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Abstract As a new generation of laser altimetry satellite, photon-counting laser altimetry satellite has better data coverage
density and altimetry accuracy. The final altimeter data’s accuracy is greatly influenced by forward scattering caused by cloud,
aerosol layers, and snow blowing. The atmospheric detection algorithm of the photon-counting laser altimeter satellite is
considerably different from that of the traditional laser altimeter satellite. This study focuses on the related technologies of
photon-counting laser altimetry satellite atmospheric detection and summarizes two photon-counting satellites cloud aerosol
transmission system and ICESat-2 from the aspects of system parameters, atmospheric detection technology, and inversion of
atmospheric-related parameters, and the difficulties in atmospheric detection technology of existing photon-counting laser
altimetry satellites are examined. The research on photon-counting satellite atmospheric detection technology in this study will
promote the research on photon-counting lidars in China.
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Mode 1: Multi-Beam

Mode 2: HSRL Demo

Mode 3: UV Demo

Backscatter: 5321064 nm
No HSRL

Depolarization: 5321064 nm
Mission Goals: 1,2

Backscatter: 5321064 nm
HSRL: 532 nm
Depolarization: 1064 nm
Mission Goals: 1,3

Backscatter: 35565321064 nm
No HSRL

Depolarization: 5321064 nm
Mission Goals: 1,2,3
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Fig. 1 Three working modes of CATS satellite
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Table 1 Parameters of CATS satellite T 7004 R RN S R BORAE S . RS T R
Project Value MR U 3 R L AE ¥ 4R 7
Wavelength of laser 1 /nm 5321064 14 km AR, N L ICESat-2 35 B3k = )8 [ — 0. 25 km,
Repetition frequency of laser 1 /Hz 5000 14. 75 km |38 B N 2L 467 A4S R RE T A0 SR8 48 B08E
Output energy of laser 1 /mJ ~1 AR 10 A9 i AR S0 3 1 R
Wavelength of laser 2 /nm 3555321064 Fl . 76 B PEAE 20 b B B A0 25 T K S 15 km B9 KA
Repetition frequency of laser 2 /Hz 4000 BRI AFAE ATLO4A h, H A= 5 B Sl e, He
Output energy of laser 2 /mJ ~2 f TR S E 2 2 B
The time of starting work 2015.01 ICESat-2 ¥ B 32 72 5 %1 43 4 Level 0~3B 48 54~
Aperture of telescope /cm %0 G, BB A A ATLO4 AR TE I 16 et
Inclined angle of laser emission /(o) 0.5 J}S]??féﬁl?E(Level ZA) \ATLO9 Eﬁﬁﬁ[ﬂﬁﬁ%@%ﬁ
Receiving field of view /prad 110

Orbit inclination /() 51

Orbit height /km 405
Atmospheric vertical resolution /m 60
Atmospheric horizontal resolution /m 350
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Fig. 2 Distribution of laser points on ICESat-2 satellite"”

F#2 ICESat-2 DE B
Table 2 Parameters of ICESat-2 satellite

Project Value
Orbit height /km 500
Orbit inclination /(%) 92
Orbit type Non-solar synchronization
Orbital period /d 91
Time of starting work 2018. 09
Wavelength /nm 532
Number of beams 6
Repetition frequency of laser /Hz 10000
~17

Laser spot diameter /m
Strong beam:0. 17

Output flaser /mJ
utput energy of laser /m Weak beam 0. 04
Along-track: 0.09
Cross-track(strong beam and Strong beam) : 3. 3

Distance between spots /km
Cross-track(strong beam and weak beam) :2.5

Repetition period /d 91
Elevation measurement accuracy /m 0.1
Atmospheric vertical resolution /m 30
Atmospheric horizontal resolution /m 280
L2A ANC

L1B

MET data: instrument

heams ) and ancillary

ound signal

surface albedo data set

K3 ATLO4.ATLO09 ™ 5 imFE R
Fig. 3 Production flow chart of ATLO4, ATLO9
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AZ,,, is minmum cloud thickness
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Fig. 4 Atmospheric detection algorithm of CATS
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Fig. 5 Classification algorithm for cloud, aerosol in CATS data
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Table 3 Atmospheric hierarchical classification based on

CAD index
Layer type CAD
Cloud 1-10
Aerosol —10-—1
Uncertain data 0
Invalid data —999
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Fig. 6 Flow chart of DDA algorithm
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