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OZET

Fibromiyalji, toplumdaki yayginligi yaklasik %2 olarak bilinen, yaygin iskelet kasi agris1 ve

bir¢ok duyarli nokta ile belirli kronik agr1 sendromudur.

Bu calismada Kalp hizi degiskenligi (Heart Rate Variability, Hrv) ve sempatik deri cevabi
(SSR) kullanilarak, fibromiyalji sendromunun teshisi ve bu hastaligin teshisine yardimci
psikolojik test parametrelerinin tahmini i¢in dalgacik doniisiimii ve yapay sinir ag1 tabanl
modeller olusturulmustur. Bolim 3’de olusturulan YSA modeliyle 90 denegin SSR
parametreleri ve psikolojik test skorlari kullanilarak Fibromyalji sendromunun teshisi
gerceklestirilmistir. Bolim 4’te Hrv alt bantlar1 ve YSA kullanilarak psikolojik test
skorlarinin tahmini gergeklestirilmis ve boliim 5’te Hrv’ye ek olarak 3 tip SSR parametresi
psikolojik test skorlarin tahmini igin YSA modeline eklenmistir. Her bir model igin elde
edilen basar1 skorlar tek tek degerlendirilmis ve SSR ve Hrv kullanilarak %70-90 arasinda
degisen oranlarda bir basar1 yiizdesi ile psikolojik test skorlarini tahmin etmenin miimkiin

oldugu goriilmiistiir.

Bu proje ile akademik ve ticari bir¢ok projeye yonelik klinik aktif kullanim i¢in dnemli

sonugclar elde edilmis ve bu raporda sonuclar detayli olarak sunulmus ve degerlendirilmistir.
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SUMMARY

Fibromyalgia, which is estimated to affect about 2% of the population, is characterized by
chronic widespread pain syndrome in skeleton muscles and some of tender points around the

body.

In this study, a new diagnoses method for fibromyalgia syndrome has been developed. A set
of wavelet transform and artificial neural network based models, which are used to predict the
supplementary psychological test parameters of the patient such as Hrv (Heart Rate
Variability) and SSR (Sympathetic Skin Response), have been generated to facilitate the
diagnosing procedures of the illness. A diagnosing study has been conducted by using ANN
models designed in Section 3 for 90 experimental subjects using SSR parameters and
psychological test scores. In Section 4, the prediction of the psychological test scores has been
implemented by means of Hrv low bands and ANN and in Section 5; three new SSR
parameters have been added to ANN model to improve the prediction of psychological test
scores. The performance scores of each model have been evaluated individually, and by
obtaining success rates between 70-90%, the prediction of psychological test scores are

considered feasible.

Many crucial outcomes have been obtained to be used in many academic, commercial

projects, and clinics. This report represents the results and evaluates them in details.



BOLUM 1. GIRIS

Fibromiyalji, yaygin iskelet kasi agrisi ve bircok duyarli nokta ile belirli kronik agri
sendromudur. Fibromiyaljinin toplumda yayginligi %2 olarak bildirilmistir. Birgok duyarl
noktanin varligi, anksiyete, depresyon, yorgunluk ve somatik belirtilerle oldugu gibi, agr ile
de iligkilidir. Agr1 duyarliligi ve psikolojik etkenlere gore birbirinden farkli alt gruplar
olabilecegi ve bu alt gruplardaki hastalarin tedaviye yanit1 ve tedavi siireci agisindan farklilik

gosterebilecegi bildirilmektedir [1].

Yapilan ¢alismalarda, daha ¢ok bayanlarda goriilen Fibromiyalji sendromunun, otonom sinir
sistemine olan etkisi arastirilmis ve yapilan psikiyatrik anket testleri ile fibromiyalji
sendromunun otonom sinir sistemine etkisi oldugu saptanmistir. Ayrica Fibromiyalji
hastalarinda, avug¢ igi ve ayak tabanindan kaydedilen Sempatik Deri Cevabi (SSR) isareti
tizerindeki tepki gecikme zamaninin saglikli kisilere gore olduk¢a uzun siirdiigii not edilmistir
(P<0.001). Ayn1 zamanda, Fibromiyalji hastalarindan ve saglikli kisilerden alinan, normal
pozisyonda (%R) ve derin nefes (%DR) alma durumunda, Fibromiyalji hastalarindan alinan
Hrv isaretleri lizerinde saglikli kisilere oranla %DR’nin 6nemli 6l¢iide az oldugu goriilmiistiir
[2]. Hastaliga bagli otonom sinir sistemindeki degisimlerin, SSR ve Kalp Atis Hiz1 Degisimi
(Hrv) testleri ile derecelendirilebilecegi ortaya konmustur [3]. Bu incelemeler sonucunda,
soft-computing yontemlerinden birinin kullanilmasiyla isaretlerden daha anlamli bilgiler

cikarilabilecegi kanisina varilmistir [4].

Yapilan baska bir ¢caligmada da SSR’nin tepki gecikme zamaninin Hamilton Anxiety Rating
Scale (HARS) ile iligkilendirildigi 6ne siiriilmiistiir [5]. SSR’nin farkli bilesenlerinin, otonom
sinir sistemiyle iligkili oldugunu gosteren ¢aligmalar literatiirde yer almaktadir [6, 7]. Bununla
birlikte, R-R araliginin elde edilmesinde, Fast Fourier Transformu (FFT) ve autoregressive
(AR) yontemlerinin uygulanmasi distiniilmistir [8, 9, 10]. Yapilan bu spektral analiz
yontemleri sayesinde Fibromiyalji hastalarindaki kalp atis hizinin kontrol grubuna oranla
onemli derecede yiiksek oldugu, (P<0.006) bunun yaninda kalp atis hizi degisiminin de
kontrol grubuna oranla daha diisiik oldugu gozlenmistir (P=0.001). Dolayistyla bu da daha
yiiksek LF (Algak frekans) ve daha diisiik HF (Yiiksek Frekans) demek oluyor ki bu durum,
otonom sinir sistemi ile bire bir iliskili olan LF/HF oranmin daha yiiksek oldugunu

gostermektedir (P<0.001) [11]. Genel olarak, kalp atis hiz1 degisiminin LF (0.04 Hz-0.15 Hz)



bileseni, sempatik sinir sistemi ile olusan vasomotor etkisi ile iliskili, HF (0.15Hz-0.4 Hz)
bileseni ise solunumla iliskili olan parasempatik sinir sistemi ile senkronize durumdadir [12].
Hrv isareti, EKG (Elektrokardiyogram) isareti iizerindeki ardi ardina siralanmis QRS
komplekslerinin aralarindaki uzaklik degisimleri ile elde edilir. Bu da Pan ve Tompkins
yontemi ile gergeklesir [13]. European Heart Journal (1996) Guidelines (Avrupa Kalp Dergisi
Kilavuzu)’in 6l¢iim standartlarina gére Hrv Ol¢limlerinin istatistiksel, geometrik, frekans
domeni ve non-lineer yontemlerle analiz edilebilecegi agiklanmustir [9, 10, 14, 15, 16].
Otonom sinir sisteminin de SSR ve Hrv testleri ile derecelendirildigi ortaya konmustur [17].
Ayrica otonom sinir sistemi ile ilgili psikolojik ve psikiyatrik rahatsizliklarin teshisi ve
tedavisine yonelik bir test yonteminin de Onerilebilecegi goriisiine varilmistir. Bu ¢alismaya
gore, SSR ve Hrv isaret analizlerinin soft computing yontemleri ile daha ¢6ziimsel hale
getirilebilecegi diisiiniilmiistiir [3]. Buradaki caligmada ise insan duygularini analiz etmeye
yonelik bir soft computing yontemi vardir. Bu ¢aligsma ile insan duygular1 dort gruba ayrilmais,
Hrv’deki LF/HF spektral yogunlugu orani ile SSR isareti girislerine gore derecelendirme
yapilmustir [4]. Buna benzer bir ¢alisma da yine Hrv iizerinden elde edilen datalar kullanilarak
Sinirsel-Bulanik Mantik teknigi ile kalp hastaligi teshisi igin yapilmis ve bu teknigin kalp
hastaliklarint siniflandirmak igin giivenilir bir gosterge olacagi bildirilmistir [18]. Ayrica
dalgacik doniisiimii ile Hrv isaretlerinin zaman-frekans analizinin yapilabilecegi [19] ve Hrv
ile otonom sinir sistemi arasindaki iligkilerin belirlenmesinde gegislerin ve ayrik dalgacik

doniistimiiniin etkili bir yontem olabilecegi gosterilmistir [20].

Hali hazirda yapilan ¢alismalar Hrv verilerinin FFT ile analizi sonucunda sadece LF ve HF
bilesenlerinin yorumlanmasina yoneliktir. Bu bilesenler, Hrv gibi dinamik isaretlerden olusan
bir sistem i¢in yeterli degildir. Ayrica tetkikte kullanilan psikolojik testlerin, biyolojik
sinyaller anlaminda bir karsilig1 heniiz tanimlanmamistir. Bu kisitlamalar ve tanimsizliklar
hem sendromun smiflandirilmasini hem de bir¢ok depresif durumun tanimlanarak saglikli ve

hizli teshis konulmasini engellemektedir.

Bu c¢alisma da dalgacik doniistimii kullanilarak otonom sinir sistemi dinamik davranist Hrv
verileri tizerinden alt frekans bolgelerine ayrilmis ve sinyalin tamamu ile her bir pargasi igin
baskin enerji frekans degerleri tespit edilmistir. Bu sinyaller psikolojik testlerle istatistiksel
olarak iliskilendirilmis ve buradan elde edilen veriler yapay sinir aglarinda egitilerek

psikolojik testlerin biyolojik sinyal karsiliklar1 ortaya konulmustur. Hrv ve SSR degerleri ile



elde edilen bu sinyaller i¢in ikinci bir yapay sinir ag1 kullanilmasiyla, Fibromiyalji

sendromunun bolgesel ve siddetsel siniflandirilmasi gergeklestirilmistir.

Elde edilen sonuglar fibromiyaljinin diger depresif hastaliklardan ayristirilmasini, kendi
icerisinde derecelendirilmesini saglayacak, ayrica psikolojik testlerin yerini biyolojik
sinyallerin almasiyla daha saglikli ve fizyolojik isaretlere dayanan veriler birgok depresif

durumun yeniden degerlendirilmesine yardimci olacaktir.

Ik 3 raporda 18 aya ait proje siireci detayli olarak tanimlanip 4. rapor donemi ile birlikte
randevu verilen hastalar ve kontrol grubundan alinan veriler tamamlanmis ve proje i¢in veri

taban1 olusturulmustur.

Calismaya Siileyman Demirel Universitesi, Arastirma ve Uygulama Hastanesi, Fiziksel Tip
ve Rehabilitasyon poliklinigine basvuran ve Fibromiyalji Sendromu (FMS) tanisi konan
hastalar dahil edilmistir. Kontrol grubu, adi gecen hastanenin polikliniklerine rutin kontrol
amaciyla bagvuran ya da hastane calisanm1 olan yas ve cinsiyet Ozellikleri hastalarla

eslestirilmis saglikli ve goniillii olgulardan olusturulmustur.

FMS tanisi, 1990 Amerikan Romatoloji Birligi (ACR-American College of Rheumatology)
tarafindan belirlenen kriterlere gore en az 3 aydir siiren, viicudun sol yarisinda, sag yarisinda,
belden asag1 kisimda, belin {ist kisminda olan agr1 seklinde tanimlanan yaygin agr1 ve parmak

ile palpasyonda 18 duyarli noktadan en az 11 inde lokal agr1 ile konulmustur.

Hrv ve SSR degerlerini etkileyecek medikal tedavi (Trisiklik antidepresanlar, beta blokerler,
anti hipertansifler gibi) kullanan hastalar, bilinen eslik eden hastaligi (hipertansiyon, kalp
hastaligi, diabetes mellitus, tiroid hastaligi, major depresyon, inflamatuvar romatizmal
hastaliklar, metabolik ve akut enfeksiydz hastaliklar gibi) olanlar, ndrolojik sekel birakan
hastalign (Inme, travmatik beyin yaralanmasi, parkinson, multiple skleroz gibi) olanlar,
Olctimden 24 saat oncesine kadar alkol, sigara, ¢ay ve kahve tliketenler, 0l¢limden 6 saat
oncesine kadar yiiksek kalorili bir 6giin tiikketenler dl¢iim protokollerine uymaya goniillii
olmayanlar, rutin kan tahlillerinde (C-reaktif protein, romatoid faktor, sedimantasyon,
hemoglobin, beyaz kiire sayimi, platelet sayimi1 gibi) FMS disinda baska bir hastalia isaret

edebilecek anormalligi olanlar ¢alisma dis1 birakilmustir.



Olgiimden 6nce hastanin ya da kontroliin énceden belirlenen kriterlere uygunlugu gézden
gecirilmistir. Hastaya ya da kontrole islemlerle ilgili bilgi verilerek aydinlatilmis ve onay
formu diizenlenmistir. Hastanin ya da kontroliin sosyodemografik verileri, anksiyete ve
depresyon diizeyi, klinik bulgulari, laboratuvar sonuglart kaydedilmistir. On bes dakikalik
dinlenme siiresinden sonra bir dakikadaki kalp atim ve solunum sayis1 degerlendirilmistir.
Islem oncesinde o6l¢iim yapilacak bélgelerin cilt 1sis1 tespit edilip ortalama cilt 1s1s1
hesaplanmistir (Skin Temperature Probe, Cadwell Sierra LT with 2-channel averaging

capacity, Cadwell Laboratories Inc. Kennewick, WA, USA).

Biitlin kayitlar benzer fiziksel kosullarda, saat 13:00-16:00 arasinda, ayni1 doktorlar tarafindan
uygun cilt temizligi ve hazirligindan sonra (Medi-Swab, %70 v/v Isopropyl Alcohol Swab,
BSN Medical, Victoria, Australia ve kuru temizleme kagidi) ve aym cihazla (PowerLab 8/30
with LabChart Pro, Data Acquisition Systems, ADInstruments, Inc. Colorado Springs, CO,
USA) alinmistir. Hrv oOlgiimii i¢in los bir ortamda (tek 151k kaynagi), hasta yatar
pozisyondayken EKG problar1 sag iist, sol iist, ve sag alt ekstremitede olacak sekilde
baglanmistir. Hastanin Hrv kayitlar1 10 dakika supin (yatar) pozisyonda, 3 dakika oturur
pozisyonda, 5 kez 20 saniyede bir yutkunurken, ve ayaktayken elde edilmistir. Kalitesi diisiik
Olglimler tekrarlanmis ve kabul edilebilir artefakt (hareket, konusma artefakti gibi)

durumlarinda ilgili 6l¢limiin siiresi uzatilmistir.

Uygun sicaklik (22-24C°) ve aydinlatmali (tek 151k kaynagi) sessiz bir ortamda, uygun hasta
cilt 1s1s1 (>31 C°) saglandiktan sonra hasta konforlu bir koltukta rahat ve oturur
pozisyondayken SSR kayitlar1 elde edilmistir. Sol el 2.ve 3. parmaklarin orta falanks
seviyesine yerlestirilen yliziik elektrotlar kayit elektrotu olarak kullanilmistir. Uyarilar sag
onkol distalinde median sinir trasesine yerlestirilen stimiilator ile verilmistir. Stimulus siddeti
10 mA (10-20 mA arasinda gibi bir aralikta verilebilir) dir. Habituasyonu 6nlemek amaciyla
iki uyar1 arasindaki siire 30 saniyeden az olmayacak sekilde ve diizensiz araliklarla 5 uyari
verilmistir. Olciim kalitesinin diisiik olmas1 durumunda verilen uyar1 sayisi arttirilmis, en az 5

uyarana yanit alinamiyorsa "yanit yok" olarak kabul edilmistir.

Hrv ve SSR kayitlar1 LabChart Pro programinda data pad 6zelligi ile MsExcel 2003’e kontrol
edilerek islenmis ve sayisal veriler olarak SPSS 15.0 ve MsExcel 2003’e kaydedilmistir.



Veritabani igeriginde ayrica hastalardan alinan Hrv verileri, SSR verileri ve psikolojik test
skorlar1 bulunmaktadir. Kullanilan veri tabanina ait detayli parametre tanimlar1 B6liim-2’de

sunulmustur.



BOLUM 2. KULLANILAN PARAMETRELER

2.1.Sempatik Deri Cevab1 (SSR) Parametreleri
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Sekil 2.1. Ornek bir SSR dalga modeli

2.1.1. SSR tepki gecikme siiresi (LT)

Ornek bir SSR dalga modeli sekil 2.1.’de gdsterilmistir. SSR verilerinin incelenmesi ile ilgili
caligmalarda en ¢ok kullanilan parametre tepki gecikme siiresidir. Bununla birlikte SSR dalga
formlarinin analiz edilmesinde ve analizlerin yorumlanmasinda en anlamli sonuglara sahip
olan parametredir. Bu yilizden SSR verilerinin etkin oldugu diisiiniilen ¢alismalarda ilk olarak
kullanilmas: gereken degiskendir. SSR tepki gecikme siiresi i¢in baslangic noktasi
belirlenirken uyaran artefakt: baz alinir. Uyaran artefakti, uyaran akimin derideki yayilimi ile
kayit elektrota ulagmadan filtrelere bagli olarak baslangic durumuna doniiste gecikme
olmasidir. Mevcut projede SSR tepki gecikme siiresi, sekilde gosterildigi gibi uyaran
artefaktinin baglangicindan sempatik deri yanitindaki degisimin baslangi¢c noktasina kadar
gecen siire olarak alinmigtir. SSR tepki gecikme siiresi belirlenirken tiim uyartimlardan sonra
olusan tepki gecikme siirelerinin ortalamasi alinarak tek deger kullanmak yerine elde edilen
her siire bagl basina deger olarak kaydedilmis ve YSA’da kullanilmis, boylece elde edilecek

sonuglarin daha saglikli olmasi amaglanmastir.



2.1.2. Maksimum genlik (MAXG):

SSR o6lgiimlerinin kullanildig1 calismalarda en ¢ok kullanilan parametrelerden biri de SSR
dalga formlarindan elde edilen ortalama genlik degerleridir. SSR’nin hastaliklarla iliskisinin
incelendigi ¢caligmalarda elde edilen genlik degerleri her zaman anlamli sonuglar vermemis ya
da hasta ve kontrol gruplar1 arasinda genlik degeri acisindan herhangi bir degisiklik
gozlemlenemedigi durumlar olmustur. Ancak yine de genlik degerleri, hastaligin SSR ile
iligkisinin belirlenmesinde kontrol edilmesi gereken bir parametredir. Bu projede maksimum
genlik degeri, iki uyartim arasinda elde edilen en biiyiik potansiyel degisim baz alinarak elde
edilmistir. Genlik degerlerinin ortalamasi alinarak tek bir deger olarak kullanilmamis, daha
dogru sonuglar elde etmek i¢in her uyartimdan sonra olusan maksimum genlik degerleri ayri

ayr1 kaydedilmis ve YSA’da hastaligin siniflandirmasi i¢in kullanilmistir.

2.1.3. iki uyarim arasi gecen siire (US)

Yapilan ¢alismada bu parametre, SSR 6l¢limii i¢in uygulanan bir darbe ile bu uyartim1 takip
eden ikinci darbe arasinda gecen siire olarak alimmigstir. SSR ile ilgili caligmalarda nadiren
kullanilan bir parametre olmasina karsin FMS’1i hastalar ile kontrol grubundan elde edilen

siire degerleri arasinda degiskenlik oldugu goriildiigii icin bu ¢alismada kullanilmastir.

Tablo 2.1. SSR parametrelerinin birinci 6l¢iim degerleri

No| grup LT1 MAXG1 US1
1 | hasta 0.0001 30.8037 2.850000000000000e-006
2 | hasta 0.45155 31.4158 2.000000000000000e-008
3 | hasta 1.97805 34.8267 4.450000000000000e-006
4 | hasta 2.01035 49.3262 5.390000000000000e-006
5 | hasta 0.0001 50.7415 1.700000000000000e-006
6 | hasta 1.7203 68.1053 1.110000000000000e-005
7 | hasta 1.69365 53.1795 3.860000000000000e-006
8 | hasta 0.1154 53.5555 7.760000000000000e-006
9 | hasta 0.673 40.1107 3.780000000000000e-006
10 | hasta 0.673 40.1107 3.780000000000000e-006
11 | hasta 2.0021 56.8546 3.920000000000000e-006
12 | hasta 1.78785 42.9506 7.530000000000000e-007
13 | hasta 1.37485 59.5045 6.980000000000000e-006
14 | hasta 1.76355 59.0384 3.610000000000000e-006
15| hasta 1.6853 63.4543 1.290000000000000e-005
16 | hasta 2.10595 41.6266 3.740000000000000e-007
17 | hasta 0.16225 42.7357 7.700000000000000e-007
18 | hasta 1.45135 30.4638 5.150000000000001e-007




19 | hasta 1.1504 48.9106 7.710000000000001e-006
20 | hasta 1.21385 40.2296 9.050000000000000e-006
21 | hasta 1.9053 48.9995 1.810000000000000e-006
22 | hasta 0.1522 34.4004 8.250000000000000e-008
23 | hasta 0.9028 26.1348 2.980000000000000e-006
24 | hasta 0.0001 44.7736 1.070000000000000e-006
25 | hasta 0.5497 39.5506 2.380000000000000e-006
26 | hasta 1.77155 38.5497 1.350000000000000e-006
27 | hasta 1.5477 26.8738 1.360000000000000e-007
28 | hasta 1.6485 35.6467 2.130000000000000e-006
29 | hasta 1.7497 46.9767 1.820000000000000e-006
30 | hasta 0.45995 41.5737 2.990000000000000e-006
31| hasta 1.44435 50.2677 2.910000000000000e-006
32 | hasta 1.19995 32.5727 3.730000000000000e-006
33 | hasta 23.94285 34.8287 2.470000000000000e-006
34 | hasta 0.0001 42.8436 5.270000000000000e-006
35| hasta 1.7424 34.3177 4.780000000000000e-006
36 | hasta 0.0001 35.8847 4.030000000000000e-006
37 | hasta 1.6744 36.2578 2.400000000000000e-006
38 | hasta 0.0001 36.8247 2.760000000000000e-006
39 | hasta 0.55835 34.0767 1.960000000000000e-006
40 | hasta 0.0001 38.0237 2.240000000000000e-006
41 | kontrol 0.0001 71.7323 2.380000000000000e-006
42 | kontrol 0.0001 29.3267 3.670000000000000e-006
43 | kontrol 1.5667 26.3498 5.250000000000000e-006
44 | kontrol 0.0001 138.0737 1.290000000000000e-005
45 | kontrol 1.66305 44.2856 9.030000000000000e-006
46 | kontrol 0.59795 44.3156 2.830000000000000e-006
47 | kontrol 1.62095 33.4017 3.730000000000000e-006
48 | kontrol 1.6894 40.0827 2.100000000000000e-006
49 | kontrol 1.49965 37.4867 1.510000000000000e-006
50 | kontrol 0.0006 35.3447 8.140000000000000e-007
51 | kontrol 1.72155 39.6827 1.050000000000000e-006
52 | kontrol 0.0001 34.6147 1.180000000000000e-006
53 | kontrol 8.9269 15.5499 2.610000000000000e-007
54 | kontrol 0.0001 38.0006 1.680000000000000e-006
55 | kontrol 0.000150 35.2357 2.940000000000000e-006
56 | kontrol 1.95385 33.5067 3.810000000000000e-006
57 | kontrol 3.26085 31.0278 1.550000000000000e-006
58 | kontrol 0.0001 29.8738 3.350000000000000e-006
59 | hasta 4.73925 21.6498 3.750000000000000e-009
60 | hasta 0.0001 33.0298 0

61 | hasta 1.21885 34.5547 3.460000000000000e-006
62 | hasta 0.4052 41.6267 1.370000000000000e-006
63 | hasta 0.0001 38.2497 1.250000000000000e-009
64 | hasta 0.4315 38.3997 1.630000000000000e-006
65 | hasta 9.87965 32.5007 2.370000000000000e-006
66 | hasta 2.83325 18.3909 7.640000000000000e-007
67 | hasta 0.82055 60.5515 9.230000000000000e-006
68 | hasta 0.3614 34.5727 5.060000000000000e-006
69 | hasta 0.13635 38.9427 2.370000000000000e-006




70 | hasta 1.7131 32.2977 3.280000000000000e-006
71| hasta 0.0001 31.7372 1.750000000000000e-006
72 | hasta 1.8276 46.0177 1.700000000000000e-006
73 | hasta 3.66625 34.9235 1.440000000000000e-006
74 | hasta 12.4993 40.0138 2.870000000000000e-006
75 | kontrol 0.62655 37.8327 4.600000000000000e-006
76 | kontrol 0.0001 32.3758 3.390000000000000e-006
77 | kontrol 3.26085 31.0278 1.550000000000000e-006
78 | kontrol 2.1566 49.9006 6.070000000000000e-006
79 | kontrol 2.0267 41.5876 3.260000000000000e-006
80 | kontrol 0.1048 38.7826 3.090000000000000e-006
81 | kontrol 1.66725 27.1507 7.850000000000000e-007
82 | kontrol 1.84395 49.3506 8.260000000000000e-007
83 | kontrol 1.78695 45.5682 7.990000000000000e-007
84 | kontrol 1.607 48.7891 8.010000000000000e-006
85 | kontrol 1.80045 65.5178 3.410000000000000e-006
86 | kontrol 1.6937 46.7361 3.880000000000000e-007
87 | kontrol 2.2057 44.4510 9.090000000000000e-006
88 | kontrol 1.69055 12.5371 2.450000000000000e-007
89 | kontrol 7.1358 49.9190 1.840000000000000e-006
90 | kontrol 1.9407 36.7189 3.070000000000000e-007

2.2.Psikolojik Testler

2.2.1. Gorsel analog skala agr1 skoru (VAS)

Agrn siddetinin degerlendirilmesi amaciyla “0” degeri ile hi¢ agrinin olmadigini, “10” degeri
ile dayanilamayacak siddette agrinin oldugunu gosteren 10 santimetrelik skala yaygin olarak

kullanilir.

