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Abstract  The explosive growth of video data in smart city surveillance and intelligent transpor-
tation has placed heavy pressure on transmission systems due to massive frame-level redundancy.
Traditional centralized cloud architectures struggle to support concurrent video uploads because of

limited bandwidth, fluctuations, and core network congestion. Existing adaptive bitrate and com-
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pression methods can reduce bitrate but still rely on full-frame transmission, making it difficult
to ensure both low latency and critical region quality. Furthermore, most studies focus on single-
stream optimization, overlooking the differentiated needs of human-machine vision and the poten-
tial of structured data under constrained bandwidth. To address these issues, this paper proposes
a scene-aware collaborative optimization method for multi-stream transmission in End-Edge-
Cloud systems. First, a novel End-Edge-Cloud multi-stream collaborative transmission architec-
ture is constructed. The problem is then modeled as a constrained non-convex combinatorial opti-
mization problem, where a scene-aware state partitioning model maps dynamic network condi-
tions into normal, disturbed, and harsh scenarios. This reduces optimization complexity by gen-
erating candidate stream sets and compression ranges. A weight-driven joint scheduling and com-
pression strategy is then introduced, which adaptively activates optimal stream types and dynami-
cally configures transmission policies. The Lagrangian dual method is applied for efficient sol-
ving, minimizing latency while maintaining video quality. Experimental results show that the
proposed method can effectively preserve the Structural Similarity Index (SSIM) quality of video
focus regions under high compression ratios. In the live-streaming scenario, the average SSIM of
focus regions reaches 0. 882, significantly outperforming other baseline methods. On a real 4G/
LTE bandwidth dataset, the proposed method reduces transmission latency by 44.0% —85.4%
compared with various baselines. In the live-streaming scenario constructed using a 5G bandwidth
dataset, it further reduces transmission latency by 31.82% — 63.57%. Overall, the proposed
method achieves a favorable balance between video quality preservation and low-latency transmis-
sion under complex and dynamic network conditions, providing effective support for edge-cloud
systems to efficiently process large-scale video tasks.

Keywords video transmission; bandwidth awareness; multi-stream data; end-edge-cloud sys-

tems; multi-stream transmission
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fluctuating networks, limiting large-scale real-time applica-
tions.

This work bridges End-Edge-Cloud collaboration, mul-
timedia networking, and machine vision. Current main-
stream methods (e. g. » MPEG-DASH and buffer/bitrate ad-
aptation) have improved visual quality but still face two ma-
jor limitations: they fail to coordinate heterogeneous human-
machine data demands across video, feature, and semantic
streams, and they lack adaptability to highly dynamic or con-
strained network environments, resulting in increased latency
and degraded responsiveness. To address these challenges,
we propose a scene-aware collaborative optimization method
for multi-stream transmission in End-Edge-Cloud systems,
which adaptively schedules video, feature, and semantic
streams based on bandwidth and scenario conditions to reduce
redundancy and improve timeliness. Experiments show that
the proposed method maintains the SSIM of visual focus re-
gions predominantly above 0.8 in intelligent transportation
scenarios and achieves an average focus-region SSIM of 0. 882
in live-streaming scenarios, significantly outperforming other
baselines. On a real 4G/LTE bandwidth dataset. it reduces
average transmission latency by 44.0%—85.4%; in a live-
streaming scenario constructed using a 5G bandwidth data-
set, it further reduces average latency by 31.82%—63.57%

and achieves the best P95 latency.
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The significance of these projects lies in advancing End-
Edge-Cloud collaborative transmission technologies to pro-
vide strong support for key national sectors such as security
monitoring » intelligent traffic, and industrial inspection. The
main contribution of this study is to address the challenge of
multi-stream collaborative processing and transmission with-
in the End-Edge-Cloud architecture, as part of the broader
project “Integrated End-Edge-Cloud Intelligent Computing
and Storage Collaborative Scheduling and Application Dem-
onstration. ” Our team has long focused on multimedia trans-
mission and End-Edge-Cloud collaboration, with strong ex-
pertise in End-Edge-Cloud scheduling, and resource opti-
mization. The team has played a leading role in End-Edge-
Cloud architecture research and standardization and has
been recognized with two National Science and Technology
Awards and two Beijing Science and Technology Awards.
In addition, we have conducted extensive studies on visual
IoT systems, video compression and transmission, and
edge intelligence, achieving notable results in double-
stream models, adaptive compression, and multi-task per-

ception fusion.





