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Block Adjustment of Satellite Images Supported by
Spaceborne Photon Point Cloud
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Abstract The photon counting lidar earth observation means denoted by ICESat-2 have the features of small ground
footprints, high repetition frequency, and multibeams. The plane accuracy and flight direction data density of acquired
point cloud have been greatly improved. As a result, it can be applied as a novel three-dimensional control condition to
enhance the precision of satellite image location. To address the application problem of photon point clouds without
synchronous image recording plane position, the research suggests a technique to enhance the positional accuracy of
satellite images supported by spaceborne photon counting laser point clouds. First, the three-dimensional terrain profile
matching approach is used to achieve precise registration between photon point cloud data and digital surface model (DSM)
for the automatic generation of satellite stereo images. Then, terrain feature points are retrieved from the photon profile
point cloud based on slope change, and the common terrain feature control points are produced by combining several terrain
features of DSM. Finally, the terrain feature points as planimetric and elevation control conditions are added into the
satellite image block adjustment with additional parameters to further improve positioning accuracy. Experimental results
on the ZY-3 satellite images and ATLAS ATLO3 data in Shaanxi Province demonstrate that the proposed method can
efficiently improve the accuracy of the ZY-3 image plane and elevation positioning compared to completely uncontrolled
positioning method and shuttle radar topography mission (SRTM) data-assisted positioning method. The proposed
method’s efficacy and viability are confirmed by the fact that the increasing rates of plane accuracy and elevation
positioning accuracy over SRTM data can reach 60% and 34% , respectively.
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Fig.2 Diagram of 3D terrain profile matching principle between

multi-beam photon point cloud and DSM generated by

stereo images
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Fig. 4 Terrain features extracted from DSM generated by satellite images. (a) Valley line; (b) ridge line; (c) surface peak
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Table 1 3D terrain matching results of ICESat-2 point cloud

and DSM

Track data name X/m Y/m Z/m

ATLO03_20181026073719 _04230102_004_01 15 22.52.35
ATLO03_20200113222846_02780606_003 01 1 18 4.06
ATL03_20200221083219_08650602_004_01 —13.5 30  3.81
ATLO03_20201021205538 04230902 004 01 —28.5 6  2.59

ATLO03_20210111050804 02781006 _004_01 —28.5 —16.5 3.10

PO BT | 25 1T A R bR o 2, et 2 AR
2R o RAA bR UG e A B, DE S RGO 2 25
BRZEAXS TR IR ZEY R T O, Ui X 1 Z2Y -
3 DSM 58 % F 22 206 7318005 = 508 5 I ICd i s
FEREZE AT LUE L EBR KPR ZE G, SR EA
b 5 IR A A 3

R T 43 A 3B X b T DT TE ) 1R 25 R ) 2 TR R
0°~2°.2°~6" . =>6"43 0 =5, X~ Ml | Fr B AL b
A ZY-3 DSM 5 ATLAS 45 I 4% 550y i A2 DS g
BTG 20 A A8 4k, ofe 56 UF M D JiE 45 S A9 A stk o R
R 22 (ME) O ¥ 48 %12 22 (MAE) Y iR iR 2
(RMSE) 4t i = Fh 1o JE VT e 515 f5 o F2 02 22 5 bb, 25 1
W3R RILLE Y DU RG , = Fh i o R 10 - 35
W2 YR E Y N IE A RS iR 2
7 %) 1% 25 B A R I BE 2958 20 90 ~40 % s X T AR
TR 25, 1o R 1R 2 Bl 5 i TR 3 R %) 48 K T 48 K 56 L o
Xof e ARG B HLA AR S )
4.4 HEHHESRBESREK

SEPG T O S ST ARG AR B DSM Y = 4
BCHE S £ DSM B F2 IO 2 LIl A 6 1L T S5 R ik
T FRAE 5 ARG TCESat-2 H 1 O M = W S B2 A5 B, )
FE T SO SRS B AR AR AR S A, A 3h 3 O R
B T R AIE A, G0 Ll AR 5L A SR L A A L AR R
IS 1 TV R AIE 1 07 T 56 2R, 0 DB 07 2 14 3 ] M T AR A1E 051
PE 7 A 4R VR AE o5 76 T RS b A X6 107 07 B

1028013-5



%605 &£ 10 #H5/2023 £ 5 B/ M E5BFEHRE

F2 TR TEIEE DSM ILECHT G w22 53 i 4k
Table 2 Analysis results of height difference between photon point cloud data and DSM before and after matching ~ unit: m

Mean Standard deviation

Track data name - - - -
Before matching ~ After matching Before matching After matching

ATLO03_20181026073719_04230102_004 01 2.93 1.64 2.61 2.89
ATLO03_20200113222846 02780606 _003 _01 2.57 2.44 3.11 2.64
ATL03_20200221083219_08650602_004 _01 3.14 2.98 1.67 1.72
ATL03_20201021205538_04230902_004 _01 2.21 1.27 2.10 2.99
ATLO03_20210111050804 02781006 004 01 2.25 1.68 2.77 2.58

F3 N[EE RN MR UG TS e R R 25 e

Table 3 Elevation error statistics under different slopes before and after terrain matching unit: m
ME MAE RMSE
Slope - - - - - -
Before matching ~ After matching ~ Before matching ~ After matching  Before matching  After matching
0°-2° 2.02 1.52 2.32 1.75 5.07 4.08
2°-6° 3.72 2.79 4.32 3.29 8.51 6.47
=>6" 2.94 1.65 3.39 2.72 15. 48 11.28

>

P 7 IR R B B T e AE A X 1 56

Fig.7 Corresponding relation of terrain features extracted from two kinds of data
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Table 4 Statistical results of terrain feature points extracted

from photon point cloud data

Number of
Track data )
points
ATL03_20181026073719_04230102_004_01 33
ATILO03_.20200113222846_02780606_003_01 19
ATILO03_20200221083219_08650602_004_01 20
ATL03_20201021205538_04230902_004 01 13
ATLO03_20210111050804 02781006 _004 01 32
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Table 5 Accuracy statistics of uncontrolled block adjustment and auxiliary block adjustment

. . Mean square error of
Control condition ) . )
image point /pixel

Number of

control points

Number of )
. Plane error /m  Elevation error /m
checkpoints

Uncontrolled 0.629
SRTM auxiliary 0.330
) . 0.328
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5 track photon point cloud assist
0.325
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Table 6 Statistical results of terrain feature points extracted

from photon point cloud data in Xi’an

Number of
Track name .
points
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Table 7 Accuracy statistics of uncontrolled block adjustment and auxiliary block adjustment

. . Mean square error of
Control condition ) . .
image point /pixel

Number of

control points

Number of )
Plane error /m Elevation error /m

checkpoints

Uncontrolled 0.675 8.17 9.216
SRTM auxiliary 0.331 6.68 2.321
Photon point cloud assist 0.327 10 16 2.71 1. 526
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