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On Improving Resolution of Time-Frequency Representation of Speech Signals Based
on Frequency Modulation Type Kemel

o] 3 ¢*-3 & ¢
Heyoung Lee - Seungho Choi

ABSTRACT

Time-frequency representation reveals some useful information about instantaneous
frequency, instantaneous bandwidth and boundary of each AM-FM component of a speech
signal. In many cases, the instantaneous frequency of each component is not constant. The
variability of instantaneous frequency causes degradation of resolution in time-frequency
representation. This paper presents a method of adaptively adjusting the transform kernel for
preventing degradation of resolution due to time-varying instantaneous frequency. '

The transform kemnel is the form of frequency modulated function. The modulation function
in the transform kernel is determined by the estimate of instantaneous frequency which is
approximated by first order polynomial at each time instance. Also, the window function is
modulated by the estimated instantaneous frequency for mitigation of fringing. effect. In the
proposed method, not only the transform kemel but also the shape and the length of the
window function are adaptively adjusted by the instantaneous frequency of a speech signal.

Keywords: Time-frequency Representation, Time-varying Harmonic Structure,
Instantaneous Frequency, Instantaneous Amplitude, Resolution, AM-FM
Component
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Fourier 34 99 wto A= #&3E7] olgd ABEH AZt-Fu4 X 2} 4259 A
el gt 5 oy R Ad 2 EAE o 4 o2l3]4lblelisel. &, 4 dREd &7
Z 3} 4(instantaneous frequency)®l #13&, €37t 71 E(instantaneous amplitude)® 2%, £7F Q9

(instantaneous bandwidth)®] 774 €3 22 FRE A& 4 UTH9I[101{11116](20].

AF o NZH-F3g5 EPY fAEE 2R o2 A7 Fapgo] gk BEA Y 9 (uncertainty
principle)ol] A& Fomz A F 2o A FA F2 AAEE AL 5 foH17]. 29
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Fourier ¥ %ko]] 7] Hhe WY EL A S did] ¢ e A=Y ND-FIF BEE ATEH
(70161[19]. o122 ¥ 7 (transform kernel) 727} F 83} £ FHFE 2 Wgsts )

2 59 3 sEelas)
Az-F3he ERY AYEE
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(18](22]. &= o‘?‘ e A dEe 3 4Esd 3 1F
kY

e Ad 72 dEl AL-FoF B HHEE F°l
o AY EXHoz Qs Fa¢ & L A Fo2 Ao doAN Az-Fu 2@ 7}
o] A tH18][22]. &H Wigner-Ville ¥ X (distribution)®} #Z-& u]43% WHF(bilinear transform)
o9 HE Ado) @ A-F94 T8 A7} Short-Time Wato] vlate 2o OF A
AN5o AS AEE Aolg 7Y EH/ Aste 45 2 tdF AR AsY A-Fis
HHol= ALE37171 o Hl5]

SANZY ANZH-Fug Fdols AMEZ I (spectrogram) o} FE AHEEHEH YRS F
o]7] 95t} #F F<=(window function)e] Zole} BFE AT Aoz UAIE YHE
Aot 59 cH18][22]. ACKD(adaptive cone-kernel distribution) el ZA$= Ad & Fo4
Az} B4 HeH oz WapAZITH22). ACKD A 7Ad g5t Foj Az HEHe
2 Wil #§49 Fourer #189] 71g &9 Aoz ojFojx glth. ASTFT(adaptive short-
time Fourier transform) Wg[1812 #A'd &9 RS WsAZIA &3 F g9 Holg Ux9
EAo) HgHog AN o] HYPES AEE A-FId5F FEE TE BAE, A5 &3
F9£7t NAH oS WEA] G AT FRAAE =T getAE 548 7z i 29
U} ACKDS} ASTFT 25 3 Adol explwd) F+-E 7oz 31 loenz 4359 €7+ F
ge] Ml A FRAME SARE FANIIEH A7 Ak dE Bl AF H Az
(linear chirp signal) % 22 Al¥ &7t FH4E 2+& 43 &= Fourier Z2HE o] % b
AE 2 ADKCS ASTFT Wl o & Al7k-
=7t gojzir.
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S1eH29)121[14]1[15].

