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Development of a New Accident Detection System in Washing Place
of Bathroom using Bath Mat with Multipoint Pressure Sensor

Kosuke Moror,” ** Sinya Nakamura,” Naoto TANAKA,” Ken-ichi YAMAKOSHT®

Abstract Recently, the freak accidents in home have been increased and they are caused by the asphyxiation,
drowning, falling, fire, and toxicosis. Especially in bathroom, the accident frequently arise and thus the healthcare
monitoring and the accident detection system can be useful for attainment of safe and untroubled daily life. While
some monitoring systems for moving state using infrared ray and ultrasonic wave were already developed, these
methods distinguish only whether or not a bather is moving. Also, detailed motion analysis using CCD camera has
the problem of privacy for the practical use. From these viewpoints, we designed the monitoring system for the
electrocardiogram and respiration signal using bathtub-installed electrodes, showing its usefulness for the
healthcare and the drowning alarm during taking a bath. However, the range over which this method is possible is
limited in the bathtub and thus the detection in washing place are impossible. To solve this drawback, we
developed a new system capable of detecting the accident in the washing place together with the pulse and
respiration rate using a bath mat type multipoint pressure sensor located in washing place of bathroom. From the
results of the accuracy evaluation in 20 healthy subjects, it is demonstrated that the present system can
accurately detect the accident [60/60,100% ] and show the good correlation between the pulse [#=0.99] and
respiration [#=0.95] obtained from the system and those obtained from the conventional methods using the
sensors attached to the body surface.

Keywords : accident detection, washing place in bathroom, bath mat type pressure sensor, pulse, respiration.
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Fig. 1 Proto-type sensor system for the accident detection in washing place of bathroom
using a bath mat which multipoint pressure sensor is installed.
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Fig. 2 Algorithm for accident detection in washing place of
bathroom.
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Fig.3 Experimental setup for evaluating the accuracy of
accident detection.
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Fig.4 Examples of simultaneous recordings of the pulse and

respiration signal obtained from the sensor system and
the electrocardiogram and the respiration obtained
from the body surface sensors. In the supine, the
lateral, the prone, and the sitting position of a healthy
male subject (23-year-old), Pulse, Ps, and respiration,
R, from the sensor system and electrocardiogram, E,
and Respiration, Ry, from the conventional methos, are
shown.
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Fig.5 Correlation between values obtained from present
sensor system and those obtained from the sensors
attached to body surface. The results in (a ) pulse and
(b ) respiration rate are shown.
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BANOEKPHE LTS Aa;t%)%a/vw*& (b) Jetr
(c)D XS ICHEHMT LAV LGEICBWTH BT
MR TH B 2 & DR S . m_,&%ﬂﬁwm
RLY, v P EICABEPCEDLEDR, LTS
PHRRIFICHRASNTB Y, FICENZBRICIE 30 I
FHBRIT 7 — 2 PREINTNDE I LAV 5.

%P, SEARERICCTHE L FHIIO VWL, i
HI10HIIBWT, 100% (GRAT 60 [ElH, 60 41K D))
MAWRETH o 72, FHTHRVDICHIG L RET S
r—ZA bR IN LD o7z

—H, IRIE - PRBOMERL Y, vy b RICADER
7oBE (REERICBUT % 40 L) 121k, IhbE BEFIC
WA RETH 5 Z EDFER I Nz,

TP, AEBRICELT, BEZEMRE I YT —H»
SOBELGINT o 72818 BEHID A 72hY, I



RIEAIT A S IES L VIS & 2 ISR (273)

BN IR D L, B DHVIINRIT - PRI X B
LB L TIERISHMISTH Y, Y AT L0 3#EEE T 5
IR PN L P THERRL 72

4. & %=

PERLZZE IS, AV AFLIBERCBICBIT A
R MAITRETH D, F72F OB RER IR - 0%
LR TH 5 2 LR SNz, FEHESIEINF TH
HNIZBUT 208K - IFREREEH S A 7 205, €
DKEFEHHANNDIEH 2 A T & 72285, S5 L%
WHHIZBIFT L VAT A RMAGDLELZEICLD, BEN
DIFIFTRTOAR— A BT LFEMERAML, LETHE
wATH LN E R B,

T2, BHICBEZEOTICY YT —THITHESC
BWTIE, BHINOY Y TRERERZFHITE 2nwE
WO L H o728, AFEEEHCIL, wiEdbbs
ADZ L, FTNVOX) BRENYOBVI= Yy FNZADH
HNIZBWT, BHZ2BOTICY Yy T—0AEMEHT LY
HY, AFERZBISTAIEICXY, RS IELT
I ENUREE L A,

