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0z: Otomobil iireticilerinin; yakit tasarrufu, hava Kkirliligi, karbon emisyonu gibi pek cok
problemin giderilmesi adina elektrikli araclara yoneldigini gérmekteyiz. Ancak elektrikli
araclarin petrol yakith araglara gére menzil ve hiz problemleri bulunmaktadir. Bu bakimdan
kullanimi ve iiretimi giderek artan bu araglarin performansinin arttirilmasi biiyiik 6nem arz
etmektedir. Bu calismada Asenkron Motor (ASM) ve Siirekli Miknatisli Senkron Motorun
(SMSM) farkli kontrol yontemleriyle performansi incelenmis ve béylece bir elektrikli araglarin
trafikteki performansinin arttirilmasi hedeflenmistir. Bu baglamda elektrikli araglarin seyir
halinde yolun durumuna bagl olarak hiz denetiminin saglanmasi ve daha az gii¢ harcayan
motorun se¢ilmesi hedeflenmistir. Bu amagla ¢alismada esit giice sahip iki farkli motorun ayni
kontrol yodntemleriyle performansi incelenerek degerlendirilmistir. Elektrik motorlarinin
kontroliinde Skaler Kontrol (SK) temel alinmistir. SK ile yapilan benzetim testlerinden elde
edilen sonuglara gore Pl ve Yapay Zeka (YZ) kontrol calismalar1 gergeklestirilmistir. Burada SK
ve PI kontrol yontemleri karsilagtirma amagl olarak verilmistir. Calismada motorlar; SK, PI +
SK, YZ + SK ydntemleriyle test edilmis ve elde edilen grafikler yardimiyla farkli yol kosullarinda
en iyi performansi gosteren motor, “hiz, tork ve gii¢” parametrelerine gore belirlenmistir.
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Abstract: Automobile manufacturers; We see that it is turning to electric vehicles in order to
eliminate many problems such as fuel saving, air pollution and carbon emission. However,
electric vehicles have range and speed problems compared to petroleum fuel vehicles. In this
regard, it is of great importance to increase the performance of these vehicles, which are
increasingly used and produced. In this study, the performance of the Asynchronous Motor
(ASM) and the Permanent Magnet Synchronous Motor (PMSM) with different control methods
were investigated, thereby increasing the performance of an electric vehicle in traffic. In this
context, it is aimed to provide speed control of electric vehicles depending on the condition of
the road while driving and to select the motor that uses less power. For this purpose, in the
study, the performance of two different engines with equal power was examined by evaluating
them with the same control methods. Scalar Control (SC) is based on the control of electric
motors. According to the results obtained from simulation tests with SC, PI and Artificial
Intelligence (Al) control studies were carried out. Here, SC and PI control methods are given
for comparison purposes. Engines in the study; The engine, which has been tested with SC, PI
+ SC, Al + SC methods and with the help of the graphics obtained, has been determined
according to the parameters of "speed, torque and power”, which perform best in different
road conditions.

* {lgili yazar/Corresponding author: ozcanotkun@gmail.com
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1. Giris

Petrol kaynakli yakitlarin kullanilmasi sonucunda
meydana gelen emisyon ve sera gazlarinin c¢evre
lizerinde zararli etkilerinin oldugu bilinmektedir [1],
[2]. Arastirmacilarin, artan arag sayisi, yakit tiikketimi ve
hava kirliligi durumunu géz oOniinde bulundurarak
calismalarin1  Elektrikli  Araclar (EA) lizerine
arttirdiklar1 gorilmektedir [3], [4] Diger yandan,
enerjiye olan talebi azaltma ve ¢evrenin korunmasina
yonelik calismalar, EA’larla ilgili ¢alismalarin artmasina
ve bu araclarla ilgili gelisimin hizlanmasina sebep
olmustur [5]. Yapilan ¢alismalar1 diinyada pek ¢ok
arastirmacinin yani sira; iiniversitelerin, 6zel sektoriin
ve/veya hukiimetlerin destekledigi goriilmekte, petrol
kokenli motorlu tasitlar yerine alternatif sistemler
izerine calistiklar1 anlasilmaktadir [6].

Yapilan  ¢alismalarda EA’larin  yaygin  olarak
kullanilamama sebepleri arasinda menzillerinin diisiik
olmasini, batarya maliyetlerinin yiiksek olmasini ve
batarya kapasitelerinin diistiik olmasi gosterilmektedir.
Bu problemlerin EA’larin seri liretime ge¢cmesi ve
batarya teknolojisindeki teknolojik gelismelere bagh
olarak asilabilecegi 6ngoriilmektedir. Boylece yiliksek
maliyetler diisecek, menzil problemleri asilmis olacak,
bataryalarin frenleme enerjisine bagli olarak sarj
kabiliyetleri gelistirilmis olacaktir [7], [8].

Literatiir ¢calismalarina bakildiginda pek ¢ok benzetim
calismasinda Matlab/Simulink programinin kullanildig:
goriilmektedir  [9]. Matlab/Simulink  programi
icerisinde hazir modeller bulunmakta ve arastirmacilar
yeni model iiretme zorunlulugu olmadan benzetim,
optimizasyon, yapay sinir aglar1 gibi uygulamalari
kullanarak  calismaktadirlar.  Matlab  programi
kullanmak isteyenler kod yazma durumunda
kalabilirler ancak Simulink, Matlab icerisinde ¢alisan
kod yazmadan kullanilabilen programdir. Yapilan
calismalara  bakildiginda; elektrik  motorlarinin
matematiksel modeli, transfer fonksiyonu ve uzay
durum modeli gibi denklemlerle Matlab/Simulink
programinda benzetim gerceklestirilmistir [10], [11],
[12] Yine farkh yiiklerde calisan PID denetleyici
kullanilarak normal siirme devresi ve rejeneratif
frenleme devresi benzetimi yapilmistir [13]. Darbe
genislik modiilasyonu ile kullanilan elektrik motor
modellemesi ve denetimi yine Matlab/Simulink
kullanilarak yapilmistir [14]. Bu bakimdan EA’larin
tahrik sistemi icerisinde bulunan elektrik motorlar1 ve
denetim  sistemleri hakkinda yapilacak tiim
calismalarin literatiire katk: saglayacagi muhakkaktir
[15]. Simdiye kadar yapilmis olan ¢alismalar asagidaki
gibi 6zetlenebilir.

Piyasada seri iretimde olan ve elektrik motoru
kullanan hibrit ya da EA’larin hemen hemen hepsinde
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gomili SMSM kullanilmaktadir. Bunun nedenleri
arasinda bu motorun verimliligi ve giic yogunlugunun
diger tiirlerine daha iyi olmasi ve g¢alisma araliginin
genis olmas1 gosterilebilir [16], [17], [18]. EA
teknolojileri ¢alismalarinda ara¢ dinamigi ve ASM
parametreleri incelenmistir. Ara¢ dinamiginin {izerine
yapilan calismalardan, binek tipi bir ara¢ icin motora ait
performans gereklilikleri hesaplanmaktadir [19].
Asenkron motor performans karakteristigi ve tasarim
parametreleri ele alinarak degerlendirilmistir. Yapilan
piyasa arastirmasi sonuglarinda, elektrik motoru
kullanan seri tiretimdeki EA’larda; 25 aracin %80’'inde
SMSM, %16’sinda ASM ve %4’linde ise bilezikli senkron
motor kullanildig: tespit edilmistir [20].

Kaynak [21]’da Chan ve Lo, EA’larin hareket sistemleri
lizerine yaptiklar1 calismada; sistemde ASM, PWM
invertdr, degistirilebilir disli kutusu ve denetim
birimlerinden olusan kisimlar1 kullanmislardir. Bu
calismanin temel amaci EA’nin performansini en iyi
hale getirmek i¢in siiriicii sistemi tartisilmistir. Calisma
sonucunda  siiriiciiniin, EA'nin  performansinin
arttirillmasi i¢in batarya enerjisi kullanimini iyilestirdigi
tespit edilmistir.

EA’larda kullanilan motorlardan ASM’nin patenti 1888
yilina aittir. Ancak 1891 yilinda farkl elektrik motorlar
lizerine ¢alismalar baslamistir. ASM {lizerine yapilan en
kapsamli ¢alismalar Kalman Kando tarafindan
Budapeste’de Ganz Fabrikasinda yapilmistir. Deneysel
calismalar ise Kobanya, Fayton Fabrikasi yakinlarinda
kurulan 800 metre uzunlugunda 1 metre ¢apinda bir
deneme pistinde baslamistir. Bu pistte iki aksli bir araci
9 kW, 500 V, 42 Hz'lik iki fazli bir ASM tarafindan
strilmiistiir [22].

Yapilan farkl bir calismada tekerlek i¢i elektrik motoru
kullanilmistir. Bu ¢alismada elektrikli ara¢ yaninda
insan destekli benzetimi gerceklestirilmistir. Boylece
ara¢ parametreleri ile yapilan aracin tork kontrolii
sayesinde aracin rotada kalmasi saglanmistir [23].
EA’larda kullanilan tekerlek ici elektrik motorunun PID,
sinirsel PID, Bulanik Mantik, Bulanik Mantik PID,
olasilik bulanik sinir ag1 gibi denetleme sistemleri ile
kontrol islemi gerceklestirilmistir [24], [25], [26].

Baska bir calismada Chang, mevcut EA’larda kullanilan
elektrik  motorlarim1  karsilastirmistir.  Elektrik
motorlarinin  teknik verileri ile verimini, gii¢
yogunlugunu, moment dalgalanmasini, asir1 yiiklenme
kapasitesini, boyutlarini, maliyet ve maksimum
hizlarin1 incelemistir. Calisma sonunda ASM’lerin,
yukarida belirtilen 6zellikler bakimindan en pozitif
sonuglari iirettigi gorilmistiir [27].

Kaynak [28]’'de Goss vd., Toyota Prius EA’da kullanilan
50kW giice sahip SMSM ile kendi tasarimlari olan ayni
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ozelliklerdeki ASM’yi enerji ve performans bakimindan
karsilastirmis ve SMSM’'nin ASM’ye gore daha verimli
oldugunu vurgulamislardir. Ayrica Gwozdziewicz ve
Antal ASM ve SMSM’nin 6zellikleri iizerine yaptiklari
arastirmada SMSM’nin  verim ve performans
bakimindan daha gii¢lii oldugunu belirtmislerdir [29].
Yine literatiirde benzer c¢alismalara rastlamak
miumkiindir [30], [31].

EA’larda kullanilan elektrik motor tiirii aracin verimli
calismast bakimindan ¢ok Onemlidir. Yapilan
¢alismalarda kullanilan denetim yontemlerine en hizl
tepki veren motorun belirlenmeye c¢alisildigi ya da
farkli yapida motor segenekleri diisiiniilerek en verimli
olaninin tespit edilmeye calisildig1 goriilmektedir [31],
[32].

Bu calismanin amaci EA’larda kullanilan elektrik
motorlarinin 6nerilen YZ denetimle modellenmesi ve
performanslarinin arastirilmasidir. EA’larin tahrik
sistemi basamaklarindan denetim sistemi ve kullanilan
farkl iki tipte motor (SMSM ve ASM) performans
acisindan karsilastirilacaktir. Ayni giice sahip her iki
motorun kontrolii SK yontemiyle gerceklestirilecek
olup, motorlarin hizlanma ve yavaslama bakimindan
durumu frekansin arttirilip azaltilmasiyla
gerceklestirilecektir. Siiriiciiniin frekansinin
degistirilmesi motorun hizinin degistirilmesi demektir.
Matlab/Simulink programi kullanilarak her iki motorun
performans agisindan yeterlilikleri analiz edilecektir.
Motorlarin denetimi PI+SK ve YSA+SK yontemleriyle
gerceklestirilecek ve motorlardan alinan hiz, tork, ¢ikis
glicii gibi degerler karsilastirilacaktir.

2. Materyal ve Metot

Calismanin benzetimi Matlab/Simulink programinda
gerceklestirilmistir. Yapilan tlim benzetim
calismalarinda kullanilan hiz bilgileri 30-90 km/saat,
yolun durumu (tork) bilgileri 1- 4 Nm olarak alinmistir.
Burada her iki motor i¢in (ASM ve SMSM) elde edilen
grafiklerin benzetim semasi 60 km/saat hizve 0-2.5 Nm
yol durumuna gore verilmistir. Dolayisiyla tim motor
ve kontrol ydntemleri i¢in motorlarin ayni1 degerler
bakimindan performansinin izlenmesi amaglanmistir.

EAnin 60 km/s sabit hizda gidebilmesi i¢in yolun
durumu ne olursa olsun elektrik motorundan beklenen
devir hiz1 530.5 devir/dk. (rpm)’dir. Calisma {i¢ ayri
asamada gerceklesecektir: SK ile Motorlarin
Performansi, PI+SK ile Motorlarin Performansi, YZ+SK
ile Motorlarin Performansi.

Calismada kullanilan referans ara¢ hizi ve yol durumu
grafigi Sekil 1'de verilmistir. Ayrica benzetimde
kullanilan motorlarin parametreleri Sekil 2’de
verilmistir. Kullanilan ASM ve SMSM 1.5kW giicte ve
maksimum 4 Nm yiik ile kullanilabilmektedir. Sekil 1
b'deki grafik referans alinan yol durumunu
gostermektedir. Bu baglamda yolun egim durumunu
ifade etmektedir.

2.1. Motorlarin Benzetimi

Motorlarin matematiksel modelleri olusturulurken
yuksek performansh siiriiciilerin gelistirilebilmesi i¢in
faz diizlemleri arasinda doniisiimler
gerceklestirilmektedir [33]. Diger yandan literatiir
incelendiginde motorlarin (ASM ve SMSM) benzer pek
¢ok  matematiksel ifadelerine rastlanmaktadir.
Calismamizda bu denklemler yardimiyla benzetim
¢alismalar1 yapilmistir [34], [35].

2.2. Denetim Yontemlerinin Benzetimi

SK benzetimi: SK ydnteminin benzetiminde V/f

oraninin  sabit tutulma islemi g6z Oniinde
bulundurularak kullanilan siniis treteci denklemi
asagida verilmistir [36].
Va = \/Evetkin Sln(e)

. 2r
Vy = \/Evetkin Sm(g_?) (1)

Vc = \/Evetkin Sin(e + 2?7[)

Bu denklem yardimiyla gerceklestirilen benzetim
semasl Sekil 3'de gosterilmistir.

2

5 Yol Todku (Nm})

v (km/s)

= R Y ]
= B B &8 ¥

Arac hiz) (kimis)

=]

0 2 4 & 8

(a) Time

2 4 B 8
Time

(®)

Sekil 1. Referans alinan grafikler (a) Hiz grafigi, (b) Yol durumu grafigi
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ASM (1.5 kW) (mask)

Parameters

Stator Resistance Rs [ohms] :
4.85

Stator Inductance Ls [Henry] :
0.274

Rotor Resistance Rr [ohms] :
3.81

Rotor Inductance Lr [Henry] :
0.274

Mutual Inductance Lm [Henry] :
0.258

Rotor Inertia J [Kg-m2] :
0.031

Number of Poles p ;
6

Friction B (Nm/ rad/s)
0.0038

PMSM (1.5 kW) (mask)

Parameters

Stator Resistance R (ohm)
1.4

Inductance Ld ( H)
0.,0066

Inductance Lq ( H)
0.0058

PM Flux Mf (Virad/s)
0.15

Moment of inertia J (kgm2)
0.00176

Friction B (Nm/ rad/s )

0.0038

Number of Poles P
6

Sekil 2. Kullanilan motorlarin parametreleri

Gain  Integrator

Sekil 3. SK benzetim semasi

PI benzetimi: Calismada karsilastirma amach olarak PI
denetim kullanilmistir. PI kontroldriin amaci oransal
orant1 bileseninin etkisiyle sistemin baslangicinda,
hizla referans degere yaklasmak ve integral bileseninin
etkisiyle de kalict hal hatasim sifirlamaktir. PI
kontrolére ait matematiksel denklem asagida
verilmistir [37].

Pl kontroloriin katsayilar1 benzetim testlerinde deneme
yontemiyle bulunabildigi gibi literatiirde kullanilan
farkl yontemlerle de elde edilebilir [37].

u(t) = K, e(t) + Kije(r)dt 2)

Sekil 4’de PI kontrolériin benzetim semasi verilmistir.
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Proportional
> /(1)
num(sj Out 1
1 ™ Genis) >+ ut_
In_1
- Integral —

Sekil 4. PI kontrolor benzetimi

YZ benzetimi: Calismada YZ'nin alt dali olan YSA
kullanilmistir.  Calismalara baslamadan o6nce SK
yontemiyle ASM ve SMSM’nin benzetim testleri
gerceklestirilmistir. Bu testlerde Tablo 1 ve Tablo 2’de
verilen egitim verileri tespit edilmistir.

YSA ¢alismalar1 Matlab/Simulink programinin “nntool”
penceresi kullanilarak gergeklestirilmistir [38]. Bu
pencereye “Giris” ve “Cikis” verileri normalize edilerek
girilmistir. Yapilan c¢alismalar incelendiginde; YSA
kullandig1 aktivasyon fonksiyonlar: nedeniyle lirettigi
sonuglart 0, 1 ya da -1, +1 araliginda irettiginden
girislerinde bu araliklarda olmasi daha iyi sonuglar
tirettigi goriilmektedir. Normalizasyon denklemi olarak
siklikla ~mihendislik  ¢alismalarinda  kullanilan
“D_Min_Max” kullanilmistir. Bu denklem asagidaki
gibidir [39]:
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Xi — Xinin

x'=0.8 +0.1 (3)

Xinax ~ Xnin

Lineer olmayan problemlerin ¢6éziimiinde ¢ogunlukla
Sigmoid (Logsig) ve Tanjant Hiperbolik (Tansig)
aktivasyon denklemlerinin siklikla kullanilmaktadir.
Calismamizda her iki aktivasyon denklemi egitim
sirasinda kullanilmis ve Tansig fonksiyonunun en iyi
sonuclari irettigi gozlenmistir.

motordan beklenen degerlerin durumu
karsilastirilmistir. Benzetim testlerinde motorlardan
tork degerlerine karsilik elde edilen hiz bilgileri ve
hatalar1 tespit edilmistir. Motordan elde edilen hiz
hatas1 YSA egitiminde kullanilan en temel esas olarak
belirlenmistir.