2.2.2. Verbal agr1 skalasi (Verbal)

Agr siddetinin degerlendirilmesi amaciyla; 0: agr1 yok, 1: hafif agr1, 2: orta siddette agri, 3:
siddetli agr1, 4: dayanilmaz agr1 oldugunu gosteren likert tipi skala yaygin olarak kullanilir.

2.2.3.Fibromiyalji etki sorgulamasi (FIQ)

FMS'li hastalarda fonksiyonel disabiliteyi 6lgmek i¢in kullanilan bir 6lgektir. FIQ'in 1.
bileseni 11 adet gilinlilk yasam aktivitesindeki etkilenmeyi; 0: her zaman, 1: ¢ogu zaman, 2:
ara sira, 3: asla, seklinde likert tipi skala ile 6lger. Toplam skorun cevaplanan madde sayisina

boliinmesiyle elde edilen ortalama skor normalizasyon saglamak amaciyla 3.33 ile ¢arpilir.



Toplam FIQ skoru en fazla 100°diir. Yiiksek skorlar diisiik fonksiyonellik diizeyini gosterir.
FIQ'in 2. bileseni hastanin gecen hafta iginde kendisini iyi hissettigi glin sayisini
degerlendirir. Iyi hissedilen giin sayis1 hastaliktan etkilenme ile ters orantili oldugundan 0=7,
7=0 olarak skorlanir. FIQ'in 3. bileseni gegen hafta boyunca FMS'den dolay1 ka¢ giin is
yapamaz duruma gelindigini sorgular. Belirtilen giin sayis1 normalizasyon saglamak amaciyla
1.43 ile carpilir. FIQ"in 4-10 aras1 bileseni 10 iizerinde analog skala ile degerlendirilir. Elde

edilen skorlarin toplamu ile toplam FIQ skoru elde edilir.

2.2.4. Beck depresyon envanteri (BDI)

Depresyonda goriilen duygusal, bedensel, biligsel ve motivasyonel belirtileri 6lgen bir
envanterdir. Likert tipi skala ile degerlendirilen 21 sorudan olusur. Sorulardan elde edilen
skorlarin toplami, Beck Depresyon Envanteri skorunu verir. Toplam skor 0-63 arasinda
degisir. 0-13 puan aras1 depresyon yok, 14-24 puan arasi orta derecede depresif yakinmalar,

25 puanin lizeri ise yogun depresif yakinmalar olarak degerlendirilir.

2.2.5. Beck anksiyete envanteri (BAI)

Anksiyetede goriilen belirtileri 6lgen bir envanterdir. Likert tipi skala ile degerlendirilen 21
sorudan olusur. Sorulardan elde edilen skorlarin toplami, Beck Anksiyete Envanteri skorunu
verir. Toplam skor 0-63 arasinda degisir. Toplam puan ne kadar yiiksekse kisinin anksiyete

diizeyi de o kadar ytiksektir.
2.2.6. Hamilton anksiyete testi (HAM-A)
Ruhsal ve bedensel belirtileri sorgulayan 14 maddeden olusan bir testtir. 5 maddelik Likert

tipi skala ile 0-56 puan arasinda toplam puan elde edilir. Tiirkiye’de kesme puani

hesaplanmamistir. Bu nedenle yalnizca karsilastirmali galigmalarda anlam tagir.
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2.2.7. Hamilton depresyon degerlendirme 6l¢egi (HAM-D)

Depresif semptomlarin siddetini belirlemede sik kullanilan 6l¢eklerden birisidir. Testin 17
maddelik versiyonunun degerlendirilmesinde goriismeci yapilandirilmis goériisme kilavuzunu
kullanarak hastay1 degerlendirir ve 0-53 puan arasi bir skor elde edilir. Elde edilen toplam

skora gore; <13:hafif, 13-17: orta, >17: agir depresyon olarak degerlendirilir.

2.2.8. Toplam myaljik skoru (TMS)

Hastalarin ve kontrollerin hassas noktalar1 degerlendirilirken her hassas nokta i¢in 0-3 arasi
bir skor belirlenir; 0:agr1 yok, 1:sormakla agrili, 2:agriya fokal yanit, 3:kaginma yaniti).

Yiiksek skorlar agr1 siddetinin yiiksek oldugunu gosterir.

Projeye katilan deneklerden elde edilen psikolojik test skorlar1 tablo 2.2°de listelenmistir.

Tablo 2.2. Hastalarin psikolojik test skorlari

Sve” Grup | TMS | FIQ |VAS Verbal oI | Bal | PAM- 1 Ham-D
ayisi A
1 hasta | 24 | 63,84 | 8 siddetli agri 16 | 16 23 21
2 hasta | 22 51,64 | 7 orta siddette agr 11 6 16 17
3 hasta | 32 67,84 | 9 dayanilmaz agri 28 26 24 35
4 hasta | 31 | 5585 | 7 siddetli agri 19 | 22 20 24
5 hasta | 15 60,37 | 5 orta siddette agn 18 23 17 17
6 hasta | 14 | 64,24 | 8 siddetli agri 18 7 10 18
7 hasta | 16 28,09 | 8 siddetli agri 7 15 7 7
8 hasta | 22 49,08 | 8 siddetli agri 10 14 15 12
9 hasta | 29 62,67 | 7 orta siddette agn 13 14 19 19
10 hasta 20 26,29 | 4 orta siddette agri 7 20 10 5
11 hasta | 12 40,25 | 6 orta siddette agn 9 12 13 11
12 hasta | 28 67,36 | 9 dayanilmaz agri 15 18 22 20
13 hasta | 32 59,45 | 8 siddetli agri 18 22 15 18
14 hasta | 34 65,2 9 dayanilmaz agri 20 24 21 23
15 hasta | 24 | 63,97 | 9 dayanilmaz agri 13 | 25 17 24
16 hasta | 38 61,2 9 dayanilmaz agri 21 23 20 33
17 hasta | 27 5597 | 7 siddetli agri 8 14 15 8
18 hasta | 30 60,38 | 9 dayanilmaz agri 22 25 24 24
19 hasta | 17 63,67 | 7 siddetli agri 14 17 25 28
20 hasta 23 62,41 | 8 siddetli agri 13 17 20 21
21 hasta 30 63,61 | 8 siddetli agri 17 13 18 23
22 hasta | 37 69,55 | 8 siddetli agri 18 39 28 26
23 hasta | 15 63,67 | 8 siddetli agri 28 35 38 37
24 hasta 30 69,13 | 8 siddetli agri 25 34 37 34
25 hasta 19 64,64 | 7 orta siddette agri 12 12 16 15
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26 hasta 35 72,24 | 9 dayanilmaz agri 23 28 34 31
27 hasta | 29 72,15 | 8 siddetli agr 17 | 21 29 26
28 hasta | 36 72,04 | 9 dayanilmaz agri 20 | 29 32 26
29 hasta | 34 61,3 8 siddetli agr 12 13 19 17
30 hasta 24 60,05 | 6 orta siddette agri 18 26 28 25
31 hasta | 34 | 66,34 | 7 siddetli agri 17 | 24 22 24
32 hasta | 36 68,67 | 8 siddetli agri 15 15 20 19
33 hasta | 36 61,47 | 8 siddetli agr 19 | 21 21 26
34 hasta | 38 68,24 | 8 siddetli agri 19 25 25 20
35 hasta 38 66,55 | 9 dayanilmaz agri 35 32 34 32
36 hasta | 33 67,53 | 7 siddetli agri 21 | 28 33 30
37 hasta | 35 62,48 | 8 siddetli agri 16 25 22 24
38 hasta | 32 59,24 | 8 siddetli agri 14 | 16 15 16
39 hasta | 31 63,9 7 siddetli agri 21 | 30 24 28
40 | hasta | 29 56,56 | 7 siddetli agri 18 15 20 25
41 | kontrol 2 2 0 agri yok 0 1 8 1
42 | kontrol| 4 1352 | 1 agri yok 1 8 4 2
43 |kontrol| 4 2586 | O agri yok 7 8 4 6
44 | kontrol 1 11,29 1 agri yok 2 3 1 2
45 | kontrol 9 45,69 6 orta siddette agri 12 15 11 15
46 |kontrol| 3 26,86 | 2 hafif agri 7 10 8 9
47 | kontrol 6 16,86 2 hafif agri 5 8 5 7
48 | kontrol 4 28,3 3 hafif agri 16 13 16 15
49 |kontrol| 6 30,48 | 2 hafif agri 9 14 18 16
50 |kontrol| 6 20,76 | 2 hafif agri 8 2 4 6
51 | kontrol 2 20,28 2 hafif agri 9 10 8 9
52 | kontrol 6 13,76 | 2 hafif agri 10 9 6 7
53 |kontrol| 12 16,76 | 3 hafif agri 8 9 7 7
54 | kontrol| 6 20,96 | 2 hafif agri 4 3 5 8
55 | kontrol 3 1799 | O agri yok 8 9 6 8
56 | kontrol 8 10,66 | O agri yok 7 5 4 5
57 | kontrol 0 6,8 0 agri yok 2 2 2 3
58 | kontrol 7 1542 | 2 hafif agri 4 4 5 7
59 hasta | 24 52,1 6 orta siddette agn 10 5 11 16
60 hasta | 28 5739 | 7 siddetli agri 17 18 22 16
61 hasta | 28 5259 | 7 siddetli agri 20 31 23 25
62 hasta | 34 56,67 | 7 siddetli agri 16 16 15 18
63 hasta | 38 67,01 | 8 siddetli agri 24 27 23 24
64 hasta | 28 63,02 | 8 siddetli agri 21 28 23 22
65 hasta | 28 58,33 | 7 orta siddette agn 16 24 22 23
66 hasta | 27 56,24 | 7 orta siddette agrn 15 15 15 19
67 hasta | 30 | 57,67 | 7 siddetli agri 14 | 28 23 24
68 hasta | 26 5776 | 7 siddetli agri 16 22 19 19
69 hasta | 34 67,67 | 8 siddetli agri 20 16 19 22
70 hasta | 28 67 7 siddetli agri 21 18 17 21
71 hasta 32 59,24 | 8 siddetli agri 15 29 17 23
72 hasta 33 61,14 | 8 siddetli agri 19 21 19 20
73 hasta | 31 59,24 | 8 siddetli agri 16 12 18 14
74 hasta | 32 63,9 8 siddetli agri 21 14 22 16
75 | kontrol 3 6 0 agri yok 0 0 0 0
76 | kontrol 7 20,76 | 3 hafif agri 10 15 14 16
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77 |kontrol| O 6 0 agri yok 2 1 0 2
78 | kontrol 6 1548 | 2 agr yok 3 1 4 3
79 |kontrol| 4 15,42 | 2 agri yok 4 4 4 5
80 |kontrol| 4 17,87 | 2 hafif agri 4 7 4 4
81 |kontrol| 2 9,8 0 agri yok 4 7 2 5
82 |kontrol| O 11,33 | O agri yok 7 9 7 7
83 |kontrol| 10 31,2 4 orta siddette 12 | 13 10 10
84 | kontrol 0 1433 | 0 agr yok 6 6 5 5
85 |kontrol| 6 23,66 | 2 hafif agri 10 9 9 9
86 |kontrol| 11 21,3 5 orta siddette 10 9 10 8
87 |kontrol| 4 14,63 | 3 hafif agri 6 7 7 6
88 | kontrol 0 1133 | O agr yok 8 5 8 7
89 | kontrol 2 14,66 | 3 hafif agri 4 3 6 5
90 |kontrol| 7 14,43 | 3 hafif agri 4 2 5 3

Projenin genel akis semasi sekil 2.2°de gosterilmistir.

&5A

Sekil 2.2. Projenin Genel Akis Semasi



BOLUM 3. SSR PARAMETRELERiI ILE PSIKOLOJIK TEST SKORLARI
KULLANILARAK FIBROMIYALJi SENDROMUNUN TESHISI

Projenin SSR-FMS iliskisi kanad ile ilgili olarak hasta denekler ve kontrol grubundan alinan
SSR dalga formlarindan MATLAB yazilimi kullanilarak elde edilen tepki gecikme siiresi,
maksimum genlik ve iki uyartim arasi siire parametre degerleri her uyartim sonrasi i¢in elde
edilmis ve ortalamalar1 hesaplanmaksizin aynen alinarak daha saglikli sonuglar elde edilme
amacit hedeflenmistir. Tablo 2.1.’de, yukarida belirtilen SSR parametrelerine iliskin olarak
deneklerden alinan birinci 6l¢iim degerleri verilmistir. Tepki gecikme siiresi ve iki uyartim
aras1 siire milisaniye, maksimum genlik ise milivolt cinsinden kaydedilmistir. Ayn1 deneklere
FMS teshisinde basvurulan ve asagida belirtilen psikolojik testler uygulanmis ve degerleri
kaydedilmistir. Daha sonra SSR parametreleri ile psikolojik testler arasindaki iligki YSA ile

incelenerek SSR’nin FMS’nin siiflandirilmasinda etkisi incelenmistir.

Projenin FMS-SSR iliskisi kisminda ¢ok katmanli ileri beslemeli sinir agi (MFFNN)
kullanilmistir. Geri yayilim algoritmasi, ¢ok katmanli perseptronlart egitmede en ¢ok
kullanilan algoritmalardir. Standart Geri Yayilim Algoritmasi; hatalar1 geriye dogru cikistan
girise azaltmaya calismasindan dolay1 bu ismi almistir. Geri yayilmali 6grenme kurali, ag
c¢ikisindaki mevcut hata diizeyine gore her bir katmandaki agirliklart yeniden hesaplamak i¢in
kullanilmaktadir. 1k olarak Werbos tarafindan diizenlenen daha sonra Parker, Rummelhart ve
McClelland tarafindan gelistirilen geri yayilim agidir [21,22]. Geri beslemeli YSA’da en az
bir hiicrenin ¢ikis1 kendisine ya da diger hiicrelere giris olarak verilir ve genellikle geri
besleme bir geciktirme elemani {lizerinden yapilir. Geri besleme, bir katmandaki hiicreler
arasinda oldugu gibi katmanlar arasindaki hiicreler arasinda da olabilir. Bu yapis1 ile geri
beslemeli yapay sinir ag1, dogrusal olmayan dinamik bir davranig gosterir. Dolayisiyla, geri
beslemenin yapilis sekline gore farkli yapida ve davranista geri beslemeli YSA yapilar1 elde
edilebilir. Geri yayilim algoritmasinin amaci, uygunluk fonksiyonunu minimum yapmaktir

[23]. Sekil 3.1°de 6rnek bir geri yayilim ag1 modeli gosterilmistir.
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Girisg Gizli Katman Cikis Katmam
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(AN

Sekil 3.1. Ornek bir geri yayilim ag1 modeli

Bu algoritmanin bir iterasyonu soyle yazilabilir:
Xier1=X-akQk (3.2)

Burada, Xi; mevcut agirliklarin ve biaslarin vektori, gx; mevcut egim ve ax; 6grenme oranidir

[24].
r katmanli ileri beslemeli bir ag g6z Oniine alindiginda bu aga ait geri yayilim algoritmasi,

s=1,2,3,....,S katman numarasi

Ki = s. katmandaki i biriminin girdisi,

S
T — 5. katmandaki i biriminin ciktisi,

S

Wi = (s-1)’inci katmandaki i birimini, s’nci katmandaki j birimine baglayan agirlik olarak

alinir.
Oncelikle w’ye rastlantisal olarak segilen reel ve kiiciik degerli sayilar atanir. Istenilen giris-

cikis karakteristigine uygun olabilecegi diisiiniilen bir calisma modeli segilir ve s

katmanindaki her bir j birimi i¢in ¢ikt1 degeri hesaplanir. Bu durumda ¢ikis esitligi,

T’ = f(z Tis_lWi?)
i (3.2)

olur. Daha sonra ¢ikis katmanindaki birimler i¢in hata terimleri,

é‘is Z(Tis _Tir)f'(Kis) (3_3)
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esitligi ile hesaplanir. Son S katmanindan geriye dogru gidilerek gizli katmanlardaki birimler

icin hata terimleri,

5= P o)

(3.4)
olarak hesaplanir. Yenilenen agirliklar vasitasiyla yeni wij’ler hesaplanir:
yeni __ ,eski S
W= Wy AW (3.5)
s _ s s-1
AWij =no. T, (3.6)

Bu islemlere tekrarlanmak suretiyle toplam hata kabul edilebilir diizeye ulastirilincaya kadar

her bir r katmani i¢in devam edilir [25].

Egitim Fonksiyonun Tanimlanmasi Levenberg-Marquardt Algoritmas1 1944 yilinda Kenneth
Levenberg tarafindan bulunmustur [26]. Bu algoritma genellikle lineer olmayan bir parametre
uzaymdaki fonksiyonu minimize etmek i¢in sayisal ¢Ozlimler bulmakta kullanilan bir
tekniktir. Levenberg-Marquardt algoritmasi, birgok degiskenli fonksiyonun ikinci dereceden
kismi tiirevlerinin olusturdugu matris olan Hessian matrisini hesaplamadan, ikinci-sira egitim
hizina yaklagsmak icin tasarlanmistir. Performans fonksiyonu, kareler toplami formunu

aldiginda, Hessian matrisi (H) suna yaklasir [27];

H=JJ (3.7)
ve egim soyle hesaplanir;

g=Jre (3.8)
Burada J; Jacobian matrisidir, bu agirliklara ve biaslara uyarak yapay sinir ag1 hatalarinin ilk
tiirevlerini igerir, e ise agin hata vektoriidiir. Jacobian matrisi, standart geri yayilim teknigi ile

hesaplanabilir. Bu hesaplama, Hessian matris hesaplamasina nazaran daha az karmagiktir.

Levenberg-Marquardt algoritmasi su yaklagimi kullanir [27];
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X=X [JrI+pI] Mre (3.9)

Newton metoduna gore, skaler u sifir oldugunda, yaklasik olarak Hessian matrisi kullanilir. p
genis oldugunda, egim inisi, kiigilk basamak oOl¢iisiine sahip olur. Newton metodu daha
hizlidir ve hatayr minimuma indirerek dogruya yaklasir. Bu nedenle, her basarili adimdan
sonra p azalir, sadece deneme niteligindeki adimlarda artar buda performans fonksiyonunu
arttirir. Bu sayede de algoritmanin her iterasyonunda, performans fonksiyonu ile Olciilen

deger daima azalir, boylelikle performans artar [27].

Sekil 4’te FMS’nin teshisi amaciyla deneklerden elde edilen psikolojik testlerin skorlari ile
Matlab  yardimiyla SSR  dalga formlarindan  ¢ikarilan  SSR parametrelerinin
iliskilendirilmesine ait olan yapay sinir ag1 yapis1 goriilmektedir. Giris katmaninda SSR’den 3
ve Psikolojik test sonuglarindan 8 olmak lizere toplam 11 6zellik giris olarak kullanilmistir.
Gizli katmanda 15 - 45 arasinda néron denenerek maksimum dogruluk elde edilmeye
calistlmigtir. Dogruluk bakimindan en yiiksek yiizdeye gizli katmanda 35 néron kullanilarak
ulagilmistir. Calismada Tablo 2.1. ve Tablo 2.2.°de gosterildigi gibi 56 hasta, 34 kontrol
denegi olmak {izere toplam 90 denefin SSR parametreleri ve psikolojik test skorlari
kullanilmistir.  FMS hastas1 olan 56 denegin 41 tanesi egitim, 15 tanesi test i¢in; 34 tane
kontrol deneginin 26 tanesi egitim, 8§ tanesi test i¢in ayrilmistir. Sekil 3.2.’de goriildiigii gibi
¢ikis kisminda hasta deneklerin verileri igin sifir (0), saglam deneklerin verileri igin bir (1)

kullanilmak tizere tek bir ¢ikis bulunmaktadir.

Dogruluk degeri ylizde olarak asagidaki gibi hesaplanmaistir:

% Dogruluk = ( Dogru tespit edilen denek sayisi / Toplam denek sayis1 ) x 100

1 W11} —— ) Lwi2,1)
Tangen Tangent
Sigmioid + Sigrmoid :: b
Function Function
b{1} bi2}
24 33 1

Sekil 3.2. Yapay sinir ag1 modeli
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Algoritma hedefi olarak 10 secilmis ve sekil 3.3.’te goriildiigii gibi Levenberg-Marquardt

Algoritmasi bu hedefe 6 epochta ulagmistir.

Mean Squared Error (mse)

Best Validation Performance is 3.5795e-006 at epoch 6

& Epochs

—— Train

Validation
—— Test
Best
Goal

Sekil 3.3. Algoritma Sonucu

Deneklerden elde edilen verilerin yapay sinir aglari ile egitimi ve testi sonucunda elde edilen

dogruluk yiizdeleri Tablo 3.1.’de verilmistir. Buna gore, agin egitiminde kullanilan 41 hasta

denegin ve 26 saglikli denegin verileri %100 dogruluk ile egitilmistir. Bu dogruluk yiizdesi

altinda test kisminda kullanilan 15 hasta denekten 14’1 ¢ikisinda ulasilmak istenen sifir (0)

degerine ulasilmis, ancak bir hasta denekte bir (1) ¢ikisi alinarak hata olarak kaydedilmistir.

Hasta deneklerin yapay sinir aglar ile testinde %92,86’lik bir dogruluk elde edilmistir. Diger

yandan saglikli deneklerden verileri test i¢cin kullanilanlarinin hepsi ¢ikisinda hedeflenen bir

(1) degeri alinmig ve %100 oraninda dogruluga ulasilmistir. Genel olarak ise 90 verinin yapay

sinir aglari ile egitiminde %100, testinde ise %95’1ik bir sonuca ulasilmistir.

Tablo 3.1. Egitim ve test benzetim sonuglari

Egitim Test
Hasta | Saglikli | Dogruluk Hasta | Saglikli | Dogruluk
(%) (%)
Hasta 41 0 100 14 1 92,86
Saglikli 0 26 100 0 8 100
Sonug 100 95

Diger yandan psikolojik testler ile ilgili skorlar incelendigi zaman, elde edilen gorsel VAS

skorlar1 bakimindan, FMS’li hastalarda skor 6-9 arasinda elde edilirken kontrol grubunda bu

skorlarin 0-5 arasinda degistigi goriilmiistiir. Verbal skorlar1 incelendiginde ise FMS’li
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hastalarda agr1 siddeti 2 (orta siddette agri)-4 (dayanilmaz agri) arasinda iken saglikli
deneklerde bu siddet 0 (agr1 yok)-2 (orta siddette agri) arasinda olmustur. Deneklerin depresif
durumunun bir 6lgiitii olan BDI testinden elde edilen skorlara bakarak FMS’li hastalardan on
ikisinde herhangi bir depresyon durumunun olmadigi sonucuna ulasilmistir. Bu test saglikli
deneklere uygulandiginda elde edilen skorlar sonucunda sadece bir denekte (Kontrol denegi
sira no: 13) depresif bir atagin ortaya ¢ikabilecegine ait bir skor elde edilmistir. Ayn1 durumu
sorgulamayr amaglayan Ham-D skorlar1 da BDI skorlarindan elde edilen sonuglari
destekleyici niteliktedir. Diger yandan, FMS’li hastalarin anksiyete diizeyleri ¢ok yiiksek
olmamakla birlikte sagliklt deneklere nazaran kaygi, sikinti, bunalma vb. gibi durumlara
yatkinliklarinin sagliklilara oranla daha yiiksek oldugu da anksiyeteye yatkinlik testleri

yardimiyla goriilmiistiir.
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BOLUM 4. DENEKLERDEN ALINAN HRV KAYITLARI iLE PSiKOLOJIiK
TESTLERIN ILISKILENDIRILMESI

Proje biinyesinde, EKG kayitlarinin alinmasinda, Powerlab 8/30, dual bioamplifikator, klipsli
elektrot, jel ve LabChart 7 Pro yazilimi (Adinstrument, Sidney, Avustralya) kullanilmistir.
EKG kayitlarim1 elde etmek igin, yazilim iizerinde uygun filtreleme parametreleri ve

ornekleme frekansi girilmistir. Bu parametreler su sekildedir;

e Range= 500 uVv

e Sampling rate=1000 Hz

e Single-ended=checked

e Mains Filter and 50Hz Notch filter se¢ildi.

o Filtreler High pass=0.3 Hz, Low pass=100 Hz olarak se¢ilmistir.

