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Abstract: Compared with the monostatic radar, micro-Doppler effect in bistatic radar has many differences due to
its spatial complexity. In this paper, micro-Doppler effect of target with rotating parts is derived in the bistatic
ISAR system. Characteristics and manifestation of micro-motion part in the range—slow-time plane is also analyzed.
According to the effect produced by the system’s spatial relationship, a modified extended Hough transform is

proposed to extract the micro-motion information from the range-slow-time plane. Simulations verify the

correctness and effectiveness of the method in bistatic ISAR system.

Key words: Bistatic radar; ISAR; Micro-Doppler; Hough transform; Rotating parts

1 58§

R H 3 A5 1 fLAR T Ik (Bi-ISAR) I H B A5 |1
UF “DUBTIERE”, DLRSH H ARG A3 H bria
Bl J7 1) BRI SR A 2 A TR R AR A ) — N
S5 7 1 P o A £ 3% #2808, (micro-Doppler
effect) &8 H An sk H A5 454 o 105 sh 3 -8 B Ax e
B 5 2 R R AR SR T, RS B AR 4
BOBIEL % B8, SeEl H AR s B A 2 3 5 R
B, BT ol LS B0 H bR ARG AN, IERESASH
FRICRS 4058 20T, IF HLE— 25w H btk sh 3ok
EHPEEERZ MM ERR, Nk HEPRA S
SR E R

AR R, P2 AMMME S EE B s 54

2009-05-06 Y F, 2010-06-15 &t/ml
E R [ R R34 (60971100) 7 B UL
WEEH: K#E  zhangqunnus@gmail.com

OB AR B A BT BORPL, TLPRCIE R
RN S KA R (EMD)Y, 4 Hough 28 #t
VEIPIAE o AHIZ LT R B B AT IR B, AR
K53 O i TR AR 0 R A 3 DA 1 R A
Fo ASCULE AR T 45 o 5 WL Rl T A —— e %
BB, KN T S e A2 B H bR KX
o ISAR RGECARAL, JFFRA AT T HARSS AT
PR P A M 22 B RN o ARSI TS T H AR
Tk 20 3 B A B - A8 N i) 3% Pl 3 1) R B 5 R I
RJE S RO AW A B R R 2 TR R
EIE T T4 & Hough A4 i1 R4 HX H AR s)
RN, AR RAREAR ] F A H AR RS
TEhfE BANE M AR
2 MEMEXREME EHEEHH
2.1 WEMTFAMN L L#EFRE

TR 1 FoRIfXCHE ISAR PRI, 75 ekt i
PRI A H bR DO B V YK 5 038 5)) . ik Abby



2360 BT 516G 8 %R

%32 %

BAERIE Tx B R

1 188 HARXUIE A A R 5t

R (X,Y) RS EIE Ty W0, Sl X, i
SR T U2 K L, W ik Ry (AR H
H(L,0)e 75 HAFRUR R AL 5 PR SR B, B
(1) 55 00 M 7k 2 T AP /R85 2R B H b
UM A, SR H AR D O(agyp) « e 0
Qg o) MICE TN A (2)Wekt 21 P, Holfehte )
oy B LRSS K 0,0

T b GO AT B, A A i

(6] ¢, B2, SEAREUR A5 0 B S B IR R BRI TR A 1
BEES Ry (t,), Ry, (t,,) WT 43 2R~ N

Ry(t,) = (z; + Vtm)Q + y1‘,2 (la)

Ry(t,) = (L — (@ + V)P + 4
—Jw DR (1b)

W) ¢, B2 5 zEI’JXXﬁf@,F‘;ﬁEE%ﬂR( ) A
Ri(tm)—\/($i+Vtm) +Y; +\/ - i)_Vm) +yi2
(2)

%4 R (1, ) HAT R VAR T, JF4 S T
Ri(t,) = \/%2 + y? + \/(L— :vi)2 + y?

_ T _(L*l}:) )
_&@+L%m Rﬂm]m” ?

