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Evaluation of a New Sensor System Capable of Discriminating Assistance/Non-assistance

When Standing Up and Sitting Up in Bed for Use in Certification of Eligibility for
Long-term Care*

Kosuke MotoL** Shinobu TANAKA,*** Yuji HicasHi,T Ken-ichi YAMAKOSHT**

Abstract In certifying eligibility for long-term care, in order to determine the level of need for long-term
care, an examiner visits the applicant to evaluate their actual physical condition. However, the period of evalua-
tion interview is usually limited, and thus assessment of the actual physical condition tends to be difficult. Taking
these circumstances into consideration, we designed an ambulatory sensor system aimed at discriminating
whether or not a subject uses assistance when standing up from a chair and sitting up in bed during daily
activities. The system is composed of two accelerometers, one attached on the subject’s chest and the other to the
forearm. The chest accelerometer measures the angle in the gravitational direction and up-down motion
acceleration. The forearm accelerometer measures the angle in the horizontal direction. In addition the sensor out-
puts are recorded in a compact data-logger. From experiments using 12 healthy subjects aged from 20 to 50 yr-
old, the present system could discriminate between the use of assistance (cane, desk and armrest) and no use
of assistance when standing up. The periods of sitting up in bed were also detectable and the present system
could discriminate between the use of assistance (bed handrail) and no use of assistance. The discriminating ac-
curacy of the system was experimentally evaluated using four healthy subjects (aged 20 yr-old) and two elderly
subjects (aged 72 and 73 yr-old). Preliminary experiments of ambulatory monitoring in normal living were also
carried out using two elderly subjects (aged 72 and 69 yr-old). The results clearly demonstrated that the new sys-
tem is able to distinguish with excellent accuracy (>90%) between using and not using assistance when standing
up and sitting up in bed. We suggest that the system could be a useful means obtaining giving objective informa-
tion in the procedure of certifying eligibility for long-term care.

Keywords : certification of eligibility for long-term care, ambulatory monitoring, standing-up, sitting-up,
accelerometer.

bP2boTEOMBRIFEHIN TS MY, i

1. ¥ U & (&

2000 4 4 A X Y AWSrERBRFIESER S N, Thilfk
ERIFCT 1999 4 10 A & Y ENEREFFB S, ZOE
NEREIENEELRET H7-ODEELHETH S

*2004 4E 9 A 13 H3%f+, 2004 4 11 A 11 HET

Received September 13, 2004; revised November 11, 2004.
** SIRKEFRER BRBFH 7R
Graduate School of Natural Science & Technology, Kana-
zawa University
B SIRKFEARRHS AR Y & —

Institute of Nature and Environmental Technology, Kana-
zawa University

T ANH K ETRSHWBE

Fujimoto Hayasuzu Hospital

BMEE LT, —RABICHVwWOhS I Ea—%I12L5
Tar S AOHERE, FHREFORBKE DR ENE
ZAEm, MEXBY) ORZELHBBAELEN DY, b
FRZICHBEBIN TR,
FxBZZFOPTHHERY ORI X BFHMBAEICER L
7z, COFMATIRHEESHEETICE T DA LB
Z[TEBDPTELRVD, HEVIIHH2ZHZIZTE 50
ZHANTHHOTH LA, WERICE - THERIICED
Y EMEBICNT 2HBAH TN &R, HRH
TOOKIC X 2RED 720 HEATFTOEBOIRN % IEH
WHEBTERWE VS LMESETON S, F23MAE
BT, RAEFICITERREDINFLFHE V) EHE
BRIFIONTBY, ZOREHEFHICHEAFRELE S



(242) AfRET S

h, NEREEESCIBRHZBIIBWTHVWLNS.
L 20, CORREHEEIEIRERANNS=-L EEZE
DERZLZ MY ANE 20, HR—KHAZE, ZXKHEIZ
BWTHRAEGOEBRORIZ EMICHIT 2 03T
HBHEV)DOHFHIRTH S, - THEHEE THbRATY
LEMEIZOVT, HEEBFBTTEDIIIfToTWE L
V) EEORN & R TR L UL, FOF—%

LRMERIIFBRNICTE LA TE 22 AL
AIUTHE

BARGE 25089 2 ik LTREFTHIRESENZ 25
N2H, FMREEPHVS L Tc 2BE D 5. Fli
RN AR SN b Z L, BErEfichsr 2 &, RAE
HAH A5 CBETAZ L TREZELOERDIRT &
FESTLEITE, EBICTITANY —DORIESEZIT
L, TNOVMEICR SR WH LY AT AVNBLEL X
NTWn5,

Z 2 TAWZETIZ, M H T HE ARG T 0iG8h % i
Y ATFLOMSEXBRNE Lz, 4EEB L-8EILE
AMAHEHOWN, FFRICHERY AL TIIHEABICS
FAIRMAHEIR LIS wWEEZBNRD [Xb )] RO
[EEERD ] THE. FAEBEZINSHECOWT [2O0
FLRVWTTES], [ orEFNETESL], [TEL
W] D 3BEETHRIT A, Lizdto TARFER T, b L
A RORE LS BfEERRRIE L, 2DFOBIT S0
W23 B o 7o ESINFTEHNT L ENFTURER Y AT
LADRFEEEHE L, SEIZY AT L OBRMEROFDMRE
FEA A 17 o 72,

