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Development and application of lidar mapping satellite
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Abstract: The rapid development of laser altimetry satellite has a great impact on the traditional satellite earth
observation field. The accurate elevation data can effectively compensate the lack of optical satellites, while laser
altimetry satellite data processing and mapping applications are worthy of attention. Firstly, the principle and
characteristics of laser altimetry satellite was introduced, and the its development history was presented. Then, the
current on-orbit LiDAR satellite ICESat-2 was focued on, which had a high degree of attention. The satellite
configuration characteristics and data processing methods were discussed, and its surveying and mapping
capabilities in many fields, such as image joint adjustment, multi-source terrain fusion, global vegetation survey,
and shallow water bathymetry et al. were analyzed and revealed. Finally, some thoughts about the development
and construction of laser altimetry satellite in China were shared.
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Tab.1 Main technical specifications and applications of earth observation laser altimetry equipment at home and

abroad
Satellite/ . Pulse Point Elevation L
payload Launch time Collect method ~ Beam number width/ns interval/im  accuracy/m Application
SLA-01/02 1996/97 Full waveform 1 10 750 1.5 Global elevation control point
ICESat/GLAS 2003 Full waveform 1 6 170 0.15 Sea ice, atmosphere, land,
vegetation, etc.
7Y3-02 2016 Full waveform 1 7 3500 1.0 Experimental measurement
I[CESat-2/ATLAS 2018 Photon counting 6 1.5 0.7 0.1 Sea ice, atmosphere, land,
vegetation, etc.
GEDI 2018 Full waveform 8 14 60 1.0 Forest biomass
GF-7 2019 Full waveform 2 4-8 2900 1.0 Elevation control point
LIST To be launched  Photon counting 1000 1 0.7 0.1 Earth observation

SLA (Shuttle Lidar Altimeter) f& NASA FF & 19 it
KCHLIE L Lidar 18056, FI T 04 4Bk il st
ICESat T! & & 43K 15 4> LA VK R BB o 30 6 9 SR BR300
D35 AT 55, 2 B0 HE AR b vk 35 8 AR Al 1 . 2Bk 2
e B I 5t 45 22 S 4RI AS B B g FH U ICESat-2 J2
ICESat J5 £ &, £ 40 1% BE 7€ J5 3L/ 4 5 GEDI (Global
Ecosystems Dynamics Investigation) 15 £ % 3£ 75 [€ PR 45
()3t =, FHAE 0 b 3ok 3R TET = 445441 2Y3-02 BLTE

FE DA Y 2ROt OR J0 56  R #R A, mT A
1 50 000 ~7 A0 1] e R 42 ) i, Al B B2 T ST AR AR
FENDRE FE® 10 GF-7 I e Hicts F T SR i 4 il
A il R AE D SR T SEEE 1 2 10000 A7 4K
W25 1) 18 A SR 1, LIST 800K F 673 H 80w i 4 il
FH 1000 i AR TS A ER 5 m 4 KN 10 em 55 R
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2 #3tEIATE ICESat-2

2.1 BREHS
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JGYBE B R /DN, BRI A 120 pd (55 38 R 1Y 43
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% 2 ICESat-2 EARE ESH
Tab.2 Basic parameters of ICESat-2

Item

Value

Orbital inclination/coverage

Orbit type
Orbit eight
Pointing control accuracy
Horizontal accuracy
Laser wavelength
Laser repetition
Number of beams
Beam spacing (vertical track)
Point cloud interval (along track)

Footprint size

92°; Covering 88° between north and south
91 days repeat orbit
500 km
45m
6.5m
532 nm
10 kHz

6 bundles, one strong and one weak to form 3 groups

90 m within the strong and weak group, 3.3 km between the groups

0.7 m
<17.5m

Ground
track

"4 o Strong laser

1o Weak laser

® Sub-satellite point
U A -

P 1 ICESat-2 Hu I A LI 45 H47m 2
Fig.l Diagram of ICESat-2 ground beam geometry
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AR AT K s KRB . 582 & K BH # Al
T RS R R, OB S K] 2) 10 MHz
(RPEEFD 1 TN, BB m Ry g 3 2K 1 /M ),
PR m M B,

HETC A LA B0t R ik & 25 R L
F177 e s Bt R R ), PR E o E 4
T PEAT AL B . TCESat-2 JE At B8 5 vk S04 ATLO3!M,
ATLO8!" v 43| (it 1 . Jy [T R 2 (1) 5 7 v 2 e
S 7 BRI AR BT 1) 5 R B U 2 (1
B AR R S AR BRI E S eSS ] 4y
fi DA, B E TR SRR EL 5 5TE
A7, “BEREAE AR SRR B A AR Y T R
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Fig.2 Comparison of photon counting lidar point cloud denoising effects
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Fig.3 Diagram of laser on-orbit calibration based on localized well-

surveyed terrain
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Fig.4 Horizontal accuracy assessment of ICESat-2 using airborne data
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(b) Joint adjustment of ICESat-2 and ZY-3
5 ICESat-2 5 ZY-3 B & P22 R Rk 22 7041 15 50
Fig.5 Distribution of elevation residuals before and after ICESat-2 and

ZY-3 joint adjustment
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Fig.6 Diagram of multi-source terrain fusion
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Fig.7 Diagram of canopy height calculation based on ICESat-2 point

clouds
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Fig.8 Schematic diagram of ICESat-2 shallow bathymetry. (a) Geographical location of Xisha Coral Island; (b) ICESat-2 photon profile point cloud and

refraction correction effect; (¢) Shallow water deep pseudo-color map
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