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sy H.265 s -calall aaa B Gilag) Laady sudll 5)pem 835 e
4t )lie i gl Baga Lats (Slg addie cally Jare I3 Lgasti Cala glaal)
o bl vie LG Juadl &y peas Basa 353 H.265 Of sia Las <H.264-

Jexi ¥ Al JuKi16%16 5 Skl clasgl e d H.264 sy :Macro-block —2
64%64 5 Sl Clangl e s H.265 s 482 e gl & as (S

LA paen 8 S Saag el e Ju Les (oS

Jules Lgi€a Allg (H.2649008 Chana H.265 Laaaas dswas plis sJabial) das -3
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IPTV (b asiiual) cilass asgia 7-2

ety Casehe (o el Cons ccuni) e sl duuilly @

IP video Quality cuyi¥) ye gl saga .1

Telchomy (389 jabiall ganall Chledd Baga julaa .2
dadgiall dadall 5ags paliy aadall Gyl DA Cleadl) andiy a5 dsssa & :Telchomy
171 Glsine JS el Jaalis Jilats aasiadl Jd e

tdalie GO o gadl) Baga

encoding process .1

transmission impairments .2

the decoding / playback process. .3
lgaal Baaaa cfpdipas iy «Jaill sasag dajall (aje G lia ddaslia (5yas
Group of Pictures length .1
Quantization level .2
Frame rate .3
Z\S.\.JJ\ e Jall RPN ﬁdﬁﬂ\ ERYEN ‘_BLZ\E Ls‘)ai 4als (e
‘;l ;.a.ua.d\j ﬁdﬁﬂ\ RPN ‘)ﬁbuj ’Uaéj Telchomy ééj )'ﬂld\ jﬁdﬁﬂ\ Gladd ERYEN u.u\fﬂ
.Perceptual Quality Metrics .1

Video Stream Metrics .2
Transport Metrics. .3

5agally alad) ALY sagal) Hhes st Cand) 13g] el Cangll o)) o A ey o
il LSy
Mean Opinion Score, <agll aSall/Lia)ll Javegic ga aglhaall cwdi)ll Hagall e
Agbrall lgaidy Lgildy iy clpdigal) Al g 1/3alall .MOS
aliat S Lo sty VLV A<l Zadil) saga ulae ASDY) 535all ulas ) Ciliay
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Objective ‘ Subjective
Llual*v ar Human Components
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factors factors factors
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J<U QOE alaal waat caay daasliall Aaadl) Basa it Glasal Auliall cilial ) as
oI Ganlie ) Wian s 2 G danigh Glbilecs alaill el b S Lgally derd
Coalll Slaadl Ggudl) #lad 3 Lage Dale 5yl s3sa ()5S Aue guin gl Aaaill (5ine
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i Jalada g opadienal) Ciladsi aaas ) Adlall ) delaly QOE (ggiaas IPTV dexd
sliay) cssinall 3930 lilliiag ¢ gginall Gailady (dadill adaiiul diwe (A larcall
I @adat Y il a8 53l Johaall b A gall cilllaiall i o) o (b 2 eDlanl)
ousill AL A5 o L e lgagh comn clgrses o A IPTV claxd 6l e ole
pdlls Bl o2a (& Jglaadl (& daiagall Ayl all JlanwY Ggsede duagill o0 o)8
c[14] 22350 IPTV Lk Gl b dusllaall clillial) pa (38155 Al Lanslial

JalSll dagl) (ggiaa 2 Galall el

31



A Jad
(rand) anail



dadia 1-3
e el Gl clend s Ansula A< elal Jilady asenad Juadll 138 2
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OPNET MODELER (& asaalll ciligivs 1-2-3
acslaad dadal lgicas A (305 ananaills malinll 138 asey

T Clya e Al AN pealic o ganll iy (ggiasdl) 138 6 13S0 (ggise — 1
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ADSL,WIMAX :IPTV anils saus dadd 3930 4 ol .1

Application Config node sake & Gadaill cilily g .2

I (Triple play ik deja ae IPTV JSsig 5 ehal Jlad s gadaill Cargl g .3

ASEN B e 2245 danady Galadal EDIE dlae) b
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(Application Definitions) Table

I Mame | Description
Imtemet Access Intemet Access (..}
VOIP VOIP (..}
IPTV IPTV () |

