
SATELLITE & CABLE TV DECEMBER  2009

HEADEND IN THE
SKY

This Article Provides A Detailed Technical
Overview Of The "Headend In The Sky"

Platform For Satellite Delivery Of Signals
To Cable TV Networks.

EVOLUTION
Community Antenna Television (CATV) was

launched in the early 1950s, in the USA, as a means
for distributing terrestrial TV transmissions to
localities where reception was not clear. From these
humble beginnings, CATV has come a long way and
today provides over 100 channels of entertainment
to subscribers.

DTH
To compete

with cable TV,
another mode of
delivery - "Direct To
Home" (DTH) was
devised. DTH was
possible only much
after cable
television and even
C band satellite
b r o a d c a s t i n g
began. DTH
typically utilises
the KU band (10 GHz to 12.5 GHz) for delivery of
satellite based programming, directly to a small (18
inch diameter) dish antenna. This dish antenna is
connected to a dedicated satellite receiver feeding
the consumer's TV set.

FRAGMENTED CABLE TV MARKET
As pay television became more widespread,

small cable networks in the USA found it difficult to
invest large capital for setting up a multi channel
conditional access system. Even today, the USA has
more than 13,000 cable TV networks servicing
approximately 90 million CATV homes. Further, less
than 50 US cable companies have more than 100,000
subscribers each. Several thousand cable TV
Headends even in the US service only a few

hoDeMD [na d^ ska[-
yah laoK kobala TIvaI naoTvak- sao saOTolaa[T isaganalaaoM

kI iDilavarI ko ilae "hoDeMD [na d^ ska[-"
PlaoTfama- kI ivastRt tknaIkI jaanakarI

p`dana kr rha hO.
]d\Bava

kmyauinaTI eMTInaa TolaIivajana (saIeTIvaI) kao Amaoirka maoM 1950 ko
p̀arMBa maoM laânca ikyaa gayaa.[sao maUlatÁ ek sqaana sao dUsaro sqaana pr ToroisT/yala
TIvaI T/aMsamaISana ko ivatrNa ko ilae Sau$ ikyaa gayaa qaa¸ jahaM irsaoPSana saaf
nahIM qaa.[sa saaQaarNa Sau$Aat ko baad kobala TIvaI nao laMbaa rasta tya ikyaa
hO AaOr yah vat-maana maoM gàahkaoM ko manaaorMjana ko ilae 100 caOnalaaoM sao BaI AiQak

caOnalaaoM kI iDilavarI kr rha
hO.

DITIeca
kobala TIvaI sao p̀itspQaa- krnao

ko ilae iDilavarI ko ek

Anya trIko Dayaro@T TU haoma

(DITIeca) ka ivakasa ikyaa

gayaa.kobala TolaIivajana AaOr

saI baOMD saOTolaa[T p`saarNa ko

kafI idnaaoM ko baad DITIeca

saMBava hao saka.DITIeca¸

saOTolaa[T kaya-k`maa o M kI

iDilavarI ko ilae koyaU baOMD (10 GHz sao 12.5 GHz) ka [stomaala

krtI hO̧  ijasao CaoTo iDSa eMTInaa (18 [-Mca Da^yamaITr vaalao) sao irsaIva
ikyaa jaa sakta hO. yah iDSa eMTInaa¸ ga`ahkaoM ko TIvaI saoT sao jauD,a haota

hO̧  jaao ik saOTolaa[T isaganala irsaIva krta hO.

KMiDt kobala TIvaI baajaar
po–TolaIivajana ko lagaatar p`caar–p`saar kao doKto hue Amaoirka maoM

CaoTo kobala naoTvakao-M nao malTI kMiDSanala e@saosa isasTma kI sqaapnaa ko

ilae BaarI maa~a maoM inavaoSa kao kizna payaa.Aaja BaI Amaoirka maoM 13000

sao AiQak kobala TIvaI naoTvak- lagaBaga 90 imailayana saIeTIvaI GaraoM maoM saovaa

p`dana kr rho hOM.dUsarI Aaor 50 sao kma AmaoirkI kobala kMpinayaaM

100000 sao BaI AiQak ga`ahkaoM kao saovaa p`dana kr rhI hOM.Amaoirka maoM

BaI k[- hjaar kobala TIvaI hoDeMD maa~ kuC hjaar ga`ahkaoM kao saovaa p`dana
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ecaAa[-TIesa¸ saIeesa isaganalaaoM kI
iDilavarI saOTolaa[T kI sahayata sao

kobala naoTvakao-M kao krta hO.

thousand subscribers each. It is financially unviable
for such small networks to install CAS Headends
offering 30 to 100 pay channels each.

To address this market, a "Headend In The
Sky" was developed and implemented by General
Instrument (now merged with Motorola) for Time
Warner cable (now merged with AT&T). General
Instrument coined the term "HITS". Hence HITS is,
strictly speaking, a registered trademark of Motorola
and hence no other company can legally use the same
phrase. Similar platforms implemented by others
need to coin their own title for the platform.

However, the original Headend In The Sky
concept is now so widely known and accepted that
even in this article, we will refer to it loosely, as HITS.

HITS USA
The HITS platform in the USA is currently

operated by AT&T and delivers signal from 12 KU
Band transponders on the Galaxy IV satellite located
at 97 degrees West. The Galaxy IV satellite is part of
PanAmSat's fleet. The HITS platform delivers more
than 150 channels of programming, including audio
only (i.e. Radio) on a KU Band signal of 42 dBW to
48 dBW for cable Headends receiving the HITS
signal.

HITS Delivers CAS Signals To
Cable Networks Via Satellite.

THE HITS CONCEPT
HITS as a concept was developed to deliver

signals to small cable Headends that did not find it
viable to install their own Conditional Access
Systems (CAS).

At the same time, the HITS platform delivers a
huge number of pay television channels. This
provides the HITS end consumer the largest possible
choice of pay channels.

Since the HITS signals are delivered by a
satellite, over a large "footprint" area, they offer even
the most far flung rural HITS end customer an
identical choice to that offered in large metro cities
with elaborate Headends.

