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STATISTICAL
MULTIPLEXING

THE CHANNEL CRUNCH
Satellite broadcasters, DTH platforms & even

Digital CATV headends, all need to maximise the
number of Digital TV channels that they can carry
on their existing bandwidth.

Increasing existing bandwidth is not an easy
option anymore.

Cable TV networks can allocate additional
digital bandwidth, by reducing the number of
analog channels. However, analog channel capacity
is a major revenue earner, as carriage fees.

C band Satellite transponders cost US $ 1
million (Rs 4 Crores) to US $ 3 (Rs 12 Crores) million
per annum. Squeezing even 2 more digital channels
on the same transponder can reduce transponder
costs by more than 30% per year.

For DTH platforms servicing India, the
problem is acute. There is a shortage of Ku Band
Transponders in the region, and additional Ku band
transponders on existing satellites are just not
available. A migration to MPEG-4 compression for
added channel capacity is a very expensive option,
since MPEG-4 STBs are today more than twice as
expensive as MPEG-2 STBs. Also the shift from
MPEG-2 to MPEG-4 STBs is practically ruled out
for existing DTH platforms.

STATISTICAL MULTIPLEXING
Statistical Multiplexing provides an efficient,

proven, low cost solution that can increase channel
capacity on existing systems, by 25% to 40%.

But before we take a look at statistical
multiplexing, an overview of simple digital
encoding of channels is essential.

Statistical Multiplexing Can
Carry 30% More Digital Channels

In The Same Bandwidth

SIMPLE DIGITAL ENCODING
TV picture content is continuously changing.

sTOiTsaiTklasTOiTsaiTklasTOiTsaiTklasTOiTsaiTklasTOiTsaiTkla

malTIPlaoi@saMgamalTIPlaoi@saMgamalTIPlaoi@saMgamalTIPlaoi@saMgamalTIPlaoi@saMga
kma caOnalakma caOnalakma caOnalakma caOnalakma caOnala

saOTolaa[T p`saark¸ DITIeca PlaoTfama- yahaM tk ik iDijaTla
saIeTIvaI hoDeMD saBaI kao iDijaTla TIvaI caOnalaaoM kI saM#yaa kao
AiQaktma krnao kI jaÉrt hO ijasao ik vao Apnao maaOjaUda baOMDivaDqa
pr kOrI kr sakoM. Apnao maaOjaUda baOMDivaDqa kao baZ,anaa Aba kao[-
Aasaana ivaklp nahIM rh gayaa hO.

kobala TIvaI naoTvak-̧  enaalaa^ga caOnalaaoM kI saM#yaa GaTa kr
Aitir@t iDijaTla baOMDivaDqa AabaMiTt kr saktoM hOM.halaaMik enaalaâga
caOnala xamata¸ kOroja Saulk p`aPt krnao ka sabasao baD,a jairyaa hO.

saI baOMD saOTolaa[T T/aMsapaOMDr ka maUlya p`it vaYa- 1 imailayana (4
kraoD, $pyao)  sao laokr 3 imailayana AmaoirkI Da^lar (12 kraoD,
$pyao) hO.samaana T/aMsapaOMDr dao AaOr iDijaTla caOnalaaoM kao s@vaIja
krta hO tao BaI p`it vaYa- 30 fIsadI sao AiQak tk T/aMsapaOMDr Kca-
kao GaTayaa jaa sakta hO.

Baart maoM saovaart DITIeca PlaoTfamaao- ko ilae tao isqait AaOr
BaI gaMBaIr hO.xao~ maoM koyaU baOMD ka ABaava hO AaOr maaOjaUda saOTolaa[TaoM pr
Aitir@t koyaU baOMD ]plabQa nahIM hO.caOnala xamata kao baZ,anao ko ilae
emapI[-jaI 4 kMp̀osana ka [stomaala baohd mahMgaa ivaklp hO̧  @yaaoMik
emapI[-jaI 4 esaTIbaI ka maUlya Aaja emapI[-jaI 2 esaTIbaI ko maukabalao
lagaBaga daogaunaa hO.[saI trh vat-maana DITIeca PlaoTfamaa-o ko ilae emapI[-
jaI 2 sao emapI[-jaI 4 maoM pirvat-na vyavahairk dRiYT sao AsaMBava hO.

