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Abstract; For the time-variant property of bistatic angles in Receiver Centered Region Area in bistatic
radar system,it’s difficult to obtain high resolution ISAR image of target in by using the conventional
imaging methods. The signal model for bistatic ISAR was presented, then the time-variant property of the
bistatic angles and its influence on range envelope and azimuth was analyzed. A Radon-TCDS-Relax super-
resolution imaging method was brought up for eliminate the effect from high-order azimuth terms of
target motion model in receiver centered areas. The chirp rate and its changing rate corresponding to high-
order phase terms in cross range was estimated by the proposed method. Scatterers extracting and imaging
were achieved by Radon-TCDS-RELAX and TCD-RID respectively. Accuracy analysis and the
experimental results with real data both demonstrate the effectiveness of the proposed method.
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L2 AHREEIER

2 XU Ml R XU b TR IR YOG B 2 0, oF XUKE
AR R B A MR 43 11 2 T A R L o UKL b A 4
ELR RO T (0, Leot 28/2) 2420 r=L1L/2sin 28
B —H B, 2 s, HRB A

o <y*LC02t 2B> - <25ii 2/3)_

TS iy T T TR 2 MR 1) X 3, — B LA e b .
R~ XU Ml A5 55 (1 26 40 A1 5 8 BUHE 1 B 3K ISAR B
1B TAEIX R4k 4 Fh 28 8050 B RL 32 i Bl R o 1Y
PH X 2(Ry <Ry Re<<L/2). THEX Jy LAFE U S Hb Ky
L /N R G R A Y AR T IR R A A i ) o
B (HAE FH Y BN 2 S B= (6 —00) /2 B
KPR Z A AR AZm, i TS Bin
FE B Ry<<Ry 18 wo=cuvsin (6 —0,) /2Ry s % 1 b4
(7 B2 4y ER A | 0 —0, | >90°, 15

@Y

0328002~ 2



K e 45 L XU b T TR AR X ISAR 8 43 B AR

v

_ v o .

Wy ——2RR\sm (G—0,) | 3R, (2)
/ o "UZ . 2 'UZ 3

‘wc 772Rf< sin 2(6x—6,) ‘9721% 3)

Mo 5 Ry M LA ZIR/INET 2 XSUEE b f p AR T8
K0, W BE 2 RO Ay . B bR T E 7R JE S 3% 5.
IR T 17 200 5 A OF 4% W (a3 B i 45 SR B A &) i B
o Hbr . N A BE B - WE B £2 3% #) (Range Instantaneous
Doppler, RID) 83 . HoAlh T A X i 011X 1, LB X 3,
I [) 3G DX 4 X I ) R 0 AR i A5 i W L SRS .

H2 $REALEL

Fig. 2 Isoline of bistastic angle
1.3 EEESHEE
T 5 0 6 S0 L o £ 5
sCEat,) = u (1) )
vzl uc(g): A, rect (Q/T,,)e”""” >N chirp ?Hﬂ((qﬁ,gﬁﬁi
N B N N o S HH A} 1
BRI o=y FE AR B R 9 T, ko

B EmHE ¢, =mT.(m=0,1,2,+ M—1). T, KRk
CIW-RLEUN
A HPREEER T A v=v+ [cos l,.sin0, ] . Kt
i T F2Wouh Re 5 B Ard0 Py Z 08 1Y B8 &5 45 0
Ri(t,) \Re(1,). 0: (1,0 0x (1,) 53 N 7w ¢, W2 1) 2 5
i w5 H bR o0y &M, 6 () =
[0x (2, +0: () ]/2 F1 B2, =[0:(t,) —0:(,) ]/2 57
IR ¢, B 2000 G 0 A A2 XUEE M A, = 0 B 2
P, 5k 5 R 52 il 22 W) 0 BE 85 43 30
R+ (0)=[(Ry cos Oy, 1+ 2,008 O — y,sin 0,0+
(Ryy sin Or, +x,sin 0+ y,cos 0,)° " == (5)
Ry +x,cos (G —0r) — y,sin (O — Or0)
R, (0) =[(Ry,cos Og + 2,08 05— y,sin 0, +
(Ryosin Og, +a,sin 0., +y,cos 0,)° ] == (6)
Ry +a,cos (0 —0xo) — y,sin (G —0Ogy)
K 0. \Or0 \Oo Ry Fl Ry 53 97 R 7R Z0F 21 0. 0+ Ox
Ry F Ry MR, IS ATE ¢, B 20, H AR S5 RHORME
R, (t,)=[R.(,)+Rx(,)]/2=
Ry (¢,)+R, ()
Ry (t,)=[R:(1,) +R:(t,)]/2 €))

