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ideoconferencing Requirements

September 2003

»Bound on end-to-end delay
»100 ms

» Synchronization

»the receiver continuously shows pictures at the
same rate they had been captured

end-to-end delay
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Identify components of the
end-to-end delay

4 N
Find out which configurations of the

videoconferencing system allow the
end-to-end delay to be kept below

the 100 ms bound
. /
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omponents of End-to-end Delay

September 2003

onfigurations

» Processing delay -

» e.g., encoding
» Network delay

» e.g., shaping, propagation, queueing
» Resynchronization

» processing resynchronization delay

» e.g., from constant bit rate to constant frame rate PRi
» network resynchronization delay

» e.g., jitter compensation [
INR
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Dedicated Circuit Statistical Time driven
link switching multiplexing priority
Raw 2 %+SW+P+R, %+P+Qs\,+E,+P‘,

video P
S, +*C’+P+Q1,,+E,.+i?1

CBR S, +Sw+P+D+ P,
MPEG

&S, +P+£+ Cy+L-T;+D+F,
VBR C
MPEG

R - D+ P,
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»small delay (3 ms)
» Video adaptor
» presentation delay
»typically less than 17 ms
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Dedicated Circuit

Statistical
link switching

Time driven

multiplexing priority

Raw
video

CBR

MPEG| S, +P+D+ P, S, +L-T, +DEE;

VBR

MPEG C,+P+D+ P,
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edicated link

September 2003

edicated link

A% =12+P+ P,

= P propagation delay Rate
= C link capacity

< F, picture dimension
- P, presentation delay

Time

= synchronize adaptor and T T
capture card
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» For example C = 100 Mb/s
» QCIF: F,.=176x144 = 198 kb —»

F

— =198 ms

C

> HDTV: F,=1920x1080 = 16200 kb > £ _ 165 11
C

» For real-time video = I;’ < T

» HDTV (30 fps) C > 486 Mb/s — need for compression

@ Short delay = large capacity = low utili
» QCIF example: 3%
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ircuit Switching

Dedicated Circuit Statistical Time driven
link switching multiplexing priority

Raw
video

CBR

MPEG| S, +P+D+ P,

VBR

MPEG C,+P+D+ P,
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A =1;+Sw+ P+ P,

= P propagation delay SE@it
=2 Sw switching delay
> Bcircuit bandwidth | ] |

- F, picture dimension

Transmission
B Time

T 2T
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ime Driven Priority

Dedicated
link

q-iFas

Circuit
switching

Statistical
multiplexing

Time driven
priority

CBR
MPEG

S,+L-T, +D+P,

Cy,+P+D+ P
+QM+ r
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VBR
MPEG
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» Nodes share a global timing reference

» Time is divided in 7ime Frames

PSvideoconf_en -

9 Frame

» external reference (e.g., GPS)
used

» each node has the same notion of the current

» beginning and end
» typical duration 7, = 125 us

’A fixed amount of bits 7' v C can be sent on a link
during a Time Frame

Seerit

14 © M. Baldi: see page 2
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SC-like forwarding of packets

September 2003

raffic Multiplexing

Output 4
Buffer

| | | | | | | Time
I0I1I2I3I4I5I 6I 7I8I9I
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Rate

Seerit

Rate

6T Time

c+
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0 - Time
Tt
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omparison with Dedicated Link

- ‘Ai’jj:L.TerPdJ

= L depends on number of hops
2 Network jitter 2 - 7,

= no need for resynchronizatio @
< P, presentation delay

sraller delay than circuit switching

PSvideoconf_en - 17 © M. Baldi: see page 2

System parameters
» Capacity C = 100 Mb/s
»L=3,P=0,S5w=0
>QCIF at 15 fps

A%l =198 ms A{’jj 2175ms A =66.67 ms

97 % of dedicated
link capacity unused
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etwork Delay

