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Fourier Transform Domain

Liu Zhong
(School of Electronic Science and Engineering, National University of Defense Technology, Changsha 410073, China)

Liu Jian-cheng Wang Xue-song Xiao Shun-ping Wang Guo-yu

Abstract: Due to the motion of a target, radar return signals are usually LFM signals with unknown frequency and
unknown frequency modulated rate. Fractional Fourier transform has recently attracted much attention in
detection and parameter estimation of multi-component LFM signals. Fractional Fourier transform of LFM signal
of finite duration is derived and a relation between coordinate of the peak and unknown parameters is given.
Statistical characteristic of LFM signal with white noise in fractional Fourier domain is studied, a closed form

expression is found for Signal-to-Noise Ratio(SNR), and it is compared with matched filter of ideal situation (i.e.
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parameters of LFM signal are known).

Key words: LFM signal; Parameters estimation; Fractional Fourier transform; Signal-to-Noise Ratio(SNR)

1 33

Fourier B ¥ G5k 2 e H . A HES AT HZ
—o fENFourier B XIE, 40 ¥ Fourier 28 4t /& i
Namias?EAFIHTA TAERIEOLF LA 1) 07 A3 ), JfF
4 H Tt sy 77 el o J5 sk Cariolariof T — T 26
55 (B2 dr, FELLREE, FIRSER )M 5%
MrFourier 8 #eftygs— s X2, th T A AR £ 44 S Fourier s
FIAS BT, 23 0 Fourier B8 #eAE Ay Ab BRI AR5 55 (R T
BT HAE 2 N AR TR RE RGO E S
WEL, BT L% E5AN. BEGAR. BRI
A 300 B B9 Fourier 484 S Lt STk i %,
RUE G AN T8, HE 2 gt 7 LA TR P g . R A
AlmeidaZM 7 T 53 B Fourier B FIW VD 1156 &, JEKE LR
6y IR AT T () g DR 11, LU 5 7 I AT %o £
RHEZ, I E Fourier 48 # 3 & AL HL R 1S BLFMAE
5o A B Fourier B #e %t 2 43 f AR M SHLFMAS 5 1R U A1

2006-03-20 Y3, 2006-08-07 f4[m]
AT L 207 1 S0 T % 4 (08100101) % Wi i

filti 52 B e b 22 O FERL 02 (ER SR T T 4 BB
Fourier B4 T~ AL BILEMAE 532 MHES F i 85, 3 W E
R . AE I BB R A S B FRF T AL BIR A1 2 50N R
LEMfE S MGt e th 5 AH DGR IR « A3 BRLEMAS 5
53 BB Fourier 4% 4 1) 1 25 4 P 47 50 T Ve AR B 75 23 BB
Fourierd 07 &, KO NS S 240, KITITE S 28 Fourier
BRI T 2 B0 Fourier 28 #0E & 4B R 41 2 BILFMAS
5 o JB I A3 AT BRI 1 FE LEMAE 5184 B Fourier B4 (1) 5t
TR, WEEELERR B ML, Geit /4 T 40 59 Fourier
A HAEAL B R B HLFMAE 5 B ERE .

AR 2 FTHE SN PRZ MRS 5 1 B Fourier 28
BT J7, oA S R LT B, 28 3 Tk A
2 LFEM 15 523 509 Fourier AR5 g ittt 48 4
WHHATE R LT, S R A .

2 EIBR LFM {55894 $F Fourier T #i& 7745

4

F &S LFM 5 5

ot +jot?

stt)=Ae" 2| [t T2 (1)



2338 B 5 AR ¥ M

29 5

P T B, o fle hRMBE, WHEBMEE, 5
H R, WOTEE, S BRI
53 B9 Fourier 4 #e i X AP

+00
Elauw)= [ K, (ut)s(t)dt 2)
Aqrp
- 2’ .
1— ] cota J 2 cot av— jut csc o
= Ja=nm
Ko (wt) = o(t —u), o =2nm
8(t +u), a=2n+r
3)

cot () KARRKRY),  cse() RanRRH
AR, B0 < a < 7/2. Kl ()FRE)RA
K (2), 4

Floyu)= A 1—jcot Olefgc"t“fT/? ej%tzﬂ(vfucma)tdt
S 2T ~T/2

(4)
TSy 4 R OL 2 Fs(a,u)|2 :
(D% c+cota=0, Hv—ucsca=0Hf
22
[ ot = S (5)

2m
(2)%c+cota=0, Ho—ucsca=0Hf
|2 AT cscar

|F(a,u) = 2751118[(1) —ucsca)T /2] (6)
i
3)Y4v—ucsca =0, Hec+cota =0
A*T? csca C*(0) + S2(0
[Faf = AL COETO )

