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Abstract

Assessing speech quality is an important issue in modern communication systems. The
subjective speech quality measurements in early days involve much human resource and
money such that the need of an objective speech quality measurement emerges. In addition,
original speech signals are not always available when measuring speech quality in practical
world. Many non-intrusive methods, which do not require original signals in judging the
speech quality, are newly developed to meet this criterion. Such non-intrusive methods do not
cost much human resource while being used for the real-time quality test with great
efficiency.

The main theme of this work is to extract perceptual parameters from an auditory model,
which mimics the signal processing principles in the human auditory pathway, and build an
objective speech quality measurement without reference signal.

First, we propose a voice activity detector (VAD) algorithm by using the perceptual
parameters from the auditory model. This VAD algorithm detects three basic categories in
speech signals: voice, unvoice and inactive. Next, we acquire the auditory cepstral
coefficients (ACC) to be the non-intrusive quality judging parameter. A Gaussian Mixture
Model (GMM) is used to build the statistical template of the clean signal to represent the
absent reference signal.

When measuring the quality of speech from different channels and codecs, the VAD is
first utilized to distinguish distorted speech into three categories. Then, ACC parameters are
extracted and compared to the statistical templates of the clean speech. The log-probability
density function (log-pdf) is used to represent the distance between clean and degraded speech
signals. Finally, a regression function is used to map the overall distances from those three
categories to the subjective quality scores. The correlation between our objective measures
and the subjective measures are examined to validate our approach.
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1.1 Fpéis

%5 & F # & (Speech Quality Measurement) &3 2 3 & (Wire) s & s (Wireless)
HE?P B FFEE Y o 57w HEF T 5Fap 3B LRSS
(Objective) T * S A7 A R FERHP U Rhp o LR TR DRI LT TR E
G pIE A A FER ST 0 A IR - B B KBS L e 5 g e
H #-5 4 eniE 5 5 (degraded signal) ¥ & 4o % i 5 (reference signal) #att
Yo ARa PRI ED > X EHMA T P FIE L eE S WELA s 7R R g o

E07ORMRMRE TERFELA RS FLOoNEE N k2 Ty

(Non-Intrusive base, Output base or No Reference base)(s' 2 % & ¥FP ;¢ ™

FEFISTMENNRES 0 ¢ FUER 7 R BELE G R AR

BF et B3 R ARfEP B NTRSTEAMNTE Y B A FE 4R

A PRE A — B R 2 R OE & T RIALR pOT A B ET Bt A

4D AL et [2][25] 0 Bl T

B

R RE 3T S ASLELR AR R

LSS RESIEEE T E LY SESREL s S R S S
BB AR % 2 BB R R AR Y B Y F T A% Rk
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1.2.1 34 841
EFoOnES SRS ARSI LRI - FARK T :Ll{gﬂ LA
OB R A EGEA [3][4] o B a4 5 2% 2 4~ %, (Mean Opinion

Score » MOS) > %‘% d & s Jﬂz 2. Vs a4 (Absolute Category Ratings » ACR)

T g k@R BB HA A (AR TAREPX 7 R 2% 5 A l(degraded
signal )T B 42X A 0 Al - AT A E B2 A8V 3 TRPTELLAK

B38| (Degraded Mean Opinion Score > DMOS) » #ptiplzg® o {iiﬁ BRPRFL2F
BART AR ERNSR G o Fgd RE ma 2 TRE st (Degradation
Category Ratings)B~L #2ig 18 » gt plgd > V3l F * v F(Audio) 2 & B35k » ¥ 7

Pl g #g3- & | (Comparison Category Ratings » CCR) &uip)iE = 3% » gpdt Jﬂz M
A ggst s (DCR) o gt 34 Frdh AUK-10 585 AL OB S E R 5L 7 o Rt Tt
g gt (CCRP > BeF % - TP a5 fesisgy > s B kg & 5 o

F2ES BRI ATEFT [5][6]

Grade ACR(MOS) DCR(DMOS) Grade CCR

3 Much Better
5 Excellent Inaudible 2 Better
4 Good Audible, but not annoying 1 Slightly Better
3 Fair Slightly annoying 0 About the Same
2 Poor Annoying -1 Slightly Worse
1 Bad Very annoying -2 Worse

-3 Much Worse

% 1-1 =4 % 3Z 2 4%



FE S TRBEF RS F 0 JcE & F R (Listening Quality Test)

o

[31[4][51[6] ~ % & % il (Audio Quality Test)[4][81[9] ~ % %35 & H il

(Conversation Quality Test)[4][T] o &% i & #F3td & — BRI ST R ©
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EEN
(time-consuming)® % & ~ € £ B/ TEF KA 2 &5 B i< o

(2) £ :=PRl(objective test): H BB A3 F 225 > ¥ 2 3 F “%%@Jﬁ
g
B
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fﬁ«a
P
W

3004 WL R TR LB (7 4
o HABA ) BRAFE AN BE R DR P 0 0

B IR A S SRR A — 0 F R PR Rl PR I -

Subjective test

C_ o - == I

' |

} Judged by Human —|—>
I

. _ - _____ |

Degraded signal e

C_ - - I

' |

} Judged by Algorithm I—>
' |

e e e — — ———_——

Objective test
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S ERETRE TR R ARG AR,

K 5 BRI AIR
(Intrusive) i
I~
B

%k AR E Y N (KA ]
JB 45 E FRR A % (Degraded 3R >
signal) (Non-Intrusive)

B 1.2 Intrusive & Non-Intrusive Methods.

(1) 7 %B(r4s)g k™ 2 g & (Intrusive Method, Reference base,
Input-Output Base):
Bs R R TGRS 2 > d 2N MR PPk R F E

= > L4 [P ke > = _\ L - = . % 3 2, > >
EE SBERETELS 2 N Ra 2 R B ERET R B AeiRE

F e B OTRE G - BRI AP ETIR T B P R gL S 2

440 370 pe(ex. VoIP[12]) 4 L #@ig * o

(2) & %y kiwT 2 plE (Non-Intrusive Method, Non-Reference
base, Output Base):

BEBATKRT 2R E OB LLBRRIEF R ST RS
BEAEY PRFE AFEZRF LB ZLENT I REFOETE
B RBEER I RFIE PR 2REF PR AR T e
T A

a. i3]  (Model base, black box approach):

g X

{.‘

ER LRSS ROTIT S SERPCRS R B

mly

A)(ex. "B EF A HA(HMMDLI0] ~ B #17 & 5321 (GMD[11]) -
% B R 7 4 9% 5 (degraded speech signal, signal after
channel) s > #P~ 4 ¢ St B FAHE Y friEFF LR o d

BB N 5 A
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b. %#;\ (parametric base, glass box approach ):

24
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g0 KBt LU B0 SHR D TR KR R B s %

FAER Y WL UEEI ST Rk TR 1 %

Bo(E3mi o PEEAG A 2 RE L
# %)% % % (ex. Suddenly mute, harmonicity, naturalness,
intelligibility--) » Pl » P v 3 F 32y FENFHPLHE

3 &R E -
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1.3 " A A 3

3 2R (Ri)agkmT 2 @£ (Intrusive Method):

