[CALINTI doktora tezi] veya [CALINTI tez] :

Bekir Karlik,

“Cok Fonksiyonlu Protezler I¢in Yapay Sinir Aglart Kullanilarak Miyoelektrik Kontrol”,
doktora tezi, Tiirkce, Aralik 1993, 67 sf.,

Y1ldiz Teknik Universitesi, Elektrik Miihendisligi Boliimii

Tez danismani : Halit Pastaci

Tez jiirisi iiyeleri : Mehmet Koriirek, Ertugrul Yazgan

(tezin ana metni : 53 sayfa (01 .. 53))

doktora 6grenimi siiresi (baslama --> diploma) : 2 yil

[CALINTI yiiksek lisans tezi] veya [CALINAN tez] veya [CALINAN kaynak] :

Ozcan Kuyucu,

“Elektromiyografik Isaretlerin Degerlendirilmesi”,
yiiksek lisans tezi, Tiirk¢e, Haziran 1989, 55 sf.,
Istanbul Teknik Universitesi, Elektronik Miihendisligi,
Tez danismani : Mehmet Koriirek,

Tez jiirisi iiyeleri : Erdal Panayirci, Ertugrul Yazgan
(tezin ana metni : 38 sayfa (01 .. 38))

KANIT -1 (pdfx 2):

(CALINTI doktora tezi ve CALINAN vyiiksek lisans tezinin, sirasiyla CALINTI ve
CALINAN kisimlar isaretlenmis (yuvarlak icine alinmis “1..19” seklinde) halleri pdf
formatinda verildi) :

CALINAN yiiksek lisans tezinden CALINAN CALINTI doktora tezindeki CALINTI kisimlar
KANIT - 1.A (pdf) : KANIT — 1'in sadece metin (sekiller, ve metindeki matematiksel
formiiller ve notasyon hari¢) kismi
KANIT - 1.B : KANIT — 1'in sadece “tez calismasi olarak yaptim” dedigi ¢calismanin
(??) ve “yaptim” dedigi caliyma sonucunda “elde ettim” dedigi sonuclarm (??)
anlatildig1 kismu (sf. 41..46) (sadece metin : sekiller, ve metindeki matematiksel formiiller
ve notasyon harig)

KANIT - 1.C : KANIT — 1'in sadece “tez calismasi olarak yaptim” dedigi calismanin
dedigi caliyma sonucunda “elde ettim” dedigi sonuglar1 “yapay sinir agmma girdim”
dedigi “ek”teki kodlarin (??) oldugu kisim (sf. 59..61) :
buradaki 4 haneli (1 tam say1 + 3 ondalik) 288 say1, CALINAN TEZ sayfa 31-
32'deki 6 tablodaki 11 haneli (1 hane tam say1 kismi, 10 hane ondahk kismi
olmak iizere) 288 (= 48 x 6 = 288) ondalikli sayinin 4 haneye yuvarlatilmis
halleridir ; yuvarlatmalar diizensizdir (alta veya {iste), bazilar1 hatalidir ; bazi
hanelerde yazim hatas1 yapilmistir.
“Ek”teki bu kodlarla elde edildigi iddia edilen sonuglarin “UYDURMA” oldugu
gosterildi.
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CALINTI istatistikleri :

[CALINTI tez]'in ana metni 48 sayfa, “Sonu¢” kismi ile birlikte 53 sayfa :
Sayfa 2..5 arasinda, 7..10 arasinda, 14..20 arasinda, 41..45 arasinda,
toplam 20 sayfada (sayfalarin % 41'den fazlasinda) CALINTI var.
48 sayfadaki metinlerin % 23"t CALINTI,
toplamda (resim - sekil - tablolarla birlikte) ise % 26'st CALINTI.
CALINTIlarin tiimii Ozcan Kuyucu'nun yiiksek lisans tezindendir (1989, ITU
Elektronik Miihendisligi, Danisman : Mehmet Koriirek).

CALINTI tezin 5. ve son boliimiiniin basligi
[Cok Fonksiyonlu Protezler Igin YSA Kullanarak Miyoelektrik Kontrol],
CALINTI tezin baslig1
[Cok Fonksiyonlu Protezler igin Yapay Sinir Aglar1 Kullanarak Miyoelektrik
Kontrol]
ile ayni.
“5.1 Sistem Kontrol Dizayn1”
baslikl alt boliimde (sf. 41..46) CALINTI tezde yapilanlar (??) anlatilmaktadir (KANIT
-1.B),
6 sayfadan 5'inde (sayfalarin % 83'ten fazlasinda) CALINTI var.
Yani, Bekir Karlk, doktora tezinde hicbir calisma yapmamistir,
sadece CALMISTIR, tezde “yaptim” dedigi cahismanin tamami CALINTIdir (!) :
sf. 41 : 13 satirdan 4'ii (metnin % 31'1) CALINTIdir
(“Sekil 5.1 Sistem kontrol dizayn1” baslikli sekille birlikte sayfanin % 18'1),
sf. 42..44 : % 100 CALINTIdr,
sf. 45 : % 50 CALINTIdr,
sf. 46'da metin yok, sadece 1 sekil var (Sekil 5.2. Isaret giicii akis diyagrami).
Toplamda metnin % 51'i CALINTIdr, sayfalarin % 61'1 CALINTIdr :
CALINTI metnin tamaminda (sf. 41-42) CALINTI tezin nasil yapildigi
(??) anlatilmaktadir.
Tezde “yaptim” dedigi ¢calisma sonucunda “elde ettim” dedigi sonu¢larin
(??) tamam (sf. 42-45) CALINTIdir :
“Tablo 5.1. Dinlenme AR Katsayilar1”,
“Tablo 5.2. Bilek Dondiirme AR Katsayilar1”,
“Tablo 5.3. Kavrama AR Katsayilar”,
“Tablo 5.4. Bilek Biikkme AR Katsayilar1”,
“Tablo 5.5. Dirsek Acma AR Katsayilar1”,
“Tablo 5.6. Dirsek Kapama AR Katsayilar1”
bashkh tamamen CALINTI 6 tablonun (sf. 42..45)
herbirinde al, a2, a3, a4 bashkh 4 siitun x 12 satirda
11 haneli (1 hane tam say1 kismi, 10 hane ondalik kismi olmak
iizere)
48'er (toplamda 48 x 6 = 288) ondalikli say1
(sayillarin sonundaki “E-01 .. E-03”, “iistel gosterim”dir,
saymn 10 iizeri “-1 .. -3” ile carpilacagi anlamina gelir)
vardur.

Metnin geri kalan % 49'u (sf. 41 ve 45) ve 2 sekil (sf. 41 ve 46) metni sisirmek
icin eklenmistir.



CALINTTI tezin 1..4 boliimleri (sf. 1..40) ise, konu tanitimidir :
toplam 15 sayfada (sayfalarin % 37.5'inde) CALINTI var.
40 sayfadaki metinlerin % 25'1 CALINTI,
toplamda (resim - sekil - tablolarla birlikte) ise % 22'si CALINTL.

CALINAN tezin damismam1 Mehmet Koriirek, aym1 zamanda CALINTI tezde jiiri iiyesidir ;
CALINTIya yardimci oldugu, CALINTIy1 yonlendirdigi apaciktir.

CALINTTI tezde jiiri liyesi olan Ertugrul Yazgan, ayni zamanda CALINTI tezde de jiiri liyesidir ;
CALINTIda sorumlulugunun — ihmalinin oldugu apagiktir.

KANIT - 1.B : KANIT — 1'in sadece “tez ¢calismasi olarak yaptim” dedigi calismanin (??) ve
“yaptim” dedigi calisma sonucunda “elde ettim” dedigi sonu¢larmm (??) anlatildigi kisim
([CALINTI tez : sf. 41..46]) ve bunlarin ¢calindig1 kaynak ([CALINAN tez : sf. 29..32])
KANIT - 1.C : KANIT — 1'in sadece “tez ¢caliymasi olarak yaptim” dedigi calismanin dedigi
calisma sonucunda “elde ettim” dedigi sonuclar1 “yapay sinir agina girdim” dedigi “ek”teki
kodlarin (??) oldugu kisim ([CALINTI tez : sf. 59..61]) ve bunlarin ¢alindig1 kaynak ([CALINAN
tez : sf. 29..32])
(kopyala-yapistir ile CALINAN metinlerin bazi kisimlarinda “yazim hatasi, bazi kelimelere
taki eklenmesi, 'ile' baglacinin birlesik veya ayr1 yazilmasi, bazi kelimelerin es veya benzer
anlamli kelimelerle degistirilmesi veya cilimle i¢indeki yerinin degistirilmesi, kelime
eklenmesi — eksiltilmesi, matematiksel ifadelerde ayn1 parametre i¢in farkli harf
kullanilmas1™ gibi nedenlerle CALINAN metinlerden bazi ¢ok kii¢iik farklar icermektedir) :

[CALINTI tez] : [CALINAN tez] veya [CALINAN kaynak] :
Bekir Karlik, Ozcan Kuyucu,
Cok Fonksiyonlu Protezler i¢in Yapay Sinir Elektromiyografik Isaretlerin Degerlendirilmesi,
Aglar Kullanilarak Miyoelektrik Kontrol,
doktora tezi, Tiirkce, Aralik 1993, yiiksek lisans tezi, Tiirk¢e, Haziran 1989,
Yildiz Teknik Universitesi, Elektrik Istanbul Teknik Universitesi, Elektronik
Miihendisligi, Miihendisligi,
danigman : Halit Pastaci, danigman :
jiiri :
Mehmet Koriirek, Mehmet Koriirek,

jiiri : Erdal Panayirci,
Ertugrul Yazgan Ertugrul Yazgan
(KANIT - 1.B : sayfa 41 .. 46 (tezde yapilanlarin ve elde edilen sonuglarin
ve KANIT - 1.C : sayfa 59 .. 61) anlatildig1 kisim : sayfa 29 .. 32)




CALINTILAR

(sadece metin kismi : metindeki matematiksel
formiiller ve notasyon harig¢ ; matematiksel
formiiller ve notasyonun da kopyala-yapistir
yapildigi isaretli pdf'de goriilebilir)

(no. 1 .. 19 : pdf'de yuvarlak i¢ine alinarak
“1..19” seklinde isaretlendigi numara) :

CALINANLAR

(sadece metin kismi1 : metindeki matematiksel
formiiller ve notasyon hari¢ ; matematiksel
formiiller ve notasyonun da kopyala-yapistir
yapildigi isaretli pdf'de goriilebilir)

(no. 1 .. 19 : pdfide yuvarlak i¢ine alinarak
“1..19” seklinde isaretlendigi numara) :

(no. 1)
(sf. 41, son paragraf) .. (sf. 45)

EMG isaretleri, 26 yasinda saghkh
bir
erkek

denekten cesitli kol
hareketlerini sinayarak
alinmstir.
Yapilan
hareketler:
dirsek kapama (elbow flexion), dirsek acma
(elbow extension), bilek dondiirme
(wrist supination), bilek biikme (wrist
flexion),

kavrama (grasp)
hareketleri ve
dinlenme (resting)'dir.
Her hareket 6 kez tekrarlanip, her denemede
yaklasik
bir saniyede 4800 ornek alinarak
saklanmistir.
Deneyler yapilirken hareketin baslangi¢ ve
bitis noktalar atilarak, hareketin lineer
oldugu bolge
alindi
ve her denemede kaslara aym kuvvet
uygulanmaya
gayret edildi.
Elde edilen verilerin islenmesi asamasinda,

EMG isaretleri normalize edildikten sonra dc
seviyeleri

bulundu
ve

herbir
ornekten dc seviyeleri cikartilarak isaret sifir
ortalamah hale

(no. 1)
(sf. 29, son paragraf) .. (sf. 32)

EMG isaretleri 26 yasinda saghkh

erkek

bir
denekten cesitli kol

hareketlerinin gerceklestirilmesi esnasinda
alinmistir.

Go6zoniine alinan
hareketler;
dirsek kapama (elbow flexion), dirsek agma
(elbow extension), bilek dondiirme
(wrist supination), bilek biikme (wrist
flexion)

ve
kavrama (grasp)

hareketleridir.

