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ABSTRACT

Voip voice quality improvement Based on packet size

and modified codec

Kim, Yong Seok
Advisor : Prof. Park, JongAn, Ph.D.
Department of Information & Communications,

Graduate School of Chosun University

VoIP that provide voice service using Internet as a new opportunity
and is getting into the spotlight business

We transmit compressed voice data by various kinds codec such as
PCM and ADPCM on internet in this treatise, offer tone quality that is
improved about limit latency that analyze effect that change of packet size
and limit latency gets in tone quality of receiving area and is given about
suitable CODEC selection plan study .

An experiment to success was achieved between multiplex points through
Public internet.

Transmission delay and packet damage etc. that The transmiter encodes
voice signal by PCM and ADPCM from microphone and transmited this
using UDP packet, and happens in net in ethics side rough packet by
voice signal play .

Used MOS estimation method for tone quality estimation, measurement
method measures random after Call Forwarding set to Seoul call center

and VQT with PAMS (Perceptual Analysis Measurement System)



Algorithm, could know that voice quality becomes different by voice codec
Data Rate and Datagram size as result that use and measure Audio

Direction, Reference Audio.
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e
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-
42
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ax
re

B2 oAE & ZA Aol AT

% 34 E-Model dtebm e 3 7] &gk

o2} v ko] | w9l | Aug | Hew
Send Loudness Rating SLR dB +8 0~+18
Receive Loudness Rating RLR dB +2 -5~+14
Sidetone Masking Rating STMR dB 15 10~20
Listener Sidetone Rating LSTR dB 18 13~23
D-Value of Telephoe, Send Side Ds - 3 -3~+3
D-Value of Telephoe, Recive Side Dr - 3 -3~+3
Talker Echo Path loss TELR dB 65 5~65
Weighted Echo Delay of the Echo Path | WEPL dB 110 5~110
Mean One-Way Delay of the Echo Path T msec 0 0~500
Round-trip Delay in a 4-wire Loop Tr msec 0 0~1000
Absolute Delay in Echo-Free
Connections Ta msec 0 0~500
Number of Quantization Distortion Units qdu - 1 1~14
Equiment Impairment Factor le - 0 0~40
Packet-Loss Robustness Factor Bpl - 1 1~40
Random Packet-Loss Probability Ppl % 0 0~20
Circuit Noise Referred to odBr-Point Nc dBmop =70 -80~-40
Noise Floor at the Receive Side Nfor dBmp -64 -
Room Noise at the Send Side Ps dB(A) 35 35~85
Room Noise at the Receive Side Pr dB(A) 35 35~85
Advantage Factor A - 0 0~20
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D. MNB

MNB(Measuring Normalizing Block)2 Al Z=®lo] A 22L& F 7

fru
|\
o
At

o3 A A M= FxolE et FAldHolH Y 715 StE § DC A&
= AAst F dHelEzre Hdgs 2 dEE JFEs I T

Aqr= F HeolElE FFTel o3 Fa¢ ddoz weg, o uf 12849
Hamming windowS AF-& 31 50% frame overlapS ZHAl 3t} o2& 4 WS H
frames % olUA| 7} AAA o]kl frame A AT} @Fe frameES A AT
3719 logA = WaHEY, Wsle 3z TMNB(Time Measuring Normalizing
Blocks)¥} FMNB(Frequency Measuring Normalizing Blocks)oll <& w] L%
thoolE uigo® QIZte]l A Astel Wi =7= HA4H AddE Aitstd
o] o AAA A % BdE 5o Aolrt
F52=  aA dvedd. MNBe  Ayg2 AD(Auditory  Distance) 9k
L(AD)(Logistic Auditory Distance)7} 1t ADgke] 158 Al &siA #2171 =
SFE QOS7F "WolAw LAD)ZE20~17+419 WS 71X 3 o] AD#

o

2 FA27}
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rlr
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[ex

rE
Hiy
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2 % 1o gSE QOS7F Hoblth duwHowm
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V. 234374

