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Objective Assessment of Speech Quality
by Perceptual Features

Student: Ting-Yu Yen Advisor: Dr. Tai-Shih Chi

Department of Communication Engineering

National Chiao Tung University

Abstract

In this study, a joint spectro-temporal auditory model was utilized to assess speech
quality objectively. In this model, the-firststage is to mimic early cochlear functions of
the spectrum estimation and the.second stage is to mimic cortical functions of the
multi-dimensional spectrum analysis. The'goal of this study is to predict subjective mean
opinion score (MOS).

Objective speech quality assessment can be done by two methods : intrusive and
non-intrusive. In this study, firstly, we observe and analyze patterns of the clean speech,
the noisy speech with different background noise, and the degraded speech through
different codecs at two auditory stages. Secondly, we will derive an objective estimate of
the MOS from data-driven perceptual parameters which are believed to reflect people’s
judgment on speech quality. Four perceptual parameters considered are intelligibility,
naturalness, and pitch distortion. Finally, we use multiple regression analysis to combine
the relationship between speech quality and these perceptual parameters, and then obtain
our predicted MOS. We then demonstrate the MOS can be characterized quickly and
reliably by these three perceptual features.

Keywords : joint spectro-temporal, speech quality, MOS, intrusive, non-intrusive,
intelligibility, naturalness, pitch distortion
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PR R A 8 B ) AR B L e B 3l 5 50 RS 117 i sigmoid
FiBrg(u) = 1/(1+ e ") B2 == ApMupopaT =" 5 57= (RIS M7 |- R {Spi
PR = AP AP R SR R -

TSI g (W R i e AR - SR S ¢ P S
S SR R S TR ST > PIFSTC [ EREIEY sigmoid
FrEE= 1= 1R FiGintensity) 2155 % (loudness) A ESESEFE o — 48 © 21 Pk
OSSR ITI - 200Hz % dkHz  PIFST - H0ERAISTS [WHBR- &1 (B
TRV IR ARt 2 BTGRP s hearing threshold) = 11
Q)5 P GBI 9 @) SR 5

97 [ AR = ﬂ’\E"i“‘Jﬁ E PRIV G o TS PR — B2 5T Rl i M
F xR ) R R MR IR BRI Qi ]y 0 FIE Q)T AR
fi= o AR G R S R SR Ve HE(frequency masking) ©

(g “”[JF I‘TF, $${:?E'§“Jﬂ5ﬂi"§45”l’77‘irﬁﬁj HH - pgh [ 8 s B A (temporal
dynamics reduction) » | VIEEETEEEAF YaAO s B F 9 Sk 59 8] 1kHz > R

25 (P15 gt 7) = €T ) RIS o ISR 4) 7 RL BT i ime
constant) » u(t) RLHTEE H T i Cunit step function) » [T R f* 1B T [l 47 E !
AR o RS Ik (SSpIRL R 3dB AT < 00T ¢ 2 (PHER v pl
FF,qﬁa‘[' P2 E IkHz R R [ [;{ BT @ﬁ RLIV 2ms e

IR 27 [P JEE] > SRR LT L T ORRLEIR R
SR Yo = 7 Yo 75 PV G 7202 = 6 oA e i o
TR o ST AR R R PO RTE A © {1y g TS PR TR
1% 250Hz ~ 1KHz A1 4KHz €8 - {1 4kHz B4 fO0L58 = (fine structure) 7
TE > FAfIRABTE RS VIS 4kHz B SRR U« PR
TARET R SRS O~ [ L] -
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(a) 3-Tone Responses
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AT 27 YKL E PRI > Y RLH VRES S
2.2.2 i%&‘@%@‘jﬁaﬁﬁﬁ[}gﬁg

SR T R SRS I TS B S

= WESIAT o fe APV PR R > NRRECE R ViR D R
FE U710 M IR (pattern) HERLE! = PRIP25 POR] A5 TR s =
IR . i B R B [ 0 U 5% 1 Spectro-Temporal Receptive
Field) » 7 [FIFOHASAR e | IR~ AETRERE « g (R TR ER I T (A AR 2
Bk R (R o SRR T R S SRS Vs
e PV VIS AR RS —H (i V= -

PRI > 25 9] = A 5 71 30 AT IR A Jf R A 35 Goint - spectro-temporal
modulation filters) 55 15 A TR s SO AT - FpIgAE 2 ARAT - B
PURORE RPN EIE AR LR ] o (RSO IIRY > A O S R 2
PTG DR SBATRBRE 1 TR A - P S
WP PVER L R R T [IFOTRL AR T IR e AR aE -
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(SRR R 2 R T L TR R Ty PRV R
Ji T RO T R R R Efi«%w@fz@?@iymgﬁwmq%\[o
SRR AR KL RO U [
K B PR A SR [ 5 8 7 EL P2 i 3% i (moving ripple stimulus)
*ﬁﬁﬁm%ﬁﬁ%k@w%wfiwj ¢ AP I 1 [R5

