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Cross-range scaling of ISAR imaging for
ballistic target based on image sequence
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Abstract ; Cross-range scaling for ISAR image is the basis of target’ s structure feature extraction,and the key point is
the estimation of its rotate speed. Firstly,the vectors which are composed of target’ s scattering points in ISAR image
are obtained based on ballistic target’ s ISAR sequence. Secondly,the expression is estimated by using the rotate an-
gle,and the maximum modulus vectors’ rotating angle between ISAR sequence is mapped to target’ s rotating angle.
Then, the estimation of target’ s rotate speed is achieved. At last,the performance of the method is analyzed. This
method takes full advantage of the characteristics of ISAR image sequence and target’ s feature information,and it a-
voids the complex image registration and complicated echo Doppler rate estimation. Simulation results show that the
method can estimate target’ s rotate speed efficiently and have a low scaling error.

Key words : circuits and systems ; cross-range scaling; ISAR image ; ballistic target;angle estimation;vector

Vol. 44 | No. 12
December,2014

-BRERFILE -

B SHE FARERE GBIl W R ST ERE 1Y, 3L ISAR

SO [ ARAAE AR IR T BESOE H AR IR Sl
TG, B8 H AR 3 B IS A s 1
SAIE TSR AE S B0 R L B R T4 A RRAE
Rosb JEAREE . FIF ISAR S2BL S 20 B A% 2 1
7 bR 45 4 B AE SR 100 7 R 4%, T ISAR R4 1Y
185 1) R R AR B2 P A P s e, v B

PG E bR GBS R AR R B At i T
ISAR BUAGUR /I A1 BE BB, 38 5 S AR BR 3R A AN i

BEEWA : EK AR E ST H (No. 61372166) BB,

EE B 24T (1989 - ) B WL AFE A, AF 55 07 1) A iR s AE
SALF, E-mail ; hxy_19890708@ 163. com

ks HEA:2014-04-18



e 5 4 Ah No.12 2014

TR ST RURFFI R SE H bR ISAR G 0 2 AR 1375

10°, {5 5 ISAR {8 MfE L 58 B e
i

AT, R 2255008 ) i b kAR R 2 T 25 B A
2%, i A 5 R AR R B BTG A R X S
TCN AR SR AR S A TR AR . SCBRL 7 ] Jd i
P8 3 B30 53510 O X ok 52 IR 1) 7 A , 1% 07 ¥
K LPFT ( Local Polynomial Fourier Transform , J&) i
Z I B AR 4 ) S R SEBLHIUN PO A 4R B
TR AT, A B A RS B2, SR 5y
T BIR A S AN TREBA K L R T S B B, SR AR E
PEAES o SCHRLT T8 Y, ISAR JEGRGEUR O AR XS 2
B AR = 4E R sl kA= 72 Ak, F s s th T
FeT MR BCHE R 50E AR ISAR (R85 10 & b5k,
TR IR 4R G T 4 A T a7 A A
SEPL ISAR i) 5 b o AHJZ 3207 1 BUR T 1] i
AT R, AP RS 2% 0 A SO STRRE S
MBI ISAR BB O AR XL AR 1 4
A, T I BRI ISAR G 51 3RS R o A
(BRI ) £, AR 55038 AR RS X AR 1, 19381 B
BrXs BRI v 68 B 1) e 2, IR T ) TR
T8 51 22 0] 1 2 s B B 3k, e 56 B TSAR AR A 1
] EAR o P HLI2H R WY, A SCHY ISAR 1R E b 55
L REMER D 5C L H ARFL BT, EARSCREES o
2 ISAR EfRERRIE

B AL T B A a5 IR B S 1)

ﬁz\ﬁaf RS A A 13 BALAR S BUT5 A 5] B 55 0 B
ﬁ’ﬁPtE;% Z ARk IR ISAR iRk .

TIB AR ELAEIRSAT T o B HAREI IR
PR h R, SEME N R, o W5k E
W

4 T

A

-2R,/c

#)RA .

