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Patient behavior estimating system on the bed using a combination waveform with the
piezoelectric ceramic sensors
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Among medical accidents in medical institutions, most of them are occurred at bed sides. To prevent these
medical accidents, patients ’ behavior monitoring at their beds is very important. In our research, we propose a
motion discrimination method using vibration time series data derived by four inexpensive piezoelectric ceramic
sensors that are set beneath each of the four feet of the bed. In the proposed motion discrimination method, derived
time series data is transferred into three types of indexes. Using these indexes, the decision tree is constructed by
supervised learning. The decision tree can classify movement data into three categories; going to bed, leaving from
bed and turning movement. The proposed method is applied to experimental data. As the result, the identification

rate of the proposed method was more than 80 percent.

1. FL®IC

FEHRBEBIC B VTR Y IR CHERE DA X 5 E#RF
WA & 725> T3 [Charles 11]. T4 5 1diEF FHHUTIR
WT 2 BHICHREHEENEVEEFERTH Y, FHPHN
WHEEAFEEZE 5T 7EETIHEME2 2T H 5
[HH 10][Kibayashi 11]. ZD7z8®, HEIFEHE OB kI3
BICPWTHEEREEL R-TH Y, H#EMOEHNREY
REBRZMDTITONT WS, UL LD o HLE 58I
RZLFETETEST, IVMRNANKEZHELZ2HLELD
5 [BH11). 2 ZTHIROBG TR, Ny FLRIZBIT28E
DEEERHET 2720, ARV AT LAPEAINTWS. H#
ZFBEAEEAXINTWAIRMY AT L LTI, Ehe VY
EHDIAATLETY 82Xy RKOTIZEEY Y M2EATLZ %
HMoBgdEHDR, 7))y 7ROV ERRIZEDDIFZV Y
THRANTZZ e 2MoB2EDRENRH L. D, ThsDR
MY AT LIEEMTS PO E L 5722 2MO6E2 2
CIETEDLD, BiK, BIK, BRD VWS EDEEE L o7
DPEHSEDZZ LIFTERN., TZThbhvblL, RNy NE
FADARMIEBEE S IVvI ARV EZEFTNETN L 2T O/
B U7 Zlize Xy N EIZB T AT AT L2 REL -,
ZObLbNONDEFFIETIEX 11233 CHL, CH2 D> ¥
N[O NTEZEOHM SMESNDIRBORRED SHEE, Wt
K% T DREREMEY, BIKERKOHBAN Z2To72. £z,
CH1,CH2 ZIZ X D ESNB B OIEEED S, AHEANDE
Y, FERMANDERD % AT 2 RE A% /ED EER D O
EITH>EDTH o7 ek 14]. L L, SUEPHEEKE EiKY
D FI % B 23045 Tl 2175 720, MR EEERD, L
ATBEIR L 5K 0 DR BIAI D7, AL TR, SRR PHER

HAESE R BB, SRS KA A E R AR
B SUEG A 2 2 FA A 1-3, 0774-65-6130,
tsato@mis.doshisha.ac.jp

R Y DA E R — DA THENEITS 2 TINSDKX
RZEITD ZEMNTEBERY R R8BI 2BEOFEHEEY AT
LEBFEU-.

2. REVAT A
AIZETIRELR & 1ZBEDRIR Y RIZ A B8, #EE Iy
RO SHNDENE, FAARANOERD LIZEHE»S R THAMN
BB 2EIE, ABAADERYD LIZEED S R TEAMIC
BEITAEMEEEETS. £, ZNUSNOEETHBRY R
EUNNZ DR EREL R EOEEER ZDMOEEE Lz, 2o
OFANEX 1 ITRT Ry RO 4 & KROBNIZELY (1 507z
Ry ROIEIMIZIGETIEEL I IV I/ VY DESEAVT
Tonsd. [EFEXT Iy Iy P AEERE 7BB-41-210
EHALUL. RICKEEEZBINT VAT LOHNER 212
AR FTHHOEEULODAT Y T LT, Ny FOYIZHEE
INEEBL I Iv I T hoRy NIRENZ X5 EHEL%E
RERFMES L UL THHRL, T —XUIRZ T Wi EIfEREA D3
R—2 B EHOWEERT B, ZDESHSHINIEHT 54
HMEEMET 2. BRBICEROPIETHINCE/HEEDL S E
U7z C4.5 7T XLk BHEAREZ N, HEE, HEK,
GHEANDEIRY, FZEHEANDOER D OFH 217 5

EBESIvotz Y




The 29th Annual Conference of the Japanese Society for Artificial Intelligence, 2015

T HAN TS RSt il

=»