T S R P AL A0 9 [ BRSSP0 RO ) 2 e
ﬁmﬁ%£$’Di%*%Pmﬁﬁﬁ«%W@%%@ﬁwﬁﬁ%%m@%wi
AHHEAT > NI (Pl = | RO SRS R 5 o J\a}quz WG
ARCHRE e (= e A A JBEW b ISR R
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L 2-8 T 1) R [ [ORS A 3 - (AR R

7+ 5 250ms G2 - RIS~ - PR U AL 4Hz - S ITERA0 Y
TR rate > FOPRL Mz 5 RSG>5 2 W AN - (I
B o [ (W L6 4 0.5 (RS~ » 25 [P0 AL scale » 17 RL

cycle/octave » octave F<=1-— [ [ﬁ%ﬁ o
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= RRIER DI Klein, 2000 [23].

x 1H5

25 [ R T R S0 i ate 71 sl 8 O3
503 E RIS AETRER P“L”ﬁﬁ’%%qﬁaﬁ;@*ﬁ?: %‘%Elfiﬁ'i_ﬂ]?ﬁ@?‘%ﬁ@ an (LIt
2—12)@?[[5’:%ﬁiﬁiﬁ)‘iﬁlﬁﬂjiﬁiﬁﬁﬁ Pl o e TE 2-11 SE2EEE > T [l
Il [~ UL A S [ﬁ] rate 1 scale [N 7& fi’fﬁ[’ 5 P2 ElfJE%‘j‘ R~
A RL 250ms > AIEFRREYT ] x FeA o R EHFA', 5 I[ﬁ'ljf‘tl*/FT °

q%\' 2-11 RL{ft= né&ps q%.ﬁ'l'%'é » EUFpY T RE 5T HIERLFR (octave FY frequency)
Eﬁ fti](time) ~ #F1=4h [=(cycle/octave) » Eﬂj Ak [~ (Hz)!') “FJ‘ZE% [ (magnitude) © £ {1
QAT (™ 25 [PPEY Y scale > oA e[~ > 25 [PV rate © P9 >
PR AASAR VoSSl SR i A5 2 2 g > NS5 P P
XIS B SEf =2 T B AR, U HERL T rate FTEIRY rate s TV rate A
SIS R EIRY rate Rt SPIERRY AR~ ERET > MIGAET
ST ATV rate ™ TR -
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rate filter magnitude response
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e VR 1 N, Mesgarani, 2006 [24]
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3.1 FH eI A

3.1.1 TIMIT

TIMIT(TIMIT Acoustic-Phonetic Continuous Speech Corpus,);:F“I?bI ﬁﬂ%ﬁf'

630 0 S REARV R PR ORI R TR AR (TDA e i
FHEMIDH IR - Fi 7 ﬁNfrJF‘,?“ B PCML > VAR B 16kHz » ZVELfIFVE! [~/
£b 16bits > i1 ~ Bl 70% pH I S WeiTE 30% -

SPRIR e R AR TSR - 7R TR 326 O PIEAT 136 A 1t
462 fii * — gL B~ SHRET0 [ AU 4620 U o RREGIR AL S T
49 55 10#} 5 *JEU%:‘@aﬁiv[fclu W PIEAIS6 e U168 [ - o B~ S EREI10 i
feHE] 1680 fURF T - AREIELR AL T2 2357 S1FY < TIMIT sl o 7

[[EHJF:[IE&(Dialect Region) * @fﬁﬂ%@ﬁﬁl@ﬂ? dRrEER 3.

F 3-1 TIMIT FPRIE > TR F B ESPIe 2~ BT
TIMIT
dAr Dialect Eegion kdale Female Total
drl Mew England 31 18 40 (BN
drz Morthern 71 21 102 (169%)
dr3 Morth kMidland 7 =23 102 (16
drd South kMidland 53 21 100 (16%)
drS Southern Bz 36 a5 (1650
dris New York Citv 30 16 A6 (750
dr? Western s 26 100 (169%)
dArs Army Erat =2z 11 33 (5%
Total A35 (70192 (20%y| 630 (100%)
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3.1.2 ITU-T Supp.23

MRS 1o PRI 125] kL 1998 # (1 ITU-T 2+ 2 B0 ™ | - Gl &
5 IHERR - Y [ BRI a A 57 T Tl ﬁﬁlﬁ?@ﬁ((?odec)ﬁ”%
5 5T (W ERRL YR RS (Background noise) Nk K fﬁfﬁ’ﬂ Fﬁﬁq
[AFET > IO - B s~ SR R IP%?”[ T SRS 2
BEEE R ERE L PR R I B3 R Y AR rame) i 1 - (bi)
1" fj= Bt (random) FY slLagr (burs):E K I 1H 7 -
FiF A= G PCM » ZVEGlias£G 16kHz » TVRIFVES (A" K 16bits » AR
TR 10ms B ORI ORI R AL 8 7)o 5 ffRL Bkbps o £ W R ) 4
O R F A4 TEIEIEIN o IR TASI > RS F) S0 AR -
P BR- HE] 176 R SHER RS GRS 4T 200 fURIT - DR
BRSO F BT VA P IO R 'iﬁ A L P AR
S —&IF‘EJiH HW“[EB“ PRy SRR T

