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The Joint Detection to Underwater Moving Target’s LFM Echo
Based on Matched Filter and Discrete Fractional Fourier Transform
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Abstract: Matched filter is the optimal detector of LFM echo under the Gaussian white noise background, and the
estimation of target range can be achieved according to the peak position of the matched filter’s output. The
colored reverberation background and the mismatch between echo and replica caused by target's radial velocity will
both degrade the detection performance and the distance estimation precision. Combining the ranging property of
matched filter and the focusing property of fractional Fourier transform to LFM signal, this paper proposes the
joint detection method based on matched filter and discrete fractional Fourier transform. Simulation results show

the joint detection method performs better than the pure matched filter, and the approximate estimation of

target's radial velocity can be obtained by the joint detection method.

Key words: Reverberation;

Transform(DFRFT)
1 31F

G PR 90 8% 41 D vt 11 I 7 9 5 R LEMUA 5 19 B e
TR P £ 5 R B R A ) 2 RS, 9T FLRUF DT I g
YAt VAR Ay AT LLSRAS H R 2 KRS B A T (R TR
lF) 3 SR N R B0 H AR 20 3 A0l 36 8¢ P [P AR A SRR
LA R it e i g 7 S 0 0 5 U I 0 I8 AL 0 P e R 0 e
FERE TR o AT 2 i X R M IR 7 15 55 R 3l FARLEF MIEI 5 RS
BETT A E T 7.

Kay P H 7EJR W 74 15 5030 P RURI S kA5 0000 4
P ARSI NBUE AT AAF R, ATLAX 2 &
AN B LI B SR B 1E I 5 22 iR A T TR R S T SR AR
R SRR R AR S B0 R M AL DS B A A0

Matched filter;

2006-04-03 Y2, 2006-08-21 & [Fl
K BARRIAIE 4 (60472101) % B iR

LFM; Radial velocity;

FFT; Discrete FRactional Fourier

9k 4+ LAEOW MBI ST A AL, JF45 T CWAE 52
THFAAAL P GLRT (Generalized Likelihood Ratio Test)
R 25 o
CarmillettKay (RIS HEATH Y, et 17T LU T
WIECWAH 5 FLFMAS 576N 2 f i 5 K05 T Fl A A4k
BRPGLRTA AR o AHAESKBR NI, DA 3] 24 S0
DR AT AT, TedE GRAE R AT 5 ) AR 3 AE — N i)
N BRI Lk B 3& 0 A A 0 75 26 A 5 24T Ak
B, g AL TR P ) [ I [ A5
IS H AR SR BRI 8] U I 5 B e A
I LFM {5595 % Af = f, = 2kHz , B9 At = ¢, = 51.2ms ,
i f) = 16kHz ;. HEMEIREEZ o, FHidle, &AL
WENES g =1+ 2v/c): EREHRNE T z(n) HIRFE
B f, = 20kHz 5 A AT 02 00T 54T 21 A I T) B 2
N = f xt, =1024 o P55 s(n) TERIES o(n) BIIEP



2306 BT 516G 8 %R

29 5

AMELEI 1) % 9 L, JF HABUE RIBGE MG A7 B AE B, = 500 A
Ao TS AR S s(n) WT BEOE A

i m  1gAfmm
ﬂﬂ[%-FE%TTJ j[wwn#ﬂr%rrﬂ]
s © s Js —

s(n) =e (1)
Hfm=n-N/2 n=01-N—-1, FFMHIE v, =
2rgfy /£ VA—HIRMIE by = Af/ £ o

MM EHE (n) MBI
H, : z(n) = s(n) + r(n) + u(n)
Hy :x(n)=r(n)+ u(n)

