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ABSTRACT

Monitoring for the physiological state of a solider is essential to the realization of individual combat system.
Despite all efforts over the last decades, there is no report to point out the optimal location of the wearable
biosensors considering both monitoring accuracy and operational robustness. In response, we quantitatively measure
body temperature and heartrate from 34 body parts using 2 kinds of biosensor arrays, each of which consists of a
thermocouple(TC) sensor and either a photoplethysmography(PPG) sensor or an electrocardiography(ECG) sensor.
The optimal location is determined by scoring each body part in terms of signal intensity, convenience in use,
placement durability, and activity impedance. The measurement leads to finding the optimal location of wearable
biosensor arrays. Thumb and chest are identified as best body parts for TC/PPG sensors and TC/ECG sensors,

respectively. The findings will contribute to the successful development of individual combat system.

Key Words : Optimal Location(3]2 ¢]X]), Biosensor(A #| 414]), Individual Combat System(7} <1715 A])

Nz H : two-point threshold distance (mm)
: length of wire between electrodes (mm)
: temperature (°C)

: optimal position index
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Vas @ gap voltage between diastolic and systolic (mV)
Vr  : voltage of R amplitude (V)
w  : perspiration wight (gm>-h™)
A : average extension ratio

BT : body temperature

ECG : electrocardiography

HA : hand accessibility

HR : heart rate

IL  : inter-electrode length

PC : physical contact in motion
PPG : photoplethysmography

PW : perspiration weight

SS  : skin stretchability

TC : thermocouple

TP : tactile perception

TPD : two-point discrimination
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1. Temple 2. Ear

3. Chin 4. Neck
N \ Y
6. Collarbone \%i 5. Trapezius

8. Chest ‘nh 13. Shoulder
12. Upper back §_‘ 7. Armpit
o NA

14. Arm (outside I'a“ 15. Arm (inside
16. Elbow A‘z‘v‘ 10. Abdomen
= =
11. Lower back !’. ‘l 9. Flank

18. Forearm (outside 5 h g 17. Forearm (inside)
20. Wrist (outside] 3 o 19. Wrist (inside
"l S ( )
22. Back of the hand 22. Palm
26. Pelvis 24. Thumb

25. Hip 23. Fingers

28. Thigh (back) 27. Thigh (front
30. Calf 31. Knee
Zl-

34. Achilles tendon 29. Shin
Front _e ) 32. Anklebone
Back —e 33. Instep

Fig. 1. 34 body parts for measurement
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Fig. 2. Experimental apparatus and methods. (a)

Biosensor array |. (b) Biosensor array Il. (c)
Two—point discrimination. (d) Skin stretchability
measurement
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Fig. 3. Monitoring accuracy measurement. (a) TC
sensor. (b) PPG sensor. (c) ECG sensor
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Table 1. Generalized formulas to calculate normalized indices for monitoring accuracy and operating robustness
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Fig. 4. Body maps for monitoring accuracy. (a) TC sensor. (b) PPG sensor. (c) ECG sensor

292 / SFA ey el )R] Al22d A2E(2019 49)



