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Abstract
In this paper, we introduce a method to obtain high-quality results at a low cost for simulating musculoskeletal characters based on
data from the reference motion through motion capture on two-legged walking through reinforcement learning. We reset the motion
data of the reference motion to allow the character model to perform, and then train the corresponding motion to be learned through
reinforcement learning. We combine motion imitation of the reference model with minimal metabolic energy for the muscles to learn
to allow the musculoskeletal model to perform two-legged walking in the desired direction. In this way, the musculoskeletal model
can learn at a lower cost than conventional manually designed controllers and perform high-quality bipedal walking.
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Discount factor (y) 0.995
A 0.95
Clipping threshold (&) 0.2
Learning rate 107
Value loss 0.5
Entropy 0.01

Table 1: Values used in the PPO reinforcement learning algorithm
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Figure 1: Median reward per episode. When learning for over 3000

episodes, reward gets about 35.

9+ reward-+= episoded # £ 9 F vl reward] FF oz A
ARG 2= o Ao AN dAAHE AT 3
Goee 58224 Rl o 5uge B /N YL A
&%} Deepmimic [3]9] o] H A} v w5 uff, FAHAA 2
oA &= B2 gglen 238 252 AN w2l AL
Y AR Z R AL SAAG AN AR, Pl QPE T
2 A1851A) @41 417 FF (neural excitation) S %) 4] o] 8}]
Fgon], /M Eau o £ o)

Figure 2: Snapshots of walking motion. The results perform

human-like walking motion.
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Figure 3: The comparison of the median rewards per episode
between learning with metabolic energy and without metabolic

energy (pink: metabolic energy, yellow: no metabolic energy)
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Figure 4: Snapshots of walking motion without metabolic energy.
Model tries to walk, but its back can’t hold and model tries to fall,
Without the metabolic energy, the model cannot perform walking

for many reasons.
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