Agde dx 7] FHFHE AHAardA K232 AMZ=Z ol A-Type site,

= u

B-Type site, C-Type site® YT =4 3%

A. A-Type.

Kedg taos Babeh A4k 3k VOIP Wol 9l ©% T4 LAN)S E8

o] Loacal Network? VOIPA] 2 ®lo] Media Gateway&d PSTN 4oz 2

o} M3t FAldte PR doly T4 Routers ol&3to] e 2 <

Hulow 48 AR =8 A-Typed At 7541 743 71=3H] AL

A LR Yol o3 d Y dA4dS 1 41 Btk

%E@i}] )
Offices T ‘T‘"n—/W Router
Pz gap o— | ¢
Ligd!
IP Phore

L ) OfficeServeI

L) Ay

£ . _
2siEsp| P Phore oo o7 a

ith Softphore
W' 1P Prone l Switch

29 41 A-Type site T4
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3 4.1 A-Type site check list

= 1= = L=
AL =29 99Xt
NS 23 LA X/ BLS 2T
ZICH SAl Call = LiK 2 SA] Call + & =& SAl Call =
& VolP AlEX SAIAEII} O VOIPE AIEZA} of= &illUser 5 ( IP Phone 75
Application JIEF 2TFE 0! Aoplication AHIA AIE 012 2 L=
Voice &2 m D240] Offot= Voice BE (vs LEHESH & MOS&t 4. 1~4.2)
AA/OIE HIERT 28= 2 Configuration Dump &5
HIES3 (BHISHZ/ 22, FEMH L2 2 L2 5 D))
Drop Packet % mE
ﬁg 0.1% 0lat
Delay time
HIEA3 SEIRIS oy H? 100msec, ZICH
J1=|  200msec 0I5t
Jitter
u3y

Z|CH 40msec 0I5t

E

T HAR a9 429 o] JitterE FA3FY Jittergkel 40msecol’d A FE
Count 3o % AHE dotatt), (WY 40msec oY 4% & HAXIHA &

=
of 4ol vk 5 )

AV

o

olrt

100
a0
g0
70
50
B0 — A g1
a0
30 |
20 L | |

1 29BL 5309 8363 11817 14771 17725 20679 23633

19 4.2 Jitter = A
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B. B-Type site 7%

oy
_‘01_'1

Data? 84 (WAN)T3+S &3 VoIP Traffic ot = QA FEFSFL K2
=

ol EAbel A 4ol IP Phonedt dwrdst 3+ Wi F3t= VoIPA 2H 9

o] 7t%5eEE stal HolE EAS 7

FiN

a9

M/G(Media Gateway)S %3 %Al
Router ¥ VoIPA] ~®9] WIM(WAN Interface Module)S 13 4.33 zo] o]
o},

&

rot

a1 4o . > g
T F/W  Router F \ %IP Phone

P

etworlf)_L @— -

pc_£

=
/,,,\ with Softphone
\ BR_A
PSTN ‘

\ OfficeServe
=y

& ,// i
, R PP
XDSL Modem cg, ) !h
PC Client IP Phone Pﬁh Softon
; with Softphone
with Softphone p B R_B

19 4.3 B-Type site T4

WA B-Type site check list ¥ 429 % 4349 #Ast 29 4344 2
Ab=Z AL 2E A WA S A8 AXHGA dAYolzh Ao QE R 2 Ping

Test® Tl ARE SR L3 HEANZ AH ARES SR 2ZAH A

fud

il

Ab, AV -RFAL ZE, AFAF-AFAF 7F ZbZE E 429 ¥ 43S ZA )
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2

[¢)

AA+= A-Typed}t wF37FA] 2 PingPlotterS o] &3to] A 1Y ol =A 3}

(1

o] u

G+ UESZ 24 &5 ol&ste] Bl 2AEE He=v B UEASA Y

-IN

e

HEAZ A AHEE =

e

i 4.2 B-Type site check list

2 w2 2 g
DA 29 g9gn
HE 23 A XY EEATE
0 SAl Call LYY 2 SA] Call + & =4 SA/ Call
& \VolP Al2XI4 SAINEIL} Ot VOIPE ALEZA} 6H= JillUser < ( IP Phone +)
Application JIEFEOX 2! Application AHIA A& OFF 2 LI
Voice Ea ﬂ D20/ 045K Voice BE (vs LEIESH & 4.1~4.2)
LIA/OIE HIERIT 782 2 Configuration Dump &%
=S (BHIGHZ/PLS, FSM L2 e £ 5 Z7))
J| Eb 1724 SiteS] S0/ A8 Jl=
i 4.3 B-Type site check list
e L2
Router, Switch, Firewall £9/ &%
Rl (HILHS, 22, OSHE)
Peak 2t Average 2t
CPU Utilization
Network Z2H| Al2&
Buffer Utilization
Bandwidth Utilization
Drop Packet % puirs]
B®F | Trunking: 3% 0I5+
JIE | 1TP A Al: 0.1% 0I5t
Emor Packet %
Network AERIS Delay time