Tablo 1 ve 2’deki veriler YSA egitim verisi olarak
kullanilmistir. Bu verilerin disinda daha pek ¢ok veri
bulunmaktadir. Tabloda yesil renkte gosterilen satir
veriler YSA'min test verileri olarak kullanilmistir.

Rastgele belirlenmistir. Tabloda kirmizi renkte
Bu testlerde motorlar farkli hiz ve tork degerlerinde gonderilen  siitun  veriler YSA’da  kullanilan
calistirllmis ve bu degerlerden elde edilen degerler ile Normalizasyon verileridir.
Tablo 1. ASM’'nin YZ+SK denetiminde kullanilan egitim verileri
M. Hiz1 Hiz Yol tork Tork YSA ¢iki YSA
Hiz (km/s) (rpm) Norm. (Nm) Norm. (rp(fn) ’ Norm.
1 30.0000 265.3000 0.1000 0.0000 0.1000 265.3000 0.1000
2 30.0000 265.3000 0.1000 0.5000 0.2000 269.8000 0.1064
3 30.0000 265.3000 0.1000 1.0000 0.3000 274.4000 0.1130
4 30.0000 265.3000 0.1000 1.5000 0.4000 279.1000 0.1198
5 30.0000 265.3000 0.1000 2.0000 0.5000 284.1000 0.1269
6 30.0000 265.3000 0.1000 2.5000 0.6000 289.3000 0.1344
7 30.0000 265.3000 0.1000 3.0000 0.7000 294.6000 0.1420
8 30.0000 265.3000 0.1000 3.5000 0.8000 300.3000 0.1501
9 30.0000 265.3000 0.1000 4.0000 0.9000 306.0000 0.1583
10 40.0000 353.7000 0.2333 0.0000 0.1000 353.7000 0.2266
11 40.0000 353.7000 0.2333 0.5000 0.2000 357.5000 0.2321
60 90.0000 795.8000 0.9000 2.5000 0.6000 812.8000 0.8842
61 90.0000 795.8000 0.9000 3.0000 0.7000 816.4000 0.8894
62 90.0000 795.8000 0.9000 3.5000 0.8000 820.1000 0.8947
63 90.0000 795.8000 0.9000 4.0000 0.9000 823.8000 0.9000
Tablo 2. SMSM’nin YZ+SK denetiminde kullanilan egitim verileri

M. Hiz1 Cikis Hiz1 YSA Cikisi M. Hiz1 Cikis Hizi YSA Cikist

(rpm) (rpm) (rpm) Norm. Norm. Norm.
1 265.30000 264.30000 266.30000 0.10000 0.10000 0.10300
2 265.30000 265.30000 265.30000 0.10000 0.10150 0.10150
3 265.30000 266.30000 264.30000 0.10000 0.10300 0.10000
4 309.50000 308.50000 310.50000 0.16665 0.16640 0.16941
5 309.50000 309.50000 309.50000 0.16665 0.16791 0.16791
6 309.50000 310.50000 308.50000 0.16665 0.16941 0.16640
7 353.70000 352.70000 354.70000 0.23331 0.23281 0.23581
8 353.70000 353.70000 353.70000 0.23331 0.23431 0.23431
9 353.70000 354.70000 352.70000 0.23331 0.23581 0.23281
10 397.90000 396.90000 398.90000 0.29996 0.29921 0.30222
11 397.90000 397.90000 397.90000 0.29996 0.30071 0.30071
35 751.60000 751.60000 751.60000 0.83335 0.83209 0.83209
36 751.60000 752.60000 750.60000 0.83335 0.83360 0.83059
37 795.80000 794.80000 796.80000 0.90000 0.89700 0.90000
38 795.80000 795.80000 795.80000 0.90000 0.89850 0.89850
39 795.80000 796.80000 794.80000 0.90000 0.90000 0.89700
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YSA egitiminde iki farkl yontem kullanilmistir:

e Birincisi; YSA girisine “Istenen Referans Hiz” ve
“Elde Edilen Hiz” bilgileri girilmis ve YSA ¢ikisinda
olmasi gereken frekans degeri icin gereken hiz
bilgisinin degeri hesaplanmistir.

e ikincisi: YSA girisine “Istenen Referans Hiz” ve
“Elde Edilen Yol Torku” bilgileri girilmis ve YSA
cikisinda olmasi1 gereken frekans degeri icin
gereken hiz bilgisinin degeri hesaplanmstir.

Bu iki farkli yol icerisinde ASM i¢in YSA'nin en iyi egitim
verileri “Ikinci” yontem ile SMSM’nin en iyi YSA egitim
verileri “Birinci” yontem ile elde edilmistir. Bu sebeple
sonuclar kisminda bu yontemlerde en iyi verilerin elde
edildigi grafikler analiz i¢in sunulmustur. Calismada ag
yapist olusturulurken Tablo 3’deki parametreler
kullanilmistir. Bu parametreler agin egitimi sirasinda
en iyi sonuclar1 verdigi icin tercih edilmistir.

Tablo 3. Ag yapisi parametreleri

Network Units Methods
Network Type Feed-forward backprop
Training Function TRAINLM
Adaption learning Function LEARNGDM
Performance Function MSE

Number of Layers 2

Number of Neurons 8

Transfer Function TANSIG

Calismadan elde edilen YSA yapisi Sekil 5’de verilmistir.
Bu ag yapist her iki motor igin aym sekilde
gerceklestirilmistir.

Hidden Layer Output Layer

Sekil 5. YSA yapisi

Burada bulunan 2 katmanli YSA’y1 6rnek alacak olursak,
bu durumda geri yayilim formiilleri [40];

Cikis katmany;

O, = f(net,)
net, = > w0, +6, ()
j
Gizli Katman;
O, = f(net;)
(5)

net, = ijioi +6,

YSA’'da kullanilan aktivasyon fonksiyonunun Tansig
oldugunu kabul ettigimizde, bu fonksiyonun geri
yayilimdaki tiirev ifadesi;

f '(net) = 2/ (1+exp(—2*net))-1 (6)

Calismanin blok semasi Sekil 6 da verilmistir. Burada 1,
2 ve 3 girisleri yapilan ¢alismalar1 gostermektedir.

Calismada YSA ¢ikisinin hesaplandigl program ve
algoritma Sekil 7 de verilmistir.

T
ASM
- HIZ
TORK
T GUG
SMSM
-

Sekil 6. Calismanin blok semasi
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Basla

Baglangig agurliklarim
rastgele seg

-I.I‘.
Y

Girig setini
girigkatina uygula
Islem elemanlarmmn
cikisint hesapla
v
Ha{: abul Agirrliklar
edilemez .
yeniden
duzenle

Hata kabul
edilebilis
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v
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Agmn gergek
gikist

v

v
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tamam]ands
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E
q

ref v=530.5
wm=499.7

G1=0.8* ((ref_v-265.3) / (795.8-265.3) )+0.1;
G2=0.8% ((wm-219.2)/ (795.8-219.2))+0.1;

iw=[2.86888 14.5916;

16.5228 -13.5227;
0.36423 -13.0392;
1.3824 -0.72791;
—-3.0263 1.5509;
-3.3071 14.5038;
1.4535 0.799686;
3.0887 13.1706];

bl=[-12.7609;
=5.7794;
—-9.5129;
1.3279;
-3.0617;
—8.834;
-1.4711;
11.9065] 7

1w=[6.1461 5.5719 5.5613 3.2562
-4.8284 -6.016 -2.2906 5.6087]1;

b2=[1.6453];

El=Gl*iw(l,1)+ G2*iw(1l,2)+ bl(1,1);
E2=Gl*iw(2, 1)+ G2*iw(2,2)+ bl(2,1):
E3=Gl*iw(3,1)+ G2*iw(3,2)+ bl (3,1);
E4=Gl*iw(4,1)+ G2*iw(4,2)+ bl(4,1);
E5=Gl*iw(5, 1)+ G2*iw(5,2)+ bl (5,1);
E6=Gl*iw(6, 1)+ G2*iw(6,2)+ bl (6,1);
E7=Gl*iw(7,1)+ G2*iw(7,2)+ bl(7,1);
E8=Gl*iw(8,1)+ G2*iw(8,2)+ bl (8,1):

Fl=2/ (l+exp (-2*El))-1;
F2=2/ (1+exp (-2*E2) ) -1;
F3=2/ (1+exp (-2*E3) ) -1;
F4=2/ (1+exp (-2*E4) ) -1;
F5=2/ (l+exp (-2*E5) ) -1;
F&=2/ (1+exp (-2*E6)) -1;
F7=2/ (1+exp (-2*E7) ) -1;
F8=2/ (1+exp (-2*E8) ) -1;

E9=F1*1w(1, 1) +F2*1w (1, 2) +F3*1w (1, 3) +
Fa*1lw(1,4)+F5*1w (1, 5) +F6*1w (1, 6) +
F7*1w(1,7)+F8*1w(l, 8) +b2(1,1):

F9=2/ (1+exp (-2*E9)) -1

v = (((F9-0.1)*(823.8-265.3))/0.8)+265.3

Sekil 7. YSA’ya ait algoritma ve program

3. Bulgular

Yapilan ¢alisma sonucunda elde edilen veriler grafiksel
olarak ve her ii¢ kontrol ydntemi i¢in ayr1 ayri
gosterilmistir. Gosterilen grafiklerde yine ASM ve SMSM
sonuglari yine ayr1 ayr1 verilmistir.

Yapilan tiim benzetim ¢alismalarin temelini SK yontemi

olusturmaktadir. Diger uygulanan ydntemlerin
performansi bu yontem baz alinarak
gerceklestirilmistir.

3.1. PI Kontrol

Bu  bélimde  PI+SK+ASM  ve  PI+SK+SMSM

benzetiminden elde edilen akim, tork, hiz ve harcanan
glic grafikleri sirasiyla verilmistir.

PI+SK+ASM benzetim testinden elde edilen sonuglar
Sekil 8'de gosterilmistir. Sekil 8, (a) Yol tork grafigini,
(b) Motordan elde edilen hizi, (c¢) Motordan elde edilen
¢ikis gliclinii ya da harcanan giicii gostermektedir.

Sekil 8 (a) incelendiginde, motorun kalkis sirasinda
drettigi torkun 7 Nm'ye yaklastign goriilmektedir.

International Journal of Technological Sciences

96

Ayrica motora yolun durumuna goére uygulanan yol
torku verileriyle motordan elde edilen tork verilerinin
benzerlik gosterdigi goriilmektedir. Sekil 8 (b)
incelendiginde, motorun kalkis sirasinda az da olsa
(ihmal edilebilir diizeyde) hiz hatas1 yaptigi
goriilmektedir. Normal kosullarda ve degisen yol
kosullarinda beklenen hiza ulastigi goriilmektedir. Bu
grafikte sadece zaman eksenindeki 7-9 araliginda hiz
kararliliginin az da olsa (ihmal edilebilir diizeyde)
bozuldugu goériilmektedir.
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Sekil 8. PI+SK+ASM'’den elde edilen sonuglar

Sekil 8 (c) incelendiginde, motorun kalkis sirasinda sarf

ettigi glic miktarinin 450 W’a yaklastig1 tespit edilmistir.

Normal kosullarda calisirken c¢ikis glicii yaklasik 130
Wtir. Yol kosullarina goére giic sarfiyatinin arttigy,
referans alinan yol kosullarina gére maksimum c¢ikis
giicliniin yaklasik 160 W oldugu goriilmektedir.

PI+SK+SMSM benzetim testinden elde edilen sonuglar
9’da gosterilmistir. Sekil 9, (a) Yol tork grafigini, (b)
Motordan elde edilen hizi, (c) Motordan elde edilen
¢ikis gliclinii ya da harcanan giicii gostermektedir.

Sekil 9 (a) incelendiginde, motorun kalkis sirasinda
drettigi torkun 2.5 Nm'ye yaklastigi goriilmektedir.
Ayrica motora yolun durumuna goére uygulanan yol
torku verileriyle motordan elde edilen tork verilerinin
benzerlik gosterdigi hatta referans torka gore az da olsa
lizerinde tork iirettigi goriilmektedir.

Sekil 9 (b) incelendiginde, motorun kalkis sirasinda az
da olsa (ihmal edilebilir diizeyde) hiz hatas1 yaptigi
goriilmektedir. Normal kosullarda ve degisen yol
kosullarina  karsilik  beklenen  hiza  ulastig
gorilmektedir.
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Sekil 9 (c) incelendiginde, motorun kalkis sirasinda sarf
ettigi glic miktar1 310 W olarak tespit edilmistir. Bu gii¢
normal kosullarda ayni diizeyde kalirken yol
kosullarina gore gii¢ sarfiyatinin azaldig1 goriilmektedir.
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Sekil 9. PI+SK+SMSM’den elde edilen sonuglari

3.2. YZ Kontrol
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Bu bolimde YZ+SK+ASM ve  YZ+SK+SMSM
benzetiminden elde edilen akim, tork, hiz ve harcanan
gii¢ grafikleri sirasiyla verilmistir.

YZ+SK+ASM benzetim testinden elde edilen sonuclar
Sekil 10 da gosterilmistir. Sekil 10 (a) Yol tork grafigini,
(b) Motordan elde edilen hizi, (c) Motordan elde edilen
¢ikis gliclinii ya da harcanan giicii gostermektedir.

Sekil 10 (a) incelendiginde, motorun kalkis sirasinda
trettigi torkun 2.5 Nm'ye yaklastign gorilmektedir.
Ayrica motora yolun durumuna goére uygulanan yol
torku verileriyle motordan elde edilen tork verilerinin
benzerlik gosterdigi goriilmektedir. Sekil 10 (b)
incelendiginde, motorun kalkis sirasinda az da olsa
(ihmal edilebilir diizeyde) hiz hatast yaptig
gorilmektedir. Normal kosullarda ve degisen yol
kosullarinda beklenen hiza ulastig1 gortilmektedir. Sekil
10 (c) incelendiginde, motorun kalkis sirasinda sarf

ettigi giic miktarinin 170 W’a yaklastig1 tespit edilmistir.

Normal kosullarda calisirken ¢ikis glicii yaklasik 130
Wtir. Yol kosullarina gore giic sarfiyatinin arttigy,
referans alinan yol kosullarina gére maksimum c¢ikis
gliciiniin yaklasik 170 W oldugu goriilmektedir.

T
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Sekil 10. YZ+SK+ASM’den elde edilen sonuclar

YZ+SK+SMSM benzetim testinden elde edilen sonuglar
Sekil 11 de gosterilmistir. Sekil 11 (a) Yol tork grafigini,
(b) Motordan elde edilen hizi, (c) Motordan elde edilen
¢ikis gliclinil ya da harcanan giicii gostermektedir.

Sekil 11 (a) incelendiginde, motorun kalkis sirasinda
tirettigi torkun 0.1 Nm oldugu gorilmektedir. Ayrica
motora yolun durumuna gore uygulanan yol torku
verileriyle motordan elde edilen tork verilerinin
benzerlik gosterdigi goriilmektedir.

Sekil 11 (b) incelendiginde, motorun kalkis sirasinda,
normal kosullarda ve degisen yol kosullarinda beklenen
hiz degerine ulastig1 goériilmektedir.

Sekil 11 (c) incelendiginde, motorun kalkis sirasinda
sarf ettigi giic miktar1 yaklasik 230 W olarak tespit
edilmistir. Bu giic normal kosullarda ayni diizeyde
kalirken yol kosullarina gore gii¢ sarfiyatinin arttig,
calismada referans alinan en ytiksek tork verisine gore
yaklasik 320 W oldugu goriilmektedir.
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Sekil 11. YZ+SK+SMSM’den elde edilen sonuglar

4.Degerlendirme

Bu ¢alismada, EA’'larda kullanilan ASM ve SMSM’ler
performans yoniiyle degerlendirilmistir. Performans
degerlendirmesi icin li¢ yontem ayri ayri motorlara
uygulanmistir. Bu yontemler sirasiyla; SK ile kontrol,
PI+SK ile kontrol, YZ+SK ile kontroldur.

Kullanilan kontrol yoéntemlerinde SK ve SK'den elde
edilen veriler referans alinarak diger yodntemlerde

performans degerlendirmesi yapmak i¢in kullanilmistir.

Degerlendirmede her iki motor icgin ii¢ kistas esas
alinarak analiz gercgeklestirilmistir. Bu kistaslar;

¢ Tork performans sonuglari (Yol durumu)
e Hiz performans sonuglari

¢ Harcanan gii¢ performans sonuglari

Belirtilen durumlara goére motorlardan elde edilen
performans sonuclari asagida agiklanmistir.

4.1. Tork Performans Sonuglari (Yol Durumu)
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o SKile kalkis sirasinda ASM’den yaklasik 6 Nm,
SMSM’den yaklasik 0.5 Nm elde edilmistir.

¢ PI+SK ile kalkis sirasinda ASM’den yaklasik 7
Nm, SMSM’den yaklasik 2.5 Nm elde edilmistir.

e YZ+SKile kalkis sirasinda ASM’den yaklasik 2.5
Nm, SMSM’den yaklasik 0.1 Nm elde edilmistir.

EA’larda kullanilan motorlarda kalkis sirasinda ytiksek
tork oOzelliginin bulunmas:1 gerektigi hatirlandiginda
[30], yaptigitmiz ¢alismada kalkis sirasinda en iyi
performanst PI+SK ile ASM gostermistir. Normal
kosullar ve yol kosullarina gére motorlardan anhk
torku karsilayabilme yetenekleri beklendiginden [30],
[31] yapilan ¢alismada her iki motorun tiim kontrol
yontemleriyle beklenen degerleri iirettigi gorulmustiir.

4.2. Hiz Performans Sonuglari

e SK ile kalkis sirasinda hem ASM hem de
SMSM'’nin ihmal edilebilecek diizeyde hatali hiz
verileri Uretmektedir. Normal kosullar altinda
her iki motor tiirtintin beklenen hiz verilerine

ulastigt  gorilmiistiir. Yol kosullarindaki
degisimlere ASM’'nin cevap veremedigi,
SMSM'nin ise beklenen hiz verilerine ulastig
gorilmiistiir.

¢ PI+SKile kalkis sirasinda yine her iki motorun
ihmal edilebilir hatalarinin oldugu, normal
kosullarda ve yol kosul degisimlerine ise en iyi
sonuglart SMSM'nin Urettigi anlagiimistir.

