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Action space |A| =3 Decision steps T Possible action sequences 37
0: Follow

1: Left overtake

23
2: Right return 2 Vel i
NseCIuence = |A|T = 37 100 5.15 x 1047
|A| = O3 action #I£
T = decision steps 200 2.66 X 10°°

K FT 18 action sequence space F2AA :
BIfE€ action space fR/]\ - ZS{E 5 B BUE IR R (sequential decision-making) I E 2B A E ol BEHY
7B 5 (action sequences) °
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MARL Z #2248 : Shared-policy PPO with CTDE
e ; ™ Centralized Training
CARLA Simulator
leader-stop scenario Leader Global
. / Follower] —— Platoon
5 * 9 Follower 2 State
PettingZoo ParallelEnv
multi-agent interface Value Centralized
- J N R -—
¢ Estimation Critic
f - . N
RLIib PPO with CTDE
8 shared-policy actor + centralized critic ) Decentralized Execution
- ¢ ~ Follower 1 local obs
High-level Actions i
follow / overtake / return Shared PPO Actor — action_1
. J
v Follower 2 local obs
4 . N l
Fig. MARL Platoon W;ylpomttr(lionérollc; Shared PPO Actor — action 2
i vehicle control in CARL
Control with CTDE. ! ) Fig. CTDE design
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J e distance to leader o 525 stopped-leader overtaking & & 024
Gymnasium Env « follower / leader speed
J e leader stopped time e PPO B2 T Of5HBEE - 1—_“5]__]' o] |
PPO Agent e lane availability / clearance
d e lane position « YEZ312 48 MARL platoon HY baseline
High-level Action
NK Action space |A| =
Rule-based Waypoint Controller 0 : Follow
J 1 . Left overtake
CARLA Vehicle Control 2 . Right return
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Baseline Result : Single-Agent PPO B& 51T 73 0] 3285

Training summary: Evaluation summary:

245 training episodes Test condition Episodes Success rate  Collision rate Mean reward Mean length
Overall success rate: 82.4%

Final 100 episodes: 100.0%

Collision rate: 2.0% Fixed stop step

- 40, speed = 10 100% 0% 133.69 203
RSB EBREE - 15
Ra”t‘ij;ri':];mp 20 100% 0% 130.66 + 1.62 291.9

Fixed stop step
=40, speed = 10 100% 0% 133.68 207

12

ml:l%)umﬁ .
REE B E BT IEISE N ST - RREEENEIRBINERIRRK
m3FECBEEF LR -



MARL Episode Reward Mean vs. Env Steps

. End
—D— I rewara_m n
episode rewdid mes )526_ok/metrics.jsonl +212.31

MARL Training Result : M RL
Followers EI’JTmJﬂﬁ_ E5E3 3

100 -

Setup

¢ 1 leader + 2 RL followers

e Shared-policy PPO with centralized critic
e 52k environment steps, 13 PPO iterations

Main Result
e Mean episode reward: -299.03 - +212.31
¢ Coordination conflicts: O recorded

Mean Episode Reward

=100 -

Key Interpretation
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Environment Timesteps
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