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Speech Quality Measure For VoIP
Using Wavelet Based Bark Coherence Function
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ABSTRACT

The Bark Coherence Function (BCF) defines a coherence function within perceptual domain as a new
cognition module, robust to linear distortions due to the analog interface of digital mobile system. Our previous
experiments have shown the superiority of BCF over current measures. In this paper, a new BCF suitable for
VoIP is developed. The Improved BCF is based on the wavelet series expansion that provides good frequency
resolution while keeping good time locality. The proposed Wavelet based Bark Coherence Function (WBCF) is
robust to variable delay often observed in packet-based telephony such as Voice over Internet Protocol (VolP).
We also show that the refinement of time synchronization after signal decomposition can improve the
performance of the WBCF. The regression analysis was performed with VoIP speech data. The correlation
coefficients and the standard error of estimates computed using the WBCF showed noticeable improvement over
the Perceptual Speech Quality Measure (PSQM) that is recommended by ITU-T.

QolAle AR $0 Wrpge] olid, olF Tk

I.ME X 8 Wy} e Al S Agdez 3

eme A AMsA) A e4e SR & BR

84 ke F2 AAAS R4 AW W B 5 Aok e} T 2 Wk A7 )
St Zwd 8 Wb wEs 43 Ages o] Wl Avdez A%Y 84 W} HEE A

At "471;“}7‘}"“5}‘4 ojc]e] BAl Al3xe] odPAl(latest@mcesp.yonsei.ac.kr), ** AAdghm & B r|&eH
T F : 010261-0926, A<=} 12001 99 269

310



E=E/ el E 7 nia mEoj 2 §4E o)41 VolP $AR7}

43l T $AE dE3he Aol Heh nigA]
sl mabdel ARA g b AEE ekt
N $A Fast dmelEel whsiA FH
S AbE FAL solok dt BIE AR 54
Hrhge] FA SAREE skdEA A"
ot SAREsr] A, 54 S A - R
#HA3} aely vEY felsel AHE 5 ok

Aol A7k AR BAS weid Alelsd
& o]43%F Bark Spectral Distortion (BSD)®!, Per-
ceptual Speech Quality Measure (PSQM)™ -12]71
Measuring Normalizing Blocks (MNB)®'S-¢] 7t
A &4 grpge] Fz Arse] g oyt
wHEE A dY 24, 5% 3 EA oen
T A7) 24 59 o] ek 1 7]
o] HHES $A H33p] A FHrkE s
A Ee] 7] wliel AA ASE= 84 B A
2] AL WrRpldls ¥l Al $
3 BA AlzEE fAE 7)Ees AMESh g4
MEsta el Adsid, opdEa ST
2 Ay oSE AR Y e o
o8 FHA A JIgE 2] ¢ken, AR
Aol gE A% gshy, A 3 )
28] Aeg A ozigt A3 o
FAE 2] $isted (11012152 wWge] A)
ek

FZoll o] AFEI 9le VoIP (Voice of
Internet Protocol) A]AElE 2418 w7l o]z A
Falo] rpix|Ae A A7 A o
Zhell kA HeF siFEe] Bl g4Eoln
ekt o g At ARbide] F2 AMEEch 3l A
& AzEoA] wAA P AdE AbE AREE
AR 718 ABs A3t Al7la, Ao
BH gde AHden 5% 5 gA |
B =Rdlie 7189 vlz @3- 5 (Bark
Coherence Function : BCH!'AMZ ylHo 7 3o
VoIP A~ 34 H7je] 3¢t WBCFE Akt
ot WBCFE 34 A3E wFa g0 Azt
Bago] Fom, AT Joex] Falg Hellsol
F2 gojEal WS A3 ¥ BCFE AKXbslo
VoIP Ajzglojlqe] Ay 348 B
B =2 A ot 2ok 23l 7pEA|A
Aol tsle] gt 3 3ol A2 AT
d 7pEel WBCFo| isfe] Adwgick 47ollx]
1€ Add 33 H7PE3 WBCFe] A%-E ®la
Hrkshe 53 Aes e

=

N

£ o o

P
I,
2

2 4 > e

3

“

)

P

s

N

. KA

Ay g rel kA, A5 deS ANE
Aolla g 57137} o FeiHof dch A7k
703k dukdeg ks 8 ARl o)
Foix|=d], AzAT e Al A A
ofl-¢- A} o]ck

