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A Packet-layer Model for Speech Quality Assessment Introducing the Analysis of Content Feature
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(State Key Lab. of Integrated Service Networks, Xidian Univ. Xi’an 710071, China)
Abstract: A packet-layer model for speech quality assessment was proposed to monitor the quality of networked speech. Without resor-
ting to any media-related payload information,the proposed model predicted the speech quality only in terms of the information provided
by packet headers. First,the analysis of content feature was performed to locate the voiced segments and silence segments by analyzing
the information from packet headers,and the coding and packet loss parameters of voiced segments were obtained. Then the coding dis-
tortion was estimated according to the coding parameters of voiced segments,based on which the overall speech quality was further eval-
uated by taking account of the impact of packet loss. Experimental results showed that the proposed model could get an increment about
0.041 2 in Pearson correlation coefficient (PCC) and a decrement about 0. 045 1 in root mean squared error (RMSE) compared with
the E-model proposed in ITU-T recommendation G. 107.

Key words: speech coding;speech transmission ; quality of service; packet loss

T 4E 3, VoIP (voice over internet protocol ) FEf
TRRA L DGR, SR T VoIP 424t J)
TR B IR 55, 38 % Jo 2 725 &) 52 30) 0 28 BR 455 1) 52 il
T HEE VoIP &4 1Y Ik 55 it 1 (quality of service,
QoS) FRIEH P AR LS Fi i ( quality of experience,
QoE) , 3 e L S Wi 1 JoT R fI A I 24 R
3L TEE BT RN T L LT R BT v
2 B W7 S 2 O N BT 2R I
FYSEIF A o BT LA, ) Sof I 4 38 5 IR R 4T

W BEHE.2012 -11 -22

EEWA :HK A RP 22 TTOIIUH (60902081 ) 5 H s 5 42
FEABII L 55 90 & W & T B H (72115612) 5 7
SEEARCERMBIET T 1 TR B B35 H (B08038)

TEBRIT VL5 (1988—) , 53, oA WF 5 05 1) 2 ik il

{5 WAL 1. E-mail; 1ljiang@ stu. xidian. edu. cn

LPHEATY B R — A B A igp R 1 1) A

R AT B2 AL DL RO i i i e AR, %
WLTEE RV 7 T LA R - S EOR R 42
FEARY | ORI AR A SR R L SR AR
b, fu JE R AR VR M RO 1) Sk A7 2 B0 3
T, T R BRI 3 T 48 X R T
TR T R W . HATE A —LE SCRRET XA 2 A
BRSSOk 3 T3 AR SR E R E Ay
A4 5 R R B IV 25 A3 ) T B i . HARHE
R HL 3G 7] ( Nippon Telegraph and Telephone, NTT)
& Hh LR PP R R A TR A AR B
RBKSEMEF R . A, ITU-T IEAE 43
A0 J2 VA 52 0 i 2 T 14 [ B i P NAMS™ 53
51, EBRARHE G. 107 4 60 E-Model £8JE F25
R SR EPEY S iU N 2V G4 SR UR IV EF SRR
15, % R E PP S B



104 PO R A2 4 (T ARERL 2 R0

545 %

SR CL AT 4B 2 A RIS AR T T8 5 I ) P 2 e
AT T, X R R T RO B HER . A
A L L A BOMIER A By, e TR Bl
HEAEE, MRS QoS FIH P QoE 1y T 234
3o T A 0 T RO A4 6 Sk AR B AT 0 A, AT LA
TR R A AL SR TR AL, TR MR 1 e
R TR R EAT SN MERR A o IR, 1R R
Bl A PR 20 M (9 40 2 30 35 o DT A5
B M ALZ AR B A s (L RO, SRR AR Bl
P B8 B i) 0T AN () 288 B ) e f AT Ak B
DX 73 AN [R) S R A0 0 o T e ) AN [ 520

1 SINAEHESTHNERETRETN
=E

EE S SRR i 2 Hi 5 2 2 1 2
FITE AL VA 2 i3l R A B g i 07 =X, &
oLk R RIS EE S, EREERENT
W TR T R S I R A0 SR T A
£ RTP/UDP/IP VR s, % 5 5 Kda 40 2=
Ko PITLL, 51 R 26 1 5 B0 32 2N 3R 1R 35 A
MBI Bk o R4, Al A R PEA T 5 23 % A
0 £ 25 X T R )R MR gl RS T ST I 1
JEE AR Y A SCBERR Y