- -

2 BEV AT LIB T B DTN

2.1 Ry REICET BITEHEED 7= DFFEURT DV
BIR, BER, HAMANOEED EE, EARANDOERDE)
PE% GRS 5 7= 3 HEORBIKE ZFR L. Zhod
FEE IR LR L& F v Ao B o E5 1T L
4.0Hz DO —NA T 4 VR 272425 Scx1, Scw2, ScHs,
Scrs ZHAGELEDL Z XV EREIT 72, BEIRIK,
HEIR, SR 0 EIEEAT S LRI N % — U DME U 2 B
W% S, L LR 1LITRT. THIEK 3 O*1,*2 1R T LD
FEEE, BEERTIXHEIN, $8IE D TIE*3,%4 TR & 5 IR E R
U, ZOBBIZLBEMTEZ L2 2T
TEHWETHS. £7-ZDOM 3 ITHIFE*1 TR, *2 I35
K, *3IEEFEANDER D EIE, *4 1 3AHFRANOER D B

ROWEERLTNS.
Sai = Z(SCHM + Scrai)(ScH2i + ScHs:)

=0

(1)

WIZHERR, BEZHBAT 2 Z P TE B MEIGEHF S, 25X
21289, ZHNIREER TS, BREIEIC B W TR R
SNDRIKETH 5.

Swi = ScH1i + Scu2i + Scu3zi + ScHai (2)
R0 AMOHMNEITOWIE S, X3 ITRT. THIEM
3ITRT KD ITHEAMADOEIR Y BIFIFIEN, £ DER
DEIMEIZBVWTHADV RSN AR TH 5.

Smi

(3

=

(Scw1i + Scrai) — (Scu2i + Scms:)

000 f Sa

=N
wm
o
o

* £3
750} 3

0 1 2 3
11 M Sw

Voltage[V] Voltagez[VZ]
=)

2 3

| 4
l 4
2 3 4

Time|min]|

M 3: #lAGDEREE

Voltage[V]

-1.0

5
i
1l
2.2 FFEERD & RIS DOFER

step.1 X 11238 UZzBERIIEE S, DHIRBILE A,
BERAA T 2 AR HWTHERL, ZoRZZEE
FdaZl, MTRZIE T 5%

step.2 $RE U LBIERL, K TR O Sy, S, DEBALE,
B/MEZREE L UTIET 5

step.3 &5 N-EHE%Z S L IZHIK, BEE, AN DEKR
D, EHEANDEEY OB EITS C4.5 7TV ZXALIZ
B PEAREERT S

OB ZIT OB, RERICREEZIEL, RSk
EARIZE D EFTS.

3. FHMZELR

3.1 ERIRE

EBY T Iv IRy IZENRBRBLLIE, BLLADSE
PMBHEU D XS ICEMOREMEERZEL, Y7 VAN
1[ms] & U7z, E7/-MERE 11 HCEREZIT- 72, #AIN S&E)
fEEZENZN, BER 27 B, K 29 [, AHRIANDERD 85
B, GARANDEED 67 [0, F/INNOEETHZERY
REMWZ 0 RZRL 2 EOEIX 177 B TH - 7=, EERT
WEEIED T~V % DA% MER S 5 72012, HERE OBhfE
V77 Ly AMBRIMRES A ST & B EH 24T - 7=,

3.2 FHEAE

A AT L OFHMIZ IFEAEHE (Precision), FHLE (Recall),
F RE (F-Measur) Z Wz, #GRLIE, YATLMNEUE
FE e 2 OEFBICE £ N2 EMEFRORETERI N,
EMMEERTEAETDHS. BARIEYAT LA NZIELEH)
fEEBRLUBVIBARE Lo TWE. E-HEHELIE, VAT
LD E DR TIF U AE CHREEZRE L TV 2 &R
THIGLERI N, WHEEEZRITHETDH L. BHEHEIVAT
LDEMERERS N TWARY., 20720 Y AT LOFHli %17
DHAIERE UTHEAR L BEREZR LU F REZ2AW. B
TICIE, D227 7 ADNFICE T 2HER, HEE, FRED
EFAZRT. EFIZIEL HEL 8% TP (True Positive),
EfilzE L < HIE L 78 % TN(True Negative), - CTIEH]
EHIE S N ABIE % FN(False Negative), #-> TEHI & ¥
E XN EFIE%E FP(False Positive) & L7z, £7-IZfhvH %
A 2B, ZYMEEMEET 5720 (Z Leave-one-out IZ &5
RAEWE AT 5 72,

