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Abstract ; Detection and parameter estimation of frequency modulation( FM) signal is always one of the re-
search focuses in the field of signal processing. In order to find out the advantage of short—time fractional
Fourier transform( STFRFT) in processing the FM signals, this paper analyzes the relationship between the
time—frequency resolving ability and the parameter of the measured signals through STFRFT’ s definition
and compares with short—time Fourier transform( STFT). As a conclusion,the time—frequency resolving a-
bility of STFT is related to the signal’ s frequency fluctuation rate ,however, the time—frequency resolving a-
bility of STFRFT has nearly no relationship with the signal’ s frequency fluctuation rate. The simulation
verifies that for the signals with low frequency fluctuation rate, STFT and STFRFT almost have the same
time—frequency resolution, but for the signals with high frequency fluctuation rate, STFRFT has the better
time—frequency resolution.

Key words : frequency modulation signal detection; parameter estimation ; short —time Fourier transform;
short—time fractional Fourier transform ;time—frequency analysis

1 8 = el R ARSIV ALY SE R S Y R APOE B o L

=]

a2 TR R R R SRt e n T IRIRMS AT B RS A B2 K

*  IgFE HHA.2014-12-05 ;1€ [0 H #9:2015-04-02 Received date:2014-12-05 ;Revised date:2015-04-02
EE&WME: B RAAHFELT A B (60902054,61032001,61570122) ; F B L5415 K 257 B (201003758 ,20090460114)
Foundation Item; The National Natural Science Foundation of China( No. 60902054 ,61032001,61570122) ; China Postdoctoral Science Foun-
dation ( No. 201003758 ,20090460114 )
#%  JEHEH navy_dbing@ tom. com Corresponding author : navy_dbing@ tom. com

- 773 -



www. teleonline. cn

HLIREAR

2015 4F

TERY I, BEXF IR 5 0200, | N Ah 2 e Jm
fe i T Z A TR, il WVD | Gabor 22 #t |
AN 3R A B I AR A B R
B AR A L AR A e e B A 4
( Short—Time Fourier Transform ,STFT) 045 Wk 4 E By
{5 B 77 4 ( Short — Time Fractional Fourier Trans-
form ,STFRFT) VE g P FH A g 0 73 B T 5. BRAS
FAAEAE ST, R A i o S I 7 23 A 45 5 Jmy 74
(AR AR AR, PR 52 B BIF 93 27 5 1 )12 7 Bk
SCHIR[ 2 ] Jd o e L P2 3 17 P 7R Ze PR AL 5 1Y)
YR, SEBLT X 2P I8 B {F 45 (Linear Frequaly
Medulation, LEM) {55 A U&HE . SCHR[3 ] #2117 H]
S P e L AR 0 AT (/N Bl E AR A A O vk RE
AR B eS| SEBN IS B H ARSI, SCHR[ 4]
K S B B AR e ] T 2 i LFM (R 5K
WS ZHAGTEZ b, G TR e OR . Sk
(5 ) FHRLIN 0 30 Ao B oA 8 %) 224> 22 0 AR 2 7
SHEATREIN , SE I T 22 AR S0 s AN 5 03 B

5 T e B I A A LI R o e B A
HAE I 53 BT A A7 75 B B0 53 FF RN 0% 1 4 G
AT R AR SCHCR B 43 BERE T AT, DA SE I
fHE L AR BT LY, AIF 5 3 5 B e B A 4 1
AR 3 BERE ) SR 5 SR C R,

2 STFT 5 STFRFT

JELIRE o L I 72 48 B B AE 1946 4F il Gabor $i
MO T SRR O 3 A e o £
PEAT o3 BORBC, 368 T A A 45 5 7] 48 B I 72 4
HEATIS IR 3T HEH SR R B IR0 A 3 PR 2 — ol
ELULA S 0 A 1], BE A B Bk 3 455 76 SR A ] L
AU PE , 0 TR 2% IL A5 548 B A R4 89 0 B
PERE, 27— 8] S8 EEAR AU BT R AR Y (o) , T
PRAICTE I )ty 0 B9 8, DU AT LA B0 s (o) Y
STFT .

STFT () = fs(T) Y(r — ) exp(— 2afr) dr .

