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Vital Sign Detection System during Bathing
using Ultrasensitive Vibration Sensor*

Takenori OBOT, Toshiyuki SAwayaMA?, Takuya Sawavyama? and Naoyuki KuBoTa$

The number of drowning incident at home has been increasing steadily over time. The most
common cause of the incidents is a situation that produces hemodynamic compromise during bathing.
It can heighten the risk of causing a stroke, myocardial infarction, and loss of consciousness. This
paper presents an inovative ultrasensitive vibration sensor for detecting viral sign that can measure
micro vibration transmitted through a bathtub. Moreover, we propose a neuro-fuzzy system to
extract hearbeat and estimate human states during bathing. In the experimental result, we discuss
the effectiveness of the proposed system in terms of measuring precision, comparing with a pulse

rate meter.
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Fig. 1 Ultrasensitive vibration sensor

Table 1 Specification of ultrasensitive vibration sensor

inside diameter: 29mm,
outside diameter: 31mm,
height: 48mm

Size

Power source 3V / 500mAh
Output voltage TmV
Sampling frequency 500Hz
Liquid type water
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Fig. 3 Sensor module for bath monitoring
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Fig. 5 Measured vibration data with noise during
bathing
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Raw Data
Table 3 Heartbeat values measured by a wearable heart | 1
rate meter : :
3 8 ° C 42 o C 500 1000 1500 2000 2500 3000 I 3500 000 I 4500 “me.’)leDeﬂp
. . . . . . I I
5min | 10min | 15min | 5min | 10min | 15min > >
81 83 84 90 95 102 RMS : (a) :
Table 4 Parameter setting of pulse neuron model e meoEeERwR e e e e
Coeﬂicient v 0.55 Internal State of Pulse Neuron
Coefficient fyTef 0.99 W e ww  me ww o ew @0 o
PSP
Constant a 40 Spike Output (Heartbeat Detection)
Constant b¥'SF | 250 RN |
Threshold q 1.0 500 1000 1500 2000 2500 3000 3500 000 4500 ‘meﬁleD:)p
Fig. 8 Result of heartbeat estimation on Data #4:
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QI D. ZD720, BOBODOIRIRIZAE DY, @G
IR A VB 720 OIREEHEES LT E SND.
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“38°C, 5min, with noise”

Table 5 Coefficients of input to pulse neuron model gen-
erated by genetic algorithm