fuic-] &7 100msec, E
J|& | 200msec Olat

Jitter

%|CH 40msec 0I5t

[e2}
=

%4 A%

2 Error/Drop Packet <=7} H|AAA o2 &

RS

), B &o YEYA A AZE= Remote site AFo] ol
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o

A A A IP Phoneo] X4 3o Af FH(EHE WA 1 $AE PCE
o g gk (A e 2Far 23

T AR 29 449 o] JitterE At Jittergtol 40msecold B ¢E
Count @t W elE Fotgh (W% 40msec °]dd 4F & HAAH & o

A 59 Aol e & U8

ofrt

100
a0
g0
70
50
B0 — A g1
a0
30 |
20 L | |

10 |

1 29BL 5309 8363 11817 14771 17725 20679 23633

19 44 B-Type site Jitter =4
C. C-Type site EY A EA
golg UWEYA EAToold IPT Simulation ToolS ©]&3Fe] A-Type,
B-Type® #A=Z8~E 24 & IP Telephony & -&9°] &7}t 74 IP Telephony
AB] 2~ ARG AFobe] H 2 AFo] B A o]t
1. Ping Command Packet Delay 2 loss 7
Ping ™ % ¥} PingPlotterS 1% 459 19 463 #o] Alg 3t}

_21_



| Command: ping -t 165.213.110 |
-0l x|

WIINDOWSUSYSTEM32>
WIINDOWSUSYSTEM32>
WIINDOWSUSYSTEM32>
WIINDOWSUSYSTEMI2>
WIINDOWSUSYSTEMI2>
WIINDOWSUSYSTEMI2>
WIINDOWSHSYSTEM32>
WWIINDOWSHSYSTEM32 >
YWIINDOWSHSYSTEM32 >ping 165.213.80.118 —t

o000 000

Pinging 165.213.88.118 with 32 hytes of data:

from 165.213.80.118: bytes=32 time{1Bms

from 165.213.80.118: bytes=32 time{1Bms

from 165.213.80.118: hytes=32 time{1Bms

from 165.213.80.118: hytes=32 time{1Bms

from 165.213.80.118: hytes=32 time{1Bmsz

L, -

Ping statistics for 165.213.8@8.118: [ acket Loss HER
Packets: Sent = 5. Received = 5, Lost = @
Approximate round trip times in milli-seconds:
Minimum = Bmz,. Maximum = Bns,. Average = Hacket Delay Hl4HXI

il

C:WIINDOUWSHSYSTEM32 >

19 45 Ping Command Packet Delay % Loss =4

#: 105.52.12.7 - Ping Platter Packet loss =10l x|
File EcitWisw Helo

A AR

Addr’es ame NiA A% A3 0-200
201-500
0522127 IP: 105.52.12.7 _ &
Sample Aot Time:  2002-02-07 27 /:41:17 - 2002-02-07 2= 1:41:36 A & | 501 andup |
10552127 Hop| En [VPLZ | [ DNSName [ &val Min | M3
I 1 165.21367.2 - i 9
105116146 2 165.213.150.70 00 Packet Delay 9]
o tunes com 3 165.213.150.1 0o cketyielay)
v pingpletter.com 4 165.213.230.69 00
2 s
5 103.201.2 00 AR e
5 . Ping Delay 9]
7 .
g 10110414 0o 0 0 0
a; 104.1051.2 214188 33 168
10 10561.8.2 254 250 265 265
11 105.52127 \_ 253 250 282 262
— aneEmE Found Trip: 259 750 282 282
2002-02-07 25 12416 l B4R l
101.104.1.4 Graph time = 60 zeconds
73‘ H ANz 53715 13
0
T 1140.30p 140 400 1740 500 1741000 / 1741100 1741 20p. 1
104.106.1.2 Graph time = 60 seconds
ping 23 A3 & A il
o —m — il
— Sampling o
# of times to tra e IUnhmited :I ' 1140 30p 1140 40p 1140 50p. 1741 00p 1141 10p 1141 20p !
= 105618.2 Graph time = 60 zeconds
Trace intervat; i seeond =
Statistics