Her hareket 6 kez tekrarlanip, her denemede
yaklisik
bir saniyede 4800 ornek alinarak
saklanmistir.
Deneyler yapilirken, hareketin baslangic ve
bitis noktalar atilarak, hareketin lineer
oldugu bolge
alinmis
ve her denemede kaslara aym kuvvet
uygulanmaya
caligilmistir.
Elde edilen verilerin islenmesi asamasinda
ise
EMG isaretleri normalize edildikten sonra dc
seviyeleri
bulunmus
ve
her
ornekten dc seviye cikartilarak isaret sifir
ortalamali hale




getirildi.
Her deney icin kaydedilen 4800 6rneklik veri,
herbiri 80 ms'lik 400
ornege
sahip olan 12 segmente ayrilarak
incelendi.
Her segment, "Blackman'' tipi pencere
fonksiyonu ile carpilarak pencereleme
1slemi
yapildi.
Blackman tipi pencere fonksiyonunun ayrik
zamandaki ifadesi asagidaki gibidir.

Her hareket icin elde edilen AR katsayilar:
(al, a2, a3, a4) vektorlerinin olusturdugu
uzayda tek bir degerde olmayip; istatistiksel,
biyolojik vb. sapmalardan otiirii bir degerler
kiimesi seklinde

dagilim
gostermektedir.
Farkh hareketler icin elde edilen bu degerler
kiimesi,

belittilen
uzayda birbirinden yeterince uzaksa bu
hareketler kolaylikla ayirtedilebilmektedir.
Yaptigimiz deneylerde islenecek her
segmentin bir pencere fonksiyonu ile
carpilmasiyla elde edilen AR katsayilari,
pencereleme yapilmadan elde edilenlere gore
daha iyi gruplasma saglamistir.
Bu nedenle pencereleme

islemi
yapimistir.
Cesitli hareketler icin elde edilen AR
katsayilar1 Tablo

5.1-5.6'
da verilmistir.

Tabloda,

sirasiyla
al,

a2, a3 ve a4
katsayilarina
ait degerler
goriilmektedir.

getirilmistir.
Her deney icin kaydedilen 4800 6rneklik veri,
her biri 80 ms'lik, 400
orege
sahip olan 12 segmente ayrilarak
incelenmistir.
Her segment, Blackman tipi pencere
fonksiyonu ile ¢carpilarak, pencereleme

yapimistir.
Blackman tipi pencere fonksiyonunun ayrik
zamandaki ifadesi asagidaki gibidir.

L (42)

Her hareket icin elde edilen AR katsayilar,
(al, a2, a3, a4) vektorlerinin olusturdugu
uzayda tek bir degerde olmayip, istatistiksel,
biyolojik vb. sapmalardan otiirii bir degerler
kiimesi seklinde

bir

daghm
gostermektedir.
Farkl hareketler icin elde edilen bu degerler
kiimesi,

bu
uzayda, birbirinden yeterince uzaksa bu
hareketler kolaylikla ayirdedilebilmektedir.
Yaptigimiz deneylerde islenecek her
segmentin bir pencere fonksiyonu ile
carpilmasiyla elde edilen AR katsayilari,
pencereleme yapilmadan elde edilenlere gore,
daha iyi guruplasma saglamistir.
Bu nedenle pencereleme

yapimistir.
Cesitli hareketler icin elde edilen AR
katsayilar1 Tablo
4.1- 4.6
da verilmistir.
Tablodaki ilk siitun
al katsayilarini digerleri
sirasiyla

a2, a3 ve a4
katsayilarini

gostermektedir.




Tablo
5.1.
Dinlenme
AR Katsayilar

al a2 a3 a4

-9.6845563318E-01 -1.5400527307E-01
1.3427406528E-01 7.4366799392E-02

-1.0497303938E+00 2.4184004970E-03
4.0869415318E-02 1.2779659727E-01

-9.2388897922E-01 -1.4672540367E-01
2.6943985669E-01 -7.7113845847E-02

-9.4570361030E-01 -1.3319789043E-01
2.3991312436E-02 1.3348951770E-01

-8.6972619636E-01 -1.6419381431E-01
5.312 518849E-02
8.6418984900E-02

-9.9760288423E-01 -2.1539712883E-01
3.4189008671E-01 -6.8069358428E-03

- .6308925263E-01
-2.1380003899E-01
1.2691625064E-01 8.8365856683E-02

-7.5374334159E-01 -2.7940743845E-01
1.4858593883E-01 1.1780134702E-01

-9.3169638653E-01 -2.2416827596E-01
3.0335611006E-01 -7.8712744674E-02

-1.0011006377E+00 -9.4817987105E-02
7.3991220989E-02 1.4613025027E-01

-8.8217377929E-01 -2.5375166024E-03
-1.3407080454E-02 1.4986096858E-01

-9.0702000103E-01 -1.8376654425E-01
1.0685136953E-01 7.0758531863E-02

(sf. 32:3))
Tablo
4.6.

AR Katsayilan
(Dinlenme)

-9.6845563318E-01 -1.5400527307E-01
1.3427406528E-01 7.4366799392E-02

-1.0497303938E+00 2.4184004970E-03
4.0869415318E-02 1.2779659727E-01

-9.2388897922E-01 -1.4672540367E-01
2.6943985669E-01 -7.7113845847E-02

-9.4570361030E-01 -1.3319789043E-01
2.3991312436E-02 1.3348951770E-01

-8.6972619636E-01 -1.6419381431E-01
5.312 3 518849E-02
8.6418984900E-02

-9.9760288423E-01 -2.1539712883E-01
3.4189008671E-01 -6.8069358428E-03

- 8.6308925263E-01
-2.1380003899E-01
1.2691625064E-01 8.8365856683E-02

-7.5374334159E-01 -2.7940743845E-01
1.4858593883E-01 1.1780134702E-01

-9.3169638653E-01 -2.2416827596E-01
3.0335611006E-01 -7.8712744674E-02

-1.0011006377E+00 -9.4817987105E-02
7.3991220989E-02 1.4613025027E-01

-8.8217377929E-01 -2.5375166024E-03
-1.3407080454E-02 1.4986096858E-01

-9.0702000103E-01 -1.8376654425E-01
1.0685136953E-01 7.0758531863E-02

ortalama
-9.2449425798E-01 -1.5079990926E-01




Tablo

5.2.

Bilek Dondiirme
AR Katsayilar

al a2 a3 a4

-1.6782944886E+00 2.6520971170E-01
6.1145966890E-01 -1.9385527057E-01

-1.6668844824E+00 2.9128419000E-01
5.7313242335E-01 -1.8845705196E-01

-1.7461513174E+00 3.6548327314E-01
6.5294178040E-01 -2.6558300438E-01

-1.3025860960E+00 -1.1446867276E-01
3.2965108775E-01 1.0345283121E-01

-1.6766072277E+00
3.87 6 5627083E-01
3.9051372035E-01 -9.2938484190E-02

-1.625129 8 06 8 E+00
2.3540441738E-01
6.1427725759E-01 -2.1594742888E-01

-1.51670 8 9140E+00
1.8555941225E-01
3.1414453378E-01 2.4623479891E-02

-1.7621534596E+00
3.4742 8 59380E-01
6.9550974971E-01 -2.7184063596E-01

-1.8006326425E+00 4.9785971212E-01
4.9213001705E-01
-1.862 514748E-01

-1.6311482325E+00 2.3110173842E-01
5.4244144339E-01 -1.3354386907E-01

-1.6576312368E+00 2.5007500734E-01
6.2423480450E-01 -2.0160357415E-01

1.3415683874E-01 6.9362943942E-02

(sf. 31:3))
Tablo
4.3.

AR Katsayilar
(Bilek Dondiirme)

-1.6782944886E+00 2.6520971170E-01
6.1145966890E-01 -1.9385527057E-01

-1.6668844824E+00 2.9128419000E-01
5.7313242335E-01 -1.8845705196E-01

-1.7461513174E+00 3.6548327314E-01
6.5294178040E-01 -2.6558300438E-01

-1.3025860960E+00 -1.1446867276E-01
3.2965108775E-01 1.0345283121E-01

-1.6766072277E+00
3.87 8 5627083E-01
3.9051372035E-01 -9.2938484190E-02

-1.625129 6 06 6 E+00
2.3540441738E-01
6.1427725759E-01 -2.1594742888E-01

-1.51670 6 9140E+00
1.8555941225E-01
3.1414453378E-01 2.4623479891E-02

-1.7621534596E+00
3.4742 6 59380E-01
6.9550974971E-01 -2.7184063596E-01

-1.8006326425E+00 4.9785971212E-01
4.9213001705E-01
-1.862 4 514748E-01

-1.6311482325E+00 2.3110173842E-01
5.4244144339E-01 -1.3354386907E-01

-1.6576312368E+00 2.5007500734E-01
6.2423480450E-01 -2.0160357415E-01




-1.7242866413E+00 3.3098455016E-01
6.2193987179E-01 -2.2082391743E-01

Tablo
5.3.
Kavrama
AR Katsayilar

al a2 a3 a4

-1.7628620203E+00 3.3509014048E-01
7.7903685144E-01 -3.3784912048E-01

-1.7147937194E+00 3.8440939067E-01
5.3351277970E-01 -1.9138849529E-01

-1.7847137462E+00 4.5364101095E-01
5.9422588725E-01 -2.5489654237E-01

-1.6969885901E+00 4.2314270627E-01
3.5911528476E-01 -7.5380301477E-02

-1.7920895718E+00 4.5149447486E-01
6.3829194507E-01 -2.8863118420E-01

-1.8890499350E+00 5.9260677875E-01
5.9514623768E-01 -2.9097552091E-01

-1.9145207019E+00 6.3425417746E-01
5.8029881792E-01 -2.9383511415E-01

-1.6212407393E+00
2.9392652232E- 1
4.3690521059E-01 -1.0108151881E-01

-1.7480720586E+00 4.7166348138E-01
4.8403544742E-01
-1.914435 8 S99E-01

-1.7411912333E+00 3.7700625993E-01
5.8395543349E-01 -2.0921690180E-01

-1.7242866413E+00 3.3098455016E-01
6.2193987179E-01 -2.2082391743E-01

ortalama
-1.6490176954E+00 2.7281485036E+00
5.3853136321E-01 -1.5356350608E-01

(sf.32:1))
Tablo
4.4.

AR Katsayilari
(Kavrama)

-1.7628620203E-00  3.3509014048E-01
7.7903685144E-01 -3.3784912048E-01

-1.7147937194E+00 3.8440939067E-01
5.3351277970E-01 -1.9138849529E-01

-1.7847137462E+00 4.5364101095E-01
5.9422588725E-01 -2.5489654237E-01

-1.6969885901E+00 4.2314270627E-01
3.5911528476E-01 -7.5380301477E-02

-1.7920895718E+00 4.5149447486E-01
6.3829194507E-01 -2.8863118420E-01

-1.8890499350E+00 5.9260677875E-01
5.9514623768E-01 -2.9097552091E-01

-1.9145207019E+00 6.3425417746E-01
5.8029881792E-01 -2.9383511415E-01

-1.6212407393E+00
2.9392652232E-0 1
4.3690521059E-01 -1.0108151881E-01

-1.7480720586E+00 4.7166348138E-01
4.8403544742E-01
-1.914435 9 S99E-01

-1.7411912333E+00 3.7700625993E-01
5.8395543349E-01 -2.0921690180E-01




-1.5918863811E+00 1.3577361182E-01
6.4716547454E-01 -1.8351180178E-01

-1.6465979555E+00 2.8133125987E-01
5.033203 2 768E-01
-1.2983359683E-01

Tablo

5.4.