—Et[ﬂ

el

I

—Tl

= F'LJ%Q\T‘ » BRSSP

* 3.2 HER-
Condition 1st codec 2nd Codec. 3rd Codec dB )
C1 G729
2 G729 G729
3 G729 G729 G729
C4 G726
5 G.726 x4
o . 728
C7 G711
Ca GSM-FR
o I15-54
C10 IDC-HE
Cl11 G729 G726
L G729 G728
12 G729 GSWVI-FR
Cl14 G729 I5-54
Cls G729 JDC-HE.
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C1l6 G726 729

17 G.728 G729

C1la GSM-FE G729

19 15-54 G.729

C20 JDIC-HE 729

C21 G729 729 GSM-FR

C22 G729 G729 IS-54

23 G729 . 729 JDC-HE

C24 G729 G726 GSM-FR

C25 G729 G728 GSM-FR

C26 GSM-FR G729 .729

27 I5-54 729 .729

C28 JDC-HR G.729 G.729

c29 GSM-FE G726 G729

C30 G5M-TR G.728 G.729

C31 GSM-FE Is-54

32 IS-34 JDC-HR

C33 JDIC-HE GSM-FR

C34 G5M-FR G729 I15-34

C35 Is-54 G729 JDC-HE

C36 JDC-HR 729 GSM-FR

C37 LMETT )

C38 MMETT 10

c39 LR 15

C40 LMMNET 20

C41 LR 25

C4z2 LNETT 30

C43 LMINRT 35

C44 LNETT 50

F 33 HiRE=
Cond Codec Trans- Noise Error Tyvpe Error
No. codings Tvpe Eate (%0)

1 G.720 1 Clean - -
2 G.729 1 Clean F.andom Frame 3
3 G.729 1 Clean Fandom Frame 5
4 G. 729 1 Clean Burzty Frame 3
5 G.729 1 Clean Bursty Frame 5
& G.729 1 Wehicle - -
7 G.729 1 Vehicle Fandom Frame 3
g G.729 1 Wehicle Fandom Frame 3
Q G.729 1 WVehicle Bursty Frame 3
10 G.729 1 Vehicle Bursty Frame 5
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F 3.3 1 HRES R

11 G.729 1 Street - -
12 G.720 1 Street Random Frame 3
13 G.729 1 Street Random Frame 3
14 G.720 1 Street Bursty Frame 3

5 G.729 1 Street Bursty Frame 5
16 G.729 1 Hoth - -
17 G.729 1 Hoth Random Frame 3
18 G.720 1 Hoth Eandom Frame 3
19 G.729 1 Hoth Bursty Frame 3
20 G.729 1 Hoth Bursty Frame 3
21 &.729 2 Clean — -
22 .729 3 Clean - -
23 G.720 2 Clean Random Frame 3,3
24 G.729 3 Clean Random Frame 30,3
23 G.720 2 Clean Bursty Frame 3,3
26 G.729 3 Clean Bursty Frame 3,03
27 G.720 2 Wehicle Random Frame 3,3
28 G.729 2 Vehicle Bursty Frame 33
29 G.720 1 Clean Fandom Bit 1
30 G.729 1 Clean Fandom Bit 3
31 G.720 1 Clean Fandom Bit 3
32 G.729 1 Clean Fandom Bit 10
33 G.720 1 Clean Burst Frame Fandom Bit i1
34 G.729 1 Clean Burst Frame Random Bit 33
33 G.720 1 Clean Burst Frame Fandom Bit i 5
36 G.729 1 Clean Burst Frame/Fandom Bit 3,10
37 3.726 1 Clean — -
38 G.726 1 Wehicle — -
39 G.726 1 Street - -
40 3.726 1 Hoth - -
41 MINEU 1 Clean Q=104B -
42 MMNEU 1 Clean 3 =15dE -
43 MINEL 1 Clean =204dE -
44 MINEU 1 Clean =254dE -

3 MINEU 1 Clean Q=304dE -
44 MMNEU 1 Clean 2=50dE -
47 Direct - Clean - -
48 Direct - Vehicle - -
49 Direct - Street - -
50 Direct - Haoth - -

erR YR - ITU-T, Supp. 23 to P series. [25]
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m
=
4l

55| T

= @ﬁﬂ &l ?ﬁﬁ ﬁ#,@frﬁg HEEEPIE > STHIRL A-B test ~ MOS ~ DMOS !
Conversational test ° Fﬁ%ﬂ‘ TP Tk O PR 32 A 340 T fFﬁiﬁﬁ’F{fj’Wﬁﬂ)}E[
Pk = @?Ei 3% kL MOS(Mean Opinion Score) » Fl'I ITU-T % 1996 & Frfi | »

Rl FEREER ] HIEYE(Absolute Category Rating)[26] » 77 HIFVARYER 224 & 3.5

0

F 341 2 WSRO

Test Aidvantages Disadvantages

A-B test +  Simple «  Only relative rating

«  Lowcost
MOS (ACR) «  Accurate +  Costhy

« el defined procedure +  Daoes nottest effect of delay ete.
DMOS (DGR +  Accurate ¢ Costly

« Well defined procedure +  Only relative scoring

+  [Does nottest effect of delay ete.