sTOiTsaiTkla malTIPlaoi@saMga
sTOiTsaiTkla malTIPlaoi@saMga A%yaMt sasta¸ p`BaavaSaalaI ]paya

p`dana krta hO ijasasao ik maaOjaUda isasTma pr caOnala xamata kao 25
fIsadI sao baZ,akr 40 fIsadI tk ikyaa jaa sakta hO.

laoikna sTOiTsaiTkla malTIPlaoi@saMga kao doKnao sao phlao caOnalaaoM
ko sarla iDijaTla [nakaoiDMga kao doK ilayaa jaae.

samaana baOMDivaDqa maoM sTOiTsaiTklasamaana baOMDivaDqa maoM sTOiTsaiTklasamaana baOMDivaDqa maoM sTOiTsaiTklasamaana baOMDivaDqa maoM sTOiTsaiTklasamaana baOMDivaDqa maoM sTOiTsaiTkla

malTIPlaoi@saMga 30 fIsadI AaOrmalTIPlaoi@saMga 30 fIsadI AaOrmalTIPlaoi@saMga 30 fIsadI AaOrmalTIPlaoi@saMga 30 fIsadI AaOrmalTIPlaoi@saMga 30 fIsadI AaOr

iDijaTla caOnalaaoM kao kOrI kr sakta hOoiDijaTla caOnalaaoM kao kOrI kr sakta hOoiDijaTla caOnalaaoM kao kOrI kr sakta hOoiDijaTla caOnalaaoM kao kOrI kr sakta hOoiDijaTla caOnalaaoM kao kOrI kr sakta hOo

sarla iDijaTla [nakaoiDMga
TolaIivajana ip@caraoM maoM ivaYayavastu lagaatar badlatI rhtI
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A scene can suddenly change from an actor sitting
at a table to an explosion on the table. When this
happens, the information rate skyrockets. Even after
MPEG-2 compression, the data rate on a TV channel
may vary by 500% during a program.

In typical broadcast systems, multiple TV
channels are each allocated a fixed digital data rate.
The analog Video and audio signals are then
converted to a digital data stream and compressed,
so that the digital data rate does not - at any time -
exceed the maximum allocated data rate for that
channel.

The digital data rate is dependent on the
picture content, and more importantly, on how
rapidly, the picture content varies from frame to
frame. As a result, telecast of a news or sports
commentator's face against a fixed background, will
require a very small digital data rate compared to
the same TV channel covering match on the field,
where the camera follows a moving ball, or players,
and the entire background changes rapidly, from
frame to frame.

BANDWIDTH SHARING
The traditional solution was to allocate a

(fixed) higher data rate to sports channels, and a
lower data rate to news channels. This was clearly
an imperfect solution, since a sports channel could
require very little bandwidth when the camera is
focused on the commentator. Also, a news channel
will require higher bandwidth when showing news
clips of outdoor news events of the day.

Fixed channel allocations waste bandwidth,
and even causes poor picture quality, when picture
quality is needed the most.

Fixed Channel Allocations
Waste Bandwidth Or Yield

Poor Picture Quality.

DYNAMIC ALLOCATION
The ideal solution to the most efficient

utilisation of digital bandwidth is a system that
continuously checks the bandwidth requirement of
each digital channel, and allocates exactly that
amount of bandwidth to each channel. That is
precisely what Statistical Multiplexing does.

hO.iksaI dRSya maoM Tobala pr baOzo klaakar sao laokr Tobala pr Acaanak
ivasfaoT ko saaqa badlaava Aa sakta hO.jaba eosaa haota hO tao saUcanaa
dr maoM jabardst baZ,aotrI haotI hO.emapI[-jaI 2 kMpòSana ko baad BaI
kaya-k`ma ko daOrana TIvaI caOnala pr DoTa roT maoM 500 fIsadI tk ka
AMtr haota hO.

ek p`tIka%mak p`saarNa isasTma maoM ivaiBanna TIvaI caOnalaaoM maoM sao
p̀%yaok kao inayat DoTa roT AabaMiTt ikyaa jaata hO.]sako baad enaalaâga
vaIiDyaao va Aa^iDyaao isaganala kao iDijaTla DoTa sT/Ima maoM pirvait-t AaOr
kMpÒsa krnaa pD,ta hO̧  ijasasao iDijaTla DoTa roT iksaI BaI samaya maoM ]sa
caOnalaaoM ko ilae AiQaktma AabaMiTt DoTa roT sao AiQak na hao.

