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Abstract: Geometrical imaging models and calculations of orientation parameters are the main factors affecting the
positioning of stereo Synthetic Aperture Radar (SAR) images. For accurate positioning with squint stereo SAR
images and less Ground Control Points (GCPs), a positioning algorithm with one GCP is designed. In this
algorithm, the position and velocity of the radar antenna phase center are derived using orbit parameters, and the
close range and Doppler centroid of the SAR images are compensated by one GCP. Thus, accurate orientation
parameters are obtained and accurate positioning with stereo SAR images is completed. Airborne SAR images
acquired by the Chinese Academy of Surveying and Mapping are used in experiments. The positioning errors of the
checkpoints are calculated and analyzed, and it verified the accuracy and effectiveness of the proposed method.
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Fig. 1 Flow of accurate squint positioning of
stereo SAR images with one GCP
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Tab. 1 Parameters of stereo SAR images
SEARG ST 1 SEAAG ST 2
SR
i e AR R
25 FFE (m) 3157.441 3160.968 3156.930 3159.477
Fi3 (m /s) 122.853  130.592  124.348  132.360
ULV (°) 113.084  113.084  113.051  113.051
g (%) 34.368 34.389 34.368 34.388
J5 B ) R 0.314 0.334 0.318 0.339
(8] B (m)
P B8 ) KA 0.250 0.250 0.250 0.250
() BFé ()
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(a) The left image
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(b) The right image
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Fig. 2 GCP in stereo SAR images 1
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(b) The right image
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Fig. 3 Check points in stereo SAR images 1
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Fig. 4 GCP in stereo SAR images 2
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(a) The left image (b) The right image
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Fig.5 Check points in stereo SAR images 2
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Tab. 2 Coordinates of GCP and check points in stereo SAR images 1
e g mi A bR (180T) PG R bR (f80T) R T AL (m)
H 7
z Y T Y X Y A
P s s034 9915.57 4979.93 3539.48 4717.48 *4%361.89 *H%116.12 247.68
TP_0  12593.80 74.09 5423.67 89.49 *k4198.44 *HEGT5.06 278.40
TP_1  12945.40 1679.78 5709.36 1599.09 *4%290.61 *HE170.76 274.47
TP 2  14676.96 6819.01 7117.99 6416.03 *ETT0.97 *HHE65.57 291.75
TP_3 9837.71 7198.02 3467.06 6803.57 *HRE337.12 HAAL17.79 259.83
ot TP 4 9915.57 4979.93 3539.48 4717.48 *H%361.89 *K116.12 247.68
TP_5 9910.95 5395.31 3530.75 5109.05 *H%361.24 *H%084.60 249.75
TP 6  13438.81 3090.93 6148.92 2924.74 *EA07.1T ***731.01 241.83
TP_7  15574.55 3418.93 7892.31 3219.36 *4%029.04 *HEG41.40 276.75
% 3 SAR LRI 2 $mh SAGE SR AR
Tab. 3 Coordinates of GCP and check points in stereo SAR images 2
s s Je B s AkbR (1800) BT AR (1800) e A b (m)
T Y T y X Y A

P s034 9915.57 4979.93 3539.48 471748 *H4361.89 ##%116.12 247.68
TP _0 9421.78 2603.92 3225.61 2483.69 *44168.52 HHATAT.T0 245.91
TP 1 13639.10 2743.79 6220.16 2545.14 *#%460.49 *HAT24.80 320.07
e TP 2 15552.61 4652.52 7864.42 4320.26 *H%087.91 *H£128.63 319.59
TP_3 13340.12 5496.31 6044.64 5135.14 **%345.51 **%849.13 291.21
TP 4 11635.40 7045.10 4726.93 6615.09 *4844.59 *HE348.29 291.87
TP 5 11185.16 479.83 4322.59 449.72 *RHRT44.67 *HAL32.12 290.79
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IBFNZ A B DR AR T B

