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FRFT-Based LFM Signal Detection and Its Parameter Estimation
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Abstract : Aiming at the issues of LFM signal detection and parameter estimation, studies the existing detection
methods such as Wigner—Ville, FRFT etc., and on the basis of FRFT transform, proposes the algorithm combining the
forecasting method with FRFT transform. Through computer simulation, verifies that the method is capable of effectively
estimating the parameters of LFM and reduces the amount of calculation as well.

Keywords : time-frequency analysis ; LFM signal ; Wigner—Ville ; fractional Fourier transform

0 B|=E LFM {5 52 HHens iz sh B R sh 544,
WOMBERE . ERE . R R, S8R R A
AT R Hhs /N B . Bk, Eidxt LEM 15
51 2 S50k R s 3 B Hb 3 NS
R WREE HRRIR . bR s o e TR RRITL AR H AL H
. R . . . AT, HOR B R R TR R RT3, Hix
HIzgl, ST HE IS A AT DGR LEM {55, 10 e g . . o
i e T TR E IR, FrABR ] T HAE TR E AR
HAE—/NBit [y, AT LU % LEM {55 58 il—Bi . e A e 1 EH o
s e PR . R, AR, WM TN TR LEM 55
LS BE Z HARBERU TN, S an,  7EA R o pga e i 2 = e N B S I .
PR, o e . SR T . Bl & S AT A B 4 B Ak
L FEERG S, k802 306 SR B bR e B AR . . .
. : . - N ( fractional Fourier transform, FRFT ) BERANIIE 5
AR LEM (55, BT LEMAE SRR Ik, 2 LA i =
B B L2 AT LT 2 ] 0 2 SR8 B2 Ji&, LEM {5 5l e i R r s A 5w Bk, 4
N T SCEE R (BP0 AR fast Fourier

MRS5S (linear frequency modulation,
LFEM) AR FRE S, ) 2 Tk

WHmEH . 2015-09-10

fEZE®IAT - A P (1990-), 5, FMKEN, KEH TR A, FEUEE T GE G 5Ll EHA,
E-mail : 1035215806@qq.com

BIEESE . W) 5 (1989-), B, EHMRKEN, KEKFIISIRIN, FEMF7 0 GREINS 5T ER A,

E-mail : chuwei6@126.com



5 6 4]

JEOBH, 4 JLT FRET A9 LEM {55 0K R 2z 8th1 1 65

transform, FFT) 5 FRFT #4554, AMYAESZEL LFM
SEEREIN ST, R REAG TR,

1 LFMESS#MhiT&E XL

1.1 Winger-Ville iTEFE K 33 LEM 5 S S8 f4itE
HNE

Wigner 575 (WD) 20 T yRF M B BL A 46
(R S TR A, TR Ville SIAZIE S04, 24
Wigner 7304 F AR ARG 5 808 T 15 S0,
BiFR A Wigner-Ville (WVD ), WVD S50 57
M) —Fh, fE—E R L, R T e e B AR 4 ik
FRARSE-Fafs 5 MELE A WT 98 AR L IR i, 5%
M i A58 24 g [ A1
1.1.1 WVD 8B R & LA

fENTE S s() I WVD & 3L

+oo T - T\ _ise
Ws(t,f)=j_ms(t+§)s (z—EJe Tde, (1)
K £O8 BRI R RAIR OB RIAS L %7 Sy
52,

(1) AL, HEHESR ¢ 5, WVD &Rt 2
20 (15 5 58 R B 20 (5 5 A3k, P AT EL
Afe, R, TR WVD HRSANE. 4 WVD N
T, Z AT S EE; Y WVD AH
Zuf, B2 AT SR A A S ES.

WVD HA W) 2 F£HEFRF .

1) Moyal A=

BEXHES 5,(0) 5 s,(D#EFT WVD 224, 4350
W, (0.0, W . f). WA

\ [Ts0s0 drr = [T w W s - (2)
ZAWHFRE Moyal A,
2 ) LFM YR A5 R 45 7
% LFM 550
(1) = "0, (3)

sle+ L |5 #=L |= e o) (4)
2 2

X (3) ~ (4) W, £, LEM FSHF0H0E; m ol
LFM 155 4%

X (4) FRASL (1) AT

W (L) =0(f-f, —mt)s (5)

FELA, X LEMAE 53T WVD 5, RIS 8 B f=f, e
AN TR ORULE Ty
1.1.2 AT WVD % LFM 1z 5 42|

iR I

)

