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(School of Computer & Communication Engineering, University of Science and Technology Beijing, Beijing 100083, China)

Abstract: Unmanned aerial vehicles (UAVs) are extensively utilized in both military and civilian domains due to
their high flexibility and mobility. However, radio-frequency (RF) communication faces challenges such as limited spec-
trum resources and interference. As a promising alternative, free-space optical (FSO) communication offers significant ad-
vantages, including high bandwidth, fast data rates, strong resistance to interference, and enhanced security. Nevertheless,
FSO communication is highly sensitive to atmospheric conditions, and the high mobility of UAVs, coupled with limited on-
board resources, introduces several operational challenges. This paper provides an overview of the FSO-based UAVs com-
munication architecture, its characteristics, and the underlying channel dynamics. It discusses key technologies and recent
advancements, including multiple-input multiple-output (MIMO), hybrid RF-FSO integration, relay communication/mission
caching, and intelligent reflecting surfaces (IRS). The challenges related to environmental adaptability, precise positioning,
energy efficiency, network architecture, and security are thoroughly examined. Furthermore, the paper explores future re-
search directions, such as adaptive beam control, multi-modal sensor fusion, energy-efficient hardware innovations, hybrid
communication architectures, and quantum security. This study aims to offer insights into the innovative applications of
FSO communication for UAVs.
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