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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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sholth & 33 zFo] AMP 7|Wk BA W HARE #3-3
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I 3. 100BPM ZZ0iAf EA & FMof 2 =
Table 3. Comparison of entrainment across reward configurations under the 100BPM condition

Target-Timing Response Rewards)

Condition R, R By get Arm-Swing Rate (cycles/min) Entrainment
Baseline 4 - - 58.3 No
+ Cycle Reward v v - 66.8 Yes
+ Target Reward v v v 49.7 Yes
7% AL B2 UERA Sigkou), BPM ZIW E F7bel kgl A%l Bast
71 A8 RS F7ksk 27004 = 100BPM 2] 2:3 27 o
Fets £ 66.83]¢ W SE7F UEFHTH Target
Timing 7|%¥F 53 9hS BAAS 283k 7oA+ 3% 29 V.4 E
7+o] Beat Timing F-oll Al & &5 vbg-o] F3ishA U
Ehate, B AL 9% 20 whgate] 714 Ak B4
olZ Fa AMP /N BH B HAS | B2 4, < AFH] A8 485 71 Al wE e Ak
BPM 7|8k F7] BE B2 W F7] 24, Target At WH-e AMP 719F A Bk L3¢ BPM 7|8 57
Timing 7149k 53 ¥hg B 54 Alde] #d 5 vhs 48 H/J3} Target Timing 7|¥F 535 ¥h3- HAFS Agtst
40 247t 7efss A0 AT & g gu 2E o J]E E4o AAAHe S §AsHA BE Fr)e) £
WS BAS 23 24 77 AE B 7HEA AR #E FAYS 2HES AAsh
T o AN EE, WhE &0 BistE B8 jh B A9 A3, 47 BPM 29A & F2e] §HE &7t
4 gEe) Baw dAeA Sen S8 9z g5 BAZ YASRAO, BE g%
o] @ah= 0.6% o= Wrebskt). B3 Target Timing 7]+
7. Target Position 72| 2@X} 24 53 Uk BAS F83F 79 Beat Timing FoA &2
& 89 2% o F WA Z/HSHAL g A WEol
Target Position¥} 23 #4 Aleo]o] FE2E AP & stk B shd HwE F3) BPM 71v 7] A2
e F7HH R EAsTh 58 W B 22004 B whE 7] 24|, Target Timing 719k 5% Hg-
2 A21E 80BPMOI A 0.153m, 100BPMellA 0.070m$3 2 B2 54 Beat Timing®l 419 4 &5 -5 Al 7}
w, 71% 29X 2t 0.087met 0.073mE YRR 7} 71ejeS sl
upeba] S 9 B mhE d3E A dhe g4l TR Target Position? ¥4 Ate]] A Qxjollxe LA+
A 34Tk ©]%= Target Position©] Ath #}3&7} ofug} Beat ¥ ATF ERIEA] okt wd £ AP 7714 B
Timing 77+ 5] A 8 9IS 102 AujHoz 4 wgasp) e 8l B 1B $X9do] AP vk
457 RO HUAT webd B A E BE 9 ool Z1E BAS toR Sasiglon], Be) viE
A ZEE T Beat Timing F20] &4 olg ek ke 3AAS xgske e F7] F8 te 77+ AP S
AAe dAde Fo aRE S A Balgink et Aol ek 7] B2} vl o
FNHOR U5 NEE WA WY G5 A% B 58 ol A o) DSk 45 IS BEHT, 4
2 W £ FFHA= 30BPMO A 17.6¢ycles/min, F3% 7|8k Target Positions #-§-3te] H3k 912 &
60BPM@l| 4] 12.0cycles/min, 130BPM4llA] 20.9cycles/min s 27
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