek verim elde edilen cografyalar iizerinde oldugu
gdriilmiistiir. icten yanmali motorlardan buji ile ateslemeli
motorlarda  donanimsal  degisiklige fazla  gerek
duyulmadan kullanilmasi ve sdz konusu motorlarda
kullaniminin performans ve emisyonlar agisindan olumlu
etkilerinden dolay1 diger alternatif yakitlara oranla tercih
edilme sebebi oldugu goriilmiistiir.

Farkl1 biyoenerji tiirleri arasinda aragtirilan etanol mevcut
altyaptya entegre edilebilir. Igten yanmali motorlarda
kullanimindan bir adim daha ileri giden etanol
biyoenerjisi, karbon yakalama ve depolama ile
birlestirildiginde atmosferden karbonun uzaklastirilmasini
saglama faydalartyla endiistriyel proses 1sis1 gibi diger
sektorlere yonlendirilebilecek kadar esnektir (Cavalcanti
ve ark. 2022).

2. MATERYAL VE METOT

fgten yanmali motorlarda aradigimiz en 6nemli
parametreler motor performansinin yiiksek ve emisyonun
diisiik olmasidir. Motor performansinin arttirilmast ve
emisyon degerlerinin diisiiriilmesi istenilen hedeflerdir.Bu
arastirmada bilim insanlar1 tarafindan yapilmis deneyler
ile arastirmalarin detayli ¢alismalar1 incelenmistir.Etanol
iretimi diinyanin cografya yapisina uygun olmasi,
tarimsal atiklardan bile iiretilebilmesi etanoliin en 6nemli
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avantajlarindan biri olup, alternatif yakit olarak tercih
edilme  sebeplerinden  biridir. Zararli  egzoz
emisyonlarinda azalma ve motor performans artist
saglamasi Onemli Ozellikleridir. Buji ile ateslemeli
motorlarda olumlu sonuglarindan dolay: bu arastirma da
detayli olarak incelenmigtir. Sekil 1’de etanoliin
incelendigi konu basliklarin diyagrami gosterilmektedir.

Etanol

Performansa
Etkileri

Fiziksel ve

Emi
Kimyasal misyon

Ozellikleri

Sekil 1. Etanoliin detayli incelendigi konular

Etanolin buji ile ateslemeli motorlarda kullaniminin
motor performans ve emisyon {zerinde etkisinin
incelenmesinin yaninda tiretimi ile ilgili bilgiler, tiretildigi
ham madde kaynaklarina gore tilkelerin cografi 6zellikleri
ve iklim kosullar1 faktorleri géz oniinde bulundurularak
yogun olarak iiretildigi lilkelere makalede yer verilmistir.

2.1. Etanol

Etanol, berrak, renksiz, zehirli olmayan, karbon, hidrojen
ve oksijenden olusan fermantasyon yoluyla elde edilen,
motorlu araglarda kullanilabilen yenilenebilir bir yakittir.
Etanol, kirletici ve sera gazi emisyonlarini azaltmay1
amaglayan fosil yakitlarin yerini kismen almak i¢in diinya
capinda yenilenebilir bir biyoyakit olarak yaygin sekilde
kullanilmaktadir (Wang ve ark. 2022).

Etanoliin (C,HsOH), bir moliinde kiitlesel olarak % 52,18
karbon, % 34,78 oksijen ve % 13,04 hidrojen barindirir
(Vargiin ve ark. 2020).Etanoliin benzinle karigimina goére
sembolleri  vardir. Bu semboller Tablo 1’de
gosterilmektedir. Ham maddesi tarim tiriinlerinden olusan
etanol, yaygin olarak iiretimi kolay ve maliyeti diisiik olan
seker kamigindan tretilir (Dogan ve ark. 2017).

Sekil 2. Etanoliin molekiil yapis: (Giirsel 2017).

Etanol, benzinle kargilagtirildiginda ~ miikemmel
ozelliklere sahiptir. Genel olarak etanol, yiiksek laminer
hiz ve hidroksil (OH) gruplarinin mevcudiyeti nedeniyle
yanma sirasinda tamamen yanar (Suresh ve Porpatham
2023).

Kaya

Etanol igten yanmali motorlarda saf olarak kullanildigi
gibi karisim seklinde de kullanilabilmektedir (Yiiksel ve
ark. 2019). Tablo 1’de etanoliin elde edilme siireci ile ilgili
bilgiler gosterilmistir.

Tablo 1. Etanoliin bazi kisa gosterimi ile ilgili bilgileri
EO % 100 benzin
ES %95 benzin, % 5 etanol
E10 % 90 benzin, %10 etanol
E20 %80 benzin, %20 etanol
E30 %70 benzin, %30 etanol
E40 %060 benzin, %40 etanol

Uretim siireci sirasiyla; ham madde, temizleme, 6giitme,
stvilastirma, sekerlendirme, fermantasyon (mayalanma),
distilasyon (damitma) ve susuzlastirma siirecleridir.

Ham Madde
1

L 2

Temizleme
[

v

Ogiitme
1

y

Sivilagtirma

v

Sekerlendirme
1

y

Fermantasyon

L2

Distilasyon
L

v

Susuzlastirma

v

Etanol

Sekil 3. Etanol Uretim Semas: (ilgin 2020)

Farkli etanol karigimin  ozellikleri Tablo 2’de

gosterilmigstir (Kumbhar ve Khot 2023).

Tablo 2. Farkli etanol karigimin 6zellikleri

Yakit Ozellikleri EO E20 E40 E60

Yogunluk (15° C'de) (kg/m®) 743 753 780 789

Kinematik Viskozite 0,5-0,6 0,6 0,691 0,70

Buhar Basinci (kPa) 53,7 58,3 63 57,4
Stokiyometrik H/Y orani 14,7 13,5 12,42 11,28
Aragstirma oktan sayist (RON) 92 94,8 101,7 108

Motor oktan sayisi (MON) 80,3 81,6 90,8 102,8

Alt 1s1l degeri (kJ/kg) 44000 40480 37160 33740
Parlama noktasi :‘1‘2 -20 -13,5 -5
Oksijen icerigi 0 7,05 1590 24,78