A r(n) IR S, win) Al AR S (G

I T 7 S T R AR 1) P X UC R 98 A
(¥R . DURCYERE TSR ML T FRT 3855 i kY, I
TS SR — AN TG . 07 21T SR I AR AR T
v=0m/s , 15 L SRR =—-9.54dB , 15 %tk SNR =
—9.54dB , WMIAE 5 9% TE R IE I A2 1) 3808 AR AR TR DU AL 9
BEERmE 1 iR,

(2)

— = 1000

E E

el . = —1000

i 500 1500 $F 500 1500

MMESERG] () VEPCBERAE R 2T ()

Bl 1 HFsRmEA v = 0m/s [N
(ERER) 37 1 =Sv R N UNTI S 4 S

M 1 ATLUE Y HER R I v = 0m/s I, DLACHE
IR A7 B IR L R (B A5 S IR A B By, AT r LIRSS
H b B 2 BRI Al T

W R I H AR E v =8m/s , {HIELL SRR =
— 9.54dB, {5M:LL SNR = —9.54dB , MBI S E Mk
I A2 ) S B R A T UC L i 38 P 2 e

i~

& = 1000

o 10

20 B o%ﬁmmm
e 10 = —1000

4iz 500 1500 R 500 1500
M5 ZRG] (4 VEWCIER A5 R ZT] (1)

2 HARMEITEE o=8m /s BN S B A Z dAE AT L pE I8 45 R

ME 2 ATEUE 2 H bR v = 8m/s I, EHI%
HAEA VLR DE B RSB B Py = 414 11, RIE P, = 86
ms JFIE AT IVERE N BRI EEIN ) R 22 o AT AL H ARAR )
PR32 i) 3 B A AR VG C 8 P WA A7 Py A H A [l ke
WALE B AR P, = B — Py o NZEH— AR ZE P,
gt A (A FHIEY):

P, =F — P, ~ (int)

2vh
ch] 3)

XA v RENHIEN H bR LEM [B1 A5 5 25T UL FC g
VAT, HAT B RIREAR 1) BE AR A 5 4 RE SR A i A
R o W TR R 8 H bR AT LA RS IEH —20m /s £ 20m /s 12

I P R RE A AT VE B g, 38 (1 Jp K I — I DL T i
PR AR o 7 BN B 7 a5 Vi E A e LS B0 T 3R
TP AT I, (BEMRERIGER AT, XMk
Y IER R A I . 15 EL4S H H BR R IE RS v = 8m/s
{5 H SRR = —9.54dB , {5MEH SNR = —9.54dB [R%5:41F
T, HEFEA N —20m /s B 20m /s [ ITEFC & 5 5 1 45 SR
i ) L 3

800

Z 760 N\M /‘
F 720 Yy

680
640
600
—20 -10 0 10 20
FEAAR E U (m/s)

VLR

3 MEREAMN —20m/s #] 20m/s
FRTIC P 8 i 25 SR DS i B o L )

i F 2 BB 4 5L i 48 # FRFT(FRactional Fourier
Transform) X Ze P B 5 A REMEM, 520 Lo fif 22
S T L PR S Ay — ATy

T K 1 A B O IR R B A e
DFRFT (Discrete FRactional Fourier Transform).

2 BHSHMEEMN TR

IR BN A AR e FRET AR 08 L2210y ) SO
R, R TR A S A TR S R AT
FMGAE AR N K 2 A5 AL R4 . o T RELL R s(t) L p
WrIELEFRFTA e ik s (1) QR Pos:

0=k = [~ K Guswde (4)
Hrfra = pr /2 A5 230Uk SO BERE A, FRET 22t
HIAZ BB K, (¢, u) 52 SCU0R:
A, exp(jn(t* cota + u® cota — 2ut csca)),

a =k
K (tw) = ot —u), a=2km ®)
o(t + u), a=Q2k+1)r

Hhg — exp(—jmsgn(sina)/4 + ja/2) .
¢ |sina ['/*

h T A EEUE S, S AR B RO 5 B 46 Bt
A4 (DFRFT) o - B HC B (4 L A2 R 1 H B ek
T 53 B e L AR e KA S A AT e R 0

P41 DFRFTAE 4 7T LUR I MA-CDFRFT 7 i)
X T HIXDFRF TV, Ozaktast Hi PO 5720 H i
AR 7T bR B i O s A B
0.5 <| p [< 1.5 W IELEFRFTIZ 51K B HORFE X5 Wb e 46 h
W E IS 55 chirp {5 5 WG FTE S, AT AT LA 3%
Hu R ] FFT iz 80k ok /32 5 &, f o 8 & sl /b 5




