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Abstract

Time-frequency analysis can obtain the relevant information of underground reservoir, which
plays an important role in reservoir characterization. In this paper, the General linear Frequen-
cy-domain chirplet transform (GLFCT) is proposed. Firstly, the time-frequency basis is rotated to
match the actual group delay (GD) curve. Then, according to the amplitude of each time-frequency
point, the optimal chirp rate is obtained, and finally the high-resolution time-frequency characte-
rization results are obtained. The numerical verification results of the synthesized signal demon-
strate the effectiveness of GLFCT in processing transient signals, and the test of simulated seismic
records well proves the feasibility in reservoir characterization.
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1. 5l

B0 A 7 RR SR LI TR I B & i 5 B, RAFIHEE S S FRESIEH TAZ
— o AR AT TV IR A R T A R AE S () SR AR, AT e B G SR SRR ALE T I D S 45 A A i
5 ARG AT AT 5 1 32 B R MR AT A BT T VR R R AR BT T e R R R R A AT
VR4 6 I {3 HLIH-A8 # (Short-time Fourier Transform, STFT) [1]. #4E/NEAS #(Continuous Wavelet Trans-
form, CWT) [2]#11 S A¢#t(Stockwell Transform, ST) [3], FAC) 12 S T 1175 0 kE 22 | £ 2 TR0 AN 2 2546
MEEJ7TH . STFT MBI & mEEEUE 5, FHXT BG5S AT B A e, H&SE 3] 755 1ImE -
AL . Partyka [4]55 T 1999 444 STFT A TS5 74 B H: T IX —4E M R 40k, DiieEZ0E. &
JEE R 200 ) 1 SR HA R AR AN TR SR 1 . (HE STRT BB R [E E 1, B AR50 30 2 [l g 1) b2
S EE MBI ARFRE S, IS o B G I AN WA, T E3T 2 035 0. R, Morlete [2]
BT AMRAE ) NBFEIR T CWT, (EILBA 2 Hiachett, RIEMRARAL N [A] 70 AR, B iy,
P AR B 43 9% 2 1 AR A R AR o R PR A5[5] T 1996 SERIF 7T 1 M fE BERH b H /)N ipl bR 55000 34 B i) 7L,
Pt 7 —Fh UL R T B A/ N R, TR TR B 25 A AR . Stockwell [3]4F STFT Al CWT
FASE G ST, H AR . T S A4 v 7 2 ok 20 56 B2 B A 22 38 KM As 7, TR R th—
RYVSHE T S S AR¥R[6], (EIEAZIE[7]. g E AN, AR F )= 1 [9] 5 Ss a1
RN SR. B2, FRRERSLIEA S, (25 Heisenberg AN R ERIILIH,  FLIF ] 7 HE 5 A0
AR Gy W Tovd R I 43 B i o

WVD (Wigner-Ville distribution, WVD) [10] [11]1E A —Fh $08 f) = R A5 B 73, A SZ2RRAAAS
fff SR ER PR, R EASANE. ReR S IE R B SR AN AR M SRR . 12ROV R TR
TETEAZIE[12]. HEAH)Z T [131 559U . JREZ IR T IEAE SR B Wb W28 2 S 3B AR ) B
T R, AR 2y A 5 I oV e A8 I T4, AR BR 1) 7 IR [14]. ik, et T
—Fh S ZUIAAT )5 73R i i A7 8% . Mann 7E STFT #11 CWT F 3t - 5]\ chirp %, &4 1 chirplet
Az 4 (Chirplet Transform, CT) [15], %77 REW NP HNE S-S 0 PR m ARAEZE R . 4811, i
FHRLEMEE S, CT BB #RE A AT FEAK. Bk, Yu $28H 1T LZHE Chirplet 22 4(General linear
chirplet transform, GLCT) [16], %7774 CT S H y Jm it 22 4r &, A4t L 1w Ze i, FFAE
A REBICESH WAh, @I SRR H AP E T, $2H 17 200 CT #IFfE% CT, X
B6 7958 A b 22 WUARRLAE 5« SR, E AT S B0 B 35090 A1 7 322 00 A% bR 500 12 1 RS 1] 738 8 1Y) o 4
A DA SO RAEE SR R0, & TSR E S, BRI &)L PAT TR A B s (S
SRR PR N AR AE 45 R [17] .

