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ABSTRACT:

To care the daily living of patient with cerebrovascular disease, it is important for therapist to accurately
evaluate patient’s activities just after leaving hospital. In this study, we proposed a new evaluation method for
daily activities of patient with cerebrovascular disease just after leaving hospital using wearable posture changes
and activities monitoring system. Using this method, the rate of lying, sitting, standing, walking, and standing-up
and sitting-down could be monitored quantitatively in subject’s home just after leaving hospital. Especially, the
rate of the lying position significantly decreased and the sitting position increased just after leaving the hospital,

demonstrating its usefulness for evaluating the change of daily activities just after leaving hospital.
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(b) Monitoring system

(c) Posture in start of

» CPU
measurement

» Accelerometer (3 axes)
» Gyro-sensor (1 axis)
» AD converter
(10 bit, Sampling
frequency 25 Hz)

» Micro SD card
> Battery
(Recording time:15 h)

» Trunk, thigh, calf, and
knee angle change

» Posture change
(static, dynamic)

» Posture discrimination
(Lying, sitting, standing,
standing-up/sitting-down,
walking)

» Walking speed

Fig.1. Outline of wearable monitoring system for posture changes and activities, showing
(a) measurement scene and (b) monitoring system. Initial angle values of trunk,
thigh, and shank, are obtained from the sensor signals of the accelerometers in
static sitting position (trunk angle: 0 deg, knee angle: 90 deg) as shown in figure (c).
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Fig.2. Outlines of data analyses to discriminate 5 postures.
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Subject Age Gender Paralyzed side Nursing care level Diagnosis
Casel 76 Male Left 1 Cerebral embolism
Case2 65 Male Left 1 Cerebral infarction
Case3 79  Female Left independence Cerebral infarction
Case4 69 Male Right 2 Cerebral infarction
Case5 45 Male Left 4 Cerebral bleeding
Case6 56 Male Parkinsonism 1 g;:;gﬁ;fg:ﬁr:;gii?;ﬁé
Case7 72 Male Left 1 Cerebral bleeding
Case8 79  Female Left support2 Cerebral infarction
Case9 65 Male Both 2 Subarachnoid hemorrhage
Casel0 61 Male Left independence Hypertensive intracerebral hemorrhage
Casell 70  Female Left 2 Subarachnoid hemorrhage
Casel2 75  Female Right 2 Cerebral infarction

Table. Subject details
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Fig.3. Result of each posture time accumulated time for 5 posturesin 12 subjects.

RS

Fig.3 12U =7 7 7 /KB  [FEhEHI S AT A
(2 & DA EE  IRERE R O R A R,

1) BN IRE R o ) b R

ABEH OEMZ ORI 29.6221.8 73 Th
o7, BFEEZICIE 3.9111.84y, BFi 1 » H#
£ 1.9£3.7 4y, BBt 2 » A% 10.7+£23.7 77,
Bt 3 » H14124.6E8.4 0 7o 7=, AP Lk
Btk OHEIZ BN TIE, ARt &IBRBEE %, B8P
17 A% (p<0.01), 1BFc 2 » H#% (p<0.05),
BEE 3 » A% (p<0.01) O TH BRI
D3ELHE LT e, BBERARE D IR VT, A
BEEIRD LN T,

2) JEEAE IR o IR T R

ABEH DEELL OF-EIRERIE 60.2+25.4 73 Th
o7, BPTiE%IT 88.1+39.3 4y, BFE 1 » H#
1% 83.2438.9 47, ikt 2 » H 1% 76.1£32.9 77,
JBFE 3 » A1%1% 85.84+33.4 Sy L e o7~ ARt
EARBE DO I BV TR, AR & IRBRE % T
BN 2NER LTV (p<0.05). X172,
A TOFHNCIBWT, AR (5 D 2 HIE 0 i
B &Moo, IBBRUBEOREICBW L, A8
TR o Tz,

3) NEAEREE O I E R R

NENE DRI AR 28 12.9411.5 47, BB
E%1%10.9113.4 57, iBFt 1 » H#1% 17.9£23.8
5y, JBBE 2 » A1%1% 19.1121.2 45, Bt 3 » H



PRIEER MRS 4 (D

%1% 9.4£9.6 53 Ch o 7=, SMACEERNE, AR &
BEEtE O i, IBPELARE O EIZ B W TH E T
RO LN N-T-.