Bilek Biikme
AR Katsayilar

al a2 a3 a4

-1.7177802376E+00  1.7923506031E-01
8.6416402389E-01 -3.2248749080E-01

-2.1556195534E+00 1.0727194727E+00
4.1624856169E-01 -3.2769068977E-01

-2.1094966700E+00  9.4973859050E-01
5.2513090298E-01 -3.6229070932E-01

-1.9881745683E+00 7.1473677244E-01
6.3532171690E-01 -3.5710443516E-01

-2.0302231521E+00 8.7372247668E-01
3.9424159375E-01 -2.3394918091E-01

-2.0361573993E+00 7.2691468604E-01
7.5100323360E-01 -4.3777890206E-01

-2.1158109897E+00  9.9905398463E-01
4.4321123616E-01 -3.2188584227E-01

-2.0156995333E+00  8.2924206776E-01
5.1270155057E-01 -3.1983913478E-01

-1.9381246455E+00  6.7198915940E-01
6.0503315396E-01 -3.2973071443E-01

-1.5918863811E+00 1.3577361182E-01
6.4716547454E-01 -1.8351180178E-01

-1.6465979555E+00 2.8133125987E-01
5.033203 1 768E-01
-1.2983359683E-01

ortalama
-1.7420005544E+00 4.0286165123E-01
5.6125080729E-01 -2.1233697450E-01

(sf. 32:2))
Tablo
4.5.

AR Katsayilar
(Bilek Biikme)

-1.7177802376E+00 1.7923506031E-01
8.6416402389E-01 -3.2248749080E-01

-2.1556195534E+00 1.0727194727E+00
4.1624856169E-01 -3.2769068977E-01

-2.1094966700E+00 9.4973859050E-01
5.2513090298E-01 -3.6229070932E-01

-1.9881745683E+00 7.1473677244E-01
6.3532171690E-01 -3.5710443516E-01

-2.0302231521E+00 8.7372247668E-01
3.9424159375E-01 -2.3394918091E-01

-2.0361573993E+00 7.2691468604E-01
7.5100323360E-01 -4.3777890206E-01

-2.1158109897E+00 9.9905398463E-01
4.4321123616E-01 -3.2188584227E-01

-2.0156995333E+00 8.2924206776E-01
5.1270155057E-01 -3.1983913478E-01

-1.9381246455E+00 6.7198915940E-01
6.0503315396E-01 -3.2973071443E-01




-2.1954326032E+00 1.1464640424E+00
3.7764439479E-01 -3.2738111062E-01

-2.013877545 E+00
7.1353238125E-01  7.0211842794E-01
-3.9699016671E-01

-1.9626837954E+00 6.7939541286E-01
6.1023028541E-01 -3.2306485047E-01

Tablo

5.5.

Dirsek Acma
AR Katsayilar

al a2 a3 a4

-2.2914128 8 S4E+00
1.41578 8 0401E+00
1.5643946565E-01 -2.7576257484E-01

-2.223666556 3 E+00
1.1925184658E+00 3.7804077194E-01
-3.4387288667E-01

-2.5605990742E+00 2.1284516167E-00
-4.7985836909E-01 -8.5217132090E-02

-2.1855094142E+00
1.16 6 8151587E+00
3.5497629656E-01 -3.0421272700E-01

-2.1335049591E+00 1.0162656173E+00
4.8782226231E-01 -3.6814453276E-01

-2.3205685494E+00 1.3983241604E+00
2 .4926231425E-01
-3.2406063327E-01

-2.2736460701E+00 1.3090069187E+00
3.0759887510E-01 -3.4078144846E-01

-2.1954326032E+00 1.1464640424E+00
3.7764439479E-01 -3.2738111062E-01

-2.013877545 0 E+00
7.1353238125E-01 7.0211842794E-01
-3.9699016671E-01

-1.9626837954E+00 6.7939541286E-01
6.1023028541E-01 -3.2306485047E-01

ortalama
-2.0232567244E+00 7.9639534224E-01
5.6975409013E-01 -3.3834943561E-01

(sf. 31:2))
Tablo
4.2.

AR Katsayilari
(Dirsek A¢ma)

-2.2914128 6 S4E+00
1.41578 6 0401E+00
1.5643946565E-01 -2.7576257484E-01

-2.223666556 9 E+00
1.1925184658E+00 3.7804077194E-01
-3.4387288667E-01

-2.5605990742E+00 2.1284516167E+00
-4.7985836909E-01 -8.5217132090E-02

-2.1855094142E+00
1.16 5 8151587E+00
3.5497629656E-01 -3.0421272700E-01

-2.1335049591E+00 1.0162656173E+00
4.8782226231E-01 -3.6814453276E-01

-2.3205685494E+00 1.3983241604E+00
3.4926231425E-01
-3.2406063327E-01

-2.2736460701E+00 1.3090069187E+00
3.0759887510E-01 -3.4078144846E-01
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-2.1544811453E+00 1.0935288607E+00
3.8948655289E-01 -3.2407480865E-01

-2.2177809049E+00 1.1889682963E+00
4.0943813260E-01 -3.7655125553E-01

-2.3595552024E+00 1.5141832312E+00
1.3451033751E-01 -2.8448465373E-01

-2.3105310227E+00 1.4117335132E+00
2.0540127137E-01 -3.0442982559E-01

-2.0866797895E+00 9.1354732122E-01
5.1311636760E-01 -3.3697516577E-01

Tablo

5.6.

Dirsek Kapama
AR Katsayilar

al a2 a3 a4

-2.3542062185E+00 1.4851184597E+00
1.4528583345E-01 -2.7379972680E-01

-2.4726544348E+00 1.8385442000E+00
-2.0527237386E-01 -1.5744447000E-01

-2.4573193843E+00 1.7527869504E+00
-8.6343603770E-02 -2.0686584583E-01

-2.3926002892E+00 1.6307035562E+00
9.995849 5 213E-03
-2.4512770954E-01

-2.373071743 5 E+00
1.56554 3 4941E+00
3.6312152113E-02 -2.2689045467E-01

-2.2351576581E+00 1.2796459202E+00
2.7017863040E-01 -3.1305935123E-01

-2.1544811453E+00 1.0935288607E+00
3.8948655289E-01 -3.2407480865E-01

-2.2177809049E+00 1.1889682963E+00
4.0943813260E-01 -3.7655125553E-01

-2.3595552024E+00 1.5141832312E+00
1.3451033751E-01 -2.8448465373E-01

-2.3105310227E+00 1.4117335132E+00
2.0540127137E-01 -3.0442982559E-01

-2.086679789SE+00 9.1354732122E-01
5.1311636760E-01 -3.3697516577E-01

ortalama
-2.2598279628E+00 1.3099274334E+00
2.5885285856E-01 -3.0571397036E-01

(sf.31:1))
Tablo
4.1.

AR Katsayilan
(Dirsek Kapama)

-2.3542062185E+00 1.4851184597E+00
1.4528583345E-01 -2.7379972680E-01

-2.4726544348E+00 1.8385442000E+00
-2.0527237386E-01 -1.5744447000E-01

-2.4573193843E+00 1.7527869504E+00
-8.6343603770E-02 -2.0686584583E-01

-2.3926002892E+00 1.6307035562E+00
9.995849 § 213E-03
-2.4512770954E-01

-2.373071743 6 E+00
1.56554 8 4941E+00
3.6312152113E-02 -2.2689045467E-01

-2.2351576581E+00 1.2796459202E+00
2.7017863040E-01 -3.1305935123E-01
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-2.4544280426E+00 1.7943195725E+00
-1.2409796096E-01 -2.1258192259E-01

-2.6320357985E+00
2.2931298 8 S1E+00
-6.12871751 8 7E-01

-4.5692505305E-02

-2.5094879915E+00
1.9042 3 01538E+00
-2.0069102896E-01 -1.9150689238E-01

-2.3592941518E+00
1.544 3 889449E+00
7.4672604464E-02 -2.5650593923E-01

-2.5892689199E+00
2.1397 8 47674E+00
-4.3889054107E-01 -1.1007795451E-01

-2.475136265 9 E+00

1. 8 5284 9 1083E+00
-2.1320267626E-01

-1. 824 990412 9 E-01

(sf. 59, son paragraf) .. (sf. 61, ilk paragraf)
procedure yread ( isylla : integer );
{ Girig 6rneklerini oku
( 72 farkl giris bileseni igin) }

begin
case isylla of
0: begin
out[0,0]:=-0.968; out[0,1]:=-0.154;
out[0,2]:=0.134; out[0,3]:=0.074;
out[0,4]:=0.4821 end,

1: begin

-2.4544280426E+00 1.7943195725E+00
-1.2409796096E-01 -2.1258192259E-01

-2.6320357985E+00
2.2931298 6 S1E+00
-6.12871751 3 7E-01

-4.5692505305E-02

-2.5094879915E+00
1.9042 8 01538E+00
-2.0069102896E-01 -1.9150689238E-01

-2.3592941518E+00
1.544 9 889449E+00
7.4672604464E-02 -2.5650593923E-01

-2.5892689199E+00
2.1397 9 47674E+00
-4.3889054107E-01 -1.1007795451E-01

-2.475136265 2 E+00

1. 6 5284 0 1083E+00
-2.1320267626E-01

-1. 624 3990412 E-01

ortalama
-2.4420550748E+00 1.7568084160E+00
-1.1207707217E-01 -2.0017098445E-01

(sf. 32:3))
Tablo 4.6. AR Katsayilar1 (Dinlenme)

-9.6845563318E-01 -1.5400527307E-01
1.3427406528E-01 7.4366799392E-02
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out[0,0]:=-1.049; out[0,1]:=0.0024;
out[0,2]:=0.041; out[0,3]:=0.128;
out[0,4]:=0.4821 end;

2: begin
out[0,0]:=-0.924; out[0,1]:=-0.147;
out[0,2]:=0.269; out[0,3]:=-0.077;
out[0,4]:=0.4821 end;

3: begin
out[0,0]:=-0.945; out[0,1]:=-0.133;
out[0,2]:=0.024; out[0,3]:=0.133;
out[0,4]:=0.4821 end;

4: begin
out[0,0]:=-0.869; out[0,1]:=-0.164;
out[0,2]:=0.053; out[0,3]:=0.086;
out[0,4]:=0.4821 end,

5: begin
out[0,0]:=-0.997; out[0,1]:=-0.215;
out[0,2]:=0.342; out[0,3]:=-0.007;
out[0,4]:=0.4821 end;

6: begin
out[0,0]:=-0.863; out[0,1]:=-0.213;
out[0,2]:=0.127; out[0,3]:=0.088;
out[0,4]:=0.4821 end,

7: begin
out[0,0]:=-0.754; out[0,1]:=-0.279;
out[0,2]:=0.148; out[0,3]:=0.118;
out[0,4]:=0.4821 end;

8: begin
out[0,0]:=-0.931; out[0,1]:=-0.224;
out[0,2]:=0.303; out[0,3]:=-0.078;
out[0,4]:=0.4821 end;

9: begin
out[0,0]:=-1.001; out[0,1]:=-0.095;
out[0,2]:=0.074; out[0,3]:=0.146;
out[0,4]:=0.4821 end;

10: begin
out[0,0]:=-0.882; out[0,1]:=-0.002;
out[0,2]:=-0.013; out[0,3]:=0.150;
out[0,4]:=0.4821 end,

11: begin

-9.2388897922E-01
2.6943985669E-01

-9.4570361030E-01
2.3991312436E-02

-8.6972619636E-01
5.3123518849E-02

-9.9760288423E-01
3.4189008671E-01

-8.6308925263E-01
1.2691625064E-01

-7.5374334159E-01
1.4858593883E-01

-9.3169638653E-01
3.0335611006E-01

-1.0011006377E+00
7.3991220989E-02

-8.8217377929E-01
-1.3407080454E-02

-1.0497303938E+00 2.4184004970E-03
4.0869415318E-02 1.2779659727E-01

-1.4672540367E-01
-7.7113845847E-02

-1.3319789043E-01
1.3348951770E-01

-1.6419381431E-01
8.6418984900E-02

-2.1539712883E-01
-6.8069358428E-03

-2.1380003899E-01
8.8365856683E-02

-2.7940743845E-01
1.1780134702E-01

-2.2416827596E-01
-7.8712744674E-02

-9.4817987105E-02
1.4613025027E-01

-2.5375166024E-03
1.4986096858E-01
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out[0,0]:=-0.907; out[0,1]:=-0.184;
out[0,2]:=0.106; out[0,3]:=0.071;
out[0,4]:=0.4821 end;

