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Fig. 1 Optical remote sensing image positioning process based on lightweight vector control library
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Fig. 3 Stochastic wandering vector structure. (a) Random walk vector initial state; (b) random walk vector termination state
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Fig. 4 Schematic diagram of transfer probability calculation. (a) Transition probability is greater than 1; (b) transition probability is 0
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Fig. 5

Schematic diagram of candidate point search. (a) Distribution of matching objects in the selected region when the search radius is

large; (b) distribution of matching objects in the candidate region with a small search radius; (c) schematic diagram of direct

matching; (d) schematic diagram of matching after translation of hierarchical matching strategy

TEH E IR R0 RO 7 BE AL OE O i 5 15l Ok o
B A 22 1 K, B RS BRI ke, OSUR ]
HMM 7 K Fil A 747 5% 1t DU PE K 5 2 DG e 245 28 4 2%
BRZEE R, T E R A S E SRR

o PR IR DB E A B O [ A DT B as B L W T
JZ VT E S W, B AE R T AR bR AR A AR Bl BE BIL T OE K
S5, R U R JAE DT IE B AT 1) BE AL O A K A
a7 B, I 78 B Ak A DR TEC , AT A5 2] 5 K B3 B0 DT i
44

FLAR M, ¥ S i AL 68 K e A R A D7 1 3 LA
K S AT 8%, 5K A B R AL E i 5 K R
VEPC A 73 fi v B O B2 TS T BB A 0 C e, 28
KER N

Con= (=) +(n=3) . )
iepP

A P FR BEHLIEE 2 BT A 5 45 0 (2 )
Fe 7 WAL FE 2% B b o 4 o5 e b 5 (2 30) i (2 )
T VC L 75 43 5% 25 10 5% 2 25 4 i B0 5 A b, vl L2
i 6 L

— 1 2
Sscore — max ( Sscore’ Sscure’ B

Sl )e (6)
I — RO RS B A B A IR AR R L 7E
BTy 1] BE B9 A5 43 f /MBS OME RN BEFT KR S,
B . B, (5 5R(6) KB MR R RILE
bR o AT 14 B AL 5B O B A6 B, DA A B R AT DT D, B
A AR A A A DT i 45 7
3 Miritie
3.1 IR EE
N 56 UE T 4R ik A R | ok R = A B T AT
1. D R E AR 4 S TR Y o A R T
B X A%, REU R Ry 2023 4E 1 H 24 H B 41
— ik AR L H RPC. HAEFG N L5 3K
) Hp 30T R Tt b X AR AR AR BT [R] R 2023 4F 5
A 8 H Kl R & 2 % UL & RPC, 2) 5 R
SEAR R 75 MR — 5 BRI 36 [ A R 1T HlL DX 1B 9% A0 A 4L

P BRI R] S 2017 4E 5 A 3 B, BUs 41 & 26 3%
B L B RPC . 3 7 525 o 98 [ 48 3 3T b X
Google IF it TR AR B , 542 T 2R R] R 2023 4F 7
Ao 3)Fde 528k 35 IR 5 ] 2 3ok Hl DX 7 o bRk —
1B G ECE |, BRI E] O 2023426 H 25 H . %
WER 18 ] Google TF 3 T E 45, BIAS B 5% —
HE R — 3
32 EFRIEEXREFRBGIE

b 86 SIE 7 A R AR = AR R X Wb R AT A
[ DT FE 91 L AN ) 3 I O e RO BE A Bl ML Ui G 2K i
P A R G K % 2 A T Ak . AR — 4 B0 X 3k
Hdb 45 114°16730" % 114°17'43" 75 £5 34°487 02" &
34°49" 42" ) IX Bk , 7F 2.5 km X 3.3 km (%) 385 [l 9 3 17
T.e=30 m & I 5 & 45 B 5 U0 Je ;5 58 — 41 55040 ) ik
B db 45 31742730 % 31°46734" 74 45 106°20' 03" &
106°27729" (9 IX 38 , 7F 8 km X 14 km F{) 4> 5 52 1% 0 [
W iEAT Two=30 m & & #& B 5 VT BC ; 55 = 41 809
e B AL 45 35°22' 51" & 35°27'03" (P4 £ 97°18728" &
97°27' 27" By X B, 7F 8 km X 15 km 1) 4 5 5% 4% 30 [
WHEFT T,y=50 m & & W5 VCE . a0 6 Frow ,
6 (a) o — 5 2 a8, K 6(b) R m sy — 5 i
A — LML E K R 45K 1K 6(c) (d) A FHM—5
PR B — ot v AL S 1 — SR B ML E R A5 . =4
Bl FL Al bR T BT 4 BT B 5 Ok s A5 A AR B R AE
AN T 3 Rl DA R A [ T8 3% i 0 RUBE TR 43 S R B T 13,7
F S A5 51 o, UE I T T 2 Bl ALY E 2% e b T o
B A AT

