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Abstract: In the process of high-resolution inverse synthetic aperture radar imaging (ISAR) , the rotational phase error introduced
by the target rotation cannot be ignored, and the performance of the traditional translational phase error correction method is seri-
ously reduced due to the influence of the rotational phase error. Therefore, a method of joint phase error correction based on maxi-
mum contrast is proposed in this paper, which can correct the residual translational phase error and rotational phase error at the
same time, and further improve the quality of imaging. Firstly, the echo signal is processed by the traditional motion compensation
method, and then the phase error correction problem is converted into the maximum contrast optimization problem according to the
maximum contrast criterion, and finally the improved Quasi-Newtonian algorithm is used to solve it. This method can enable accu-

rate imaging of high-resolution inverse synthetic aperture radar, and the resulting image focusing effect is good. Through the pro-
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cessing of simulation data and real data, the effectiveness of the proposed method is verified.
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Fig. 1 The ISAR imaging geometric model

TR 5, SR 69 W 55 o]
LR

sp(ts L) =APreCt(B(tr - zR”(l““)) ) .

c

-4
md-ﬂw&Y“) (2)

P A, WU AP EUR R 8G B A 7R R RS
(17 SEANE A 5, PRI 3¢ e 5y S iRAIAR

XI5 5 R T DK b s 4, 228 3 Jok ol [ 4 Ak B )
THBR S — A LI A2 ), Jokonb PR 48 )5 69 (Rl (55 n) 3%
RN

sp(t,s 1) ZAPSinc(B(tr - zR”(ct*")) ) X
exp( - j4m RP(;"‘)) (3)

XD oy (e,) AT GRORTIT, HA HR
AR

0°(t,)
r.uum) ”‘v“yp(l - ) ) —xl’e(tm) =~
o’
Yp ~ Xpwit, — 12 ti (4)

o, cos(60(1,)) =1-6°(1,)/2,sin(6(t,)) =6(,) o
H1 T FUAR S0 e sl UL s 1), DR 7 28 80 e O 5
DU 2 T kT (D) M (4)FRAK(3) 15

sp(tst,) =
R(t,) + - 2,01, — V'L,
A,,sinc(B(tr -2 P ! Ir ) ) .
c
2R,(t,) *+ 2y — 2wt — ypw'ts,
exp | —j2m A

(5)

A resine () RN B 45 T 5 exp (- ) 27 [ 35
ORI, 155 70 R AR R T, B s ™ AR DGk 2
Wt AR R 22
X K o 246 i P [ B A5 BEA T RLAMES o St
Fr P ol bz, T BR PR30 B A i AL 45 W A% , T P
SRR 22 , ik G DR P B R 37 1% 22 i KT 52 W) % s A
PHRFZEMAT Y . FaMER , T
— 111 —



2024,46(4) B2/

(AMC-

ik

sp(t,3t,) =

Ry +%p ~ 200, —ypa)zti) )
- X

4

Apsine ( B ( L,

. ZR/O(tm) + 2yP - szwtm - waztrzn
exp | —j2w Iy
(6)

TR Ry (t,,) Frn & V- Bk 2 i 5% B 11 Sl e et
BRI 2E o o3 HARERI R SR AR AR 2 AL IE T ¥k
AT LLSEBURS IR AL s B 0 BRI PR i1, e s P
FIA B A RLR Z R AL G RN IR 22 I 7 32
TPk, B SR Bl A R AL R 2R AN RE B 5 4
I ISAR T3k BURACRA W A2

SRIG R B AME IR 1965 5 54T Keystone 848, 7
BRINEL S5 i i 2% i F% o Keystone 2545 , A1