12: begin
out[0,0]:=-1.678; out[0,1]:=0.265;
out[0,2]:=0.611; out[0,3]:=-0.194;
out[0,4]:=0.4821 end;

13: begin
out[0,0]:=-1.666; out[0,1]:=0.291;
out[0,2]:=0.573; out[0,3]:=-0.188;
out[0,4]:=0.8901 end;

14: begin
out[0,0]:=-1.746; out[0,1]:=0.365;
out[0,2]:=0.653; out[0,3]:=-0.265;
out[0,4]:=0.8901 end;

15: begin
out[0,0]:=-1.303; out[0,1]:=-0.114;
out[0,2]:=0.329; out[0,3]:=0.103;
out[0,4]:=0.8901 end;

16: begin
out[0,0]:=-1.676; out[0,1]:=0.387;
out[0,2]:=0.390; out[0,3]:=-0.093;
out[0,4]:=0.8901 end;

17: begin
out[0,0]:=-1.625; out[0,1]:=0.235;
out[0,2]:=0.614; out[0,3]:=-0.216;
out[0,4]:=0.8901 end;

18: begin
out[0,0]:=-1.516; out[0,1]:=0.185;
out[0,2]:=0.314; out[0,3]:=0.0246;
out[0,4]:=0.8901 end;

19: begin
out[0,0]:=-1.762; out[0,1]:=0.347;
out[0,2]:=0.695; out[0,3]:=-0.271;

-9.0702000103E-01 -1.8376654425E-01
1.0685136953E-01 7.0758531863E-02

ortalama
-9.2449425798E-01 -1.5079990926E-01
1.3415683874E-01 6.9362943942E-02

(sf. 31:3))
Tablo 4.3. AR Katsayilar (Bilek Dondiirme)

-1.6782944886E+00 2.6520971170E-01
6.1145966890E-01 -1.9385527057E-01

-1.6668844824E+00 2.9128419000E-01
5.7313242335E-01 -1.8845705196E-01

-1.7461513174E+00 3.6548327314E-01
6.5294178040E-01 -2.6558300438E-01

-1.3025860960E+00 -1.1446867276E-01
3.2965108775E-01 1.0345283121E-01

-1.6766072277E+00 3.8785627083E-01
3.9051372035E-01 -9.2938484190E-02

-1.6251296066E+00 2.3540441738E-01
6.1427725759E-01 -2.1594742888E-01

-1.5167069140E+00 1.8555941225E-01
3.1414453378E-01 2.4623479891E-02

-1.7621534596E+00 3.4742659380E-01
6.9550974971E-01 -2.7184063596E-01
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out[0,4]:=0.8901 end;

20: begin
out[0,0]:=-1.800; out[0,1]:=0.498;
out[0,2]:=0.492; out[0,3]:=-0.186;
out[0,4]:=0.8901 end;

21: begin
out[0,0]:=-1.631; out[0,1]:=0.231;
out[0,2]:=0.542; out[0,3]:=-0.133;
out[0,4]:=0.8901 end;

22: begin
out[0,0]:=-1.657; out[0,1]:=0.250;
out[0,2]:=0.624; out[0,3]:=-0.201;
out[0,4]:=0.8901 end;

23: begin
out[0;0]:=-1.724; out[0,1]:=0.331;
out[0,2]:=0.622; out[0,3]:=-0.221;
out[0,4]:=0.8901 end;

24: begin
out[0,0]:=-1.763; out[0,1]:=0.335;
out[0,2]:=0.779; out[0,3]:=-0.338;
out[0,4]:=0.9488 end;

25: begin
out[0,0]:=-1.714; out[0,1]:=0.384;
out[0,2]:=0,534; out[0,3]:=-0.191;
out[0,4]:=0.9488 end;

26: begin
out[0,0]:=-1.784; out[0,1]:=0.453;
out[0,2]:=0.594; out[0,3]:=-0.255;
out[0,4]:=0.9488 end;

27: begin
out[0,0]:=-1.697; out[0,1]:=0.423;
out[0,2]:=0.359; out[0,3]:=-0.075;
out[0,4]:=0.9488 end;

28: begin

-1.8006326425E+00 4.9785971212E-01
4.9213001705E-01 -1.8624514748E-01

-1.6311482325E+00 2.3110173842E-01
5.4244144339E-01 -1.3354386907E-01

-1.6576312368E+00 2.5007500734E-01
6.2423480450E-01 -2.0160357415E-01

-1.7242866413E+00 3.3098455016E-01
6.2193987179E-01 -2.2082391743E-01

ortalama
-1.6490176954E+00 2.7281485036E+00
5.3853136321E-01 -1.5356350608E-01

(sf.32:1))
Tablo 4.4. AR Katsayilar1 (Kavrama)

-1.7628620203E-00 3.3509014048E-01
7.7903685144E-01 -3.3784912048E-01

-1.7147937194E+00 3.8440939067E-01
5.3351277970E-01 -1.9138849529E-01

-1.7847137462E+00 4.5364101095E-01
5.9422588725E-01 -2.5489654237E-01

-1.6969885901E+00 4.2314270627E-01
3.5911528476E-01 -7.5380301477E-02
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out[0,0]:=-1.792; out[0,1]:=0.451;
out[0,2]:=0.638; out[0,3]:=-0.288;
out[0,4]:=0.9488 end;

29: begin
out[0,0]:=-1.889; out[0,1]:=0.592;
out[0,2]:=0.595; out[0,3]:=-0.291;
out[0,4]:=0.9488 end;

30: begin
out[0,0]:=-1.914; out[0,1]:=0.634;
out[0,2]:=0.580; out[0,3]:=-0.294;
out[0,4]:=0.9488 end;

31: begin
out[0,0]:=-1.621; out[0,1]:=0.294;
out[0,2]:=0.437; out[0,3]:=-0.101;
out[0,4]:=0.9488 end;

32: begin
out[0,0]:=-1.748; out[0,1]:=0.472;
out[0,2]:=0.484; out[0,3]:=-0.191;
out[0,4]:=0.9488 end;

33: begin
out[0,0]:=-1.741; out[0,1]:=0.377;
out[0,2]:=0.584; out[0,3]:=-0.209;
out[0,4]:=0.9488 end;

34: begin
out[0,0]:=-1.600; out[0,1]:=0.138;
out[0,2]:=0.647; out[0,3]:=-0.183;
out[0,4]:=0.9488 end;

35: begin
out[0,0]:=-1.646; out[0,1]:=0.281;
out[0,2]:=0.503; out[0,3]:=-0.130;
out[0,4]:=0.9488 end;

36: begin
out[0,0]:=-1.718; out[0,1]:=0.179;
out[0,2]:=0.864; out[0,3]:=-0.322;
out[0,4]:=1.1469 end;

-1.7920895718E+00 4.5149447486E-01
6.3829194507E-01 -2.8863118420E-01

-1.8890499350E+00 5.9260677875E-01
5.9514623768E-01 -2.9097552091E-01

-1.9145207019E+00 6.3425417746E-01
5.8029881792E-01 -2.9383511415E-01

-1.6212407393E+00 2.9392652232E-01
4.3690521059E-01 -1.0108151881E-01

-1.7480720586E+00 4.7166348138E-01
4.8403544742E-01 -1.9144359599E-01

-1.7411912333E+00 3.7700625993E-01
5.8395543349E-01 -2.0921690180E-01

-1.5918863811E+00 1.3577361182E-01
6.4716547454E-01 -1.8351180178E-01

-1.6465979555E+00 2.8133125987E-01
5.0332031768E-01 -1.2983359683E-01

ortalama
-1.7420005544E+00 4.0286165123E-01
5.6125080729E-01 -2.1233697450E-01

(sf. 32:2))
Tablo 4.5. AR Katsayilar1 (Bilek Biikme)

-1.7177802376E+00 1.7923506031E-01
8.6416402389E-01 -3.2248749080E-01
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37: begin
out[0,0]:=-2.155; out[0,1]:=1.072;
out[0,2]:=0.416; out[0,3]:=-0.328;
out[0,4]:=1.1469 end;

38: begin
out[0,0]:=-2.109; out[0,2]:=0.950;
out[0,2]:=0.525; out[0,3]:=-0.362;
out[0,4]:=1.1469 end;

39: begin
out[0,0]:=-1.988; out[0,1]:=0.715;
out[0,2]:=0.635; out[0,3]:=-0.357;
out[0,4]:=1.1469 end;

40: begin
out[0,0]:=-2.030; out[0,1]:=0.874;
out[0,2]:=0.394; out[0,3]:=-0.234;
out[0,4]:=1.1469 end;

41: begin
out[0,0]:=-2.036; out[0,1]:=0.727;
out[0,2]:=0.751; out[0,3]:=-0.438;
out[0,4]:=1.1469 end;

42: begin
out[0,0]:=-2.116; out[0,1]:=0.999;
out[0,2]:=0.443; out[0,3]:=-0.322;
out[0,4]:=1.1469 end;

43: begin
out[0,0]:=-2.015; out[0,1]:=0.829;
out[0,2]:=0.513; out[0,3]:=-0.320;
out[0,4]:=1.1469 end;

44: begin
out[0,0]:=-1.938; out[0,1]:=0.672;
out[0,2]:=0.605; out[0,3]:=-0.330;
out[0,4]:=1.1469 end;

45: begin
out[0,0]:=-2.195; out[0,1]:=1.146;
oul[0,2]:=0.378; out[0,3]:=-0.327;
out[0,4]:=1.1469 end;

46: begin
out[0,0]:=-2.014; out[0,1]:=0.713;
out[0,2]:=0.702; out[0,3]:=-0.397;
out[0,4]:=1.1469 end;

-2.1556195534E+00 1.0727194727E+00
4.1624856169E-01 -3.2769068977E-01

-2.1094966700E+00 9.4973859050E-01
5.2513090298E-01 -3.6229070932E-01

-1.9881745683E+00 7.1473677244E-01
6.3532171690E-01 -3.5710443516E-01

-2.0302231521E+00 8.7372247668E-01
3.9424159375E-01 -2.3394918091E-01

-2.0361573993E+00 7.2691468604E-01
7.5100323360E-01 -4.3777890206E-01

-2.1158109897E+00 9.9905398463E-01
4.4321123616E-01 -3.2188584227E-01

-2.0156995333E+00 8.2924206776E-01
5.1270155057E-01 -3.1983913478E-01

-1.9381246455E+00 6.7198915940E-01
6.0503315396E-01 -3.2973071443E-01

-2.1954326032E+00 1.1464640424E+00
3.7764439479E-01 -3.2738111062E-01

-2.0138775450E+00 7.1353238125E-01
7.0211842794E-01 -3.9699016671E-01

17




47: begin
out[0,0]:=-1.962; out[0,1]:=0.679;
out[0,2]:=0.610; out[0,3]:=-0.323;
out[0,4]:=1.1469 end;

48: begin
out[0,0]:=-2.291; out[0,1]:=1.416;
out[0,2]:=0.156; out[0,3]:=-0.276;
out[0,4]:=1.3278 end;

49: begin
out[0,0]:=-2.223; out[0,1]:=1.192;
out[0,2]:=0.378; out[0,3]:=-0.344;
out[0,4]:=1.3278 end;

50: begin
out[0,0]:=-2. 28 0;
out[0,1]:=2.128;
out[0,2]:= 0.480;
out[0,3]:=-0.085;
out[0,4]:=1.3278 end;

51: begin
out[0,0]:=-2.185;
out[0,1]:=1.1 8 6;
out[0,2]:=0.355; out[0,3]:=-0.304;
out[0,4]:=1.3278 end;

52: begin
out[0,0]:=-2.133; out[0,1]:=1.016;
out[0,2]:=0.488; out[0,3]:=-0.368;
out[0,4]:=1.3278 end;

53: begin
out[0,0]:=-2.320; out[0,1]:=1.398;
out[0,2]:=0. 2 49;
out[0,3]:=-0.324;
out[0,4]:=1.3278 end;

54: begin
out[0,0]:=-2.273; out[0,1]:=1.309;
out[0,2]:=0.308; out[0,3]:=-0.341;

