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Abstract
Respiration monitoring plays a very important role in patient diagnosis. Regular monitoring
of respiration is necessary for detecting the presence any kind of physiological instability and
chronic illness. Several techniques are used for respiration monitoring and pulmonary disease
detection. But these methods often show some difficulties in application. In this background,
ECG derived respiration (EDR) can be an alternative tool for respiration measurement, as the
effect of respiration on electrocardiogram (ECG) is already established by researchers. In this
study, twenty normal subjects were taken and divided into two subgroups- subjects without any
kind of symptoms and subjects with symptoms like cold, cough, allergy etc. Three features were
extracted based on the respiration pattern difference from both original respiration and EDR
signal and a comparative analysis was done in between them.
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1. Introduction
The measurement of respiration is very crucial for patient monitoring as it is a major and
earliest indicator of physiological instability [1]. Sudden and abnormal changes in respiration rate
often indicates serious adverse events [2,3]. Therefore, respiration should be monitored routinely
in case of both healthy and sick people to prevent further deterioration and sudden ICU admission
[4,5]. In addition to this, the number of patients affected in various lung diseases are alarmingly
increasing [6] The morbidity and mortality rate due to lung diseases become alarmingly
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increasing [7, 8]. However, most of the time respiration signal is neglected compared with the
other vital signs in routine check-up [2]. Some of the main reasons include lack of awareness
about importance of respiration measurement and unavailability of accurate and unobtrusive
respiratory monitor [9]. Available methods like spirometry, body plethysmography,
pneumography, chest belts, nasal probe and various lung imaging techniques (X-ray, CT scan
etc.) are often used in respiration monitoring and abnormality detection [10-13]. But these
methods sometimes exhibit error in measurement due to some reasons like lack of trained
technician, high patient effort dependency, presence of noise etc. [3]. Apart from all these
conventional methods some new technologies are also developed [9, 15, 16]. ECG derived
respiration is another well accepted method for respiration monitor after researchers found the
effect of respiration on cardiac activity [17-19]. Electrical axis of heart changes due to cardiac
movements during inspiration and expiration [20]. Another effect of respiration on heart is called
Respiratory Sinus Arrhythmia (RSA) due to which R-R interval decreases during inspiration and
increases during expiration [21]. Based on these effects of respiration on heart, several algorithms
are developed to produce EDR signal [22-24].
In this study, two different subject groups were included in study population. Subjects from
one group were completely healthy without any symptoms present, whereas, subjects from
another group had symptoms like cold, cough, etc. Both ECG and respiration signals were
collected simultaneously and EDR signal was extracted from the ECG. Three different features
were extracted from both the original respiration signal and from the extracted EDR signal.
Feature values extracted from both the signals were compared and the statistical significance was
analysed.

2. Method
The study was done based on data collection of subjects followed by pre-processing of
original signals, extraction of EDR signal and feature extraction as described next.

2.1 .Data collection of subject
ECG and respiration signal were recorded simultaneously from real-time subjects using a
data acquisition device called MP-45, by Biopac Systems Inc. [25]. ECG and respiration signals
were collected using a lead II single-channel ECG and a respiratory effort transducer tied across
the chest of the subject while the subject was resting at supine position. Both ECG and respiration
signals were recorded at a sampling frequency of 1000 Hz for the duration of 300 seconds. The
respiration signal acquired from the chest belt was used as the original respiration signal in the
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study. All real-time data were collected as per the study protocol approved by Institutional Ethics
Committee of the Institute of Pulmocare and Research and further study work was carried out in
the Biomedical Data Acquisition and Processing Laboratory of Department of Applied Physics,
University of Calcutta. Only the subject giving written consent was sent for medical history
check-up. Each subject was evaluated by spirometry testing as per the ATS guideline [26] and a
physical examination was taken place by the chest specialists prior to the enrolment. The subjects
were included only if their spirometric values were normal. A total of twenty subjects were
included in the study population. Ten of them are completely healthy without any symptom
present, whereas, another ten subjects presented mild symptoms like sneeze, cold, cough, etc.
during the time of data collection. The subjects having any kind of cardio-pulmonary diseases
and the subjects taking steroids were excluded from this study. The details of the two subject
groups are shown below in table 1.
Table 1: Details of two subject groups
Subject
Normal subject without any
symptom (N)
Normal subject with
symptoms like cold, cough,
etc. (NS)

Number of
subjects

Age
(Mean±SD)

Male:Female
ratio

BMI
(Mean±SD)

