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KEY WORD: BUILDOUT DELAY / QUALITY OF VOICE SERVICE
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Jitter is one of some key indicators showing the degrading quality of voice transmission over
frame-relay network. The rates of voice frames being lost over the frame-relay network transmission
directly impact the performance of the quality of voice transmission. Over-size data frames, which
shared the same channel with voice frames , have been identified as the cause of Jitter.

Generally, decreasing the rate of Jitter can be achieved by reducing the frame-size of data
frames being transmitted. Unfortunately, by utilizing this method the performance of data
transmission are degrade as well. Another method is devised by the adoption of an extra delay at
the decoder inorder to compensate the irregular arrival of voice frames. Two major algorithms had
been adopted which are fixed buildout delay and adaptive buildout delay ones.

In this thesis the author used The Wide Area Network of The Bank for Agriculture and
Agricultural Co-operatives (BAAC) as a case study model. A simulation model was required
developed to analyze the maximum average data frame size and the minimum buildout delay for the
fixed delay algorithm. The minimum buildout delay was 71 ms and the maximum average data frame
size was 198 bytes. Next the rate of frame loss was measured as the quality of voice service (QoS)
for the adaptive buildout algorithm. The adaptive buildout delay algorithm gave better QoS with 2%
lower loss rate. Lastly, the author performs a voice quality subjective test by transmitting voice and
data frames over BAAC network. By voice ITU P.800 testing procedure the maximum average data

frame size provided good voice quality is 198 bytes which is in-agreement with the objective test.
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AnmuzIRaNINiug g Usznaufaefadsing - Asgun 2.3

Frame =
Flo Rely Information F é FCS  |Fla
y Hendgr Field g
Byte 1 Biyte 2
DLCH C/R| E& DLCY FECHN |BECM] DE | EA
Be B 7 & 5 4 3F 12 1 2 & 5 4 3 2 1

DCLI = Daota Link Connedion Identifier

(/R = Commond/Response Field Bit (opplicotion specific - not modified by network)
FE(N = Forward Explict Congestion Notification

BECH = Buckwond Explicit Congestion Motificotion

DE = Discard Eligibility Indicator

EA = Extension Bit {allows indicotion of 3 or 4 byte header]

91I7 2.3 Tngaaiaanainsy

G

wAn (Flags) eadanaunanasvsulAnlingg asailudesinasnialu
dousuuazyineveansylddmiuninunqaisusuLazanaugareasy Insdnfudarinag)
Tuiasunanaziianiu 7€ lwaagaw 16 vise 01111110 lwaagu 2

Wsnanwmas (Frame Header) Wluiadauns 2 lusf Usznavusas

DLCI (Data Link Connection Identifier) F1190 10 a1 usuanuuiea
daapsatneaion linavuaszudweinanifiunis DTE uwazailnsafilanenaniiluadng
DCE

C/R (Command/Response) {ulniinisldanuaessesuiannaLadi

FA (Extended Address) \fudnnlduanauinuad DLCI lunstiiA1aag
DLCI §1nn4n 1 octet

FECN (Forward Explicit Congestion Notification) WudnAldlsenszuaunis

o nl/ A 1 v o o v A o a‘d‘ o o/ 1

PILANATINALAMRNATRTNg THA uiuudaRenldginsaimsnnndsaz sl

BECN (Backward Explicit Congestion Notification) Wudnildlunszuau

o aI/ A 1 v o o % A [ o rdl ]

N3ALIANAYNALATTaYATaTNY THdmFuuduReundullfglnsnindamsumn
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daya (User Data) \ludouassdayanlsiuainailnanined luaasnmile
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NUNTHUAUN
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I8 o a

NOTAUAILNIIUN

NN3ARLANANNALAIIET 948U (Congestion control) Hagj 2 35A0

1. nsnmuALENInNI949983a (Rate Enforcement) tagidinnanimun
AN

B, (Committed Burst Size)

B, (Excess Burst Size)