¢ YZ+SKile kalkis sirasinda ASM, ihmal edilebilir
diizeyde hatali sonuglar iirettigi, SMSM’nin ise
beklenen degerlere ulastigl, normal kosullarda
ve yol kosullarindaki degisimlere ise her iki
motorun  beklenen  degerlere  ulastig
gorilmustiir.

EA’larda kullanilan motorlarin her kosulda beklenen
hiza ulasmasi gerektiginden [41], yapilan ¢alismada en
iyi  sonucu YZ+SK ile SMSM’nin gosterdigi
anlasilmaktadir. Bunun yam sira YZ+SK ile ASM’de
ihmal edilebilir hata diizeyinde en iyi sonuglar trettigi
anlasilmistir.

4.3. Harcanan Gii¢ Performans Sonuglari

e SKileilk kalkis sirasinda ASM’den yaklasik 300
W, SMSM’den yaklasik 310 W elde edilmistir.
Motor normal kosullarda g¢alisirken ASM
yaklasik 130 W, SMSM yaklasik 310 W giig
harcamaktadir. Yol kosullarinin degisiminde;
ASM’de yol torkunun arttifi durumlarda
harcanan giiclin arttigl, yol torkunun azaldig:
durumlarda  harcanan  giicin  azaldif1
gorilmistir  (Normal  kosullara  gore
degerlendirilmistir). Maksimum referans torka
gore ASM yaklasik 170 W gii¢ harcamaktadir.
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SMSM’den ise yol torkunun arttig1 durumlarda
harcanan giiciin azaldigl, yol torkunun azaldigi
durumlarda harcanan gliciin arttigl
gorilmistir  (Normal  kosullara  gore
degerlendirilmistir). Maksimum referans torka
gore SMSM yaklasik 285 W gii¢ harcamaktadir.
e PI+SKile kalkis sirasinda ASM’den yaklasik 450
W, SMSM'den yaklasik 310 W elde edilmistir.
Motor normal kosullarda c¢alisirken ASM
yaklasik 130 W, SMSM yaklasik 310 W gii¢
harcamaktadir. Yol kosullarinin degisiminde;
ASM’de yol torkunun arttifn durumlarda
harcanan giicilin arttigl, yol torkunun azaldigi
durumlarda  harcanan  giicin  azaldig
gorulmustiir (Normal  kosullara  gore
degerlendirilmistir). Maksimum referans torka
gore ASM yaklasik 160 W gii¢ harcamaktadir.
SMSM’de ise yol torkunun arttig1 durumlarda
harcanan giiciin azaldigy, yol torkunun azaldig
durumlarda harcanan giiciin arttig
gorilmustiir  (Normal  kosullara  gore
degerlendirilmistir). Maksimum referans torka
gore SMSM yaklasik 285 W gii¢ harcamaktadir.
e YZ+SK ile kalkis sirasinda ASM’den yaklasik
170 W, SMSM’den yaklasik 280 W elde
edilmistir. Motor normal kosullarda ¢alisirken
ASM yaklasik 130 W, SMSM yaklasik 280 W gii¢
harcamaktadir. Yol kosullarinin degisiminde;
ASM’de yol torkunun arttifi durumlarda
harcanan giiciin arttig), yol torkunun azaldig1
durumlarda  harcanan  giicin  azaldigl
gorilmistir  (Normal  kosullara  gore
degerlendirilmistir). Maksimum referans torka
gore ASM yaklasik 170 W gii¢ harcamaktadir.
SMSM'’den ise yol torkunun arttig1 durumlarda
harcanan giicilin arttigl, yol torkunun azaldig:
durumlarda  harcanan  giicin  azaldigl
gorilmistir  (Normal  kosullara  gore
degerlendirilmistir). Maksimum referans torka
gore SMSM yaklasik 320 W gii¢ harcamaktadir.

Bu sonuglar kalkis sirasindaki durum agisindan
degerlendirildiginde belirlenen referans durumlara
gore en 1iyi sonucu YZ+SK ile ASM'nin {rettigi
anlasilmaktadir.

5. Sonuglar

Calismada motorlar; PI + SK, YZ + SK yontemleriyle test
edilmis ve elde edilen grafikler yardimiyla farkli yol
kosullarinda en iyi performansi gdsteren motor, “hiz,
tork ve gii¢” parametrelerine goére belirlenmistir.
Normal kosullarda tiim kontrol yontemlerine gore yine
en iyi sonucu ASM'nin irettigi gorilmistir. Yol
kosullarinin degisiminde de yine tiim kontrol
yontemlerine goére en iyi sonucu ASM’nin irettigi
anlasilmaktadir. Burada harcanan giiciin azalmasi
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motorun enerji kaynagindan ¢ektigi akimin azalmasi
demektir. Bu baglamda daha az gii¢ harcanan motor
kullanimi daha az batarya kullanimini ortaya
¢ikarmaktadir. Yapilan ¢alismada harcanan giig
performansinda en iyi sonuclar1 ASM {iretmistir.
Yapilan c¢alisma genel olarak degerlendirildiginde
EA’larda kullanilan motorlarda YZ ile yapilan SK
calismalarinin olumlu sonuglar tirettigi anlasiimaktadir.
Bu alandaki teknolojik gelismeler dusiiniildiigliinde
yapilan calismanin da literatiire katki saglayacagi
muhakkaktir.

Yapilan calismaya Verimlilik, Kontrol edilebilirlik ve
Maliyet acisindan asagidaki onerilerde bulunulabilir.

e  Verimlilik: Harcanan gli¢ acisindan
bakildiginda ASM en iyi performansi
gosterdiginden, giiciin 6nemli oldugu kullanim
alanlarinda YZ+SK+ASM modeli o6nerilebilir.
Hiz agisindan bakildiginda en iyi performansi
SMSM gosterdiginden, hizin 6nemli oldugu
kullanim alanlarinda YZ+SK+SMSM modeli

Onerilebilir. Tork acisindan
degerlendirildiginde ASM en iyi performansi
gosterdiginden, torkun o6nemli oldugu

uygulamalarda YZ+SK+ASM modeli 6nerilebilir.

¢ Kontrol Edilebilirlik: Tim ¢alismaya hiz
kontroli acgisindan bakildiginda SMSM en iyi
sonucu gosterdiginden, benzer kullanim
alanlarinda YZ+SK+SMSM modeli dnerilebilir.

¢ Maliyet: Teknolojideki gelismeler SMSM'’de
kullanilan miknatislarin maliyetini giderek
diisiirmektedir. Ancak bu tiir motorlarda
kullanilan  her tirli  aparat maliyeti
arttirdigindan ASM’nin maliyet bakimindan en
uygun motor tiirli olacagi soylenebilir.
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Makale gecmisi:
Gelis Tarihi: 22.08.2021
Kabul Tarihi: 23.12.2021

0z: Yiiz tanima sistemi, verimliligi ve dogrulugu nedeniyle biyometrik calismalarda baskin bir
arastirma alani haline gelmistir. Bu teknoloji, insanlarin otomatik olarak tanimlanmasi i¢in
cesitli giivenlik uygulamalarina genis 6lgiide yatirim edilmistir.Bununla birlikte, insanin
karmasikhigy, 6zellikleri ve goriiniimlerindeki biiyiik varyasyonla temsille karsi karsiyadir. Bu
karmasiklik, bu tiir sorunlar1 daha az yanlis sonuglarla etkili bir sekilde 6grenebilen ve
iistesinden gelebilen giiclii algoritmalar1 benimsemeyi igerir. Bu amagla Temel Bilesen Analizi
(PCA) ve Bagimsiz Bilesen Analizi (ICA) vb. Bu ¢alisma, tanima yontemleri olarak PCA ve ICA
kullanilarak giivenilir bir yiiz tanima sisteminin uygulanmasina odaklanir ve yiiz simiflandirici
olarak Oklid Mesafesi (ED). PCA ve ICA'nin performanslari iizerine bir karsilastirma yapmgtir.
Bu iki yontem esas olarak bu arastirmada goriintii projeksiyonu ve boyutsallik azaltma i¢in
kullanilmaktadir. Siniflandirma islemi, ED siniflandiricisi tarafindan benimsenen mesafe 6l¢ii
diizeni kullanilarak gergeklestirilir. Karsilastirma, belirli bir yiliz gériintiisii kiimesini tanima
acisindan sistem saglamligl degerlendirmesi i¢in alinir.

1. Introduction

necessity of establishing a powerful technique for
personal identification has risen day by day. Face

In the recent years, biometric technologies have
received great value of consideration and an increased
demand in different security prospects. For instance,
iris or retinal scan, fingerprint analysis, digital
signature recognition and voice recognition, etc. These
systems are the most common biometric applications in
which a personal identification is required [1]. The

* {lgili yazar/Corresponding author: israamh_comp@csw.uobaghdad.edu.iq

recognition systems are one of the most popular
applications in visual computing. Due to the growing
scenario of the global security concerns in which
various domains involve an automatic identification of
individuals such as video surveillance, criminals’
detection, financial systems and CCTV, etc [2]. This
approach is considered as an emerging technology of
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biometric applications and a significant research area in
the computer vision, pattern recognition and Human
Computer Interaction (HCI) fields. Face recognition
techniques are applied in a wide range of practical
sectors such as personal authentication, access control,
information security, images processing, etc [3,4,5].
Thousands of organizations and companies around the
globe deploy biometric technologies as reliable systems
which provide an acceptable level of protection for the
monitoring purposes. Face recognition has its own
characteristics in terms of the contribution with the
participants since this system is a non-intrusive
application and friendly system. It does not require a
huge cooperation by its own users in order to
accomplish the required tasks [3,4]. However,
developing such a system for the automatic verification
of a human identity is not a simple task. Human faces
have dynamic features and characteristics which are
subject to change during aging. These changeable
characteristics impose difficulties on the automatic
recognition systems.

Over the past few years, much research has
concentrated on proposing several algorithms and
frameworks of face recognition systems which are
capable of dealing with such visual models. Not all the
proposed methods of face recognition systems are
100% reliable and can efficiently recognize face images
under different factors such as illuminations, light
conditions, face poses and image quality. Some of these
methods outperformed others in recognizing human
faces with different rotation angles whereas other
techniques performed effectively with various facial
expressions [6]. Based on the input data, the face
recognition system is categorized into two groups, still-
based recognition and video-based recognition [7]. In
the still-based face recognition system, a set of static
face images is automatically recognized by the system.
On the other hand, video-based recognition uses a
stream of videos when a set of unknown faces in a real-
time system is required to be identified. This paper
conducts the still-based face recognition system in
which a set of given face images is automatically
matched with a pre-stored faces database. The face
recognition system in this paper is implemented using
two widespread face recognition algorithms, the PCA
and the ICA for dimensionality reduction and the ED
classifier for face classification. Then, a comparison is
taken upon the performances of the PCA and the ICA
methods versus a collection of face images.

2. Face Recognition System Concepts
Face recognition systems became a hot topic in the
automatic identification systems of human biometrics

[8]. FRS has a long history of research which started in
the early 19th century. Face recognition in earlier
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stages was mainly relying on human intervention in
which a priori knowledge was essentially required by
the designers. However, the vital improvement in the
computer industry has resulted in the appearance of
high-speed and high-performance computers which
significantly made a breakthrough in the face
recognition performance [9]. The first research in this
topic was carried out on facial features by Bertillon,
Allen and Parke that is highly related to face
recognition. The first attempt of Bertillon was made on
a database of face networking in which interesting
recognition results were achieved. In Allen’s research,
an enhanced face recognition system was attained by
adding effective features to the system. Parke
introduced a high-quality face model which was carried
out in a computer system [9]. Later on, a statistical
method for facial features representation using ED
classifier was adopted by Kaya and Kobayashi [9]. For a
long time, human biometric identification applications
became an interesting topic. In the early 80"s, real
development was carried out by many universities and
research institutions on such automatic identification
systems.

As known, human beings have unique facial
characteristics which differentiate one another
[10,11,12). Many efforts by scientists and researchers
from different fields have evolved in studying the
characteristics of the human [12]. Earlier in the 1960s,
several researches concluded that various
developments were carried out on improving human
biometric recognition systems [13]. Face recognition is
a significant area in computer vision, pattern
recognition, physiology and human computer
interaction fields. The advantage of adopting a reliable
and accurate face recognition system achieved
interesting results to be applied in the personal
identification and verification applications [14]. Many
other biometric technologies such as fingerprint
scanning, retinal or iris scanning and signature
verification are widely used these days for biometric
identification. Figure 1 shows the magnitude of
adopting different biometric techniques in comparison
with face recognition systems [4].

Generally, a typical face recognition system is divided
into four main processes:

e Images acquisition or collecting

e Images pre-processing

e Facial features detection

e Face matching and recognition

As shown in Figure 2, the first process is image
acquisition. In this process, a set of face images is taken
from a face database and used in the experiments of the
system [13]. In images pre-processing, this process
does the face detection where the facial features regions
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such as eyes, nose and mouth are located using different
face detection methods. Therefore, a set of
normalization processes is included in the images
preprocessing stage. For example, images cropping and
images resizing, etc. This stage has a significant impact
on the overall face recognition performance especially
when all the face images are normalized to have one
size [15,16]. The third stage is extracting the facial traits,
in this process the conducted face recognition
techniques project the basis features (face spaces)
which represent most of the variance in the facial
features of the initial face images. In other words, each
given face image is represented as a collection of points
of those subspaces (principal components). In the final
stage, an unknown face image will be matched with the

Weghted percenioge

Foce Fnger Hond Voice Eye Signature

Figure 1. Magnitude of different biometrics

extracted subspaces which lead to the recognition technologies
process of the input image.
Images
Images Collecting Database
Images Preprocessing | —% | Traits Extracting | —® | Traits Matching | —» | Recognition Results

Figure 2. General processes of a typical face recognition system

In general, there are two approaches to face image
representations in face recognition systems. First is the
appearance-based approach and second is the feature-
based approach [17]. The appearance-based approach
is more popular than the feature-based approach. Many
face recognition methods adopt the subspace scheme
that is widely used in the appearance-based approach
of image representation. In this approach, a face image
is being matched with a set of subspaces (face spaces)
which are decomposed from the initial face images. An
image, in the context of computer vision, is made up of
thousands of small pixels which together indicate the
dimensionality of a particular image. However, when a
given face image is being matched with the original face
images, this leads to one of the most popular problems
in image processing which is the image dimensionality.
The high dimensionality of an image is a well-known
obstacle in face recognition systems as this issue causes
high computational complexity and it consumes most of
the memory storage [17]. Therefore, adopting a
dimensionality reduction method is quite important to
avoiding the negative impact of such obstacles on the
overall system performance. Many dimensionality
reduction methods have been proposed for this
purpose. Such methods are PCA, ICA and Linear
Discriminant Analysis (LDA). All these algorithms are
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based on the subspace scheme in the face recognition
system.

3. Background and Related Work

FRS has a long history of research which started in the
early 19th century. Face recognition in earlier stages
was mainly relying on human intervention in which a
priori knowledge was essentially required by the
designers. However, the vital improvement in the
computer industry has resulted in the appearance of
high-speed and high-performance computers which
significantly made a breakthrough in the face
recognition performance [9]. The first research in this
topic was carried out on facial features by Bertillon,
Allen and Parke that is highly related to face
recognition. The first attempt of Bertillon was made on
a database of face networking in which interesting
recognition results were achieved. In Allen’s research,
an enhanced face recognition system was attained by
adding effective features to the system. Parke
introduced a high-quality face model which was carried
out in a computer system [9].

Later on, a statistical method for facial features
representation using the ED classifier was adopted by
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Kaya and Kobayashi [9]. For a long time, human
biometric identification applications became an
interesting topic. In the early 80"s, real development
was carried out by many universities and research
institutions on such automatic identification systems.
As known, human beings have unique facial
characteristics which differentiate one another [11,12].
Many efforts by scientists and researchers from
different fields have evolved in studying the
characteristics of the human [12]. Earlier in the 1960s,
several researches concluded that various
developments were carried out on improving human
biometric recognition systems [4,13]. Face recognition
is a significant area in computer vision, pattern
recognition, physiology and human computer
interaction fields. The advantage of adopting a reliable
and accurate face recognition system achieved
interesting results to be applied in the personal
identification and verification applications [14]. Many
other biometric technologies such as fingerprint
scanning, retinal or iris scanning and signature
verification are widely used these days for biometric
identification. Figure 2.1 shows the magnitude of
adopting different biometric techniques in comparison
with face recognition systems [4].

The other traditional security applications of personal
identity verification such as Personal Identification
Number (PIN) and Identity Document (ID) card have
been considered as insecure methods especially when
these techniques are easy to be stolen and used by
unauthorized users. Thus, with the continuous growth
of security issues like surveillance and access control,
the need to develop a stable face recognition system
that can accurately verify a person's identity has
obviously increased [11]. Face recognition systems are
one of the most deployed applications of human
biometrics verification systems that cannot be easily
stolen, lost, or personated by unauthorized or
fraudulent persons [14]. However, designing robust
face recognition is not an easy task [3].

Key advantages of a face recognition system are non-
intrusive applications and it requires fewer efforts by
its own users to accomplish the identification task.
Despite the features of the face recognition system, it
has a complexity which impacts the overall system
performance [3]. In general, human faces have a wide
range of variations in their facial features such as eyes,
noses, mouths and chin, etc [2]. A number of factors is
often mentioned by many researchers in which face
recognition system performance is directly affected.
For instance, illumination or lighting conditions, face
viewing conditions, face poses, aging changes and facial
expressions [2, 3, 4,18]. Therefore, several algorithms
are designed to overcome the difficulty that is imposed
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by these conditions. Examples of those face recognition
algorithms are PCA, ICA and LDA.

These methods are dominant in image representation
and commonly used as face recognition algorithms. In
general, the accuracy of a typical face recognition
system in essence depends on two significant processes,
(1) face detection and (2) facial features recognition
[3,4,5]. Firstly, detecting facial features such as eyes,
nose and mouth can be located and extracted by using
different techniques. Then, a dimensionality reduction
process is required in order to enhance the overall
system performance. This task is accomplished by using
the PCA and the ICA as dimensionality reduction
techniques which will reconstruct the basis features
vectors that are obtained for image projection in order
to be used in the classification process.

4. Machine-based Face
Applications

Recognition System

Over the past 30 years, considerable efforts have been
exerted by many psychophysicists and engineers’
communities on the analysis of face recognition
disciplines [19]. Although the human brain intelligently
recognizes different objects based on their visible
features and makes a decision in which category each
object belongs to. But the human brain cannot
recognize thousands of faces through aging changes.
Machine-based face recognition systems have been
competing for the last few years. This trend has brought
a new research area in the fields of computer vision,
images analysis and pattern recognition [7]. In addition,
there are two significant factors in which face
recognition systems have been widely employed as an
active machine-based application.