Ham madde kaynaklarmin enerji potansiyelleri ile ilgili
bilgiler Tablo 3’te gdsterilmistir.
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Tablo 3. Ham madde kaynaklariin enerji potansiyelleri Tablo 5. Etanoliin fiziksel ve kimyasal Ozelliklerinin
(Balat ve ark. 2008) benzin yakit1 ile karsilastirilmasi (Bali¢ 2007; Greenwood
Ham madde Enerji Potansiyeli (It/ton) ve ark. 2014)
Seker Kamist 70 Yakit Etanol Benzin
Seker Pancari 110 Kimyasal Denklemi C2HsOH  CoHxnt2
Misir 360 C/H Orani 0,333 0,556
Piring 430 Molekiiler Kiitle (g/mol) 46,07 91,4
Bugday 340 Is1l Deger (Mj/kg) 26,9 434
Arpa 250 Stokiyometrik Karigim — Kiitlesel 8,96 14,7
Tatli Sorgum 60 Stokiyometrik Karigim — Hacimsel 14,3 45,79
Kﬁspe ve diger seliilozik 280 Buharlagma Isis1 (Mj/kg) 0,856 0,272
biyokiitleler Tutugma Sinir1 % Hacim 3,5-19 1,3-7,6
. o . Kaynama Noktasi °C 78,7 32-221
BaZ} ham maddelerin etgno.Ie . dopusme miktar1 ve Donma Noktast °C 1141 56
maliyetleri Tablo 4’te gosterilmistir (Simsek ve ark. 2018). Kendi Kendine Tutugma Sicakhign °C 392 257
Tablo 4. Bazi ham madde déniisiim miktarlari ve Oktan Sayist — ROS (Arastirilan) 106 91-100
maliyetleri (2017 y1l verileri) Oktan Sayist — MOS (Motor) 87 82-94
Ham Maksimum Alev Hiz1* (m/s) 0,61 0,57
Ham Madde Madde ﬁ?ﬁ?ﬂ Maliyeti * 1 atm, 273 K’deki hesaplanan deger
Miktar1 (1t) (IVTL)
(kg)
Seker Pancar1 Melast 1000 464 2,50 C/H Oram
Misir 1000 460 2,81 0.6
Bugday 1000 380 2,95
0,5
0,4
0,3
0,2
0,1
0
Etanol Benzin

Sekil 5. Etanol- Benzin C/H orani

. Molekiiler Kiitle (g/mol)
2\ , AR T 100
RN AaR 3 90
’ - 70
60
Sekil 4. Etanol iiretimi yapilan bazi tarim {riinleri gérselleri. 50
2.2. Etanoliin Fiziksel ve Kimyasal Ozellikleri 40
Etanol’iin, fiziksel ve kimyasal ozellikleri Tablo 5’te 30
gosterilmistir (Cooney ve ark. 2009). 20
Etanolin donma noktasmin yiiksek olmasi bu yakita 10
diinyanin ~ birgok  yerinde kullanilabilme  imkan1 0
saglamaktadir. Etanoliin birim kiitle ve birim hacim basina Etanol Benzin
ortaya cikacak 1s1 miktar1 (1s1l degeri) benzinden daha
diisiiktiir. Etanol su ile ¢esitli oranlarda karisabilmektedir. Sekil 6. Etanol-Benzin molekiiler kiitle
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Isil Deger (Mj/kg)
50
45

40
35
30
25
20
15
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5

0

Etanol Benzin

Sekil 7. Etanol- Benzin 1s1l deger (Mj/kg)

Buharlagma Isis1 (Mj/kg)
0,9
0,8
0,7
0,6
0,5
0,4
0,3
0,2
0,1

Etanol Benzin

Sekil 8. Etanol- Benzin buharlagma 1sis1 (Mj/kg)

Kendi Kendine Tutugma Sicaklig1 °C
450
400

350
300
250
200
150
100
50
0

Etanol Benzin

Sekil 9. Etanol-Benzin kendi kendine tutugma sicakligi °C

Kaya

Donma Noktasi °C

Etanol Benzin

-100
-120
Sekil 10. Etanol-Benzin donma noktasi1 °C

2.3. Performansa Etkileri

Etanol, yiiksek oktan sayisina (vuruntuya karsi direng
yetenegine) sahip olmasindan Otto motorlarinda kullanimi
daha uygundur. Yiiksek oktan sayisi, vuruntu toleransini
artirir ve hizli alev yanma siirecine potansiyel faydalar
saglar (Cooney ve ark. 2009). icten yanmali motor igin
optimum temiz ve verimli yanma durumunun elde
edilmesi ¢ok 6nemlidir (Zhang ve ark. 2024).

Daha yiiksek oktan sayist ve gizli buharlagsma 1sisi
nedeniyle, sulu etanol daha yiiksek vuruntu direncine
sahiptir ve bundan dolay1 atesleme avansinin ilerlemesine
olanak tanir (Wang ve ark. 2022). Benzine etanol
eklenmesi oktan sayisini, yakitin oksijen igerigini ve alev
hizin1 arttirir.  Etanol, benzinin 1sil enerji degerinin
yaklasik 2/3'tine sahip oldugundan, etanol karigiminin
arttirilmasi, etanol-benzin karigiminin 1s1l enerji degerinde
bir azalmaya neden olacaktir. Sonug olarak, saf yakitla
ayn1 gii¢ seviyesini ortaya ¢ikarmak icin daha fazla yakit
karigimma ihtiyag vardir (Kumbhar ve Khot 2023).
Etanoliin  kendi kendine tutusma direnci, Otto
motorlarinda sikistirma oraninin artmasi i¢in gerekli
niteliklere sahip olmasi otto motorlarinda kullanimini
daha avantajli hale getirir.

Formiil (1)’de k degerinin sabit oldugu kabul edilen
sartlarda, teorik olarak sikigtirma orani (€) arttikga, verim
(n) artacagindan etanoliin buji ile ateslemeli motorlarda
kullanim1 teorik verimi Onemli Olgiide etkilemektedir.
Sikistirma oranimin arttirilmasi, yanma odasindaki yakit-
hava karisim yogunlugunu ve akis tiirbiilans siddetini
etkileyerek, basmg artis hizimi artirip ve daha hizli
yanmaya olanak saglar(Wang ve ark. 2022).

n=1-% (1)

Chansauria ve ark. (2018) yapmis oldugu arastirmada, 100
km/h arag¢ hizinda kursunsuz benzine kiyasla E5 ve E10'un
1s1l verimlerindeki artis sirastyla %1,9 ve %2,5'tir. ES
hari¢ 80 km/sa arag¢ hizinda, E10 igin 1s1l verimdeki artis
%0,4'ttir. Kursunsuz benzine kiyasla ES i¢in 1s1l verimde
%0,8'lik bir azalma oldugu, E10 karisiminin ES'e gore
daha fazla oksijen oranina sahip olmasi, yanmanin daha
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iyl hale gelmesinden dolay1r 1sil verimliligi arttirdigini
gormiislerdir.

