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Abstract

Time-frequency analysis method represents one-dimensional time signal into time and frequency
domains, which is an important tool for non-stationary signal analysis. In this paper, the
time-frequency analysis methods were reviewed; furthermore, a survey of the principles, the ad-
vantages and disadvantages of various time-frequency methods were given. Numerical simula-
tions were carried out for comparisons. Finally, a short prospection about time-frequency analysis
was given in this paper.
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1. 3]

I 153 BT A E AR RS 5 AR Bt ] 8] PRI AR A A, % 7 V20— SIS R 520 gk B I [R) e delc . o]
HEAf 22 AR S 5 A U — R AT @z —[1]. LAk, B HT7iEA TR
KR, FIh R T HUERY)BE[2] [3] FREERIE. M 225, A B B30 20 AT 532 K 30mT LA
LR M7 VAN TR AR R3S . IS B AR 6 [4] (Short-time Fourier Transform, STFT). i 45 /N A8 e[ 5]
(Continuous Wavelet Transform, CWT)Fl S A&#:[6] (Stockwell Transform, ST)>y2k i 4543 #7177 %
Wigner-Ville 25 4:[7] [8] (Wigner-Ville Distribution, WV D)} FA74 (4% B HOEHE:[9] [10] [11]8 KA}
BT 710 o I A R RS SR AT B AL 43 Bk A A BEIB R [12] (Basis Pursuit, BP). Kalman JiE 3 /774[13].
LIPS )R [14] (Empirical Mode Decomposition, EMD). [E4&/NiAE#[15] (Synchrosqueezed Wavelet
Transforms, SSWT)&5:4% .

T P B AR e LR/ NS AN S AR R F R BOMAE S kW AT A i . (B S RS N E S
SRR B A ARG, AR 77 2000 B AS 6] & R O B [ 1] . BRI S5003 #7758 5 T SE I A
BN 27 KA HE R 5 1 . 73 4h, Heisenberg AN 5 JE B AR 7R 1 $2 i 6] 1) 20 20 2 DU A4 A0k 3R
FARMTI, [RZIRER[16] [17]. A ER A AT FE B2, Huang 5642t 7 2SS  fi[14]. 1&7iE=2—
FRIE& 0. BN, ER MRSk, ARG A &N, HZESARSRENR . N TH
PRSI SIS, Torres S54EH T HEEAWBIA 7 ##[18] (Ensemble Empirical Mode Decomposition,
EEMD). ZJjikse — R4 BhEdE ik, BRAABMIPURS R 1. BHMARTS, HitEmK
A BT UL 450, Torres 2 N AR H T 58 &£ & 2B 0 f#[19] (Complete Ensemble Empirical Mode
Decomposition, CEEMD). 1% 7 iEAEff U T 584 M R [F I, 3808 7135 S o #, (HiZ7 W
A AR VA AR VR B 1) 8. Daubechie Z532 H ) SWT J7i4[15]55 EMD E A L (IR HE 2R, ™4 1)
B IR W B PTG PE  L S AR AP AR S 5 U AT [ RN . Auger S5 HY R4 /)N AR 4 s
JR b — P RE R E I AR 515 [20] . FEE BE[12] SULAGE BE 21 5 S E w E R T 0, e
TITEFEEE SRS BRI 7 F PR EIE SRR R R . MP 22— Fhin2E ik, it F 7t
JFF 5145 5 s R R E (5 540 &, IR B2 AR, A R . BP JrikiEid gl N 1, Y64k,
W5 T IR R R — R QWAL o) 8, R % A Ze Ve R 1) JOR SR A 7t T EAE
()7 g ) B AR ME— AN 2R B ARk g, At EERRIR KM . I EE77%[22] (Short-Time Au-
toregressive Method, STAR)AHXT T~ H & 77 v e il 3R PRI AW 2 72 7, (0 HRR 43 1 28 5 32 A5 Wk LU AN E (RS
B s, 3 R b Al RS B I AN B LRI, LR MR . Kalman JERTIE[23]5I NE 5 5
Mk P FRDORAS 2 (RSS2, 1) R — 220 DA b R LT 220 P R 00 R B 0 BN ZDRAS AR Al X7
ER AR E R, 85 R BOE, BT RIEAR S 152 2P LSBT S AL BEES 1) & BT & 285K, Kalman JE
W7 N TS FE AN RAR T2