First, the spanned applications of face recognition in
both commercial and law enforcement domains.
Second, the wealth of feasible technologies that are
available and deployed for a long time. Table 1 lists
some of the common applications of face recognition
systems [7].

Generally, these various applications of machine-based
face recognition systems have been categorized into
two main types: static matching and real-time matching
[7,19]. The static matching conducts a static image
format such as driving license, credit card, mug shots
and passports. On the other hand, real-time matching
uses video-based recognition like surveillance videos
processing, CCTV and other technologies. However,
machine-based face recognition outperforms compared
to human brain recognition.

Due to its
heterogeneous

maturity of the
environments

learning within
under  different
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constraints and requirements [7,19]. Even though the
existing machine-based face recognition systems have
attained impressive achievements in different research
disciplines, these systems have some drawbacks in
which the performance is imposed by different
obstacles. An essential problem of machine-based face
recognition application is stated when the system
operates in a changeable environment such as an
outdoor area where many illuminations and light
conditions impact negatively on the overall system
outcomes. Thus, images processing engineers have
been exerting considerable research on the literature
analysis of such machine-based face recognition
systems [7].

Table 1. Face recognition system applications

Areas Specific Applications

Video game, virtual reality, training
programs

Human-robot-interaction, human-
computer-interaction

Drivers" licenses, entitlement programs
Immigration, national ID, passport, voter
registration

Welfare fraud

TV Parental control, personal device
logon, desktop logon

Application security, database security,
file encryption

Intranet security, internet access,
medical record

Secure trading terminals

Advanced video surveillance, CCTV
control

Portal control, post event analysis

Entertainments

Smart Cards

Information
Security

Law Enforcement
and Surveillance

5. Face Detection

Face detection is a significant process in a typical face
recognition system which is considered as an extensive
research field in images processing for the last few
years [20,21]. In order to obtain an accurate
performance of a face recognition system, a framework
of face detection has to be not only efficient but also
carry out the process of facial features detection
effectively [22]. As well known, the human brain detects
and recognizes various objects based on the known
characteristics of those objects. The main purpose of
face detection is to find out the location of facial features
such as eyes, nose and mouth in a given face image [21].
However, face detection became challenging due to the
high range of variability in the human faces'
characteristics and their appearances such as eyes
shapes, noses and mouths [21,23]. Therefore, various
techniques of face detection are proposed which refer
the accuracy of any face analysis application to the
efficiency of face recognition and detection processes.
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Although many face detection algorithms exist to
accomplish this essential process, some of them have
their own strengths and weaknesses. Examples of these
algorithms are HAAR classifier, AdaBoost, Local Binary
Pattern (LBP), Support Vector Machine (SVM) and
Histogram of Oriented Gradients (HOG) [8,23].

The computational complexity and the lack of the
proper accuracy are the most common problems of the
face detection algorithms. In this research, an automatic
detection of facial features is employed using a well-
known algorithm (Viola-Jones) face detection [24]. This
method locates facial features regions in an image
which contains eyes, nose and mouth based on a
rectangular box that extracts these features. This
algorithm is implemented based on MATLAB toolboxes
which have built-in classes and functions to implement
Viola-Jones face detection algorithm. The MATLAB
Computer Vision System Toolbox provides a well
implementation of this algorithm by using a built-in
function called (vision.CascadeObjectDetector) which
controls the detection of different objects based on the
above mentioned algorithm. For example, in order to
detect eye area in a given face image, a particular
detector (EyeDetect) is passed to
(vision.CascadeObjectDetector) function. In this paper, a
default detector for the face area (FDetect) is passed to
the main function (vision.CascadeObjectDetector) in
order to extract the region of the facial features (eyes,
nose and mouth) in a single rectangle. Figure 5 shows
multiple rectangles are used to detect different facial
features in a given face image. Figure 6 shows a sample
of successful face detection in a single rectangle based
on the Viola-Jones algorithm.

Figure 5. Face detection of a face image with spectacles
with multiple rectangles

Figure 6. Face detection of a face image with spectacles
with single rectangle
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6. Face Recognition System Algorithms

In this section, a critical analysis is discussed for two of
the most common face recognition methods the PCA
and the ICA. The background and related work on these
two algorithms are presented as well.

6. 1 Principal Components Analysis (PCA)

The continuous increase of data complexity and its
enormous generated information has made data
analysis a more difficult challenge for analysts [25,26].
In general, the human face from the computer vision
point of view is considered as a complex and
multidimensional visual object [18]. These real-world
data sets (e.g. human faces) have complicated data
structures. However, developing a computational
technique to deal with the complexity of such high-level
problems, face recognition, is a difficult task [25,27]. In
face images representation, there are two main
categories of face representation: appearance-based
approach and features-based approach in which
appearance-based is being widely used [17]. A face
image in the appearance-based approach is
represented by a point in a space of features which is
spanned by a number of decomposed face images (low-
dimensional) from the original face database [17,28].

As a face recognition concept, a given face image is
matched with a set of pre-stored face images (high-
dimensional). This leads to an inefficient recognition
system due to the large computations generated from
the huge amount of data and the consumption of the
memory storage [17]. Therefore, a mechanism for
dimensionality reduction must be conducted to solve
such problems. The successful scheme, subspace also
known as face space, was firstly proposed by Kirby and
Sirovich in 1987 to represent a sequence of face images
[18,11,29]. This approach reconstructs a set of signal
data with a high dimension based on linear or non-
linear transformation into a low-dimensional subspace.
The subspace framework has its advantages among
other image representation schemes in terms of
learning capacity, computational speed and simplicity.

In 1991, Turk and Pentland introduced a theoretical
approach for face recognition based on the subspace
scheme. This approach seeks for the most significant
facial features among a set of face images and projects
them into the principal components of the original
given face images [18]. The proposed theory by Turk
and Pentland is called Eigenfaces which is one of the
most successful applications of the PCA algorithm.
Eigenfaces are a set of basis face images which are the
decomposed features of the initial set of face images.
PCA is one of the most common subspace methods
which was first used for dimensionality reduction in
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face recognition systems. Later on, a development was
carried out by Turk and Pentland in 1991 for the use of
the PCA algorithm for facial features analysis [30,31].
PCA also known as Karhunen-Loeve Transform (KLT) is
an unsupervised computational approach which has
been widely deployed as a powerful technique for facial
representation based on linear direction [27,
31,32,33,34]. The linear projection of PCA conducts
second-order statistical relationships (orthogonal)
among the image pixels in a vector. When a large
number of high-dimensional face images with minor
features are discarded, other small numbers of those
variables (images dimensions) which have significant
features, i.e. most variance, are retained with low
dimension based on linear direction. Those latent
features with the greatest variability are known as
eigenfaces or eigenvectors [26].

By using linear distribution of the input data, it
transfers a set of correlated face images into a set of
uncorrelated variables based on an orthogonal
direction in the mean square sense with maximizing the
variance between the data. Therefore, the PCA
obviously reduces the dimensionality while mapping
the data based on the linear transformation of a set of
face images into small face spaces with low dimensions.
This loss of facial information is less when the variance
(features variability) in images spaces is trivial. These
face spaces are also known as eigenspaces [35]. The
experimental results of Turk and Pentland research
were performed using the PCA method based on the
subspace scheme with different face views which
attained 96% of accurate classification results. There
are two reasons for using the PCA. First, the data
interpretation and secondly is the dimensionality
reduction. In data interpretation, the PCA tends to
project the mostimportant features of a set of large data
when the features variance is discovered. The key
advantages of the PCA method are reducing the high
dimensionality of a large data set, decreasing the
computational efforts, and effectiveness to perform in a
real-time system [14,36]. The PCA has been widely
applied as a powerful statistical method in different
fields such as data analysis, images compression and
pattern recognition.

y=f) 1

6.2 Independent Components Analysis

Numerous methods for dimensionality reduction in
face images representation have been studied for a long
time such as the ICA [37,38, 39, 40, 41,42, 43, 44]. In the
last twenty years, the ICA has been investigated and
proposed in different applications especially in pattern
recognition fields like the face recognition system. The
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ICA is a generalization method of PCA algorithm which
means that the PCA is considered as the baseline of
evaluating the ICA performance [43,44, 45]. So, ICA is a
statistical method that concerns on both second-order
and high-order dependencies among the coefficients of
the observed data sets (face variables) [39, 43,44, 46].
On the other hand, the PCA conducts only the second-
order statistics while undertaking the computations of
the eigenfaces (principal components) of the
covariance matrix. This leads to the fact that the ICA
captures basis vectors of the decoded face images which
have more localized features in the projection
distribution since the ICA can project these basis
features beyond the second-order relationships (non-
orthogonal) between their pixels [47].

The complexity of face data structure in which a large
amount of important information seems difficult to be
captured by only second order statistics (linear-non)
[26]. The ICA tries to capture the most significant
information among a set of face images and to store
them in the high-order relationships [47]. The main
idea behind this method is to find out the best
decomposition of a given set of signal observations and
convert them into statistical components which are
independent from one another [38,43,46]. A successful
application of the ICA is the separation of mixed signals
like the blind source separation method or what is
known as Blind Signal Separation (BSS). ICA was first
applied in face representation and recognition by
Bartlett and Sejnowski in 1997 in which two of ICA
architectures were suggested (Architecture 1 and
Architecture II). In their research, Infomax algorithm
was used to implement both of ICA architectures when
both architecture performances were evaluated on a
subset of the FERET face database. The obtained results
by Bartlett and Sejnowski reported that both of ICA
architectures [ and Il performed effectively in face
recognition [43]. While another algorithm, the fixed-
point algorithm was adopted by Yuen and Lai in 2000
to implement the ICA scheme in calculating the
independent components. In [43] the researchers have
used two versions of PCA algorithms as baseline
methods to evaluate ICA performance in face
recognition. Three different face databases FERET, AR
and AT&T were used, they found that PCA version I that
is involved in ICA Architecture 1 has a vertical
centralizing process on the basis features vectors. Also,
in ICA Architecture II which includes PCA version II,
there was a whitening horizontal centralizing process
performed while calculating the independent
components.

As a conclusion of the experiments in [43], they found
that there is no obvious difference in the performance
between the ICA Architecture I and Il and it’s related the
PCA versions. In the other hand, some experimental
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results reported that both of the whitening and
centering processes in the PCA have significant effects
on the ICA performance in face recognition [43]. In [48]
authors have conducted a comparative study on both
PCA and ICA methods performances when their
experimental results showed that the ICA Architecture
IT outperformed PCA. Similarly, to the work of [48], the
obtained consistent results of [35] have concluded that
the PCA outperformed the ICA Architecture I. In
contrast to Moghaddam and Jin study, when they
argued about the results of [48], they reported that the
PCA and the ICA methods have no different
performances that should be mentioned [43]. In this
work, the ICA method is implemented using fixed-point
algorithm which involves PCA whitening process while
generating the principal components. Therefore, the
ICA performed effectively in some experiments while in
some other experiments the ICA could not generate the
best basis features (i.e., ICs) which negatively affected
the overall performance.

7. Face Classification Methods
Images classification in both computer vision and

images recognition fields has been considered as a
significant approach. Due to the high complexity in

recognizing different images categories, face
classification topic plays a vital role in the face
recognition system. However, facial images

classification has a vital impact on face recognition
performance. A Kkey problem in most of the
classification algorithms is how to classify the
numerical image features and make a decision with
which class belongs to which category [2, 49,50,51]. In
general, the classification schemes conduct a wide
range of image classification decision theories [49,52].
Several studies and researches have been carried out on
developing reasonable classification algorithms which
are capable of attaining impressive results in solving
classification problems [49,50,51]. The majority of the
classification theories are based on an assumption that
a given face image has one or more properties
(features) in which each feature belongs to one of
multiple distinct classes [49]. One of the most common
image recognition classifiers is the linear classifier
[52]. This classifier has received considerable attention
by many pattern recognition researchers due to its
efficiency and accuracy in classifying numerical images.
This classifier is based on the distance measurement of
the classified images as the main images classification
criteria [52]. Variety of distance classification
approaches are investigated and studied such as the ED
classifier, Cosine Distance (CD) and the Mahalanobis
Distance (MHD) methods [49]. This work uses one of
the most common image classifiers, the ED classifiers
based on the distance measure [50]. Due to the
feasibility and simplicity of the ED, the classification of
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face recognition systems is done by using this classifier.
More details about this classifier and its procedure in
the face recognition system are described in the
following section.

7.1 Euclidean Distance Classifier

In the past few years, considerable research has been
done on pattern recognition approaches. Image
classification in both image processing and pattern
recognition is considered as a complicated task, due to
the complexity and the multidimensionality problems
of image features [52]. However, face recognition
accuracy depends highly on the efficiency of
classification performance. The ED classifier has been
widely deployed in image recognition as a linear
classifier. It conducts the minimum distance
measurement approach in classifying images features.
The ED also known as Euclidean Metric is an ordinary
distance measure technique that measures the distance
among two points and uses the Pythagorean formula
[2]. Measuring the distance between two given images
is a difficult task from a computer vision point of view
[50]. In comparison with those more complicated
classification methods like Support Vector Machine
(SVM) and Neural Network (NN), distance measuring
methods suffer from the complexity of measuring
computations as well as the difficulty to be embedded
with other powerful face classification techniques [50].
Therefore, in face recognition applications, the ED
classifier recognizes an image by taking the distance of
unknown image data and measures it with the next
closest one (the smallest distance) of the known
features templates (face spaces) as the basis of
classification task [2,50]. In other words, the
classification template in which the unknown image
data category is classified based on the smallest

distance matching with the one which has the
maximum similarity among the known features of pre-
stored classes [2,50]. However, the ED with its
simplicity is still sensitive to any deformation [50]. A
general research analysis was done on the most popular
face databases.

This analysis is discussed and some face databases are
tabulated in the face databases analysis section. Image
pre-processing steps are illustrated in the images pre-
processing section with their obvious effects on the
used face images. Then a general discussion about the
structure of the face images database is described in the
face database structure section.

8. Face Databases Analysis

Human face in computer vision is a multidimensional
and complex object. There are many parameters which
make a face subject to change [28, 53]. Such parameters
are aging, pose orientation, head size and face
obscuring (eyeglass effects) [53]. Many human face
databases are designed and have been introduced to
evaluate face detection and recognition algorithms. For
instance, ORL, MIT, Cambridge, Bern, YALE B database,
FERET, AR, AT&T and FEI face databases are the most
widely used face databases [28,53]. These face
databases are used in face recognition experiments
under various conditions such as different facial
expressions, illumination conditions, face poses, images
backgrounds, etc. All these face databases are freely
available for academic research purposes and can be
downloaded from the official source link of face
recognition [54]. Some of these face databases are
analyzed and listed in Table 2 as below.

Table 2. Face databases analysis

Database Total No. of Images Size No. of samples No.of No.of Images Images Facial Expressions
Name Images Individuals & per subject Females Males Format Type P

FEI Face 2800 200 64Qx480 14 100 100 PG RGB twc_) expressions neutral and

Database pixels smiling
different lighting, facial

ORL Face 92x112 256 expressions (open / closed eyes,

Database 400 40 pixels 10 4 36 PGM Grey smiling / not smiling) and facial
details (glasses / no glasses)
smile, surprised, neutral,

Yale Face 80x80 256 annoyed, open eyes and closed

Database 165 15 pixels B 1 14 GIF Grey eyes, glasses/without and
different light conditions

Indian Face 640x480 256 four expressions neutral, smile,

Database 440 40 pixels 11 20 20 JPG Grey laughter, sad/disgust

8.1 FEI Face Database

The FEI face database based frontal face view is mainly
d in this project for testing and evaluating the
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conducted face recognition system in this project. This
face database is a Brazilian face database which
contains a large set of face images. The face images in
this database were taken between June 2005 and March
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2006 at the Artificial Intelligence Laboratory in Sao
Paulo University in Brazil. This database contains face
images of different members of the university staff and
students. In general, this face database is used for
research purposes due to its large number of face
images and variety of illumination conditions and face
rotation with up to 180 degrees. Figure7 shows some
samples of FEI face images [54].

The FEI face database has 2800 face images. The images
resolution is arranged at 640 by 480 pixels. The total

number of individuals or distinct subjects is 200 subjects in
which each subject has 14 samples with different face
rotation angles. Mainly, there are two facial expressions
that are considered in this database: neutral and
smiling expressions [24]. The number of males and
females in this face database are equal (100 males and
100 females).

A subset of the FEI face database is taken to carry out
the experiments for testing and evaluating the face
recognition system performance of this research.

Figure 7. Samples of FEI ace database images

8.2 Face Database Structure

Face images are the main input data to any face
recognition system. In this work, a subset of face images
is taken from FEI, the Brazilian face database and used
to test and train the face recognition system the
methods PCA and ICA. This subset of the FEI face
database is divided into two main datasets, testing and
training datasets.

In this project, the structure of the selected face
database is described as follows:

In the training dataset, a total 160 images are used in
which 80 individual subjects of 40 males and 40 females
are selected. For each of these 80 classes (subjects)
there are two samples provided with two main facial
expressions: neutral and smiling. The images labeling of
the training dataset is designed to make each two
sequence numbers belong to one particular individual.

For example, a face image with the sequence 1 and a
face image with the sequence 2 belong to a particular
class. Successively, a face image with the sequence 3
and a face image with the sequence 4 belong to another
subject and so on.

Figure 8 shows samples of training images with their
labeling scheme. On the other hand, the test dataset has
a total of 40 images of 40 individual subjects which
consist of 20 males and 20 females in which each
subject has one sample image. Figure 9 shows samples
of test dataset images with the same images labeling
scheme of their classes in the training dataset. All the
face images are converted from RGB colored images
into grayscale (black and white) in order to increase the
speed of the mathematical calculations and reduce the
time consuming and memory usage. Then, the size of
the face images is changed from 640 by 480 pixels into
64 by 64 pixels which results in reducing the dimension
of the face images.