INDIAN CONDITIONS
Let us consider the above facts in the Indian

context. Cable networks need to install conditional

kr rho hOM.[na naoTvakao-M ko ilae Aaiqa-k dRiYT sao Anaupyau@t hO ik vao

30 sao 100 po–caOnala p`dana krnao vaalao saIeesa hoDeMD kI sqaapnaa kroM.
[sa baajaar kI Aaor laxya krto hue hI Ta[ma vaana-r kobala (Aba

eTI eMD TI ko saaqa ivalaya) ko ilae janarla [MsT/umaoMT (maaoTaraolaa ko saaqa
ivalaya) nao hoDeMD [na d̂ ska[- ka ivakasa va p̀stuitkrNa ikyaa hO.janarla
[MsT/umaoMT nao sabasao phlao ecaAa[-TIesa Sabd ka [stomaala ikyaa.[sailae
ecaAa[-TIesa¸ maaoTaraolaa ka pMjaIkRt T/oDmaak- hO AaOr kanaUnaI taOr pr
kao[- Anya kMpnaI [saka [stomaala nahIM kr saktI.[saI trh ko PlaoTfama-
ko ilae Anya kMpinayaaoM kao Anya naama ivakisat krnao kI ja$rt hO.

halaaMik maUla hoDeMD [na d^ ska[- saMklpnaa kI phcaana va
svaIkRit [tnaI ivastRt hO ik [sa laoK maoM BaI hmalaaoga [saka ]llaoK
ecaAa[-TIesa ko $p maoM kr rho hOM.
ecaAa[-TIesa yaUesae

[sa samaya Amaoirka maoM ecaAa[-TIesa PlaoTfama- ka saMcaalana eTI
eMD TI Wara ikyaa jaa rha hO̧  jaao ik 97 iDga`I (piScama) maoM isqat
gaOlao@saI (IV) saOTolaa[T pr 12 koyaU baOMD T/aMsapaOMDr sao isaganalaaoM kI
iDilavarI kr rha hO.gaOlao@saI (IV) saOTolaa[T¸ pOnaemasaOT saOTolaa[T ka
ihssaa hO.ecaAa[-TIesa PlaoTfama- 150 sao AiQak caOnalaaoM kI iDilavarI
kr rha hO̧  ijasamaoM kobala hoDeMD ko ilae 42dBW sao 48dBW pr
Aa^iDyaao isaganala (roiDyaao) BaI Saaimala hO.

ecaAa[-TIesa AvaQaarNaa
maUlatÁ ecaAa[-TIesa saMklpnaa ka ivakasa vaOsao CaoTo kobala

hoDeMDaoM kao isaganala iDilavarI ko ilae ikyaa gayaa¸ jaao ik Kud ko
kMiDSanala e@saosa isasTma (saIeesa) kao lagaanaa ]pyau@t nahIM samaJato.

jabaik dUsarI Aaor ecaAa[-TIesa PlaoTfama- k[- TolaIivajana caOnalaaoM
kI iDilavarI krta hO.yah ecaAa[-TIesa ga`ahkaoM kao po–caOnalaaoM ko ilae
sarlatma caunaava p`dana krta hO.

ecaAa[-TIesa¸ saIeesa isaganalaaoM kI iDilavarI saOTolaa[T kI sahayata
sao kobala naoTvakao-M kao krta hO.

caUMik ecaAa[-TIesa¸ isaganalaaoM kao saOTolaa[TaoM Wara vaRht fuTipM̀T
xao~ maoM iDilavar ikyaa jaata hO̧  [sailae yah saudUrvatI- xao~aoM maoM rhnao vaalao
ga`ahkaoM ko ilae AadSa- psaMd hO.
BaartIya isqait

Aa[yao [na tqyaaoM pr BaartIya saMdBa- maoM ivacaar kroM.kobala
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access systems at their Headend for each pay
channel. This will cost atleast Rs 20,000 per pay
channel for a digital CAS Headend. Clearly, it is
unviable for a cable network in a small town,
servicing even 1,000 customers to provide his
consumers a choice of 100 pay channels. His
investment at the Headend, for the CAS system alone
would exceed Rs 20 lakhs and financial projections
would show that recovery of capital cost (leave alone
return on investment) would take more than 5 years
by which time the equipment would probably be
obsolete.

Clearly, HITS is an ideal solution for smaller
operators in the Indian market.

HITS FOR MSOs
Most Multi System Operators (MSOs) in India

have a large number of Headends, some of which
service only a few thousand subscribers. As an
example, InCableNet has approximately 40
Headends throughout India servicing 5.5 million
CATV homes. InCableNet would have to bear a huge
financial burden if it is to invest over Rs 20 lakhs for
each of these 40 Headends.

HITS Has Often Been Described
As "DTH For Cable Operators"

STRATEGIC ADVANTAGE
A single Headend In The Sky could beam

down its programmes not only to the existing
InCableNet Headends but could offer the same to far
flung and remotely located cable networks which
are not being serviced by any MSO because of their
remote location.

Further, InCableNet HITS could also woo
franchisees from competing MSOs. Currently several
franchisees do not have the option to shift to an
alternate MSO because their area lacks signal
delivery from an alternate MSO. HITS would
elegantly solve this problem in one stroke on an all
India basis.

COST SAVING
HITS provides for a tremendous saving in costs

due to a centrally located Subscriber Management
System which controls a single digital Headend
catering to the required number of channels.

naoTvakao-M kao p`%yaok po–caOnala ko ilae Apnao hoDeMD pr kMiDSanala e@saosa
isasTma lagaanao kI ja$rt hO.[sako ilae iDijaTla saIeesa isasTma ko ilae
p`it po–caOnala kma sao kma 20¸000 $pyao ka Kca- Aayaogaa.spYTtÁ
CaoTo SahraoM maoM kobala naoTvakao-M ko ilae yah Anaupyau@t hO ik vah 1000
ga`ahkaoM ko ilae ]nakI psaMd ko 100 po–caOnalaaoM kao idKayao.saIeesa
isasTma ko ilae hoDeMD pr hI ]naka inavaoSa 20 laaK $pyao sao AiQak
haogaa AaOr AnaumaanaaoM ko mautaibak maUlaQana kI (inavaoSa ikyaa gayaa Qana)
p`aiPt maoM hI paMca saala sao AiQak samaya laga jaayaogaa¸ tba tk vao ]pkrNa
saMBavatÁ puranao hao jaayaoMgao.

spYTtyaa ecaAa[-TIesa¸ BaartIya baajaar maoM CaoTo saMcaalakaoM ko

ilae AcCa ]paya p`dana krogaa.