][l
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AT RARTPRE S AT EE T AZ —, &l DA B A TBARE S I R a5, s ERL
. TRRFEMINEERAFFEIITE, efmIEgREMA L @ I ES B MRRe b, &AM EMHrK,
G Tk . BATEMI TARR: BXME S BARRE, RS E RIS 53, 20 S A 38 5
T B R A AR PR S S RII S HE R R AN KR R T, TSR AWM ELRET A, A
S I I TR FER RN A ANATTSE 4 BRI SR AT o A SCORE 23 5 D DA _ET5 A B A R B, IR
KRR 5 XF b 7 AR B A LA AN A 2 4L

2. LRMEEIIS IR T IE

SR S (R S A 4t R R 8 L P AR [24], e S i Gabor B RGUE G o 1205 VAR & R BEEME 5
TR R MBS CONTB IERP R, XA N B BT BN AR AT R S A
W HELLREU STFT Rk A:

Se (7. f)=[s(t)w(t—z)e ™ dt (1)

Hor, w(t) REHREL STRT HITFRN: (s(t)*w(t),e”™).

T AR P2 488 1) T o B0 [ 8 ANAR IR, Dy 1 38 s 3 47 1) B & S, Morlet 58 A 32 H T CWT [5].
CWT J& —Fl AR I & RUBE A2 e die, SO & i P A2 . i IS BRI BOE L. Rk CWT AAA]
AR R A5 53 H  RER AT 1) Bl S SR 7 /N B R T ML ALY [ oo, () ot = [ (1) dt =1, A1 CWT

LIRA AR C, = 2 o] *| ¥ (@) doo < o0 HORTHR T, CWT HyFeik:

Ws(a,r):%rws(t)‘l‘*(%jdt )
a —o0
o, W, ()= o= LT | SR (1) i PR A .

Ja a

AN AR AR B TS 5 o3 R B I TR BE S, AR e dg . — AN RBEARER T — Mty
Stockwell ZE4& H 1) S 284 [6], HeH B T AR AN/ NS e AR 35, B o n i PR R .
FisAN:
(t-o)* £2
|f| +o 2 _—i2nft
Ser (7. f) =—=x[s(t)e  2* e "dt ®3)

k2
t2¢2

Sk, SR B(t, 1) ULe SR . SRR . ST A& BRSO G(t )

kv2m
1) STFT, Ei# 2 SMFEA KA RER CWT.

TRATE ) e AT S B A BRCS S EAT 20 b, BBl R &R 18 1 O STRT BEIMsg A, 15 2
FE 3 43509 CWT 1 ST BRI 4GSR . WE AT LLE H, STRT AR E mBCREE R, 55 1EE
B AAE 7 L AE. CWT A ST rh i ek B TR BE A I 1B] S5 A= (AR A T A8 . ZEARSI, o
R “BK”, BABGEMES ) R, EREECh “FEm” , BAERE RSP,

3. ZIRBSS IR E

Wigner-Ville (WVD) 43 Afi f& IR 7. EANE KRG eREL, A2l Ax e A HE B [17]/ %12, A
Uk, BA SRR . o R
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Figure 1. The STFT spectrum of the synthetic signal
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Figure 2. The scalogram of the synthetic signal
2. BRIESHI CWT S
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25551 WVD AN TR 81 WVYD e BIIME S x(t) = x (t) + %, (t) 1 WVD Ay
WVD, (t, f)=WVD, (t, f)+2Re[WVD,(t,f)]+WVD, (t f) )
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Figure 3. The ST spectrum of the synthetic signal
3. ARIESHY ST ik

ﬁ¢ww%&@U:ﬁ?{w%}{pé%m@pﬁﬂmoMNDQQXmm%W,nﬁ%%ﬁ%?i

Q=Eg?9iﬂmoﬁ%iﬂﬁﬁﬁﬁEL%%%,ﬁ%ﬁ%@¢$%ﬁﬁ\ﬁﬁ%m%pﬂpqpno

N TR R R Ay B, ) WD RIS L, AT RS T B WD AT R R
ik Cohen 28434i[28], VidtZimnAi[29], &N At 7% UL K fg & 0 Bl 73255 [30] [31]. #i
=R TR A S R B, Tl Bessel BR%. Born-Jordan B3, o-Wigner-Ville B%1. Bertrand 5% %%
WAE X I A EE . Cohen 2K, SRS R BT 20GE T WVD IS XIT4E, e ik
SRR REN. {22 Cohen K5 i i FAL R EUE [ @ AL, T —Fix R R e xt—FR A B Sk
BHRAER, DRI B G N A% pR B0 A2 [ 5 1% 2R 505 1 B8 20 [32]

