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Abstract In order to achieve near-ground and multi-wavelength space-time detection of aerosol and overcome the
problem of lack of selectable laser wavelength, a new type of light-emitting diode (LED) light source radar is
designed using the abundant spectral characteristics of LED. The energy of LED is low, and the divergence angle is
large. The output energy, divergence angle, receiver’s field angle and geometric overlap factor will affect the
detection range of LED light source radar. In this paper, aiming at the characteristics of the coaxial LED light source
radar system, the features and calculation methods of the geometric overlap factor are analyzed, and the influences of
light source divergence angle and receiver’s field angle on the geometric overlap factor are discussed in detail.
Combined with the characteristics of the LED light source, the detection capability of the radar system is simulated by
US standard atmospheric model, and the light source divergence angle and receiver’s field angle are optimized. The
maximum detection range is got at the certain LED energy. The LED light source radar system is built and
preliminary experimental observation is completed. The experimental results show that the designed radar can
receive the atmospheric echo signal at the distance of 240 m at night. It verifies the radar’s ability to detect low-level
atmospheric aerosol.
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Fig. 1 LED light source radar system
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Fig. 2 Working principle of the LED light source

F#1 LEDGEMEELH S
Table 1 Parameters of the collimating light path of the LED light source

Aperture diameter @ /mm 1 2 3 4
Beam divergence ¢,/mrad 5.7 11.4 17.1 22.9
Energy efficiency /% 2.41 9.92 21.3 33.3
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Fig. 3 Geometric overlap factor of the coaxial Fig. 4 Geometric overlap factor of the coaxial
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Fig. 5 Relationship between geometric overlap factor and beam divergence angle. (a) Range from 0 to 15 m;
(b) range from 0 to 500 m
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Table 2 Parameters of the LED light source radar system

Emitter and receiver system Value
LED wavelength /nm 530
Pulse energy of LED /n] 0.2
Pulse duration /ns 200
Repetition frequency /Hz 2500
Beam diameter D,/mm 47
Beam divergence §,/mrad 5.7/11.4/17.1/22.9
Telescope Cassegrain telescope
Diameter of telescope D,/mm 254
Field of view 0,/mrad 5/7.5/10/12.5/15
Filter /nm 531411
Quantum efficiency of PMT /% 12
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Fig. 7 Simulated results of detection SNR for LED light source radar system at night. (a) SNR of different divergence angles
when 0, =10 mrad; (b) SNR of different receiver’s field angles when 6, =11.4 mrad
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