Figure 8. Samples of training images with labeling

Figure 9. Samples of test images with labeling

International Journal of Technological Sciences

111

e-ISSN 1309-1220



Israa Alsaadi, Performance comparison of PCA and ICA algorithms-based face recognition system

9. Images Pre-processing

The major objective of face recognition systems is to
achieve a high level of accuracy in recognizing given a
set of face images [55]. Generally, in computer vision
any given image is made of a contribution of a huge
number of small units called pixels. The quality of image
pixels has a vital impact on the pattern classification
process of the face recognition system. In order to
enhance the efficiency and reduce the computational
complexity of face recognition algorithms, image pre-
processing is a fundamental and important process
which must be applied on the input images to the face
recognition system. Pre-processing of face images is a
vital and significant step in any face recognition system
due to its direct effects on the system performance [13].
Therefore, many factors can decrease the system
accuracy if the input images will not be pre-processed.
Such factors are the quality of face images and the size
of the images, etc. Hence, these factors affect facial
features detection and classification efficiency.
Therefore, various image pre-processing techniques
exist and are widely proposed for this purpose. Such
techniques are normalization, scaling, cropping,
resizing and image resolution, etc. The block diagram of
the adopted images pre-processing steps is described in
Figure 10 below [13].

Colored
images Images Images Images
graying scaling cropping
Normalized — Imagts ,
images normalization

Figure 10. Images pre-processing steps

After detecting the facial features regions in the input

face images, some pre-processing steps were conducted.

As shown in Figure 10, the first step is collecting a group
of color face images from the FEI face database. Then,
converting these images into grayscale in which black
and white images are obtained which greatly reduces
the large amount of data size. Then, scaling the face
images was done so the final images all have one size
(64 x 64) pixels whereas the original face images have
large size with (640 x 480) pixels. In images cropping,
the most important features were captured and the rest
areas were discarded in order to increase the system
recognition efficiency. Figure 13 shows a sample of pre-
processed face images which is taken from the FEI face
database. The data density of the pre-processed face
image is plotted as image histogram in Figure 14.

International Journal of Technological Sciences

Figure 11. Sample of face image without images pre-
processing
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Figure 12. Histogram of face image without
image pre-processing

Figure 13. Sample of a face Image with images pre-
processing
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Figure 14. Histogram of a face image with images pre-
processing
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10. Introduction to PCA and ICA Mathematical
Theories

This section discussed in details the mathematical
theories of the PCA and ICA along with their arithmetic
formulas.

10. 1 Introduction to PCA Mathematical Theory

The PCA method is one of the most successful
applications of the subspace scheme that is discussed in
an earlier section of this paper. The general procedure
of the PCA method in the face recognition system based
on the subspace scheme is to seek for the most variance
in the facial features of a set of face images. Then, PCA

components which represent the basis features of the
original face images [18]. In other words, the PCA tries
to project features vectors which reveal the most
important information given a set of face images [17].
These projected vectors are called Eigenfaces.
Eigenfaces are the principal components of a group of
face images. The PCA introduces the basis components
of each face image as a low dimension face space based
on the corresponding eigenvectors to the high
eigenvalues of the covariance matrix [16,32]. This
means that each face image is represented as a
combination of the feature spaces which are spanned by
a number of eigenfaces [28]. The block diagram of the
PCA method based on the subspace approach is
illustrated in Figure 15 [17].

reconstructs these images into the principal
Mean
Face
New D Normaliz
Image ation

Basic vectors calculated with a certain subspace

approach Eigenfaces for PCA)
Figure 15. Block diagram of PCA method based the subspace scheme

The following steps illustrate the processes of the PCA
method in face recognition system:

(1) By considering a set of training face images are
stored in a data matrix of size m*n, m represents the
number of face images in which each column of the
matrix represents one image in the dataset [11]. In this
project, the total number of training face images are 160
which means that the data matrix has m = 160 columns.
The dimension of each image is 64 x 64 pixels, so n =
4096 which represents the number of the features in
each image.

(2)

(2) The second step is calculating the mean face (the
average face) of the original training face dataset (m).
Figure 16 shows the mean face that is generated by PCA
method. This mean face is calculated as written in the
equation below:

= 1aom g
I= IE!:.‘[ Ii (3)
(3) In order to calculate the mean adjusted images, first
the mean face that is obtained from formula 2 (Equation
3) is subtracted from the whole face images of training
dataset using the equation below:
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Figure 16. Sample of mean face calculated by the PCA
method

Calculating the covariance matrix C by using the
formula below:

C=9¢-0'
where @i = @1, ¢2,... pm.

(5)

(4) By creating the covariance matrix (C) in the
previous step using (Equation 5) eigenvectors and their
correspondent eigenvalues can be obtained as follows:

CV=2AV (6)

where V represents a set of eigenvectors with their
associated eigenvalues A. By the selection of
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eigenvectors based on their corresponding eigenvalues
and sorting the eigenvectors Vi € V according to their
associated eigenvalues Ai € A from high to low where Vi=
V1,V2,..,Vm [11]. Therefore, these mean adjusted
images () that are calculated in (3) will be projected
into the eigenfaces. In the classification process, each
new test image should be mean centralized by
subtracting the mean face. This means, each test image
after subtracting the mean face it will be projected into
the eigenfaces. The classification process compares
each projected test image with those eigenfaces
(principal components) that are decomposed from the
training images [11]. Figure 17 shows samples of the
eigenfaces which are generated by PCA method in this
work.

|
—
, —_

Figure 17. Samples of eigenfaces generated by the PCA
method

The PCA method has been widely deployed as an
effective computational technique in the face
recognition system for dimensionality reduction. In
addition, PCA is an efficient statistical method for face
representation due to its simplicity, the fast
computations and the learning capacity. In spite of
these advantages of PCA, however, it has some
disadvantages. Examples of such drawbacks of PCA are

the extensive computations and the complexity in
dealing with large data size of face images (3D face
images). Due to the large dimension of such data and its
huge covariance matrix, the computations of
eigenvectors are time-consuming [16,31,32].

10.2 Introduction to ICA Mathematical
Implementation

Many algorithms are introduced to implement ICA
techniques in the face recognition system. For example,
Infomax algorithm and Fast fixed-point type (FastICA)
algorithm are the common functions of this method. In
this work, the FastICA algorithm is used to implement
the ICA method for the estimation of the independent
components. The ICA in face recognition system
performs under one of two distinct architectures,
Architecture 1 and Architecture II [35,40,43]. The
whitening step is involved in the FastICA algorithm
during the estimation process of ICs by ICA technique.
Figure 18 illustrates the main processes of ICA
technique in this project. More details about the
whitening process can be found in [56]. Firstly, PCA
treatment based on the subspace scheme is applied to
constructing the eigenfaces. Then, the approximate
Newton iterative is applied in the FastICA algorithm, a
mixed matrix is generated and finally independent
components of ICA are obtained [40]. The theoretical
analysis of ICA processes and its baseline mathematics
is illustrated as follows [43]:

| Data r—’l PCA }——ﬂ Whitening }——'I ICA |——'| C]assiﬁcalion|

r
| PCA features | | Whitened PCA features

l Ir(’Aﬂ’amres |

Figure 18. Block diagram of ICA method in face recognition system

Suppose that given n linear random observed variables
x1,x2,x3...., xn , these n mixture variables are the ICs
[39,40,46]. As written in the equation below:
X=(x1,x2...,xn) (7N
The nindependent components are obtained from the n
independent non-Gaussian variables as S=(s1,s2, ..., sn)
[39,40,46]. So, the observed data vector Xi which is
based on linear combination of the original variables Sn
can be calculated as written in the equation below:
Xi=ailS1 + ai2S2 + ... + ain Sn (8)
Where i =1,2,..,n, ai are the random coefficients or
independent components. The above formula can be
also derived from the below equation:

X =As 9)
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By considering the linear combination of Xi as an
estimating for one of the independent components as
y=bT X, where b is the uncertain vector [39,40].
Therefore, the relation y=bTX can be derived in another
way using the equation 9 when an assumption of g= bT4,
then:
Y=bTX=qTS$S (10)
In Figure 19 shows samples of the independent
components that are generated by ICA.

e
>

Figure 19. Samples of independent components
generated by ICA method
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However, in the face identification system each image is
represented as a column of feature vectors. By giving n
training set and n observation vector, X can be derived

[40]. So, in order to obtain m basis images based on ICA
method as written in the equation below, where W is
the mixed matrix:

U=wx (11)

In order to calculate the face feature vector of given a
test image, y is being bleached and centered, then the
test image y will be projected into the basis images m
[40].

Z=Uy (12)

Figure 20. Sample of mean face calculated by ICA
method

Figure 19 shows a plot of the mean face that is obtained
by ICA method in this research. Also, Figures 21, 22 and
23 illustrate the data variance and the intensity of the
mean face, the mean adjusted images and the
covariance matrix that are generated by ICA technique
in the proposed face recognition system of this project
consecutively.
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Figure 21. Data variance of the mean face calculated by
the ICA method
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Figure 22. Data intensity of the mean adjusted images
of the ICA method
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Figure 23. Data intensity of the covariance matrix of
the ICA method

11.3 Introduction to Euclidean Distance
Mathematical Implementation

ED classifier from the images classification point of
view is considered as a popular technique for the
images distance measure due to its simplicity in terms
of the classification of different patterns. In this project,
ED is used for the identity classification of a set of
unknown face images. The general theory of ED
classifier in the face classification is explained as
follows:

By assuming that x,y are two M by N images. When x =
(x1x%..xMN) and y =( y'y2..,yMN), where xKN+1,
yKN+1 are gray level points at the location (K1) [50].
Then, the Euclidean Distance dE(x,y) can be calculated
by the following formula:

g (1) = SN (k- kT (13)
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In order to implement ED classifier based the MATLAB
libraries, the following scenario was applied as
explained below:

Firstly, a set of input test images in both the PCA and the
ICA methods are read and stored in the MATLAB matrix.
Then, the mean face that is calculated by PCA will be
subtracted from the test images matrix in order to
generate the feature vector. The projected features that
are generated by the PCA and the ICA will be used in the
classification task. Hence, the ED classifier will measure
the distance with the highest similarity between each
input test image with the projected feature vectors of
the input training images. Distance measurement of the
ED is implemented using a function called (arrayfun)
when the feature vector of each test image will be
matched with those feature vectors of training face
images.

12. Results Discussion

Set of experiments are carried out to study the
robustness of the two subspace methods the PCA and
the ICA against a variation in noise conditions. In this
chapter, the experimental results are discussed. The
face recognition system is implemented using two
dimensionality reduction techniques are the PCA and
the ICA and one classifier is the ED for the face
classification process. All the experiments are
performed for the performance comparison of the PCA
and the ICA using ED as an implementation of the face
recognition system. Different noise levels are applied
on the input test images of the FEI face database. The
quality of the test images was amended as an evaluation
of the system robustness against a set of face images
with low resolution. Both of the testing and training
images datasets were pre-processed in order to
increase the computational speed of the PCA and the
ICA methods and to improve the accuracy of the
classification performance.

The pre-processing steps have included reducing the
size of the training and testing face images from 640 by
480 pixels into 64 by 64 pixels. Also, the located face
area was cropped and converted from RGB images (Red,
Green, and Blue) into grayscale images (black and
white) in order to reduce the computations that are
generated from the large dimensions of the data. The
Euclidean distance classifier was used to classify the
testimages. In each experiment there was an increment
on the number of the principal components that are
generated by the PCA and the ICA.

The number of projected images was gradually
increased in each experiment starting from 20, 30, and
40 till 50. This increment in the number of PCs has
improved the performance of the PCA method in all the
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experiments. On the other hand, the ICA method
showed a decreased performance while increasing the
number of the ICs. In general, the ICA was highly
affected by the noise effects when the number of the
independent components was more than 30. In all the
experiments, a very small deviation is recorded of the
PCA performance against all the applied noise
conditions whereas FastlICA showed a very large
deviation in the test cases. When the number of the
projected images is 20, the PCA showed its lowest
performance in Experiment 5 in which 82% accuracy
rate was achieved. In contrast with the experiments 1,
3, 6 and 9, the PCA achieved the highest level of
accuracy with 100% successful recognition when the
number of the PCs was 20.

When a slight increment was added while generating
the PCs to 30 basis images, PCA obtained better results
with 90% success rate in comparison to its
achievements when the number of PCs was 20. PCA
performance was obviously improved in which 92 %
accurate results were recorded when the number of the
projected images was increased to 40 and 50. The PCA
performed 100% success rate which is the highest level
of performance when 40 and 50 PCs were efficiently
projected from the initial face images. In this research,
the PCA as a dimensionality reduction method has
efficiently performed in most of the experiments.

An average of the recognition performance is taken for
the best three achievements of the PCA and the ED
classifier. In the experiments number 1, 2 and 9, 98.6 %
accuracy rate was attained by the PCA technique in
comparison with the ICA performance. According to the
ICA performance in this project, an obvious deviation
was recorded of this method due to ICA being highly
affected by the applied noise levels in which the ICA
could not generate better basis images. The minimum
performance of the ICA method was recorded in
experiment 8 when the number of the independent
components was 20 due to the noise effect that was
applied on the test classes. There are two main reasons
behind this decreased performance of the ICA method.
First, the FastICA library, with its whitening process
that is involved in the implementation of the ICA
method, has affected the projection of the independent
components by the ICA [43].

The second reason in which the ICA showed marked
decrement in the performance is that the increments on
the number of projected images have raised the loss of
the most significant information in the facial features. In
other words, the ICA generated the ICs with
insignificant facial features information. Therefore, the
ICA performed lower than PCA in some of the test cases
especially in experiment number 3, 5, 6 and 8 while
increasing the number of the projected images. The best
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three achievements of the ICA were recorded in the
experiments number 1, 2 and 9. Therefore, an average
performance of the ICA was recorded with 87.0%
recognition rate. However, extensive experiments have
reported that the PCA outperformed the ICA in some
cases while other studies concluded that the ICA
outperformed the PCA based on the above scenario
[43].

100
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96 mPCA
94

92 +
90
B8
B6
84
82
80 -

Recognition Rate (%)

Figure 24. Experimental results comparison of PCA
and ICA using ED classifier

In addition, PCA performed with less computational
cost than the ICA. Due to the large number of iterations
and the whitening process that are applied while
generating the basic features of the ICA method. The
time consumed by ICA processes was more than in the
PCA method. Therefore, the PCA generated the
principal components faster than ICA. The proposed
work in [58] introduced an efficient approach of face
recognition using the PCA for features extraction and
the Minimum Distance Classifier (MDC) for face
classification. The research in [58], a number of
experiments were carried out on a subset of face images
that are selected from AT&T face database for
evaluating the introduced system performance. They
provided many samples with different facial
expressions for each individual class or subject in the
training dataset. Their proposed method achieved a
96.7% success rate. An optimal fusion of different
subspace methods such as PCA, LDA, LPP and ICA1
(Architecture 1) was suggested by the researchers in
[59].

The performed experiments in their research were
carried out on different face databases such as ORL and
YALE databases with different test conditions. They
obtained results which showed that PCA achieved a
90% successful recognition rate whereas ICA1l
performed 88.12% accuracy rate. An evaluation is
conducted by the authors of [60] on the performance of
PCA-based face recognition systems in which their
research has attained interesting results. In their paper,
different experiments with different numbers of
subjects were performed using PCA for features
extraction and the Nearest Neighbor (NN) approach for
classification on the MUCT face database. The obtained
results exceeded 97% recognition rate. In Table 3,
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different results are tabulated of different face
recognition systems that are proposed by several
researchers as a comparison with the obtained results
of this work.

Table 3. Experimental results comparison of different
proposed systems

Authors Methods Face Recognition
Database Rate (%)

[58] PCAand MDC AT&T 96.7

[59] PCA ORL 90

[59] ICA1 ORL 88.12

[60] PCAand NN MUCT 97

Proposed system PCA and ED FEI 98.6

Proposed system ICA and ED FEI 87

As shown below in Figure 25 and Figure 26 the
performance comparison between the results of the
adopted face recognition system in this work and other
systems performances that are proposed by other
researchers.

In Figure 25, the PCA performance is compared with
three experimental results in which the PCA
performance in this research achieved a 98.6 %
accurate recognition rate even though the 40 test
classes which are chosen as test images have just two
samples for each individual class in the training dataset.
Other researchers have provided more training
samples for each individual subject in order to improve
the system performance. In addition, the test images
had decreased resolution when different noise levels
were applied in order to evaluate the system
robustness with low resolution. In regards to the ICA
performance, Figure 26 shows experimental results of
other researchers that are compared with the ICA
results of this research. It illustrates that the ICA has
slightly lower performance in comparison with the
proposed system performance in which the ICA
obtained 87% accuracy rate. Different experiments
were carried out in this work with different noise as
system robustness evaluation. From the experimental
results, an average performance with 98.6%
recognition rate was obtained by the PCA and Euclidean
distance classifier. On the other hand, the ICA with the
ED classifier achieved 87% recognition rate. Table
obviously shows that the PCA outperformed the ICA
whereas the ICA was more sensitive to the noise
conditions than the PCA in which the PCA method was
less affected and showed a better capability to perform
effectively. This concludes that the system performance
highly depends on face image quality. The future
progress is suggested to extend the efficiency of the
proposed face recognition system. Extensive research
will be conducted on increasing the system capability in
terms of performing in an uncontrolled environment
especially when the face images are taken under
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different light conditions and illuminations. In addition,
other prospective aspects can be approached to
maximize the system accuracy. For instance, the
nonlinear combination of different face recognition
algorithms such as PCA, ICA and LDA. Such a
combination of the multi methods in face recognition
systems can be considered as challenging. Also, a
comprehensive investigation will be exerted on the face
classification methods in which more powerful and
complex techniques will be studied for the maximum
efficiency of the system performance. For example,
SVM, Artificial Neural Network (ANN) and Multiclass
Neural Network (MNN) can be applied to increase the
classification accuracy when an efficient pattern
recognition method will be applied.