B G A A5 i (waveform-comparison algorithm) ki 2 3% 4 & F 4 3%, i
4o gzt (SNR) ~ 4~ 3z szt (SSNR: segmental signal to ratio) @ izt & Vi & 45
FEREK 0 PR R E o AR A XU T H B et Bl (kA F K
Ao ptth s gLdE S UG R B WS i iE A B (distortion) & B AT Ry o
#2328 + (Frequency—-domain) s %7[13] » &l4c [S #p([takura-Saito measure) % #7 i
4 B 2| %7(SD-Spectral Distortion)f& F# R £ E* o 2Aa » & F gApEE b ¥ X
HME AR P B (shift)2b % st » i A g et frk & s A 58 0 R K
B A PR kA5 SR b BT (AR AR S A I R Ae b A R R
FA ST Y B A i o

P e g4

(s

S AT F B NG RREELT L R E o R 2R ST A Mg v
4 %u(Perceptual System), # z A A eF K 2 BB OB R % o 4R E A7 Hp e
BSD(bark spectral distortion)[14]» 2% g &3 &Rl £ (PSQD[15] > 4 & %
L3 *#& D 7 MNB(Measuring normalizing block)[16][17] 2 » & 3]a ~ 2001

ERE T CE PR ([TU-T)#& & 7 &% PESQ[18](Perceptual Evaluation of

Speech Quality) » 7% £ 420 4 SFen L A AR 4ok sz 1 oo

£ 3BRag kT 2§ (Non-Intrusive Method)

e g |SEAR | RERLRIHE
—AREAREREREL > annsr A — #9

(Auditory Process) (Cognitive process)




A FRAGKRT ORE D2 AL FER %«ﬁFﬁ*‘u’ﬁ G R

1 BB X B A pRdAnEr o @& R(vireless) B 5 R (wire) B 65
[19] > %5 foers @By cns JFiEibis AzB i o & P.Gray # M. Hollier #7ik i h3 j2 ¥
[20] > 57 @ % Egig v Henizdp o & 4% 3 ¢ il (Vocal-Track Model) % 4
FER G AL AR I R AT m 2 8(PLP Coefficients) & %3 5 5L 5
FplE e & 28c[2]] o 4oB 1.4 977 > RS B FARIE 22 5§ % - 34 e
e SUHORET 2 0 @ % 2 30 AR RS D S Bt 0 e TR &

EenggEE S T RA E e

ko e g AR * FANRAoRA] (Gaussian Mixture Model)[22]% " &0 5 v £

=i

Al (Hidden Markov Model) i & 384 P it $H403] > 7™ 5 37 § ATH 5 83t Rl £

(parametric base)[23] s\ 3E4 -
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41 * 7] NSLtool[24]

2 PEE
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» 1% NSLtool #3155 11

I e 5L = 4F ¥ B (Spectrogram)

Coefficients)**

£ 5

?f}:ﬂ}i

£

i
e

IE‘FE?

O G2 e DI B (o

A A RBEERED A

)

Y

B4 5 ~\
eI 5

%+ 3% (voice) ~ + 5 (unvoice) ~ %

H ¢ B i 4 ¥ % #ic (Cepstral

H onfd Cat 0 4oB] 1.5 91T o

" r'r'%&/?']

= e

FRER P an

it £ % (MFCC) » # 23

4\

T8

EERS T R

I Fx MOS

(inactive) » #pt 2 NSLtool 2 43 Bl(Spectrogram) » xR 7 g =247 o 7
B ep i aik B (frequency filter bank)fz472 s £ » k2w 23 ~F 3 ~ g #o
FA AR AT GRm P 2 S BCGR E Alsw FERE)
B Ko R R 2
[ £
v
RELEME
VAD
iR
xERE [\ [
y B Ao IE R 2 B SRR B S 3ty
(dggraded Begr ] VAD B8 i X (esti ma’t]c
signal) (Regression)

MOS)
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© 1.5 SRR mp

A ¥ RRRER BT § 0 2 45 NSLtool amAM 2 EY AR - F R
HEES RS S SE-ED RS T LRN S SECIE-E S IR S

BERRA AR R B R B R G Reren it TR R AT B
FRGRIEaE o Fr g o AT B AR AR (O #asE H5E S 0 ¥ 2 R34
FEEIEPR 0 BRI BT %0 B LD - mr SR 5L Rl At
»FBIE S e 24 F 5 ARA I KA aw ﬁﬁﬁ:;‘éﬁ?? e iag B A #&k(MOS) 1T

Lo Bfs o BB AR o i Sl Y PR R LR A Rkt E o
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2.1 EHEW
A wAI2][25]

g $> Al $ BT é)

Hiwza)

Judiory Spoctogan Yind

i ,i:’ @ [ Y .
TEmbrane T + .
+

= 7 HE@:&JI yl Tﬁ) (M Vo 73 T P
3 ¥ W " i .
; / — s L ~ U — +.. » J.-' ~—|-— ? i

o 1 4]
— Y y
\ // fud<lz bk alrcel — g
Br / @z wiplg  channe®  membrane ne & i iy 7 A e
: * ima ey
_..1 i
/ z B
—-— / +. ﬁi%.ﬁ““
& ; (Anditory Spectrogran)
eanum  oxchie bl membrre s fali cel slages lderl InhbHary netwark

Bl 2.1 RO R oAl 2 i e i fe

+ B 5 NSLtool[24]e7% — FF B B3 42 > 8 * &3¢ % wav2aud >
IB AR EE AR BT R LT R T e B 47 ¥ F](Auditory Spectrogram) o
TR 2.1 A2 BREERA R
2.1.1 B #Rimdk F 2rF £ (cochlea filter bank stage)
2.1.2 * Flwrefrgzrt B (hair cell stage)

2.1.3 Bl» 4 pert £ (lateral inhibitory network stage)
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2.1.1 2 ¥Rimit § 2 (cochlea filter bank)
4 2R G

BFimnzfadiddiadng, ogdygid B2 8 1% 2 5§ B4 RIEEH
B B SHWHED Z B - BBty B = [ RAE BB R o i

B RE A N B BRI L LR T RN A e

AR A S - B SadEd R FAPRAPE L - ERARZ VFRIEN
7 — A A" (Basilar membrane) * # = R X R AEBRA PEH AARE A - Figg
(Traveling wave) » TR R RMER NI F > AARE Fenizd A, Jrtyg £ | 7
T A L) LI T T S SR ST e S Sy o

Boom AR RNCRINECG T 0 T b DR R B o B F B S R

(Z ] B £ BOfadien B8 )5 48 5 2 BB (= i) o 2 i £ eni g 7 AL
$E G ok o i B TR LR i A TleE 4 A L 0 A AR

BRI A RO FARARNS Bl R R %}%gip)‘%rgiﬁmgégﬂg-ﬁl‘%‘%i@i 2
a0 PUIRERT e o s r i LA R AT ends 1T HP & JRAE S x 2 %lﬁc} 20hz %

20000hz » @ T A FEERE 4R & ipapﬂ

Bl 2.2 Byper {78k (traveling wave) 77 &,
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A2 W
ycoch (t,X) =S(X)*h(t,X) (2_1)

F-DF A RpA B2 &3 0 B¢ () HfRFlanEf s £ h(x, t)IiF
convolution 2. #if» H ¢ t SR > x ZHTAHEF (FRL AR S R 4R
) Rpjgik B h(x, t) A0 - Jgik e (filter bank, & figik &)k HE > gk B o7
S HF % B O 5 (log-probability) ! % &ULA 5 » 24 128 B 7 I 345 & ot B
Btk Y o FREE - B G 24 ik B (24 filters/octave) o & 7 i€ 73 e B
BARF U sv % v ez ¥ HEF VR gl e o E BRAERE Q-F LR