X512, SRIFEBRRM OB IR - FFR OB %17 -
7eds, SHUCERY, BB - EHEAY Y 7EIEYINATo 72
Bz, BEOHMIEAESR DO ORELELZILRT L L
T, ABEZEOEHRIILBEAADI L, FHRBEOF T - e
Jist 2 PE T DB OEEREWICIC R 5720, IEWITHH
THhbHEEZEZONDL., — R4 OFERITBWT, HE
FHEIC R o TR DD TS RAEE) (KY 27 LDk
BHE TR S N WRE) 2% - B, ket
Y OFERIRENZL L, TP C IR OERE 5
LEALT H2YEDRDH Y, AR 5 2B D PRI K
JEIZBUTBIEL2XDRKNEEZONDL., LALAENS
BEMICRIRIES D EENTBY, HETOMREEH LD
DO, FWEFI CTRINBOEE 2B TRETH Y, B
5 DMK BT D RIFRHBBE{EIRONTWS, &
B, SHBMA RICHRZ ED LT, &SI AL
THMAHT ZAT O LB D HYE L, REIRIRE & v o 7:
Bex RNELOEEE S HICET 5 LIS, ZRoHICRT
B W BIRHTS 2 FC72E 5 rE FE OMGE 247> Tw
<.

%k, HROFEEICTHE Lo T 100% 8
WD EDMRETH - 7205, SHAREECHETLE %
LMAEEATV, FRe RBERE, BITEICE O BERGE %
ToTwl., T2, HADOTFT—52ERET 550 TIHAE -
VeSS BT BT Sy — 2L, ZoI0bmBiL7:
BZIE 7 79— 2550 TRIZEY, XDRVWZRY AT
DB EEZEZON, SEREEHR - TI7—A7arsF A
DURZET->TWL, T2, HEHMT B X HWS
NBTIAFy 7P ORPREROLD) ORE< v ML

I 72BE, AT O ANKEEE R & 2 2 il 7
FIIABEDS DL ERET LI LA EIND. FRIZH
FOEEIZBNTIE, YOS A 3 L%l
ORI R o LeLARYS, MToRBRICE-T
&, ZET AL FOEEAEIML, AHEINCS LR
L, FBlhCnCEBidzyv, BIHJul s 3389 5 Wk
PpEZ ENL, THIZOWTIE, SRFERTHWZLS
Tkl U CHIEI B MEDTD TH R W T Th s
I EOMBEIR WA, SHREIRIEAY — 0 holF%
BT B Lo THRLME L TwL

—77, AhEBRETHRE LZBEICOWTIE, FHED
R X T FRITIWRRA, HDVWIETED) BET
LLEMAREZ ONDL. ZOBIZIE, AR TOFER
fhEZ AL, TOMEICE > Tz HEIEHE 5501
KET) ZETHIBTRETH D EEZOND. 22 OB
AR N RRRED U EED B 555, SRIEGAT D35 — v 38
12 & % /i %, Radiofrequency identification device
(RFID) % 74812 & 2 R¥GESE, FEHALIZINT 72 E 217 -
TV LENDH 5.

& AT, BUEIRH ZFEM 22 0 554 % o] Bk 7 B B
bililsh, 252V TE FOBER T 5T
BEIBIEDMFAINTVE, CROEZEIG - ISHT AL
BEZLNDD, VB AR—ZAZIEL AN—F 572012
&, AR MPEFICKERMELRLTHAH. Th
W LR RIS KR TH ) 2255, Fiux
bEAADT L, EHITIMBTHI 2 VIR IR OB
FTHURTHLILEZRTLDOTHY), REIIBITIE
BT L L TEHBROEMI RIS NS,

LB T AT AO/NLE #ED, X VI, T,
TV REEY 22—V (ABEDRBED A — 7+ V5§
~ Bluetooth 53 THEWHE) # ML 35 212k, X
DFEHWNGR Y AT ANEFERSE, EEOREICBIT5
T 4=V FRBEEZT> T TPRETH L. —F, RKFE
BBRZICBILHEI L BEAADI L, EilE OEN A
NR=ANDEA - [GHEED L Z L2, EEPER
TWh, FEEXTVS, Lol 2 BEa75— A7
L2 LyWEEEEZ LN, SRICHEZED TV FETH
5.