R B SHA I AT TR S G S R R IR, ASCOWEA 1) Chirplet Bk iT80k, 2T
— ) SCER AT, Chirplet A8 4 (General linear Frequency-domain chirplet transform, GLFCT) 5. %515
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3 A IS AT SR VE BC R A5 S 10 S2hR GD gk, T ABRA(E S iRt m 4 R I R AR 45 1. 7R3
Tk AT, EARMIR T GLFCT [E R, 31 & S S RS i, W%V R A BCR AT
VELRE, SOk R W% T VAT B A S ATy T LA AR KT AT
2. |18

XFES x(t) e L2 (R) , HLAEI 6 25 5

STFT(t,a)):f:x(u)g*(u ~t)e " du 1)
ﬁ*tﬁﬁﬁ,w%ﬁﬁywﬁﬁﬂﬁii%ﬁﬁﬁ&,wimﬂﬁ%—ﬁﬁﬁﬁﬁﬂﬁ—wﬁﬁ,W
e T RO -

o(t)- e 2 @
Hrb, o AbrdEz . (SIS RHE S Y.
1 o . -
SFFWLw)_E;LmX(UMB(n—wﬁ dn ®)

Horpr, p NATRS AR B o 3(3)FR AT B I A5 46t (short-frequency Fourier transform, SFFT). X () /2 x(t) 9
I, G(o) RH B g(t) FE RS, FHERNARR, STFT A SFFT Z A5 &R AT LS
1

STFT(t,0) =eSFFT(t,0) )
XRARTET e, STFT 5 SFFT ZMEM. Hit, —FHAGHLTXA:
|STFT(Laﬂr:4$FFT(Laﬁr (5)

5 STFT 25M8l, SFFT &M T dr B A 1H%E GD s 5. 20T SFFT KIS 77, CT i Lk
NN

’ (070)2]
- . I[(n—a))tﬂ:i
Ve (t’w’c)=2_n-[-°c X(7)G (n-w)e ? dn (6)

(n-0)*

3R(6) N GLFCT [k, H, c £k chip %, e 2 Ml T. tial(e)m s S s
HoN:

2

T(tva)vﬂxc)=(77—a))t+c(77_2w) @

HT{5 5 1K) GD % SCAARML bR BOM I (K 3 N A E, (7)) AT

on

GLFCT % U JE AR 38 1 e I ATUAE SR UL AT S b GD b2, AT 72 BE B A PP BRI IURAIE . 7K
A L A o, FE FH, GLFCT 5 Hbx GD #iZR M ILRE AR Al 1 fros. BLR(E5 X () FIHSE GD
ik, 2rLkBoE SO IR P47 T i B L6 (X (@, ), o, ) HERe— M o I, Bl
BB KA SRR GD 2L -

=t+c(n-w)=-GD(n) (8)
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Figure 1. Schematic diagram of using
GLFCT to match GD curves

& 1. A GLFCT LA GD phik~nEE
o TAE— NS (o) » A0 SE 5 526R GD Hh 256 A UCED, 54 GD 12k & [ i SR fE 45
RERBON T, BLIRIE VS (to,C)| 7EFTA (B P I BI RO A58 T8 M (L o) - 3RV (L o))
(R, FRATAT LA B chirp 2 €«
¢=arg max{|\/>§3 (t, o, c)|} )

(-0)* (n-0)’

TN BB R T e 2 . MR Refs BTRAE, B3I Ne” 2 &%
I BRAL S5 SR AR R RS X T —AME T, SRAFEI (] T MERFESIR B — A TF “Fliite(0,T,)

fe@,j,%umuﬁﬁ¢TFEWﬁA—¢m%§ﬁﬂ:

r\>|'l'l

c:tan(ﬁ)-;f ,ﬂe(——,—j (10)

BB A NAME, IATT LU TF Pl N (T2 5 N, +1 A

ﬁz_ﬁ

LT 2n  m N
2 N,+1" 2 N+1" " 2 N +1

(11)