YD)

R (t,)={x,cos [0,—0.(t,)]—
yusin [0, —0.(2,) ]} cos B(z,)
KO H Ry (1,) Frm HRBEAKNA M2 3, R
T3l K B R R T LR R A

Ry (t)~R, +V - z,,,+%\'/- 2 (10)

9

R, =[Re(0)+ R, (0)]/2 F/R W R V.V 40 5] %
NFES—B M iz sh 2 8. (DO Ry, (¢,) FR
HEr X F & Mg i sh &, SR X 1 V 5 Ry
AN SR AR /N L 2 XU i 1 B R AR KL 0. o i sk
B =TT XY . H AR B VR AR5 3L 3. o 2 DU H £
B, ) R AL A 0.Ce,) FHZE 8 — iy B IF AT N

BUIAL+ O, t,+ %n .t (1D

0.(,) = 0.0+ Q.+ 1,+ %Q . (12)

KX AD AR AR TR
R, (1)~ {x,cos [0, —0.(1,) ]—
y,c0s [0 —0.(z,) ] }cos (B.(z2,))=
z,cos B, — (y,cos {0Q.+ x,sin B0, +
{ [%1‘,,((22 + (22)*3},,.(.2e }cos B+
(13)
(y,,\Q(,.Qﬁ*%I,,(.)ﬁ ) sin (3, }tl —

1 1
[731,, cos 3 02.0; + 7(1,,(23(2,@ —

2.2, 3.0.0)sin g, )6, + O
K0 KT o, 1= W 5, 7T LLZ w15
WA ST LS Ny

s(tit) = A, - z@(?— 2R, (1,) )

c

(10
exp [—j {—?TfCR,,(z,,,)}
o A, R ECE SR L % (S S 2R AT DL G UE D, 5
) QUUESE Y SR A€
(o) = DA, - Sinc[B(?—ZR"(""))]

C

(15)
exp [— i 47“ng,, ) }

TE 5 M ISAR BUE . B b5 s 3l AT LL SR il
WA LT [ A% 1) 38 3 A1 S5 A T T B s M4 1Y 3% 8 .
BIniash 5 E T %% 3 e 7 S AME LAY, M EE 3
J& ISAR B4 T 75 ZLIR) . X F NI B 18 R 106, 1% 0 AR
B8R E R, QD) R AT i H K
NFAS AL 5 B bR T A 0 L DL R B B /N
A, Hoh X A EE R R, (2, T8 3 I
R (6,0 X3 Ry (¢,) WA 520, Pk, W3 ISAR
RAG H)F sh A 5 B 3 ISAR R X 01, 58 4
AT AR O 19 B3 ISAR AR A% 14 7 3l #5322 3k

0328002~ 3



5
2 WREXBRER %S B AR

HERG T RRERAEN A& T ERiEsH
B ol i A I 2% 58 B3 M 1 A8 4k, BP0, = 0, b
R, (1,) = (&, — 3,0, + 1,) * cos B, ¥ i5 Sh AL 5 19 %k
W O O FET w vl LLAS %) H b5 (9 ISAR E{%. 5%
M« 7E 1 50 HE 2R ISAR AR 0 H b, b 25 5% Q, # 0 I
X XUHE ISAR BUAR A 5200 . H ARl K | iz 3 R bk A
HE 25 FE 0k R T A, BOSEE Hb ISAR A% 109 155 10 Bt 25 25 45k
S s P RO A R B B 0T B — A S )
FOL T F T A XA 2 XKL M A B R I TR R A 1R
O 22 Ak B8 K, WG B Y 1R Uk T K R BE B B T BE Bh
(MTRO) A fig Z 0. 58 BT 3l A 7 BUEE TSAR [] 3 4%
Pt 7E FE B AR K - O O B30T DL R Ry

s(fst,) = DA, exp [—j477[(f}+f})R,n(tm)] (16)