Dhande ve ark. (2023) yapmis olduklari arastirmada atik
nar etanol karigimlari kullanilarak buji ateslemeli bir
motorun performansini tahmin etmek i¢in bir yapay sinir
ag1 (YSA) gelistirilmistir. Tek silindirli, dort zamanli, buji
ateslemeli bir motor tizerinde yapilan bir dizi deney, sinir
ag1 egitimi ve dogrulamasi icin gereken verileri
saglamistir. Deneysel verilerin yiizde 70'i, ileri beslemeli
geri yayilim (FFBP) algoritmasini kullanarak ag1 egitmek
icin kullanilmis, gelistirilen ag modelinin performansi,
¢iktist deneysel sonuglarla karsilagtirilarak
degerlendirmiglerdir. Girig parametreleri motor devrini,
etanol karisgimlarint igermektedir. Cikig parametreleri ise
belirtilen ve fren giiciinii, termal, hacimsel ve mekanik
verimlilikleri igermektedir. Egitim ve test verilerinin
regresyon Kkatsayilar1 neredeyse bire esit oldugunu
gormiislerdir.  Arastirma, YSA modelinin motor
performansini daha yiiksek dogrulukla tahmin etmek icin
daha iyi bir segenck olabilecegini ortaya cikardigini
gormiislerdir. Etanol ve benzin karisimlart kullanilarak
daha iyi hacimsel verimin elde edilebilecegi analiz
edilmistir (Chansauria ve Mandloi 2018).

Formiil (2)’ de hacimsel verim gosterilmis olup, karigim
yakitinin hacimsel verimi benzin yakitindan yiiksektir.
Artan hacimsel verimlilik, daha az yakit-hava oranini ve
daha iyi yanma verimliligini temsil eder (Chansauria ve
Mandloi 2018).

Emilen hava hacmi

nv = 2

" Yanma 0dasi Hacmi+Silindir Hacmi

Buji ile ateslemeli motorda, silindir gaz basinci arttiginda
yanict yakitin entalpisi artar. Artan entalpi nedeniyle,
yakitin enerjisi iyilesir (Chansauria ve Mandloi 2018).
Sekil 11’ de silindir gaz basincinin krank agisina baglh
olarak yakitlara gore degisimi gosterilmektedir.

—@— Benzin ES E10

. N
\\

o

Silindir Basinci (Mpa)

-80 -60 -40 -20 0 20 40 60 80
Krank Agis1 °©

Sekil 11. 80 km/h arag hizinda test yakitlari i¢in ortaya ¢ikan
silindir basing degerleri (5 kW).

Etanoliin saf hali, motor tasariminda ve yakit sisteminde
cok az degisiklik gerektirirken, buji ile ateslemeli
motorlarda her hangi bir degisiklik yapilmadan benzine
karigtirilarak  diisiik konsantrasyonlarda kullanilabilir
(Chansauria ve Mandloi 2018). Celik ve Colak (2008).
Lombardini marka tek silindirli, hava sogutmali, dort
zamanli, sikistirma orani 4 ile 10 arasinda degistirilebilen,
250 cm? motor hacmine sahip, bir aragtirma motorunda
deney yapmislar ve deney sonucunda sikistirma orani

Kaya

degistirilmeden, Otto motor etanol ile caligtirildiginda
motor momenti ve giiciinde bir miktar kayip oldugu fakat
zararlt emisyonlarda azalma oldugunu, artan sikigtirma
orant ile birlikte yanma sonu basincin ve sicakligin
arttigini, dolayisiyla motor momentinde, motor giiciinde
artis ve Ozgil yakit tiiketiminde ise azalma oldugunu
gormiiglerdir.

Benzin S.0.=6 Etanol S.0.=6
Etanol S.0. =8 ==¥=Etanol S.0.=10

12
11

Moment (Nm)
EENIV, B NN e <INNe] 5

1000 2000 3000 4000
Motor Hiz1 (d/d)

Sekil 12. Degisik sikistirma oranlar1 ve karisimlar igin motor
momentinin degisimi (Celik ve Colak 2008).

Benzin S.0.=6 Etanol S.O0.=6
Etanol S.O0. =8 ==¥=Etanol S.0.=10

5
4
3
2

Giig (kW)

1

0
1000 2000 3000 4000

Motor Hizi (d/d)

Sekil 13. Degisik sikistirma oranlar1 ve karigimlar igin motor
giiciiniin degisimi (Celik ve Colak 2008).

Benzin S.0.=6 Etanol S.O.=6
Etanol S.O. =8 ==¥=—Etanol S.O.=10

1100
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< 300

; 1000 2000 3000 4000
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Sekil 14. Degisik sikistirma oranlar1 ve yakitlar i¢in 6zgiil yakit
tilketiminin degisimi (Celik ve Colak 2008).
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2.4. Emisyon

Artan enerji tiiketiminin getirdigi ¢evre ve hava kirliligi,
egzoz emisyonlarinin biiylik bir kismindan sorumlu olan
icten yanmali motorlarin kullanildig1 ulastirma sektoriinde
yenilenebilir enerji kaynaklarmin kullanimina olan ilgiyi
artirmistir.  Alkol yakitlari, igten yanmali motorlarda
kullanilmak {izere yenilenebilir enerji kaynagi olarak
degerlendirilmekte olup, egzoz emisyonlarint ve
maliyetlerini diistirdiigii bilinmektedir (Altun ve ark.
2023).

Cevremizin temiz olmasi ve hava kirliligin az olmas1 yakit
tercihlerinde 6nemli bir durumdur. Alternatif yakitlarin
yapisindaki oksijen yogunlugu zararli egzoz emisyon
degerlerini etkilemektedir. Igeriginde oksijeni bol olan
yakitlar emisyon degerlerin azalmasi ve temiz bir ¢evre
icin 6nemli rol oynar. S6z konusu yakitlar motor yakitlar
ile beraber yakildiginda yanma performansinin yiiksek ve
emisyon degerlerini ise diisirmektedir (Temizer 2020).

Karbonmonoksit (CO) eksik yanma iriiniidir. CO
emisyonuna sebep olan etmenler, hava fazlalik katsayist
(1), yanma odasinda bulunan mevcut tlirbiilans ile yakitin
molekiiliidiir. Eger hava fazlalik katsayisi birden kiiciikse
(A<I ise), yani olmasi gerektiginden daha az hava var ve
yanma yeterli degilse yakitta bulunan karbonun hepsi
COy’e doniigemeyecek, CO olarak kalacaktir. Oksijenin
motor silindiri igerisinde yeterli olmamasi hava yakit
karisgiminin ko6tii olmast durumunda silindir iginde de
yeterli olmayabilir (Sayin ve ark. 2014).