(1)

STFT Jir 45 £ i 215 5 7 43 A1 i 1] ¢ B0 3 4

o8 FEL A 4 5 1) ) JRy AR ABT I, PRI STFT (¢,/) BE 2
AFE] ¢ 9 pRER, R ATR f I PRER

AR S AL R A G i {8 B AR 4 L 2 B —

Pl am N T2 B T 50K R AR S —F

W15 5 pl BT[] Bl 00 B e /2 A 8 28] A 4 Al

. 774 -

LN T AT LUE LM DU AT A o 1Y
AT, B0 4> BBy 48 B i AR # ( Fractional Fourier
Transform, FRFT) , HoE X K"

FRFT, () =f8(t)Ka(t,u) dt (2)
K o WAL K, (,u) B,

Aaej'rr(tzcota+u2mta—2utcsca) O(?én’n'
K (1,u)=18(1-u), a=2nm o (3)
8(t+u), a=2nmm

A, A, =/ T-jeota , # LLfH HLH A5 e FRFT iy T
£ 7 —AH B o, 7T LR I W45 5 75 I B A3
SRS B RS S A E | HA IR R SR, Je
FIFH FRET AbBEZE VLA (5 5 1, DT B vk T Al 2k
PR S e A PRI AR i (0 fE R 4 | I Ik, FRFT
T iE A A BRI S S0,

FRET 78 {545 8 L A5 e 9 Sk 2 b, 360m T
HRRA RIS, AT RIGA K FRET S 15 4t i 1L i
AR —Fh ) OB, F B8 B X — 4
A S A L AR AT Ak, T AR E A )
B (e AR e, Hoe o

STFRET, (1) = [s(r) » Y(r = )+ K, Gr o) dr

(4)
FRYEMASE R B STET A7 4 B[] 43 B 32 Fm
AP JE W R, AR Ar I AF 40 ROR
STFT FITR] 73 B 2 F000 3 73 B e AT 0 3fe R
i 12
At - Af=1/2, (5)
& u=f- sine, 4 a Ko B B AR 6
P I A5 380 3 B (e L A A S R
At + Au=sina/2 (6)
AR AN o S B A SCRR [ 12 ] /] LUK, Ay 4R
e HE A 23 BERIOCR | 7 ek BN R ] e BT B 1T
WM, AR SCIT SR FH ) 7 BRI Ry v T T

3 RN SRS YRS

31 BRA
BB 5 (1) =ewp 2 fore hu” ) ),

PN V(1) =exp( -2 ), S o T

AR IE 22, R T L rp i g SCnT LA 2045 5 1Y



5555 & IR 52 AR SN 53 B o8 B AR e X VRS- (Y AR A3 Bk e ) 557 3
STFT ik h 2m(1/g%) £ e
| 74exp( -— +jaf smacosa) A,
STFT(,p = Jexp(jZ’rr(f0 + 7,u,zz) ) . Vo 20
(Ruf, - p +1/07) 2 Q/g™)

(r - p? Jexp - dr, (11)

exp( - 272) exp(— j2mfr) dr = 4/
o

2
Jexp(ijfOT +jmur’ - 2mfr - (72_7?) dr =
o
(- 2).
207

Jexp((jfrr,u - %%) 2+ (jZTr(fO -P+ ﬁ) T) dr .

(7)
o 2
Hi e T AR jexp(_ %) dz = /2w ) A
STFTG = |— 2T ey (_ 72) _
PN =

2 _ 2y 2
Jexp[(] w(fy - )+ 1/07) de _
2/0% - jAmu

t2
Xp(_ 202) )

JZw(l/oz + 27
1/o* + 4m’u’

(2 - /a?) 2 /07 + idmu)
Jexp[J T, - )+ 1/07) Q0 + A jd“
4 /0" + 47°u®)
(8)
=51 STFRFT #3530 N
STFRFT, (;,u) = A, |s() Y(r — ) +
exp(Jm(r’cota + u’cota — 2urcsca) ) dr . (9)

H 23 B0 (e B S 0 AT A
A (9) , 155
STFRFT,(1,f) =

u=f+ cosa ,ft;

2
AJexp(j%rfOT +jmur’ - j2mfr - (- i)
20

i (7 cotar + f*sinacosa) )dr =

2
A exp( pys +jmf® smacosa) .
o

fexp((jfn(,u + cotar) —%%) T+ (j21'r(f0 -/ + #) T) dr,
(10)

M35 %] FRFT S fEVCECH) | £E7E u= —cotar, [
15 R

2
STFRFT (t,f) = /%exp( Zt s +jmf smacosa)/—l .

fe @ucfy, -p + /o))
v 2o i

SRxF(8) HE (1) SRS Ty RV AT 45 21 AH
RE RS HFRAR R .
STFTG =275
NAVZARY Y s o

o’ (fo f)2 2t 161T2Mz(fo_f) _
exp o =

2/0" +8 o

oo 1)
—————exp|—5 | *
/o' +4m'w’ o’
2
2.2 forr,u,t 212 8172,u2t2

exp ( (o) + j IS =

2(1/0* +41T2/.L2)
cser * Gspro (12)