Elde edilen EKG verilerinin her biri ayr1 ayr1 incelenerek Labchart 7 Pro yazilimi iizerinde
bulunan Hrv modiilii ile Hrv verisine dondstiirilmistiir. Bu hastalardan elde edilen Hrv
verilerinin kayitlar1 sirasinda olusan artefaktlar kaydirmali pencere filtresi ile ortadan
kaldirilmistir. Elde edilen Hrv sinyalleri, zaman eksenine cevrilip spektral analizler i¢in 4 Hz
ornekleme frekansinda kiibik egri interpolasyon yontemi ile yeniden 6rneklenmis ve Dalgacik

Paket Dontigiim Analizleri (DPD) igin uygun bir igaret haline getirilmistir.

Daha sonra DPD doniisiimii kullanilarak CAF, AF ve YF bolgesindeki Dalgacik paketlerinin

rms enerji degerleri hesaplanmis ve her bir hasta i¢in tespit edilmistir.

Dalgacik paketlerin efektif enerji degerleri DPD’de her bir diiglim i¢in, denklem 1°deki gibi

hesaplanir.

1 Nt 2
Wewms,i,j :\/WZ‘Wi,j(k)‘
n=0 (4.2)

Burada wi,j(k), m. Seviyenin j. Diiglimiindeki paketi, k ise her bir diigiim i¢indeki veri
sayisini ifade etmektedir. Boylelikle DPD’de M seviyede ayrigtirilmis bir isaretin toplam

enerjisi,
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=0 (4.2)

seklinde hesaplanir. Buradaki wRMS,M.j, M seviyede ayristirilmis bir DPD’de, son

seviyedeki diiglimlerin her birinin RMS degerlerini ifade ederken, E Wamsij jse seviyesinde

elde edilen toplam isaret enerjisini gostermektedir [28,29,30].

Veritabanindaki her bir verinin, 9 seviyede, Daubechies familyasindan db2, db4, db8, db12
dalgacig1 kullanilarak DPD ayrisimi yapilmis ve en iyi ayristirmayr 8 filtre katsayili db4
dalgacigi gerceklestirmistir. Yapilan ayrisim sonucunda 9. Seviyede toplam 512 adet dalgacik
paket elde edilmistir. Cok algak frekans bandi (CAF) 1. Ve 9. Diiglimler arasinda, al¢ak
frekans bandi (AF) 10. Ve 38. Diiglimler arasinda ve yiiksek frekans bandi (YF) 39. Ve 102.

diiglimler arasinda tanimlidir. Herbir diigiime ait frekans dagilimi Tablo 4.1.”de listelenmistir.

Tablo 4.1. 9 seviye DPD igin her bir dugumdeki frekans araligi

9 seviye Dugumler Frekans araligi (Hz)

0 511 0 0,0039063
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39 550 0,15235 0,15625
40 551 0,15625 0,16016
41 552 0,16016 0,16406
42 553 0,16406 0,16797
43 554 0,16797 0,17188
44 555 0,17188 0,17578
45 556 0,17578 0,17969
46 557 0,17969 0,1836
47 558 0,1836 0,1875
48 559 0,1875 0,19141
49 560 0,19141 0,19531
50 561 0,19531 0,19922
51 562 0,19922 0,20313
52 563 0,20313 0,20703
53 564 0,20703 0,21094
54 565 0,21094 0,21485
55 566 0,21485 0,21875
56 567 0,21875 0,22266
57 568 0,22266 0,22657
58 569 0,22657 0,23047
59 570 0,23047 0,23438
60 571 0,23438 0,23828
61 572 0,23828 0,24219
62 573 0,24219 0,2461
63 574 0,2461 0,25

64 575 0,25 0,25391
65 576 0,25391 0,25782
66 577 0,25782 0,26172
67 578 0,26172 0,26563
68 579 0,26563 0,26953
69 580 0,26953 0,27344
70 581 0,27344 0,27735
71 582 0,27735 0,28125
72 583 0,28125 0,28516
73 584 0,28516 0,28907
74 585 0,28907 0,29297
75 586 0,29297 0,29688

YF
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76 587 0,29688 0,30079
77 588 0,30079 0,30469
78 589 0,30469 0,3086
79 590 0,3086 0,3125
80 591 0,3125 0,31641
81 592 0,31641 0,32032
82 593 0,32032 0,32422
83 594 0,32422 0,32813
84 595 0,32813 0,33204
85 596 0,33204 0,33594
86 597 0,33594 0,33985
87 598 0,33985 0,34375
88 599 0,34375 0,34766
89 600 0,34766 0,35157
90 601 0,35157 0,35547
91 602 0,35547 0,35938
92 603 0,35938 0,36329
93 604 0,36329 0,36719
94 605 0,36719 0,3711
95 606 0,3711 0,375
96 607 0,375 0,37891
97 608 0,37891 0,38282
98 609 0,38282 0,38672
99 610 0,38672 0,39063
100 611 0,39063 0,39454
101 612 0,39454 0,39844
102 613 0,39844 0,40235

DPD analizleri ile tim veri tabani icin CAF, AF, YF bandi RMS enerji degerleri tespit

edilmistir. Psikolojik testlerin bu enerji bantlar ile iliskisini tespit etmek ve bu bantlardan

tamamin1 veya bir kacim1 kullanarak psikolojik test skorlarini test etmek i¢in alt bantlar

olusturulmustur.

Alt bandlar asagidaki formiillere gore olusturulmustur [28,29].

CAF bandi alt bandlart i¢in;

wltk-1

CAF . = Z Ewrms,i,j
i=k
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AF bandi i¢in;

AFj k= E;ir‘]l:k_l Evrms ij

(4.4)
YF band: i¢in ise;

— YwI+h-1
Wi_w_k - Ej=].—. Ew-rms_:i_j

(4.5)

Burada, CAF band1 i¢in w1 pencere genisligi olarak se¢ilmis ve toplam 3 tane CAF bandi alt

frekans band1 olusturulmustur. AF i¢in w2 pencere genisligi olarak secilmis toplam 19 tane alt

band olusturulmus ve YF bandi i¢cin w3 pencere genisligi olarak secilmis ve YF bandi altinda

da toplam 49 tane altband olusturulmustur. Olusturulan alt bandlar ve kapsadigi frekans

bolgeleri tablo 4.2°de gosterilmistir.

Tablo 4.2. Alt frekans bandlar ve frekans araliklari

ALTBANDLAR FREKANS ARALIGI (Hz) TEMEL BAND
1 0,0039063 0,03125 N
2 0,0078126 0,035157 J
3 0,011719 0,039063
1 0,039063 0,082032
2 0,042969 0,085939
3 0,046876 0,089845
4 0,050782 0,093751
5 0,054688 0,097657
6 0,058594 0,10156
7 0,062501 0,10547
8 0,066407 0,10938
9 0,070313 0,11328
10 0,07422 0,11719 4
11 0,078126 0,1211
12 0,082032 0,125
13 0,085939 0,12891
14 0,089845 0,13281
15 0,093751 0,13672
16 0,097657 0,14063
17 0,10156 0,14453
18 0,10547 0,14844
19 0,10938 0,15235
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Bu test sonuglarini tahmin i¢in her bir frekans bolgesinin alt bantlar1 kullanilmistir. CAF alt
bantlar1 sirali 7 diiglim, AF alt bantlar1 sirali 11 diiglim ve YF alt bantlart sirali 16 digim

kullanilarak elde edilen bir pencere ve bu pencerenin 1’er diigiim kaydirilmasiyla elde
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edilmistir. Bu alt bantlar1 giris olarak kullanan Sekil 4.1.’deki c¢ok katmanli ag yapisi

tasarlanmstir.

Gizli
Katman

Girig
Katmani

1 neuron

CAF alt bantlari
(3 néron)
AF alt bantlari
(19 néron)
YF alt Bantlari 20 neuron
(49 noron)

Sekil 4.1. Tasarlanan ¢ok katmanli ag yapisi

Tasarlanan ¢ok katmanli ag yapisinda giris katmami olarak CAF, AF ve YF frekans
bolgesinden herhangi birisinin, herhangi ikisinin veya {iglinlin alt bantlar1 birlikte
kullanilmigtir [28,29]. Tiim egitmeler oncelikle CAF alt bantlarinda (3 alt bant), AF alt
bantlarinda (19 alt bant), YF alt bantlarinda (49 alt bant) ve bu alt bantlarin degisik
kombinasyonlarinda gergeklestirilmistir. YSA yapisinda 2, 5, 10, 20, 30 nérondan olusan ara
katmanlar kullanilmis ancak en iyi skorlar 20 norondan olusan ara katman ile elde
edildiginden 20 ndronlu bir ara katman tercih edilmistir. Sistem c¢ikis1 ise psikolojik test
skorlarindan olusmaktadir. Caligmada psikolojik test skorlar1 “non-depresif” veya “depresif”
olmak {tizere iki gruba toplanmustir. “Non-depresif” olanlar 1, “depresif” olanlar -1 olacak
sekilde iki sinifa ayrilmistir. Bunlardan BAI psikolojik test skorlar1 0-15 aras1 “non-depresif”,
15 ve iizeri “depresif” olarak; HAM-A psikolojik test skorlar1 0-14 aras1 “non-depresif”, 14 ve
tizeri “depresif” olarak; BDI psikolojik test skorlar1 0-13 arasi “non-depresif”’, 13 ve {izeri
“depresif” olarak; HAM-D psikolojik test skorlar1 0-17 aras1 “non-depresif”, 17 ve iizeri ise
“depresif” olarak ikili smiflara ayristirilmistir. Boylece c¢ok katmanli YSA yapisi
olusturulmus ve ag yapisi 40 hasta ve 15 kontrol olmak iizere toplam 55 data ile egitilmis, 16

hasta ve 19 kontrol olmak iizere 35 data i¢in ise test edilmistir. Toplamda 56 hasta ve 34
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kontrol grubuna ait datalar kullanilmistir. Hastalardan elde edilen BAI, HAM-A, BDI, HAM-
D, psikolojik test skorlar1 ve ag ¢ikisinin karsilastirilmasiyla dogruluk yiizdeleri tespit edilmis
ve sonuglar sirasiyla Tablo 5.1. , Tablo 5.2., Tablo 5.3., Tablo 5.4.’te listelenmistir. Bu kisim

calismanin analiz boliimiiniin ilk kismin1 olusturmaktadir.

Calismanin analiz boliimiiniin ikinci kisimda ise birinci kisimda giris katmaninda girdi olarak
kullanilan Hrv’den elde edilen CAF, AF ve YF frekans bolgesinden herhangi birisinin,
herhangi ikisinin veya {i¢iinlin alt bantlarina ilave olarak Sempatik Deri Cevabi’nin (SSR)
zaman domeninde elde edilen parametreleri sirasiyla girdi olarak kullanilmiglardir. Bu
parametreler sirastyla Tepki Gecikme Siiresi (LT), Maksimum Genlik (MAXG), iki Uyarim
Arast Gegen Siire (US) dir. Gizli katman ve ¢ikt1 katmani yapisi ise birinci kisimda kullanilan
ag yapisinin tamamen aynist olacak sekilde tasarlanmistir. Birinci kisimdan farkli olarak bu
kisimda birimei kisimda yapilan analizlerde toplam dogruluk orani olarak %68 ve iizerinde
dogrulukta olan, hasta ve kontrollerde ise dogruluk orant %70 ve tizerinde dogrulukta olan
Hrv alt bantlar1 ve alt bantlar kombinasyonlar1 girdi katmaninda tercih edilmistir. Diger alt
bantlar ve alt bantlar kombinasyonlarinda ise herhangi bir analiz yapilmamis ve bu kisimlar
“nop “ ile ifade edilmistir. Bu ¢er¢evede yapilan 6grenme ve test sonuglari sirasiyla Tablo 5.5.
, Tablo 5.6. , Tablo 5.7., Tablo 5.8. Tablo 5.9., Tablo 5.10., Tablo 5.11. , Tablo 5.12., Tablo
5.13., Tablo 5.14. , Tablo 5.15. , Tablo 5.16.’da listelenmistir.

Sekil 4.2. , Sekil 4.3 ve Sekil 4.4. ‘te ise SSR, Hrv ile Psikolojik Test Skorlari’ndan BAI,
HAM-A, BDI, HAM-D testlerinin iliskilendirildigi sinirsel ag yapilar1 verilmistir. Girdi
katmanin girdi sayis1 bu katmanda alt bantlar ve alt bantlar kombinasyonlarina goére farkl

sayilarda noron kullanildigr i¢in degisken ndron sayisini temsilen NG ile temsil edilmistir.

Girdi Kabmani Ara Katman Cikt Katrmam

s “, F
AT
d norom
AF(1:18) 1 BRI
18 néircn | 2 HAM 1)
“R(1AH) t ENCTRRT
48 niiron, A, HAMAD 3111

BERLT
1 nbrom

Ma 20

Sekil 4.2. SSRLT, Hrv ve psikolojik test skorlarinin iligkilendirilmesi igin tasarlanan ag yapisi
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Girdi Katmam Ara Kabman Cikhi Katman)

AR
= IS

AF{T1E) 1. BAI[-1,1}
14 nidran 2 HAM-A (=111
SFtA) — > e 3 B0 -1,

4. HAM-D 1,1}

45 ndran 1
SSEAMAKG

1 nidran
Mg il

Sekil 4.3. SSRMAXG, Hrv ve psikolojik test skorlarinin iligkilendirilmesi i¢in tasarlanan ag yapisi

Girdi Katrmam Ara Katman okt Kabmani
« Al e E
AR
SAF[1:1) 1 BAI[A,1)
18 rdedin LRy
SFF[1:45 b e IED
45 reron 1 4. HARLD 1,
1 relFan
Mg 20

Sekil 4.4. SSRUS, Hrv ve psikolojik test skorlarinin iliskilendirilmesi i¢in tasarlanan ag yapisi



5. SONUCLAR

5.1. Birinci Kistm Analiz Sonuclar:

5.1.1. Hrv kullanilarak BAI testlerinin tahmini

Tablo 5.1. Hrv ve BAI (Beck Anksiyete Envanteri) testlerinin tanmini

Hrv&BAI

Bantlar Kontrol Hasta Toplam
Egitim | Test |Egitim| Test | Egitim | Test
AF(1:10) 100,00 | 47,62 |100,00| 71,43 | 100,00 | 57,14
AF(1:15) 100,00 | 57,14 |100,00| 57,14 | 100,00 | 57,14
AF(5:15) 100,00 | 76,19 100,00 | 57,14 | 100,00 | 68,57
AF(1:19) 100,00 | 61,90 100,00 | 64,29 | 100,00 | 62,86
AF(5:19) 100,00 | 61,90 100,00 | 57,14 | 100,00 | 60,00
AF(10:19) 100,00 | 47,62 [100,00| 64,29 | 100,00 | 54,29
CAF(1:3) 82,61 | 57,14 | 90,63 | 71,43 | 80,00 | 62,86
YF(1:10) 100,00 | 52,38 [100,00| 28,57 | 100,00 | 42,86
YF(1:15) 100,00 | 61,90 |100,00| 50,00 | 100,00 | 57,14
YF(5:15) 100,00 | 57,14 100,00 | 64,29 | 100,00 | 60,00
YF(1:20) 100,00 | 61,90 [100,00| 78,57 | 100,00 | 68,57
YF(5:20) 100,00 | 61,90 [100,00| 64,29 | 100,00 | 62,86
YF(10:20) 100,00 | 47,62 100,00 | 50,00 | 100,00 | 48,57
YF(1:30) 100,00 | 61,90 [100,00| 57,14 | 100,00 | 60,00
YF(10:30) 100,00 | 47,62 |100,00| 64,29 | 100,00 | 54,29
YF(1:40) 100,00 | 57,14 |100,00| 57,14 | 100,00 | 57,14
YF(10:40) 100,00 | 61,90 100,00 | 57,14 | 100,00 | 60,00
YF(20:40) 100,00 | 76,19 100,00 | 35,71 | 100,00 | 60,00
YF(1:49) 100,00 | 85,71 (100,00 | 57,14 | 100,00 | 74,29
YF(10:49) 100,00 | 61,90 [100,00| 64,29 | 100,00 | 62,86
YF(20:49) 100,00 | 57,14 {100,00| 42,86 | 100,00 | 51,43
AF(1:19)+YF(1:20) 100,00 | 66,67 [100,00| 71,43 | 100,00 | 68,57
AF(10:19)+YF(1:20) 100,00 | 47,62 [100,00| 64,29 | 100,00 | 54,29
AF(1:19)+YF(1:49) 100,00 | 57,14 {100,00| 71,43 | 100,00 | 62,86
AF(10:19)+YF(1:49) 100,00 | 61,90 [100,00| 64,29 | 100,00 | 62,86
CAF(1:3)+AF(1:19)+YF(1:49) | 100,00 | 57,14 | 100,00 | 71,43 | 100,00 | 62,86
AF(1:10)+CAF(1:3) 100,00 | 80,95 100,00 | 42,86 | 100,00 | 65,71
AF(1:19)+CAF(1:3) 100,00 | 52,38 | 100,00 | 78,57 | 100,00 | 62,86
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Aciklama: Hrv ve BAI test tahmini icin CAF, AF ve YF bolgelerindeki alt bantlar dogrudan
veya farkli kombinasyonlariyla YSA girislerine uygulanmistir ve YSA ‘nin test sonuglarinin
dogruluk yiizdeleri hasta, kontrol grubu ve toplam dogruluk olarak ayr1 ayri hesaplanmustir.
Buna gore YF bolgesi i¢cinde bulunan 49 adet alt frekans bolgesinin enerji degerleri 49 girisli
YSA’ya uygulandiginda %85,71 oranina ulasilmis ve kontrol grubu tahmini i¢in en yiiksek
skora ulasilmistir. Ayni sekilde, hasta grubu i¢in ise CAF(1:3)+AF(1:19) ve YF(1:20) i¢inde
bulunan alt bantlar tarafindan %78,57 ile en yiiksek dogruluklar elde edilmistir. Toplam 90
data icin ise, YF(1:49) alt-bantlar1 i¢in %74,29’luk test skoru elde edilerek en yiiksek

dogruluk skoru bulunmustur.

5.1.2. Hrv kullanilarak HAM-A testlerinin tahmini

Tablo 5.2. Hrv ve HAM-A (Hamilton Anksiyete) testlerinin tahmini

Hrv&HAM-A

Bantlar Kontrol Hasta Toplam
Egitim | Test | Egitim | Test | Egitim | Test
AF(1:10) 100,00 | 68,42 | 100,00 | 56,25 | 100,00 | 62,86
AF(1:15) 100,00 | 57,89 | 100,00 | 68,75 | 100,00 | 62,86
AF(5:15) 100,00 | 73,68 | 100,00 | 56,25 | 100,00 | 65,71
AF(1:19) 100,00 | 68,42 | 100,00 | 62,50 | 100,00 | 65,71
AF(5:19) 100,00 | 42,11 | 100,00 | 93,75 | 100,00 | 65,71
AF(10:19) 100,00 | 63,16 | 100,00 | 75,00 | 100,00 | 68,57
CAF(1:3) 94,12 | 52,63 | 100,00 | 81,25 | 97,14 | 65,71
YF(1:10) 100,00 | 68,42 | 100,00 | 37,50 | 100,00 | 54,29
YF(1:15) 100,00 | 47,37 | 100,00 | 75,00 | 100,00 | 60,00
YF(5:15) 100,00 | 52,63 | 100,00 | 56,25 | 100,00 | 54,29
YF(1:20) 100,00 | 78,95 | 100,00 | 75,00 | 100,00 | 77,14
YF(5:20) 100,00 | 63,16 | 100,00 | 68,75 | 100,00 | 65,71
YF(10:20) 100,00 | 47,37 | 100,00 | 62,50 | 100,00 | 54,29
YF(1:30) 100,00 | 68,42 | 100,00 | 62,50 | 100,00 | 65,71
YF(10:30) 100,00 | 47,37 | 100,00 | 68,75 | 100,00 | 57,14
YF(1:40) 100,00 | 68,42 | 100,00 | 56,25 | 100,00 | 62,86
YF(10:40) 100,00 | 73,68 | 100,00 | 62,50 | 100,00 | 68,57
YF(20:40) 100,00 | 57,89 | 100,00 | 62,50 | 100,00 | 60,00
YF(1:49) 100,00 | 63,16 | 100,00 | 68,75 | 100,00 | 65,71
YF(10:49) 100,00 | 42,11 | 100,00 | 62,50 | 100,00 | 51,43
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YF(20:49) 100,00 | 52,63 | 100,00 | 56,25 | 100,00 | 54,29
AF(1:19)+YF(1:20) 100,00 | 68,42 | 100,00 | 75,00 | 100,00 | 71,43
AF(10:19)+YF(1:20) 100,00 | 42,11 | 100,00 | 68,75 | 100,00 | 54,29
AF(1:19)+YF(1:49) 100,00 | 47,37 | 100,00 | 81,25 | 100,00 | 62,86
AF(10:19)+YF(1:49) 100,00 | 47,37 | 100,00 | 81,25 | 100,00 | 62,86
CAF(1:3)+AF(1:19)+YF(1:49) | 100,00 | 57,89 | 100,00 | 68,75 | 100,00 | 62,86
AF(1:10)+CAF(1:3) 100,00 | 63,16 | 100,00 | 62,50 | 100,00 | 62,86
AF(1:19)+CAF(1:3) 100,00 | 63,16 | 100,00 | 68,75 | 100,00 | 65,71

Agiklama: Hrv ve HAM-A test tahmini i¢in CAF, AF ve YF bolgelerindeki alt bantlar

dogrudan veya farkli kombinasyonlariyla YSA girislerine uygulanmis ve YSA‘nin test

sonuclarinin dogruluk yiizdeleri hasta, kontrol grubu ve toplam dogruluk olarak ayri ayri

hesaplanmistir. Buna gére YF boélgesi icinde bulunan 20 adet alt frekans bolgesinin -

YF(1:20)- enerji degerleri 20 girisli YSA yapisina uygulandigi zaman diger alt bantlara gore

daha yiiksek bir dogruluk degeri olan %78,95 oranina ulagilmistir. Bu oran kontrol grubu

tahmini i¢in en yiiksek skordur. Ayni1 sekilde, hasta grubu igin ise AF(5:19) i¢inde bulunan alt

bantlar ile %93,75’lik en yiiksek dogruluk orani elde edilmistir. Toplam 90 data igin ise,

YF(1:20) alt-bantlar1 ile %77,14°liik test skoruna ulagilarak en yiiksek dogruluk orani elde

edilmistir.

5.1.3. Hrv kullanilarak BDI testlerinin tahmini

Tablo 5.3. Hrv ve BDI (Beck Depresyon Envanteri) testlerinin tahmini

Hrv&BDI

Bantlar Kontrol Hasta Toplam
Egitim Test Egitim Test Egitim Test
AF(1:10) 81,82 55,00 96,97 80,00 85,71 65,71
AF(1:15) 100,00 | 65,00 100,00 | 60,00 | 100,00 62,86
AF(5:15) 100,00 | 55,00 100,00 | 86,67 | 100,00 68,57
AF(1:19) 100,00 | 55,00 100,00 | 73,33 | 100,00 62,86
AF(5:19) 100,00 | 65,00 100,00 | 73,33 | 100,00 68,57
AF(10:19) 100,00 | 70,00 100,00 | 60,00 | 100,00 65,71
CAF(1:3) 100,00 | 45,00 100,00 | 66,67 | 100,00 54,29
YF(1:10) 100,00 | 55,00 100,00 | 53,33 | 100,00 54,29
YF(1:15) 100,00 | 70,00 100,00 | 60,00 | 100,00 65,71
YF(5:15) 100,00 | 50,00 100,00 | 66,67 | 100,00 57,14
YF(1:20) 100,00 | 60,00 100,00 | 73,33 | 100,00 65,71
YF(5:20) 100,00 | 60,00 100,00 | 60,00 | 100,00 60,00
YF(10:20) 100,00 | 60,00 100,00 | 53,33 | 100,00 57,14
YF(1:30) 100,00 | 75,00 100,00 | 53,33 | 100,00 67,71
YF(10:30) 100,00 | 70,00 100,00 | 46,67 | 100,00 60,00
YF(1:40) 100,00 | 55,00 100,00 | 66,67 | 100,00 60,00
YF(10:40) 100,00 | 50,00 100,00 | 53,33 | 100,00 51,43
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YF(20:40) 100,00 | 65,00 | 100,00 | 46,67 | 100,00 | 57,14
YF(1:49) 100,00 | 70,00 | 100,00 | 73,33 | 100,00 | 71,43
YF(10:49) 100,00 | 65,00 | 100,00 | 73,33 | 100,00 | 68,57
YF(20:49) 100,00 | 65,00 | 100,00 | 66,67 | 100,00 | 57,14
AF(1:19)+YF(1:20) 100,00 | 70,00 | 100,00 | 60,00 | 100,00 | 65,71
AF(10:19)+YF(1:20) 100,00 | 65,00 | 100,00 | 73,33 | 100,00 | 68,57
AF(1:19)+YF(1:49) 100,00 | 65,00 | 100,00 | 66,67 | 100,00 | 65,71
AF(10:19)+YF(1:49) 100,00 | 60,00 | 100,00 | 73,33 | 100,00 | 65,71
CAF(1:3)+AF(1:19)+YF(1:49) | 100,00 | 75,00 | 100,00 | 73,33 | 100,00 | 74,29
AF(1:10)+CAF(1:3) 100,00 | 60,00 | 100,00 | 66,67 | 100,00 | 62,86
AF(1:19)+*CAF(1:3) 100,00 | 60,00 | 100,00 | 80,00 | 100,00 | 68,57

Agiklama: Hrv ve BDI test tahmini i¢cin CAF, AF ve YF bolgelerindeki alt bantlar dogrudan
veya farkli kombinasyonlariyla YSA girislerine uygulanmistir ve YSA‘nin test sonuglarinin
dogruluk yiizdeleri hasta, kontrol grubu ve toplam dogruluk olarak ayri ayr1 hesaplanmaistir.
Buna gore YF bolgesi icinde bulunan 30 adet alt frekans bolgesinin enerji degerleri -
YF(1:30)- ve CAF(1:3)+AF(1:19)+YF(1:49) alt bant kombinasyonlarinin enerji degerleri
YSA yapisina giris olarak uygulandigi zaman %75 oraninda dogruluk elde edilerek kontrol
grubu tahmini icin en yiiksek skoru elde edilmistir. Ayni sekilde, hasta grubu icin ise
AF(5:15) iginde bulunan alt bantlar tarafindan %86,67 ile en yiiksek dogruluklar elde
edilmistir. Toplam 90 data i¢in ise, kontrol grubu i¢in en yiliksek iligskiyi ifade eden
CAF(1:3)*+AF(1:19)+YF(1:49) icinde bulunan alt bantlar kombinasyonu i¢in %74,29 test

skoru ile en yiiksek dogruluk skoru bulunmustur.