R 4 F13& 5 "I 40, X1 SAR ARG 1 F1
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Tab. 4 Squint positioning errors of stereo SAR images 1 (m)

. EZ U N RIE WL L R E 7 BLAN T T PR AR AL E o7
B T vim zem xmm vam i X ik oz
TP_0 -32.644 -1.627 -48.427 -26.262 -1.191 -40.747 -0.559 -3.079 -1.044
TP 1 -17.847 0.472 -27.664 -17.580 0.228 —27.465 -0.743 -1.371 -1.329
TP 2 30.940 5.545 41.423 9.238 2.105 17.931 -1.268 1.035 -0.878
TP_3 15.220 1.592 23.949 -4.217 -0.037 -2.749 -0.335 0.182 -0.573
TP_4 —-4.675 -1.037 -5.022 -16.526 -0.602 -20.129 -0.764 -0.436 -1.328
TP 5 -1.173 0.146 1.585 -14.418 0.133 -15.660 -0.972 0.285 -0.063
TP 6 —4.424 -1.624 —-9.606 -9.790 -0.864 -15.987 -0.351 -1.645 -1.5639
TP 7 7.125 0.542 9.200 0.295 0.129 0.501 0.436 -1.230 1.099
Ry 18.258 2.241 26.468 14.486 0.938 21.360 0.744 1.456 1.078

% 5 SAR SRR 2 SHULE (IR E G (m)
Tab. 5 Squint positioning errors of stereo SAR images 2 (m)
. 2P IE IR 2 A A R R AL E AL B SR A E 37
PR i vhm zhW | xhW vim | zim W YIi 21l
TP_0 -31.286 -5.539 -41.264 -0.581 0.349 -0.331 2.241 0.981 0.981
TP 1 -8.662 2.924 -12.578 12.487 -0.638 22.130 0.016 1.354 0.333
TP_2 14.510 2.738 19.150 11.026 -0.391 22.107 -0.430 0.794 -0.770
TP_3 15.373 2.659 19.586 6.181 -0.278 14.125 -0.250 0.390 0.046
TP 4 23.524 2.646 30.844 -0.240 -1.190 4.011 -1.027 -1.188 -1.378
TP 5 —42.686 ~1.477 -58.537 8.299 -0.667 13.277 0.300 1.669 0.349
e 25.417 3.240 34.130 8.010 0.661 15.113 1.034 1.138 0.784
% 6 F BN HEEH SR SAR AT T ER SZMHEE ST (m)
Tab. 6 Plane precision and elevation precision of positioning with stereo SAR images and one GCP (m)
2l SEARAGONS 158 AR FE SEARAGNS 258 (R
P IHEE 1.156 1.087
[ 1.078 0.784
F 7 WRERBEEETRS L H P OIRE
Tab. 7 The close range and the Doppler centroid before and after compensation
SEAREBA 1 SEARAGRT 2
ZHRH|
viVay VEVaY ey YEVaY
o 5 T PR E B 4EE 3R (m) 2690.637 2690.637 2690.637 2690.637
B8 J (1930 B 43R (m) 2563.402 2563.005 2562.859 2563.088
P58 T 1K) 2225 )y 0 A% (Hz) ~322.720 ~381.867 -320.851 -411.772
B Ji 1) 2235 8 0% (Hz) -321.374 -379.771 -318.162 -409.666
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Tab. 8 Matrix condition number of each check
point in stereo SAR images 1

R A FRUGERE AT 5L
TP 0 76.582
TP 1 77.874
TP 2 84.246
TP 3 66.763
TP 4 67.058
TP 5 67.050
TP 6 79.731
TP 7 87.591
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Tab. 9 Matrix condition number of each check
point in stereo SAR images 2

SAER) RBGHPE AT HL
TP 0 64.508
TP 1 79.351
TP 2 86.404
TP 3 78.370
TP 4 72.270
TP 5 70.534
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