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323741-8



M = % &
ST E— SF A2 5 D 1 e R R
= :i:?}\{:g a:+al+a < ;?;:n 2D
% BT RAE RS 1 TR S B0 5
% oL Py FE S [ 2k i B R R A7 0 2L 4
& BFR . A ALERE T, = 2 s .
HTEET 11 B0 245 52 7T L AE 3 R 2 (2 1) 19 24
e PN A SO L R A AR % . K200 1 %
Jrilits e S K32 52 2% 7 7 AT AT 635 R I o £
; R i e 235 A (5745% 25 th A5 00« I 0 3
ol — BHCS Tk R A . E%M?ﬁ@fﬂ%%ﬁ—ﬁﬁ@?% 11
7| S BB ASAR RE SR AE T, = 2 s B, W35
- A0S RN T 02 10 TE 3 9 10 /'
ﬁ g<n ¢,8 m/sH PN AR (—10 m/s*,—9 m/s",
S N /s,
5 ‘Q;f B 0 S L P55 5 AL e e
/1) X, R 1R SR 4 AL R
%5 o —g;_\ 0 - 05 0 1 AR AR EAT LR
Jr i)/ E 12 BoRAS[E A e fL AR i B R /9 3 5 v o
(b) Z N IR FELLEL

BL10 AR AR Y A

S AY
Q%%Qﬁﬁﬁ%%ﬁ

P P MR 2 AL I T 0
5 F A 110 85 2%

. Tt R £ AL B 1 2
Fig. 10 Comparison @f slaht,inge and doppler phase ~ e N
, ¢ 35 s I, 7 {3 i, o ik ok
error of differenwiodels J
O\ »
500 F 500 F 500 F
400 1 = 400 400 F =
= =
Z 300 = & 300 Z 300 :
= ooo@@@@ooo 7 57
= 200 F = & 200t & 200
=
100 = 100 F 100
0 100 200 300 400 500 0 100 200 300 400 500 0 100 200 300 400 500
Fifi] Ffiin] JFriiln)

(a) a =0 m/s>, a =0 m/s>, a =0 m/s*

(b) a =3 m/s’, a =2 m/s*, a =1 m/s’

(©) a,=-2 m/s’, a=—1 m/s*, a =2 m/s’

500 F S00F
400 | : 400f
o
S
= 300 = = 300f
= 200 S = 200t
o
100 | . 100t
0 100 200 300 400 500 0 100 200 300 400 500
T T

(d) @, =6 m/s?, a =5 m/s*, a =4 m/s*

K11
Fig. 11

(e) a, =6 m/s*, a =7 m/s*, a =8 m/s’

AT = 4E I BT oL s Py B4R R 2RI

Contour map of scene center point P, under different three-dimensional acceleration

323741-9



H}
)3

i

500 F 500 F S00F
400+ - 400 - : 400 -
o o o
o o (=4
= 300 = = 300 -3 = 300 =
z oosta@oosonr: | + oooo z <=
= 200t e = 200t ° = 200t =
o (=] o
100 - 100 ) 100 °
0 100 200 300 400 500 0 100 200 300 400 500 0 100 200 300 400 500
Jrizin] Jrfiin] g AL|
(a) FrIFLARIFT) A S st iy 25 i 2kl2] (b) A RFLARRT ) A1 0 shif i) S5 i 2k = (0) A MFLARHF ) L3S s 5 i 2614
B 12 ON[EA AL I )R R 55 i 4R
Fig. 12 Contour map of different synthetic ape{%rc time
» ,’
" highsp\eeq';jatform[]]. IEEE Transactions on Geoscience
44 B émote Sensing, 2012, 50(3): 933-950.

