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Abstract: The objective of this paper is to optimize the design parameters of a novel mechanism for a robotic knee orthosis. The
feature of the proposed knee othosis is to drive a knee joint with independent actuation during swing and stance phases, which can
allow an actuator with fast rotation to control swing motions and an actuator with high torque to control stance motions, respectively.
The quadriceps device operates in five-bar links with 2-DOF motions during swing phase and is changed to six-bar links during
stance phase by the contact motion to the patella device. The hamstring device operates in a slider-crank mechanism for entire gait
cycle. The suggested kinematic model will allow a robotic knee orthosis to use compact and light actuators with full support during
walking. However, the proposed orthosis must use additional linkages than a simple four-bar mechanism. To maximize the benefit of
reducing the actuators power by using the developed kinematic design, it is necessary to minimize total weight of the device, while
keeping necessary actuator performances of torques and angular velocities for support. In this paper, we use a SGA (Simple Genetic
Algorithm) to minimize sum of total link lengths and motor power by reducing the weight of the novel knee orthosis. To find feasible
parameters, kinematic constraints of the hamstring and quadriceps mechanisms have been applied to the algorithm. The proposed
optimization scheme could reduce sum of total link lengths to half of the initial value. The proposed optimization scheme can be
applied to reduce total weight of general multi-linkages while keeping necessary actuator specifications.
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Table 1. Parameters used to a genetic algorithm.
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Table 2. Ranges of “H” for the vector and initial values of hamstring
system parameters.
Variables of H and initial values
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Table 3. Ranges of Q as quadriceps system parameters vector.
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Table 4. The example of link parameters of quadriceps system.

Iy 77.5591mm q 217.4803mm
I, 72.8346mm I, 95.9843mm
Ly 57.9528mm Lieg 370.0787mm
A 4.9916rad
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Fig. 9. The optimization algorithm for optimized design of developed knee orthosis.
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Table 5. The optimization result of hamstring system.

[mm) | d(@mm) | L,(mm) | x (mm/s)| F.(N)
initial 467 70 68 580 210

optimized | 192.32 35.00 1730 248.67 | 44047

NZ22 22 2872 2H 2 1027
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Table 6. The optimization result of hamstring system.

Lmm) | L, (mm) | ly(mum) | g(mm)
initial 248 65 110 217
optimized 257.52 21.61 38.83 145.99

Lnm) | fg(mm) | §@mms) | AN
initial 175.87 419 320 150
optimized 169.30 145.09 106.36 205.41
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Fig. 10. The model drawing of initial hamstring system and

optimized system.
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Fig. 11. The model drawing of initial quadriceps system and
optimized system.
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