Horr Ry, (0), Ry, (0) 43 50l 27 5 i 21 55 75 18 AW
RIS WIARBE S, 0 kIR0 4 XU 3 7R A A
Ri(o):Rn(O)JFRm(O)’#/%Li: & _(L_Ii)

Ry(0)  Ry(0)

WL WE R Ry Q (9 B ik 2
RQ (tm) = RQ (0) + LQ -, (4)
EXGEHEIE RS, Hbs RsFi /- Hish
OF ., R A EE RS, T e 5 e B As
1@(3ﬁ¢§ﬂéﬁ>mﬁ/J\aﬁw@ I, Hiekt i P 3
W R IR B Ryp(t ), Ryp (£, ) TTLAZS 513
181 73 /ﬂ: 1E RyQ(t,), TxQ(t,) LI #5 Ry (t,) Al

Ryy (1) HP ReQ(t,,), TxQ(t,, ) S3 M F N ¢, 16 2
Jigherbty @ Bl RdIEZIAINEL

WE 2 Fros, ek s P LA Q O AR IR R g
¥, FrvcAr e, 21, Jiek sl P 2 bt @ 1R

BRE N Tp(t,) » WAL HARAHARRR R (,y) T H)
ARFE Ny
rp(t,) = (rcos(wt, +6),rsin(wt, +6))  (5)

RSFTIE Tx Pl i R

K 2 el M R E

WA PSPIEL, i P BRS  BCR ISR A5 R
Rpp (tm) = RTM(tm) = RTQ(tm) + QM
Rpp(t,) = Rpy(t,) = Ryglt,) + QN] (
How QM QN 5 5l A R & rp(t,) £ TyQ(t,),
RyQ(t,,) LB, HA

LPOM = wt, +0 — LQTx Ry
ZPQN =7 —(wt, +0+ ZQRXTX)} @
M HAR RS8O, BBl HbS AR RO

Kbt el AeT LU H bRt O RS Bl
(LOTyRy,ZORyTy) KTk, 7ERKEH ISAR %
ER RN (—BRZ 0k 3~58), HERMIEEhE S
A (LOTy Ry, ZORyTy) KA (— M A6 g /e
A7), AR H ARSI o1 £ PQM, £PQN 1)
Ak, LR PR AT LS . PRk, AT LK A

(LOTyRy,ZOR,Ty) ML A H L, IH4 %% T
ar,ap o WE(T)PTITLE A
LPQM =wt, +0 —ay
(8)
ZPQN =7 —(wt,, + 0+ ay)

F s (8) RS (6), JEHEEL T A SRR 1 P AL
R BF Ry () M
Rp(t,,) = Rpg(t,,) + Rpo(t,) + r(cos( t,
+60 — ay) — cos (wt,, +9+aR))
= Ry(t,,) + r(cos(wt,, +0 —ay)
— cos (wt,, +<9—|—aR)) (9)
K e e Ly @ R XU M T A B AT Ry (1, ) AR K



%10 4] AT R B B AR XU TSAR TSR AE S E A A5 9T 2361
(9), Wit ST ¢ (ISR, TR L Q RINERE & P
Rp(t,,) = Ry(0) + Ly - Vi, + r(cos (wt,,+0 — o) P ) 22 e B BRS 40 5] hy

—cos (wt,, + 6+ ag)) (10)

2.2 RHEFEEMY BB EH ISAR B {ES 4

BT ISAR RGN 2 M AfE =, )
Hbr EAR—HUR AU RS 5 5,

W dr—&mvj
T

-exp (27 (f,(t = R(t,,)/ c)
+(1/2)u(t = R,(t,)/ ")) (11)
o £ T, 20 00 A TR IR 5 B AR L i o B
U, rect (o) AHIE A BREL 5 L HARH L O N
Z% 5, MM (3) vl 5 ¢, I 222 ri ik i) 7R 2
Rt (t,) N
R (t,) = Ro(t,,) = Ro(0) + Ly -V, (12)
F A (12) AKX 1) WS A RIS 54