(t t,) —Arect( e S 7“

p

¢ F s 51 (1)

A, ACERIEARSIRE; Ry = R - Ry 5 t /RO
PRI 5 ¢, AL s £, D9 His T, NBKSE; v

X A5 2 (14 A 8 I Y lEliEiLJﬁ R AR AT R
BE BCRE U R AT DAAS B N ASSRAFE R AN, s B H
(AT HLI AR, AT A5 H AR — ?’EEE%J%:

1, ) - 44 *ﬁRA =T,

2Rof.
( ECYE
Sif nf Ne e

Ae/"

sinc[an‘N(flcR + )] (2)

WHARFSIAME S, B SN o, WU A
SE N R

R, = xsinf(¢) + ycosf(t) , 6(t) = wt,, (3)

2RV eI A M 5 I B s
U 1) T4, 15 3 HARRY ISAR AR

44
(n, = DA .
sp(ng,m;) = MNsmc{ZTrN[ 2N ]}

sinc{ZwM[J;'Pajc " 2’;:.4/' ]} e (Fe fa}[\)l) (4)

o, M FoR Ko RLREL £, Ik E RS (n,,
m,) FRIRIRWEK P o

i BRI DA 750 OEE B ARORI 1) Fe i )i
TE Cnyymp) S sine B BOY M ARIE Ky, xf
IV € IR A NN 37 QUIR VA AT NV WS E [ =
PR

2'yN
n, = B
% (s)
_ waM
m; = fc
AT T 7588505 5 T /B e o 0
N ¢
Y == N5l
N, 2B" (6)
_ M\
MfZmemf
LA R T, =]¥D I (6) AT L,
B GE bR S RO B, T LR« =
-, 3 S BRI EIE o 4,

T A RE T AT, T LA TSAR AORE ] 7 A L 3K
WIXE . DATEFLAEREFT ISAR 80 ) 52 R i, 7 28
PEAT [T IR B R R AL T R B, TR AR L
SR HAT R R A SCE N B 6 BUS R L R

ISAR G HURT R A B ANE  dl 5 ISAR &7 5148
sl HARR A, S8 ISAR AR AR 1) E AR o
3 EEfEEMAT
3.1 MAHES

B ISAR AR A1) 73 AT 1] 70 B R 205 A
p, M p, A5 AN KA BEE B BT AE S, U H A5 Y f R
A VNG w1 { ) N VAT A D N S

X <4pp,/A

{Y < 4p./A
Ao, A TSRS B UK A = 4 om, p,
po H 0.4 m W EBR RSP R AT 16 m x 16 m, 3
iH U brid AR RE I X — 2K, IR A SO R A 12

(7)



1376 WOt 5 4 sk

B4

FPABRBERIUN A5 AN KA B B i3l

153y A AR A5 5 2 A0 28 %) 55 FIAH L £, K
AT FE BRI TS s AR SE Tl b
), BB AR A T LI BR , TR 7 AR B i
18 HAR A HERENR

1T ISAR BB/ B BB, i b 4 M
SF R AR, AR LUK ISAR fRIEAT H AR Ak
BRI EN . A SCHR A ISAR 12751
(CRANEETR eIV Buy SO R i/ IS SENOEA I /o
P ERRIEEE . AT 1 B

LTI
L0S

B 1 ISAR 1RFF 5 HAR B K5

He A B, C . E . F B LEAHEATS
R, AD S BARPXTFRS . B B AR ISAR 1R A9 HIUH
F R ] AT 2, 5 %% ISAR G B i R 1 [ 4 o
P T3 E AR A E 5 X R, 38 AR e R 1) )
WA, 0] LE e AT R XERR G 1), R A
TG 51 1) B AR o
3.2 HEaodr gkt

BT ASFE ISAR R A 4 3 R (& ,y0)
i e [A,B,C,E,F] . 133|410 & (445 R, W
AB = (x5 —x,,y5 —y,) o FJLAE W, a8 R 5H)
SRR X A

M1 BT RLE BB B R ) a5 7E AC Fl AE
A, QR R R U AT 5 0 ) AR A
HAG TR E BRES A Ak TR B, 21 52 e H AR 1
PRAERE . BRI, X AC Fl AE [ AELL R ALHE .

| [4c|- [AE]]

= H(xc—x“yc—m)\— ‘(xE_leayE_yA)H
= \/(xc _xA>2 + (yc _yA)Z -

N/(xE_xA)z'l'(yE_yA)zgér (8)
756, FIW(8) e B or . K, or A AIFRY

2206, B or = 1, RV i 8 A B EL 25 AN R T — VA
I (A2 000 ) H S 50T o

M (8) BAZ I, H 5 W 1) B EAELAH ) , 3 it 31
B WA R R 5 R R AE AR T 81 R AR AR A A
A BRI — B B8 M T, :(8) FEA
AL, BERF AR AC I AE BRI 1] 4, BB
FERAR Y H I ZACRAG TR Zh 1 o AR SCR Y 7
B fEise st (8 ) JAL , HA A &0 nl 4% 1 1h1 23 Bir 126
AL,

