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Visualizing Dynamic Information System of Motion with Arm/Leg Coordination using Color-Depth
Sensor and Force Sensors
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Abstract: The number and rate of elder people are increasing in Japan, a care prevention of the elder people is a
societal critical issue. The third-ranked factor of primary nursing care is a “locomotive syndrome,” then it is important
to do a motor training actively. Therefore, the training assist system that visualizes a physical information using a

color-depth sensor and force sensors is proposed in this paper. A whole body pose of the elder people is measured by
the color-depth sensor, and contact forces of each hand are calculated by the force sensors. Then, the floor reaction
forces are estimated by these parameters using Generalized Zero Moment Point model. Evaluation experiments of the
proposed method were performed. The effectiveness of the estimation method was confirmed from the results.
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Fig. 1 Parallel bars with force sensors
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Fig. 2 Overview of the proposed training assist system

ZZT, (z.,9,) 1% GZMP OERE, m IXB&E, (v,y,2)
FEODDMERE, g ZEIMEE, (Ly, Ly, L) FELE O O
A EE) &, (:L’h,j,yhj,yh,j) WSEAZNTNDTHRDOME,
(Fhwjs Fryjs Fnzj) BEGENZENDOFRK T LT 5.

ZZT, GZMP Z&REIZhr» 5L ROALED S
ETHIEDVHARETHD, WANTERTZ LW TES,

Fropxpr + Frzias

€Tr. =

z Ff,r + Ff,l (3)
y _ Erer Y F Erai Y

’ Fro+ Fpy

ZZT, (mf’l,yf’l) IR DALIE, (xfyr,yf’,«) 3ERD
i, Fpy R OK D, Fr, RERORKDLT 5. £7,
HMIESEENEFEERBERITERDES 12D, £
FIZEH < HOMIFRA L 725,

Fror+ Frai=m(Z+g)—

ZFM (4)

SREIT < KIS ROME Y GZMP ¥ DI & -
TEETE B0, R (2), (3), (4) 2AVT, KRHEKH
IR TRons.

. 2
m(Z+g) =31 Fhz

Fpy = A
i _ AR+AL R (5)
po_™ (24+9) = 2o Fhsy AL
for AR+ AL

AL = \/ - Cvfz )2 + (- —yr0)’
where, 5
AR = \/ xf r (yz yf,r)

3-3 RERVRT L

HIFRUE EOEEOFHZR S Z 2 2 HIEL, EiiE
ERELUZEBCHER Y R2ERL, PREKDOHREZ
795. £72, 25 OZRBDHEEIZIX Microsot 7* & 7 X
N T3 KINECT XU°%® SDK %3 1D, hiE+
vH & KINECT 58505 EH%E PC THAEL, Wi
FTCTHRRETILVITY ZLIZE > TFERKNERERS
DOHE#EITD. BEVAT LDOWMK%E Fig. 2 IR, &
B, MFIZH s 7V AR— NERVATFLIZEVWTHL
AN



(a) Contact force on parallel bar (b) Comparable force data
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Fig. 3 Experiment results estimating contact
forces on parallel bar.
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Fig. 4 Experiment environment and output of
visualization.
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Fig. 5 Snapshot of stepping motion.
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Fig. 6 Calculation results of floor reaction forces
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Fig. 7 Experiment results of GZMP, floor reac-
tion forces and contact forces of hands.

BCREFTEIHEEZEA, BELLZVESIZTE. Ih
FoaE—varvhlb—=v2Z (mabL)? 21 A=Y
U2 HIEfECH 5. Fig. 7 ClARLHFTOHHKER%
R

Fig. 7 5055 X 512, FHIC 10[N] 55 40[N] ©
FBrroTWTE, GZMP ZERDMNBEIZE YE ST
WBZ D5, RIBEFIEIZL > THEBHIECE TS
GZMP MRZEIZFHETET WA I e ansd. 72, &
BN hOHERKRE RS L, HGRKIMERKIIZHEART
FTHNEL, EREKAVHEETETVWE IR 5.
B 1 Tl 100[N] SEfEIZ 72> TWAH A, MR 3 Tl
IFIF O[N] TH 5.
INETOERERN»S, Xk () THELL-> TV
RENNTOEEID ZREMBPINT VDD, #HEREIZ
rotTiEEARONEZ L HS. AL, BEEFH-T
ERIDFNIHS L TH Y, AFETIRATHRELTEZ &
NEHMTH B2, FHIKEEL LTIIRESAMEE 13725
AN

