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Abstract

The purpose of this study was to investigate the effect of the type and measurement location of a fabric strain
gauge sensor on the detection performance for respiratory signals. We implemented two types of sensors to measure
the respiratory signal and attached them to a band to detect the respiratory signal. Eight healthy males in their 20s
were the subject of this study. They were asked to wear two respiratory bands in turns. While the subjects were
measured for 30 seconds standing comfortably, the respiratory was given at 15 breaths per minute were
synchronized, and then a 10-second break; subsequently, the entire measurement was repeated. Measurement
locations were at the chest and abdomen. In addition, to verify the performance of respiratory measurement in the
movement state, the subjects were asked to walk in place at a speed of 80 strides per minute(SPM), and the
respiratory was measured using the same method mentioned earlier. Meanwhile, to acquire a reference signal, the
SS5LB of BIOPAC Systems, Inc., was worn by the subjects simultaneously with the experimental sensor. The
Kruskal-Wallis test and Bonferroni post hoc tests were performed using SPSS 24.0 to verify the difference in
measurement performances among the group of eight combinations of sensor types, measurement locations, and
movement states. In addition, the Wilcoxon test was conducted to examine whether there are differences according
to sensor type, measurement location, and movement state. The results showed that the respiratory signal detection
performance was the best when the respiratory was measured in the chest using the CNT-coated fabric sensor

regardless of the movement state. Based on the results of this study, we will develop a chest belt-type wearable
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platform that can monitor the various vital signal in real time without disturbing the movements in an outdoor
Key words: Strain Gauge Sensor, CNT-coated Fabric Sensor, Respiratory Monitoring, Wearable Platform

environment or in daily activities.
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Fig. 1. Inspiration and expiration
(http://iwww.doopedia.co.kr, 2019)
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Fig. 2. The system used in the study

(@) Flow at the mouth from PNT, (b) Pbody from whole BP,

(c) RC and ABD signals from RIP. (Carry et al.,

1997)
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B) Thorax (THO) and abdomen
(AB) RIP signals

A) Respiratory Inductive
Plethysmography (RIP) jacker

THO

start and end
of the breath

C) Far each breath, including m samples,
the distance (Dy, .. between the
normalized thorax (nTHO) and abdominal
(nAB) signals was calculated :

,..
1
Direasn = |— ¥ (nTHO, —nAB))?
B

nTHO,
endB

Fig. 3. Sensors of Respiratory Inductive Plethysmography
(RIP) incorporated in a wearable jacket(Visuresp®) at the
thoracic and abdominal compartment level(Laouani et al.,
2016).
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Fig. 4. Respiration rate sensor with inductive capacitive
textile sensor (Yang, 2015)
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Fig. 5. Clothing structure with strain-gage textile respiration
sensor(Kim, 2015)

Lee et al. (2018) &5 AlA <] Ao Wl w}&
A7 WS ASete 7150 dddA Holy 4
710 A e HE w9H WstE Fel AdwkS A
etk JAFoR A A Al A of
‘BIOPAC Systems, Inc.(U.S.A) 2] ‘SS5LB Respiratory
effort transducer’ 2& #¢] AR =5 A8t A4 <]

B, A, AEE T2 B A THFig. 6).

4% 3%



Fig. 6. Sensing efficiency of the textile respiration sensor based
on surface area changes(Lee et al., 2017)

al., 2010).
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Fig. 7. Design of band type TCPS(Cho et al., 2012)

Fig. 8. Respiratory monitoring system on the basis of capacitive
textile force sensors(T. Hoffmann et al., 2011)
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Fig. 9. Structure of a respiration rate sensor constructed using
PVDF(Son et al., 2013)
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Fig. 10. SS5LB(BIOPAC Systems, Inc. (2019))
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Fig. 11. CNT-coated fabric sensor

3.1.2. Conductive Rubber Cord Stretch Sensor
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Fig. 12. Conductive Rubber Cord Stretch Sensor
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Fig. 13. Textile based strain-gauge sensor attached to the
band for respiratory monitoring
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Table 1. Somatotype of subjects

No. Age Height(cm) Weight(kg) BMI
1 25 170 68 23.53
2 24 173 72 24.06
3 24 177 65 22.98
4 28 174 68 23.78
5 22 173 63 21.05
6 24 175 72 23.51
7 25 170 63 21.80
8 25 178 72 22.72
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Fig. 15. Detected respiration signal from subject according
to sensor type(up: Stretch sensor, down: SS5LB)
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Table 2. Correlation coefficient between fabric electrode and
SS5LB by subject

Sensar Tome Measurement State Correlation
P location coefficient
Stand 0.76
CNT-coated Chest Walk at 0.7
Fabric 80SPM
Sensor Stand 054
(CNT) Abdomen Walk at 051
80SPM .
Stand 0.51
Conductive Chest Walk at 0.50
Rubber Cord 80SPM
Stretch Sensor Stand 051
(CRC) Abdomen Walk at
80SPM 0.50
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o|mskAl WEbs tH(Table 3).



Table 3. Comparison of sensor type, measurement location, state and post-hoc test

Sensor Type Measurc.:ment State N Mean (SD) Kruskal-Wallis  p-value Bonferroni
location
Stand 16  0.756361 (0.090787) 23.299 0.002*
Chest
CNT-coated \;)asuf,l\it 16 0.717983 (0.130509) CNT, Chest, Stand > CNT,
Fabric Sensor Abdomen, Walk
(CNT) Stand 16  0.541366 (0.188422) CNT, Chest, Stand > CRC, Chest,
Abdomen Walk at Stand
30SPM 16  0.511396 (0.224918)
CNT, Chest, Stand > CRC, Walk
Stand 16 0.506138 (0137597) CNT. Chest. Stand > CRC
Conductive Chest Walk at Abdomen, Stand
Rubber Cord cogpy 16 0-503152 (0.080966)
Stretch CNT, Chest, Stand > CRC,
Sensor " Stand 16 0.506395 (0.088410) Abdomen, Walk
(CRO) omen Walk at
Q0SPM 16 0.501574 (0.129295)

*p-value <0.05
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Table 4. Comparison of respiration monitoring performance according to the sensor type

Sensor Type N Mean (SD) Wilcoxon test p-value
CNT-coated Fabric *
Sensor (CNT) 64 0.63177636 (0.18911882) 782 0.001
Conductive Rubber Cord
Stretch Sensor 64 0.50431486 (0.10462522)

(CRC)

*p-value <0.05

Table 5. Comparison of respiration monitoring performance according to the measurement location

Measurement location N Mean (SD) Wilcoxon test p-value
Chest 64 0.62090854 (0.15750201) 867 0.02*
Abdomen 64 0.51518268 (0.15633209)

*p-value <0.05

Table 6. Comparison of respiration monitoring performance according to the state

State N Mean (SD) Wilcoxon test p-value
Stand 64 0.57756499 (0.16211721) 1011 0.697
Walk at 80SPM 64 0.55852623 (0.16844095)

*p-value <0.05
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