5.1.4. Hrv kullanilarak HAM-D testlerinin tahmini

Tablo 5.4. Hrv ve HAM-D (Hamilton Depresyon) testlerinin tahmini

Hrv&HAM-D

Bantlar Kontrol Hasta Toplam
Egitim | Test | Egitim Test Egitim | Test
AF(1:10) 100,00 | 65,22 | 100,00 83,33 | 100,00 | 71,43
AF(1:15) 100,00 | 73,91 | 100,00 41,87 | 100,00 | 62,86
AF(5:15) 100,00 | 69,57 | 100,00 58,33 | 100,00 | 65,71
AF(1:19) 100,00 | 65,22 | 100,00 83,33 | 100,00 | 71,43
AF(5:19) 100,00 | 58,33 | 100,00 73,91 | 100,00 | 68,57
AF(10:19) 100,00 | 39,13 | 100,00 75,00 | 100,00 | 51,43
CAF(1:3) 100,00 | 43,48 | 100,00 66,67 | 100,00 | 54,43
YF(1:10) 100,00 | 56,52 | 100,00 41,67 | 100,00 | 51,43
YF(1:15) 100,00 | 43,28 | 100,00 66,67 | 100,00 | 51,43
YF(5:15) 100,00 | 56,52 | 100,00 75,00 | 100,00 | 62,86
YF(1:20) 100,00 | 60,87 | 100,00 58,33 | 100,00 | 60,00
YF(5:20) 100,00 | 56,52 | 100,00 58,33 | 100,00 | 57,14
YF(10:20) 100,00 | 56,52 | 100,00 50,00 | 100,00 | 54,29
YF(1:30) 100,00 | 65,22 | 100,00 66,67 | 100,00 | 65,71
YF(10:30) 100,00 | 56,52 | 100,00 58,33 | 100,00 | 57,14
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YF(1:40) 100,00 | 65,22 | 100,00 | 58,33 | 100,00 | 62,86
YF(10:40) 100,00 |65,22 | 100,00 | 66,67 | 100,00 | 65,71
YF(20:40) 100,00 [56,52 | 100,00 | 50,00 [ 100,00 | 54,29
YF(1:49) 100,00 [ 73,91 [ 100,00 | 50,00 [ 100,00 | 65,71
YF(10:49) 100,00 [60,87 | 100,00 | 58,33 [ 100,00 | 60,00
YF(20:49) 100,00 [60,87 | 100,00 | 75,00 [ 100,00 | 65,71
AF(1:19)+YF(1:20) 100,00 [69,57 | 100,00 | 50,00 [ 100,00 | 62,86
AF(10:19)+YF(1:20) 100,00 [56,52 | 100,00 | 66,67 | 100,00 | 60,00
AF(1:19)+YF(1:49) 100,00 |65,22 | 100,00 | 66,67 | 100,00 | 65,71
AF(10:19)+YF(1:49) 100,00 [60,87 | 100,00 | 66,67 | 100,00 | 62,86
CAF(1:3)+AF(1:19)+YF(1:49) | 100,00 [73,91 | 100,00 | 50,00 | 100,00 | 65,71
AF(1:10)+GAF(1:3) 100,00 |69,57 | 100,00 | 66,67 | 100,00 | 68,57
AF(1:19)+CAF(1:3) 100,00 |i82)68] 100,00 | 50,00 | 100,00 | 71,43

Agiklama: Hrv ve HAM-D test tahmini i¢cin CAF, AF ve YF boélgelerindeki alt bantlar
dogrudan veya farkli kombinasyonlariyla YSA girislerine uygulanmis ve YSA‘nin test
sonuclarinin dogruluk yiizdeleri hasta, kontrol grubu ve toplam dogruluk olarak ayri ayri
hesaplanmistir. Buna gore AF(1:19)+CAF(1:3) i¢inde bulunan alt bantlar kombinasyonunun
enerji degerleri YSA’ya giris olarak uygulandiginda %82,61 oraninda dogruluk elde edilerek
kontrol grubu tahmini i¢in en yiiksek skor bulunmustur. Ayni sekilde, hasta grubu igin ise
AF(1:10) ve AF(1:19) iginde bulunan alt bantlar tarafindan %83,33 ile en yiiksek dogruluklar
elde edilmistir. Toplam 90 data igin ise, kontrol grubu ve hasta grubu igin en yiiksek iligkiyi
ifade eden aym alt bantlar ve alt bantlar kombinasyonu i¢in %71,43’liik test skoru ile en

yiiksek dogruluk skoru bulunmustur.

5.1.5. Hrv-Psikolojik test iliskisi hakkindaki genel degerlendirme

Hrv ile Psikolojik Test Skorlar1 arasinda var olan iliski incelendigi bu ilk kisimda Hrv’den
elde edilen YF alt bantlar1 kullanilarak hastanin agr1 siddetini gosteren Toplam Myaljik
Skoru’nun tahmini %96.67 6grenme ve %78.94 test basarisiyla saglanmistir. Fibromiyalji
Etki Sorgulamasi’nin test skoru ise, Hrv YF alt bantlarindan %73.68 test basarisiyla elde
edilmistir, dolayisiyla sadece Hrv kullanilarak bir hastanin Fibromiyalji’den ne kadar
etkilendigini tespit etmek %73.68 dogruluk orani ile miimkiin goriinmektedir. Ayrica TMS
skorundaki lokal dagilimlar kontrol ve hasta gruplarinin birbirinden ayrigimmi da
yansitmaktadir. Yani %78.94 ‘lik basar1 bu ayrisim i¢in bir basar1 yiizdesi olarak
gorilmelidir. Verbal agr1 skalasinda AF bilesenlerinin etkinligi ise dikkat c¢ekicidir. Son

olarak Hamilton Anksiyete Testi’nin (HAM-A), Toplam Myaljik Skoru’nun (TMS) ve
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Fibromiyalji Etki Sorgulamasi’nin (FIQ), en yiiksek 6grenme ve test basar1 orani ile tahmin

edilen psikolojik testler oldugu sdylenebilir.

5.2. Tkinci Kisim Analiz Sonuclar:

5.2.1. SSRLT ve Hrv kullanilarak BAI testlerinin tahmini

Tablo 5.5. SSRLT, Hrv ve BAI (Beck Anksiyete Envanteri) testlerinin tahmini

Hrv&SSRLT&BAI
Bantlar Kontrol Hasta Toplam
Egitim Test | Egitim Test Egitim Test
AF(1:10) 100,00 | 85,00 | 100,00 | 60,00 | 100,00 | 74,29
AF(1:15) nop nop nop nop nop nop
AF(5:15) 100,00 | 45,00 | 100,00 | 80,00 | 100,00 | 60,00
AF(1:19) nop nop nop nop nop nop
AF(5:19) nop nop nop nop nop nop
AF(10:19) nop nop nop nop nop nop
CAF(1:3) 100,00 [94774Y 100,00 | 35,00 | 100,00 | 73,33
YF(1:10) nop nop nop nop nop nop
YF(1:15) nop nop nop nop nop nop
YF(5:15) nop nop nop nop nop nop
YF(1:20) 100,00 | 55,00 | 100,00 | 66,67 | 100,00 | 60,00
YF(5:20) nop nop nop nop nop nop
YF(10:20) nop nop nop nop nop nop
YF(1:30) nop nop nop nop nop nop
YF(10:30) nop nop nop nop nop nop
YF(1:40) nop nop nop nop nop nop
YF(10:40) nop nop nop nop nop nop
YF(20:40) 100,00 | 65,00 | 100,00 | 60,00 | 100,00 | 62,86
YF(1:49) 100,00 | 80,00 | 100,00 | 53,33 | 100,00 | 68,57
YF(10:49) nop nop nop nop nop nop
YF(20:49) nop nop nop nop nop nop
AF(1:19)+YF(1:20) 100,00 | 70,00 | 100,00 | 66,67 | 100,00 | 68,57
AF(10:19)+YF(1:20) nop nop nop nop nop nop
AF(1:19)+YF(1:49) 100,00 | 65,00 | 100,00 | 80,00 | 100,00 | 71,43
AF(10:19)+YF(1:49) nop nop nop nop nop nop
CAF(1:3)+AF(1:19)+YF(1:49) | 100,00 |55,00 | 100,00 | 86,67 | 100,00 | 68,57
AF(1:10)+CAF(1:3) 100,00 | 65,00 | 100,00 | 73,33 | 100,00 | 68,57
AF(1:19)+CAF(1:3) 100,00 | 55,00 | 100,00 | 86,67 | 100,00 | 68,57

Aciklama: SSRLT, Hrv ve BAI test tahmini icin CAF, AF ve YF bolgelerindeki alt bantlar
dogrudan veya farkli kombinasyonlartyla YSA giriglerine uygulanmis ve YSA ‘nin test
sonuglariin dogruluk yiizdeleri hasta, kontrol grubu ve toplam dogruluk olarak ayr1 ayri
hesaplanmistir. Buna gore CAF(1:3) i¢inde bulunan alt bantlarin kombinasyonunun enerji
degerleri YSA yapisina giris olarak uygulandigi zaman %94,74 oraninda dogruluk elde
edilerek kontrol grubu tahmini i¢in en yiiksek skor saglanmiglardir. Ayni sekilde, hasta grubu
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icin ise CAF(1:3)+AF(1:19)+YF(1:49) ve AF(1:19)+CAF(1:3) i¢cinde bulunan alt bantlarin
kombinasyonlari i¢in %86,67 ile en yiiksek dogruluk oranlar1 elde edilmistir. Toplam 90 data
icin ise, AF(1:10) alt bantlar % 74,29’luk test skoru ile en yiiksek dogruluk skorunu elde

etmislerdir.

5.2.2. SSRLT ve Hrv kullamilarak HAM-A testlerinin tahmini

SSRLT, Hrv ve HAM-A (Hamilton Anksiyete) testlerinin tahmini

Hrv&SSRLT&HAM-A

Bantlar Kontrol Hasta Toplam
Egitim | Test | Egitim [ Test | Egitim [ Test
AF(1:10) 100,00 | 60,00 | 100,00 | 60,00 | 100,00 | 60,00
AF(1:15) nop nop nop nop nop Nop
AF(5:15) 100,00 | 55,00 | 100,00 | 66,67 | 100,00 | 60,00
AF(1:19) nop nop nop nop nop Nop
AF(5:19) 100,00 | 55,00 | 100,00 | 80,00 | 100,00 | 65,71
AF(10:19) 100,00 | 40,00 | 100,00 | 93,33 | 100,00 | 62,85
CAF(1:3) 100,00 | 30,00 | 97,37 | 86,67 | 97,37 | 54,26
YF(1:10) 100,00 | 60,00 | 100,00 | 53,33 | 100,00 | 57,14
YF(1:15) 100,00 | 60,00 | 100,00 | 73,33 | 100,00 | 65,71
YF(5:15) nop nop nop nop nop nop
YF(1:20) 100,00 | 55,00 | 100,00 | 80,00 | 100,00 | 65,71
YF(5:20) nop nop nop nop nop nop
YF(10:20) nop nop nop nop nop nop
YF(1:30) 100,00 | 50,00 | 100,00 | 80,00 | 100,00 | 62,86
YF(10:30) nop nop nop nop nop nop
YF(1:40) 100,00 | 55,00 | 100,00 | 66,67 | 100,00 | 60,00
YF(10:40) 100,00 [I78:887 100,00 | 50,00 | 100,00 | 62,86
YF(20:40) nop nop nop nop nop nop
YF(1:49) 100,00 | 68,42 | 100,00 | 68,75 | 100,00 | 68,57
YF(10:49) nop nop nop nop nop nop
YF(20:49) nop nop nop nop nop nop
AF(1:19)+YF(1:20) 100,00 | 60,00 | 100,00 | 80,00 | 100,00 | 68,57
AF(10:19)+YF(1:20) nop nop nop nop nop nop
AF(1:19)+YF(1:49) 100,00 | 55,00 | 100,00 | 93,33 | 100,00 | 71,43
AF(10:19)+YF(1:49) 100,00 | 60,00 | 100,00 | 80,00 | 100,00 | 68,57
CAF(1:3)+AF(1:19)+YF(1:49) nop nop nop nop nop nop
AF(1:10)+CAF(1:3) nop nop nop nop nop nop
AF(1:19)+CAF(1:3) nop nop nop nop nop nop

Agiklama: SSRLT, Hrv ve HAM-A test tahmini i¢in CAF, AF ve YF bolgelerindeki alt
bantlar dogrudan veya farkli kombinasyonlariyla YSA girislerine uygulanmis ve YSA ‘nin
test sonuglarinin dogruluk ytizdeleri hasta, kontrol grubu ve toplam dogruluk olarak ayr1 ayri
hesaplanmistir. Buna gore YF(10:40) iginde bulunan alt bantlarin enerji degerleri YSA
yapisina giris olarak uygulandigi zaman % 73,33 oraninda dogruluk elde edilerek kontrol

grubu tahmini i¢in en yiiksek skor bulunmustur. Ayn1 sekilde, hasta grubu i¢in ise AF(10:19)
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icinde bulunan alt bantlar ve AF(1:19)+YF(1:49) i¢inde bulunan alt bant kombinasyonlari i¢in
%93,33 ile en yiiksek dogruluklar elde edilmistir. Toplam 90 data i¢in ise, hasta grubuna
yonelik en yiiksek iliskiyi ifade eden AF(1:19)+YF(1:49) alt bantlar kombinasyonu i¢in %
71,4311k test skoru ile en yiiksek dogruluk skoru elde edilmistir.

5.2.3. SSRLT ve Hrv kullanilarak BDI testlerinin tahmini

Tablo 5.7. SSRLT, Hrv ve BDI (Beck Depresyon Envanteri) testlerinin tahmini

Hrv&SSRLT&BDI

Bantlar Kontrol Hasta Toplam
Egitim | Test Egitim | Test | Egitim | Test
AF(1:10) nop nop nop nop nop Nop
AF(1:15) 100,00 | 60,00 | 100,00 | 66,67 | 100,00 | 62,86
AF(5:15) 100,00 | 70,00 | 100,00 | 60,00 | 100,00 | 65,71
AF(1:19) 100,00 | 65,00 | 100,00 | 86,67 | 100,00 | 74,29
AF(5:19) 100,00 | 65,00 | 100,00 | 66,67 | 100,00 | 65,71
AF(10:19) nop nop nop nop nop Nop
CAF(1:3) 100,00 | 65,00 | 100,00 | 73,33 | 100,00 | 68,57
YF(1:10) nop nop nop nop nop Nop
YF(1:15) 100,00 | 50,00 | 100,00 | 86,67 | 100,00 | 65,71
YF(5:15) nop nop nop nop nop Nop
YF(1:20) 100,00 | 55,00 | 100,00 | 86,67 | 100,00 | 68,57
YF(5:20) nop nop nop nop nop Nop
YF(10:20) nop nop nop nop nop Nop
YF(1:30) 100,00 | 70,00 | 100,00 | 53,33 | 100,00 | 62,86
YF(10:30) 100,00 | 55,00 | 100,00 | 60,00 | 100,00 | 57,14
YF(1:40) nop nop nop nop nop Nop
YF(10:40) nop nop nop nop nop Nop
YF(20:40) nop nop nop nop nop Nop
YF(1:49) 100,00 [I75,000 100,00 | 66,67 | 100,00 | 71,43
YF(10:49) nop nop nop nop nop Nop
YF(20:49) nop nop nop nop nop Nop
AF(1:19)+YF(1:20) nop nop nop nop nop Nop
AF(10:19)+YF(1:20) 100,00 | 55,00 | 100,00 | 66,67 | 100,00 | 60,00
AF(1:19)+YF(1:49) 100,00 | 70,00 | 100,00 | 66,67 | 100,00 | 68,57
AF(10:19)+YF(1:49) nop nop nop nop nop Nop
CAF(1:3)+AF(1:19)+YF(1:49) | 100,00 | 70,00 | 100,00 | 73,33 | 100,00 | 71,43
AF(1:10)+CAF(1:3) 100,00 | 65,00 | 100,00 | 80,00 | 100,00 | 71,43
AF(1:19)+CAF(1:3) 100,00 [I75,000 100,00 | 80,00 | 100,00 | 77,14

Agiklama: SSRLT, Hrv ve BDI test tahmini i¢in CAF, AF ve YF bolgelerindeki alt bantlar
dogrudan veya farkli kombinasyonlariyla YSA giriglerine uygulanmis ve YSA ‘nin test
sonuglarinin dogruluk yiizdeleri hasta, kontrol grubu ve toplam dogruluk olarak ayri ayri
hesaplanmistir. Buna gore YF(1:49) i¢inde bulunan alt bantlarin ve AF(1:19)+CAF(1:3)
icinde bulunan alt bantlar kombinasyonunun enerji degerleri YSA yapisina giris olarak

uygulandigr zaman diger alt bantlara gore daha yiiksek bir dogruluk degeri olan % 75
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oraninda dogruluk elde ederek kontrol grubu tahmini i¢in en yiiksek skoru saglamislardir.
Ayni sekilde, hasta grubu i¢in ise AF(1:19), YF(1:15), YF(1:20) iginde bulunan alt bantlar
%86,67 ile en yiiksek dogruluklari elde etmislerdir. Toplam 90 data i¢in ise, kontrol grubuna
yonelik en yiiksek iliskiyi ifade eden AF(1:19)+CAF(1:3) alt bant kombinasyonu i¢in %
77,14°Tiik test skoru ile en yiiksek dogruluk skoru elde edilmistir.

5.2.4. SSRLT ve Hrv kullanilarak HAM-D testlerinin tahmini

Tablo 5.8. SSRLT, Hrv ve HAM-D (Hamilton Depresyon) testlerinin tahmini

Hrv&SSRLT&HAM-D

Bantlar Kontrol Hasta Toplam
Egitim Test Egitim Test Egitim Test
AF(1:10) 100,00 | 69,57 | 100,00 | 91,67 100,00 | 77,14
AF(1:15) 100,00 | 69,57 | 100,00 | 66,67 100,00 | 68,57
AF(5:15) 100,00 100,00 | 58,53 100,00 | 74,29
AF(1:19) 100,00 100,00 | 58,33 | 100,00 | 62,86
AF(5:19) 100,00 100,00 | 41,67 100,00 | 68,57
AF(10:19) 100,00 | 56,52 | 100,00 | 66,67 100,00 | 60,00
CAF(1:3) nop nop nop nop nop nop
YF(1:10) nop nop nop nop nop nop
YF(1:15) nop nop nop nop nop nop
YF(5:15) 100,00 | 43,48 | 100,00 | 66,67 100,00 | 51,43
YF(1:20) nop nop nop nop nop nop
YF(5:20) nop nop nop nop nop nop
YF(10:20) nop nop nop nop nop nop
YF(1:30) nop nop nop nop nop nop
YF(10:30) nop nop nop nop nop nop
YF(1:40) nop nop nop nop nop nop
YF(10:40) nop nop nop nop nop nop
YF(20:40) nop nop nop nop nop nop
YF(1:49) 100,00 | 65,22 | 100,00 | 66,67 100,00 | 65,71
YF(10:49) nop nop nop nop nop nop
YF(20:49) 100,00 | 56,52 | 100,00 | 83,33 100,00 | 65,71
AF(1:19)+YF(1:20) 100,00 | 65,22 | 100,00 | 75,00 100,00 | 68,57
AF(10:19)+YF(1:20) nop nop nop nop nop nop
AF(1:19)+YF(1:49) 100,00 | 47,83 | 100,00 | 100,00 | 100,00 | 65,71
AF(10:19)+YF(1:49) nop nop nop nop nop nop
CAF(1:3)+AF(1:19)+YF(1:49) | 100,00 | 56,52 | 100,00 | 66,67 100,00 | 60,00
AF(1:10)+CAF(1:3) 100,00 H 100,00 | 58,33 | 100,00 | 74,29
AF(1:19)+CAF(1:3) 100,00 | 65,22 | 100,00 | 66,67 100,00 | 65,71

Agiklama: SSRLT, Hrv ve HAM-D test tahmini i¢in CAF, AF ve YF bolgelerindeki alt
bantlar dogrudan veya farkli kombinasyonlariyla YSA girislerine uygulanmistir ve YSA ‘nin
test sonuglarinin dogruluk yiizdeleri hasta, kontrol grubu ve toplam dogruluk olarak ayr1 ayri
hesaplanmistir. Buna gore AF(5:15), AF(5:19), icinde bulunan alt bantlarin veya
AF(1:10)+CAF(1:3) icinde bulunan alt bantlar kombinasyonunun enerji degerleri YSA
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yapisina girig olarak uygulandigi zaman % 82,61 oraninda dogruluk elde edilerek kontrol
grubu tahmini i¢in en yiiksek skor saglanmigtir. Ayni sekilde, hasta grubu igin ise
AF(1:19)+YF(1:49) i¢inde bulunan alt bantlar kombinasyonu tarafindan %100 ile en yiiksek
dogruluk orani elde edilmistir. Toplam 90 data i¢in ise, AF(1:10) i¢inde bulunan alt bantlar
icin %77,14°1iik test skoru ile en yiiksek dogruluk skoru elde edilmistir.

5.2.5. SSRMAXG ve Hrv kullanilarak BAI testlerinin tahmini

Tablo 5.9. SSRMAXG, Hrv ve BAI (Beck Anksiyete Envanteri) testlerinin tahmini

Hrv&SSRMAXG&BAI
Bantlar Kontrol Hasta Toplam
Egitim | Test | Egitim | Test | Egitim | Test
AF(1:10) 100,00 100,00 | 53,33 | 100,00 | 65,71
AF(1:15) nop nop nop nop nop Nop
AF(5:15) 100,00 | 60,00 | 100,00 | 66,67 | 100,00 | 62,86
AF(1:19) nop nop nop nop nop Nop
AF(5:19) nop nop nop nop nop Nop
AF(10:19) nop nop nop nop nop Nop
CAF(1:3) 100,00 | 30,00 | 100,00 | 66,67 | 100,00 | 65,71
YF(1:10) nop nop nop nop nop Nop
YF(1:15) nop nop nop nop nop Nop
YF(5:15) nop nop nop nop nop Nop
YF(1:20) 100,00 | 65,00 | 100,00 | 66,67 | 100,00 | 65,71
YF(5:20) nop nop nop nop nop Nop
YF(10:20) nop nop nop nop nop Nop
YF(1:30) nop nop nop nop nop Nop
YF(10:30) nop nop nop nop nop Nop
YF(1:40) nop nop nop nop nop Nop
YF(10:40) nop nop nop nop nop Nop
YF(20:40) 100,00 | 60,00 | 100,00 | 66,67 | 100,00 | 62,86
YF(1:49) 100,00 [I75,000 100,00 | 53,33 | 100,00 | 65,71
YF(10:49) nop nop nop nop nop Nop
YF(20:49) nop nop nop nop nop Nop
AF(1:19)+YF(1:20) 100,00 | 45,00 | 100,00 | 86,67 | 100,00 | 62,86
AF(10:19)+YF(1:20) nop nop nop nop nop Nop
AF(1:19)+YF(1:49) 100,00 | 70,00 | 100,00 | 73,33 | 100,00 | 71,43
AF(10:19)+YF(1:49) nop nop nop nop nop Nop
CAF(1:3)+AF(1:19)+YF(1:49) | 100,00 | 55,00 | 100,00 | 80,00 | 100,00 | 65,71
AF(1:10)+CAF(1:3) 100,00 100,00 | 60,00 | 100,00 | 68,57
AF(1:19)+CAF(1:3) 100,00 | 35,00 | 100,00 | 93,33 | 100,00 | 60,00

Aciklama: SSRMAXG, Hrv ve BAI test tahmini icin CAF, AF ve YF bolgelerindeki alt
bantlar dogrudan veya farkli kombinasyonlariyla YSA girislerine uygulanmistir ve YSA ‘nin
test sonuglarinin dogruluk yiizdeleri hasta, kontrol grubu ve toplam dogruluk olarak ayr1 ayri
hesaplanmistir. Buna gore AF(1:10), YF(1:49) i¢inde bulunan alt bantlarin ve
AF(1:10)+CAF(1:3) iginde bulunan alt bantlar kombinasyonunun enerji degerleri YSA’ya
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giris olarak uygulandigi zaman %75 oraninda dogruluk elde edilerek kontrol grubu tahmini
icin en yliksek skor bulunmustur. Ayni sekilde, hasta grubu i¢in ise AF(1:19)+CAF(1:3)
icinde bulunan alt bantlar kombinasyonu tarafindan %93,33 ile en yiiksek dogruluk elde
edilmistir. Toplam 90 data i¢in ise, AF(1:19)+YF(1:49) i¢inde bulunan alt bantlar

kombinasyonu i¢in %71,43’liik test skoru ile en yiiksek dogruluk skoru elde edilmistir.