X fel—B/2.B/2]. B R (1,) KT 1, HIK
VIR GE

R,,(t,) = R,+ R o, + Ry’ + Ryt?, a7
A
R, = x,cos B (18)
R, =— (y,cos B Q. + x,sin §,Q,) (19)
47

46

45

44

43

4

Equivalent monostatic los angle/(°)

41

0 0.5 1.0 1.5 2.0 25 3.0
Intergration time/s
(a) Variation of equivalent monostatic angle

| | |
(O I N V)
(= =)

Angular velocity of equivalent
los angele angle/(°s™)

|
(o]
(=

|
~
(=]
(==

05 T0 15 20 25 30
Intergration time/s
(c) Variation of equivalent monostatic angle

R, = {[%1(07 +a25) — y()] cos B +

L 20)
(37020, — 52.0,) sing }
) | CL1,
R, =— [7%608 RO+ 5 (0000, —
1)
¥, 0.0, + 0. 0)sin 3]
D KCAKA6) X
s(far,) = ZA,,exp[—j 47?‘<ﬁ+ r -
' (22)

(Ry+ R ot + Roton, + Rit®) }

DL B bR A T R X0 2 RO A 5 A R 2R A R 1Y
PiE MG, RGN LB F ik, 96k B = 400 MHz,
ARG RANE 3(a) FiR, LK E D= 100 Km. Hri
b 5 B 32 U 75 38 6 km H AR K SFJ5 1132 3. H bR
WIF S RL KT s sh. 2 sh#E RV = 400 m/s.
A R f AR AL R W& 3(b) R, A0 =—10. 97°, W&
Hi Ay AE b il £ an Il 3(b) BT, AR =— 10.84°, H A
3Co) FIE 3 (D T LLEH . BB KA 3 s, H
B EARE o, SERMEANARE 0. D2
IR A e 0 AR AL B /INME 23 i35 # 0. 099rad/s
0. 098rad/s. i HCAE = (17) il T 5% ah = Ik 301 5] i
i) MTRC B4 K RE Z .

44

43[
42
41|
40}

Bistatic angle/(°)

391
38}

37
0 0.5 1.0 1.5 2.0 25 3.0

Intergration time/s
(b) Variation of bistastic angle

Angular velocity of bistastic angle/(°-s ')

0 0.5 1.0 1.5 2.0 25 3.0
Intergration time/s
(d) Variation rate of bistastic angle

K3 +FREAHGERNEABERAEELLN

Fig. 3 Bistastic/ Equivalent Monostatic angle variation

AT SR 1 HICS A 2 R 1 B e B 2l 1Y 2%

1) 20Uk b A 51 A R 88 B . R 5L H AR 7 R ik

0328002~ 4



K e 45 L XU b T TR AR X ISAR 8 43 B AR

G A TT ] E R RN BEES S D, H AR i K
BN D, i T 0. 24k, Fl— womi ot 47 3 1L 9 5%
fE Rt

D, << 32p00./X (23)

FE SCHRLS ] AT R0 B 5 3 2 S only sl o 2 Wity o XU
i A AR B AR DRI A% At 35 P, 3Kl B IR T AR
SCHF RS I 0] 8, B 24 R 58 09 43 HF R . H bR i
K12 By o R RORIT R TR A A, B0 b RN e B
AN R 3 (23) 3K — ZR R B A s R A R
HITHES.

2) Mz sl A TeEsh, i+ o6 &, H
YT AT T AR S A R

D, < 240, /2 (24)

4 B =400 MHz, f. = 10 GHz,w = 0. 09 rad/s i},
= (24) 8 D, << 37.56 m,D, << 39.87 m, ®] LIF 1 4
H 5 /N RSE I RHLET XA X (24) 1 45 (3 2 AN g
T ) W20 25 B 3 YR A A X T 5E AR 1) 5% W L A% 2 %1
XF 2 I RID B AR 535 S A BE T bR 5 i

3 MHREXBLBEEE

3.1 A - 3RS 5 Radon ik

ifE - 98 45 & 4> 45 (Time-Chirp Distribution ,
TCD) 5 il O'Neill 42 70, 4 = % Bl % {5 5
(Quadratic Frequency Modulation, QFM) £ /R K