(Constant Q) » 7% T ¥ o #f & 21AF T4t 6 & — T(E > 4r38 (2-2) 957 ¢

central _ frequency, dwiatn = Q(eonstant (2-2)

SubBank Response(constant Q)
14 T T T T T T T

[}
oo
T
|

Amplitude

o
[az}
T
|

=
=~
o

[}
s
T
=
=

[}
(]
T
|

] 500 1000 1500 2000 2500 3000 3500 4000
(Hz)

Bl 2.3 B R aemit e 07 it e (filter bank) B R sieht Bl % - Jht

BEREQVEHRTE
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2.1.2 = % % 53 FF & (hair cell stage)

EELE
AR 733 5t Blwve(Hair cells) » £ Hlwre bk £ 1 jppF Tig prgd 54 2
AP F AR I LR AR L Bmie o i A L Bmre P AT T B

AV, ]KP

F(firing rate)#& B > 0 2 VST A R B Aol S L 3 3 R o Ay ¥

v

BEovaRZ B ER T Ea (W EmEs)2 e L Fwex & L)L w% (Inner
hair cells)f=?t £ w2 (Quter hair cells) » p £ lwmre 2 § B Cad e ¥R R

2

By b B L BpE s P N L e ardR e SR A A5 T ) v L e ik

|

» B
=

’ﬁiﬁ’ﬁu%&g EIRiE S iRE i 5 % ﬂiﬁmp’% Wﬁ‘%;ﬁ%ﬁhjqﬁ Mo

Saevepcilia motion
g =y ﬁ
K. (1

all || EEHIGE

| FHIETT

Gt
| ETER
L I‘\‘ ] .:.:'?.;"
K

4 1 5F WEATST
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255 ot
Y, = g(0y, (t, X)) * w(t) (2-3)

FR-DBEHERR R A ST i A GE- g B R R R R
Cooomd A & e LA 0 Flpt 0 2 R % - sigmoid st (g(w)=1/(1+e ")) %
Foag A B R S Blare iR Er (W ET g g 2 ¢

P B @ g T o) R B E - MR B T ok > R EOR

g § w B 5o

2.1.3 e i) e r & (lateral inhibitory network stage)
4 BIR %

£ e (Hair cells) e B A 528 641 5 5 4000hz > @ ¢ "gendd St 5+ 9
% 1000hz %% » = 5w SR AR o Bmre (R AR AR eriE ) § § B Frenmm g o
R BT TRIE Y OF i R P AREAN S BER LI YRR TARLG -

L if i (smoothing) s 42 » R B 3 & ff 1+ X @ iz & { & 2 (robust) -

A23% Bt
Y5 (t, X) = max(dy, (t, x),0) (2-4)

Y4 (t, X) = Y5 (t, x) * wu(t, 7) (2-5)

P22 (2-D)WmS Fmre e L dd 3P gl it (-7 BmP AR
R FE LR IRE S AT RS Fnie g X B R G g e E Y X A
SR FT AR 0 (2-4) ¢ 14— P SISO KBRS R R 5 (- X BB B
& g (envelope) £ & & (2-5) 2 PFid 1+ enff &~ > RHcHA AL 3 ¢ 5T 1 ahif

14



o2 u(ts v)=e"" cult) u(t): % rsw#ik(unit-step function) > ¢ PR
¥ #c(time-constant) » — 42 8ms Kk # & 1000hz 2- 4¢ 5% 5 5 > £ NSLtool ¥ # 4R

Fm i Ims~128ms 2% & o

i T2.1.15°72.1.2,~72. 1.3, "1z = %55}?%;3 » AP E T - BOE AR A B
(Auditory Spectrogram) » #E Bl ¥ B dh 5 FFR » S 2 AE F > d A SPE S g F 4

Y+t (log-linear) B % o Flut Sidh e 5 L B AE 0= U BT o
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Bl 2.5 AR A 7S gh ) OFg W5 2 ATHEORCT I R
(Auditory Spectrogram) > B ® #7#.¢95F 5 nine-Six-Six > x-$hz FFRF » =5 ms»
y-gh G AR S g BRI G BRI SF R A (A B F AT LR s SRR ) 0 d
PR E TR 750 > Tnine ) 23 FRRE > 7 i i (FFM dRFR

7
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- 2.2 PRt I E

REMHBEYRE (09 s Ros PR AR HRA FPRTAE2 R

Fooom PRIRE ATFEEL 0 RIBT IS FEEC 0 1B LOBE L PP G enE R4 o

A2 BT o S AT SRS B e E AR 6 4 R RE 2 Tk
BLEY B R G T8 F 3 ek B(response) > R £ g ® B R 0
RiLF B FERSHET A HFE DR R B Ay > 3 R e REHES
MBAPEFFREL ARG RRANF L FEIL A SRR AF BT LY AR

N S R I S RIS TR LU RIS T LR

d R WA el Fwre ko ¥ o FRERI (rate) foif B g 1

(scale)th? kb %48t » 4o B9

Auditory Spectrogram

[ e =) ) ) )
Trem [1es)

Multiresolution Cortical Filters and Qutputs

w W W

Fast Rats
Fine Scale

Slow Rate
Fing Scale

Fast Rate
Fins Scale

Slow Rats
Fine Scale

Upward Downward

Fast Rate
Coarse Scale

Fast Rate
Coarse Scale

Slow Rate
Coarse Scale

Slow Rate
Coarse Scale

B 2.6 * PR (rate) 2 #5881 (scale) f2+7 B
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d B 2.6 7 F7FR> RETIHHRGE? P rate-scale th=- afzi7t > 23 2 F
PF (LR EFARLET R SGAFTREEINT PehF ) f£2 5 SIRF

(Spectro-Temporal response field » #E&-FFE R F B FH ) AN APTAREZ F o

SN
[1ZI

B ¥ I A b A % 0 & NSLtool # o A
i@ * aud2cors 3% o 3¢ v FCR AR B B Hi%] ~

rate 2 % réscale 5 * Ma® B g 11

ZE 7,

# 3w R el d (P (time)— 4

¥ (frequency)-PF B % i (rate)-#g & % i (scale)) » AP ¥ &k T ;8 ¥ & rate %

scale &= ] > rate E4x% > 4&¥ d STRF ¢ —?1 AR &'
BAX< o A% d F i STRF ¢ 5 247 F i b it

BRI o
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- 2.3 BB

F & R 2 BT R 3 B (Auditory Spectrogram) R I iE 0 A A 0 dofe 8
REBRFERDIE-NAPREE S, D4 f)* > d 1428 1.67 v e _pP
B F S lcdh Bofo 0 Bed Sl T A n B 1 1R B (Voice Activity Detector) » ¢t

B2 B #rR foticd] (Gaussian Mixture Model, GMM) P 7= JE & — ‘& Sodic ok favt 44 o
Tl 0 R HH BIRA 0 A LA X

(1) 34 W23 02 20355 52 Sl o
(2) %5 %1 R R

2.3.1 & #i* (Normalization)
B0 RERESE AR R R R T A P R R B A
fr i (Normalization) » ML Flz 2 F 547 2 it £ < TR B2 L8ca
E e - R R AR IR AR B ANFERF IS TR 0 R R K

Slengra i 83407 (8% 4258 5 unitseq):

_ X —mean(X) B
_—std(X) (2-6)

X Rbedop» X BRI FAH -
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2.3.2 4 MF 5 RF L 5

