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Parameter Estimation of Multi-component LFM Signals
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Abstract:  To estimate the parameters of multi-component linear frequency modulation (LFM) signals in the presence of
white Gaussian noise, a new method based on integrated quadratic phase function (IQPF) and fractional Fourier transform
is presented. The theory of IQPF for estimating the chirp rate is analyzed and the shortcoming of suppressing the weak LFM
signal is pointed out. In order to estimate the parameters of the weak LFM signals in cases involving the strong LFM signals,
a novel scheme is put forward. It combines IQPF with the fractional Fourier transform to estimate the parameters of strong
LFM signals and then eliminate them one by one. Computer simulations have verified the effectiveness of the method. Com-
pared with Radon-Winger transform (RWT) , Radon-Ambiguity transform ( RAT) and pure fractional Fourier transform, the
proposed method is more computationally efficient. Hence, the method can serve as a good candidate for quick parameter
estimation of multi-component LFM signals.

Key words:  Linear frequency modulation signal; parameter estimation; Integrated quadratic phase function; fractional

Fourier transform

2= Je— I AR AR S 5, T T TR s A
- LA A D T U B 2 4 e LEM
2 PEVE $7 (linear frequency modulation, LFM) {5 5 S S B TEER N M.

Wk . 2012-01-04; &[] H . 2012-03-27
SGIH Bt AA ST, 45 . NCET-06-0921



C

JEME QA5 T RS UL R ACRI 0 B Fourier A4 (1) 2273 LFM {552 8fili i 927

S X T 0T A R P A 1R B LEML 35 5 2 M
T, A2 [ N Ah e B AT TR IBESE . o,
BRI e — R B AR A T, (H S B
BT R B, BA AT RE S S R
PRABLS o 454 15 5 e AR T 20 A3 43 1 J7 25 4 Radon-
Winger 28 #e (RWT) 2 °' BAT B 4p i Pk i , (R B AT
TR % T R AR K5 Radon-Ambiguity 4% 4 ( RAT)
U RRAL AT — 418 2 H i TR I A A
B AR BRI A AR AR e, TR R . A2 BB Fourier 48
et R LR VE AR e, R AL B 2 A B LFM (5
S A2 A I (H 5 AR A A0 B B £
S Fourier A8 AR LAK .

T AT B B A S, Peleg 45 4
T B WA LA e (DPT) 35,07 Shea #2117 =
UHIRL BB (CPF) ik, 45645 % CPF Jr ik, 3210
T UM R B (QPF) 7 3™ %7 B 4 B B 4
LEM 5 5 HA S M PERE 24777 2 /0 i LEM (5 5
I, AN [R5 W 772 A (9 58 I AT RETR B fh e , %o e i
LR F P T R R R BT i, A B AL
PR (TQPE) 773210 | e 1 = YA {3 B % ( PCPF) J5
RIS 2 = oM R O

ASCHE ST T 1QPF Jr kAt LEM 5 5 4
[ SR, 45 Y TQPF A3 TR ) 55 175 5 (9 Bl 5, SR UG 16 204
Sy BB Fourier A5 Hefilitt LEM {552 5 J5 B f1) i
AR T R RS YR AL B BRI 43 B Fou-
vier AR YLK HIIT 5 , XK T B0 R HEAT T AT,
5 LT ELIE T %07 U B R

2 ET IQPF gyisnE st Hik
I e 1 e K 22 004 LEM (55 ] 3R N
s(t) =ZA,.exp[j21-c(fit + %fmf)] +w(t)

0<t<T (1)
Hepow() RYE AT F2ER o HEITERS A,
Sos LB AR ES © 4 LEM (55 0 R W0 G 40 56 R 4
o NRBERAEIEN f,, W RSB N=(T,% a,=
2nf/f by =nf, /0 (1) ATFRIR

s(n) =Z{Aiexp[j(ain + binz] +w(n),

n=0,1,-,N-1 (2)

J TAESEA KRS, 20K a,, b, WY IREE Bl 7>
A

-n<a,<n,-v/N<b,<n/N (3)