10 #

Wi M55 T DGO B BRI 2 07 2O 1 L AR 46 ) /KR 3l H bR LEM [B156 5 A il 2307

O(N Logy ') 2o A SCHR HA TR A A0 77 2 5 FE Mo 5
DFRFTi1.,

LEA O A, T U (04 5 R it
BRSSP R AT R AL AL B0,
HET N B BCRREA s(n) » W RRS 5 o() BEAT BT —
LB HORRELE o A1 2 M [~ T /2, T /2] B 4 BT
AR RS L [~ N /2, /2], SERETIRE ISR 1/ 5
BRI ALRE RIE I L/ Az, 35 Az = VN, IFFAHAITE
m%ﬁﬁ4§ﬂ:4moﬁimm¢%¢ﬁ@aﬁﬁm$ﬁ

FAHAT RN RIE A

m? cota

» k . Aa jﬁyl\i N j"'T m 7j27rmcsca
" S)[QAm] B Ee 4N,,,;N ¢ s[QAm] e
(6)
S o | = o2 g 5 s(m) O 5 A
2Az 2
Tk 2ORA LA (1) FTRAHE S H e MR
a = arctan(ghy) + 7 /2 (7)
S
. 2arctan(gh,) 41 (8)
T
LA R b
» L] _ i /’/T% N ijﬂ 7_/27r%(:ncu
{F 3}[2Az AL " 4 ,,,;N e Zle 1 (9)

IR £ 43 BB AR AR 4 T — A B 5 AT B 1E 11
i AR, TTFEE]) DERFT 28 Het B9 45 5 s(n) (05 £
PEo A IS AN 7 20K DFRFT X Rl A5 5 (1 SR 45
28 5 DT 8 358 AT A 525 B F LM [0 388 RS

3 EXAEMEBEILAYIFMESI

TG A5 R ) 098 4o 32 4602 799 1 W T P A0 0 5 247 A 0
MSHh v, FEAHDE BT Fros:

(1) 2R H ZHAE AN A G 2N S E S o(n) 4T
VCHC P8I AL 3, D42 it 9515 5 MR B8 6 N s L ACYE
We £ FHEATF— IKTPSW(Two Pass,Split Window) kM
WEPR,  HEIUH— S (A B By RO IR 7, -

(2)HHAT K =20 + 1 AR B ( L A3 BRI AR 1) 3 B
fETEE, TR KT B AR A VE R 15m /s DL,
ARSCEFIEN L = 15 BT LA 2 SEBR e 2E) s XF 58 & ITEE,
HEW R PR L E W Z& P, f1 DERFT 2844 b, -

b — 2arctan(h, + 2hy(k— L)/ c) +1 (11)

R 3 (3) 4 th (K5 T H BRI s iz B P, A H A A
VG C 0 W e (B A B Py 1) 22 P, = P, — By M T H bR A2 1)
M v 280 A 25 B ORI TS 22 0 B A2 TROE
(AR 1) v, = (k — L)m /s 2545 T Ak v H AR 1R mAr

B B, 5RO AU 8 P (A B Py Z B 22 o T A
P, = B, + B, R BE HARAR 0 T vy, 454 B il o 119 (1] 9%
T SRR, AR H b, S ARGE [P AR S o, 5 PF AR A
Tk X (8) THA I SR AR AT B 4