emaesaAao ko ilae ecaAa[-TIesa

Baart maoM malTI isasTma Aa^proTraoM (emaesaAao) ko hoDeMD baD,I

saM#yaa maoM hO̧  ijasamao sao kuC¸ maa~ hjaar ga`ahkaoM kao saovaa p`dana kr rho

hOM.]dahrNa ko ilae BaartBar maoM [nakobalanaoT ko lagaBaga 40 hoDeMD hOM

jaao 5.5 imailayana GaraoM kao saovaa p`dana kr rho hO.[nakobalanaoT yaid Apnao

lagaBaga 40 hoDeMD maoM sao p`%yaok naoTvak- pr 20 laaK $pyao BaI Kca-

krta hO tao BaI ]sao Aaiqa-k baaoJa ]zanaa pD,ogaa.

ecaAa[-TIesa ka vaNa-na p`aya:
‘kobala Aa^proTraoM ko ilae DITIeca’

ko $p maoM ikyaa jaata hO

rNanaIitk laaBa
ek hoDeMD [na d^ ska[- kI sahayata sao na isaf- maaOjaUda

[nakobalanaoT hoDeMD kao saovaa p`dana ikyaa jaa sakta hO¸ bailk saudUvatI-

xao~aoM maoM isqat ]na kobala naoTvakao- kao BaI ijanhoM emaesaAao saovaa p`dana

nahIM kr pato.

[saI trh [nakobalanaoT ecaAa[-TIesa¸ p`itspQaI- emaesaAao ko

ÍOMcaa[-jaI kao BaI lauBaa sakta hO.maaOjaUda maoM k[- ÍOMcaa[-jaI kao Apnao

emaesaAao kao CaoD,kr dUsaro ko pasa jaanao ka ivaklp nahIM hO̧  @yaaoMik ]sa

xao~ maoM dUsaro emaesaAao nahIM hOM.

ecaAa[-TIesa ek hI JaTko maoM AiKla BaartIyastr pr [na

samasyaaAaoM kao samaaPt kr sakta hO.

laagat bacat
ecaAa[-TIesa¸ koMd` maoM isqat ga`ahk p`baMQana isasTma kI sahayata

sao Kca- maoM BaarI kTaOtI krta hO̧  jaao ik ]pyau@t saM#yaa vaalao caOnalaaoM ko

ilae AavaSyak ekla iDijaTla hoDeMD kao inayaMi~t krta hO.
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Payments from end consumers can be collected
directly by the HITS platform - much as a DTH
platform collects its monthly dues. All audits then
need only be done at the central uplink facility, which
is common for the entire footprint (e.g. India).
Interaction with broadcasters is also centralised to
ensure smooth operations with a single point contact.

RELIEF TO LCOs
A LCO who is a HITS franchisee is largely

relieved of most of the burdens of installing an
independent Conditional Access System. The
advantages are:
● Can Be Availed By Any LCO, Anywhere In India
● Zero Encoder Cost
● No Subscriber Management System To Be

Installed
● No Financial Audit By Pay Channels
● No Interactions Or Hassles With Broadcasters
● Can Assemble Their Own, Locally Generated

Basic Tier

TECHNICAL DETAILS
Figure 1 shows a detailed block diagram of an

operational Headend In The Sky.
Since a HITS platform carries a large number

of channels, it is necessary to digitally compress
these channels before transmission through satellite.
Digital compression allows upto 10 channels (or
even more) to be compressed on a single satellite
transponder using advanced compression
techniques such as statistical multiplexing (See box
for details), used along with MPEG-2 compression.

CENTRALISED PROCESSING
At the centralised HITS uplinking facility,

signals of various pay channels are received and
decoded using professional grade IRDs, each with
the appropriate Conditional Access Module (CAM)
necessary to receive each broadcast.

These signals leave the IRDs as a digital
compressed but unencrypted digital data stream.

Analog transmissions if any that are received
as separate video and audio signals (either from an
FTA analog channel or a VCR playout) need to be
compressed into an MPEG-2 digital stream.

Each digitally compressed channel is now
encrypted using a common encryption system (e.g.
Conax for SitiSatellite) for the entire HITS platform.

Approximately 10 of these encrypted, digital

ga`ahkaoM sao Saulk ka ek~Na ecaAa[-TIesa PlaoTfama- Wara saIQao
ikyaa jaa saakta hO̧  jaOsao ik DITIeca PlaoTfa^ma-̧  maaisak Saulk ek~
krtI hOM.[sa hala maoM samast Aa^iDT¸ koMid`ya ApilaMk sauivaQaa pr krnao
kI ja$rt hO̧  jaao saMpUNa- fuTipM̀T ko ilae (Baart maoM) samaana haogaI.isaMgala
Pvaa[MT AnaubaMQa ko saaqa saucaa$ saMcaalana kI sauinaiScata ko ilae p`saarkaoM
ko saaqa [MTrknao@Sana BaI koMid`kRt haonaI caaihe.

elasaIAao kao raht
ecaAa[-TIesa ÍOMcaa[jaI vaalao elasaIAao kao svatM~ $p sao kMiDSanala

e@saosa isasTma lagaanao ko baMQana sao kafI hd tk CuTkara imala jaatI

hO.[sako gauNa hOÁ

● Baart maoM khIM BaI elasaIAao Wara irsaIva ikyaa jaa sakta hO

● [nakaoDr Kca- SaUnya

● iksaI ga`ahk p`baMQana isasTma kI ja$rt nahIM

● po–caOnalaaoM Wara kao[- iva%tIya Aa^iDT nahIM

● p`saarkaoM ko saaqa kao[- laona–dona yaa tnaa–tnaI nahIM

● Kud esaOMbala ikyaa jaa sakta hO̧  sqaanaIya inaima-t baoisak iTyar

tknaIkI jaanakarI
ica~–1 maoM saMcaailat hoDeMD [na d^ ska[- ka blaa^k Da^yaga`ama hO.
caUMik ecaAa[-TIesa PlaoTfama- baD,I saM#yaa maoM caOnalaaoM kao kOrI

krta hO̧  [sailae saOTolaa[T kI sahayata sao T/aMsamaISana sao phlao [na caOnalaaoM
kao iDijaTlaI kMpÒsa krnao kI ja$rt hO.pirYkRt kMpÒSana tknaIkI jaOsao
sTOiTsaiTkla malTIPlaoi@saMga (ivastRt jaanakarI ko ilae baa^@sa doKoMoM)¸
ijasaka [stomaala emapI[-jaI 2 kMpÒSana ko saaqa ikyaa jaata hO̧  ka
[stomaala krko isaMgala saOTolaa[T T/aMsapaOMDr pr 10 caOnalaaoM tk ko kMpÒSana
kI Anaumait dI jaa saktI hO.
koMd`IkRt saMsaaQana

