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Abstract: A method is proposed for solving the problem when using Frequency Modulation Continuous Wave( FMCW)
in Bi-static ISAR system. Considering coupling terms induced by using FMCW signal the Discrete Polynomial Phase
Transform( DPT) is used to estimate the combined component then the phases of echo signal are compensated by using
compensation functions to eliminate the fixed frequency offset caused by first coupling term and maindobe expansion
induced by second coupling term. The Range Doppler algorithm is used to attain clear target’ s image. At last the validity
of the proposed compensation algorithm is validated by simulation and focused image is obtained.

Key words: Inverse synthetic aperture radar ( ISAR); Bi-static radar; Frequency modulation continuous wave

( FMCW) ; Discrete polynomial phase transform ( DPT)

FMCW o7
. FMCW
. . FMCW ISAR
', FMCW (
( FMCW) ) FMCW
33 ISAR “

:2011-0122; 220110425
(60971100)



2 : ISAR 223

-7 FMCW-SAR £ — EhEe
7 —— — - BERE

( Polynomial Phase Transform) 2 .

Fig.2 The timeHrequency image of transmitting and

receiving signal

° P
1 FMCW-ISAR S, = rect(t =Ry )
f
FMCWHSAR 1 R \?
exp(ﬂ“( =)o) )
2 ¢
o 1 B t(t - R, /c)
X-Y x-y X-Y
2
x ’ exp(ﬂ“( {2l ) @
(L 0) Ry~ Ry Ryp Ryp ¢
. P i rect( *) 1. o
x -y 0 X-Y t £ Ty
(Xo Ro) P X — TI Rref R[
y (xp yp) Rnf = R.,,r(f + RRnf R
. FMCW = Ry, + Ry,
2
FMCW T, Spg(t71,) =85,
PRI =T —rect( R /C) exp( szAR)
b A
exp( -j ﬂ( R“/V)AR +] ALLARZ) (3)
AR =R, - R 7
o ISAR
AR t
FMCW
X
'
1 FMCWHSAR .
Fig. 1 The model of Bi-static FMCWSAR P
R"I‘P( t’ tm)



224 33
Ry(t t,) = «/( X, +x, + vcosft” + vcosht,) * + (R, +y, + vsinft” + vsindt,) (4)
Ry(t”1,) = «/( L - X, —x, —vcosft” — vcosbt,,) P+ (R, + y, +vsinft” + vsinft,,) ’ (5)

(4 (5 t"=0
Ry(t” 1,) = Ry(t"1,) +Rep(t” 1,) = Rp(t,) +at”+bt,t’ (6)
OR(t,) = Ryp(t,) + Rep(t,)
O P . 3
OR,p(t,) = «/( Xy +x, +vcosbt,) " + (R, +y, + vsingt,)
O
D RRP( tm) = (L - XO - xp - UCOSHtm) ? + ( RO + yp + USinatm) ?
B Xovcos + Ryusin@  — Lvcosf + Xyvcosf + Ryvsing
a =
O Ryp(2,) Ryp(t,,)
O >
|:| RTP( tm) RRP( tm)
ISAR ;
P
(xp yp) x[, )
Y, << Rp(t,) Rp(t,) (7)
a-b o ;
RVP FMCW
2
(4) -(7) FMCW RVP
ISAR AR’ °
AR = Ryt 1,) ~R(1" 1,)
= AR +at” + bt t” (8) (9)
AR’ (3) AR :
Sl 17 1) o == ZAE —on( L S0 br,) e -
c
_ t"-R /c 2@ .
- rem( [[ )ex (_J ,\AR) ZJT&(& +bt,)t” (10)
4 c
exp(j 'U; 'efAR)exp( jz—L‘T ARt ) °
¢ ¢ 1 de,
1 M .fr :7 dt/ :f70+ rl(lm) + r2(tm)t,
exp(—qu’r(T— "/)(a +btm)t)' w
_ _HAR_ (L Ji;f)( a+bt,) -
eXp( ~ "B (a + bt )tz)exp(JJf( R, -R,) 2) ¢ A e
2 .
(9) Ha+br,) 1 (11)
AR ISAR
o ISAR
: (11) fo o FMCW

¢, (11)



2 ISAR 225
a b °
Jo +1a(t,) fa(t,)
: fo '
Fa(t,) DPT,(s(n) o 7)
fa(t,) = DTFT(DP,(s(n) 7))
° fale)  fa(t) N-l .
(1) = z DP,(s(n) 7)exp( —jownA) (16)
T m n=(1-1)7
l
T. t”l 1
Jat ) o = pcag e mas [DPT(s(n) 7))
f;‘l( tm) f‘rZ( tm) ( 17)
(10) m Ly (9)
b1 e, (9) RVP (9) t
@i ®>
/ .
RTIRTY Y 201 = e ot )
c p
¢ = X 4 b)) 1" (12) (18)
c
(7) 2 2muR,,
i L} e
b0 (12) o == QAR+ TR
=
o (= - 2WAR ( ! _M)(a +br,) (19)
a+bt,. a+bt, 5 ¢ A3
SR T
c
(18) a + bt,
3 .
ISAR -c
a+bt, = arg max( | DPT,(S, (n) o 7))
WVD . Chip Amulr "o e
8 -10 ISAR (20)
. a + btm @,
-1 ,  (9) RVP :
ISAR ¢
s( n) D(l a+btm)t,_@_gm
. St t,) = rect\ T T ¢ c c B
s(n) = a'oexp(j z a,( nA) ’) (13) O T, 0
=0
OsnsN-1N A exp(—jszR)eXp(—jzirM(t’_&)AR) (21)
. L A ¢ ¢
- R, a + bt,
@ P =t -— 1- =1
c c
DP,(s(n) 7)  DPy(s(n) 7) .
DP,(s(n) ) = s(n) (20 ’f
DP,(s(n) 7) =s(n)s (n-17) (14)
: Sp S 1) = Tpsinc(Tp(fr + }CLAR)).
DP,(s(n) 7) = DP,(DP_(s(n) 7) 7) (15)