iDijaTla DoTa roT¸ ip@car ivaYaya vastu pr inaBa-r krtI hO
AaOr sabasao mah%vapUNa- iktnaI tojaI sao ek fòma sao dUsaro fòma maoM ip@car
ivaYaya vastu badla rhI hO.pirNaamasva$p inayat baOkga`a]MD ko iva$w
nyaUja yaa Kola kamaMToTr ko caohro ko p`saarNa ko ilae baohd kma
iDijaTla DoTa roT kI ja$rt hO̧  [sakI tulanaa maoM iflD pr maOca kao
kvar krnao vaalao ]saI TolaIivajana kao AiQak DoTa roT kI ja$rt
haotI hO̧  jahaM kOmara gaitSaIla baa^la yaa iKlaaiD,yaaoM ka pICa krta hO
AaOr pUro baOkga`a]MD fòma sao fòma maoM tojaI sao badlaava Aata hO.
baOMDivaDqa ihssaodarI

parMpirk ]paya ko $p maoM Kola caOnalaaoM kao ]cca DoTa roT
(inayat) ka AabaMTna ikyaa jaata hO̧  jabaik nyaUja caOnala kao inamna DoTa
roT idyaa jaata hO.yah spYTtyaa Anaupyau@t ]paya qaa¸ @yaaoMik Kola
caOnalaaoM kao ]sa samaya kma baOMDivaDqa kI ja$rt haotI hO jabaik kOmara
kmaoMToTr pr faoksa krta hO.[saI trh samaacaar caOnalaaoM kao ]sa samaya
]cca baOMDivaDqa kI ja$rt haotI hO jabaik idna ko Aa]TDaor nyaUja
GaTnaaAaoM ko nyaUja i@lapaoM kao idKayaa jaata hO. inayat caOnala AabaMTna¸
baOMDivaDqa kI babaa-dI hO AaOr kmajaaor ip@car @vaailaTI ka karNa banatI
hO jaba ip@car @vaailaTI kao [sakI sabasao AiQak ja$rt haotI hO.

inayat caOnala AabaMTna¸ baOMDivaDqa kIinayat caOnala AabaMTna¸ baOMDivaDqa kIinayat caOnala AabaMTna¸ baOMDivaDqa kIinayat caOnala AabaMTna¸ baOMDivaDqa kIinayat caOnala AabaMTna¸ baOMDivaDqa kI

babaa-dI yaa kmajaaor ip@car @vaailaTIbabaa-dI yaa kmajaaor ip@car @vaailaTIbabaa-dI yaa kmajaaor ip@car @vaailaTIbabaa-dI yaa kmajaaor ip@car @vaailaTIbabaa-dI yaa kmajaaor ip@car @vaailaTI

p`aPt krta hO.p`aPt krta hO.p`aPt krta hO.p`aPt krta hO.p`aPt krta hO.

p`gaitSaIla AabaMTna
iDijaTla baOMDivaDqa ko sabasao p`BaavaSaalaI [stomaala ka AadSa-

]paya ek eosaa isasTma hao jaao ik p`%yaok iDijaTla caOnala kI jaÉrtaoM
kao lagaatar jaaMca krta rho AaOr p`%yaok caOnala kI jaÉrt ko mautaibak
]tnaI hI maa~a maoM baOMDivaDqa AabaMiTt kro.lagaBaga yahI kama sTOiTsaiTk
malTIPlaoi@saMga krta hO.
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In this way, statistical multiplexing
dynamically distributes the available channel
bandwidth among the video programs in order to
maximize the overall picture quality of the system.

Statistical Multiplexing is achieved by using
a rate sensing and control algorithm (mathematical
equation) that simultaneously controls the
operation of the individual encoders based on
continuous monitoring of the scene content of each
of the TV channels. Channels are monitored 50 times
every second by the statistical multiplexer, to check
bandwidth requirements.

