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Structural Design and Training Planning for Ankle Rehabilitation Mechanisms
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Abstract In order to ensure the effectiveness and safety of ankle rehabilitation training, an ankle rehabili-
tation mechanism based on the 3—UPRUY/S parallel configuration and its foot fixation and quick release compo-
nents are designed, and its motion performance and training planning are investigated. A virtual model of the re-
habilitation mechanism is established using Adams software. Taking into account the influence of the non—coin-
cidence between the physiological center of the rotation of the ankle joint and the center of the rotation of the
mechanism, the virtual model of the ankle is introduced and the S—shaped and T-shaped angular velocity curves
are optimized using angular velocity planning to obtain a better training plan. The displacement data of each ac-
tuator of the mechanism is obtained by inverse kinematic simulation, and the drive function of each actuator is
determined using spline fitting. The actual working angle and training plan are verified by means of a principle
prototype test. The results show that the optimized mechanism can increase the training time at constant speed
by approximately 12% and reduce the angular velocity fluctuations by approximately 47% in one cycle, indicat-
ing that the training plan can improve the effectiveness and safety of the ankle rehabilitation.

Key words Ankle joint Rehabilitation mechanism Inverse kinematics Adams sofiware  Training

planning  Spline fitting

0 Al Bt B HER ML A oA T
b ey TG R
25 DL 2 A ARG 5 2 2 e B B RS FT, [ 4 5 1 425 0t Bt 45 M A B

AT IEA: , BE T.45 A 1) B 52 28 Bl al Ry B 2 A T 7 PEAT T RIS OBTSE . 261 “Rutgers Ankle” "
GUKHI DTN LA N MBS P S — 5 R G5 I LA & vk N T S 7 R E LA R T
AEER I, BEAREAR . Ashfb, Bk E  REWSCEUAE R 2 A st HIA BORr TAEZS 1],



72 HlikfE RN

{H IO T HUAT ZEAE /N B P 2l A BROC T F 2 ad
TR, PO 2EE Ma S T —F i FH 22
PESCHT 9 2 DOF B RS 4 &, JFXF Rk 5G4y Ay
TR S48, ABHOSRE S BB AY P /A R, ok
SEA R BROCTT M RR A TR o MELL Rl Ay 0
T —Ff 3-RSS/S BT IR B R R LA, A LA
AT T s A L, ER R BRI A
YIRS ms 2261l 20015} 2~ UPS/RRR 1R BE B G 3Y
FEE AT TRFST, [T 45 BE R shfEdEAT T
IR, AE A A A — S B I U B AT AR
FRILZ AN, AR 28 T T A OC ISR .

Ff AR R RO S %k, AT
— PR B S BE AR AR B Y H R B 3-UPRU/S IR ICER
O BRI HLAL B LAV [ 2 55 PR i, IR AT T
YRR 5 AR PR, A iz LG S — 20 1w ) 3
SO BE E B 9T BE A
S R R ]
1.1 #H\Egit

HR X BROC T 132 317 00 A SRR S LB 437
Wit T H2 3 DOF 1Y 3-UPRU/S IFBRER G 15 A
MY, RefesScatZe Xl Yil, Z5hmsh, 5 nlxt
PEERICTTHY 3Rz gl HAG AL A 1R

R s pN

Fig. 1 Sketch of the configuration
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Fig. 2 Structure of the actuator
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Fig. 4 Parallel ankle rehabilitation mechanism
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Tab. 1 Set of input functions for each movement

of the virtual ankle centre
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Fig. 7 Motion state curves of the virtual ankle centre

for the three training plans
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Tab.2 Displacement data for each actuator H4L:mm
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