koMid`t ecaAa[-TIesa ApilaMikMga sqala pr k[- po–caOnalaaoM ko
isaganala kao irsaIva krko ]sao poSaovar Aa[-AarDI ka [stomaala krko
iDkaoD ikyaa jaata hO̧  ijasamaoM sao p`%yaok ko ilae p`saarNa kao irsaIva krnao
vaalao ]pyau@t kMiDSanala e@saosa maa^DyaUla (saIeema) lagao haoto hOM. yao
isaganala¸ iDijaTla kMpÒSana ko $p maoM Aa[-AarDI kao CaoD, jaato hOM̧
laoikna iDijaTla DoTa sT/Ima kao Ana–iËPToD krto hOM. yaid kao[- enaalaâga
T/aMsamaISana jaao ik pRqak Aa^iDyaao AaOr vaIiDyaao isaganala (yaa tao efTIe
enaalaa^ga caOnala yaa vaIsaIAar PlaoAa]T saooMoM) kao irsaIva kr rha hO tao ]sao
emapI[-jaI–2 iDijaTla sT/Ima maoM kMpÒsa krnao kI ja$rt hO.

saMpUNa- ecaAa[-TIesa PlaoTfama- ko ilae saamaanya [naiËPSana isasTma
ka [stomaala krko p`%yaok iDijaTlaI kMpÒsD caOnala kao [naiËPT (isaTI
saOTolaa[T ko ilae ka^nao@sa) ikyaa jaata hO.
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channel streams are multiplexed i.e. put together into
a single data stream and uplinked to a single satellite
transponder. This is shown in section A of Figure 1.

The satellite transponder handles these signals
as it would any other digital television broadcast. The
C or KU band signal is simply bounced back to earth
over the transponders footprint.

TRANSMISSION
The digital signals are received by a cable

Headend or even a Last Mile Operator, as they would
any other digital TV signal. Each LNB output,
containing upto 10 digital pay channels is fed into a
"Transmodulator". (See box on Transmodulators)

The Transmodulator provides a digitally
encrypted data stream for upto 10 pay channels. If a
total of 50 pay channels are to be received, a set of 5
transmodulators would have to be installed at the
Headend or the LMO's premises.

The output of the Transmodulators is a
digi ta l  CATV RF s ignal .  The output  of  a l l
Transmodulators is then mixed with the analog
free to air channel bouquet generated locally. Low
cost CATV splitters or tapoffs can be used for
mixing the digital and analog signals. The only

STATISTICAL MULTIPLEXING

MPEG-2 compression is now universally
employed for digitally compression television
channels. Very briefly MPEG-2 reduces the
amount of bits or data required to transmit a
channel by 90% to 95%. This apparently
miraculous compression is done by throwing
away any repetitive bits of information. Each
picture is divided into small blocks. Each block
is compared to its neighbouring block and only
the dif ference in information between to
consecutive blocks is retained. The rest of the
information is discarded. This is called intra-
frame compression.

Consecutive picture frames are then similarly
compared and only the difference between 2
consecutive frames is retained. This is called
inter-frame compression.

A picture that does not rapidly change e.g. a
news reader reading out the news can be
compressed to a much greater degree than a
rapidly changing picture e.g. sports coverage.

[namaoM sao lagaBaga 10 [naiËPToD¸ iDijaTla caOnala sT/Ima kao malTIPlao@sD krko
[sao isaMgala DoTa sT/Ima maoM rKa jaata hO AaOr ]sao isaMgala saOTolaa[T T/aMsapaOMDr kao
ApilaM@D ikyaa jaata hO.[sao ica~–1 ko KMD e maoM idKayaa gayaa hO.

saOTolaa[T T/aMsapaOMDr [na isaganalaaoM kao vaOsao hI saMBaalata hO̧  jaOsao
ik iksaI Anya iDijaTla TolaIivajana p`saarNa kao.saI yaa koyaU baOMD isaganala
saamaanyatÁ T/aMsapaOMDr fuTipM̀T ko }pr QartI pr vaapsa laaOT jaatI hO.
T/a MsamaISana

iDijaTla isaganala¸ kobala hoDeMD yaa kobala Aa^proTr Wara iksaI
BaI Anya iDijaTla TIvaI isaganala ko $p maoM irsaIva ikyaa jaata hO.p`%yaok
elaenabaI Aa]TpuT¸ ijasamaoM 10 iDijaTla po–caOnala Saaimala haoto hOM̧  kao
T/aMsamaa^DulaoTr (T/aMsamaa^DulaoTr pr baa^@sa doKoM) maoM foD ikyaa jaata hO.

AamataOr pr T/aMsamaa^DulaoTr¸ 10 po–caOnala tk ko ilae iDijaTlaI
[naiËPToD DoTa sT/Ima p`dana krta hO.yaid kula 50 po–caOnalaaoM kao irsaIva
krnaa hO tao hoDeMD yaa elaemaAao ko Gar pr 5 T/aMsamaa^DulaoTraoM ko saoT kao
lagaanaa haogaa.

T/aMsamaâDulaoTraoM ka Aa]TpuT¸ iDijaTla saIeTIvaI Aaref isaganala
haogaa.[sako baad saBaI T/aMsamaa^DulaoTraoM ko Aa]TpuT kao enaalaa^ga ÍI–TU–
eyar caOnala bauko ko saaqa imalaato hOM.sasto saIeTIvaI isPlaTsa- yaa TOpAa^f
ka [stomaala iDijaTla AaOr enaalaa^ga isaganalaaoM ko imai@saMga ko ilae kr
sakto hOM.ek maa~ saavaQaanaI yah bartnaI haogaI ik iDijaTla isaganala kao

sTOiTsaiTkla malTIPlaoi@saMgasTOiTsaiTkla malTIPlaoi@saMgasTOiTsaiTkla malTIPlaoi@saMgasTOiTsaiTkla malTIPlaoi@saMgasTOiTsaiTkla malTIPlaoi@saMga

emapI[-jaI–2 ka [stomaala ivaSvaBar maoM TolaIivajana caOnalaaoM ko

iDijaTlaI kMpÒSana ko ilae ikyaa jaata hO.saMxaop maoM emapI[-jaI–2

caOnala T/aMsamaIT ko ilae ja$rI DoTa yaa baa[T kI maa~a kao 90 sao 95

fIsadI tk GaTata hO.yah jaadu[- kMpÒSana saUcanaa ko irpIiTiTva baa[T

kao baahr krko pUra ikyaa jaata hO.

p`%yaok ip@car kao CaoTo blaa^k maoM ivaBaaijat ikyaa jaata hO.

p`%yaok blaa^k kI tulanaa pD,MaosaI blaa^k sao kI jaatI hO AaOr saMbaMiQat

blaa^k ko baIca saUcanaaAaoM maoM iBannata kao p`aPt ikyaa jaata hO.baakI

saUcanaaAaoM kao samaaPt kr idyaa jaata hO.[sao [MT/aofòma kMpÒSana kha

jaata hO.