10

44.5±4.02

1:1

22.88±1.9

10

46.9±7.47

1:1

22.17±4.22

2.2 . Pre-processing of original signals
Both ECG and respiration data were taken for eighty seconds time duration for further processing
of signals. A second order bandpass Butterworth filter was used to remove noises from the ECG
signal. After denoising the ECG signal was normalized to unity and a sliding window with
window length of 2 sec. was used on that normalized signal. A threshold was applied on the
signal before passing another sliding window with window length of 500 msec. Finally R peaks
were identified from the selected peaks with maximum amplitude within the selected window.
The amplitude of the selected R-peaks were calculated and plotted against the baseline.
Corresponding respiration signal was also filtered using a 2nd order Butterworth filter to remove
the external noises without hampering the respiration information present in the signal.
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2.3 . Extraction of EDR signal
The influence of respiration that modulates the heart rate (RSA) has been established for many
years. The electrical axis of heart changes due to the expansion and contraction of lungs during
breathing in and out respectively. As a result the lung impedance changes with the change in lung
volume [27]. The change in thoracic impedance also affects the RS amplitude of ECG signal
where the amplitude increases during expiration and vice versa.
Various algorithms were developed so far for extraction of EDR signals based on the effects of
respiration on cardiac activity [20,23]. For this study, we have used R peak amplitude variation
method for EDR extraction.
Previously detected R-peaks were interpolated for constructing EDR signal. Cubic spline
interpolation was used here to create EDR waveform similar to the original respiration signal
[28]. If the original data set, hk  f ( xk ), where k  0,1,2,3,..., n  1, then the cubic-spline
interpolation output within a specific interval of [ y k , y k 1 ], can be written as,
h  Ahk  Bhk  1  Ch k''  Dhk''  1

(1)

The coefficients are shown as below.
y y
1
1
A  k 1
, B  1  A, C  ( A3  A)( y k 1  y k ) 2 , D  ( B 3  B)( y k 1  y k ) 2
y k 1  y k
6
6

2.4 . Feature extraction
Respiration is one of the most important vital sign. Sometimes respiration plays a major role
in early detection of physical instability [29]. Respiration pattern of normal healthy people varies
from those with any type of lung disease or having any chronic disorder. During data collection,
we have noticed that the respiration pattern also differs in case of normal subjects having cough,
cold, allergy etc. from those subjects without having any kind of symptoms present. Based on this
three different features were extracted from both original respiration signal and extracted EDR.

2.4.1 Area ratio
Peak detection algorithm was used to detect the corresponding locations of the starting point,
peak and ending point (as shown in figure 1) within a cycle. A reference point, opposite to the
peak, was taken against the baseline. Using the locations of start point, peak and reference point
inspiration area was calculated, whereas, expiration area was calculated using the locations of
peak, reference point and end point. Area ratio (Ar) was calculated using equation 2 for each
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cycle (both respiration and EDR) and the final area ratio was calculated by taking the average
from five randomly chosen cycles (both EDR and respiration).

Ar 

Expiration area
Inspiration area

(2)

Figure 1: The starting point, peak and ending point of a respiration cycle are shown in this figure

2.4.2 Time ratio
Before calculating time ratio, inspiration time and expiration time were computed and time ratio
(Tr) was calculated using the following formula,

Tr 

Expiration time
Inspiration time

(3)

The whole procedure was done for five consecutive times and the average time ratio was taken
finally.

2.4.3 Respiration rate
Respiration rate (RR) is actually the total number of respiration cycles present within one minute.
In this study respiration rate was calculated in case of original respiration signal as well as from
the extracted respiration signal from ECG. The time duration between two consecutive peaks was
computed and RR was estimated using equation 4.

RR 

60
Time duration between two con sec utive peaks

(4)

After extracting the features from both the signals, the statistical significance of the feature sets
were analysed using the student t-test.

3. Result
Twenty subjects, divided into two groups, were included in the study population. None of
them were smoker or under any medication or having any kind of chronic disease. The extracted
EDR waveform was compared graphically with the original respiration waveform for each
subject as shown in figure 2.
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Figure 2: A) Original respiration signal and B) EDR signal of subject from both N and NS group
It can be clearly seen that the respiration pattern varies between two subject groups (figure 2A),
whereas, the EDR signal pattern does not differ much from one group to another (figure 2B). The
calculated feature values for both EDR and respiration signals are shown in table 2 and the pvalues calculated for each feature are shown in table 3.
Table 2: Features extracted from EDR and original respiration signal
Subject
group