K
IE[ Rows Delete | Insert Duplicate

M
Details | Eromote | [+ Show row labels

et e —
OF M L a8 SO ImaAND rCaRDOY

I — =
|

\

I

Project Editor ‘ Process Editor

Node Editor E

Open Model Source Code

OPNET (8 dauluY) )y aally asanaill Ciligina 1(1-3) J<al
lelilas g d<uid) asaai 3-3
dag il o)) clydiie 1-3-3

Ajhee Chydise Ay Clasyliall Calida b gabaill o)) auil 200 <yisall slae)

csaall el ik Jese antl balle Sadine
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Ly aal) o) chige 1(1-3)Jsanl)

Non MOS
Sec Jitter

% Packet Loss
Sec E2E delay

5 Excellent
4 Good

3 Fair

2 Poor

1 Bad

A8 Ld 4 (e dadgiallfduliadl MOS asd 098 Ladic dudape dadial) Cilasid) O o<

IMOS g &jlaal will (2-3) Jsoall o

User Opinion MOS(ITU Scaled)
Very Satisfied 4.3-5.0
Satisfied 40-43
Some Users 36-40
Satisfied

Many Users 3.1-3.6
Dissatisfied

Nearly All Users 2.6-3.1
Dissatisfied

Not 1.0-26
Recommended

(Mean Opinion Score, MOS) il 5elS &5 1-1-3-3
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IPTV Guks 8 ) e 5555a) edlaled) 1(3-3)Jsaal

A el Gl 5 )l el L
1280%720 e
483) bl Ul
1024*768 ?) = m)s\ S
1920*1080 (s
24
30 Gl ey 38y Jaxse
60
MPEG4 Lo
MPEG5 sl
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Leadivdl) Cihagail) Gailady Cauasi 1(4-3)Jsaall

Lacld cllass 10 (e 4dl e A 4805

10*10 b gl levans e lasi i Workstations 13(;?%91-
100BastT
‘10 A eyl 3ae s ity Clen sa A‘ZMFE‘tlhern
5 saamidl) L) Jiil ATM et4_slipa_srp_ro
uter_advo
slip 165 < il 3ale @b 4l 53 4 50 .
. > Ethernet4_sli
* Rl ¢ s ey (Fulalusi Jn gladl Cilga) =
A0l A€ jisall Wbl Jasd A jidie ¢ la
5*10 ~ el et 48 ke &30ss 100BaseT

Lea o pall i pall ) Ll s ) s

doy yi Aot} ddadt Jaall 3 ) gama 44 gaia CDlia g
5*13 sand gl Alaall A0l Alelal) g sall o PPP DS1
Mbps 1.455 <ULy Ja5 Jaeay

Loy 5 ki) 308 Jeall 5 3 sane 4 guia S0l
7 S Cp day 5 ) S ALlall g sall PPP DS3
44.736 Mbps  <liby J&i Jazay ddadl)
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(Application Definitions) Table

I Mame | Description
Intemet Access Intemet Access (..}
VOIP VOIP (..}
IPTV IPTV W

4|
IEI Rows Delete | Insert Duplicate |_M

Details | Promote ||7§huw row labels

Attribute |"u"alue ;I
Frame Interamival Time Information
Frame Size Information (bytes) Femn |
Symbalic Destination Mame
Tvoe of Servi 15 frames/sec

YPe OF 2emvice 30 frames/sec

RSWP Parameters Edit...
Traffic M (%) All Discrete

Details Promaote QK I Cancel I

I~ . | AL
Attribute |"u"alue ﬂ

Frame Interamival Time Information 10 frames./sec
Frame Size Information (ytes) 128%1 20 pieels

Symbalic Destination Name Video Destination

Type of Service Best Effort (0)

RSWP Parameters MNone

Traffic Mo (%) [l Discrete |

=
1]
[v1)
(1]
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Attribute | Value ﬂ

Frame Interamival Time Information 10 frames./sec

Frame: Size Information (bytes) [N

Symbolic Destination Mame

Type of Servi Zero
H?SP ; — 128X120 pixels
arameters 128X240 pixels
Traffic Mot (%) 352X240 pixels
Edit...
Details Promate QK Cancel |

BlSlaal) il Jalas 4-3

Gabaill o) o (JY) ana) Byguall A8 ,50 A 1-4-3

MOS é3e 1-1-4-3

frame size effect on MOS, with frame interarrivel time=30 frame/sec as AVg, MPEG 5

