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高速公路智慧扩容：数字化转型下的政策、技术与系统革新

　　王昊，东南大学交通学院智慧运载与交通信息系主任，教授，博士生导师，国家级青年

人才入选者，江苏省“六大人才高峰”入选者，世界交通运输大会（WTC）交通仿真技术委员

会联合主席、中国交通建模与仿真专业委员会副主任委员、中国公路学会自动驾驶工作委

员会委员。主要研究方向为交通感知与控制、自动驾驶决策与控制、智能交通巡检技术等。

主持国家重点研发计划课题 2 项、国家 863 项目子课题 2 项、国家自然科学基金项目 5 项、教

育部博士点基金项目 1 项，以及 30 多项工程应用项目。以第一发明人获国家发明专利授权

70 多项，在国内外学术刊物和会议上发表学术论文 200 余篇，入选斯坦福大学发布的全球前 2% 顶尖科学家

榜单。编著交通工程专业教指委“十三五”规划教材 2 部，主编智慧交通专业系列教材 6 部。主讲国家级一流

本科课程《交通控制与管理》。2018 年荣获国家科学技术进步二等奖、中国智能交通协会科学技术一等奖；

2023 年、2024 年连续荣获中国公路学会科学技术二等奖；2025 年荣获江苏省科技进步二等奖。

高速公路智慧扩容：数字化转型下的政策、技术与系统革新

随着中国机动车保有量持续增长，众多高速公路长期处于超饱和运行状态。传统物理扩容手段如车道拓

宽、新建并行通道等正日益受土地红线、生态环保和巨额造价制约。新建和扩建高速公路的造价每公里数以亿

计，物理扩容代价巨大。相比而言，依托大数据、人工智能技术的智慧扩容具有成本低、占地少的优势，为破解

交通供需矛盾提供了全新的解决方案，正成为落实交通强国、数字中国战略，培育交通领域新质生产力的关键

抓手。然而，当前行业仍面临政策体系衔接不足、扩容需求研判主观性强、多源感知与智能管控落地难、区域可

复制实践经验匮乏等现实问题。为此，本期推出“高速公路智慧扩容：数字化转型下的政策、技术与系统革新”

专题，从“政策设计、量化研判、智能决策、实践探索、产业升级”多个维度，系统梳理高速公路智慧扩容理论基

础、技术路径与落地方法。

本专题共收录 6 篇系列论文。首篇《高速公路智慧扩容创新现状与政策导向》系统梳理 2017~2025 年国

家及省级配套政策演进脉络，结合文献计量剖析国内研究热点，搭建政策引导技术落地的整体分析框架，为

行业发展提供顶层政策参照。第二篇《高速公路扩容需求分级分类研判方法研究》聚焦扩容决策的量化难

题，融合 PCA 降维、K-Means 聚类和 AHP 层次分析法，构建起路段横向分类、纵向分级的扩容优先级研判模

型，突破了传统仅凭单一流量阈值判断的局限性。第三、四篇共同构成“感知 -决策”技术闭环：《基于多模态

大模型的高速公路异常事件检测方法研究》，采用适配 CLIP 模型，融合视频、雷达、流量、气象多源数据，引入

交通知识图谱提升事件识别与诱因语义理解的精度。《多模态大模型与深度强化学习联合驱动的高速公路异

常事件交通管控决策方法》则基于前端感知输出构建语义状态向量，采用 Transformer-PPO 算法生成组合管

控策略，搭建起“感知研判-动态决策”智能闭环系统。第五篇《硬路肩动态管控体系构建与江苏实践探索》聚

焦工程落地场景，构建包含技术、策略、运营、法规、服务五位一体管控体系，以 G42 沪宁高速无锡段为例，展

示了动态开放应急车道在增效和降险两方面的实际成效。第六篇《江苏交控智慧扩容赋能主业升级：从路网

增效到新质生产力培育的实践探索》跳出传统交通管控视角，系统梳理江苏从路网增效、多元业务拓展到新

质生产力培育的三阶段演进历程，揭示数字化改造催生交通新质生产力的内在逻辑。

本专题为高速公路智慧扩容提供了涵盖量化研判、AI 感知和智能决策的全链条技术方案，同时以江苏

高速公路成熟实践为样板，可为高速公路智慧扩容的理论研究与工程实践提供有益参考，助力各地因地制宜

探索少占地、低成本、高效率的路网增效新路径。
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Intelligent Capacity Expansion of Expressways: Policy, Technology 
and System Innovation under Digital Transformation

