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We have developed a knee joint robot as an educational simulation tool for students
becoming physical therapist or occupational therapist. The knee joint robot can
simulate skew home movement (SHM) in a human knee joint. Moreover, the knee joint
robot can simulate the knee joint movements of not only a healthy person but also a
patient with knee joint troubles, such as range of motion (ROM) trouble, contracture,
rigidity, spasticity and so on. The educational effect of the knee joint robot has been
verified by the therapists.
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X = Knee joint
Tibia

Extension range of motion of 0 [deg]
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Flexion range of motion ot 140[deg]
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Outward rotation Inward rotation
(a) Side view (maximum extention)

Inward rotation

Outward rotation
(b) Top view (flextion angle : 45 [deg])
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Motor for outward rotation
Motor for inward rotation
Force sensor

a / Encoder
L O / Motor
g k‘—\ ¢ ;3 b for flexion

& - o

3 BEPAEim Ay b (BREhEEAE)

n—ZYxra—%, HREer¥nois
N 5{E 5%, DSP R— F(dSPACE, DS1104)
DAy B, AD Efige il L CEILEIER
VIAEND. ZHHONEREHV, DSP A—
FIZHL A £ 7= MATLAB/SIMULINK &5
IR - T, HERTEEZIHET L. 3A
SNTFFEORERTELEILFR— FOT
TENLI0 NG PWM & LT, E—X K
T A NRE, TAB440H) ([ hans. Zo
E—F RIANITAT) ST PWM B 5, IE
HRfHR(E B IC L - C, B—F OMEHIEZTT
I, TNHLDOUHEZENENDE—ZITXL
TEBNAT S .

&

4 BB e AR Y b OMBNES) OB

(3) BEREEIET /L LT L U X A & B
L7-. BEfiaRy MI4dAEDTA YOES
ZHIET 5 2 LT, BEAVOA RIS
UT-RAZERT D00 MLy 28 L,
ZTDRMVI ERBTDH-0OHERS % T
—XIZE 2 5.

O BEREfia Ry b oEE)Y: & OEE)
JEMEENZOWT, 2ROBEMHY A YO
ghiE L R AR L OB OES S L EE

ZRO 1=, WEENRIIMEATHNCRD D Z R
ARE T o D03, NEB)FIIMHTIC RO L 2 &
IXNEETH B2, AlENEHICBIT A VA ¥
OB EICHTOEMAELEMEL I = L
— 3 UMb RD, FiLh % Look up table & L
Tay be—Z 25 L. [AEE#IZ O
THAERIZESD.

@ BBfiET vV ERET VT Y X LDOBR%
Tt 7 s BE 17 oD fth B T B & AL 5 2 IR BA i
EEOHFEET VRO, T FUfliE%E
1792k, Hih - fRES M, WHE - S E
FEOD 4 FHIONWTEFNFrEE R
U7, R L U ClalfeEE 2 B A
722 212XV, SHM OFBENR A RERET L &
o TWWD. Fiz, BEEie ARy b CE#ES
2 MBS OREA L, BAET ATEEREE A Y, 0
ERRIENE, oFEARENE, &, Yy v s A
THE, WiETHDH. TNETNOKFEET IV
1%, EBEORBEOMBZIRER, 706 NCEEL
FTRRIEOBENC L DY, ¥ —bt=
— D HREE LT,

@ EBHHIE T LT Y X LOR%

EBAET v AR > N O EhES) K O HUHUER O £
IRDT=DIT, A = AFIENC IS < E
FhHlE T LT XL EBF LT

(4) BE TR Y M X D EBMREEER

O EAEMHRALICHIT S SHM OFH T /LAY
RALZRFE L. X0 & ERAL S JE il
T HEAITHI 5 EONIEEB N MR SND.

=)
g 90- ; "
=0 Flexion/extension angle
o 80 3 N s
5 O
g § T
= c 60-
oL 9
()} \n
£ &,/
et ‘é‘ 40-
c 10 &=
2§ | Rotational angle
.g 5 % 20 o 9 -
¥ 0 ™ | 0 deg
0 deg : £
S0 1 2 3 4 5
Time [sec]

4 5 e RALA & o JE ihEE) ()

@ B o R B H] R & R e A R 2 T
HTURT7 4 —)LOBFBRT NI X L%
L. BREERNOFONR AR L.
@ NEREMEOFR T LITY XLZHEL
7o, SRAERREME Y, MENEENCKRLC, HEE
WCIKFETHZ R —EDOHNERETD
7280, —EOEPIEE LD Z L& 2 oE R
MORER LT,

@ WEEEMFEOHRE T AT AR L
7o, WHAREREE, K6 T LIS, flilh
EENCXT LT, Wit i 28435720,
R A VIR B DL A K L 5.



angle[deg]

time[s]

(a) PHEIAE

DAl e — v
L — S E——

o] A [ (R [ :

torque[Nm]

[ e e e

-0.1

time[s]

