






deciding, whether these events were incidents of severe 
snoring or have a different background. 

 

 

Fig. 1. ROC curve - normal breathing vs. all observed 
events. Area Under Curve = 0, 99453. Cut off point - 
0.37.   

 

 

Fig. 2. ROC curve - severe snoring vs. all other observed 
events. Area Under Curve = 0,99025. Cut off point - 0.35.   

 
4.  Summary 

The measurement of breathing through simultaneously 
acquired acoustic and ECG signals was used to quantify 
the respiratory obstruction during sleep and discriminate 
the source of such events. In the case of patients 
described in the study, it can be observed that selected 

acoustic and ECG parameters are changing in the 
presence of breathing events. Statistical analysis of ROC 
curves yielded very good results with visible strong 
association between parameters. This suggests the 
proposed parameters have a very high predictive value in 
differentiating causes and severity of respiratory events 
during sleep. Results can be used as an introduction for 
designing a system for automatic analysis of breath based 
on acoustic and cardiac parameters and show perspectives 
in use of data mining, i.e. random forests [9, 10]. 

  
References 

[1]  De Torres-Alba F et al. Obstructive sleep apnea and 
coronary artery disease: from pathophysiology to clinical 
implications. Pulmonary Medicine Volume 2013, Article 
ID 768064.  

[2]  Javad HA, et al. Correlation between obstructive sleep 
apnea syndrome and cardiac disease severity. 
Cardiovascular Psychiatry and Neurology 2014, Article ID 
631380. 

[3]  Canisius S, V Gross TP, Jerrentrup A, Penzel T, Kesper K, 
Detection of sleep disordered breathing by automated ECG 
analysis. In 30th Annual International IEEE EMBS 
Conference, Canada. 2008: 2602-2605. 

[4]  Duchna HW. Sleep-related breathing disorders. Second 
edition of the International Classification of Sleep 
Disorders (ICSD-2) of the American Academy of Sleep 
Medicine (AASM)]. Pneumologie 2006. 60: 568-75. 

[5]  Azarbarzin A, Moussavi ZMK. Automatic and 
unsupervised snore sound extraction from respiratory sound 
signals. IEEE Transactions on Biomedical Engineering, 
2011; 58: 1156-1162. 

[6]  Karunajeewa AS, Abeyratne UR, Hukins C. Silence-
breathing-snore classification from snore-related sounds. 
Physiological Measurement 2008; 29: 227-243. 

[7]  Penzel T, et al. Systematic comparison of different 
algorithms for apnea detection based on electrocardiogram 
recordings. Med Biol Eng Comput 2002; 40: 402-7. 

[8]  Maier C, Laguna P. Amplitude variability extraction from 
multi-lead electrocardiograms for improvement of sleep 
apnea recognition. Computers in Cardiology 2005. 

[9]  Glowacz A. Diagnostics of induction motor based on 
analysis of acoustic signals with the application of 
eigenvector method and K-nearest neighbor classifier. 
Archives of Metallurgy and Materials 2012;57:403-407. 

[10] Schapire RE. Random forests. Machine Learning 2001;45 5–
32.  

  
Address for correspondence. 
Klaudia Proniewska, MSc 
AGH University of Science and Technology 
Room C3-204 
30 Mickiewicza Av. 
30-059 Krakow, Poland 
Tel: +48 12-617-43-70 
Email:klaudia.proniewska@agh.edu.pl 
klaudia.proniewska@gmail.com  

T
ru

e 
P

os
iti

ve

S
en

si
tiv

ity

T
ru

e 
P

os
iti

ve

S
en

si
tiv

ity

156