St (B 1,) = sp(t,t,,) = rect [M]

ref
~exp (27 ([, (= R (4,) / €)
+(1/2)p(t = R (t,) / ¢))) (13)
Horb T B 2505 S IR SN ), — B, e s
KT EIEAE ST, X HAREEAE 52474
fskEe, "G

Sei (t7 tm) (t7 tm) ref (t ¢ ) = rect

o, Butte)

- exp [—j
C C

s,(t,t

’m

t—Ri(tm)/c]

ref

27 T

Hrb AR (1) Ron A, B2, Hﬁﬁ%ﬁﬁ%%ﬁ

RIS M o T R R AN () R 22 B . S
ARQ (tm) = RQ (tm) - RO (tm)

= ARy(0) + (Ly — Lp)- V4,
ARp(t,) = Rp(t,) — Ro(ty,)
= {Ry(t,,) + rlcos(wt,, +0 —a)
—cos(wt,, +0 + ap)l}— Ry(t,)
= ARy(t,) + rlcos(wt,,

+0—a,)—cos(wt, + 0+ ay)] (15b)
()P ARRLI Y g 3 5y, B 1 TR
I, A% IR 5 T SRAT H AR AR A5 R
2 BRI, e HARIash ™ A 0 2 5 )

(15a)

PRAER: 9 3 BUNRR AU, Bl 2 1)
ATREBRSCAR o 3 (14) PARBZ IR S 2 F43 ol s

fQ—dOppler = (LQ LO)V

fP-doppler = (LQ - L() )V —wr-F Sin((‘Utm + 0 + gp)

= f()-doppler + fP-micro—doppler (16)

HH foierodoppter = —w -7+ Fsin(wt,, + 0 4 @) A e
KPP T A

M (16) T LA H: g o s Q mE
ﬁ%ﬁim%?ﬁ@%%%m%ﬁ BHEHRK
FEIA G, RGN AR T A FARHUN RS e
%ﬁ%ﬁﬁim%ﬁ%ﬁiﬁﬁﬁﬁ£W$&ﬁi
(1) 22 38 S A2 M1 B B e 2 P 7 AE (R 22 5 A 23 T
o

X H AR AR 5 5, (¢,
AR A 4G

Sm(fvtm) =

t,) SR T PRI [H] ¢ () e

Tpsinc

11+ an )
C
27 T
- €Xp [.] )\_ARL (tm) + J C_éLARLZ (tm)

- =L ar )| a7)

M (17) 0] DL, e i bR i 1) A2 46 1 Rl 98
fESTEAE— ¢, T ZIHE — RIVBETE N sine BREURIR
ik v o 9 ik b A A2 b U HE BRI AR
f=—AR(t,)-u/c, EE5AR(t,) XN IIK
R, BRI UN T —c/p, HAT LA 2] H
b B 5 2 2% f OO T IR R B R 2 [R) ZE (H
AR(t,,), WEAT LA & B AU A (5 B W
0 @ MUERE 1P FEARAR AN b IR W AEL 7 75 R Y,
NPT

fo =5 ARy(t,)

I
:*ZA&ﬂQ*;U@deWm

fP = _%ARP(%)

—_£ {ARQ (t,,) + rlcos(wt,,
c

(18)

+60—a,)—cos(wt, +60+ay)]}

:fQ—ﬁ%Fcos(wtm—l—G—i—gp)
c

¥ F= \/(sinaT +sinay)? + (cosay — cosay )’

PR BUHE M 2 [ i [A 7
o — arctan Sin v + SIn Qg
COS Qup — COS vy

Sy B A AL T . AE A (18) P, (Ly —L) Vi, 5
ARy(t,,) HLE, EﬁﬁﬁTu%% fln, {Ef;E



2362 BT 516G 8 %R

SKEG IS 3 P E T, 29 AR (t,) = 4.22 m I,
HI (Ly — Lo) - Vi, TEPRIR IR 5 ™ AR R BE B 224X
A4 0.03 mm, FrlhZBRIX—LUE AT Pitn]
AT AR, (t,) = AR, (0), HHAANNX(18)/5, W
£, = —E£AR,(0)
¢ (19)

fr = —%ARQ (0)— %T’F cos(wt,, +60 — )