VoIP!'Yg} 7o Z2al Axele oA w53} ¥
% 1 vE 2eS A G9E A4t} HPH
= Hz& gukdoe®z  UDP(User Datagram
Protoco) 2 AFEH 2+ 7l WESY Aol o
gt 2 8 59 AZRe 2l VolP A2’k
A W E olg3led AR H3IE hssA
sh, #Ee] A2 AA Ax"le] Al AR F
7} ARk a2 Al AxHeids 2jd HH
o] =E VESY A ozl 24 shzd o] o
B53t5 SAell FpaA o] 2R A HH ]
F27] 282 Wl 5§ 7Rl o]FAH
AEAd) F3e AY wixA] o), A9} HF
9 A7 AR §718kE Bl e

=] 7-1,J
W4 &4 W} Ax A5e AN S T
o) KN

j=]

=]

Zrollx] 7paR|aAE AR $lste] dubdo®
A(utterances) S Helsted Zzt A7 & FUIEE
A7) we] A= et
I 18 A d2A A " FAT
A A EgalololA] FPHAIGLE sl F
Aatole] ARt AZME A™>o| ¥rlssich dut
ol Az AEE o83l A7k ARE A
UL Z1FE2Z A2k A o] o]Fo]
SEAAE, €8 o] Yge] “AFrolzle
2H|E T df3ge] “TAvolehz $A A
S v =Ho] 0lE A SA-YE
53 5 o) ol HE Al rhEx|de F
2 A wnle] =27)E W o bAEe T3
SAdlle A A3 nlAR o} 7|EY UH-

4 7k ARd S 3R Ades A3

.

Ao 2

o>

X
FE‘!E
2

%
oL

=

{m
ot

>

|

Tl 1. 7paRde] GBS Rl shEA|dde] A
BT G55 AR FrIsrt 2ok

31



LB A5 =FA] '02-4 Vol.27 NodA

Ir. #oiS3 gt J18t ni3 Ts|0ipA &

B =Eeldde Addge spdx] el Zheigt 4
olEgl w3l b ni=m FslojW A § (Wavelet
based Bark Coherence Function : WBCF) = A+
3t} WBCF+= BCFE 7]ule 2 o] VoIPe] Ak
A 2 gyl Bl AjFEHA o)Ll wEke A}
4gtct

BCF:= T3l 49l F A58 AdBAE
vehlle  F#5|ojgl~  §(magnitude coherence
function : MSC)'*&- <17}e] Ale] & Hledqk wp
ZABark) dHoll4] #HLA7 Ao} MSCe 413
Falg JQoa] thga} o] Aol ek

2 _ ,Sxy(f), 2
7N ="5.00S,, P b

714 yL(HE 48 AE ()9 2 AE W9
2] Az =9 2¥EHey, S.(HE x(DY Y
2HEY, a3 S, (He DS 9] 2 EFe]
oh MSCi 983} o3 Ajole] Foja ol
ABUAS hehick tes Ay Asds 3
T x(He] ~HER] ZI|Hx Y 9] 2o
EZ (Coherent Power : CP )9} #He- AlHof o3
Z3 218 2~ EZ] (Non Coherent Power : NCP)

£ 4 @2 dehd & gk

CPH=7r:(N=S,, Q)
NCP(H=11—7r%(NIS,, (P

NCP2} CP9] v]ql 75 o 4% 8] (Distortion-
to-Signal Ratio : DSR)+ t}-&3} 7bo] EdHCh

.2
Dsr(p=RL — 1==D ®

Aol gl oAl A9 MSCE 19 e 2
. ojdl, DSRE 00 Hek = w)dY Ahgwle] &
g A MSCE 00] o] DSRE F3lde] ghs
2 "ok Qe A9 54 Azue w3
Lo] Zxslms DSRE 03 T3k alo)e] gre-
Zhett

Y Fape FAolr MSCH Aeje} HjEo, Al
2l 2% FddiA Aeldl MSCal BCF&= vhet
o] Aejgicyie,