Benzinde bulunan karbon etanolde bulunan karbondan
daha fazladir. Karbon yanma olaymda karbonmonoksite
doniismektedir. Oksijenin etanolde yiliksek olmasimdan
dolay1 yanma iyileseceginden karbonmonoksitin diisiik
olmasma sebep olur (Saridemir ve Erkayali 2016).
Oksijen egzoz emisyonlar1 i¢in Onemli bir faktordiir.
Benzine goére etanol karisimli yakitlarin O, emisyon
degerleri daha yiiksektir. Bunun nedeni etanol karigimi
yakitin kimyasal yapisindaki oksijen fazlaligi nedeniyle
yanma sonu emisyon degerlerinde bulunan O, miktarinin
yiiksek olmasi ile agiklanabilir(Yiiksel ve ark. 2019).

Buji ateslemeli motorlarda HC ve CO emisyonlarini
etkileyen ana parametreler yanma sicakligi, yanma siiresi
ve oksijen igerigidir (lodice ve Cardone 2021).
Hidrokarbon (HC) emisyonu, eksik yanma olaymdan
kaynaklanmaktadir. HC emisyonunun diisiik olmasi
yanma olayinin silindir iginde verimli olmamasi, tasit hizt
ile motor yiikiiniin artmasi ile ilgilidir. Motorun bostaki
devri ile yik durumundaki devirlerde HC emisyonu
farklilik gosterir. Etanol ilavesi yakitlarin daha iyi
buharlagsmasini sagladigi i¢in hava yakit karisiminin da iyi
olmast  yanmay1 iyilestireceginden  hidrokarbon
emisyonunu diisiiriir. Farkli yiiklerde arag bosta iken, veya
farklt torklarda (yiiklerde) hidrokarbon emisyonu
degiskenlik gosterir (Pang ve ark. 2008). Deneysel
aragtirmalarin ¢ogu, benzin yakit karigimlarina etanol
eklenmesinin, yeni nesil buji ile ateslemeli motorlarin HC
ve CO egzoz emisyonlarimi etkili bir sekilde azaltabilecegi
sonucuna varmistir (Iodice ve Cardone 2021).

Icten yanmali motorlar CO, emisyonlarmmn ana
kaynagidir. CO, gibi sera gazlari iklim degisikliginden

Kaya

sorumludur. Bu nedenle i¢ten yanmali motorlardan
kaynaklanan CO, emisyonlarinin azaltilmasi, kiiresel
isinmanin ve artan sicakliklar, degisen yagislar, eriyen
buzullar ve yiikselen deniz seviyeleri dahil olmak iizere
etkilerinin azaltilmasi agisindan ¢ok dnemlidir (Sikora ve
Orlinski 2024).

CO; emisyonu, karbon bilesikli yakitlarin tam yanma
olay1 sonunda agiga c¢ikar. Dolayisiyla, karbondioksit
emisyon degerlerindeki artma, silindirlere alman yakitin
yanmasinin  tam  yanma  olayma  yaklastigim
gostermektedir (Ors ve ark. 2009). Etanol/benzin
karigimli yakitlar, saf benzine gore daha diisiik karbon
sayilart trettiginden, karisimlari ile CO, emisyonlari
azaltilmistir (Kunwer ve ark. 2022). NO emisyonu silindir
i¢i sicakliklarin degisiminden etkilenmektedir. Karigim
zenginlestik¢e silindir i¢i sicakliklar artar. Silindir igi
sicakliklarin diisiik olmasi NO emisyonlarini azaltacaktir
(Demirci ve ark. 2017).

Suresh ve Porpatham (2024) yapmis olduklar1 arastirmada
etanol-benzin karigimlari ile HC emisyonlar1 azalttigini
gormiigler, etanol yiiksek oksijen igerigine sahip
oldugundan karisimi1  zayiflatip, bu nedenle HC
emisyonlar1 benzinle 112 g/kWh'den 0,74 esdegerlik
oraninda E10 karisimiyla 80 g/kWh'ye diistiigiinii, E10
benzinle karsilagtirildiginda NOx emisyonlart 0,98
esdegerlik oraniyla 30,35 g/kWh'den 30,6 g/kWh'ye
¢iktigimi gérmiiglerdir. Bunun nedeni E10'un benzine gore
daha hizli yanmasi ve silindir icinde daha yiiksek
sicakliklara sahip olmasindan oldugunu belirtmislerdir.

Etanol kullanimu iilkelerin ihtiyag duydugu petroliin yan1
sira, NOx, SO, ile yiizde duman miktar1 emisyon
degerlerinin de azalmasina sebep olacaktir (Duzcan 2017).
Su karigiminda  farkli  motor devirlerinde NOx
emisyonunda azalmaya neden olmaktadir (Morsy 2015).
S6z konusu yakit benzin yakitina goére diisik kirletici
emisyonlar1 verir (Greenwood ve ark. 2014). Kiikiirt

bilesikleri bulunmadigindan temiz yanma
gergeklesmektedir (Keskin ve Resitoglu 2009). Motor
performansini iyilestirmesinin yaninda €gzoz

emisyonlarini da iyilestirebilir (Bayraktar 2005).

Tarimsal iriinlerden elde edilen yakitlarin doga dostu
olmasi, lilkemizin tarim alanlarinin genis olmasi ve dort
mevsimin belirgin yasanmasindan dolay1 bitkisel iiretime
emisyon tasarrufu agisindan dnem verilmelidir (Copiir ve
ark. 2006). Yakit fiyatlarinin artmasi ile kirletici egzoz
emisyon kisitlamalar1 daha siki hale geldikce yenilebilir
yakitlara ilgi daha fazla olmaktadir.

3. BULGULAR

Son birkag¢ on yilda, etanol énemli bir nakliye siv1 yakiti
haline geldi. Amerika Birlesik Devletlerindeki muisir
etanolii ve Brezilya'daki seker kamisi etanolii olgun bir
endiistri olarak konumlarint kazanmistir. Sirdirilebilir
kaynaklardan etanole olan giiclii ilgi, biyokiitleden etanol
iiretimi i¢in proses teknolojisinin gelismesine yol agmustir.
Bu alandaki arastirmalar, biyobazli {iriin endiistrisinde
bir¢ok teknolojik basariya ve degisime yol agmistir
(Hoang ve Nghiem 2021). Ulkemizde her gecen yil artan
tasit sayisina bagli olarak toplam sera gazi emisyonlarinda
2022 yilinda CO; esdegeri olarak en biiyiik pay1 %71,8 ile
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enerji kaynakli emisyonlar alirken bunu sirasiyla %12,8
ile tarim, %12,5 ile endiistriyel islemler ve iiriin kullanimi
ve %2,9 ile atik sektdrii takip etmistir (TUIK 2024).
Dolayisiyla hem enerji tiiketimini hem sera gazi
emisyonlarint azaltmak igin caligmalar siirekli devam
etmektedir. Ulkemizde 2024 y1l1 mayis ay1 sonundaki tagit
sayisinin degisimi Sekil 16’da gosterilmektedir.