EHGEE ST S ERER Y o p L AP P ER o bldeo PR S
#ic(Mel Frequency Cepstral Coefficients) ~ PLP %#(Perceptaul Linear Prediction
Coefficients[26])--> @ gk Sfcent P BEZ > P A B msias R A A ek
I Hragenid @ 2 F g3 (IDFT) 2 4l 3% (DCT) » #RAF g el 288 A B & &

By i MFCC, PLP, ACC v Az v i

Speech Pre-emphasis Frame- Hamming | j FFT
Signal P blocking window (fBistin)
\
|
+
Rk ZARBIELS
MFCC — (cosine (critical band ¢ Log-Magnitude
transform) filter)
B 2.7 MFCC /x4
Speech Critical band Equal Intensity-
. » . loudness Pre- » Loudness
Signal analysis . .
emphasis conversion

Solution for
PLP coefficients | All-pole model | Autoregression |
coefficients

IFFT
(EAF 3 k)

B 2.8 PLP /i
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r— 1

. . | Cochlea filter !‘ . ) o o |

Speech signal g |— High pass filter » sigmoid() » [ow pass filter |
ACC IR - § ) g

+_
e
i
S
o
A

(cosine transform) |  |(smoothing) | diff()

B 2.9 ACC indz

d 2.1 AP cREARFRTe eREFTA A d P B G E 2
(ACC, Auditory Cepstral Coefficients): #f®~» H 156 2 # Zxr MFCC chB~ % &7 i »
T E_* 45z g ik (Cosine-Transform) R#EE 5 o B ehd ML > 10 ¥ U3 BE S 2

s = 4 (harmonic parts)z % it o

2.3.3 #3 i B p ZB(VAD » Voice Activity Detector)z %
bk EFRCGRELRLRDES BT - BARVBUTEFRE

” 9

# 4 (voice)” ~7 + 4 (unvoice)” ~” #& #(inactive)” - E 4

B 07 AT 07 RET D8 R B P DisE HOAIREE -

B ® 0 o Bengde B4 FOR 47 3 B (Audi tory Spectrogram) ® o > £ o

A IFB ljl}i E]" ;’J.j"';FJwHZFI_’.H-E]C‘ m*i—f"(, 13 d ‘H;F‘T;,H.Elﬂ ‘H:F'* rs I.{“/Lb/ﬁ;:}\.é\ );? %E&FE,I&‘VF\:E‘

BRBEALESRFAFEET TS F AR S
FES N R BT o B R R R N AR TS g B A

M LB HR LS BERS =(tine-frame) » & 16ms B— B F 1=
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BFHEBFI ORI O BT BFEN T F TR A (scale) | dipik B2 (R
# B > filter banks) g st 78 15> 7 I gk B 47 (8 3 m%} B¢ F[ S f2anE | FEGE
iR R A ) AR R R A G A L ME BERAG kR
ARSI 2 BTG - A ot > A R E R R SURARE r‘jfcjs * I e £

Boom & B3 E_,T&g’)% SRR B MR- SRR L SR L B

i 533—“971:?’1@7@_& ,%};ﬁ ) ,’: ':_ )‘} o
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- Bz F B3 e E(VAD)

3.1 A+*F 5~ %

AAmER AN TATHE] (AR (PHEENI (33 23] i

~

FPLFHEL I R* 5235 0 Ahe kb Arrig PRSI B0 4RE

T

A

F+F~[*F ~T&%] &% gt i [TU-T. Supplement p. 23[32] » & & &

EXatiE S

3.1.1 #3 %1 i p ®(Voice Activity Detector)

Bh it R E2

¥4 % W E(oice Activity Detector)i# * *t3. 4 g2 § gy ¥ [27]

i & f1* &85 R HE(silence compression) > # ¥ @%J - IML,.J . S YA
¥ 2 H-T ISz 5 (average bit rate) " o R, LT 0+ il (e g. cellular
radio system under DTX mode, GSM or UMTS) » ¥ r¢ i % = RIp + 481 * ﬁi\g 4o ¥ '

3 ¥ ¢ Su(robust speech

‘F_*

£ % 5 5 ) £ (power consumption) ° “f g2 ek
recognition)* B+ F.3% # (hearing aids devices)® #Fr#|wk+4 (noise reduction)

ZRT Y F RGPS R G RIE[28] -

VUL RS g R 2 MR

BF LT L 8EE AR (T2 BF 5 52 5 B 5 =(time—frames) »
T AR A K 2] (decision rules)#-5 B {4z 2| 47[29] » k@ o »t A gert (SNR)
WPl T o B - - R AR TR AR T I FEN b A

2| %748 4] (Mix-decision base)[30]z &_if &1+ (adaptive) s %73 [31] »
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3.2 rHEFRCEREZ A

CUHFFILEAF L A d ARG AIREF S S[A 5 [F TRz
rAEERIAL S LR RAGEF A AN 2R

-1
Flo ARy R B L E ) i £ e (energy threshold) & 2| %)% 5

(DE =3tz e o

()5 f2 & LA b+ hfiin e

STRE AR Y FR A DRE TR AP D B AR (Auditory

Spectrogram) /¥ 5 | ¥ren% — FFfe > o — & ¢ A SRR Bl N & A B iRk

B BT B R AR BOH iz N A A BN G B g o .
<> H#-F AR 3 B G pF B e 2] 0 2 16ms 5 B % £ p et R pER fh ) ahg 2

— R R BRI RS = B ¥ Y dms~16ms 2 H o AP LR L 8ns G H

= %7 fed ACC(Auditory Cepstral Coeficients)(R & & 2.2) > F*% @& * 1 16ms

Time-frame &
Separate -
(every 16 ms)
A

1000 1500
TIME (ms) 16ms per frame

ZH~ BTAcT

fouanbau |
'.auan balj

B 3.1 P Fgh 27 & F
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K#E BSR4 0 103 e hscale RS R i B
M RMEE R AR R B e(filter banks) ¥ t2fip il # 17 > AV ARLE ¥ 2 FAE
AT A2 fErHE - Fidip s oo gt @ * 3] NSLtool ® = aud2cors &3¢ »
A ?ﬁ%l > 7 fp e oscale kR4 H - F kR F I F A F o Scale H > i
(cycle/octave, — BHF® ax f247d1 % g &, ex. Scale=2 45— BHF 7 it f247 )

ABIANE) LB 3-2-d BY VB ¥ scaleAxF FEHRPT B AN 4 AXF )0 B

At

A b B B S R AR b B o Scale SiEE + > E# 1 23 4 matlab £

77 % scale=2. (-1.4:0.2:3) > scale 426 8 P& § & f#47 ¥ % F - F]* scale &

each sinsle
frame

Function
Aud2cors
(scale analysis)

Y A, Y . A

Scale 0.5 Scale 1 Scale 2 Scale 4 Scale6 | .....

Bl 3.2 #F 2477 & B
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B>#-7  oscale(B B fR47 R A v 4 )T RN AL G B B HE MR K
F% 4 (imaginary parts)enf* 4L » #& % £ B~T 2@ » 1 R£B3% scale “1fEdr 4 0T daik
(T AL Tian £) 0 23 B scale “T{F i A GRS PR 238 F]p & B S 4=

254 93 i B o Bl 4o

| e

| Sae0s |1 | mean(Abs())

A Sde] . - mean(Abs())

e Sulels —> 1

| —— mean(Abs(.)) FhEEH

€ Sules |l - mean(Abs())

B 3.3 VAD %#icds B~
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AEEMHF L nF - 16ms 2 312> G = H A > F - Fi2 g% -

23 2 & o Ao BlAToT

> aud2cors >

misan absolute amphtude

s 1
&
4

f

§

!

