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Using waveform matching to precisely locate footprints of a satellite
laser altimeter

Zhang Wenhao, Li Song, Zhang Zhiyu, Liu Rui, Ma Yue"
(School of Electronic Information, Wuhan University, Wuhan 430079, China)

Abstract: The footprints of a satellite laser altimeter have an elevation accuracy of the decimeter order,
which satisfies the elevation accuracy needs of ground control points (GCP) for mapping. However, the
horizontal accuracy of footprints is only few tens of meters, and only the footprints illuminating on flat
ground targets can be used as GCPs. In this paper, the waveform model was derived and used to
develop a waveform simulator of laser altimeters. Compared with the current method of waveform
matching, the new simulator considered more detailed effects arising from the device and target, e.g.,
time and spatial distribution of lasers, surface profile, and surface reflectivity. The airborne LiDAR point
cloud and the Geoscience Laser Altimeter System (GLAS) data were involved to match the best—fit
waveform by maximizing the correlation coefficients of the simulated waveform and GLAS waveform,
and the precise location of every GLAS footprint could be acquired where the correlation coefficient

was the maximum. The results show that, the mean of maximum correlation coefficients is more than
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0.9 during the GLAS operating periods with normal received energies, and the horizontal accuracy of

footprints is approximately 2 m after the waveform matching. The proposed method can be used to

extract the laser GCPs on complex relief of the surface.
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Fig.1 GLAS footprints and airborne LiDAR point cloud

on Songshan Forest Park
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Tab.1 Matching results of GLAS laser footprints and corresponding airborne LiDAR

point clouds in different working periods

DOY 2003-10-21

2004-05-23 2006—-05-29

GLAS period L2A
Track number 2103_002_9_0_02_1

UTC start time/ns 120 095 599.889

Valid footprints 20
Footprint ellipticity ~1.8
Received energy/fJ 8.66—14.88
Elevation range/m 540-854

Slope range/(°) 1-30
Roughness range/m 4-26

2107_003_0009_0_01_1

L2C L3F
2111_003_9_0_02_1

138 646 972.846 202 239 337.887

37 37
~1.8 ~1.3
0.12-2.57 5.41-10.38
580-1 438 570-1 437
2-56 2-58
4-72 3-65
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Tab.2 Detailed DEM information and matching result of every footprint on GLAS L2A

2003-10-21 with a 2 m grid resolution

Max correlation

Max correlation coefficient loc.

Index UTC/s .. Slope/(°) Roughness/m Mean elev/m
coefficient Distance/m Azimuth/(°)
1 120 095 599.889 0.942 20.0 -53.1 29.6 26.0 853.6
2 120 095 599.914 0.953 29.5 -61.7 17.2 17.5 796.0
3 120 095 599.939 0.974 13.4 63.4 23.6 21.9 793.9
4 120 095 599.964 0.946 23.4 70.0 23.0 21.2 755.7
5 120 095 599.989 0.943 22.8 -74.7 20.3 19.1 724.5
6 120 095 600.014 0.925 18.1 -6.3 25.8 20.6 721.5
7 120 095 600.039 0.965 28.6 -24.8 16.2 15.5 716.7
8 120 095 600.064 0.976 38.2 47.1 14.8 13.3 667.3
9 120 095 600.089 0.966 10.0 —-53.1 16.2 13.8 619.9
10 120 095 600.114 0.967 33.3 -57.3 7.4 7.9 584.6
11 120 095 600.139 0.660 28.1 85.9 14.6 12.5 547.1
12 120 095 600.164 0.884 26.8 63.4 3.0 6.7 540.4
13 120 095 600.189 0.962 22.1 -5.2 2.8 4.4 541.2
14 120 095 600.214 0.877 28.8 33.7 1.8 5.2 543.4
15 120 095 600.239 0.891 35.6 -38.2 7.5 9.8 551.9
16 120 095 600.264 0.928 24.7 -14.0 7.0 7.5 562.8
17 120 095 600.289 0.945 19.8 -45.0 5.4 6.2 576.0
18 120 095 600.314 0.892 39.6 -45.0 16.6 15.0 603.5
19 120 095 600.339 0.802 29.1 -15.9 24.1 22.6 639.1
20 120 095 600.364 0.937 27.2 54.0 13.3 14.7 695.1
Mean max correlation coefficient 0.917
Mean shifting distance/m 28.7 Std shifting distance/m 10.7
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LPA 4 5] fig &0k 67 (8 {7 & 1k fit K (i 255,GLAS
LPA 51 0 i fii & 6715 (3) GLAS 5 W i JE

P 50 MR 7S I B 29, X0 I A R #AS BRE = H
— 4k ,SWF (Simulated WaveForm) #§ {}j & [l Ji%
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i 0.12~2.57 {1, R4 fE it A A L2A AW 29 1/5),
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Tab.3 Mean max correlation coefficient and mean shifting distance in 3 GLAS different operating

periods with 2 m or 4 m grid resolution

GLAS period Grid scale/m Mean max correlation coefficient Mean shifting distance/m Std shifting distance/m

2 0.917 28.7 10.7

L2A
4 0.907 28.1 10.6
2 0.851 33.0 11.5

L2C
4 0.836 34.5 11.4
2 0.916 32.9 10.2

L3F
4 0.901 31.1 11.7
Mean value 0.888 31.4 11.0
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Fig.2 Typical result including surface profile, surface
reflectivity, laser energy distribution and waveform

comparison in L2A working period
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Fig.3 Typical result including surface profile, surface

reflectivity, laser energy distribution and waveform

comparison in L3F working period

reflectivity, laser energy distribution and waveform 38 L Y Y VT E AT LA 2 TR 6 R ) 3O ol
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