(D) = exp O] = exp [j(cpﬂ St £t
%;‘pz&)}
Ko @, BARVIM ., £ RVIIRIR , o ARE IR, 0 A

FRAY UL R g U R AR (R AR A )L U 5
(25) i) QEM F I a] - P 45 A4 o0 A v 5 oy

TCD,(t,¢c) = JZ\(t,f)eXp (—jer)dr =

(25)

Jexp {(—ijdle— (1} de = (26)

270l c — ;}(t)]

) B {.;(mtﬁ).w (D5 (D5t =)t =0
Z(t,v) =
Z:(ty— 1)t <0

S () = et oo BRI L 5C+) Sy vt o
B Ak, QFM 5 2 TCD 43 4 R Vi 2 0% i+ 8 M0 ==
y(O BB — S H L. X TCD 1 |- # 47 Radon 8 & ,
R 9 JHL 0 E 57 7 T AR 8 e Ml B9 STEL. AR R34y
| HEAXCH BRGSO, Bikamyn &
ZSCHRLL0]. 5 2 5y B MR IS 5, P 38 LT 2
Wi {9 3 8% T 22 SCiEk(13].
3.2 Radon-TCDS-Relax fX & i 12

P L 537 5 283 S Bl w42 R0 RE B PR 0T E Bl
1E RN AH 1R 25 4 1E b B 2 5 S B I 4 X O L | AT

27

BAGAEEL TR B 5 6 A% A B A T A6 R e A
H 748 (Fast Fourier Transformation, FFT) . 4k 44 #%
- W R 43 4 (Wegner Viller Distribution, WVD) B i i
1475 ¥ \Radon-WVD A5 e 2 38 X301 [k s A% 7 vk 2k
T DechirpClean W& 75 . 24 H b5 195 % iz 3 7 A4 7
LA I R =R IS 5 6r FET (19 77 208 23 38 1
4% B0 7 T AR X T WD R I A% 07 Ok B i
H A5 AR 5 75 B AR b 53 A7 A7 78 ™ 551 38 S, B 3 A
RS T B ™ F R B 5 T X F Radon -WVD 28 #2538 X
T I ) RO 5 i ok 13 B TE I IR b X F S R v
LRI ZIRGE & AT £ 38 LI, X T =W & )
o i 2 R L B R 2 B A 2R RRLBE ok 2 R AL TR AL A
2358 W &% 38 TR AR R B R B i T T
DechirpClean (4 B4 75 75 » o1 T /238 1 VT it {5 5 19 S AL
PR, IR FET J5 ., LAE 5 W H B8 & i Kok 48
FAFT 0 AR R R R B S EUE R R R
AL 813 15 5 01 B AR . H 2 W AR X AL 3N H Ar
A RE AL B = RIS R ™ S ) e D0 VR AR A A R
AT 5% T 455 5 1 044 o e M LA A 810 o 4 0T 47 1) IR B
DL AEXT H bR BEAT B B 808 22 1 20 506 T 5 1] /) =R
T AT AR T AR, PR ZEAS D R b i 1y 1 — b [a]
XA 5 YO =R WU T O SR 248 BUE 5 IR EE b
O BT A DL K IR B R R b % 1Y Radon-
TCDS-Relax ) G i B4 05 .

XF T — A E 4 B B BT B GX A B B SR OT AT
16 K ASHUR S8 2053 A 3ot B AR 5 0] KR
s(n)= Zakexp G2rfin + jrpn® +

e (28)

I/Sjn;}kng) +e(n)

KHn = 0,1,-N — 1,N N i K B & 5L
e(n)N AR M,

Relax 575 & — i o4 € W 75 Al 3 1F 5% 3 4%
MERE K RE, B RAW RS HA 8 T
Relax 57 v #E 7 81 26 M o 4 15 5 B A0S, 1 d
v () HE B 1w 3, B

y=[y(0)y(1)=y(N—1)]" (29)
%

g = [rewp (iznsi +ima + Jina )

exp (J2nf, (N — D)+ jmp (N— 1))+ (30)

%jmmw—l)‘*]
GO H ()" Fon i BEFEE.

