Experimental apparatus for fall behavior of
human by using parallel wire mechanism
(consideration of evaluating fall at sitting posture)
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Experimental Apparatus for Fall Behavior of Human
by Using Parallel Wire Mechanism
(Consideration of Evaluating Fall at Sitting Posture)

Hiroshi TACHIYA*, Yuki ARAI, Kosuke OKUNO,
Yusuke MIYAZAKI and Seiji NISHIMURA

**School of Mechanical Engineering, College of Science and Engineering, Kanazawa University,
Kakuma-machi, Kanazawa-shi, Ishikawa, 920-1192 Japan

This study describes an equipment to evaluate potential of fall of human in seated position. The
equipment can make a subject fall safely by supporting the upper body with a wire parallel
mechanism. Therefore, the equipment can measure behavior of a subject at fall moment and obtain
evaluation data of fall behavior. The wire parallel mechanism consists of four wires connecting the
base chair to the output link and can generate spatial 3DOF motion. The output link is attached to
the thorax of a subject so as to support and control 3DOF motion of the upper body. Each wire has
strain-gages to detect its tension. Furthermore, a force-plate is set on base chair to measure the
center of pressure (COP) for comparison. The equipment uses measured wiretension, posture of the
wire parallel mechanism and COP as evaluation of fall. The wire-tensions change sharply at fall
moment and the posture of the mechanism show the tendencies of potential of fall of a subject clearly.
Further human body can be supported by the wire parallel mechanism after falling. Thus, it has been
confirmed that the proposed equipment can measure potential of fall of human safely.
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Fig. | Spatial 3dof parallel wire mechanism

Table 1 Positions of the connecting wires [mm]
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(b) Side view
Fig. 3 Situation of attaching the equipment

(a) Front view
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Fig. 4 Position of the angle meter
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Fig. 5 Operating direction
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Fig. 6 Measured and input values of the device
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Fig. 7 Changes of the wire tensions and center of gravity
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Fig. 8 Changes of the center of gravity
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Fig. 9 Sitting posture with legs crossed

T 50

—&— Occurrence of fall

Vi)
1

@ | ®
Yoo
XTmm]
(a) Center of gravity
T 10

|
—&— Occurrence of fall i

a [deg]

|
|
T-
|

(b)Device angle
Fig. 10 Occurrence of fall ( Left over the right leg )
50

-
1

—&— Occurrence of fall

E — + I + —
= 100 50 Ol 50 100
) i
i
|0
!
® L 100 @
X[mm]
(a) Center of gravity
T 10
—&— Occurrence of fall
E
h)
s

(b) Device angle
Fig. 11 Occurrence of fall ( Right over the left leg)

—273—



2626 NI VIVT A YRR E B e AR DIEEIERERE

S0
—&— Subject A

T
i
!

---0--- Subject B

X[mm]
(a) Center of gravity

—&— Subject A

---O--- Subject B

L2
B [deg]

(b) Deviceangle
Fig. 12 Individual difference of occurrence of fall
(Leftover the right leg)

T S0
—&— Subject A
"E" ---O--- Subject B |
—a— -- i
= 100 50 0/ 50 210
® l i®
i :
i
!

i 100
X[mm]
(a) Center of gravity

T10
—&— Subject A

---0--- Subject B

(b) Device angle
Fig. 13 Individual difference of occurrence of fall
(Rightoverthe leftleg)

—274—

EZ O BB S IR ARATED | ~SsoKme L.

HBBREAILLD, ERFEROEICER-ZRLE
BCORIEKEREZR 0L, ERYERO HCER-2
MAHAEBTORERREZR ISR, K10@), 1@t
EEEBROBEMIE Y, K100b), 110N iTEEEE
DEBAEY TR ELRTRL, £HA~DE{kdD
MORTNE S THEBRTRA TS,

X105 L FIHCBWTEBAER L UCEMIBOR
RERBTNIE, $BEATRY HITRASHACEE
BERELRTNI LBbMS. Bz, FH2L4ick
T BB OEHRA o (XA Y [[isA) 2 i,
100), 11GDWTHIZBNT Y, B% HCEATHR
IR L, £ 5 TROHROEREE TOBEAETLE
BEL2oTWA. ZOX 31, F10, 1SR TEEE
BHOBEMIER L UCEBRAEN L, BRAESOEHE
BT AR R T 5.

Wiz, AEREEBRERIC L 2EE A OEAEDF
iz >WTHRET 3728, BloEkRE R UERY
T, BBREL, HE173cm, &HE60kg D25
BETHY, Uk, EREBLET. IRIZERES
ROLCERBEAES, HBITEREFERDEIC
HER-REBEETORBRTH Y, £XQ)iIEEEHE
DOELUAIEY, OiiEEEBERoEBEAE2 L, EI10,
NERBRIC VA VEADLHE L - EEBEN 2O TF
LT3, 7aRBHEn-8, K12, 13 PIiCiigsE A
OB B TTT. 77, $BE A OEEBEI
ER TR, BEREBOGHIFRE IR TRA TV 5.

