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Speech Quality Measure For VolP
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 (VolIP).
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.

Qdoix|t= A%k g4 Brbge] gl olF Fb
.M 2 4 5 b e Alshel olsid Ao 3
elmz A AgAe] Az SRe s wd

oa Whe 2 AT o A4 W @ 5 ek zehd 9 2 Woke Az w)
He Fabd g4 W7t wbis £ Alle = fo] Bo] 2usmz ARH $H J7} H=E A}

* odA|fdta A7) AAFgsta} vlr]e] Bl Alsaje] <l Al(latest@mesp.yonseiac.kr), ** edA|thEtal A B 7]E3H-
=S 0 010261-0926, A A) 120010 94 269

Copyright (C) 2003 NuriMedia Co., Ltd.
www.dbpia.co.kr



=i/ Aol 7|tk vl @E|AYUA Fs

2 0] 83k VoIP &4 57}

gafo] Faba 9Ag o|Eshs o] ur} wiEky
spefl Ewbel AR 8 Wb Ami ol
shFadsh o4 sl obuelEel daix A

SA T} Al A7) Eolo) gk} ]2 Awk] ox
37l %{Pz SAHIE ke A 5
ot Y Es] AL, 24 B4l A Ad o
=3} F/LTL HEY w25 ks 4 9}

Telolliz Qlbe] Wb B wkeddt Alelew
S o]43F Bark Spectral Distortion (BSD)"', Per-
ceptual Speech Quality Measure (PSQM)™* —12] 731
Measuring Normalizing Blocks (MNB)P®'5-] 733}
A 5 Hrpte] F2 aAgse] g olzigt
Hol—l:g‘ég 0[]751] \:Hori .E,L/H EJ]- _'I’—k] E;H :/_Q_L
T A7) BA Fe] #AHo] el sy 7
29 WhiE 84 s 83 HrkE $lsled

cAslo] 7] uhEol AA ALEHE S48 B4 A

o

2gle] $AS Hrlslels= %‘—zizgs t} zAle] o
A A A2"E ORY 7)es AMsle] gAe
MEslaL AsiA Adsh, °P%i1 HEte o
W2 AE s WA Y e Ydubd
22 FH S FFE FA 2on, Axo &
Aol 3 A= s, Ay 24 37} A
28] A5s 3 93

W =
e A oleigt 41
+AE A }71 A3ted [11[12]%52] whHe] Alsk
FHtoll FHile] AFE I ¢l VoIP (Voice of
Internet Protocol) A]~El-S 8418 w7 wlejg A
i A P KT O DA P e v B o7 =
Tl A R shEee] Erishe Whaeln
% A

S

\d)

oz A3 Agbe] F2 AMgEh i3l

& AlzdellA AR 7pH 2|l AT Al
AHEE 5718t Aes A8l A7l Aspder F
P AL ERHow 433 4 oA =9
H E=rollris 710 vlm Zs|olgl s §F (Bark
Coherence Function : BCF)!"1*2 7jm oz alo]
VoIP A|l~®l 4 7ol #3kgk WBCFE Aokt
tl. WBCF:E 84 X135 w53} ododoa] A7k
ool spov), Ak Jeloly Fal 2alsol
o dlolEel WEhs AR’ § BCFE Al4lslo]
VoIP A]~Ele]|2]e] Mtz &8 H7)gkc)

= e TS ohet #2346l 7R
Aol widte] Mgl & 3ol Az AwA
] J7PHl WBCFel| diste] Adwdhc}. 47to)4]
= A $4 Wyl WBCFE Al5-& wlw
B7Ft 5A el A2g wier)

o

I

¢

¢
ft

BN

<]

Copyright (C) 2003 NuriMedia Co., Ltd.