1 R |
mingle %
frame 05

Bl 3.4 122 S8t LW

IRAE TS BT R RE S E X8 R -l N o et

Agwmoa & mP T BRI R ARBORAANEY R T 23 RS lE
*RFEPEL 0 A EHE 23 BB h A FERE R aF3 SR MG
Az Bapnl ke > AHTHF 2 Nz PR ABRRLEOR > NEH - pigE o
FR(EFEFERL 8 ) 25 2.2.1 2 2 i (Normalization)ehi 4z » £ * £ # eh

FRESAE N FF CE AR BB 23 AR R R Bkt o BE LR

e (SNR)ev w5 (white noise) (T H il » BB = #7w] S fcen® (V42 8 o

\\\?{r

Bk T F - B 5 =(time frame)pF P £ & 5 16ms > ® & & 304

(non-overlap) ° 4r » & w5 (white noise)#|:#F¥ > SNR=[-6 0 6 12 18 24] -



3.3.1 * § 3 =R%

awerage voice frame
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fd
(] i

e
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mean abslute amplitude

0.5

3.5 izt ens 4 4 =

d B35TF N bR F A2 ascalew Y 0 B AL EF - B E(peak
value) s & % = B s 4 scale . l~4z B pF» H y#hz & (mean absolute amplitude,
ERER AR o E‘Eﬂ#rﬁ()’fiigﬁ 1@t g F o Ed 202 F 5 & 39
(harmonic)# 2 # Bl % #c e MAF - LA & @ 247 5 1000hz ™ » ¢ § =7 3¢k (harmonic)
B B EOREEAREOT S f F AL SRR Tl S0 RO R AT R L 4 AT R

AP A

=k

27



average vaice frame with different sor sehite noise
3.5 T Y ; r . r v
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1_5 ot i £

rean slute amplitude
B
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‘| SHR loaw

B 3.6 7 Fsufes T Ry A 34T i d M - FREA) S ES
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Bl 3.6 875 3 542 3 et (SN 5 chT a0 i > 7 5 0
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mean abslute amplitude

4
iy
iy
e
®
i

average urwoice frame
375 T T T T T T T

fd

i
!

i

]
!
i

—
m
!

i
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3.7 smigiE ens

1=

ol

B 3T Hraenddiis, 23 ahscalew £ ¢ B &Fcd ydhz B8 B KT

ARFAFAER(RREL) AT E AR L F A3

o B S o 3t (harmonic) A g - #7171t 4 scale 2 % scale #f#
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average unvoice frame with different snrwhite noise

[SHRIow |

mezn abslute amplitude

SNR high

a1 i '; i i i i t
] 1 2 3 4 5 B 7 5]
scale
F3.8 ZRaftTodkyFaEi s RETH - FAR)IEF R
Az

Bl 3.8 HoFFF14r» 2 kA (SN chIos G » 75 HEFd ey

(whitenoise)sisy £ 4o d SA L R AR FF FIEBHE S PR A2 2.2, 1

GoBATEAR > B E € B E? Ao 2] MR AGATREE > Fl AR
scale PFfE{rac £ € 3 5 » TR R § F et (SNR) ' Mom A+t g kg -
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3.3.3 %3 =%

A average inactive frame

11

10

[u]

mean ahslute amplitude

Bl 3.9 TosgEam & 1e
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B39 Eraenz gz 23 adscale £ 7 S * fF T L £k

ooz ey 103 S H -
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average inactive frame with different snrwhite naise
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Bl3.10 2 et T2 6w a#ite od N(ET 5 - FER)LEENE N2
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3. 10 B 7 & B3 424 » 3 b 0t (SNR) 14 6n 324 155 |45 ¢ B 1320 (SNR)
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m ?’__l ﬂfwi‘a—i%/q‘"
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- 3.4 B AR RE
AE LI F RS R R B R K vk (strategy) 0 & 2R e oae kS (white

1’101S€>pp E] p%%&ulPJ é‘l P\':' ,\:f\“x—r m%‘ % IL 'é’ IP 3@ E’u ;C);‘E °

3.4.1 #*2- <um LN

Ei* 23 ek P pedr(L-2 distance) it di o ke I+ F v FF 2 mHo
A% IEE (DR * 3 F2c o - T39:23 M scale W A F #ad » (template)
FHfrE S FHiTE o A £ d 0 T T 5923 & scale ¥ Ak F A frE &

c(DEAFE - Fi= 0 pBA 23 M oscale v B 16 A HER A (voice

._%,

template) ~ &+ § # & (unvoice template) - #& ## # (inactive template)# L-2 fEdt

o FEE Y B AR T R R 1R S AR

3.4.2 3= <1123 #scale o MARE L >

E)’jf‘uZS Hind RARF RO KA LA 5
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w
ED
i

R SR E

(1) ##53 # 3§ 24§ > #- T35 23 & scale ¥ 7§ w4 * (template) & +
FAvR B B IEE S X B £ T35 23 & oscale W RN S A foR B
Ao ()FAMDE - G2 B 23 M scale » £ {5 0 4 B E# § § A (voice

template) ~ + § # # (unvoice template) - #& #¥-4§ * (inactive template) [ 4p B
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3.4.3 3 2= <ud RBpP L ELE
B N E

(D&M FErF3@EA B8R A F2F22-2232-2(1) (D@
e R @ A ip B AR PRL P ANTHRE L RS FAps i F
B R Mp MRS RG2S 28 - GYFP > ST, % 1 a4 o

Rk, #r4&4c Flen% k B 5 122 23 & scale » &)

R ) 2L(ST ~mean(ST))- (R, - mean(ST)]
“ (ST, ~mean(ST,) || || (R, ~mean(ST))) |
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ST, =template of i
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R (

3.4.4 3 iFw <UREVRWA L AL
B A PE
(#5152 F ~ 35 ~ g 23 &scale w £ 0 113 200 & H21 (GMM) " 3R -
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APRERIER Y R R B 16ms & - F 1=(frame) S HEF % W R E(VAD)
SARES 0 WS 1R S R G S (ACO T F M N (A F G F B2
ﬁf_‘f_thj y LU ""]Lrﬁ - “‘"‘](GMM) - —q fﬁ(frame)gﬂ\? [k\FI ajé_i — ﬁg_ﬂ% ‘?fng.@_ ,

PE SRR B EcE (logpdf) T EWFEG T APM o

Flpt# - 1 8sec2FH b 67 S00 BF 4= £ A 2 500 B log—pdf B %I

F AP ERP Ao #9500 B EH BT 5L LA BOMOS)2 =4 .
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A1L2RAFT GHMEFRECTEAT-TZ %8
PESQ(Perceptual Evaluation of Speech Quality)[18](2001)

PESQ & 2001 # R*2 & GBS HRF L IRPordk 112 32 S FRIE B 2

BRES NI EANSNERFES ST R 2 J(Intrusive-Objective Speech Quality
Measurement) - B & i * % % #f i@ 3 (3. 1khz handset telephony and narrow-band
speech codec)» %% 7 1998 # # 1) - PSQM chFC &L B3 38 * 7 5 & 548 3% S #ic(mfce)

g e E BT PAMS(Perceptual Analysis Measurement System)sipd i 4 /2
(time-alignment algorithm) - o %3 & §_ % %% 5 %45 (speech codec)ei®ip] »

3 H TML?J% E (one-way speech distortion)%* ¢t 4cwk4 (noise on speech quality)
R F G 5 5 FF A2 G B 0 Bl v (echo) 0 & 4 E (loudness loss)