X TS s(n) , 3 QPF 2 LK™

QFP(n,w) =Y s(n +m)s(n - m)e™  (4)
Hop 0$n$N—1,rrY:EF=%')/i)Sni*y&N—l}O

B (2) PRYER i A LEM 5 50 i AUAN(4) , H)
EGE

| QFP(n,w) | = A’

Z e,‘(zhfw)mz (5 )

ATLVEH Y 0=2b, i, (5) BUR R, kel
DASE AR n, B [QFP (n,,0)| MO0 3RS b, HOf
HHE

i T CPF Sy AUt As 6, o] IR, Y AEfE 20 i
LEM {5 515, 25 B2 LI, T [QFP (n, )| #5 7] fiE
TR 2G5S H o K(K=2) i, 58 LI i A 3
K=K, AT RBP4 LEM {553 2 X (6) TR 56 &
it , 38 CTKEAE @ = b, +b, JbTE LD

(a,-a;)+2(b,~b,)n=0 (6)

TEZ o LEM (55500, i1 TF 5 B WAy (g
i B ) TC 36, R T 5 B4 R, 1M D g 14y &
B TR O SOCHR (9 148 T 1QPF Jy ke il £
W, 808 19 T JES 5 1 0 {1 o

I0FP(w) =2{) ZS(n +m)s(n —m)e™™

(7)

1L 2 23 B A 2 A LEM {5 543 4k iy U
=51 QPF WE{E AN IQPF, B> LEM {5 5 i B2 A [ , o,
=3n/5,b,=-n/5N,a,=1/5,b,=n/5N, {5 KE N=
257, t3(6) , Al H1Y n=N/2 B, QPF WiE{E | QFP
(n,w) | ¥7E b, +b,=0 LLHBLNIE, B 1 BN n=N/2
IS 1 QPF MR AR, 7T UL bl T P e 19ty B0, 4 75 5]
BT RAG B . 2 2 TQPF fif 45 5, Al WLl
W A5 1) 7 A 25 A, 3 G 0 WA 7 B T IR A
=B AR

A LEM 5 S H8EE 2 b A, A 48500 1:2.1:3
i, X LB TQPF fy%as 28 a0 3 1 4 . AT 0L,
SR AF 5 A K 233l 35 5 15 5 A, A ) (4



928 5 5 4 %28 5
PASZEUNT 55 15 5 40 i PR AR i v S Al 1. XTI, AR S 2
55 BE Fourier S 15 5 0 B B K 451554
Y 5 55, F R B 55 8 s TS S S O R > h
AL £ o 3 25, oK S B 2 5 B A5 5 19 B K B) H
i H o i
2 . 0.5 ) \
WVVUUWJ// xm
1.5 (Vs . -
-4 2 0 2 4
g SR (x1/N)
5 : B4 RN 13 1QPF
£ Fig.4 The IQPF when A, :A,=1:3
0.5
0 3 E T 5B Fourier THAJ A8 2R {d 11
P (< 1/N) g%
L =2 IR QR SYHUY Fourier A5 LK) Fourier 254, o]
Fig.1 The magnitude of QPF when n=N/2 v e -~ .
DU N (5 5 B A0F- T b 28 S5 VAT 725 A 1)t s
z SFHERE AT DURRE 15 B A — 41 IEAS 1 TFM {553
s ERgMEFR . —A LM (55 AR — 48 14y
£ BB Fourier I i 2 5L 30 45 4 1) RE HE SR ARk, T 1 g
% | FEAEAT AT 53509y Fourier 3o i A5 25 H B Rl o B4R 1
g B, ARG 5 1953 54 B Fourier ZE 4 i] 5L B LEM
03 SE R AN S B
. . . 155 s(1) 289 Fourier 84 A
-4 2 0 2 4 +e
——— s,(w) = [ s(OK,(u,0)de (8)
E 2 MfES Y IQPF A, p N4 B9 Fourier AWy, a=pn/2,K, (u,t)
Fig.2  The IQPF of 2-component LFM signal jjér}.%ugj/l\ Fourier %ﬁﬁg&@ﬁ ,
2 / . 124+u2 .
1 —‘é(:taej > cola—jutcsca , a;é nr
K =
= o2,1) 8(t-u), a=2nn
‘§ S(t+u) a=2nxl)x
RS |
= (9)
- o TESER R FRS , B 96 B A U A2 BB Fourier 2545 1y
AN, HAT, OA ZMPGER X e ke
0 . . . RS B 7 T 45 A AR TR o AR SCR B SCHR [ 14 T4 H Y
-4 £ 0 2 4