Hy:r(®)=c(,
Hir=c®)=x,9 +c@)o (6)
K r)MERES; x(Loy s BRES, Hi
Oelfy, mINAKRBEG () W55
SCPR b, WVD ZXHE S AER i R
5T WVD iy ge it

B ‘ [ ar

2

- . (7)
= [T [Cwarwlarddy.
M LEM ) WVD &
W (tf)=s(f - fo— mt)s (8)
L (8) AL (7) 1%
Nawp= '[:QW,(z,fO +mt)dt. (9)

FEI TR Fm, BOTESL T, 25T WVD B0 LEM 15
S B I

oo - T’ >
Nwvp = ‘Lo W.(t, f, + mt)dt - 770

Y e

(10)

1.2 EF FRFT Z#H LFM E SN 7%

Fourier 0 M 7E 50715 5 Ab BEAT sk 4% 132 i
AR XTEHE ARG St B 3= J), 1 LFM (5%
FEST BB A TAH A A S50k 1 e Fourier 2047
JEI T RIS Fourier B9 R 245 5 Hi i)
BT B T A B AU, T I R L B Y D
ST AEAT AR KA Hh e O e B A

FRFT 25400 5 WVD fEAE— PRI OC R, IXFIOC
%M. LFM {5 59 Wigner 7Mii 76 FRFT 48 |- i B 2%
B S T LM {5 576 FRFT 35 1Y FRFT 1Y
S5, 4 LEM (5519 WVD 4345 7Em i - 5 30 i g
T, M 7E 5 A 0 B S o AT A B
FEMA, S EE, If B NEE
B, R PR B EOR S xS S R
REMIG, P LUF X — R BB 65 58 BN 5 5
ARSI K S5k, HROR BT

B 1 WVD &% T LFM 5 S REESHMERR
Fig. 1 Distribution of LFM signal under the WVD and

its projection in fractional domain



66 /= 2R D | 4

2015 4%

Rl LEM {5 500 8 S50 RS IR . 1%,
XHES1E FRET WA [R]ies% M B T e rriadli, 8315
STERPIE B K, W E S IS EE R
T R AW 5 AL E S H

MRS ) LEM (55

x(£) =a e e (), A2 <t < At/2 . (11)
K. a, W LEM {5 S 1R ;

@, } LEM 155 BIRIIR AL 5

iy N LEM {5 5 HO IR 2 KL

w(t) R IR

Xf i 5 5 84T FRFT 28 #4551

{dy>tly} = argmax | x, (), (12)

i, =—cota,,

fo =1,cscd,,

6, = arg x5, (@) (13)
! A, e cotd, | 3

%J%mmo
AlA, |
X (12) ~ (13) 1, a b FRFT 2R B ERE 1 % .
[K>h FRFT 2846 nf LU i FRT 5L s, A
TS ay (A, IR KBEAR T 3R, [
BFFeiR T WVD AR HA 2tk . TH a1 LA K
X A i R B 2 R A U T S s . R,
FRET #HX] T WVD B2 5 7 TR FSel, {HEx T
FFT 8k, A E SR, XHE SR A se sz 2
Bl D, A FRET A #dal o e K 58 o5
SSHUEAGTE, B SO TE S S EUE TR
AR

2 EFWMAESSHMEEMNTH®R
B LFM E SE &l 7%

LFM {55 AR5 52 S R AR, 7efs 5 H
WP AT B B i), AR R Bl R ol 7 — A5 BRI
BN, (55 Mm-S HR/NMIE 20 (RIS 8
GoRE ) SRR A K (BESE ) RMIEHOER, H
BT AE SRR R 5 (BRSNS
FIE] B N X5 5 3647 Fourier 2840 3 H.30 <k AH W 1153
A LA BIME S MR R 8. ARTHEAS A IR A R
BRI AT FRET 78/NME BN H LEM 155 1K
(L, DT BE G T DA (B 98 2 Y O i T3 R
KA BRG, ok T Hw Ok i 45 .