R, +
%uﬁ%>zmm43@-24;13)
c
2R (t,,) + 2y, - 25,001, — y,,wzti‘)
A

exp(—j2q1-
(7)
2 ETRAMEWIKEACIR ZRE T &

1T FARFE B 7= AR A AR (V1R 22 I 2, 5 2f%
GEAAI AL DR ZERCIE TT 15 A PERE T BN [, © AN RN
HSEBAIIRZERL I o O fff DR B [R]85 o A
JI ST — R T R RN LG BE BB AR AL IR 25 AR
AR5 0E W RH L 1R 25 A5 1 T R A g e RO L RE I A6
()L, A ] o A LE 5 AR )~ Sl AR 37 5% 22 I Sl A L 5%
7, AR BB AF i BAGRCR o #5aX(7) SRR T 15

M-1

s(n,m) =Y {g(n,h)exp(j21r hﬁ’") :

h=0

exp<j¢m>exp(jypa(nz—-%§)2) bo®

KM R Ak bR g (nyh) Fos BRI (0, h)
MEE 3¢, =—4mR (1) /A TR m ADPKPEE AR
SRR ZE ; foeim — U L 3l AL AR (2 e 22,
a=2mwf.0’/(cf;) .f. FmREHESHINf, Fm kb E

TR I AR5 B 58 U A R 22 M OE, I 225 AR
REMIEJF Y ISAR Bk R Al 2R

g(n,h;p,a)= zW: {S(n,NL)eXp(—quT hm) .

9

(9)

eXp( - jd)m)exp( - JyP&(m

— 112 —

Ao RIARRARM P S M LR ERIER T, 0=

[is b wor b o ] 36 FREEEAIOARLEREE
GE
ISAR [ 1% L BE T 46775

N-1 M-1 0'[ |g(n,h;g?>,&) |2] N-1 M-1

c=Y =2

= = E[ | g(n,h;p,&) |2]

VE{ Lot ap 1 letwhsoi 1) ]']

E[ lgnhipa)|*]

(10)

AN FRBES L MG o (- ) Fm RS
2E( ) FARBEGIREIE | | g(n,h:6.8) 7]
FORME e o e BLARSE A 155 0O R
AASH, L B | | g(nhsd, | | JRABIERR (i 22 s

PR H B SRR 2 (10) BT [R] I 52 BRGH AR A7 1R 22 2 0E
AT o Ml a BTt

ISAR S fGad #E m, o TAIOLER 22 1,
BB HBE AR, ISAR BRI fE . M, R RLAT
PRI — 2R R | 7 AR U, BB X L 2 4
Ko PRI, FATTAT LU GRS HERE R /I oH 4 W A A7 5
ZERCIE ARG 38 5 o 0T L B fie R AR 3R BOCS K AR
fifto PR FROLIR ZEAG T R R R A

(¢,a) = arg maxC(p,a) (11)

R (L) v Z2 A4S RN Z B B R0t BEBE G
ARTRI R ASSCAE T T At AU A R, mT S B A
SRR SR A, ELREA S0 PR B 5k 19 o 8k Fnfie 8
Yo SRR AU @ o R — A S8 IR R
MUSHAE ARGSHEE NG o Bl o FRE DS
o HAPIRWE .

(1) B9, Al sl b2 e 5 Ax 1 s AR 0 1R 22
PR 2E o BRAN IS AH AL 12 25 @ IV Bl AR
22 o (5 PRI THE S BT ' o' ok 3
R, IR @ HESR | R m AN SEE e R
B, B

G = [ Gl b | (12)

Krfdl) FRBE b, T | WEACHILE IR, ¢ =
GV +AGY  AGL A § YT 6 B AR L



- FREREEA -

5B, S RET RO R ARG R LR 25 1 IE T i

2024 ,46(4)

&0 = 400 &+

] B b ] A a ok 2R o o B AR
AGY L B o TR BERNSE & s U i
T
Ad),(,f) = arg maXC( hm) QU )
o (13)
AG' = arg maxC( G M) a™ + A )
AQ
(2) HWR 2R F ek i $UL 40 i s vk X =8 (13) R4 7
*ﬁgo