W PCA By Imran etal. (2013)

B PCA and MDC By Bag and Sanyal (2011)

m PCA and NN By Jun-Horng Chen et al. (2013)

W PCAand ED classifier By the proposed System (2014)
Figure 25. Experimental results comparison of PCA in
different proposed systems
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Figure 26. Experimental results comparison of the ICA
in different proposed systems
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0z: Gelisen teknolojiler ve artan niifusla birlikte hem elektrik, hem de 1sitma amach kullanilan
fosil yakitlar kiiresel 1ssnmada en biiytik faktor olan karbondioksit (CO2) salinimi miktarlarini
arttirmaktadir. Bazi binalarin 1s1 yalitiminin iyi olmamasi, elektrik iletim ve dagitimdan
kaynakli kayiplarin fazla olmasi konutlarda harcanan elektrik oraninin yiiksek kalmasini
saglamaktadir. Bu ¢alisma ile model odada Trombe duvari etkisiyle ¢alisan yar1 saydam-binaya
entegre fotovoltaik sistemin akilli uygulamasi ile, giines enerjisini hem aktif hem de pasif
olarak ayni anda kullanarak giinesten maksimum verim elde edilmesini saglamaktadir. Bunun
sonucunda binalarda hem 1s1 yalittimini saglarken hem de elektrik iiretilmektedir. Yapilmis
olan iki model odada Trombe duvar etkisiyle ¢alisan yar1 saydam fotovoltaik sistemin 0.4°C
hassasiyetli sicaklik 6lcerler ile Arduino mega 2560 kullanilarak veri toplayan kart imal
edilerek hesaplanmistir. Subat-Mayis ay1 gibi gii¢ bir donemde yapilan ilk deneysel calismada
giines panelinin a¢isinin dik olmasi ve yar1 seffaf hiicre yapisinin veriminin muadillerine gére
daha diisiik olmasiyla da ancak 14.93 kWh enerji liretilebilmistir. Subat ayinda 100 k], Mart
ayinda 77,85 k], Nisan ayinda 97.66 k], 1-10 Mayzis tarihleri arasinda 49.93 k] ve toplam 92
giinde 325.44 K] enerji tasarrufu saglanmistir. Boylece odalardan ayr1 ayri veriler toplanarak
detayli olarak farklar1 incelenmis ve alternatif modelin neler sunabildigi goriilmiistiir.
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Abstract: The emission of carbon dioxide (COz), which is the biggest factor in global warming,
increases the use of both electricity production and heating with the developing technological
innovations and increasing population. The poor thermal insulation of some buildings and the
high losses due to electricity transmission and distribution ensure that the rate of electricity
consumed in residences remains high. In this study, with the smart application of the
translucent-building-integrated photovoltaic system working with the effect of the Trombe
wall in the model rooms, it provides maximum efficiency from the sun by using the solar energy
both actively and passively at the same time. As a result, it provides both thermal insulation
and electricity generation in buildings. Two model rooms are prepared and the 0.4°C accuracy
temperature sensor of the semi-transparent photovoltaic system working with the effect of the
Trombe wall is prepared and the data collecting card is produced using Arduino mega 2560
and calculated. In the first experimental study carried out in a difficult period such as February
to May, only 14.93 kWh of energy could be produced due to the steep angle of the solar panel
and the lower efficiency of the semi-transparent cell structure than its counterparts. Data are
collected separately from the two model rooms, and their differences are examined in detail
and it is seen what alternative models could offer. Energy savings of 100 k] in February, 77.85
k] in March, 97.66 K] in April and 49.93 k] between 1-10 May and 325.44 K] in total 92 days are
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achieved. Thus, separate data are collected from the two model rooms and their differences
are examined in detail and it is seen what alternative model could offer.

1. Giris

Glinimiizde, diinya enerji ihtiyacinin biyik bir
boliimiinii karsilayan fosil yakitlar, tiiketimi hizla
artmaktadir. Ozellikle de gelismis iilkelerin fosil yakit
taleplerinin daha fazla oldugu goriilmektedir. Buna
karsin bu rezervler ayni olgiide artmamaktadir.
Enerjiye yonelik talep artmadan sabit kalsa bile, bu
yakit rezervlerinin sinirli olmasi nedeniyle, cok da uzak
olmayan bir gelecekte tiikenecegi tahmin edilmektedir.
Enerji ihtiyacinin siirekli arttigi, ancak rezervlerin
giderek azaldig1 bir ortamda enerji kaynaklarinin etkin
bir sekilde kullanilmasi1 6nem kazanmaktadir.

Geleneksel bir Trombe duvari, giiney cepheye bakan bir
beton ylizeyli bir duvardir. Basit konfiglirasyon, yiiksek
verimlilik, sifir isletme maliyeti ve benzeri avantajlar
nedeniyle son yillarda yaygin olarak kullanilmis ve ¢ok
gelismistir. Bununla birlikte yayginlasmasin1 ve
uygulamasini sinirlayan 6nemli etkenlerden biri de
kararmis masif duvarin yarattigl estetik olmayan
ozelligidir. Bircok teorik ve deneysel arastirma, Trombe
duvarinin 1s1 transferi, dinamigi ve performans
analizine odaklanmistir [1].

Bina sektoriiniin kiiresel enerji tiiketimi, toplam CO2
emisyonlarinin yaklasik %40'indan sorumlu olan
yaklasik %36'dir. Binalar ayrica her yil %2,5 biiyliyen
kiiresel elektrigin %55'inden fazlasim tiiketiyor.
Binalarda enerji tiiketimi, enerji yonetimi semalari
kullanilarak azaltilabilir. Buna paralel olarak, enerji
iretimindeki hizl artis, kar ortiilerinin erimesi, kiiresel
1sinma, stratosferik ozon incelmesi, kuraklik ve
¢ollesme, kasirgalar ve tsunamiler vb. gibi olagantistii
iklim degisikliklerini tetikleyen kritik ¢evresel
sorunlarla sonug¢lanmistir [2][10].

Pencere/cephe gibi binaya entegre yar1 saydam
fotovoltaik (STPV) sistem giinimiizde giderek daha
cekici hale gelmistir. Bunun en 6nemli nedeni yari
saydamligin getirecegi aydinlik hissiyle, elde edilebilen
elektrik enerjisi kazanimi {iriinii ¢ekici kilmasidir.
Ancak, pencerelerden kaynaklanan 1s1 kazanci veya 1s1
kaybi, binanin enerji tiketimini artiran zayif 1s1 yalitimi
nedeniyle biytktir. Bu sorunu ¢ézmek igin cesitli
gelismis enerji tasarruflu pencereler gelistirilmistir.
Gelismis pencerelerin bir tiirii olan PV pencereler, yari
saydam PV camlarn siradan pencerelerle birlestiren
hibrit sistemlerdir. PV camin yari saydamligi nedeniyle,
pencereler ve i¢ duvarlar arasindaki parlaklik kontrasti
kiigtiktiir, bu da yumusak 1s1k saglayabilir ve parlama
riskini azaltabilir. PV camin goélgeleme 6zelliklerinden
dolay1 giines 1s1s1 kazanci da azalir. Bu nedenle, PV
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pencereler sadece elektrik enerjisi tiretmekle kalmaz,
aynm1 zamanda gorsel konforu arttirir. STPV entegre
pencere sistemi, dogrudan giinesin 1s1 veren dalga
boylarini kullanir. Bu da 1s1 kazanimini ve kaybini
dogrudan etkiler. Ayrica STPV pencere sistemi icin
ylizey sicakliginin en 6nemli faktdrlerden biri oldugunu
gozlemlemislerdir. Yiizey sicakligi, bina sakinlerinin
termal konforunu ve STPV modiiliiniin enerji liretimini
dogrudan etkiler. Ayrica, STPV modiilleri bir binada dis
zarf olarak kullanildiginda, sistemin asir1 1sinma
olasiligl yiiksektir. Bu nedenle, STPV penceresinin
tasariminda, pencerenin asirl i1sinmasini onleyen ve
pencereden kritik 1s1 kaybi/kazanimini o6nlemeye
yardimci1 olan bazi stratejiler gereklidir [3][10].

L. Xu ve ark. (2021) ¢ift hava kanali ve faz degisim
malzemesi ile entegre bir hibrit PV termal duvar sistemi
tanitilmistir [4]. Maghrabie ve ark. (2021), Wang ve ark.
(2021) calismalarinda binaya entegre fotovoltaik
sistemin (BIPVT) 1sitma fonksiyonlusuyla
calismislardir. BIPVT sistemi, net sifir emisyonlu
binalar elde etmek i¢in yenilikei, pratik ve umut verici
bir uygulama olarak o6nemlidir [2][13]. Kundakci
Koyunbaba ve Yilmaz (2012) Trombe duvarinda cift
katmanli cam panel ile aksamlar1 daha iyi yalitim
saglanarak c¢alistirilmistir. Ancak giindiizleri tek
katmanli cama gore daha az gilines radyasyonu elde
edebilecegi belirtilip ve gece boyunca tek katmanli
camin panjurlu kullanilmasini 6nermislerdir [5]. Stazi
ve ark. (2012) ise Trombe duvari iizerinde kapsaml bir
calisma yiriterek, cift katmanli cam panelin, tek
katmanli bir cam panele kiyasla Trombe duvarinda
1sitma  performans1  agisindan Onemli 6lgiide
iyilestirebilme sonucu gostermistir [6]. Jie ve ark.
(2007) DC fan destekli PV-Trombe duvari (PV-TW)
calismasini incelmislerdir. Orijinal PV-TW modeline
dayanarak hazirlanan tasarimla, DC fanh ve fansiz
olarak PV-TW icin teorik simiilasyonlar yapilarak
incelenmistir. Ayn1 zamanda, modeli dogrulamak i¢in
bu iki vaka i¢in saha testleri yapilmis ve daha sonra
simiile edilmistir. Sonu¢ olarak 1s1 artmasina Kkatki
sunmustur [7]. Ma ve ark. (2019) giines sistemlerinin
bina kabuguna entegrasyonu, enerji verimliligini
artirmaya katkida bulunabilir. Ancak, bu sistemlerin 1s1l
performanst  icin  hesaplama  metodolojilerinin
olmamasi, binalarda kullanimini etkilemektedir. Bir
ofis binasi icin kompozit Trombe duvarinin isitma
potansiyeli, dinamik termal yiik hesaplama yazilimi
THERB for HAM kullanilarak tahmin edilmistir [8]. Yine
gelistirilmis Trombe duvarinin 1sitma o6zelliklerinin
arastirilmasi iizerine sayisal bir ¢calisma yapilarak ve
ticari bir yazilm ile CFD tarafindan olusturulan
gelistirilmistir. Trombe duvarinin {i¢ boyutlu modeline
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dayali olarak, gelistirilmis Trombe duvari ile geleneksel
bir Trombe duvari arasindaki 1sitma o6zellikleri
karsilastirilmistir Zhang ve ark. (2021) tarafindan [9].
Baska bir ¢alismada ise bu sefer fotovoltaik hiicreler,
CdTe hiicreleri ile entegre edilmis cift cidarl
havalandirmali bir pencere tasarlanmis ve test techizati
kirsal bir binada insa edilmistir. Onerilen pencerenin
matematiksel modeli gelistirilmis ve deneysel verilere
gore dogrulanmistir Wang ve ark. (2021) tarafindan
[10]. Isitma uygulamalarinda PV-Trombe duvarli
binalarda saglanacak aylik enerjiyi belirlemek i¢in SLR
yontemi kalibre edilerek ayni bina iizerine kurulmus
ancak farkli lokasyonlarda bulunan PV-Trombe
duvarlarinin gercek kosullarindaki enerji
performanslarinin elde edilmesini saglayan TRNSYS
similasyon programi kullanilmistir Wang ve ark.
(2022) tarafindan [11]. Yine bir baska ¢calismada Zhang
ve ark. (2022) 1s1 iireten binaya entegre fotovoltaik
pillerle ¢alisacak sistemin BIPV/T ve Yapay Zeka
Ag1(ANN) kullanilarak  ideal degerleri bulmaya
calismiglardir [12].

Bu calisma ile literatiirde siklikla ¢alisan farkl farklh
sistemlerin bir degisik korelasyonu saglanarak daha
ideallestirilmis bir model ortaya ¢ikarilmaya
¢alisilmistir. Bu tasarlanan sistemle birlikte 6zgiin bir
tasarimla yeni sistemin daha verimli ¢alisan bir model
olmasi amaglanmistir. Bu amagla Trombe duvari
etkisiyle yar1 saydam gilines paneli ve bir kontrol
mekanizmasi ile pek ¢ok fayday: bir araya getirerek
siirdtrilebilir bir model saglanmaya c¢alisilmistir. Bu
¢alisma kapsaminda gilines enerjisinden aktif ve pasif
anlamda yararlanmanin incelenmesi amaci ile 2 farkl
deney diizenegi kurulmustur. Bu deney
diizeneklerinden 6 Subat 2021- 10 May1s 2021 tarihleri
arasinda veriler alinarak incelenmistir.

2.Materyal Metod

Yapilmis olan deney diizenegi ile giinesten ise aktif ve
pasif anlamda yararlanilmistir. Bu ¢alismada model bir
odada Trombe etkili saydam giines panelinin akilli
uygulamasi incelenmis olup bu dogrultuda analizleri
yapimistir.

e Deney diizeneginde esit hacimlerde iki adet
oda hazirlanmistir.

e (Oda igine giiney cepheye bakan taraflarina bir
adet (4+12+4) mm Kkonfor 1s1 camlarla kaph
PVC pencere yerlestirilmistir.

e PVC pencerenin 6n kismina bosluk birakilarak
yar1 saydam giines paneli yerlestirilmis.

e PVC pencerenin yan boliimiinde 300 mm tugla
kalacak bir sekilde alg1 levha ile etrafi
kapatilmistir.

e Yapilan ¢alismada odalara esit ylikseklikte
glines gormeyen kisimlara ve dis hava
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sicakligini 6lgmek iizere sicaklik sensori
koyulmustur.

e Sicakliga baghh deney diizenegi pencerenin
acilip kapanmasini saglanmaktadir.

o Pencere sistemine eklenen aparat ile
soguk zamanlarda sistem igerisinde 1s1
kaybinin engellenmesi, 1sinin ortamda
tutulmas1 ve tutulan 1siin sicaklik
degisimi sonucu pencerenin otomatik
olarak acilmasi ile ortama iletilmesi
saglanmistir. Boylece odadaki 1sil
konforun korunmasi, yari saydam
giines panelinin  uygun calisma
sicakliginda tutulmasi ile enerjinin
daha verimli kullanilmasi saglanmistir.

e Sensor ile iliski kurulmasi ve 1. odada daha
onceden  koydugumuz step  motorunu
tetiklenmesi ve pencerenin ac¢ilip kapanmasini
saglanmas1 i¢in Arduino mega 2560
kullanilmis ve yazilimi yapilmistir.

o Sicaklik verilerin alinip kaydedilmesi
icin Arduino mega 2560 ile uyumlu sd
kart modiilii kullanilmistir.

Yar1 saydam giines panelinden giinliik olarak iiretilen
elektrik akiide depolanmasi saglanip akim-gerilim dlger
sistemi ile {lretilen enerjinin tespiti ve kayitlar
tutulmustur.

2.1.Deney Diizenegi Tanimlamalari

Esit hacimlerdeki ve ayni konumdaki, deney
diizenekleri giines gérmeyen uygun noktalara sicaklik
sensorleri birakilmis olup, SD kart modiilii ile anlik
sistem icerisindeki sicaklik verilerinin kaydi alinmistir.
Calisma da Ispartailinde 2021 yilinda subat, mart, nisan
ve mayis aylarinin sicaklik verilerini incelenmis ve
proje diizeneginin bu aylardaki farklilik gdsterilen
grafikler arastirma ve bulgularda belirtilmistir.

Sekil 1’de 1l.odanin yari saydam gilines panelinin
arkasinda kalan hacim, 1l.oda 2. bolge olarak
adlandirilmis ve Trombe etkisinin olusumu izlenmistir.
1.0danin igerisi ise 1.b6lge olarak adlandirilmistir.
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2
8
3
3

1.odadaki yar1 saydam panelin hemen arka béliimiinde
tugla ve PVC pencere bulunmaktadir. Buradaki tugla ile
1s1 depolamas1 yapilabilmesi saglanmaktadir Tablo
2’deki o6zelliklerde.

Tablo 2. Yatay delikli tuglanin 6zellikleri

Sekil 1. 1.0danin boyutlar1 ve bolgeleri

Kullanillan yar1 saydam giines panelinin o6zellikleri
Tablo1’de verilmistir.

Tablo 1. Yar1 saydam giines pilinin 6zellikleri

Modiil Tipi ST1-72

Gii¢ Cikist P w 72

Voltaj=P,, .o Vst v 87
Akim=P,__, [ A 0.82

Acik devre voltaji Voc v 116

Kisa devre akim Isc A 0,88

Panelin eni 1200 mm Panelin boyu 600 mm
Panelin kalmh@ | 6.8 mm Panelin agurhg 11.8Kg
Sicakhik . Cadmium
Katsayilar Isc am0.060%7C Hitere tipt Telluride(CdTe)
Sicakhik B=-0321%/°C Avka Cam Temperli/RenklyUV

Katsayilar Voc koorumal/32 mm

Sicakhik Kablo(uzunluk/kesit
7=-0.214%/°C
Katsayilar1 Pm alani)

700 mm /25 mm

2.0dada sadece PVC pencere ile olustugu i¢in olusan tek
hacme 3.bolge adi konmustur Sekil 2’deki gibi. Sekil 1
ve 2’deki numaralandirmalar tarif etme kolaylig
saglanmasi i¢in konulmustur.

Sekil 2. 2.0danin boyutlar1 ve bolgesi
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Boyut 1919135 cm | 1 iletkenlik 0,32W/mK
degeri
Duvar Kalinhg 19-13,5 cm Basing 2 N/mm?
dayanim
Agirhik 3kg Hacim Agirhg 600 kg/m?

Sekil 3’te soguk aylarda deney diizeneginin 1.oda
pencere a¢ik pozisyonu gosterilmistir.

Sekil 3. Soguk giinlerde 1.0odanin penceresinin agilmasi

Sekil 3’'teki PVC pencere, iist konumdan agilarak 1
numara ile gosterilen konumdan 2 numara ile
gosterilen konuma agilabilecek o6zelliktedir. Konfor
sicaklig1 olarak 22°C kabul edilmis [14] ve kullanilan
akilli sistem 1. bélge sicakliginin 22 °C diizeyinden daha
diisik oldugu durumlarda 1. bolge ve 2. bolge
sicakliklarim1 6lgerek 2. bolge sicakliginin 1. bolge
sicakligindan 6 °C daha yiiksek oldugu anda PVC
pencerenin agilmasini, 2. bélgede bulunan hacimden 1.
boélgede bulunan hacme 1s1 transferi ger¢eklesmesiyle
birlikte aradaki sicaklik farki 2 °C diizeyine indiginde

pencerenin kapanmasin saglayacak sekilde
programlanmistir. Sistemin bu sekilde
programlanmasinin  sebebi  soguk  zamanlarda

pencerenin kapali kalmasini saglayarak panel ve
pencere arasinda kalan alanin bir yaliim bdlgesi
olusturmasinmi ve tasinim kaynakl 1s1 kayiplarinin
minimize edilmesini saglamaktir. 1. bolge sicakliginin
22 °C dizeyinden daha yliksek oldugu durumlarda Sekil
3’te, 3 numara ile gosterilen konumda bulunan kapaklar
acilarak 1s1 birikiminin ve panel sicakliginin daha fazla
ylkselmesinin 6nlenmesi amaglanmistir.  Ayrica
kullanilan yar1 saydam glines paneli sayesinde
penceremizin soguk hava akimi ile temasi ilk asamada
engellenmis olup, daha 1ilik bir hava akimi ile temasi
saglanmistir.