Etanol uzun siiredir buji ateslemeli motorlar icin iyi bir
yakit olarak goriilmektedir. Buji ateslemeli motorlar, icten
yanmali motorlar1 gelistirmenin baslarinda etanol yakitin
kullanmaktadir. Benzine gore daha az kirletici madde
yayan ve daha fazla kullanilabilirlie sahip, nispeten
diisiik maliyetli bir alternatif yakittir. Genel olarak, etanol
ve etanol karigimlarinin ¢evre agisindan benzine gore daha
iyi oldugu diisiiniilmektedir (Lee ve ark. 2022). Etanoliin
tilkelere gore iretim dagilimi Sekil 15°te gosterilmistir
(Wu ve ark. 2021).

Kiiresel etanol iiretimi yiizyilin baginda 18 milyar litreden
2019'da 110 milyar litreye alti kattan fazla artarak
pandemi nedeniyle 2020'de sadece 98,6 milyar litreye
gerilemistir.

Kaya
500,%2 420,%]1 o = Amerika
530.%2 290,%1
900, %3 600,%2 = Brezilya
1440, %5 \\\‘ AB
Cin
= Hindista
n
= Kanada
= Tayland

Sekil 15. 2019 yilinda iilkelere gore etanol iiretiminin (milyon
galon) dagilimi (Wu ve ark. 2021).

COVID-19 pandemisinden dnceki ilk bes etanol tireticisi
ABD, Brezilya, Avrupa Birligi (AB), Cin ve Kanada'yd.
2020'de Hindistan, Kanada'dan biraz daha fazla etanol
iretmistir, ancak ilk dort etanol ireticisi degismemistir
(Mofijur ve ark. 2015).
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Sekil 16. Tasit say1s1 degisimi (TUIK. 2024).

Khoa ve ark. (2022) yapmis olduklart ¢aligmada motor
yakitt olarak kullanilan etanoliin optimum yanma
stiresinin 60 °KMA olarak bulmuslardir. Su ve ark. (2022)
yapmis olduklart aragtirmada etanol karisimli dort farkls
yakitta etanol oranmin %0'dan %20'ye, %40'tan %60'a
¢ikmasiyla silindir i¢i basing Once artma sonra diisme
egilimi gostermektedigini, E20'deki tepe silindir basinci
maksimum 3,01 MPa'ya ulastifim = gormiislerdir.
Alternatif yakitlar arasinda etanol, buji ateslemeli
motorlarda modifikasyonu olmayan mevcut motorlarla
kullanim1 uyumludur (Kunwer ve ark. 2022). Ekte sunulan
Tablo 6’da bazi arastirmacilarin yapmis oldugu ¢aligmalar
ile ilgili emisyon verileri gosterilmektedir.

Igten yanmal1 bir motordaki ekserji analizi, en biiyiik geri
tersinmezliklerin mevcut oldugu siirecin noktalarini
belirlemeye izin verir. Oziinde, bu tiir bir analiz, olast
kullanim1 i¢in mevcut enerjinin belirlenmesinden olusur.
Sekil 17°de E10 yakitindan gelen ekserji oraninin, en
diisiik ve en yiiksek donme hizlar1 olan 1500 ve 3200

devirde ¢alistirildiginda 12:1 sikistirma orani ile arttigi
goriilmektedir. 12:1 sikistirma oraniyla calisirken her
doniis hizinda daha yiiksek ekserji yakit oranina sahip olan
E10'un aksine; E50, 9:1 sikistirma oraninda c¢alisirken
12:1'e gore daha yiiksek yakit ekserji oranina sahiptir.
Bunun nedeni, motorun bu kosullarda calismast igin
yakittan daha fazla ekserji orani talep etmesidir (Zapata-
ve ark. 2020). Sekil 18’de gii¢ ¢ikisinin, 1500 devirde ESO
icin minimum 2,85 kW degerinden, 12:1 sikigtirma
orantyla 2600 devirde E10 i¢in maksimum 4,80 kW
degerine kadar degistigini gdstermektedir. Ayrica 3200
devirde, 12: 1 sikistirma orantyla ¢alisirken patlamalarin
varlig1 nedeniyle E50'nin gii¢ ¢ikigi, E10'a kiyasla daha
istiindiir. ES0 ve E100%n 12:1 sikistirma orantyla (ES0
icin 4,76 kW ila 2600 dev/dk ve E100 i¢in 4,38 kW ila
2100 dev/dk) calistirildiginda 2100 dev/dk'nin tizerindeki
rejimlerde performans artigi sagladigi goézlemlenmistir.
Ciinkii sikistirma oranindaki artis termal performansi
artirir ve yanma odasindaki basinci artirir (Zapata ve ark.
2020).
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Zapata ve ark. (2020) yapmis oldugu ekserji ile ilgili
calismalarda ekserjetik gostergeleri karsilastirilmasindan,
12:1 sikistirma oraninda ES50 ve E100 ile calisirken
motordan daha yiikksek performansin elde edildigi
sonucuna varmiglar, bununla birlikte E100 ile ¢alisirken
9:1 sikistirma orani, 2100 devirlik bir donme hizinda
%16,46 en yiliksek ekserjetik verim elde edildigini
gormiislerdir. Ancak diger calisma noktalarinda ve
performans gostergelerinde azalma oldugunu fark
etmislerdir. Etanol geleneksel hidrokarbon (HC)
yakitlarin yerini alabilecek ve zararli egzoz emisyonlari

Kaya

azaltabilecek potansiyel bir alternatif yakittir. Atik
malzemelerden veya dogal kaynaklardan yapilabilecegi
icin siirdiiriilebilir bir se¢imdir. Etanoliin oktan sayist
benzine goére daha yiiksek oldugundan, vuruntu énleme
ozellikleri daha iyidir ve daha yiiksek sikistirma
oranlarinda c¢aligabilir. Benzinden 6nemli &lgiide daha
yiiksek buharlagma 1sisina sahip olmasinin yani sira, ayni
zamanda daha yiiksek hacimsel verime ve daha giiglii bir
sarj sogutma etkisine sahiptir (Uddeen ve ark. 2024).

