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Abstract: This paper introduced the geolocation equations
and solution procedures of synthetic aperture radar (SAR)
imaging geodesy in details, and conducted precise
positioning of point targets in SAR images based on the weigh-
centroid method. Regarding to the poor geolocation accuracy
and solution stability caused by very short spatial baselines
with single track SAR images, a height constraint was added
to the geolocation model. By adopting multiple high-

resolution TerraSAR-X and Sentinel-1 SAR images, the
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(CRs) located at Wuhan and Shanghai, respectively. The
experiments demonstrate that the absolute geolocation
accuracy of CRs at centimeter-level can be achieved by using
TerraSAR-X SAR images, and decimeter-level positioning

accuracy by using Sentinel-1 SAR images.

Key words: synthetic aperture radar; corner reflectors

(CRs); absolute geolocation; TerraSAR-X; Sentinel-1A/B
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Tab.1 Basic parameters of SAR images used in this study
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Fig. 5 Pixel position offsets in range and azimuth direction of CRs in SAR images

e K (1) Frs 19 R-D e v AR AL gE 47 3248
fift A SE BRI AR R A B = HE A X e 6. TR
Y 2 A B SAR $214 , TerraSAR-X $21% 1Y ¢ K 45 1]
2k 21 600 m, Sentinel-1A/B 5215 1Y fix K25 0] L4k
29400 m, 117 TE B S48 AR I 500 km, %5
) 28 25 FA BEAR /N, — AR/ R I A 5 22 B 25 5 i
TR R A 22 , WP e AR in A (8) s 1Y
AR 2. R 3N T 6/ I s e 4411
FENLGER . H (o, 04) S P B ] B[] F0 7 457 ) s
B IE I8 5K B L (o, oy, 0,) 2 DL INFF ARG

(N,E, U )R AE RS GPS A brfEdt 45 5 )
2200 30T LA H, DA S 0 0L (&
6 T 4 S R B ST 8 ) s A7 PR A5 X ]k 38
K, bV AR A RS TR B ok g (HJ 64
TS RS0 58 5 25 5 GPS SE 45 A — el 2%, 3%
FFE R T GPSEIET i HFRULI , 117 SAR 5245
Oy PRI E T Hf /N 4y BEs e, n LLE 3
Sentinel-1 244 B a2 S 45 5 5 GPS il & 19 2=
{H ¥ K, H Sentinel-1 TOPS SAR $A% &A% 14 7 ok
] o FER AR B AL ) AR A m 2%, I



5 8 1

RE IR, A5 SE T w3 PR A LA TR SR 0 A S e 4 X0 1209

b, BBUAA G A RN T A U A R T b 2 el A
£ RS 4% SHI, HA R FWINEREE | BCR F GNSS
FRAS TS i, ARICT FA R AR T (RIEES B A A
A6 FC ) TR GRS B A A Sr AR o TR T R L Y
IR S 6% SH2 FTSHS, i T 0L 452 B, %
Trimble RTK /MR T #5545 S8 37 B 1) a5 AL
AR, AR IS B S 8 IO B A o (RIS A R S 2
TE SAR FZAZ H 1 SEBR AL o0 25 32 3115 5 Hh A0
SHE S T = A w RS, B 34 R 3 45
FER AN AEREE AL , X T A 3 f R 4, &
BT ANARBE ) £ S 2 SHIAH e 28854 KA i)
o S SH2 I SH3 &2 135 e i/, T
PLEFASEZE, & 30 A, A b SH2 il SH3,
SHI F5E 7 45 5 5 GPS 45 FL i 22 58/

®3 ARMBHBMEMER

Tab. 3 Absolute geolocation results of CRs
il oR op ox oy o, N E U
s /m  /m /m /m /m /m /m /m
WHI1 0.035 0.054 0.033 0.018 0.022 0.145 0.718 0. 165
WH2 0.038 0.047 0.035 0.017 0.020 0.232 0.773 0.130
WH3 0.046 0.048 0.043 0.019 0.021 0.421 1.169 0.134

SH1 0.147 0.866 0.098 0.079 0.174 —1.150 —0.008 0.006
SH2 0.182 1.003 0.148 0.118 0.257 —1.317  0.459 0. 348
SH3 0.173 0.361 0.084 0.065 0.093 —1.113  0.496 0.170

3 4iE

B AR TR IR A BAG 25 (0] 43 HE i 8k
B VLI R A AR U S R T SAR 248 8 H A
Yt , AT BT A RO , A AR AR
(RF S, o FeFL AR, RT3 R DR G A
JEXHEGE TR R AR A ROk ST, A2 b
HEERHR R I — BB A, AR T SAR
AR B bR =40 e A R A SR ER A A AR
K JFH TerraSAR-X F1 Sentinel-1A/B SAR S4XF A %
T HiL T (9 6 A 1 RO A HEAT T 8 A S, S5 AR W
TerraSAR-X TV 7] LLARAS f SR 2 ORI N AT &
TENIREFE , Sentinel-1A/B TR T LARAS A ST #553K
PN E ENHEE /R T TerraSAR-X 1 Sentinel-
1A/B SAR SZAG AT LUIAE Ry— B (8 b I A0
SISO R E AL i AR TS A KT ME
AR, FE LA MbRE L TG BT I A W A
5 T ELA AR SR 14 RV T

{EE STmk LA -

RE IR : SRR T B AL BT SR R AT RIS TR

AT FERSTHR BRI S 0T AT RRLIEL 5 3 Szt
BT e CEE S B

S SERUR S AR T R e A AN R A,
PEEE R

TR SERUA SRR N R S b2 P MR R , s or
SRR

A0 Z RS0 R BAR M T TS

Sk :

(1] B, R, LR, 45 /0 ie SAR BURTE =i X Hi
MR RT]. drERE . HikRE, 2012, 42(2); 217.
LIAO Mingsheng, TANG Jing, WANG Teng, ez al. Landslide
monitoring with high-resolution SAR data in the Three Gorges
region [J]. Science China: Earth Science, 2012, 42(2): 217.