K 4 AARLE G5 WVD, MEIFRRTLUE H, 78 H U2 AR & 2 I T4 :

4. BENMEIESBERS T E
4.1. EMD £BHa9 R 755k
BT ST EMMTEXSE, W IP. CPU. FDA, FTE MTE L4 S X8 — R B UL # R %%
H AR SCRE AR P R S A AE R 9046 S - Huang 2532 HY ) EMD vk RETR #2155 R AE T Fa ks
fE, ARSI EE 2 —[14] [33] [34] [35] [36]. EMD KdE-F-Fals 5 70 fift i A A% BR %
(Intrinsic Mode Functions, IMF)Z flfE R, ED
K
s(t)=2_s.(t) (6)
k=1
e, s (1) = A (t)cos (¢ (1)) AR AL. AE BB RATE A “Fride” iF2, ot R
G 108 VR B R 250 2 — VO Rl 45 R . X S AR AR R A A5 B AR R E S AR . i1 T EMD
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Figure 4. The Wigner-Ville distribution of the synthetic signal
B 4. ARESH WVD $iiiE

TE R ENHE 5 LI e i, B EAETAIERR, Bl Ae R REFESIER, R
thEb . R EMD LRI EM, NHZ, (R EZEEESRS. BRSNS, 8Tkl b
e, AM1$EH T EEMD. CEEMD %514,

Torres 254t 1¥] EEMD  [19]/@& —Fhg A 4l Bh AR 2 A 753k o« ORI NAS [R] A5 e i 0 75 ()45 5
HIs (t)=s(t)+n () BT, Hrhn (t),i=1- | RARREZR YT AMSE . A s (t) 2175015
FIFHN K IMFs,  RJI

s (D)=2s(1) )

K
k=1

XA MBI ARG 5, (8) AP BURIR DI, A QBRI A GERN R S (0= T D18t (1)

g7, EEMD RefR BRIF IR RS R, AIE EMD SRS BASEILS. (Hill
TxF 2 H NS 5 1 o AL BT R EEOR, i B EE 1R EMD 15 258 % (17 .

NEAS A R i, RIS RS S B ER, Torres 25 AXF EEMD #—2b 583, JHEH T
CEEMD [19]. CEEMD Ji%5r 5 —A IMF 3R 5 EEMD —#f, MEE AN IMF H 48, HoRg A
L

1 N
IMFy = LR+ B W) (8)

He, N oRamsEdilcs, E Ron EMD dREMBEINLE k A IMF, r A% k DI k%=
ro=s(t)-2 IMF , &J2EE A W, [ E 2% CEEMD £ EEMD (9 J&, E{-8 1 EMD 58
ORI, AR TR AR b, WU R RCR t E EMD. EEMD 4F .

1 5 R 6 435 A& fs 5 ) EMD. EEMD i .
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Figure 5. The EMD time-frequency distribution of the synthetic signal
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Figure 6. The EEMD time-frequency distribution of the synthetic signal
[ 6. ARLESHI EEMD Sk

4.2. Synchrosqueezing 2855947 75 5%

Daubechies %5 A$&H 1) SSWT [151& —Fl FUIERIME 75, 720065 5 0 Al RS I  or e 2 FTE
s(t)=>1, A (t)xcos (6, (t))+n(t), Hrh A (1),6, (t) 2 BIABEEIRIG . BRI HIGL, 7(t) HUEH[37].
SSWT?“CWT (R b X AT R B AT T 0 AL, 4 FLAR R BIBREIIEE b o X R vk AT A A e R HL
AIREAT (S 5 EA4[38] [39]. ‘EHF CWT (¥ IR REEIK (a, 7) WbT BN H IR (o, (a,7) 7)o HBRIS SI2 .
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—i oW, (a,‘r)

o BOHL SSWT Fik R .
2nW, (a,7) 07

o,(a,7)=

'U@JFﬁ%ZM@w%ﬁ%%
a

©)

