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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, Al 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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