Conversational test +  Close fo real situation +  Time consuming and costly

+«  Tests effect of delay etc. +«  Peeds full implementation

R F ¥ "Measuring Voice Quality, "GLOBAL IP SOUND, 2006

. 3-5 : ITU-T P.800, Mean Opinion Score(MOS)

oy £ O B oA
FEFAT
iy

R

G
fEAE

— [0 [l [ [n
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3 3 éﬁ@—‘r iﬂ;kﬂg[@l]}}?[@ﬁ&

ITU-T ¥ 2001 £ 2 F|F12004 5 5 5153 BRIy 051 50 gt v
B FHALRE SO PORTR I P862 (2] 0 MEALIEE Y VTR PS63 (8]

Fﬁ:ﬁfﬂiﬁlg'Jﬁwﬁﬂfﬁﬁf(Narrow-band)&lkHz' F”F“f Iwﬁﬁ‘”é‘,—?ﬁﬁ

3.3.1 ITU-T P.862 (PESQ)

P.862 fL{E * ZA @*E% fﬁ?ﬁ AT R LA SIS PESQ(Perceptual
evaluation of speech quality) » £ 3" [ [i' 2% © % 3-6 - PESQ FUFHEIHLEH &
Hi Pk o IO AR IS IR ORI 5]
SR PR AL & A LA R G Y -

% 3-6.: PESQ _rﬁ a:ﬁjﬁl T RN S

Test factors Coding/network technologies | Measurement applications
Coding distortions Wavefomn codecs Live network tesfing
(e0. G711, G.726, G.727) Network planning

Transmission/packet loss errors
CELP/hybrid codecs at 4kbit/s and above | Codec evaluation/selection
Multiple transcodings (e0.G.728,G.729 G.723.1) Equipment selection

Environmental noise * Mobile codecs and systems Codec/equipment
(0. GSMFR EFR HR AMR: COMA optimisation
Time warping (vaniable delay) | EVRC, TOMA ACELP VSELP: TETRA)

e $ 95 © J. G. Beerends, "Psychoacoustic model", 1998

PESQ fh] € |7 S i TV A IE 32 2 R, fop o T 7%
FYEK (loudness loss) » [ﬂl?ﬁ (echo) ~ ]EJ?’[ (sidetone) jF"[(CrOSStalk)‘V AD fiufygss o
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[iy =" PESQ (it i s ) 2 T 4 i istening. only)&# 7
P/ E' i (wide-band)I'] & S5, [flj(conversanonal) ] —JjFﬁ FF[E Ty bl = fg_f[ %(audlo)ljL #
LRESCR B A

PESQ AL SURUEI ik » St IR A R R
LS ] S 2 ROTERRT POEET 50 B S PESQ AR Elﬁlﬂéﬁf‘%@ﬁ?’fﬁj :
[FTISEEE ~ P ] A~ SO RsTBark scale))”) =3 OB > fet i i Bt
T TR A E?E[Jﬂiuﬁ ARETSIEE o PESQ PUL A G 2% ¢ [ 31 ¢

A 3-1 : PESQ ol 4 == 13

Original signal

_—Mﬁﬁ*—q =f
after conversion o the frequency
- ...mdli'nny#j:dvd_. domain, signaks are binned ... and then analyzed 43
Mv‘“ T =
analysis

PR VR ¢ http://www.eedesign.com.tw, [ =¥ P. Denisowski

I 31 TP E] T RLIE R PR S S LS
TR Jek SRR R S T F NS 2 AR V]
OZRSLHEAEI > (07 Bark scale 7 )b FIPOAERT > fL i £ 21 5] (94714
[T TP ATy BT BT BRI > 8 e IR I3 AT SRS MOS -

PESQ i3I IRE e : reyiafios My SR AR 1 B T e
B O TS BE 2 T [l R 1 (time-warping) » 35 HE YT BRAVRL G2
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PRERE L P SR TR OE [ o s R TR S BRT TR

(cross-correlation)is I = > A% -y (WG PRTAIIVRE 1 5 Dot > T Ppid v

T RYECE > PR ISR PSR OIS S A O R 0 U | UL
Fa b A ?’ﬁfﬁzﬁkﬁuﬁnﬁpwﬁzﬂlnﬂﬁElflfdﬁﬁ T R IR

3.3.2 ITU-T P.563

P.563 RLZFE * SO BIF RIGTH AT (8] DU IR A A B
GG Fl?ﬁﬂn i e 7 %I PSS ’ffpll‘ﬁ'wﬁiﬁéﬂ?*% T P.563 Y I AuAsLE]
RLERG T VT RESEER A S 2 SRR RV I« RNV I AT
| SRR (3 4Kz | }‘)?ﬁﬁ Q*E'ﬁ'l@i BT R P R R e
[l e i e = B 24 o WJZ/L' FJ ¥‘@- Al 7 [ PO (filtering) ~ T
[Fil B P s | o Jlﬁpﬁ uﬁ'?aﬁ " ﬁﬁ?&p&uﬁ SRR T Sy I L o

