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IMAGE ENCRYPTION

TECHNIQUES

BAZI GORUNTU SiFRELEI\/lE TEKNIKLERININ PERFORMANS  ANALIZ

UYGULAMALARI

https://doi.org/10.20854/bujse.1114856 Cihan Tiken'", Rilya Samli?
Abstract Ozet

Data security is now the most vital and most important
issue of governments, companies, and individuals in the
technology age we live in. Among the data types, images
have a special importance because of the important
information they contain. Transferring or storing images
requires extra security measures. In this study, the
performances of image encryption methods were
compared with each other by applying them to the most
popular and most used images in the image processing
area. Four different experiments were carried out. The
performances of seven particular encryption methods were
compared with each other, and the observations and
measurements were presented.

icinde bulundugumuz teknoloji caginda very giivenligi artik
hiklUmetlerin, sirketlerin ve bireylerin en hayati ve en
onemli konusu haline gelmistir. Veri tirleri arasinda
gorseller icerdikleri 6neml bilgiler nedeniyle 6zel bir 6neme
sahiptir. Gorintulerin aktarilmasi veya saklanmasi ekstra
guvenlik 6nlemleri gerektirmektedir. Bu ¢alismada, bazi
gorintu sifreleme yontemleri gorinti isleme alaninda en
popliler ve en ¢ok kullanilan goriintilere uygulanarak
performanslari  karsilastirilmistir.  Dort  farkh  deney
gergeklestirilmistir.  Yedi farkh sifreleme yonteminin
performanslari birbirleriile karsilastirilarak yapilan élgtimler
ve elde edilen gozlemler sunulmustur.

Keywords: Cryptology, Data Security, Image Processing
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Performance Analysis Applications of Some Image Encryption Techniques

1. INTRODUCTION

The techniques used in this study are the most well-known techniques in the field of image
encryption and have been chosen intuitively, not upon any parameter. These techniques are
briefly explained below in a simple way.

In similar performance analysis studies, generally Histogram Analysis, Adjacent Pixel
Correlation Analysis, Mean Value Analysis, and PSNR-Peak Signal-to-Noise Ratio Analysis were
performed by the authors. These analyses are the analysis methods used in the measurement
of the distortions or differences that occur after the encoding and decoding of the images.
However, the focus of the first three experiments in this study is encryption and decryption
speeds. Only in the last experiment is the image encoded by two different methods visually
compared with the original.

2. IMAGE ENCRYPTION TECHNIQUES

2.1. Chaos Based Methods

Chaos theory is very sensitive to the initial conditions and control parameters of a nonlinear
system or a continuous system, so that it is mostly used in image encryption area to increase
randomness of keys and algorithms. A chaotic system has basic properties such as
unpredictable and non-linear, deterministic and random-disorder (Srividya & Nandakumar,
2011; Chai et al., 2018). Implementation manner of a chaotic map is very important. Chaotic
maps produce an entropy, and this produced entropy should generate enough complexity
and diffusion in order to use in cryptography (Zhang et al., 2018).

Key Generator

VAN

Original Image 2> Permutation — > Diffusion

Cipher Image

v

Rounds

Figure 1: Block diagram of Chaotic encryption methods.

2.2. Least Significiant Bit (LSB) Based Methods

LSB method is based on embedding important data or secret messages into a cover image's
(carrier image) least significant bits. Cover image and message bits create stego-image. It is
possible to increase message embedding capacity by using more than 1 LSBs, but this process
causes certain changes which can be seen by human eyes in the view of cover image. This
method is widely used in the image encryption area. Although the implementation of this
method is simple, it is not safe from attacks (Jiang et al., 2016; Muhammad et al., 2015).
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Cover
Image
Secret Convert to Encrypt ~ Embed Convert Stego
f Data / Bit Stream Data = Data > Data I Image —‘

— > Secret
Data
Cover
—>
Image

Figure 2: Block diagram of LSB based encryption methods.

Extraction |[— Decrypt
Data

2.3. Neural Network (NN) Based Methods

Neurons in the human nervous system combine thousands of temporal signals, thanks to their
dendrites. The internal potential of these signals is complexly modified by the signals
themselves. This change is based on the excitatory or restrictive nature of the synapses. A NN
is a structure with a directed graph topology that represents a highly parallelized dynamic
system. Interconnected groups of artificial neurons usually organized into layers, sublayers, or
fields contain NNs. The behavior of such groups depends on changes in architectures as well
as neuron signaling functions. Neurons are basic nonlinear computing elements; NNs are
parallel networks of adaptive neurons. These neurons are designed to behave like a human
neuron and perform some features of the human nervous system (Isac & Santhi, 2011).

2.4. Exclusive OR (XOR) Based Methods

In the XOR operation, there are two input grayscale images or binary images.These input
images' pixel values must have the same number of bits; otherwise, some problems may
occur. After implementing XOR operation on these two input images, an output image is
generated. This output image consist of pixel values of first image and corresponding XORed
pixel values from second image. (Gonzalez & Woods, 1993; Davies, 2012; Horn, 1986).

I3 1 1y XOK 13

1]
L1 1 1
1
1

Figure 3: XOR truth table.

2.5. RSA Based Methods

RSA algorithm is one of the most popular authentication and encryption algorithms. It is
generally used for data transmission in a secure way. It is a public key cryptosystem. Public
key is used during encryption process, but decryption process is done by secret key. Image is
encrypted by the RSA encrypt key; thus, image becomes cipher text and stored as a text file.
Decryption method is the opposite of the encryption, and it is done by secret RSA key. Finally
image is reobtained (Anandakumar, 2015).
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2.6. DNA Based Methods

DNA is a nucleic acid that contains genetic codes of the livinig organism . It consists of four
bases named adenine (A), cytosine(C), guanine (G), and thymine (T). The binary values 00, 01,
10, and 11 are used to denote these four bases. For example, a single pixel value of “187” is
in between a range of 0-255; this means it must consist of eight bits. So, this single pixel value
isequalto “10111011” in binary presentation. Therefore, according to R1 rule, 187 pixel value
corresponds to “GTGT” in genetic coding (Xue et al., 2020; Mousa, 2016).

Figure 4: Genetic coding rules.

2.7. DCT Based Methods

The discrete cosine transform (DCT) specifies an image as a total of sinusoids of varying
frequencies and magnitudes. For a characteristic image, DCT has the property which is
condensing most of the visually important data into a few DCT coefficients. That is why this
method is generally used to compress an image. DCT is in the center of JPEG which is
expressed as the international standard lossy image compression algorithm (Shaheen et al.,
2019; Lian et al., 2004).

3. MATERIALS AND EXPERIMENTAL RESULTS

3.1. Materials

In this study, Tree, Splash, Sailboat, Peppers, Jelly Beans, House, Lena, Tiffany, Baboon, and
Airplane images are used; all of these images are in “png” format and shown in between Figure
5 and Figure 14 respectively. These images are taken from a web site (SIPI Image Database,
n.d.).

Figure 5: Tree.png

80



Beykent Universitesi Fen Bilimleri ve Miihendislik Dergisi, 2022, 15(2), 77-88

Figure 8: Peppers.png

- .

Figure 9: Jelly Beans.png

Y

Figure 10: House.png
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Figure 14: Airplane.png

The results of the experiments are obtained on the Matlab R2015 enviroment which runs on
a PC with a 64-bit Operating System, 1.99 GHz Intel i7 processor, and 8 GB of RAM.

3.2. Experiment |

In this experiment, the performance of some encryption methods was measured. Chaos Based
Image Encryption, NN Based Image Encryption, LSB Based Image Encryption Methods were
compared with each other in terms of the time it takes to encode the image. A gray scaled
“Baboon.png” image with the size of 512x512 was used as the image to be encrypted in this
experiment. The results of the experiment are shown in Table 1 below.
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Table 1: Encryption times of the methods used.

CAOS NN LSB
1. Encryption 0.35706 0.47459 0.21578
2. Encryption 0.37179 0.49557 0.21289
3. Encryption 0.36219 0.47195 0.23236
4. Encryption 0.35018 0.44983 0.22234
5. Encryption 0.37368 0.48632 0.24240
6. Encryption 0.36831 0.46814 0.22271
7. Encryption 0.36443 0.47226 0.23415
8. Encryption 0.34747 0.47917 0.21954
9. Encryption 0.37149 0.45637 0.22586
10. Encryption 0.39475 0.46587 0.25378
Average Time(sec.) 0.3661395 0.4720098 0.2281847

In order to obtain an average time value, each encryption method was run 10 times, and the
data obtained are shown in the table above. When the data in the table is evaluated, the
fastest average image encryption time among the methods used belongs to the LSB-based
method with 0.2281847 seconds. The slowest encryption method also belongs to the NN-
based image encryption method.

3.3. Experiment Il

In the second experiment, it was observed whether the image features would affect the
encryption method used. For this purpose, DCT-based and DNA-based methods were applied
to all 512x512 sized images, and then application times were determined. The performance
analysis of the DNA-based method is given in Table 2, and the performance analysis of the
DCT-based method is given in Table 3.

Table 2: Performance of DNA-based method.

Image Encryption Time (sec.) Decryption Time (sec.)
Airplane 0.978 1.756
Lena 0.984 1.777
Baboon 0.982 1.808
House 0.950 1.761
Jelly Beans 1.008 1.753
Peppers 1.270 1.794
Sailboat 0.966 1.760
Splash 0.990 1.738
Tiffany 1.034 1.702
Tree 1.008 1.842

In this process, DNA image encryption technique was applied to 10 images selected from the
most known images in the image processing field, and the measurement values obtained from
the encryption and decryption processes are given in terms of seconds. Encryption and
decryption were applied to each image 15 times, and the average of these values are shown
in the table above. The most important factor for users in encryption and decryption processes
is to perform the desired operation in the shortest time and in the most secure way. The image
that reached the shortest encoding and decoding time obtained by summing the encoding
and decoding times in DNA-based encoded images was “House.png”, and the longest time
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consuming image was “Peppers.png”. But the other images gave approximate results; there
is not a remarkable difference between them.

Table 3: Performance of DCT-based method.

Image Encryption Time (sec.) Decryption Time (sec.)
Airplane 1.967 2.991
Lena 1.944 2.927
Baboon 2.008 2.945
House 1.934 2.989
Jelly Beans 2.039 3.062
Peppers 2.117 3.135
Sailboat 2.026 3.118
Splash 2.025 3.106
Tiffany 2.088 3.090
Tree 2.102 3.058

The mean values were obtained by applying DCT-based image coding to all samples 15 times,
and the image that achieved the total shortest encoding and decoding times in all images was
“Lena.png.” The longest encoding and decoding values belong to “Peppers.png” image. Except
these two images, the other images have aproximate results. In this context, DNA-based
image encryption method was the fastest method among the two methods discussed. The
total time taken for encoding and decoding is 2.75 seconds on average for all images for the
DNA method and 5.67 seconds for the DCT method. The DCT-based encoding method takes
slightly more than twice the average time of the DNA-based image coding method.

3.4. Experiment lll

As a third experiment, XOR-based and RSA-based methods were applied to all images, and
encryption and decryption times were determined. The performance analysis of the XOR-
based method is given in Table 4, and the performance analysis of the RSA-based method is
given in Table 5.

Table 4: Performance of XOR-based method.

