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Design of Exoskeleton Rehabilitation Manipulator Considering
Five-Finger Differentiation

SONG Shuanjun, GUO Xiaohu,CAO Jiahao
(School of Mechanical and Electrical Engineering, Xi’an Polytechnic University, Xi’an 710600, China)

Abstract; Aiming at the problem of bloated structure and low adaptability of traditional exoskeleton rehabilitation
manipulator, a connecting rod chute exoskeleton rehabilitation manipulator considering the differentiation of five fingers
of human hand was designed. According to the biological characteristics of human hand, the structure of single finger
was designed, and the mathematical model of single finger was constructed by analyzing the motion relationship between
joints. With the constraint that the rotation centers of the finger joint of the manipulator and the human finger joint
always coincide during the movement process and the motion characteristics of the human hand, the shortest sum of the
lengths of each rod of the mechanical finger was taken as the optimization goal, and the particle swarm optimization
algorithm for solving the model was designed to obtain the optimal solution of the finger size that meets the needs of
rehabilitation training and had a compact structure. On the basis of single finger optimization, the length of the proximal
knuckle was changed, and the differential design of the five fingers was made under the premise of keeping the motion
characteristics of each finger unchanged. After many examples, the optimal solution of the five fingers size was obtained.
Finally, the prototype model was constructed according to the optimization results, and the kinematics simulation of the
model was carried out. The results show that the motion parameters of the designed exoskeleton mechanical finger meet
the design requirements, and the motion trajectory characteristics between fingers conform to the law of human hand
motion and meet the requirements of rehabilitation training.
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Figure 1  Sketch of human hand joint
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Table 1  Flexion and extension angle of

human finger joints
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Table 2 Length of proximal phalanx of each finger
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Figure 2 Design model of finger
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Figure 3 Structure of mechanical finger
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Table 3 Optimized size of each rods of index finger
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