B H 2 5 2% 1 A1 53R 58 M 22 RE AL 1 D
Ko i Ziz sh il SAR ﬁﬂ%ﬁ@ﬁ?%ﬂﬁ%ﬁﬂiﬂ@ﬂj\

SAR F G5 A A5 5 1 10 B 1 1 2 1) iR I
B M PR 0 {15 4 4
A B e T TR B X = AN W W Bt
T —F# T Chebyshev 2 3 OBl A} R
U2 T RO} L 58 . 9 4t
T e 30 OO R A AL R T 3
ok i 7 R A ) SAR A H G 2 ] 19 B
k=, IF #E 4T Chebyshev B, # 5 T 5 & %
SAR AL % R RHE B . R 75 IR AR Ik =
HEiE SR IR b 5] A CS HIR ST T R

BT A AL R 5 5 A E AR S

O

\ O

PO 202 35U SAR S T LR 18y

X

? -
5] }FfANG L, QIAO Z J, XING M D, et al. A robust mo-

t'{\\

4}'

¢

(6]

[7]

tion compensation approach for UAV SAR imagery[]].
IEEE Transactions on Geoscience and Remote Sensing,
2012, 50(8) . 3202-3218.

CHEN S, YUAN Y, ZHANG S N, et al. A new imaging
algorithm for forward-looking missile-borne bistatic SAR
[J]. IEEE Journal of Selected Topics in Applied Earth
Observations and Remote @sing, 2016, 9 (4). 1543-

WA g
1552. 27
\ . i A

TANG S Y. zxfh@q,L R. GUO P. et al. Processing of
monostatic S@; dfta with general configurations [ ] ].
IEEE Tfahsattions on Geoscience and Remote Sensing,

J'
201@‘%{12) : 6529-6546.

[8]\( ‘C,, LIU Z P, LONG T. An improved CS algorithm

N . .
‘{K) sbased on the curved trajectory in geosynchronous SAR
«

N s NP 1 )
BEESh Y 2S [a AR Ak bk 4)&75%3@%%,%%‘%’3 el
r
%o’ [9]

£ x & X0

\{}\\ é
CUMMING I G, WONG F K. Digita ;x’ocessing of syn-

&
(1]
thetic aperture radar data algorithms and implementation
[M]. Norwood: Artech House, 2005; 625-670.
[2] SUNZC,WU]J]J,LIZY, etal. Highly squint SAR data
focusing based on keystone transform and azimuth extend-
ed nonlinear chirp scaling[J]. IEEE Geoscience and Re-
mote Sensing Letter, 2015, 12(1): 145-149.
[3] LIANG Y., LIZY.,ZENGL T, etal. A high-order phase
correction approach for focusing HS-SAR small-aperture
data of high-speed moving platforms[ J]. IEEE Journal of
Selected Topics in Applied Earth Observations and Remote
Sensing, 2015, 8(9): 4551-4561.
[4] LIUY, XING M D, SUN G C, et al. Echo model analy-

ses and imaging algorithm for high-resolution SAR on

[10]

[11]

[12]

[13]

323741-10

[J]. IEEE Journal of Selected Topics in Applied Earth
Observations and Remote Sensing, 2012, 5(3): 795-808.
TANG S Y, LIN C H, ZHOU Y, et al. Processing of
long integration time spaceborne SAR data with curved or-
bit[J]. IEEE Transactions on Geoscience and Remote
Sensing, 2018, 56(2) . 888-904.

LIUJ B, QIU X L., HUANG L J, et al. Curved path
SAR geolocation error analysis based on BP algorithm[]].
IEEE Access, 2019, 7. 20337-20345.

AN H Y, WU]JJ, SUNZC, etal. A two-step nonlinear
chirp scaling method for multichannel GEO spaceborne
airborne bistatic SAR spectrum reconstructing and focu-
sing[ ] ]. IEEE Transactions on Geoscience and Remote
Sensing, 2019: 57(6) . 3713-3728.
BAO M., XING M D, L1 Y C, et al. Two-dimensional
spectrum for MEO SAR processing using a modified ad-
vanced hyperbolic range equation[]J]. Electronics Letters,
2011, 47(18): 1043-1045.

LIZY, LIANG Y, XING M D, et al. Animproved range



[14]

[16]

[17]

[18]

model and Omega-K-based imaging algorithm for high-
squint SAR with curved trajectory and Constant accelera- [19]
tion[ J]. IEEE Geoscience and Remote Sensing Letters,

2016, 13(5): 656-660.

WANG P B, LIU W, CHRN J, et al. A high-order ima-
ging algorithm for high-resolution spaceborne SAR based [20]
on a modified equivalent squint range model[ J]. TEEE
Transactions on Geoscience and Remote Sensing, 2015,
53(3): 1225-1235.