Degraded speech signal
[ preprocessing I
v v v
Pitch synchronous Spesch reconstruction Dnstortion-specific parameters
vocal iract model amsd (norszs, lemporal clipping.
and LPC analysis full-reference perceptual model robotization)
Y
Dwominant distortion classification
and percepiual weighting
Listening Speech Quality (MOS-LO0O)

[l 3-2 + P.563 1 fIE e L IR
TR $3f © ITU-T Rec., P.563 [8]
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RUVEIEE ?Hﬂﬂi“q%ﬂﬁfﬁ ?”FFI‘ ["E%FEI;} (AT PRIPSEpRT B b g

IRl R - P.S63 P 5T R S MRS S o 5 kLR R
(preprocessing) ~ - £ 7 ff i P (distortion  estimation)!") ™ AR P F (perceptual
mapping) ° [N G2 E J?J O P e S e R IR R - PS63 Ak = (L
R R R A S S L R IR “izf”ﬁi,’(vocal tract)
B GO GRS R R (R SR ) R
(R R H (191 - temporal clipping + robotizationa * noise)[EYAY 5 [YEE ,éf Lz ;fEJ i
fo R I TR 5 2 > @%ﬁfﬁ%‘ﬁ%&ﬁé el (dominant) f 2! ffihd > PRI
P.563 fk i il 7 |k AL I REE (distortion-dependent weighting i 57°¢ | o1 22— &
R E NIV LR B e BT P.563 PO RIS 2 Y | 3-2 -

P.862.1 [27IRLITU-T % 2003 & #e1} - JK b PESQ 053 By~ (i ibise
ERIE T MOS o3k o3 3.7 ~/[JL“P563 *DP86213:T \nf,ﬁé’ﬂ?ﬁ[ ITU-T Supp.23
A TR T e R S & 37 7]+ P.563 UFTEL BT MOS i
T ISR 0.89 ﬁl | P62, I LR A MOS 9 SRR 0.95 ¢ P.563 19
S T YR ¢ S P S € R () B

F< 3-7 1 P.563 A1 P.862.1 ffi*'] Supp.23 database fiUF 7 =R\

8 Kbps ITU & ETSI standard codecs interworking P.563 P.so6ll

French (.85 00.947
Japanese 0.842 0957
American English 0.902 0.968
Channel Errors and background noise

French (. B86 {0,904
Italian 0.854  0.964
Japanese 0929  0.943
American English 0916 0934
Average 0.888  0.945

TR F ¢ ITU-T Rec., P.563 [8]
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P.563 iﬁE'J%‘ﬁ[ﬂ'ﬁlﬁ %ﬁ/ =Y 80 [HE e P ROBS T o i NG
P.5G3 T BN > KR A £5 (R3LHiQow-pitched) FIF AL #ihigh-pitched) Py
R PR S TR SR ] IRAIORT BT 5 P i R S P
wfi R RS o U P.563 [T AR AT R PSR, o HL 5 P
P.S63 [ 53 11 53 AT (semantic. analysis) + (7 FITE = 14 (word)
2 BB PS63 51 BT (S (PR (LU W10 MOS BRI - 8
i » P.563 RLEEH VARG AKHZ) » SVERH 8KHz R + ST O
R PR IR R RO o FUE| P.SG3 WREETH T L -

# 3-8 1 P.563 HNFE'FTJT%“ | el

Test factors

Characteristics of the acoustical environment (reflections, different
reverberation times)

Environmental noise at the sending side

Characteristics of the acoustical interface of the sending terminal
Remaining electrical and encoding characteristics of the sending terminal
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

Effect of varying delay on listening quality in ACR tests

Short and long term time warping of speech signal

Transmission systems including echo cancellers and noise reduction
systems under single talk conditions and as they will be scored on an
ACR scale

Coding technologices

Wavelorm codecs, eg., G.711; G.726; G.727

CELPF and hybrid codecs =4 kbit's, c.g.. G728, G.729, G.723.1
Other codecs: GSM-FR, GSM-HR, GSM-EFE, GSM-AME, CDMN A-
EVEC, TDMA-ACELP, TDMA-VYSELP, TETEA

Recommended application scenarios

Live network monitoring using digital or analogue connection to network
Live network end-to-end testing using digital or analogue connection to
the network

Live network end-to-end testing with unknown speech sources at the far
end side

TR 95 ¢ ITU-T Rec., P.563 [8]