312

|L (B)®

A7IA b= viE Fule, L ()9 L, (e &
2t ()% w(HY A| vla ¥ ERe)w, L ()
= (D% y(HY A3 vim 2dEH vz &~
Heds a1y $sle], A} HFSE Feld
W3S B3] Fulg dHeF Holgt &, A o
o AL sieh A7) Ae AFst Gdedide &
dhgol MYl 2T JYol= Eallo] Yolx]
o, Fo HE AT disie] g2 gk
ol & o 100Hzo| Eo] 1000HzO| &} FUgh
=712 E=8jd 35dB ] & AlZ|E 7hxof ¥tk
ol&ldt A7H BAS mEisl] b Fuldel
aledM e Al f&] AAEs Al =27}
TUIEE HAY doUt sledl, olF mdT A
o] &7 FAlold). T A7 HAL Qzko] &~
o] A7l Wislel] uwlel wjAddHoR wkeshke &
S RkdR 7o) 371K HAE A3l AR
7t vl 2¥ EFe|r).

dlo) &l wshe] Z1E sdL il 5 A
Zh-Falp FAko)A FAlel A|9AE e 9ol Bl
7143 ¥ Agter 33FeR AIFE o
A= sk Zigeldl . 2Fa gode A7
e o)A He, AFa) QAL =
T ®ole SEhE oo 39S B9 A S
ol sl FA(locality) & 7Hlck. WBCF&
olaldl SAE o] 83le] | 7l BAE
A9k 1% 2+ WBCF9) £E%o|t)

—_

nr

M o I

> rlo
>

3

Objective
Quality

TOOWE

gl 2. WBCFe| £5%

WBCF+ flol&el wgh, A7 A43 BCF5
o 3oz vidrk A AT HF8L ot
doled F WES AMgdle] Sepy e de
W2E T3 Ik 4 BEE BAR ARES 7
st FHellM At Eafsol w2, AT} Yl
A Fg Balse]l w2 54 7Rl slel gl




=2 AelE 7|4k via Tl A FE ol4a Vol HAH7L

ekl 39} gl el Ads RS o
S3led A7 APE ) A3 AshHe o]8%t
7 AP vwA AHg A
W z|do] WA AlFe] A7} E AEE U)E
232 AHHo] o|Fofzlrk Aok Wil o)4t
el Edl Fo wg F 7 Aol AzkE Ade
Pslog 7 Sejn Wiz gy 3 Wz ur A
3t Az A-S i) sge, A7kE A
Fo] o] 2ozl ATEZ A o I, 7t F4
BA, FaA A7) 2AEe Azl $3I0e o
sle] BCFE 7gich fo)&alg o)8gk Ale] &3
deolld et g U2 F Pz w
Y=, WBCF= o530 7| Aejgic)

>

it
T
kD
=
T
N

% o

IL (b))

WBCF(O =T (5L (8"

5)

oJ714 b wlm FE L0 L)'=
Azt A e x(Hek w(He] A viE 2~ME
ol L. (be () (e A3 viz ~dE
Holrk. WBCF A3 oo dgks wix] ¢dow
2 B} s Al Axdle] A4S ik 4
ek

WBCFE AR ¥ EAoz 3t AEE A
B3l7] flated et 2o doj&el 7k vi= Al
3] Agu|(Wavelet based Bark Distortion-
to-Speech Ratio : WBDSR)E A o]3le] Alg] 8-38F

dRolM AT A BA AxrlY $Ag on)
gk
_ 1— WBCF(b)’
WBDSR ﬁow,, WBCF(B) 6

AV w2 i W= Aol Hud
2783} 4RAY} B=S sk

V. 48 Y ds &7}

2 E¥olA ARk WBCFS 4%g rish]
sgete] oleirba) 94 dlolEiel diste] A &
An7te] Azie} LA L 59
£ 19} 5AplE Bedes e ossh e 39
$4g Agslslon, T4 2097k MOS 3

g A sl
MOS=1+

4
1+ exp(ax+b) ™

o714 af} b= 3H FA AS am AWH F
A Yy} Ay, MOsE 92% FHY 2Ao|th
WBCFS] A5 vehlle 242 A Agel 1
* F4 2AHSEE)E AMElE Al Algs A
A 54 Hrigst MOsele] AgA-E vehin,
0ol 7S 2 A ARE, 14 7PIESE
A3 A ARE Be] Fo 3F Y 2= A
A MOS¢} <158 39 $A3] 9155 MOS<}9]
Alolg FAA SR epdc