A STAT MUX Monitors &
Allocates Digital Bandwidth

50 Times Every Second

VARIABLE BIT RATE
Rapidly changing scenes need more digital

bits to be transmitted. Therefore a faster Bit Rate is
necessary as such moments in time. Conversely,
lower digital bit rates are required for stills. Hence
a Variable Bit rate is essential, for proper utilisation
of bandwidth.

SYSTEM FUNCTION
Figure 1 is a block diagram of a simple Digital

System, in which Statistical Multiplexing is
deployed.

A series of real-time encoders are arranged
so that their output can be combined by a
multiplexer into a single Multi-Program Transport
Stream (MPTS). Each encoder receives a control
signal that instructs it to set its target bit-rate to a
certain rate.

Along with the compressed bitstream, each
encoder generates statistics of the digital data
related to the picture that has just been encoded.
These statistics are fed to the "Joint Rate Controller"
(JRC). Based on the information that it receives, the
Joint Rate Controller calculates the data rate
required to encode that channel, and sends a signal
back to that encoder, to change the data rate
accordingly. This data rate & the corresponding
digital bandwidth is allocated to that channel. The
remaining data rate is kept aside for allocation to
other channels, as required.

[sa trIko sao sTOiTsaiTk malTIPlaoi@saMga vaIiDyaao kaya-k̀maaoM ko

baIca ]plabQa caOnala baOMDivaDqa ka p̀gaitSaIla AabaMTna krta hO̧  ijasasao

ik isasTma kI saMpUNa- ip@car @vaailaTI kao AiQaktma krta hO.

roT saonaisaMga va kMT/aola elaa^gairqama (gaiNatIya samaIkrNa) ka

[stomaala krko sTOiTsaiTk malTIPlaoi@saMga [sao p`aPt krta hO̧  jaao ik

p̀%yaok TIvaI caOnalaaoM kI ivaYaya vastu kI lagaatar maâinaTirMga pr AaQaairt

vyai@tgat [nakaoDr ko saMcaalana ko lagaatar inayaM~Na pr AaQaairt

hO.sTOiTsaiTkla malTIPlaoi@saMga Wara baOMDivaDqa jaÉrtaoM kI jaaMca ko

ilae caOnalaaoM ka p`%yaok saokoMD 50 baar maa^inaTr ikyaa jaata hO.

sTOiTsaiTkla malTIPlaoi@saMga¸ p`%yaok saokoMDsTOiTsaiTkla malTIPlaoi@saMga¸ p`%yaok saokoMDsTOiTsaiTkla malTIPlaoi@saMga¸ p`%yaok saokoMDsTOiTsaiTkla malTIPlaoi@saMga¸ p`%yaok saokoMDsTOiTsaiTkla malTIPlaoi@saMga¸ p`%yaok saokoMD

50 baar iDijaTla baOMDivaDqa ka50 baar iDijaTla baOMDivaDqa ka50 baar iDijaTla baOMDivaDqa ka50 baar iDijaTla baOMDivaDqa ka50 baar iDijaTla baOMDivaDqa ka

AabaMTna va maa^inaTr krta hOAabaMTna va maa^inaTr krta hOAabaMTna va maa^inaTr krta hOAabaMTna va maa^inaTr krta hOAabaMTna va maa^inaTr krta hO

vaoiryaobala ibaT roT
lagaatar badlato saIna kao T/aMsamaISana ko ilae AiQak iDijaTla

ibaT kI jaÉrt haotI hO.[sailae [sa samaya tIva` ibaT roT kI jaÉrt
haotI hO.[sako ivapirt isqar ip@car ko ilae inamna iDijaTla ibaT kI
jaÉrt haotI hO.[sailae baOMDivaDqa ko ]icat [stomaala ko ilae vaoiryaobala
ibaT roT kI jaÉrt haotI hO.
isasTma kI kaya-p`NaalaI

ica~ 1 maoM sarla iDijaTla isasTma ka blaa^k Da^yaga`ama hO̧
ijasamaoM sTOiTsaiTkla malTIPlaoi@saMga lagaayaa gayaa hO.