26



M K
A R
4.1 TR

NN EIe T“aﬁ?{ E HE > RLIE S pUSEER K (articulatory system)F| IEE
Bk (auditory system)F 1% » 502 RIH A Fﬁ#{@?ﬁli%ﬁgréf&%ﬁ ° T AV
FCHERHE (121> Z5 I P I = B Aty - o (PRI TR & 2 (temporal
envelope) ! * = ETE FRVI 14 FTJ (A PR &) B J*F@ﬁ%[' e [%ﬂf}?ﬁ
73 SR E R i SRRV VR 53 e R DT - S ]
[ﬂ@%ﬁ *JIFL’?/ AVBLSEIFINTARIET Y 55~ F'ﬁ%M I

[ AP Sy A b 2 A e fOARIAR PR 1 5%1‘@*? [ (modulation frequency)
FEfT PP (28] B g S TR Y S BRI SR (5 {2
VRO > BTN TRL SOHZpag e 0 BB A Lﬁ";ﬁ?ﬁ &ﬁﬁ;gﬁf
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5.3.2 Fé"rﬁﬂi'{

Fite » 250 Supp.23 RIS PRSRE T B RO 3 B -
(1) experiment 1 © oelm1723.0ut (G.729 x G.729 x IDC-HR)
(2) experiment 3 © 0e3m4216.0ut (G.729 + Hoth noise)
(3) experiment 3 * 0e3m4519.out (G.729 + Hoth noise + Bursty Frames 3%)
(4) experiment 3 © 0e3m5232.0ut (G.729 + clean + random bit 10%)
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Hepe 2 HEMosHHBR ER{E
Experiment 1 THEA 8 Ezperiment 2 TERATREY
female | 4).699 female | 0.794
female 2 10,714 female 2 0671
male 1 1.758 male 1 SN,
male 2 0577 male 2 0.716
Average 68T Average 0.708
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5.4.2 F%%F)J

PRyt Y
expl female 1 female 2
condition | MOS | P.563 pre_MOS MOS | P.563 pre_MOS
cl 4 2.82 3.62 3.46 3.55 3.73
c2 3.29 3.39 3.26 2.83 3.31 3.13
c3 2.96 2.97 3.00 2.04 3.02 2.24
cd 4 3.54 4.07 3.96 3.56 3.88
c5 2.92 2.95 3.23 3 3.27 291
c6 3.75 2.88 4.01 3.46 3.14 3.85
c7 4.29 4.38 3.43 4.21 4.28 3.62
c8 3.46 2.68 3.53 3.58 2.30 3.85
c9 3.46 2.72 3.05 3.58 3.30 3.02
cl0 3.25 3.17 2.95 2.67 3.09 2.28
cll 3.58 3.26 3.37 3.71 3.10 3.64
cl2 3.75 2.61 3.41 35 3.14 3.03
cl3 3.29 2.71 3.35 3.33 3.12 3.33
cl4 3.17 2.99 3.30 3.04 3.09 2.65
c15 2.63 3.00 2.23 1.92 2.45 1.73
cl6 3.33 3.10 3.18 3 2.86 3.43
cl7 3.67 3.23 3.51 3.25 2.65 3.09
cl8 3.21 2.98 3.42 2.92 3.33 3.10
cl9 2.96 2.84 2.87 3.08 3.16 2.51
c20 2.54 3.51 2.64 1.92 2.74 1.91
c21 2.54 2.20 2.95 2.71 2.47 2.32
c22 2.83 2.77 2.83 1.63 2.63 2.07
c23 1.96 2.53 2.19 2.08 2.36 1.91
c24 3.29 2.57 3.43 2.88 1.54 3.10
c25 2.92 2.47 3.23 2.83 2.57 3.07
c26 3.08 2.64 2.86 2.67 2.89 2.85
c27 2.46 3.16 2.59 2.04 1.48 2.15
c28 1.83 2.06 1.85 1.58 2.06 1.46
c29 2.83 2.81 3.29 3.25 2.32 3.28
c30 2.96 2.74 3.47 3.08 3.00 2.98
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c31 296 | 2.46 3.43 292 | 2.79 3.67
c32 267 | 2.94 2.54 171 | 1.66 171
c33 1.96 | 2.07 253 138 | 1.83 2.17
c34 242 | 265 2.99 238 | 2.84 2.87
c35 213 | 221 1.69 138 | 218 1.33
c36 204 | 240 2.11 15 | 222 2.33
c40 333 | 3.66 3.99 329 | 322 3.67
c4l 413 | 3.90 3.91 408 | 3.9 3.46
c42 417 | 3.90 4.06 421 | 4.03 3.93
c43 433 | 3.83 3.70 4 | 418 3.62
c44 454 | 411 3.81 408 | 4.04 3.27