BEW) e Bl 220 %8 Bkl AD 5 1) B BV ) A ey

VS = WAy
o = AC+AE
"7 JAC + AE |

(vg =) + 25 =%, =¥ +¥p —¥a)
\/(xc X, txg _xA)Z + (ye =y + e _9"4)2
(9)
ZEDIIEIE] ¢ J5 AR AN UG IR 20, % FR Ak T 1) Y
AL EEBCN e, 0] ey 55 e, I ARICHTERTTE] ¢ A
b i 0(e) o A FOT:
{H(l) = wt
0(t) = arccose, * e,
= (10) , S ICH bRy 3, Al H bR
H, JEM AR (6) 58 M H AR AR 1] 2 AR o
4 HESH
5 H A B A O A A, HA7 G R An &

2 iR
4.0

(10)

3.5
3.0
2.5 T
- )
1.5 k ™

. (—1,%\\

0.5

0.0 28:0)

-0.5

-1.0 . . . . . . . . .
-3.0 2.5 -2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0

K2 B A E R

TIB KGRI E S B f, =6 GHz, P K
A =0.03 m, fkKoPEBE T, =40 s, 7% B =300
MHz, J{§iiRl % k = B/T,, RFEZHE F, =300 MHz,
B G AR I B D7 [ el N IE e BCE N w, =
0. 01 rad/s,

WG BRI 200 ¢, =0 I, AR 4 B AR 46 1 Z1
AL E 155 H AR ISAR {2401 3 Frs .




e 5 4 Ah No.12 2014

TR ST RURFFI R SE H bR ISAR G 0 2 AR 1377

136
134
132

130 pfs
12128 &
%126 E@\
24 &
122 A—
120
118
1

6
192194 196 198 200 202 204 206 208 210 212 214 216 218
PRI

B3 1 =0 s FAE ISAR &

KA SFE ISAR R P Ry AR FR a0 R 2 A (207,
122), B (205,126), C (203,128), E (201,126) , F
(203,124) . BfEE KM EN AC =( -4,6)
AE =(-6,4), |AC| = |AE| o BRI (9) i
e, =( =y2/2,2/2),

TURAGHTZ R 1, =40 s B, TS D),
AU S B A TR, T 4 R

136

134

132

130 C
12128 S (% N
= Q I\
= 126

et EY
M 124

122

120

118

116
192194 196 198 200 202 204 206 208 210 212 214 216 218
I T

K4 1, =40 s [ HE5 ISAR 1%
Hit, =40 s BfAY ISAR R 745 AC = ( -6,4),
AE = (=7,1), | |AC|- |AE|| = 0.14<1, ¢, =

(-13,5)//( =13)> +5* = ( =0.9333,0.3590) ,
HARTE 40 s BB [E] AL S W M N 0(1) =
ce, =0.4182 rad, T B HARFEE 0 =

0L 20,0105 rad/s, ST EIL B FBREEE 0, =

arccos e,

0.01 rad/sHi>4, FAXHEZE 0 = |2~ x100%

=4.5561% , e A TSR BT

e B EAG THE T AN(6) X 1, =0 IFEY
ISAR {§ERR , 25 AN S R

MIELS R E AR SR AT LU, 25 B A2 i A
X R 285 IO BRI A ) , e ARASCRELF

(&)

TEEH R o REAR A BRI RO B IR A G T

JERNTFR X JE T 28 A5 5 B
3.0
2.0
1.0
0.0 &
g
jE-l.o
20 @
3.0
40
P20 300 200 100 00 10) 20 30 44

© b
&5 ISAR jEbr)E BB
h T IS UEREYERE U [F] B AR 51 R B
1B el A TR 22 S ] e PRk 22 W3R
1 7R
k1 FEFFIEETHEEELRER

Tab. 1 Simulation results in different time interval

SCH | AR AR T AN A AT | B EdR

Tk /s /rad (rad - s7')| IRE/% RZE/ %
1 10 0.0907 | 0.0091 | 9.340 1 9.253 6
2 20 0.1974 | 0.0099 | 1.3002 1.010 1
3 30 0.3059 | 0.0102 | 1.9596 1.960 8
4 40 0.4183 | 0.0105 | 4.5561 4.7619