%%ﬁ {O(k ’fk s MUk ’,l:lk } (k= lsz)H/‘]’ﬁI‘i‘l“{EﬁIiﬁ
FE AR /MG LR B R 4R B Z 3 (NLS) A iR 018
], jp

K

C (laws fu ’/l/:’f:t/c }2(71 )= H vy Zaksllk H N EY

k=1

0328002-5



e F

EE

KGBD [« | FoRBOIL R E

A GBD o C & — A 2 425 1R 38 )
B85 ok A2 2k 3% HUKE SRR 1 Relax B4 LR
C, WS- fLmE. Ak, 4

K

ye=y— D) ag (32)

B L e fooptofen ) (= 1a20Koi # &) B 23R
HL S 31D R MESERCT T 2N ag R /b, B

Cz (ak’fk’/lk’/:‘k): ” yk_akgllk HZ (33)
X (33) KF a KW /NMERIKAT o, IS THE N
o = W) " l'ye = ¢y /N (34)
é\

. 1. -
e = [yk(o)yk(l)eXp <—Jff/zk—§17f#k)"‘

yi (N—1)exp (*jﬂf#k(Nil)z -

1. . ; T

gﬂnpkUVA*IY)} (35)
¢ = [lexp (2nf)exp (G2nfs (N— 1) " (36)
|
A ~u =
ar = ¢ yk/N (37)

ISR (37D T BATE s ey, U — K 01 255 818 01
gi?ﬁ%a@fuﬂg%ﬁ?u f/ 9flk 9}‘1;1 E‘J{Ei—f_ﬁ}ﬁ 9?@ 9/3}195’:}'?3[
LLil it FET 251 ar. 30 (13) MOMIFR 25 40 W1 i L
Wy, FAL A B I L P R A L Ty, SR (32
ERITU) A 2% IR (dechirping) J5 75 31 (0l i 25 Y
S50 5 o T LA PR L O 43 T A L S

P @ A AR (334 fyvpues e BT S s
s s o T ELE BLF O30 P07 5 B

G, (fwflk 9/.%): H (I—gbksbf/N)yk H P =

yf’yk*yfdmﬁfyk/N
o T WAL, bR IME S T T S R AL B

(38)

C1<fwﬂk9/'lk): (sbfyk)Hgbfyk/N (39)
ﬁﬁévf/z s M v,l.l/: B/‘Jﬁjjﬂ“ﬁj]

AA A ~u T

(Fioguofuy = argmax( | gf' yi |*/N) (40)

ot T 12 10 g BUIE £, BOAG VB S, 9 03— 1L

W | g v, |7/ N T2 04D B 3R A SRE L 28 (39) 1Y
Ak T B U1 265 O+ 7 e 190 T B 0 TG0 305 FL 4 4% 2 0

Gt o) E SR TP | 9 3, oo |7/ N 10 F 05
18 L FC 2 46 50 b 1 B W (LR o2y oo o) B8
Vi S G ) B9 BREL. BT L AT DL 7F Radon-TCDS 4
R oo BOREH (B, o FEE R (10) 5] 1,
Bt

Horp F Radon-TCDS # R 55 kM55 100 100 e B4

T e > fon BT DL 05 SR EC 25 166 D) - 98 991 %€ 4% A 6 B
TCD, (z.¢) . #RJ5 f# Radon 28 e, iy H: & {5 #f 22 & 4f 17
B3 B R 3, 1 /N A

Radon-TCDS-Relax 8 ¥ B £k M 8 45 15 5 4 3 25
Pl

D S H80h K = 1, 48 3R 2 (100 Aist
(3T FFB (1 oo sjusar )

2) B {EEEON K = 2.8 fafl A — 5
UE {F e sjonsan VA (32) SR HE v, » T34 5 F 58

A A

(40) B R B T (Fopmrjorarhs W50
(oo s vas MRASE(32) SR My 3y 4 S5 R 3, AISE

(40) T3t 3T THHHE (fy s o fsan ) XA &
N
3 BB EC K = 3. 8 5065 — 2 F o i i

A

?UE‘J{}] v;All 9/!/.\@’2(1 }H]{]A(z s 2 9;\.12 v(/)\fz }1t)\it(32) ;kl'fl
o s B BRI SR (400 AR 3T FHBE {fs opts o vas ) 5