289 AAAA ofllele] HA A 24

Table 2. Measurement data and point for 34 parts in human body
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WARE | 34408 | 7982130 092031 | 228472 | 697 | 007004 | 39316 | 245 | 130 [ 120 | 2 | 198 | 100 | 266 | 300 | 250 | 496 | 6 | 43 | 1
A 34111 | 1321368 | 091027 | 60410 | 85 000 | 35819 236 | 170 | LI | 2 [ 280 [ 300 | 3 | 300 | 26 | 665 | 3 | &1 | 4
) 335210 | 14142387 | 094023 | 92440 | 85 | 005003 | 364518 | 204 | 176 | 127 | 2 [ 262 | 300 | 274 | 200 [ 255 | 577 | 4 | 504 | 7
% 34107 091031 | 1745104 | 288 | 0.07:008 | 276505 | 235 | 000 | 119 | 2 | 206 | 234 | 206 | 275 [ 269 | 39 | 2 | 46 | 9
SE | 3006 | 508143 | 1012022 | 24091 | 267 | 009006 | 293222 | 229 | 110 | 145 | 2 | 189 | 241 | 257 | 188 | 266 | 461 | 10 | 508 | 8
gz 346:08 | 610272 | 090:037 | 3504173 | 318 | 0.10:007 | 233216 | 249 | LI8 | 1l6 | 2 | 133 | 224 | 248 | 175 | 276 | 452 | 8 | 450 | 17
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e 332613 | 5076160 | 159039 | 278481 | 318 | 008005 | 90eLl | 206 | 110 | 300 | 3 | 179 | 224 [ 259 | 275 | 300 | 480 | T | 8 | 1
AT | B610 | 366279 | 131061 | 24066 | 230 | 020004 | 305517 | 218 | 100 | 225 | 3 [ 195 [ 253 | 195 | 188 | 264 | @3 | 1 | 618 | 3
Ll 373 | 4365129 | 127046 | 278463 | 310 | 017:009 | 200240 | 190 | 105 | 205 | 3 | 185 | 207 | 217 | 200 | 280 | 414 | 15 | 569 | 5
A2 | 30806 | 41750 | 120:040 | 40IL1| 3R | 019005 | 536545 | 193 | 104 | 196 | 2 | 1S3 [ 209 [ 204 | 275 | 226 | 32 | 18 | 47 | W0
ARE | 08D | 02:084 | 120:067 | 3865043 | SIS | 0126006 | 54289 | 192 | L6 [ 220 | 1 | 120 | 159 | 241 | 238 [ 25 | B2 | A | 44 | 18
AL | 33009 | 417636 | 097:030 | 348£148 | 267 | 008:009 | 372538 | 206 | 108 | 135 | 3 | 139 [ 241 | 259 | 200 | 253 | 45 | 1| 42 | 53
A 314412 | 382440 | 099033 4024186 123 | 008001 | $39:73 | 148 | 101 | 140 | 3 | LI0 | 288 | 258 | 188 | 226 | 37 | 20 | 90 |
oF 32809 097:029 | 98109 | 136 | 011003 | 514129 | 192 | 000 [ 135 | 3 | 165 | 283 | 245 [ 200 [ 230 | 205 | 5 | 469 | 16
TR 299:07 | 30:09 [092:038 | 0465 | 136 | 040015 |€73:34] 100 | 100 [ 120 | 3 | 200 | 28| 1 | 163|203 | 52 [ 26| w8 | R
SEE) | 710 | 4974105 088033 3024010 | 226 | 005004 | 62053 ] 190 | LI0 | LI |3 | 159 | 254 | 27 [ 200 [ 195 | 412 | B3| 43 | B
PR | 3006 | S60:164 | 085:039 | 82181 | 221 | 005003 |ReALL| 174 | LM | 103 | 3 | 132 [ 256 [ 277 | 225 | U85 | %93 | 17 | 38 | %
EEEZ) | 82409 086:030 | 152538 | 226 | 0.13:007 | 89074 | 206 | 000 [ 105 | 3 | 239 | 254 | 233 | 200 [ 167 | 27 | B | 48 | 2
ERERE) | 32309 | 558400 | 0922032 196217 20 | 011002 [40=32| 178 | L4 | 120 | 3 | 201 | 256 | 243 | 225 | 159 | 400 | 16 | 409 | 2
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GA 9 E71 | 332:L] | 9004837 | 098:022 | 16:05 | 86 | 009004 | 1048577 | 205 | 285 | 137 | 3 | 300 | 300 | 254 | 100 | 141 | 682 | 2 | 476 | M
oA 332612 | 31134980 | 100033 | 20207 | 126 | 011004 [100.1:85 | 206 | 300 | 143 | 3 | 299 | 287 [ 242 | L0 | 149 | 686 | I | 413 | 12
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Fig. 8. Body maps for the distribution of position
index, P. (a) Biosensor array | (TC+PPG). (b)
Biosensor Il (TC+ECG)
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