[sako baad lagaatar ip@car ÍOma kI tulanaa kI jaatI hO AaOr

isaf- 2 lagaatar ÍOmaaoM ko baIca iBannata kao p`aPt ikyaa jaata hO.[sao

[MT/a–Íoma kMpòSana kha jaata hO.

eosao ip@car jaao ik tIva` gait sao nahIM badlato¸ jaOsao ik

samaacaarvaacak Wara pZ,o jaanao vaalao samaacaar kao Kola kvaroja ko

maukabalao kafI kMpÒsa ikyaa jaa sakta hO.
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precaution necessary is that the digital signals
should be mixed at a level that is 10 dB below the
analog signals.

The RF signals leaving the Headend are fed
into the usual CATV distribution system, which
could either be fibre optic based or a conventional
RF based system using coaxial cables.

No changes are necessary and the existing
cables, amplifiers, tapoffs and splitters will work for
delivery of HITS signals.

RECEPTION
Each HITS consumer will require a digital Set

Top Box. These digital set top boxes will be provided
by the HITS operator to the LMO. Each HITS box is
embedded with its own, unique serial number and can
be authorised to decrypt each specific pay channel that
the consumer subscribes to.

The signals authorising each box for its
specific selected channels are sent out by the
centralised uplink facility through satellite. The
cable operator or LMO does not need to set up or
monitor this process. The local cable operator
simply collects a list of pay channels that each
consumer opts for, along with the appropriate
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Hence a TV channel could be compressed
more than a sports channel. However, even within
the sports channel there will be content - such
as an interview with a sports personality -that can
be compressed to a very high degree.

Statistical Multiplexing continuously monitors
(20 times a second) a group of 5 or 10 channels
(carried on the same transponder) and applies
the most efficient compression required for each
channel, at a particular moment. Therefore the
compression ratios for each channel will also
continuously vary, to provide the most bandwidth
efficient compression.

As an example, fixed digital compression can
typical ly accommodate 6 digital channels
simultaneously compressed on a single satellite
transponder.

Statistically multiplexed digital compression
can squeeze in 10 to 12 channels on the same
transponder. Companies like Scientific Atlanta/
Cisco and Motorola now offer more than 16
channels on a single transponder using
Statistical Multiplexing.

enaalaa^ga isaganalaaoM sao 10 dB naIcao str pr imalaanaa haogaa. hoDeMD CaoD,nao
vaalao Aaref isaganala kao saamaanya saIeTIvaI ivatrNa isasTma maoM foD krnaa
caaihe jaao ik kao–ei@sayala kobala ka [stomaala krnao vaalao yaa tao
fa[bar Aa^piTk yaa parMpirk Aaref AaQaairt isasTma kI sahayata sao
ikyaa jaata hO.

kao[- badlaava kI ja$rt nahIM hO AaOr ecaAa[-TIesa isaganalaaoM kI
iDilavarI ko ilae maaOjaUda kobala¸ emaiPlafayar¸ TOpAa^f AaOr isPlaTr ka
[stomaala ikyaa jaa sakta hO.

irsa oPSana
p`%yaok ecaAa[-TIesa ga`ahkaoM ko ilae iDijaTla saoT Ta^p baa^@sa

kI ja$rt haogaI.yao iDijaTla saoT Ta^p baa^@sa¸ ecaAa[-TIesa Aa^proTr¸

elaemaAao kao p`dana krogaa.p`%yaok ecaAa[-TIesa baa^@sa¸ Kud ko saaqa¸

ivaSaoYa saIiryala naMbar ko saaqa [mbaODoD haota hO̧  ijasao ga`ahk ApnaI psaMd

ko po–caOnala ko ilae [stomaala krko iDsËIPT kr sakta hO.
ivaiSaYT cauinaMda po–caOnala ko ilae p`%yaok baa^@sa Wara AiQakRt

isaganala kao saOTolaa[T kI sahayata sao koMd`Iya ApilaMikMga sqala kao Baojaa
jaata hO.kobala Aa^proTr yaa elaemaAao kao [sa p`aosaosa ko ilae saoTAp yaa
maa^inaTr lagaanao kI ja$rt nahIM hO. sqaanaIya kobala Aa^proTr maa~ po–
caOnalaaoM kI saUcaI ek~ krta hO̧  ijasao p`%yaok ga`ahk Wara psaMd ikyaa

[sailae ek TIvaI caOnala kao Kola caOnala kI tulanaa maoM kafI

kMpÒsD ikyaa jaayaogaa.halaaMik Kola caOnala ko BaItr BaI eosao kaya-Ëma

haoMgao̧  jaOsa Kola vyai@t%va ko saaqa [MTrvyaU Aaid kao kafI AiQak

kMpÒsa ikyaa jaa sakta hO.

sTOiTsaiTkla malTIPlaoi@saMga lagaatar 5 sao 10 caOnalaaoM (samaana
T/aMsapaOMDr pr kOrI caOnala) kao maa^inaTr (ek saokoMD maoM 20 baar) krta

hO AaOr ]sa caOnala ko ilae AavaSyak sabasao p`BaavaI kMpÒSana laagaU

krta hO.

[sailae p`%yaok caOnala ko ilae kMp`OSana Anaupat AiQakaMSa

baOMDivaD\qa p`BaavaI kMp`OSana p`dana krnao ko ilae BaI lagaatar badlata

rhta hO.