Image Encryption Time (sec.) Decryption Time (sec.)
Airplane 0.53 0.60
Lena 0.51 0.57
Baboon 0.52 0.58
House 0.53 0.58
Jelly Beans 0.52 0.59
Peppers 0.53 0.60
Sailboat 0.54 0.59
Splash 0.53 0.60
Tiffany 0.56 0.63
Tree 0.53 0.59

In this process, XOR image encryption technique was applied to 10 images selected from the
most known images in the image processing field. The images used were 512x512, and the
measurement values obtained from the encryption and decryption processes are specified.
Encryption and decryption were applied to each image 10 times, and the average of these
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values is shown in the table above. Although the image that achieves the shortest encryption
and decryption times in XOR-encrypted images is the “Lena.png” image. There is no significant
time difference between “Lena.png” image and other images, it has almost approximate
results.

Table 5: Performance of RSA-based method.

Image Encryption Time (sec.) Decryption Time (sec.)
Airplane 0.17 1.15
Lena 0.14 1.09
Baboon 0.15 1.11
House 0.14 1.13
Jelly Beans 0.13 1.09
Peppers 0.14 1.10
Sailboat 0.14 1.12
Splash 0.14 1.05
Tiffany 0.15 1.15
Tree 0.15 1.10

“JellyBeans.png” image had the shortest encryption and decryption times while RSA-based
encryption was applied. There was a small time difference with the rest of the images as in
XOR-based encryption method. While applying each method, the hardware used and the
images processed were the same. Consequently, the RSA-based method was the fastest
method among these two methods considered; the encryption time of each image was
approximately 1/6th of a sec.

3.5. Experiment IV

Although performance analysis is a very important issue for an encryption method, the change
ratio in visual of the encrypted image is another very important issue. In this application, the
“JellyBeans.png” image which is one of the images that emerged as a result of the two
encryption methods whose performance analyses were performed in the previous application
were examined and their differences with the original image are observed. Figures are shown
below.

Figure 15: Original image.
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Figure 17: RSA-based encrypted image.

Although RSA-based method is faster than XOR-based method in terms of encryption and
decryption times, when the encrypted images are examined, it is seen that the faster
encryption method gives some idea at least about the edge boundaries of the original image.
Accordingly, it seems a logical approach to use RSA-based methods in studies where time is
important and XOR-based methods in studies where visual unpredictibility is important.

4. CONCLUSONS

There are important considerations in encrypting image data. One of these is the time spent
on encryption and decryption, and the other one is that the content of the encrypted image
must not be understandable by third parties. In this paper, the performances of various image
encryption techniques have been analyzed and the observations obtained are presented for
each particular experiment. In the first experiment, LSB-based is the fastest of the three
methods evaluated. In the second experiment, the DNA-based method is about 2 times faster
than the DCT-based method. In the third experiment, the encryption time of both methods
took less than one second. In the last experiment, the XOR-based method was visually better
encrypted and hard to predict according to the other method. All these used methods and
some other methods all together can be observed and analyzed in a single experiment as a
future work.
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2-6 YAS GRUBU COCUGUN KONUTTAKi OYUN VE MEKAN TERCIHi
GAMES AND SPACES PREFERENCE IN RESIDENCES FOR CHILDREN AGED 2-6

https://doi.org/10.20854/bujse.1144480

Beyza Temur?, Merve Gizem Baltaci, Sengiil Yalginkaya®"

Ozet

Cocugun hayati algilamaya basladigi ilk andan itibaren
cevresindeki tim kosullar gelisim siirecine etki eder.
Ozellikle gocugun fizyolojik, psikolojik ve sosyolojik olarak
¢ok yonli olarak gelisimini destekleyen ve g¢ocukluk
doneminde karsilasilan ilk mekan olan konut, yogun ve
etkin kullanilmasi nedeni ile ayri bir éneme sahiptir.
Calismada, 2-6 yas donemindeki ¢ocuklarin konutu oyun
icin nasil kullandiginin ortaya koyulmasi amaglanmistir.
Bunun igin ¢ocuklarin oyun tirleri ile ilgili mekan tercihleri
arastinlmigtir.  Arastirmada kapsam, g¢ocugun konutu
genel kullanimi, oyun tlrine bagh konuttaki mekanlarin
kullanimi  ve konutun vyeterliligi cercevesinde ele
alinmigtir. 2-6 yas arasi cocuk sahibi olan ve Trabzon ilinde
yasayan 94 ebeveyne uygulanan anket ile veri
toplanmistir. SPSS programi ile verilerin genel ylzde
dagihmlari igin frekans analizi ve karsilastirmalar igin ki-
kare testi kullaniimistir. Cocugun evin her mekanini farkli
oyun tarleri icin kullandig;; fakat 0zel odaya sahip
olanlarin 6z gelisimleri igin daha kaliteli faaliyetlerde
bulunabildikleri, konuttaki oyun tercihini cinsiyet, yas,
Ozel oda varligl, oda kullanim siiresi ve bigiminin etkiledigi,
konutun oyun igin yeterlili§inde oda sayisi ve gurilti
konusunun 6n plana giktig tespit edilmistir. Sonug olarak
konut tasariminda, kullanicisi olan gocugun gereksinimleri
ve beklentileri oncelikli belirleyiciler arasinda yer
almalidir.

Abstract

Residences play a key role in children’s lives because they
are the first spaces that children encounter and support
their physiological, psychological, and sociological
development in manyways. This study aimed to determine
how children aged 2-6 used residences to play games. This
study focused on what residential spaces children preferred
to play games in. The scope was how children used houses
in general and residential spaces to play games and whether
the spaces were sufficient for their games. Data were
collected using a questionnaire. The sample consisted of 94
parents of children aged 2-6 living in Trabzon. The data were
analyzed using the Statistical Package for Social Sciences
(SPSS). Frequency analysis was used for percentage
distributions. The chi-square test was used for comparisons.
Children use each space to play different types of games.
Children with private rooms engage in better quality
activities for their self-development. What games children
play depends on the gender, age, presence of a
privateroom, and duration and form of use of the room.
Whether residences area dequate for children’s games
depends on the number of rooms and the presence of noise.
Architects should consider the needs and expectations of
children when designing residences.
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1. GOCUK, MEKAN VE KONUT

Cocuk, hayati tanimaya basladigl ilk andan itibaren fiziksel ve sosyal bir ¢evre icinde
yasamaktadir. Piaget, cocugun gelisim stirecinde cevresinden geleniletileri aldigini ve diinyada
bilgiyi 6zimsemede pasif alici roliinde degil, aktif alici roliinde oldugunu vurgular (Oztiirk,
2009). Bu nedenle cocuk, gelisim slireci boyunca icinde bulundugu veya gozlemleme sansi
oldugu c¢evreden etkilenmektedir. Cocuklarin, potansiyellerini kesfedebilmek ve
gelistirebilmek igin zengin bir ¢evre etkilesimine ihtiyag vardir (Glroglu, 2016; Sanoff, 1995).
Cocuklarin konut ve yakin cevresi, okul, park gibi mekanlar ilk fiziksel cevrelerini
olusturmaktadir. Konut, sahip oldugu 6zelliklerle diger mekanlara gore daha yogun ve gesitli
alanlarda ¢ocugu desteklemektedir.

Konut, cocuklarin ilk karsilarina ¢ikan ve 6zellikle erken donemde uzun saatler gegirdikleri bir
mekandir. Dinya ile baginin kuruldugu ilk yer olan konut, cocugun gelisim donemleri ile iliskili
sosyal, psiko-motor ve bilissel gelisimlerini destekleyen bir 6grenme mekani olarak karsisina
cikmaktadir. Oztiirk (2009), cocugun cevre ile iliskisi belirli bir ddneme kadar konut ile kisitli
kaldigini vurgulamakta, ¢ocugun benlik bilincini kazanmaya basladigi ilk yer olarak konutu
isaret etmektedir. Genel olarak konutlar, cocugun duygusal bag kurduklari, kendilerini 6zgir
hissettikleri ve psikolojik olarak tatmin olduklari alanlardir. Konutun icerisindeki tim nesneler,
cocuk icin potansiyel birer oyuncak ve tiim bireyler de potansiyel bir oyun arkadasi olabilecegi
gibi tim mekanlar da sagladiklari olanaklar ile birer oyun alanlaridir. Cocuklar, konut icerisinde
herhangi bir alanda kendilerine has oyunlar kurabilir, oyuncak olarak nitelendirdikleri herhangi
bir nesneyi mevcut yerinden ayirip yeniden konumlandirabilir. Kendine oyun alani
olusturabilme becerisine sahip olan ¢ocuk, boylece eglenmenin yaninda yasadigi kiltird,
kurallari 6grenir ve arastirma duygusunu kazanir (Alga, 2005; Kurak Acici & Bal, 2020). Konut
mekanlari, sahip olduklari tiim bu 6zelliklerle oyun esnasindaki 6zglirliigl cocuga sunan ortami
olusturur.

Bu calismada, ¢ocugun ilk mekani olan konutta oyun ve mekan tercihlerine vurgu yapilmakta
ve konutta c¢ocuklara saglanan gereksinmelerin  6neminin  ortaya c¢ikariimasi
hedeflenmektedir. Cocuk gelisiminin ve benligin bicimlenmesinde dis etkilerin daha az oldugu
2-6 yas grubundaki ¢ocuklara sahip ebeveynler ile yapilan anket calismasinda, ¢ocuklarin
konutlarinda oyun ve mekan tercihleri ebeveyn bakis acisiyla irdelenmektedir. Konutta oyun
eylemi ile mekan kullanimini arasindaki iliskiye dair ¢cikarimlarda bulunulmaktadir.

2. COCUK GELiSiMi, OYUN VE KONUT

Oyun kavrami; gegcmisten glinimUize kadar bazen temel bir ihtiyag, bazen sosyallesmek igin bir
arac, bazen de i¢glidisel bir etkinlik olarak tanimlanmistir. Cocuk, cevresini tanimada oyunu
kullanir. Oyunlar, cocuklarin hayal gliciindi, yaraticihgini gelistirerek kisisel becerilerini 6n plana
cikarir ve sosyal gelisimine katki saglar (Yalginkaya, 2015). Oyun, ¢ocuk gelisiminin tiim
alanlarinda hayata dogrudan veya dolayli olarak katkisi olan; amacli ya da amacgsiz olan kurall
veya kuralsiz, materyalle ya da materyalsiz uygulanan, gercek ya da model niteligi tasiyan her
tlrlh ortam ve siirede gergeklestirilebilecek eglencenin dahil oldugu 6grenme ve yasama
bicimi olarak tanimlanmaktadir (Bardak & Topag, 2019).

Cocuklarin cevreyi algilama bicimleri, her yas grubundaki zihin gelisimlerine gore farklihk
gosterir. Zihin gelisimini ana dort donemle isimlendiren Piaget’ e gore donemler, duyusal-
devinimsel (0-2 yas), islem 6ncesi (2-6), somut islemler (6-12) ve formel islemler (12+ yas)
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olarak tanimlanmakta ve ¢ocugun cevresini algilamasinda 6nem tasimaktadir. Bu ¢alisma
kapsaminda ele alinan, 2-6 yas cocuk grubudur. islem dncesi olarak ele alinan dénemde, s6zii
edilen islem ise cocugun duyusal-devinimsel donemden tecriibe edindigi eylem ya da
davranislari zihninde yeniden canlandirmasi, yeniden lretmesidir (Akarsu, 1984). Cocuk,
cevresinde algiladigi konutu zihninde canlandirir, ona tirli bicimler verir, mekan ile oynar ve
onunla iletisim kurar. Cocugun gelisimine katki saglayan bu durum, onun saglikh bir birey
olmasi adina 6nemli bir etken olarak oyuna dikkat cekmektedir.

