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Abstract: The large-scale deployment of Internet of Vehicles (IoV) applications such as autonomous driving, high-
definition map updates and in-vehicle entertainment has triggered an explosive growth in data volume, imposing higher re-
quirements on cache task scheduling, content processing and recommendation, as well as network resource allocation. As a
key technology to alleviate the network load of IoV and reduce the end-to-end delay of content acquisition, cooperative
caching’s performance highly relies on the in-depth collaboration of three core links: vehicle matching, content recommen-
dation and resource optimization. However, existing schemes generally suffer from poor stability of vehicle matching, insuf-
ficient recommendation adaptability and low resource optimization efficiency, making it difficult to adapt to the demands of
the highly dynamic IoV environment. To address these challenges, this paper conducts research from three dimensions of
communication matching, content adaptation and resource optimization, and proposes an intelligent cooperative caching
strategy for IoV. Firstly, aiming at the problems of poor communication link stability and frequent handovers caused by the

high mobility of vehicles, a short-term lane prediction-driven vehicle cooperative matching(SLPVCM) algorithm is de-

Wk H 11 :2026-01-16; 5% FH H 181 :2026-02-24 5 54T 4« AR 5
R KR



2 BT

EE ¢

signed. This algorithm comprehensively explores multi-dimensional features including spatiotemporal correlation of lane

flow, vehicle communication rate and node resource occupancy rate, to realize the collaborative matching between demand

vehicles, service vehicles and roadside units, thus establishing a stable communication foundation for content recommenda-

tion and resource optimization. Secondly, in view of the insufficient adaptability of traditional cache recommendation strate-

gies to new and existing user groups and the inadequate optimization of personalized indicators, a hybrid recommendation

based on collaborative filtering and content features(HRCF2) algorithm is constructed. For new users, a dual-dimensional

recommendation strategy of popularity and diversity is designed to solve the cold-start problem; for existing users, the rec-

ommendation weights of collaborative filtering and content features are dynamically adjusted according to historical behav-

iors, which effectively improves the matching degree between cached content and user demands. Compared with the bench-

mark algorithms, this algorithm increases the recommendation hit rate by 21.11% and improves recommendation indicators

such as Fl-score by 20.94%, while reducing redundant data transmission and the dependence on remote cloud resources. Fi-

nally, facing the dynamic environmental state formed by collaborative matching relationships and content recommendation

distribution, a soft Actor-Critic based vehicle caching tasks and resources optimization(SVCTRO) algorithm is proposed.

By maximizing the policy entropy, this algorithm achieves adaptive and dynamic decision-making for cache task decompo-

sition and bandwidth resource allocation, reducing the cache task costs by 5.80% and 13.27% respectively compared with

the Twin Delayed Deep Deterministic Policy Gradient(TD3) and Deep Deterministic Policy Gradient(DDPG) algorithms.

Simulation experimental results show that the proposed intelligent cooperative caching strategy outperforms the existing

benchmark algorithms in terms of communication efficiency, recommendation indicators and resource scheduling economy,

and can effectively adapt to the highly dynamic characteristics of IoV. It provides an effective theoretical support for the de-

sign of cooperative caching systems in the vehicle-road-cloud integration scenario.
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Figure 1 ~ Vehicle collaborative caching system scenario
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Figure 2 Impact of learning rate on SVCTRO algorithm
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Figure 3 Impact of discount factor on SVCTRO algorithm
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Figure 10 Performance comparison of task cost
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