. JHEXI

AP SAG7 kA, Ae 3L A7
AellAl AgsiA| 571317} o] Folxof jh} A)7H5
Erlshe Ao R ASAR g AHEse] of
Folalizd, AEAE e A Al Aol
ol Fbdolcy,

VoIP‘Ml-‘?—]— 718 B x| AE]S _O_H—% »33) &
F 2 HE ~E]S A3 9z A
= FHFle duidow UDP(User Datagram
Protocol) = HE=m 7+ 7l vES] Aed] o
2t 22 oe =9 AR 2=tk VoIP Al Agle
Al g olgsle] Az BE3E sbsalA
it W] AR A AlxEle] x4 A7k F
7b AlAek a=jEg Ag AaEldxE 29 BH
o] =715 UEY Al g} 24 sk=d] o] o
Eostsl Sl 7PHA|sde] WAlEIck x]ed Biw9
Z27] 2AHL ] 55 ikl o] Fexv] T3t
H5Alel QS A9 mix|A] kon), 983} o)
=2 A7 AER 57135 ErbssH sled A
W9 oA W} Axe] e AL Hg T
o] pAIRlS uaks] slste] almbdow &
H(utterances)2 Fe|dle] Zpzt A7k & E7)3E
A7) wbo] AMgE7|= gt

a3 12 7paAAe] 24 A WA 23 F
A Ao Sdatelelld spHA|d R Qlsle]
TAALele] HERE A7k A™e] Brbsslch Qul

FIEE o]83le] A7k AP A9
& djof] SRS 7|Fo R A7 Ao o] Fo]

a o AE Eol 989 “AErolel=
4 24 EHA 529
Efs vash =Hel gulE Ay £Awr
TP 4 Yot o2’ & Aol rpHA|AL F
2 A w#e] m7)5 wEd o 2Asie] Faix

i

Aol Ao) dape wlAA) erort slEe] iy
22 P AR £ ohgel e Aakizl

il L g T FpAe] bsle]
297} i3ge) Yo FIhh wrhssich

311

www.dbpia.co.kr



24183 =74 '02-4 Vol.27 NodA

. 9oIS3l WE 7|8 HiF Fs[0BA B

B =iolAs A¥eFst shix|del 7313 4
ol w3l 7|ul vz Fs|ojH A ¢ (Wavelet
based Bark Coherence Function : WBCF) = #|gF
glcl. WBCF= BCFE- 7|ulo g &lo] VoIP2] A3t
A & Hrlell Bel AH3hsiA| dlolEl HES A}
43kt

BCF: Ful4 ododold] F Alse] AaAE
vehlls=  Z3]o]@ls §(magnitude  coherence
function : MSO)"*-& <Izke] Ale] 53F niedgh u}
=Bark) dedell] A7) Holch MSCE 413
G delol] chest 7o) A ek

, 18 512
F o) T S.(0S,() v

g7 yi(HeE 48 AE x(He FH AZ w9
o] Az 3¢ 2#HEZe|xw, S (He ()2 I
2#ER, a8la S,(NE ) I 2HESo]
o MSCE 983} sh3g Aolel Fu Feleld
ARUAE hehlie). o 48 Aads £}
g x(Ho] 2HES] FEjHL Y Y] 29
E2] (Coherent Power : CP )¢} 18 Al¥-o]| 2]&h
Z2] 218 ~#E2] (Non Coherent Power : NCP)

£ 2 @O b & ook

CPN=75N=S,( @)
NCP(H=[1-75(NIS (P

NCP¢} CP2] v|ql #& o 413 H] (Distortion-
to-Signal Ratio : DSR)+= t}&3} 3ro] et

o~ Ap A o

AHee] Sle o™l B+ MSCb 1«1 e Z
3 oluf, DSRi= O] ¥ch = Ay gl &
A& 73-9- MSC+= 0°] =]o] DSR2 %6&
ZA| "ok dubgel e EAl A i%‘%

] &A= DSRES 03} F-3F

ik mlg

x
r'L

Zi}—*r ododol| 4] MSCe] Ae]e} t]iol,
2] %?2 odedollx] Aej¥l MSC3l BCF:= L}-—:ﬂ]-
zro] Aoy,

=

Copyright (C) 2003 NuriMedia Co., Ltd.