Shy ik — 2 56 UE BT $ B B I AE Ok Al O TR
Bk = AN X3 N R 2 R R 4 A T g
TEBCERMEISE TR, NETATUER, £
YA 56 T 45 DX IR X FR B TR S B Y R T
R DX = R RN AR A b R R X = 2R
A, o E Ol K B T BRI T
F 38 I 38 RO R B, DR O B B U A S R O
ER SN N SR Nl 4 =3 7R = S ) 8 L1 P S D I Sl

0628003-5



a4 % F 6 H1/2024 £ 3 B/HEER

K6 BEALIFE AT AR IR o (a) X — 5 (b) DX — JRy A 35 5 (o) X — 5 (d) X =

Fig. 6 Visualisation of the random wandering vector. (a) Area 1; (b) local details of area 1; (c) area 2; (d) area 3
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Table 1 Statistics of random wandering vector construction nodes

Test data Number of tests Maximum number of nodes Minimum number of nodes Average number of nodes
Area 1 30 17 3 9
Area 2 30 12 3 7
Area 3 30 5 3 4
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Table 2 Control data storage space comparison results
Point Storage Additional storage Additional storage Total
Method Store content ) )
number capacity /Byte content capacity /Byte storage /KB

Geographic coordinates
TICP 45 . 1000012 - 0 43945.84
Partial image

Feature image
LICP 45 Geographic coordinates 3032 - 0 133.24

Point feature vector

. Hash point feature vector .
DLICP 45 28 Hash mapping vector 64500 64.22

Geographic coordinates

Ours 34 Geographic coordinates 12 Topology relationship file 94 0.49

Note: The above table takes the Jilin-1 video frame image in the Juarez region of USA as an example. The number of control points is
calculated based on a density of no less than one control point per square kilometer, and the number of vector nodes is based on the

results extracted in this article.
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Fig. 8 Vector structure matching diagrams. (a) Area 1; (b) local details of area 1; (c) area 2; (d) area 3
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Fig. 9 Comparison of Gaofen-2 positioning results in Kaifeng region of Henan Province
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Table 3 Comparison of positioning accuracy of image coordinate system unit: pixel
Check Revised Area 1 Area 2 Area 2

point  RPC Az Ay Azy Az Ay Azy Az Ay Azy
X 8.96 —79.58 80.08 43.99 —664.80 666.25 —473.28 216.33 520.38
. N/ —0.04 —1.58 1.58 17.99 3.20 18.27 16.72 0.33 16.72
X 11.38 —78.95 79.77 36.02 —660.91 661.89 —478.66 221.68 527.50
v N 1.38 —0.95 1.68 10.02 7.09 12.27 11.34 5.68 12.68
) X 14.34 —82.37 83.61 40.58 —678.66 679.87 —492.47 217.43 538.33
v N/ 5.34 —4.37 6.90 14.58 —10.66 18.06 —2.47 1.43 2.85
X 9.33 —76.26 76.83 40.22 —673.25 674.45 —494.38 218.35 540.45
o NG 0.33 2.74 2.76 14.22 —5.25 15.16 —4.38 2.35 4.97
X 11.21 —75.31 76.14 30.94 —671.37 672.08 —509.25 217.84 553.89
v NG 1.21 2.69 2.95 4.94 —3.37 5.98 —19.25 1.84 19.34
X 13.33 —79.26 80.37 38.38 —680.60 681.68 —505.33 221.30 551.66
v NG 3.33 —1.26 3.56 12.38 —12.60 17.66 —15.33 6.30 16.57
X 9.31 —76.02 76.59 36.61 —692.35 693.32 —504.93 231.03 555.27
v NG 0.31 1.98 2.00 10.61 —24.35 26.56 —14.93 15.03 21.19
X 11.73 —78.96 79.83 16.58 —677.70 677.90 —498.90 233.10 550.67
v N, 2.73 —0.96 2.89 —9.42 —9.70 13.52 —8.90 17.10 19.28
X 14.70 —80.53 81.86 13.93 —673.66 673.80 —464.12 219.25 513.30
v N, 5.70 —2.53 6.24 —12.07 —5.66 13.33 25.88 3.25 26.08
X 11.77 78.61 79.49 34.54 674.87 675.75 491.48 221.89 539.25
S N, 3.04 2.36 3.85 12.31 11.01 16.51 14.95 8.25 17.07