[2] ZHAO J W, WU J C, DING X L. Elevation extraction and
deformation monitoring by multitemporal InSAR of Lupu bridge
in Shanghai [J]. Remote Sensing, 2017, 9(9): 897.

(3] WIRW, (it . ALk P R 2 AR [T ]

[RIBF R 4R (R ARSI, 2019, 47(12): 1817.
HU Fengming, WU Jicang. A multi-level approach for multi-
temporal interferometric synthetic aperture radar [J]. Journal of
Tongji University (Natural Science), 2019, 47(12): 1817.

[4] CURLANDER J C. Location of spaceborne SAR imagery [J].

IEEE Transactions on Geoscience and Remote Sensing, 1982, 20

(3): 359.
[5] Schwabisch M. A fast and efficient technique for SAR
interferogram  geocoding  [C]//1998 IEEE International

Geoscience and Remote Sensing Symposium IGARSS. Seattle:
IEEE, 1998: 1100-1102.
[6]  JAGE, R, 254550 . AR SAR FUR I PIFP S AL R-D 52
PRSI BOHRSBE R[], sy, 2001, 5(3): 191
ZHOU Jinping, TANG Lingli, LI chuanrong. Development of
two practical R-D location model and precision comparison
between them [ J]. Journal of Remote Sensing, 2001, 5(3): 191.
(7] #N, Wk, 25080, 45 JCH s i s i) 2 4% SAR G H T
HERATSELT ] B R (FEERRERD , 2006, 31(2): 144,
YANG Jie, PAN Bin, LI Deren, ez al. Location of spaceborne
SAR imagery without reference points [J]. Geomatics and
Information Science of Wuhan University, 2006, 31(2): 144.
(8]  iEF, BB SR iR A SAR GG 3 Hbr
FELT ] BBURAE2 i (R BRI , 2010, 35(1): 88.
YUAN Xiuxiao, WU Yingdan. Object location of space-borne
SAR imagery under lacking ground control points [ J]. Geomatics
and Information Science of Wuhan University, 2010, 35(1): 88.
[9] EINEDERM, MINET C, STEIGENBERGER P, ez a/. Imaging
geodesy--toward centimeter-level ranging accuracy with TerraSAR-

X [J]. IEEE Transactions on Geoscience and Remote Sensing,



1210

6] 5% K 2 2 (A 4K BE 2 B

%49 %

[10]

[11]

[12]

[13]

2011, 49(2): 661.

BALSS U, CONG X Y, BRCIC R, er al. High precision
measurement on the absolute localization accuracy of TerraSAR-
X [C]// 2012 IEEE International Geoscience and Remote Sensing
Symposium IGARSS. Munich: IEEE, 2012: 1625-1628.
GISINGER C, BALSS U, PAIL R, ez al. Precise three-
dimensional stereo localization of corner reflectors and persistent
scatterers with TerraSAR-X [J].
Geoscience and Remote Sensing, 2015, 53(4): 1782.
DHEENATHAYALAN P, SMALL D, HANSSEN R F. 3-D

positioning and target association for medium-resolution SAR

IEEE Transactions on

sensors [J]. TIEEE Transactions on Geoscience and Remote
Sensing, 2018, 56(11): 6841.

XFEFF, XIS, B, Bk SAR FURIE S EE g [T].
A, 2006, 10(1): 76.

LIU Xiufang, LIU Jiayin, HONG Wen. The analysis of the
precision in spaceborne SAR image location [J]. Journal of Remote
Sensing, 2006, 10(1): 76.

[14]

[15]

[16]

[17]

EFL, BUEK, WEE, 4. RGN R SR R R E (]
Jrk[T]. BlEEiEAR, 2011, 56(31): 2609.

WANG Qingsong, HUANG Haifeng, DONG Zhen, ez al. High-
precision, fast geolocation method for spaceborne synthetic
aperture radar [ J]. Chinese Science Bulletin, 2011, 56(31): 2609.
MWK, REZ, 228545 . TerraSARFAZENREE 1 [T].
RS2 (A ABLEARRD) , 2013, 44(10) : 4144

YANG Yafu, ZHU Jianjun, LI Zhiwei. Analysis of geo-location
accuracy of TerraSAR imagery [J]. Journal of Central South
University (Science and Technology), 2013, 44(10): 4144.

B EGLL . AR SAR JUAE RS AL 505 T [ D). B 107 T
TP, 2017

ZHAO Ruishan. Research on model and method of geometric
calibration for space-borne SAR [D]. Fuxin: Liaoning Technical
University, 2017.

BILITZA D, REINISCH B W. International reference ionosphere
2007 : improvements and new parameters [ J]. Advances in Space
Research, 2008, 42(4) 599.