5.2.6. SSRMAXG ve Hrv kullanilarak HAM-A testlerinin tahmini

Tablo 5.10. SSRMAXG, Hrv ve HAM-A (Hamilton Anksiyete) testlerinin tahmini

Hrv& SSRMAXG&HAM-A
Bantlar Kontrol Hasta Toplam
Egitim | Test Egitim | Test | Egitim | Test
AF(1:10) 100,00 100,00 | 75,00 | 100,00 | 77,14
AF(1:15) nop nop nop nop nop Nop
AF(5:15) 100,00 | 68,42 | 100,00 | 75,00 | 100,00 | 71,43
AF(1:19) nop nop nop nop nop Nop
AF(5:19) 100,00 | 57,90 | 100,00 | 75,00 | 100,00 | 65,74
AF(10:19) 100,00 | 52,63 | 100,00 | 87,50 | 100,00 | 68,57
CAF(1:3) 100,00 | 52,63 | 100,00 | 87,50 | 100,00 | 68,57
YF(1:10) 100,00 | 57,90 | 100,00 | 68,75 | 100,00 | 62,86
YF(1:15) 100,00 | 68,42 | 100,00 | 68,75 | 100,00 | 68,57
YF(5:15) nop nop nop nop nop Nop
YF(1:20) 100,00 | 68,42 | 100,00 | 68,75 | 100,00 | 68,57
YF(5:20) nop nop nop nop nop Nop
YF(10:20) nop nop nop nop nop Nop
YF(1:30) 100,00 | 63,16 | 100,00 | 75,00 | 100,00 | 68,57
YF(10:30) nop nop nop nop nop Nop
YF(1:40) 100,00 | 63,16 | 100,00 | 68,75 | 100,00 | 65,71
YF(10:40) 100,00 | 63,16 | 100,00 | 56,25 | 100,00 | 60,00
YF(20:40) nop nop nop nop nop Nop
YF(1:49) 100,00 | 65,00 | 100,00 | 66,67 | 100,00 | 65,71
YF(10:49) nop nop nop nop nop Nop
YF(20:49) nop nop nop nop nop Nop
AF(1:19)+YF(1:20) 100,00 | 52,63 | 100,00 | 87,50 | 100,00 | 68,57
AF(10:19)+YF(1:20) nop nop nop nop nop Nop
AF(1:19)+YF(1:49) 100,00 | 75,00 | 100,00 | 66,67 | 100,00 | 71,43
AF(10:19)+YF(1:49) 100,00 | 60,00 | 100,00 | 66,67 | 100,00 | 62,86
CAF(1:3)+AF(1:19)+YF(1:49) nop nop nop nop nop Nop
AF(1:10)+CAF(1:3) nop nop nop nop nop Nop
AF(1:19)+CAF(1:3) nop nop nop nop nop Nop

Aciklama: SSRMAXG, Hrv ve HAM-A test tahmini i¢cin CAF, AF ve YF bolgelerindeki alt
bantlar dogrudan veya farkli kombinasyonlariyla YSA girislerine uygulanmig ve YSA ‘nin
test sonuglarinin dogruluk ytizdeleri hasta, kontrol grubu ve toplam dogruluk olarak ayr1 ayri
hesaplanmistir. Buna gore AF(1:10) i¢inde bulunan alt bantlarinin enerji degerleri YSA’ya

giris olarak uygulandiginda %78,95 oraninda dogruluk elde edilerek kontrol grubu tahmini
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icin en yiiksek skor saglanmistir. Ayni sekilde, hasta grubu i¢in ise, AF(10:19), CAF(1:3)
AF(1:19)+YF(1:20) iginde bulunan alt bantlar kombinasyonu igin %87,50 ile en yiiksek
dogruluk orani elde edilmistir. Toplam 90 data i¢in ise, AF(1:10) i¢inde bulunan alt bantlar
icin % 77,14’liik test skoru ile en yiiksek dogruluk orani elde edilmistir.

5.2.7. SSRMAXG ve Hrv kullanilarak BDI testlerinin tahmini

Tablo 5.11. SSRMAXG, Hrv ve BDI (Beck Depresyon Envanteri) testlerinin tahmini

Hrv& SSRMAXG&BDI

Bantlar Kontrol Hasta Toplam
Egitim Test Egitim Test Egitim Test
AF(1:10) nop nop nop nop nop Nop
AF(1:15) 100,00 | 80,00 100,00 | 73,33 | 100,00 | 77,14
AF(5:15) 100,00 | 55,00 100,00 | 80,00 | 100,00 | 65,71
AF(1:19) 100,00 | 75,00 100,00 | 60,00 | 100,00 | 68,57
AF(5:19) 100,00 | 65,00 100,00 | 66,67 | 100,00 | 65,71
AF(10:19) nop nop nop nop nop Nop
CAF(1:3) 100,00 | 55,00 100,00 | 86,67 | 100,00 | 68,57
YF(1:10) nop nop nop nop nop Nop
YF(1:15) 100,00 | 60,00 100,00 | 73,33 | 100,00 | 65,71
YF(5:15) nop nop nop nop nop Nop
YF(1:20) 100,00 | 60,00 100,00 | 66,67 | 100,00 | 62,86
YF(5:20) nop nop nop nop nop Nop
YF(10:20) nop nop nop nop nop Nop
YF(1:30) 100,00 | 70,00 100,00 | 66,67 | 100,00 | 68,57
YF(10:30) 100,00 | 70,00 100,00 | 46,67 | 100,00 | 60,00
YF(1:40) nop nop nop nop nop Nop
YF(10:40) nop nop nop nop nop Nop
YF(20:40) nop nop nop nop nop Nop
YF(1:49) 100,00 [190,000 100,00 | 53,33 | 100,00 | 74,29
YF(10:49) nop nop nop nop nop Nop
YF(20:49) nop nop nop nop nop Nop
AF(1:19)+YF(1:20) nop nop nop nop nop Nop
AF(10:19)+YF(1:20) 100,00 | 70,00 100,00 | 60,00 | 100,00 | 65,71
AF(1:19)+YF(1:49) 100,00 | 70,00 100,00 | 73,33 | 100,00 | 71,43
AF(10:19)+YF(1:49) nop nop nop nop nop Nop
CAF(1:3)+AF(1:19)+YF(1:49) | 100,00 | 70,00 100,00 | 66,67 | 100,00 | 68,57
AF(1:10)+CAF(1:3) 100,00 | 85,00 100,00 | 40,00 | 100,00 | 65,71
AF(1:19)+CAF(1:3) 100,00 | 75,00 100,00 | 60,00 | 100,00 | 68,57

Aciklama: SSRMAXG, Hrv ve BDI test tahmini icin CAF, AF ve YF bolgelerindeki alt
bantlar dogrudan veya farkli kombinasyonlartyla YSA giriglerine uygulanmis ve YSA ‘nin
test sonuglarinin dogruluk ytizdeleri hasta, kontrol grubu ve toplam dogruluk olarak ayr1 ayri
hesaplanmistir. Buna gore YF(1:49) i¢inde bulunan alt bantlarin enerji degerleri YSA’ya giris
olarak uygulandiginda bu alt bantlar igin %90 oraninda dogruluk elde edilerek kontrol grubu
tahmini i¢in en yiiksek skor bulunmustur. Ayni sekilde, hasta grubu i¢in ise CAF(1:3) i¢inde
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bulunan alt bantlar i¢in %86,67 ile en yiiksek dogruluklar elde edilmistir. Toplam 90 data i¢in
ise, AF(1:15) icinde bulunan alt bantlar tarafindan %77,14°liikk test skoru ile en yiiksek

dogruluk skoru elde edilmistir.

5.2.8. SSRMAXG ve Hrv kullanilarak HAM-D testlerinin tahmini

Tablo 5.12. SSRMAXG, Hrv ve HAM-D (Hamilton Depresyon) testlerinin tahmini

Hrv& SSRMAXG&HAM-D

Bantlar Kontrol Hasta Toplam
Egitim | Test Egitim | Test | Egitim | Test
AF(1:10) 100,00 | 73,91 | 100,00 | 66,67 | 100,00 | 71,43
AF(1:15) 100,00 | 65,22 | 100,00 | 66,67 | 100,00 | 65,71
AF(5:15) 100,00 | 60,87 | 100,00 | 66,67 | 100,00 | 62,86
AF(1:19) 100,00 | 69,57 | 100,00 | 75,00 | 100,00 | 71,43
AF(5:19) 100,00 | 78,26 | 100,00 | 58,33 | 100,00 | 71,43
AF(10:19) 100,00 | 65,21 | 100,00 | 66,67 | 100,00 | 65,71
CAF(1:3) nop nop nop nop nop Nop
YF(1:10) nop nop nop nop nop Nop
YF(1:15) nop nop nop nop nop Nop
YF(5:15) 100,00 | 65,22 | 100,00 | 66,67 | 100,00 | 65,71
YF(1:20) nop nop nop nop nop Nop
YF(5:20) nop nop nop nop nop Nop
YF(10:20) nop nop nop nop nop Nop
YF(1:30) nop nop nop nop nop Nop
YF(10:30) nop nop nop nop nop Nop
YF(1:40) nop nop nop nop nop Nop
YF(10:40) nop nop nop nop nop Nop
YF(20:40) nop nop nop nop nop Nop
YF(1:49) 100,00 | 73,91 | 100,00 | 58,33 | 100,00 | 68,57
YF(10:49) nop nop nop nop nop Nop
YF(20:49) 100,00 | 73,91 | 100,00 | 33,33 | 100,00 | 60,00
AF(1:19)+YF(1:20) 100,00 | 65,22 | 100,00 | 66,67 | 100,00 | 65,71
AF(10:19)+YF(1:20) nop nop nop nop nop Nop
AF(1:19)+YF(1:49) 100,00 | 65,22 | 100,00 | 58,33 | 100,00 | 62,86
AF(10:19)+YF(1:49) nop nop nop nop nop Nop
CAF(1:3)+AF(1:19)+YF(1:49) | 100,00 | 43,48 | 100,00 | 75,00 | 100,00 | 54,29
AF(1:10)+GAF(1:3) 100,00 H 100,00 | 50,00 | 100,00 | 71,43
AF(1:19)+CAF(1:3) 100,00 | 69,57 | 100,00 | 66,67 | 100,00 | 68,57

Agciklama: SSRMAXG, Hrv ve HAM-D test tahmini i¢in CAF, AF ve YF bolgelerindeki alt
bantlar dogrudan veya farkli kombinasyonlariyla YSA girislerine uygulanmistir ve YSA ‘nin
test sonuglarinin dogruluk ytizdeleri hasta, kontrol grubu ve toplam dogruluk olarak ayr1 ayri
hesaplanmistir. Buna gore AF(1:10)+CAF(1:3) i¢inde bulunan alt bantlarin kombinasyonunun
enerji degerleri YSA yapisina giris olarak uygulandigi zaman bu alt bantlar tarafindan %82,61
oraninda dogruluk elde edilerek kontrol grubu tahmini i¢in en yiiksek skor bulunmustur. Ayni

sekilde, hasta grubu i¢cin ise AF(1:19) icinde bulunan alt bantlar ve
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CAF(1:3)+AF(1:19)+YF(1:49) i¢inde bulunan alt bantlar kombinasyonu icin %75 ile en
yiiksek dogruluklar elde edilmistir. Toplam 90 data igin ise, AF(1:10), AF(1:19), AF(5:19)
icinde bulunan alt bantlar ve AF(1:10)+CAF(1:3) i¢inde bulunan alt bantlar kombinasyonu
igin % 71,43’liik test skoru ile en yiiksek dogruluk skoru elde edilmistir.

5.2.9. SSRUS ve Hrv kullanilarak BAI testlerinin tahmini

Tablo 5.13. SSRUS, Hrv ve BAI (Beck Anksiyete Envanteri) testlerinin tahmini

Hrv&SSRUS&BAI

Bantlar Kontrol Hasta Toplam
Egitim | Test | Egitim | Test [ Egitim | Test
AF(1:10) 100,00 | 80,00 | 100,00 | 60,00 | 100,00 | 71,43
AF(1:15) nop nop nop nop nop Nop
AF(5:15) 100,00 | 60,00 | 100,00 | 60,00 | 100,00 | 60,00
AF(1:19) nop nop nop nop nop Nop
AF(5:19) nop nop nop nop nop Nop
AF(10:19) nop nop nop nop nop Nop
CAF(1:3) 100,00 | 50,00 | 100,00 | 86,67 | 100,00 | 65,71
YF(1:10) nop nop nop nop nop Nop
YF(1:15) nop nop nop nop nop Nop
YF(5:15) nop nop nop nop nop Nop
YF(1:20) nop nop nop nop nop Nop
YF(5:20) nop nop nop nop nop Nop
YF(10:20) nop nop nop nop nop Nop
YF(1:30) nop nop nop nop nop Nop
YF(10:30) nop nop nop nop nop Nop
YF(1:40) nop nop nop nop nop Nop
YF(10:40) nop nop nop nop nop Nop
YF(20:40) nop nop nop nop nop Nop
YF(1:49) 100,00 [185,000 100,00 | 33,33 | 100,00 | 62,86
YF(10:49) nop nop nop nop nop Nop
YF(20:49) nop nop nop nop nop Nop
AF(1:19)+YF(1:20) 100,00 | 60,00 | 100,00 | 73,33 | 100,00 | 65,76
AF(10:19)+YF(1:20) nop nop nop nop nop Nop
AF(1:19)+YF(1:49) 100,00 | 70,00 | 100,00 | 73,33 | 100,00 | 71,43
AF(10:19)+YF(1:49) nop nop nop nop nop Nop
CAF(1:3)+AF(1:19)+YF(1:49) | 100,00 | 60,00 | 100,00 | 73,33 | 100,00 | 65,71
AF(1:10)+CAF(1:3) 100,00 | 70,00 | 100,00 | 80,00 | 100,00 | 74,29
AF(1:19)+CAF(1:3) 100,00 | 75,00 | 100,00 | 53,33 | 100,00 | 65,71

Agiklama: SSRUS, Hrv ve BAI test tahmini i¢in CAF, AF ve YF bolgelerindeki alt bantlar
dogrudan veya farkli kombinasyonlariyla YSA girislerine uygulanmistir ve YSA ‘nin test
sonuglarinin dogruluk yiizdeleri hasta, kontrol grubu ve toplam dogruluk olarak ayri ayri
hesaplanmistir. Buna gore YF(1:49) i¢inde bulunan alt bantlarin enerji degerleri YSA’ya giris
olarak uygulandig1r zaman bu alt bantlar diger alt bantlara gore daha yiiksek bir dogruluk

gostermis ve %85 oraninda dogruluk elde edilerek kontrol grubu tahmini igin en yiiksek skor
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bulunmustur. Ayn1 sekilde, hasta grubu i¢in ise CAF(1:3) i¢inde bulunan alt bantlar tarafindan
%86,67 ile en yiksek dogruluklar elde edilmistir. Toplam 90 data igin ise,
AF(1:10)+CAF(1:3) iginde bulunan alt bantlar kombinasyonu i¢in %74,29’luk test skoru ile
en yiiksek dogruluk skoru elde edilmistir.

5.2.10. SSRUS ve Hrv kullanilarak HAM-A testlerinin tahmini

Tablo 5.14. SSRUS, Hrv ve HAM-A (Hamilton Anksiyete) testlerinin tahmini

Hrv& SSRUS&HAM-A

Bantlar Kontrol Hasta Toplam
Egitim | Test | Egitim Test | Egitim [ Test
AF(1:10) 100,00 | 70,00 | 100,00 | 60,00 | 100,00 | 65,71
AF(1:15) nop nop nop nop nop Nop
AF(5:15) 100,00 | 55,00 | 100,00 | 66,67 | 100,00 | 60,00
AF(1:19) nop nop nop nop nop Nop
AF(5:19) 100,00 | 60,00 | 100,00 | 66,67 | 100,00 | 62,86
AF(10:19) 100,00 nop nop nop Nop
CAF(1:3) 88,24 | 60,00 | 100,00 | 80,00 94,29 | 68,57
YF(1:10) nop nop nop nop nop Nop
YF(1:15) 100,00 | 55,00 | 100,00 | 73,33 | 100,00 | 62,86
YF(5:15) nop nop nop nop nop Nop
YF(1:20) 100,00 | 65,00 | 100,00 | 66,67 | 100,00 | 65,71
YF(5:20) nop nop nop nop nop Nop
YF(10:20) nop nop nop nop nop Nop
YF(1:30) 100,00 | 55,00 | 100,00 | 66,67 | 100,00 | 60,00
YF(10:30) nop nop nop nop nop Nop
YF(1:40) nop nop nop nop nop Nop
YF(10:40) nop nop nop nop nop Nop
YF(20:40) nop nop nop nop nop Nop
YF(1:49) 100,00 [75,000 100,00 | 60,00 | 100,00 | 68,57
YF(10:49) nop nop nop nop nop Nop
YF(20:49) nop nop nop nop nop Nop
AF(1:19)+YF(1:20) 100,00 | 70,00 | 100,00 | 73,33 | 100,00 | 71,43
AF(10:19)+YF(1:20) nop nop nop nop nop Nop
AF(1:19)+YF(1:49) 100,00 | 70,00 | 100,00 | 73,33 | 100,00 | 71,43
AF(10:19)+YF(1:49) 100,00 | 50,00 | 100,00 | 76,67 | 100,00 | 65,71
CAF(1:3)+AF(1:19)+YF(1:49) nop nop nop nop nop Nop
AF(1:10)+CAF(1:3) nop nop nop nop nop Nop
AF(1:19)+CAF(1:3) nop nop nop nop nop Nop

Agiklama: SSRUS, Hrv ve HAM-A test tahmini i¢in CAF, AF ve YF bolgelerindeki alt
bantlar dogrudan veya farkli kombinasyonlariyla YSA girislerine uygulanmistir ve YSA ‘nin
test sonuglarinin dogruluk ytizdeleri hasta, kontrol grubu ve toplam dogruluk olarak ayr1 ayri
hesaplanmistir. Buna gore YF(1:49) icinde bulunan alt bantlarin enerji degerleri YSA
yapisina giris olarak uygulandigi zaman bu alt bantlar diger alt bantlara gore daha yiiksek bir

dogruluk degeri olan %75 oraninda dogruluk elde ederek kontrol grubu tahmini i¢in en
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yiiksek skoru saglamistir. Ayni sekilde, hasta grubu i¢in ise CAF(1:3) i¢cinde bulunan alt
bantlar %80 ile en yiiksek dogruluklart elde etmistir. Toplam 90 data igin ise,
AF(1:19)+YF(1:20) ve AF(1:19)+YF(1:49) iginde bulunan alt bantlar kombinasyonu
tarafindan %71,43’liik test skoru ile en yiiksek dogruluk skoru elde edilmistir.

5.2.11. SSRUS ve Hrv kullanilarak BDI testlerinin tahmini

Tablo 5.15. SSRUS, Hrv ve BDI (Beck Depresyon Envanteri) testlerinin tahmini

Hrv&SSRUS&BDI

Bantlar Kontrol Hasta Toplam
Egitim | Test [ Egitim | Test | Egitim | Test
AF(1:10) nop nop nop nop nop Nop
AF(1:15) 100,00 | 70,00 | 100,00 | 66,67 | 100,00 | 68,57
AF(5:15) 100,00 | 65,00 | 100,00 | 73,33 | 100,00 | 68,57
AF(1:19) 100,00 | 70,00 | 100,00 | 73,33 | 100,00 | 71,43
AF(5:19) nop nop nop nop nop Nop
AF(10:19) nop nop nop nop nop Nop
CAF(1:3) 100,00 | 70,00 | 100,00 | 66,67 | 100,00 | 68,57
YF(1:10) nop nop nop nop nop Nop
YF(1:15) nop nop nop nop nop Nop
YF(5:15) nop nop nop nop nop Nop
YF(1:20) 100,00 | 65,00 | 100,00 | 53,33 | 100,00 | 60,00
YF(5:20) nop nop nop nop nop Nop
YF(10:20) nop nop nop nop nop Nop
YF(1:30) 100,00 | 70,00 | 100,00 | 60,00 | 100,00 | 65,71
YF(10:30) nop nop nop nop nop Nop
YF(1:40) nop nop nop nop nop Nop
YF(10:40) nop nop nop nop nop Nop
YF(20:40) nop nop nop nop nop Nop
YF(1:49) 100,00 | 75,00 | 100,00 | 60,00 | 100,00 | 68,57
YF(10:49) nop nop nop nop nop Nop
YF(20:49) nop nop nop nop nop Nop
AF(1:19)+YF(1:20) nop nop nop nop nop Nop
AF(10:19)+YF(1:20) nop nop nop nop nop Nop
AF(1:19)+YF(1:49) 100,00 | 70,00 | 100,00 | 80,00 | 100,00 | 74,29
AF(10:19)+YF(1:49) nop nop nop nop nop Nop
CAF(1:3)+AF(1:19)+YF(1:49) | 100,00 | 75,00 | 100,00 | 66,67 | 100,00 | 71,43
AF(1:10)+GAF(1:3) 100,00 H 100,00 | 60,00 | 100,00 [ 71,43
AF(1:19)+CAF(1:3) 100,00 | 70,00 | 100,00 | 60,00 | 100,00 | 65,71

Agiklama: SSRUS, Hrv ve BDI test tahmini i¢in CAF, AF ve YF bolgelerindeki alt bantlar
dogrudan veya farkli kombinasyonlariyla YSA girislerine uygulanmistir ve YSA ‘nin test
sonuglarinin dogruluk yiizdeleri hasta, kontrol grubu ve toplam dogruluk olarak ayri ayri
hesaplanmistir. Buna gére AF(1:10)+CAF(1:3) i¢inde bulunan alt bantlarin kombinasyonunun
enerji degerleri YSA’ya giris olarak uygulandigi zaman bu alt bantlar taratindan %80

oraninda dogruluk elde edilerek kontrol grubu tahmini i¢in en yiiksek skor bulunmustur. Ayni
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sekilde, hasta grubu i¢in ise AF(1:19)+YF(1:49) i¢inde bulunan alt bantlar kombinasyonu
%80 ile en yiiksek dogruluklar1 elde etmistir. Toplam 90 data i¢in ise hasta grubunda etkili
olan AF(1:19)+YF(1:49) i¢inde bulunan alt bantlar kombinasyonu tarafindan %74,29’luk test
skoru ile en yiiksek dogruluk skoru elde edilmistir.