T N/L 1

exp( -j zTﬂAR)exp( - 2muf, %) (22)



226 33

sinc fo= DFT
.2 .
. AR /. (22) : DFT 13-14
S fr 1) .

-1+ )

2
eu{—j@%R%u{pwﬁ) (23) °
A M
(23) m = 256
ISAR (a+bt)T,~2.38m (11)
° AR = - f,c/n
f‘rZ( tm) _f;IC/M
RD 39.73m 4 (9)
' 4
5| {zor] 9 -
M %M 2 I 1 ,
wl o P exp(io,) fa(t,)
w || o fal )
Wk M {2t DPT| oY
iy ‘ 3dB o
0 — -
i Jrhei lald — RER
HRR GESAES @% 2 0t q3g NI | R AT

2

exp(-jZTc fT' )

3 FMCWHSAR
Fig.3 Imaging flow—hart of Bi-static FMCW-SAR

H—{LIEEE /dB

4 -10 0 10 20 30 40 50 60

BB fm
4
Fig.4 Comparison of one-dimensional range profile
o 1
L = 100km 0 (X, R) =(5 50
50) km P,.P,
46
x =y (xl]l g
) = (1 Dm (%, 2) =(1 4)m z ,
v = 300m/s x 6 = 30° ; &
FMCW 10GHz 35
300MHz 10ms. ™
° Tr LA fm
i m =256 5
a+bt,o Fig.5 Target imaging before correction
a + bt, 238.32

244. 14



ISAR 227

FMCW

10 |
5 .
£
x
e 0
-5 |
-10
6
Fig.6 Target imaging after correction
t”l
5 6 o 5
ISAR
ISAR
FMCW ISAR
ISAR °

Tsao T Slamani M Varshney P et al. Ambiguity function for a Bi-
static radar J . IEEE Trans. on AES 1997 33(3):1041 - 1051.
Willis N J. Bistatic radar M .
1991.

Edrich M. Ultradightweight synthetic aperture radar based on a

Boston London Artech House

35GHz FMCW sensor concept and online raw data transmission J .

IEEE Proc-Radar Sonar Naving 2006 153(2):129 -134.

10

11

12

13

14

Edrich M Weiss G. Second-generation Ka-hand UAV SAR system
C . Prce38th Euro Micro Con 2008 Amsterdam: 1636 —1639.
. FMCW SAR
J. 2009 19(5):575 -584. Liang Yi
Jing Wei  Xing Meng-dao et al. A new method of downdooking
three dimension FMCW-SAR imaging J
Progress 2009 19(5) :575 —584.

Natural Science

FMCW  MIMO
] 2008 36( 12) :2351 —2356. Yang
Mingdei Chen Bo=iao Zhang Shou-hong et al. Study on
application of multiple carrier frequency FMCW in MIMO radar
J . Acta Electronica Sinica 2008 36( 12) : 2351 —2356.
. FMCW
I 2009 31(4):
794 -797. Qin Guo-dong Chen Baixiao Yang Mingdei et
al. Acceleration and velocity estimation of targets in Bi-static
multidrequency FMCW radar J Journal of Electronics &
Information Technology 2009 31(4):794 -797.
Barbarossa S. Detection and imaging of moving objects with
synthetic aperture radar part2: Joint time-frequency analysis by
Wigner-Ville distribution J . IEEE ProcRadar Sonar Naving
1992 39(1):89 -98.
Xia X G. Discrete chirpFourier transform and its application to
chirp rate estimation ]
Processing 2000 48( 11) :3122 -3133.

Almedia L B. The fractional fourier transform and time-frequency

IEEE Transactions on Signal

representations J
1994 42(11) :3084 —3091.

Shimon P Boaz P. Estimation and classification of polynomial—

. IEEE Transactions on Signal Processing

phase signals J . IEEE Transactions on Information Theory
1991 37(2) :422 -430.
Shimon P Benjamin F. The discrete polynomial-phase transform

J . IEEE Transactions on Signal Processing 1995 43( 8):
1901 - 1914.

. FFT
I 2003 18(5):7 - 11. Qi Guo-
qing. Error analysis of frequency and phase estimation based on
phase difference of segmented FFT ] Journal of Data
Acquisition & Processing 2003 18(5):7 - 11.
. DFT

] 2001 37(3):71 =76. Qi Guo-
qing Jia Xinde. High accuracy amplitude estimation of sinusoid
based on the phase of DFT J .
University 2001 37(3) :71 -76.

Journal of Dalian Maritime

(1983 -)
SAR/ISAR .

(710077)
1 13319280405
E-mail: zxpkongjun@ 126. com