CIR (Committed Information Rate)
EIR (Excess Information Rate)
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2. nM3uAaLAau ( Feedback Mechanisms) tagiinisuduifiaulileiagds
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Vocoders Crher
(G.729 (3. 728 (i.723.1 (.726/G.727 | G711 Dialed CAS Data Fax
CS-ACELP | LD CELP | MP-MLD | ADPCM PCM Digits Transfer Relay
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- G.729 anunsnutlasdtyrynnndaslAuuwing 8 kboits Taeld
Conjugate Structure-Algebraic Code Excited Linear Predictive (CS-ACELP)

- G.728 annnsnulasdtynnudesliuuwing 16 koits tneld Low-
Delay Code Excited Linear Prediction (LD-CELP)

- G.723.1 gnunsnulasdnynnudaslaunuudadansdasma 6.3 kbit/s
Tne/ld MP-MLQ way 5.3 kbit/s Tae/ld ACELP

- G.726/G.727 antnsauilasd o andas i udafiilutdosan
40,32,24 ez 16 kbit/s el Adaptive Differential Pulse Code Modulation (ADPCM)

- G.711 anusautlasdnynnudesliuuwing 64 koits tneld Pulse
Code Modulation (PCM)

- Dialed Digits n1giUas&nyaynns DTMF Ainaannusiutnamiliidu
AtUtUNUAA MDA

- CAS (Channel Associated Signaling) ti1w Vﬂalnpmmfmuﬂ’ﬁ

AILANNNT T TReR Yty R IsE UL INIANA
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Application Application
{e.0., FAX) {2.g., FA&X)
VoFR VaFR
Stack Stack
Transparent Transparent
{&a.g., Channsl Bank) {e.g.. Channel Bank)
Voice VoFR Erame Ralay VoFR Voice
Interface Stack . Stack Intarfaca
Swilching Swiltching
(&.g., PEX) |a.g., PEX)
Voite VaFR VoFR Voice
Interfaca Stack Slack Interface
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l‘ _ (Ndata X |data) 4 (Nvoice X |voice)
Ndata + Nvoice

A
bNB

= 3
lrn = ﬂuqﬁLW?ﬂJL@ﬂ\‘iLLﬂﬁi‘ﬂ@N‘]@

|v0\ce ? data
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voice ? data

2.5 NN19AUIUUIAT Utilization [16]

TuszumeTetnadaznstaaialyl Anaussousiaulapa Utilization T9azdn

o o

Wutse@nsninlunisdedayailemauiudesdtynnns nnvuali

[~

Utilization (P) = (A, x1) I R

el

A, PaALdta89 Frame Arrival Rate
R A9 Channel Rate dviuaeiilufinsaiuig

| A8 Frame Length Huaendudn
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2.6 ATAANNAT LUSE LU

g snanndunigllialanenialuszuutatna i A1ANag Ine N

' 1
{ =

(Dﬁﬁ'\iLﬁmmnwmqmmﬁ'qmﬁmﬁhﬁ fuAmsh d, (fixed delay) uaz eAulsduls g
(variable delay) A9&NNNT

Dt=df+q
Taeri

di=c+t+p+s

A
LB

¢ = ArANAEIIRAaINNIsENsTasaTludaya (speech coder delay)

1%

Ansandelilueratng Tundldnisdnsiaidseusy G.729 azl@an ¢ winfu 30 Aaaiuii
t = AranaNadaeaaIERIAUNaINgUnsnifiunislldginsndilans

774 (total transmission time) TUNTUANMUAAT t WAL 3 HaaI W17
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2.7 Transmission of Compressed Voice over Integrated Services Frame Relay Networks

: Priority Service and Adaptive Buildout Delay [10]
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2.8 Compressed Voice in Integrated Services Frame Relay Networks: Voice

Synchronization [13]
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2.9 Adaptive Playout Mechanisms for Packetized Audio Applications in Wide-Area
Network [12]
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2.10 Adaptive Playout Scheduling Using Time-Scale Modification in Packet Voice