Sicaklik  o6lcer olarak LM35DZ modeli sensor

kullanilmistir.  Sensériin  6zellikleri Tablo 3’te
verilmistir.
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Tablo 3. LM35DZ sicaklik sensoriiniin 6zellikleri
Olgiim Arahiga Hassasiyet
-40°C /110°C 0.4°C

1. bolgenin sicakligini 6l¢en sicaklik sensorii Sekil 3'te 5
numara, 2. bolgenin sicakligini 6lgen sicaklik sensorii
ise Sekil 3’teki 6 numara ile gosterilen kisimda
konumlandirilmiglardir.

Model odalardan belirlenen periyotlarda sicaklik ve
elektrik iiretimi degerlerinin 6l¢tliip kaydedilebilmesi
icin bir veri Ol¢glim sistemi tasarlanmistir. Bunun
yaninda, olgiilen sicaklik verilerine goére calisan bir
akill1 sistem tasarimi gerceklestirilmistir. Olgiim sistemi
ve akilli sistem tek bir kart iizerinden tek bir Arduino
yazilim ile kontrol edilmistir (Sekil 4).

Sekil 4. Olgiimleri toplayip, degerlendiren Arduino
devresi

Sistemde PVC pencerenin agilmasini saglamak amaciyla
ozellikleri Tablo 4’te verilen servo motor kullanilmistir.
Servo motor Sekil 3'te 4 numara ile gosterilen kisimda
konumlandirilmistir.

‘Tablo 4. Servo motor 6zellikleri

" Bipolar (Seri)

494 VDC 2.12A

Bipolar (Paralel)

294 VDC 3.24A

Tutma Torku 32 Nm
Flans Olgiisii 60x60 mm
Nema 24

Boy 86 mm

2.2. Deney Diizeneginin Matematiksel Modeli

Kurulan sistemde 1s1 transferi gecisleri olup 1.0dada
2.bolgenin 0.20 m’lik derinligi olan ara boslugunda
1sinan hava, oda icerisine 0.98 m? alana sahip 1.bélgeye
penceredeki mekanizma sayesinde gerektiginde
alinmakta ortamin 1s1s1 artirilmaktadir. Sistemin enerji
analizi acisindan performansi belirleyecek hesaplama
kriterleri ve modelleri asagidaki adimlar izlenerek
bulunmustur. Bu modeller olusturulurken problem,
diizensiz kosullar altinda zamana bagh olarak dikkate
alinmistir. Sistemin enerji analizi i¢in asagidaki
ifadelerden yararlamilmistir [17]:

PV panelin enerji dengesi i¢in dnerilen denklem, PV

hiicrelerin 1s1 kapasitesi ihmal edildiginde asagidaki
gibidir.
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PcCq

oT,, 0
¢ 9y

=2 (32} 4 2 (5
9, ox\"% oax ) ox

b = (Sc+SpTp)/Dg

aT,,
P >+b

SC = [aT + (1 - T)]I —E+ hco Tdis + fl hronis

+ hci Tara + 52 hrdeo

Sp = —(heo &1 hyo + hei + &5 hyy)

Pencere agik oldugunda hava kanalindaki
dengesi:

dT,
PDyChava % = hg (Tpv - Tara)
t
+ hdo (Tdo - Tara)
ATora

- pVaDaChava W

M

(2)

3
4)

enerji

)

Hava kanalindaki dogal tasinim olmasi durumundaki

hava  hareketi hizi  asagidaki formiil ile
hesaplanmaktadir;
_ 0.5 g,B(Talt - Tiist)L
ara — 2 2
Ly, CinA CoucA (6)
c- (= +(m S)_I_(out S)
@)+ GO+,
B= : (7
Talt + Tﬁst
As = wx Dgrq (3
Cr = 0.3 x 1.368 Gr %% 9)
I¢ hacimdeki 1s1 transferi asagidaki gibidir.
dTyq
pChavaLoda < dot a)
A
J
= Doda L UJ(T} - TOda) (10)
ri‘1Cha17adTr
hei(Ty = T}) —————
+ dl( di r) Doda dx
m = p Byrq Dara Va (11)
Aj = 2BoaaLoga + 2Logal + 2BoaqL (12)
Glines pilinin verimi asagidaki formiille
hesaplanmaktadir [15]:
n =nx[1—-0.002x(Tpy — T;-)] (13)
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Burada TPV giines pillerinin ortalama sicakhigi, T
referans sicakligl (25°C), nr modiiliin referans verimini
ifade etmektedir. Glines pilinin referans verimi ise
asagidaki formiille hesaplanmaktadir.

VinppX Impp
_ 14
ftr Ax] a5

PV/T sistemin giinliik termal verimi asagidaki sekilde
ifade edilmektedir [16]:

_ thavax Chava X (Tijst B Talt)

n (15)
th = AxYI x 3600

PV/T sistemin ortalama termal verimi asagidaki sekilde
ifade edilmektedir [16].

n 16
Noth = 038 + Nyp (16)

Duvardan i¢ ortama konveksiyonla gerceklesen saatlik
1s1 kazang ve Kkayiplarnt asagidaki formil ile
hesaplanmaktadir.

17
Qkonveksiyon = hg X Aguvar X (Ta, — T}) a7

Duvardan i¢ ortama 1s1l 1sinimla gergeklesen saatlik 1s1

kazan¢ ve kayiplar1 asagidaki formul ile
hesaplanmaktadir.
Qmmm =X AguvarX O XT4dl - T4i) (18)

Duvar ve i¢ ortam arasinda gerceklesen saatlik toplam
1s1 kazang ve Kkayiplarnt asagidaki formil ile
hesaplanmaktadir.

(19)

Qtoplam = Qkonveksiyon + lemlm

3. Bulgular

1.oda olarak tanimlanan model odada, Trombe duvari
etkisiyle calisan yar1 saydam- binaya entegre
fotovoltaik sistemin akilli uygulamasi ile 2. oda olarak
tanimladigimiz PVC pencere sisteminin, [sparta ilinde 8
Subat ve 10 Mayis aylar1 arasinda 2021 yilinda hava
sartlarina bagh olarak sistem performanslari izlemistir.

Belirlenen tarihlerde saydam giines panelinden 14.93
kWh enerji elde edilmistir. Saydam giines panelini 90°
act ile kullanilmasi ve hava sartlari sebebi ile %9.9 olan
verimi yaklasik %4 de kadar diistiigii goriilmiistiir. Bu
tarihler araliginda kurulmus olan model odada Trombe
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duvar1 etkisiyle calisan yar1 saydam-binaya entegre
fotovoltaik sistemin akilli uygulamasi ile 325.44 kJj
degerinde enerji tasarrufu saglanmistir.

Sekil 5’te Subat ayinda deney sisteminde bulunan yari
saydam gilines panelinin giinlik tretim degerleri
verilmistir. Bu verilere gore aylik toplam 3.81 kWh

liretim olmustur.
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Sekil 5. Subat ayinda deney sisteminde bulunan yar1
saydam giines panelinin giinliik tiretim degerleri

Sekil 6'da Mart ayinda deney sisteminde bulunan yari
saydam gilines panelinin giinlik tiretim degerleri
verilmistir. Bu verilere gore aylik toplam 4.99 kWh
Uretim olmustur.
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Sekil 6. Mart ayinda deney sisteminde bulunan yari
saydam giines panelinin giinliik tiretim degerleri

Sekil 7’de Nisan ayinda deney sisteminde bulunan yari
saydam glines panelinin gilinliik tretim degerleri
verilmistir
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Sekil 7. Nisan ayinda deney sisteminde bulunan yari
saydam giines panelinin giinlik tiretim degerleri
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Sekil 8'de Mayis ayinda deney sisteminde bulunan yari
saydam gilines panelinin ginliik iretim degerleri
verilmistir. Bu verilere gore aylik toplam 1.4 kWh
iretim olmustur.
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Sekil 8. Mayis ayinda deney sisteminde bulunan yari
saydam gilines panelinin giinliik iretim degerleri

Sekil 9'da Subat ayinda deney sisteminde bulunan yari
saydam gilines panelinin giinliikk enerji kazanimlari
verilmistir. Bu verilere gore aylik toplam 100 k] enerji
kazanimi olmustur.
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Is1 kazaner
w

Sekil 9. Subat ayinda deney sisteminde bulunan yari
saydam glines panelinin giinliik tasarruf degerleri

Sekil 10’da Mart ayinda deney sisteminde bulunan yari
saydam gilines panelinin giinliikk enerji kazanimlari
verilmistir. Bu verilere gore aylik toplam 77.85 k] enerji
kazanimi olmustur.
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Sekil 10. Mart ayinda deney sisteminde bulunan yari
saydam gilines panelinin giinliik tasarruf degerleri

Sekil 11’de Nisan ayinda deney sisteminde bulunan yari
saydam gilines panelinin ginliik enerji kazanimlar
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verilmistir. Bu verilere gore aylik toplam 97.66 K] enerji
kazanimi olmustur.
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Sekil 11. Nisan ayinda deney sisteminde bulunan yar1
saydam giines panelinin giinliik tasarruf degerleri

Sekil 12’de May1s ayinda deney sisteminde bulunan yari
saydam gilines panelinin ginliikk enerji kazanimlari
verilmistir. Bu verilere gore aylik toplam 49.93 K] enerji
kazanimi olmustur.
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Sekil 12. Mayis ayinda deney sisteminde bulunan yari
saydam giines panelinin giinliik tasarruf degerleri

4. Tartisma ve Sonuglar

Bu c¢alismada oncelikli olarak sistem igerisindeki
odanin sicaklik performanslari incelenmis sabit hacim
ve yalitimda olan odalardaki pencereli sistem ve yar1
saydam giines pilli Trombe duvariin bulundugu ayni
pencereli sistem bulunan iki oda ile karsilastirilmistir.

Yapilmis olan model odada Trombe duvari etkisiyle
calisan yar1 saydam fotovoltaik sistemin:
e Subat ayinda toplam 100 k],

o Subat ayinda havanin agik olmasi diger
aylara gore Mart ve Nisan aylarina gore
daha ¢ok enerji tasarrufu saglanmistir.

Mart ayinda toplam 77,85 K],

Nisan ayinda toplam 97.66 K],

1-10 Mayzs tarihleri arasinda 49.93 k]
Toplam 92 giinde 325.44 k]

enerji tasarrufu saglanmistir.

Trombe duvar sistemlerinde 1s1l enerjinin depolanmasi
icin Trombe duvarin gilines enerjisine maruz
birakilmasi gerekmektedir.
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e Trombe duvar sisteminin, giines battiktan sonra i¢
ortamin sicakliginin daha ge¢ diismesini sagladigi
yani depoladig1 1sil enerjiyi i¢ ortama aktardigi
tespit edilmistir.

e 3 farkli aydan havanin acik oldugu 3 farkh giin
secilerek 6 Mart, 6 Nisan ve 6 Mayis tarihlerinde
sistemlerden alinan veriler incelendiginde, giines
battiktan sonra:

o 6 Mart tarihinde 6.03 k] enerji,
o 6 Nisan tarihinde 7.24 k] enerji,
o 6 Mayis tarihinde 8.65 K] enerji,
Trombe duvardan i¢ ortama
hesaplanmistir.

aktardigi

Depolama degerleri arasinda olusan bu farkin giinesin

gelis acis1 sebebiyle ortaya ¢iktigi anlasilmaktadir.

e Bu sebeple 3 aylik dl¢iim periyodunda iiretmis
oldugu enerji 14.93 kWh degerinde kalmistir.

Sistem icerisinde 6glen saatlerinde Nisan ve Mayis
aylarinda yar1 saydam gilines panelinin sicaklik degeri
oldukca yiiksek olmasi sebebiyle sicak zamanlara gore
ayarlanacak sekilde sistem c¢alistirilmalidir. Boylece
yarl saydam giines panelinden elde edilecek olan
elektriksel verim daha fazla olacaktir. Bu nedenle
ilerideki ¢alismalarda bu konuya dikkat ederek sistem
icerisindeki verimi artirmak yoniinde hem elektriksel
verim hem de sicaklik anlaminda en uygun ayarlamasi
yapilmaldir.

Yar1 saydam gilines paneli ve pencere arasindaki kalan
2.bolgenin genisligi ayrica incelenmelidir. Yar1 saydam
glines pilinin verimin artmasi i¢in arka ylizeyinde
olusan sicakligin ve 1s1 kaybim1 kontrol edilmesi
gereklidir. Bunun i¢in hava akis hizi, ara bosluk
mesafesi sonucu degistirecektir. Bu sayede sistemden
daha fazla verim elde edilebilir.

Farkli yalitim ve boyutlardaki odalarda sistem
performansina bakilmasiyla sistem performansi
acisindan daha verimli bir hale getirilebilir.

iklimlendirme kosullarina bakildiginda 22°C sicakhigin
konfor sartlar1 icin optimum sicaklik oldugu
belirlenmistir. Bu sartlara bakildiginda 1. Oda 2.Bolge
sicaklign 22°C’yi belirtilen tarihlerde zaman zaman
asmaktadir. Bu durum yeni nesil kendi enerjisini
kendisi lireten akilli ev sistemleri diistiniilerek entegre

bir akilli iklimlendirme sistemi kullanilmasi
gerekmektedir.
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Ekler
Ek A. Kisaltmalar Dizini

Pc : Panelin 6zgiir agirhigi (kg/m?3)

od : Panelin 6zgiil 1s1s1 (k] /kgK)

Tov : Panelin sicaklig1

AG : Is1iletkenlik katsayisi

E : PV’nin iirettigi elektriksek gii¢ orani

S : Yayma katsayisi

a : PV yutuculuk katsayisi

T : Gegirgenlik katsayisi

heo : PV dis yiizeyindeki 1s1mim katsayis1 (W/m?K)

hro : PV dis yiizeyindeki 1s1 taginim katsayist
(W/m2K)

hi : PV i¢ yilizeyindeki 1s1 taginim katsayisi
(W/m?K)

hri : PV i¢ ylizeyindeki 151n1m katsayisi

Tdo : Duvarin ara bosluga bakan yilizeyinin sicaklig

Tara : Ara bosluk sicakligl

Tpy : PV sicaklig

Va : Bosluktaki havanin hareket hizi

Da : Alt bosluk kalinlig

Chava : Havanin 6zgiil 1s1s1

As : Hava kanalinda havanin akis1 yoniine dik

dogrultudaki kesit alanmi (m?)
Cout : Ust menfezdeki kayip katsayisi (1)

Aai : Alt menfez agikliginin alani (m?)

Cin : Alt menfezdeki kayip katsayisi (1.5)
Aust : Ust menfez agikhgimin alani (m?)
Grx : Grashof sayisi

Cr : hava kanalindaki siirtiinme faktort
m : kiitlesel debi (kg/s)

Loda : Odanin derinligi (m)

Boda : Odanin genisligi (m)
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Aj

U

Nr

: Odanin giliney cephesi hari¢ diger cepheleri
toplam alani (m?)
: Odanin gliney cephesi hari¢ diger cepheleri
toplam alanlarindaki 1s1 transfer katsayisi
(W/m?K)

PV modiiliiniin referans verimini ifade
etmektedir.
: Nominal gii¢
: Maksimum gii¢ noktasindaki gerilim
: Maksimum gii¢ noktasindaki akim
: Pilin ylizey alan1 (m?)
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Kremayer disli sistemi kullanilarak hiz kesiciden DC elektrik enerjisinin iiretimi
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Anahtar Kelimeler 0z: Diinyada niifus artisina bagh olarak enerji tiiketimi de artmaktadir. Ulkemiz enerji talebi
Hiz Kkesici artisinda Cin’den sonra ikinci sirada yer almaktadir. Bu dogrultuda calismanin amaci,
DC elektrik enerjisi kremayer disli sistemi kullanilarak hiz kesiciden DC elektrik enerjisi iireten bir prototip
Kremayer disli sistemi tasarlanip gerceklestirmektir. Sistemin c¢alisma prensibi su sekilde gergeklesir: Platform
Alternatif enerji istiinden gegen araclarin agirliklarindan kaynakli kuvvet yaylara aktarilir ve bu kuvvet

kremayer dislinin 6teleme hareketi yapmasini saglar. Sistemde yaylarin kullanilma amaci
Makale gecmisi: mekanizmanin uzun vadede zarar gdormesini engellemektir. Bir diger amaci ise ¢ok yiiksek
Gelis Tarihi: 06.12.2021 kuvvet olusturabilecek (tir, kamyon, is makinesi vb.) araclarin sisteme ani yiiklenmeler
Kabul Tarihi: 30.12.2021 yaparak mekanizmadaki pargalarin kirilmasini engellemektir. Kremayer disli, diiz disli

mekanizmasini harekete gecirir ve 6teleme hareketi donme hareketine doniisiir. Kremayerin
baglh oldugu disli ise disli kutusuna baghdir. Disliler dondiikge disli mekanizma ¢alisir ve milin
doénme hiz artar. Disli kutusunun iletim orani 6’dir. Son olarak ¢ikis mili DC dinamo motoruna
baglanir ve mekanik enerji, DC elektrik enerjisine déniistiiriiliir. Ornegin bir otomobilin hiz
kesiciden gecmesiyle 18-20 W, otobiisiin gegmesiyle 28-30 W, tirin gecmesi ile 55-60 W gii¢
elde edilir. Dinamo ¢ikis gerilimi 24 V’dur. Uretilen DC enerji trafik lambalarinda, aydinlatma
sistemlerinde, sarj istasyonlarinda vb. kullanilmak iizere depolanir. Sistem yaygin olarak
kullanildikga tiretilen enerji miktar: artacak ve Tiirkiye’'nin enerji talebine katki sunulacaktir.