VEF B I A BERURESR ANl 1 7, & Sl it 4y
Bl Sk A5 X 23 th 38 7 BORI 5 B, AR IO T
VAN BT B AR B S TR BU P R R
AP B B AL, SRR ARG T BLRY
P AS TN S % L, T B RE A AT ARS8
P EAS R E, NIRRT & i r B

2,3.4
‘ |
A 4
A reswenNINE 1 oS WG AT o Lt
ooy AR PSS g
1. EFEBCOTF IR, 2. BAHTEE LR

JLEE MM LIRS 4. EECURPRR K.
Bl SIANNEHESTHERETERETEMNER
Fig.1 Packet-layer modelfor speech quality assessment

introducing the analysis of content feature

YE& L) B & W £ # % (adaptive multi-rate,
AMR) 5 #5 Gt B A o Ay 191) 255 L 2% A B 110 T 4t 5
o F4b, BT PESQ(perceptual evaluation of speech
quality ) SE3245 2 19155 17 5 DF- 53 BE A AR 4 #tb Sz ke
¥ E LT L TGS PR R R PR TG
S RAIVERERT , PESQ BLAIIT /) 28 4 Sy VLI
SRR R, A ] U R R R T 4R
BRI PERE LR ] PESQ BERIPE AU T

1.1 EEtem

B A 7 3 2o T PN B B B A S 175
T A B AL A 2 R 7 LAl B AT RASE I
TR IR A R A B SR W T IR G %
A1, T 4T S AR 8 AT LAAS B Y i A A, AR
JE R AR s B T B IX A 1 WA e . DK
AMR 7E#55 IF BE R T T 305 55 Y0 A D00 0 457 3 e
AR B WA RS 5 A R 6 B 1, B G /)N
FiEE WA g% 718 . LUE F Y RTP/UDP/
IP PSR M i, UDP Sk A B 19 K 3 AR R T UDP
Sk T HAG B Ar 8 40 1 K BE A b 2k e R/ m] L
F1 UDP {1 /) 5K B0 25 UDP il RTP 3k B K JE 15
F|, RTP kg B [E) 8L 3R 7n RTP 4343 3048 Aar 1 56
— AN STRAEIT %, TG 2 AR A i A I ]
F 22 (B2 71 BT — 1 B8 60 A3 AR B0 2 ),
PRI AMIR 4 7 ) 4 82 6 ) 66, B T 1 75 3]
P AL A SR, DR S BN B 7 T BN 6 B
1R AT S T 22 Ay T, 75 DU D SR

X T BB A, TG BT ) 2 B 5 8
PRI T A B B TS 25280, (HRIE S5 5 H
A I AR G, B B R Bl SR A
TR0, B IHe T L ) A 408 2R 5 2R A 1 245 780 ok 1 b
FAAR LR IR AAR Y 2 R E R
TEEAL, N R R R E . R A AR B 2
AR R AR, W0 2 A R s 4
USRI 2 oA T A 1 2 R — B, 2k 4 ]
R Ria o A, R % & R IR i
A, DR AT 5 R o B e B s . B A
SRR ER T LR RTP Sk op 5 51 2 2 75 3 42
KT, 52 B8 RTP D1, TE B 00 F 1551 5 2
ZEi, AR B — RTP 4, FE5I St hn 1,
1.2 HELEITEMN

A5 2 S W A A 2 L T B S0,
SR GRS R BB, X T E T BE, AMR S04 8 Fl
Yt R Sk 4.75.5.15.5.9.6.7.7.4.7.95.10.2
LI 12.2 kb/s, MEPFRFRAE ITU-T P-series HiE
45 supplement 23 HRFfHLPkE 20 455 75 Fi1 20 4
LREE A I X S E T R SR R R
FE T SR B AT ST Rl — R R i
B BCE I %R 5 B2k B3 i, 45 50
K2 FR .

