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Abstract

Frequency discrimination technology serves as a critical component in direct detection laser wind
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radar systems. Its primary function is to convert the weak Doppler frequency shifts in atmospheric
echoes into measurable changes in optical intensity, thereby enabling radial wind speed inversion.
The frequency response characteristics, locking stability, and environmental adaptability of fre-
quency discrimination devices directly determine the wind measurement accuracy, detection alti-
tude, and engineering feasibility of the system. This paper examines the developmental trajectory
and key challenges of frequency discrimination technology in laser wind radars. It first outlines the
fundamental principles of Doppler shift measurement and methods for evaluating frequency dis-
crimination performance. Subsequently, it provides a systematic review of major and emerging
technical approaches, including Fabry-Pelloux standards, Fizeau interferometers, Mach-Zehnder
interferometers, atomic/molecular absorption filters, and microring resonant cavities. Building on
this foundation, the paper compares different frequency discrimination schemes in terms of sensi-
tivity, dynamic range, frequency locking, detector matching, platform compatibility, and engineer-
ing complexity, based on scientific objectives, application scenarios, and system integration re-
quirements. It further discusses the collaborative design considerations among frequency discrim-
inators, lasers, detectors, and inversion algorithms. Finally, this paper evaluates the selection ra-
tionale and development direction of frequency discrimination technology for direct wind-measur-
ing lidar from the perspectives of technical maturity, engineering bottlenecks, and future trends.
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Table 1. Comparison of technical characteristics of different frequency identification routes
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