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To better understand how lane-free traffic can be realized, the
reviewed literature was grouped into three major control strategy
classes.

Rule-based approaches coordinate vehicles through predefined
interaction rules and control laws. They offer high interpretability,
scalability, and strong safety guarantees but limited adaptability.

Optimization-based approaches detemmine vehicle actions by
solving optimization problems. They achieve efficient coordination
but require substantial computational resources.

Learning-based approaches derive coordination policies from
data and interaction with the environment. They provide high
adaptability but currently face challenges regarding interpretability,
safety validation, and real-world readiness.
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Urban areas around the world increasingly face challenges such
as traffic congestion, rising emissions, and safety concerns due to
growing mobility demand and urbanization. Since further
infrastructure expansion is often limited, researchers are exploring
alternative approaches to improve traffic performance.

Lane-free traffic (LFT) proposes a fundamentally different traffic
organization concept in which connected and automated vehicles
(CAVs) coordinate their movement dynamically rather than
following fixed lane definitions. Instead of relying on infrastructure-
guided movement, traffic organization emerges through
cooperative vehicle coordination.

Lane-free traffic (LFT) shifts the responsibility for traffic
organization from road infrastructure to vehicle coordination
and cooperation.
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No single strategy outperforms all others across all evaluation
criteria.

Instead, each approach represents a different trade-off between
safety, adaptability, scalability, and computational effort.

Future research should therefore focus on several key challenges.
One of the most critical challenges is the transition from today's
human-driven traffic to future lane-free traffic systems. A complete
transition cannot be achieved overnight. Therefore, lane-free
concepts must operate safely and efficiently in mixed traffic
conditions during a potentially long transition phase.

Additional challenges include safety and communication reliability,
urban and policy implications, and understanding network-level
impacts of large-scale deployment.
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