1920*1080 1280°720

254

15 -

0.5-

om i 10m 15m 20m 25m 0m

MOS ad e Yl aas b :(6-3) J<al

IPTV Gl je oyl spnill anad sy g 8 80 2590 :MOS e ueall ISl T

&;\J\S}jjM\Lhewwuﬁ}w\c}m&jﬁdﬁdbﬁdﬂ\(‘.\AAA\JNSJE6
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Lo L2 Olgen ¥ 0.1 & o Y] s3sall ddelias e 0.1 Cligyall slawi ¥ Ao sa0

Jsia 36 ) ot (e Ll auiill Ji 3) MOS e Gl

Jitter e 2-1-4-3

om 5m 10m 15m 20m 2%m 30m

Gshll Gl ad e HUY) aas 5l 1(8-3) J<al

dailal) clilal) o)) s 3-1-4-3

b Cilag (Al ay)ll aaeg Alyall a0 e Adjae 2an digall 138 ded Cuead

axiliall Gl o)) giall dawsl) 1(5-3) Jsaall

Global Packet sent Packet Packet loss %Packet loss
Network received
1280*720 500 469 31 %6.2
1024*768 500 471 29 %75.8
1920*1080 500 462 38 % 7.6




Al agal o alll) LE5e 4-1-4-3

107-6 sec frame size effect on E2E delay, frame interarrival time= 30 frame/ s, MPEG 5
so.
45-
40-
35+
30-
25
19201080
201
| /’—///_\
10 - 128077
5.
%o P Tom o 2om 2 %

Al el (il i e Y aaa 8l 2(10-3) U<

Mg Y el o) La Laadls ¢ pondl) 880 s ae Aleil) il e palil) SN el
O LY aSy ol Lin il cJaill s2sa ool S Jillg gellaal) sudl) s Baligs sl
Ly U] clans A HRY) (eSS Cua @llig (o) & ) 30) sedll cilids Jase
ChUY) Gans Jleal e S IS8 a8 Al MOS o)) a5 Al Lgaans Jlea) )yl

ple JS8 maasll cpent (e a2l (Ao U Bl sl daiy
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(LY axs) 3y geall 48y AU Juaady daldll ) ddgas 5-1-4-3
Bygeall 483 Joanty daldl) pitll 1(6-3) Jsaal

Compression protocol MPEG4 MPEG5
BB 720*1280 1080%1920 720%1280 1080%1920
Parameter . . . .
network pixel pixel pixel pixel
MOS ADSL 4.2 4.34 4.63 4.71
WIMAX 4.31 4.32 4.54 4.69
Jitter ADSL 192 230 74.5 105
(MAX)
107-6 sec WIMAX 212 254 81 108
6.200 7.600
ADSL %11.100 %12.200
Packet loss & & % %
WIMAX | %11.430 %12.270 %6.234 %7.650
E2E delay ADSL 81.7 93.1 14.4 201
(MAX)
107-6 sec WIMAX 101.1 118.6 15.1 23.2

sebdl) by B ) (38 Jara il dufpa 2-4-3
48 383 ae 4wl 3 Frame interarrival time sa CblaY) 38y Jaee Lkl saaall eyl
-pixel 1080%1920 a5 Luixall lag)livd) aoes 3 240 §)00m

chUay! @i Jaes il daaaty dalal) mitull :(7-3) Jsaall

Compression protocol MPEG4 MPEG5
BB 24 30 60 24 30 60
Parameter | network | frame/s | frame/s | frame/s | frame/s | frame/s | frame/s
MOS ADSL 3.32 3.34 41 453 4.71 4.8
WIMAX 3.3 3.32 3.94 453 4.69 472
Jitter ADSL 309 230 363 97 105 189
(MAX)
1076 sec | WIMAX 316 254 381 106 108 203
11.600 | 12.200 | 21.200 | 7.200 | 7.600 | 13.300
Packet ADSL % % % % % %
loss 11.900 | 12.270 | 22.450 | 7.600 | 7.650 | 13.700
WIMAX % % % % % %
E2E ADSL 87.7 93.1 210 18.1 20.1 62.4
delay
(MAX)
1076 sec | WIMAX 112.9 118.6 241 18.7 23.2 69.6
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Opeadiadll 2o liel e MPEGS5 slaiiul vie L legi dlghe Packet loss a8 .
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ot LeSly as dxdine L o8 60 frame/s die aladiu) die e Lo K1 0
Ngana o @hUY) Jaee (S U MPEG4 alaaialy A gk

e Laalaa) 83l aakaiady Gusa packet 1oss adg MOS  ad (pn Us diailie aag .
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Telchemy Quality Metrics

Telchemy video quality metrics are grouped into key layers —
Perceptual Quality Metrics, Video Stream Metrics and Transport
Metrics.