1140 30p 140 40
[Trace Count: 1026 | Displayed Samples: 1017 ko 1026

[Querying

19 4.6 Ping Plotterol 9] Packet Delay % loss =74
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2. Bandwidth Modeling

AF7HA A ARE vlg o R 7]Ee] YESL A QlxZgtol A Voice traffic
= dEck= HolH A AEE F d=AS 2ATY

 Codec : trade-off between calls and MOS

- %A Number of calls ? : erlangs in peak call volume

» Current bandwidth utilization : XA o] 9 & 2] %

- Bandwidth capacity : @A Hd of 9 F

of

& 3o Hxlel X]AMZE link bandwidthi= T1(1.544Mbps)o] ™, 71 © o] H

o dF HAARELS 35%, Peak A= 75%olth. HEE Al AMEA T

rr

20
calls2 o= =& o] & 7MA 3 ¥ 449 % 459 codecs ZAHS Tt

- 20 G.711(160byte/20msec)call A &

20 calls x 85.6Kbps per call = 1.712Mbps : 3] 4=

B

3}
- G.729(20byte/20msec) ¥ 7 (silence disable)
20callsx29.6kbps per call = 529Kbps
average : 1.544x0.65=1.004Mbps : 20Calls =3 &
peak : 1.544x0.65=386Kbps : &} A % peak 7] 7ol tj & Zo] R =7
- G.729 based-silence enable & : 60%silence Datas = (714)
29.6kbps per call x0.4 = 11.8Kbps
20 call x11.8kbps per call = 236Kbps : peak W %39 386Kbps©|st=

11K Upr [
IP Header Voice Payload
Heade Headenl Header

14 Bytes 20 Bytes 8 Bytes 12 Bytes X Bytes
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@D Formula : (54 + PayloadSize) * 8 * 1000 * 0.4(SS Enable) / Codec
Sampling Period ©] #AlAF2le] 2] &
- G.723.1 6.3K : 24 byte/30ms
(Total Bandwidth  20.8K : (54 + 24)%33.3%8 )
- G.729A 8K : 20 byte/20ms
(Total Bandwidth  29.6K : (54 + 20)%50%8 )
+ G.711A/u 64K : 160 byte/20ms
(Total Bandwidth 856K : (54 + 160)%50%8 )
@ Internet FAX Bandwidth+
- V.29 9.6K : 48byte/40ms
- V.33 12K : 60byte/40ms
- V.33 14.4K : 72byte/40ms
(Total Bandwidth 25.6K : (72+54)%25%8 o]/} o]u

¥ 4.4 Codec ¥ Bandwidth

Codec Slence Enable Silence Disable Using VPN
MultiFrame / sampling Period (60%Silence Deta) (Silence Disable)
G.711 160bytes/ 20msec 34.2K 85.6K 108.8k
G729 20Bytes/ 20msec 11.8K 29.6K 52.8k
G729 30bytes/ 30msec 8K 24 37.%
G729 40Bytes/ 40msec 75K 188K 304k
G729 50Bytes/ 50msec 6.6K 16.6K 25.%
G729 60Bytes/ 60msec 6.1K 152K 2%
G.723.1 24Bytes/ 30msec 83K 208K 36.%
G.723.1 48Bytes/ 60msec 54K 136K 21.3k
G.723.1 72Bytes/ 90msec 45K 11.2K 185k
T.38 FAX 72bytes/40msec 25.6k 25.6k 36.8k

1. 4| H= 8 S3I0)| ChEt 20122 2|0H S3t 8 S510{ ERE F7l Bandwidth® AHIGEILICE

_24_



@ VPN AFg-A]
Formula : (54 + 58 + PayloadSize) * 8 * 1000 * 0.4(SS Enable) /

Codec Sampling Period®] AlAb2o] o]s] o] AAkwl Zk o]Abo] & Q &t}

¥ 45 Voice %3 vs Codec Selection

Typical |Packetiza| Combined . . Theoretical
) . Typical Jitter )
Data Rate | Datagram tion Bandwidth Buffer Dela Maximum
Size Delay | for2flows Y MOS