Oyun icin, bireysel-grup olmasi, kuralli-kuralsiz olmasi, ara¢ kullaniminin olup olmamasi,
oynandigl yer, gelisimi destekleme durumu gibi farkh yonleri ile ele alinan siniflamalara
rastlanmaktadir (Aksu, 2022; Hughes, 2012). Oyun siniflamasindaki gesitlilige karsin Miller ve
Almon’un olusturdugu siniflandirma, kapsayiciligi ve mevcut oyun teorilerini desteklemesi
acisindan oyun konusunu genel bir cercevede sunmaktadir. Calismada, konut mekani icin
cocuklarin oyun tercihini belirlemede destekleyici parametreler sunmasi nedeniyle bu
siniflandirma kullanilmistir. Miller ve Almon’a gore oyun tirlerine Tablo 1’de yer verilmis ve
ayrica glinimizde yaygin olarak kullanilan teknolojik oyun maddesi eklenmistir (Miller &
Almon, 2009).

Tablo 1: Oyun tirleri.

Oyun Tiri Aciklamasi
Biylk Kas Gelisimi Oyunu Ziplama, ip atlama, top oynama, tirmanma, dans etme vb.
Klglk Kas Gelisimi Oyunu Boncuk dizmek, yapboz, domino, resim eslestirme vb.
Ustalik Oyunu Sallanan at, denge oyunlari, sihirbazlik numaralari, vb.
Yapi-insa Oyunu Ahsap bloklar, jenga, lego, maket ev-gemi vb.
Kurallara Dayali oyun Saklambag, birdirbir, kdrebe vb.

Kendinden buyukleri veya yasitlarini taklit etme, yetiskin

Rol Yapma Oyunu islerine katilma, evcilik, askercilik gibi hayali oyunlar vb.

Sembolik Oyun Ev esyalari, mutfak aracg-gerecleri ile oyun kurma
Dil Oyunu Tekerleme, bilmece, sessiz sinema, sarki séyleme vb.
Sanatla Oyun Calgi aleti calma, kukla oyunlari yazma, ¢izme, boyama vb.
Duyusal Oyun Kil, camur, su, oyun hamuru vb.
itis Kakis Oyunu Kovalama, gliresme, etrafta yuvarlanma vb.
Risk Alma Oyunu Scooter siirmek, yiiksekten atlamak vb.
Dijital / Teknoloji Oyunu Bilgisayar, tablet, telefon

Cocuklar, her an her yerde oyun oynayabilmektedir. Cocuklar icin oyun kadar, oynadiklari
mekan da biyik 6nem tasir. Oynanan alanin bicimi, niteligi ve gesitliligi oyunu her anlamda
etkilemektedir (Stine, 1997; Tuncer Kir, 2019). Bu noktada mekanin ona sagladigi olanaklar,
tercih ettigi oyun tirinl, oyun arkadasini, siiresini, oyun ekipmanini ve esya tercihlerini
etkileyecektir. Bu durumda oyun ve ona eslik eden mekanin olanakhligi da ¢ocugun gelisimine
katki verecektir.

Konutta, yas grubuna ve cinsiyete bagl olarak cocuklarin kullandiklari mekanlarda farkliliklara
rastlanabilmektedir. Yalnizca 9 yasina kadar ¢ocuklar, ebeveynlerinin yakin ¢evresinde olmak
kosuluyla evin tiim alanlari kullanmaktadirlar (Bozkaya, 1992). Ebeveynleri ile birlikte oynayan
¢ocugun ona saglanan olanaklarla birlikte konutun her alanini glivenli bir sekilde kullanmasi,
gereksinimlerinin karsilanarak gelisimine olumlu yonde etki etmesini saglamaktadir. Konutun

91



2-6 Yas Grubu Gocugun Konuttaki Oyun ve Mekan Tercihi

cocuktaki sosyal ve bilissel gelisimlere ek olarak psiko-motor gelisimlerini de destekleyecek
dizenlemeleri icermesi gerekmektedir. Zamaninin ¢ogunu konutta geciren 3-7 yas grubu
cocuklar icin kosma, atlama, ziplama, sekme gibi eylemler icin alanlar olusturulmalidir (Erten
& Ciftgi, 2020). Konutta bu hareketleri glivenli bir sekilde yapacaklari kosullarin olusturulmasi
onemlidir.

Konutta cocuga ayrilan odanin oncelikle fiziksel konfor kosullarini saglamasi; buylklik,
glvenlik, 1s1 ve giin 15181 noktasinda saglikl bir ortamin olusturulmasi temel bir kosul olarak
karsimiza ¢ikmaktadir. Cocugun uyuma, dinlenme, depolama vb. gereksinimlerinin yaninda,
odasinda farkh oyun tiirlerini oynama olanagini buldugu kosullar olusturulmalidir. Yas grubuna
bagl olarak ebeveyn iliski diizeyinin istenilen diizeyde saglaniyor olmasi da yine dnemli bir
nokta olarak karsimiza gtkmaktadir.

3. 2-6 YAS GRUBU COCUKLARIN OYUN TURLERINE BAGLI KONUTTA MEKAN TERCIHLERININ
ARASTIRMASI

3.1. Arastirmanin Planlanmasi ve Tasarimi

Cocugun diinya ile iliskisinin kurulmaya baslandigi ilk yer olarak konut, cocuk gelisimi
Uzerindeki etkisiyle 6nemli bir rol Gstlenmektedir. Cocuk ile ilgili bircok alanda arastirmaya
konu edinilen konut, mimarlik alaninda agirlikli olarak cocuk odalari ile ilgilidir. Tavsan (1995)
calismasinda, cocuk odasinin yas gruplari ile iliskili donati 6zelliklerine deginmistir. Yalcin vd.
(2015), cocuklarin mekansal ihtiyag ve tercihlerinin neler oldugunu arastirmistir. Erten ve Ciftci
(2020), cocuk odalarinin tasarimini etkileyen durumlarin analizini yapmistir. Cakmakei ve Yildiz
(2022), cocugun gelisimsel isteklerine cevap verebilen esnek mekanlar olusturulmasina,
¢ocugun birey bilinci ve gelisimine etki eden mekan esnekliginin destekleyici ve 6zgtirlestirici
etkilerine yer vermistir. Konut ile ilgili arastirmalarda ise Aydogan (2006), cocugun yasadigi ev
ortaminin ebeveynlerin denetimi dogrultusunda, g¢ocuga uygun olan Ozelliklere gore
dizenlenmesi gerektiginin 6nemini vurgulamistir. Bu diizenlemeler yapilirken cocugun 6zgiir
alaninin genisletilmesine ve cocugun gelisiminin ev ortaminin uyaranlari ile desteklenmesi
gerektiginin dnemini belirtmistir. Oymen Giir (2013), ¢cocuklugun her bir evresindeki konut
kullanimini, begenisini ve terminolojisini inceledigi calismasinda, cocuklarin yetiskinlerden ¢ok
farkli kriterleri oldugunu ve icinde bulunduklari yas grubunun etkisini ortaya koymustur. Bu
calismada ise c¢ocuklarin konut mekanlarindaki oyun tercihleri ve konutun bu konudaki
yeterliligi arastirilmistir. Okul 6ncesi donemde, zamanlarinin blyuk bir kismini konutta geciren
cocuklar igin konuttaki oyun gelisiminin desteklenmesi gerekmektedir. Bu noktada konutta
cocugun fiziksel, bilissel ve sosyal gelisimi dikkate alinarak gereksinim ve beklentilerinin
karsilandigi bir ortamin nasil olmasi gerektigi 6nem kazanmaktadir.

Calisma kapsaminda 2-6 yas grubu ¢ocugun, oyun tirleri ile iliskili konutta hangi mekanlari
kullandigi ele alinmistir. Bu yas grubu ¢ocuk, okul dénemine baslamamis olmasindan dolayi
zamaninin blydk bir kismini konut icerisinde ve birlikte yasadigi kisilerle gecirdiginden dolayi
calisma evreni olarak segilmistir. Trabzon ili kapsaminda 2-6 yas araliginda ¢ocuk sahibi olan
ebeveynler ile anket uygulamasi yapilmistir. Ebeveynlerin cevaplandirdigi anket iki ana
bolimden olugmaktadir. Birinci bolim ebeveynin kisisel 6zellikleri, konutun 6zellikleri ve aile
yapisi ile ilgili sorulardan olusmaktadir. ikinci béliim ise 2-6 yas grubunda yer alan ¢ocuk icin
konutun oyun amach nasil kullanildigina dair tespit sorularindan olusmaktadir. Anketi 94 kisi
yanitlamistir. Orneklemde yer alan katilimci bilgilerine Tablo 2’de ve konutlara ait bilgilere
Tablo 3’te yer verilmistir. Cevaplar betimsel ve iliski analizi ile degerlendirilmistir. Calismada
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frekans ve ki-kare testi uygulanmis, capraz tablolar yorumlanmistir. Ki-kare testinin
uygulamasi asamasinda hicrelerin %20’den fazlasinda 5'ten kiiclik deger olmasi durumunda
Olasilik oran testi (Likelihood Ratio) ve Fisher’in kesin testi (Fisher's Exact) kullaniimistir.
lliskisel analizlerinde farkin nedeni capraz tabloda yer alan Diizeltilmis hata degerinin
(Adjusted Residual) 2’den biiyiik oldugu hiicreler tizerinden yorumlanmistir (Oymen Giir &
Yalginkaya, 2013). Calismada hata diizeyi 0,05 olarak alinmistir.

Tablo 2: Katilimci profiline ait bilgiler.

Orneklemin Ozellikleri Grup %
Cinsiyet Kadin 80,9
Erkek 19,1
. Evli 98,9
Medeni durum Bekar 11
30 yas ve alti 30,9
Yas 31-37 yas 39,4
38 yas ve uzeri 29,8
Okur-yazar 2,1
. . Lise 10,6
Egitim diizeyi durumu Lisans 60.6
Lisanststi 26,6
Evet 76,6
Calisma durumu Hayir 23.4
Kamu 60,6
Meslek grubu Ozel Sektor 19,1
Ev hanimi 20,2
Alt gelir 3,2
. Orta gelir 72,3
Gelir durumu Orta Ust gelir 22,3
Yiksek gelir 2,1
1 ¢ocuk 41,5
Cocuk sahiplilik durumu 2 cocuk 42,6
3 ¢ocuk ve Uzeri 16,0
I 1 ¢ocuk 84,0
2-6 yas aradsl:f::::,k sahiplilik 2 cocuk 13.8
3 ¢ocuk 2,1

Tablo 3: Katilimcini konutuna ait 6zellikler.

Konutun Ozellikleri Grup %
120 m? ve alti 18,1
Konutun biyiikliigii 120 m? -150 m? arasi 24,5
120 m2-200 m? aras| 44,7
200 m? ve Uzeri 12,8
3 odali 8,5

Oda sayisi !
(salon d:\:hil) 4 odalr 69,1
5 odali ve Uzeri 22,3
I Cekirdek aile 94,7
Aile tipi Genis aile 5,3
3 kisi ve daha az 40,4
Evde yagsayan sayisi 4 kisi 43,6
5 kisi ve Uzeri 16,0
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Calismanin son boélimiinde ankette cevaplandirilacak sorularin, 2-6 yas grubu ¢ocuklari olan
ebeveynlerden bir cocuga goére cevaplandirmalar yapmalari istenmis, anket bilgilerinin
dolduruldugu cocuk 6zelliklerine gére saptamalara yer verilmistir (Tablo 4).

Tablo 4: Verilerin ait oldugu ¢ocuga ait 6zellikleri.