$oox d NPEE YR R B > # BE S A G R che g (shift) 0 T2

PESQ> 3 P #®[ & > EHF R ST RIZ JiRE > d St H P00k B R F T iag,
ﬂ,&\ﬁi(MOS)Frg&ﬂA,\a 4 L Fap B FI A NRIREY P E KRB o (T

1445 PESQ 2 4 4 i 42)

original
input .
! Perceptual Internal representation '
—_— —» =
model of original
Time Difference in internal . .. quality
: . . Cognitive
alignment representation determines rtd ™
the audible difference
T12412870-00
delay estimates d, T
h
.| Perceptual Internal representation
model of degraded
degraded S
output

B 4.1 PESQ #EpliiAzB (L34 E 52 R4e iU gL pr i b b 20 > L R i) i

ik B SR R AR G ARE 0 BRI FR R L FETEA)
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40 PESQ P © 47 Rl R P 7

BEF%RER T 04d PESQ A i FF X mA

Test factors:

Speech input levels to a codec

Transmission channel errors

Packet loss and packet loss concealment with CELP codecs

Bit rates if a codec has more than one bit-rate mode

Transcodings

Environmental noise at the sending side

Effect of varying delay in listening only tests

Short-term time warping of audio signal

Long-term time warping of audio signal

Coding technologies

Waveform codecs, e.g. G.711; G.726;

G. 727CELP and hybrid codecs 24 kbit/s, e.g. G.728, G.729, G.723.1
Other codecs: GSM-FR, GSM-HR, GSM-EFR, GSM-AMR, CDMA-EVRC, TDMA-ACELP,
TDMA-VSELP, TETRA

Application

Codec evaluation

Codec selection

Live network testing using digital or analogue connection to the network

Testing of emulated and prototype networks

# 4-1 PESQ ¥ iRl3# 2 % %]
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ER%AEF J PESQ & 8 iz BrplE % 7

Test factors

Listening levels (See Note.)

Loudness loss

Effect of delay in conversational tests

Talker echo

Sidetone

Coding technologiesReplacement of continuous sections of speech making up more than
25% of active speech by silence (extreme temporal clipping)

Applications

In-service non-intrusive measurement devices

Two-way communications performance

7. 4-2 PESQ &% Rl3# 2 % 7]
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l Xissl1) , Tmst)

Haming window Hanning window
l Amrrssitin v RS
FIT FIT
poer d  * power
repEsEnEion mpresenta tion
v FAmRss(fln v FIwmRssiin
Frquency warping Frequency warping
to ptch scale o pitch scale
Calculate
¥ lnear frequency M
PPXprpsesil, compensation PPY parss(in
P
05
LS *)
Calculate
local scaling .
factor
PP s 5, MX)
1 PPY wass(fl
Stors
3 Snr
Intenzity warping to Intensity warping to
loudness scale loudness cale
LXDy . Percepiual - L {s
subtraction
Dy
¥
Asymmetry processing
+DADn + Dibn
L; frequency L; frequency
integration int=gration
+ ¥
empha szing emphaziang
silent mrts silkent parts
- + T1212960-01
Dy Dy

Bl 4.2 PESQ @ *#-3][18]

Bl 4.2 5 PESQ z R4vird] » S ARz I H2 $ n B3 f=d EiEP §
(Hamming Window) » # % #& % 4 3 #h i Jjd= & (frquency warping) » ™ — # B|#-4 &
A Ao B BEF g ho R P4 (loudness threshold)4e » U8 5 & s - 403 4
814 BT AU Ap R 8 T £ §E > Asymmetry processing R #-F FERA- 2LaR i e (d
WAFEEF AP HEIER ST ) RSP EREE S A it i o ¥ 3] DA 2

C L BT B IER R R A RN EOE R RS T ARE

=
=)
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P. 563[33](2004)

P.563 % 2004 & R % G E P AR N A N2 FF S FRIE G 2R E 2 S

X
b0 E RS & F R £ | (Non-intrusive Objective Speech Quality
Measurement) » & #ip| & A = 3%i> » — 5 #7x 2 & (distortion-specific)ipl &, ¢ %
P hen 7 1 4 (temporal clipping) % w3 (noise) w3+ % 5 = 233 £2 % $ R

(speech reconstruction and full-reference perceptual models) @ #-% E it 55
(degraded signal)ia— B mant ¥ 5 = 25 3 B #H (pitch synchronous) ~ v ¥2#-7]

BARMIE s R dics 7 (vocal track model & LPC) o #-12 } ez 304 gk & (e

(s

b

I 4 & #p(classification) 2 8 £ (weighting) @ B8 #R T T 358 L~ #(MOS) °

P.563 > 5 P $[2hid » ¥ R RIER & FRIE JfRE » Him0 00k 2§ T 0k,

LA He(NOS)E BT A2 ~ L vt b B T w2 SRR F kiR

- X

md PESQ 2 P.O63 chim B2 7 0l 0 = § ARKAR S Rl eI % 2 Sdiche 2 R R 2

Degraded speech signal

!

I preprocessing |

v v v

Pitch synchronous Specch reconstruction Distortion-specific parameters

voeal tract model and (noises, temporal clipping,
and LPC analysis full-reference perceptual model robotization)
v v v

Dominant distortion classification
and perceptual weighting

v

Listening Speech Quality (MOS-LQO)

W 4.3 P.563 #£& i A2 H]
Bl 4.4 [33]P.563 2 %4 AR » Rl BLRA R T AJLIS 0 1 2 B SRR T

B & g #kd F el R o ONRCEE D RONH R T ARt .

47



4.2 RI2ZFRR

Am 2 RIEFAE D ER KA ITU-T P. Supplement 23[32] > #73 7F4la £
f§ & (simple) ~ ff ‘®(short) ~ 7 # & (meaningful) 5 &R - &5 } 7

AR ST S

Ve a

3
i

rpF B R FET/A

PR LM EEed @

&

*

GRS g MAPE T R R AR & 8 4548 (51:128000 16-bit sample)

igﬁ@ééggﬁﬁﬁ’?ﬁ—’ugﬁﬁﬁéiﬁﬁﬁﬁ%%é%ﬂ’w

40:G. 7290 G726 0 GSMe+- 5 F k= » BB FFF SRR F] 0 d WL S Ay T

LAAEWMOS) > 2 ABAFHRNART AR > FINF %R KT A3 TR

g %J:iiﬁi% = %] 33 (Channel Degradations) & % %] » ¢ 7 g% ¢~ 45 2% (random

bit error) % k% o

BHREGES e P EEF L ARE R LB R
Wi w Fe s Y ¢ P IRE A MRS k- LR 1760 F %z &
R 200 9 o b2t BRSPS At Y 1120 7 B PRASE S -
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- PERT

Condition Lst codec Ind Codec. Ird Codec dB Q)

Cl G.729

C2 G.729 G729

C3 G.729 G.729 G729

C4 G.726

C3 G726 x4

Ca G.728

C7 G.711

C3 GSM-FR

Co I5-34

10 JDC-HE

L=

G.729 G.726

G729 G728

w | L | ot |

G.729 GSM-FE

G.719 I5-34

G.729 JDC-HE

G.726 G728

el L=l )

G.728 G729

GSM-FR G729

[slislizlislinliellnl il inlle!
|

I5-54 G729

C20 JDC-HE. G720

C21 G.729 G729 GSM-FE.

c22 G.729 G729 15-54

C23 G.729 G.729 JDC-HE

C24 G.729 G.726 GSM-FE

C25 G729 G728 GSM-FE

C26 GSM-FR. G729 G.729

C27 I5-54 G720 G.729

C28 JDC-HE G.729 G719

C29 GSM-FE G726 G729

C30 GSM-FR G.728 G729

C31 GSM-FR I5-34

C32 I5-54 JDC-HE

C33 JDC-HE GSM-FR.

