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Motion analysis and S curve control strategy of human knee joint

DAI Quanmin, CHENG Guang, CAO Yueqi, CHEN Tianlin

College of Urban Rail Transit and Logistics, Beijing Union University, Beijing 100101, China

Abstract: In order to obtain the change rules of the lower limbs gait and the knee joint angle in the process of going up and
down the stairs, this paper analyzes human being's gait when moving up and down the stairs. By collecting the data of the
knee joint angle and analyzing the angle curve of knee joint during movement, the knee joint angle change graph in a gait
cycle was drew. According to the changing trend of the prosthetic knee joint angle, the S-curve control strategies under the
conditions of ascending stairs, descending stairs and uniform walking are designed. According to the S-curve control strategy,
the upward and downward staircase S-curves are divided into two periods respectively, and the uniform walking S-curve is
divided into seven periods, from which a uniform walking gait cycle is formed. Through MATLAB simulation, the simulation
result of gait control S-curve algorithm is consistent with the actual gait curve.
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Fig.1 process of climbing stairs

220 ‘
2000 e M
200 l awopm
190" [ e
180 Vsl - N
S 170, 17N A A A A
160 - e e | e || L]
150 - i e “ ‘J‘}jm" xw2 | ~ i “ A
140 H—rtar
130 t = ’
120 : ‘
0 5 10 15 20 » 30
t/s

2 ERBBRAT AR T
Fig.2 Up stair knee Angle change curve
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Fig.3 Gait of knees while climbing stair
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Fig.4 Downstairs experiment
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Fig.5 change curve of knee Angles when down stair
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Fig.6 Gait of knees when down stair
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Fig.7 S—shaped curve adapted to the motor

speed of prosthesis and knee joint
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Fig.8 S—shaped curve of prosthesis knee joints when down stairs
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Fig.9 S—shaped curve of knee joints when up stairs
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Fig.10 S—shaped curve of knee joint when uniform walking
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