Bayram I. Bassoy F. Kili¢ E. Gen¢ A. Kremayer Disli Sistemi Kullanilarak Hiz Kesiciden DC

Aufigin/To Cite: Elektrik Enerjisinin Uretimi. Uluslararasi Teknolojik Bilimler Dergisi, 13(3), 130-135, 2021.

Generation of DC electric energy from speed breaker using gear system

Keywords Abstract: In the world, energy consumption is increasing due to the increase in population.
Speed bump Our country ranks second after China in the increase in energy demand. In this direction, the
DC electric power aim of the study is to design and realize a prototype that generates DC electrical energy from
Rack gear system the speed breaker using the rack gear system. The working principle of the system is as follows:
Alternative energy The force originating from the weight of the vehicles passing over the platform is transferred

to the springs, and this force enables the rack gear system to make a translational motion. The
Article history: purpose of using springs in the system is to prevent the mechanism from being damaged in the
Received: 06.12.2021 long run. Another purpose is to prevent the parts in the mechanism from breaking by making
Accepted: 30.12.2021 sudden loads on the system of vehicles (trailer, truck, construction equipment, etc.) that can

generate very high forces. The rack gear drives the spur gear mechanism and the translational
motion turns into rotational motion. The gear is connected to the gearbox. As the gears rotate,
the gear mechanism works, and the rotational speed of the shaft increases. The transmission
ratio of the gearbox is 6. Finally, the output shaft is connected to the DC dynamo motor and the
mechanical energy is converted into DC electrical energy. For example, 18-20 W power is
obtained when a car passes the speed limiter, 28-30 W is obtained when a bus passes, and 55-
60 W is obtained when a truck passes. The dynamo output voltage is 24 V. The DC energy
produced is used in traffic lights, lighting systems, charging stations, etc. stored for use. As the
system is widely used, the amount of energy produced will increase and contribute to Turkey's
energy demand.
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1. Giris

Glintimiizde siirekli artan diinya niifusu ve bilingsiz
tiketime bagli olarak enerji kaynaklar, gittikce
azalmaktadir. Artan enerji ihtiyacini karsilamak icin
alternatif enerji lretim yontemleri mevcuttur. Bu
alternatif yontemlerden biri de, araglarin hareket
enerjisini ve agirhigini kullanarak DC elektrik enerjisi
tiretmektir. Ciinkii glinimuzde yaygin olarak kullanilan
araclarin (otomobil, otobiis, kamyonet, motosiklet vb.)
sayist giin gectikce artmaktadir [1]. Literatir
incelendiginde = bu alanda ¢esitli  ¢alismalar
gerceklestirilmistir. Yapilan bu ¢alismalar neticesinde,
Demircan ve arkadaslar1 yaptiklarnn c¢alismada, arag
hizini yavaslatmak icin kullanilan hiz kesiciden (kasis)
yararlanan bir alternatif enerji kaynag: tasarlanmistir.
Ozel hiz kesici tasarimu ile hidrolik sistem birlestirilmis
ve mekanik enerji iiretilmistir. Mekanik enerji, dinamo
motoruna (DM) kullanilarak elektrik enerjisine
donustirilmustiir [2]. Bir diger calismada ise araglarin
gecis aninda zincir disli sistemi sayesinde kinetik enerji,
elektrik enerjisine doéniistiiriilmiistiir. Dontistiiriilen DC
elektrik enerjisi akiimilator ile depolanmistir [3].
Ramadan ve arkadaslar1 ¢alismalarinda, arag¢ sisteme
basin¢ uyguladiginda makara mekanizmasi, krank mili
mekanizmasi, kremayer ve pinyon mekanizmalarindan
olusan sisteme farkli agirliklarda ytikler uygulanmistir.
Boylece, hiz kesici gii¢ jeneratoriinde, araglarin kinetik
enerjisini kullanabilen ve onlar elektrik enerjisine
doniistiren bir prototip olusturulmustur [4]. Son
olarak, Ennawaoui ve arkadaslar1 c¢alismalarinda,
yaylar ve piezoelektrik malzeme kullanilarak mekanik
enerjiyi elektrik enerjisine doniistliren hibrit bir sistem
Oonermislerdir [5].

Literatiirdeki  ¢alismalar incelendiginde cesitli
yontemlerle hiz kesicilerden elektrik iretildigi
gorilmektedir. Bu makalelerden farkl olarak onerilen
bu ¢alismada, kremayer disli sistemi kullanilarak hiz
kesiciden DC elektrik enerjisi lireten bir prototip
tasarlanip gerceklestirilmistir. Prototipin toplam
yiksekligi 50 cm olup arag gegisi sirasindaki yiikseklik
ise 12 cm’dir. Prototip TUzerinden bir otomobil
gectiginde 18-20 watt elektrik enerjisi Li-ion batarya ile
depolanmaktadir. Depolanan elektrik enerjisi sehir ve
yol aydinlatmalarinda, trafik lambalarinda, elektrikli
arag sarj istasyonlarinda kullanilabilir. Bu makale su
sekilde organize edilmistir: Bo6lim 1'de giris
icermektedir. Bolum 2’'de hiz kesicinin tasarim ve
imalat asamalari bulunmaktadir. B6liim 3’te elde edilen
bulgular ve tartisma icermektedir. Boliim 4’de ise sonug
boliimii verilmistir.
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2. Materyal ve Metot

Bu bolum; sistem mimarisi, prototipin
boyutlandirilmas1 ve benzetimi, prototipin {iretimi
olmak lizere li¢ asamadan olusmaktadir.

2.1. Sistem mimarisi

Sistem mimarisi; sistemin yapisini, ¢alismasini ve
davranisini  tanimlamak  i¢in  kullanilmaktadir.
Prototipin sistem mimarisi Sekil 1’de verilmistir. Buna
gore, h1z kesici amaciyla kullanilan bu prototip iizerinde
bir platform bulunmaktadir. Sistemin ¢alisma prensibi
su sekilde gerceklesir: Platform istiinden gegen
araglarin agirliklarindan kaynakli kuvvet yaylara
aktarilir ve bu kuvvet kremayer dislinin oteleme
hareketi yapmasini saglar. Sistemde yaylarin
kullanilma amaglarindan birisi araglar gecerken
yaylarin altinda kalan mekanizmanin uzun vadede
zarar gormesini engellemektir. Bir diger amaci ise ¢ok
yliksek kuvvet olusturabilecek (tir, kamyon, is makinesi
vb.) araglarin sisteme ani yiiklenmeler yaparak
mekanizmadaki parcalarin kirilmasini engellemektir.
Kremayer disli, diiz disli mekanizmasini harekete
gecirir ve oteleme hareketi donme hareketine doniisir.
Kremayerin bagl oldugu disli ise disli kutusuna baghdir.
Disliler dondiikce disli mekanizma c¢alisir ve milin
doénme hizi artar. Disli kutusunun iletim orani 6’dir ve
bu sayede ¢ikis mil, giris milinden 6 kat daha hizl doner.
Son olarak ¢ikis mili DC DM baglanir. DM, mekanik
enerjiyi DC elektrik enerjisine doniistiiriir. Uretilen DC
enerji trafik lambalarinda, aydinlatma sistemlerinde,
sarj istasyonlarinda vb. kullanilmak iizere depolanir.
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Dislilerin evolvent hesaplamasi b= 2.157
(dis yiiksekligi ) TPy
Calisma yiiksekligi hy =2.M
2 . s H . 0 _ Nl _ ZZ
Hz kesici etim Orani A

Eksenl f C=
: ﬁﬁ? l senler arasi mesafe 2P,

Sistemin ¢alisma mekanizmasi

Burada, D boliim dairesi ¢api, Z dis sayisi, N devir, Zp
pinyon disli dis sayis1 ve Zg ise ana digli dis sayisidir.

Hesaplamalar sonunda prototipte  kullanilacak
DC dinamo kremayer disli ve diiz disliler Tablo 2’de verilmistir.
Ayrica, kremayer disli ve diiz dislilerden olusan
tasarlanan disli sistemi Sekil 2’de gosterilmistir.

Tablo 2. Kullanilan dislilerin modiil ve dis sayilari

Kullanilan digliler | Modiil tiirti | Dis sayis1 (Z)
Kremayer disli M1 32
1. duz disli M1 20
2. diz disli M1 40
3. diiz disli M1 35
- 4. diiz disli M1 76
5. diiz disli M1 20
Trafik lambasi
Aydinlatma Arag sarj istasyonu
Sekil 1. Sistem mimarisi Biomayec il
(modl 1) 776
740
720 ‘ 720
2.2. Prototipin boyutlandirilmasi ve benzetimi 1)
735
Prototipin boyutlandirmasi, tek bir aracin tekerlek .
mesafesi dikkate alinarak tiim hesaplamalar yapilmistir.
Karayollarinda standart olarak kullanilan hiz kesici a)
boyutlarinin 1:10 oraninda kiiciiltiilmesi ile 6nerilen o,
prototip tasarlanmistir. Bu oranla hem maliyet =
azaltilmis hem de tasarimda maksimum performans %
saglamasi amag¢lanmaktadir. Hiz kesicide bulunan \4
platform asagi yonde maksimum 50 mm hareket
mesafesi belirlenmistir. Bu hareket mesafesinde DC DM
en yiiksek iletim oranimi saglamak i¢in Tablo 1'de b)
verilen formiiller kullamilmustr. Sekil 2. a) Disli sistem tasarimi b) kremayer ve disli
Tablo 1. Disli formiilleri Farkli boyutlarda bes farkli disli kullanarak sanziman
Parametreler Formiiller tasarimi, Solidworks® programinda tasarlanmistir.
D Dislilerin giic¢ iletimini DC DM aktarimini saglamak icin
Disli modili =— sanzimana ihtiya¢c duyulmaktadir. Yapilan benzetim
4 imalat 6ncesinde kullanilacak malzemeler ve parcalarin
o . VA birlikte uyum icinde calistigin1 gostermektedir. Disli
Disli ¢aplarinmn bir adimu Pa = D sisteminiri, icve 315 g('jr?inifmfl;eri $%kil 3'de Verilmistir?
Cevresel adim P= %
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Sekil 3. Disli sisteminin a) i¢ ve b) dis gortiniimleri

Benzetimde sistemin iletim oranini test etmek icin
kremayer dislinin bagli oldugu pinyon disliye
Solidworks®  programindaki  “hareket  etidd”
boéliimiinden sanal bir motor baglanmistir. DC DM
milinden alinan iletim orani degerleri Sekil 4’de
verilmistir. Ters orantili olan hiz ve tork biiytkliikleri
optimum seviyede olmasi i¢in disli iletim orani 6 olarak
belirlenmistir. Segilen DC DM’nin maksimum giicte
calisabilmesi i¢in gerekli olan devir sayisi saglanmistir.

250 |

200

Devir sayisi
= A
=3 o
=3 o

1
|

o
o

o

1 15 2 25 3 35 4 45 5 55 6
iletim orani
Sekil 4. Iletim oran1 degerleri
2.3. Prototipin liretimi
Prototipin  tasarim  ve  benzetim  asamalari

tamamlandiktan sonra iiretim asamasina ge¢ilmistir.
Uretimi asamasi, sanziman ve kafes profil imalati olmak
lizere iki asamadan olusmaktadir. Sanziman
elemanlariin teknik cizimleri Solidworks®
programindan iki boyutlu olarak alinmistir. Bu iki
boyutlu teknik cizimler dogrultusunda sanziman
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imalatinda kullanilacak olan disli milleri ve yan
kapaklar talash imalat yontemleri (torna ve freze)
kullanilarak imal edilmistir. Dislilerin birbiriyle es
zamanli ¢alismasini saglayan disli millerinin rulman
yataklar1 ve segman kanallari, talagh imalat yéntemi
olan tornalama islemiyle yapilmistir. Imalat
tamamlanan yan kapaklar ve disli milleri, segmanlar ve
rulmanlarla Dbirlestirilerek sanziman Kkutusunun
montaji tamamlanmistir. Sanziman kutusuna DC DM
baglanmistir. Sanzimanin iist ve sol yan goriiniimleri
Sekil 5’de gosterilmistir.

..L~| \ “."
l. i :
T |

gy ‘A;,.‘,mwvw ‘ o
- 'm' R, 1

wr

Sekil 5. Sanzimanin a) iist ve b) sol yan goriiniimleri

Daha once belirtildigi gibi hiz kesicide kullanilan
sanziman kutusundaki c¢ikis dislisinin bir devirlik
hareketi DC DM 6 devir olarak aktarmaktadir. DC DM
parametreleri Tablo 3’de goriilmektedir.

Tablo 3. DC dinamo motorunun parametreleri

Parametreler Degerleri

Motor tipi DC dinamo motoru
Motor ¢ikis voltaji 5-24V
Maksimum ¢ikis akimi 1,5A

Anma akim degeri 0,83A
Maksimum ytiklenme giicli 20w
Calisma ortami 5-48 °C

Saft uzunlugu 25 mm

Saft cap1 12 mm

e-ISSN 1309-1220



ibrahim Bayram, Fahri Bassoy, Enes Kilic, Abdullah Geng, Kremayer disli sistemi kullanilarak hiz kesiciden DC elektrik enerjisinin tretimi

Kafes profil olarak adlandirilan par¢anin asil kullanim
amaci platform tizerinden gececek aracin agirligindan
dolay1 olusan dikey kuvveti soniimleyerek sistemi
korumasidir. Ayrica sanziman kutusunun kafes profile
montaj edilmesi ile kremayer dislinin hareket alani
artirdlmistir.Kafes profilin teknik ¢izimleri iki boyutlu
olarak kullanilmistir. Uygun boyutlardaki profiller
kullanilarak gaz alt1 kaynak yontemi ile govde imalati
gerceklestirilmistir. Govde, sistemde bulunan diger
elemanlarin es zamanh ¢alismasini saglamaktadir ve
ist kisminda bulunan platforma kremayer dislinin
montaji icin gerekli baglantilar yapilmistir. Arag
gecisinde olusan ani potansiyel enerjinin sisteme zarar
vermemesi i¢in platformun altina dort adet yay ve icine
miller yerlestirilmistir. Kafes profil icine kremayer disli
ile birlikte ¢alisacak olan sanziman kutusu baglantisi
yapilmistir. Kafes profil kaynak islemi ve yan goriintimi
Sekil 6'da verilmistir.

Sekil 6. a) Kafes profil kaynak islemi ve b) yan
gorunimiu

3. Bulgular
Prototip, kati model tasarimi ve goévde montajl
yapilarak son testleri tamamlanmistir. Voltaj

regiilatorii devre karti, DC DM cikis uglarina baglanarak
prototip imalati gerceklestirilmistir. Prototipin genel
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goriintiisii ve multimetre kullanilarak test 6l¢limii Sekil
7’de verilmistir.

b)

Sekil 7. a) Prototipin genel goriintiisii b) test 6l¢limi

Hiz kesici olarak da kullanilan prototipi yerlestirmek
icin 36x36x50 cm3 boyutlarinda zemine c¢ukur
kazilmistir. Hiz kesici lizerinden ara¢ gegisi saglanarak
DC DM iiretmis oldugu gii¢ miktari, 6l¢lilen akim ve
gerilim degerleri ¢carpilarak (P=V.I) bulunur. Bir aragtan
iretilen toplam giic miktari ise tek tekerlek icin dl¢iilen
glic degerinin tekerlek sayisi ile carpilarak hesaplanir.
Araglarin agirlik ve tekerlek sayilar1 farkli oldugu igin
glc degerleri, ara¢ tiplerine gore farklihik gosterir.
Aracglarin tekerlek sayisi hiz kesici iizerinden gecis
sayisini etkilemektedir. Araclarin agirliklari ise yaylarin
lizerinde olusan kuvveti degistirmektedir. Tekerlek
basina diisen agirlik miktar: arttikga motorun dénme
hiz1 da artmaktadir. Degisen bu dénme hizy, iiretilen gii¢
miktarini belli oranda etkilemektedir. Bu yiizden,
toplam gili¢ miktarlari belli bir aralikta verilmistir. Arag
tiirleri i¢in prototipten iiretilen toplam gii¢ miktarlar
Tablo 4’de verilmistir.
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Tablo 4. Arag tiirleri i¢in prototipten liretilen toplam
giic miktarlari

L Uretilen
. Uretilen

Tahmin . toplam

- . Tekerlek | gerilim B

Arag tiirii i agirhk i giic

sayisl miktari )

(Ton) W) miktar1

W)
Motosiklet | 0.1-0.25 2 24 12-13
Otomobil 1-2 4 24 18-20
Otobiis 7.5-10 6 24 28-30
Kamyon 12-20 8 24 37-40
Tir 20-30 12 24 55-60

4. Sonug

Glinlimtuzde ulasim, tip, tarim, iletisim, sanayi gibi
bir¢cok alanda kullanilan elektrik enerjisi, hayatimizi
kolaylastiran ve hayatimizin vazgecilmez bir pargasi
halini almistir. Elektrik enerjisinin ¢ogu sinirli olan
dogal kaynaklardan elde edildigi icin hem enerji
tasarruflu tiikketilmeli hem de alternatif iretim
yontemleri gelistirilmelidir. Bu amag¢ dogrultusunda bu
calismada, iilkemizde ve diinyada ¢ok sayida kullanilan
hiz kesicilerden DC elektrik enerjisi lireten bir prototip
gelistirilmistir.  Literatiirdeki diger ¢alismalarda
hidrolik, pnématik, donel silindir ve kayis-kasnak
sistemi kullanilirken, onerilen bu sistemde ise
kremayer disli sistemi kullanilmistir. Kullanilan farkl
sistemler enerji liretim degerleri Tablo5’te verilmistir.

Tablo 5. Literatiir karsilastirmasi

Kullanilan Agirhik Uretl'len Referans
sistem (Kg) elektriksel numarasl
gl¢ (W)
Hidrolik 1000 3 [2]
Sanziman 800 45 [4]
Piezoelektrik 100 [5]
Donel silindir 605 [14]
Kremayer
disli 1000 18 al?“ma
(Sanziman) sans

Uretilen elektrik enerjisi depolanmaktadir. ilerleyen
calismalarda Onerilen prototip gelistirilerek,
karayollarinda kullanilmasi hedeflenmistir.

Tesekkiir

Bu ¢alisma, 1919B012003819 nolu 2209-A projesi
alinda TUBITAK tarafindan desteklenmistir. Bu
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TUBITAK a tesekkiir ederiz.
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