(b) BEHEN hLs
X6 Bk EHE

® HfElcHt T AMEEEIA P —2a 00
AR OBFR T LTI XAFER L. #)
FElx, BHCRIEN Al OB LR O S LT &
ONHRA E L TEE 2 EEdGIIRTH 5.
Z T, WiEEEBT S LT, Bt
T A B — a3 OO R % R HE
T 5. TOIRFEIFEICIRENEEZHWT, Y
WL OB ES) C X0 B AT B A S S
I meL 457 0T A LHEEL -,
B 7 AZANRARER OFE T2 =3, FIFRBALARED
RAHE FTENIR Y 15 FECH D DITHR L, FIfEk
WZIX 30 BEICHER L CWABE LR TX 5.
©® fEFHEOBRMEEOEETIX, = F7 ¢
—)L& SHM ZHE L. —J, BERNED
RIS OEE)TIE, FIEIERFARE AN, SRR
[E#E & ol HURR A, FEHE & BB 5 &[RRI,
MEiTEe I A4 ¥ —2 9 10k DHEDIEE
1TAEFRETIENNEZEHELZ. 26
%, BGO U e U EIETOERERICHE SN
<, BEEESTTILORT A — X R
HZEICLY, X0 AL LW -
2L EMER L. &b, HBEIREZED
DI RT A= DEF, ] 2 ITHEHUR
REEAEBEIVRESLSHHTDIZLT, &
BEAMUET 570 82 REL, MVELDHDHT
LSk

angle[deg]

time[s]

(a) PBHERMAE

01| z | =t ]

03}

el

torque[Nm]
=]
%)

-0.1

0 k) 10 15 20
time[s]

(b) BAET k2o
7 T ot e I B g
> DRI

@ AH%OMEE LT, BWELERKICKEE
iRy NiABEATLZLICLDHED
RORGE, BREin AR > FOBIEESIC TEEN
%] OEZEANTSHZ LI X DA RERE
DWDILER ENETF HND.

5. FERFERIWLHE
(FF=yE) GHof)

FERbDELL TR

@  Yoshifumi Morita, Yusuke Hayashi, Tatsuya
Hirano, Hiroyuki Ukai, Kouji Sanaka and
Keiko Takao, Development of Knee Joint
Robot with Flexion, Extension and Rotation
Movements - Experiments on Imitation of
Knee Joint Movement of Healthy and
Disable Persons -, Procs. on Int. Workshop
of Robot Motion and Control 2011
(RoMoCo'11 in Poland) (2011.6.17) (To be
published)

@ Yoshifumi Morita, Yuki Kawai, Hiroyuki
Ukai, Kouji Sanaka, Hironori Nakamuta,
Keiko Takao, Development of Leg Robot
for Physical Therapy Training - Proposal of
Knee Joint Mechanism with Rolling,
Sliding and Coming Off -, Procs. of Int.




Conf. on Control, Automation and Systems
2010 (ICCAS2010 in KINTEX,
Gyeonggi-do, Korea), pp.151-155
(2010.10.27)

@ M, SRS, A, LR —TE,
ARHEB, #Bme, EhF", 12H
thil, @RET, FIETEEDTZD DR
Bfim ARy FOB%E, — U A v —BRER
DRt & LT —, AR TSR
T AT A A b= AGEHE'10 G
TR S, 1P1-E18(1)-(2) (2010.6.15)

@  Yoshifumi Morita, Yuki Kawai, Hiroyuki
Ukai, Kouji Sanaka, Hironori Nakamuta,
Keiko Takao, Development of Leg Robot
for Physical Therapy Training - Proposal of
Knee Joint Mechanism with Rolling,
Sliding and Coming Off -, Procs. of 2009
International Conference on Mechatronics
and Information Technology (ICMIT2009 in
Gwangju, Korea), pp.333-334 (2009.12.4)

® WElakE, REE, fBfEke,
=, hAREI, MREE, SRET, T
B T B V5 A D 72 8 D IR BT R AS
BEORy FORRFE - BAD, B, B
D EFEBT D BT o172
R -, BRI PSR RT 47 A« AT
b= 7 X G209 G T G SC S
1A2-L06(1)-(2) (2009.5.3)

© Etak, REE, iRz,
=, AR EA, ARmEE, sRETF, B
FRE L AEEEE LR RIS BT 59
BEODO FHwRy PO - &
WD, wDH, BENDEEBT LR
1 L BRENTIEDORRSE -, 5 9 RIGHI A B
HHF R AT AL T T L —3 g v
B PR 22 (S12008) T HadE, pp.1303-1304
(2008.12.7)

6. WFIER

(OHFFERES
FREE (MORITA YOSHIFUMI)
LB ITEKRY - TR - %
W9EE % 5« 00241224

(QHfF5E /3
fafE 2 (UKAL HIROYUKI)
AR TENRT - THER - B2
WFge3 5 40135405