-1.9626837954E+00 6.7939541286E-01
6.1023028541E-01 -3.2306485047E-01

ortalama
-2.0232567244E+00 7.9639534224E-01
5.6975409013E-01 -3.3834943561E-01

(sf. 31:2))
Tablo 4.2. AR Katsayilar1 (Dirsek A¢gma)

-2.2914128654E+00 1.4157860401E+00
1.5643946565E-01 -2.7576257484E-01

-2.2236665569E+00 1.1925184658E+00
3.7804077194E-01 -3.4387288667E-01

-2.56 0 5990742E+00
2.1284516167E+00

- 4.7985836909E-01
-8.5217132090E-02

-2.1855094142E+00
1.1 6 58151587E+00
3.5497629656E-01 -3.0421272700E-01

-2.1335049591E+00 1.0162656173E+00
4.8782226231E-01 -3.6814453276E-01

-2.3205685494E+00 1.3983241604E+00
3.49 26231425E-01
-3.2406063327E-01

-2.2736460701E+00 1.3090069187E+00
3.0759887510E-01 -3.4078144846E-01
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out[0,4]:=1.3278 end;

55: begin
out[0,0]:=-2.154; out[0,1]:=1.094;
out[0,2]:=0.389; out[0,3]:=-0.324;
out[0,4]:=1.3278 end;

56: begin
out[0,0]:=-2.218; out[0,1]:=1.189;
out[0,2]:=0.409; out[0,3]:=-0.376;
out[0,4]:=1.3278 end;

57: begin
out[0,0]:=-2.350; out[0,1]:=1.514;
out[0,2]:=0.134; out[0,3]:=-0.284;
out[0,4]:=1.3278 end;

58: begin
out[0,0]:=-2.310; out[0,1]:=1.412;
out[0,2]:=0.205; out[0,3]:=-0.304;
out[0,4]:=1.3278 end;

59: begin
out[0,0]:=-2.100; out[0,1]:=0.914;
out[0,2]:=0.513; out[0,3]:=-0.337;
out[0,4]:=1.3278 end;

60: begin
out[0,0]:=-2.354; out[0,1]:=1.485;
out[0,2]:=0.145; out[0,3]:=-0.274;
out[0,4]:=1.5206 end;

61: begin
out[0,0]:=-2.472; out[0,1]:=1.838;
out[0,2]:=-0.205; out[0,3]:=-0.157;
out[0,4]:=1.5206 end;

62: begin
out[0,0]:=-2.457; out[0,1]:=1.753;
out[0,2]:=-0.086; out[0,3]:=-0.207;
out[0,4]:=1.5206 end;

63: begin

-2.1544811453E+00 1.0935288607E+00
3.8948655289E-01 -3.2407480865E-01

-2.2177809049E+00 1.1889682963E+00
4.0943813260E-01 -3.7655125553E-01

-2.3595552024E+00 1.5141832312E+00
1.3451033751E-01 -2.8448465373E-01

-2.3105310227E+00 1.4117335132E+00
2.0540127137E-01 -3.0442982559E-01

-2.0866797895E+00 9.1354732122E-01
5.1311636760E-01 -3.3697516577E-01

ortalama
-2.2598279628E+00 1.3099274334E+00
2.5885285856E-01 -3.0571397036E-01

(sf.31:1))
Tablo 4.1. AR Katsayilar1 (Dirsek Kapama)

-2.3542062185E+00 1.4851184597E+00
1.4528583345E-01 -2.7379972680E-01

-2.4726544348E+00 1.8385442000E+00
-2.0527237386E-01 -1.5744447000E-01

-2.4573193843E+00 1.7527869504E+00
-8.6343603770E-02 -2.0686584583E-01
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out[0,0]:=-2.392;
out[0,1]:=1.6 4 0;
out[0,2]:=0.010; out[0,3]:=-0.245;
out[0,4]:=1.5206 end;

64: begin
out[0,0]:=-2.373; out[0,1]:=1.566;
out[0,2]:=0.036; out[0,3]:=-0.227;
out[0,4]:=1.5206 end;

65: begin
out[0,0]:=-2.237; out[0,1]:=1.280;
out[0,2]:=0.270; out[0,3]:=-0.313;
out[0,4] :=1.5206 end;

66: begin
out[0,0]:=-2.454; out[0,1]:=1.794;
out[0,2]:=-0.124; out[0,3]:=-0.213;
out[0,4]:=1.5206 end;

67: begin
out[0,0]:=-2.632; out[0,1]:=2.290;
out[0,2]:=-0.612; out[0,3]:=-0.046;
out[0;4]:=1.5206 end;

68: begin
out[0,0]:=-2.510; out[0,1]:=1.904;
out[0,2]:=-0.200; out[0,3]:=-0.191;
out[0,4]:=1.5206 end;

69: begin
out[0,0]:=-2.360; out[0,1]:=1.545;
out[0,2]:=0.075; out[0,3]:=-0.256;
out[0,4]:=1.5206 end;

70: begin
out[0,0]:=-2.590; out[0,1]:=2.140;
out{0,2]:=-0.439; out[0,3]:=-0.110;
out[0,4]:=1.5206 end;

71: begin
out[0,0]:=-2.475;
out[0,1]:=1.8 5 3;
out[0,2]:=-0.213; out[0,3]:=-0.162;
out[0,4]:=1.5206 end;

end;
end; { procedure YREAD }

-2.3926002892E+00
1.6 3 0 7035562E+00
9.9958498213E-03 -2.4512770954E-01

-2.3730717436E+00 1.5655484941E+00
3.6312152113E-02 -2.2689045467E-01

-2.2351576581E+00 1.2796459202E+00
2.7017863040E-01 -3.1305935123E-01

-2.4544280426E+00 1.7943195725E+00
-1.2409796096E-01 -2.1258192259E-01

-2.6320357985E+00 2.2931298651E+00
-6.1287175137E-01 -4.5692505305E-02

-2.5094879915E+00 1.9042801538E+00
-2.0069102896E-01 -1.9150689238E-01

-2.3592941518E+00 1.5449889449E+00
7.4672604464E-02 -2.5650593923E-01

-2.5892689199E+00 2.1397947674E+00
-4.3889054107E-01 -1.1007795451E-01

-2.4751362652E+00
1.6 52 8401083E+00
-2.1320267626E-01 -1.6243990412E-01

ortalama
-2.4420550748E+00 1.7568084160E+00
-1.1207707217E-01 -2.0017098445E-01
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KANIT - 1.B : KANIT — 1'in sadece “tez calismasi olarak yaptim” dedigi calismanin (??) ve
“yaptim” dedigi calisma sonucunda “elde ettim” dedigi sonuglarin (??) anlatildigi kisim
([CALINTI tez : sf. 41..46]) :
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5. COK FONKSIYONLU PROTEZLER ICIN YSA KULLANARAK MIYOELEKTRIK
KONTROL :

Bir miyoelekirik kontrollu protez temelde, isaret isleme birimi ile kontrol biriminden meydal{a
gelmektedir. Isaret isleme birimi; EMG isaretini ¢lger, kuvvetlendirme ve filtreleme gibi 6n islemlerden
sonra bilgl tagiyan paremetreleri bulur. Kontrol biriminde ise; bulunan veriler kullamilarak gok

fonksivonlu hareket siniflandirilmasi yapilir. Boylece 6ziirliiniin amacladigi harekete karar verilir.

£,1 Sistem Kontrol Dizaym

Bu calismada gerceklestirilmesi istenen (amag); 6n kolun biceps ve triceps kaslarindan alinan
" EMG igaretleriyle, protez motorlannt kumanda edecek lojik bilginin elde edilmesidir. iste bu bilginin
elde edilmesini saglayan sistemin kontrol dizaym Sekil 5.1'de gésterildigi gibidir.
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Sekil 5.1 Sistem kontrol dizaym

Sekilden de anlasilacag: gibi, sistem kontrol ‘ciizaym; isaret elde etme, 6zellik ¢ikarma, siniflandirma ve
karar asamalarindan olusmaktadir. Isaret elde etme kisminda, giimis-giimils klorir elektrodlardan
- alinan EMG isareti 6nce kuvvetlendirilip, daha sonra 1kHz algak gegiren filtre ile siiziilerek dc seviye
kaydinct devresine uygulamr. (Detayli bilgi i¢in bkz. Bolim 2) Ozellik cikarma asamasinda; A/D
~3 Gevirici (5kHz), veri kayit ve AR kestirimi (Parcor yontemi ile) yapilmaktadir. Enson asamada ise;
Yapay Sinir Aglar1 (YSA) ile verilen AR paremetrelerinin simiflandirilmasi yapilarak karar verilir.
EMG isaretleri, 26 yaginda saglikli bir erkek denekten gesitli kol hareketlerini sinayarak
e almnmigtir. Yapilan hareketler: dirsek kapama (elbow flexion), dirsek agma (elbow extension), bilek
7 i g | dondiirme (wrist supination), bilek biikme (wrist flexion), kavrama (grasp) hareketleri ve dinle e

i
é (resting)'dir. Her hareket 6 kez tekrarlamip, her denemede yaklagik bir saniyede 4800 &rnek,
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«.saldamm'stir. Deneyler yapilirken hareketin baslangic ve bitis noktalarn atilarak, hareketin lineer oldugu
bolge alindi ve her denemede kaslara aym kuvvet uygulanmaya gayret edildi.

Elde edilen verilerin islenmesi asamasinda, EMG isaretleri normalize edildikten sonra dc

seviyeleri bulundu ve herbir 6mekten dc seviyeleri ¢ikartilarak isaret sifir ortalamali hale getirildi. Her
deney igin kaydedilen 4800 6rneklik veri, Igerbiri 80 ms'lik 400 drnege sahip olan 12 segmente ayrilarak
incelendi. Her segment, "Blackman" tipi pencere fonksiyonu ile ¢arpilarak bencereleme islemi yapildi.
Blackman tipi pencere fonksiyonunun aynk zamandaki ifadesi asagidaki gibidir.

27n dmn .
=0.42-0.5C, +0.08C =0,1,2,....,(N-1

Her hareket icin elde edilen AR katsayilan (a), aj, a3, a4) vektérlerinin olugturdugu uzayda tek bir
degerde olmayp; istatistiksel, biyolojik vb. sapmalardan 6tiirii bir 'degerler kiimesi seklinde dagilim
gostermekiedir. Farkli hareketler icin elde edilen bu degerler kiimesi, belittilen uzayda birbirinden
yeterince uzaksa bu hareketler kolaylikla ayirtedilebilmektedir. Yaptigimiz deneylerde islenecek her
segmentin bir pencere fonksiyonu ile garpilmastyla elde edilen AR katsayilari, pencereleme yapilmadan

elde edilenlere gore daha iyi gruplagma saglamistir. Bu nedenle pencereleme islemi yapilmstir. Cesitli
hareketler icin elde edilen AR katsayilan Tablo 5.1-5.6'da verilmistir. Tabloda, sirasiyla aj, ap, a3 ve ag
katsayilanina ait degerler gorilmektedir. '