IL . (B)I*

BCFO) =T 1oL (5 Y

o714 b BlE FE, Lo(D9 L (b= 7
w2k w(He] A7) viz ~HEFe|x, L, (b)
x(t)ﬁ} W99 A% vjz 2dE ot vjm &~

S T3] Slsted, Aed oS el

slo] Ful dog Aozt ¥ A o

gk qlzke] AE A5 e &

laly 159} dYolli= Eallse] HolA

*Fr Wz 2=l disle] ofzA gk
aﬂ%— So] 100Hz®| Eo| 1000Hze] &3} Fgt

=712 E=l#w 35dB ©] & AlZ|E 7FHok gtk

ollgt Hzbd EAS aedle] zpzhe] Fulsll

tistodm Aol ofsl] A|7hE= A 3717}

FolsleE wAd Fev) gled, olF %I 7

o] 531 Aol FA A7] BAL Qo]

o] Al7] w3l wel Aoz ukgs= 54

S Hkeddlk Ao] 371 S AEsle] Al A

) vl=m ~H EFo|rt

oLl Wgke] 712 AL slofe] FrE A

Zh-Falr FAklA FA RG4S 2 dlolEEl

7NAge] A Ager FEFFew AFE )

‘H”Ei sixske el Fu) diof At

Fal5e wolAl =HH, AFut gL Fa s
oa:r:]“ 'Q‘b}’ﬁ \:HO“‘ %’4 H ]

ol tisfiA]  E-Ad(locality) S 7F4lel. WBCFL=
olggh 5418 ol&sle] rpHA|adol IR 5AE
ek 18 23 WBCFe| H-2xolul.

N
=~

E

2k 8 r Jd
b

M

)

= o of
ro(

L%
g

A

BT
oy

{2 HI »7
Objective

stage 1 Quality

stage 2

stage J
T

O3 2. WBCFY| £5%

WBCF&= dlol&dl w3, A7k5 Ad3} BCFs
o} 3pRom ipdek WA A5 552 ot
dolsel F WIS AMgsle] S wi= gE
W=E 53 ek 74 gHE SR Aesd a5

H

shedelellA] A7k Balse] Tom, A7} Jofe
A Fake palse] Be S4L A dolal

www.dbpia.co.kr



=/ el 7|k vz ;3|7 FE 0] 83 VoIP 5447}

kel 83t ool disle] AlE ARBHS o]
f3lo] A7k AEE gk Al ARMS o83t
*17&% Aede vl At AE e 7}
W x]edo] WRAA] A158] oURA|7} & s 7IE
o7 o] o]Foizlch gkl HPYelri= )4t
dol &l F== gk 3 7 wAloA A7 AES
Seln wic He| 3 W3 vl A
33t *VJ-% s Y3} v, A7 A
1 AZE2 JA di9g ¥4, 53 A
BA, 211—4, A7) BASe] Alg] g3Ple o)g
slo] BCFE 3hcl dlo] &3l o83k Ale] &3
ool 183} sfarge] zalojulagste %
&5 WBCF: thg3} 7bo] Aejxick

rk‘-

IL .(8)’|*

WBCF( b) '= T .u\'( b) iL ."y( b) P

(5)

o714 b vlz T, LoD L (0%
2 Al o) x(hsh w(nel A] vl s
gola, L (b= x(Het W(He] A% vjm ~4E
Folct. WBCF= Ad o5l 43S WA wexm
2 url g §Al K=" $4e Wi
ek