A(bf”)__(v C(o™m ,q" 1)))’1

VC(QD(lm) A~ (i- 1)) =0

200
iM) A (i-1) A (i) B
(i, ’a i + Aa(z ) )

VC( @ A6 4 AG m)

A== (Ve (d

AR

(14)

A V260 G MTCG &) S
ARHEFE €5 &™) 1y Hessian S HE RURIXS T2 it
AL MBS I V2C (60", &0+ A& )
VC( (i, M) "( 1)+Aa( i) )ﬁ%u%@ﬁ%ﬁ% C("( M) ’\('*1)_+_
Aa" )y HeSSIan L R 25 i Aa” (BB

(3) el , BB RN R 55 #F e w2 S G A
BCEA

‘C(éu,m,&m) _C(A( “LM) & GD ‘ <p
(15)

K :p AR/ H R T 5 B0 TR, 40 2 2 (15)
oIk B ST B A B AR AL (] 15
3 o Al o MR ZATTHE, DL, £330 ISAR H ik El
AT LU RE K, LSRR B o
T BE MR, BAR L — 1y B SR A i Stk

LA IR ZE AT T R AME BT 1) 40 A i vk
XPRIEFRAANDAD A B S s B A Hsa R
FEE RN TR ARG ) Hessian Ff f4 F1AS 45 BE HE 178
o ARG A A R KB nL o B om A
SRS AA T R A 5% AR AL 77 ZE X Hessian i [f4 il
AR EEVEAT 2nxm IRIE 5

3 BB ERE RO

RV I X7 LR 5 S R e ) Ak B R Rk
AR A TR UE o Bk i HoRs 3 T KON HEJEE AT

PORZEALIE T R G4 SO b AT % L, ZEAR R 25440
Gy B PRR T I AT AL B W8 S A5 AT XS L AT o

D ESEER 2R I CAILBL Y 330 AN 4l
B, HRSE R 42 mx38.26 mx4. 5 m, & EH A KGME
S 9L 600 MHz, 431l 9. 6 GHz, ik vh 55 &2 %8
100 Hz, HARAT#E 5 3l 4% 3 h 0. 028 rad/s, 7E RIS
S UN INBEALAE 7 1% 25 R e B e A IR AE(S IR L 0 dB
F110 dB B, 43 5% B A 7 35 AT 6 F g e, AR
IR p=107", F KRB UAECH 400 1K

WE 2 s, fEfE ML 0 dB F1 10 dB B, 43531
FAPIRN 5 677 7 . B H AT LUE Y, 7E15 e L
0 dB Y, FETF IR RO G RE B 2 DA TG TR 1 2R A A
8 TTAS SC 5 ¥EATY SR RE 8 5 A 1 b 1155 15 W LG Ry
10 dB B}, iR 7 AT RERS 21 R 4510 AR 25 5, T BH 2
A EIAR R RERCRE B 47, d ik, Bk T4
SCRA A R

PEEIE /m

25
25-20-15-10 -5 0 5 10 15 20 25
frj) /m
a) SNR=ORFEF R L B VU 45 R
a) When SNR=0, the imaging results based on
the maximum contrast method

25
20
-15
-10

BEES I /m

25-20-15-10 -5 0 5 10 15 20 25
Jifsii /m

b) SNR=OR AL AR S R
b) When SNR=0 the imaging results of this method

2520-15-10 5 0 5 10 15
Fizi] /m
) SNR=10WFET-BRont LT TG 4R
¢) When SNR= 10 the imaging results based on
the maximum contrast method

— 113 —



2024 ,46(4) B2

(A2

- S50
Jifizii] /m

d) SNR=10BI AT s R
d) When SNR= 10 the imaging results of this method

P2 [R5 L s o Ay 12 S A

Fig.2 Imaging results of two methods at different signal to noise ratios

T AE - 42 5SS R AT AL B, LA — 2D
B UEA SCOT VR A RO, BB IS R G S A
400 MHz, #5458 7. 8 GHz, ik ihE & % 100 Hz, H
S H 8 5 0 BB SR S H AT

