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Abstract: The GaoFen-7 satellite (GF-7) is equipped with China’s first spaceborne laser altimeter, which is
officially used for earth observation, then its measurement accuracy of surface elevation has attracted much
attention at home and abroad. Three calibration methods for spaceborne laser altimeter: the terrain matching
calibration method, the single laser footprint image calibration method, and the ground detector array calibration
method were introduced systematically. The above calibration methods of spaceborne laser altimeter were also
used to carry out calibration test for GF-7 spaceborne laser altimeter with the same set of data. After laser
calibration, the elevation measurement accuracy of GF-7 spaceborne laser altimeter was evaluated and analyzed

under the results of three calibration methods. The airborne LiDAR point cloud data was employed for accuracy
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verification. The results show that the spaceborne laser altimeter calibration method based on ground detector

array has the highest accuracy, which spaceborne laser elevation measurement accuracy of GF-7 laser beam 1 is

0.177 m, and the laser beam 2 is 0.157 m. Limited by the elevation accuracy of the reference topography data for

spaceborne laser altimeter calibration, the elevation measurement accuracy of the other two spaceborne laser

calibration methods is relatively low, which can just achieve 0.8 m.
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Fig.1 Earth observation diagram of GF-7 spaceborne laser altimetry system
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Fig.2 Geometric calibration diagram of spaceborne laser based on terrain matching
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Fig.4 Geometric calibration diagram of spaceborne laser based on triggered ground detector. (a) Physical drawing of detectors triggered by GF-7,;

(b) Spot of GF-7 beam 1 after fitting; (c) Spot of GF-7 beam 2 after fitting
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Fig.7 Accuracy verification data of GF-7 spaceborne laser
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Fig.8 Precise attitude data of GF-7 satellite
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Fig.9 Precise track data of GF-7 satellite
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Tab.1 Atmospheric correction of GF-7 calibration

laser point

Laser point 203600254.00 204032175.67
Pressure/Pa 90082.33 89454.00
Precipitable water/mm 7.4300 15.1200
Dry delay/m 2.034 2.0200
Wet delay/m 0.0006 0.0012
Total delay/m 2.0340 2.0210

R A A A O o b T A A LA SO Hh G2, 45
A 2014 JiR 4Bk AR (Finite Element Solution 2014,
FES2014 ) DA B [f] {4 i) 4 10 AR HRY 31530 80 0% A 0 Ak )
WUCTEAR . RO S5 25 28T XH O D BE 52 e 174
MUERNER 2 FR .

2 GF-71 R RBEIYIEE

Tab.2 Tidal correction of GF-7 calibration laser point

Laser point 203 600254.00 204032175.67
Solid tide/m 0.0133 0.2257
Pole tide/m -0.0057 —0.0058

Sea tide/m 0.0000 0.0000
Wet delay/m 0.0010 0.0018
Total delay/m 0.0086 0.2217

BT LR 0 A T el I i DL RORE A
B, 3 BRI SCrb 3 e A 7 6 GF-7 B 80
2 NI TR . BE T MU VCRCKIAS (Terrain matching
Calibration, TMC) DL J/ 45 48 ] oy, B F AW T
0.1°F 4y 45 [l £ 0 [l , I3l 4324 [ B 24 0.000 107 %
™, FIH AW3D30 {F 8 2% B H RO B 22 E
B2, N5 GF-7 B 1 50K 2 i i i 4R
o HE T 57 WOE 2 B2 8 K K¢ (Single Laser Foot-
print Image Calibration, SLFIC) il 1 /3 51| #2& B &) 6 H /2
EDS A4 b iSO L BE TG, R AW3D30 30 m A% 4
BRI B SR AL, TR AR A X
(1) TFEE S 2 A B o H 1] £ o T b T R0 45 A A
(Ground Detector Calibration, GDC), B A ik S
F4) L TAT 45 000 4 A5 280 0 B o A 0 A B, R A A K
(1) 5E B GF-7 BOC PP AL . e Ja 15 3 PG A%
T AT BRI A 5 IR R A R 2 E, B RIENS
J A4 1] i 22 T 3 o o

xR 3 3IERKFERKE GF-7 HtERRE
Tab.3 Three kinds of calibration methods to calibrate

GF-7 laser pointing deviation

Beam 1 Beam 2

Calibration method

da/(°) dg/(°) da/(°) dp/©)

T™MC 0.0300  —0.0400 0.1080  —0.0460
SLFIC 0.0310 —0.0368 0.1081  —0.0441
GDC 0.0304 —0.0378 0.1073  —0.0445
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Tab.4 Accuracy of three calibration methods

Calibration Beam 1 Beam 2
method Mean value/m RMSE/m  Mean value/m RMSE/m
T™C —0.764 0.363 —0.866 0.722
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GDC 0.034 0.177 —0.022 0.157
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Fig.10 The 672th track beam 1 laser elevation precision under three

kinds of calibration method
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