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Fast micro-doppler period estimation method for ship target
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Abstract : A micro-doppler period estimation method for ship target is proposed. Under the influence of sea conditions, ship targets are in
the micro-motion state, which induces micro-doppler modulation on the radar echo. The micro-doppler parameters of the ship target are
closely related to ship structure, target dynamics and so on, which is an important basis for ship target recognition. In this paper, based
on the radar echo model of ship target, the modulation characteristics are analyzed, and a fast estimation method of micro-Doppler period
is proposed. Firstly, the main body translation of ship target is successfully compensated based on the minimum entropy method; then
the Doppler range is located according to the entropy difference between the micro-Doppler area and the noise area; finally, the time-
frequency correlation coefficient is calculated to provide the micro-Doppler period estimation. The location of micro-doppler range reduces
the computation burden of the time-frequency correlation coefficient, which makes it fast compared to the original algorithm. Under the
typical scene and radar parameters, the efficiency of the method is improved by 2.5 times.
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Fig. 1 The radar geometry of the ship target

5 RS L AR B O, s gl g3 i R 1A

SRR S PR 4, XML A, A s g bR 5
IR Z ] R S AT AR

R(D=R +0t=0) + (=1 (D)

Bt 1, = /o, o EARAD T A 3500 2
R, =y, + h, Jyt, B2V HERXS R RHE s 0, =0 sing y H
PR v, = /(v, —v,) * + 02 (1 —sin’B) FFHERK
RATEREE

FRAEAE B AT o3 fif R A Am AR 3 A4S0, B —
S ] PSRRI T A B ARRRR IR f AT AR
FARM A RN 6, =A sin(w,t) 0, =Asin(w,t) i
6, =Asin(w,t), M EFRECH R s TR B Ar
A H AR R 2 BN S5 AR AR R I BERE AT e R R

1 0 0
R (6) = 0 cosf, —sind,
_0 sinf, cosf, ]
i cos, 0 sinﬁp_
R (0, = 0 1 0 (2)
|~ sinf, 0 0059])_
[cosf, —sinf, 0
R.(0,) =|sinf, cosb, 0}
0 0 1

O L (xuy .2) BIEASAS R T 225

x(t) x
y@)&ng&ng&w»xP] (3)
z(t) z
A A H A28l 5 DR I B O SRR i IRy
x(t)
R,(t) = [ cosacosB — sinacosB - sinB] X |:y(t)
z2(t)
(4)

i A A 2 P B A B B 0
OB T 27

R(1) =R.(1) + Ry(1) (s)

SEALA EL R O 0B L, FOLAR L 0 350 ]
ey

5= o] =i RO (6)
K o, S 1A TP SR o\ T 1 A
K AU BRI 2

2 dR,(1)

f,(z)=—7 P (7)

#E—2, ADRE H ARG o3 ik SORAT T A2 305
AL 1) 2205 0 5 A2 5 S A e 2 5 il S
i) =f.(0) + fu() (8)




5 6 3]

T AL el 2 A SR B DR i 4D vk 171 -

HHEOLT , TR 3h g ] B AR 2R
PIRRTE AR Bl b o 32 A 0, LRt 22 3 = = ke
TR, B2 e SR ) AT G AL A AR R VR 38

Su(t) =fu(t +T,) (9)

2, -
HrepoT, =;ﬁ1ﬂ§%$ﬁﬁ%ﬁo

2 WESEHERRESITTIE

FUR S b 1) B ) 22305 2 62 1 AR SR 5 4 BT O
- M ARG AT B AT 0 A, i R () o HAT B
()-S50 73 HERE 1 B R T H I3t a3 B 5 125 AT [ i 42
PEI AR (5 B, 2 o B A F AR T 5 5 H
BB T SRR SR T 5 A I e L A
(STET) ZRIULA 4 I o] S50 315 8 XHE 5 (o), H
R L AR e B T AR T 1

p(t.f) =f:s(r)h(r ~Dexp( - 2ufrydT  (10)