H, Aa =a ,-a,Ao=0,-0,, IHHa iHE |a)(ak,1)— a),| <Aw/2 . SSWT I A (RUE)Hhont Nk

W AT 4, A IIE RE R A A

Zhonglai Huang 25 A\ B HY i 45 S A8 4e[40] (SSST)X} S A Heidb4T 545, fHife B RAEEBIR IR, b

AR
N _ 1 oST,(f,b)
f(f,b)=f+[i2nST (f,b)] x—21—
( ) +|:I T X( ):| X ab

Flo 012

H, STx(f,b)z%ij(t)e 2 e ™dt . 1 RaU1F3) SSST AU R
T

-1

SSST,(fi.b)=(Af) x> |ST,(f.b)|fAf,

fk:‘f(fk,b)—ﬂ‘g%

(10)

(11

X R ST NI B OISR, Af =1 —f_, Af =f —f_ . SSST 5 SSWT ALk, Wf77i%He
REXHE AT B LA BUNRZE . 1 7 GRS S SSWT SIS, MEIFRRTLIEH, S5 1fkE

PREBRITRAG “HF 7 £k b, AT BGOSR L
5. RIEM SRR E

8 B S HON A 7 A R T IR T 7 P D ={Y, |, _ FHRIE SRR R[41]-[46]. XFhTTi%

REVH BRAE X4, SR w3
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Figure 7. The SSWT time-frequency distribution of the synthetic signal
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5.1. LECBEREIE(MP)
PUREIERR SEIE(MP)IE T 520 D = (W, ) (M5 s(t) #ATAMRI2L], JUR IR N:

v, (1) :%\P(%je‘“’(”) K= (a,w,0), AR

s(t)= Nfan‘l’rn (t)+R"s (12)

o, NOABIERUEL a, AN W (1) B03RIE, RS A n IERIEEZE, Ros=s. B HREAL

{557 AR AR — A NP ), MP AT ST AR 50 A 7 e b SRS 5 kAR g, AP IRIE
1) KfET s(t) LR Y, ()eD L. s —<s,‘P,0>‘P,0 +Rls, XHEFLZER's 5ET W, RIEZ

M, B, (s v, ) s =(s. ., )|+ s & F R

2) HANDIR(), EREF kD, EFHAPTHES55E R B R A MR & T
¥, o|(R's, ¥, ) (R's,¥,), HXER“sER's—(R's, W, ), Wl [R*"s = |R"s||2—‘<Rks,‘Prk> .

=sup|(s, ¥, )
reD

’

=sup
reD

3) MIEREH n b, s=Y (R, W )W, +R's, Hlim,, [|Rs|=0ikfRg:sH, L5

s=y" <R“s,‘I’ >‘Prn, EE PR BN ||s|| =y <R”s,‘I’ >2 .
MP A1) R 5 59 38 B AR50 S ol £ R A5 S 45 M I U 7, OGRS R T R
B, WHEAAI R, RENE SR BRI, MP T DRI N RS S A
K 8 NA EAE 5 1 MP (¥R A3 -
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5.2. EBEEHEEBP)

5y R BN U BT R S (BP), I EEEIY MP KL 5 BIoR e  S E
THR BT, Ws(t)=Y" W(tn)ra(tn), BENORETH P(tn) AAEET, a(tn) %
A {5 BRI A

+n=Da+n (13)

Hob, W FR W (L0) IS BUERE, D AN, g MRS BP MAIEBITEG, I SRt A
SERE T PR 4 . I e DL RN B T R R IRER: 1) ML o), o

1058, 16 Da = 2) FAME D = s Dalf + Alal,, KRB I 105 TRIET | BRIGRET,

ANESISH, FRBUTREZDSIEFERBZ BRR R, MERIIFGREZSHORIE, X2 BP 5 MP &
KIIAE, H2E BP E MP 57z N HRER .

6. &g

ARSI AR AT INERAT T 4R TEN R . EEITA . RIS HT . RIS ir . Bod AR
SH B TR & A S BN T o LRI 3 05 0 T R R AR RIS A, B N AR
JE4 S AHAESE . IR IEZ R ZHE, ARENS BT AU — AT iR B A X AL XA SRR
B9, HEEFEENINERET T
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