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Figure 1 (Color online) Schematic diagram of the mobile intelligent
metasurface platform and its applications. The mobile intelligent
metasurface can customize an electromagnetic propagation path for the
user when the communication quality is poor, enabling high-quality
communication, sensing, and other personalized services
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Figure 2 (Color online) Overview of the system architecture. The system consists of four components: the optical imaging module, decision-planning
module, motion execution module, and metasurface module. These components operate cooperatively to form a closed-loop framework of “visual
perception—scene reconstruction—joint path and codebook optimization—communication enhancement”, enabling intelligent construction and
performance improvement of wireless communication links
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Figure 3 (Color online) 3D scene reconstruction and occupancy grid mapping based on optical visual perception
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Figure 4 (Color online) Convergence curves of the inner and outer layers of PSO under a 25 m* map: graph showing the variation of the global

optimal fitness with the number of iterations
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Table 1 The running time statistics of the double-layer PSO under 100
random tests for different map scales
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Figure 5 (Color online) The near-field electric field distribution maps
obtained through simulation and actual measurement of the
reconfigurable intelligent metasurface under different coding modes
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Figure 7 (Color online) 3D scene reconstruction and grid map generation results. (a, b) Photographs of the scene under different lighting conditions.
(c, d) Corresponding 3D scene reconstruction results under the lighting conditions shown in (a, b). (e, f) Generated grid maps and the corresponding
trajectories of the movable metasurface in sparse-obstacle and dense-obstacle environments
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Table 2 The received signal strength, communication packet loss rate, error vector magnitude, and bit error rate in the scenarios without RIS, with

fixed RIS, and with the proposed mobile RIS

JERIS [E5ERIS A RIS
5 3% RSS(dBm) ~37.64 -25.35 -17.68
5 E (%) 68.9 8.08 0.63
R R EIEIZEVM(dB) -12.98 -18.18 -23.54
1R ZBER (%) 2.03 0.075 0
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Figure 8 (Color online) Constellation diagrams of 16QAM-modulated signals under different RIS configurations. (a) Without RIS; (b) fixed RIS; (c)

movable RIS proposed in this work
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Mobile reconfigurable intelligent metasurface enabling
adaptive communication enhancement

Kezhan Zhao, Xinyu Li’, Zheng Huang, Yucheng Zhao, Lucheng Mao, Xingyue Ji, Linjie Huang,
Jian-Wei You™ & Tie-Jun Cui’

State Key Laboratory of Millimeter Waves, Southeast University, Nanjing 211189, China
* Corresponding authors, E-mail: xinyuli@seu.edu.cn; jvyou@seu.edu.cn; tjcui@seu.edu.cn

As wireless technologies evolve toward 5G/6G, millimeter-wave communication, and vehicular networks, signal blockage
and channel fading in complex environments have become major obstacles limiting link reliability and coverage quality.
Reconfigurable intelligent surfaces (RIS) provide a promising, energy-efficient approach to reshape propagation by
programming metasurface elements to steer reflections and focus electromagnetic energy toward intended receivers.
However, conventional RIS deployments are usually fixed, so their performance is strongly tied to a specific installation
location and can degrade when the environment or link geometry changes. To overcome these limitations, this paper
proposes a mobile intelligent metasurface system that integrates visual perception, 3D scene reconstruction, path planning,
and electromagnetic (EM) control, thus forming a closed-loop workflow encompassing visual perception, scene
reconstruction, joint pose/codebook optimization, and communication enhancement. A ZED 21i stereo camera is employed
to acquire dense 3D point clouds and occupancy grids for obstacle detection and motion planning. Based on this grid map,
the mobile platform performs global path planning toward candidate locations and executes local obstacle avoidance for
safe motion, enabling online navigation in obstacle-rich environments. When the scene changes or new obstacles appear,
the planner can update the route accordingly, ensuring that RIS positioning and beam control remain feasible under
practical mobility constraints. To maximize end-to-end link quality under mobility and actuation constraints, we develop a
hierarchical particle swarm optimization (PSO) strategy that jointly optimizes the RIS deployment pose and the RIS coding
pattern. The resulting optimum guides the platform to autonomously move to the selected reflective point, align the
metasurface, and apply the corresponding coding pattern to achieve high-gain EM focusing. Experimental results
demonstrate that the proposed system provides robust 3D reconstruction under both well-lit and low-light conditions, the
average positioning error is less than 0.05 m and the angle error is less than 3°, meeting the requirements of real-time path
planning. In terms of communication performance, the mobile RIS markedly improves the received signal strength and
reduces the packet loss rate by 68.3% compared with the “no RIS scenario. In addition, relative to a fixed RIS, the mobile
RIS achieves more stable link quality and produces more compact constellation clusters, leading to improved demodulation
accuracy. These results verify the effectiveness of the proposed mobile RIS for establishing reliable wireless links and
enhancing communication quality in obstructed and dynamic indoor environments. Overall, the proposed system validates
the effectiveness of perception-driven mobile RIS for building reliable links in weak-coverage regions and enhancing
communication quality in dynamic, obstructed indoor environments, offering a practical pathway toward adaptive,
environment-aware 6G networks.

reconfigurable intelligent surface (RIS), mobile platform, visual perception, electromagnetic wave manipulation,
communication enhancement, 3-dimensional reconstruction
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