5.2.12. SSRUS ve Hrv kullanilarak HAM-D testlerinin tahmini

Tablo 5.16. SSRUS, Hrv ve HAM-D (Hamilton Depresyon) testlerinin tahmini

Hrv& SSRUS&HAM-D

Bantlar Kontrol Hasta Toplam
Egitim Test Egitim Test | Egitim | Test
AF(1:10) 100,00 | 65,22 | 100,00 | 83,33 | 100,00 | 71,43
AF(1:15) 100,00 | 73,91 | 100,00 | 91,67 | 100,00 | 80,00
AF(5:15) 100,00 | 56,52 | 100,00 | 66,67 | 100,00 | 60,00
AF(1:19) 100,00 | 65,22 | 100,00 | 83,33 | 100,00 | 71,43
AF(5:19) 100,00 | 65,22 | 100,00 | 58,33 | 100,00 | 62,86
AF(10:19) nop nop nop nop nop nop
CAF(1:3) nop nop nop nop nop nop
YF(1:10) nop nop nop nop nop nop
YF(1:15) nop nop nop nop nop nop
YF(5:15) nop nop nop nop nop nop
YF(1:20) nop nop nop nop nop nop
YF(5:20) nop nop nop nop nop nop
YF(10:20) nop nop nop nop nop nop
YF(1:30) nop nop nop nop nop nop
YF(10:30) nop nop nop nop nop nop
YF(1:40) nop nop nop nop nop nop
YF(10:40) nop nop nop nop nop nop
YF(20:40) nop nop nop nop nop nop
YF(1:49) 100,00 | 73,91 | 100,00 | 50,00 | 100,00 | 65,71
YF(10:49) nop nop nop nop nop nop
YF(20:49) 100,00 | 65,22 | 100,00 | 66,67 | 100,00 | 65,71
AF(1:19)+YF(1:20) 100,00 [I78260] 100,00 | 50,00 | 100,00 | 68,57
AF(10:19)+YF(1:20) nop nop nop nop nop nop
AF(1:19)+YF(1:49) 100,00 | 65,22 | 100,00 | 66,67 | 100,00 | 65,71
AF(10:19)+YF(1:49) nop nop nop nop nop nop
CAF(1:3)+AF(1:19)+YF(1:49) 100,00 | 60,87 | 100,00 | 58,33 | 100,00 | 60,00
AF(1:10)+CAF(1:3) 100,00 | 73,91 | 100,00 | 75,00 | 100,00 | 74,29
AF(1:19)+CAF(1:3) 100,00 | 65,22 | 100,00 | 65,22 | 100,00 | 65,71

Agiklama: SSRUS, Hrv ve HAM-D test tahmini i¢in CAF, AF ve YF bolgelerindeki alt
bantlar dogrudan veya farkli kombinasyonlariyla YSA girislerine uygulanmistir ve YSA ‘nin
test sonuglarinin dogruluk ytizdeleri hasta, kontrol grubu ve toplam dogruluk olarak ayr1 ayri
hesaplanmistir. Buna gore AF(1:19)+YF(1:20) i¢inde bulunan alt bantlar kombinasyonunun
enerji degerleri YSA’ya giris olarak uygulandiginda bu alt bantlar tarafindan diger alt bantlara

gore daha yiiksek bir dogruluga ulasilmis ve %78,26 oraninda dogruluk elde edilerek kontrol
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grubu tahmini i¢in en yiiksek skoru saglanmistir. Ayni sekilde, hasta grubu i¢in ise AF(1:15)
icinde bulunan alt bantlar i¢in %91,67 ile en yiiksek dogruluklar elde edilmistir. Toplam 90
data i¢in ise, hasta grubunda etkili olan AF(1:15) i¢inde bulunan alt bantlar igin % 80°lik test
skoru ile en yiiksek dogruluk skoru elde edilmistir.
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Abstract This study presents a new very low frequency
(VLF) band range in ventricular tachyarrhythmia patients
and involves an approach for estimation of effect of VLF
band on ventricular tachyarrhythmia patients. A model
based on wavelet packets (WP) and multilayer perceptron
neural network (MLPNN) is used for determination of
effective VLF band in heart rate variability (HRV) signals.
HRYV is decomposed into sub-bands including very low
frequency parts and variations of energy are analyzed.
Domination test is done using MLPNN and dominant band
is determined. As a result, a new VLF band was described
in 0.0039063-0.03125 Hz frequency range. This method
can be used for other bands or other arrhythmia patients.
Especially, estimation of dominant band energy using this
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method can be helped to diagnose for applications where
have important effect of characteristic band.
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Introduction

HRV is defined as the variation over time between
consecutive heart beats. HRV analysis can be used as a
pointer for assessment of cardiac health and Autonomic
Nervous System (ANS) [1, 2]. Three main spectral
components are accepted in a spectrum calculated for
short term recordings of HRV [1]. VLF is ranged in
0.003-0.04 Hz frequency interval, low frequency (LF) is
contained in 0.04-0.15 Hz and high frequency (HF) band
is over 0.15-0.4 Hz frequency interval. It is supposed that
the LF and HF bands are related to Sympathovagal
Balance (SB). But the physiological interpretation of
VLF band can not be explained clearly [1]. Determination
of effective boundaries of VLF bands is important because
of interpretation of correlation in between VLF band and
illnesses.

In recent years, these frequency bands have been used
for diagnostic evaluation but these analyses usually have
been focused to change of existent LF and HF bands in
literature. In 2002, S. W. Chen analyzed HRV signals
depending on LF/HF ratio for nonsustained ventricular
tachyarrhythmia patients [3]. Malarvili et al. carried out
time-frequency analysis of HRV signals for neonatal
seizure detection and presented that mean frequency in LF
and the variance of HF band can be used to discriminate
seizure from non-seizure in 2007 [4]. In a study realized by
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Table 1 VLF nodes and frequency ranges

Nodes Frequency ranges (Hz)
Wo,1 0.0039063-0.0078126
Wo 2 0.0078126-0.011719
Wo 3 0.011719-0.015625
Wo.4 0.015625-0.019532
Wo_5 0.019532-0.023438
Wo.6 0.023438-0.027344
Wo 7 0.027344-0.03125

Wo g 0.03125-0.035157
Wo.o 0.035157-0.039063

Shafqat et al., changes of HRV in patients under local
anesthesia are investigated depending on changes of LF and
HF components [5]. A. Hossen et al. presented a study
including HRV analysis of patients with obstructive sleep
apnea and normal controls by using sub-band decomposi-

tion. In that study, the rate of LF/VLF exhibited better
sensitivity and accuracy than the ratio of the LF/HF power
spectral densities [6]. It is clearly that LF and HF index are
not enough for diagnosis and classification of diseases.
Hence, new more indexes are needed.

Ventricular tachyarrhythmia that appears on ventricles is
a kind of heart arrhythmias and includes ventricular
fibrillation (VF) and ventricular tachycardia (VT). While
VT is defined as three or more ventricular extra systoles in
succession at a rate of more than 120 beats/min is a series
of three or more repetitive complexes that originate from
the ventricles, VF that is the commonest arrhythmia that
causes sudden death out of hospital is usually defined as a
primary cardiac event, and with early direct current cardio
version the prognosis is relatively good [7].

In this study, a new VLF band has been described using
WP and MLPNN for Ventricular Tachyarrhythmia patients.
Firstly, raw data obtained from Spontaneous Ventricular
Tachyarrhythmia Database are interpolated with cubic
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spline interpolation and resampled in 4 Hz. Then, these data
are decomposed to smaller frequency parts on VLF band
using WP and their energy values are calculated. Effective
sub-bands are chosen by comparing of these energy values
and dominant band is extracted from VLF band using
MLPNN.

Dataset

The datasets used in this study have been taken from the
Spontaneous Ventricular Tachyarrhythmia database. This
database includes 135 pairs of RR interval time series
from database which recorded by implanted cardioverter
defibrillators (ICD) in 78 subjects. One series of each
pair includes a spontaneous episode of ventricular
tachycardia (VT) or ventricular fibrillation (VF), and
the other is a sample of the intrinsic (usually sinus)
rhythm. In this study, VT and VF datasets have been
used and length of each dataset is 1024 R-R intervals.
The episodes included in this database were recorded by
Medtronic ICD 7218 defibrillators, from patients without
pacemakers in the US and Canada on or before 3 January
1997. The ICD maintains a buffer containing the 1024
most recently measured RR intervals. In all, 142 patients
were studied, and this database contains episodes from
78 patients who experienced at least one VT or VF
episode. Five patients had both a VT and a VF episode
included here. The ages of patients in this group are
between 20 and 75 [8].

Preprocessing of database

Raw data obtained from this database consist of
variations of R-R interval with respect to beat numbers.

Because this form is not convenient for spectral analysis,
x axis must be converted to time. This process can be
done using Eq 1 as

t(n) =rr(n) +tn—1)n e [1,N],t(0) =0andn € Z+ (1)

where t represents time and N denotes number of beats.
Then, obtained data are interpolated and resampled in 4 Hz
for wavelet packet applications. Here, n is index of

Table 2 Train and test accuracy values of sub-bands

VLFy Frequency range (Hz) Train accuracy % Test accuracy%

VLFo5; 0.0039063-0.015625 70.6 74.6
VLFe5, 0.0078126-0.019532 41.1 35.8
VLFe5; 0.011719-0.023438 38.2 40.3
VLFos,4 0.015625-0.027344 36.8 35.8
VLFe5s 0.019532-0.03125 29.4 41.8
VLFos6 0.023438-0.035157 235 25.4
VLFos, 0.027344-0.039063 339 418
VLFo4,; 0.0039063-0.019532 67.6 77.6
VLFo4, 0.0078126-0.023438 36.8 433
VLFo4; 0.011719-0.027344 47.1 47.8
VLFo4s 0.015625-0.03125 39.7 38.8
VLFo4s 0.019532-0.035157 29.4 44.8
VLFo4e 0.023438-0.039063 235 40.3
VLFos; 0.0039063-0.023438 735 79.1
VLFoes, 0.0078126-0.027344 515 493
VLFos5 0.011719-0.03125 58.8 56.7
VLFoss 0.015625-0.035157 352 41.8
VLFoess 0.019532-0.039063 22.1 433
VLFoe; 0.0039063-0.027344 95.6 83.6
VLFoes, 0.0078126-0.03125 55.8 53.7
VLFos5 0.011719-0.035157 55.9 53.7
VLFog4 0.015625-0.039063 324 46.3
VLFo; 0.0039063-0.03125 100 91.0
VLFo7, 0.0078126-0.035157 58.2 58.2
VLFo5 0.011719-0.039063 53.7 53.7
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interested beat number, rr is R-R interval and t (n) is time
in n'™ beat. However, these signals include ectopic beats.
These ectopics are removed by using sliding window
average filter.

Method

Proposed method is based on WP that has some
significant advantages when it is compared with Short
Time Fourier Transform (STFT) and Discrete Wavelet
Transform (DWT). HRV has a non-stationary character-
istic and includes rapidly transient changes and slowly
changing components. Owing to the fact that STFT is
performed depending on a fixed window width and
frequency resolution comes better while time resolution
decreases and contrary. This disadvantage is removed
using DWT. However, in DWT, frequency decomposition
problem appears and frequency bands do not provide
described values in literature [1]. WP is overcomes this
disadvantage [9]. In WP, all coefficients are decomposed
into each stage [10].

In this study, firstly, preprocessed data are decomposed
into nodes using with WP. Wavelet packet process has been
carried out using db4 that is a type of Daubechies wavelet
family and has 8 filter coefficients. Signals have been
decomposed at 9 levels in order to choose optimal
frequency ranges in VLF region and to obtain actually a
dominant sub-band using more nodes in MLPNN. In
addition, we have determined VLF band using this
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decomposition in between 0.0039063-0.039063 Hz and
this range presents perfectly matching with described VLF
band as 0.04—-0.4 Hz in literature. In here, last level consists
of 512 bands. Frequency characteristics of WP can be
calculated as

U+ Dfs

m+1 M —1

(2)
where f,, is frequency in m™ level, f, is sampling frequency.
Range of j is denoted as j=0,1,...,2™~1.

Interested nodes that present VLF band are listed
Table 1.
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Fig. 4 Comparison of energy values in VLFo;, and VLF bands for
VT and VF datasets
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Then, energy values are calculated depending on
w reconstruction values by using Eq 2.

/1
EWrmS.mJ - N Z ‘ Wm:/'(l”)|2 (3)

jeN denotes node index in each m level. Variations of
energy values in each node are shown in Fig. 1.

Then, we have designed a MLPNN with four-layers in
order to determine dominant sub-bands which consist of
consecutive nodes and to find proper window width that
provides frequency ranges for sub-bands. This network
involves an input layer with 1 neuron, 2 hidden layers with
10 neurons, and output layer with 1 neuron. Firstly, a
window consisting of 3 consecutive nodes is selected and 7
sub-bands are obtained by shifting the window one by one.
This structure is repeated for windows with 4, 5, 6, and 7
nodes. 6 sub-bands for 4 nodes, 5 sub-bands for 5 nodes, 4
sub-bands for 6 nodes and 3 sub-bands for 7 nodes are
obtained. These numbers of sub-bands are symbolized as
“k” in Eq 4. So, we have determined 25 sub-bands in total.
We can be explain this sub-bands as mathematically

w+k—1

VLFm,w,k = Z EWmJ (4)
Jj=k

where m =9, j=12,...9, and w = 3,4,...,7 and it presents
window width for level 9.

Energy values of 25 sub-bands are applied to input of
MLPNN sequentially. Various back propagation algorithms
[11, 12] have been applied for the training process. Among
all results, the best one to update weights and bias values of
the network are obtained by using Levenberg-Marquardt
(LM) algorithm. Totally, 135 datasets are used for MLPNN.
First 68 datasets for training and others for testing have
been chosen. Target values are total energy values of VLF
band for all datasets.

The outline of this study is shown in Fig. 2.

In this figure, Y is interpolated and resampled training
data Ew,, ; is energy value in interested node.

Simulation results

After simulation of proposed method, obtained train and
test accuracy results are listed in Table 2.

Train and test accuracy values of windows including 1st,
2nd and 3rd nodes are fairly higher than others and showed
in gray tone. Window width has been increased until train
accuracy has been achieved to 100%. Train accuracy is
70.6% for window width with 3 nodes, 67.6% for 4 nodes,
73.5% for 5 nodes and 95.6% for 6 nodes. In Fig. 3, energy
differences obtained by comparing with VLF band are
presented.

Sub-band VLF 7 ; with 7 nodes has the highest train and
test accuracy values. Therefore, sub-band VLF,;; can be
described as a new VLF band using only 7 nodes including
0.0039063—0.03125 Hz frequency band. Obtained results
from comparing of VLFy 7, and VLF band energy values
are presented as graphically in Fig. 4.

Conclusion

In this study, VLF band has been described again with
determination of dominant sub-bands for ventricular tachy-
arrhythmia patients. VLF band has been rarely evaluated in
literature related to correlation of cardiac disturbances. We
have analyzed VLF band described in between 0.04-0.4 Hz
for all situations that involve normal subjects and all subjects
with cardiac disturbances in literature for a specific cardiac
disturbance called as ventricular tachyarrhythmia. Obtained
results show that HRV variations of these patients have the
highest train and test accuracy values in 0.0039063—
0.03125 Hz frequency range. wog and wog nodes can be
neglected for assessment of total energy in VLF band and a
new frequency band can be described. Although first 3
nodes are especially effective in determination of dominant
VLF band, only VLF, 7, has reached 100% train accuracy
value. When test and train accuracy results are compared,
domination of this band can be seen clearly. Figure 4 signs
fully convenience in between VLFy;; and VLF bands. So,
more effective and narrow VLF band is obtained for
ventricular tachyarrhythmia patients.

This study brings VLF band up for discussion in order to
evaluate other cardiac arrhythmias. Proposed algorithm can
be used to describe new different frequency bands in other
arrhythmias. In addition, these results might be valuable for
clinical applications.

Acknowledgments The research has been supported by the
Research Project Department of Akdeniz University, Antalya,
Turkey. This study is a part of studies held by Akdeniz University
Industrial and Medical Applications Microwave Research Center
(IMAMWRC), signal and image processing laboratory and University
of Technology Zurich, Department of R&D.

References

1. Task force of the European society of cardiology and the North
American society of pacing and electrophysiology, Heart rate
variability-standards of measurement, physiological interpretation,
and clinical use. Circulation. 93:1043-1065, 1996.

2. Acharya, U. R., Joseph, K. P., Kannathal, N., Lim, C. M., and
Suri, J. S., Heart rate variability: a review. Med. Bio. Eng.
Comput. 44:1031-1051, 2006.

3. Chen, S. W., A wavelet based HRV analysis for the study of
nonsustained ventricular Tachycardia, IEEE transactions on
biomedical engineering, Vol:49, No:7, 2002.

@ Springer



160

J Med Syst (2010) 34:155-160

. Malarvili, M. B., Mesbah, M., Boashash, B., Time-frequency

analysis of heart rate variability for Neonatal Seizure detection.
EURASIP Journal on Advances in Signal Processing, Vol:2007,
Article ID: 50396, pp. 10., 2007. doi:10.1155/2007/50396.

. Shafqat, K., Pal, S. K., Kumari, S., and Kyriacou, P. A., Changes

in heart rate variability in patients under local Anesthesia.
Proceedings of the 29th Annual International Conference of IEEE
EMBSLyon: France, 2007.

. Hossen, A., Ghunaimi, B. A., and Hassan, M. O., Subband

decomposition soft-decision Algorithm for heart rate variability
analysis in patients with obstructive sleep Apnea and normal
controls. Signal Processing. 85:95-106, 2005.

. Morris, F., Edhouse, J., Brady, W. J., Camm, J., ABC OF Clinical

Electrocardiography, BMJ Books, First published in 2003, by
BMJ Books, BMA House, Tavistock Square, London WC1H 9JR.

. http://www.physionet.org/physiobank/database/mvtdb/

@ Springer

10.

11.

12.

. Bilgin, S., Colak, O. H., Koklukaya, E., and Ari, N., Efficient

solution for frequency band decomposition problem using wavelet
packet for HRV. Digital Signal Processing. 18:892-299, 2008.
doi:10.1016/5.dsp.2008.04.007.

Addison, P. S., The Illustrated Wavelet Transform Handbook:
Introductory Theory and Applications in Science, Engineering,
Medicine and Finance, IOP Publishing Ltd, 2002.

Park, J.-W., Harley, R. G., and Venayagamoorthy, G. K.,
Comparison of MLP and RBF neural networks using
deviation signals for on-line identification of a synchronous
generator. Power Engineering Society Winter Meeting. 1:274—
279, 2002.

Lera, G., and Pinzolas, M., A quasi-local Levenberg-Marquardt
algorithm for neural network training neural networks proceed-
ings. IEEE World Congress on Computational Intelligence, The
1998 IEEE International Joint Conference. 3:2242-2246, 1998.


http://dx.doi.org/10.1155/2007/50396.
http://www.physionet.org/physiobank/database/mvtdb/
http://dx.doi.org/10.1016/j.dsp.2008.04.007

Digital Signal Processing 18 (2008) 892-899

Contents lists available at ScienceDirect = Digital
Signal _
Processing

Digital Signal Processing

scresir

www.elsevier.com/locate/dsp

Efficient solution for frequency band decomposition problem using
wavelet packet in HRV

Suleyman Bilgin®4, Omer H. Colak ™%*, Etem Koklukaya®, Niyazi Ar14

2 Golhisar Vocational School of Higher Education, Mehmet Akif Ersoy University, Burdur, Turkey

b Faculty of Engineering, Department of Electrical and Electronics Engineering, Akdeniz University, Antalya, Turkey
€ Faculty of Engineering, Department of Electrical and Electronics Engineering, Sakarya University, Sakarya, Turkey
d Department of Applied Research and Development, University of Applied Sciences, Zurich, Switzerland

ARTICLE INFO ABSTRACT
Article history: Heart rate variability (HRV) is a very significant noninvasive tool for assessment of
Available online 25 April 2008 sympathovagal balance (SB) that reflects variation of parasympathetic and sympathetic

activities in autonomic nervous system (ANS). Low frequency/high frequency (LF/HF) power
ratio provides information about these activities. Because of nonstationary characteristic of
HRV, analyses based on wavelet transform were typically preferred in previous studies.

Keywords:
Heart rate variability
Discrete wavelet transform

Wavelet packet There is an important problem that required frequency ranges for LF and HF cannot be
Autonomic nervous system obtained using discrete wavelet transform (DWT). Different sampling frequencies do not
Sympathovagal balance remove this problem. In this study, a solution based on wavelet packet (WP) is presented

for removing this problem. In addition, effect of WP on SB values is investigated. Method
was applied to spontaneous ventricular tachyarrhythmia database and variation of energy
values and LF/HF energy ratios were compared for DWT and WP. WP provides absolutely
excellent approximation to required frequency bands and exposes different and impressive
SB results.

© 2008 Elsevier Inc. All rights reserved.

1. Introduction

Electrocardiogram (ECG) is a powerful tool for assessment of cardiac disturbances. It provides significant information
about electrical conduction in the myocardium. Sinoatrial (SA) node that is the pacemaker tissue of heart is associated with
autonomic nervous system (ANS) [1-3]. ANS consists of two opposite branches which are called as sympathetic nervous
system (SNS) causing the cardio-acceleration and parasympathetic nervous system (PNS) providing a cardio-deceleration
effect [1]. This association between SNS and PNS is very important for balance of body. HRV obtained from ECG is a tool
for assessment of this relation [1-3]. And also, it provides a measurement of the relationship between cardiac events and
ANS or other cardiac arrhythmias [4,5]. In addition, instantaneous changes on HRV related to different drugs were noted
in the literature [6]. There are several methods for analyzing HRV [1-3]. By using various power spectral density methods,
four main spectral components are occurred and these components are distinguished in a spectrum calculated from short
term recordings: ultra low frequency (ULF) (< 0.003 Hz), very low frequency (VLF) (0.003-0.04 Hz), low frequency (LF)
(0.04-0.15 Hz), and high frequency (HF) (0.15-0.4 Hz) components [1-3]. The HF component of HRV can be accepted as a
marker of parasympathetic modulation and conversely, it is noted that LF component of HRV can be a marker of sympathetic
modulation [7]. So, LF/HF power ratio can be considered as the index of SB [1-3,7].

* Corresponding author.
E-mail address: omercol@akdeniz.edu.tr (O.H. Colak).

1051-2004/$ - see front matter © 2008 Elsevier Inc. All rights reserved.
doi:10.1016/j.dsp.2008.04.007


http://www.ScienceDirect.com/
http://www.elsevier.com/locate/dsp
mailto:omercol@akdeniz.edu.tr
http://dx.doi.org/10.1016/j.dsp.2008.04.007

S. Bilgin et al. / Digital Signal Processing 18 (2008) 892-899 893

In HRV analysis, short time Fourier transform (STFT) that uses a finite window along the time axis is one of well-known
methods [8,9]. But, HRV signal includes both slowly changing components and rapidly changing transient events. When we
have chosen a narrower window, it provides better time resolution but frequency resolution is poorer. In the other side, time
resolution becomes worsen. Wigner-Ville distribution does not contains the limitations of STFT, but produces an interference
terms [8,10]. Wavelet transform overcomes these disadvantages. Recently, wavelet transforms are placed as more efficient
method on lower frequencies for analyzing of nonstationary signals like HRV. In the analyzing of HRV, different wavelet
methods are applied to HRV signal [5,6,11-13]. Especially, discrete wavelet transform (DWT) is used as a most well-known
application of wavelets in HRV analysis. In 2002, Chen used DWT on the 2 Hz resampled HRV data for determination of the
relationship between the ANS and nonsustained ventricular tachycardia [5]. In study of Burri et al., RR signal was resampled
at 4 Hz and DWT was performed using a Daubechies 4 wavelet for analysis of heart rate variability preceding ventricular
arrhythmias in patients with ischemic heart disease [11]. In [14], a relationship between variance of DWT and corresponding
spectral measure is presented.

Obtained frequency bands using DWT decompositions are different from described values in above. This study presents
an efficient WP solution for frequency decomposition problem in DWT. This problem is removed with WP decompositions
in 8 levels and all results are compared with DWT results to show significance of variations of frequency bands.

2. Feature extraction of DWT

Wavelet transform is important tool for nonstationary signal analysis as biomedical signals. Wavelet function is defined
at scale a and location b as

1 t—b
‘ﬂa.b(t):%lﬁ(T) (1)

If the scale and translation parameters a and b are taken at discrete values, DWT is obtained. Thus, a and b are described
powers of two and called dyadic scales and translations: a =2™, b =n2™ [15-17]. Discrete wavelet function can be described
as

Yman(©) =272 27"t —n), )

where m,n € Z control wavelet dilation and translation respectively. In many applications, the wavelet computations are
equivalently performed simply using the filtering processes as

1
'm-+1,n == k®¥m,2n B 3
Gt 1,n(0) ﬁzkjcl¢,2+k(t) (3)
1
m+1,n == b<mn< B 4
Yim1,n(0) ﬁ;m),m(r) 4)

where ¢(t) is scaling function, v (t) is wavelet function, ¢, are scaling coefficients, b, are wavelet coefficients, and k is
location index of transform coefficients. Approximation and detail coefficients can be formulized respectively as

1 1
Smitn=—= Y kSmansk =—= Y Ck—2nSm - (5)
ﬁ k ﬁ k
1 1
Tm+1,n == Zbksm,2n+k == Zbl<—2n5m,k~ (6)
ﬁ k ﬁ k

Approximation (A) and detail (D) components are obtained with reconstruction of approximation and detail coefficients
[15] as

Am®) = SM,nflSM,n(t)f (7)
2M-m_q
Dn®= Y Tma¥ma(®, 8)
n=0

where M is last decomposition level.
Initial signal X is described using with these components in the equation

M
X=Au(®)+ Y Dm(t), m=1.2,....M. 9)

m=1

DWT decomposition tree is shown in Fig. 1.
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Fig. 2. (a) Wavelet packet decomposition tree, (b) decomposition for a node.

3. Feature extraction of wavelet packet

Wavelet packet (WP) transform is a generalization of DWT. In WP signal decomposition, both the approximation and
detail coefficients are further decomposed at each level. In DWT, detail coefficients are transferred down, unchanged to the
next level. However, in WP, all coefficients are decomposed in each stage [15]. WP function includes third additional index
as j and is described as

Wi jn(t) =27"2W;27™t —n), (10)

where j € N denotes node index in each m level [18]. WP decomposition tree and decomposition for only one node are
shown in Fig. 2.