Communications [19]
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2.11 An Empirical Study of Packet Voice Distribution over a Campus Wide Network [4]
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2.12 Packet Audio Playout Delay Adjustment: Performance Bounds and Algorithms [15]
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2. FanTisunsa Internet Advisor WAN
3. nAtlu Start WaENNINTS Capture dayanin1sdinuATasne
TsunsuazFaiiudeayasagy

== Internet Advizor WAN - Frame Relay - [Stopped : Decodesz]
[ File Bun Wiew GoTo Setup Window Help - |5’|5|

EREL: RN e

IlE-IEIE]

atrikg

Exit Start | Freeze || Witals | DLCI | Decode | Counts || Line Config
[14:3858.2116858 | [ia] ] [*|[w1] Rec#| Time | Ewport| Print |
[X Summary [X Detailed [% Hex | Filter.. ! | Search... l Repeat I
Summary of: Record #13891 (LH) Captured on B81.04_880 at 14:38:58.2116458 o

Frame Relay: DLCI = 8816; CR = @; DE = 8; FECH = 8; BECH = 8; FCS = Good
Summary of: Record #13892 (EQ) Captured on B1.64.88 at 14:38:58.2365837
Frame Relay: DLCI = 88165 CR = 8; DE = 8; FECH = @; BECH = 8; FCS = Good
Summary of: Record #13893 (LH) Captured on 81.04.80 at 14:38:58.25088827
Frame Relay: DLCI = 8816; CR = B; DE = 8; FECH = 8; BECH = 8; FCS = Good

: at 14:38:58 D723650 =
Details of: Record #136891 (LH) Captured on B81.084.88 at 14:38:58.2116458 E;
Frame Relay:
DLCGI

Command/Response
Discard Eligibility

a6
8 (Command}
8 (Mot Discardable}

Forward Congestion a
Backward Congestion a il
Hex Data of: Record #13891 {LH) Captured on B81.04%_80 at 14:38:58.2116458 E;
{length = 48 bytes) |

84 81 89 29 96 56 ebd Gb cl 56 el4 8Ba e2 4f 21 62 EEN) NUsk F'IU'Ei!ﬁl;_l'!‘h
37 db 95 35 7a 33 he cB 2d 9c S5e aft 53 c9 66 o4 FURSZ3HA —l: SEfd

W ) 2 = R HH i [ 3
Mode: Monitor State: Stopped Elapsed Time: 0:04:15 |kbps: EQ 64.0 LN G64.0 (%lKil: EQ 125 LN 14.1
|| Stalll [2) Explaring - log I;E' Graphics Senver Ilﬂ Internet Adviso... |39 p3.bmp - Paint | 246 PM
U703 uaasutiaaanasniasanzasilsunsnsyudnansdmen

4, wasanlidaganinnanfiseinisudanalu Stop
5. inn1s Export dayalviag lugiaesudindeyatlszinn Csv aagln
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Filz  Edit

Wiew Insert Format Help

D2|E| S sl #zeal-] =

Surnmary of. Record #1 (LM Captured on 01.04.80 =t 14:54:52.0000000
Leads Status: BRTS: On OTR: On CTS: On DSR: On CO: On
(Mo displayable hex data)

Summary of. Record #2 (LMY Captured on 01.04.80 at 14:54:52 0045412
Frame Relay: OLCI = 0016; CR =0; DE = 0; FECM = 0; BECN = 0; FCS = Good
Hex Data of: Record #2  (LN) Captured on 01.04.80 at 14:54:52.004841 2
(length = 48 bytes)|
0401 8932 ab 631748 713435 deacd4851f IZsclH gd5MuD..
4042 52 092 0k 50 36 ab b6 dh 2a BB B2 30 (2ER
l
F Be¥™hi0
d2 Bh 715417 628 34 E55462eecl 15 3d 3b A[gTen(d eThal=;

Summary of. Record #3

(EQ) Captured on 01.04.80 at 14:54:52 00752587

Frarme Relay: OLCI = 0016; CR = 0: DE = 0; FECH = 0; BECN = 0; FCS = Good

Hex Data of Fecord #3

([EQ) Captured on 01.04.80 at 14:54:52 00762587

(length =

41 bytes)