M (19)FTCUE H s e ol s AE AR Al
B B e Y, e EER T, oG, e HAR
FAREUR AT R e s s AR
A7 B S NS I TR A JRA AR A . PRI, A S i e (B
PEED)-12 IR 2 dEpRB,  Fei A H AR RS
i ISAR [HI3 % ], R el H AR = AAEG U AR B
SRR K AR IR 5L I ZR R ARk, HLERE A
[R5 5 R = A 1) 0 5 ot 2 1 A8 Ak ) 3 5 S e e
JAIARTE . X (19) RIS BE B, hEdk s et b=
IE 5% M8 id 52 2] T H s 55 23 8] LA 3 i il
LA 3 T XU b 2 [ 9 58 55 W K]~ B A 37 33
(52, IX— i 5 B ER AT 15 2 1 Y,
AAEX I .

3 HHAYY R Hough TRE L

& Hough 2 0% B35 2 3% ¥ (5 B3Ik
[RITiEZ 1 YRR Hough B # B iR, W]
DM 4 ZH0A RS B I 5% ih ek 4

[ =d-sin(wt, +¢,)+1 (20)
Hrd Wi KRR, w Mg, w=27/T,, T &
Wz M I I, o, ARRWILAAENL, 1 #5187 1E 9%
M 2 7 AT R (B 3 ) Bl O o T A P s R B
M S5 B, 2 #mtnT LIS 21 H AR 7D
B, IR B ARTEh 5 B2

TEREEML ISAR REE, T X0 % (] 47
X H b 2 1= A (52 . 7S A9 Hough 4%
e Io 1k HERAT H AR I B e AR RUARA A B o
T B A B T e i A I AL B AE B, A
RERE IS T 2 S0 R B Bl T 25% H B ke 5 1
(LT AR AEE L e 2 1) TR IR R 655 JEAT IR 2 T ks
T s AN B SE (e i AR5 B AR 2538 ek H A
(il BRI, O 7 45 380 B S R e e 5 R0 200 B
LS 2% 8] R 7 F R0 B INAR LI o 1520, AR50 24
ZU 4 i Hough J7idiAT & IEMSulE. B 3 45T
TEREEM ISAR #4811, FIHEIERY & Hough J7
ARIUR 2y 25 H AR a5 B i s B K, g
LITENRRNEIES IR,

32 %
WM ISAR ek 28 M
u(viﬁf{. ) (d,w, %0,0) 4y 5 th kit
Sl
Bk ¥ l
L Ho_ug;h """"""""""""" :
o ampE s o | RAEER
sultit) DRI | AR R
am : : S B AR
o R :
FFT
(1] 933 FIbR 2L T
S.F )] WA H g

3 XML ISAR AN B2 B S B A R B S

4 RESH

WK 4 fiox, WoE 4 4D i B S50
EL AT XS ISAR. RGP I 1 8h s A, XA
() 2 K B 50 4 (0,5,10,15) km o« 4L K E N

Y

S

WiEA WIS Bl WikB2 ik B3

4 XUHEM T Ik RG]

0 km i, W REFEELTFR—E, RGEBMLNHR
FEARHI TR . AR TR IR A %4 B = 300 MHz £&
PEPRAAIE =, HMKhEZ 4% PRF = 1000 Hz , %X
M f. =10 GHz, XNV K N, =0.03 m . HixH
PR LA B V=300 m/s #Y L TAT I migsh, Hisd
D5 RS IEYIAGFE RS 10 km .

o bR 5 AN AETEH: sifl 2 AN e s s 4l ik,
Wil 5 Prose e PSR s AE H AR AR R
WIGEAAFR 5330 (3 m,3 m)A1(0 m,3 m), H%HLA
48 (4 m,8 m) R (4 Hz,12 Hz) SEHERE hO e
IR 0. W 6 451 T 4 FRSE0F 1IN