4) BATIER O W E G F

AT OEERENIZ AT 23 16.4112.5 47, 18P
Ef%1%16.56:21.3%7, 18Pt 1 » H#1%£ 16.7£15.4
4y, BB 2 » A1%1% 13.8+12.4 4y, iBBi 3 » H
#13219.8+17.4 5> Th o 7-. BHITRRIL, AP
LARBERE D L, JREELLRE O BB IZ B\ TR E E
LR Lo Tz,

5) FOST « A5 JRERRRE 0D 7 fil S

AP O FENE - FEEONYEERFRFIX 0.94+0.6 47,
IBPEE %X 0.5620.4 47, iBB2 1 » H#13£ 0.4£0.3
5y, BBE 2 » 13 0.4+0.2 47, 1Bt 3 » H#1Z
0.4+0.3 3 & o7, ARt &BEEE O ERIZ S
W, ABEH LORPEE, BBE1 4 A, BBEE 2
i A%, 1BBE 3 7 A& O TAHEIZERM L T\
(p<0.05). BBELABEO I N TIE, AEZE
LR Lo Tz,

BE

ARIARMETIE, v=T 7T VEE - JEEGHH
VAT LAERAWDLZ EIZED, T THLMIZ
725 TR Do TeAEERAT N 3517 5 i i 78 e
EHOIEE MO EAb A2 WIHEIZFEm - BEf T 5 2
EMFERE N, RS, SRR L LIEEBIT
NI T D AETERILOFHEIEL, ABEH TP - i
%, BEBIIRREORT L, BioBETT
RBHEOREAHETHZERNLE LD, 20
EOICRELSBEENZILT HH T, WEROEMN
PTG D B TIX KRG O B TG 8 2 8 O E S
HZLIIHREECTH 7=, LoLEn s, SEIAKY
AT DB GT DH i m G EE WD Z LT,
WP B R EOREZRES TICEH N &2
THZENTEX, M THEEN/N - EETHD
TEORMBFICREBRAHREH T Lo
7o, BT, ZNHEAMEIZESWTERENID
MRS XF R OIE BRI A 235 2 & 23 Al B
ThoT-.

FRICIEERBATHNC B W T, IM2E 38 ER B L
& SNTEDIRBE A IBPER, FIEZ W AT O H
TOHEEDOEACRLARND BIFHENL « ATE DR L E
THLCZLORGIZRY, BAMOKTZI X

ZHY o ERNEZLND. £, BHMERITS
DICHEREREE - MG REE, ISEhHIRI L OB
HoEEZATFRICAR D 1V, 20 X 9 pikiEs
GlEH 2 SN T=0I, BB ICKIRE OIGENR
DACZALR A U= E, Ralcm@ul sttt 2
B X oI, R AT AT L 0BG ORES « [EE)
WREZFEMICIE LT < Z & id, EERITHO

UNEV T =2 a VB WCIHEFICEERZ L
ThHHEEZD.

ARIOFER, FIIEBOBAGEM & L TRV
MoOBEEEEFLIZLEZA, AbhelmL, &
B LLRE VX AL RE R 234 L C, BERRAMEE ST
WABZ ERHBMMERoT2. LL, BRITRNAL
EWV o T RBEIEOIEMIIR O RNWT b,
TR O BAME B O 58506 1%, FEALRF O fER & LT
BN TWAZ LD, FRFEEE D HIRPE 3
r ARBIZBWT, FXBOHE - REICKE A
LIEA BT, AT LOAEREEZ L TWDZ &N
ooz, —JF, &AL« FEREMIZ OV T
X, AR &l U CRPE% GREEE 2 ~iBFE 3
rAVIABEIZER LW, ZoFKFE LTI,
HEEPEORTIZ L EEDEIEE D b OB
L7z &b, BEEEOUEEICLY 1 BIOEMEIC
B LHEEMNEMRHLIZE VI 2ODBBNE XS
A, ARITESL - FEIEOFAMIZOWTIE, B
TEOAFHRERI 720 T <, BMED IS G O TR
MEIT>TOLER DB

