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Optimization of Hip Flexion/Extension Torque of
Exoskeleton During Human Gait Using Human
Musculoskeletal Simulation
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Abstract: Research on walking assistance exoskeletons that provide optimized torque to individuals
has been conducted steadily, and these studies aim to help users feel stable when walking and get help
that suits their intentions. Because exoskeleton auxiliary efficiency evaluation is based on metabolic
cost savings, experiments on real people are needed to evaluate continuously evolving control algorithms.
However, experiments with real people always require risks and high costs. Therefore, in this study,
we intend to actively utilize human musculoskeletal simulation. First, to improve the accuracy of mus-
culoskeletal models, we propose a body segment mass distribution algorithm using body composition
analysis data that reflects body characteristics. Secondly, the efficiency of most exoskeleton torque
control algorithms is evaluated as the reduction rate of Metabolic Cost. In this study, we assume that
the torque minimizing the Metabolic Cost is the optimal torque and propose a method for obtaining the

torque.
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[Table 1] The Ratio of the Body Segment Mass and the Body
Part Mass to the Body Weight

Body Segment Ratio [%] Body Part Ratio [%]
Head 8.10
Thorax 18.94
Torso 55.14
Lumbar 13.90
Pelvis 14.20
Shoulder 1.33
Upper Arm 2.80 .
Upper Limb 6.33
Lower Arm 1.60
Hand 0.60
Thigh 10.00
Shank 4.65
Lower Limb 16.1
Talus 0.29
Foot 1.16

[Table 2] The Ratio of the Body Part Muscle Mass to the Total
Body Muscle Mass for healthy 25 years-old female individual

Body Part Muscle Mass [kg] Ratio [%]
Torso 18.6 55.52
Right Upper Limb 1.6 4.78
Left Upper Limb 1.6 4.78
Right Lower Limb 5.8 17.31
Left Lower Limb 5.9 17.61
Total 335 100
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[Fig. 1] Schematic diagram of torque optimization algorithm
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[Fig. 2] Result graph of Optimized Torque and Metabolic Cost.
(a) Comparison of Joint Moment (blue line) and Optimized
Torque (red dotted line with marker) of Right Hip Joint Flexion/
Extension. (b) Comparison of Metabolic Cost among 0 Torque
(blue line), Right Optimized Torque (green dotted line), Left
Optimized Torque (yellow dotted line) and Right & Left
Optimized Torque (red line) at Hip Joint Flexion/Extension
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