Robust Source-Filter Separation of Speech Signal in the Phase
Domain ||||!!|

University 1B
s Of

Shoffield Erfan Loweimi, Jon Barker, Oscar Saz Torralba and Thomas Hain

Speech and Hearing Research Group (SPandH), University of Sheffield, Sheffield, UK
{e.loweimil, j.p.barker, o.saztorralba, t.hain}@sheffield.ac.uk OP oM

Downstream |+ _ _ D
ol Prcl::::‘:Ssseing Processmg oy - o \ % Numerical differentiation ...
vy ) ﬂ»—» - L | = — Sample Difference — intrinsically noisy
T B aiine OE m( = DET < uner & — Regression filter — context — Robustness
LBl —M> Extrzgtion : wra X mrmen(ed = J

arg[ X v (w)] o | Tva(e)
il Som_yy ™ arg[X[k + m]

4+ o | () TX [k ] L .
e -l S 2

X(w) = Xwyminen(w) Xanp(w)

Diff

0.8
0.6
10.4
10.2
J0.0 =
1-0.2
1-0.4
1-0.6

(w — ‘XMinPh (w) ‘ Trend Extraction

_ - - - - = e e e e e

)
(w)] = arg[Xminpn(w)] + arg|Xaup(w)] - bFT = BRI

S |

X
arg|X

Phase Magnitude
Info

] ] ] ] ] ] ] _08
0.0 05 1.0 15 2.0 25 3.0 3.5 4.0
2.0

Info All-Pass Improved Source-filter Separation in Phase Domain T R
Min-Phase O | los .
(¢) 7 _

W Scale Generalised Logarithmic Function (GenLog) il @ 1ove

—_ ! ! ! ! ! ! ! ! ! ! ! ! ! ! _15
0.0 05 1.0 1.5 2.0 2.5 3.0 3.5 4.0 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
Frequency (kHz) Frequency (kHz)

| Xarinpn(w)| HiL.Tran  ¢rrinpn(w) GenLog(z;a) = 2(z* —1), >0 a#0
lim,_,0 GenLog(x; ) = log(x),

Phase-based Pitch Extraction

Source-Filter Separation in the Phase Domain

Summation Harmonics Residuals (SRH)

. . . Nharm
X (W) = | Xvr)| | XEze(@)| = | Xatinpn (W) -- Statistics — Box-Cox Transformation (1964) B
, * Can improve the ... SRH(K) = TEzc(k) ZQ TBze(Mmk) = TEze((m — 0.5) k)]
W . . . . . a "=
arg| X prinpn ()] = QWZOQ(‘ Xvr(w)| | XEze(w)]) * COt(§) Linearity, Gaussianity and Homoscedasticity . . s SRE
0 —_—
_ Nrprr
= arg|Xvr(w)| + arg|Xpge(w)] . .
. . . . . T — Speech Processing — GenlLog Function (1984) -, w o
"ol log| X (w)] - * Can improve robustness to additive noise (Y?) 2
g 7 ; * Here — Dynamic range (DR) adjustment ... :
20| _ I ey — ko=3 — hko=5
33‘ | | | | | | | ] 10 | | | Clelan 10 I\II0|sy|(Balbee: SdB.) _ — ) w
6 . . . . . . . 5 Noisy (White, 5 dB)
4: arg| X prinpn(w)] -5 | B} > : . ,
E ] ﬁj 0 5 ;')_ 'l \“‘ \“ | il
:4: : - _ ; Frame Indexli00 0
0.0 0.5 1.0 1.5 Frequei.gy (kH) 2.5 3.0 3.5 4.0 ;).O OI.5 ll.O 1I.5 2I.O 2I.5 3I.O 3I.5 4.0 5(3).0 OI.5 1I.O 1I.5 2I.O 2I.5 3I.O 3I.5 4.0 ASR Results
61 — log . 6 -
arqg| X i = Trend + Fluctuation l 14 ‘
g[/Mfm,Ph] T 5 (2) ] % | Z Feature TestSet A | TestSet B | TestSet C
A » LPF i | < MFCC-E-D-A 32.7 27.5 34.0
| R B R A A VA v-MFCC-0.075 24.6 23.8 23.1
Fourler Tl‘end FIUCt, O.;).O OI.5 1I.O 1I.5 2I.O 2I.5 3I.O 3I.5 4.0 O.é(l).O OI.5 1I.O 1I.5 2I.O 2I.5 3I.O 3I.5 4.0 PLP 327 294 338 Ave
Transform 0.4} 1 0.3} MODGD 39.7 33.6 40.5 0-20
— > 031 02| : ChirpGD 33.0 27.0 40.6
. E §-é— ool | & ProdSpec 34.0 28.8 35.4 dB
—0.1} o : ARGDMF 24.6 21.0 24.0
il | | ’ | ' 5333 - oo BMFGDVT (Baseline) 26.8 22.6 26.6
ol ‘0.0 0.5 1.0 Fr]é.suei.coy(lzl.-lsz) 3.0 3.5 4.0 ‘0.0 0.5 1.0 Fr];c?uei.coy(lzll-ISz) 3.0 3.5 4.0 a-BMFGDVT-0.12 29 § 20.8 20.7
o a-BMFGDVT-0.1 22.1 19.5 20.5
gl Bl il | " a-BMFGDVT-0.08 22.3 19.3 21.0
: - arg[(Xarinph(W); a] = —5— | Xvr(W)[* [Xpae(w)|” xcot(3) a-BMFGDVT-0.1-1 21.7 19.2 20.3
i | a a-BMFGDVT-0.1-2 21.5 18.9 20.3
. a-BMFGDVT-0.1-3 21.5 18.8 20.5
el 2% = f(a) =1+ a logz + o*(log 2)* + ...
e FraquencyikHzy i = i ~l+alogz=1+« (ZOQ‘XVT(W)‘ T lOg|XE$C(w)|) 80 . AurOra'Z ! WER
Jf\ * —« MFCC ]
4.0 TTes » 70“ A - - MFCC VS
5 35 e a > 0 — To supply a sufficient DR 60l N | SNR
= 25 ' : a < 1 — To avoid the violation of the £ 500 N w e - Proposed
g 1.5 - quasi-additive combination of the VT and Exc T 40F NN
= 1.0 3 = i L NI _ Ave
2 05 - 30 PR
0.0 — _ ~\.\*.\\\\ ]
Group Delay Properties 20/ DN All
4.0 _ 10 - ¢ 'i';f.\:.ﬁ, ) Test
3.5 - : o . . . e
3.0 — -- Disadvantage: Spikiness %0 s 10 15 20 -  Sets
2.0 | SNR (dB)
1.5 ] ++ Advantages: Aurora-4
0.5 - -
e — High spectral resolution / Low leakage
. Feature A B C D Ave
4.0p ] — Resembles the magnitude spectrum (Y?)
.00 _ . MFCC  [Clean 7.4 | 34.5 | 29.4 | 50.3 | 39.0
2.0 A —— = = Differentiation acts as the discriminator in Proposed [Clean 7.1 | 26.5 | 28.1 | 45.1 | 33.2
HE== - == - = == FM demodulator and demodulates BN-MFCC  [Multi] | 7.2 | 12.9 | 14.3 | 27.0 | 18.7
% 50 100 “1s0 200 information encoded in the phase spectrum BN-Proposed [Multi] | 7.0 | 12.7 | 14.3 | 26.6 | 18.4
Frame Index




	Slide 1

