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Development of differential image motion LiDAR for profiling

optical turbulence
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(1. School of Earth and Space Science, University of Science and Technology of China, Hefei 230026, China;
2. Northwest Institute of Nuclear Technology, Xi’an 710024, China)

Abstract: The tropospheric profile of the atmospheric refractive index structure characteristic is required for
several applications, including performance analyses of astronomical adaptive optics systems, astronomical
site surveys, and validation of atmospheric turbulence prediction models. Based on the research of
differential image motion detection principle and feasibility, a turbulence profile LIDAR for measuring range
profiles of atmospheric optical turbulence was developed. Compared with traditional techniques, this system
was insensitive to instrumental problems, such as defocus and vibrations. The profiles of the strength of
refractive turbulence and differential image motion were measured initiatively and in real time by this
system. In the field experiment, the turbulence in 200 -8 000 m atmosphere was measured. The range
resolution of this system is 200 -1 000 m, altogether 13 measured positions. Each position observed 20

seconds and got 1000 images with a 50 Hz frame rate ICCD camera, the differential image motion of each
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position calculated through those images, and retrieve the result to the strength of refractive turbulence
profile. Preliminary data of this field experiment shows that the LiDAR is operating properly.
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Tab.1 Parameters of transmitter system ’
Parameter Value ° ’
Laser type ND:YAG ’ ICCD
Wavelength/nm 532 s ICCD
Pulse energy/mlJ 600 o
Pulse repetition frequency/Hz 50 s
Pulse width/ns 5.8 1.5mx1.8m, , 200 mmx550 mm
Raw beam divergence/mrad 0.5 R 720 mm ,
Spot diameter/mm 9
Primary mirror diameter/mm 250 ’ 2 N
Secondary mirror diameter/mm 9
Expanding ratio 26
2
Tab.2 Parameters of receiver system
Parameter Value
Sub-aperture diameter/mm 100
Sub-aperture counts 2
Sub-aperture separation/mm 470 9
Primary mirror diameter/mm 100 Fig.2 Physical map of DIM LiDAR
Secondary mirror diameter/mm 20
Focal length/mm 4000 3
Pixel array/pixel 1024x1 024
Quantum efficiency 48% (532 nm) DIM s
Elemental area/mm 13.1x13.1 ° 200~8 000 m
Pixel size/pm 12.8x12.8 200~1 000 m 13
ICCD read noise 70e—-rms , .
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Tab.3 Measurement parameters of system
42015 5
Parameter Value
Fig.4 Averaged DIM for image data collected in Nanjing on
Measuring range/m 200~8 000 May, 2015
Pitch angle/(°) 60~90
Range resdution/m 200~1 000
’ o 5
Acquisition frequency/Hz 50 9
C o
1 000(each measurement n h ’ N
Image counts .
position)
1E-13
Acquisition time/s 20(each measurement position) -
1E-14F
Time of measurement/min 6(total) Y
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