[samaoM iryala Ta[ma [nakaoDraoM kI EaRMKlaa kao [sa trh lagaayaa
jaata ijasao isaMgala malTI p`aoga`ama T/aMsapaoT- sT/Ima (emapITIesa) ko
BaItr malTIPlao@sar Wara saMyau@t ikyaa jaa sako.p`%yaok [nakaoDr¸
kMT/aola isaganala irsaIva krta hO jaao [sao AadoSa dota hO ik vah Kasa
roT¸ laixt ibaT roT ko ilae inaQaa-irt kroM.

kMpòsa ibaT sT/Ima ko saaqa p`%yaok [nakaoDr¸ ip@car sao jauD,o
iDijaTla DoTa kI AaMkD,o batato hOM ijasao ik ABaI [nakaoDoD ikyaa
gayaa hO.[na AaMkD,aoM kao jvaa[MT roT kMT/aolar (jaoAarsaI) maoM foD
ikyaa jaata hO.p`aPt saUcanaa ko AaQaar pr jvaa[MT roT kMT/aolar¸ ]sa
caOnala kao [nakaoD ko ilae AavaSyak DoTa roT kI gaNanaa krta hO
AaOr isaganala kao vaapsa ]sa [nakaoDr tk Baojata hO̧  jaao ik [sako
mautaibak DoTa roT kao badlata hO.yah DoTa roT va samatulya iDijaTla
baOMDivaDqa¸ ]sa caOnala kao AabaMiTt ikyaa jaata hO.SaoYa DoTa kao
jaÉrt pD,nao pr Anya caOnalaaoM kao AabaMTna ko ilae Alaga rKa jaata
hO.
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When one encoder has a more challenging
scene to compress, it requests that its output rate
be allowed to rise. The hope is that one of the other
encoders will have less-difficult material and will
lower its output rate.

However, there is a significant probability
that all the encoders could be called upon to encode
a challenging scene at the same time! When this
happens, the aggregate bit rate will exceed the link
capacity. For MPEG-2, this would be disastrous and
almost guarantee very poor quality video at the
output of the decoders. Buffers or temporary storage
memory chips are used to assist in such situations.

Each channel has its own MPEG-2 Encoder.
The output of each Encoder goes to a buffer, where
it is temporarily stored (for a few milli seconds :
1000 milli seconds = 1 second).

Source 1

Source 2

Source 3

Source n

Bitstream

Statistics

Bitstream

Statistics

Bitstream

Statistics

Bitstream

Statistics

MPEG-2
Enc. 1

MPEG-2
Enc. 2
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MPEG-2
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Buf. 1

Buf. 2

Buf. 3

Buf. n
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○

○

○

○

○

R1

R2

R3
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MUX Channel
Buffer

Rc

Statistics

Joint
Rate Control

Bit Rates

Fig. 1.  Statistical Multiplexing System

jaba ek [nakaoDr ko pasa kMp̀osa ko ilae AiQak caunaaOtI Bara
dRSya rhta hO tao yah Apnao Aa]TpuT dr kao baZ,anao ka AnauraoQa krta
hO.]mmaId yah rhtI hO ik Anya [nakaoDraoM maoM sao ek ko pasa ApoxaakRt
kma kizna saamagàI haogaI AaOr vah Apnao Aa]TpuT dr kao GaTa dogaa.
halaaMik [sa baat kI BaI baohd saMBaavanaa rhtI hO ik ek hI samaya pr
saBaI [nakaoDraoM kao caunaaOtIpUNa- saIna kao [nakaoD krnao kao kha jaaeÑ
jaba eosaa haota hO tao ilaMk xamata saMyau@t ibaT roT sao AiQak hao
jaayaogaI.emapI[-jaI 2 ko ilae yah ivanaaSakarI haogaa AaOr iDkaoDr ko
Aa]TpuT pr A%yaMt kmajaaor @vaailaTI kI vaIiDyaao kI lagaBaga gaarMTI
haotI hO.[sa hala maoM sahayata donao ko ilae bafsa- yaa t%kailak sTaoroja
maomaaorI ka [stomaala ikyaa jaata hO. p̀%yaok caOnala ko pasa Apnaa emapI[-
jaI 2 [nakaoDr haota hO.p̀%yaok [nakaoDr ka Aa]TpuT bafsa- tk
jaata hO̧  jahaM [sao t%kailak taOr pr saMgàiht ikyaa gayaa rhta hO (kuC
imaila saokoMD ko ilaeÁ 1000 imaila saokoMDÄ1 saokoMD)
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THE BUFFER
There are time intervals during which the

sum of the individual bit rates of the TV channels is
higher or lower than the predefined channel bit rate.
To compensate for this occasional deviation from
the channel bandwidth, a channel buffer is included
in the system. Further, feedback of channel buffer
occupancy, or "fullness," is incorporated into the
joint rate control algorithm to prevent frequent,
future channel buffer overflow or underflow.

