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Design and Control of An Active Gravity Offloading System for
Rehabilitation Training of Gait and Balance

YU Ning-Bo"? YANG Zhuo"? SUN Yu-Bo"? Z0OU Wu-Lin"? WANG Zhe'?

Abstract Gait training with body weight support (BWS) is an effective rehabilitation therapy for patients with neural
disorders and locomotion difficulties. For medium and mild patients, walking with BWS may encourage their active
participations into locomotion training and balance control to improved functional recovery. However, current BWS
technologies suffer from problems of limited movement space, force inaccuracy, undesired lateral force, etc. In this work,
we propose an active gravity offloading system for gait and balance training. The BWS force is provided with a single
rope suspension. In the horizontal X-Y plane, the servo unit moves the BWS unit to follow the motion of the patient
and keeps the rope perpendicular to the ground so that no lateral force is produced to disturb the patient. In the vertical
direction, since there is only one control degree of freedom for position following in Z-direction and suspension force
control along the cable the BWS is designed with a cable-driven series elastic actuation structure, which couples the force
and displacement along the rope. To deal with nonlinearities, friction and uncertainties in the system, the sliding mode
control method is taken for the rope deflection angle controller and force controller. Further, to keep the system running
inside a safety boundary, another position controller is designed for the moving plate that connects with the spring in
the BWS unit. With extensive simulations experiments, feasibility and efficacy of the active gravity offloading system are

validated. This system promises an effective rehabilitation platform for patients with locomotion difficulties.
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Fig.1 Principle of the active gravity offloading system

1.2 ETREEMEEHNBRENAET

FHE RGCK A a iRt E s ¥, 1
ST, AR IR, HBeARZ R ), AfEk
T D). AKX RRREE, Y T R E AR R E T )
AR RIS B I Hhy 2 R AR BORTE L A2k, X
N BB R G BevERI R I R TR Bk

AR, HRIEHRPESR 3 )5 3 (Series elastic ac-
tuation, SEA) K AILBHPUK. AN, GE &% T
i IR ARE « AR RORG LA SO AR i 2K
fip v IR B 22 o S50 R, #) 2 Y AL 28 A 40
BREs=24 k) nTRE 2 Rty 2Ok R
PR ) 235 g I3 FH 380 5T B 4 ) 1) B8 B T ) B e,

Vg

L

FEE T

SREE k=1

i 248 L AR

B2 T AR IBCHE 25 M B 40 R IR BB ) B s
Fig.2 TIllustration of the cable actuation unit with
the SEA structure

LS i 4 IR ST R H B UK )
NI BRAE T ZRMANE, W] DL LSS B ) ek
TR (0 i o). RIS, BT R IBC S 5 4 1 4
YR T, A AR L e AR A, Rl i
Phim, R T RN, A rhlf, A 8
N DIV R

SR SO A AR ASE P i SRV 22 i AR PR ] ISt ok 17
—LEAR N R, e AR REAR T ARG TE, Juft

PPE R B, RG0S TE A, 25 RSB 1) R
L, A TS g Th e i BT A BRI 4k 5 R4
(A8 B AR e A, R, 25 AR A FAR, —
IS PR 3 P a2 T o SR TR s T 43 R AR R G R
WG SR 0 5 e A SR 2

1.3 RGiEE

AR 1 ARG %, T3l E R LR B
TR WE 3 FroR.

K3 T E RGPS (L REER SR,
B BEE R R ITINU B )
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Fig.9 The vertical position of the subject when

crouching and standing up
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