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Automatic posture adjustment is a key application in the domain of intelligent vehicles, playing a fundamental role in
enhancing safety and optimizing vehicle maneuvering operations. Articulated Vehicles (AVs), due to their high degrees
of freedom and the complex, nonlinear dynamics resulting from the joint between the tractor and trailer, present a more
challenging control problem compared to rigid vehicles. The objective of this research is to design and simulate an
automatic control system for articulated vehicle posture adjustment utilizing a Deep Reinforcement Learning (DRL)

framework. This system can also serve as a foundation for more advanced applications, such as autonomous parking
In this study, the precise modeling of articulated vehicle dynamics and the jackknifing phenomenon was initially carried
out. The developed model was validated using the specialized software, TruckSim. Subsequently, to reduce
computational complexity, the learning process was segmented into two distinct phases: maneuver preparation and
final posture adjustment. For training the intelligent agent, Deep Deterministic Policy Gradient (DDPG) and Twin
Delayed DDPG (TD3) algorithms were employed, which were optimized with neural networks comprising three to
five hidden layers. Evaluation results indicated that the TD3 algorithm, owing to its superior ability to maintain the
stability of the learning process, outperformed DDPG. Ultimately, the proposed control system, with the optimal
structure for each phase, achieved success rates of 96.6% in the preparation phase and 94.6% in the final adjustment
phase, thereby confirming the high efficiency and reliability of the DRL-based system in addressing the control
challenges of articulated vehicles.
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Table 1 Variables and Parameters in the Kinematic Model

Symbol Description
v Linear velocity (control input)
] Steering angle (control input)
Lt Distance from front axle to articulation joint
Ls Distance from joint to trailer rear axle
o Heading angle of tractor
Qs Heading angle of trailer
14 Articulation angle
ft,rt, rs Reference points for position tracking
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Fig. 3 Simulation Performed in TruckSim Software
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Table 2 Variables and Parameters in the Kinematic Model

Symbol Description

Yer Critical jackknifing angle

T, Truck wheelbase length

K Twice the turning radius of the outer tire
f Outer tire thickness

o' Rotation center of the trailer's rear wheel
o Rotation center of the trailer's front-outer

wheel
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Table 4 Spatial Boundaries (Position And Heading Angles) For The Start
And End Regions Of Each Phase

Start Goal @5 @ Vi X
Phase Region (deg) (deg) (m) (m)
Start [-30,30] [-60,60] [30,60] [15,35]
1 .. A circle of radius 5 located
Finish [-30,30] [-30,30] at (85, 35)
2 Start [-30,30] [-30,30] [30,40] [70,80]

Finish [80,100]  [80,100] [40,60]  [101,106]
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Table 3 Key Components of Reinforcement Learning

Parameter Value
Replay buffer size 106
Batch size 125
Discount factor 0.99
Soft update 0.005
Action noise (0, 0.1%) Gaussian
TD3 delay steps 2
Target noise (TD3) N(0, 0.22) Clipped

Epsilon decay gpfand g, = 0.9994 or 0.9999
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Fig. 8 Reward, ¢, and goal-reaching frequency per episode for Phase 1 motion
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Table 5 Results of the learning process execution in Phase 1 using
different neural network architectures

Algorithm DDPG ([DDPG| DDPG | TD3 | TD3 | TD3
Number of Neural Network 3 4 5 3 4 5
Layers
Number of Neural Network | ;) ¢ |4 128| 128-256 | 32-46 [64.128/128-256
Neurons
Collision (%) 12.22 (11.31 8.20 10.19 | 9.72 | 892
Jackknifing (%) 18.76 | 2296 | 18.44 | 19.69 |21.21| 16.53
Deviation (%) 14.32 (10.33 9.70 13.22 (10.24| 9.21
Reaching Destination (%) | 54.70 | 55.40 | 63.66 | 56.90 |58.83| 65.34
Discount Factor 0.997 | 0.997 | 0.997 0.997 |0.997| 0.997

Number of Episodes 5500 | 5500 | 5500 5500 | 5500 | 5500
Success Rate in Final 500

86.4 | 90.6 94.6 88.4 | 94.0 | 94.6
Episodes (%)
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Fig. 12 Occurrence of jackknifing, deviation from the goal, and successful goal-reaching during the learning process of Phase 2 motion.
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Table 6 Results of the learning process execution in Phase 2 using
different neural network architectures

Algorithm DDPG [ DDPG |DDPG | TD3 | TD3 | TD3
Number of Neural Network 3 4 5 3 4 5
Layers

Number of Neural Network 128- 128-

Neurons 32-4664.128 256 32-46 |64.128| 256

Collision (%) 12.71|10.50 | 9.80 | 8.90 | 7.75 | 6.50
Jackknifing (%) 4.71 | 6.45 | 5.40 | 2.35 | 430 | 2.25
Deviation (%) 20.09|19.30|18.50 | 19.70 | 16.50 | 15.30
Reaching Destination (%) 62.49 | 63.75 [ 66.30 | 69.05 | 71.45 | 75.95
Discount Factor 0.9997|0.9997(0.9997|0.9997(0.9997|0.9997
Number of Episodes 5500 | 5500 | 5500 | 5500 | 5500 [ 5500

Success Rate in Final 500

Episodes (%) 86.6 | 92.0 | 93.6 | 90.6 | 94.0 | 96.6
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