XFTH b AR ELRIT By + P, =SR] 0,N — 1 113
We W B + P, BZVEH, WA RGO NN
—IKPEFR: R Py + P, RGN R [ Py + P, B+ P,
+N —1]VEHENM N 8 (n),n =0, N — LZATHI %
b, ) DFRFT Aeffeit 5, 350 N o-Ho i B ik 2
Pz rr(n) o

Iy, (m) RS I (R A 1S A7 5 o, FHUEAE ¢, TF
ST AR 1% 2 A B R [ ¢, — 15,8, — 3 RI[ ¢, + 3,¢, +15 [T
WIS 2 A0 B, TR T A S 2 X KA
XY ECAEAE A AR AR K455 CL(k) » W N s X s
(e SR P LR Y L [ O,V — 1], AR AAS SR H4 (8
HITHH):

CL(k)

C

Zﬂm@+M+ZmeHW%6

i=—15

(12)

B)YWHEX K KIEHHE KK KA, WAEE—A KK
e H L R & CL » & E W & CL fH KEXN NI &S] &
i, X vv=Fk—L, fRFXHARMR R -

()T AR M FE A v IFREA ] FUCECIE R, JEXFUCRL
VEBE R T TPSW 5t —4k, EHUH— & R g
HAE P, BN Z, o R Z, > Z,, WLATTR n X258
(4) VA —AbJi5 R 45 F AT R Ab 7320 A [R5 A p A )
vl P H AR AR IR B b v vy s R Z, < Z,, WHAA
R A TSR, WIRATTRR 6 5 B8 (1) VA — Ak Ji5 i 45 kAT
FI Y AL B

R AN, R E H AR AR I 0 = 9.1
m/s , %W {5 & b SRR = —9.54dB , 15 M: Lk SNR =
—9.54dB ; VRIS H IR IHE S8, B0 S E
B, =500 -

SR

% 1% VUECIER A R BE AR B TPSW 3 —{h4h
Rkl 4 Frow:

= o
< P 8
= 1000 ED A
= 500 W ==

0 400 800
VCAC IR RG] (A1)
(o) FEREADE AL

400 800
TPSW #ith &3] (45)
(b) TPSW VI —fhAbHi 4t

K 4

EHUEHALE By, = 600 FIXT KM Z, = 3.91 .

% 2% BAT K KRR, 198 KK 458 1 &
CL M £ 43 AT B 5 7

% 3 ¥ EEGT LS B CL S5 KX N 0 12 R



2308 BT 516G 8 %R 29 &
vw=k—L=—-10m/s . AEtl T Fali (G UL EC L 2, I H T AFRAS H A 2 (1) SR 1

o

] /ﬂ\

=

= 45

=4

=

o 3.5 \/v/\\,\
£ N
E 25

= -10 0 10

CLFTZRG] ( #1)

K5 PUR(2) USSR I i CL iR A

& PR R R v BREA A T IS e,
XFVCTC I8 M EAT TPSW T 50 —1k, EHUH—1hgs

HUEEATE P, = 489 X NIE(H 7, = 5.24, 53 E 6
s

= 1200 M@ 8

: MMWWW N

® P}h“ wE by

& 0 400 800 =0 400 ?s(J()

VERCIEDAR R T ()
(a) —10m /s FEAS VEL P& 94

TPSW #iith # 51 ( s
(b) TPSW J— Pcwimﬁ

& 6

PATTBR n = 4.0 X 2D 38 (4) 3 — 405 (0 45 AT Hl v kb
B, PR ERAE, ALEN P =489 . MR LIZT TR E N
I (1) A — e 4 T AT A Pt at il H bR, v LIS A
75248 T VCHC IR AR I R o AN Vi X H
PRt AU B A T LU SRl (0 D RO 7 VARG, IRIIN a] AR
3 HARAR ) R R M TF o 78 RTTHA BLACPF R A A I A
XS T AN ) BR AR 103 () B B A VA AR S5m LAY, X T
H b2 R A TR BEAE 2m/s A4 IR SRR P I A
OINT, FRE A UG FE &I T iR AN A T T R AR 2R AT XA
T TRR > A& BL A 7 B, XA 7R ROC thkin 18l 8
FiR, Uil E A4S AT mAE R

