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Technical Analysis of Space-Based Coherent Wind LiDAR
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Abstract Measurement of atmospheric wind field is very important for national safety, weather forecasting,
aerospace and military applications. At present, our country is lacking of the comprehensive measurement capability
of large—scale wind field. Light detection and ranging (LiDAR) is the sole instrument to access the three—dimension
wind field profiler directly. The proposed space—based coherent Doppler wind LiDAR accesses the target Doppler
frequency shift and calculates its line— of—sight velocity using laser heterodyne technology. Comparing with the
traditional LiDAR, it has the prominent features of high space—time resolution and high sensitivity in dimension,
especially in weight and power consumption. Illustrations focus on its principle and key technology. The intending
space—based feasibility and prospect of the proposed coherent wind LiDAR are also given.
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Fig.1 Schematic diagram of detection of space—based Doppler lidar
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Table 1 Comparison of wind loads of space—based laser

Index NASA HDWL (coherent detection) ESA aeolus (direct detection)
Operating wavelength 2053 nm 355 nm
Output energy 250 mJ 120 mJ
Frequency 5 Hz 100 Hz
Pulse width 180 ns 30 ns
Telescope aperture 0.5m 1.56m
Detector InGaAs Accumulation type CCD
Accumulated points 60 15/50
Detection zone 0~20 km (355 nm) Clouds on the surface about 30 km
Vertical resolution 0.5 km 0.5 km
Horizontal resolution 87 km 200 km
Rate accuracy 1 m/s 1~2 m/s
Weight About 100 kg About 124 kg
Average power consumption 600 W 830 W
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Table 2 Efficiency of optical system components of laser radar

Emission efficiency 7, Receiving efficiency 7,
Optical element Efficiency Optical element Efficiency

Polarizer 99% Window 99%
High reflectivity mirror(2x) 98% Beam expander 98%
A /4 plate 99% A /4 plate 99%
Antenna 98% High reflectivity mirror(2x) 98%
Window 99% Coupling lens 99%
Beam combination device 90%

Emission efficiency 7, =93.2% Receiving efficiency 7, =83.9%
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