R (< 1/N)

B3 BEEEL R 12y IQPF
Fig.3 The IQPF when A, :4,=1:2

PR . TR AR L I, 5 2 R OE 15 5 r g 1k
ANEXE [ =172, T/2 ] N, IR R e X ] [ -B/ 2,
B/21 1 FEFIA—AREER F A= VT/B H it i o Fl



C

JEME QA5 T RS UL R ACRI 0 B Fourier A4 (1) 2273 LFM {552 8fili i 929

SRS S VEAT R 200 A, 43 R B B A 5 1/ 2
/Ao TRE 355 R B8 I ] 050398 X () LA 41 ]
K EL= VTB

- 00—k, 4558 (10) Bor

f.T/f.==cot( a) (10)

16 TP A1ty LEM {55 i J 0% £, 19 i 2
T, AL SO Fourier A5 HIBMK p Ny

p=2a/n=2arccot(~f, T/f.) /n (11)

S35 2 AT T B TR 43 B Fourier 25 3, 3R
JE A 2% WL T IO R 8w, , 0 T4 LM £
BRI f,

]?O=upcsc(prc/2) (12)

4 EF IQPF F04# i Fourier T#tp % 4
= LFM 55284t

4.1 Eikfg
LI (5 Sy B LEM {3 5538 5 11
LM LM (55 1 J6 V05 5 10 1QPF, JF 4 1 i 4
M ST , ORI 7 007 B 43 BB Fourier 358 7y
HEATAREEIT Fourier 25 He , 5t 5 38 i 80 22 068 (4 A5 30 6 £l
HH AR, E S 5 o B AR 22 B K £ 4%
Bt LEM (550, 57 o T T i s TR ) 3 26 59
YR T B T AR P — B, A SCOR 4 B
Fourier 754 8 1% 5 43 S 4 A S 529U 551 5 10 2 50
b, H T R AR A5 (540 R KR, 45 MR
RN GFUCT 3BV 45 (540 B R R 3¢, I
YRR Fourier A5 Bt H W) B 572 , TR U ORI £
Bl ERR S PR STy

(1) FFEEVEI 5 5 9 TQPF, 15 5 i 2
SRS, -

(2) it (1) B4 $LHr Fourier 25519 B K p, ,
BRI 5B Fourier 2546 , 48 201 31 B u,, 75
S5 RS BT A LA o

(3)7E p, Bk (9 53 5B Fourier 5 Py 44 7 — 4~
U BB A7 BELIE T 2% , WE TR B 12 5 40 0, SR
HEFT—p, B9 SY 5T Fourier A3, 46 (55054t ] i 3o

(4) T L 1A B R, B S A A B B

53t

AR TR — PGB A B . S RE R AT #5 3 Br A
WHES sy it S5k 1T,
4.2 HEHEHNNW

B SRR R SUBC NV, 28 45 P 1) SCHE Bk
Mo — B, SRR S 37 A P P o, B
KM KT N, HET5 RWT (i 0(MN) |
BHEFT B AR Al b FURR AL R 1 AR LR A R — 4RI R
F R TE RWT (19385 4 0(MNlog,N) , 7 5
AT IS5 RAT (935 5 O(MNlog,N) |
s HEAT— 4ET8 2R, (FL 5 B AT 7L A AR AR B4R AR A 11
M pRARHE o TQPF [{3B H A O (MNlog,N) , BRIk 55
RAT FIARLE I 19 RWT 124 , {5 AT B HEA T A8 AR AR
e AT AT — e R JF H FRET A FFT SRS 3Ly
BHEARAUH O(Nog, N) " [H i, A SCH H 1 J7 2 1)
PR AR RN

