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Development of Lower Limb Rehabilitation Robot Capable of Adjusting
the Size of Leg and Waist, and Analysis of Gait Trajectory Deviation
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=), Walking pattern (=234 THE), Exoskeleton (2/Z223)

Herein, we describe the development of a wearable lower limb rehabilitation robot that can perform walking movement
according to the walking pattern trajectory. The robot can adjust the left and right widths of the waist and the front and rear
widths of 100 and 20 mm, and the length of the thigh link and calf link by 100 and 80 mm, respectively, so that stroke
patients of different heights and weights can use it in hospitals. For manufacturing the lower limb rehabilitation robot, the
right exoskeleton was safely designed through structural analysis, and the motor and reducer constituting the hip joint
actuator were calculated. The fabricated lower limb rehabilitation robot was divided into its own characteristic experiment
and wearing characteristic experiment. Its own characteristic experiment was an experiment by the robot itself, and the
wearing characteristic experiment was an experiment conducted after a person wears the robot. Through these two
experiments, angular deviation of the walking pattern was analyzed. Results of the analysis confirmed that the wearable
walking characteristic test was performed within 3.1° based on the self walking characteristic test result. Therefore, the
fabricated lower limb rehabilitation robot can be used for gait training in stroke patients.
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(a) Schematic diagram of lower limb rehabilitation robot
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Fig. 2 Schematic diagram of wearable lower limb rehabilitation
robot
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Fig. 3 Left exoskeleton modeling of lower limb rehabilitation robot
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(a) Mesh (No. of nodes 153,361)  (b) Enlargement of the mesh

y,
(c) Force applied (120 kg)

(d) Stress analysis result

Fig. 4 Vertical load structural analysis of left exoskeleton
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Table 1 Weight of man and robot exoskeleton

. Thigh Calg & foot Bod Man’s wei
Division 1o kef] kefl  kefl .

Man 13.7 8.6 75.4 120.0
Robot 12 1.3 2.0 7.0
Total 14.9 99 77.4 127.0

Table 2 Hip joint torque calculation result using Eq. (1)

Division Length r: F: T:
[mm] Length [mm] Weight [kgf] Torque [kgf.m]

Thigh 365  258/2=129 14.9 1.92
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Total 4.47
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Fig. 6 Schematic diagram for calculating hip joint torque
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Fig. 7 Manufactured wearable lower limb rehabilitation robot
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Fig. 9 Self-walking characteristic test of the manufactured lower
limb rehabilitation robot
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Right hip  33.8 33.6 -12.4 -10.2 2.8

Left hip 32.8 329 -12.4 -12.1 -1.1

Right knee  62.0 61.8 10.0 10.1 22

Leftknee  62.0 62.1 10.0 10.1 3.1
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