LA P40 J2 MR S0 MR T35 U - 24
ST A e B o SR Eh T R B S
FEAVEA R, B AMR 535 B 1 % 0] A AR 4 5

¥
i



5 3 1] 15858, 55 5 AN BRI AT 9 (0208 5 R PP A A R 105

IR e 13 M 2 1 5 A, P 0 L 5
B P A B AR 2L
BARFS 2 o B, e M — RN 7 1
S TSR S SO T T A 5 5 B 2
(ESSEF
Q. = mexp( -2 (1)

.
Forpr, Q. o R 2% JE g % Kk FLRTE 7 I, br i
BV I A my oy D B RS 2 P
i A B /N TS SR my Fmy B

39 /,,o
-
V.4
,/
3.7 7
7
et 2
i o
i 35 6/
3.
iﬂ /°’/
/
330 4
/
4
3.1 6 8 0 12

R BT /(kb-s™)

B2 AEEREIXENEEFHRESESRTHEERNXR
Fig.2 Relationship between the quality regarding cod-
ing distortion and the average bit-rate of voiced

segments

1.3 EE5IENKXEITEN

FALIE R W 2 R A — N E RN R
LI S R R R AR 2SR Rk
KR R E A SR A R ORI T E A
R EALR A K. B E-model
AR WK KM B R SR 14 ] 78
Tk AL BB AL 25 A0 22 6] 4 57— Fof 25 1) e 4 5
Fo BIRE 2 MITEHEIR T BRI R A TEER T
AR, (HE ORI AR . STk (4 ] 52 /Y
AL Z PP 2 A ORI 1 5 A I BER PP A
ZHGIEMAR, 558 T ZAMREL ALK
G R R A5 IR B X T B B R ), PR PE RE RS
VEEFRIZAT Y NTT 51, 3 BLAY 25 AL U 8
FALIT A B AEL, FE R R K IR B
(P2 R, T B R — A S A R R

K3 g5 i 1 2 RO R A S, 1B
1.2 4579 40 A J5UR T & P90 (KB 8 ), 8 4
M3E RN 5.9 kb/s, FHRERERN 1, IR
AR E R 1.2 4.8,

ARG AL 3 P A SEIRBOE , U5 Hh —H G RN -

Q=1 —m3)exp(—l)+m3exp(—l)] X

m, ms
(Q.-1) +1 (2)
Horp, Q MEF RN SR, T ECRE,my m, F
mes RE R B ARAE 5] 3 BB, A e APl G
195 my .m, Fl mg BIE

35
3.0 o\\
. >
N
iz ~
=25 \o\\\
o S
':au RS
~e
2.0
136 2 i 8
FALREL

B3 BEERESEZERENXRE
Fig.3 Relationship between the speech quality and the
times of packet loss

R T o3BTV 18 98 T A B X o T A Y R S
okt ZAREBE N 1, R I R A Ko 0l i
H2.3.4.6.8, RIG VA5 9 R KB R Y TE T
Fdd o MF P RERKE L, (L, > 1) Ak —4%
ITAES) 2V EZOR €O AN B0 €S I SO
KARSER Ly, MECRREN T, FEIRERKE T
2 P EALTEOL T BTE T TR AR A5 o AR I IR S K
S T AT R G R A R N T o T 4
F(2) A QA A8 TAE R AIZ T2 50 2K K B R iz
W T, (B R BV T, 5 RAEKEE L, fx)

W ZRANE 4 Fion, A R AR
T, =me(L, -1) +1 (3)
b mg s R, 3 A X 1A 4 BB 2R AT B/

RGBT

4.0

3.5 s
3.0 &

25 4

AU Z A K

2.0

1.5 °d

1.0

0 6 8

2 4
TR KR
4 EUEERBSFHREKENXR
Fig.3 Relationship between the virtual times of packet

loss and the average burst length



106 PO R A2 4 (T ARERL 2 R0

545 %

TE Ly, > 1VEGIOUT  AHR(3) AT RRR Ak
BN 1 PR L, W BN He o 24
RO T, SFRIRERIE S 1B AR, &
BREN T IR EAKIEN Ly, M EA TS5
BN FALHON T,T SRR EN 1 EA, X
PR AT LU EC(2) W e i i, R 7,7
FRA(2)  H2R- W (4) PR

Q = [(1 —m3)exp( _%)+m3exp( _%1)] X
(Q.-1) +1 (4)

TIAN AN Ly, = T ARAGK(3), nf A3 T,
= 1, (4) H1(2) 2N, al W (4) R
WHIT L, = VRSB, Mg L, (A2 R, 1
APREHIEC(3) A1 (4) PR TR T R