]dahrNa ko $p maoM inayat iDijaTla kMpÒSana¸ ek saOTolaa[T

T/aMsapaOMDr pr eksaaqa 6 iDijaTlaI caOnalaaoM kao saMBaala sakta hO.

sTOiTsaiTkla malTIPlaoi@saMga¸ iDijaTlaI kMpÒSana ]saI T/aMsapaOMDr

pr 10 sao 12 caOnalaaoM kao saMBaala sakta hO.saa[naiTifk eTlaaMTa¸

isaskao va maaoTaraolaa jaOsaI kMpinayaaM sTOiTsaiTkla malTIPlaoi@saMga ka

[stomaala krko ek T/aMsapaOMDr maoM 16 sao AiQak caOnalaaoM kao p`dana

krtI hO.
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payment and forwards this to the centralised HITS
centre.

The digital Set Top Box is a DVB-C box i.e. a
DVB box capable of receiving CATV transmissions
over the frequency band of 48 MHz to 862 MHz. The
STB is identical to what is provided by WWIL/
SitiCable for its ground distributed digital CAS.

LOCAL CHANNEL CONCERNS
The Cable channel inserted by local cable

operators is in fact the most popular cable channel
in the country. As per TAM's monthly figures, the
popularity of the local cable channel; far exceeds that
of Colors,  Star Plus or Zee TV.

Cable operators recognises that the local cable
channel helps them retain subscribers who could
otherwise shift to DTH.

Over the past couple of years technology has
progressed and today, digital channel multiplexers
are available that can insert locally generated cable
channel into an existing digital multiplex. Such
"Digital Channel Inserters" have been featured in our
New Products column as well as demonstrated at
the Annual SCAT Show.

As a result a local cable operator can still insert
his own local channel into a HITS feed, as long as he

TRANSMODULATORS

Digital Satellite signals are transmitted using
QPSK (Quadrature Phase Shift Keying) modulation.
QPSK modulation provides for
good transmission of even very
weak signals such as those
received by a dish antenna.
However, to achieve this, QPSK
modulation uses a relatively large
bandwidth.

In contrast CATV signals are of
high signal strength. Since they are
transmitted within a coaxial cable
or fibre, they are relatively noise
free (at least compared to satellite
signals del ivered from 36,000
kilometers away to a dish antenna,
and transmitted through the atmosphere).

CATV networks therefore use QAM (Quadrature
Amplitude Modulation). QAM requires a much smaller
bandwidth to transmit one TV channel. Different

jaata hO AaOr [sako saaqa ]pyau@t Saulk BaI Saaimala hO̧  ijasao koMd`IkRt
ecaAa[-TIesa koMd` kao fa^rvaD- ikyaa jaataa hO.

iDijaTla saoT Ta^p baa^@sa¸ DIvaIbaI baa^@sa haota hO̧  jaao ik 48 sao
862 MHz ko ÍI@vaosaI baOMD ko }pr saIeTIvaI T/aMsamaISana kao irsaIva
krnao maoM saxama haota hO.yah esaTIbaI¸ DblaUDblaUAa[-ela/isaTIkobala Wara
Apnao ga`a]MD ivatirt iDijaTla saIeesa esaTIbaI kI BaaMit haotI hO.

sqaanaIya caOnalaao M kI icaMta
sqaanaIya kobala Aa^proTraoM Wara p`stut kobala caOnala vastut: doSa

ka sabasao laaokip̀ya kobala caOnala hO.TIeema ko maaisak AaMkD,oM ko mautaibak

sqaanaIya kobala caOnalaaoM kI laaokip`yata klasa-̧  sTar Plasa yaa jaI TIvaI sao

kafI AiQak hO.
kobala Aa^proTraoM nao maanaa hO ik sqaanaIya kobala caOnala nao ]nhoM

]pBaao@taAaoM kao banaayao rKnao maoM madd kI hO¸ jaao ik Anyaqaa  DITIeca
maoM sqaanaaMtirt hao jaato.

ipClao kuC vaYaaoM- ko daOrana tknaIkI maoM sauQaar huAa hO AaOr
Aaja eosao iDijaTla caOnala malTIPlao@sa-sa ]plabQa hOM jaao ik sqaanaIya
saMcaailat kobala caOnala kao maaOjaUda iDijaTla malTIPlao@sar maoM Saaimala kr
sakta  hO.[sa trh ko ‘iDijaTla caOnala [nsaT-sa’ kao hmaaro nayao
p`aoT@T ko saaqa–saaqa vaaiYa-k skOT Saao maoM p`diSa-t ikyaa gayaa hO.

pirNaamasva$p sqaanaIya kobala Aa^proTr ABaI ecaAa[-TIesa
fID maoM Apnao Kud ko caOnala kao Saaimala kr sakto hOM¸ jaba tk ik

T/a Msamaa ^Dula oTrT/a Msamaa ^Dula oTrT/a Msamaa ^Dula oTrT/a Msamaa ^Dula oTrT/a Msamaa ^Dula oTr

iDijaTla saOTolaa[T isaganala¸ T/aMsamaISana ko ilae @yaUpIesako

(Quadrature Phase Shift Keying) maa^DulaoSana ka [stomaala krta

hO.@yaUpIesako maa^DulaoSana¸ baohd kmajaaor isaganala

sao BaI AcCa T/aMsamaISana (iDSa eMTInaa Wara irsaIva

isaganala) p`dana kr sakta hO.halaaMik [sao p`aPt

krnao ko ilae @yaUpIesako maa^DulaoSana ApoxaakRt

baD,a baOMDivaD\qa [stomaala krta hO.

[sako ivapirt saIeTIvaI isaganala ]cca

Sai@t vaalaI haotI hO.caUMik [sao kao–ei@sayala kobala

yaa fa[bar kI sahayata sao T/aMsamaIT ikyaa jaata hO̧

yao AamataOr pr naaoyaaja ÍI haoto hOM.(kma sao kma

iDSa eMTInaa sao 36¸000 iklaaomaITr dUr saOTolaa[T

sao isaganala kI iDilavar AaOr vaatavarNa kI sahayata

sao T/aMsamaIT krnao kI tulanaa maoM)
[sailae saIeTIvaI naoTvak- @yaUeema (QAM) ka [stomaala krta

hO.@yaUeema kao ek TIvaI caOnala T/aMsamaIT krnao ko ilae ApoxaakRt CaoTo

baOMDivaD\qa kI ja$rt haotI hO.@yaUeema maa^DulaoSana ko ivaiBannastr ]plabQa hOM
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has the legal permission from the HITS operator to
do so.