FE 1T OTE B T RIR L e A R 2
BEIE EARRZEIIME 5% LLF AR 2Z BN, B )2
FRE AR o MR ab n] LI HY, 78 B[] 8] B 45 /)N
B, 5 Ff BB A T T B 22 55 v 5 (FL e B [ I gl 17 2
B AR K, 75 00 25 H T ISAR {5 )5 51 v 1) 4t AH
Xof 56 25 R H B 1S AR A A A T S B0 22 AR v
Ko Ti4h, 0] LIl i i B2 A4~ i [] ) i >k 1 H
Pl o, Sk T RUE ARG
5 8 i

PE H AR ISAR MR ) o A5 A6 308 H AR U3
W BT . AN SO B A B B — 223 i AR
R, BT T ISAR B 1R A R R RUS T )
Al S T S8 R 1) S bR A A X ISAR
T 5 EBURT s Re) S T St 09 43 T, 45 B 5% fR B
HAL TR, 58 HTE B AR RS 17 B AR B
BIE B T A S 5 T8 A 8K, E RS BE R R . AR S
WFFE T W ISAR RS2 BURE ] 2 AR 3 B, 29K 08
A LLGE o FF 24> ISAR 87 51 25 6 ok 32 & 28 b
K



1378

5 RS AN

B4

SE 3k :

(1]

(2]

(3]

(4]

(5]

(6]

(7]

Rihaczk A W, Hershkowitz S J. Theory and practice of ra-
dar target identification[ M ]. Boston ; Artech House ,2000.
Dieter Mehrholz. Radar techniques for the characterization
of meter-sized object in space[ J]. Adv Space Res,2001,
28(9) :1259 - 1268.

MA Liang, WANG Tao,FENG Dejun, et al. The character-
istic of range profile and micro-motion feature extraction
for rotary target [ J ]. Acta Electronica Sinica, 2008, 36
(12):2273 —=2279. (in Chinese)

BV NERRET N £ SR EE S Y
floz Bl R Ak $E BT ] A8 7 5 4k, 2008, 36 (12)
2273 -2279.

Thayaparan T, Frangos P, Stankovic L. Signal processing
techniques for ISAR and feature extraction[ ] ]. IET signal
processing ,2008 ,2(3) ;189 - 191.

J Li,H Ling. Application of adaptive chirplet representa-
tion for ISAR feature extraction from target with rotating
parts[ J]. IEE Proc-Radar Sonar Naving,2003,150(4) .
284 -291.

CHEN Xiuwei, ZHANG Yunhua,ZHANG Xiangkun. Bal-
listic missile echo simulation based on ISAR[ J]. Journal
of Air Force Engineering University ; Natural Science Edi-
tion,2011,12(1) :29 - 34. (in Chinese)

WRF5 5, sk e, sk b, 30E S 5 B TSAR [] P54
(I TR R4 B AR AR, 2011, 12 (1)
29 -34.

Martorella M. Novel approach for ISAR image cross-range

scaling[ J]. IEEE Trans on Aerospace and Electronic Sys-

(8]

[10]

[12]

tems,2008 ,44 (1) :281 —294.

JIN Guanghu, GAO Xunzhang, LI Xiang, et al. ISAR im-
age cross scaling method for ballistic target based on im-
age registration[ J]. Systems Engineering and Electronics,
2010,32(12) :2565 —2569. (in Chinese)
SOCIE, m i, B, . T R IO E R $UE H bR
ISAR [ EPRLT]. R TR S i 740K, 2010,
32(12) :2565 -2569.

BAO Zheng, XING Mengdao, WANG Tong. Radar imaging
technology[ M |. Beijing ; Electronic Industry Press,2005.
(in Chinese)

T i, Y. kAR AR M ] Jeat 7 1T
Ml S A ,2005.

QUN Zhang,Tat Soon Yeo, Hwee Siang Tan, et al. Ima-
ging of a moving target with a rotating parts based on the
Hough transform [ J]. IEEE Transactions on Geoscience
and Remote Sensing,2008,46(1) :291 —299.

Jin Guanghu. Research on ISAR imaging and physical fea-
ture extraction of midcourse ballistic target [ D |. Chang-
sha: National University of Defense Technology,2009. ( in
Chinese)

GGIR. HBEHGE FBR ISAR JRR K W BEAGAL S 38 4
ARBFFELD ] Kb : E BRI ,2000.

HU Jiemin, ZHANG Jun, ZHAN Ronghui, et al. Novel
method for estimating rotation angle based on phase can-
cellation[ J ]. Systems Engineering and Electronics,2012,
34(5) :897 —902. (in Chinese)

WIZRES, 9K 22, 5 SR, 4. — b T ML 0 71 19 4% A
fliitirE )] RGE TR S5 740K, 2012,34(5)
897 -902.