Cocuga ait ozellikler Grup %
2-4 yag arasl 47,1
Cocuk yas durumu 4 yas ve Uzeri 52,9
- Kiz 45,1
Cinsiyet Erkek 54,9

3.2. Genel Bulgular
Calismada veriler ¢ grupta ele alinmistir;
e Konutta ¢ocuk odasi ve kullanimi

Arastirmadaki 2-6 yas grubu cocuklarin %81,9’unun bir odasi oldugu ve odasi olanlarin %64,9’u
odayi tek basina kullandiklari, odayi kullanim siirelerinin farkhlik gosterdigi belirtilmistir (Tablo
5). Cocuklar, aile yasaminda daha fazla merkezde yer almakta dolayisiyla konutun
orgltlenmesinde etkili olmaktadir. Cocuk aileye katildigi andan itibaren c¢ocuk odasi
olusturulmaktadir. Diger taraftan, Gokmen (2006), calismasinda cocuk odasi icin kolay
vazgecilen ve konutun en kii¢iik odasi oldugu konusunu vurgulamaktadir.

Cocuklarin odasinda aktivite olarak oncelikle “oyun oynama”, “etkinlik yapma” ve “kitap
dinleme-okuma” belirtilmistir (Tablo 6).

Tablo 5: Cocuk ve odasi.

Oda Durumu Grup %
- Var 81,9
Oda mevcudiyeti Yok 18.9
Tek 64,9
Odayi paylagimi Kardesi ile 24,5
Yetiskin ile 10,6
Odayi kullanma saati 1,5 vealt 351
(Uyku harig) 2ve3 38,3
y ¢ 4 ve Uzeri 26,6

Tablo 6: Cocugun odasinda gerceklestirdigi etkinlikler.

Cocuk ve Odasi Grup Puan
Yemek yeme 42
Oyun oynama 192
.. iu. Kitap dinleme-okuma 93
Odayi kullanim 6nceligi Ders calisma ”
Etkinlik yapma 107
Diger 22
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Ailenin sosyo-ekonomik durumu ¢ocugun odayi kullanimi Gzerinde etkili oldu gorilmektedir
(Tablo 7).

Tablo 7: Ailenin sosyo-ekonomik yapisi ile gocugun oda kullanimi arasindaki iliski.

Gelir Alt gelir Orta gelir Orta .USt Yuks..ek
durumu gelir gelir LR df p
Oda % DH % DH % DH % DH.
sayisl 3 ,0 -5 6,4 ,2 2,1 ,2 ,0 -4 150
4 2,1 ,0 564 30 106 -24 0 -2,1 6£ 2 ,020
5 ve Gzeri 1,1 ,5 9,6 -34 9,6 26 21 27
Gelir Alt gelir Orta gelir Orta .USt Yuks.ek
durumu gelir gelir LR df p
Oda %  DH. % DH. % DH. % DH.
paylasimi Tek 0 24 436 -15 191 23 21 11 .
Kardesiile 3,2 3,1 19,1 ,7 21 -1,8 0 -8 4é 6 ,016

Yetiskinile ,0 -6 9,6 1,3 11 -10 ,0 -5

Ailenin gelir durumu ile sahip oldugu evin oda sayisi arasindaki iliskiye bakildiginda, uygulanan
Olasilik oran testi (LR) sonucunda (LR: 15,062, df: 2, p: ,020, p<0,05) gelir durumu ile evdeki
oda sayisi arasinda iliski oldugu tespit edilmistir. Farkin kaynagi orta gelir durumuna sahip
(%56,4) katilimcilari 4 odal eve sahip oldugunu belirtirken, orta Uist gelir (%9,6) ve yiksek gelir
grubundaki (%2,1) katilimcilar 5 ve lizeri odasi oldugunu belirtmistir. Bu durum ¢ocuga evde
daha genis mekan ve farkli mekanlarda oyun oynama imkani sunmaktadir.

Diger taraftan gelir durumu ile cocugun odayi paylasimi arasinda iliskiye bakilmistir. Uygulanan
Olasilik oran testinin (LR) sonucuna gore (LR: 15,548, df: 6, p: ,016, p<0,05), farkin kaynagi alt
gelir grubu katilimcilarin ¢ocuklarinin kardegleri ile odasini paylastigini (%3,2), orta st gelir
grubu katilimcilarin yalniz kullandigini belirtmesinden (%19,1) kaynaklanmaktadir. Ailenin gelir
durumuna gore cocugun odayi biri ile paylasma durumunu etkilemektedir.

Aile buyuklGglna olusturan kisi sayisi, cocugun oda kullanimini etkileyen diger bir faktérdir
(Tablo 8).

Tablo 8: Ailenin bliylkligunin ile cocugun oda kullanimi arasindaki iliski.

Evde 2-3 4 5 ve Uzeri
L
yasayan - o pH. % DH. %  DH. Rodf
Oda kisi sayisi
paylasimi Tek 372 46 255 -11 2,1 -4,6
Kardesi ile 0 -45 12,8 1,0 11,7 48 42,161 4 ,000
Yetiskin ile 3,2 -7 5,3 ,4 2,1 4
Evde 2-3 4 5 ve Uzeri
2
Oda yasavan - o pH. %  DH. %  DH. 2ot
N kisi sayisi
varhigi
Evet 383 2,7 351 -3 8,5 -3,1 12545 2 002
Hayir 2,1 -2,7 8,5 ,3 7,4 3,1 ’ !

Evde yasayan kisi sayisi ile cocugun odayi paylasimi arasindaki iliskiye bakildiginda uygulanan
Olasilik oran testine gore fark ortaya ¢ikmistir (LR: 15,548, df: 6, p: ,016, p<0,05). Farkin
kaynagi 2-3 kisilik ailelerde cocuk tek basina odada kalirken (%37,2), 5 ve Uzeri kisinin yer aldigi
ailelerde ¢ocugun odasini kardesiyle paylastigini (%11,7) séylemesidir.
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Evde yasayan kisi sayisi ile ¢ocugun odasinin olup olmama durumu arasindaki iliskiye
bakildiginda uygulanan Ki-kare testine gére fark ortaya ¢ikmistir (x?: 12,545, df: 2, p:0,002,
p<0,05). Farkin kaynagi 2-3 kisilik ailelerde ¢ocugun odasinin oldugunu soyleyenler ile (%38,3),
5 ve Uzeri kisilik ailelerde gocugun odasinin olmadiginin belirtilmesidir (%7,4). Ailenin sahip
oldugu sosyo-ekonomik durum cocugun evdeki durumunu etkilemekte, dolayisiyla konut
mekaninin kullanimi tGzerinde etkili oldugunu gostermektedir.

e Cocugun oyun ve konutta mekan tercihleri
Cocugun konutta oyun icin oncelikle salon ve ¢ocuk odasini, nadir olarak banyo ve calisma
odasini tercih ettigi belirtilmistir (Tablo 9; Sekil 1). Cocuklarin evdeki tiim mekanlari kullanmasi
ile diger bireylerle olan iletisiminin; kendi odasinda olmayi tercih ettigi durumlarda da yalniz
kalabilmesinin onl acilir (Cakmakgr & Yildiz, 2018). Cocuklara konutta sosyallesme ve
mahremiyet olanagi tanimak gerekmektedir.

Tablo 9: Cocugun oyun icin konutta tercih ettigi mekan.

Mekanlar Puan
Salon 173
Mutfak 46
Yatak odasi 15
Cocuk odasi 171
Oturma odasi 64
Koridor 21
Balkon 21
Banyo 3
Oyun odasi 19
Kardesinin odasi 9
Calisma odasi 2

Sekil 1: Konut ortaminda ¢ocuk ve oyun eylemi.

Cocugun konutta oyun oynamasinda mekansal olarak bir sinirlama getirilip getirilmedigi
sorgulandiginda %55,3’G herhangi bir sinirlandirma yapmadigini ifade etmistir. Hangi
mekanlarda sinir getirildigine bakildiginda katihmcilar tarafindan en cok mutfak, salon ve yatak
odasi vurgusu yapmistir. Konut kullaniminda ebeveyn sahip oldugu 6zellikler (yas, medeni
durumu, egitim durumu, meslegi, calisma durumu, gelir durumu) ile cocuga mekan kullanimi
konusunda sinir getirme arasinda bir iliski olup olmadigi bakildiginda, bu durumun istatistiksel
olarak belirleyici olmadigi gérilmustir. Barre (1984), evin tamaminin ¢ocuklarin kullanimina
acilmasini, mutfakta etkinlik yapmasina, banyoyu deney alanina c¢evirmesine, oturma
odasinda oyun oynamasina ve ortaya cikabilecek daginikliga, sese, kogsmaya, kirletmeye izin
verilirse konut mekanlarinin etkin kullanilabilecegini vurgulamaktadir. Aileler, konutta
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¢ocugun gereksinimlerini sadece ¢ocuk odasi ile sinirlamadigi durumda konut buyikliginden
bagimsiz olarak cocugun gereksinimleri rahatlkla karsilayabilecektir.

CGalismanin bu kisminda ¢ocuklarin oynadigi oyunlar 13 baslkta kategorize edilmis, konut
icerisindeki 7 mekan ile iliskisi ortaya konulmustur (Sekil 2);

13 oyun grubunun da yogun oynandigi mekan olarak ilk sirada salon, ikinci sirada ¢ocuk
odasi yer almaktadir. Oyunlar icin en disiik yogunlukta tercih edilen mekan ise banyodur.
Cocuklarin odalarinin yetersiz blyiklikte olmasi, yogun esya ile dolu olmasi, sosyallesme
ve aile bireyleriyle birlikte oynama istegi, yas grubu itibariyle cocugu ebeveynleriyle gorsel
ve isitsel olarak denetimde olacagi mekanda olmasi ve glvenlik gereksinimi gibi
nedenlerden dolayi evin en biylik mekani ve ortak kullanim alani olan salon, cocugun oyun
icin en yogun kullandigi alan olarak karsimiza ¢ikmaktadir. Cocuk odasi ise daha ¢ok etrafin
dagilmamasi, oyun esnasinda ortaya c¢ikabilecek glirtiltii gibi sorunlarin 6niine gecilmesi ve
cocugun daha 6zglir hareket edecegi mekan olmasi nedeni ile dncelikli mekanlar arasinda
yer almaktadir. Genel olarak bu yas grubu cocuklar, anneleri ile yakinligini devam
ettirmekte ve onlarin varhigini hissetmek istemektedirler. Anneler ise gorsel ve isitsel
olarak denetimi saglamayi isterler (Bozkaya, 1992). Bu nedenle konutta giindiiz bolimi
olarak degerlendirebilecegimiz mutfak, koridor, salon ve ¢cocuk odasi oyun mekani olarak
on plana gikmaktadir.

2-6 yas grubu icin konut icerisinde en ¢ok oynanan oyunlar blyik-kiiclik kas gelisimi
oyunlari, rol yapma oyunlari, sanatsal oyunlar ve itis-kakis oyunlari olarak belirlenirken, en
az oynanan oyunlarin ise riskli oyunlar ve dijital oyunlar olduklari belirtilmistir. 2-6 yas
grubu cocugun agirhikli olarak ebeveyn denetiminde oyun oynadigi bir donem olmasi
nedeni ile riskli oyunlarin glivenlik gerekgesi ile tercih edilmedigi gortlmektedir. Bilisim
caginda yasadigimiz bugiinlerde, cocuklar dijital oyunlar ile erken yasta karsilasmakta ve
zamaninin 6nemli bir boliminG ekran karsisinda gecirmektedir. Bu oyunlarin arastirmada
en az oynanan oyunlar arasinda yer almasi, yas grubunun kigclik olmasi ile
iliskilendirilebilir. Ozellikle 12-18 yas grubundaki cocuklarda, dijital oyun daha yaygin
olarak gorilmektedir (Acikgdz & Yalman, 2018).