5. &

BEBE2cBVWTOaET s 7YY Fu—a0E
WENHEERIZ > TWB I ERHSNT WS, ARISET
&, HIRREEIEC B 2 2B HE Y TV XA LIZHH
hE 22 e CEMIIZ N L —=V 27 5 LIET 2K
WEBFT AL A2 HIE L. HHAEEEC BT 2 %
RO EIZIZ, hEXx ¥ e a3 2 A0,
GZMP (2O G HZEET NV AEATEI T
VEAADMIREROWEZAREIZLEZ, NT VU AR=F
EHAWT, REXIIOFAMERE 7o 727, EEEAEER
FRIBEEICEWT, EYICEERIBHETETWS
Z e EHEDDT-.

DML TRBELE N =V TRFEMRTHD, b
V==V kBT 5k FHT 572000 & BIEIA IO AT
WA BEIZ RS, SBITATIERIERL, BE&RE
EROAHRLT S 2HIET.

LIFE2015 2015 9 7 —9

BEE

ARWFFEII R KRR EXEAE T Y 27 NOXEEZ
7=,
SE R

(1) EA& B @A Fk 25 & ERAEEEHR
#, http://www.mhlw.go.jp/toukei/saikin/hw/
k-tyosa/k-tyosal3/dl/16.pdf.

(2) BRI =, naEF e Ty R =L, AT ANV
o —4k, 2012,

(3) J. B. DINGWELL, B. L. DAVIS and D. M. FRA-
ZIER, Use of an instrumented treadmill for real-
time gait symmetry evaluation and feedback in nor-
mal and trans-tibial amputee subjects, Prosthetics
and Orthotics Internatiional, vol. 20, no. 2, pp.
101-110, 1996.

(4) B. L. Davis, M. Ortolano, K. Richards, J. Redhed,
J. Kuznicki, and V. Sahgal, Realtime Visual Feed-
back Diminishes Energy Consumption of Amputee
Subjects During Treadmill Locomotion, AAOP, vol.
16, no. 2, pp. 49-54, 2004.

(5) Kazu Segawa, “DIGITAL MIRROR APPARA-
TUS,” United States Patent Application Publica-
tion, US20110210970A1, 2009

(6) Ryota SABE, Tomohiro HAYASHI and Yoshiyuki
SANKALI, Visual feedback system showing loads on
handrails for gait training, 2012 IEEE/SICE In-
ternational Symposium on System Integration(SII),
pp. 337-342; 2012.

(7) BEH, =HAGE, HAME, Lk, A
U & W R ARG & B AT E I S B
VAT L, LIFE2014, GS4-2, 2014.

(8) Miomir. Vukobratovic and J. Stepaneko, On the
stability of anthropomorphic systems, Mathemati-
cal Biosciences, Mathematical Biosciences, vol. 15,
pp. 1-37, 1972.

(9) AR, EHESE: N I & MR 2 v
7214 v X —7 =1 ADFAF -Haptic Desk: HUZfiltE %
Ff7- 8 5 H4ifi-, Robomec2014, 1P1-X05, 2014.

(10) K. Harada, S. Kajita, K. Kaneko and H. Hirukawa,
ZMP Analysis for Arm/Leg Corrdination, Proceed-
ings of the 2003 IEEE/RSJ International Confer-
ence on Intelligent Robots and Systems, pp. 75-81,
2003.

(11) J. Shotton, A. Fitzgibbon, M. Cook, T. Sharp,
M. Finocchio, R. Moore, A. Kipman, and Andrew
Blake, Real-Time Human Pose Recognition in Parts
from Single Depth Images, CVPR2011, pp. 1297-
1304, 2011.





