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Abstract: The mapping relationship between the joint angular velocity of the external skeleton
and the joint torque generated by the interaction force of the legs is studied to solve the problem
of poor human-robot interaction flexibility and discomfort caused by excessive human-robot
interaction force in the use of lower limb assisted exoskeleton. A model to simplify the human
lower limb swing phase leg into a plane two-bar model with the hip joint as the fulcrum is
proposed, and a dynamic model of swing leg of human lower limb is established to obtain the

gravity compensation item of human body. A force sensing unit is used to obtain the interaction
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force between the human body and the exoskeleton, and the leg interaction force between the
exoskeleton and the human body is converted into the desired angle of the human hip and knee
joint movement at the next moment. A non-linear mapping relationship between the swing phase
joint angular velocity of human body and the leg interaction torque is established by means of the
S-curve mapping and the admittance control model respectively. Experimental results show that
both the expected angle prediction algorithm based on S-curve mapping and the expected angle
prediction algorithm based on the admittance control model realize the continuous tracking of
human motion intention from the exoskeleton. The expected angle prediction algorithm based on
S-curve mapping makes the peak value of the thigh and leg interaction force less than 25 N and
the peak value of shank and leg interaction force less than 20 N in the process of the exoskeleton
following the human body movement; while the expected angle prediction algorithm based on the
admittance control model makes the peak value of thigh-leg interaction force less than 15 N and
the peak value of calf-leg interaction force less than 15 N in the process of the exoskeleton

following human movement, and the joint angle curve is smooth, which can better identify human

Eird i 55 4

movement intention and improve the flexibility of human-robot interaction.
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Fig. 1 Lower limb assisted exoskeleton prototype
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Fig. 2 A simplified model of swing leg of human body
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from experiment
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Fig. 10 Experimental data of hip joint active control of

swinging leg based on S-curve mapping

30r 100
Z 9t ~ 80
R <

= 10} = 60
S & 4
= i

=10t & 20
2‘—20- g

L S S S S e
0 7.5 15.0 225 30.0 375 45.0 0 7.5 15.0 22.5 30.0 375 45.0
fA] /s i) /s

(a) /NGB 3E B 71t £k (b B 5G4 3 B 1ty 4%
11 T Sl 2 e S5 428 Sl R B OG5 3 2l 48 i) 55 36 40 4
Fig. 11 Experimental data of knee joint active control of

swinging leg based on S-curve mapping
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Fig. 12 Experimental results of active control of swing leg

with different damping parameter values
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with different inertial parameters
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Fig. 14 Hip joint experimental data under active control of

swing leg based on the admittance control model
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