5. $ H 1)

Arinl, WERVHICBI AHEERMAEHBE L, ke
WL EEDE Y NEORE <y MIZREL, ZIICH
BENLZETENE Y2 HWT, TEWIBICBIT5H L%
BN L, S SICEFIHE ORI - IO IREE % [F] 5
WCF =y ZWEER Y AT LARERL, YATLAORMELY
R R 2 2 L 72, ZO8EHE, KU A7 22X 0 KE)
DA MRk 4 7 WEHIRB O FIHBRMA I RETH 5 & g,
RFmZEAR & W & OFBEEHIFERA S, BUF 2R -



(274) HRET S 51 %4% (20134E8 H)

WP A BE AR AR S 7z,

SHIZT AT LAONRE - Ay b T =2 fbERED B L3
2, RENICBIT 24 ZBBREE IR L L7271 —V
REREE 2TV, T 70 75 A0 X 5 7% U RALIFZEICD
WTHHED TV TFETH 5.

BE AR ZT) N, EBREC T — 5 HTIC
SRNTEW 72 KEBEK, H A5 55 S hTHN T
W B I EEA A, AR (SRR S LA 2R 380
L, TZICREL TE#ET 5.

B, AWFTED — RIS KT 74 s 117 Ham 15 1T 78 B 8 4
HE I SCOPE (102305004, V% 22~23 4E ) 12 & 04T
bl ZZIEHOERT.

X [73

L EASEE AR OFHIE AR 2009.

2. MNATHEANERAEN Y v 7 —  RENFRICE T %8
s 1999.

3. WM RFERE L v 7 —  Eilig O NS0 25812
3 54 2012.

4. WHTRCE S P 12 AR BE AT SRl B koo S A JE o
BEZE. 2000.

5. BSR4 A - P 2 Al o WELR I B3 A ETEE. 2000,
2010.

6. BiAR: BEEDO N OEIIZEE T 5 M — H AR
OEALDOBEICINZ T—. BHFHLE T — N - £ ¥
T4 A= a v - Yy —FIb. 6:pp.20-21, 2007.

7. WiRH: MEE DT 2 RENFI— ABIEIZ OV T—,
R4 Y % —F V. 5 pp. 45-48, 2007.

8 LIERHA: B XAt v — I E O — SRR 33
(3) : pp. 31-38, 2001.

9. RV, FEBEE, FIRIEE, RISHEEZ, IS E )k
Yy EHOCZBENTOLERA Y X T A, BREE W

FEE kYvH <A rua~v v r#EIBMEE 126 (12): pp.
662-668, 2006.

10, HIE—, A2 RUKER, /NSRS, B st =, N 1M 22, IR E At
FEASIRIN T 70— F 12 & 2 RBAVE Rl E O 72 Ol
NS Y AT 5 OWFZEBSE. RIS 25 . 49 (1) :
pp. 2-10, 2008.

11. Ishijima M, Togawa T: Observation of electro-
cardiograms through tap water. Clin Phys Physiol Meas.
10, pp. 171-175, 1989.

12. Ishijima M:Monitoring of electrocardiograms in bed
without utilizing body surface electrodes. IEEE Trans
Biomed Eng. 40(6), pp. 593-594, 1993.

13. Tamura T, Zhou ], Mizukami H, Togawa T: A system for
monitoring temperature distribution in bed and its
application to the assessment of body movement. Physiol
Meas. 14(1), pp. 33-41, 1993.

14. Chow P, Nagendra G, Abisheganaden ], Wang YT:
Respiratory monitoring using an air-mattress system.
Physiol Meas. 21, pp. 345-354, 2000.

15. Watanabe K, Watanabe T, Watanabe H, Ando H, Ishikawa
T, Kobayashi K: Noninvasive measurement of heartbeat,
respiration, snoring and body movements of a subject in

bed via a pneumatic method. IEEE Trans Biomed Eng. 52
(12), pp. 2100-2107, 2006

16. Yamakoshi K: Unconstrained physiological monitoring in
daily living for health care. Frontiers Med Biol Eng. 10(3),
pp. 139-159, 2000.

17. Yamakoshi K:Current status of non-invasive bioinstru-
mentation for healthcare. Sensors Materials. 23 (1), pp.
1-20, 2011.

18. Motoi K, Ikarashi A, Tanaka S, Yamakoshi K: Ubiquitous
healthcare monitoring in daily life. In: Acharya UR,
Tamura T, Ng EYK, Min LC, Suri JS ed. Distributed
Diagnosis and Home Healthcare, 2, American Scientific
Publishers, Valencia, pp. 265-279, 2012.