¥aC (11) sy B0 LEM {55, BI

x(1) = Ae P (14)

K A=a,e”,

x() RS RR S, 45 BEBAROR tu g+ f)o
AN X LEM {55 2 B0 4746 00 i) 4% g B2
Xf LFM {5517 FFT i2 %, 33855 FFT (U )
i EANFRIRITEE (frn fon)» ISR
e MR AT S S A TR R H o SRR
mF:

1) G S IR TE B,

Fon= Lo+ fos Fam= Litte™fs (15)
(e, 1) HIEEEUF S HYET ] B ;
2) HHRAE SR u,, B
| = Lo o (16)
t,—t,
3) H|u, | RASHARIC (13) o, 5/
a, = Fargtan (1/| u, |); (17)

4) B S SR TE 7 2 AN AR B S B0 16
Asde, AR EN A BIE IR O, HAR TR R T IE
AR (I RUG M A )™

LT HIE A FRET A8 il 1153 52 4= B 38 3 T
O(Nlog,N), HH N R RFEFEARANEL RS
£ a (FRFT B4 Teit ) Stk it o, SRAEAS
BB m', B BB EZE N O(m' Nlog,N).
ORI, FRET 288 A EAE Aa (a>Aa)
LRI, BBERFESINECH m, (m<m’ ), W
WA R E J O(m Nlog,N), HIXTTIg{ 182
B, TR R KRR, T gk i i R f i
LA R AR ) A9 2 0 % 38 8 WA AR X B ) SRAe
PR A WA iR ZE S JWik, XTFRoamn
LEM {5 5 JEA7 S K6 0 R0 S 8006 11 vl 15 Bh 30k 5
FRFT Z840e 45 6 (1) i 528

3 fFESH
Bl
x(1) = 267 £ w(1), (18)
I BN 2 ~2's, k=24, RFEHIR =256 Hz, Kk
SECH 1024 50, w) RESTEAMERS . 2iNA 4 dB 1Y
TR R, B AEXHE S x(0i#F T WVD A8, AR
b R 1~2 FiR.

P 2 M5 SRR f=4f, (X, f£AES
WPE ), REESE N=T BIZ4ERE 9D LR . IR 2 i
B4R TET T DAY T H o Y, AR BT R 2 AR 4,
HASSHR N 24 Hz, AT ULFIF WVD 2846 5¢ B 5
5 x () AT HT R IER Y

3 SR AR, [URFESR N £=2f B, 15



ol

J&d FA, 4 JEF FRFT B9 LEM {35 5 B9 & S50kt 67

SRR N T AR . B3 TR, H A g 2R
SR IHTHL, AREDHEH RS BRIR TR
XFFFEH A f, BRRLHME 5 36T FET 204, SRAES
REDRBULIRM 245, B f=2f,, XARAZEN
FRAEI B 25K o SRTIXNS TUEAR A A2 e, {55 /)R
FERIR D RAT S S0 4485, Bl f=4f,, A REFIEWVD
oA G5 RN 2 2 S T

4.0

351

30F
251
20F

HER Hz

15r
10
05

0 -100 =50 0 50 100
[ a)/s

B2 f=4f B, FS x(OBIERANSTHE
Fig.2  Wigner distribution of signal x(7) at f=4f.

40

35+
30F .

BiR Mz

-60 -40 =20 0 20 40 60
I 1a)/s

3 f=2f, ES xOERMSHE
Fig. 3 Wigner distribution of signal x(¢) at f=2f

B 4 SR RN x(0f55TE (0, 1) L
PIFAT FRET 2846 . (RIS IER f B2 I RAESE0h 4 000
A, RS ERS T 4 000 YR 1024 #5189 FET B35
i, JF BAEX ZE S TR I e, RS Bag
NI, B AR R R KN, (HE Y
R ERITTERRRIRAK, BTG R R, Jext
RS AT HA, 5 SURIET LA A A SR
Je R AL A e () LEM {5519 FET {EF-i
Ab BRI HALOE- 7, $R % EOR R AR
FoacSoin )» TFUE S AP REL 0y WL (17) AN
a=n*(n/4 000), HHPIHERAREEIRE, HHETE
S A A B RERCA S o I WU B B
HEARAY HHE T 9 YR 1 024 £ FFT. 7E[RFERS
AT, 5 4H8RERITE ML, T
ERHE R T4 3 B

FRETIRf

= \ -
2 i) s

4 ES x(OW FRFT 7 E
Fig.4 FRFT distribution of signal x(#)

FRFTWE(E
o—-ww-buluouoo\oo

%0 -15 -10 05 0 05 10 15 20
e eds A (°)

B5 n=58, x()XFR FRFT 4375 &
Fig.5 x(¢) corresponding to FRFT distribution at n=58