34 GSM-FR G.728 I5-54

I5-34 G729 JDC-HE

3
36 JDC-HE G.729 GSM-FE

C3
C3
C37 WMNERU
C3
C3

2
8 MMNEU 10
39 MMEU 15
C40 WMNEL 20
C41 MNEU 23
C42 MNEU 30
C43 MMNEU 35
C44 MMNEU 50
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B PIERTF

Cond | Codec | Trams- | Noise Error Type Error Input
No. codings | Type Rate (%) | Characteristic [ Value

1 G119 1 Clean - - ALaw M. IRS -

2 G719 1 Clean Fandom Frame 3 Alaw, M IRS -

3 G719 1 Clean Fandom Frame 5 A-Llaw MRS -

4 GTH 1 Clean Bursty Frame 3 A-Law, M IRS -

5 G.7H 1 Clean Bursty Frame 3 A-Law, M. IRS -

[ G719 1 Velucle - - A-Law M RS -

7 G719 1 Velucle Random Frame 3 A-Law, M. IES -

8 GTH 1 Velucle Random Frame 5 A-Law, M IES -

9 G.T 1 Vehicle Bursty Frame 3 A-Law, M IRS -
10 G.TH 1 Vehicle Bursty Frame 3 A-Law M IRS -
11 G110 1 Straat - - A-law MRS -
12 G719 1 Strast Fandom Frame 3 A-Law, M. IRS -
13 G711 1 Streat Fandem Frame 5 A-Law, M. IRS -
14 G 1 Streat 3 A-Law, M IRS -
13 GTH 1 Streat Bursty Frame b A-Taw M IRS -
16 G119 1 Hath - - A-Law, M.IRS -
17 G719 1 Hath Fandem Frame 3 A-Law, M. RS -
13 G719 1 Hath Fandom Frame 5 A-Law, M. RS -
19 G.7H 1 Hoth Bursty Frame 3 A-Law M. IRS -
20 GTH 1 Hoth Bursty Frame b A-Law, M RS -
21 G719 2 lean - - A-law M. IRS -
27 G 3 Clean - - A-Law M. IRS -
23 G719 2 Clean Fandeom Frame 33 Alaw, M RS -
23 G729 3 Clean F.andom Frame 3,03 Alaw, M RS -
23 G 2 Clean Bursty Frame 3,3 A-Law M. IRS -
26 GTH 3 Clean Bursty Frame 3,0,3 A-Law, M. IRS -
27 G719 2 Velucle Random Frame 3,3 A-Law, M. IES -
28 GTM 2 Velucle Bursty Frame 3.3 A-Taw M IRS -
29 G719 1 Clean Fandom But 1 A-Law, M.IES -
30 G.Te 1 Clean Fandom Bit 3 A-Law M. IRS -
il G719 1 Claan Fandom Bt 5 A-Law, M. IRS -
32 G719 1 Clean Fandom Bt 10 A-Law M. IES -
33 G710 1 Clean Burst Frame Fandom Bt 3, A-Law M IES -
34 G719 1 Clean Burst Frame Fandom Bt 3,3 A-Law, M. IRS -
33 G.TH 1 Clean Burst Frame Random Bt 3.3 A-Taw M. IES -
36 G719 1 Clean Burst Frame Fandom But 310 A-Law, M. IES -
37 G726 1 Clean - - ALaw M. IRS -
33 G726 1 Velucle - - A-Law M RS -
39 G726 1 Straat - - Alaw MRS -
40 G726 1 Hath - - A-Law, M. IRS -
41 MNRU 1 Clean - - URCM, M. IRS 10dB
42 MNRU 1 Clean - - UPCM, M. IRS 15dB
43 MNRU 1 Clean - - UPCM, M. IRS 20 dB
44 MNRU 1 Clean - - UPCM, M. IRS 15dB
43 MNEU 1 Clean - - URCM, ML IRS i0dB
46 MNEU 1 Clean - - URCM, ML IRS 50 dB
47 Dhrect - Clean - - UPCM, ML IRS -
43 Direct - Velucle - - UPCM, M IRS -
49 Dhrect - Strest - - UPCM, ML IRS -
50 Dhrect - Hoth - - UPCM, M. IRS -

o 4-4 F % = BIFER T
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- FIR BFEHG

AR 01 E AR SRERTR WG FRAGRIET 0 UF RGN

WEE AR T (B4 i PESQ R s B AR o 5.2 &2 5.3 &4~ URIE

U:)’::‘%- N La:—:——-%- ~E ‘)"lié"}ﬂi,u > iﬁ%ﬁ‘ﬁ@'%?{ ]F'*L\zpjr'\?ﬁfﬁ;i’é’ ’/? é‘%r‘lﬁ'n
g 2 ITU-T # 23 FRETABLFS FHRE - #F S50 54 &> ¥4 5.5
G5 B o

. 5.1 & > VBl &

B F-FAL c wBErCNFAETRETE R4S L 5 d 20z a
PR GTRIRREE 00 N R  Bo ] H et R SN S AR R LR P BRLA e BR AL
AWEFTA JVRIAFZAMFAREFRI AR PELBM g REHNEFY R B

A3 e B o RGP ARR o

AE P &R AELR(D.]) 0§ RAsES AELE 4 EAELF pﬂiﬂ ~EE S LS dﬂz
Ed BT A G BT A B chd 3 > J BT Bl 3% T rate-scale domain(FF

CHAEE R R ) 0 1T Ap ¥ ihrate-scale BV L EE 0 RS o

FHEIANFBEEFDNE - e 2hi ;8 STRF(L 2.2 & )rw s wle 50 pr
¥ (Time) |~ " 483 (Frequency) |~ " BFRF 8 i (rate) |~ T#E & 8 1 (scale) | » B 47 3%
Bl (Auditory spectrogram)eia i = TP ~THE % > #2884 STRF ¥ 5 & B 2 ehpF
FELEAE S > B (BB PRI F B %1 FRI(r 2w Ao rate-scale
Be teAhsh=2 A P APER AT AR Fdh A P80 024 F]Pt 2N 3 5 i T 35
w a0 STRE g% & = et prR (Time) " PFRF % 1 (Rate) ;o 47 5 % i (Frequency)
FERIFE ARRRLET AL FROERGIERE . 47 67 HHFHEHES kT
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FREEE ARG KEREF I

Wav2aud
e = FH H 2 2 P IS & e

AE TR - SRR - BT RE

A v

T i < ] S > P A A S

Aud2cor
TR IS S ATEhE
ﬁ@*ﬁﬂﬁFa'ﬁ%@J%(rate)>&<ﬁ$%§b$(scale)>
v

L i <H ] 4R - T BB B SR (rate)- S B) R (scale)>

ﬂ%‘}?ﬁ'&nn =] ‘E"ﬂg&gnn =]
{Erate-scale domain_EFHJR

3t FH F5 BR A [E] B B =GR EE

v
EstimatedMOS

B 5.1 &» 35 & RE AR
2 TIMIT F#FAE > %3 - (dr=1)esgiE h4piF o B2 14 2412 149 4
B EE 6 g &% 6 sk (White noise) RRlFE » 3R 4 Bl JC
[-10db~45db] » 4 PESQ #a i st 4te®a (PESQ 2. 41 %30 4.1.2) » M4 &
MELE R4 AR 2 F 12 BB R 7 F rate-scale T dficiE ¥
AR i APFRght R AR o T u - X N mw»ﬁﬁﬁ”f—/»\ v kR EH g