Dedicated
link switching

Circuit Statistical

multiplexing

Time driven
priority

Raw
video

CBR
MPEG| S, +P+D+ P, Sc+L-Tf+D+Pd
VBR H \
MPEG CM+P+D+Pd NN
OSSN
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» Fixed transmission and propagation delay

» Variable queueing delay
» queueing policies
»network load

( Non deterministic behavior

Rk, -1

( Network delay is not bound deterministically )
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etwork Resynchronization
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esynchronization Excess Delay

( Use a guessed bound (,, on network delay )

AQ ~+Q ...+QM+T
T / | “l/ - Bl
| | | | | |

Y N

*Qm Q4T +P+Q\+ T +Q 2T
Network
Q-Q resynchronizatjon
M m \ delay
~*tQw\m +0Q +T
Q M "

| /
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M V4 ‘\ N Time

.t
Qm ...+QrﬁrT .*+Q M+T '“+QrﬁrZT Network
Resynchronization
...+QM+T+ AQ delay\‘
Resynchronization 8 Q .+Q + 8Q
excess delay \‘—' / M I
Network Time
Q-Q Resynchronization

M m delay
\‘ ~*QMm w QT 1‘
/ / Time
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urs En
AP =T P+Q, +E +P,

» E,. [0, AQ] resynchronization excess delay
» constant during the videoconference call N

» AQ = Q,,- Q,, maximum jitter

» O, (guess on) maximum queueing delay
» O, minimum queuing delay

» Ppropagation delay
» C capacity of links

= F . raw picture dimension
r 1AW D SUt

- P, presentation delay
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» For example, /eaky bucket
»token generation rate B
»token bucket size 4

P
‘ Afﬁszn+Cj+P+QM+Er+Pd

»network shaping delay F — 4
» P packet size n B
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oad Map

PEG Compression Standard
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Dedicated Circuit Statistical Time driven
link switching multiplexing priority

A
Raw ;
video . &m

|

S, +P+D+P, S, +L-T,+D+P,

+QM+ r
i
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Cy,+P+D+ P
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» Intra-frame coding (I-Frame)
» 8x8 blocks
» Discrete Cosine Transform (DCT)
» Quantization
» Encoding
» Predictive coding (P-Frame)
» MacroBlock (MB)
» motion estimation
. » motion compensation
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September 2003

uantization

[/IP1  pesssse

» Quantization matrices ¢ ,I]
» Global distortion level G
»MB activity level Pmp

» Quantization parameter Q,,,

~Pmb

1
1
1
A
‘I
/i
J

ql,] .me
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heerleaders Scene
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atural MPEG Bit Rate
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BR MPEG Encoder
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Natural Encoder Buffer Target

Rate __Rate %
Bits
" |

Basic encoder output

\
\
\
- Time

|
Quantization | Rate - Encoder buffer output
Parameter | Control
S | : ;T
max F
seq

>T

»variable delay introduced by encoder buffer

» Coding shaping delay S, 2

» processing resynchronization delay introduced by
the decoder

( The delay is larger than the video frame period )
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imension of Pictures

September 2003

September 2003

1deo Buffer Verifier Fullness
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Cheerleaders Hockey

e B\ R
|

W
T
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60 90
Picture number

e number
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Video Buffer Verifier and Picture

Quality

September 2003

1deo Buffer Verifier and Delay

» V. Video Buffer Verifier (VBV) size
determines

»variability of picture dimension

max F <V, ‘ mnf22-B-T-V,
seq seq

»visual quality of encoded video

High and uniform quality - large VBV
Up to GOP size for static scenes
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max F
§ > seq

B
» m &x F is not known when starting encoding

» dimension the system using an upper bound (V)

‘ High picture quality — large delay
Up to GOP period for static scenes

© M. Baldi: see page 2
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ircuit Switching

oad Map
Dedicated Circuit Statistical Time driven
link sw1tch1ng multiplexing priority

Raw ’
%‘“’ r
y
CBR
MPEG| S, +P+D+ P, S+LT+D+P
VBR H \
HONE SRS
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‘ NS, =S +Sw+P+D+P, ’

