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Problem and Contribution

Goal: How to overcome the problem of local
over-smoothing or amplified artifacts caused
by fixed spatial operations when perform-
ing low-light image enhancement under un-
supervised conditions.
Idea: Inspired by natural swarm intelligence
(e.g., the self-organizing behavior of birds
and fish), we treat each pixel in the im-
age as an adaptive agent. By designing a
dynamic, locally interactive neighborhood
mechanism coupled with a distributed rein-
forcement learning framework, these pixel
“agents” autonomously negotiate and ad-
just their intensity values. This enables the
emergence of an organic, context-aware en-
hancement at the global level, simultane-
ously restoring fine textures and maintaining
overall illumination consistency.

Contributions:
• Drawing inspiration from the dynamic behaviors of biological swarms, we have developed

an image enhancement method based on swarm dynamics, offering fresh ideas and insights.
• We optimize the dynamic system using a decentralized multi-agent approach, enabling

more flexible, adaptive interactions between agents and improving the overall efficiency
of the system.

The overall framework of our approach
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