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Abstract

This project aims to use reinforcement learning to enable autonomous vehicles to acquire
yielding behavior on narrow roads where passing is difficult. Here, yielding behavior is
defined as actions such as determining the relative position and whether a passing space
exists for an oncoming vehicle, then either stopping temporarily to yield the right of way
or moving to a passing space to wait for the other vehicle to pass. In residential areas and
other narrow roads, flexible decision-making based on the behavior of the other vehicle
is required. However, conventional rule-based control struggles to handle such complex
situations. Previous studies, such as the cooperative behavior in roundabouts by Oda,
Yokoyama, Yamashita, Warabino, Okiishi, and Tanaka (2020) [1], have approached
this challenge in various ways. This project focuses on acquiring yielding behavior
through reinforcement learning. In the first semester, we gained an understanding of
reinforcement learning theory and basic implementation. In the latter semester, we
created a simulation in discrete space and verified the yielding behavior on an actual
vehicle. We also created a simulation in continuous space, though it did not achieve
successful learning. In the latter half, we created a simulation in discrete space and
verified yielding behavior on actual hardware. Additionally, we created a simulation in
continuous space, though learning success was not achieved. These efforts are expected
to contribute to the future advancement of autonomous driving technology and the
realization of safe and smooth traffic.

Keyword Reinforcement learning, Multi-agent systems, Deep learning, Simulation
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A7uy 7 PO, wAFI—Y Yy MEREFEEEZHNT, FHEAR-20DH 2 HRNEIZ
BUIZ, WIDHWeFETEIRATLE2MET LI THL. 0T D DHVDORINDEREEZ LRI
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WOWTHIAT 5. £/, LT 7T OOHGERHEIEFAEClbNS Z L2, fHERHHL
EHICEMNTS.
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2.2.1 Proximal Policy Optimization

R EEIC B 2 EERIEEE OREN 2 71 31) X4 e LT Proximal Policy Optimization
(UU'F PPO) TS, £ —I b i D Actor 2y b7 —27 (T X—%0;) 1%, AT
D7V I EFEHREBZ RT3 X5 ICHETEN 5.
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22T, r(0;) W EIHARE A ROMERLL, ¢ IZFEHELZHIRT 2N 8= RFX—-XTH 3.
A, oEHIZIE, Generalized Advantage Estimation (GAE) 23, —#ic, o % B
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5. PyTorch 3FRBEEE DI A4 77V THY, @fbFEEHDO7 LY XL (RiB) 128 % Actor
F v bV =27 BXU Critic * v b7 —27 OfE, AEER, BLT GPU ZH Wiz 5.
Optuna 13N A4 XL 7 L3V X aZz AV, Sz EKILT 272D DEEZNA 78— F X =&
PHIBINCHER TS 2215, NumPy i3z — = >~ b OEBIEEIE, THHE, BXOBHF—
2 DB % EHIAT S 7D 5 5.

F£41 2I2—arDPRT LMK
IBEH %

(ON) Ubuntu 24.04.3 LTS
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F£42 V7 v TERE

== N—=3>

Python 3.10.12
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Pytorch 2.7.1
Matplotlib  3.10.3
Optuna 4.6.0
NumPy 2.2.6

CxxH @ BFETN)
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¥ P OSARHICRAREFTAEE LR T WIRI 2 A T, 25 LAEFRFTIBLTD, wIhH 0Tk
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A7V 5H HEME
BREERIR V4 Y FUH AR 400 pixel x 250 pixel
TR 2R 5270w K
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