. T |le+cota ] N S e _
ﬂwe_gf——;—f,am7LC%bﬁpx,amf

0 . N ,
j; sin gxz]dz 3 MZR7R Fresnel 42 5% BRI Fresnel [F3% 4
4 M v—ucsca=0, Hc+cota=0H

mwmﬁ:AT;“aW@*C@;jgafam

. T v—ucsca) ||c+cota T
oy g=(gett leterel [Ty
v—ucsca]\/m )
¢+ cota T
B 155 3 RS HH T | F (, w) V3405 0 I 20 75
(v, w) TH L7573 B ((v = 1000rad - s, ¢ = 1000rad -s72) , &
1(a)-Bl 1(c)srma(6), K (7)M=X(8)H - /EmrEE.
ATLEH, Y ce+cotay =0,
|Fs(o¢,u)|2 LB, B oy =—cot™'(c), wu, =wsina, A
|F (v, )] PRIV 10 e TR o iy B LEM 5518
KENZH c Flw .
A, =—cota, v, = ucsca , B 2 BT |F(v,,c,)] 1H

(®)

v—uycscay = 0 B,

AL JE B R AR S 2 (v,,c,) T RN EE (0=
1000rad-s™", ¢ =1000rad-s?).

= 0
= 10
¥ -15
= =20 L& =
0.98 1 9 10 11
u a(x10 ' rad)
(a) (b) (e)
1 B LEM 15 5 73 20 Fourier A4 1)
R EIRE A (o) TH LR EE
= 0
g =2
w0 =
= ] 0.6
5 lm L o2
== =15 o f{; -,
o 20 4 %_"”
990 1010 900 1000 1100
i {r.'l(rl) ] A (l‘.\u!—z)
(a) (b) ()
2 R LFM {5553 806 Fourier A& 4t
RS 53 (v, ¢,) T FREE
WFEbRRIAES, WL cp>>1, Fillsing, ~q,,
nj

1, = vsinq, ~ va, 9)
B (v, )| RO 5525 tHBAAE () TR B 0 = var Lo B
K () T ay=—cot (c) » = ——— Ik 5

N

(L, AL | (oo, )| ARAEL 5 TP AV 4 EL R SEIRIR AT o
w 7 PR, BRI AR T o R, HAKT u
0FR. W L) MM, 7o B L, 3dB LI
0.7rad, K TE L) EMFEE. ol b, 3dB FMWRE
JE29 0.04, MR T 1)L . 1M |F,(v,,c, ) 1EV&
H s AT AN BESGTF v, XWIAR, KT ¢, XTFK.

F.(a, u)|2 IEAE N

AT 1+ ¢
|Fs(0‘07u0)|2 = T—’_C (10)

R T [e>>1, W+ e |F(ou)| WAET
AL A
AT
o (11)

MR ITELE B |F (o u)|” TS 5 0677
IS RIS SR ¢ JIFE H . (5 SRR, IR,
5 S MEEERN, RN, BRI, WA,
N, N, MR NNESAEE, W ANES
EL VAR NS S A SR, AR SE I EAS Rt

|Es-(0‘0:“o)|2 =




10

I R v T TR 75 15 5N 1 LEMAE 5 120 309 Fourier 30/5 e LL 43 47 2339

3 BHHERELESETH LFM ES8 5 8M
Fourier RIS F H BIAIH4F1E
F G M A LFM A5
r(t) = s(t)+n(t), |t|<T/2 (12)
Ko s() (1), n@) WEBEE ST EME, HgSE T %
HNol=Nyo THESIHK. HH%H Fourier A8 #ffH 1

sl = [ 7 K, t)K (k) () + n(t)]
: [5*("‘2) + ”*(tz)]dtld’é
fift o HIAMEH A
s Tolcsca

BI[F () ] = [Fo,uf +—2

ESH PRI, B 1 BULAE S, 5 2 WU e s
k. WA FmESERN, L8 Fourier AZHIHY-J5 42
2 T MEEIG RN csca IEH . fEfF T
HR escag =1+ ~ e, RIS GERABE/NTE)
LB IR L

P E

Bl

(13)

2
F(a,u)'] = |F (u)|' +4 fZ&@ﬂ

F(a,u)

9 2
To, csc Oé] (14)

+2
[ 27

D45 20 B g 5 LEM A5 543 209 Fourier 22 ¥ -5
s 2k
2 2
VARWH@WW]:YW%ZQ
4

M ERATEH, 725 ese® a I . 7E05 50 55,
B A2 ¢ + cot oy, = O B,

[24°To? + o (15)

T?(1+c%)

VARHFr(am uo)ﬁ = ) [2A2T0721 + Ui] (16)

Llel>1hf
T2
47?

