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Real Time ECG Derived Respiratory Extraction from Heart Rate for Single Lead
ECG Measurement using Conductive Textile Electrode

=3 RN A L
(Kye-Hyoung Yi + Sung-Bin Park - Hyoung-Ro Yoon)

Abstract - We have designed the system that measure one channel ECG by two electrode and extract real-time EDR
with more related resipiration and comportable to subject by using conductive textile.

On the assumption that relation between RL electrode and potential measurement electrode is coup]ed with RC connected
model, we designed RL drive output to feedback two electrode for reduction of common mode signal. The conductive
textile which was used for two ECG electrode was offered more comfort during night sleep in bed than any other
method using attachments.

In the method of single-lead EDR, R wave point or QRS interval area could be used for EDR estimation in traditional
method, it is, so to speak, the amplitude modulation(AM) method for EDR. Alternatively, R-R interval could be used for
frequency modulation(FM) method based on Respiratory Sinus Arrhythmia(RSA). For evaluation of performance on AM
EDR and FM EDR from 14 subject, ECG lead I was measured. Each EDR was compared with both temperature
around nose(direct measurement of respiration) and respiration signal from thoracic belt(indirect measurement of
respiration) on mean squared error(MSE), cross correlation(Xcorr), and Coherence.

The upsampling interpolation technique of multirate signal processing is applied to interpolating data instead of cubic
spline interpolation. As a resuit, we showed the real-time EDR extraction processing to be implemented at
micro-controller.
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Fig 1 EDR extraction procedures

(a) Conventional EDR extraction method using cubic
spline interpolation

(b) The proposed EDR extracton method using
antialiasing low pass filter
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Fig 2 Upsampling process of multirate signal processing

(a) Original signal

(b) Upsampling of (a), where factor=3, insertion of
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(c) Modified upsampling, where factor=3, insertion of
three of same data just before

{d) Bandwidth limitation of (c)
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Fig 4 The comparison of EDR signal and both thoracic

belt-generated signal and nasal temperature signal

(a) Thoracic belt signal(dotted) and EDRg (solid)

(b) Thoracic belt signal{dotted) and EDRg(solid)
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(d) Thoracic belt signal(dotted) and EDR,,(solid)
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e) Thermocouple signal(dotted) and EDRg(solid)
f) Thermocouple signal(dotted) and EDRq (solid)
g) Thermocouple signal(dotted) and E‘DR”(solld)
h) Thermocouple signal(dotted) and EDR,,(solid)
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Fig 5 Comparisons EDR signal and thoracic belt respiration

signal

(a) Each MSE of EDRy EDR, EDR, EDR,
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(c) Each Coherence of EDRs EDR, EDRy; EDR,
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Table 1. Average and Standard Deviation of each parameter about thoracic belt and thermocouple respiration
signal to EDR signal

o e MSE U Xcorr®™ - e e~ Coherence -
_ EDRy, | EDR,, | EDRy; |'[EDRy | EDRy, | EDR, | EDRy | EDRy | EDR; | EDRy | EDRy | EDR),
Chest [Mean| 0.2044 | 0.2012 | 0.1515 | 0.2356 | 0.3848 | 0.4701 | 0.6836 | 0.6913 | 0.8382 | 0.8685 | 0.9531 | 0.9538
belt STD | 0.0881 | 0.0929 | 0.0812 | 0.1132 | 0.1694 | 0.1957 | 0.0981 | 0.1614 | 0.0660 | 0.0796 | 0.0282 | 0.0272
thermo- |Mean| 0.2023 | 0.1948 | 0.1983 | 0.1414 ] 0.3298 | 0.4049 | 0.6167 | 0.6161 | 0.8478 | 0.8794 | 0.9683 | 0.9704
couple STD | 0.0749 | 0.0930 | 0.0847 | 0.0700 | 0.1274 | 0.1749 | 0.0846 | 0.0663 | 0.0925 | 0.0636 | 0.0129 | 0.0127
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g &3 19 MSE, Xcorr, Coherence® EAIS AHo|th B MSE. i« [ “Xcorr. . | .Coherence
AY = T FF9 2FNIYA F AzA HFEH Mean 0.2165 0.6626 0.9838
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(a) ECG signal for 186 minutes

(b} R-R intervals for 186 minutes

(c) EDR signal for 186 minutes

(d) Thoracic belt signal for 186 minutes
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