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ICESat-2 LiDAR Bathymetry Based on Adaptive Spatial Density Filtering
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Abstract: Objectives: The ice, cloud, and land elevation satellite-2 (ICESat-2), equipped with the ad-
vanced topographic laser altimeter system (ATLAS), is a new measurement strategy with a photon-
counting technique to obtain the high—accuracy elevation information in the surface of the Earth. ATLAS
uses a 532 nm band laser to emit three pairs of scanning laser beams, each pair containing one strong and
one weak sub—beam. The receiver collects millions of return photons from the echo, and each received pho-
ton is recorded. In the field of bathymetry, photon counting LiDAR has great advantages. For traditional Li-
DAR with linear detection regime, the only way to achieve high signal-to—noise ratio requirement is to in-
crease the emitted laser energy, which results in a very bulky and huge system and high design power con-
sumption. Photon counting LiDAR is no longer confined to the detection of clear high signal-to—noise ratio
echo waveform. It uses statistical optics theory to achieve effective ranging, and maximizes the use of each
photon energy in the laser echo, which can greatly improve the detection efficiency of bathymetry detection

while reducing the system complexity, providing new opportunities for near—shore bathymetry detection.
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Based on ICESat-2 ATILLAS data for bathymetry, the main problem is how to achieve automatic detection
and extraction of signal photons for raw photons in different regions, different environments and different
density distributions. Methods: To overcome these existing problems, an adaptive spatial filtering bathy-
metric method based on photon density distribution is proposed. The method first separate the photons into
above the water, water—surface, and underwater photons. The filter parameters can be automatically deter-
mined by the photon density distribution generated based on the optical characteristics of different water
bodies and water depth distribution, so that the signal photons of the water surface and bottom can be pre-
cisely extracted to achieve bathymetry. In order to verify the bathymetric accuracy of the method, experi-
ments were conducted using ATLAS datasets obtained in different areas of the South China Sea, and final-
ly the experimental results were verified by using high—precision bathymetric data acquired by airborne LiDAR.
Results: The validation results show that the coefficient of determination between the ICESat-2 bathymet-
ric results and the airborne LiDAR bathymetric results reaches 0.93, and the correspond root mean square
error is 0.51 m, which illustrate the bathymetric potential of the method proposed in this research. In addi-
tion, when using photonic data for bathymetry, it is influenced by the refraction of the water body, which
mainly exists in the vertical direction and increases with the increase of depth. Conclusions: Due to the com-
plex diversity of water body environment, the photon bathymetry accuracy will show a certain decreasing
trend with the increase of water depth. In future research, bathymetric experiments will be conducted using
the method of this paper and the ATLAS dataset to investigate a more accurate refraction correction model

in order to explore the bathymetric potential of the satellite-based photon counting LIDAR in different water

environments.
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Table 2 Percentage of Different Types of Photons (Land, Surface and Bottom) in Total Number of Photons for
Each Dataset After Using the Proposed Method

KEDET  KEDETHE AT KL TH Rt Bt T8 WAL BT

ATLASHdls  BOGTE/A

/A At/ % B/ g% TRU/A A/ /A BN/ %
20200229GT1L 2676 439 16 298 11 1939 73
20200229GT1R 2724 1164 43 365 13 1195 44
20200220GT3R 12 866 8873 69 3403 26 590 5
20200820GT3L 13430 6 300 47 6404 48 726 5
20200118GTIR 12797 5514 43 6281 49 1002 8
20200418GT3L 5166 2122 41 2295 44 451 9 298 6
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Table 3 Minimum and Maximum Bathymetric Results for Six—Track Data Before and After Refraction Correction, and

Corresponding Refraction Displacements in the Elevation and Along-Track Directions/m

e TE i R E M TF J5 VR BE o R B W 0 R B
ATLAS $¥
e/ IEON B/ FeR Fe/lh IEON /N I oN
20200229G T1L 0.03 1.36 0.03 1.02 0.02 0.66 0.003 1 0.033 5
20200229GT1R 0.40 1.64 0.30 1.24 0.14 0.73 0.002 0 0.0350
20200220G T 3R 0.27 11.75 0.20 8.76 0.07 2.99 0.001 2 0.027 0
20200820G T 3L 0.24 10.04 0.20 7.60 0.11 2.76 0.000 1 0.038 0
20200118GT1R 0.12 17.57 0.10 13.18 0.09 4.75 0.000 2 0.064 0
20200418G T 3L 0.07 9.61 0.06 7.28 0.06 3.49 0.021 0 0.065 0
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oy 1.05, 3 B0 Bk e /N ROk B OB 4
20200229GT1IR, 43514 0.84 ,0.84 F10.88 , iz K 1
R [ F A 37 ¥ 1Y 2020-02-20G T3R $¥5 , A

0.96, H AR A CH % r R i K, 28 0.93,
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Table 5 Comparison of Bathymetry Accuracy of 3 Methods

ik i DBSCAN AVEBM AR CTr
ATLAS ¥4
Kiope R* Spmse/m  Kgiope R* Sguse/m Kjope R* Sguse/m

20200229G T 1L 1.12 0.85 0.45 1.11 0.87 0.39 1.03 0.89 0.34
20200229GT1IR 1.11 0.84 0.42 1.0 0.84 0.40 1.02 0.88 0.39
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JEVZN 1.13 0.88 0.56 1.10 0.90 0.53 1.05 0.93 0.51

6 AEKFESXTICESat-2 HIMIEEE /m
Table 6 Bathymetry Accuracy for Different Intervals of
Water Depth/m
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