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Trajectory Adaptation for Impedance Control Based Walking
Rehabilitation Training Robot

WEN Zhong, QIAN Jinwu, SHEN Linyong, ZHANG Ya’nan
(Laboratory of Intelligent Machine and System, School of Mechatronics Engineering and Automation,
Shanghai University, Shanghai 200072, China)

Abstract: The impedance control theory is applied to the walking rehabilitation robot system, and the location-based
impedance control model is used to design system controller. Impedance model based gait trajectory adaption algorithm is
proposed, and the system error is analyzed. SolidWorks, Matlab and Adams are integrated as a united simulation platform
for virtual prototype of the robot to develop the experiment of active training, and the experiments with healthy subjects are
implemented on physical prototype. The results show that the robot can constantly adjust its gait trajectory according to
human-machine interaction force to meet the patients’ gait request, and the adaptation level of gait and the training flexibility
can be improved by adjusting the impedance parameters. The controller serves the purpose that patients can participate in
rehabilitation training actively.
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Fig.1 Walking rehabilitation training robot
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Fig.2 Location based impedance control schematic

HAFMIIRE T OB BGPTSR 7 EAR Y (120
APUB AL E L L AR R, W TR
%

T = M4AO + B,AB + K A0 2)
SRR, EaCHPIR R TS N
1 1

AG(S) = mTim(s) = ZTint(S) (3)

A My By Kq Y920 3%3 1 E X FRHELFE.
SR 6, i EHE 0.« KIS
EH AO WU N R A:
6.=0,— A0 “4)
AT REZ IR A N8l ) 24 A

(M (0)+M;;(0))0+(CL(6,6)+Ci(6,6)) 6+
(GL(0)+Gu(0)+Ti=Tip+Ti+Trm  (5)

X M(0) JE 3x3 WM 4EFE, C(0,0) Ky 3x3 i
L IFEHC 1H B, G(0) o 3x1 B, Ths H
TR AR, L RRHUBE ; Tp 5% G5 BEHE Iy L A
AT EAE T Tip KIS 2 19K 3) )
Fis Tom N BB PP A 10 B D) 5

AR, 765K (5) H 4

M(0) =M, (6)+My(8) (6)
H(6,0)=(C.(6.6)+Cy(60,0))6-+(G.(0)+Gy (0))
(7

¥ 6. (7) RN (5), il
M(0)0+H(0.0)+T=Tip+Tiw+Tmm ()
b F3R 3 b v 5 A ) BEL A S P 4
%
TJD:MU+ﬁ+Tf (9)
U=6.+K,(0.—0)+Ky(0.—8) (10

A, MOH, T 535138 M H, T (45 HE, Ko, Ke
43 90 2 7 BEL J& R P 1 5 2R
H3 @)+ (8) ~ (10) AT R GL R 7 Ty 1

E+KpE +KoE = (M(68))" x (AM () 6+
AH(0,0)+AT;) + A8 + KpAB + KpAO  (11)

X, AM(6)=M(0)-M(6), AH(0,0)=H(6,0)
—H(0,0), AT; =T;— T;. KX (11) PiidfA] i sfe L
My, HE X By=MiKp, Kq =M Kp, NA[15:

ME+BE+KE Ty =Mx (M(6)) ' x

(AM (0) 6 +AH(0,6)+AT;) (12)

Hzt (12) 7741, 75 AM(0) AH(0,8) F1 AT; X
0, Tl 2 BRI 96 R -

MyE +B,E +K.E =Ty, (13)

M TR AN E VE, S BR R RAFAE IR ZE
LLEZ AN G 5 P 2R (X506, AM(6). AH(8,6) Fil
AT ANFTREN 0, BIFHBTFRRIAAAE R 2. it i
PREZZOCR, FAE IR 5 TN A2 LU B S 1Y
RIS, IXHBIPREAE LU IRIRIE S o EA it

4 TERMTEBIENEE (Gait trajectory
adaptation algorithm)

EEB BN AT, 8 E3EH IR
SIENMAZ BAEH 1 FE A AT, WL AT, A
FIRHPUC RIFE SR EE, WX 14) B
5. 0TS I RS EH A 8 R G A B AR AR
R, BAFAENUIES 1B ) 5T 3R, mTREfE
—ANEERIA, R IIFENAAL AT 1K E0E
N B TERAE I AT o VR 25 TR AP S, %
K @) BIEW 0. MATTA ML, JRn 75 211



o533 5 2 ) 3 BAE SR LTI AT RN LS AL B &Y 145

e SR R IS T LA (B AR D R S R i A iR
A&, TENHTRE I, B, 75 bTaEhisiae
Jenih EIT AR TR AN, DA IER
AL A A, SHEIE SRR 6. HEAT 4L
AU, A RRBOR E19 3] 8 1S R .