SRR Sy 28 3 RN T AL B S L A K 3 B
AN AR EE R o NI R BTV 19 [ B mT LA H 223
TIIEAL RS BB BT i RS R AR OR T 4 e, ik
— IR T A SO R R R

250
200
R
E 150 g
o ~
= 100
50
90 100 150 200 250
i TG
a) FEFRAN LT EUG 45 H
a) The imaging results based on the mximm
contrast method
250
200 .
(/_ -,\) _g
15150 et
" =
Z100
50

90 100 150 200 25
PRI ST
b) ASTTERGLER
b) The imaging results of this method

B3 scilEole iR 45

Fig.3 Imaging results of actual measured data
4 HRiE

ARSCEETF I R HEREHEN, 32 1 T —Fp R T ook
X EE BE BB A AL IR ZE A IE Y 7 18 o AR Tk AT R] s A%

— 114 —

TEFRAR I F- AL 1R 28 FFE SIAR AL IR 2, JFAR e K
X U JRE VU, Ko AR A7 5 2 A I ) A2 48 5 0t B JEE
DU RIS, SR FH A 2E F) 400 2 0 5 SR A e RO EEBE
6 3 X (7 LA ARSI A0 A B A R BRIE T A
SO BT IR Rk o %75 BB R 70 B3 ISAR
TG HERR , BT RS R SR ROR R4

2% 3Lk ( References )

(1) (B ], FMKED, TR, BLah F bR & LA ik
AR RE S F:[T]. 2440, 2000(6) : 24-28.
, SUN Changyin, XING Mengdao. Principle

and algorithm of inverse synthetic aperture radar imaging for
maneuvering targets [ J ]. Acta Electronica Sinica, 2000

(6) :24-28.
(2] [ f), @i, £ B FEARGHEAIMI]. L
LT ol H L, 2005.
[BAO Zheng|, XING Mengdao, WANG Tong. Radar ima-

ging technique[ M]. Beijing: Publishing House of Electron-
ics Industry, 2005.

[3] ZHUDY, WANG L, YU Y S, et al. Robust ISAR range a-
lignment via minimizing the entropy of the average range pro-
files[ J]. TEEE Geoscience and Remote Sensing Letters,
2009, 6(2) . 204-208.

[4] XING M D, WU R B, LAN J Q, et al. Migration through
resolution cell compensation in ISAR imaging[ J]. IEEE Ge-
oscience and Remote Sensing Letters, 2004, 1(2). 141-
144.

[5] & W, 24, BEE. 2oKUm o Brsg AR e &
KRR ] B S, 2021, 43(7) . 27-31.
ZHANG Peng, PENG Xiliang, LU Jingying. Experimental
research on millimeter wave phased array radar for high reso-
lution imaging[ J]. Modern Radar, 2021, 43(7) . 27-31.

[6] CHENV C, MICELI W J. Time-varying spectral analysis for
radar imaging of maneuvering targets[ J ]. IET Radar, Sonar
& Navigation, 1998, 145 262-268.

(7] sKkivar, Jdid. BCa r)-F s Fnde shAf A 4Tk
[I]. V9% V92 FRHR 244k, 2016, 43(5): 31-
35.

ZHANG Yuhong, XING Mengdao. Approach to joint transla-
tional and rotational phase auto-focusing[ J]. Xi’an: Journal
of Xidian University, 2016, 43(5) ; 31-35.

[8] YEW, YEOTS, BAO Z. Weighted Least-Squares estima-
tion of phase errors for SAR/ISAR autofocus [ J]. IEEE
Transactions on Geoscience and Remote Sensing, 1999, 37
(5): 2487-2494.

(9 &k b, 5Kk &, XUEA. — BT B E X LY





