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Abstract: Based on intelligent connected vehicles and vehicle-road-cloud cooperative networks,
the perception blind spots of single-vehicle intelligence in long-tail scenarios, such as occlusion and long-
range detection, are effectively compensated by cooperative perception technology through information
interaction among multiple agents. However, the large-scale deployment of such systems is critically
bottlenecked by limited wireless communication bandwidth and multi-source heterogeneous data. To
address this issue, communication-efficient transmission methods for cooperative perception in
autonomous driving are systematically reviewed. First, feature filtering mechanisms for suppressing

redundant background transmission are summarized at both the spatial region and instance task
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levels. Second, representative methods for addressing node heterogeneity, temporal asynchrony,
and spatial misalignment are summarized, focusing on key issues in multimodal information fusion,
including interaction topology construction, spatiotemporal pose alignment, and cross-modal semantic
alignment. Then, implementation approaches that balance communication efficiency and perception
accuracy under bandwidth constraints are reviewed along three pathways: sparse representation
for feature compression, generative completion, and semantic collaboration with large models.
Finally, large-scale open-source datasets in this field are systematically compiled, and current
bottlenecks and future development trends in scene cognition, dynamic network security, and the
credibility of generative reconstruction are deeply analyzed. Through this paper, relevant research progress

is systematically reviewed, and a theoretical reference is provided for the construction of more
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robust and secure intelligent connected vehicle-road cooperative networks.
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Fig. 1

architecture

Vehicle-road-cloud collaborative perception system
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Table 1 Comparative summary of representative surveys on cooperative perception

A4 #EfF S ShE R4

ik w T Wiy MR WF A g
[1] 2022 B I B R R L S R A K/ R B S b T R ) O
[7] 2022 ToV PREETF (0 38 A5 Rl A Do A DG ST R ®e e - — — —
[24] 2023 TES I AR PR BRR S & T ) o o — - o
[25] 2023 V2X PR R L T7 i Dk % RO A 5 kR ®e 6 O e — O
[26] 2024 SR R R G — B [ AE A e - e — —
[27] 2024 BB 2 O R FR G BAR H 5 Ry S ®e O — — — —
[28] 2025 V2X B[R] ERIR F G BEROR Bk R ok T ) ®e e O e O [
[29] 2025 I ) JR SR e (0 6 B Pk AR L TR AE i D SR B S R S L ®e e O e o O
(8] 2025 B D[RR T v L A 5 A5 R A IR ®e O — — - [
[9] 2025 T I U W] IR R W OGS B R M GBI 5 R R ke ® O O O (
AL 2026 15 ELORE OMEX S A/ RARESF R ESE A mkE — @ @ @ @ O

T.@ XAELAER;O XARZY L — XL BY K.

A2 WR Bl HEAEm T EOER SR

Table 2 Technical taxonomy of communication-efficient transmission methods for cooperative perception
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Fig. 2 Review framework of efficient transmission methods

for cooperative perception
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Fig. 3 Multi-level feature filtering
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Fig. 4 Cooperative modeling and feature alignment
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