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Abstract

This study proposes a reinforcement learning-based method for periodic human motion transformation using BPM-based cycle
alignment and target-timing response rewards. The method adjusts motion cycles to BPM conditions and induces directional
hand-joint responses near target timings in a physics-based simulation. Experiments show that the arm-swing rate was entrained to
integer ratios of the target tempo with an error within 0.6%. The target response reward also increased z-axis travel near beat
timings and reduced variation in response peak timing. These results demonstrate that the proposed method can control repetition
cycles and target-timing-synchronized joint responses in a single periodic motion.

Keyword : Reinforcement Learning, Periodic Human Motion, Motion Transformation, Cycle Alignment Reward,
Target-Timing Response Reward
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Table 1. Comparison of arm-swing rate and target ratio error across
reward configurations

Reward Arm-Swing Error Cycle Period
confiauration BPM Rate from Target CV (%)
9 (cycles/min) | Ratio (%) °
R_amp ) )
(baseline) 583 32
+ R_target 80 80.1 +0.2 3.2
+ R_cycle 100 66.8 +0.2 1.7
+ R_cycle 100 49.7 0.6 14
+ R_target
+ R_target 100 66.8 +0.1 4.5
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Table 2. Comparison of right-hand joint responses at beat timings

Z-Axis Peak

Condition BPM Movement p-value

Offset (s)
Range (m)

+0.281
R_amp 80 0.177 0.5 +0.922
+0.236
+ R_target 80 0.345 0.0005 +0.052
+0.217
R_amp 100 0.161 0.7 +0.177
-0.296
+ R_cycle 100 0.198 0.064 +0.159
+ R_cycle -0.001
+ R_target 100 0.266 0.0005 +0.082
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Table 3. Comparison of entrainment across reward configurations under the 100BPM condition
Condition B B ge Byrger Arm-Swing Rate (cycles/min) Entrainment
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+ Target Reward v/ v/ v 49.7 Yes
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