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Abstract

According to introduction of Well-Being lifestyle and ageing society, vital sign monitoring system which can be
continued measurement of vital sign has been increased their important in field of the healthcare. Under this trend,
Respiration monitoring system has been studied and developed in a various way to apply continued monitoring and
non-conscious monitoring system. But, Study of the respiration monitoring system based on consumer needs and
usability test is insufficient. In this study, Textile capacitive pressure sensor(TCPS) of belt type was developed and
tested it's utility and subjective sensibility. TCPS measures respiration signals and can be derived in real time
monitoring. As a result, monitoring respiration using textile capacitive pressure sensor offers a promising possibility
of convenient measurement of respiration rate (correlation (r=0.9553, p<0.0001). In the result of usability and
wearability test, all of categorizes(perceived change, wearability, movement, facility of management, usefulness) were
received favorable evaluation on usability test( mean value : 3.8), and suitable location of TCPS in the clothing is
deriven on the abdomen part. According to synthetical results, Basic smart clothing design based on respiration
monitoring system is proposed.
Key words : Respiration monitoring, Textile Capacitive Pressure Sensor, Usablity and Wearablity test, Consumer

needs, Smart clothing.
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Figure 1. Mycoach (adidas:left) and Wealthy project

(Italy:right)
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Figure 2. Smart clothing system for measurement of ECG
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Table 1. Characteristic of conductivity fabric

ITEM
Base Material Polyester
warp 188 £ 5
Density
weft 92 + 5
Weight(g/m") 81 +5
Thickness 0.1 + 0.01
warp 27.6 £ 10
Elongation(%)
weft 36.8 £ 10
warp 671.3 £ 10
Breaking strength(N)
weft 392 + 10
MAX 50
Surface resistance
MIN 0.005
(S/sq)
EVER less than 0.05
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(a) three dimensional view of TCPS

Rubber band Skin Polyester fabric

pa— .y

Conductive material coated fabric

(b) Lateral view of TCPS

Figure 4. Layer design of the TCPS
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Figure 5. Design of Band type TCPS
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(c) Ground view of TCPS

Figure 6. TCPS for measurement of respiration

(Se-dong Min et. al.,
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Table 2. Measured Data of subjects
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Subjec Age | Gen (gtn WC IC EC
t ) (cm) (cm) (cm)
1 26 M | 174 93 86 80
2 36 M | 173 82 83 78
3 29 M | 178 84 83 81
4 2% M | 178 78 79 77
5 30 M| 172 82 81 85

* Gen : Gender, Ht :

Height, WC : Waist Circumstance

IC : Inspiration Circumstance EC : Expiration Circumstance
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Figure 7. Experimental protocol
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Table 3. Factor composition for usability and wearability test

Factor INlustration of the Factors
Cognitive I feel awkward wearing the clothing, due to
Change the sensor.
Wearability I feel uncomfortable to wear the sensor.
Activity This sensor affects my activity or moving.
Facility of This sensor is easy to management and
maintenance laundry.
Usefulness This sensor will be a useful tool for me.
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Table 4. Comparison of the respiration signal from Nasal
Thermistor and TCPS

Respiration Number(N) Respiration Rate(%o)
e TCPS | Nasal Thermistor | TCPS | Nasal Thermistor
1| 270 27.0 6.515 6.503
2 | 240 24.0 7.022 7.025
3| 49.0 49.0 3.586 3.584
4 | 340 34.0 5.015 5.013
5| 47.0 47.0 3.798 3.799
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Figure 8. Measured signal of Respiration by TCPS
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Figure 9. Measured Signals of respiration from Subject 5
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Table 5. Result of signal quality test for sensor location

Min. Max. P-P
Part 1 0.1142 0.1205 0.0043
Part 2 0.1153 0.1219 0.0066
Part 3 0.1151 0.1214 0.0068
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Table 6. Result of usability test

Ever. of the 1st Ever. of the 2nd
Evaluation Evaluation
(Usability and (Usability and
Factors Wearability ) Wearability)
Cognitive Change 2.5 3.7
‘Wearability 3.0 3.8
Activity 32 3.7
Facility of 42 42
maintenance
Usefulness 39 4.0
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Table 7. Result of quality test for sensor location

Part 1 Part 2 Part 3
Subject 1 35 2.9 39
Subject 2 32 3.1 39
Subject 3 33 32 42
Subject 4 3.1 2.8 4.1
Subject 5 34 3.1 42
Everage 330 3.02 4.06
SD. 0.141 0.146 0.135
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