BT AR BN Lo g vj s )R Lot ots vas AR AR
(32) 3R v, ARG R v B (40) R (37) &

A A A

{}1 ’/11’/.!&’0(1 }5 %ﬂ‘% ﬁ:EJI‘ QJ H@ {}1’2(1 7/2}{’(/;1}*[]
(Foopis s vas MPEAZ(35) SR M v, o SRJG A 5, FiI2t

(40) Bk 3T) T HE (fo o vjis v b XA TR
PR

DA K=K+1, LSBT, A5 K% T
B A 15 58

2B B P SR 5 Relax B0 0 0 50 9 A1
70 B H A AR A0 bR B C, 7 T U 6 A 3o o 6 75 fl £
0155l /N T A BT e = 107 S A e T

S S T K U B A B AR T LT
B B 89 L DR M B S O 4 AT A0 BT
S AR B T LA A A B 4 1

Pl 4 g TG 4% X 86 A ISAR L Ab T 3o 48 0 L A

I Raw echoes |

I

| Range compression |

!}

I Envelope angnment |

!

Keystone tranform MTRC correction

!

| Radon-TCDS-relax parameter search |

i

I High resolution ISAR image |

B4 REAERR

Fig. 4 Flowchart of imaging procedure

0328002~ 6



K e 45 L XU b T TR AR X ISAR 8 43 B AR

4 HERRBRER

W % vl DL L 5 BB FELR K L = 100 km, i K& o
H5HARZMMEE R, = 100 km, Ry = 6 km, & 7 %
B =400 MHz, &%~ L B HL, FOLWEN f =
1200 MHz, B2 K D = 100 km. H A5 5 & 55 Bk
IE] 9400 4 B 5 43991 S R, = 100 km, Ry = 6 km. #2053
MLHE ] 0 = 90°,0r = 3.43°, & WL 4 W) Uh #f &
. =46. 78", MR WIHE A B = 43.28°. K fHESHK
A =0.03 m,fHEmE K 3 s.

L2

HS5 fHREMERKILAHEE

Fig. 5 The plane and Bistastic model geometry
ST FH 330 AN A E T 42 KL AL, H A AR R 4

[ 6Ca) fF7n . AT LA I CALAY R 10 K298 80 m, 4 )
80 m, A LL Bl g0, KL i T EE Sl AN 51 R 1
MTRC 7Eix BB & T 2 BR, M 3 I 5| & 0 7 A
T BE B B 2 . 2 F Bl M F keystone £ IE R

0

-40-30 -20-10 0 10 20 30
X axis/m

(a) Yaker 42 model

40

50 100150200250 300350400 450 500
Cross range/Hz
(b) Envelope after alignment

FIAL L WE 6(b) i, il LUGE AL 4 C &8 3] A K
1E. F 6C0) Ry 2t 45 1 1 Jim 19 58 4~ B B9 5 T A I A3
S3Aa s AT DAAR B R & O L AR A A R T R B =R
TS0 A5 578 «-f i b5 i 2o &
6(d) i AR BT L ICHE ¢ - CF ) - %) F 1 |
(434, AT LA . T 3 BAY R vk AL 4k M AR fE.
6Ce) PAILL I AR H LW IESFFE ¢ ¢ 1 L B4
A LA 28t th Radon 28 36 48 2% (4 8 491 26 1 1 5 1 B
[B] & 451 2 o3 A7 Fe A AT T PR A5 R G YA R 6 (D hAE
Bl 6(h) SLah I i E: RD i R &5 -, vl LLE i T
R IE T AR A =R I AR A R B bR HBEE 1
BB, H D RO S A R BRI, Tk E
PRANTREAE . 1% i T R B 6(e) s AN
DechirpClean J7 3 & 45 8 . (1 F A& X 7 (i f5 5 = ik
WA A S H, HAR R B S B 2 B R L2
HbrfEE . il E . ILE AL S35 ko '
6 (h) S ) F A< 3¢ 42 14 19 Radon-TCDS-Relax 14 45 5% .
XFHCEE 6 () T LA H AR B ) A5 A Al 7R R A
F) T8 BRI RN 3% TR AR 4 H X i B 4
B S 05 S AT T S8 R BURR OE , B
AR AR D B ARAT T AL AF I ISAR EE L GIE B
T AR SCRT AR O VR A b