TP

Precision = TP )
TP
fecall = 5N 5)
F — measure = 2Recall x Precision ©

Recall + Precision

3.3 EMEHEAER - ER

REVAT LB IT 2R R 2R LIRS, 5K, #EK,
IR D L BHIZ 80% LA EDKERZ G-, FBTFMERIC L 54
RaFR21TRT [{EFE 14). ZhoickvR1, X2, XA3DFE
B, N, HEIC LV MASDEEEERS I v IRy YDE
FEAWSZ LT, REFRTBFEFIE L HNRIFARECH
50, Ny R EZBIEEOHEZVOEDIIHETEDLI L
PRIN. FERETEEZHNZC45 7TV ALIZED
FER X NTRERIZIH 4 o7z, X4 D S MEGERIEIC
K OBRIR, BERZE, $E0 AR L DR EIfEL £
DOFHAZHNTEDLZLDMRTESL. LizWoT, BIKLE
Y, BEREERD ZXTEIENTES. £/, A,
FERTNDEIR D OFRBIRP R, #ERE i UERWER E L
T, BHEINNSRER O BZFOMOBEIE L H XY
ZTOMDEENEIE D L BB SN0 L2720 Th B, K



The 29th Annual Conference of the Japanese Society for Artificial Intelligence, 2015

DDARAZITTIRRSEEYORESIIZEALTE#HMNEITS Z
T, Ry NEEEDERIMENNE 22455K D 137 DO EfE &
A X DR VGEAIR 22 B HY, ERMEASES WEIED K E nE
B OiFEEE EXEoNEZenEZIOND.

1 REV AT LB BEEEOHN %

BRI WAEE (%) | BHE (% | FRE (%)
HLIR 93.5 100.0 96.7
il PR 100.0 88.9 94.1
FHARANDIZED | 85.0 80.0 82.4
EHARANDIEED | 76.3 91.3 83.0
Z Dt 89.4 85.9 87.6
# 2. BETFIEIZ X 3R EED %
ERIE WER (%) | BEE (%) | FRE (%)
TR 87.1 87.1 87.1
HfE R 97.2 97.2 97.2
FHARANDIEED | 75.0 95.7 84.1
EHRANDEEY | 85.2 75.4 80.0
Z DD EE 93.4 88.3 92.3
HESERRSW
ORAME
<=0.200 >0.200
HAESERRSW FER
O&/IMB
<=-0.730 | >-0.730
BEER RS EEES
SESXOR/IME
cfw_l_zﬁn
BRE RS ERER
SEHSXDRAME
<=0.194 | >0.091
RS BEDE
SERSXDE/IME
<=-0.107 | >-0.107
BENE JAZ

4: PREARIZ X BERNIE TV

xEH

EHHEEIC B W TRy R PR % O RENIC & 2 HiKD
fRIHEREL 725 THB Y, Ry R LB} 2EBEOTEE2E=
R TTBERENECTWS., BEFETIZ 1 HOBEIZ
UTEBOMEZIKT Z EBFEL 2> T\, TITRY
ROMIZEE L ZEEL S I v s rIhoBonE5%20
5, S, BEICL VHMASDY, EIfEMREY, MESER
¥, 9350 JFranle 2 ER Uz, SifERHE IR OB S
BIPEREMR, BT KD, ZORXBOMEBEREHEIY, 580
FHFGRAT Ol BoIMEZ R L U TIERIZ X 25
PR, BEER, ZEATRIANOEER D BIfE, F5ATRIANDER D BIfED W
Thr2ETHEHHEE S AT LORFKET -7, TORE, %
K 96.7%, BEIR 94.1%, ZEHEANDEE D B 83.0%, Hih
M DR O BiE 82.4% DA R 2 F7-. ZNIIBEGFEFEL
HEOHMNKRTH 5. BIED OHAENMEWIEHE LT, B8R
D& FOMOEEE DB H T 5NDE. 585, Zhs2fE
W B-DERY DRE XL B2 T WERMEDEWEE)
DREWEIE D ORI ER 175,

4.

& 3
[Charles 11] Charles W. Given, et al:” Fall prevention in hos-
pitals: an integrative review.”, Clinical nursing re-

search, Vol. 7, pp.1054773811418106,2011.

[ 10] HHER, et al: A BT H 1T DEREET £ A A
k237 - ¥— bOUEEIZET A5 BIH AR E R
£, Vol. 24, pp.1-1,2010.

[Kibayashi 11] Kibayashi, = Kazuhiko,et al:” Accidental
deaths occurring in bed: Review of cases and proposal
of preventive strategies.”, Journal of forensic nursing,
Vol. 7, pp.130-136,2011.

[ 11] BLERReth, R HSGEERE - RO DRIE: 5k
HHID S, et al HIEKZERERAXHSAWER 70—
NV COE 7uZ' o4 AR ML, 2011.

[({ERE 14]) EBERE et al” [ EEBL T I v 72T EHAVERY
R ETOFERMY AT L7, BKETRY U RI YT L
2014 ¥R, pp.125-125,2014.