(Zfﬂ Zf'rr,u,tj

(fo=/) +
21/ +4°u’)
28 8miu’s

. 27 . p( i Je P 0'6 o’
STFT = Xp| 7 5 |€X o
1 7 2(14+41T2,U,2J
o

74+4-"1'I'2,LL2
g
t2
ex — 5 .
«/1/04 p( Uzj
2t
7 (fo f)2

exp =
2/0"
(T GSWRWO (13)
R, Coppr =exp (=470 (f,-) ) ,
27 (1+cot’ )
J1/6*
AHER B, 2 (12) Al (13 ) #2150 pR 5K
BI7EAE Rt %) ¢, 5 5 49 STFT 5 STFRFT 7E 4 45 1Y
RE I 2 R 30T o0 A, e (i R /N B T 3R kit
Corpr M Copprer » T BE B LE A9038 1) 8 9 ( R A30 3k 43 B
) T TR eR AR 2%
AN — e, R W54 £, =0, A

X, Gy =€xp

’

e EIECE)

2
‘STFRFTa(t,f) ‘2:217(1+00t 0[)

CsrrriT = °

41t o?

Gsul—exp((l ] 2)(/-” f)

Gspppr = €XPp ( -4m’ U'Zf )

jo (14)

- 775 -



www. teleonline. cn

HLTRE A

2015 4F

2 2
E%?ﬁﬁ]-kj::iziwg4ﬂzaz’ﬂﬂﬁﬂzo HTJ‘HX

LG5 BN (14) 7T LUK BR . AH [F) 7 oA 8 7 K
(AR BB R, STFRFT A4 45 48 43 3 fiE o
AMET STFT; A fE HEie 1 b E 2 EH
STFT H1f#y 4w’ o'y 5L, HEEEF 5 S5 u 13
K, STFT X T-fig 2 1Y SR AR VL 5 | 03 o3 FERICR 2
2%, STERET AR o3 ¥ BB 7 W AN 52 A3 38 e 1Y
ZIR,
3.2 fFE

hi#%5 8% STFRFT Xif 26 Pk VA 415 5 19 20 BESSORS
SR FH WA R AT RN R 15 5 HEA T 07 ELSE R

(1) BRI S N

S(t) =exp(j2m(f,t+10077)) ,

S5 IWIIRIR £, =30 Hz, REERFEI N s, RAES
1024 Hz, B sRECR = T, B 128 5, 1
KN 1 5L, I NHE S #47 STET A1 STFRFT,
P EZE R WE 1 Fis,

200

== ===

150 ----=--b-----=-}-- ™

EN e
St o

8.0 0.2 0.4 0.6 0.8

200

150

(b)STFRFT

B 1 w=200 i} STFT &5 STFREFT B 4543 Bk S 4} e
Fig. 1 Comparison of the time—{requency resolving ability
between STFT and STFRFT when p=200

(2) &M E S e
S(t)=exp(j2m(f,t+300:°)) ,
- 776 -

HASBURALE 2 HIXHE 53647 STFT 1 STFR-
FT, 5 E45 508 2 frn .

500

400

300

fHz

200

100

?).0 0.2 0.4 0.6 0.8

500

400

300

fiHz

200

100

%0 02 0.4 0.6 0.8
tls

(b)STFRFT

%2 w=600 i} STFT 5 STFRET M 4543 B fiE S %) L
Fig. 2 Comparison of the time—frequency resolving ability
between STFT and STFRFT about when =600

AR B 25 JE ] LK B, X T 4R R TS
STFT 5 STFRFT [FJAE EAT IR 4T i Bsf i 43 B BE 7, (2
Bl (55 9 2 A 34 K, STFRFT A1 6 9% {4 15 1R 4
(R RE R AR, IR A AR 47 B I AT 4 B RE 1, FH L 2
T, STFT 30T P H R 58 , o e F178 22, 15 A
SRS PRt —2.

