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A Study on the Possibility of Three-dimensional Wearable Respiration Rate Sensor
based on Surface Area Changes
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Abstract

This study suggests the sensing method of the Three-dimensional respiration rate sensor based on surface area
changes, and exploring the design direction of the three-dimensional breathing sensor and the design orientation of
the garment. To achieve this, two types of three-dimensional respiration rate sensor were produced, and the study
of the dummy and the subjects studied. The study I investigated the possibility of measurement of the three-
dimensional respiration sensor by the study variables of the sensor type and speed of respiration. The study Il
proposes a suitable type of sensor for each of the three measuring positions in addition to the study variables in
the study I. To evaluate accuracy, reproducibility, and reliability of the three-dimensional respiration rate sensor, the
BIOPAC was used to measure the respiration rate simultancously with the three-dimensional respiration rate sensor.
Through all these results of the experiment, it explored the possibility of measurement of the three-dimensional
respiration sensor for the dummy. It also proposed a suitable type of sensor by measuring the respiration rate for

the human body.

Key words: Three-dimensional Structure, Respiration Rate Sensing, Fabric Sensor, Sensing Accuracy,

Sensing Reproducibility, Sensing Reliability
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Fig. 3. Capacity fabric pressuree sensor (Min et al., 2010)
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Fig. 4. Structure of PVDF film sensor (Son et al., 2013)
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Table 1. Resistance values of MPF and SWCNT
MPF SWCNT
Average 10.4 kQ'm 227 Qm
SD 0.55 1.38
L
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Fig. 5. Law of resistance
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Table 2. Surface resistance of Type 1 and Type 2 JA A 55 AA e A, AFA, AFEE H
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Average 11.14 Q/sq 438 Q/sq g AlAQl BIOPACE AH&ate] A4 S5 AlA
SD 0.42 0.19 of FAl EEFFE SA3ATh
Table 3. Characteristics of the subjects
Gender Age Iii;gl})lt 1\(/ll(ags)s Circﬁ?&ience Ugﬁifm?gri;rlz:n
(cm) (cm)
Subject 1 male 29 173 79 100 91
Subject 2 male 25 171 67 94 83
Subject 3 male 29 173 72 95 83
Subject 4 male 29 185 76 95 85
Subject 5 male 26 178 67 94 81
Subject 6 male 28 172 69 95 83
Subject 7 male 29 170 65 92 80
Average male 27.9 174.6 70.7 95 83.7
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Table 4. Sensing accuracy by speed of respiration according to the type of three-dimensional respiration rate sensor: conformity

degree with BIOPAC (Study I)

Slow speed of respiration Normal speed of respiration Fast speed of respiration

Sensor type Type 1 Type 2 Type 1 Type 2 Type 1 Type 2
Set 1 99.789 99.512 99.445 98.684 99.342 98.643
Set 2 99.497 99.835 98.145 99.159 97.341 99.478
Set 3 99.852 99.973 99.798 98.896 98.497 99.069
Average 99.129 98.913 98.393

unit: %
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Table 5. Sensing accuracy by speed of respiration according to the type of three-dimensional respiration rate sensor: conformity
degree with actual respiration rate (Study I)

Slow speed of respiration Normal speed of respiration Fast speed of respiration
Sensor type Type 1 Type 2 Type 1 Type 2 Type 1 Type 2
Set 1 91.558 91.667 93.826 92.443 97.355 95.605
Set 2 91.920 91.575 95.229 92.661 98.277 97.248
Set 3 92.073 91.583 94.171 92.533 98.235 94.458
Average 91.850] 91.609 92.546 97.956] 95.771

unit: %

EEEA TS B YAF TEF AN ARY  BREUT EF JAH SFF A4 2714 K3
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Table 6. Sensing reproducibility by speed of respiration according to the type of three-dimensional respiration rate sensor: Comparison
of standard deviation with BIOPAC (Study I)

Slow speed of respiration Normal speed of respiration Fast speed of respiration

Sensor type |BIOPAC: Type 1 | BIOPAC: Type 2 | BIOPAC: Type 1 | BIOPAC: Type 2 | BIOPAC: Type 1 | BIOPAC : Type 2

Set 1 0.070 0.062 0.022 0.054 0.101 0.266 0.142 0.266 0.528 0.869 0.711 0.965
Set 2 0.049 0.096 0.034 0.030 0.122 0.192 0.122 0.198 0.636 0.544 0.215 0.444
Set 3 0.030 0.048 0.047 0.098 0.097 0.143 0.082 0.181 0.449 0.508 0.421 0.588

Average OGN | 0069 | OXEFW 0.061 0.107 ORI} 0215 | EEFE : 0640 | (EEEH i 0.666

Table 7. Sensing reliability by speed of respiration according to the type of three-dimensional respiration rate sensor: Comparison
of correlation coefficient with BIOPAC (Study I)

Slow speed of respiration Normal speed of respiration Fast speed of respiration

Sensor type Type 1 Type 2 Type 1 Type 2 Type 1 Type 2
Set 1 0.934**
Set 2 0.943** 0.858** 0.832%** 0.952**
Set 3 0.870** 0.833** 0.963**

#* p < .01
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Table 8. Sensing accuracy by speed of respiration according to the type of three-dimensional respiration rate sensor: conformity
degree with BIOPAC (Study I1)

Slow speed of respiration Normal speed of respiration Fast speed of respiration

Measurement position Type 1 Type 2 Type 1 Type 2 Type 1 Type 2
Chest center 98.780 97.830 98.485
Upper abdomen center 99.320) 97.901 98.868 97.823 97.244
Upper abdomen side 99.277] 98.783 98.996 97.244 96.170

unit: %

Table 9. Sensing accuracy by speed of respiration according to the type of three-dimensional respiration rate sensor: conformity
degree with actual respiration rate (Study Il)

Slow speed of respiration Normal speed of respiration Fast speed of respiration

Measurement position Type 1 Type 2 Type 1 Type 2 Type 1 Type 2
Chest center 92.439 94.989 97.224 97.289 99.920)
Upper abdomen center 93.782 94.038] 97.064 98.853
Upper abdomen side 93.301 96.558 97.073 98.853

unit: %
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Table 10. Sensing reproducibility by speed of respiration according to the type of three-dimensional respiration rate sensor: Comparison

of standard deviation with BIOPAC (Study II)

Slow speed of respiration Normal speed of respiration Fast speed of respiration
Measurement position |BIOPAC:Type 1|BIOPAC: Type 2|BIOPAC:Type 1|BIOPAC :Type 2|BIOPAC: Type 1|BIOPAC: Type 2
Chest center 0.018 0.047 0.189 | [NEE @ 0.061 | 0.170 0.270
Upper abdomen center | (XEVH | 0.056 0.025 0.149 0.070 | [EEEE: 0479 | 0.159 @ [0S
Upper abdomen side 0.034 | [XOEA : 0.041 | [NOEEM @ 0.143 | 0.097 0.288 0.222 [ORZES

Table 11. Sensing reliability by speed of respiration according to the type of three-dimensional respiration rate sensor: Comparison
of correlation coefficient with BIOPAC (Study II)

Slow speed of respiration Normal speed of respiration Fast speed of respiration

Measurement position Type 1 Type 2 Type 1 Type 2 Type 1 Type 2
Chest center 0.832%* 0.868** 0.915%%
Upper abdomen center 0.808** 0.864%* 0.922%%*
Upper abdomen side 0.878**

** p < .01
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