50 100 150200 250300350 400 450 500
Time/ms

(c) Time frequency distribution

500 500 800,
450 ~ 450 700
T, 400 o 400 g 600)
N350] o 3 g Sidsherr v N 350 < 500
jas)
=300 <300 $ 200
o Q =]
5250 = 250 £ 300
2200 2200
O 100 O 100 100|
50
50 100 150200 250300350400 450500 =0 50 100 150200250 300350 400 450 500 0 100 200 300 400 500
. Time/ms_ Time/ms Cross range/Hz
(d) t-c distribution of range cell before (d) t-c distribution of range cell after (f) RD imaging result
quadratic chirp rate correction quadratic chirp rate correction
800 800,
700 700,
600 600
£ 500 £ 500
(%) (5}
2 400 2’ 400
~ 300 &~ 300 c
200 200
100 100,
50 100 150 200250 300 350 400 450 500 100 200 300 400 500

Cross range/Hz
(g) Dechirpelean imaging result

Cross range/Hz
(h) Radon-TCDS-relax imaging result

B 6 Radon-TCDS-Relax 7 % % % % & xf
Fig. 6 Radon-TCDS-Relax Simulation results comparison

0328002-7



P/ R S 4

# 1 AT 9 Radon-TCDS-Relax 5 £ 48 RD
F1 Dechirp X it s H 544 b 19 HLE 55 805 C i (i 2%
Mt (PLSR) VB3 25 6 e (ILSR) XF 5. A5 1 ]
PLXS b A i DechirpClean 4 € B {7 RD J5 3%, 1
Radon-TCDS-Relax i F 317 T 4 451 3 H1 4 431 2 48 4
B AE R IR IE I AR 0 O A6 1) R R AR 2% L IR A
AR 43 55 J LE T 06 i 5% 3§ 1L 43 ) Ik T DechirpClean
15.33 dB #1 11. 43 dB. Ir 343 09 H AR R i R B R =
B 5 O F DechirpClean 1 RD pif% 77 .

F1 BBERMEREITE
Table 1 Imaging Result PERFORMANCE COMPARISON
Method PLSR/dB ILSR/dB
RD —10.516 3 —9.2030
DechirpClean —13.290 9 —9.745 8
Radon-TCDS-Relax —28.624 0 —21.182 1
5 it

2 S X UL M Bk PR AR DX T RO M A Y
ARV 1% 52 1 ISAR WS 7 5 J0 1 3R B 4 B0 B A
1,3 T —Fh Radon 28 #2454 TCDS (19 #8 43 9 i 4%
B BT WM ISAR ff5 SRR, 8T T R AR IX
XU b, 3 0 Bk A8 P R skt I S 24 AR O 57 B4 R ) s
WX H broig sh B R f B bR O 7 ok iR T
Radon-TCDS-Relax i## 4 ¥ 515 5 , 0 44~ B 5 90
HEAT U A3 S R R A 8 AR A e 48 R I R L T G R Y
75 5 YR AR A R 2% . ] Radon-TCDS-Relax $5 B 4
M IR #E4T TCD-RID J A% » 3 2 5 B 560 560 UF T A&

SCTT R WA R
PR

[1] ZHANG Ya-biao, ZHU Zhen-bo, TANG
inverse synthetic aperture radar image formation[]J]. Journal
of Electronics & Information Technology ,2006,28(6);969-
972.

TR RIRYE P T BR. X G AL AR B IS R LR BT 5
[J7. B F 515 B 23] . 2006, 28(6) : 969-972.
[2] PALMER J, HOMER ], LONGSTAFF 1 D, et al. ISAR

imaging using an emulated multistatic radar system[]]. IEEE

Zi-yue. Bistatic

Transactions on Aerospace and Electronic systems, 2005, 41
(4):1464-1472.

[3] DONG Jian,SHANG Chao-xuan. The image plane analysis and
echo model amendment of bistatic ISAR [ J]. Journal of
Electronics & Information Technology, 2010, 32 (8); 1855-
1862.

