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Abstract: To address the challenges of poor compatibility in current exoskeletons and human legs, a
knee-ankle exoskeleton was designed based on human-machine compatibility. The spatiotemporal data of
lower limb joint movements were collected through a motion capture system. A four-bar mechanism with a
J-shaped motion trajectory that might adapt to the instantaneous center of human knee joint movement was
designed based on the physiological characteristics of knee joint rolling and sliding motions. A linkage
mechanism optimization design method for simulating knee joint motions was proposed. The optimized
four-bar mechanism was validated through numerical simulation to fit human motion well. The develop-
ment of an power-assisted exoskeleton control system was achieved by combining angle sensors, and the ef-
fectiveness of the power-assisted exoskeleton performance was verified through gait and electromyography
experiments. The experimental results show that the peak change in knee joint angle after wearing is less
than 5% . the knee joint torque decreases, and the activity of muscles such as the lateral thigh muscle, gas-
trocnemius muscle, and biceps longus muscle decreases.

Key words: knee and ankle joint; knee transient; power-assisted exoskeleton; human-machine cou-
pling simulation analysis; experimental validation
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Fig.1 Lower limb dynamics model
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Fig.2 Changes in knee and ankle angles
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Fig.3 Instantaneous trajectory of knee
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Fig.4 Four-bar kinematic model of knee
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Fig.5 Theoretical instantaneous and fitting trajectory
of knee
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Tab.1 Optimized dimensions of four-bar linkage

/,/mm /,/mm /;/mm /,/mm 0,/ 03/
33.45 38.30 51.74 41.00 59.82 25.63
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Fig.6 Clutch control circuit diagram
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Fig.9 Principle of exoskeleton assistance
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Fig.10 Integral structure design of exoskeleton

filf e 2 H = 20 J 5% 2H 0 f G s 3 2 L 4%
HG B R Z IR 1207 HE RS A A HER . 4L
AL T 5 A S I A S L A
K11

R R S 45 A 5 R B 4 BLAH 3 L I 3 5 PO AT b
FFACLA [ RE L 5 R 8 B 7 1A (e — B, S B2 A%
JERS I DU FF PRE TCL DD ST 2CL2) 9 il L 5% £
JE BRIV e A AR TE A2 Sl I YOG Y e e R . i

TR

B 11 fEsEHEIRIT

Fig.11 Design of energy storage mechanism
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Fig.12 Motor clutch and transmission mechanism
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Fig.23 Exoskeleton entity model
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exoskeleton assistance
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