2. EMEHR> X7 LBIE

EIRIIAELZHNY AT 2OBETHS. 40 [I7
L EMRD [ IZBWTIIRBRDSHBEL 225, 2 73T 5,
T DREEX Y] 2B TII BRI 90 BERERT 5 &
W) BEIERORERICER L, REICIEE - 2D
fir, AEECROEFSNEEEZRE T, LI £
7R R RIS ABRCIIMIC o 50 L, ATOB X2
S PDEALTFEEINL Z 25, RilbEcbMEEEL >
FERY T, EOXIAERBICHE202RETSZ

Lz,

BARRNZIZ AR £ 518, Mg e 3 lnEE &
> (CXLO2LF3, Crossbow) ZH( ) {1}, ThbDHD
210l (X, YH#) ZHWCTRIRIICBT A EEREAR (X
#h) ROSREAT (Y @) omEELZEHTA. 2L TX
BRI D B 43 % T, AT iﬂ"é‘é*ﬁﬂﬁf*@ (3L
fiz 0" & Lpifiz +) 2575, EHICZORTEIHE
TR D% Y Wi h o BET A & X0, gk
THEOESMEER S A (ENAATHMEZ +) ZHE
T4, HBEAHEIINE EAT) BHTHRBEIS LA FIIIKE L
T2 LidRh I LEZRL, RBMREL Y FIEE

o
-
oF
S

428545 (2004 4F 12 H)

(0° at upright position)
2

<Accelerometer>

Sampling frequency: 25 Hz Type: CXLO2LF3 (Crossbow)
Recording channel: 8 ch (max) Range: =2 g

A/D converter: 10 bit Frequency response: DC~50 Hz
Weight: 140 g Weight: 23 g

Size: 100X 60 X 20 mm Size: 25X25X20 mm

FBIR MRS AT AME
Fig. 1 Outline of a new sensor system capable of discriminat-
ing assisted and non-assisted standing up and sitting
up in bed, and the sensor set-up.
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Fig. 2 Experimental set-up for motion measurement of standing up and sitting up in bed.
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Table 1 Recordings of the intervals from start to end in non-
assisted standing up and sitting up in bed.

. Time[s]
Subject
Standing-up Sitting-up
Male (24 yr) 3.01 3.38
Female (22 yr) 2.8 292
Female (22 yr) 3.32 3.72
Male (24 yr) 2.7 475
Male (24 yr) 293 2.81
Male (24 yr) 2.84 2.99
Female (69 yr) 53 398
Male (77 yr) 4.7 5.64
Average, SD 345+0.73 377099
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Fig. 3 Typical recordings of trunk angle and motion accel-
eration during non-assisted standing-up motion.
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Fig. 6 Algorithm for discriminating whether or not a subject has any help when standing up or sitting up in bed.
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Fig. 7 Typical recordings in elderly showing 6, A: and As during four differ-
ent standing-up motions, and 8 and Asduring two different sitting up

in bed motions.
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Table 2 Accuracy in discriminating assistance and non-assistance when standing up and sitting up in bed. For the standing-up mo-
tions, the results of discriminating between cane, armrest and desk are also shown.

Subiect Standing-up Sitting-up
ubjec
Non-assist or assist Non-assist Cane Armrest Desk Non-assist or assist
Male (24 yr) 98% (88/90) 100% (15/15) 87% (13/15) 100% (15/15) 33%(5/15) —
Male (23 yr) 100% (90/90) 100% (15/15) 100% (15/15) 100% (15/15) 60% (9/15) —
Male (24 yr) 100% (90/90) 100% (15/15) 100% (15/15) 100% (15/15) 7% (1/15) —
Female (22 y1) 100% (90/90) 100% (15/15) 100% (15/15) 100% (15/15) 0% (0/15) 100% (20/20)
Male (73 yr) 99% (89/90) 100% (15/15) 100% (15/15) 93% (14/15) 40% (6/15) 100% (10/10)
Female (72 yr) 100% (90/90) 100% (15/15) 100% (15/15) 100% (15/15) 7% (1/15) 100% (10/10)
Average 99% (357/360) 100% (90/90) 98% (88/90) 99% (89/90) 24% (22/90) 100% (40/40)
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Fig.8 Recordings of 6, At and As in a female (72 yr-old) dur-
ing daily activities .
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Fig. 9 Typical recordings of 6, At and Ar when standing up
(female, 72 yr-old) and sitting up in bed (female, 69
yr-old) during daily activities.
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Table 3 Accuracy in discriminating assistance and non-assis-
tance when standing up and sitting up in bed for eld-

erly people during daily activities.

(Female, 72 yr)

Action Time Sensor system | Video camera
0:00:46 Assist Assist
0:37:54 Assist Assist
1:47:40 Assist Assist
3:01:43 Assist Assist
Standi 3:05:58 Assist Assist
tanding-up | g.q4:4 Non-assist Non-assist
3:22:58 Non-assist Non-assist
3:35:54 Non-assist Non-assist
4:23:54 | Not standing-up Assist
4:52:06 Assist Assist
Accuacy 90%
(Female, 69 yr)

Action Time Sensor system | Video camera
Standing-up 0:01:28 Assist Assist
Standing-up 0:05:52 Assist Assist
Standing-up 0:14:16 Non-assist Non-assist
Standing-up 0:15:00 Non-assist Non-assist

Sitting-up 0:45:14 Assist Assist
Sitting-up 0:49:33 Assist Assist
Standing-up 1:01:49 Assist Assist
Standing-up 1:10:38 Assist Assist
Sitting-up 1:50:15 Non-assist Non-assist
Accuacy 100%
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