« Perceptual Quality Metrics provide high level Video and Audio
Quality of Experience (QoE) scores, giving immediate visibility of
the impact of a wide range of impairments on user perceived quality

« Video Stream Metrics provide essential visibility into the performance
and configuration of the encoded video stream.

« Transport Metrics provide key information on performance of IP,
UDP, FEC, RTP and MPEG transport protocols, which are typically
the major source of transient video quality problems.

Perceptual Quality Metrics

These metrics provide high level QoS scores for Video, Audio and
overall quality, giving immediate visibility of the impact of a wide range
of impairments. Telchemy’s technology is unique in its ability to model
the impact of transient IP problems on user perceived quality.

Metric Description

MOS-V Video MOS, a 1-5 score that considers the
effect of the video codec, frame rate, packet loss
distribution and GoP structure on viewing quality

L http://www.iptvtroubleshooter.com/tvgm.html
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MOS-A Audio MOS, a 1-5 score that considers the
effect of the audio codec, bit rate, sample rate and
packet loss on viewing quality
MOS-A Audiovisual MOS — a 1-5 score that considers

the effect of picture & audio quality and audio-video
synchronization on overall user experience

Video Service
Transmission

Quality (VSTQ)

Transmission quality, a 0-50 codec independent
score measuring the ability of the IP network to carry
reliable video

Gap MOS-V Picture quality during “good” periods when
little or no degradation is occurring

Burst MOS-V Picture quality during “bad” periods when
significant degradation is occurring

Estimated Estimated Peak Signal to Noise Ratio (PSNR)

PSNR (EPSNR)

expressed in dB. This is an estimate of the distortion
that has occurred between the source video stream
and the output video stream.

Degradation
Factors

0-10 scores indicating severity of degradation
in quality due to (each of) packet loss, jitter, codec
type, audio-video sync, delay and recency of burst
packet loss
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Video Stream Metrics:

The Video Stream Description provides information on the type of
codec being used, Group of Pictures structure and length, image size and
other key factors.

Video Stream Description
Metric Description
Codec type Type of codec (e.g. MPEG4)
GoP type Group of Pictures type (e.g. IBBP...)
Minimum GoP length Minimum number of frames in Group
of Pictures
Maximum GoP length Maximum number of frames in Group
of Pictures
Average inter-1 frame gap Average number of P and B frames
between | frames
Image size Image size in pixels (X x YY)
(autodetected *)
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Video Stream Metrics provide insight into the proportion of
different type of video frame that are impacted by packet loss and discard,
and to the overall video bandwidth.

Video Stream Metrics

Metric Description

Proportion of | frames Percentage of | frames impaired by

impaired loss/discard

Proportion of P frames Percentage of P frames impaired by

impaired loss/discard

Proportion of B frames Percentage of B frames impaired by

impaired loss/discard

I, P, B frame packets Counts of the numbers of I, P and B

received frame packets received

I, P, B frame packets lost Counts of the numbers of I, P and B
frame packets

I, P, B frame packets Counts of the numbers of I, P and B

discarded frame packets

Mean bandwidth Average video bandwidth excluding IP
overhead, FEC and retransmissions

Peak bandwidth Peak video bandwidth excluding IP

overhead, FEC and retransmissions
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Transport Metrics

Packet Loss Metrics provide essential data on IP packet loss before
and after the effects of error correction (such as FEC or Reliable
UDP). Burst and gap statistics provide valuable insight into the time
distribution of lost and discarded packets.

Packet Loss Metrics

Metric Description
Uncorrected Packet Loss Percentage of IP packets lost in the
Rate network
Corrected Packet Loss Packet loss rate after correction by
Rate Forward Error Correction or
retransmission
Packet Discard Rate Percentage of packets discarded due to
late arrival
Out of Sequence Packet Percentage of packets arriving out of
Rate sequence
Duplicate Packet Rate Percentage of duplicate packets
Burst Loss Rate Percentage of packets lost within
burst periods
Burst Length Average length of burst periods
Gap Loss Rate Percentage of packets lost within gap
periods
Gap Length Average length of gaps between bursts
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Forward Error Correction can replace lost packets however carries some
overhead. The FEC metrics provide a measure of the effectiveness of FEC if
used, and provide information on optimum FEC configuration independently
of whether FEC is in use or not (allowing service providers to assess whether
FEC would be useful).

