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Fig.1 The Quasi-Accurate Detection Process for

SAR Image Positioning
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Tab.1 Gross Error Detection Results for Airborne SAR Image Orientation with Simulated Data/{% &
- e _ 1.1 __ A 1.2 __ S5 1.3
AR 22 Ko 2 B LR 22 K 5 & B 22 s 5 1
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1 1) 3.00 2.93 13.00 13.24 23.00 24.03
w3 J5 L 1] 6. 00 5.93 16. 00 15. 88 26. 00 25.78
B ) —8.00 —8.07 —18.00 —18.52 —28.00 —29.53
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Tab. 2 Precision Analysis of Airborne SAR Image Orientation with Simulated Data
o SE 1.1 SIE 1.2 S 1.3
FER AR AR ; ; : ; ; ;
LS Jj ik AT LS Jj ik A7 LS Jj ik A7
BALAL -
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PR
Xso /m 1.26X10 3.85X10°! 5.47X10 1.42 1.05X10? 3.97
BH Yso /m 4.18 6.10X10°?2 1.11X10 1.48 X101 1. 78X10 6.46X10"!
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st Vxo /me 2% "1 1.47X10°° 2.15X10°°¢ 1.08x10* 3.24X10°7 2.04X10°1 6.09X10"¢
= Vyo /m« &1 2.32X10°* 6.16 X106 6.80X10* 1.05X10°° 1.12X1073 1.94X10°6
=1
B Vi /me {221 3.66xX10* 5.31X10°¢ 1.04X10°° 1.98X10°° 1.72X10°3 7.86X10 6
D /m 2.09X10 7.03X10°1! 8.62X10 2.35 1. 64X 10? 6.37
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Tab. 3 Gross Error Detection Results for Airborne SAR Image Orientation with Real Data/{§# &

W2 — _ j:l}ﬁ 2.1 _ j:l}ﬁ 2.2 _ j:'ﬁ 2.3
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R L3 J5 {5 1] 6.00 4.83 16. 00 14.52 26. 00 25.52
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SR 1 W EAD] —4.00 —4.26 —14.00 —13.98 —24.00 —24.51
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Tab. 4 Precision Analysis of Stereo-positioning with Airborne SAR Images (1)/m
TR 2.0 TR 2.1
XJ AR AR LS J5ik AT LS Jr i AT
AX AY IAVA AX AY IAVA AX AY ANZ AX AY ANZ
1.33 0.16 0. 69 0. 35 0.04 —0.01 1. 37 0 0.93 0.03 0.01 —0.23
64 —0.96 —0.02 —0.68 0.28 0 0.44 —1.94 —0.43 —1.73 0. 30 0. 15 0.49
=152 —0.59 —1.98 —0.47 —0.41 —0.68 —1.29 —0.07 —2.17 —0.34 —0.43 —0.68
A ) . o - ) .
. —0.45 0.34 —0.46 —0.33 —0.02 —0.33 —1.15 0.74 —1.77 —0.36 0.02 —0.36
Hys%2 —0.19 0.35 —0.16 —0.73 0.05 —0.74 —0.63 0.31 —1.07 —0.18 0.07 0.09
0. 39 0.32 —0.05 0.13 0.29 —0.38 —0.49 0.64 —1.74 0.24 0. 37 0.02
iR 2% 0.95 0. 34 0.92 0.43 0.21 0.49 1. 24 0.46 1.63 0. 27 0.24 0.39
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Tab.5 Precision Analysis of Stereo-positioning with Airborne SAR Images(2)/m
LH 2.2 TR 2.3
XF AR AR LS Jjik AT LS Jj ik A 3Tk
AX AY NZ AX AY A4 AX AY A4 AX AY NZ
1.59 —0.50 1.33 0.42 —0.11 0. 30 1.96 —1.01 1.84 —0.17 0.13 —0.29
64 —3.53 —1.29 —3.53 —0.07 0.17 —0.09 —5.16 —2.13 —5.37  0.10 —0.06  0.29
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R o ; -
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3% %% —1.55 0.25 —2.65 —0.43 0.07 —0.39 —2.62 0.21 —4.41 —0.04 0.32 0.17
—2.07 1.23 —4.52 0. 10 0.32 —0.25 —3.75 1.81 —7.46 —0.22 0.22 —0.56
iR 2% 2.09 1. 05 3.19 0. 25 0. 32 0. 28 3.16 1.71 4.91 0.49 0. 30 0.73
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Quasi-Accurate Detection of Image Coordinate Gross Error for

Airborne SAR Images Orientation

QIN Zhiyuan®

XIONG Xin'

ZHANG Hongmin'

JIN Guowang'® LI He'

1 Institute of Surveying and Mapping, Information Engineering University, Zhengzhou 450001, China

2 Department of Surveying and Mapping Engineering, Henan University of Urban Construction, Pingdingshan 467036, China

3 Chinese Academy of Surveying and Mapping, Beijing 100039, China

Abstract: This paper focuses on the detection of gross error in airborne SAR image coordinates during

the process of orientation parameter calculation and stereo positioning. Firstly, based on the range

Doppler model, a preliminary discussion is conducted to investigate the impact of image coordinate

gross error on the error equations. Secondly, after analyzing the necessity and difficulty of gross detection,
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Accuracy Verification and Analysis of Ground-based Synthetic Aperture
Radar Based on Two-dimensional Deformation Field
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Abstract: Ground-based interferometric radar can realize small regional-scale continuous deformation
monitoring with high-accuracy. To investigate the deformation detection capability and accuracy, a set
of accuracy verification platform and system are established in this paper. The corner reflectors are ar-
ranged at different positions on the roof and the stepping platforms are used to control the corner re-
flectors and simulate deformation in different values. The deformation corner reflectors, stable points
and the surface of the roof constitute a small two-dimensional deformation field. We use the IBIS-L
system to finish the deformation detection and analysis. The experimental results show that when the
millimeter level deformation occurs in the corner reflectors, the average accuracy of deformation detec-
tion of the ground-based interferometric radar IBIS-L system is 0. 27 mm, while the sub millimeter
level deformation occurs the corner reflectors, its average accuracy is 0. 11 mm. This system can real-
ize the sub millimeter level deformation detection in small regional-scale. For the small and slow
change, this system has better deformation detection ability and reliability.
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based on the quasi-accurate detection, a specific calculation scheme and strategy for orientation parame-
ter calculation is proposed. For the first time, quasi-accurate detection is applied to SAR image orien-
tation. Finally, a series of experiments with both simulated data and real airborne SAR images are
carried out to validate the proposed scheme and strategy. The experimental results show that the pro-
posed scheme in this paper is able to detect and calculate the gross errors in image coordinates. Com-
pared to the classical least-square estimation usually used in image orientation, a higher accuracy of
both orientation parameters and the subsequent stereo positioning are achieved. The research in this
paper is particularly meaningful to improve the quality of the SAR data affected by gross errors in sit-
uations where control points are not enough.

Key words: synthetic aperture radar; stereo positioning; orientation parameters; gross error detec-

tion; quasi-accurate detection
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