DONG Q, SUN G C, YANG Z M, et al. Cartesian fac-
torized back projection algorithm for high-resolution spot-
light SAR imaging[ J]. IEEE Sensors Journal, 2018, 18
(3): 1160-1168.

LIANG M, SU W M, GU H. Focusing high-resolution

[21]

high forward-looking bistatic SAR with nonequal platform
velocities based on keystone transform and modified non-
linear chirp scaling algorithm[J]. IEEE Sensors Journal,
2019, 19(3): 901-908.

HU B, JIANG Y C, ZHANG S S, et al. Focusing o

e
.
\‘;\‘(J
A% \ 9)
synchronous SAR with nonlinear chirp scaling%a € r1th§
[J]. Electronics Letters, 2015, 51(15) \95.‘& 3
WUJJ, ANHY, ZHANG QH, ¢ {W‘ di ensional
frequency decoupling method fof cutve ,tfa]ectory syn-
thetic aperture radar 1mag1ng[]} adar, Sonar and
LY
J [ 4
N\ \,
4

4

323741-11

Navigation, 2018, 12(7): 766-773.
LIAO Y, ZHOU S, YANG L. Focusing of SAR with
curved trajectory based on improved hyperbolic range
equation[ ] ]. IEEE Geoscience and Remote Sensing Let-
ters, 2018, 15(3): 454-458.
E. JEIM . PRER. S5 HUERIEDEHUE SAR [ 250 A
TR B CS B k)], BmF 515 B %k, 2011,
(11): 2686-2693.
BAO M, ZHOU P, BAO Z, et al. Improved CS imaging
algorithm based on SAR curve trajectory model in geosta-
tionary orbit [ J]. Journal of Electronic &. Information
Technology, 2011, 33(11): 2686-2693 (in Chinese).
FAN W N \éHANG M, LI J X, et al. Modified range
doppler ktggmﬁm for high squint SAR echo processing
%\XEBE Geoscience and Remote Sensing Letters, 2019,
422-426.
é*ﬁ% BRI, BLU . 4. — kT B0 WLBF A%
SR XTI SAR SR BELT ] ALz 2+ 4. 2018, 39
(8): 321886.
LI X P, CHEN Q, ZHU M B, et al. An imaging algo-
rithm for heterogeneous bistatic forward-looking SAR
based on modified WLBF spectrum[]J]. Acta Aeronautica
2018, 39(8). 321886 (in Chi-

et Astronautica Sinica,

nese). ‘\ e
NN -
S, (THERS: FH)
R
t;\ )
5
¥



Chirp Scaling algorithm based on Chebyshev orthogonal
decomposition for curve trajectory SAR

MENG Tingting, TAN Gewei * , LI Menghui, YANG Jingjing, LI Biao, XU Xiyi
College of Information Science and Engineering, Huagiao University , Xiamen 361021, China

Abstract. Conventional slant range models has difficulty in accurately describing the motion characteristics of the Synthetic
Aperture Radar (SAR) with three-dimensional velocity and acceleration, and th‘e\(‘,q;ve trajectory increases the range-walk
phenomenon and the high-order terms of azimuth time in the slant range e%tﬁsn) further complicating the two-dimensional
coupling of the echo signal. Therefore, this paper proposes an improv. C\J‘hy:p‘ScaIing algorithm to solve the imaging prob-
lem of the curvilinear trajectory SAR which moves with the three-dimﬁfﬁsicﬁal velocity and acceleration. The slant range ex-
pression for the curvilinear trajectory SAR is firstly establisheq Qgs},d‘on the motion equation. followed by the obtainment of
the slant range model in the form of equivalent hyperbc{lic e(\q\uafié?] based on the Chebyshev approximation of the slant range
equation. The range cell migration function with sRatiaI \‘fabagility and the chirp scaling factor are finally derived, on the ba-
sis of which an improved Chirp Scaling algorithm.i$ Erbpased. Simulation results confirm the effectiveness of the extended e-

quivalent slant range model and the Chirp @c‘%ﬁx{g’aﬁéorithm for large synthetic aperture time, and provide the boundary value
r

of 3D acceleration. 7
3 [ 4
Keywords: curve trajectory; Cb\eg)%v orthogonal decomposition; equivalent slant range ;\‘Sya'tial variability; range cell
migration; modified Chir. sé i orithm \\ *
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