4. Frequency-energy analysis

In DWT, root mean squared (rms) values of A and D components are calculated as

(1

Arms,m = N Z|Am(r) 2, (11)
1

Drms,m = N Z|Dm(r)|2s (12)

where r is total number of data in mth level.
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Table 1
Frequency decompositions for DWT and WP in 4 Hz
Method m Wavelet level Frequency range (Hz)
DWT 3 D3 [0.25-0.5] HF
4 D4 [0.125-0.25]
5 D5 [0.0625-0.125] LF
6 D6 [0.03125-0.0625]
WP 6 We.1-We.4 (4 bands) [0.03125-0.15625] LF
W, 5-We, 12 (8 bands) [0.15625-0.40625] HF
7 W7.2-w7.9 (8 bands) [0.03125-0.15625] LF
W7,10-W7,25 (16 bands) [0.15625-0.40625] HF
3 Wg 5-wg 19 (15 bands) [0.0390625-0.15625] LF
Wsg.20-Ws 51 (32 bands) [0.15625-0.40625] HF
Total energy is presented as
N ) N ) M N )
D IsOF =Y JAmsm®] 4+ DD | Dimsm@)] . (13)
r=1 r=1 m=1r=1

Similarly, in WP, energy is determined depending on w values that is obtained reconstruction of Wi, j n.

/1
Wrms,m,j = N Z|Wm,j(r)‘2~ (14)

Wims,m,j denotes rms values of decomposition components and total energy is calculated as

N 5 2M 1
Z‘S(r” = Z |Wrms,m,j|2« (15)
r=1 j=0

Frequency characteristics of both the WP and DWT can be calculated similarly as

J+DFf
fmzzmi_’_]s, m=],...,M—1, (16)
where f, is frequency in mth level, fs is sampling frequency. Range of j is denoted as j=0,1,...,2™ — 1 for WP and

j=0,1 for DWT.
5. Database

The dataset used in this study is obtained from spontaneous ventricular tachyarrhythmia database in physiobank archives.
We have used 131 pairs of R-R interval time series from database which recorded by implanted cardioverter defibrillators
in 78 subjects. Each series contains between 986 and 1022 R-R intervals. One series of each pair includes a spontaneous
episode of ventricular tachycardia (VT) or ventricular fibrillation (VF), and the other is a sample of the intrinsic (usually
sinus) rhythm. The episodes included in this database were recorded by Medtronic ICD 7218 defibrillators, from patients
without pacemakers in the US and Canada on or before 3 January 1997. The ICD maintains a buffer containing the 1024
most recently measured R-R intervals. In all, 142 patients were studied, and this database contains episodes from 78 patients
who experienced at least one VT or VF episode. Five patients had both a VT and a VF episode included here. The ages of
patients in this group are between 20 and 75 [19].

Datasets obtained from database consist of variation of R-R interval with respect to beat number. This is not convenience
for time-frequency analysis. Therefore, first, x-axis is converted from beat number to time axis with the equation

t(n)=rrn)+tn—1), ne[1,N], t(0)=0, andne ZT. (17)

Here n is index of interested beat number, rr is R-R interval and t(n) is time in nth beat. However, this signal includes
ectopic beats. These ectopics are removed using sliding window average filter [20]. Then, uneven sampled signals are inter-
polated using cubic spline interpolation and resampled in 4 Hz.

6. Determination of frequency bands

In literature, critical frequency band that is used determination of SB is described as LF and HF that is includes ranges
of 0.004-0.15 and 0.15-0.04 Hz, respectively. We have used 8 level decompositions for DWT and WP. In DWT, the frequency
bands change into band of 0.03125-0.125 Hz for LF and 0.125-0.5 Hz for HF in 4 Hz resampling frequency for DWT. In WP,
frequency bands change with m index. Frequency decomposition and related levels are listed in Table 1.
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Fig. 4. Comparison of LF energy values.

In Table 1, it is clearly that WP provides successful approximation for required frequency band. LF/HF energy values are
calculated for DWT and WP in the following equations:

DWTE e_ratio = M, (18)
HF e_d3+e_d4
e_wgs5+ - +e_Wg19
€_Wg 20 + €_Wg 51
where e_ is energy operator in interested band.
Differences in between frequency bands are shown in Fig. 3.

LF .
WP —e_ratio = (19)
HF

7. Results

In DWT, HF frequency band penetrates 0.025 Hz into LF band. Upper limit in DWT for HF is 0.1 Hz more than required
frequency band upper limit. WP provides very closely results to required frequency band. Variations of LF energy, HF energy,
and LF/HF are shown in Figs. 4-6, respectively.
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Table 2
Minimum, maximum, and mean values for LF/HF ratio
Method Min Max Mean
LF/HF energy ratio DWT 0.1311 11.0763 3.0524
WP 0.2149 16.0583 3.9328

Here LF energy values obtained with WP are higher than obtained with DWT. This positive trend appears in 67 datasets.
In HF, this variation reflects a negative trend because of HF band in DWT is wider than in WP. In here, 110 datasets have
smaller values. When we investigate LF/HF energy ratio, we can see that this ratio is increased in 115 datasets of 131

datasets. Min, max, and mean values are listed in Table 2 for in real LF/HF energy ratios for WP and DWT.

Average of LF/HF energy ratio is increased in rate of 28.8% in WP. Lower limit of this ratio is increased 0.2149 values.
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8. Conclusions

This study presents a solution based on WP to estimation of sampling frequency and frequency band decomposition
problem that is required for determination of SB in HRV analysis. HRV is a nonstationary signal and if wavelets are used
for its analysis, these problems limit process ability and investigations can be canalized different points. When DWT is used
to determine LF and HF energy frequency bands, both of these bands shift to unwanted frequency regions. This is very
significant for determination and interpretation of SB. In wavelet applications, WP can be used for moving of frequencies
in between required bands. WP in 8 levels decomposition provides high resolution decomposition and obtained frequency
bands are too close to required frequency bands.

Effect of these bands on determination of SB is presented with compared results. It is can be seen that DWT produces
very different LF energy, HF energy and LF/HF energy ratio from WP. Especially, decrement of HF energy values and in-
crement of LF/HF energy ratios are very important. Interpretation of SB that reflects domination of parasympathetic and
sympathetic activity in ANS is absolutely changed with using WP results. In this study, we have used is 4 Hz sampling
frequency and this frequency is enough fairly in HRV frequency decomposition analysis. If WP solution is used, change of
sampling frequency is not required.

Applied solution in this study can be used in all HRV database and may be valuable for clinical applications.
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ARTICLE INFO ABSTRACT

Keywords: Heart Rate Variability (HRV) is an efficient tool for assessment of Sympathovagal Balance (SB) and clas-
Heart Rate Variability sification of cardiac disturbances. However, its index may be not enough for classification and evaluation
MLPNN

of some disease. This study presents 32 new sub-bands over LF and HF base-bands that are accepted in
the literature. Moreover, it determines dominant sub-bands over both base-bands in VTA database. These
sub-bands are obtained using Wavelet Packet Transform (WPT) and evaluated using Multilayer Percep-
tron Neural Networks (MLPNN). Results are compared with obtained results from normal datasets. The
domination effects of these sub-bands are assessed according to comparison of each other related to
MLPNN training and test accuracy percentages by selecting different width of windows. As a result,
obtained results showed that the LF zone including LF;, LF; and LFs; sub-bands on 0.0390625-
0.0859375 Hz frequency range is the most dominant over the LF base-band and, the HF zone including
HF1, HF2 and HF3 on 0.1953125-0.28125 Hz frequency range is the most dominant over the HF base-

Ventricular Tachyarrhythmia
Wavelet Packet Transform

band. In normal datasets, distinctive domination effect has not been determined.

© 2009 Elsevier Ltd. All rights reserved.

1. Introduction

Ventricular Fibrillation (VF) and Ventricular Tachycardia (VT)
which are classified in Ventricular Tachyarrhythmia (VTA) are
two types of cardiac arrhythmias that occur on ventricles. While
VT is a series of three or more repetitive complexes that originate
from the ventricles, VF that is the commonest arrhythmia that
causes sudden death out of hospital is usually defined as a primary
cardiac event, and with early direct current cardio version the
prognosis is relatively good (Morris, Edhouse, Brady, & Camm,
2003).

ECG is a powerful tool for diagnosis of some cardiac distur-
bances. And also, HRV that is defined as the variation over time be-
tween consecutive QRS complexes representing the electrical
forces generated by ventricular depolarization on ECG recordings
can be used as a pointer for assessment of cardiac health and Auto-
nomic Nervous System (ANS) (Acharya, Joseph, Kannathal, Lim, &
Suri, 2006; Task Force of the European Society of Cardiology &
The North American Society of Pacing & Electrophysiology, 1996).
Basically, three main spectral components are determined in a
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spectrum calculated for short term recordings of HRV (Task Force
of the European Society of Cardiology & The North American Soci-
ety of Pacing & Electrophysiology, 1996). Very Low Frequency
(VLF) is ranged in 0.003-0.04 Hz frequency interval, Low Fre-
quency (LF) is contained in 0.04-0.15Hz and High Frequency
(HF) band is over 0.15-0.4 Hz frequency interval. It is considered
that the LF/HF ratio is related to SB in the literature (Acharya
et al.,, 2006; Task Force of the European Society of Cardiology &
The North American Society of Pacing & Electrophysiology, 1996).
In recent years, LF and HF bands have been used for diagnostic
evaluation but these analyses usually have been focused to change
of existent LF and HF bands in literature. Chen (2002) analyzed
HRV signals depending on LF/HF ratio for nonsustained Ventricular
Tachyarrhythmia patients. Malarvili, Mesbah, and Boashash (2007)
carried out time-frequency analysis of HRV signals for neonatal
seizure detection and presented that mean frequency in LF and
the variance of HF band can be used to discriminate seizure from
non-seizure in 2007. In a study realized by Shafqat, Pal, Kumari,
and Kyriacou (2007), changes of HRV in patients under local anes-
thesia are investigated depending on changes of LF and HF compo-
nents. Hossen, Ghunaimi, and Hassan (2005) presented a study
including HRV analysis of patients with obstructive sleep apnea
and normal controls by using sub-band decomposition. In that
study, the rate of LF/VLF exhibited better sensitivity and accuracy
than the ratio of the LF/HF power spectral densities. It is clearly
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that LF and HF index are not enough for diagnosis and classification
of diseases. Hence, new more indexes are needed.

In this study, new LF and HF sub-bands have been obtained by
using WPT and evaluated by using MLPNN for Ventricular Tachyar-
rhythmia patients. Firstly, raw data obtained from spontaneous
Ventricular Tachyarrhythmia database are interpolated by using
cubic spline interpolation and resampled in 4 Hz. Then, these data
are decomposed into smaller frequency parts on LF and HF base-
bands using WPT and their energy values are calculated. Sub-bands
over both LF and HF base-bands are presented depending on differ-
ent window widths. The most efficient sub-bands are obtained by
using MLPNN. Results have been compared with results obtained
from normal datasets.

2. Wavelet Packet Transform

Wavelet decomposition is a very efficient tool for decomposi-
tion of signal into components (Goswami & Chan, 1999). Wavelet
Packet Transform (WPT) is a type of Wavelet Transform (WT) using
a discrete decomposition. In WPT, both the approximation and de-
tail coefficients are further decomposed at each level using high
pass filter and low pass filter. WPT function including three in-
dexes as i, j, k is described as

Wij(t) = 2772 W;(27't - k), (1)

where i, k € Z describes wavelet dilation and translation, respec-
tively, j € N denotes node index in each i level (Misiti, Misiti, Oppen-
heim, & Poggi, 2002). WP decomposition tree for W;; and
decomposition for only one node are shown in Fig. 1.

WP has some significant advantages when it is compared with
Short Time Fourier Transform (STFT) and Discrete Wavelet Trans-
form (DWT). HRV has a non-stationary characteristic and includes
rapidly transient changes and slowly changing components. Owing
to the fact that STFT is performed depending on a fixed window
width and frequency resolution comes better while time resolution
decreases and contrary. This disadvantage is removed using DWT.
However, in DWT, frequency decomposition problem appears and
frequency bands do not provide described values in literature (Task
Force of the European Society of Cardiology & The North American
Society of Pacing & Electrophysiology, 1996). WP is overcomes this
disadvantage (Bilgin, Colak, Koklukaya, & Ari, in press). In WP, all
coefficients are decomposed into each stage (Addison, 2002).

3. Multilayer Perceptron Neural Network (MLPNN)

Currently, the artificial neural networks (ANNs) have been
widely applied to a variety of applications such as data fitting, clas-
sification and pattern recognition. There are different types of ANN.
The MLPNN is popular type in applications of ANNs. The MLPNN
consists of three-layers of neurons (input, hidden, and output
layer) interconnected by weights. The MLPNN transforms n inputs
to m outputs through some nonlinear function. The weights of the
MLPNN are trained by the backpropagation algorithm (Wook, Har-
ley, & Venayagamoorthy, 2002). Training the network is an impor-
tant step to get the optimal values of weights and biases after being
initialized randomly or with a certain values. The training pro-
cesses require a set of prototypes and targets to learn the proper
network behavior. During training, the weights and biases of the
network are iteratively adjusted to minimize the network perfor-
mance function which is the mean square error for the feed for-
ward networks. The mean square error is calculated as the
average squared error between the inputs and targets (Lera & Pinz-
olas, 1998).

4. Dataset
4.1. Raw data

The datasets used in this study are obtained from the spontane-
ous Ventricular Tachyarrhythmia database in physionet signal ar-
chives. This database including 135 pairs of RR interval time
series is recorded by Implanted Cardioverter Defibrillators (ICD)
in 78 subjects. One series of each pair includes a spontaneous epi-
sode of Ventricular Tachycardia (VT) or Ventricular Fibrillation
(VF), and the other is a sample of the intrinsic (usually sinus)
rhythm. These pairs are denoted as “VTA” for VT and VF episodes
and “normal” for intrinsic rhythm. In this study, VT and VF datasets
and normal sinus rhythms are used. The episodes which are in-
cluded in this database are recorded by Medtronic ICD 7218 defi-
brillators, from patients without pacemakers in the US and
Canada. This database contains episodes from 78 patients who
experienced at least one VT or VF episode. Five patients had both
a VT and a VF episode included here. The ages of patients in this
group are between 20 and 75 (http://www.physionet.org/physio-
bank/database/mvtdb/).

=3 Wy, Wi Wi,
i=M
Wm+l,2j

A\

m+1,2j+1

Fig. 1. (a) The wavelet packet decomposition tree and (b) the decomposition for a node.
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4.2. Preprocessing of data

Raw data obtained from this database consist of variations of R-
R interval over time with respect to beat numbers. But these data
can not be applied to time spectral analysis, therefore, x-axis has
to be converted to time. This process can be done using Eq. (2) as

tn)=rr(n) +tn—ne[1,N], t(0)=0andneZ", (2)

where t represents time and N denotes number of R-R intervals.

Then, obtained data are interpolated by using cubic spline inter-
polation and resampled in 4 Hz for wavelet packet applications.
Here, n is index of interested beat number, rr is R-R interval and
t(n) is time in nth heart beat. However, this signal includes ectopic
beats. These ectopics are removed by using sliding window aver-
age filter (Mietus, 2006).

5. Method

This study represents a method for HRV analysis by using WPT
and MLPNN. The outline of this proposed method for these analy-
ses of HRV signals is shown in Fig. 2.

In this method, at first, the 135 pairs of datasets are separated
into branches in where first 68 datasets are grouped as training
data and last 67 datasets are grouped as test data.

Then, these datasets are applied to preprocessing unit including
cubic spline interpolation and resampling at 4 Hz processes. Hence,
the datasets are prepared for time-frequency analysis. Available
datasets are decomposed into wavelet packets by using WPT
(Goswami & Chan, 1999) which has been carried out by using
db4 that is a type of Daubechies wavelet family. WPT especially
presents a perfect matching with described LF and HF bands ranges
in literature (Task Force of the European Society of Cardiology &
The North American Society of Pacing & Electrophysiology, 1996)
and overcomes frequency decomposition problem appearing in
DWT (Bilgin et al.,, in press). Signals have been decomposed into
8 levels and last level consists of 256 nodes. Frequency character-
istics of WPT can be calculated as

j+1 .
fi:(lzm)s, i=1,..

SM-1, 3)

where f; is frequency in ith level, f; is sampling frequency. j is de-
noted as j=0,1,...,2" — 1.

In WPT, LF base-band and HF base-band are determined as
0.0390625-0.15625 Hz and 0.15625-0.40625 Hz frequency inter-
val, respectively.

Training E W,

Data |:> Preprocessing :J) WPT
S

Preprocessing
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The energy values are determined for each node in LF and HF
base-bands. These values are defined as depending on w recon-
struction values by using Eq. (4)

2M_1q

2
Eusii = 2 Wawsijl”, (4)
Jj=0

where M is the last decomposition level and Ey,,,; is explained as
the total energy of the packet that is placed at i and j index (Misiti
et al., 2002).

We will now select sub-bands and compare with each other for
domination effects in base-bands. For this process, firstly, a win-
dow including three nodes is used for determination of dominant
nodes over base LF band energy and this window is shifted over
LF base-band as overlapped. So, 13 sub-bands occur over the LF
base-band. Then, this process has been repeated for a window with
six nodes. Thus we have obtained 10 sub-bands over LF base-band.
It is explained mathematically as

n+34+ww
LE, = > Eu,, (5)

j=n+4

where LF, is nth sub-band over LF base-band, ww is the window
width, n is the number of sub-bands and j is a node number where
Ew,,; is an energy value at 8th level and jth node.

Similarly, for HF sub-bands, firstly, the window is selected as six
nodes size and it is shifted over HF base-band as overlapped and 27
sub-bands occur in the HF base-band. Then, this process has been
repeated for a window with 11 nodes. Thus we have obtained 22
sub-bands over HF base-band. It is explained mathematically as

n+18+ww
HE, = > Ew, (6)

Jj=n+19

where HF,, is nth sub-band over HF base-band.

We have designed a MLPNN with three-layers in order to deter-
mine dominant sub-bands which consist of consecutive nodes. This
network involves an input layer with one neuron, one hidden layer
with 10 neurons, and output layer with one neuron. Energy values
of these sub-bands are determined and applied to input of MLPNN
as one by one. Various back propagation algorithms (Hu & Hwang,
2002; Lera & Pinzolas, 1998; Wook et al., 2002) have been applied
for the training process. Among all results, the best one to update
weights and bias values of the network is obtained by using Leven-
berg-Marquardt (LM) algorithm.

Target values have been selected as total energy values of inter-
ested base-bands in order to determine efficiency of a narrower
band over interested base-band. This selection is used for both

Selected

Sub-Band =
=% Farget
Selection of MLPNN <: 5
J T Values
AdTes Teaining :: > for Base-Band
Selected
Sub-Band
Selection of Trained
Nodes MLPNN
DECISION

Fig. 2. The outline of proposed method.
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Table 1
Training and test accuracy of sub-bands selected over LF and HF base-bands (ww =3 for LF and ww = 6 for HF).
Sub-bands Base-bands Frequency range (Hz) Training accuracy (%) Test accuracy (%)
VTA Normal VTA Normal
LF; LF base-band [0.0390625-0.0625] 70.6 85.3 64.2 82.1
LF, [0.046875-0.0703125] 66.2 85.3 65.7 68.7
LF; [0.0546875-0.078125] 86.8 94.1 71.6 85.1
LF, [0.0625-0.0859375] 70.6 92.6 61.2 74.6
LFs [0.0703125-0.09375] 73.5 85.3 59.7 82.1
LFs [0.078125-0.1015625] 60.3 89.7 55.2 82.1
LF; [0.0859375-0.109375] 64.7 85.3 55.2 79.1
LFs [0.09375-0.1171875] 721 85.3 62.7 79.1
LFs [0.1015625-0.125] 67.6 85.3 67.2 74.6
LFio [0.109375-0.1328125] 63.2 88.2 53.7 71.6
LFy4 [0.1171875-0.140625] 853 83.8 62.7 71.6
LFi2 [0.125-0.1484375] 485 88.2 38.8 71.6
LFi3 [0.1328125-0.15625] 721 86.8 47.8 59.7
HF, HF Base-band [0.15625-0.203125] 83.8 75 53.7 53.7
HF, [0.1640625-0.2109375] 779 75 55.2 61.2
HF; [0.171875-0.21875] 83.8 721 50.7 64.2
HF. [0.1796875-0.2265625] 83.8 75 50.7 61.2
HFs [0.1875-0.234375] 89.7 75 522 433
HFs [0.1953125-0.2421875] 85.3 73.5 53.7 58.2
HF; [0.203125-0.25] 86.8 80.9 53.7 59.7
HFs [0.2109375-0.2578125] 721 88.2 56.7 62.7
HFs [0.21875-0.265625] 66.2 83.8 50.7 59.7
HFi0 [0.2265625-0.2734375] 76.5 86.8 56.7 61.2
HFy; [0.234375-0.28125] 76.4 91.2 62.7 64.2
HF» [0.2421875-0.2890625] 64.7 86.8 50.7 65.7
HF3 [0.25-0.296875] 574 824 47.8 56.7
HF 4 [0.2578125-0.3046875] 66.2 86.8 478 58.2
HF;5 [0.265625-0.3125] 61.8 80.9 44.8 55.2
HF5 [0.2734375-0.3203125] 58.8 794 40.3 58.2
HF;7 [0.28125-0.328125] 64.7 779 493 61.2
HFig [0.2890625-0.3359375] 63.2 86.8 448 59.7
HF;s [0.296875-0.34375] 61.8 89.7 50.7 59.7
HF,0 [0.3046875-0.3515625] 64.7 83.8 493 62.7
HF»; [0.3125-0.359375] 61.8 824 433 64.2
HF>; [0.3203125-0.3671875] 61.8 824 52.2 55.2
HF>;3 [0.328125-0.375] 721 86.8 50.7 56.7
HF24 [0.3359375-0.3828125] 69.1 91.2 67.2 53.7
HF>s [0.34375-0.390625] 70.6 94.1 62.7 67.2
HF»5 [0.3515625-0.3984375] 60.3 83.8 50.7 55.7
HF»; [0.359375-0.40625] 63.2 91.2 53.7 58.2
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VTA episodes and normal episodes. In other words, target values
for LF and HF sub-bands are total energy values of LF and HF

base-bands, respectively.

6. Simulation results

As a result, after WPT and MLPNN processes, the effects of sub-
bands over LF and HF base-bands are listed in Table 1 for LF sub-

Table 2
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bands for a window with three nodes and HF sub-bands for a win-
dow with six nodes according to MLPNN training and test accuracy

for normal and VTA datasets. These values are shown in Figs. 3 and
4, respectively.

It is clear that an efficient sub-band over base-band LF and HF
can not be defined for VTA and normal data. LF sub-band accuracy
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HF sub-bands

Training and test accuracy of sub-bands selected over LF and HF base-bands (ww =6 for LF and ww = 10 for HF).

values are stabile for normal dataset. Both of train and test accu-
racy values obtained from VTA are lower than normal datasets

Sub-bands Base-bands Frequency range (Hz) Training accuracy (%) Test accuracy (%)
VTA Normal VTA Normal

LF, LF Base-band [0.0390625-0.0859375] 89.7 97.1 74.6 91.1
LF> [0.046875 -0.09375] 83.8 91.2 82.1 86.6
LF; [0.0546875-0.1015625] 77.9 100 76.1 89.6
LF, [0.0625-0.109375] 60.3 94.1 58.2 85.1
LFs [0.0703125-0.1171875] 79.4 95.6 71.6 82.1
LFs [0.078125-0.125] 72.1 92.6 74.6 80.6
LF; [0.0859375-0.1328125] 58.8 91.2 70.2 82.1
LFs [0.09375-0.140625] 63.2 91.2 65.7 74.6
LFs [0.1015625-0.1484375] 72.1 86.8 71.6 76.1
LFio [0.109375-0.15625] 76.5 92.6 65.7 73.1
HF,; HF Base-band [0.15625-0.2421875] 86.8 824 58.3 61.2
HF, [0.1640625-0.25] 91.2 80.9 61.2 56.7
HF; [0.171875-0.2578125] 86.8 95.6 53.7 70.2
HF4 [0.1796875-0.265625] 86.8 824 58.2 70.2
HF5 [0.1875-0.2734375] 91.2 88.2 58.2 71.6
HFs [0.1953125-0.28125] 88.2 91.2 64.2 73.1
HF;, [0.203125-0.2890625] 83.8 94.1 70.2 74.6
HFg [0.2109375-0.296875] 75 86.8 67.2 80.6
HFq [0.21875-0.3046875] 63.2 89.7 55.2 73.1
HF o [0.2265625-0.3125] 64.7 89.7 55.2 70.2
HF 1, [0.234375-0.3203125] 64.7 92.6 55.2 68.7
HF [0.2421875-0.328125] 79.4 80.9 64.2 64.2
HF 5 [0.25-0.3359375] 55.9 85.3 448 62.7
HF 14 [0.2578125-0.34375] 57.4 91.2 46.3 62.7
HF 5 [0.265625-0.3515625] 55.9 88.2 433 59.7
HF 6 [0.2734375-0.359375] 60.3 85.3 418 58.2
HF;7 [0.28125-0.3671875] 66.2 88.2 46.3 61.2
HF s [0.2890625-0.375] 67.7 91.2 493 64.2
HF g [0.296875-0.3828125] 72.1 89.7 58.2 67.2
HF20 [0.3046875-0.390625] 64.7 95.6 53.7 64.2
HF2; [0.3125-0.15625] 57.4 95.6 62.7 65.7
HF 2, [0.3203125-0.40625] 75 97.1 55.2 64.2
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Fig. 5. Train and test accuracy values over LF base-band for VTA and normal datasets (ww = 6).

for LF. HF train accuracy values in between one and seven sub- normal datasets, when these sub-bands are investigated, any dom-
bands are higher than others. However, test values are not substan- ination effect has not been determined according to comparison of
tial and distribute arbitrarily. each other.

