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Abstract: Laser altimetry satellite can obtain the surface elevation information of sub-meter or even centimeter-
level in a wide range, but it is inevitably affected by the scattering caused by particles such as clouds and aerosols.
The laser ranging and final height measurement errors caused by forward scattering of the cloud or fog can not be
ignored. In this paper, the atmospheric scattering error correction technology of laser altimetry satellite was

systematically reviewed, and the satellite laser altimeter system parameters, atmospheric detection and scattering
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correction algorithm at home and abroad were introduced. Different from the Monte Carlo simulation correction

method theory, an atmospheric scattering correction algorithm based on exponential function model was
proposed. The data of GLAS (Geo-science Laser Altimeter System) on the ICESat (Ice, Cloud and land Elevation

Satellite) in Qinghai Lake and other regions was selected for the experiment, and the experimental results show

that the algorithm can effectively improve the accuracy of the altimetry data affected by atmospheric scattering

when the optical thickness is less than 2, and the data availability rate can be improved by about 9%. The

algorithm is easier to realize operation application. Finally, according to the necessity of synchronous detection of

atmospheric parameters, some suggestions for atmospheric scattering correction of domestic laser altimetry

satellites were put forward in combination with onboard atmospheric parameter detection equipment.

Key words: satellite laser altimeter;

quality control;  forward scattering
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Tab.1 Main technical parameters of space-borne laser altimeter

Payload GLAS CALIOP CATS ELA GEDI ATLAS SLA CASAL
Year 2003 2006 2015 2016 2018 2018 2019 2021
Satellite ICESat-1 CALIPSO ISS 7Y3-02 ISS ICESat-2 GF-7 TECSIMS
. Surface . .
Detection target Surfa'c ¢ Cloud/Aerosol Cloud/Aerosol Elevanon. elevation and Surfa'c ¢ Elevatlon' Height of forest
elevation reference point . elevation  reference point and atmosphere
Forest biomass
Orbit height/km 600 700 405 505 405 500 500 506
Telescope diameter/m 1.0 1.0 0.6 0.21 0.8 0.8 0.6 —
Wavelength/nm 532,1064 532,1064  355,532,1064 1064 1064 532 1064 532,1064
Laser repetition VEG: 0.04
frequency/kHz 0.04 0.02 4 0.002 0.242 10 0.0030.006 ATM. 0.02
Single pulse VEG: 70
energy/m) 35-75 110 2-3 200 10 0.04-0.12 100-180 ATM: 110
Laser footprint 70 — — 75 25 175 <30 25-30
diameter/m
VEG: 5
Number of beams 1 1 1 1 4 6 2 ATM: 1

Single-photon

Data acquisition mode Linear mode  Linear mode

mode
Resolution of
atmospheric 76.8 30 60
data /m
Atmospherlc. (.ietectlon Yes Yes Yes
capability
Optical depth Threshold Threshold Threshold
inversion algorithm method +slope method + slope method + slope
method method method

Correction method of

. . Monte Carlo
atmospheric scattering . .
simulation
error

Monte Carlo
simulation

Monte Carlo
simulation

Linear mode

Single-photon

Linear mode Linear mode  Linear mode

mode
— 0.15 30 — 30
No Yes Yes No Yes
Threshold Laser footnrint Threshold
None method + slope  Other data . P method + slope
image
method method
None M.onte Cgrlo Other data Pending Pending
simulation research research
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Fig.5 Error correction model and dispersion points of optical depth and

ranging deviation distribution in experimental area
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Tab.2 Statistical table of laser points availability improvement after scattering correction

Experimental area

Total points  Atmospheric scattering OD<2 Auvailability after correction (OD<2) Auvailability improvement (OD<2)

Nordrhein-Westfalen 21 440 19.32% 47.29%
Qinghai Lake 11240 19.29% 51.71%
Xingkai Lake 5921 20.26% 55.17%

90.33% 8.25%
96.54% 9.63%
93.82% 10.49%
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Tab.3 Main technical parameters of space-borne atmospheric observation payload

Payload Satellite Time Organization/Country ~ Orbit height/km Technical parameters (Polarization is referred to as P)
POLDER-1  ADEOS I 1996 CNES/France 797 Wavelength/nm: 443 (P), 490, 565, 670 (P),763, 765,
865 (P), 910
. Wavelength/nm: 410(P), 443(P), 555(P), 670(P), 865(P),
APS Glory Mission 2011 NASA/USA 705 910(P), 1370(P), 1610(P), 2200(P)
CALIOP CALIPSO 2006 NASA/USA 700 Wavelength/nm: 532(P), 1064
MAI TG-2 2016 China ~400 Wavelength/nm: 565(P), 670(P), 763, 765, 865(P), 910
. Wavelength/nm: 443, 490(P), 565, 670(P),763, 765,
DPC GF-5 2018 China 705 865(P), 910
HARP CubeSat 2018 UMBC/USA ~400 Wavelength/nm: 440(P), 550(P), 670(P), 870(P)
HARP2 PACE 2022 UMBC/USA 675 Wavelength/nm: 440(P), 550(P), 670(P), 870(P)
. Wavelength/nm: 410(P), 443(P), 555(P), 670(P), 865(P),
POSP HI-2 2019 China 644 910(P). 1 380(P). 1610(P), 2250(P)
Wavelength of DPC/nm: 443, 490(P), 565, 670(P), 763, 76,
. 865(P), 910
PCF GF-5(02) 2020 China 705 Wavelength of POSP /nm: 380(P), 410(P), 443(P), 490(P),
670(P), 865(P), 1 380(P), 1 610(P), 2 250(P)
MAIA OTB-2 2022 NASA/USA Lower orbit Wavelength/nm: 365, 391, 415, 444(P), 550, 646(P), 750,

763, 866, 943, 1 044(P), 1 610, 1 886, 2 126

3 Zit5RE

T LA Sk, e b U000 T 22 98 0 v 4 R TR
J&, I ME TR 5 78 Ry 1A, Pl B o
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AU 15 2 BOIE 14 A1 4 2 ELA RS B R
SR GBS, GLAS LA 532 nm BU# B REL T 75 m
IR 2 S B, CALIPSO LA 532 nm i #% X
TERICT 30, 60 m 4 HE A 19 2 5 BE AR B, CATS LA
532 nm i F BUE AR ECT 60 m 2 BERAY 2 5 A
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