HITS VS DTH
HITS has often been described as "DTH For

Cable Operators". It is interesting to compare - from
an investor's perspective - whether HITS or DTH
provides a better investment opportunity.

Both HITS & DTH provide instant presence
and deployment of services throughout the footprint.

A DTH platform acquires its customer with a
one time subsidised price for the STB+DTH Dish+ LNB.
In contrast, a HITS platform needs to pay a recurrent
monthly revenue to its partnering cable operator. The
consumer remains the cable operators' asset.

In a bid to facilitate rapid digitalisation of
Indian cable TV networks, the Union Cabinet has
decided to grant HITS licenses without a recurring
annual license fee. In contrast the DTH license
requires each DTH platform to pay a recurring
license fee of 10% of the annual revenue of the DTH
platform.  This includes 10% of not only the
subscription fee but  the selling price/hire charges
of the STBs + Dish antenna also.

DTH platforms need to woo new consumers
either from other DTH platforms or from existing
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levels of QAM modulation are available e.g. 64 QAM,
128 QAM and 256 QAM. 256 QAM utilises the smallest
bandwidth per channel transmitted but needs a very
clean (noise free) CATV distribution network. In the
Indian context, QAM 64 is likely to be widely deployed.

A transmodulator receives the QPSK signal from
an LNB. These signals are in the frequency range of
950 MHz to 2150 MHz. The transmodulator down
converts these signals into the cable TV frequency
band (48 MHz to 860 MHz) while simultaneously
changing the modulation from QPSK to QAM.

Some QAM modulators offer an RF output in a
pre defined frequency band, e.g. 300 MHz to 400
MHz. Others offer a frequency agile output that can
be set by the cable operator.

Transmodulators are fairly inexpensive and cost
approximately Rs 15,000 to Rs 20,000 each. Keep
in mind that a single transmodulator would cater to
upto 10 digital pay channels. Hence just 10
transmodulators costing Rs 200,000 or less is all
that is needed by the LCO to incorporate 100 digital
channels on his network !

]nhoM eosaa krnao ko ilae ecaAa[-TIesa Aa^proTraoM sao Anaumait imalaI
hao.
ecaAa[-TIesa banaama DITIeca

ecaAa[-TIesa ka vaNa-na p̀aya: ‘kobala AâproTraoM ko ilae DITIeca’
ko $p maoM ikyaa jaata hO.ek inavaoSa ko pirpòxya sao yah tulanaa krnaa
majaodar haogaa ik ecaAa[-TIesa yaa DITIeca maoM sao kaOna AcCI inavaoSa
saMBaavanaaeM p`dana krta hO.

ecaAa[-TIesa va DITIeca daonaaoM pUro fuTipM̀T xao~ maoM saovaaAaoM ka
p̀stuitkrNa AaOr t%kala ]pisqait p̀dana krta hO.ek DITIeca PlaoTfama-
Apnao ]pBaao@taAaoM kI p`aiPt esaTIbaI+DITIeca iDSa+elaenabaI ko
ilae ekbaar ko iryaayatI maUlya pr p`aPt krta hO.

[sako ivapirt ecaAa[-TIesa PlaoTfama- kao Apnao sahyaaogaI kobala
Aa^proTraoM kao AavatI- maaisak rajasva ko Baugatana krnao kI ja$rt haotI
hO.]pBaao@ta¸ kobala Aa^proTraoM kI saMpi<a banao rhto hOM.BaartIya kobala
TIvaI naoTvakao-M ko tIva` iDijaTlaa[jaoSana kao baZ,avaa donao ko ilae koMd`Iya
maMi~maMDla nao ibanaa AavatI- vaaiYa-k laa[saoMsa Saulk ko ecaAa[-TIesa donao ka
inaNa-ya ikyaa hO.[sako ivapirt DITIeca laa[saoMsa ko mautaibak p`%yaok
DITIeca PlaoTfama- kao vaaiYa-k rajasva ka 10 p`itSat¸ AavatI- laa[saoMsa
Saulk ka Baugatana krnaa haota hO.[samaoM 10 p̀itSat ka na isaf- sabsaËIPSana
Saulk Saaimala hO bailk ivaËya maUlya¸ esaTIbaI + iDSa eMTInaa ka maaisak
ikrayaa BaI Saaimala hO.

jaOsao 64 @yaUeema¸ 128 @yaUeema AaOr 256 @yaUeema.256 @yaUeema AamataOr

pr p`it caOnala T/aMsamaIT ko ilae sabasao kma baOMDivaD\qa ka [stomaala krta hO̧

laoikna [sako ilae saaf–sauqaro (naaoyaaja ÍI) saIeTIvaI ivatrNa naoTvak- kI

ja$rt haotI hO.BaartIya saMdBa- maoM @yaUeema 64 sabasao ]pyau@t hO.

T/aMsamaa^DulaoTr¸ elaenabaI sao @yaUpIesako isaganala kao irsaIva krta

hO.yao isaganala 950 sao 2150 MHz ÍI@vao MsaI roMja vaalaI haoto hOM.

T/aMsamaa^DulaoTr¸ [na isaganalaaoM kao kobala TIvaI ÍI@vaoMsaI baOMD (48 MHz to

860 MHz) maoM Da]naknvaT- krta hO.

kuC @yaUeema maa^DulaoTr¸ ibanaa inaQaa-irt ÍI@vaoMsaI baOMD maoM Aaref

Aa]TpuT Aâfr krta hO̧  (jaOsao 300 MHz sao 400 MHz) jabaik Anya

kobala Aa^proTraoM Wara inaQaa-irt ikyao jaanao vaalao ÍI@vaoMsaI ejaa[la Aa]TpuT

Aâfr kr sakta hO.

AamataOr pr T/aMsamaa^DulaoTr ]tnaa mahMgaa nahIM hO AaOr [saka maUlya

lagaBaga 15¸000 sao 20¸000 $pyao haota hO.Qyaana rKoM ik ek

T/aMsamaa^DulaoTr 10 iDijaTla po–caOnala tk kao saMBaalanao maoM saxama hO.[sailae

maa~ 10 T/aMsamaa^DulaoTr ka Kca- 200¸000 $pyao yaa [sasao kma haota hO̧

ijasakI ja$rt elaemaAao kao Apnao naoTvak- maoM 100 po–caOnalaaoM kao Saaimala

krnao ko ilae haotI hOÑ
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cable TV networks. While the DTH industry is
growing rapidly, it still represents less than 20% of
the CATV customer base. On the other hand, HITS
taps a pre-installed base of more than 80 million
cable TV homes. If a HITS platform can garner just
10% of the existing CATV market, it will have more
than 8 million subscribers, which is much more than
that of the largest existing DTH platform.