2.1 ARAREE FEEhME

HRAE ARS8 DLk i s AR 08 gh 25
A 22 W R ] R S R L A 2 O R R A 2
BEK BRI T i S SR AR, R 7 Sk A el
W Tia Mz, KBREahisgm . AV RW 5]
L 1) 225 Byl i) 2 38 i S 8 47 5 Il e A DX ] ol 45
R ARSI ST, I A F S S A A
PARAE, S F- Bl 2 BRI 55 0 B /N TR
TR AT S X A i TSl A i AR
FA KM A B AR [0 ) 2R v - sh 238 B, A
TH

sq(t) = exp{j %vaft} (11)
AMEEJ IR [l e 5508
s.(t) =s(t) = s,(1) (12)

Horp, v, JAMEF S, AT AE v, J6 RO BB A7
JUAR BEFEAME S [l P 5 f5e /N XoF IO Pk JE A DA A
MR, M R AT IA D .

0, = argn}?i.ns(sc ,0,) (13)
Hr

e(soo) == | ISy (4
S.(f) = Fls.(1)] (15)

K e(s,,0,) R, (¢) BBEERE; S.(F) s, () MIfEH
WA, FL] A AR S 1, AE Rl b Al
Fis E AR A 11328 B B, 2 RSP A3 1] A 2 R i RS 20
SosA

= (16)

vY

fuw = argmax |50 |, (17)

MR IR SRR N

§.(¢0)=s(t) - exp{j )\Z;gthvft +j 4%19}} (18)
2.2 WEEPHXEEM

M BRI RS [ 30 135 5 IR A3 P A e M 30T L 25 B8R
FIARRE AR TP AE A b i — BOR IX B A, A Is Bk
PP SRR — T bR 2 3 13 e, 12 DX ) L)
TR A A A I R L, AR S A H AR
T, PTRBOZ X ), AR R, BT, A
B IX R T E AL, SRS PRl T R

WU E 2 X 18] 2 0 4 DX e X, 5 H AR i 2
DX I B R o A P R B 22 e, il fd T R
A PR TR

SNSRI PR E R A IO s B Xy
H—1k

p.(t.f)
() = e (19)
Pt >p.(1,0)
TR S0 T R
H() == X, p y(t.Hlogp’,(1,f) (20)

T2 A X T) B A /N R AL, MR P DXl g 4 {2 D01
B AR P 25 2 S ) o7 HE E AR AR 2 8 DX ] S 3
AT ) S
2.3 ETFEHSAMEXRBHE ARG

ARAE SCHR [ 13 ] 77 01, S8l 15 5 1m0 1) B 030 43 A1 A7 A
JEVIE | BB A S5 — 1% s B 220 14 0933 P 2 LA A 3 A
o ) b RSO e S AT B, MRS A TR 38 £ 5 B0 4
1 HA JIATE, 515 .

pt.f)=p(t +T,f) (21)

ERPARH G 22 0005 5% 380 i A Ik i e 220000 35 144 A G B8 1
BRI R, B PSRBT R e m T
AROR, — BT 25 8 DX R R H A7 B A3 X 8, —
JEAE Aot ) 248 B ot AR OEA T PSR

AT 0T 2D R A A R 95 A B ARAF OC R B

1) BT 75 A ST s 220 B0 s A 56 2R 58

cxmmnzgymmmﬂuka+mm>\um
VRE C.(n .ty HEAT I — b, 36 80 0 A 55 2R B

R
MC =
C,(0,0) C,(0,1) C,(0,N-1)
C,(1,0) ¢,(1,1) C,(1,N=1)
C.(N-1,0) C/(N-1,1) C.(N-1,N-1)

(23)



172 - LSRR R e o

Hrr, € (n,l) HH—LEAHCRE,
mgxﬁ C.(ksn,l)}

C.(n,)=

M-1

3 lp(Lm) |
(24)

M-1
> lpn,m)
m=0

3) T B OC R AL

ér(k) = mean{diag(M,_ k) } (25)
2.4 LMHE

AR AR A 2 PR, RPN . 1) &
I AMES 5 2) TR BT 5 3) Tk 2 DX ) A
4) B XI5 SRR 5 5 ) THEIHAIUAR OC R 8k 6)
AT WEAEAS I | WAV 7 ¥ Ry Bl Jo 0 Ao

EIEES (g WA
ML RE X 15 r

AN ‘ l
: S R
- R T mxmm [T | mmSmRR ]

B2 el AT

Fig.2 The flow of micro-motion period estimation
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