Oyunlarin ¢ocugun oynayip-oynamama durumu ile ¢cocugun ozellikleri arasindaki iliskiye
bakildiginda, dijital/teknoloji oyunlarini oynayip-oynamama durumu ile ¢ocugun vyasl
arasindaki iliskiyi gérmek icin uygulanan Ki-kare testine gére anlamli bir farklilik tespit
edilmistir (x>: 13,387, df: 3, p:,004, p<0,05). Farkin kaynagini 5 yas ve (izeri cocuklarin dijital
oyun oynarken (%30,6), 2 yas grubundaki cocuklarin oynamamasi (%10,6) olusturmaktadir
(Tablo 10). Cocuklarin oyun tercihlerinin yas grubuna goére degistigi bilinmektedir. Dijital
oyunlar genel olarak yas ilerledikge ¢ocuklar tarafindan daha ¢ok tercih edilen oyunlar
arasindadir.

Tablo 10: Cocuklarin 6zelligi ile oyun tlrinin oynama durumu arasindaki iliski.

Oynar Oynamaz ,
Y | X df
Dijital/teknoloji as gruplari % DH. % DH. P
Oyunlan
(Elektronik 2 yas 4,7 -2,8 10,6 2,8
oyuncaklar, 3 yas 16 18,8 11 12,9
bilgisayar 4 yas 10,6 -4 7.1 4 13,387 3,004
oyunlari vb.) 5
YaS \./e 30,6 3,1 4,7 -3,1
Uzeri
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Sekil 2: 2-6 yas grubu gocuklarin oyun tiirleri ve konut mekanlari.
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Salon ve ¢cocuk odasinda 13 oyun grubunun da yogun oldugu mutfakta kurallara dayali
oyun, rol yapma oyunu, sembolik oyunlar; yatak odasinda itis-kalkis ve kurallara dayall
oyun; koridorda buyik kas gelisimi oyunlari ve kurallara dayali oyun, ustalik, rol yapma,
itis-kalkis, riskli oyunlar ve rol yapma; banyoda ve balkonda duyusal oyunlar 6n plana
¢itkmaktadir. Koridorlar genel olarak sahip olduklari en boy orani, dikdértgen formuyla ve
esya yogunlugunun en az oldugu mekanlar olmasi nedeniyle 6zellikle biyuk kas gelisim
oyunlari icin uygun bir ortami sunmaktadir. Banyo, su kullanimi ile cocuga duyusal
oyunlarda diger mekanlardan farkli bir imkan sunmasi nedeniyle 6n plana ¢ikmaktadir.
Mutfagin, annenlerin konutta en yogun kullandigi mekan olmasi (Yalginkaya & Oymen Giir,
2015), cocugun tek basina oynamadigi oyunlari bu mekanda gerceklestirmesinin arka
planinda yer alan neden olarak gosterilebilir.

Cocugun yetiskinlerden bir sinir gelmedigi sirece, konutun timini oyun alani olarak
kullandigi verilere bakarak soylenebilir. Duyusal oyun ve biyiik kas oyunlari gibi birtakim
mekansal gereksinimlerin ortaya ¢ikmasi durumda c¢ocugun, oyununa uygun mekan
tercihinde bulundugu goriilmektedir.

Cocugun oyunlari oynayip-oynama durumu ile odasina ait Ozellikleri arasindaki iliskiye
bakildiginda;

Sanat oyunlarini oynayip oynamama durumu ile cocugun 6zel oda varligl durumu
arasindaki iliskiyi gérmek i¢in uygulanan Fisher’in kesin testine gore anlamli bir farklilk
tespit edilmistir (p: 0,005, p<0,05). Farkin kaynagini 6zel odasi olan ¢ocuklarin sanat
oyunlarini oynarken (%81,9), ©6zel odasi olmayan g¢ocuklarin oynamamasi (%3,2)
olusturmaktadir (Tablo 11).

Sanat oyunlarini oynayip oynamama durumu ile g¢ocugun odayl paylasim durum
arasindaki iliskiyi gormek icin uygulanan Olasilik oran testine (LR) gére anlamli bir farklilik
tespit edilmistir (LR: 6,479, p: 0,005, p<0,05) Farkin kaynagini odasini tek basina kullanan
cocuklarin sanat oyunlarini oynamasi (%64,9) olusturmaktadir.

Cocugun odasinin olmasi veya tek basina kullaniyor olmasi sanatsal oyunlari oynamasi
Gizerinde etkili oldugu gorilmektedir. Sanatsal oyunlarin tercihinde bircok faktorin etkili
oldugu bilinmektedir. Cocugun yetenekli olmasi, bu becerinin desteklenecek ekonomik
glice sahip olma gibi temel faktorlerin yaninda konutta cocuga sunulan 6zel oda bu oyunu
oynamasinda ve slrekliligini saglamada etkili oldugunu gosteren bir veri seti olarak
degerlendirilebilir.

Tablo 11: Cocugun oda varligi/kullanim siresi ile oyun tirlerini oynama durumu arasindaki iliski.

Ozel oda Oynar Oynamaz . . . .
Sanatsal Oyunlar o Fisher’in kesin testi
.. varhig % DH. %
(enstriiman ¢alma,
kukla oyunlari Var 81,9 3,7 0,0 -3,7
yazma, gizme, ,005
boyama Vb.) Yok 14,9 -3,7 3,2 3,7
Oda Oynar Oynamaz
Sanat.:sal Oyunlar kullanimi % DH. % DH. LR df p
(enstriiman c¢alma,
kukla oyunlari Tek 64,9 2,4 0,0 2,4
yazma, gizme, Kardesiile 22,3 -1,7 2,1 1,7 6,479 2 ,039
boyama vb.) Yetiskinile 9,6  -13 1,1 1,3
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e Konutun oyun igin yeterlilik durumu

Konutun ¢ocuk oyunlari igin yeterlilik durumu incelendiginde 6érneklemin %42,6’si1, yani yariya
yakin katihmci konutunun bu konuda yeterli oldugunu, %28,7’si ise yetersiz oldugunu
belirtmistir (Tablo 11).

Tablo 12: Konutun oyun igin yeterlik durumu (%).

Cok Yetersiz Yetersiz Kararsizim Yeterli Cok Yeterli

4,3 28,7 9,6 42,6 14,9

2-6 yas grubuna goére konutun oyun igin vyeterliligi konut/mekdn buyikligl, mekan
varhigi/yoklugu, alt kattin bos olmasi/ses yalitimi olmamasi ve kendi oyun odasi
olmasi/olmamasi ve esya yogunlugu ile degerlendirilmistir.

Oyun igin konutun vyeterli oldugu gorisiini belirten katiimcilar; konutunun vyeterli
blyukliGgline, mekan 6zelinde salon, koridor ve balkonun biyiik olmasina dikkat ¢ekmistir.
Bahcgesi ve cocugun kendine ait odasinin olmasi da yeterlilik konusunda olumlu bulunmustur.
Konut igin goris belirten katilimcilar alt katin bos olmasini da komsulara rahatsizlik yaratmama
adina olumlu olarak belirtmistir.

Yetersizlik noktasinda ise olumlu olarak belirtilen faktorlerin bu defa eksik veya kicik olmasi
vurgulanmistir. Konutun ve mekanlarin kiiglik olmasi, ses yalitiminin olmamasi nedeni ile
komsuya verilen rahatsizlik, bahge ve c¢ocugun kendine ait oyun odasinin olmamasi
belirtilmistir. Esya yogunlugunun yine konutta oyun oynamada bir engel oldugu belirtilmistir.

4. SONUC

Calismada, 2-6 yas cocuk grubu cocugun oyun icin konuttaki mekan tercihi ve yeterliligi
arastirilmistir. Elde edilen verilere bagli olarak;

e Konutta ¢ocuk odasi ve kullanimi incelendiginde ailenin sosyo-ekonomik durumunun
¢ocugun odaya sahip olmasi ya da odayi paylasmasiile iliskili oldugu gorilmektedir. Benzer
sekilde ailedeki birey sayisinin artmasi ¢ocuk odasinin mevcudiyeti arasindaki iliskiyi
olumsuz yonde etkilemektedir. Kalabalik ailelerin yasadigi konutlardaki oda sayisi cocugun
tek basina kullanabilecegi bir oda olabilmesi icin yeterli gelmemektedir. Diger taraftan az
sayida kisinin yasayacagl konutlarda ise konut metrekarelerinde azalmalar meydana
gelmis; cocuk odasi, giyinme odasi, ¢alisma odasi gibi ek faaliyet alanlari olusturulmasiyla
ortaya cikan mekan cesitliligi ve parcalara boliinme konutta kiiciik metrekareli alanlarin
olusmasina neden olmustur (Mutdogan, 2014). Bu durum da g¢ocuk odalarinin konut
icerisinde daha kiiciik metrekarelerde yer bulmasina neden olmaktadir. Cocuk odasinin
¢ocuk icin 6nemine bakildiginda, ¢cocukluk doneminin 6zellikle ilk yillarinin ev ortaminda
gectigi duslintldigiinde bu yaklasimin olumsuz etkileri olacaktir.

e Cocugun oyun ve konutta mekan tercihleri incelendiginde oyunlarin yogun olarak salonda
oynandigi belirlenmistir. Tarihi sirecte salonun konuttaki yerine bakildiginda 1950’lere
kadar sofa olarak karsimiza g¢ikan, 1950 sonrasi bir statli gostergesi olan ve cogunlukla
misafirlerin agirlandigi mekan, 1980 sonrasi neoliberal dénemde &nemini kaybetmis,
glnlik kullanima doénidsmistir (Mutdogan, 2014). Calisma bu durumu destekleyecek
sekilde ¢ocuklu aileler igin salonun ¢ocuklarin kullanimina agildigini géstermektedir. Her
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ne kadar salon, giinimizde ¢ocuklarin kullanimi etkisinde olsa da mekansal olarak oyun
oynanmasinda sinir getirilen mekan olmaktan tam olarak kurtulamamistir. Gegmiste salon
evin ¢evreye sunuldugu, 6zellikle ev kadininin baskalari tarafindan sinandigi toplumsal ve
fiziki bir mekan olarak gorildigu igin dagitilmasina ve eskitilmesine karsi gikilmistir (Ayata,
1988). Oyle ki aile bireylerinin bile kullanmasinin yasak oldugu zaman zaman kapisinin
kilitlenmis oldugu bilinmektedir. Strekli temiz, diizenli ve dekorasyon anlaminda eksigi
olmayan bir salon disariya o aile hakkinda saglam, sarsilmaz ve istikrar gibi kavramlari
cagristirir ve bdylece salon aile hakkindaki en dnemli mesaji veren mekan olmaktadir
(Ayata, 1988). Bu diizen giinlimizde kismen kirilmis olsa da salona yiiklenen anlam etkisini
devam ettirmektedir. Cocugun oyun amach bu mekani kullaniminda ister istemez sinirlar
(belli zamanlarda kullanma, oyuncak getirmeme, girilti yapmama, dagitmama ve
kirtleme gibi) ortaya gikarabilmektedir.

e Konut igerisinde en ¢ok oynanan oyunlar ve en az oynanan oyunlar incelendiginde
cocuklarin bulunduklari yas araligiicin bir yetiskin gozetiminde, risk dizeyi diisiik oyunlarin
tercih edildigi anlasiimaktadir. Oyun ic¢in secilen mekanlar ve oyun tiirii ebeveyn
denetiminin saglandigi, cocugun ihtiyac duydugu bagin korunmasi yoniinde bir yaklasimin
benimsendigi gortlmektedir.

e Mekanlarin oyun tirlerine gore tercih edilip edilmeme durumu incelendiginde mekanin
formunun, icerisinde yer alan esya yogunlugunun, o mekani es zamanl kullanan baska
bireylerin olup olmamasinin ve oynanacak oyun icin imkanlarinin yeterli olmasinin mekan
tercihinde etkisi oldugu gorilmektedir.

e Konutun oyun icin yeterlilik durumu incelendiginde katilimcilarinin yariya yakininin konutu
yeterli bulmasi ¢ogunlukla mekansal biyiklik-genislikle ilgili olmustur. Cocuklarin genel
olarak evin timund kullanimina izin verilmesi, sadece oda ile sinirl tutulmamasi farkl
turdeki oyunlari evde oynamasina imkan tanimaktadir. Cocuk odalarinin sinirl metre
kareleri gbz 6nlne alindiginda, evin genelinin ¢cocuk kullanimina agilmasi ¢ocuk gelisimi
acisindan 6nemlidir. Cocuk boylece ev icinde istedigi zaman sosyallesebilmekte, istedigi
zaman ise odasinda ebeveyn denetimi ile yalniz oyun oynama imkani bulabilmektedir.