WBCFE AR & #HEH o7 o3 HLE
a7 $151e] chest o] slolel b wlz
sl 4-5M](Wavelet based Bark Distortion-
to-Speech Ratio : WBDSR)Z #2]slo] Ale] 28
dolold 24T &4 B4 Asse] £4g o]

gkl

1

rl. oX,

- . 1—WBCF(b, i

WBDSR ﬁ(]u " WBCR(b) 6)
714 w = ZF vl wiey 7VEz|o)n] FbA

A} A} = 23k

V. &3 ¥ 45 Tt

2 =wellA] AR WBCFO| As2 3718l
]'°4 ofe7k] A dlolefell whale] Fabd &
Ag7ke] Aste} 37 HAe sk 2 =Rl
= l-l—‘— 5,\}_01_4 z—l:.xﬂi 71-_~ ;}__‘L}_ l-__ :g]_—ﬂ
s ARSI en, T3 Sd%rkE MOS ¥
7Plg AA) slgiet.

r.P; "°

MO3=1+ @)

4
1+exp(ax+b)

Copyright (C) 2003 NuriMedia Co., Ltd.

A1 ash b B BA AR x= A &
Ayt X, MOSE 3% TR SAelrh
WBCFS) 5% e 452 4 A 5
% 3% QAKSEE)E AHgslsich ARR Al A
P4 A H7RE MOsele] AEAE ‘/PE}LHUJL
0dl 75 G2 AR ARE, 1o 7PrE
A3 AR AEE 2ol Frkh 3F 4 A A
Al MOSe} of| 5%l 34 543l of| 5% MOS2}e]
Aol g EAH O hedick

4§08 o) glsiel A7 we @
3 o] &% MOS¢} Alx] MOSe}e] “Per-File Cor-
relation” A4 312 Fslgick “Per-File Correla-
tion” ¥4 7} 7o o3t i MOS3 BT
MapA A wezkS o]83= “Per-Condition Correla-
tion"¥h= ge] shie] ielol| oigk MOSglat At
4 oA Hx gEs PRl

Aloksl kaeEe] Ades Hrkslr] $13te] VoIP
Az Eahek 84 delelol] disje] BT
Ak A Qe Aol B.ag chrt
vEY A3ks AdshA] Fslea AAT dEY
o] E-#lo]e]el NIST Net(National Institute Stan-
dards and Technology Network Emulation Tool)"!
& 3] S S A Aeldisi
AR HF 2] A7Re 150mq, 7P| o] FF
Jﬁ_z}{- 0-60ms, HH EAEL 025% 7 A3l
C}'oo}:ﬁl' Lﬂ-‘:;'%]] i\l' o‘pa" q}ogs]'?a"]’- A]’%E-l VOIP*]
252 H3237]le] AR4s8 A|2§lo2 PCPC
2]3. PC-PSTNS- m% 298k} 580 Al8% 2
4¢ NTT CD-ROMSIA Alelsislon] i w4
s 2%, ot St 298] gel ApgsIsich. A
AAel =oylge gzl 33 7} H.323"A) 2w
Add] 1 BAE AR wHZ wEE 5
NIST Netol] °|8}o] |45l % AA7, 7paz]
o el A% RS AT LANSES] A
¥ Bz Mgtk 8o G.723.1 63kbps oA
¥58)717) AHEEgIc)

VolP System A

1

VolP System B

NIST Net

a8l 3. VoIP A4 dlelg] g A4

313

www.dbpia.co.kr



FhtE 41813 3= 2] 024 Vol.27 NodA

E 1. 7R Y 84 delelo] R 4R Ads B35 24

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

% 1o VoIP 24 dloJelel] tigt PSQM3}
WBCF9| Ao}l 35 334 2415 skt
PSQM-2 7P || izt & 3A] goevs
2712 ejo] Al3gS AASIALE EoflA] PSQM 1
2 A P B7IEE slskd AlmAe
o83ty F713ks & ¥ A3} AHelolw PSQM I
= PSQM I3} vy &2 F7)3ks g ¥ oF H
128ms well4] 8ms vlt} PSQM7ES ARXEF & 3
#H2zke =sledc}!®. BCF 13} BCF I1= PSQMe]
7299} e F7)3 e AMgsle] AlFE ubE
3l3itl PSQM II= PSQM I Hjse] 3 o] %3}
g AZHE AYo] olFojyowz Fbd SAlx
& AREMIE YeRich a2 ol#3h W
el we AXEEES Q7slER A ARSel
Aglelx] ek 7129 oA W89l BCFo] 9%
PSQM3} #ro] 7pHA|de] F2 A5-S iehich
Alokgl whel WBCF: dlo]&el 7uke] nj= =
slojida kel 7 SEfE wisd A7 AH-HS
goms T $Ae fshHoz o3t

