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Information Engineering, Nanjing University of Posts and Telecommunications, Nanjing 210003, China)

Abstract: [ Objective]To address the severe performance degradation caused by strongly scattering smoke environments on Visi-
ble Light Communication (VLC) in scenarios such as fire rescue and mine detection, this paper studies a smoke - environment
VLC system based on micro-Light-Emitting Diode (LLED). It aims to overcome the communication bottleneck of traditional light
sources In strongly scattering environments. It also provide a technical solution for emergency scenarios in 6th Generation Mobile
Communication Technology (6G) networks and integrated applications of communication and sensing. [ MethodsY A Micro -
LED transmitter based on an InGaN/GaN Multiple Quantum Well (MQWs) structure was developed. A Beer-ILambert channel
model suitable for smoke VL.C was established, and its attenuation characteristics were verified through simulation. Using a con-
trollable smoke experimental platform combined with a dual-lens optical system to optimize beam focusing, the optical utilization
efficiency was improved to 85%. Simultaneously, the absorbance differences under clear conditions and different smoke concentra-
tions were compared and analyzed. A communication performance test platform for the smoke VLLC system was built, and its per-
formance was measured. [Results] The Micro-LED transmitter achieved a 3. 39 MHz modulation bandwidth, a maximum trans-
mission rate of 25 Mbit/s, and a power consumption of 10~50 mW. Under light smoke conditions (1.4 g smoke cake), with a
70% signal power attenuation, the system maintained stable communication with an eye diagram opening greater than 50%. Under
heavy smoke conditions (2.6 g smoke cake) , with an 85% signal power attenuation, stable and reliable communication was still
achieved, realizing the integration of communication and environmental sensing functions. [ Conclusion] This paper pioneers the
application of Micro - LEDs in visible light communication within smoke environments. Under heavy smoke conditions, stable
transmission is still achievable even with an 85% signal power attenuation, solving the long-standing problem of light sources strug-
gling to maintain stable transmission in strongly scattering environments. The established Beer-Lambert channel model provides a
reference for the hardware design and optimization of smoke VLC systems. The experiments demonstrate that smoke concentra-
tion can be quantitatively inferred by analyzing received signals, verifying the advantages of Micro-LEDs in the field of 6G inte-
grated sensing and communication. This technology can be applied to emergency scenarios such as fire rescue and mine monitoring.
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