FHA $4E S 95k FH EA4E
&, 41=% MOS<2} AR MOS2}e] “Per-File Cor-
relation” A A1 Esledch “Per-File Correla-
tion” #A2 7} 2o oigt H¥ MOSEE} i
AP Awzhe o]L3t= “Per-Condition Correla-
tion” 3= 2] dhte| Fele] g MOSZ} A
A £ A% gee 43P

AR dmelEe] s HrRP] $3led VoIP
Alzel s BAgE 54 dlolelol disle HHEAS
ARl AA Qe Al Ho3t vkl
VB ARSI ZinE AAZE vEY
o)E#le]ejel NIST Net(National Institute Stan-
dards and Technology Network Emulation Tool)?"
& AHesl] A £AET A S Aejsih
AAE JF xXd A7k 150ms, 7pHA|e] #F
A= 0-60ms, F EAEL 0-25% 2 A3l
kgt viEY #78 dledsigint. A4Sl VoIPA
28 H.3237[Hke] ARgsl Al~€lod PC-PC 1
2]3 PC-PSTINS EF 2| Y3k} =2d] A}4% &
A& NTT CD-ROMojj4] Al=lalglon] =i WA
3=b 29, o4 kb 279 $Ade] ARgHIYE A
AA HeHde 23 33 3k H323MA)~H
AdlA] H33tEl $A-2 A Yes wskd F
NIST Netol] 2Jsje] 2|4H H x|dA)z}, 7p#z|
Ad zeal A7 EAES 7R LANSe] Ax
g B2 AZdgck 8ol G.723.1 6.3kbps &4
F53p7t A=

VolP System A

VolP System B

T2 3. VoIP &4 dHloje 53 7

313



FFEAIG TR (024 Vol.27 NodA

B 1. A A A dojelel] i3 AR Aol 55 94k

Correlation Coefficient/SEE
Test
PSQM 1 PSQM 11 BCF 1 BCF 11 WBCF
I (VoIP) 0.832/0.600 0.849/0.571 0.812/0.631 0.822/0.615 0.891/0.492
II (DCS) 0.657/0.701 0.692/0.671 0.704/0.660 0.840/0.505 0.887/0.429
— 1

E le] VoIP &4 dlolele] digt PSQM=}
WBCFS] A3Alpel 25 34 245 AHsiich
PSQM-2 7pH x|ddl] tigt m2E X geme
2712 Heje] AYPE A Ech EolA PSQM I
< A d5Ee] iEE Yl Adsakabye
olg3ld FrIEE & ¥ At AHelolw PSQM I
= PSQM I3} vB7A 2 §7|818 % § o H
128ms Woll4} 8ms vlt} PSQMZLe AL & X
#2zhe 23l BCF I3} BCF I PSQM2)
9ot 2L F7I% e AME A
sloich PSQM I PSQM Iel ujsle] & o A&
g A7 AHel olFyoerz FHA S
& AEAE veRich ey olEgt Wl
kel we AXlES a7slmg Al ALl
AgslA] ok 7]1Ee] 97 U<l BCFY] 7$x
PSQM3} zo] spHz|ade] Y& A%5-E Yehioh
Algksl whql WBCF= fo|&2l 7Mke] vl= =
lojdla e} 7h Sepn wis AR AYS
oy FAA AL FHNHo T &3t

H2E II&= CDMA Uxg Ay AlxF
(Digital Cellular System : DCS)2 2 ¢} 7J$-lx
HAE 19] 84 dolels} miabylR| 2 73 7P =
o] =t} PSQMF} BCF= T34 $A3)
3 AEE Yehls, WBCFE VoIP7-$-<} v}
IR 2 A ghel o¢ Eok

V.d 8

|4 B4 AzwllA] AdF digst shaxdge)
hAE 4 gl AE e B4 A&l ol
B F¥d o3l fA AER FA Sl
s MR ok AR & WA AlFlk
7 X|de F2 VoIPe}l 22 w7l ~ule] g4
A A 2glol| A A= CDMA AjAdlel =
A=lgle). ole A1¥ o) b AE 718 A
e & el A Asle] & ssle) ok

2 A7 sdelBl ke vlm msjelma @

314

TF Aol o] o83l 54 Bl AxzHe)
#HA A e itk ARe $3ld
WBCF+= 7|2 ITU-T dxgkgl PSQMo| H]}e]
FHA A 22 AR $AE el si3sld
1=

i

i

HD
et

nj

[11 S. Quackenbush, T. Barnwell and M. Clements,
Objective measures of speech quality, Prentice
Hall, 1988.

