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Abstract : This paper proposed an adaptive lane-keeping controller that can help enhance a conventional Linear Quadratic
Regulator (LQR) with a Reinforcement Learning (RL)-based compensator. While LQR performs well on straight road
segments, its accuracy degrades on curved roads due to Winding Road Disturbance (WRD), which is absent in straight paths.
Hence, to address this issue, the researchers integrated a Deep Deterministic Policy Gradient (DDPG) module that applies
real-time steering corrections to compensate for WRD. The training process employs a two-stage Error-Characteristic
Ornstein-Uhlenbeck (EC-OU) exploration scheme, in which noise covariance parameters are statistically retuned after the
initial training stage to improve convergence in the second stage. The controller’s performance was evaluated using a real
vehicle in a simulation environment with road curvature data collected from the Gwangan Bridge in Busan. The experimental
results demonstrate that the proposed method significantly reduces lateral position error and maintains closed-loop stability

on curved roads, even under transient disturbances.
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2. Road and Vehicle Model

2.1 Road Model
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2.2 Empirical Kinematic Lateral Motion Model
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Fig. 1 Vehicle lateral motion with a look-ahead distance L
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3. Problem statement for LKS
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4. Adaptive Lane Keeping Control with
RL Based WRD Compensation

4.1 Reinforcement Leaming Based WRD Compensator
SPA] I5E LR 7)uk 2pd 4] Alwle] P 3
AE S538171 918, Fig. 29 #o] 73} k<5 7]wke] WRD
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Fig. 2 LQR with Reinforcement Learning-Based WRD Compensator
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Fig. 3 Error-characteristic based noise covariance tuning
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5.2 Test Conditions
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