FEC Metrics
Metric Description
FEC Effectiveness Percentage improvement in packet loss
rate due to Forward Error Correction
Optimum FEC Block Size Optimum FEC block size (packets)
Optimum FEC Correctable Optimum number of correctable
Packets packets within a block

Reliable UDP metrics provide insight into the performance of
retransmission based protocols such as Reliable UDP. These protocols
improve packet loss rate but increase the variability of bandwidth.

Reliable UDP Metrics

Metric Description
Proportion of packets Percentage of packets retransmitted
retransmitted
Ratio of peak to mean Ratio of bandwidth peak due to
bandwidth retransmission to average bandwidth

56



Jitter and Delay metrics provide a view of the impact of deliberate
packet smoothing/ rate shaping and network congestion on overall delay

and delay variation

Jitter and Delay Metrics

Metric Description
MAPDV Mean Absolute Packet Delay Variation
(ITU-T G.1020)
PPDV Packet to Packet Delay Variation

(RFC3550)

Round trip delay

Round trip delay

TR101 290 metrics provide information on certain key error types that occur
with MPEG Transport protocols, and are useful in identifying and resulting

these error conditions.

TR 101 290 MPEG Metrics

Metric

Description

TS sync_loss

Loss of synchronization at
MPEG transport layer

Sync_byte error

Invalid MPEG transport
sync byte

Continuity_count_error

Incorrect packet order,
duplicate packet or lost packet

Transport_error

Transport error indicator in
MPEG transport header set
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PCR_error

Discontinuity in program
clock reference (PCR)

PCR_repetition_error

Time interval between two
successive PCR values more than
40ms

PCR_discontinuity indicator_error

Difference between two
consecutive PCR values is over
100ms without discontinuity bit
set

PTS error

Interval between
presentation time stamps more
than 700ms
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ITU-t G.1080 IPTV
SERIES G: TRANSMISSION SYSTEMS AND MEDIA,

DIGITAL SYSTEMS AND NETWORKS Multimedia quality of service

and performance — Generic and user-related aspects

Quality of experience requirements for IPTV services

'

QoE
Objectiv o
Jectve Subjective
Quality of
Service Human Com1|30nents
Service Transport Application Emotiond----- Service .
factors factors factors billing Experience

1- Standard definition TV (SDTV): General minimum objectives Table
6-1 provides provisional video application
objectives at the MPEG elementary stream level, prior to IP
encapsulation for broadcast SDTV (480i / 576i). The objectives for

layer performance

audio elementary stream bit rates are additionally specified below

2 https://www.itu.int/rec/T-REC-G.1080-200812-I
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Table 6-1 — Provisional application layer performance requirements for
standard definition broadcast program sources

Video codec standard
(non-inclusive list)

Minimum bit rate
(video elementary
stream level)

Pre-processing enabled

H.262 — Main profile at main level (MP@ML) 2.5 Mbit/s CBR Yes (if available)
H.264 (Mam profile at level 3.0) 1.75 Mbit/s CBR Yes (if available)
SMPTE 421M 1.75 Mbit/s CBR Yes (if available)
AVS 1.75 Mbit/s CBR Yes (if available)

Table 6-2 provides provisional audio application layer performance requirements for standard

definition audio sources.

Table 6-2 — Provisional audio application layer performance
requirements for standard definition sources

Audio codec standard
(Non-inclusive list)

Number of channels

Minimum bit rate (audio
elementary stream level, in
kbit/s)

MPEG-1 Audio Layer II

Mono or stereo

128 for stereo

Dolby Digital (AC-3)

5.1 if available, else left/right

384 for 5.1 ch / 128 for stereo

stereo pair
AAC Stereo 96 for stereo
MPEG-1 Audio Layer ITII (MP3) Stereo 128
MPEG-2 Audio Layer III (MP3) Stereo For further study

In general. the chosen audio codecs should align with industry standards in the geography of
deployment to ensure maximum compatibility with consumer receivers. Bit rates should be aligned
with original source material quality and transcoding between formats should be avoided, if

possible.