Note: Ax is the difference in the X direction between the coordinates of the same name point in the image to be improved and the

coordinates of the same name point in the RPC inverse calculation, Ay is the difference in the Y direction between the coordinates of the

same name point in the image to be improved and the coordinates of the same name point in the RPC inverse calculation, Azy=./ Ax*+ Ay
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Lightweight Vector Control Library Technology for Spaceborne
Positioning Accuracy Optimization of Optical Remote Sensing Satellites
Li Ming, Dong Yang , Fan Dazhao, Ji Song, Song Jiaxuan, Gao Ding
Institute of Geospatial Information, PLA Strategic Support Force Information Engineering University,
Zhengzhou 450001, Hennan, China
Abstract
Objective  With the rapid development of optical remote sensing satellites in China, the types of satellites, imaging

methods, and the number of satellites in orbit are constantly increasing. Intelligent remote sensing satellite (IRSS) and
related surveying and mapping application services have become an important development direction in the field of remote
sensing surveying and mapping. As a key technology, on-orbit geometric positioning is rapidly developed and has become
one of the essential works for IRSS and its subsequent applications. To improve the positioning accuracy, at the same
time, ground control information has to be injected into the spaceborne processing system. However, the data volume of
ground control information is usually globally covered and is too huge to be directly loaded. How to lighten the ground
control information, therefore, has become one of the urgent problems to be solved. The construction of an on-orbit
control information library is one of the solutions. At present, most related methods are focused on the lightweight
processing of control information descriptors, the performance of which is generally limited by environmental noise-
affected feature diversity. To address the problem, scholars have proposed and attempted to introduce vector line features
into the methods to improve its robustness. Based on this, we propose an optical remote sensing satellite positioning
technology based on the lightweight vector control library, which uses the vector topology relationship to get rid of the

dependence of the control point on local image grayscale information. We believe that our spaceborne lightweight vector
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control library can help IRSS improve on-orbit positioning accuracy and advance the development of on-orbit automatic

processing technology.

Methods First, we extract and perfect the road information on the ground platform. Through a series of operations
including road network refinement, node interruption, and road network topological relationship construction, the
spaceborne lightweight vector control library is formed. Then, the road mask is extracted from the spaceborne intelligent
processing module. After that, in the matching and positioning module, we propose the local vector construction method
based on random walking for the unavoidable breakage phenomenon of road extraction in the spaceborne environment.
Finally, we propose a hierarchical matching strategy based on the hidden Markov model (HMM) to accomplish the
matching and use the offset of the matching transformation model to correct its rational polynomial coefficients (RPC) to

improve the image positioning accuracy.

Results and Discussions To verify the effectiveness of the proposed method, we select three sets of data for testing:
1) high score No. 2 image and high score No. 7 image in Kaifeng City, Henan Province, China; 2) Jilin-1 video data and
Google images in Juarez, USA; 3) Jilin-1 video data and Google images in Oklahoma City, USA. Random walk vector
extraction is performed multiple times in the three sets of data, and the average number of vector nodes extracted is 13, 7,
and 5 respectively (Table 1). In addition, we compare the storage capacity of this method with traditional image control
points, lightweight image control points, and deep lightweight image control points method. After comparison, the storage
capacity of this method is reduced by 83334.0 times, 252.6 times, and 2.3 times compared to that of the other three
methods (Table 2). In the vector matching stage, the proposed methods successfully match the lightweight vector library
and the random walk vector. The number of vector nodes successfully matched in the three groups of regions is 17, 21,
and 5, and the encryption points are 4372, 4245, and 5591 respectively. The test results all meet the minimum
requirements for the number of points for the control point to correct the image positioning accuracy. Therefore, our
method is feasible and effective for correcting the image positioning accuracy. Then, we use the successfully matched
vector nodes and encryption points to correct the image RPC and compare the positioning accuracy of the original image.
The results show that by correcting the RPC through the proposed method, the image localization accuracy of each region
is significantly improved. Specifically, the positioning accuracy of Jilin No. 2 has been increased from 79 pixel to about
4 pixel, that of Jilin-1 video data in region 2 has been increased from 675 pixel to about 16 pixel, and that of Jilin-1 video
data in region 3 has been increased from 539 pixel to about 17 pixel (Table 2). Through above tests, it is verified that the
proposed method can effectively improve the positioning accuracy of non-measurable optical remote sensing satellite

images.

Conclusions  Given the urgent demand for spaceborne lightweight control data required of intelligent remote sensing
satellite systems, we design a spaceborne lightweight vector control library. Compared with traditional control point
methods, the proposed vector control library uses only the geographic coordinates and topological relationship of the
control points to complete the image positioning without descriptors of local images or image points. Experiments such as
vector construction, vector matching, and positioning accuracy comparison are conducted on the proposed method through
multiple sets of image data to verify the matching effectiveness of the lightweight vector control library and its ability to
improve positioning performance. This leads to the conclusion that the lightweight vector control library can provide high-
precision global positioning information for intelligent remote sensing satellite systems and provide data support for

applications such as on-orbit earth positioning and geometric correction.

Key words lightweight processing; vector control library; onboard intelligent processing; vector matching; high-

resolution optical remote sensing satellites
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