Tablo 5.1. Dinlenme AR Katsayilari

a3

an

a3

a4

-9.6845563318E-01

-1.5400527307E-01

1.3427406528E-01

7.4366799392E-02

-1.0497303938E+00

2.4184004970E-03

1.2779659727E-01

-9.2388897922E-01

-1.4672540367E-01

4.0869415318E-02

2.6943985669E-01

-7.7113845847E-02

-9.4570361030E-01

-1.3319789043E-01

2.3991312436E-02

1.3348951770E-01

-8.6972619636E-01

-1.6419381431E-01

5.312518849E-02

8.6418984900E-02

-9.9760288423E-01

-2.1539712883E-01

3.4189008671E-01

-6.8069358428E-03

-.6308925263E-01

-2.1380003899E-01

1.2691625064E-01

8.8365856683E-02

-7.5374334159E-01

-2.7940743845E-01

1.4858593883E-01

1.1780134702E-01

-9.3169638653E-01

-2.2416827596E-01

3.0335611006E-01

-7.8712744674E-02

-1.0011006377E+00

-9.4817987105E-02

7.3991220989E-02

1.4613025027E-01

-8.8217377929E-01

-2.5375166024E-03

-1.3407080454E-02

1.4986096858E-01

-9.0702000103E-01

-1.8376654425E-01

1.0685136953E-01

7.0758531863E-02
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Tablo 5.2. Bilek Déndiirme AR Katsayilan

a1

a2

a3

a4

-1.6782944886E+00

2.6520971170E-01

6.1145966890E-01

-1.9385527057E-01

-1.6668844824E+00

2.9128419000E-01

5.7313242335E-01

-1.8845705196E-01

' .1.7461513174E+00

3.6548327314E-01

6.5294178040E-01

-2.6558300438E-01

-1.3025860960E+00

-1.1446867276E-01

3.2965108775E-01

1.0345283121E-01

-1.6766072277E+00

3.9051372035E-01

-9.2938484190E-02

-1.6251298068E+00

3.8765627083E-01

 2.3540441738E-01

6.1427725759E-01

-2.1594742888E-01

-1.5167089140E+00

1.8555941225E-01

""3,1414453378E-01

2.4623479891E-02

-1.7621534596E+00

3.4742859380E-01

6.9550974971E-01

-2.7184063596E-01

-1.8006326425E+00 4.9785971212E-01 4.9213001705E-01 -1.862514748E-01
-1.6311482325E+00 2.3110173842E-01 5.4244144339E-01 -1.3354386907E-01
-1.6576312368E+00 2.5007500734E-01 6.2423480450E-01 -2.0160357415E-01
-1.7242866413E+00 3.3098455016E-01 6.2193987179E-01 -2.2082391743E-01
Tablo 5.3. Kavrama AR Katsayilan
aj an a3 aq
-1.7628620203E+00 3.3509014048E-01 7.7903685144E-01 -3.3784912048E-01
-1.7147937194E+00 3.8440939067E-01 5.3351277970E-01 -1.9138849529E-01

-1.7847137462E+00

4.5364101095E-01

5.9422588725E-01 '

-2.5489654237E-01

-1.6969885901E+00 4.2314270627E-01 3.5911528476E-01 -7.5380301477E-02
-1.7920895718E+00 4.5149447486E-01 6.3829194507E-01 -2.8863118420E-01
-1.8890499350E+00 5.9260677875E-01 5.9514623768E-01 -2.9097552091E-01

-1.9145207019E+00

6.3425417746E-01

5.8029881792E-01

-2.9383511415E-01

-1.6212407393E+00

2.9392652232E-1

4.3690521059E-01

-1.0108151881E-01

-1.7480720586E+00

4.7166348138E-01

4,8403544742E-01

-1.9144358599E-01

-1.7411912333E+00 3.7700625993E-01 5.8395543349E-01 -2.0921690180E-01
-1.5918863811E+00 1.3577361182E-01 6.4716547454E-01 -1.8351180178E-01
-1.6465979555E+00 2.8133125987E-01 5.0332032768E-01 -1.2983359683E-01
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Tablo 5.4. Bilek Biikme AR Katsayilar

2]

aj

a3

a4

-1.7177802376E+00

1.7923506031E-01

8.6416402389E-01

-3.2248749080E-01

-2.1556195534E-+00

1.072719472TE+00

4.1624856169E-01

- .3.2769068977E-01

-2.1094966700E+00

9.4973859050E-01

5.2513090298E-01

-3.6229070932E-01

-1.9881745683E+00

7.1473677244E-01

6.3532171690E-01 °

-3.5710443516E-01

-2.0302231521E+00

8.7372247668E-01

3.9424159375E-01

-2.3394918091E-01

-2.0361573993E+00

7.2691468604E-01

7.5100323360E-01

-4.3777890206E-01

- -2.1158109897E+00

9.9905398463E-01

4.4321123616E-01

-3.2188584227E-01

-2.0156995333E+00

8.2924206776E-01

5.1270155057E-01

-3.1983913478E-01

-1.9381246455E+00

6.7198915940E-01

6.0503315396E-01

-3.2973071443E-01

-2.1954326032E+00

1.1464640424E+00

3.7764439479E-01

-3.2738111062E-01

-2.013877545E+00

7.1353238125E-01

7.0211842794E-01

-3.9699016671E-01

-1.9626837954E+00

6.7939541286E-01

6.1023028541E-01

-3.2306485047E-01

Table 5.5. Dirsek A¢ma AR Katsayilan

aq ay a3 aq
-2.2914128854E+00 1.4157880401E+00 1.5643946565E-01 -2.7576257484E-01
-2.2236665563E+00 1.1925184658E+00 3.7804077194E-01 -3.4387288667E-01
-2.5605990742E+00 2.1284516167E+QO- "-4.7985836909E-01 -8.5217132090E-02

-2.1855094142E+00

1.1668151587E+00

3.5497629656E-01

-3.0421272700E-01

-2.1335049591E+00

1.0162656173E+00

4,8782226231E-01

-3.6814453276E-01

-2.3205685494E+00

1.3983241604E+00

2.4926231425E-01

-3.2406063327E-01

-2.2736460701E+00

1.3090069187E+00

3.0759887510E-01

-3.4078144846E-01

-2.1544811453E+00

1.0935288607E+00

3.8948655289E-01

-3.2407480865E-01

-2.2177809049E+00

1.1889682963E-+00

4.0943813260E-01

-3.7655125553E-01

-2.3595552024E+00

1.5141832312E+00

1.3451033751E-01

-2,8448465373E-01

-2.3105310227E+00

1.4117335132E+00

2.0540127137E-01

-3.0442982559E-01

-2.0866797895E+00

9.1354732122E-01

5.1311636760E-01

-3.3697516577E-01
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Tablo 5.6. Dirsek Kapama AR Katsayilari

a] an a3 a4
-2.3542062185E+00 1.4851184597E+00 1.4528583345E-01 -2,737997268013—01
-2.4726544348E+00 1.8385442000E+00 -2.0527237386E-01 -1.5744447000E-01
-2.4573193843E+00 1.7527869504E+00 -8.6343603770E-02 -2.0686584583E-01
-2.3926002892E+00 1.6307035562E+00 9.9958495213}3-03 -2.4512770954E-01

-2.3730717435E+00

1.5655434941E+00

3.6312152113E-02

-2.2689045467E-01

-2.2351576581E+00

1.2796459202E+00

2.7017863040E-01

-3.1305935123E-01

-2.4544280426E+00 1.7943195725E+00 -1.2409796096E-01 -2.1258192259E-01
-2.6320357985E+00 2.2931298851E+00 -6.1287175187E-01 -4.5692505305E-02
-2.5094879915E+00 1.9042301538E+00 -2.0069102896E-01 | -1.9150689238E-01

-2.3592941518E+00

1.5443889449E+00

7.4672604464E-02

-2.5650593923E-01

-2.5892689199E+00

2.1397847674E+00

-4.3889054107E-01

-1.1007795451E-01

-2.4751362659E+00

1.8528491083E+00

-2.1320267626E-01

-1.8249904129E-01

Isaret giicii (signal power) olarak adlandinlan ve ( P ) ile gosterilen ifade; bilinen giig kavramlarindan
farkli olup, AR parametrelerinin geometriksel ortalamasiu ( yada standart sapmasim ) belirtir. Bu

tanuma gore igaret giict 6rnegin aj parametresine gore su sekilde formiiliize edilir.

2 2 2 2
pe ap +ag, +a13+...+aln

n

Burada (n), dének sayis1 olup bu galigmada her hareket iin 12 adet &rnek alindigindan n=12 olur. Alt1
farkl Vhareket igin igaret giigleri ayr ayri hesaplanir. Sekil 5.2'deki akis diyagramunda, isaret gicinin
hesaplanmast gésterilmektedir. isaret giicii, yapay sinir agt girisinde bir nevi kutup (bias) gibi
davrandift igin etkilidir. Jil's AR’ parametresi olan a] diginda sirayla ap, a3z ve a4 lerin dahil oldugu
durumlarda yukarda verilen esitlige benzer bicimde ilave edilerek hesaplanir. Her hareket igin,

parametrelerin tek tek ilave edilmesinde hesaplanan igaret giigleri Tablo 5.7'de verilmigtir.

Tablo 5.7

Parametre P (D) P (BD) P (K) | P (BB) | P (DA) P (DK)

a | 0.927 1.655 1.744 2.028 2.237 2.443

aj. 3y 0.667 1.150 1.269 1.550 1.846 2.136

ay , a7, a3 0.518 0.918 1,013 1.234 1.517 1.738
ay,ad,a3 84 0.4821 0.8901 0.9488 1.1469 1.3278 15206 o
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45

al ptatak,ort: real
ij.m,n: infeger

Kag adet
grup var?
@ £
Z’;—_; |
A4
j 1—=m L
7 _ 4
j. grupta kag
Isaret giicii say1 var?
\4
yavs
A
at=0, ak=0
pt=0
- !
v i
i i—>m
y
ort = at/n
t = sqrt(ort
Pt = sqrt(ort) ak = sqr(a;)
at=at+ak
Y -

Sekil 5.2 Isaret giicii hesabr akis diyagrami
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KANIT - 1.B : .... ve bunlarin ¢alindig1 kaynak ([CALINAN tez : sf. 29..32]) :
KANIT - 1.C : .... ve bunlarin ¢alindig1 kaynak ([CALINAN tez : sf. 29..32]) :
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seklindedir. Bir sistemi en iyi bir sekilde modellemek igin,
kuramsal olarak, model derecesinin sonsuz olmasi gerekmekte-
dir. Ancak bu pratik uygulamalar icin mlmkiin degildir ve
model derecesi N'in kestirilmesi gerekmektedir. Kestirilen
dederin uygun clup olmadidi kestirim hatasa €, nin beyaz gli-
riltd olup olmadigdi kontrol edilerek yapirlabilir. Diger
ératik bir ydntem ise, model derecesi N ve N+l icin a, kat-
sayilarina bakmaktir. Efer i< N ig¢in, model derecesi arti-
‘rildigar zaman a; Sneli 6lgﬁde degismiyorsa model derecesi N
olarak segilebilir. Ayrica en iyi model derecesi kestirimi
i¢in Akaike tarafindan bir yontem gelistirilmistir [ 1 ]-
Amacimiz isareti veniden elde etmek olmaylﬁ, edinilen EMG
igsaretlerinin hareket ayiraiminda kullanilmasa oldudundan, bir
¢ok caligma [l, 5, 12] model derecesinin 4 olarak secilmesi
6ng5rﬁlmﬁ$tﬁr. Bu ¢aligmada da model derecesi 4 olarak alin-
mistir. lIsaret Gznitelikleri olan AR katsayilari, BS1liim 3.3.
2 de anlatilan PARCOR algoritmasiyla belirlenmistir.

Isaret Siniflandirmasi B31lim 3.3 te anlatilan- "paralel
filtreleme" yontemiyle yapmistir. Bu yontemde siniflandir-
ma; siniflandirilacak isaretin, ¢cegitli hareketlerin simge-
lendigi filtrelerden gegcirilmesi esasina dayanir. Filtre
¢ikisina bakilarak girig igaretinin hangi hareket sinifina
daha yakin oldudu bulunur ve protezin o hareketi gergekleg-
tirecek sekilde ¢aligtirilmasi sadlanir. Bu yontemde giris 1
igsareti rastgele bir EMG igareti olmayip, efitim ile Sziir-
lﬁye_ééretilen, belli kasilmalarin olusturdudu isarettir.
Girigin rastgele {iretilen bir EMG isareti olmas: durumunda
Ssiniflandirma yapllmaSl,kalibrasyon asamasinda her hareket
igin saptanan 9; (i=1, 2,....,h) katsayilarayla Snlenmistir.
Bununla beraber dinlenme durumunda kaydedilen isaretlerin
kareleri toplam: hesaélanarak bir esik deger belirlenmistir.
Siniflandirma yapilirken, kareleri toplami bu egik deJerin
altlnda'kalan igsaretler igin her hangi bir iglem yapllmamlgtlr;j

EMG isaretleri 26 vyasinda saglikl:i eTrkek bir denekten
cesitli kol hareketlerinin gerceklestirilmesi esnasinda alin~-
mistir. GEzbnline alinan hareketler; dirsek kapama (elbow

flexion), dirsek agma (elbow extension), bilek ddndiirme
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(wrist supination), bilek bilikme:  (wrist flexion) ve kav-
rama‘(grasp) hareketleridir. Her hareket 6 kez tekrarlanip,
her denemede yaklisik bir saniyede 4800 OSrnek alinarak sak-
lanmistir. Deneyler yapalirken, hareketin baslangi¢ ve bi-
tis noktalari atilarak, hareketin lineer oldugu bdlge alin~
mis ve her denemede kaslara ayni kuvvet uygulanmaya ¢ali-

silmaistir.