Sonug olarak konut, ¢ocugun ilk karsilastigl ve aile yasami igerisinde hayati 6grenmeye
basladigl alandir. Bu nedenle, alanin ¢ocugun her tirli gereksinimlerini karsiliyor olmasi
gelisimi acisindan 6nemlidir. Konutta cocuga 6zel alan ayrilmasi ve bir odasinin olmasi basta
mahremiyetinin saglanmasinda ve aidiyet duygusunun gelisimi agisindan dnemlidir. Ama bu
yeterli degildir. Konut kullanicisi olarak ¢cocugun yas grubuna bagh olarak ihtiyac duydugu
ortamin evin genelinde saglaniyor olmasi diger 6nemli noktadir. Bu durumda, tasarim
sirecinde ¢ocuklarin gereksinimleri de géz 6niine alinarak esnek, glivenli ve sosyallesmeye ve
mahremiyete imkan veren diizenlemelere gidilmelidir. Boylece ¢ocuk gelisimini destekleyen,
sosyal ve psikolojik acidan tatmin edici olan konut mekanlari elde edilebilecektir.

YAZAR KATKISI VE CIKAR CATISMASI BEYAN BILGISI

Yazarlar arasinda ¢ikar catismasi yoktur. Her yazar ayni oranda katki saglamistir.

BiLGI NOTU

Calismada Karadeniz Teknik Universitesi Etik Kurulu’nun 31.01.2022 tarih ve E-26014373-
050.01.04- 210077 sayili karari etik kurul izni ile alinmistir.
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Makale icinde yer alan ¢ocuk fotograflari icin veliden yazili izni ahinmistir.
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Abstract

Autonomous Path Planning (APP) capability is one of the
main factors determining the autonomous level of a mobile
robot. Although different methods are used for APP in the
literature, the path planning approach based on Artificial
Potential Fields (APF) has a very common usage area with
its modeling ease and computational performance. APF-
based APP, which is a grid-based path planning approach, is
usually performed by combining a repulsive and attractive
component that models many basic motions with a certain
equation and calculating the gradient of this potential field
to obtain the vector field. In this study, the basic models
used for APF-based APP are examined, and how they are
realized and how the resultant potential field is produced
are mentioned. Although APF-based APP approaches have
advantages, they also have problems such as local
minimum, obstacles positioned too close, oscillation, and
targets positioned too close to obstacles. Within the scope
of the study, these problems were defined one by one and
the approaches suggested in the literature for the solution
of these problems were mentioned in detail. As a result, it
has been seen that to obtain an effective APF-based APP
solution, it is necessary to generate a convolutional vector
field, limit the fundamental potential fields with
exponential functions, use virtual potential fields and
perform models with harmonic functions.

Ozet

Otonom Yol Planlamasi (OYP) yetenegi, bir mobil robotun
otonom seviyesini belirleyen baslica faktérlerden birisidir.
Literatirde her ne kadar fakh yodntemler otonom yol
planlamasi i¢in kullaniliyor olsa dahi, Yapay Potansiyel
Alanlara (YPA) dayali yol planlamasi yaklagimi modelleme
kolayhgi ve hesaplama performansi ile oldukga yaygin bir
kullanim alanina sahiptir. Grid tabanh bir yol planlamasi
yaklasimi olan YPA tabanh OYP, genellikle ¢cok sayida temel
hareketi modelleyen itici ve gekici ydnde bilegenin belirli bir
denklem ile bir araya getirilmesi ve bu potansiyel alanin
gradientinin hesaplanarak vektor alanin elde edilmesi ile
gerceklestirilir. Bu ¢alisma kapsaminda, YPA tabanlh OYP
amaciyla kullanilan temel modeller incelenmis, nasil
gerceklestirildigiklerine deginilmis ve bileske potansiyel
alanin nasil Gretildiginden bahsedilmistir. Her ne kadar YPA
tabanli OYP yaklasimlarinin avantajlari olsa dahi, yerel
minimum, ¢ok yakin konumlandiriimis engeller, osilasyon
ve engellere ¢ok yakin konumlandiriimis hedef gibi
problemleri de vardir. Calisma kapsaminda bu problemlerin
teker teker tamimlamalari yapilmis ve literatiirde bu
problemlerin ¢6zimu igin ©nerilen yaklasimlara detayh
olarak deginilmistir. Sonug olarak etkin bir YPA tabanli OYP
¢0zUmU elde etmek igin kivrimsiz vektor alani Gretilmesi,
temel potansiyel alanlarin Ussel fonksiyonlar ile
sinirlandirilmasi, sanal potansiyel alanlarin kullaniimasi ve
harmonik fonksiyonlar ile modellemelerin
gerceklestirilmesi gerektigi gorilmustar.
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1. INTRODUCTION

Autonomous Path Planning (APP) ability is one of the major problems for autonomous mobile
robots (Zhang et al., 2022; Rybus et al., 2022). Different kinds of robots can apply different
levels of autonomy. APP capabilities are seen as an important component to determine the
autonomous level of a mobile robot. APP can be defined as finding the optimal or feasible
path for reaching to target point while avoiding static or dynamic obstacles in the robot
environment. The basic concept of APP and obstacle avoidance strategy is as given in Figure
1.

—

Figure 1: Problem definition scheme of Autonomous Path Planning.

As seen the Figure 1, in the 2D space APP has two major components which are the target
point to achieve and obstacles to avoid. However, the figure is 2D, it is also very similar to 3D
space and even though the given obstacles in the figure are static, they can be dynamic mobile
in the same manner. These options are not changing the definition of APP for a mobile robot,
but it affects the complexity of the solution. While there are many different approaches in the
literature to implement the APP on a mobile robot, the most common ones are listed below:

e Geometric Algorithms Approach

e Evolutionary Algorithms Approach

e Grid-Based/Heuristic Approach (Klancar et al., 2022)
e Mixed Integer Linear Programming Approach

e Artificial Potential Fields

e Vector Field Histogram

Navigation characteristics and dynamic environment changes are obtained extensions of the
approaches and their improvement versions as seen as an example of Rapidly Exploring
Random Tree Star (RRT*) algorithm (Wang et al., 2022). Grid-based algorithms (Zammit &
Kampen, 2022; Zhang & Wu et al.,, 2022) and their combinations with different APP
approaches are common to find feasible path (Xiang et al.,, 2022). Especially in static
environment, genetic algorithms (Lamini et al., 2018; Yuan et al., 2022) can be used to solve
path planning problems like path optimization etc. Reinforcement learning method is also
using to APP by mobile robots to find target point in both previously known and unknown
environments (Xi et al., 2022; Wang et al., 2022; Zheng et al. 2022) Evolutionary algorithms
and linear programming approaches are also other commonly using APP for autonomous
systems (Chen et al., 2022; Yang et al., 2012). Evolutionary algorithms are one of the heuristic-
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based approach. This approach has powerful characteristics of robustness for problem solving
of complex optimization problem. Evolutionary algorithms have the ability for escaping from
local minima. Creating the fitness function can be difficult. Also, it is important to find a good
function that accurately represents the data. For this reason, using hybrid methods give better
performance result.

Artificial Potential Field (APF) approach is one of the most common techniques in APP for
mobile robots (Sabudin et al., 2021) because of collision and obstacle avoidance features are
inherently a part of APP. With the collision and obstacle avoidance features, APP can be
integrated in 2D environment easily for Unmanned Ground Vehicles (UGV) (Feng et al., 2021)
and it is also suitable for the 3D environment, especially for Unmanned Aerial Vehicles (UAV)
(Tang et al., 2019). Furthermore, these features revealed some advantages like fast response
and low computational time, easy to implement in a real-time application (Szczepanski et al.,
2021; Yan et al., 2021). In the APF-based path planning approach, different basic modeling
approaches can be seen to model the target to be achieved and the static/dynamic obstacles
to be avoided, and the production of straight, curved, spiral roads to reach the target.
Combining multiple base models with a meaningful mathematical approach is enough to
produce APP while avoiding obstacles and collisions.

Although APF-based path planning approaches are one of the widely used methods to obtain
a high level of autonomy, especially with APP with obstacle/collision avoidance and easily
adaptable for different kinds of environments, it is seen that many problems are encountered
in the literature like the local minimum problem (Koren & Borenstein, 1991), the closely
spaced obstacles problem (GE & Cui, 2000), and the oscillation problem (Duhé et al., 2021).
The APP problems show similarities for wheeled, walking, and even flying robots, it should be
considered as difficult to meet the need for 3D modeling within the framework of robots'
mobility. UAV systems, the use of which has become widespread with increasing momentum
in recent years, need the development of autonomous path planning approaches that can
produce the optimum path that avoids static or moving obstacles and reaches the target, with
the mobility capabilities of the six degrees of freedom (6DOF) in 3D space. In fact, within the
path planning approach to be developed, it is necessary to find solutions that can prevent
collision within a formation. By nature, 3D modeled YPA-based APP solutions are capable of
meeting all these demands.

In this study, the definition of the basic models that are used for APF-based APP, the
demonstration of how path planning is carried out by combining these basic APF models, the
introduction of the different methods used in the literature to produce APF-Based APP, and
the typical APF-based APP problems encountered during the application of common methods,
in a comparative way. Also, it is aimed to explain which method overcomes these problems
better. Although there are APF-based APP studies in the literature, the aim of this study is to
contribute to the literature by presenting the complete solution of the basic APF problems to
the reader.

The remainder of the article is organized as follows, in section 2, the APF-based path planning
approach and its basic model representation is defined. Besides, potential field based major
motion models for 2D and 3D environments that predict attractive, repulsive, and circular
motion as examples are discussed in this section. It is mentioned how models realized using
harmonic functions can offer a solution to APF-based APP probes. Section 3 describes
commonly encountered problems of APF-based APP as types of defects like, the local
minimum problem, the closely spaced of obstacles problem, the oscillation problem are

107



Effective Solutions for Common Problems of Artificial Potential Field Based Path Planning Algorithms for Mobile Robots

examined one by one. Chapter 4 explains which methods can be used to solve the traditional
problems of artificial potential area-based path planning approaches. In the last part, the
approaches required for the effective implementation of the YPA-based YPP problem will be
evaluated together and the effectiveness of the methods will be revealed.

The motivation of this study is to explain to the reader how the artificial potential field-based
path planning approach can be developed by examining the classical problems of artificial
potential fields-based path planning approaches and the solution methods of these problems.
In addition, it is to propose models and supports the production of algorithms in order to
develop the most efficient APF-based autonomous path planning, which is abstracted from
traditional problems.