70

2 60

Z 50 mEI0 9:1

o]

S 40 E10 12:1

z 30 mE50 9:1

Z E50 12:1

g 12 I I I I I mE100 9:1

B 1500 2100 2600 3200 E100_12:1
Motor devri (d/d)

Sekil 17. Farkli sikistirma oranlari igin ekserji yakit orant ve motor devri (Zapata ve ark. 2020).
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Sekil 18. Farkli sikistirma oranlari i¢in gii¢ ¢ikist ve motor devri (Zapata ve ark. 2020).

4. TARTISMA VE SONUC

Diinya niifusunun artmasiyla birlikte enerji ihtiyact ile
cevreye yayilan zararli emisyon gazlari her gecen giin
artmaktadir. Bu ylizden bilim insanlar1 alternatif enerji
kaynaklar1  {izerinde ¢aligmalarmi  siirdiirmektedir.
Alternatif ~ yakitlar  arasinda  sirdiiriilebilir  atik
malzemelerden ve dogal kaynaklardan {iretimi yapilabilen
etanol oOncelikli tercih edilen yakitlar arasindadir. Tasit
sayisinin artmasi ile birlikte alternatif enerji kaynaklari
iizerinde ¢aligmalar hiz kazanmistir.

Bu aragtirmada buji ile ateslemeli motorlarda alternatif
yakit olarak kullanilan etanoliin performans ve
emisyonlara etkisi incelenmistir. Ulkemizde 2024 yili
mayis ay1 sonu itibariyle trafige kayith buji ateslemeli
motorlarin  yillara goére dagilim sekil 19 ‘da
gosterilmektedir.
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Trafige kayitli buji ateslemeli
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Sekil 19. 2024 y1il1 may1s ay1 sonu itibariyle trafige kayitli buji
ateslemeli motor sayis1 (TUIK. 2024)
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Etanoliin fiziksel ve kimyasal 6zelliklerinden dolay1 buji
ile ateslemeli motorlarda kullanilmasmin daha uygun
oldugu ve diger alkollere oranla alternatif yakit olarak
kullanilmasinin 6n plana ¢iktig1 goriillmiistir.

380
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120 & & @
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C@\\‘ &
(4) g}é\ 2

®m Etanol ™ Benzin

Sekil 20. Etanol/Benzin yakitlarmin fiziksel ve kimyasal
ozelliklerine gore 3B ¢izgi diyagrami

Sekil 20°de Etanol/Benzin yakitlariin fiziksel ve
kimyasal oOzelliklerine goére 3B ¢izgi diyagrami
gosterilmistir  lgili diyagramda etanoliin benzinli
motorlarda  kullanimmin  daha  uygun  oldugu
goriilmektedir.  Sikigtirma  ateslemeli ~ motorlarda
donanimsal teknik degisiklige ihtiya¢ duyuldugundan
dolay1 buji ateslemeli motorlarda kullanimi1 daha uygun
oldugu goriilmiistiir. Arastirilan ¢calismalarda saf etanol ve
etanol karigimlarinin (EO, ES5, E10, E20, vb.) buji ile
ateslemeli motor tizerindeki etkilerinin motor 6zelliklerine
gore farkliliklar gosterdigi ve genel olarak olumlu
sonuglarin oldugu goriilmiigtiir. Dogan ve ark. (2017) dort
silindirli, dért zamanli buji ateslemeli motor (Ford Vsg
413, 48 kW) ilizerinde yapmis olduklart deneysel
calismada benzine etanol ilavesinin emisyonlarda olumlu
sonuglar ¢ikardigini gdrmiislerdir.

Farkli motor devirlerinde yapilan deneylerde motor
devrine gore en yiksek CO emisyonu Sekil 21'de
goriildigii gibi EO yakit1 ile olglilmiistir. Etanoliin
benzine gore daha 1iyi buharlagmast ve kimyasal
yapisindaki oksijen igerigi nedeniyle daha temiz yanmay1
saglar. Benzine eklenen etanol miktar1 arttikca CO
emisyonunun azaldigi goriilmektedir. Hidrokarbon
emisyonu, egzozdan atilan tiiketilmemis yakittan olusur.
Sekil 22'de verildigi gibi tim yakitlar i¢in motor devri
arttikca HC emisyonu azalmaktadir. Motor devri arttik¢a
silindir igerisinde daha homojen bir karigim elde
edildiginden @~ HC  emisyonu  azalma  egilimi
gostermektedir. HC emisyonunun olusumunda zaman
kadar 1s1 da 6nemlidir. Etanol ilave edildiginde silindir i¢i
sicakligin azalmasiyla birlikte etanol ilaveli yakitlarin
daha yiiksek HC emisyonu gosterdigi tespit edilmistir.
Yakitlarin karbon bilesikleri ile yanmas1 CO2 emisyonuna
neden olur.
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Sekil 21. Motor hizina baglh olarak CO emisyonlar lizerindeki
degisim ile ilgili serpilme diyagrami
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Sekil 22. Motor hizina baglh olarak HC emisyonlar iizerindeki
degisim ile ilgili serpilme diyagrami
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Sekil 23. Motor hizina bagl olarak CO2 emisyonlar iizerindeki
degisim ile ilgili serpilme diyagrami

CO2 emisyonundaki artig, silindir i¢indeki yakitin
yanmasinin tam yanmaya daha yakin oldugunu
gostermektedir. Sekil 23°Te en yiiksek CO, emisyon
degeri EO ile 3000 devir/dakikada goriilmektedir. Yiiksek
atesleme avansi, yiiksek motor 1sitmasi ve EGR sisteminin
olmayis1 NOx olusumunu artirmaktadir. Sekil 24°te motor
devrine bagli olarak NOx degerindeki degisimi
gostermektedir.
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NOx emisyonu agisindan en diisiik sonuglar E30 ile tiim

e 1000 ° motor devirlerinde elde edilirKarigimin sicakligin
g 800 * e diisiiren etanoliin yiiksek buharlagmast nedeniyle NOx
g 600 emisyonu daha diigiiktiir (Dogan ve ark. 2017).
T Diinyanin her yerinde kullanilabilme 6zelligi etanoliin en
2000 2500 3000 3500 4000 4500 onemli avantajidir. Giiniimiizde gelisen teknoloji ile
Motor devri (d/d) etanol {izerine yapilan arastirma ve c¢aligmalar
strdiiriilmektedir. Otomotiv sektoriinde alternatif yakit
®E0 ®EI0 ®E20 ©E30 arayiglari, etanoliin iretilmesi asamasindan kullanim

asamasina kadar siirekli arastirmalarin kaynag1 olmustur.