5 (hEXBEESH

JBRAESEE HOPERE , A% SOR T matlab7. 0 P36 £
T ELSE B, B I 2 A T 0 5 0 1 e 7 £
Wi LM {3545, A AT G TF A LEM {54 2 6
Fe 514 10dB 0. 46dB, Wi~ LEM {55 25053 5 -
A, =1, f,=60Hz, f,, =20Hz/s fil A,=1/3, f, =40Hz,
fro==10H2/s, SFRES 3 /= 200Hz, {5 5 AF 540 N
=257,

HEEULI (5 210 TQPF , 25 S S %, M T o
AT AW B 75 ) — e, L X I TR £ B 4
VTR, T 55 1355 40 BT I M W (R AT I phi [ S
fr W L 30 A T R 0 2 R I IR R N £, =
20. 05Hz/s , AL (11) 155 X 1 14 533X B Fourier
AR b, =-0. 918, KWLM 224 p, B 41 5B Fou-
vier 5K, (5 ELLE FANE 6 FF R . HURIB S 1
P L PG (12) 5 30 B0 0 0900 10 £ 18 S, =
60. 08 Fz . Fi 3 M 7 5 BEL U0 28 , 65 2 015 S0 13
B EIEBR T 5 -p, B4 B Fourier 25 i ] 51 i
B SREIAAE B TOPF, () L45 F AN 7 R, AT
K £ = ~10. 09Hz/s , b B 9 435 Fourier 75
BT p, =0. 959 XHEFAE p, Bir /3 8B Fourier 254t



930 & = 4 %28 %
7 LS SRANIED 8 B % B A W AR 1 A (8 /. = 6
39.8Hz, Hfi AR AT UL, A SCHE P58 1 A 8
foPERE - 2 4 1
S
z &
R 2| g
1.5
N 11 1 ally, an b ‘A. "
= 0 RN AN WY VPN W AN AMA M
O 100 50 0 50 100
= JURE A — 05 4k
05 P8 UEBRHR (5 A By HM52HC Fourier 28t
Fig. 8 The fractional Fourier transform of order p,
0 : . :
-200 -100 0 100 200
ﬁ’im%;(HZ/S) 6 %ﬁii’ﬁ
E H
K5 WIMES I IQPF
Fig.5 The IQPF of the received signal Z'Kjt%%tlj T*ﬁ%?@q%:ﬁ(*ﬁ{jlﬁﬁ%uﬁﬁ@/l\
Fourier 2411 £ 73 it LEM {55 S5t Ik, Bk
s YR BRSO — AR A R T LEM S A R
fRJ7 1% (H 25 A7 AR5 585 AN R /Y 223 i LEML {5 5 i, TG
10 R A5 30 55 15 5 PR A3 1A RS THE . Xk, 4R 3T
= L4 SY KUY Fourier 2845l J5 % , ¥ JB R IS — YA
= {37 BB T e 8 155 5 53 R F R SBE 5, SR 6 A 1 53
5 w . i = 2\ . N o
R B Fourier 3 P #EAT /3 $0 i Fourier 2246, Al 11 H 32 5
w S R AR AR, A BT U AR R B
o bt o s s AR LT MO Pourier J2 78 B A0 . 7152
AT R I Silin WAL T Ay
T, AR B 835 RO RV 4
N LFM 551240, 5% A Radon-Winger 25 47% Ra-
6 WLMAZES11% b, M8 Fourier 4%
S don-Ambiguity /B % .G 51 0B Fourier A5kt i
ig. he fractional Fourier transform of order p . Sy =t g N y ‘ 5
g0 The factionsl Fourier rand & I T A BB 7 L4 BRI T 207 R 1
, AR o P, AR SCH M Y O 0 2 — Tl R AT R £
grit LEM (5528117
1.5 S 3k
% 1 [1] Abatzoglou T J. Fast maximum likelihood joint estimation
g of frequency and frequency rate[ J|. IEEE Trans. on Aer-
0.5 ospace and Electronic System,1986,22(6) :708-715.
[2] Barbaroma S. Analysis of multicomponent LFM signals by
0 ) ) ) a combined Wigner-Hough transform[ J]. I[EEE Trans. on
-200 o ) 0 100 200 signal Processing,1995,43(6) :1511-1515.
1 () [3] Wang M, Chan A K, and Chui C K. Linear frequency-
K7 UERRER{E 5400 1QPF

Fig.7 The IQPF of the filtered signal

modulated signal detection using Radon-ambiguity trans-

form[ J]. IEEE Trans. on signal Processing,1998,46(3) ;



C

JEME QA5 T RS UL R ACRI 0 B Fourier A4 (1) 2273 LFM {552 8fili i

931

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

571-586.