MHE(10), (55 X (1) K GLFCT A3 5 -

2
Fs (n-o)

G 1 f+o N i[(ﬂ—a))ﬁ—tan(ﬁ).i. 5
Vi (b B) = [ X ()G (n-w)e

3. MXE a4
NBAIE GLFCT ik (9 Rete, A2 N T A W 5 RIS A (1 4 BT 5 b 28
31 ARES

BRI GLFCT MHBILL THSFESH, FoRieNwT:
X (a)) _ eoz%l“’ 'eiZn.(szmsin(&:(ylmZ)J
A5 5 RPN 100 Hz, {55 R4 IR 10 s,
[ 2 4541 7 STFT. GLCT 1 GLFCT Ji ik 43R4 . Wl 2(2) B3, STFT £ GD ik [ (7
TERE RS ORI T52 5] Heisenberg Nt FEL IR, BT 1A 50 M S AU S0 B A4

dn (12)

(13)

DOI: 10.12677/pm.2024.142063 645 S H


https://doi.org/10.12677/pm.2024.142063

— AR A BE LA o — AN AR R IG5 . GLCT 15 3 ISR AL LS R an &l 2(b) B . 5 STFT bk, GLCT
FEAE I AR RO B 22, 1K 2 KA GLCT KA eR ik v B ) AZ B pR e, il il 1HE 5 (10 HPolioks R &
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GLCT, GLFCT i e i S VL B 518 5 19 GD B4k, M= T — N iR B i R A 45 R,
Wi 2(c)Fim. 45 LFR, X TBES(ES, GLFCT @il ket mEH7E GD MZ&Mim, =48 T madkn
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Figure 2. Time spectrum calculated by (a) STFT, (b) GLCT and (c) GLFCT respectively
2. $35IM(a) STFT, (b) GLCT #A(c) GLFCT i+ B B 2IAAT5iiL

AT EEIAFRTERTERE, T 7KL ERALSE RN Reényi 5, JERHIIEL 1 F. Rényi
fi A A E B TR bR, FLEDMUNRORIN A AE B R ARV . WRARTEUE . GLCT B E T T
HLR, Rényi f5EEK; GLFCT 75 Rényi i{E 2 5N, XU LS o 77ikd, GLFCT
REA e R I AR I AR AL A

Table 1. Rényi entropy of time-frequency analysis method

1. BERHT AR Rényi K

B TWIRES STFT GLCT GLFCT
Rényi 1 16.464 17.106 16.181

3.2. A ERIE

Ricker /NE#ET 2 F{EM B SR, DURALHB IR EHME L LR . @Y, BES & REF
B BEAT REAR LA AR R . A T 36 UE GLFCT 7R ACEE M FEAE 5 i OB AT T 470, (8 AR AR
HEATIAR o 2 AR R 5 P AL S B e (DU S B R 50, RAESIR 1000 Hzo 25— 41 [ 5 R B Xt v
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B[] (A1 R 23 70 4 F1 5 ms. K4 RES 4055008 404 40, 30, 30 (1EAHNL Ricker /NEEATFEFH,
TS 2] TR R, Wi 3(a)Fim.

S AZAR AL TR 43 Al STFT GLCT Al GLFCT SK3RAFAH N AR AR AL LS 5, a0 3(b)~(d)FTar
M 3() AT LLE H, B STFT RAE M I A G850 A AHXS 738, IX 22 HT Heisenberg ANiffi i 14 )5 3 5
B, GLCT mpngi R 2 s & L 7 Re TR R, SBOLAREA R S WH T, I
PEHIBIELS, W 3(c)iR. 5 STFT Ml GLCT MIRAELE AL, GLFCT B I i X 73 Hi 5 28 I
XF, F HLI SRS oA EoNEE, W 3(d)Fis. Rk, EABMERE SN GLFCT £ e
AT STFT A1 GLCT.

R R AE TR 2 AR R, HARIE 2 o T4 A i S L BRI AR o A A S5 T R P2 AR i, S 80t
AT R R D, X EERIE R A RS 5 Ae i B PR, MR MRS S R R R FF R I B
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Figure 3. (a) Simulated seismic signal, time-frequency calculated by (b) STFT, (c) GLCT and (d) GLFCT respectively
& 3. (a) RBMEES, 4BIE(b) STFT, (c) GLCT #(d) GLFCT i+ E52IAIBTSH

4. Z5ig

ASCHEH T — AL TR A S 5 (B I ST 77 1 ——GLFCT, %77 v i e % 16 49132 Sf I i Sz e
GD H£%, FHR IR IR % BUR A chirp 28, TTTF22E B A WER IO SRR AT 45 L . & RIS S o0 745 S 0,
OTERE IO S5 B I EISE GD Mk, T GLCT ToiE AW (S B Bt/ W I 456 i 45 S 1)
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