EDR
area
ratio

Respiration
area ratio

EDR
time
ratio

Respiration
time ratio

*RR
extracted
from EDR

RR extracted
from original
respiration signal

0.94

0.84

0.91

18.6

18.58

0.09

0.12

0.14

2.69

2.71

1.27

0.83

1.41

18.88

18.84

0.17

0.11

0.28

4.92

5.18

0.93
Average
Standard
0.13
deviation
0.85
Average
NS
Standard
0.07
deviation
*RR denotes Respiratory Rate
N

Table 2 shows that in case two features, area ratio and time ratio, the value calculated for N group
differs from that of NS group. But in case of respiration rate extracted from both the signals, the
value for NS group does not vary significantly from that of N group.
Table 3: Calculated p-values against each feature
Subject
group

p value calculated between
EDR area ratio and
respiration area ratio

p value calculated
between EDR time ratio
and respiration time ratio

p value calculated
between EDR RR and
respiration RR

N
NS

>0.1
<0.05

>0.1
<0.05

>0.1
>0.1

Table 3 shows the corresponding p-values calculated between the same feature set extracted from
two different signals. From the table it can be seen that, only p-value estimated for area and time
ratio for NS group show statistical significance (p<0.05), whereas, the other p-values remain
statistically insignificant (p>0.1).
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4. Discussion
Monitoring vital signs like ECG and respiration regularly is undoubtedly very important in
clinical field. Regular monitoring may help in early detection of cardio-pulmonary abnormalities.
Though it is very unfortunate that respiration remains neglected most of the time, compare to
ECG, as regular check-up. In this situation, EDR may be very helpful tool as it can monitor both
the signals at the same time. During the study, we observed that all the subjects showed normal
spirometry, but the respiration pattern of subjects with symptoms present varies from the
respiration pattern of those without any symptom present. The result also shows that the feature
values extracted from the original respiration for NS group varies from that of N group.

Conclusion
From the study it can be concluded that, EDR can be a better alternative for respiration
monitoring compare to conventional chest belt method. Further analysis can be done on bigger
dataset for clinical applicability.

Acknowledgement
The first author acknowledges the financial support obtained in the form of CSIR-SRF fellowship
provided by CSIR-HRDG, Government of India.

References
[1] A.R. Fekr, K. Radecka, & Z. Zilic, “Design and Evolution of an Intelligent Remote Tidal
Volume Variability Monitoring System in E-Health Application”, 2015, IEEE Journal of
Biomedical and Health Informatics, vol. 19, no. 5, pp. 1532-1548.
[2] M.A. Cretikos, R. Bellomo, K. Hillman, J. Chen, S. Finfer, & A. Flabouris, “Respiratory rate:
the neglected vital sign”, 2008, Medical Journal of Australia, vol. 188, no. 11, pp. 657-659.
[3] S. Sarkar, S. Pal, & P.Bhattacharyya, “A Comparative Analysis between EDR and
Respiration Signal: a Pilot Study with Normal Subjects”, International Conference on Modelling
and Simulation, Kolkata, India, November, 2017.
[4] A. Garde, L. Sornmo, P. Laguna, R. Jane, S. Benito, A.Bayes-Genis, & B. .F. Giraldo,
“Assessment of respiratory flow cycle morphology in patients with chronic heart failure”, 2017,
Med Biol Eng Comput, vol. 55, pp. 245-255.

27

[5] K.M.Rao, & B.G.Sudarshan, “A review on different technical specifications of respiratory
rate monitors”, 2015, International Journal of Research in Engineering and Technology, vol. 4,
no. 4, pp. 424-429.
[6] O.C.P. van Schayck, A. D’Urzo, G. Invernizzi, M. Roman, B. Stallberg, & C. Urbina, “Early
detection of chronic obstructive pulmonary disease (COPD): the role of spirometry as a
diagnostic tool in primary care”, 2003 Primary Care Respiratory Journal, vol. 12, no. 3, pp. 9093.
[7] B. Lazovic, M.S. Zlatkovic, S. Mazic, Z. Stajic, & M. Delic, “Analysis of Electrocardiogram
in Chronic Obstructive Pulmonary Disease patients”, 2013, Med. Pregl, vol. LXVI(3-4), pp. 126129.
[8] P.J. Barnes, “New Concepts in Chronic Obstructive Pulmonary Disease”, 2003, Annu. Rev.
Med., vol. 54, pp. 113-129.
[9] J.J. Liu, M.C. Huang, W. Xu, X. Zhang, L. Stevens, N. Alshurafa & M. Sarrafzadeh,
“BreathSens: A continuous on-bed respiratory monitoring system with torso localization using an
unobtrusive pressure sensing array”, 2015, IEEE Journal of Biomedical and Health Informatics,
vol. 19, no. 5, pp. 1682-1688.
[10] Global Initiative for Chronic Obstructive Lung Disease. Global strategy for the diagnosis
management,

and

prevention

of

chronic

obstructive

pulmonary

disease

(2006).