4 XTHELMERSE SRS PEeE

T REAT T STERFT 78 X6 48 43 5 5 F
AT B S350 ATT IS (R B A3 50 B R 7, XoF 431 2% i s (1) =
LML AR LA PR A 5, A B B PN AR
WA A% TEXHE 5 HEAT A AT B, T A S s 7
PURE AR LM IR 5 35 DB R IR A 5
T P AT S AR Ak SR A S e M R AR R IS AR 1
g EEIE, IT LM, ZE A0 R AR L R B /INI T BE I
K H STET #1 STFRET A5 REME LR AR =1 (W B 551 53



555

DR T XA SIS 43 B8 o8 FEL I8 8 X VR AU 5 1 AR 23 B

57

ULEMURAR ALK BT BN, STRT B B 431 73 9% g
FIREAR , AR AR AL Z % STFRFT A3 5200

2Tk R =R AALE 5 - T 05 BLSE S, 4
S(t)=exp(j2m(f,t+170:'=100¢) ) ,

S RIHIIE IR £, =30 Hz, RFERFE] SRAEMR 5

MBS B ESE-2, I E S
HEAT STFT H1 STFRET, f 45 R WK 3 iR,

200

150
N
T 100
<

50

200
150

N

T 100

<

50

(b)STFRFT

513 STFT 5 STFRET AfAELAEIRIE SIS e Xt
Fig. 3 Comparison of the time—frequency resolving ability
between STFT and STFRFT when nonlinear frequency
modulation signal is processed

M\ STFT #1 STFRFT (445 £ ER 53 #r XF bE A) LA
B TRV AR EART , s {of B v 25 o 5 6 04
7 ERL AR S AT L BN 1Y 43 B, (BB 2
BRI RGO S A 43 B30 o6 L i AR 4 AT SR R A DR IE
LA A R A543 B 3 T, i 6 s e EEL I} 285 6 B kA
G, FEA N, 1) SRAE B 220 W 1o FEE AN | DR 31 53
HERE S TR, DR, A g el A ) Al 2R Pk
VRS 5 AT o355 o8 L v A o B 2 Ao B v A
e ELA T g (R S A5 A

21 FoR A R EXHE S 34T B R
FhTF g MR A 2 T A Bt mT LI B i
g,

F® 1 STFT 5 STFRFT 34 e L4 A51E S
RS A TS EE T L
Table 1 The accuracy comparison between STFT and
STFRFT for estimating the instantaneous frequency
of nonlinear frequency modulation signal

REE B i Hy B/ (%)
2 IR

/s /Hz STFT  STFRFT STFT  STFRFT
0.2 10.4 8.060 11.9 22.50 14.00
0.5 57.3  40.315 52.5 30.00 8.40
0.8 196.1 209.600 197.6 6.80 0.70

5 HRIT

ASCMN STFRFT 5 X &, Kl STFT 1EXf
Fo, e THER W3 T STFRFT 78 &b B 45 15 5 it
(RS 20 B A%, 8 L 4 5245 STFRFT 5 STEFT
(R A543 R A5 15 5 AR AR (KN % )
KR, SR, FEAHF B R B KT,
STET 5T 53 2R Bt 45 {5 5 400 8 A8 1 3 114 384 T
BB/, M 2 T STERFT JLP A 5245 5 4 s
PRI fi S 38 7 LIS IE T S5 98 1 I i
XA AR AL R K BAF %, (/] STFRET fE 4R 15
L STFT B 55 1) s A7 43 3 238 T 6 451 238 A8 b e 45
AN RN EAN T I €S =31 NG R (E Vi
STFRFT 7E¥E 1T FRET iz 5 5 K 51 — 4848 R Y n)
L, R e AE B AP —RE A 3,

S E Lk

[1] Cohen L. #4387 . 2SS SN[ M]. HE5E, 7 74
2 VA R AT, 1998 :68-75.

Cohen L. Time-Frequency Analysis:Theory and applica-
tions[ M]. Translated by BAI Juxian. Xi’an:Xi'an Jiao-
tong University Press, 1998 :68-75. (in Chinese)

(2] BfeIlr, LR, FAr, A S L AR 7 2 v

P S g D R R BT[], AREEAR 2012, 52
(2):155-158.
CHI Huashan, WANG Hongxing, GUO Qi,et al. Applica-
tion of STFT in Time-Frequency Filtering of LFM Signals
[J]. Telecommunication Engineering,2012,52(2) :155-
158. (in Chinese)

[3] ZRIEJH, W7, AR, 55 TR #r iy g/ N5 iz

SRR L)), sRiEOE Sk F R ,2011,23(9)
2292-2296.
LI Zhengzhou , TIAN Lei,ZHENG Wei,et al. Dim moving
target detection method based on time—{requency analysis
[J]. High Power Laser and Particle Beams, 2011, 23
(9) :2292-2296. (in Chinese)

- 777 -



www. teleonline. cn

HLIREAR

2015 4F

(4]

(5]

(6]

[7]

(8]

(9]

(10]

[11]

BRI KA AF. BT R T S RO
HUMAR L 250 B LEM (R SR 52805 )], d
F5 B 24,2007 ,29(3) :570-573.