A, SR J SR K, £ B 6T Radon-Ambiguity 7%
o053 B B AR S Y chirp {5 SR & £ S50k
THIT]. AU RUBE TR 2241 ,2003,23(3) :371-374.

Zhao X H, Tao R, Zhou S Y, Wang Y. Chirp signal de-
tection and multiple parameter estimation using Radon-
ambiguity and fractional Fourier transform [ J]. Transac-
tions of Beijing institute of technology,2003,23(3) :371-
374. (in Chinese)

XU, £ IR, XA HE T3 BB Fourier 2 4 /1)
LEM 55286 TR L0 A [ ] 5 5 40 2, 2008 , 24
(2) :197-200.

Liu J C, Wang X S, Liu Z, et al. Parameter resolution of
LFM signal based on Fractional Fourier transform [ J].
Signal processing,2008,24(2) :197-200. (in Chinese)
Peleg S and Porat B. Estimation and classification of poly-
nomial-phase signal[ J]. IEEE Trans. on Information The-
ory, 1991,37(2) :422-430.

0’ Shea P. A fast algorithm for estimating the parameters
of a quadratic FM signal[ J]. IEEE Trans. on Signal Pro-
cessing,2004 ,52(2) :385-393.

E I, SOR. —RHT R LEM 55 S8k [T ]
S S Ab R 2008 ,24 (1) :132-134.

Wang Y, Jiang Y C. A new algorithm for parameter esti-
mation of LFM signals [ J]. Signal processing, 2008, 24
(1) 132-134. (in Chinese)

PR FHER,FEMWE. ST R R R 2
orE LEM 55 0 [T ] B7 515 B 274k, 2009, 31
(6) :1363-1366.

LiH, QnY L, Li Y P, et al. Analysis of multi-compo-
nent LFM signals by the integrated quadratic phase func-
tion[ J ]. Journal of electronics and information technolo-
2y,2009,31(6) :1363-1366. (in Chinese)

Wang P, Li H B, et al. Integrated cubic phase function
for linear FM signal analysis[J]. IEEE Tran. on Aero-
space and electronic systems,2010,46(3) :963 ~977.
Yang J Y, Wang, P. An algorithm for parameter estimation
of multicomponent chirp signals[ C]. IEEE international

conference on acoustics, speech and signal processing,

[12]

[14]

2006:1-4.

P, B, KRR, Mt 20 LEM (5528
fhit R ORI [T ] RE TR S FHOR,
2009,31(11) :2560-2562.

Li L,Si X C,Zhang W W , et al. Improved estimation algo-
rithm of multi-component LFM signal parameters and its
fast implementation [ J ]. Systems engineering and elec-
tronics,2009,31(11) :2560-2562. (in Chinese)

Almeida L B. The fractional Fourier transform and time-
frequency representations[ J]. TEEE Tran. on Signal Pro-
cessing,1994 ,42(11) ;3084 ~3091.

Ozaktas H M, Arikan O, Kutay A A, et al. Digital com-
putation of the fractional Fourier transform [ J]. IEEE
Tran. on Signal Processing,1996,44(9) :2141 ~2150.

EEEN

JEMG & (1984-) 5, [ B B2 H AR R
FHT RS TR B A BT
7 1w kg HL TG, S S A PEAE

E-mail ; tangpengfei@ nudt. edu. c¢n

MREREE (1983-) , 55, AR g v 1A, [
Bl A B AR R L TR 5 TR A B 1
AT B ST TS 1) o Rk AR i AR
P RS b FRSE

Ok (1982-), A ]
BBt B AR R A B TRl 5 TR A B 1
LA WS T5 1 R R AR H BRI
%U%O

BRI, 55, A AR TS N, 2R, T
A [ B BB K 2 ATR [ By B4
RS A R AT WEETT 16 O R IR T AL
b1 PPN B AN AV N BT 6 RRis S