When a window with six nodes for LF and a window with 11 Comparison of training and test accuracy values over HF base-
nodes for HF have been used, train and test accuracy values ob- band for VTA and normal datasets are shown in Fig. 6 as
tained using MLPNN for VTA and normal datasets are listed in Ta- graphically.
ble 2. While HF, and HFs sub-bands have the highest training accu-

Comparison of training and test accuracy values over LF base- racy value, HF; sub-band has the highest test accuracy value in
band for VTA and normal datasets are shown in Fig. 5 as VTA datasets. Although first seven sub-bands have the highest
graphically. training accuracy values, HFg and HF; sub-bands present high test

While LF; sub-band has the highest training accuracy value, LF, accuracy values. Besides, HFg has lower training value and high test
sub-band has the highest test accuracy value in VTA datasets. In value. So, HFg, HF; and HFg which involve 0.1953125-0.296875 Hz
this case, it is noted that LF;, LF, and LF; which contain frequency range are obtained as the most dominant frequency
0.0390625-0.1015625 Hz frequency range are the most dominant zone over the HF band. Accuracy values fairly decreases for other
sub-bands over the base LF band. Both training and test accuracy sub-bands.
values fairly decrease for other sub-bands for VTA datasets. How- Furthermore, it can be seen that, training and test performance
ever, training accuracy values in normal datasets are the almost can be changed by width of windows in Tables 1 and 2. Thus, the
similar to each other. Test accuracy values slightly decrease from dominant sub-bands can be determined according to accuracy val-
first LF sub-band towards last LF sub-band in normal datasets. In ues obtained from the proposed method. The application is carried
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out using two different window widths and considerable estima-
tion performance is obtained.

7. Conclusion

This study presents a method that provides new indexes for
VTA diseases. Traditional power spectral analysis using Fourier
transform propose wide frequency range measurements including
LF and HF base-bands. This study shows that some consecutive
sub-bands over LF and HF base-bands have lower energy values
than other sub-bands for VTA datasets.

When ww =3 for LF and ww =6 for HF is taken, a distinctive
sub-band has not been observed. Energy values on sub-bands for
normal dataset reflect similar features with respect to base-band.
Therefore, both of training and test accuracy values for normal
datasets are higher than VTA datasets. Training accuracy values
on HF sub-bands covering in between 1st and 7th sub-bands are
higher than the other HF sub-bands for VTA datasets. However, this
distinctive effect does not involve test accuracy values.

When we have selected ww = 6 for LF and ww =10 for HF and
test and train accuracy results are compared, domination of sub-
bands can be seen clearly. Consecutive LFq, LF; and LF5 sub-bands
including 0.0390625-0.1015625 Hz frequency range reflect the
most dominant zone over the LF base-band. Moreover sequential
HFs, HF; and HFg sub-bands which contain 0.1953125-
0.296875 Hz frequency range compose the most dominant zone
over the HF base-band. In normal datasets, distinctive domination
effect has not been found. All accuracy values of sub-bands are
usually similar. In addition, the system performance can be chan-
ged by width of windows. Hence, we can estimate dominant sub-
bands with optimum window width.

Furthermore, domination effect of sub-bands in between HF;3
and HF3; including 0.25-0.40625 Hz frequency range is very low
for VTA datasets. However, in normal datasets, training accuracy
values of these bands exhibit quite similar characteristic to each
other.

As a result, sub-band characteristic indicate remarkable alter-
ation in VTA episodes. By this means, next researches are not only
focused on LF and HF base-bands and also they can use more sub-
bands as pointers for different diseases. Next researches on HRV
analysis can be realized by using sub-bands which are proposed
as new indexes in this study. And also, the proposed method will
be pioneer of next studies for diagnosis and classifications of dis-
eases which are related to HRV signals.
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Acknowledgements

The research has been supported by the Research Project
Department of Akdeniz University, Antalya, Turkey. This study is
a part of studies held by Akdeniz University Industrial and Medical
Applications Microwave Research Center (IMAMWRC), signal and
image processing laboratory and University of Technology Zurich,
Department of R&D.

References

Acharya, U. R, Joseph, K. P., Kannathal, N., Lim, C. M., & Suri, J. S. (2006). Heart rate
variability: A review. Medical and Biological Engineering and Computing, 44,
1031-1051.

Addison, P. S. (2002). The illustrated wavelet transform handbook: Introductory theory
and applications in science, engineering, medicine and finance. IOP Publishing Ltd..

Bilgin, S., Colak, O. H., Koklukaya, E., & Ari, N. (in press). Efficient solution for
frequency band decomposition problem using wavelet packet for HRV. Digital
Signal Processing, doi:10.1016/j.dsp.2008.04.007.

Chen, S. W. (2002). A wavelet based HRV analysis for the study of nonsustained
ventricular tachycardia. IEEE Transactions on Biomedical Engineering, 49(7).
Goswami, J. C., & Chan, A. K. (1999). Fundamentals of wavelets theory, algorithms, and

applications. A Wiley Interscience Pub..

Hossen, A., Ghunaimi, B. A., & Hassan, M. 0. (2005). Subband decomposition soft-
decision algorithm for heart rate variability analysis in patients with
obstructive sleep apnea and normal controls. Signal Processing, 85, 95-106.

Hu, Y. H., & Hwang, J. N. (2002). Handbook of neural network signal processing. CRC
Press.

Lera, G., & Pinzolas, M. (1998). A quasi-local Levenberg-Marquardt algorithm for
neural network training. In The 1998 IEEE International Joint Conference on Neural
Networks Proceedings IEEE World Congress on Computational Intelligence, 4-9
May 1998 (Vol. 3, pp. 2242-2246).

Malarvili, M. B., Mesbah, M., & Boashash, B. (2007). Time-frequency analysis of
heart rate variability for neonatal seizure detection. EURASIP Journal on
Advances in Signal Processing, 2007. doi:10.1155/2007/50396. Article ID:
50396, 10 p.

Mietus, J. E. (2006). Time-domain measures: From variance to pNNx. Boston: Beth
Israel Deaconess Medical Center, Harvard Medical School.

Misiti, M., Misiti, Y., Oppenheim, G., & Poggi, ]. M. (2002). Wavelet Toolbox for use
with MATLAB.

Morris, F., Edhouse, ]., Brady, W. J., & Camm, ]. (2003). ABC of clinical electro-
cardiography. London: BMJ Books.

Shafqat, K., Pal, S. K., Kumari, S., & Kyriacou, P. A. (2007). Changes in heart rate
variability in patients under local anesthesia. In Proceedings of the 29th annual
international conference of IEEE EMBS, Lyon, France.

Task Force of the European Society of Cardiology and The North American Society of
Pacing and Electrophysiology (1996). Heart rate variability - standards of
measurement, physiological interpretation, and clinical use. Circulation, 93 (5)
1043-1065.

Wook, P. ]., Harley, R. G., & Venayagamoorthy, G. K. (2002). Comparison of MLP and
RBF neural networks using deviation signals for on-line identification of a
synchronous generator. In IEEE power engineering society winter meeting (Vol. 1,
pp. 274-279), 27-31 January 2002.



Fibromiyalji Sendromunda, Yapay Sinir Aglar1 ve Dalgacik Paket
Doniisiimii Kullamlarak Kalp Hizi1 Degiskenligi ile BAI Psikolojik Test
Skorlarimin iliskilendirilmesi

Correlation of BAI Psychological Test Scores with Heart Rate Variability
Using Wavelet Packet Transform and Artificial Neural Networks in
Fibromyalgia Syndrome

Siileyman Bilgin' Omer H. Colak’ Giirkan Bilgin® Ozhan Ozkan®  Sedat Yildiz’
Etem Kokhikaya®

1. Miihendislik Fakiiltesi, Elektrik-Elektronik Miihendisligi Boliimii

Akdeniz Universitesi
{suleymanbilgin,omercol } @akdeniz.edu.tr

2. Burdur Meslek Yiiksekokulu Endiistriyel Elektronik Boliimii

Mehmet Akif Ersoy Universitesi
gbilgin@mehmetakif.edu.tr

3. Miihendislik Fakiiltesi, Elektrik-Elektronik Miihendisligi Boliimii

Sakarya Universitesi
{ekaya, ozhan}@sakarya.edu.tr

4. Tip Fakiiltesi, Fizik Tedavi ve Rehabilitasyon Boliimii

Siileyman Demirel Universitesi
syildiz@med.sdu.edu.tr

Ozetce

Fibromiyalji sendromu (FMS) daha ¢ok bayanlarda
rastlanan yaygin agri seklinde gériilen kronik kas ve
iskelet sistemi hastaligidwr. Kalp Hizi Degiskenligi
(KHD), Elektrokardiyogram (EKG) isaretlerinde ardisik
her bir QRS arasindaki mesafenin zaman olarak
olciilmesiyle elde edilen isaretlerdir. KHD parametreleri
yapilan ¢alismalarda otonom sinir sistemi ile birebir
iliskilendirilmektedir. Psikolojiyi de etkileyen FMS de,
etkilenme boyutunun anlasilabilmesi icin hastalara bir
takim psikolojik testler uygulanmaktadir. Yazili ve sozlii
olarak yapilan bu testlerden Beck Anksiyete Envanteri
(BAI), 21 sorudan olusan bir testtir. Calismada, FMS’li
hastalardan ve kontrol grubundan alinan KHD isaretleri
Dalgacik Paket Doniisiimii (DPD) uygulanarak dalgacik
paketlerine ayrilmis ve literatiirde otonom sinir sistemi
ile iliskilendirilen frekans bantlart ¢alisma kapsamina
almmugtir. Bu frekans bantlarimin kapsadigi dalgacik
paketleri, giris parametreleri olarak ¢ok katmanl
perseptron  yapay  sinir  aglarmma (CKPYS4)

uygulanmistir. BAI psikolojik test skor degerleri hedef

alinarak egitilmis ve test edilmistir. Elde edilen skorlara
gore, ¢ok algak frekans (CAF)band: kapsaminda bulunan
dalgacik paketleri iliski gostermezken, algak frekans +
yiiksek frekans (AF+YF) en iyi iliskiyi gostermektedir.
Yapilan ¢alisma, psikolojik test skorlari ile psikolojik
etkinligin olgeklenmesinin yapildigi klinik ¢alismalara,
fizyolojik bir destekle ¢oziim sunmayt hedeflemektedir.

Anahtar kelimeler: Fibromiyalji sendromu, Kalp hizi
degiskenligi, Dalgacik paket doniisiimii, yapay sinir
aglar

Abstract

Fibromyalgia syndrome which is appeared in the form of
common pain in women is a musculoskeletal disorder.
Heart rate variability (HRV) is a signal as measured time
between each successive QRS time obtained from ECG
signal. HRV parameters are associated with autonomic
nervous system in literature. FMS affects patient’s
psychology. Consequently some psychological tests are
applied to patients for evaluation of psychological effects.
Beck Anxiety Inventory (BAI) Test being applied as
writing and speaking is a test consisting of 21 questions.
In the study, HRV signals obtained from FMS patients
and control group are decomposed into wavelet packets
using Wavelet Packet Transform (WPT) and frequency
bands which related to autonomic nervous system are
included to study. Wavelet Packets within these frequency
bands are applied to inputs of multilayer perceptron
artificial neural networks (MLPNN). BAI psychological
test scores are included as target values for MLPNN and
each input is trained and tested as relating to target
values. According to obtained accuracy values, the
packets within Very Low Frequency (VLF) band has
minimum accuracy values, however the packets within
Low Frequency + High Frequency (LF+HF) has the best



accuracy values. This study is targeted on presenting a
solution for clinical studies which are evaluated using
psychological test scores by physiological support.

Keywords:  Fibromyalgia  syndrome,  heart rate
variability, wavelet packet transform, artificial neural
networks

1. Giris

Fibromiyalji sendromu (FMS), daha cok bayanlarda
rastlanan, yaygin agri seklinde hissedilen, uyku
diizensizligi, yorgunluk gibi belirtilerin de eslik ettigi
kronik kas-iskelet sistemi hastaligidir [1]. FMS iizerine
yogunlagilan ¢alismalarda, FMS'in otonomik fonksiyon
bozukluklari ile iliskili oldugu gozlemlenmistir. Kalp hiz
degiskenliginin (KHD) analizi otonom sinir sistemi
aktivitesini noninvazif olarak dlgmeye olanak saglar.
Ozgdcmen ve arkadaslari, FMS’li hastalar {izerinde
yaptiklar1 caligmada, KHD nin otonomik disfonksiyonu
gostermede yardimci  bir tan1  gOstergeci olarak
kullanilabilecegini belirtmistir [2]. Hassett ve ekibi, 12
fibromiyalji hastasi {izerinde, KHD biyofeedback
yontemini kullanarak yaptiklari bir ¢alismada KHD nin
tedavide de kullanilabilecegini gostermistir [3]. FMS’de,
yaygin agrinin uzun siirmesi, yaygin ve onemli ruhsal
sorunlara yol agabilmektedir [4].

FMS’deki bu ruhsal sorunlarmn dl¢iisiiniin anlasilabilmesi
icin klinik ¢aligmalarinda bazi psikolojik test 6lgeklerine
gereksinim duyulmaktadir. Bunlardan Beck Anksiyete
Envanteri (BAI) FMS’li hastalarda sik gozlemlenen bir
semptom olan anksiyetenin siddetini sayisal olarak
degerlendirmede kullanilan bir 6l¢ektir. BAI, anksiyetede
goriilen belirtileri 6lgen bir envanterdir. Beck ve
arkadaslar1 tarafindan 1988’de gelistirilen bu 6lgegin,
tilkemizde gecerlilik ve giivenilirlik ¢alismasi, 1998 de
Ulusoy ve ekibi tarafindan yapilmistir [5,6]. BAIL, 21
sorudan olusur. Sorulardan elde edilen skorlarin toplamu,
Beck Anksiyete Envanteri skorunu verir. Toplam skor 0-
63 arasinda degisir. Toplam puan ne kadar yiiksekse
kisinin anksiyete diizeyi de o kadar yiiksektir.

KHD, Elektrokardiyogram (EKG) {izerinde ardisik
QRS kompleksleri arasindaki zaman farkinin, kalp vurus
sayisina gore degisimini gdsteren isarettir. Yapilan
caligmalarda, KHD sinyali genellikle OSS (Otonom Sinir
Sistemi) ile iliskilendirilmektedir. Zaman tanim alaninda
istatistiksel metotlarla analiz edilebilen KHD isaretleri,
frekans tanim alaninda da incelenebilmektedir. Frekans
tanim alani incelemelerinde, Dalgacik Paket Doniigiimil
(DPD), ozellikle ¢ok algak frekanslarda Fourier
Analizlerine gore daha iyi sonuglar sergileyebilmektedir
[7].

KHD isaretlerinin frekans analizleri siniflandirma
acisindan biiyiik 6nem tagimaktadir. Dolayisiyla, daha
kiigiik frekans araliklarinda farkli biiyiikliik gosteren
enerji degerlerinden yola ¢ikarak FMS’de alinacak KHD
sinyallerinin ~ BAI  psikolojik  test skoru ile
iliskilendirilmesi yazil1 ve sozli olarak gergeklestirilen bu
psikolojik testler igin yeni bir fizyolojik iliski ortaya
¢ikaracaktir.

KHD, genel olarak ii¢ farkli frekans bdlgesinde
tanimlanmaktadir. Bu bolgeler, Cok Algak Frekans
(CAF) bolgesi (0,003-0,04 Hz), Alcak Frekans (AF)
bolgesi (0,04-0,15 Hz) ve Yiiksek Frekans (YF) bolgesi
(0,15-0,4 Hz) olarak tanimlanmaktadur [8].

Calismada, DPD kullanilarak her ana frekans bandi
icinde dalgacik paketleri olusturuldu ve olusturulan

dalgacik paketleri ¢ok katmanli perseptron yapay sinir
aglart (CKPYSA) girisine uygulanarak ¢ikista hedef
degerler olarak BAI degerleri atantyor. Olusturulan YSA
yapist ile KHD isaretleri ve BAI degerleri
iliskilendiriliyor.

2. Metot

2.1. Veri Hazirlama

Caligma, Siileyman Demirel Universitesi Tip Fakiiltesi
Fizik Tedavi ve Rehabilitasyon (FTR) anabilim dalindan
alinan verilerle gergeklestirilmistir. Veri tabaninda 52
FMS’1i hasta ve 27 kontrol grubu olmak iizere toplam 79
kisiden alinan KHD verileri mevcuttur. Her bir KHD
isareti 10 dakikalik kisa kayitlardir. Hastalar ve kontrol
gruplar dzellikle kalp aritmisi ve kalp problemi olmayan
kisilerden segilmislerdir.

Elde edilen KHD isaretleri, zaman eksenine ¢evrilip
spektral analizler icin 4 Hz 6rnekleme frekansinda kiibik
egri interpolasyon yontemi ile yeniden orneklenmis ve
DPD i¢in uygun bir isaret haline getirilmistir.

2.2. Genel Bakis

Caligma ana hatlar1 agisindan,

e KHD verilerinin Hasta ve kontrol grubundan
alinmasi,

e Verilerin Kiibik Egri Interpolasyonu ile 4 Hz de
yeniden 6rneklenmesi,

e FElde edilen isaretlerin 9 seviyede db4
Daubechies dalgacigi ile DPD’ne ayrilmasi,

e DPD sonrast elde edilen dalgacik paketlerinin
CKPYSA girislerine uygulanarak, ¢ikista elde
edilecek BAI degerlerine hedeflendirilmesi,

e FElde edilen Egitme ve Test degerlerinin
dogruluklarmin karsilastirilmas: ve en yiiksek
dogruluk degerlerinin kaydedilmesi,

Seklinde ozetlenebilir. Elde edilen dogruluk degerleri
hangi frekans araliginin BAI ile daha iliskili oldugunu
ortaya koymaktadir. Caligmanin temel semasi sekil 1°de
gosterilmistir.

KHD

isareti
& (% 1. Seviye DPD
2. Seviye DPD

X\ 9. Seviye DPD

L i l DP Segimi (CAF, AF, YF,
AF+YF, CAF+AF+YF)

CKPYSA Giris Katmani (CAF,
AF, YF, AF+YF, CAF+AF+YF)

CKPYSA Ara
Katman

CKPYSA Cikis Katman
(BAI Test Skorlarr)

Sekil 1: Calismanin temel semast



2.3. Dalgacik Paket Doniisiimii (DPD)

DPD’de, 2J uzunlugunda iki filtre ele alinirsa, A(k) ve
g(k), yiksek geciren ve algak gegiren filtre katsayilart
olarak uygulanmaktadir. Bu durum ele alinacak olursa
(W), j=0,1,2,... durumunda), DPD igin, al¢ak gegiren

(W, 4l (t)) ve yiksek gegiren filtreler W, j (t)) su

sekilde tanimlanabilir,

2J-1

W, () =~N2 Y hW, 2t k) ()

2J-1

Wy n@)=2> gk, -k) @

Buradaki W(t)= ¢(1) Olgekleme fonksiyonunu ifade

ederken, W,;(t)= l//(l‘) ise dalgacik fonksiyonunu

simgelemektedir.
Eger, W;(t) fonksiyonu ii¢ indeksli olarak diisiiniiliirse,

W, .(O)=2""W,27"t—n) 3)

Burada, j € N , (m,n)e Z? dir ve j, her bir
seviyedeki diigiim indeksini, n, zaman ekseninde
kaydirma parametresini ve m ise dlgekleme parametresini
ifade etmektedir.

Gergeklestirilen DPD’de, her bir diigiim igin efektif
enerji degerleri denklem 4’deki gibi hesaplanir.

= 2
Wrms.m,j = WZ‘Wm/(k)‘ “)
k=0

Burada w,, ;(k), m. Seviyenin j. Diiglimiindeki paketi, &
ise her bir diigiim igindeki veri sayisin1 gostermektedir.
DP doniisiimiiniin frekans karakteristigi ise,

j+1
2m+1

Ju= /s (5)

Olur. Burada, f,, her diigiimiin {ist kesim frekansidir. £; ise
isaretin ornekleme frekansidir.

Kontrol grubu ve FMS’li hastalardan alinan toplam 79
adet KHD sinyalinin her birinin frekans ayrisimimnimn daha
net goriilebilmesi igin 9 seviyede ayristirilmistir. YSA
yapisi girisine de uygulanarak yapilan diger dalgaciklarla
karsilastirildiginda en iyi performansin db4 dalgacig ile
ortaya ¢iktig1 gézlemlenmistir.

2.4. Cok Katmanh Perseptron Yapay Sinir Aglar

DPD’den elde edilen dalgacik paketleri olusturulduktan
sonra her bir ana frekans CAF, AF, YF, AF+YF,
CAF+AF+YF Dbantlarinin  kapsadigi  tim  dalgacik
paketleri ayri ayrt CKPYSA modeli i¢inde girisler olarak
uygulanmigtir. CKPYSA c¢ikisinda ise hedef degerler,
BALI test skorlarini yansitmaktadir. BAI test skorlart iki
ana siifa ayrilmistir. 0-15 skor arasindaki BAI skorlari
BAI s1 “diigiik” olarak, 15 ve 39 skorlar1 ise “yiiksek”

skor olarak CKPYSA hedef degerlerine yansitilmustir.
Girisine uygulanan diigiim sayisina gore degiskenlik
gosteren noron sayisina sahip girig katmani, 10 néronlu
gizli katman ve 1 ndronlu ¢ikis katmanindan olusan
CKPYSA 60 egitme ve 19 test verisine sahiptir. Elde
edilen alt bantlar dahilindeki dalgacik paketleri CKPYSA
girisine ayr1 ayr1 uygulanmaktadir. Farkli geri yayilim
algoritmalar1 ile test edilen YSA yapist Levenberg
Marquardt (LM) algoritmasi ile en iyi sonucu vermistir
[9,10].

3. Simiilasyon Sonuclari

Olusturulan CKPYSA yapisinda, ilk olusturulan agda
CAF band: i¢inde kalan dalgacik paketleri YSA girisine
uygulanmigtir. CAF bandi altinda sadece 3 adet dalgacik
paketi bulunmaktadir. Dolayisiyla CKPYSA girisi 3
girigli bir YSA modeli, 10 néronlu bir gizli katman ve
hedef noktada, 2 kisma ayrilmig BAI kiimeleri seklinde
bir ¢ikis katmanindan olusmaktadir. 60 egitme verisi ve
19 test verisi ile yapilan testte % 90 egitme dogrulugu ve
% 57,895 test dogrulugu olarak oldukea diisiik bir sonug
gozlenmistir. Sirastyla AF, 19 girisli bir CKPYSA, YF,
49 girigli bir CKPYSA, AF+YF, 68 girisli bir YSA ve
son olarak CAF+AF+YF bolgesine dahil olan 71 dalgacik
digimii 71 girisli bir CKPYSA olusturmaktadir. Elde
edilen sonuglara gére AF ve YF bantlar1 altinda bulunan
diigiimlerin hepsinin CKPYSA girisi olarak uygulandig:
YSA yapisinda egitme dogrulugu ve test dogrulugu en
yiiksek degerler olarak saptanmistir. Tiim bantlar igin
egitme ve test dogruluklari tablo 1’de gosterilmektedir.

Tablo I: Tim bantlar altindaki dalgacik paketleri egitme
ve test dogruluklart

Secilen Egitme Test dogrulugu
Bantlar dogrulugu (%) | (%)

CAF 90 57,895

AF 100 57,895

YF 100 57,895

AF+YF 100 84,211
CAF+AF+YF | 100 63,158

4.Tartisma ve Sonuclar

Fizyolojik bir isaretin psikolojik bir test skoru ile
iliskilendirilmesi igin gergeklestirilen ¢aligmada, otonom
sinir sistemi ile degiskenlik gosterebilen KHD isareti
DPD ile ¢ok kiigiik frekans araliklarina boliinmiistiir. Bu
frekans araliklarinda en etkili diigiimler, AF ve YF
bantlar1 icinde bulunan diiglimlerdir. Bu diigiimlerin
diger diigiimlere gore, BAI psikolojik test skoru ile daha
iliskili oldugu g6zlenmistir. Bundan sonraki ¢alismalarda,
BAI skorlarmin daha derinden irdelenmesi ve skor
iizerinde uygulanacak kiimelesme sinir sartlarmin daha
keskin bi¢imde ayristirilmasiyla yakin zamanda sozel
veya yazili bicimde 6lgiilen psikolojik testlerin fizyolojik
olarak ta desteklenmesi yolunda Onemli ilerlemeler
kaydedilecektir.
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