04018923548 1a42 28927837 050315 3b
ded 34 0f7d 72474950 32 014401 44071 44 01

L= HIE =1

44014401 44001525 =9

Summary of. Record #4

141 GIF ZIDIDI0I
][] 1] b

(LMY Captured on 01.04.80 at 14:54:52 0319973

Frame Relay: DLCI = 0016, CR = 0; DE = 0; FECM = 0; BECHN = 0; FCS = Good

Hex Diata of: Record #4
(length = 8 bytes)
1]

(LMY Captured on 01.04.80 &t 14:54:52.0319973

| o

For Help, press F1
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Sender Receiver

VFRAD FR Switch VFRAD

-

-

NONTHABURI SAMUTPRAKEAN

o ey cd o
719 A.1 gtuuunsTeNFaglnsalinenINIMmAgaL
Tnemianasinvusriasunginsaivsdeddsuazihiiuine lilfaunaanves
= o o 1 dl ° { rzl/ Y o -lij
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gUnsnd VFRAD flefjdeananuunyjs
Node Name: Nonthaburi

Node Address: 12022

Port Record Examination: Port 1
[1] *Port Type: FRI

[1] Connection Type: SIMP

[1] Clock Source: EXT

[1] Clock Speed: 64000

Port Record Examination: Port 10



[10] *Port Type: VOICE
[10] Interface Type: FXS
[10] Compression Rate (KHz): 8k

FRI station examination: port 1, station 1

[1] *Station Type: ANNEX_G
[1] *Station Circuit Type: PVC
[1] DLCI: 16

[1] Committed Information Rate (CIR): 64000

[1] Number of SVC Channels; 16

[1] Starting SVC Channel Number: 1
[1] Number of Voice SVC Channels: 2

[1] Initial Frame: SABM /
[1] P Packet Size: 256

UFUAIPNTRIANTNG IR

T1m19749

g1n3nd VFRAD fagffugznaymsilsinig

Node Name: Samutprakran

Node Address: 12059

Port Record Examination: Port 1
[1] *Port Type: FRI

[1] Connection Type: SIMP

[1] Clock Source: EXT

[1] Clock Speed: 64000

Port Record Examination: Port 10
[10] *Port Type: VOICE

[10] Interface Type: FXS

[10] Compression Rate (KHz): 8k

FRI station examination: port 1, station 1
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[1] *Station Type: ANNEX_G

[1] *Station Circuit Type: PVC

[1]1 DLCI: 16

[1] Committed Information Rate (CIR): 64000
[1] Number of SVC Channels: 16

[1] Starting SVC Channel Number: 1

[1] Number of Voice SVC Channels: 2

[1] Initial Frame: SABM / U5uAmINIUIALINING %A
[1] P Packet Size: 256 Tumngng

1
g

\ A ' A v
ﬁqﬂuqmm@\‘]LW?NL'\‘l@ﬁli’mflN’]uluLﬂ?@m’]ﬂ@qN'}?ﬂQiﬂ@qﬂLN‘L‘&! Status and

Statistics ﬁagﬂﬁ 4.2

Detailed FRI Port Statistics: Port 1 Page: 1 of 6

Port Speed: 64000  Operating Control Protocol: Annex-D Protocol Role: DTE

Port Status: Up SP-Backup: Not Configured  Priority Station: 0

Data Summary: Last Statistics Reset: 17-MAY-1999 19:50:07
IN ouT IN ouT

Characters: 1144 1115 Characters/sec: 2 2

Frames: 80 82 Frames/sec: 0 0

@e: 144 D Port Util.: 10% 8%

Frame-Relay / Physical Summary (FBOP):

Overrun: 0 Underrun: 0 CRC: 0 Non-Octet Aligned: 0
Frame Length Err: 0 Unknown DLCI Err: O ‘Last Unknown DLCI: O

Interface Summary: EIA-232-D DTE INPUT OUTPUT
DSRDCDRICTS DTRRTS P14
State: Connected (SIMPLE) H H L L H H H
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