HH BHLT 0% AR 55 I 221 o 5 A 2 «

AB AT (14)

- MdS2+BdS+Kd

A AT o A B P20 285 5 3YT A AR L B 20 £ AL
LA A B, s R AR5

Tion =Twme+Tearpas — Tacty —Trm+Tr  (15)
Tipn+1 = Twme + Tearpas — Tactn—
AT psctne1 —Trm+ T (16)

A5 F(16) F Tipye BARFEN+1 (N=0,1,2,
<) BT IREN S, T K78 KT IR ds e fit
RV IRBNHUBRISE ) I, Tear pas 7N AERE B U ZRA A
TIKBh AP AN BRI IK B T K, AT sct v Lo
N BN EEER I, AT acryve KR N+ 1
I N B R AR A
=L (15) AT (16) 115

AT ~ AT sctns1 =ATipy: 1 =J'(0)-AF g,y - Ly,
(17)
K, AT pyy RRER N+ 130 5 IREN ) A AR AL
i, J(0) ANUBRRRAE 55 2% [H) 55 5755 25 1) ) B 46 e
AL, AT BEAS 25 25 A 0% I 220 ) A LA AR
HIFE AR AT e, PTIEE YIRS 2S5 71
BWAE AF o FIJJE Ly, IR 5
W FHHOC R AT B B 22 B IE R 5, Ed
T AR AP B Y

ec,new = er,old —p- AO (1 8)

X, p & NELKIBUE, AR D %
B 2 ) B S NRERE DL S b A BOS A A
ACEF I BLRAR . dl bk Ty A A TR SR A
JES R, 4 TR GBS A T
TR, B A L S HL -

Oinii=ajnyi Orgen(@jniit) + D)t (19)

A, jEC1,2,3, 30T HEOCTT L ROGT L BRK
s Oy RN N+ i B KBRS S8 ajng
FETR I A BEWRAEL (M 4 T8O R 7, SR I 200 s (1 R
s @y RS RITTTR TS bjyy KRR
A A R, T SR R DG T ) g R e

RIS R . BOCTRIB R A . Y an =
L, @jnii=1s bjnii =00, 0,51 = 0pgen(t) I
R R A2 B 2 G T Sk ek 4

AR I G B i 22 B KL LA Y ) B A
SO IE T T H bR R, GRS
RN -

T
P(PLNH) = j || 6cvnew (t) - 9r,N+i<pj,N+i) ||§dt (20)
0

iR EIR H AR AR [(N+i— 1)T, (N +i0)T]
315 Bl P I d M, FEE BB p s = @,
O iy binei ] CASEELETT A BERUI I B 4,
T HHEE AN S S W, Ocpen(t) B (18) B 1E
JE 5208 0, 4i(pives) Jak (19) BRI
A A BB, R R AR L i R 5 A
B IS R SR HL R P S B %6
R BERNIE, 3 E) T AR A (R

er,gen,j = ZAnSin(nwj,N+ia)t + (Pn) +AO (21)

n=1

KRS AjNtis O N+irDjN+i a4
AR, AE LA (20) AT EAMETHRLZ AT,
2 o)y =1, RANER A 2D S U5 v 5
R PRI Z A, 0,40, 0, FIE 6, gen HIH)
UGB, I E SONPRUEL B . FEARUED LI
HOSERl L X5 H RS P(p ) BAFIE ajpe = 1,
@i = s by = 0, BT BEEVEIRAR SRR #
FE s 24 ajnyi~ QjNyi~ bjngi Hp, 28 W1 N-ti~
Wy n+iv O3y JFARSERMAL, 1T 3 AT HER I
i BATA R R A R, R, fEREE 2 S,
MR KIN @y, @, 3 FIF-PEME @, 75 25 2 1 5 91
TIAT, AR A S A R IR A AR R A
Bk, T S o SN AR e, BN
SRR IRPE S, AR TP R IE
I N, AN [R] AR S AR & B 2D SRR ALE
BRI ZRHE L, SEIL 82 5 B I %5,

5 BEAES53Y (United simulation and
experiment)

51 B&ERETAE

AT RGN N R G S — N LR [ AR
Lt SIS R G, WU R G0 i R A
M, G ST IS, @ T HET SolidWorks-
Matlab-Adams [ K& SUFEHLIEL A 15 307 &, 2P BR W
12 1) {F B HTRT, #E SolidWorks H R 7 R 4 (1)
3 YEREAY, JE SN Adams H, B LK LHR BEE]



146 Bl 28

A 2011 3 H

5, SERNUIR R G B AURENLBERL. 2) AR¥E R Gl
%, FF Adams O ) OCH ARE L fERE, O
UK A E 1R 9K Sl A Sk RERRE ML ) B s i 2
Simulink H; 5 5CT5 KA Sy BRI R T 1
F AR Jy A RERL IS N . 3) 7E Simulink H 2 37 4%
MRS HER], P AR B F I8 N A
JIFEE IS S sRECI, ERFEHLFT A S
Adams_Plant FERAE h #5065, 4) £F Simulink
WENTHSH, SIEEE.
52 AR

BT b A T BE A i 1) 20 2 B B 4 ) 4 o
AT T 5 BLSE5G, 1 SLIRHLAR R GBS b R FEATL
B — 3. BRI RAE SR NIz 3l s %
TR A S A B I A, B R IR
IR 1T R GRS R A R e A 0 i
RO, AL e R R B BRI TS P ML MG
AT B s T8 e SOREAUREHIL b A A4 o A 40 93
R NRTRODERE M ERBE; IR AR
Je FOATUAR R [T 3% . 2D AT HEST I ZRHL A8 N R Ge ) SUp
Ak 3 fiok.

,,,,,

([ Vein oo eS|
> 2Y Al
R
BRI

uuuuuuuu

e 398

3 BATRERIIZRHLE N RS0 A

Fig.3 Simulation model of walking rehabilitation training robot
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