N=1

x(H= Zoan(t) cos(¢,(8) + N(PH 1)

A71M a,(HE n HA AM-FM AE9 &7+ A E(instantaneous amplitude)o]? ¢, (H= n WA
AM-FM AdE9 ¢7¢ $4(nstantaneous phase)elth. 4 ()& §4 43§ & F713 Az
(quasi-periodic signal)9] AM-FM HEE3 F&& T v FHA A: NH I

{[14](15]. dwrA o2 &4 A5 2g9 quAE FE2 AM-FM A&d AFH2E NHY <y
A Aoz Aoz JEe £33 F34(instantaneous angular frequency) w, ()t &7 9
ge] A vlEez ROy gg3t Zu{1)EI0el.

w,()=D¢,(H rad/s (2)
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o714 D= dfdteltt.
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3. AZA-Fo XIS A8 UG 7Ad9 HA

Ay F Az Zo] Wdte &3 FAFE AL Y AET BT € FH5E ZE A
#tels g2 Fourier F34 99olA spectral support’t WA HAdh a8z &4 A3
Short-Time Fourier ¥ 3-8 A}83le A|zb-Fo4 BEE B3 #2Y F ¢ ¢ Fort Hele
REAME Id=st Astdt. 24 HAEEY & Fogrt dite 24 A59 A-Fus 28
HAZ AdE WAy AME € Fod HEHoR HSsaA HEE F JYE TRY

7id ol dasid.

31 W8 Ad 44
2 (1) =& B)9 go] Al 7t Fo4 g e 59 AZ-Fo4 88 98] &4 Fourier
)

# 8(extended Fourier transform) ¥ 4§ ®&& or&3 o] A3 AH4](8]

Flx(), 0] = [ (0 by exo(—jo, Loy dt)at
= X(w,) 6

F—I[X(a)g),g(t)]=% f_mmX(wg)exp(nglg(;o df)dw,
= x(9 ‘ (7N

714 g(He 29 &5 o2 o, FAZ T4 g(Hd N3 3 Fourer T35 WSolr},
A7\ @, & Fourier F34 @AFolth 84 Fourier B8 AW &3 F948 2 A3
2 Fourier 34 g Go| A A 3Hlocalization) A1 4 Ut} &3 2 Dirac £33 &4E 2
&%},

X(w)=w,— vy

A (el Asd x(H=F [X(w,),gd]E e 2o) U,

x(t)=ﬁ exp(ja)ol: 2D dr)

AL AW £ FA4E 2 AT JY AEe 3 F344E ¢ YL 3% Y Fourier F
S GhelH §R FA3 A F 98¢ n@th B3 Fourier M&l WE o)t 2e HUL
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X (¢, wg)Z_f:Ox(z')w(r— Dker (r— Hdr (8
714 x(n)e Azolx, w(n)e T —r_{r, IMT AgHu Yojz] T34

34 (window function)olth. r_¢ r,

£ 99U %
£ %9 Holo JIRES AP PHe o) Aol B ¥
B4 e ker,(r— ) thedt 2e wE Aot

ker (r~ ) =—d— exp(—jo ( [ "=y d0) ©)

A7IH 1/g(n)e ¥ A4 Fas vz geoln thad Zol Adsgnt

1/g(t)=ar+1, — W2{{ W2

at ZAsoF & setrlgoln FR3] FobA #2 — W2{( W2 A 1/g(0)E Felth 18
B2 AZE telld WE ALS g 2o

ker (r— = (a(r—H+ l)exp(—-ja)g(—%— at*—att+1))

(10
g B9 =0 A& Leish B o, W AdL & 2ot
ker (1) =(ar+1) exp ( —j(ug(-%- a?+ 1)
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A DL ohg3 Ze u g Zerh Foizl AR A AM F gt FER A5 AHEY
A wol i HNXE Tt o] AUAE FUHE st a8 7Y olHje 2HEHE Fo
AR A @ FRH(short term) 2HEHF o2 HEdle] Folzl A5 A-FoF FE
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He 18 skat ‘
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() =0.50+cosQmm()/ W), —r_<{lr, (12)

A7 ZF e (K, SGAAT B H3 T 99 dFoHE Folth. W wxHA
%2 Hanning & &9 Zolg vehle 49 Asolth £¢d m(ne o5 2tk

= [ (agtna (13)

a8xn r_=m (= W2l 7, =m Y(W2)elth MxE F 59 Hdolx WR| ol

32 AH¢td" W Kemneld] = &4 34 4

Are M Kemelo] o2 $4439) HPES
(10), (1) 283 (12)8 AHEEh oglz HY = =002 N(H=0°lgtxn 7}Hs. £
A (5)9 A5 x(Ho disted 4UDE AAEE] a7t o/p FEREUGD T A F o' =a/B
gn e £ A4 BE@e Irw e HolnE ¢, =022 Folr Tt
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(& r+1) exp ( —ng(—é—% 2+ 7))dd (14)

BN (D)= [ (LerDdr oo B ABE A%l p=m(D2 FA AW 4 (0F
Ses el B,

_ w2 N—1
X(0, wg))=|f_ w2 §0a2c05(ﬂbn0)0.5(1+cos 7n/ W) exp ( — jw 7)dr
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PN _WndnCOS nll 7) €Xp ]wg” 7
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