4 Z5iE

ARSCH BB TA 5 FRET ik 456 K i
LFM {55 . LR T FRET BT AR, ok
% T WVD Xf £43 5 LEM {5 S K52 S A T3,
H—@EfE F, MR T RGN RGN, L TIHES
IPGEANEL, Z FrE TR FSEM. B2, kK
PR TR SR AR, R LA — o 15 BT A L
[ LFM {5 S A A S Hh T i

S Xk

(1] 08, B, & B, % BRI 0 ek
FE). EAME TR, 2010, 29(6) : 21-25.
Guo Shaokun, Luo Jian, LiYi, etal. Comparative Study
of Instantaneous Frequency Estimation Method[J]. Foreign
Electronic Measurement Technology, 2010, 29(6) : 21-25.

2] XRR, B L LMERBIE S ST IR ).
HHABGE, 2011, 28(2) : 157-159.
Liu Haochen, Liang Hong. Estimation and Simulation Study
of LFM Signal Parameters[J]. Computer Simulation, 2011,
28(2) : 157-159.

[3] Sun Hongbo, Liu Guosui, GuHong, et al. Application of
the Fractional Fourier Transform to Moving Target Detection
in Airborne SAR[J]. IEEE Transactions on Aerospace and



68

WM Tk K

2015 4%

(4]

(5]

(6]

(7]

Electronic Systems, 2002, 38(4) : 1416-1424.

FFOM, MR, FAREUK, BT Fourier 254
253t LEM {5 SRR RS A (0], s EE:: E
4, 2003, 33(8) : 749-759.

Qi Lin , Tao Ran, Zhou Siyong, et al. Multicomponent
LFM Signal Detection and Parameter Estimation Based on
Fractional Fourier Transform[J]. Science in China: Series
E, 2003, 33(8) : 749-759.

Mok, 56, SR, 55 5T WPT-FRFT #9505
S E B SAERE ST (). TisF-SHOR, 2010, 8(2)

139-145.

Chen Xiaolong, Guan Jian, Guo Haiyan, et al. Weak
Moving Target Detection Method and Performance Analysis
Based on WPT-FRFT[J]. Radar Science and Technology,
2010, 8(2) : 139-145.

RN, BHH, £ R R PIE T WVDH LFM
SR 0], ERIRHEREE ], 2002, 244) : 73~
76.

Yuan Junquan, Huang Fukan, Wang Zhan, etal. A New
Approach with Wigner—Ville Distribution Based on LEM
Signal Detection in the Ocean[J]. Journal of National
University of Defense Technology, 2002, 24(4) : 73-76.
a8, PR SETHUER “CLEAN” i WVD Hif
IR, PYLH TR A2l AAARIERR, 2000,
27(4) : 447-451.

Zhou Hong, Bao Zheng. Crossterm Suppression in the
Wigner—Ville Distribution of Multicomponent Sinusoids

Basedon “CLEAN” in Frequency Domain[J]. Journal of

[8]

(9]

(10]

[11]

Xidian University: Social Science Edition, 2000, 27(4) :
447-451.

sk Ay, ZET, BRI, BT AR B AR e
LFM {5 5 SHUH T HARE D). (5 5408, 2008, 24(4)
667-671.

Zhang Xihui, Cai Jingye, Yang Yishi. The Pre-Estimation
Algorithm of Chirp Based on the Fractional Fourier
Transform[J]. Signal Processing, 2008, 24(4) : 667-671.
Mg 8K, 5% bR, £ B 2380 Fourier 28401 5L
BEFIMI. bRt R, 2004: 111-115.
Tao Ran, Qi Lin, Wang Yue. Fractional Fourier Transform
Theory and Application|M]. Beijing: Tsinghua University
Press, 2004: 111-115.

VL. BEF FRFT () LPI (5 S S8 k0T
[D]. K A R A B TR, 2013.
Tang Jiang. Parameter Estimation of LPI Radar Signal Based
on FRFT[D]. Zhengzhou: The PLA Information Engi-
neering University, 2013.

A, XEIT, Rk, . IET 80 Fourier 845
2705 LEM {5 SA0 5 280011 0]. SRk 5k
L, 2003, 18(4): 408-411.

Zhang Buyun, Liu Aifang, Zhu Xiaohua, et al.
Multicomponent LFM Signal Detection and Parameter
Estimation Based on Fractional Fourier Transform[J]. Journal
of Data Acquisition & Processing, 2003, 18(4): 408—411.

(AEGpEE: I M)