H T35 5 S A E AR R T R A
R PRI B 20 AR . I F
THEEMGR, MR EAFZR, AE A S5 B
BRI i o T EUR SEE S BRI, S ik A
TR B EEABCA R0, o] Wilia R K2
A E R PR RN R I, MEF R R
FHHE B AL Z R BRI 3 58 R K BET AN A5 [k
AIREL BEAh, S B RLA ST T B A TH & A4
XASE BR TR A A YOO 2 58 R K
[ S OGP PR PNt R = R Ok S P S (N
FAL EZARBAT R KK —E RO, B
S R BOBOR 1 AL B R, BRI E
Jot i A A N o 2R T AR A, £E3C(3)
FI(4) By HER_E SR (S ) A1 (6) PR 3 I A4 Jo

=)

==

Q = [ (1 — m7)eXp( — TVO;O) + m7exp( _ Z;'O;o)] X
9% %o

mgiv,
(Q.-1) +1 (5)
T, = myCL,, - D+1 (6)
Hp, T, S EAREL L, MBS
RRRIE,T,, N Ly, X0 RIS IELN, K
(R A, my omg sy B my, R RFEH L, S
P LIS, BRMIIE IR T
1) B L. 2 5119 40 AN RLATEE T, 8 dnfidh ik
AR 4.755.15.5.9.6.7.7.4.7.95 .10.2 L)
Ke12.2 kb/s, L, WER 1, T, 530505 1.2 4 8,48
JE R PESQ B 26 FES B R & .
2) ARHEALIR 1) WS RS B N e X
T my smg Flmy BRI
3) (AT W T, WEN 1,1, 735

234,68, SRIGHFEEAS Ly, XTI AY K FLE - B
W2 (S) T QA5 2NA Ly, M T, i,

4) WRYEALHE 3) FEI L, (RN T,
{6, AR/ IR B SCT my, MRILE.

2 ZWER

1 AT A PR, DK EIBRRE 1TU-
T P-series 15 5 2038 & supplement 23 F [ MLk 46
10 BN 10 AL 53 A0 4R Ry R LRI LT
H XL 5 1.2 A g U SRR I 257 31 58 4
[, E5EME A AMR Ziht i B G iy 51 i 47 He
45 RAE0S 35 )k 04,75 .5.15.5.9.6.7.7.4.7.95,
10.2 F112.2 kb/s, SR J5 # R AE RS i A T 4207 R T 4 4R
AT IR AT AR T4 S0 6 FH B4 B0 R
AR 0% 1% 3% 5% F1 10% ., FJe, 2k 800 4~k
ELEE T A R TP AR I

VEE i BB S8 AN 3R 1 s,

x1 BEIIK

Tab.1 Parameter values

my my ms mg My My

4.416 1.555 0.044 0.151 0.01 0.385

J T B U R (P R K S E-model |
NTT BRI HEAT HURE 38 3R AR AR OE R AL ( Pear-
son correlation coefficient, PCC) Fl ¥ 5 HE 1% 2% (root
mean square error, RMSE )2 A~48 FRA1E Sy i Fa 45 750 44
RERUARIE, K2 2510 T 3 S B iy Bk v fg,
AT LAE 42 B ATE P e B LT E-model il
NTT #i%1, 5 E-model Al NTT #RIAH L , $2 H 458
HIZE PCC A 3545 0. 041 2 F10.037 4, [F]At
& RMSE | 7351 P[5 0. 045 1 F10.041 1,

F2 EEERLER

Tab.2 Performance comparison

T A PCC RMSE
E-model 0.888°9 0.252 4
NTT #5 0.8927 0.248 4
$R AR 0.930 1 0.207 3

T SEANE A R RIPERE , 45t T NTT A48
AP MR AR 205 PESQ PR U,
4nlEl s B, Hor 181 5 (a) 2 NTT BB REI3-5 PESQ
PEIEIRTEE, 18 5 (b) R B A4 PESQ 34>
XFHE o AT LU B, 518 5 (a) AHEE, B S (b)
AR SR AR X F BT . ph st ] DL, $i SR
PFr-5 PESQ PP HA G —2k



5 3 1] 15858, 55 5 AN BRI AT 9 (0208 5 R PP A A R 107

5
4
I
]
'_T"_\_'_
] W
—
=
Z 1
0 1 2 3 4 5
PESQ V¥4r
(@)NTT #E7 vs PESQ
5
= 4
2 3
7
o)
o
1
0 1 2 3 4 5
PESQ V4>

(b) $ R vs PESQ
5 PESQ 45 NTT #8) 2 Hr BT 3 b B
Fig.5 Scatter plots of the scores acquired by PESQ vs
the scores predicted by the NTT and proposed

model

3 & ®

VEZ SR — R IR A B R A2 0 3 i DA A
T8 o M R L Y N AR, S IBCHE X T
PEU R OGN T 0 18 A, T AR A0 o & L i ) 2
TSI BT, A AR & T I
PEo SEEREIRARYT, $ I B AL TEVERE L 2EE R AL
F E-model #1 NTT #£55Y
PR AR 2E ] TR AR X AR AR

