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Hand Rehabilitation Assist Robot Designed

with Assistance for Thumb Opposability
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This paper presents a new hand motion assist robot for rehabilitation therapy. The robot is an
exoskeleton with 18 DOFs and a self-motion control, which allows the impaired hand of a patient to
be driven by his or her healthy hand on the opposite side. To provide such potential that the impaired
hand is able to recover its ability to the level of a functional hand, the hand motion assist robot is
designed to support the flexion/extension and abduction/adduction motions of fingers and thumb
independently as well as the opposability of the thumb. Moreover, it is designed to support a
combination motion of the hand and the wrist. The design specifications and experimental results are

shown.
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Table 1 Design specifications of finger and thumb
motion assist mechanisms

Number of fingers | 4
DOF 3
Movable range |MP joint Extention/Flextion 0-9
Finger | (deg) Adduction/Abduction] 0- 45
PIP joint |Extention/Flextion 0-100
Maximum torque [MP joint |Extention/Flextion |  0.29
(Nm) Adduction/Abduction|  0.16
PIP joint |Extention/Flextion 0.29
DOF 4
Movable range |CM joint |Extention/Flextion 0-9%
(deg) Adduction/Abduction] 0 - 60
MP joint__|Extention/Flextion 0-60
Thumb IP joint _|Extention/Flextion 0-80
i Maximum torque_|CM joint _ |Extention/Flextion 03
(Nm) ) Adductio/Abduction| 0.3
MP joint _|Extention/Flextion 0.26
IP joint __|Extention/Flextion 0.26
Hand | Adjustable range |Anteroposterior direction 32
holding (mm) Heightwise direction 20

Table 2 Design specifications of wrist motion assist

mechanism
DOF ! 2
Movable range Pronation/Supination -90-90
(deg) Palmar flexion/Dorsiflexion -90 - 70
Maximum torque | Pronation/Supination 31
(Nm) Palmar flexion/Dorsiflexion 1.3
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Fig.3 Finger motion assist mechanism
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(a) Thumb opposition (b) Circular cone motion

Fig.5 Opposability of the thumb
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Fig.6 Thumb motion assist mechanism
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Fig. 14 Joint angle responses
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Fig. 15 Joint angle responses by the self-motion con-
trol
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Fig. 16 Joint torque responses by the self-motion con-
trol
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_ DIPjoint

(distal interphalangeal joint)
PIP joint

(proximal interphalangeal joint)
_ IPjoint

(interphalangeal joint)

MP joint

(metacarpophalangeal joint)
CM joint

(carpometacarpal joint)

Fig. 17 Human hand structure and name of joints
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