19, HWPEAG, RIEEAr, B)IHEE, (L&A, 1HBE—: A — A
NV AT T D 728 OAFFENER LI EHE 2 A 7 2 OFRAE
HAKEE T2, 44.(3) : pp. 467-474, 2006.

20. Motoi K, Kubota S, Ikarashi A, Nogawa M, Tanaka S,
Nemoto T, Yamakoshi K:Development of a fully auto-
mated network system for long-term health-care monitor-
ing at home. Proc. 29th Annu. Conf. IEEE Eng. Med. Biol.
Soc. Lyon, pp. 1826-1829, 2007.

21. Motoi K, Ogawa M, Ueno H, Kuwae Y, Ikarashi A, Yuji T,
Higashi Y, Tanaka S, Fujimoto T, Asanoi H, Yamakoshi K:
A fully automated health-care monitoring at home
without attachment of any biological sensors and its
clinical evaluation. Proc. 31st Annu. Conf. IEEE Eng. Med.
Biol. Soc. Minneapolis, pp. 4323-4326, 2009.

22. Motoi K, Taniguchi S, Yuji T, Ogawa M, Tanaka N, Hata
K, Baek M, Ueno H, Wakugawa M, Sonoda T, Fukunaga S,
Higashi Y, Matsumura K, Yamakoshi T, Tanaka S,
Fujimoto T, Asanoi H, Yamakoshi K: Development of a
ubiquitous healthcare monitoring system combined with
non-conscious and ambulatory physiological measure-
ments and its application to medical care. Proc. 33rd
Annu. Conf. IEEE Eng. Med. Biol. Soc. Boston, pp.
8211-8214, 2011.

23, B E—, RIFEA IR EAEANE R v 2 v THM OB
JEE B — B 22 A OB T IV T —. B4R k42 38(8):
pp. 555-559, 2011.

24. Nakajima K, Sekine K, Yamazaki K, Tampo A, Omote Y,
Fukunaga H, Yagi Y, Ishizu K, Nakajima M, Tobe K,
Kobayashi M, Sasaki K:Detection of respiratory wave-
forms using non-contact electrodes during bathing. Proc.
32rd Annu. Conf. IEEE Eng. Med. Biol. Soc. Buenos Aires,
pp. 911-914, 2010.

25. AP ELFE, POl B ILH N, AR, A R
JEEHLO OB BLIR A © A7z By B AR By, B Rl
13(2) : pp. 67-72, 1998.

xH EFN (EM aTTRAY)

2005 4 A IRK R bt H AR AR FE R 1
THEEREE T, W (T4%). 2005 445K
RERYF ¥ — - EIRR - FKT MY —if
fifi, 2008 4F [7] ¥ THFZe i L kst B, 2012
SEGLRTR PR A BB T e R B2, BIAELC i
L, ANVAFTEZY =R - EFEES e /%

7 —DORSE & EE - AR OIS, ANEU Y F—
Ta vV AT A0S, R T A HFFEIC .
PRS2 - HAREMRE T %4, IEEE &




RISESED T ST £ VI X B SRR (275)

R s (FAAT YY)

2011 AE EPUR S T A HRN R - BRAR T2 F
A3, 2013 4R GRS B HARAL e
FENR - B2 BUE T, ENIZBIT 2

AR AR O B SE & AR OIS
JEIZHETE.

HAfe BE (¥§F4 FF 1)

1976 4E KB ELAE K FEE T L¥ER R
FAEJE S T3t 2009 4E4RK
TR B, 2012 4EFBFE R,
2013 4ERRA A — o A FRATE I, AR
BB, NVAFTEZ Y —ORS L m R
FEANOIC AL I HE R,

RS © HARRRE T 4%

g g— (vy~ay rrA4F)

1972 4F LA H R 2 R 2 b LR 5 7.
T2gtid:, it 1972 FEd i FE K
B F, 1974 4F B E R R EFRBY T, 1980 4F
[ 5l FilE, R 4 b o 0 K A% Bh i, 1987 4E
v 7 AT 4 — FRER B, 1994 4F 4
ROR 222, 2003 4F 74 H K 42 % B #0%, 5
2013 AE AR B4 S %, AR A8 T3 K42 J OSIRAILR 27
FERHEZ, BUEICR L. AREHN & B, RS o wFgE R
FEHE,

Tl - BAREMRE T2, IEEE 4

g



