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Age of Information and Energy Efficiency Optimization in RIS-Assisted
Vehicular Edge Computing Based on Deep Reinforcement Learning

LAN Jun, JIA Xiang-dong’, KOU Zhi-long, BAO Hong-li, LIANG Wen-yan, WU Jing-jing
(School of Computer Science and Engineering, Northwest Normal University, Lanzhou, Gansu 730071, China)

Abstract: With the advancement of fifth-generation (5G) and sixth-generation (6G) mobile communication technolo-
gies and the continuous development of intelligent transportation systems (ITS), the internet of vehicles (IoV) has gradually
become a key foundation for smart transportation. Vehicular edge computing (VEC) provides low-latency computing servic-
es for vehicular terminals by deploying edge servers at base station (BS) or roadside unit (RSU). However, the high mobili-

ty of vehicles results in severe channel fading, limited energy resources, and dynamic task variations, which make it chal-
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lenging to jointly guarantee information freshness and energy efficiency. Reconfigurable intelligent surface (RIS) technolo-
gy, capable of reconfiguring the wireless propagation environment through controllable phase reflections, offers a promising
solution to improve link reliability and energy efficiency in VEC systems.This paper proposes a hierarchical deep reinforce-
ment learning (HDRL)-based multi-objective optimization framework to jointly optimize the Age of Information (Aol) and
energy consumption in RIS-assisted VEC systems. Firstly, a system model is established that considers vehicular mobility,
three-dimensional geometric channels, and dynamic task arrivals, and a non-convex optimization problem is formulated to
minimize the weighted sum of Aol and energy consumption. Secondly, a hierarchical hybrid reinforcement learning archi-
tecture with “centralized control and distributed coordination” is designed. In the upper layer, the twin delayed deep deter-
ministic policy gradient (TD3) algorithm is employed to continuously optimize RIS phase configurations, while the lower
layer adopts the federated multi-agent deep deterministic policy gradient (FMADDPG) algorithm to realize distributed pow-
er allocation and computation frequency control.To enhance cross-layer learning coordination, a joint pretraining and trajec-
tory-embedding mechanism is proposed, where the upper-layer TD3 controller generates representative RIS phase trajecto-
ries for initializing the policies of lower-layer FMADDPG agents. This mechanism effectively improves cross-layer aware-
ness and accelerates convergence. In addition, theoretical analysis proves the stability and convergence of the FMADDPG
algorithm under bounded state spaces and Lipschitz-continuous reward conditions. Simulation results demonstrate that the
proposed HDRL framework significantly outperforms benchmark methods such as the soft actor-critic (SAC), q-value mix-
ing (QMIX) and block coordinate descent (BCD) algorithms in terms of balancing information freshness and energy effi-
ciency. Compared with the SAC algorithm, the proposed approach reduces the average Aol by approximately 15% and im-
proves energy efficiency by about 29%, while maintaining stable convergence under high channel estimation errors and
blockage probabilities. The main innovations of this paper are as follows: (1) a multi-objective optimization model is devel-
oped for joint Aol and energy efficiency optimization in RIS-assisted VEC systems; (2) a hierarchical reinforcement learn-
ing framework combining TD3 and FMADDPG is proposed to achieve centralized RIS control and distributed resource co-
ordination; (3) a joint pretraining and trajectory-embedding mechanism is designed to improve convergence speed and poli-
cy adaptability. This study provides a novel intelligent decision-making paradigm for low-latency and energy-efficient ve-
hicular edge computing and offers valuable insights into the edge intelligence development of future intelligent transporta-
tion systems.

Key words: internet of vehicles; vehicular edge computing; reconfigurable intelligent surface; age of information; en-
ergy efficiency; hierarchical deep reinforcement learning
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