Data # | Weest,1 | Woest,2 | Whest,3 | Whest,a
1 0.342 0.767 0.076 0.711
2 0.793 0.306 0.058 0.462
3 0.682 0.185 0.188 0.539
4 0.211 0.967 0.167 0.061
5 0.847 0.095 0.262 0.410
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Table 6 Heartbeat values detected by Fuzzy-ELM with Raw Data
pulse neurons e et A
# of 38°C 42°C
rules | 5min | 10min | 15min | 5min | 10min | 15min Outputs of Fuzzy-ELM _ [1710 porsort_=-“uman delection, el
100 80.6 84.8 84.2 89.2 100.4 101.8 wl [ S
+1.9 | £2.9 +1.5 +2.0 | £6.5 +4.8 2
200 79.8 85.8 85.8 91.0 95.4 104.8 ” W ww e Bw  me ww  ww @ 8%
+1.9 | +4.0 +3.8 +3.9 | £1.5 +5.7 Spike Outputs 1 "o person’, pz: "human detection”, ps: “heartbeat”
300 | 80.8 | 86.0 | 838 |91.0 | 96.0 | 102.0 Annnnnnnnnm
+1.9 | £1.9 +1.3 +4.4 | +£1.4 +1.2 Z
400 | 816 | 862 | 844 |90.2 | 958 | 1022
+2.7 | £1.3 +2.5 +3.3 | £1.9 +2.7
500 79.4 | 84.6 84.6 89.2 | 94.8 101.0 Fig. 9 Result of human state estimation on Data #31:
+0.9 | +2.9 +2.4 +1.6 | +£1.1 +1.9 “No person without noise”
Table 7 Result of comparative experiment Ray el
Met- 38°C 42°C
hod oSmin | 10min | 15min | 5min | 10min | 15min Outputs of Fuzzy-ELM [ y:: “no person’, yz: *human detection”, ys: *heartbeat”
(C1) | 776 80.8 83.6 86.0 93.6 101.8 - Y| SN S
£2.3 | £5.0 | £49 | £6.2 | £58 | £3.6 yl B -
(C2) | 850 [888 [868 [904 [968 | 101.0 P A e Mgt g e e d e
+6.2 | 5.0 +5.0 +2.7 | £3.7 +1.6 Spike Outputs pr: “no person’, ps: “human detection”, ps: “heartbeat”
(C3) | 83.8 86.0 87.8 91.2 97.2 101.0 P ‘ — R
+3.1 +4.7 +3.2 +1.6 +3.4 +1.2 :\‘ HlJ.“H\li“‘llUl‘lltHL“M‘\‘\J“‘l\\{t‘ﬂl{‘ w‘U
“C“&)% SEEFRDE, AEYTEY 2 VIREAEO Fig. 10 Results of human state estimation on Data #1:
DR ERIREEORE TLZ I TE TWwa. 2512, “38°C. Bmin”
HBERE LT, (CL)HAPSD 74— RNy 7 2w ’
72— VA 500 @D Fuzzy-ELM, (C2) 77 4 V—)b BY [ADPCS | ST =2 -0y 25K L TV5
RAYN=2y THBEE X OREEIZ VA= a2 —1 £ EGI TUISHIES 5 =2 — 01 S
YETNDT A — RNy G2 oo = —1a LTwa., 20Xz, REFEHEEZMVLZ LT,
477100 © ELM, (C3) FIBI R O = 2 — 1 > s P B BIREEEE % = 2 — 0 Y ORAIC L » TEBT
500 ® ELM & Ji\wC, [A—0%ER% {772, Table 712 2 LTEL. #72, Fig 111213, ABHICHBIED
WEEROMRE AT, RPLD, 7774V — %A I L B IELAVE U IO R E O R AR |
YN=2y T EETRWELM T, BEFELM i (a) & (b) A EBIH BB LS THY, T
BRIZ, ImEE & AR OZALIZ & o T, SFEHMEIZE W E SOEHNT — #1213 ) 4 XA LTV D Z L HHET
EHTETVWDLZENDbYS. LrLahls, Ihb X7, LaL, KEERICELTE KELBELST
DFFEE, REFHEIDIESOEPRE L, HERED B Enl, ﬂ%% SR L D L TERS O
Elld ol E6IT, 74— PNy 7 2BRWSE U, Fuzzy-ELM O%82 X 5 EFMALEIT Tld% <,
ThH, BMEOEEDNEL, TEALDEBIIBNTE NNVAZ2—O Y EFLVIPBEDIEKDY 4 I 2 7 RN
WEPORSCHRELMRTH o/ LLEOFRLY, ERIE R LTI T 27280, 28580107% 7 4 RIH L
WEZEI 728 — ST B =2 —1 - 77 24 ¥ TEEA S ol D EDE L N5,
AT LADBHENTHALZ L ERTIEDNTE . 51, Fig. 12121, EARETICBWTGREDO T
DX, Fig9 & Fig 1012, 7= &5 31 & 112 %%%Lt%@%%ﬁ%%?? R Ly, #llF—s
B HRBIGEORRERT. ST, V=V E® WL TRER/IAZXEGZ 5L AL TH-TYH,
500  Fuzzy-ELM &8/ L7z, &RHHTE, 2775, ZEHEH0 7 BN T d AT FRMI ATE U122 & D5
Fuzzy-ELM O#17), /8VA =2 —0 2 7V O5K TE72 F72, EABETICBT 5BV X PHRERE

NEZNZIURL TS, Fig. 91, MAKEIZBIT5 BLClk, MMEET L LCabillT— & 10k & 2 i % 5.
WARTH Y, AN MG 5 = 2 =1 2K RBIEH Rl TRSIZMLTY [AAWA
LTw5. —F, Fig. 101X, ABFrOHEEREZRL T



KPR - B - #lE - ARH OBEBEERE b > Y 2 BN B 1 B AEREHRE Y X 7 A

271

| =
: (b)
1

2000

500 1000 1500 2500 3000 3500 4600 4500 5000

Time step

Outputs of Fuzzy-ELM | yi: “no person”, y:: “human detection”, y:: “heartbeat” ‘

o o= =t

! dund /N, .
T

M e

L bod A A A A A A
500 600

2500 3000 3500 4000 4500

5000
Time step

A A
1500 2000

Spike Outputs | pi: “no person”, p:: “human detection”, ps: “heartbeat” ‘

ATTTTTIITITTIT T 111 1] [ TTT11
GEEEENEE NN NN NN NN
L | Ll \ 0
PW | | || | 1 |
500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Time step

Fig. 11 Result of human state estimation on Data #24:
“42°C, 10min, with noise”
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Fig. 12 Result of human state estimation on Data #38:
“Open and close of a door”
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Fig. 13 Result of human state estimation on Data #40:

“Working around bathroom”
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