LI Jiagiang,JIN Ronghong, GENG Junping, et al. Detec-
tion and Estimation of Multi — Component LFM Signals
based on Gauss Short—time Fractional Fourier Transform
[J]. Journal of Electronics & Information Technology,
2007,29(3) :570-573. (in Chinese)

ZRYCHE 1 e, RT3 e L A 4 e e
2 AR BLAE S G [ 7], 7522240, 2003, 28
(6) :545-549.

LI Yingxiang,XIAO Xianci. The Use of Short Time Frac-
tional Fourier Transform Domain Filtering Method for
Multi — polynomial Phase Signals Detection in Low SNR
Condition[ J]. Acta Acoustica,2003,28 (6) :545—-549.
(in Chinese)

VAT, XU, B, TR P 3 K55 o L et A P s 45
OS], TR 2014 ,42(2) 1347 -352.
PANG Cunsuo, LIU Lei,SHAN Tao. Time-Frequency A-
nalysis Method Based on Short-Time Fractional Fourier
Transform [ J]. Acta Electronica Sinica,2014,42 (2) .
347-352. (in Chinese)

a5k, ZR TP, kT2 M I DU A 45 5 e e L A
e B BT 7 8L (D). ML 244, 2011,39(7)
1508-1513.

XIANG Qiang, QIN Kaiyu. A Time-Frequency Analysis
Method Based on Linear Canonical Transform and Short—

time Fourier Transform [ J]. Acta Electronica Sinica,

2011,39(7) :1508—1513. (in Chinese)
Gabor D. Theory ofcommunication[ J]. Electrical Engi-
neers, 1946 ,93(26) :429-441.
s R ARG S T SB[ M. des: H
B Tl A, 1998.
ZHANG Xianda, BAO Zheng. Analysis and Processing of
Nonstationary Signal [ M].
dustry Press,1998. (in Chinese)
Wi 9%, X8 X, B o3 Bl 1 L A 4 B3 e v
[M]. dbst iR R, 2009.
TAO Ran,DENG Bing, WANG Yue.
transform and its applications[ M]. Beijing; Tsinghua U-

Beijing: National Defense In-

Fractional Fourier

niversity Press,2009. (iin Chinese)

Stankovic L, Alieva T, Bastiaans M J. Time Frequency
Signal Analysis Based on the Windowed Fractional Fou-
rier Transform[ J]. Signal Processing,2003,83 (11):

2459-2468.

- 778 -

[12] Tao R,Li Y L. Short-Time Fractional Fourier Transform
and Its Applications[ J].
Processing,2010,58(5) :2568-2680.

Capus C, Brown K. Fractional Fourier transform of the
IEE
Proceedings—Vision Image and Signal Processing,2003,
150(2) :99-106.

JA . FHET LEM A5 S48 D00 F) v 357 77 e oo e 2 A
B E SRR EET]. HIRIR = B~ 4l (A AR
hR) ,2005,17(5) :557-561.

ZHOU Yunsong. On Window Parameter Slection of Short
—time Fourier Transform with Gaussian Window in De-
tection of LFM Signals [ J].
versity of Posts and Telecommunications ( Natural Sci-
ence) ,2005,17(5) :557-561. (in Chinese)

RO , ST SO A, 45 BT A i e 3 7 R
S AR A [ ] BRI S R 441, 2013,
35(5) :61-64.

DU Fanghui, LUO Haitao, Al Dongsheng, et al. All-pole
Moving—-windows DSTFT-based PCM/FM Demodulation
Method [ J]. Journal of Detection & Control,2013,35
(5) :61-64. (in Chinese)

Qi L,Tao R, Zhou S Y. Detection and parameter esti-

IEEE Transactions on Signal

[13]

Gaussian and fractional domain signal support[ J].

[14]

Journal of Chongging Uni-

[15]

[16]
mation of multi — component LFM signals based on the
fractional Fourier transform [ J ]. Science in China

(Ser. F,Information Science) ,2004,47(2) :184-198.

EE R

TRE(1989—) , B, IIARME N, Wit
WHFE LR, BT S J7 10 O A H AR A 5
PR

LUAN Junbao was born in Yantai, Shan-
dong Province, in 1989. He is now a graduate

student. His research concerns detection and i-

dentification of radar target.

B E(1975—), 55, W A RN B o A
Ui TEEE 23 5% ML 24 Sx R g e b1, 2700 1) D P
EReZ N E Nt

DENG Bing was bormn in Hengyang, Hunan Province, in
1975. He is now an associate professor and also the instructor of
graduate students. He is an IEEE member and also a senior
member of Chinese Institute of Electronics. His research con-

cerns nonstationary signal processing and its applications.

Email : navy_dbing@ tom. com