L5459 o
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- 5.2 #£ZE >R E

ErrEr o AP AL ITAMAE F DR ASERILE > VSRR
WEERFEh ] BERERHEA S RS = = B3 =d L mg\ SR B
£2xr L2 £ (voice) ~ + 5 (unvoice) ~ % & #(inactive) » 1} & & = $72 — B3 =12

$HF 200 & 03 GID Bt > 5 - 3 4219 — $HEE & % & Sl (log-pdf) -

LRGERIERIPE K B MA S B F BRG] - HEL MBS

Lot (mean): #— PFF P G A IR BB S B A SBT5E 0 B Re o o

PRSI HES BR S E T, B RS EB - TI0E o kR B E S

Pz TR ReiciE S L WAl eh T A e

% % (variance): #— SFH #1F h*F L HEB T R AR SBEPF R o T D

122 B ke feand TR R R e KB LA G R B o

4y

.y
E]

ml4

4y

W E (weight): £ Bo— G137 > & F Apibang At v 3 F Apibanp At 0 2 g BAriben

A

3 % (pitch): 1% AMDF(E 3ot R £ andic)» RBv— £ 327 2t a #-3 =(Non-Inactive
frames)$eh5 & & S @LEU N2 Gmhp ZRFEFFF M 2Rk g3
y

% i
SR FRMcA > EPRR g AN AFGEAFERLRRE  FRERNLFFF 1

—N

ik F HS 1R B E S AR OB S ehd B L R B 3

o

e STEREE E R R S R SR AT R
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.3 ¥ E'F:"Jl, ot

Ripe #r B ER DL L B - GEOE Y S ] EHEI 1AL 5A
T 03, LA He o At 4 ff B s % %375 (pure quadratic polynomial) ki i
R Bf FEF & T P 2 (no interaction terms) » F - B F - = X FIHEN T
B S IEN et 0 R TIOR LA E 0 8 B RHAT

(1) #F * 3 5122 5 %R ST gL X

(2) #1F F 3§ 12 HEP S B A SESTHEEEEL X

(3) “7f & 5 =2 Hlcp 3 % & ST oEg iR L 0 X

(4) #7 #3312 P 3 B A SRR B YF L THOE K

(5) #1

(6) #FF & 85 =2 HEF % &SP % B HF 2 TI306 0 X

g
T
~=i

4o
mly
mly
—t

|

(\x

"
ij
3;
da

”%E&&%%ﬂﬁﬁuiﬁ@,k

(D) 5 4 % 4 fohon 32 R A& X

I

(8) % % 4 f=#cit§ 5 =t b Xy

MOS =S"P(X,) > i=1-8-

P(X)) =X+ B X+,

o~ B~y s f%.ﬁﬂii‘}*ﬁfﬁﬁﬁ&(regression coefficients)
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5.4 TR %
Lirstpl g 2% 5 1764 #1293 (white noise) 2 % %] > et # 4
(-10db)~(45db) - PESQ =4 ¥ NSLtool #=4 f* B crafp B 128 i 94. 6% > ~ P
7 v wE3 (white noise) 5 BI3#% F1™ > NSLtool e Frat 5L38m & 5% & B &

TU-T #74% &) e & o “f ptz_#h 5 NSLtool et it 5isa 2% e - db ™
FOR MR L o BeRA PR D A 2 2 5 B i (robust) S o @
NSLtool ¥ » i % * PgfidRir B k £z r VRl A dkcy § v kg e 2-3db
P PR R ¢ K 0 NS X PN REEAS 0 F R ST AL
Bl BRI B 2 £ W] ipd PR S R T o R R TR
gr P2ty oz T e T2bg X end|¥re w2t ] » @igy 814 cha i

SEEICER R e 2+ TSNS UL S O

2.25% > RIS % v 3 (whitenoise) = % F] » B|3# P. 563 > ACC » 2 MFCC

AT A A

v wed (white noise) & % F12_ Rl (=4 4 PESQ »~1)
Bl P. 563 ACC MFCC
22 PESQ 4 #icerdp B M| 83% 98. 7% 98%

4 5-1 1% w3 (white noise) & % F|2_ B|:F (=4 d PESQ 1)

3.25&E N R RSS2 ITU-T p. 23 supplement[32]F &% - » BIFE* BT 5 %

TR
ITU-T P. 23 % =% -
EaliadEy P. 563 ACC MFCC
0 e Feehip M dE | 78.90% 58. 5% 54%

% 5-2 1TU-T P.23 § %% -
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4. 25% » VIR B % 00 ITU-T p. 23 supplement[32]F B = - RliE4 F 3F 5 St

T oA R ERREFR T AL

ITU-T P.23 % %=
A SN P. 563 ACC MFCC
g g Beergp B | T8, T0% 60. 6% 58. 8%

# 5-3 ITU-T P.23 7 %=

o1
o1
s
B0}
3

3L R ST E R AT 0§ BB SRR BRI 0 e R L 8
To [TU RN 2ZEETEFGRADT (R A24 L ApR ), bk~ 3%
29 o Rtk 0k 5 #F] > 2 ACC 5B S g 3 ¥ & PESQ 4 HAR M LEE 4 2

98% » 2P ¥ P EPE S Bt T PESQ 4 Bcerip 2 B -

ErNFEAREY o ORI LR A > A PESQIFE Y o d - B
& P bt ¥ (Time-alignment) > % SR E FRE 3 R T
(time-shift) » Pl € & * &~ F2] o 232 ¢ B SR 7 EH BT ot 2

972 A st PESQ A Bodp ML 7 B A2 4+ .

$ 8 ACC ar® A~ 3ot MFCC 2o 34 et reni s e {3 > @ ITU #rdg O
ZEBA TIPSR B B - RME T AR adF A 80% ) Tom e wEE (white
noise) s % Fl2 Rl T » @& * ACC dn®A »cic % 2 43 % o & [TU-T p. 23 supplement

F - kT > ACC »ie # 3 3 MFCC el £ £ 319 5% = + o
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Bk ARBZHG R

(1) 2EFHCERE>d > 2R TRBE DS EFERZFERE%Z T RS D
B ot R R 5 B 4 i B (AMdaptive threshold) 2 % & 2] %7 0
(Muiti-decision) » *# < #r#% 1z B3 i 1 iE‘J%iﬁﬁﬁ - FERER A kFELEL
PR gh i B 2 5 ¥l > 4p i AE Y P U B L T LIRS

(time-variant) e mEg o

N

(2) Bt ed 5 3RlRIEY o B 3R 11 ACC -8k g v MFCC S > e i

"&\

/

\\\
o~

IR p 563 0 F AT P Wl S N iEEELs > A E LR

Vi
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b3,

FOTRFERBL SR LS AT RS AR R A

(3) %> W E D FA AR RIEFe > FF bR T a2
E e A o IS S B Y DA B endidt i) & T4 ¥ (Data mining) #

%’ﬂiﬁ*Jﬁ#§$%ﬁ%$%ﬁﬁ?&viﬁm@ﬁ’uP"*%¥ﬁﬂ%ﬂ%

B2 A& Tl AR T ARY; BFARRY2E 5 LMY TFREES 2 p
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