Sekil 24. Motor hizina bagli olarak NOx emisyonlar tizerindeki
degisim ile ilgili serpilme diyagrami
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Tablo 6. Bazi arastirmacilarin yapmis oldugu calismalar ile ilgili emisyon degerleri

A . CcO CO2 HC NOx
Aragtirmacilar Motor Ozellikleri Yakit Devir/Hiz
’ e (%) (%) (ppm) (ppm)
Costa ve ark. (2009) Dort zamanl, dort s11.1nd1r11,8 valfli buji Benzin Etanol 2500 3 ~12.60 ~480 ~680
ateslemeli motor Karsimi
Costa ve ark. (2009) Dért zamanli, dort s11.1nd1r11,8 valfli buji Benzin Etanol 3000 380 ~1225 ~400 ~700
ateslemeli motor Karsimi
Costa ve ark. (2009) Dért zamanli, dort 511.1nd1r11,8 valfli buji Benzin Etanol 3500 425 ~1195 ~340 ~650
ateslemeli motor Karsimi
Costa ve ark. (2009) Dort zamanli, dort s11_1nd1r11,8 valfli buji Benzin Etanol 4000 440 ~11.85 ~330 ~690
ateslemeli motor Karsimi
- Dért silindirli dort zamanli buji
Dogan ve ark. (2017) ateslemeli motor Ford Vsg 413, 48 kW EO 2500  ~0,53 ~16,20 ~118 ~890
- Dért silindirli dort zamanl buji
Dogan ve ark. (2017) ateslemeli motor Ford Vsg 413, 48 kW EO 3000 0,55 ~16,5 88 820
- Dért silindirli dort zamanli buji
Dogan ve ark. (2017) ateslemeli motor Ford Vsg 413, 48 kW EO 3500 ~0,62 ~16,27 ~66 ~790
- Dért silindirli dort zamanli buji
Dogan ve ark. (2017) ateslemeli motor Ford Vsg 413, 48 kw EO 4000 ~0,695 ~16,1 ~59 ~745
- Dért silindirli dort zamanli buji
Dogan ve ark. (2017) ateslemeli motor Ford Vsg 413, 48 kw E10 2500 ~0,47 ~15,12 ~119 ~770
- Dért silindirli dort zamanli buji
Dogan ve ark. (2017) ateslemeli motor Ford Vsg 413, 48 kw E10 3000 ~0,5 ~15225 ~89 ~710
- Dért silindirli dort zamanli buji
Dogan ve ark. (2017) ateslemeli motor Ford Vsg 413, 48 kw E10 3500 ~0,565 ~1522 ~67 ~720
- Dért silindirli dort zamanli buji
Dogan ve ark. (2017) ateslemeli motor Ford Vsg 413, 48 kw E10 4000 0,64 ~15,15 ~60 685
- Dért silindirli dort zamanl buji
Dogan ve ark. (2017) ateslemeli motor Ford Vsg 413, 48 kw E20 2500 ~0,5 ~13,3 ~122 ~610
- Dért silindirli dort zamanli buji
Dogan ve ark. (2017) ateslemeli motor Ford Vsg 413, 48 kw E20 3000 ~0,515 ~13,65 ~90 ~680
- Dért silindirli dort zamanli buji
Dogan ve ark. (2017) ateslemeli motor Ford Vsg 413, 48 kw E20 3500  ~0,58 ~13,55 ~68 ~610
- Dért silindirli dort zamanli buji
Dogan ve ark. (2017) ateglemeli motor Ford Vg 413, 48 kw E20 4000 ~0,66 ~13,45 ~61 ~565
- Dért silindirli dort zamanl buji
Dogan ve ark. (2017) ateslemeli motor Ford Vsg 413, 48 kw E30 2500  ~0,51 ~13,2 ~125 ~520
- Dért silindirli dort zamanli buji
Dogan ve ark. (2017) ateslemeli motor Ford Vsg 413, 48 kw E30 3000 ~0,53 ~13,35 ~91 ~610
- Dért silindirli dort zamanl buji
Dogan ve ark. (2017) ateglemeli motor Ford Vsg 413, 48 kw E30 3500 ~0,585 ~13,25 ~69 ~590
- Dért silindirli dort zamanli buji
Dogan ve ark. (2017) ateslemeli motor Ford Vsg 413, 48 kw E30 4000 ~0,669 ~13,18 ~62 ~535
Tek silindirli, hava sogutmali, 4
Celik ve ark. (2008) zamanl1,250 cm® motor hacmine sahip, Etanol 1500 ~2,75 ~880 ~550 ~1900
Lombardini (S.0. 10)
Tek silindirli, hava sogutmali, 4
Celik ve ark. (2008) zamanl1,250 cm® motor hacmine sahip, Etanol 2000 ~2,35 ~10,1 ~490 ~1740
Lombardini (S.0. 10)
Tek silindirli, hava sogutmali, 4
Celik ve ark. (2008) zamanl1,250 cm® motor hacmine sahip, Etanol 2500 ~1,85 ~11,90 ~390 ~1600
Lombardini (S.0. 10)
Celik ve ark. (2008) Tek silindirli, hava sogutmali, 4
zamanl1,250 cm® motor hacmine sahip, Etanol 3000 ~1,70 ~12,15 ~320 ~1350
Lombardini (S.0. 10)
= . . 3 20 km/h
Ors ve ark. (2009) Fiat Albea 1.2 Active EL 1242 cm EO 2 vites ~0,40 ~14,80 ~46 -
Ors ve ark. (2009) Fiat Albea 1.2 Active EL 1242 c¢m? EO 420 \lfirtré/sh ~0,25 ~14,70 ~43 -
Ors ve ark. (2009) Fiat Albea 1.2 Active EL 1242 cm? EO 620 ‘IZI:;/Sh ~0,45 ~14,75 ~33 -
Ors ve ark. (2009) Fiat Albea 1.2 Active EL 1242 c¢m? EO 820\1;{[2/:1 ~1,05 ~14,60 ~10 -
i . . 5 20 km/h
Ors ve ark. (2009) Fiat Albea 1.2 Active EL 1242 cm E10 2 vites ~0,15 ~14,85 ~4,95 -
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Ors ve ark. (2009) Fiat Albea 1.2 Active EL 1242 cm? E10 420\1/(;2? ~0,80 ~14,15 ~6,75

. . . ; 60 km/h

Ors ve ark. (2009) Fiat Albea 1.2 Active EL 1242 cm E10 2 vites ~0,20 ~14,90 ~6,80

. . . ; 80 km/h

Ors ve ark. (2009) Fiat Albea 1.2 Active EL 1242 cm E10 2 vites ~1,85 ~14,10 ~8.5