R B 0.742 0.855 0.759 0.878

o 50 ¢ WER- Pyflie B MOS - P.563 Fifih T He - 2 MO fh S e

‘E'f‘%?# FTJ{E‘F/JIE&?—FI[%

expl male 1 male 2
condition | MOS | P.563 pre_MOS MOS | P.563 pre_MOS
cl 3.88 3.47 3.30 4.29 3.43 3.87
c2 3.54 3.23 3.22 3.88 2.99 3.46
c3 2.63 2.55 277 2.96 2.92 3.20
cd 3.71 3.72 3.43 4.04 3.57 3.75
c5 3.5 2.83 3.65 3.33 3.16 4.01
c6 3.67 3.34 3.95 3.96 3.36 4.15
c7 4.21 3.63 3.61 4.54 3.79 3.89
c8 3.13 3.42 4.00 3.92 3.00 4.00
c9 3.46 2.85 3.44 4.17 3.39 3.61
cl0 2.33 3.20 2.40 3.33 3.42 3.10
cll 3.58 3.01 3.42 4.08 3.68 3.80
cl2 2.96 2.71 3.39 3.92 3.46 3.84
c13 3.08 2.79 3.37 3.21 2.76 3.68
cl4 2.71 2.73 2.99 3.92 2.86 3.45
cl5 2 2.11 1.71 2.83 2.76 2.46
cl6 3.58 291 3.28 4 3.38 3.44
cl7 3.38 2.60 3.35 4.17 3.14 3.63
cl8 3.33 2.87 3.27 4.21 3.11 3.63
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c19 329 | 277 3.09 379 | 3.14 3.22
c20 204 | 256 1.74 267 | 291 2.61
c21 2.67 | 2.20 2.84 279 | 261 3.68
c22 221 | 3.40 2.85 313 | 2.86 2.96
c23 1.88 | 2.26 153 2.17 | 258 2.33
c24 3.04 | 2.34 3.31 346 | 2.97 3.81
c25 292 | 282 3.24 2.83 | 258 4.00
c26 292 | 246 3.10 296 | 2.74 3.04
c27 254 | 174 2.55 296 | 3.07 2.59
c28 163 | 235 151 179 | 214 2.11
c29 346 | 2.92 3.23 346 | 2.95 3.63
c30 3.17 | 2.74 3.30 333 | 2.79 3.57
c31 3.04 | 277 3.05 354 | 2.83 3.52
c32 2 | 275 2.21 246 | 2.79 2.60
c33 167 | 232 2.00 263 | 2.64 3.38
c34 267 | 2.92 2.80 283 | 241 2.95
c35 171 | 212 1.95 2.08 | 2.60 2.11
c36 154 | 126 167 204 | 271 2.84
c40 371 | 3.19 3.83 35 | 3.99 4.05
c4l 413 | 373 3.89 433 | 384 4.14
c42 425 | 4.07 3.58 438 | 3.82 4.33
c43 413 | 3.75 371 45 | 378 4.25
c44 417 | 3.62 3.93 45 | 415 4.19
HEI B 0.769 0.908 0.810 0.801
F< 5-3 ¢ Wk il IEI MOS ~ P.563 {53 B~ FS PP o7 B

HERS e 1R

exp 3 female 1 female 2
MOS | P.563 pre_MOS MOS | P.563 pre_MOS
cl 3.88 | 3.18 3.60 3.75 | 3.19 2.72
c2 3.46 3.17 3.14 2.75 3.11 3.21
c3 3.71 | 352 3.21 2.71 | 2.76 2.72
cd 3.79 | 3.43 3.23 3.79 | 3.36 3.28
c5 2.88 | 3.39 3.36 342 | 3.14 3.23
c6 3.04 | 254 2.77 2.75 | 2.65 2.27
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c7 2.67 2.46 2.64 2.58 2.20 212
c8 2.38 2.33 2.84 2.08 2.36 2.14
c9 1.96 2.55 2.26 2.79 2.06 1.70
cl0 1.46 2.13 1.96 1.92 2.15 2.00
cll 2.58 2.65 2.71 2.46 2.45 1.66
cl2 2.38 2.68 2.89 1.88 2.85 1.90
cl3 1.71 2.37 2.30 2 2.32 1.85
cl4 2.83 2.39 2.52 1.92 2.84 2.21
cl5 2.38 2.75 2.44 1.63 2.72 2.11
cl6 2.88 2.74 2.83 2.25 2.51 2.32
cl7 2.21 2.69 1.96 2.38 2.56 2.59
cl8 2.21 2.81 2.54 1.71 2.18 2.08
cl9 2.33 2.19 2.57 2.08 2.26 2.29
c20 1.83 2.33 2.45 2.25 2.20 2.26
c21 3 3.37 3.04 3.38 3.48 2.59
c22 2.67 3.02 1.75 2.33 3.05 2.33
c23 2.92 2.69 2.19 2.25 2.79 2.75
c24 1.96 2.62 1.46 1.88 2.82 2.01
€25 1.96 2.50 2.05 2.67 2.52 3.09
c26 242 3.02 2.21 1.63 2.42 1.71
c27 2.04 2.63 2.12 1.63 2.44 2.22
c28 1.42 2.35 1.48 1.67 1.94 1.57
c29 3.29 3.09 3.35 2.75 2.69 3.34
c30 2.29 2.73 2.71 1.79 2.43 242
c3l 1.79 2.11 1.86 1.54 2.60 2.14
€32 1.67 2.06 1.65 1.17 2.28 1.48
c33 3.21 2.81 2.83 3.33 2.86 3.03
c34 2.88 2.94 2.62 2.63 2.64 3.40
c35 2.38 2.76 2.77 2.04 2.63 3.11
c36 2 2.88 2.80 2.21 2.45 291
c37 3.88 3.15 3.62 3.83 3.73 3.29
c38 2.88 2.75 3.07 3.17 2.91 2.92
c39 2.79 2.43 2.78 2.88 2.52 2.69
c40 2.92 2.70 2.81 2.79 2.54 3.10
c43 3.63 3.56 4.20 3.54 3.04 3.69
c44 3.96 3.82 4.19 4.29 3.82 3.49
c45 4.46 4.15 3.55 4.17 3.84 3.75
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c46 438 | 3.65 4.03 454 | 4.43 3.48
c47 446 | 3.82 3.73 4 | 355 3.85
c48 3.17 | 3.0 3.28 325 | 3.11 2.87
c49 279 | 2.86 3.16 2.75 | 3.32 2.95
c50 2.88 | 354 3.14 313 | 3.19 3.50
adic 1 0.839 0.850 0.811 0.782
Fo 54 YR Pyl BHIUMOS ~ P.563 515 25 MR 53 B