Elde edilen verilerin islenmesi asamasinda ise EMG
isaretleri normalize edildikten sonra dc seviyeleri bulun-
mus ve her Ornekten dc seviye g¢ikartilarak isaret sifar
ortalamali hale getirilmistir. Her deney ig¢in kaydedilen
4800 Srneklik veri, her biri 80 ms'lik, 400 Srede sahip
olan 12 segmente ayrilarak incelenmigtir. Her segment,
Blackman tipi pencere fonksiyonu ile c¢arpilarak, pencere-
leme yapilmistir. Blackman tipi pencere fonksiyonunun ay-

rik zamandaki ifadesi agsagidaki gibidir.

_ 2 mn 4 mn
w{n)=0.42-0.5 Cos (—ﬁ:j:—_ )+0.08 Cos ( N-1 —)
=0, 1,...,(N-1) (4.2)

Her hareket ic¢in elde edilen AR katsayilar:, (al,az,
a3,a4)' vektdrlerinin olusturdudu uzayda tek bir deferde
olmayip, istatistiksel, biyolojik vb. sapmalardan &tiirii bir
dederler kiimesi seklinde bir daglim gbstermektedir. Fark-

11 hareketler igin elde edilen bu degerler klimesi, bu uzay-

da, birbirinden yeterince uzaksa bu hareketler kolaylikla

ayirdedilebilmektedir. Yaptlglmlz deneylerde islenecek her
segmentin bir pencere fonksiyonu ile ¢arpilmasiyla elde e-
dilen AR katsayilari, pencereleme yapilmadan elde edilen-
lere gBre, daha iyi guruplasma sadlamistir. Bu nedenle pen-

cereleme yapilmistair.

Cesitli hareketler ig¢in elde edilen AR katsayilar:
Tablo 4.1- 4.6 da verilmistir. Tablodaki ilk siitun ay katsa-
yilariny digerleri sirasiyla a,, a5 ve a, katsayilarini g8s-

termektedir.
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Tablo 4.1. AR Kétsayllarl (Dirsek Kapama) fi?

@

1. 4628683545-01 -

2 0627237384E-01 -1, 5T444470008-01
-8 6343509TT0E-02  -2.06865845838-01
§.9058495219E-63  -2.45127709548-01

%3

-2, 3542062185844 L T379472680E-01
2. 4726844344400

-2.45731538438400
-2, 3928002632800
-2 3T30TIT436E 40
-2 Z351ﬂ70561 ik

3.63121021138-02  -2.26830454678-01
2.TRITE63040E-01 -‘.1q05935 °3E~01
] .

,°4ﬂ°7QSﬂ?59 il
HZATITRISTE- 01
NJESB: i

B b e ben b b e e

JOE410TE- 11
TE28E-1)

S S,

PISEEHB4IR0E0D  -LIZDTTOTZATE-01 -2, 40170984458-01

Tablo 4.2.AR Katsayilari (Dirsek Agma)

-2.281412% -2.75T6257484E-01 %
-2, 2236668 -§.4387208667E-01 :
-2.550599074 -§.52171320908-02
-2, 1855605414 -3, 0421272700801 ;
-2, 1335040841 -3.66144832768-01 g
-2. 320598«4!4h -3, 240606332TE-01
-2, 2738450 -3.4078144846E-01
-2, 1544 -3.2407480065E-01

-3. 76551285538~ 01
-2, 34404B5373E-01

~a

-2, ,17!8”3J498*tu
-2, 389555202 4t+“u

-2.31083 00y 1 -3.0442982559E-01
-Z.0866797 a“‘c+'v -3.3697516577E-01
ortalana

-2, 2098708768400 1L 009ET4384B4H0 2 BUBB2REAAEE-01  -3.05713970368-01

Tablo 4.3. AR Katsayilara (Bilek D&ndlirme) ;

-1.67820448868466 2, £, -1.93 5527(575 i
-1, 6608844824 8400 2. 5, -1.88457061988-01
-LTA61B 131 T4 3. 6. -2.65553004388-01
-1, 30258608528+ -1 i 1.034562831218-01
-1, 77 5. L -8, 2338484190807

-1.§ i f. -2, 1004742888801
-1.5 lnYluvléuxf i 1. 3 2.4623479891E-02
-1. 7671034506800 3, £ -2. 7154063598801
-1.8008326475840% 4. ~D1 §, -1, B6245147488-01
-1, 83114823 P it 5. -1, 3584366007801
-1.687631 E-i1 8. -2 (16035T415E-01
-1, 7242666413 -0 £. -2, 2082301743801
ﬂzfalama
2.T2E1486038E-01 J3EITA6ILLE-01 -1, 520B35060BE-01
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Tabla 4.4.

-1.7628620%

-1.85904 i
-1, ql4ﬁ”u7u]ﬁﬁfnd
-1, 8212407508k
-1, 7480720586
-1 7411812
-1.6016853811E
-1.646597%
ortalaea
-1 TA20005544 84451

Tablo 4.5.

S1LTITT802376 8+
-7, 155619063480
-7, 109496670 i
-1, 95817456838+ ai
-2 030223153 Bk
-2, 0361573843
Z 1158 U%aw:r+»u

-1.95768
ortalana
-7.02325672448+400

Tablo 4.6.

-9, bﬁ45553q1ai il
-1.0497303 i
-9.235888702
-9.457036102
-5.697261
-9.976028¢
-8.63089262638-
-71.53743341%
-9.316363
-1.0011004
-5.821787
-3.070z000]102
ortalama

-9, 74454257

-32-

AR Katsayilari (Kavrama)

’b“uﬂﬂﬂ 0l
TI14LTRETE-0L
40148447408
G 4ZEOETTRTGE-OI
4:!74RV UI

471683 81335 o
3770062550380
1.357736118ZE-01
7815125087801

§ BIERIRAIZIE-11

AR Katsayilari (Bilek

CFRZZROE03IE-U1
ATETIGATZTE

PO NS

4146 8EIAE- 0]
1954838-01

s e s =3

AR Katsayilara

-1 34005273078-01
2.41840048708-03
54036TE-01
A5107800438-10
-1 641938 1431E-4]
12863E-01

<

-2, 1350003893E-01
1.73407438458-11
-21241h8’ H96E-01
o A% 4ilE

(19036851448-01
LS4A12TTHTUE-0)
L9422688T25E-10
59115284 76E-01
L3829194807E-01
L9514623768E-11
.B028881792E-01
_3BARS21URAE-41
LE403544T42E-01
.5396545549E-01
ATIEE4T404E-01
L0382051768E-01

Y

wnoon s W

TN LY ke e ATV

h.61250807292-01

.64154(1*h3E ul
HGIRIE-T

55‘3U§0195° Ul
L3R321716908-01
L0424 158376E-01
h100EZA366E- 01
L4521123616E-0)
127015505
L503315356E-11
LTT644384T09E-11
LA211842794E8-11
£.1023028541E-01

s CT AT e CR

 aem

—~3 o Ty

5. 6976408013E-11

L34274065288-01
LB634153188-02
LBU430856R0E-11
L3891312436E-02
125618848E-02
L4 1R00086T1E-01
L2691625064E-01
L4E58593883E-01
33561 1006E-01
19012208808-02

ey

bt ek ] @D ek b AT DD DD
P

—
£an
fesis
—_
=
T
<o
)
e
-
e
by
=
—
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-3.3784812048E-01
-1.91385495208-01
2.54886542878-01
7153303014778 02
LBEB3LLB4Z0E-01
L409T652081E-01
L83830114158-01
L01081518818-01
GLA4390589E-11
1921690180E-01
.B351180178E-01
L2883359683E-01

=

e
XY

[

b bt DO b e DD

'

-1, 123369T4508- 11

Blikme)
-3, 2248749080801

3.62200709528-01
-3, 57104435 16E-01
-2,33949180818-01
-4, 37778942068-01
-3.21885842278-01
-3.19839154788-0)
-3 2573071443E-21

1.2738111062E-01
-3. 8690016671801
-3.23064850478-01

-3.38349435618-01

(Dinlenme)

4366799352802
.277865897278-01
LT113845547E-02
L33489517708-01
§.6415984900E-02
-§.6069358428E8-03
§.0365856683E-02
1.1780134702E-01
-1, 87127446748-02
1.46130256278-01
1.498580968588-01
T.4756531663E-02

[
e ) ek 3

5. 33620430428-02

i
i
|

N




KANIT - 1.C : KANIT — 1'in sadece “tez ¢caliymasi olarak yaptim” dedigi calismanin dedigi
calisma sonucunda “elde ettim” dedigi sonuclar1 “yapay sinir agina girdim” dedigi “ek”teki
kodlarin (??) oldugu kisim ([CALINTI tez : sf. 59..61]) :
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for ni:=0 to ni_end-1 do
begin
drand48:=Random(30)/100;
theta[li,ni}:= drand48;
dthetal[li,ni}:=0;
end;
end;

{ Rastgele agirliklar }
for li:=1 to Layers_Max-1 do
begin
ni_end:=node[li};
no_end:=nodefli-1};
for ni:=0 to ni_end-1 do
for no:=0 to no_end-1 do
begin
drand48:=Random(100)/100;
weight[li,ni,no]:=drand48;
dweight{li,ni,no}:=0;
end; ’
end;
end; { procedure WRAND }

procedure Initial; . )
{ Her iterasyondan &nce herbir ¢ikis diigimitini sifirla }
VAR
1, n, n_end: integer;
begin
for I:= 0 to Layers-1 do
begin
n_end:= node[l];
for n;=0ton_end-1 do
out[l,n]:=0;

end;
end; { procedure INITIAL }

procedure yread ( isylla: integer ); :
{ Giris érneklerini oku ( 72 farkli giris bilegeni i¢in ) }
begin

caseisyllaof ¢ g %
: begin out[0,0]:=-0.968; out[0,1]:=-0.154; out[0,2]:=0.134; out[0,3]:=0.074; out[0,4]:=0.4821 end;
: begin out[0,0}:=-1.049; out[0,1]:=0.0024; out[0,2]:=0.041; out[0,3]:=0.128; out[0,4]:=0.4821 end;
: begin out[0,0]:=-0.924; out[0,1]:=-0.147; out[0,2]}.=0.269; out[0,3]:=-0.077; out[0,4]:=0.4821 end;
: begin out[0,0]:=-0.945; out[0,1]:=-0.133; out[0,2]:=0.024; out[0,3]:=0.133; out[0,4]:=0.4821 end;
: begin out[0,0]:=-0.869; out[0,1]:=-0.164; out[0,2]:=0.053; out[0,3]:=0.086; out[0,4]:=0.4821 end;
: begin out[0,0]:=-0.997; out[0,1]:=-0.215; out[0,2]:=0.342; out[0,3]:=-0.007; out[0,4]:=0.4821 end,;
: begin out[0,0]:=-0.863; out[0,1]:=-0.213; out[0,2}:=0.127; onut[0,3]:=0.088; out[0,4]:=0.4821 end;
: begin out[0,0]:=-0.754; out[0,1]:=-0.279; out[0,2]:=0.148; out[0,3]:=0.118; out[0,4]:=0.4821 end,
: begin out[0,0]:=-0.931; out[0,1]:=-0.224; out[0,2]:=0.303; out[0,3]:=-0.078; out[0,4]:=0.4821 end;

- begin out[0,0]:=-1.001; out[0,1}:=-0.095; out[0,2]:=0.074; out[0,3]:=0.146; out[0,4]:=0.4821 end;

