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Abstract: Due to the uneven distribution of atmospheric aerosol, the detection performance of Satellite
Laser Ranging in atmospheric aerosol is researched based on the Slanting Transmission Model of the laser
transmitted in atmospheric aerosol. The distribution of aerosol is divided into horizontal and vertical
directions. The vertical direction is divided into infinite layers and the horizontal direction of each layer is
regarded as the uniform distribution. Combining the scattering cross section and the scale distribution
function of the aerosol particles, calculates the transmittance of the laser in each layer of aerosol, and
integrals the atmospheric transmission of the laser finally. Compared with the empirical formula and Mie
theory model, the transmittance value of laser in atmospheric aerosol calculated by Slanting Transmission

Model is closer to the experimental value and the average of relative errors is only 3.5% , reducing by an
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order of magnitude, which indicates that the Slanting Transmission Model is suitable for calculating the
relationship between the laser transmittance in aerosol, aerosol visibility, and telescope elevation.
Combined with the lidar formula, the Slanting Transmission Model is used to simulate the satellite
detection probability of different orbital in aerosol, the results demonstrate that the detection probability
of MEO and LEO satellites are more than 40% . but the GEO satellites is only 15%. And the Satellite
Laser Ranging in light haze can be realized by the detector with high detection efficiency and the laser
with high power. The results can give a reasonable interpretation for the previous experiment reports and
show a certain reference value to the upgrading of SLR system in the future.

Key words: Satellite Laser Ranging; Detection Probability; Slanting Transmission Model; Aerosol;
Transmittance
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Table 1 Meteorological parameter of haze

Weather Particle radius/pm Visibility/km
Sunshine >15
Light haze 0.1 4~10
Haze 0.3 2~4
Heavy haze 0.5 <2
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Table 2 Scale height of aerosol in different visibility

Visibility/km 2 3 4 5 6 8 10 12 25
Scale height/km 0.8 0.9 0.95 0.99 1.03 1.10 1.15 1.23 1.45
REABL B o A0 JERE - RS 43 A7 o B 4 e BE A AT A2 A
n.(h) =n,(0) « exp(—h/Hy) (D
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Fig.1 Schematic diagram of laser slanting transmission
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Comparison between empirical formula, Mie theory

model and slanting transmission model
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Table 3 Relative error between experiment data and empirical formula, Mie theory model, slanting transmission model

Experiment data

Empirical formula

Mie theory model

Slanting transmission model

Elevation angle 0/(%)

T, T ey 81/ % T \ie 8./ % Txc 8/ %
10 0.639 0.340 94.56 0.033 99.03 0.702 10.00
20 0.794 0.018 77.13 0.007 90.45 0.836 5.03
30 0.084 0.311 63.55 0.170 80.00 0.884 3.60
40 0.884 0.040 54.36 0.253 71.40 0.909 2.85
50 0.902 0.467 48.24 0.315 65.03 0.923 2.35
60 0.912 0.509 44,11 0.360 60.49 0.931 2.17
70 0.919 0.537 41.52 0.390 57.52 0.937 1.95
80 0.923 0.553 40.01 0.401 55.84 0.939 1.81
90 0.924 0.558 39.61 0.413 55.29 0.940 1.80

Average error/ % 55.90 70.56 3.50
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Table 4 Detection probability of SLR innighttime

Stations Shanghai Changchun Graz Wettze
Satellite LAGESO-1 BE-C LAGEOS AJISAI
Satellite orbit altitude/km 5 850 927 5 900 1485
Highest detection probability/ % 83 83 80 97
Calculated value/ % 88 100 88 100
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