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KISA OZET

Makine Ogrenmesi Yontemleriyle EKG Sinyallerinde Solunum Tespiti

Sona SEMSARI PARAPARI

Bu tez ¢alismasinda, "Makine Ogrenmesi Yontemleriyle EKG Sinyallerinde Solunum
Tespiti" bashigi altinda, uyku bozukluklarinin klinik tanisinda yalnizca tek kanalli
elektrokardiyogram (EKG) sinyalleri kullanilarak Obstriiktif Uyku Apnesi (OSA)
tespit edilmesi amaglanmistir.

Calismada kullanilan tek kanalli EKG sinyallerin 6n isleme siirecinde, giiriiltii ve
artefaktlarin giderilmesi amaciyla bant geciren filtre ve Savitzky-Golay filtresi
uygulanmistir. Ardindan, Pan-Tompkins algoritmasi kullanilarak R-tepeleri otomatik
olarak tespit edilmis ve R-R aralik zaman serisi elde edilmistir. Elde edilen R-tepeleri
ve On islenmis EKG sinyalleri kullanilarak EKG Tiirevli Solunum (EDR) sinyalleri ii¢
farkli formda (QRS Alan Varyasyonu, QRS Egimi ve R-Tepe Genligi) tiiretilmistir.
Daha sonra, R-R araliklar1 ve EDR sinyalleri kiibik spline enterpolasyonu ile 4 Hz
ornekleme frekansinda yeniden 6rneklenmistir.

Hem yeniden 6rneklenen sinyallerden hem 6n islenmis EKG’den ¢esitli 6znitelikler
cikarilmistir. Bununla birlikte, Stirekli Dalgacik Doniisimii (CWT) yontemi ile
Kardiyopulmoner Eslesme (CPC) hesaplanmistir. Bu baglamda, CPC matrisinden
CWT tabanli CPC o6znitelikleri ¢ikarilmigtir.

Son asamada, farkli formlarda elde edilen 6znitelikler kullanilarak rastgele ormanlar
makine dgrenmesi algoritmasi ile siniflandirma islemi gerceklestirilmistir. Oznitelik
secimi mMRMR yontemi kullanarak farkli durumlarda performans degerlendirmeleri
yapilmistir. Bu model, uyku esnasinda her bir dakika da apne durumu olup olmadigini
tespiti amaciyla uygulanmistir. En yiiksek basari tiim 6zniteliklerin birlikte kullanildigi
ve topK = 15 se¢iminin uygulandigi durumda elde edilmistir. Bu durumda, modelin
dogruluk degeri %88,99, duyarliligi 0,88 ve 6zgiilliigii 0,897 olarak Slgiilmiistiir.
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ABSTRACT

Respiration Detection in ECG Signals Using Machine Learning Methods

Sona SEMSARI PARAPARI

In this thesis study, titled “Respiration Detection in ECG Signals Using Machine
Learning Methods,” the aim was to detect Obstructive Sleep Apnea (OSA) using only
single-lead electrocardiogram (ECG) signals for the clinical diagnosis of sleep
disorders.

The single-channel ECG signals used in the study were preprocessed by applying a
band-pass filter and the Savitzky-Golay filter to eliminate noise and artifacts.
Subsequently, R-peaks were automatically detected using the Pan-Tompkins
algorithm, and the R-R interval time series was obtained. Based on the detected R-
peaks and preprocessed ECG signals, ECG-Derived Respiration (EDR) signals were
generated in three forms: QRS area variation, QRS slope, and R-peak amplitude. The
R-R intervals and EDR signals were then resampled at 4 Hz using cubic spline
interpolation. Various features were extracted both from the resampled signals and the
preprocessed ECG signals. Additionally, Cardiopulmonary Coupling (CPC) was
computed using the Continuous Wavelet Transform (CWT). In this context, CWT-
based CPC features were also derived from the CPC matrix.

In the final stage, classification was performed using the Random Forest machine
learning algorithm using different sets of features. Feature selection was conducted
using the mRMR method. The model was applied to identify the presence or absence
of apnea events on a per-minute basis during sleep. The highest performance was
achieved when all features were used together, with topK = 15. In this case, the model
achieved an accuracy of 88.99%, a sensitivity of 0.88, and a specificity of 0.897.
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