[21 Nynek Hermansky, “Perceptual Linear Pre-
dictive (PLP) analysis of speech”, J. Acoust.
Soc. Am. , vol. 87, ppl738-1752, April 1990.

[3] Shihua Wang, et al, “An Objective measures
for predicting subjective quality of speech”,
IEEE J. Select. Areas Commun., vol 10, NoS5,
pp819-829, June 1992.

[4) J. G. Beerends and J. A. Stemrdink, “A
perceptual speech-quality measured based on a
psychoacoustic sound representation”, J. Audio
Eng. Soc., vol 42, No 3., ppl15-123, March,
1994.

[51 S. Voran, “Objective estimation of perceived
speech quality, Part 1 : Development of the
measuring normalizing biock technique”, /EEE
Trans. on Speech and Audio Processing, vol. 7,
No. 4, pp371-382, July 1999.

[6] M. Hansen and B. Kollmeier, “Using a quan-
titative psychoacoustical signal representation
for objective speech quality measurement”, in
Proc. IEEE Int. Conf. Acoust., Speech Signal
Process, pp 1387-1390, 1997.

[71 R. F. Kubichek, “Mel-cepstral distance measure
for objective speech quality assessment”, in
Proc. IEEE Pacific Rim Conf. Communications,
Computer, and Signal Processing, pp 125-128.



=/ Aol & Jk uka ZIojR 2 FE 0143 VoIP g4}

1993,

[8] W. Yang, M Dixon, and R. Yantorno, “A
modified bark spectral distortion measure
which uses noise masking threshold”, in Proc.
IEEE Speech Coding Workshop, pp. 55-56,
1997.

[9] Markus Hauenstein, “Application of meddis’
inner hair-cell model to the prediction of
subjective speech-quality”, in Proc. IEEE Int.
Conf. Acoust.,
545-548, 1998.

[10] D. S. Kim, O. Ghitza and P. Kroon, “A
computational model for mos prediction”, in
Proc. IEEE Speech Coding Workshop,
ppl141-143. 1999.

[11] A. Rix and M. Hollier,

analysis

Speech Signal Process, pp

“The perceptual

measurement system for robust
end-to-end speech quality assessment,” in
Proc. IEEE Int. Conf. Acoust., Speech Signal
Process, pp.1515-1518. 2000.

[12] Sang-Wook Park, Seung-Kyun Ryu, Young-
Cheol Park, and Dae-Hee Youn, “A Bark
Coherence Function For Perceived Speech

of Intl. Conf
Spoken Language Processing 2000, Vol 2,
pp218-221. 2000.

[13] ITU-T Rec. P.800, “Method for subjective
determination of transmission quality”, 1996.

[14] ITU-T Rec. H.323, “Packet based multimedia
system”, 1998.

[15] R Babbage, I Moffat, A O’Neill and S Sivaraj,

“Internet Phone-change the telephony para-

Quality Estimation,” Proc.

digm?” BT Technol J, Vol. 15 No.2,
ppl45-157, 1997.
[16] ITU-T Rec. P.861, “Objective quality

measurement  of
codecs”, 1998.
[17} Martin Vetterli, Jelena Kovacevic, Wavelets
and subband coding, Prentice Hall, 1995.
[18] Julius S. Bendat and Allan G. Piersol,
Engineering Applications of Correlations and
Spectral Analysis, John Wiley & Sons, 1980.
[19] E. Zwicker and H. Fastl, Psychoacoustics Facts
and Models, Springer-Verlag, 1990.
[20] N.R. Draper, H. Smith, Applied Regression

telephone-band  speech

Analysis, John Wiley & Sons, New York,
1981.

[21] http://www.antd.nist.gov/itg/nistnet/

22] 2MA3S, Fot, BH9dA, S8, “ul= 3s)eld
& pE o873 o)F A} A )y I
S418k8] =] A 267 A4B3Z, ppd3T-446,
2001.

|54

b At S(Sang-Wook Park) A3
FrEAEE] =R AlSH A12BE, 20000 129

zrz

ok

a0

gh & H(Young-Cheol Park) 254
A=A A5 AMeBE, 20006 69 I

Bl

2002 39 ~ WA AATER Yol 2

£ ff &|(Dac-Hee Youn) 3]
FEEAI TR A25A A6BE, 20008 64 =

=l

315