Bt
5 A
= "
=
g !
3
HhrHe
=5
-5 0 5

F7A7 1) ()
5 HbsHUN A



10

AT QAR B R HARXUSE L ISAR TR LR IR UG T 2363

FE3 ISAR A5 5 BE -T2 I 8] 2 4EIE I, A& AT
Aihe (1) & BeFe s rE H bR XU TSAR 2 4Ei
HTAE e 1 A B B T AT e 4 w7 B ) IE 52 I 26
R (2) H R gk s Al B 2B 1R 1E 5% i 2 1
(I JE 52 380 B R 0B 2 ) 7 B AR o, A
A7 0 B PR OUHE U RF A

RGN T AMELRERLE S N ELKE,
RUHE I TR+ B IAH A BLR AT J€ Hough Jy
EAEIE RIS & Hough J5 72 Fr $HUK) H bR s i1
fE R CHERR G ). AR 1 ATAEH: AT
Ji% Hough A2 4 S th £k Z- 40T HL A5 21 H AxTigde
PR SIS R ZE U, T XU 2% ]
7S BRAR B, BRI B IE 97 i Hough A2t
P4 B (1 e e - A5 B H b i e i LSRR SRR —
Blo H4h, R 1 ey B R IARAI I, afE
T2 H AR e e i F IS BAR

B 7 45 75 3 RS HIE T, MEEHEE

15

53 BTG O AR PO ISAR H g W 7
AT DL s AR B2 5 84 W H AR RS ISAR
BRSNS, 7603 B bs e ik = A i 2
WWE ST, RS RE M H bR AR
5 e

AL DA T i A H b i, o A e 1 X
i ISAR REGH H bR g M-l sh B = A2 22 35 )
5 BRI 5 M LU v . IR EE SRR . (EXFE
i ISAR RGeH, e e X wsh = i 2 3%
B A I 2R T ), AE ok 2 A e A A iR
57 H b5 AU b T8 2 () A7 5 B R b ) ]
W], A A S OO R . R REIE S 1)
¥ & Hough A4 AR 1] LMK ISAR 3 B A
AP H bR IS E R, Rt R
H AR s A5 B G R AR5, MO ok 25 T XU Hh
I H bR PN S AEET IR AR AT T

30

10ty AR A oA 20tn A A A AR
z v VAR = 10} ) o
£ NV A N 1 s0
E 0 ot T o VIV xS W W v
L | - =10 1l W L4 W v v ]
-5 — - s i - —20
=10 " " L . =30
i} 0.1 0.2 0.3 0.4 0.5 (1] 0.1 0.2 0.3 (0.4 0.5
&I TR] (s) T3 [a] (s)
(a) b (b) Hik B1 ZHilE
30 40
20 A 20 A A A " A
— 10l i — 10 Pt f—
=0 - y ] ﬁ%&'fﬁﬂhz~
—10 W —10 v LY v W T W]
—20 =20
=30 - - - - —30 - - : -
(1] 0.1 0.2 0.3 0.4 0.5 (1] 0.1 0.2 0.3 0.4 0.5
{2 ] (s) ] (=)
(¢) Wik B2 BEEL (d) Wik B3 2%
K6 e F bR ISAR, PRS- 18 1 1A 3% P
R1AMBERFHANFER
" o AL () e 4% (m)
T (km) XM B K5 F
VAR PREUE J A & IESH:
AT R A 0 0 0 8 8
A M Bl 5 1.92 16 15 15.5 8.07
F
XX% ey n B2 10 1.80 26 27 14.4 8.01
Tk
A Fl B3 15 1.72 31 33 13.6 7.91




2364

LI I IS S i

32 %

(1]

2]

3]

(4]

[5]

(6]

[7]

15
10
= 5 s
w9 -
= -
=5 =
=10
-15

-10 0 10
Jificlia) (m)
(o) 43 B RS

BT (m)

=10 0 10
Ji 1) (m)
() 43138 1 H brdg

B 7 T A 0 BT (K T B A H PR XU ISAR 1

2 & x #

Martorella M, Palmer J, and Litteton B. On bistatic inverse
synthetic aperture radar [J]. IEEE Transactions on Aerospace

and Electronic Systems, 2007, 43(3): 1125-1143.