A W AT A SR ISAR U7 T 58 K B b 1] i 455 7
BIELT]. 7 515 B %41, 2010,32(8) : 1855-1862.

[4] GUO Qiang, L1 Wei-feng, TAO Ran. Establishing model and
plotting zero Doppler regions for moving targets along bistatic
baseline[ J . Acta Armament ARII 2007 ,28(6) :661-666.

SR, AR B AR DU M TR IR A A AR Y i R £

[5]

(6]

7]

(8]

9]

[10]

[11]

(12]

[13]

[14]

[15]

[16]

0328002- 8

B AR 3T ], S8 T 2240 . 2007, 28(6) : 661-666.
GAO Zhao-zhao, LIANG Yi, XING Meng-dao. Analysis of
ISAR imagery for bistatic radar [J]. Systems Engineering and
Electronics ,2009,31(5) :1055-1059.

i IO SR TR o 3l UK b 3 UL AR TR R UG 4 BT LT ] &
8 TSR T HAR,2009,31(5) :1055-1059.

MICHAIL A,ZHOU H, ZENG Z. Passive bistatic synthetic
aperture radar imaging with Galileo transmitters and a moving
receiver: experimental demonstration[J]. IEEE Proceeding of
Radar ,Sonar Navig .2013,7(9) :985-993.
MOHAMMAD Z. MAHMOOD M H. Using

algorithm for bistatic synthetic aperture radar image formation

omega-K

based on modified extended Loffeld’ s bistatic formula[]].
IEEE Proceeding of Radar, Sonar Navig,2013,7 (4) 383~
392.
LIU Zhi-chao, YANG Jin-hua. Research on three-dimensional
target reconstruction based on spotlight mode inverse synthetic
aperture imaging ladar group[J]. Acta Photonica Sinica ,2013,
42(8):973-977.
XU AR AR BT RO S AL AR WO R R R Al = 4
HARE M F5E )] 6T 254k, 2013,42(8) :973-977.
ZANG Bo,GUO Rui, TANG Yu,et al. Real envelope imaging
algorithm for inverse synthetic aperture imaging lidar[ J]. Acta
Photonica Sinica ,2010,39(12) :2152-2157.
ST S B AL WS AL AR R OGS S 4 RR A
LT 6724 ,2013,39(12) : 2152-2157.
LU G Y, BAO Z. Compensation of scatterers migration
through resolution cell in inverse synthetic aperture radar
imaging[ J]. IEEE Proceeding of Radar ,Sonar Navig ,2000,
147(2):80 - 85.
O'Neill ] C,FLANDRIN P. Virtues and vices of quartic time-
frequency distributions [ J]. IEEE Transactions on Signal
Processing »2000,48(9) :2641-2650.
GAO Zhao-zhao, L1 Ya-chao, XING Meng-dao. ISAR imaging
of manoeuvring targets with the range instantaneous chirp
rate technique[ J]. IET Radar Sonar Navigation ,2009,3(5) ;
449 - 460.
LI Ya-chao,SU Jun-hai, XING Meng-dao. Research on ISAR
imaging of the complexly moving target based on the time-
chirp distribution[ J]. Journal o f Xidian University ,2008,35
(1. 1-7.
B 4 I N 5 o A = 11D TS 5 < R ]
B B bR ISAR R AT 58 [T ], P By TR K% 223,
2008,35(1):1-7.
ZHU D, L1 Y, ZHU Z. A keystone transform without
interpolation for SAR ground moving-target imaging [ J ].
IEEE Geoscience and Remote Sensing Letters ,2007 ,4(1) : 18-
22.
ZHANG Long, LI Ya-chao, SU Jun-hai. Research on the
ISAR imaging used statistical RELAX method[J]. Journal of
Xidian University .2010,37(6) :1067-1070.
e ZE W JR . — S8 i RELAX Jr ik 1y ISAR &
WFFELT]. V62 R R 4], 2010,37(6) : 1067-1070.
LU X,XING M D,WAN C R. ISAR imaging of maneuvering
targets based on the range centroid doppler technique[]].
IEEE Transactions on Image Processing ,2010,19(1):141-
153.