— 90 — 90 7"’/
5 70 5 70
;;; 50 % 50
= 30 = 30
£ 10 £

0 2 4 6 8 10 0 20 40 60 80 100
RN TR (AR EEAE ) HEEREA (%)
— RHFEA LAY DA 43 A
—— BRI A
Pl 7 AR UL E ik K8 FE AR UL HE U ik
B Ar 7 i R AR AT T &7 ROC ik
K1 TR 3 A

4 LERIE

AR SLE 3 VG IE P 10 7 A7 A5 AN 3 Ay 8 L ot AR 3o
LEM {55 (R REEARVE, 40 75 T UL RCE IS 2 1o Babr
3 B A g (KI5 S AR I i o 005 R R BB 5 el g vk

T E R FRA ) T8 RS T
7 AR I8 A SR TG AR I TV AR TR — e B

B EABTET BARAR I (R, AR AR o B A T

AUER RV SRR ) (14— K N 5 DFRFT A8 h-55

AL K2N RSB A ), SRS T RIMT

FE LA AT Bt

& X X

[1]  Van Trees H L. Detection, Estimation, and Modulation
Theory-Part 1. John Wiley and Sons. New York. 1968,
Chapter 4.

[2] Kay S and Salisbury S. Improved active sonar detection using
autoregressive prewhiteners.[J]. J. Acoust. Soc. Am., 1990, 87
(4): 1603-1611.

(3]  Carmillet V and Amblard P O, et al.. Detection of phase- or
frequency-modulated signals in reverberation noise[J]. J.
Acoust. Soc. Am, 1999, 105(6): 3375-3389.

(4] Gewile, EIHEE, FEHRK. SO FRT (F508ER. bt
PEHARAL, 1990, 55—

5] Akay O and Boudreaux-Bartels G F.

autocorrelation and its application to detection and

Fractional

estimation of linear FM signals. in Proc. IEEE-SP Int. Symp.
Time-Frequency Time-Scale Anal. Pittsburgh, PA.1998:
213-216.

6] Candan C and Kutay M A, et al.. The discrete fractional
Fourier transforms. IEEE Trans. on Signal Processing, 2000,
48(5): 1329-1337.

[7]  Ozaktas HM and Arikan O, et al.. Digital computation of the
fractional Fourier transformation. IEEE Trans.on Signal
Processing, 1996, 44(9): 2141-2150.

8] PeiSC,Yeh M H, and Tseng C C. Discrete fractional Fourier
transform based on orthogonal projections. IEEE Trans. on
Signal Processing, 1999, 47(5): 1335-1348.

9] Juan G Vargas-Rubio and Balu Santhanam. On the
multiangle centered discrete fractional Fourier transform.
IEEE Signal Processing Letters, 2005, 12(4): 273-276.

(10] Almeida L B. The fractional Fourier transform and
time-frequency representations. IEEE Trans. on Signal
Processing, 1994, 42(11): 3084-3091.

[11] Struzinski W and Lowe E D. A performance comparison of
four noise background normalization schemes proposed for
signal detection systems. J. Acoust. Soc. Am. 1984, 76(6):
1738-1742.

Bk Ms. 53, 1978 4R, LR, WSS MK EE S AL, [

HUfE T AL H.

Benite: B, 1936 4R, EBRERRC L, EEHUTT R KA
{5 SA0. FERIME SALTE . MU AE s A ¥t
e B, 1969 4F4E, WO, EEEITT IR KL SRR

IR (SN S F Y (S i
e, 1979 4FAE, TR, SEEHFRTT A KRS S AR
Hmah A

5
S
it