W= R '+ F/”fkur[?{

exp3 male 1 male 2
MOS | P.563 pre_MOS MOS | P.563 pre_MOS

cl 3.88 | 3.16 3.61 3.83 | 3.18 3.29
c2 3.04 | 3.15 3.44 3.33 | 3.16 3.07
c3 3.17 2.88 2.95 3.79 3.28 3.63
cd 3.5 2.53 3.25 333 | 331 3.43
c5 3.58 | 3.04 3:30 2.88 | 3.04 3.60
c6 3.08 | 2.74 = 73 296 | 2.66 3.23
c7 2.88 | 241 2.79 2.71 2.86 2.41
c8 258 | 2.69 2.61 246 | 2.38 2.31
c9 296 | 241 2.98 1.92 2.45 1.85
cl0 2.29 2.57 2.25 2.79 2.84 2.95
cll 2.83 | 2.69 2.85 3.08 | 2.87 3.03
cl2 2.63 | 2.60 2.37 2.63 | 2.44 2.85
cl3 2.29 2.65 2.09 2.42 2.71 2.49
cl4 225 | 2.76 2.47 213 | 2.64 2.52
cl5 1.92 2.71 2.28 1.71 2.71 2.15
cl6 2.67 2.54 2.48 2.83 | 257 2.78
cl7 283 | 2.75 2.73 2.63 | 2.87 2.80
cl8 2.71 2.46 2.31 246 | 2.92 2.87
cl9 2.42 2.95 2.83 2.5 2.88 2.49
c20 258 | 2.39 2.48 2.67 2.84 2.88
c21 2.63 | 2.50 3.30 3.75 | 3.29 2.99
c22 2.33 1.95 1.97 3.29 2.85 2.53
c23 2.25 | 259 2.74 3.08 | 217 2.58
c24 2.67 2.55 2.37 246 | 2.62 2.01
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c25 1.96 | 2.38 2.33 158 | 2.82 1.81
c26 263 | 191 2.42 1.88 | 2.86 1.87
c27 163 | 1.97 1.76 208 | 241 1.96
c28 15 | 2.23 1.57 138 | 2.32 1.80
c29 346 | 2.98 3.10 342 | 342 2.46
c30 2.88 | 2.56 3.49 279 | 2.81 2.72
c31 204 | 3.29 2.68 258 | 2.79 2.96
c32 15 | 217 2.17 138 | 275 2,51
c33 354 | 2.88 3.48 3.67 | 3.23 3.49
c34 229 | 3.05 2.58 354 | 3.8 3.11
c35 229 | 3.01 2.86 279 | 2.98 3.37
c36 225 | 2.62 2.16 213 | 293 3.08
c37 404 | 4.00 3.72 413 | 3.67 3.88
c38 2.96 | 2.68 2.76 313 | 2.95 3.05
c39 275 | 2.87 2.82 313 | 2.74 3.57
c40 267 | 2.90 3.06 296 | 3.16 3.16
c43 346 | 331 4.23 358 | 3.32 4.08
c44 417 | 3.85 3.82 433 | 398 3.63
c45 425 | 3.72 3.63 438 | 3.72 4.04
c46 446 | 353 3.66 45 | 3.85 4.32
c47 438 | 3.18 4.16 429 | 3.85 4.19
c48 317 | 3.01 2.27 321 | 332 2.86
c49 3.04 | 2.83 2.79 3.17 | 2.83 2.79
c50 333 | 3.14 3.53 3 3.29 3.22
IR B 0.707 0.845 0.789 0.826
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Female 1 0.742 0.855
Female 2 0.759 0.878
Male 1 0.769 0.908
Male 2 0.810 0.801
Average 0.77 0.861
FEIRR (Rt
i P.563 ore. MOS
BER=
Female 1 0.839 0.850
Female 2 0.871 0.782
Male 1 0.707 0.845
Male 2 0.789 0.826
Average 0.802 0.826
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