With the continuous surge of motor vehicle ownership in China， a large number of expressways have been 
operating under oversaturated conditions for a long time. Traditional physical capacity expansion modes such as 
widening carriageways and constructing parallel corridors are restricted by land redlines， ecological constraints 
and enormous construction costs. The construction cost of newly built and reconstructed expressways reaches up 
to 100 million RMB per kilometer； for sections with complex geological conditions or densely urbanized areas， 
the unit cost even exceeds 200 million RMB per kilometer， which renders physical capacity expansion extremely 
costly. In contrast， intelligent capacity expansion supported by big data and artificial intelligence boasts the mer⁃
its of lower investment and less land occupation. It delivers an innovative solution to resolve the imbalance be⁃
tween traffic demand and supply， and has evolved into a pivotal approach to implement the strategies of Building 
a Powerful Transportation Country and Digital China， as well as foster new quality productive forces within the 
transportation industry. Nevertheless， the industry is currently confronted with practical bottlenecks including 
fragmented policy frameworks， subjective assessment standards for capacity expansion， barriers to the imple⁃
mentation of multi-source perception and intelligent control technologies， and a lack of replicable regional prac⁃
tice paradigms. Against this backdrop， this journal launches the special topic Intelligent Capacity Expansion of 
Expressways：： Policy，， Technology and System Innovation under Digital Transformation. This special issue 
systematically sorts out the theories， technologies and implementation paths of expressway intelligent capacity 
expansion from multiple dimensions including policy formulation， quantitative assessment， intelligent decision-
making， practical exploration and industrial upgrading.

A total of six serial papers are collected in this special topic. The opening paper systematically sorts out the 
evolution of national and provincial supporting policies from 2017 to 2025. By adopting bibliometrics to analyze do⁃
mestic research hotspots， this paper establishes an integrated analytical framework for technologies guided by poli⁃
cies， providing top-level policy references for industrial development. The second paper targets the quantitative di⁃
lemma of capacity expansion decision-making. Integrating PCA dimension reduction， K-Means clustering and 
AHP analytic hierarchy process， it constructs an assessment model realizing horizontal categorization and vertical 
grading of road segments. It proposes a priority classification method for capacity expansion demands of network 
sections， breaking the limitations of conventional assessment relying merely on single traffic volume thresholds. 
The third paper adopts an adapted CLIP model to fuse multi-source data including video， millimeter-wave ra⁃
dar， traffic flow and meteorological information. Combined with traffic knowledge graphs， it improves the accu⁃
racy of event identification and causal semantic comprehension. The fourth paper constructs semantic state vec⁃
tors based on front-end perception outputs， and adopts the Transformer-PPO algorithm to generate combined 
control strategies， establishing an intelligent closed loop of perception， assessment and dynamic decision-
making. The fifth paper grounds research in engineering scenarios. It constructs a five-in-one management frame⁃
work covering technology， strategies， operation， regulations and public services. Taking the Wuxi section of 
G42 Shanghai-Nanjing Expressway as the pilot case， it verifies the efficiency improvement and risk reduction ef⁃
fects of dynamically opening hard shoulders. The sixth paper transcends the narrow perspective of traffic manage⁃
ment. It sorts out the three-stage evolutionary path of Jiangsu's practice， ranging from road network efficiency 
improvement， diversified business expansion to the cultivation of new quality productive forces， and reveals the 
internal logic that digital transformation generates new quality productive forces in transportation.

This special topic delivers a complete technical toolkit covering quantitative evaluation， AI perception and 
intelligent decision-making. Taking mature practices in Jiangsu province as typical samples， it can serve as a 
solid reference for theoretical research and engineering practice of expressway intelligent capacity expansion， 
thus pioneering a new pathway for road network efficiency improvement characterized by low land occupation， 
low cost and high operational efficiency.
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