EEBAE . 550, SRR B B X
AMR %t , S 68 B 3 H] T Ho A 1) s B s v, (L2 X
HAbZw bR T BTEE BRI A —E NS % B
SC, AN TET A N 22 3 AR ( AMR-WB) Zi i % 75 9 %
k>R P 7 DR A 0 R A R A IR (R
AT LAAETE & B AN I 5 LA N 2R R 20 T, IX 01
B BOMERE B, T S s P T 7 o
S 3K
[1] Huang Li, Zhou Jie, Ma Hong, et al. Object speech quality

assessment by neural network with distance measure as in-

puts[ J]. Journal of Sichuan University ; Natural Science Edi-

tion,2007,40(6) ;1210 —1214. [ #FH, R4S, Sk, 4. DX

T B2 Ry Ao 22 0 46 i A 11 2 WL & S E A i 5 [0 ] |

AR A [ SRR, 2007,40(6) 11210 — 1214, ]
[ 2] Takahashi A, Yoshino H, Kitawaki N. Perceptual QoS assess-

ment technologies for VoIP[ J |. IEEE Communications Mag-
azine 2004 ,42(7) :28 - 34.

[3]Clark A. Modeling the effects of burst packet loss and recen-
cy on subjective voice quality [ C]//Proceeding of the 2nd
IP Telephony Workshop. New York,USA,2001:123 —127.

[4] Egi N, Hayashi T, Takahashi A. Parametric packet-layer
model for evaluation audio quality in multimedia streaming
services| J |. IEICE Transactions on Communications, 2010,
E93-B(6) :1359 - 1366.

[5]ITU-T SG12 Temporary Document TD 297  Updated draft
terms of reference for P. NAMS [ S]. Geneva, Switzerland ;
ITU-T ,2010.

[6 ]ITU-T Recommendation G. 107 The E-model, a computa-
tional model for use in transmission planning[ S]. Geneva,
Switzerland ; ITU-T ,2002.

[7]ITU-T Recommendation P. 862
speech quality (PESQ) , an objective method for end to end

Perceptual evaluation of

speech quality assessment of narrowband telephone networks
and speech codecs[ S]. Geneva, Switzerland ; ITU-T,2001.

[ 8 ] Radhakrishnan K, Larijani H, Buggy T. A non-intrusive
method to assess voice quality over internet| C ]//Proceed-
ing of the 2010 International Symposium on Performance E-
valuation of Computer and Telecommunication Systems. Ot-
tawa, Canada;IEEE ;2010 :380 —386.

[ 9 ]Roychoudhuri L, Al-Shaer E S. Real-time audio quality eval-
uation for adaptive multimedia protocols| C]//Proceeding of
the 8th IFIP/IEEE International Conference on Management
of Multimedia Networks and Services. Barcelona, Spain: IF-
IP/TEEE,2005 ;133 - 144.

[10]3GPP TS 26. 101 v6.0.0 Adaptive multi-rate ( AMR)
speech codec frame structure[ S]. Valbonne, France :3GPP,
2004.

[11]Yang Fuzheng, Jiang Liangliang, Li Xiao. Real-time quality
assessment for voice over IP[ J]. Concurrency and Computa-
tion ; Practice and Experience,2012,24(11) :1192 —1199.

[12] ITU-T Recommendation P-series supplement 23  ITU-T
coded-speech database [ S]. Geneva, Switzerland; ITU-T,
1998.

[13 ]ITU-T Recommendation G. 107 The E-model,a computa-
tional model for use in transmission planning[ S]. Geneva,
Switzerland ; ITU-T, 2005.

[14] Jelassi S, Rubino G. A comparison study of automatic
speech quality assessors sensitive to packet loss burstiness
[ C]//Proceeding of the 8th Annual IEEE Consumer Com-
munications and Networking Conference on Multimedia &
Entertainment Networking and Services. Las Vegas, USA .
IEEE,2011 :415 - 420.

[15]ITU Rep. COM12-D97-E  Packet loss distributions and
packet loss models [ S ]. Geneva, Switzerland ; ITU-T Study
Group 12,2003.

(HE & #)