Table 6-3 provides provisional audio-video synchronization requirements.

Table 6-3 — Provisional SDTV audio-video synchronization requirement

Audio-video
synchronization

Audio leading video

15 ms maximum

Audio lagging behind video

45 ms maximum

Inconsistent loudness levels between channels can negatively impact QoE. It is recommended that
equipment be used in the service provider head-end to ensure similar loudness levels across the
range of channels provided to the user.
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2- Standard definition (SD) TV: VoD and premium content objectives
Video on demand (\VVoD) and other premium content such as pay per
view in standard definition format will have application layer
performance factors similar to those of regular broadcast materials.
However, subscriber expectation may be higher because of the
additional fees paid to access the content and comparison to alternative
delivery options. In the case of VoD, users may compare to VoD
materials delivered over digital cable systems or even contained in
DVDs.

10Rec. ITU-T G.1080 (12/2008) Table 6-4 provides
recommended video encoding bit rates for standard definition, VoD
and other premium content.

Table 6-4 — Provisional application layer performance requirements for
H.262 standard definition, VoD and premium program sources

" Minimum bit rate
Video codec standard \ .
S - (video elementary Pre-processing enabled
(Non-inclusive list) ¢
stream level)

H.262 — Main profile at main level (MP@ML) 3.18 Mbit/s CBR Yes (if available)
H.264 (Main profile at level 3) 2.1 Mbit/'s CBR Yes (if available)
SMPTE 421M 2.1 Mbit/s CBR Yes (if available)
AVS 2.1 Mbits/s CBR Yes (if available)

Table 6-5 provides provisional recommended audio codec bit rates for VoD and premium content.

Table 6-5 — Provisional audio application layer performance for VoD and
premium standard definition sources

Audio codec standard Minimum bit rate (audio elementary
. . Number of channels . . ’
(non-inclusive list) stream level, in kbit/s)
Dolby digital (AC-3) 5.1 if available, else left/iright | 384 for 5.1 ch/ 192 for stereo
stereo pair
AAC 5.1 if available, else left/right | 384 for 5.1 ch/ 192 for stereo
stereo pair
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3- High definition TV (HDTV)

Table 6-6 provides provisional video application layer performance objectives for broadcast HDTV
(720p/10803).

Table 6-6 — Provisional application layer performance requirements for
high definition (HD) broadcast program sources

, Minimum bit rate
Video codec standard . ;
. e (video elementary Pre-processing enabled
(non-inclusive list) Lt
stream level)

H.262 — Main profile at main level (MP@ML) 15 Mbit/s CBR Yes (if available)
H.264 (Main profile at level 4) 10 Mbit/s CBR Yes (if available)
SMPTE 421M 10 Mbit/s CBR Yes (if available)
AVS 10 Mbits/s CBR Yes (if available)

Table 6-7 provides provisional audio application layer performance requirements for high definition
audio sources.

Table 6-7 — Provisional minimum audio application layer performance
requirements for high definition sources

. Minimum bit rate
Audio codec standard N
(non-inclusive list) Number of channels (Audio elementary stream
level, in kbit/s)

MPEG-1 Audio layer II Mono or stereo 128 for stereo

Dolby digital (AC-3) 5.1 if available, else left/right 384 for 5.1 ch/128 for stereo
stereo pair

AAC 5.1 if available, else left/right 384 for 5.1 ch/128 for stereo
stereo pair

MPEG-1/2 Audio layer ITI(MP3) Stereo 128
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Table IV.1 — Minimum level of transport layer performance required to
provide satisfactory QoE for H.262 encoded SDTV services

Transport Maximum Correspondin Corresponding
stream Jitt duration of a loss er[i,o din I%’ Loss average IP video
bit rate fer single error P ket distance stream packet loss
(Mbit/s) event packets rate

3.0 <50 ms <= 16 ms <6 IP packets <=1 error <=5.85E-06
event per
hour
3.75 <50 ms <=16 ms <7 IP packets <=1 error <= 5.46E-06
event per
hour
5.0 <50 ms <=16 ms <9 IP packets <=1 error <= 5.26E-06
event per
hour

Note that all the values contained in Table IV.1 are provisional, and they must be determined by
taking into consideration the requirements defined by each IPTV service context.

