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People with hemiplegia require ongoing rehabilitation exercises to regain function in their upper limbs. However, due to the
increasing number of elderly and disabled people, the number of rehabilitation professionals is insufficient. As a solution to
this problem, researchers have been exploring various upper limb rehabilitation exercise robots. Unfortunately, these robots
are often large and heavy, making them cumbersome to wear and use. The proposed exoskeleton rehabilitation robot
consists of two robotic modules: an elbow module (1 DOF) and a wrist module (1 DOF). In order to analyze the robot's
workspace, the kinematics were calculated using the D-H parameters. To generate the trajectories, five able-bodied
individuals wore the robot and performed the hand-wash motion, resulting in a total of 10 trajectory data sets. The
reference trajectories were then generated by polynomial regression based on the collected data. Lastly, a passive mode
control was experimented with in the rehabilitation process, and the results demonstrated the promising effectiveness of the

proposed robot.
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Fig. 1 Rehabilitation exercise with the proposed robot

IMU module
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Wrist rail
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L & Rail supporter

Wrist controller

Fig. 2 The proposed upper-limb rehabilitation robot
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Table 1 Specification of the proposed rehabilitation robot

Elbow module Wrist module

Size 31.5x 16 x 20 cm 27 x 11 x 12.5 cm
Weight 1,270 g 955 ¢
DOF 4 1 DOF ‘ ‘1 DOF. .
(flexion/extension) (pronation/supination)
ROM 0~120° -80 ~ 80°

Communication/control circuit
& Motor controller

Output pulley

Input pulley Lower arm link

. & Brace
Tensioner

Fig. 3 Elbow rehabilitation robot

Motor
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Controller I ~:‘U Torque sensor
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Motor Driver
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Wrist rail

Fig. 4 Wrist rehabilitation robot
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Communication EC-4pole22 120w

/control circuit BLDC motor

EPOS4 50/5 CAN Torque sensor
Motor driver (TQ-60HT8)

Wrist rehabilitation robot

EC-4pole22 120w
BLDC motor

Communication
/control circuit

Communicatio'n IMU (9 DOF) EPOS4 50/5 CAN Torque sensor
/eontrol circuit Motor driver (TQS-01-20Nm)

L J

Fig. 5 Rehabilitation robot system

Table 2 D-H parameter of rehabilitation robot

i o a 0 d
1 0 0 o, 0
2 2 0 0, L
End effector 0 0 0 L,

Fig. 6 Kinematic model of robot
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Fig. 8 Hand-washing motion
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Time[s]

Fig. 9 Wash hand trajectory and polynomial regression
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Fig. 10 PD-computed passive mode rehabilitation controller
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Fig. 11 Passive rehabilitation exercise (Human A)
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Fig. 12 Passive rehabilitation exercise (Human B)
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