THE MUX
The Multiplexer (or MUX ) is the digital

equivalent of a 'Channel Mixer' used in an Analog
Headend. Its function is to simply combine all the
digital channels. The output of the MUX is a
combined digital data stream of all the channels.

The Joint Rate Controller monitors the sum
of the traffic from all the encoders to the MUX, and
continuously (typically every 20 milli-seconds or 50
times a second !) decides whether the bit rate is
greater or lower than the transmission link capacity.

If necessary, the multiplexer buffers the
additional packets and requests that the encoders
lower their encoded bit rate.

The buffered packets are delayed by only a few
milliseconds, but MPEG-2 is extremely sensitive to
delay variation. The multiplexer can fix this within
limits; as long as
the decoder
pipeline does not
underflow and the
timestamps are
adjusted to
compensate for the
additional time
they are buffered,
the decoder
continues to
function normally.

The output
of the MUX is also
fed to the Joint
Rate Controller,
which controls the
final output rate
from the output
buffer, as
necessary.

bafsa-
eosaa samaya BaI Aata hO ijasa daOrana TIvaI caOnalaaoM ka vyai@tgat

ibaT phlao sao caOnala ko ilae inaQaa-irt ibaT roT sao AiQak yaa kma haota
hO.caOnala baOMDivaDqa sao [sa kBaI kBaI haonao vaalao ivacalana sao xaitpUit-
ko ilae isasTma maoM caOnala bafsa- kao Saaimala ikyaa jaata hO.[sako
Alaavaa caOnala bafsa- kao saMBaalanaa yaa pUNa-tyaa ka fIDbaOk¸ jvaa[MT
roT kMT/aola Algaaoirqama kao Saaimala ikyaa jaata hO ijasasao ik bahuQaa¸
BaivaYya maoM caOnala bafr Aaovar Flaao yaa AMDr Flaao kao raoka jaae.
malTIPlao@sar

malTIPlao@sar (yaa maU@sa)¸ caOnala ima@sar ka iDijaTla samatulya
hO̧  ijasaka [stomaala enaalaa^ga hoDeMD maoM ikyaa jaata hO.[saka kaya-
klaap saBaI iDijaTla caOnalaaoM ka saMyaaoga hO.maU@sa ka Aa]TpuT¸ saBaI
caOnalaaoM ko iDijaTla DoTa sT/Ima ka jaaoD, haota hO.

jvaa[MT roT kMT/aolar¸ maU@sa ko saBaI [nakaoDr sao T/Oifk ko jaaoD,
kao maâinaTr krta hO AaOr lagaatar (ivaiSaYT taOr pr p̀%yaok 20 imaila
saokoMD yaa p̀it saokoMD 50 baarÑ) yah inaNa-ya krta hO ik T/aMsamaISana ilaMk
xamata ko maukabalao AiQak hO yaa kma. yaid AavaSyak huAa tao malTIPlao@sar
Aitir@t pOkoT kao bafsa- krta hO AaOr [nakaoDr kao Apnao [nakaoDoD
ibaT roT kao naIcao rKnao ka AnauraoQa krta hO.

bafsa- pOkoT maoM maa~ kuC imailasaokoMD kI dorI haotI hO̧  laoikna
emapI[-jaI 2 ka iDlao vaoiryaoSana baohd saMvaodnaSaIla haota hO. malTIPlao@sar¸
[sao saImaa ko BaItr inayat kr sakta hO̧  jabatk ik iDkaoDr pa[plaa[na

AaovarFlaao na hao jaae
AaOr Ta[masTO Mp kao
Aitir@t samaya tk
iDkaoDr kao bafr kI
xa itp U it -  k o ilae
AnaukUla banaanaa pD,ta
h O  ijas as a o  v ah
saamaanyataOr pr kama
krta rho.

ma U@s a k o
Aa]TpuT kao jvaa[MT
roT kMT/aolar maoM BaI foD
ikyaa jaata hO̧  jaao ik
AavaSyakta ko $p maoM
Aa]TpuT bafsa - sa o
AMitma Aa]TpuT roT ka
inayaM~Na krta hO.