H2E IIi= CDMA ©Ajd Mgz AxH
(Digital Cellular System : DCS)2.2 o] 7-9-of%
HlE 18] §4 dlolelsh v kAR ek Zhi A
odo] |9k PSQM} BCF: F9b4 $st
& ARES vehlel, WBCFi= VolP7d-$2} o}

W2 ARAS glel ok ek

2 XO

V.2 E

4 A Azdeld Ay i3t 7pdz|d5e]
HAE 4 gl ¥ S §Al Azl opd
20 FEe 2f3le] A A=Y S S
G vIXA > APA HFE WA AT

7P A|de F2 VoIPe} 31 A7l 7|uke] 54
At A 2glol]A] AEe] CDMA A|2glelxx 3
aAsgdel ol A¥ A=t vhRbR|E 7] A
e 54 Hrpgel A At 2 8<le] Hrk

AT sloliel ke wi= mslolls

Copyright (C) 2003 NuriMedia Co., Ltd.

42 Holska olF olgsl] &4 FA Axdel
A 5 WHE sk ARE Sl
WBCFi= 7]|& ITU-T Hwgkel PSQMel H]s}ed
T A w2 A WAE Hel 1SS
c}.

#1E2d

HO

[1]1 S. Quackenbush, T. Barnwell and M. Clements,
Objective measures of speech quality, Prentice
Hall, 1988.

[2] Nynek Hermansky, “Perceptual Linear Pre-
dictive (PLP) analysis of speech”, J. Acoust.
Soc. Am. , vol. 87, pp1738-1752, April 1990.

[3] Shihua Wang, et al, “An Objective measures
for predicting subjective quality of speech”,
IEEE J. Select. Areas Commun., vol 10, No5,
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.

[5] S. Voran, “Objective estimation of perceived
speech quality, Part 1 : Development of the
measuring normalizing block 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.

www.dbpia.co.kr



L

[ ] 714k m2 Zslelsl s G5 o]-4a VolP A7}

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., Speech Signal Process, pp
545-548, 1998.

[10] D. S. Kim, O. Ghitza and P. Kroon, “A
computational model for mos prediction”, in
Proc. IEEE  Speech  Coding  Workshop,
ppl41-143. 1999.

[I1] A. Rix and M. Hollier, “The perceptual
analysis 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
Quality Estimation,” Proc. of Inil. 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-
digm?” BT Technol J, Vol. 15 No.2,
ppl45-157, 1997.

[16] ITU-T Rec. P.861, “Objective quality
measurement  of  telephone-band  speech
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

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

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

2] 3, F5F, w9, FH3, uka welola)

2 5 o|-83t o A3t &4 oL it
F118F3] =x], A 263 A4B3, ppa37-446,
2001.
Ht & S(Sang-Wook Park) 3|
FHrEA1eks]=A] A5 A12BE, 20004 129

bz

fatal

2 &4 EH(Young-Cheol Park) 23]
h5Alsts] =R Al25d AleBE, 20000 6 3
=

200:d 39 ~ QA ATheka Aur|gEhy 2k

2 CH 3|(Dae-Hee Youn) A9
=EAlEs =] A5 A6BE, 20006 69
z

Copyright (C) 2003 NuriMedia Co., Ltd. 315
www.dbpia.co.kr



	웨이블렛 기반 바크 코히어런스 함수를 이용한 VoIP 음질평�
	요약
	ABSTRACT
	Ⅰ.서론
	Ⅱ.가변지연
	Ⅲ.웨이블렛 변환 기반 바크 코히어런스 함수
	Ⅳ.실험 및 성능 평�
	Ⅴ.결론
	참고문헌