. . . X 20 km/h

Ors ve ark. (2009) Fiat Albea 1.2 Active EL 1242 cm E20 2 vites ~0,30 ~15,30 ~28.,5

Ors ve ark. (2009) Fiat Albea 1.2 Active EL 1242 cm? E20 420 \lfirtrel/sh ~0,80 ~14,75 ~22

. . . ; 60 km/h

Ors ve ark. (2009) Fiat Albea 1.2 Active EL 1242 cm E20 2 vites ~0,35 ~14,85 ~15

. . . X 80 km/h

Ors ve ark. (2009) Fiat Albea 1.2 Active EL 1242 cm E20 2 vites ~2,40 ~13,65 ~26

Ors ve ark. (2009) Fiat Albea 1.2 Active EL 1242 cm? E30 220\1;?;11 ~1,15 ~14,20 ~19

Ors ve ark. (2009) Fiat Albea 1.2 Active EL 1242 cm? E30 420 \lfirtr;/sh ~0,10 ~16 ~925

5 . . X 60 km/h

rs ve ark. (2009) Fiat Albea 1.2 Active EL 1242 cm E30 7 vites ~0,425 ~14,65 ~27

Ors ve ark. (2009) Fiat Albea 1.2 Active EL 1242 cm’ E30 820 i‘llgl/es b 020 ~1480 ~11
Tindi 3

Saridemir ve ark. (2016) 1K silindir Hondi\GVX”(’J” cm’, 9.6 EO 1250  ~920 ~7,80 ~85
Tindi 3

Saridemir ve ark. (2016) 1K silindir Hondi\GVX”OJ 89 cm’, 9.6 EO 1750  ~8,30 ~8,10 ~70
—— -

Saridemir ve ark. (2016) 1ok silindir Hondj(%x”(’"” 89 cm’, 9.6 EO 2250  ~6,90 ~10,90 ~53
Tindi 3

Saridemir ve ark. (2016) 1K silindir Hondi\GVX”OJ” cm’, 9.6 EO 2750 ~5,00 ~13,00 ~45
Tindi 3

Saridemir ve ark. (2016) 1K silindir H°“d1\GVX390’3 89 cm’, 9.6 EO 3250 ~3,00 ~12,25 ~38
— -

Saridemir ve ark. (2016) 1ok silindir H"ndl\GVX”OS 89 cm’, 9.6 EO 3750  ~2,00 ~11,75 ~28
Tindi 3

Saridemir ve ark. (2016) 1K silindir Hond‘}(\GVX”OJ” cm’, 9.6 E10 1250  ~9,00 ~7,95 ~72
Tindi 3

Saridemir ve ark. (2016) 1K silindir H°“d1\GVX390’3 89 cm’, 9.6 E10 1750 ~8,10 ~9.90 ~55
a—— -

Saridemir ve ark. (2016) 1ok silindir Hondi?x]x”(’ﬁgg om’, 9.6 E10 2250  ~620 ~11,80 ~48
Tindi 3

Saridemir ve ark. (2016) 1K silindir Hond‘}(\GVX”OJ” cm’, 9.6 E10 2750  ~4,50 ~1325 ~40
Tindi 3

Saridemir ve ark. (2016) 1K silindir Hondi\GVX”OJ” cm’, 9.6 E10 3250 ~2,60 ~13,10 ~35
— -

Saridemir ve ark. (2016) 1ok silindir H"ndl\GVX”OS 89 cm’, 9.6 E10 3750 ~1,90 ~12,00 ~23
Tindi 3

Saridemir ve ark. (2016) 1K silindir Hondﬁ(g\/x”w 89 om’, 9.6 E20 1250 ~8,90 ~890 ~61
Tindi 3

Saridemir ve ark. (2016) 1K silindir Hond*}fVX”w 89 om’, 9.6 E20 1750  ~7.90 ~10,00 ~48
lindi 3

Saridemir ve ark. (2016) 1ok silindir Hondi\GVX”O’m om’, 9.6 E20 2250  ~5,50 ~11,95 ~38
Tindi 3

Saridemir ve ark. (2016) 1K silindir Hondﬁ(g\/x”w 89 om’, 9.6 E20 2750  ~4,00 ~13,50 ~32
Tindi 3

Saridemir ve ark. (2016) 1K silindir Hondi?VX”Oj 89 cm’, 9.6 E20 3250 ~2,10 ~12,90 ~27
lindi 3

Saridemir ve ark. (2016) 1ok silindir Hondi\GVX”O’m om’, 9.6 E20 3750 ~1,50 ~12,20 ~20
Tindi 3

Saridemir ve ark. (2016) 1K silindir Hondi?yxww 89 om’, 9.6 E30 1250  ~820 ~9,00 ~60
Tindi 3

Saridemir ve ark. (2016) 1K silindir Hondi?yxwoﬁ 89 om’, 9.6 E30 1750  ~720 ~10,10 ~43
ilindi 3

Sanidemir ve ark. (2016) 1ok silindir Hondi\GVX39°’389 cm’, 9.6 E30 2250 ~5,10 ~12,50 ~30
Tindi 3

Saridemir ve ark. (2016) 1K silindir Hondi?yxwoﬁ 89 om’, 9.6 E30 2750  ~3,10 ~14,00 ~25
Tindi 3

Saridemir ve ark. (2016) 1K silindir Hondi?yxwoﬁ 89 om’, 9.6 E30 3250 ~1,90 ~13,10 ~I18
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Tek silindir Honda GX390,389 cm?, 9.6

Saridemir ve ark. (2016) KW E30 3750 ~1,00 ~12,80 ~12
Saridemir ve ark. (2016) 1°K Silindir Hondl\GVX”OJ 89em’ 96 gy 1250 ~7,50 ~10,00 ~52
Sanidemir ve ark. (2016) 1ok silindir Hondi\GVX”OJ” om?’, 9.6 E40 1750  ~620 ~11,10 ~35
Saridemir ve ark. (2016) 1K Silindir Hondﬁ(\GVX”OJ 89em’ 96 gy 2250 ~420 ~12,80 ~30
Saridemir ve ark. (2016) 1K Silindir Hond1?VX390’3 89em’ 96 gy 2750 ~2,50 ~14,10 ~20
Sanidemir ve ark. (2016) 1ok silindir Hondi\GVX”OJ” om?’, 9.6 E40 3250 ~1,50 ~13,10 ~I13
Saridemir ve ark. (2016) 1K Silindir Hondﬁ(\GVX”OJ 89em’ 96 gy 3750 ~0,50 ~12,90 ~10
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