No Statistical Multiplexing With Statistical Multiplexing

Statistical Multiplexing GainChannel
- 4

Channel
- 3

Channel
- 2

Channel
- 1

Fig. 2. Advantages of Statistical Multiplexing
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FEEDBACK  CONTROL
The dynamic (continuously changing)

allocation of digital bandwidth to each TV channel
can be done using either a predictive / look-forward
approach or feedback, based on the past
requirements of each TV channel's picture.

In the feedback approach, statistical
measurements of video complexity are generated
by the encoders after they compress the picture. The
statistics from all encoders are compared and the
results used to used to control the bit allocation for
the subsequent video.

The block diagram indicated in figure 1
represents the simpler, feedback approach,
described above.

LOOK FORWARD CONTROL
In the look-ahead approach, the complexity

statistics are computed by preprocessing all video
programs prior to encoding. These statistics are then
used to more accurately predict the bit rate
allocation needed for optimum compression of
future pictures on that TV channel.

Finding the best statistics (mathematical
solution) to describe the complexity of a program
is a challenging task.

In the feedback approach, the statistics are
limited primarily to coding-related parameters.

The look-ahead approach provides more
freedom of choice, but at the price of extra
computational complexity and additional cost of
pre-samplers that look at the analog picture, before
it is fed to each channel's digital encoder.

fIDbaOk kMT/aola
p`%yaok TIvaI caOnala ko iDijaTla baOMDivaDqa ka p`gaitSaIla

(lagaatar badlaava) AabaMTna kao yaa tao BaivaYya maoM Aagao doKnao ko
trIko yaa fIDbaOk maoM sao iksaI ka [stomaala krko ikyaa jaa sakta
hO̧  jaao ik p`%yaok TIvaI caOnalaaoM ko ip@car kI pUva- jaÉrtaoM pr
AaQaairt haota hO.

fIDbaOk trIko maoM ip@car kao kMp̀osa krnao ko baad [nakaoDraoM
Wara vaIiDyaao jaiTlata kI sTOiTsTIkla maapna Wara pOda ikyaa jaata
hO.saBaI [nakaoDraoM sao AaMkD,o kI tulanaa krko pirNaama kao prvatI-
vaIiDyaao ko ibaT AabaMTna ko inayaM~Na ko ilae [stomaala ikyaa jaata hO.

ica~ 1 maoM blaa^k Da^yaga`ama }pr batayao gayao trIko̧  fIDbaOk
]paya¸ kao sarlatma trIko sao batayaa gayaa hO.
laUk fa^rvaD- kMT/aola

laUk AhoD trIko maoM jaiTlatma AaMkD,o kao [nakaoiDMga sao
phlao saBaI vaIiDyaao kaya-k`maao ko pUva- p`aosaoisaMga Wara AaMka jaata
hO.[na AaMkD,aoM ka ifr [stomaala ]sa TIvaI caOnala pr FyaUcar ip@car
ko saMBaaivat kMpòsana ko ilae jaÉrI ibaT roT AabaMTna kI AaOr saiTk
BaivaYyavaaNaI ko ilae ikyaa jaata hO.

kaya-k`ma kI jaiTlata kao batanao vaalao sabasao AcCo AaMkD,o
(gaiNatIya ]paya) kI Kaoja caunaaOtI Bara kama hO.

fIDbaOk trIko maoM AaMkD,o p`aqaimak taOr pr kaoiDMga sao jauD,o
maapdMDao tk saIimat rhto hOM.

laUk AhoD trIka caunaava kI AaOr svatM~ta p̀dana krta hO̧
laoikna yah p̀%yaok caOnala ko iDijaTla [nakaoDr maoM foD haonao sao phlao
enaâlaaga ip@car pr idKnao vaalao p̀I saOMplasa- ko Aitir@t maUlya AaOr
Aitir@t AaMklana jaiTlata ko maUlya pr eosaI sauivaQaa p̀dana krta hO.
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World Trade Centre, Mumbai
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SATELLITE & CABLE TV
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In either case, the main feature of the
statistical multiplexing (StatMux) system is that
each encoder will produce a variable rate bitstream.