2. ARTIFICIAL POTENTIAL FIELDS BASED PATH PLANNING

The APF was developed by Khatib (Khatib, 1985). During the evaluation of the basic algorithm,
recently, the APF approach is commonly using for APP besides obstacle/collision avoidance
for mobile robots (Li et al., 2010; Rezaee & Abdollahi, 2012)

The APF approach has two different forces and their potential fields which names are
attractive force, repulsive force as defined in the basic definition of APP in Figure 1. Attractive
potential field and repulsive potential fields represent the target point and obstacle in an
orderly. Forces within the potential area are usually calculated based on the distance between
the mobile robot position and the target/obstacle points. This distance can be converted to
unit measures using grid-based spaces. The attractive force aims to move the mobile robot to
the target. It is possible to define moving target points as well as dynamically define obstacles.
This will cause the pulling forces to be recalculated only at certain intervals. The repulsive
force is exerted by the obstacles to keep the mobile robot out of the obstacle position.

Rki‘nll\' o) i-i\\"
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Attraction Force

Figure 2: Basic structure of APF.

The Figure 2 shows these repulsive and attractive forces respectively. Attractive force
represented by F* and repulsive force represented by F~ in the Figure 2. The artificial
potential fields generated by U and total potential field formula is represented as in Equation

(2).
Ulp) = Z Ug;(p) + Z Uy ;(pj) Equation (1)
i j

The total potential field is represented by U(p), attractive potential field is represented by
U,(p) and repulsive potential field is represented by U, (p). The number of attractive forces
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(i) and repulsive (j) can be increased due to the number of points in the total field. The
potential fields obtained from the above equation and the basic repulsive and attractive
models of the APF approach can be calculated as the sum of each component one by one for
each cell of the grid-based total area where the movement will be planned, and a total
potential field that can be applied for the entire area can be obtained. If we consider the
moving robot as a point-charged particle in this area, the gradient of the potential field value
of the cell in which the particle is located is accepted as the vector force acting on the particle
instantaneously, thus representing the robot's ability to reach the target point in the most
optimal way by avoiding obstacles. The directing force that is affecting mobile robot
movement must be calculated again when one of the actors like the robot, target and obstacle
change its position. However, the problem can be considered a bit more complex than it is in
this basic definition. In the remainder of this section, sample modelling approaches are
described on how to model the obstacles in the field for the creation of attractive vector and
repulsive vector fields.

2.1, Attractive Force
The attractive potential field force generated by the U, target can be described as in Equation
(2).

1 2 .
Ug;(p) = gkad(P, Py) Equation (2)

In the equation, p point represents robot’s current position, p, point represent goal position.
d (p, pg)2 is the calculation of the Euclidean distance of the robot and goal positions. k, is a
scaling factor. The attractive potential field is derived by computing the negative gradient of
Equation (2) as seen from the Equation (3) as follows:

F, = =VU,(p) Equation (3)

The attractive vector force is generated by F, in Equation (3) can be seen from the Figure 3 as
an example.

v i

Figure 3: Basic attractive vector forces of APF.

Vector forces of the attractive field can be seen from Figure 4 for the attractive point in the
APF. The attractive force strength is decreasing when robot getting closer to target.
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Figure 4: Basic attractive forces of APF.

2.2. Repulsive Force

The repulsive force keeps the robot away from obstacles. The repulsive potential field and
force is result of total obstacle effects. So, it can be represented as in Equation (4) and each
repulsive potential field can be represented as in Equation (5).

1 1 1 .
1, (1 1 <
Ur;(p) = §? ke, (d(p,pobs) do) if d(P, Pops) < do

0 ifd(p =po) <dg

The repulsive potential field U,. is generated from obstacle locations p,s. in Equation (4). k,.;
is the repulsive field constant, p shows robot’s current position and d, is the obstacle
influence threshold. The gradient of the repulsive field is given by the Equation (5).

F. = VU,.(p) Equation (5)

The repulsive force is represented by F, in Equation (5) can be seen from the Figure 5 as an
example.

Equation (4)

[T ]

Figure 5: Basic repulsive vector forces of APF.

Vector forces of the repulsive field can be seen from Figure 6 for the attractive point in the
APF. The repulsive force strength is increasing when robot getting closer to obstacle.
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Figure 6: Basic repulsive forces of APF.

2.3. Circular Model

However repulsive and attractive models are basic structures for the APF-based APP, they are
not enough to model possible attributes of the mobile robot. Because of that additional
models must be defined, for example, circular, linear, etc. In this paper circular model is
selected as an example model, due to the similarity of the modelling of others. The repulsive
force can be represented with different geometric model like point repulsion and circular
repulsion model. For circular repulsion model, every vector field can turn clockwise (CW) or
counter-clockwise (CCW). With these model, different environment situation can be modelled
in APF for APP.

-
¥ s

Figure 7: Basic repulsive vector forces of APF.

As seen from the Figure 7, CW/CCW attractive APF model can be obtained by using Equation
(6), Equation (7) and Equation (8).

[8x 8y] = —VFy Equation (6)
9x_circ = gx * COSA — gy * Sina Equation (7)
9y _circ = 9x * Sina + g,, * cosa Equation (8)

Parameters g, and g, represents the gradient component of F.; and a is angle that is using
for defining direction of vector. By changing sign of & CW and CCW model can be generated.
9x _circ and gy, circ represents the new components of CW and CCW vector.
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2.4. Combination of Basic Models

To produce the path in the field autonomously, different type of vector fields must be
combined. However, all type of basic potential fields doesn’t have to be exist in the field,
usually a few types of them must be used together to obtain desired path autonomously. In
this paper an attractive, repulsive, and circular basic models are used together as an example
scenery.

Dheairest .ﬁlr - g
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Figure 8: Desired APP result.

It can be described as a mobile robot will make a circle pattern around the target point while
avoiding obstacle in the field as seen from Figure 8. It is possible to increase variety and
number of basic APF models in a field.

Figure 9: Combination of basic vector fields.

To achieve the path that is defined in the Figure 8, single attractive, repulsive, and circular
basic APF models are generated and then combined by using Equation (1). As a result, the
vector field that is shown in Figure 9 is obtained.

3. COMMON PROBLEMS OF APF BASED APP

However, APF based APP has lots of advantages and easy to implement as seen from the
previous chapter it also has different defects. It is clear that grid resolution of the field, directly
affect the optimum path that is generated by APF. Also, the number of obstacles, the number
of models to define mobile robot behaviors and the definition of target/obstacle as static or
dynamic directly affects the computation performance of the approach. But all the previously
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mentioned issues are problem specific defects for the APF based APP. Furthermore, common
defects can be listed as local minima, closely space of obstacle, oscillation problem and Goal
Not Reachable when Obstacle are Nearby (GNRON) in the literature and they are handled in
this chapter of work one by one.

{Marearfe
Figure 10: Local minimum problem of APF based APP.

Obstacles can be located such a point that their potential fields lead the moving robot into a
dead end as seen from the Figure 10. This problem is called as local minimum problem for APF
(Matoui et al., 2015). The local minimum problem usually occurs when the target point is
located near and behind obstacles that are likely to create a local minimum. It occurs when
the mobile robot under the attracting field effect is caught in a trap at the minimum point that
occurs unintentionally due to the location of the obstacles.

ey

Figure 11: Closely space of obstacle problem of APF based APP.

When two or more obstacles are located close to each other, and the path that goes to target
passed from this point as seen from the Figure 11, closely space of obstacle problem can be
occurred (Tang et al., 2010). To reach the target point behind the obstacles, mobile robot must
pass from this gab, but it is not possible under the affect of total repulsive force when the
robot becomes to close the obstacles.
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Figure 12: Oscillation problem of APF based APP.

Because of obstacle and target point position, robot makes same maneuvers in the same
position as seen from the Figure 12. This problem is defined as oscillation problem in the
literature (Li et al., 2021; Zheyi & Bing, 2021). This problem occurs mostly in areas defined as
static. If target position and obstacle positions are dynamic, oscillation problem is not
occurred. Oscillation problem can be solved by adding security margin. If robot reach the
security margin, it will change its direction.

In addition, there is another problem in APF approach that is GNRON. When the goal position
is near to obstacle, robot will not reach to the goal point because of attractive and repulsive
force have same value.

4. A LITERATURE REVIEW FOR COMMON APF BASED APP PROBLEMS

Several methods have been suggested to solve typical common problems of APF based APP in
the literature (Wang et al., 2022; Weerakoon et al., 2015; Heidari & Saska, 2021). In fact, most
of the suggested methods have same manner that modification of APF or combination with
different approach like fuzzy logic (Liu et al., 2021), artificial intelligent methods (Li et al., 2021,
Matoui et al., 2015,) etc. In this work, we will discuss commonly used approaches to solve
local minimum problem, the closely spaced obstacles problem, the oscillation problem and
GNRON in traditional APF based APP approach. In fact, there are major points to achieve
successful APP by using APF; first point is modelling basic components, second one can be
listed as distance between components, and the last one is how to combine basic
components.

To solve the local minima problem, Choi et al. (2020) developed the curl-free vector field to
obstacle avoidance. They suggested to use curved based basic models instead of linear ones.
The curl-free vector field is produced around an obstacle. The direction of the vector field is
applied by angle differences between mobile robot position and relative position vector from
the robot to the obstacle. As a result, it can prevent local minima problem but in some cases,
solution can be different from optimum path.

114



Beykent Universitesi Fen ve Miihendislik Bilimleri Dergisi, 2022, 15(2), 105-120

Figure 13: Concept of curl-free vector field (Choi et al., 2020).

In Figure 13, basic concept of curl-free vector field has given. The method is generated around
an obstacle. p is the angle of relative position vector between robot and obstacle. The path
angle of robot is represented by ¢ . The defined angle difference is represented by yp = ¢ —
p. By using rotation matrix, vectors direction can be defined as CW or CCW. If there are many
obstacles in the environment and their position is near to each other, the solution may not
produce results. Furthermore, for the robots like UAVs in the 3D space, it may encounter many
different types of obstacles. So, this method may not be compatible for 3D environment.

Iswanto, and colleagues were focused general problem of APF algorithm that is called local
minima (Iswanto et al., 2019). The proposed a modification of the APF with adding virtual
potentials to in front of the obstacle. With this approach local minima points will be eliminated
by the modifying equation of the repulsive force of the APF. The Figure 14 and Figure 15 is
shown effect of virtual potential field. With this effect robot avoids from obstacles. With
virtual potential field approach, GNRON problem has solved.
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Figure 14: Khatib's potential in local minima environment (Iswanto et al., 2019).

As seen from the Figure 14, two obstacles are very closed to each other, and it is possible to
reach local minimum point. Furthermore, if the goal is located closely and behind the
obstacles, it is impossible to reach it by using natural form of APF based APP.
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Figure 15: The proposed APF potential in local minima environment (Iswanto et al., 2019).

As seen from the Figure 15, additional virtual potential fields are added to the same field which
is shown with Figure 15. By using virtual potential fields, it is impossible to reach local
minimum point. Even this approach solves local minima and GNRON problem, it will increase
complexity and computational time of algorithm. If robot has a unit which can be used for
parallel computation like General Purpose Computing on Graphical Processing Units (GPGPU),
it may use in real-time robotic applications.