PLED X 91z, RUAT AF T E CTHuR R
TholiEEFHEZ, KV AT LAhLHELNHE
BORBE D HBIFE RICE S E EREMICIT S 2 &M
ARETH D, XRE O B EIEE ORI A BRI
B2 ECIHEFICERTHoTZ. KV AT AICK
LM AITO Z LIk o T, EERBITHICBITS
Jibd 1fn. A% P D IR M O AL A BIREICIE 2 B 2
EMAREE 20, ZHICHASWCRBER ICTEE) -
FNED AL & T 72 o T2 3E121E, eI
ENERFET L ENAREICRD EEZILND.
AEIOFERTIL, BBERICEER S EE S TV
EWVIHHBMBH LN o2, SHRITEHICE
SORMGFIZBW TR ZITV, DX 57K
B, 5 0FEBE~DODT =X T 4 — KRy 7 &2 A
BerpCiBBE 2 12AT D 2 &A%, KV RERMLREER
ITHABICEN D D, F72RB% OIFEMME D E( L
RHNEEFHREZHLNIZL TV PETH .



PRIEER MRS 4 (D

£
[=]

&

Aal, FEEBATHICE T 2 I E FEEE O B
BENCHOWT, =T 77 VLS IR A
T A E R H T R TE AR E T D LR,
EEBATH O EREER 12 4 23 RICEFH -
AN FEhE L, T OEMEEREE LT, £ ORER,
HE ke D TEME IR TIXICRE N EE T H - 72 ABe
2 5ARBER O B B2 COIEEMMED £z
W, RV RAT A2 X0 EEITEBRREL A 7T HE
THDHIENHERINT. ZOZ N, KFE
XHRRE O R FIEB O MCARATH D
LEZND.

Bk
AT ST D — ERILHEHS A FRE 09 1 18 15 F 20 B
FHEERE SCOPE (102305004, “FERk 22~23
R 12 v iThh. 22 L UEHoE %
Fz7.

SR

1) BRFET, THBE, B - e EERE
5 AEEENG. VEZEHRTE 27 (4) 1 440-456, 2008.

2) AHTE:FRE SIS - MR EEICB TS
OT OB IF L EN 20T ¥V v —F b
42(7) :680-685, 2008.

3) EMFH L BEHY ALY TF— g VIER L
WU A Y F—3 g BT AN H#ETD.
0T ¥+ —7 /1 39(8) :805-810, 2005

4) HPRLFFF, @ EERY B SLEEREM A (FIM).
0T ¥ —7F /L 38(7) :568-577, 2004.

5) FREX— - WIEJTE, - RHEME - i : U B
U7 —3 g BEMEREIC BT D R A )
MFRA-7-. U N\ESF45(8) : 10-13, 2008

6) RIS, HPEE, B - il EHER
EXBEOT-DDONLEH ENY - X Envick
DB B L R T A O FEERRE.
KEE T4 42(4) © 241-251, 2004.

) ARFE=A, HTEE, BIHE - o K.
HAT IR EE O M) SRR REE A I B 3 5 ZR R
Et.  ARE TS 41(4) : 35-41, 2003

8) K. Motoi, S. Tanaka, Y. Kuwae, et al. :
Evaluation of a wearable sensor system
monitoring posture changes and activities
for use in rehabilitation. Journal of
Robotics and Mechatronics 19(6) : 656666,
2007.

9) LIBE—, AHHEN  FEREAEEERE SV
> 7 E AT O 7 R B - B R~ o S S T
T, HEEERIESE 38 (8) 1 555-559, 2011.

10) K. Motoi, Y. Kuwae, S. Taniguchi, et al.
: Development of a new wearable monitoring
system for posture changes and activities
and its application to rehabilitation.
IFMBE Proceedings 25 : 142-145, 2009.

1) EHEME—FETEE & ADL.OT ¥ % — F b
37(6) :483-487, 2003.