64.0 kbps 20 ms 1.0ms 174.40 kbps | 2 datagrams (40ms) 4.40
64.0 kbps 20 ms 1.0ms 174.40 kbps | 2 datagrams (40ms)
32.0 kbps 20 ms 1.0ms 110.40 kbps | 2 datagrams (40ms)

8.0 kbp 20 ms 25.0ms 62.40 kbps | 2 datagrams (40ms)

6.3 kbp 30 ms 67.5ms 43.73 kbps | 2 datagrams (60ms)

5.3 kbp 30 ms 67.5ms 41.60 kbps | 2 datagrams (60ms)

Codes comparison - no packet loss

L&

— T

! +
£ £h e £h

— 7O
— 7 23-MPMLG
— T23-ACELP

Estimated MOS
L

b
in
L

&

End-to-end delay (ms)

a9 4.7 Voice %4 vs Delay time
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Codec comparison - 3% random packet loss

Pl

Estimated MOS
=
+in b3 n G i g in o
M !

m— 711 wi! PLC
—C 720
E— 7 23-MPMLO
[ 7 23-ACELP

w

Codec comparison - 5% bursty packet loss

° ’\QP "[16) '§P ?l@ ")@ B

End-to-end delay (ms) = G.711 wiPLC
G720
G.723-MPMLQ
[—; 723-ACELP

:

SRR

End-to-end delay (ms)

19 4.8 Voice ¥ 2 vs Packet Loss

3. Ping Plotter AR/ A /A3 =& W4

Jitter= Ping Plotter®= =A% dlo]HE 7] & #4135}9] Ping Delays= 4

[e}

O

@ Z4A o EE delay/2% VARF delayE: THUT EH FHAR

o

FEUT (FRe5, TR E=F /PR

npAeto 2 hRbel A 9] jitterE WA thE 3 2 How STt

AHEER - - 4D

Al Jitter EFHAF 5 xls FYS o] &5 JitterE ALt

- Ping Plotterol /] &4 3 dlo]e] & Adol| BAFSHT]

cvlel gelg EFAA 40 wek B~HIZAA AL A4S Fa T

[
)
K
fr
“
>
ol
=
2
i)
o
o
rlr
=)
=y
~
2
iR
~
_>|‘l_‘4
[m
~
N
flo
-
of
tlo
r>~
)
=
g
i,
Au)



cZA e A 12005, 109, 199 11:00 ~18:00
- 5435 MOS(Mean Opinion Score)

- ZA AN 1 Agilent VQT(Voice Quality Tester)

ST

@© = AY - NAF &8 - VOIPY - NAF &H] A4 - KT - & AlE
@ & A¥Y - NAF A¥] - 0S7200 - VOIP®- SAF #v] A4 - KT -

D Ae 2 AEH -~ A% 57 A A4 53 =4

7t A e de HEE Mg F AE 2 Call Forwarding 24 & =4

- VQT AA

O PAMS (Perceptual Analysis Measurement System) Algorithm A}-§
@ Audio Direction : Port A —> Port B
@ Reference Audio : USFemalel.asf
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=4 FAEE 29 513 #Zo] K23 Call Centerdl /] F714 #Wyo=z =
Atk stvbs K23 & AlE oA NAF PABX(%Fo] AbA wdr)E AA
VOIPHS 23] NAF Al Ado=z = of7]4 KT PSTNS AA tha Z40H
2 Fo] B0 WY F AAZ K& F Ao A NAF PABX(ZFe] AMA
wE7)E 714 057200 PRI 3148 %38kl o17]4 VOIPES &3 SAF 4]
AMoZ w 7|4 KT PSTN(# T H3th)S AA thr] 2 AHE Fo] &

oot Wyom & 248 Ut

0S7200 x| A

All Call
Forwarding & &

| |“‘
! JKT @
KT PSTN 2 t

KT m&J| KT m&d|

a4 51 4 A=

e
o
ih]
X
rr

O & A" - NAF &8] - VOIPY - NAF AH] x4 - KT - & 4AlY =
o] 7l= SAA¥+= ¥ 51, ¥ 53, ¥ 55 X% 57 ¥ 599
2t

@ = A¥ - NAF &H] - 0S7200 - VOIPY - SAF v A% - KT -
F 4 Z 54 A3+ % 52, ¥ 54, % 56, & 58 xn

5109 #tt.
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