Harmonic functions can be used for solution of local minima problem in APF approach. Faria,
and his colleagues used harmonic functions to generate the APF and avoid obstacle without
local minima problem (Faria et al., 2004). Harmonic functions to define basic components of
potential field can be used as seen from Equation (9).

floy) = —loglalx —x)* +y(y — ya)*)) Equation (9)

By using Equation (9) spherical symmetry form can be produced with changing y variable’s
value. «a is the magnitude factor of potential field. x,, y, parameters are definition of the
center of the field. Thanks to low computational time and complexity of harmonic function
based APF, it can be used for formation flight (Cetin & Yilmaz, 2014; Cetin & Yilmaz, 2016),
dynamic/static obstacle environment, 2D and 3D space.
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Figure 16: Limitation functions for basic APF components (Cetin, 2015).

Another solution for common APF based APP problems is using limitation functions, instead
of combining basic components affecting all over the field. By limiting affect of the basic APF
components, especially for obstacles, local minimum and GNRON problems can be solved.
Different types of limit functions like rigid, linear and exponential that can be seen from Figure
16, are able to limit affect of potential field. By considering maneuver capabilities of mobile
robot, usually exponential limit functions are suitable. Using linear limit functions may cause
oscillation problem also in sone cases.
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5. CONCLUSION

In this paper, APF based APP approaches are defined in detail. As seen from the definition of
APF based APP, it is easy to implement and modelling. However, besides its benefits, there
are common problems like local minima, the closely spaced obstacles problem, the oscillation
problem and GNRON as explained. Major drawbacks are solving the common problems
together. Their limitations, chronic issues and solutions, usage areas and combination with
other APP algorithms are discussed.

To achieve a real-time, in other words, it provides fast calculation opportunity, and effective
path planning algorithm by using artificial potential fields, basic component of the APF must
be modelling by using harmonic functions and they must be limited by using exponential
functions. Besides, overcome problems such as local minima and simulation, curl-free vector
fields and virtually supported potential fields must be calculated. By modeling APF with using
harmonic functions while limiting basic models with exponantial functions also using virtual
potentials basic problems of the APF can be solved effectively.
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YAYIN KURALLARI
(https://dergipark.org.tr/tr/pub/bujse/writing-rules)

Yazarlara Not: TUBITAK-ULAKBIM Fen Bilimler Veri Tabani Komitesi, bu yayin kurallarina %100 uyulmasini
istemektedir. Litfen makaleleri bu kurallara uygun olarak hazirlayip gonderiniz.

Beykent Universitesi Fen ve Mihendislik Bilimleri Dergisi, yilda iKi kez (altr ayda bir) yayinlanir.

Hakemli ve 6zgln calismalari amaclayan bir dergidir. Makalelerin, hakem degerlendirilmesine girmek
Uzere, yayin kurulu sekreterligine yazar adi, e-postasi, cep /telefonu ile gonderilmesi gerekmektedir.
Yazarlar makalelerinde hakemlerin de degerlendirmelerinde dikkate alacagi asagidaki kriterleri de gbzden
uzak tutmamalidirlar:

a. Makalelerindeki ekseni, dayandig temel fikri, ikincil kaynak incelemesi ve bunlara gore yeniligi, Fen ve
Mihendislik Bilimleri ve uygulama alanina katkisini,

b. Arastirmalarinin makalenin ana eksenine katkisini, hipotez ve metodolojisi, istatistiksel analiz tekniginin
yeterliligini,

c. Makalenin mantiksal btunlGgi ve kendilerini tatmin edip etmedigini,

d. Makalenin bashga uygunlugu ve anahtar kelimelerin makaleyi yansitabilmesini,

e. lyi kalitede bir model, sekil, tablo vb. ile 6gretime katki seviyesini degerlendirmelidirler.

Tum makale tirleri icin MS Office Word sablonu mevcuttur ve yazarlarin makaleleri génderilmek lzere
hazirlarken MS Office Word sablonunu kullanmalari dnerilir. Makalenin toplam uzunlugu 25 sayfayl gegcme-
melidir. Makale, MS Office Word dosyasi (MS DOC, MS DOCX) olarak yiklenmelidir. Farkli formatlarda
yUklenmis dosyalar degerlendirmeye alinmayacaktir.

Genel olarak, makaledeki bolimlerin sirasi asagida belirtilen sekilde olmalidir.

Baslk — Yazar(lar) — Yazar Bilgileri — Anahtar Sozcikler — Ozet — Ana Metin [Sekiller ve Tablolar dahil] —
Tesekkir — Kaynakca

Bagslik: Calibri (14 punto, Kalin/Bold yazi tipi) kullaniimali ve bitin harfler biyutk yazilmalidir (Mikroorganiz-
ma, bitki ve hayvan tlrleriicin Latince adlari gibi klicik olmasi gereken kelimeler harig). Satir araligi 1 punto
ve paragraf aralig1 dncesi ve sonrasi 6 nk olmalidir. Baslk toplamda 25 kelimeyi gecmemelidir.

Yazar(lar): Yazar bilgileri baslk sayfasinda, makale metninden ayri bir sekilde yazilmahdir. Calibri (14 pun-
to, Normal yazi tipi) kullaniimalidir. Satir araligi 1 punto olmalidir. Paragraf araligl dncesi ve sonrasi 0 nk
olmalidir.

Yazar Bilgileri: Bltln yazarlarin bagh bulunduklari gincel kurum bilgileri baslik sayfasinda verilmelidir. Yazar
bilgileri “Kurum Adi, Fakilte/Yuksekokul/MYO Adi, Bolim Adi, E-mail, ORCID” bilgilerini icerecek sekilde
olmalidir. Calibri (9 punto, Normal yazi tipi) kullaniimalidir. Satir araligi 1 punto, paragraf araligi dncesi ve
sonrasl 0 nk olmalidir. Sorumlu yazar icin bir e-posta adresi verilmelidir.

Anahtar Sozcikler: Anahtar kelime sayisi en az 3, en fazla 5 olmalidir. Calibri (9 punto, Normal yazi tipi)
kullaniimaldir. Satir araligi 1 punto olmalidir. Paragraf araligi 6ncesi ve sonrasi 0 nk olmalidir.

Oz/Abstract: Oz ve Abstract metinleri en fazla 300 kelime olmak (izere hazirlanmalidir. Calibri (9 punto,
Normal yazi tipi) kullanilmalidir. Oz ve Abstract basliklari kalin (bold) olmalidir. Oz ve Abstract metinler-
inde, paragraf aralig| dncesi ve sonrasi 0 nk, satir araligi 1 punto olmalidir. Paragraf basinda girinti kullanil-
mamali ve metinler tek paragraf olarak yazilmalidir. Oz/Abstract, arasirmanin amaci, yéntemi, bulgulari,
sinirliliklart ve 6zgln degerini ifade edecek sekilde yazilmalidir.

Ana Metin: Ana metin yazilari Calibri (12 punto, Normal yazi tipi) kullanilarak ve iki yana yasli sekilde yazil-
malidir. Satir araligi 1 punto ve paragraf araligi dncesi ve sonrasi 6 nk olmalidir. Yunanca harfler ve matem-
atiksel karakterler simge olarak metne eklenmelidir. Denklemler ardisik sayilarla etiketlenmeli ve metin
icinde atif yapilmalidir (Orn: Denklem (1)). Denklemler diizenlenebilir formatta verilmeli, resim olarak
eklenmemelidir.
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Ust, alt ve sol ve sag kenar bosluklari 2,5 cm olarak ayarlanmalidir. Kaynaklar dahil tiim sayfalar ardisik
olarak numaralandiriimalidir.

Ana metin Giris, Materyal & Metot (gerekli ise) ve Sonug bdlimlerinden olusmaldir. Tim birincil basliklar
Calibri (12 punto, Kalin/Bold yazi tipi) kullanilarak bitin harfleri blyik olacak sekilde yazilmalidir. Satir
araligl 1 punto, paragraf araligi dncesi 18 nk ve sonrasi 12 nk olmalidir. ikincil baslklar, (12 punto, Kalin/
Bold yazi tipi) kullanilarak her kelimenin ilk harfi buyuk olacak sekilde yazilmahdir. Satir araligi 1 punto, par-
agraf araligi éncesi 12 nk ve sonrasi 6 nk olmalidir. Uclinciil basliklar, Calibri (12 punto, Kalin/Bold yazi tipi)
kullanilarak sadece ilk harf blylk olacak sekilde yazilmalidir. Satir araligi 1 punto, paragraf araligl 6ncesi ve
sonrasl 6 nk olmalidir.

Ana metin icerisinde gerektigi yerlerde tablo ve sekiller kullaniimalidir.

Tablolar ile birlikte tablonun Ust kisminda baslik ve kisa bir agiklama metni verilmelidir. Yalnizca bir veya
iki sttunlu tablolardan ve yalnizca bir veya iki girisli situnlardan kacinilmalidir. Tablo agiklamasi Calibri
(11 punto, Normal yazi tipi) kullanilarak ve ortalanmis sekilde yazilmahdir. Satir araligi 1 punto, paragraf
arahg 6ncesi 12 nk ve sonrasi 6 nk olmalidir. Tablolardaki dipnotlarin numaralandirilmasinda Ust indis Lat-
in harfleri kullaniimalidir. Dipnotlar Calibri (8 punto, Normal yazi tipi) ile yazilmalidir. Satir araligi 1 punto,
paragraf arali§i dncesi ve sonrasi 0 nk olmalidir. Tim tablolar metinde atifta bulunulan siraya gore Arap
rakamlari ile numaralandiriimalidir (Orn: Tablo 1, Tablo 2, vb.). Metin icinde tablolara atifta bulunulurken
kisaltma yapilmadan “Tablo” sézctgl kullaniimalidir.

Makalede kullanilan sekil ve semanin agiklayici bir bashgi olmali ve sekil ve sema basliklarina seklin alt
kisminda yer verilmelidir. Tim sekiller ve semalar metin igcinde numara sirasina gore belirtiimelidir ve Arap
rakamlari kullaniimalidir (Orn: Sekil 1, Sekil 2, vb.). Sekil ve sema aciklamasi Calibri (11 punto, Normal yazi
tipi) kullanilarak ve ortalanmis sekilde yazilmalidir. Satir araligi 1 punto, paragraf araligi 6ncesi 6 nk ve son-
rasi 12 nk olmahdir. Sekillere atifta bulunulurken, makalenin tim bélimlerinde “Sekil” kelimesinin tamami
kullanilmalhdir.

Tesekkir: Raporlanan calisma ile ilgili tim finansman kaynaklari, hibe numaralari ve finansman kuru-
luslarinin adlari da dahil olmak Gzere Tesekklr basligi altinda belirtilmelidir. Yazarlik kriterlerini karsilama-
yan herkesin katkilari, katkida bulunanin izniyle Tesekkir boéliminde listelenmelidir. “Tesekkir” bashgi
Calibri (12 punto, Kalin/Bold yazi tipi) kullanilarak yazilmalidir. Satir araligi 1 punto, paragraf araligl 6ncesi
18 nk, sonrasi 12 nk olmalidir.

Kaynakca: Makalede kullanilan kaynaklar, kaynakca basligl altinda listelenmelidir. Ana metin icinde atif
yapiimayan kaynaklar Kaynakga listesinde yer almamalidir. Yararlanilan kaynaklar nitelik (tez, kitap, makale,
rapor vb.) ayrimi yapiimaksizin alfabetik olarak siralanmalidir. Kaynaklar APA 7 stiline gére yaziimalidir. Kay-
nakca dizenlenirken Mendeley, EndNote veya Zotero benzeri yazilimlarin kullanilmasi énerilir. Kaynakga
basligi Calibri (12 punto, Kalin/Bold yazi tipi) kullanilarak yazilmalidir. Satir araligi 1 punto, paragraf araligi
oncesi 18 nk, sonrasi 12 nk olmalidir.
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