http://www.goldcopd.org.
[11] N.M. Rachaiah, J.M. Rachaiah, & R.B. Krishnaswamy, “A correlative study of spirometric
and ECG changes in patients with chronic obstructive pulmonary disease”, 2012, International
Journal of Biological & Medical Research, vol. 3, no. 1, pp. 1322-1326.
[12] S. Milne, & G.G. King, “Advanced imaging in COPD: insights into pulmonary
pathophysiology”, 2014, Journal of Thoracic Disease, vol. 6, no. 11, pp. 1570-1585.
[13] G.M.F. Wallace, J.H. Winter, J.E. Winter, A. Taylor, T.W. Taylor, & R.C. Cameron, “Chest
X-rays in COPD screening: Are they worthwhile?”, 2009, Respiratory Medicine, vol. 103, pp.
1862-1865.
[15] H. Sumbul, & A.H.Yuzer, “Development of diagnostic device for COPD: A MEMS based
approach,” 2017, International Journal of Computer Science and Network Security, vol. 17, no.
7, pp. 196-203.
[16] J. Acharya, A. Basu, & W. Ser, “Feature extraction techniques for low-power ambulatory
wheeze detection wearables,” 2017, 39th Annual International Conference of the IEEE
Engineering in Medicine and Biology Society (EMBC 2017), Korea, July, 2017.
28

[17] C. Varon, & S.V. Huffel, “ECG-Derived Respiration for Ambulatory Monitoring”,
Computing in Cardiology, France, September, 2015.
[18] J. Lazaro, A. Alcaine, D. Romero, E. Gill, P. Laguna, L. Sornmo, & R. Bailon,
“Electrocardiogram Derived Respiration from QRS Slopes: Evalutaion with Stress Testing
Recordings”, Computers in Cardiology, Spain, September, 2013.
[19] L. Zhao, S. Reisman, & T. Findley, “Derivation of Respiration from Electrocardiogram
during Heart Rate Variability Studies”, Computers in Cardiology, USA, September, 1994.
[20] A. Sobron, I. Romero, & T. Lopetegi, “Evaluation of Methods for Estimation of Respiratory
Frequency from the ECG”, Computing in Cardiology, Northern Ireland, September, 2010.
[21] A.M. Chan, N. Ferdosi, & R. Narasimhan, “Ambulatory Respiratory Rate Detection using
ECG and a Triaxial Accelerometer”, 35th Annual International Conference of the IEEE EMBC,
Japan, July, 2013.
[22] G.B. Moody, R.G. Mark, M.A. Bump, J.S. Weinstein, A.D. Berman, J.E. Mietus & A.L.
Goldberger, “Clinical Validation of the ECG-Derived Respiration (EDR) Technique”, Computers
in Cardiology, USA, September, 1986.
[23] D. Labate, F.L. Foresta, G. Occhiuto, F.C. Morabito, A.L. Ekuakille, & P. Vergallo,
“Empirical Mode Decomposition for the Extraction of Respiratory Signal from Single-Channel
ECG: A Comparison”, 2013, IEEE Sensors Journal, vol. 13, no-7, pp. 2666-2674.
[24] S.B. Park, Y.S. Noh, S.J. Park, & H.R. Yoon, “An improved algorithm for respiration signal
extraction from electrocardiogram measured by conductive textile electrodes using instantaneous
frequency estimation”, 2008, Med Bio Eng Comput, vol. 46, pp. 147-158.
[25] R. Pflanzer, & W. McMullen, “Electrocardiography (ECG) II Procedure”, 2014, Biopac
Student Lab Manual, BIOPAC Systems Inc. pp. P1-P10.
[26] B.R. Celli, & W. MacNee, “Standards for the diagnosis and treatment of patients with
COPD: a summary of the ATS/ERS position paper”, 2004, Eur Respir J, vol. 23, no. 6, pp. 932946.
[27] L. Mirmohamadsadeghi, & J.M. Vesin, “Respiratory rate estimation from the ECG using an
instantaneous frequency tracking algorithm”, 2014, Biomedical Signal Processing and Control,
vol. 14, pp. 66-72.
[28] S. Sarkar, S. Bhattacherjee, P. Bhattacharyya, & S. Pal, “Differentiation of COPD from
Normal Population using ECG Derived Respiration: a Pilot Observation”, 2016, The PulmoFace, vol. XVI, no. 1, pp. 12-18.

29

[29] S. Sarkar, S. Pal, S. Bhattacherjee, & P. Bhattacharyya, “Characterization of Obstructive
Lung Disease from Respiration Signal”, 2016, Proc. of Int. Conf. on Advancement of Computer
Communication & Electrical Technology, Murshidabad, India, October, 2016.

30