CONCERNS
As in any new technology, there will be

skeptics and concerns. Let's take a closer look at some
of the genuine concerns.

LMOs will be concerned that their customers
will be addressed directly by the HITS operator who
has the power to disable an individual STB without
the intervention of the LMO. Since consumer's
payments and cheques could be made out directly
in favour of the HITS platform, the LMO needs to
approach the centralised HITS facility to claim his
commissions.

Since the HITS platform; much like a CATV
network on the ground; brings together channels
from a variety of broadcasters, the broadcasters may
be concerned that the HITS platform will emerge more
powerful than any individual broadcaster.
Ultimately the HITS platform could dictate its own
pricing and delivery terms t to the broadcaster since
HITS will have a nationwide reach.

ASPIRING HITS OPERATORS
In principle HITS is an attractive option for

every large MSO.
WWIL has already launched its SitiSatellite

HITS platform.
Hathway had declared its plans to launch a

HITS platform. NSTPL and InCable too had declared
a similar intent.

SitiSatellite and NSTPL have valid HITS
licences issued to them earlier. All other players will
have to apply for fresh licences.

Any MSO or cable network that deploys digital
STBs can always launch its own HITS platform and
seamlessly transfer its end consumers from a ground
based digital Headend to a satellite based Headend
In The Sky, without the consumer even sensing the
transition.

The I&B Ministry see HITS as a key enabler
for rapid digitisation of Indian CATV Networks.

Will HITS Be A Hit In India ? ■

DITIeca PlaoTfamaao- kao yaa tao Anya DITIeca PlaoTfama- yaa vat-maana
kobala TIvaI naoTvakao-M sao nayao ]pBaao@taAaoM kao lauBaanaa pD,ta hO.halaaMik
DITIeca ]Vaoga tojaI sao baZ,a hO̧  laoikna yah ABaI BaI saIeTIvaI ]pBaao@ta
AaQaar ko 20 p̀itSat sao kma ka p̀itinaiQa%va krta hO.jabaik dUsarI Aaor
ecaAa[-TIesa kao phlao sao sqaaipt 80 imailayana kobala TIvaI GaraoM ko AaQaar
kao p̀aPt krnaa hO.yaid ecaAa[-TIesa maaOjaUda saIeTIvaI baajaar ko maa~ 10
p̀itSat kao BaI p̀aPt kr sako̧  tao BaI ]sako pasa 8 imailayana sabsaËa[bar
haoMgao̧  jaao ik vat-maana maoM ivaSaalatma DITIeca PlaoTfama- sao kafI AiQak hO.
ica Mta

iksaI BaI nayaI tknaIkI kao laokr laaogaaoM maoM icaMta va saMdoh rhta hI
hO.Aa[yao [namaoM sao kuC vaastivak icaMtaAaoM pr najadIkI inagaah DalaoM.

elaemaAao kI icaMta haogaI ik ecaAa[-TIesa AâproTr ]nako gàahkaoM
pr saIQao najar rK sakoMgao̧  @yaaoMik vah elaemaAao ko hstxaop ko ibanaa
vyai@tgat esaTIbaI kao baMd kr sakta hO.caUMik gàahkaoM ka Saulk AaOr caok
saIQao ecaAa[-TIesa PlaoTfama- ko pxa maoM haogaa¸ [sailae elaemaAao kao Apnao
kimaSana ko ilae koMd̀IkRt ecaAa[-TIesa saoo saMpk- krnao kI ja$rt haogaI.

caUMik ecaAa[-TIesa PlaoTfama- kafI hd tk saIeTIvaI naoTvak-
kI BaaMit haotI hO̧  jahaM ivaiBanna p`saarkaoM ko caOnala kao eksaaqa laayaa
jaata hO̧  p`saarkaoM kI icaMta hao saktI hO ik ecaAa[-TIesa iksaI
vyai@tgat p̀saark kI tulanaa maoM AiQak Sai@tSaalaI haokr ]Barogaa.AMttÁ
ecaAa[-TIesa PlaoTfama-̧  p`saarkaoM ko ilae Kud ko maUlya AaOr iDilavarI
inayamaaoM kao inaQaa-irt krogaa¸ @yaaoMik ecaAa[-TIesa kI phuMca raYT/Iyastr
pr haotI hO.

[-cCuk ecaAa[-TIesa Aa^proTr

isawaMtÁ ecaAa[-TIesa¸ p`%yaok baD,o emaesaAao ko ilae AakYa-k

ivaklp hO. DblaUDblaUAa[-ela nao phlao hI Apnaa isaTIsaOTolaa[T

ecaAa[-TIesa PlaoTfama- laa^nca ikyaa hO.haqavao nao ecaAa[-TIesa PlaoTfama-

ko laa^nca kI yaaojanaa kI GaaoYaNaa kI hO.enaesaTIpIela AaOr [nakobala nao

BaI [saI trh kI yaaojanaa banaayaI hO. isaTIsaOTolaa[T AaOr enaesaTIpIela

ko pasa pUva- maoM jaarI vaOQa laa[saoMsa hO.Anya saBaI kao nayao laa[saoMsa ko ilae

Aavaodna krnao kI ja$rt haogaI.

kao[- emaesaAao yaa kobala naoTvak-̧  jaao ik iDijaTla esaTIbaI lagaata

hO̧  vah kBaI BaI ecaAa[-TIesa PlaoTfama- kao laânca kr sakta hO AaOr Apnao

gàahkaoM kao sqaanaIya iDijaTla sao saOTolaa[T AaQaairt hoDeMD [na d̂ ska[- pr

sqaanaaMtirt kr sakta hO̧  vah BaI gàahkaoM kao iksaI trh kI saMËmaNa ko.

saUcanaa va p`saarNa maM~alaya¸ ecaAa[-TIesa kao BaartIya saIeTIvaI

naoTvakao-M ko tIva` iDijaTa[jaoSana ko ilae mah%vapUNa- hiqayaar ko $p maoM doK

rhI hO.@yaa ecaAa[-TIesa Baart maoM laaokip`ya haogaaÆ ■
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