I, B, TGS, XU & AL RIS R BT[],

R TS THAR, 2009, 31(5): 1055-1059.

Gao Zhao-zhao, Liang Yi, and Xing Meng-dao, et al.. Analysis
of ISAR imagery for bistatic radar [J]. Systems Engineering
and Electronics, 2009, 31(5): 1055-1059.

TRAR, RIRBE, HFER, . NS AL E IS R S
WESE[I]. T 515 B 2R, 2006, 28(6): 969-972.

Zhang Ya-biao, Zhu Zhen-bo, and Tang Zi-yue, et al.. Bistatic
inverse synthetic aperture radar image formation [J]. Journal
of FElectronics and Information Technology, 2006, 28(6):
969-972.

AR, EHER, XA WIKISAREAR S [I]. 15
SAbH, 2007, 23(4A): 514-517.

Huang Yi-yi, Wang Jun-feng, Liu Xing-zhao. Research on
bistatic ISAR imaging algorithm [J]. Signal Processing, 2007,
23(4A): 514-517.

Chen V C, Li F Y, and Ho S-S, et al.. Micro-Doppler effect in
radar: phenomenon, model and simulation study [J]. IEEE
Transactions on Aerospace and FElectronic Systems, 2006,
42(1): 2-21.

Thayparan T, Lampropoulos G, and Wong S K. Distortion in
the inverse synthetic aperture radar images of a target with
time-varying perturbed motion [J]. IEEE Proceedings on
Radar, Sonar and Navigation, 2003, 150(4): 221-227.
WRAT B3, XKAE, L AR, 5. s FAs & BB s (8 80 o i
[J], HLT244H, 2007, 35(3): 585-589.

Chen Hang-yong, Liu Yong-xiang, and Jiang Wei-dong, et al..

(8]

(9]

(10]

(11]

(12]

(13]

KRR

Mathematics of synthesizing range profile of target with

micro-motion [J]. Acta FElectronica Sinica, 2007, 35(3):
585-589.

FERISC, XKHE, B4 HARBER IR st ke [T]. o124l
2007, 35(3): 520-525.

Zhuang Zhao-wen, Liu Yong-xiang, and Li Xiang. The
achievements of target characteristic with micro-motion [J].
Acta FElectronica Sinica, 2007, 35(3): 520-525.

Chen V C, Li F, and Ho S S, et al.. Analysis of micro-Doppler
signatures. IEE Proceedings - Radar Sonar Navigation, 2003,
150(4): 271-276.

Mallat S and Zhang Z. Matching pursuit with time-frequency
dictionaries [J]. IEEE Transactions on Signal Processing,
1993, 41(12): 3397-3415.

Bai Xue-ru, Xing Meng-dao, and Zhou Feng, et al.. Imaging
of micromotion targets with rotating parts based on
empirical-mode decomposition [J|. IEEE Transactions on
Geoscience and Remote Sensing, 2008, 46(11): 3514-3523.
Zhang Qun, Yeo Tat-soon, and Tan Hwee-siang, et al..
Imaging of a moving target with rotating parts based on the
Hough transform [J]. IEEE Transactions on Geoscience and
Remote Sensing, 2008, 46(1): 291-299.

TR, i, . HEREEARM]. Jent: BTkl
1, 2005: 26-28.

55, 198644, ik, WF9TT5 )k ak R K H bR

.

B B, 1964 4EA, %, WLARSIN, BEROT RO IR
ST RO e

w53, 1984 4RE, LA, BRI AR S HARR

.

%, 1982 4F/E, /R, WU SAR/ISAR. H#s

Pl