10: begin out[0,0]:=-0.882; out[0,1]:=-0.002; out[0,2]:=-0.013; out[0,3]:=0.150; out[0,4]:=0.4821,
11: begin out[0,0]:=-0.907; out[0,1]:=-0.184; out[0,2]:=0.106; out[0,3]:=0.071; out[0,4
12: begin out[0,0]:=-1.678; out[0,1}:=0.265; out[0,2]:=0.611; out[0,3]:=-0.194; out[0

©
W eI &N —O

34



" | 13: begin out[0,0]:=-1.666; out[0,1]:=0.291; out[0,2]:=0.573; out[0,3]:=-0.188; out[0,4]:=0.8901 end;
14: begin out[0,0]:=1.746; out[0,1}:=0.365; out[0,2]:=0.653; out[0,3}:=-0.265; out[0,4]:=0.8901 end;
15: begin out[0,0]:=-1.303; out[0,1]:=-0.114; out[0,2]:=0.329; out[0,3]:=0.103; out[0,4]:=0.89C1 end;
16: begin out[0,0]:=-1.676; out[0,1]:=0.387; out[0,2]:=0.390; out[0,3]:=-0.093; out[0,4]:=0.8901 end;
P 17: begin out[0,0]:=-1.625; out[0,1]:=0.235; out[0,2]:=0.614; out[0,3]:=-0.216; out[0,4]:=0.8901 end;
W1 | 18: begin out[0,0]:=1.516; out[0,1]:=0.185; out[0,2]:=0.314; out[0,3]:=0.0246; out[0,4]:=0.8901 end,
o 19: begin out[0,0}:=-1.762; out[0,1}:=0.347; out[0,2]:=0.695; out[0,3]:=-0.271; out[0,4]:=0.8501 end;
gg 20: begin out[0,0]:=-1.800; out{0,1]:=0.498; out[0,2]:=0.492; out[0,31:=-0.186; out[0,4]:=0.8901 end;
o, 21: begin out[0,0]:=-1.631; out[0,1]:=0.231; out[0,2]:=0.542; out[0,3]:=-0.133; out[0,4]:=0.8901 end;
g, 22: begin out[0,0]:=-1.657; out[0,1]:=0.250; out{0,2]:=0.624; out[0,3]:=-0.201; out[0,4]:=0.8901 end;
23: begin out[0,0]:=-1.724; out[0,1}:=0.331; out[0,2]:=0.622; out[0,3]:=-0.221; out[0,4]:=0.8901 end;

24: begin out[0,0]:=1.763; out[0,1]:=0.335, out[0,2]:=0.779; out[0,3]:=-0.338; out[0,4]:=0.9488 end;

25: begin out[0,0]:=-1.714; out[0,1]:=0.384; out[0,2]:=0.534; out[0,3]:=-0.191; out[0,4]:=0.9488 end,
26: begin out[0,0]:=-1.784; out[0,1]:=0.453, out[0,2]:=0.594; out[0,3]:=-0.255; out[0,4]:=0.9488 end;
27: begin out[0,0]:=1.697; out[0,1]:=0.423; out[0,2]:=0.359; out[0,3}:=-0.075; out[0,4]:=0.9488 end;
28: begin out[0,0]:=-1.792; out[0,1]:=0.451; out[0,2]:=0.638; out[0,3]:=-0.288; out[0,4]:=0.9488 end;
29: begin out[0,0]:=-1.889; out[0,1]:=0.592; out[0,2]:=0.595; out[0,3]:=-0.291; out[0,4]:=0.9488 end;
30: begin out[0,0]:=-1.914; out[0,1]:=0.634; out[0,2}:=0.580; out[0,3]:=-0.294; out[0,4]:=0.9488 end;
31: begin out[0,0]:=-1.621; out[0,1]:=0.294; out[0,2]:=0.437, out[0,3]:=-0.101; out[0,4]:=0.9488 end;
. 32: begin out[0,0}:=-1.748; out[0,1]:=0.472; out[0,2]:=0.484; out[0,3]:=-0.191; out[0,4]:=0.9488 end;
. 33rbegin out[0,0]:=1.741; out[0,1}:=0.377; out[0,2]:=0.584; out[0,3]:=-0.209; out[0,4]:=0.9488 end;
34: begin out[0,0]:=-1.600; out[0,1]:=0.138; out[0,2]:=0.647; out[0,3]:=-0.183; out[0,4]:=0.9488 end;
35: begin out[0,0]:=-1.646; out[0,1]:=0.281; out[0,2]:=0.503; out[0,3]:=-0.130; out[0,4]:=0.9488 end;
36: begin out[0,0]:=1.718; out[0,1]:=0.179; out[0,2]:=0.864; out[0,3]:=-0.322; out[0,4]:=1.1469 end;
37: begin out[0,0]:=2.155; out[0,1]:=1.072; out[0,2}:=0.416; out[0,3]:=-0.328,; out[0,4]):=1.1469 end,
38: begin out[0,0]:=-2.109; out[0,2]:=0.950; out[0,2]:=0.525; out[0,3]:=-0.362; out[0,4]:=1.1469 end;
39: begin out[0,0]:=-1.988; out[0,1]:=0.715; out[0,2}:=0.635; out[0,3]:=-0.357; out[0,4]:=1.1469 end;
40: begin out[0,0]:=-2.030; out[0,1]:=0.874; out[0,2]:=0.394; out[0,3]:=-0.234; out[0,4]:=1.1469 end;
41: begin out[0,0]:=2.036; out[0,1]:=0.727; out[0,2]:=0.751; out[0,3]:=-0.438; out[0,4]:=1.1469 end;
42: begin out[0,0];=-2.116; out[0,1]:=0.999; out[0,2]:=0.443; out[0,3]:=-0.322; out[0,4]:=1.1469 end,
~ 43: begin out[0,0]:=-2.015; out[0,1]:=0.829; out[0,2]:=0.513; out{0,3]:=-0.320; out[0,4]:=1.1469 end;
44: begin out[0,0]:=-1.938; out[0,1]:=0.672; out[0,2]:=0.605; out[0,3]:=-0.330; out[0,4]:=1.1469 end;
45: begin out[0,0]:=2.195; out[0,1]:=1.146; out[0,2]:=0.378; out[0,3]:=-0.327; out[0,4]:=1.1469 end;
46: begin out[0,0]:=-2.014; out[0,1]:=0.713; out[0,2]:=0.702; out[0,3]:=-0.397; out[0,4}:=1.1469 end;
47: begin out[0,0]:=-1.962; out[0,1]:=0.679; out[0,2]:=0.610; out[0,3]:=-0.323; out[0,4]:=1.1469 end;
48: begin out[0,0]:=-2.291; out[0,1]:=1.416; out[0,2]:=0.156; out[0,3}:=-0.276; out[0,4]:=1.3278 end;

nlo'daki sayilar {fﬁﬁvgﬁgﬁé@@%

(Tablo 6.1-5.6)

”mg? 49: begin out[0,0]:=-2.223; out[0,1]:=1.192; out[0,2]:=0.378; out[0,3]1=-0.3411; out[0,4]:=1.3278 end;

& 50: begin out[0,0]:=-2.280; out[0,1]:=2.128; out[0,2]:=0.480; out[0,3}:=-0.085; out[0,4]:=1.3278 end,;
EW“ ©  51:begin out[0,0]:=2.185; out[0,1]:=1.186; out[0,2]:=0.355; out[0,3]:=-0.304; out[0,4]:=1.3278 end;
' 52: begin out[0,0]:=2.133; out[0,1]:=1.016; out[0,2]:=0.488; out[0,3]:=-0.368; out[0,4]:=1.3278 end;

54: begin out[0,0]:=-2.273; out[0,1]:=1.309; outf0,2]:=0.308; out[0,3]:=-0.341; out[0,4]:=1.3278 end;
© 55: begin out[0,0]:=2.154; out[0,1]:=1.094; out[0,2]:=0.389; out 0,3]:=-0.324; out[0,4}:=1.3278 end,
56: begin out[0,0]:=-2.218; out[0,1]:=1.189; out[0,2]:=0.409; out[0,3]:=-0.376; out[0,4]:=1.3278 end,
7: begin out[0,0]:=2.350; out[0,1]:=1.514; out[0,2]:=0.134; out[0,3]:=-0.284; out[0,4]:=1.3278 end;
58: begin out[0,0]:=-2.310; out[0,1]:=1.412; out[0,2]:=0.205; out[0,3]:=-0.304; out[0,4]:=1.3278 end;
59: begin out[0,0]:=-2.100; out[0,1]:=0.914; out[0,2]:=0.513; out[0,3]:=-0.337; out[0,4]:=1.3278 end;
60: begin out[0,0]:=-2.354; out[0,1]:=1.485; out[0,2]:=0.145; out[0,3]:=-0.274; out[0,4]:=1.5206 end;
61: begin out[0,0}:=2.472; out[0,1]:=1.838; out[0,2]:=-0.205; out[0,3]:=-0.157; out[0,4]:=1.5206 end,
: begin out[0,0]:=-2.457; out[0,1]:=1.753; out[0,2]:=-0.086; out[0,3]:=-0.207; out[0,4]:=1.5206 end;
63: begin out[0,0]:=2.392; out[0,1]:=1.640; out[0,2]:=0.010; out[0,3]:=-0.245; out[0,4]:=1.5206 end;
: begin out[0,0]:=-2.373; out[0,1]:=1.566; out[0,2]:=0.036; out[0,3]:=-0.227; out[0,4]:=1.5206 end;
65: begin out{0,0]:=-2.237; out[0,1]:=1.280; out[0,2]:=0.270; out[0,3]:=-0.313; out[0,4]:=1.5206 end;
66: begin out[0,0]:=-2.454; out{0,1]:=1.794; out[0,2]:=-0.124; out[0,3]:=-0.213; out[0,4]:=1.5206 end;
67: begin out[0,0]:=-2.632; out[0,1]:=2.290; out[0,2]:=-0.612; out[0,3]:=-0.046; out[0,4]:= 5206"61‘1(1:,'

[

53: begin out[0,0]:=2.320; out[0,1]:=1.398; out[0,2]:=0.249; out[0,3]:=0.324; out[0,4]:=1.3278 end;
[
[
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" 68: begin out[0,01:=2.510; out[0,1}:=1.904; out[0,2]:=-0.200; out{0,3]:=-0.191; out[0,4]:=1.5206 end;
69: begin out[0,0]:=-2.360; out[0,1]:=1.545; out[0,2]:=0.075; cut[0,3]:=-0.236; out[0,4]:=1.5206 end;
70: begin out[0,0]:=-2.590; out[0,1]:=2.140; out{0,2}:=-0.439; cut[0,3]:=-0.110; out[0,4]:=1.5206 end;

end;
end; { procedure YREAD }

function sigmoid (x:double):double;
{sigmoid fonksiyonu}
var
v:double;
begin
y=1/(1+exp(-x));
sigmoid:=y; , -
end; { function"SIGMOID }

procedure wiorward; )
{ wiforward propagation & ileri yayilim }
var ‘
1i, ni, ni_end, no, no_end: integer;
x, th: double;
begin
for li:=1 to Layers-1 do
begin
ni_end:= nodefli];
no_end:= node[li-17;
for ni:= 0 to ni_end-1 do
begin
x:=0; .
for no:= 0 tono_end-1 do
' x:= x + weight[li,ni,no] * outfli-1,no];
out[li,ni]:= sigmoid( x-theta[li,ni] );
end; ’ -
end;
end; { procedure FORWARD }

function back: double;
{ back propagation & geriye yayilim }
var
1i, ni, ni_end, no, no_end: integer; e, err, X,
d, w, y: double;
begin
err:=0,
for ni:=0 to outputs-1 do
begin
y:=out[2,ni];
des:= dess[isylla,ni];
e=des-y;
der[2,ni]:= e¥*y*(1-y),
err:=err+ e*e;
end,

for li:=2 downto 1 do

36

71: begin out[0,01:=2.475; out[0,1]:=1.853; out[0,2]:=-0.213; out[0,3]:=-0.162; cut[0,4):=1.5206 end;




<--Q -->
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