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Abstract: In order to provide data correction and simulation for later development of space-borne lidar with

high-repetition frequency, the lidar verification system with small-field of view and high-repetition frequency was
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designed and developed. Its opto-mechanical system was designed in detail, and the light path diagram of the
transmitting, receiving and aft optical units was simulated by Zemax. The divergence angle of the outgoing beam
was accurately calculated to be 0.106 mrad, and the new beam steering structure was designed to ensure the
normal incidence into the beam expander. The field of view of receiving unit was 0.25 mrad with the iris diameter
of 0.4 mm, the eccentricity of the diaphragm on the focal plane of the system should not exceed 29 um, so the
high-precision three-dimensional steering structure was selected to accurately position the iris. The design of the
whole machine structure adopted the modular design concept, the different unit modules were installed in the
different positions of the square frame. The structure was highly integrated, and the overall size was 390 mmx
390 mm %550 mm.The system transmitting unit was installed and calibrated, its divergence angle was detected to
be 0.11 mrad. Compared with the simulation calculation, the relative error was 4.1%. The receiving and aft optic
units were installed and calibrated, and the parallel light emitted by the collimator tube was used to enter the
receiving telescope to obtain the precise position of the focal point of the system to complete the high-precision
installation and calibration. Through the calibration experiment of the gain ratio of the system, the gain ration is
1.15. The detection experiments on the system show that the system can achieve aerosol detection distance of up
to 22 km, and the depolarization ratio can reach 10 km at night. In the daytime, the detection distance can reach
10 km and the depolarization ratio can reach 6 km. Compared with the solar photometer, the relative error of
optical thickness is 7.1%. The performance of the whole machine meets the design requirements, which lays a
good foundation for the later experiments on the boat-borne.

Key words: lidar with small-field of view and high-repetition frequency;  opto-mechanical system design;

installation and calibration;  performance testing
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Fig.l Schematic diagram of lidar system structure with small-field of

view and high-repetition frequency
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Tab.1 System parameters of lidar with small-field and high-repetition frequency

Item Parameters
Wavelength/nm 532.18
Repetition rate/kHz 3
Laser Output divergence 2 (full)
Output beam energy 1
Beam expansion 20X
Diameter/mm 125
Field of view 0.28(full)
Telescope Focal length/mm 1430
Diffuse spots/mm <0.045
Wavefront difference <1/42(2=632.8 nm)
Focal length of ocular/mm 50
Reflector(532 nm) R:99%
Filter bandwidth/nm 0.3
Extinction ratio of polarizing prism 3000:1
Detector PMT
Capture card Photon
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Fig.2 Light path diagram of optical-mechanical system of the

transmitting unit
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Fig.4 Optical-mechanical structure of transmitting unit
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Tab.2 Optical parameters of telescope of lidar with

miniaturization and high-repetition frequency

Radius of Distance to the next . Quadric
. Radius/mm .
curvature/mm side/mm coefficient
=516 -200 68 0
—141.536 321.82 17 6.288
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Fig.5 Light path diagram of optical-mechanical system of the receiving

and aft-optical unit
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Fig.7 Diffuse spots (a) and energy concentration (b) of telescope system

under the field of view of 0.14 mrad (half angle)
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Fig.9 Optical-mechanical structure of the receiving and aft optical unit
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Fig.11 Adjustment of optical-mechanical structure (a) and detection

optical path of divergence angle (b) in transmitting unit
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