Table IV.2 — Minimum level of transport layer performance required to provide
satisfactory QoE for H.264 or SMIPTE 421M encoded SDTV services

Transport Llax.] i Corresponding Correspom{m g
. . duration of a . . . average IP video
stream hit Jitter . loss period in IP | Loss distance
. single error stream packet loss
rate (Mbit/s) ) packets
event rate
1.75 <50 ms <= 16 ms <4 IP packets <=1 error <= 6.68E-06
event per hour
2.0 <50 ms <=16 ms <5 IP packets <=1 error <=T.31E-06
event per hour
25 <50 ms <=16 ms <5 IP packets <=1 error <= 5.85E-06
event per hour
3.0 <50 ms <=16 ms <6 IP packets <=1 error <= 5.85E-06
event per hour
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Table IV.3 — Minimum level of transport layer performance required to
provide satisfactory QoE for H.262 encoded HDTYV services

Transport I\Iax}m u Corresponding Corresp oud'mg
) ) duration of a . Loss average IP video
stream bit Jitter . loss period in IP .
. single error distance stream packet loss
rate (Mbit/s) i packets
event rate
15.0 <50 ms <=16 ms <24 TP packets <=1 error <=1.17E-06
event per 4
hours
17 <50 ms <= 16 ms <27 IP packets <=1 error <=1.16E-06
event per 4
hours
18.1 <50 ms <=16 ms <20 TP packets <=1 error <=1.17E-06
event per 4
hours

Note that all the values contained in Table IV.3 are provisional, and they must be determined by

taking into consideration the requirements defined by each IPTV service context.

Table IV.4 — Minimum level of transport layer performance required to provide satisfactory
QoE for H.264, SMPTE 421M, or AVS encoded HDTV services

per 4 hours

Transport Maximum . Corresponding
stream bit duration of a Corresponding average IP video
rate Jitter single error loss period in IP | Loss distance stream packet loss
(Mbit/s) event packets rate
8 <50 ms <=16 ms <14 IP packets <=1 error event <=1.28E-06
per 4 hours
10 <50 ms <=16 ms <17 IP packets <=1 error event <=1.24E-06
per 4 hours
12 <50 ms <=16 ms <20 IP packets <=1 error event <=1.22E-06

Note that all the values contained in Table IV.4 are provisional, and they must be determined by
taking into consideration the requirements defined by each IPTV service context and compression

codine scheme.
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Packet Loss Ratio (PLR) for Isolated Loss Events

1,0E-05 T | T I
Table IV-2
(MPEG-4 AVC SDTV) —1 Hour between loss events
(MPEG-4 AVC SDTV) 2 Hours between loss events
1.0E-06 + 4 Hours between loss events
PLR Table IV-1 S ‘
(MPEG-2 SDTV) \\-\\
& \\'\
1 '0E_07 \m‘ ‘
Table IV-4 o~ R P S —
(MPEG-4 AVC HDTV) Table IV-3 D
(MPEG-2 HDTV)
I I (MPEG-2 HDTVY)
1,0E-08 + | -
0 2 4 6 8 10 12 14 16 18

Transport stream bit rate (Mbps)

Figure IV.2 — PLR required to meet average time between loss
events of 1, 2 and 4 hours assuming isolated lost packets
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Abstract

IPTV (Internet Protocol Television) is a communication system in which digital
television services are transported using the Internet protocol over a network
infrastructure. And with specific channels and for specific users instead of traditional
public broadcasting means such as satellite broadcasting and traditional cables. Within
a single network, Internet TV services are often offered with Video on Demand
applications or with other applications such as Web access and VoIP.

IPTV services have become in great demand these days as it provides the user's
requirements with the required quality that the user needs for this type of services. It
requires image and sound to be transmitted interactively and displayed on screens of
various resolutions and sizes.

Despite the many benefits that IPTV provides in terms of ease of use and activation, it
suffers from fundamental challenges in terms of obtaining good service for the user
and integrated with modern communication technologies, especially wireless ones.
This research presents an analytical study with the aim of testing and improving

the performance of IPTV application in modern networks that enjoy high data
transmission speed, whether they are wired networks that adopt ADSL or wireless,
specifically the WIMAX network, which is the godfather of the fourth generation in
the world of modern  communications. By identifying performance indicators that
evaluate the work of this application, testing their measured values in simulated design,
and searching for the parameters affecting them. Note that the OPNET simulator was
used, which has proven its worth in representing computer networks and their various
applications.
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