» S, coding shaping delay
» D decoding delay

» Sw switching delay -

» P propagation delay

» P, presentation delay
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Packet Switching with Statistical
Multiplexing

Dedicated Circuit Statistical

Raw
video

CBR
MPEG

VBR
MPEG

SC

Cy,+P+D+ P

link switching multiplexing

|

+P+D+ P,

PSvideoconf_en - 37

Time driven
priority

S,+L-T, +D+P,
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A :Sc+€j+P+QM+Er+D+Pd

»E,_ [0, AQ]resynchronization excess delay “—
»AQ = Q,,- Q,, maximum jitter m
» Q) (guess on) maximum queueing delay

» @, minimum queueing delay

» P propagation delay
» P, packet size

» C link capacity

. . AR
=S, coding shaping delay EE
2D decoding delay

=P, presentation delay
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BR MPEG Encoding

Dedicated Circuit Statistical
link switching multiplexing

Raw
video

CBR
MPEG

VBR
MPEG

) +P+D+PH ‘-
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Time driven
priority

S,+L-T, +D+P,
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Bits

T
T 2T 3T 4T 5T Time

» C,, maximum coding delay

»the decoder buffer compensates variations of
coding delay

»processing resynchronization delay ﬁ
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Packet Switching with Statistical
Multiplexing
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Problems with VBR MPEG and
Statistical Multiplexing

A]IE?R=CM+Sn+2+P+QM+Er+D+PdJ

» C,, maximum coding delay
» S, network shaping delay ﬁ

> Q,, (guess on) maximum queueing delay -’
»E. [0, AQ]resynchronization excess delay '
» P_packet size
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MPEG stream not compatible
with traffic shaper parameters
| Discard data ]4&% se best effort service
[ Not acceptable

compressed video is sensitive to losses

Forward J [HierarchicalJ { }

Feedback &
adaptation encoding

adaptation

© M. Baldi: see page 2
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Packet Switching with Time =
Driven Priority |

oad Map
Dedicated Circuit Statistical Time driven
link switching multiplexing priority

R},
[
y y
/ & /[
V_ 4 A
NRI]

CBR
MPEG| S, +P+D+ P, im
VBR H \ [PRINR
4 A
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AR =Cy+L-T,+D+P,|

» C,, maximum coding delay T
> L depends on number of hops -

» P, presentation delay

( Picture dimension must be bound )
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ounding Picture Dimension

September 2003

esource Allocation

Bounded
Picture
Dimension

Quantization
parameter

- I-frame
Rate Bound

Control ~ _  P-frame
Bound

[ =

Different bounds for
[-frames and P-frames
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» Time cycle equal to video frame period T
» Reserve 1 time frame per time cycle
> Scheduling issues

speed

link (i,])

<

Time Cycle > M Reserved
(guaranteed traffic)
Non reserved

(usable for best effort)

© M. Baldi: see page 2

B Videoconference call 1
M Videoconference call 2
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etwork Shaping Delay

S,+L-T,+P, =T,

S, =8, e[0,T]

» S network shaping delay

» S, = 0 if the capture card is synchronized with
network interface

cxt
» QCIF C> 1.5 Gb/s
»HDTV C > 130 Gb/s
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S =S +(N_ -1

Nr Z|’ Fr —‘
T,-C

» N, depends on scheduling

» constant
» fixed at reservation time
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he Complete Picture

onclusions
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Dedicated Circuit Statistical Time driven
link switching multiplexing priority
Raw
video .

CBR

Ay
MPEG IEE

VBR
MPEG
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Statistical Multiplexing
‘ >non deterministically bound delay
>large guessed bound

up to GOP period

CBR MPEG Encoding
>long coding shaping delay
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September 2003

onclusions

Time driven priority
< strict bound on jitter (250 ps)
2 VBR MPEG encoder

The znid-ito-znd delay
can be /255 than a video
frame period 7

PSvideoconf_en - 51 © M. Baldi: see page 2





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