BENEFITS
Efficient Statistical Multiplexing can increase by

approximately 25% the number of digital TV channels
that can be squeezed into a single analog channel by
25%. This is shown graphically in figure 2.

Instead of 6 channels on a C band satellite
transponder, Statistical Multiplexing can increase
it to 8 channels or more.

On a digital CATV network deploying QAM
256 modulation, Statistical multiplexing can increase
the approx 9 channels squeezed into 1 analog channel
bandwidth to 12 or even 14 digital channels.

A statistical Multiplexer added at the
Headend or Uplink can cost between Rs 10 Lakhs
to Rs 20 Lakhs, but can provide permanent capacity
for 4 or more channel, without any recurring cost.

FUTURE USES
Statistical Multiplixing provides a simple add

on solution for increasing channel capacity of MPEG-
2 or MPEG-4 digital compression systems. The actual
mathematical algorithms used may be a little different
for MPEG-4 compared to MPEG-2 compression.

In fact its results are even better appreciated
in other bandwidth starved transmission of TV
channel content, such as Mobile TV.

Even though technology marches on,
Statistical multiplexing is here to stay and will
continue to provide a solution to existing and future
digital systems. 

[namaoM sao iksaI BaI maamalao maoM sTOiTsTIkla malTIPlaoi@saMga
(sTOTmaU@sa) isasTma kI mau#ya ivaSaoYata yah hO ik p`%yaok [nakaoDr¸
vaoiryaobala roT ibaTsT/Ima p`stut krogaa.
laaBa

p̀BaavaSaalaI sTOiTsTIkla malTIPlaoi@saMga kI sahayata sao iDijaTla
TIvaI caOnalaaoM kI saM#yaa kao lagaBaga 25 fIsadI tk baZ,ayaa jaa sakta
hO ijasao 25 fIsadI kao ek enaa^laaga caOnala ko BaItr s@vaIja ikyaa
jaa sakta hO.[sao ica~ 2 maoM idKayaa gayaa hO.

saI baOMD saOTolaa[T T/aMsapaOMDr pr 6 caOnalaaoM ko sqaana pr
sTOiTsTIkla malTIPlaoi@saMga [sao baZ,akr 8 caOnala yaa [sasao AiQak
kr sakta hO. @yaUeema 256 maâDulaoSana lagaanao vaalao iDijaTla saIeTIvaI
naoTvak- pr sTOiTsTIkla malTIPlaoi@saMga ek enaalaâga caOnala baOMDivaDqa
pr s@vaIja caOnalaaoM ik saM#yaa lagaBaga 9 sao baZ,akr 12 yaa yahaM tk ik
14 iDijaTla caOnala kr sakta hO. hoDeMD yaa ApilaMk pr ek
sTOiTsTIkla malTIPlaoi@saMga kao lagaanao ka maUlya 10 laaK Épyao sao 20
laaK Épyao ko baIca hao sakta hO̧  laoikna yah iksaI Aitir@t Kca- ko
4 yaa [sasao AiQak caOnalaaoM ko ilae sqaayaI xamata p̀dana kr sakta hO.
BaivaYya maoM [stomaala ko ilae

sTOiTsTIkla malTIPlaoi@saMga¸ emapI[-jaI 2 yaa emapI[-jaI 4
iDijaTla kMpòsana isasTma kI caOnala xamata baZ,anao ko ilae sarla eOD
Aa^na ]paya p`dana krta hO.emapI[-jaI 2 kMpòsana kI tulanaa maoM
emapI[-jaI 2 ko ilae [stomaala vaastivak gaiNatIya Alagaaoirqama qaaoD,I
bahut Alaga hao saktI hO. vastutÁ maaobaa[la TIvaI jaOsao TIvaI caOnala
ivaYaya vastu ko Anya baOMDivaDqa xaINa T/aMsamaISana maoM [sako pirNaama kao
AaOr BaI saraha gayaa hO. halaaMik inat nayao tknaIkI ka p̀caar p̀saar
jaarI hO̧  laoikna sTOiTsTIkla malTIPlaoi@saMga yahaM banaI rhogaI AaOr yah
lagaatar maaOjaUda AaOr BaivaYya kI iDijaTla isasTma ko ilae ]paya p̀dana
krtI rhogaI. 
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