VAR|E, (0, uy)['] =

[24°To? + o) (17)

BUIN, 7 ZEA A AR IR S U7 BE B, BITIE{R R ) e
NIk S TR SR AT
4 SREEES IR

T3 2 Fourier A8 4 B 71 — 443 20F Fourier 42t
BERAAE M2 RO P (R BT, (LSRRI ELE X, RS2
RGPS R, CATHE S . SCER[13]4E
O YA S L A S WA TR AR T I, AL
JiZEAVE TR DA, U T3 0B Fourier A8 4% Hi {5 4t
)
- |FL(%,“0)|4
~ VAR[E (ap,u)|]
A F VAR{X} KRNG5 X 0 %,

(18)

out

)R AN B, B E
A2
ML) TLAE L, flifEMERL S ¢ Too%. X2 4
(ELAL 5 DRI 75 D) 32 28 5 B s E L, TR e b
P IRIEL, WO T AR R, R RS KA 5 0T
AR E NI EREE a7 alll B
IR AT SNR o 27 FLARAE 10 (B0 SHUB R A AR S5
CUAIT) T e AR, DT T s 25 1 i AR e b, )

SNR (19)

S AT
SNRout = g (20)
1 AR (19)75 3]
s 2
SNR SNRout (21)

out B 2SNRO\11,+1
2 SNRouwt >> 1}, 35 Fourier 224 )4 Hi 5 e L
H

SNRMV:SNSWt (22)

BI43 0 Fourier AR (¥ % H 47 Mk LL LE ARG B0 AIK 3dB.
2 SNRow << 11, 233 Fourier 22 it 15 1 kb
S

T2
SNRout _ SN]; out (23)

SNRout
2

BI85 Fourier 483 [y 43 Mt by 2 BACRS e
fi.
5 ZERIE

ARSCHFIE T 43 BB Fourier R4 & A2 5 LEM {5
FAE L ) . 1 58 B BB T 3 0B Fourier 25
T AL FR RIS 4 LEM 55, SRJGHEST T BN P s LEM
FSE B Fourier SRALETHRENE, 1R I 7 6 2 25 A
AL T AT I L, Wy 2 AR 5 YRR (1 7 e
bt B JEHE T 23 3 Fourier 28 Hdb B R 51250 LFM 155
i AR R LE o FE R R I LA PF T, AR Bl (R S 0 )
VT ELE B A A L b, BT I E S AR 3dB.

& % x ok

(1]  Namias V. The fractional order Fourier transform and its
applications to quantum mechanics[J]. Journal of Institute
Applied Math, 1980, 25(3): 241-265.

[2]  Gianfranco Cariolario. A unified framework for the fractional
Fourier transform[J]. IEEE Trans. oOn Signal Processing,
1998, 46(12): 3206-3219.

[3]  Ozaktas H M and B Barshan, et al.. Convolution, filtering
and multiplexing in fractional domains and their relation to
chirp and wavelet transforms[J]. Journal of Optical Society

America (A), 1993, 11(2): 547-559.



2340

mF5F B %R 9 29 %

(4]

[5]

(6]

(7]

(8]

(9]

(10]

MBS, fRER. B Fourier A8 LR H[J]. HF2#3,
1996, 24(12): 60-65.

Xun Xiao-bing and Bao Zheng. Fractional Fourier transform
and its application[J]. Acta Electronica Sinica, 1996, 24(12):
60-65.

FsR, 54k, 2. 230 50B Fourier A8 f U5 B A M) db 5t
TR AL, 2004: 1-6.

Tao Ran and Qi Lin, et al.. Theory and Applications of the
fractional Fourier Transform[M)]. Beijing: Tsinghua University
Press, 2004: 1-6.

Ozaktas H M and Arikan Orhan, et al.. Digital computation
of the fractional Fourier transform[J]. IEEE Trans. on Signal
Processing, 1996, 44(9): 2141-2150.

Pei Soo-Chang and Yeh Min-Hung, et al.. Discrete fractional
Fourier transform based on orthogonal projections[J]. IEEE
Trans. On Signal Processing, 1999, 47(5): 1335-1348.
Candan C and Kutay M A, et al.. The discrete fractional
Fourier transform[J]. IEEE Trans. on Signal Processing, 2000,
48(5): 1329-1337.

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

HKOR, FASR, S JE T E Fourier A8 4:1¥ SAR i23)) H b
R 5 4[], JRTAER, 1999, 20(2):132-136.

Dong Yong-qiang and Tao Ran, et al.. SAR moving target
detection and imaging based on fractional Fourier
transform[J]. Acta Rmamentarii, 1999, 20(2): 132-136.

(11] Sun Hong-Bo and Liu Guo-Sui, et al.. Application of the
fractional Fourier transform to moving target detection in
airborne SAR[J]. IEEE Trans. on Aerospace and Electronics
Systems, 2002, 38(4): 1416-1424.

[12] FFHk, sk, 2. EF0Hlr Fourier 22N 2 /0 & LFM {5
SRR E G )], T EE, B, 2003,33(8):749-759.
Qi Lin and Tao Ran, 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.

[13] Barbarossa S. Analysis of multicomponent LFM signals by a
combined Wigner-Hough transform[J]. IEEE Trans. on
Signal Processing, 1995, 43(6): 1511-1515.

XEM: 5, 1976 A, LA, MO RO EIAE SRR,

L T A FL PR A
A8 5, 1968 A, RIHER, WM, BT L IS
7 AR HL XL

FETRA: Y, 197254, B, WU RO IEAE S A B H AR
PN ZRETE TG ARG R



	 
	1  引言( 
	2  时限LFM信号的分数阶Fourier变换模平方特性 
	3  高斯白噪声背景下的LFM信号的分数阶Fourier变换的模平方的统计特性 
	4  信噪比分析 
	5  结束语 