FIERRLY, BREB LR Y LITHARE FR~R
FILRT W E8bhd, LirL, HREA Lkt
hid, BREIBECIEEAE, BEOEEbIC, £
DEDEN2DNEL, T, 2BRNICEREZELR
TWILBbhd, ZokdE, FEBOHEEES
D, BEADEHE LT SORBMRAETH 5.

UEDFHEBRIZEBITD, 74—RA 7 L— ML BHEL
LB L RT LT A YERBHERIC L 2R A EORIE
R GHPHEE E L THE - T 5. BATER
Bi} A REERRB T, ABCOESOBMAEL S
Y TEBOEEEHE LI L0, b MNIBEMIEY
FSETIBROBREEELIED LN TES.
Lo T, AP CORERRICT SN L ) ICiEE
BB O THEAIRTRE S ERLARVIEENSH
3. ZhiICH LT, SERFICIERS AL TS
BV A YIRANDEL, EEBRM OISR X
IRWVThOERTHL VA YEHDOELEZ VB



NIV A YEEEEY A ABOEEIEREE 2627

IVERTHD. T, EROAED LEERRHOE
m, EAERELRINTVS. Lo T, MHHICIX
T =R T~ FERERT, T VAT A YR
BOLTANEOXE, FELEREORELITRI L
NAEETHY, HRELT, HEO/NE, EaX b
L&D - LR TED.

1.8 8

FECIHEMNEBTOEEIITHE bOART R
HEEHOREEZBI 2 HERRRERLFER L.
BONREREEUTICENTD.

(NIRRT AR EREE, BROMBRHEEIC X
D EBRMOBVERSTRETH Y, BREVEHED
BRERELEESTRRTE D,
Q&R E FAVIUE, 7A YIRADE L b EEREHHE
ERSICHRITE, %7, HREEHOEMRLFEEE
ERAED LITVES.
QVEMAEHOWBE 2 RICEERREEZRL, &
EOERH I HEE L3 SBE S ICRIEWEE
ThHZ L, BMAROREADENEZFMTELZ L%
BB LT

SEBITRFTHEMEAY, SROBHEICHLT
EBRETV, G&ETIHCA AR OFERE AR
LTV ZEBFETHD.

i, FHEEFERERAENS (BRHRE (C)
GREEB20560129YDBIFRIC L D REE A, ZZIT
RLTEHOERRT.

BEXH
(1) Imamoto, K., Kitamura, F., Kita, Y., Takada, M., Hiura, M.
and Fujimoto, E., Physical risk factors related to the fall and bone
fracture in the elderly -Transitional changes of the bone stiffess,
muscular strength and postural sway-, Journal of nursing, Shiga
University of Medical Science, Vol. 3, No. 1(2005), pp.13-19

(2) Horikawa, E., Nakkamura, T., Matsui, S., Okamura, N.,
Higuchi, M., Arai, H., Sasaki, H., Tsukahara, Y. and Kodama,
M., An Analysis of the Relationships between Postural Stability
Measures and Falling in Older People, Bulletin of College of
Medical Sciences, Tohoku University, Vol.8, No.2(1999),
pp.183-190

(3) Nishimura, S., Ikuta, M., Sibata, K. and Yokoyama, M., Bal-
ance during crossed left foot sitting, Memoirs of Kanazawa Uni-
versity School of Paramedicine, Vol.18(1994), pp.63-67

(4) Tachiya, H., Sano, ., Okuno, K., Miyazaki Y. and Yoshida,
H., Development of the Upper Body Motion Assist System Us-
ingaParallel Wire Mechanism by Evaluating the Driving Tensions
(Machine Elements and Manufacturing), Transactions of the
Japan Society of Mechanical Engineers. C, Vol.73,
No.727(2007), pp.833-840

(5) Kawamura, S., Kino, H., Choe, W. and Katsuta, K., A Mo-
tion Control Scheme in Wire Length Coordinates for Parallel Wire
Drive Systems, Journal of the Robotics Society of Japan,
Vol.16, No.4(1998), pp.546-552

(6)Nishimura, S., Ikuta, M., Sibata, K, Mugii, N. and Yokoyama,
M., Sitting Balance during Crossed Foot in Hemiplegia and
Parkinson’ s Disease, Memoirs of Kanazawa University
School of Paramedicine, Vol.19(1995), pp.109-114

(7) Nishimura, S., kuta, M., Sibata, K., Mugii,N., Yokoyama,
M. and Simazaki, E., Balance during crossed foot by center of
pressure and sway area, Memoirs of School of Health Sciences
Faculty of Medicine Kanazawa University, Vol.20(1996),
pp-9-13

(8) Morishita, M., Amimoto, K., Asou,Y., Kusano, R. and
Kurihara, Y., Postural Reaction of the Elderly to Tilting in the Sit-
ting Position, Journal of Physical Therapy Science, Vol.21,
No.2(2006), pp.175-180

—275—



