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THE DIGITAL
HEADEND

Part 1
- by Devchand Haria,
(B.E Elect. & Telecom)

The Cable TV Industry in India is
poised for another big change. Since the
beginning of Cable TV, there have been
major technological advancements both in
control room equipment and also in
distribution network equipment. The last major
change, few years ago, was changing the
distribution trunk from coaxial to fiber optic.

Now the new revolution is in the control
room to change from analog to digital TV.
Normally the cable operators resist the change
as it looks complex or difficult to understand, but
as they understand the technology they find it
easier to manage and give better quality picture.

In this article we will go through the
limitations of analog system, the components of
digital equipments required and their use and to
make the cable operator realize that though
complex, it is not very difficult to incorporate digital
technology in their control room:s.

ADVANTAGES OF DIGITAL NETWORK OVER
ANALOG :

Today even in an 860 MHz network, the
maximum channels that can be delivered is 106.
Currently India receives more than 150 programs
and the 860 MHz analog bandwidth is not enough.
So we have to go for the compression system and
digitalize the signal. The scheme we use currently
for compression is the MPEG-2.

MPEG-2 DIGITAL COMPRESSION

MPEG-2 is a digital format. In an MPEG-2
signal, the adjacent frames are compared and only
those sections of picture which have changed or
moved, are recorded. In the next frame of video,
only changed picture is transmitted / recorded.

Mpeg-2 compression reduces the digital data
required for moving video, by about 55 to 1. MPEG-
2 has advantages such as being robust and not prone
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to errors; low over head bits and a simple decoding
process.

Using MPEG-2 digital, approximately 8 TV
Channels can be compressed into 7 MHz, which
otherwise supports only 1 analog channel. As a
result, a 550 MHz bandwidth can accommodate
about 700 TV Channels ! The Modulation used in
the digital headend is QAM (Quadrature
Amplitude Modulation).

CABLE ATTENUATION

The picture in an analog transmission
degrades as distance increases, but in digital
transmission it will stay perfect. Also the major
benefit in digital transmission is the ease to have
added services like:

+ Pay Per view

+ Video On Demand

+ Data (internet Services)

+ Interactive services like Gaming.
+ Telephony

These additional services can be easily
accommodated, since enough bandwidth is
available.

STEREO SOUND & DOLBY

Even the audio is significantly enhanced in
MPEG-2 compared to analog transmissions. Analog
CATYV transmissions do not support Dolby or stereo
sound. Digital offers Dolby stereo and even 5.1
Surround Sound.

Now let us take a closer look at the various
equipment which are required at the digital
headend and their functions :

EQUIPMENTS REQUIRED FOR DIGITAL HEADEND
Transmodulators.

Professional IRDs

Multiplexers

QAM modulators

Scramblers

CAS system.

TRANSMODULATORS

The function of transmodulator is to convert
QPSK modulation signals which are used in satellite
transmissions, to QAM modulation, used in digital
Cable TV systems.

QAM signal are also down-shifted in
frequency to any frequency band from 45 MHz

e
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to 860 MHz. The down-converted frequency is
determined by the Cable network, depending on
the frequencies at which they decide to include
digital transmissions on their network.

A transmodulator receives the signal
directly from the LNB; changes the modulation
and converts the frequency for all the channel
received from that LNB.

As an example, the INSAT 2E satellite
carries a bouquet of the ETV regional language
channels. The entire bouquet can be converted
to digital and added onto an existing CATV
network, by a single transmodulator. Hence, just
1 transmodulator will convert all programs on a
particular transponder.
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The Transmodulator Is An Ideal,
Low Cost Solution For Adding FTA
Channels To A Digital Bouquet.
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ADVANTAGES OF TRANSMODULATORS

A transmodulator is relatively in-expensive,
at approximately Rs 25,000 each. As a result 10 or
more digital CATV channels can be generated on a
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CATV network at just Rs 25,000; the cost of a single
transmodulator.

Further, the transmodulator is frequency
agile, and its output frequency can be varied at will
by the Cable operator.

DISADVANTAGE OF TRANSMODULATORS

We cannot remove a particular program from
the bouquet of channels as all the channels will be
converted to QAM. Some transmodulators have the
facility to accept a SMART Card to decode incoming
pay TV channels. Ofcourse this would require all
the incoming Pay TV channels to have the same
encryption. It would also require the Pay TV
broadcaster to provide a SMART Card that would
simultaneously decode multiple pay channels.

Also if selective delivery via CASis planned,
it is not possible to locally scramble the programs
available on the output of a transmodulator.

The transmodulator is an ideal, low cost
solution for adding FTA (Free-To-Air) channels to
a digital bouquet.

Implementation of CAS & consumer selection
of channels, demands the use other equipments
which we will see one by one.

TYPICAL CAS HEADEND
A typical digital headend with CAS is shown
in the Figure 2 block diagram.
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format. This is done by special digital satellite
receivers which provide a digital data stream as an
output instead of analog audio and video outputs.
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This digital data stream has been standardised as
an Asynchronous Serial Interface, which is MPEG-
2 compatible. The ASI interface maintains full
digital quality of the incoming satellite signal.

As an example, the Sahara package can be
tuned by a single IRD to receive 8 programs in a
single stream (currently 2 programs are
scrambled)

PAY CHANNELS WITH CAS

Incorporating pay TV digital channels is also
possible using ASI output digital satellite receivers.
However, if the
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decoder is built into (or integrated with ) the digital
satellite receiver.

For IRDs indicated above, it is essential that
the pay TV broadcaster authorises the IRD and
provides a smart card to match it. Most pay TV
broadcasters in India are not quite as cooperative
and they insist that only their common digital
satellite receivers, which do not provide an ASI out,
are used. In such cases the digital cable headend
has no option but to use equipment described in
the “Local Encoding” section below.

Some encryption systems such Scientific
Atlanta’s PowerVu do not provide a cam module
to interface with other manufacturer’s ASI output
IRDs In such cases, the digital headend has no
option but to purchase PowerVu IRDs, at relatively
higher costs.

PAY CHANNELS NOT PROVIDING CAM MODULES
As indicated above, some pay channel
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In such cases, it is necessary to convert the
analog A/V signals into digital signals and then
send this digital data stream for local encoding.

Conversion of the analog A/V signal to a
digital stream is done by the MPEG-2 encoder. The
encoders are relatively expensive devises and can
account for a large share of the total headend cost.
As an example, an MPEG-2 encoder will typically
cost Rs. 20 lakhs per channel if procured from a
reputed international manufacturer.

The received and locally encoded signals will
be sent to the digital QAM modulators.

LOCAL CHANNELS

Cable headends often create their own local
channels. Large MSOs often creates their own Hindi
Movie channels while smaller networks often
create, in-house produced, local news channels. The
output from the cameras
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The Transport Stream is then locally encoded
and send to the digital QAM modulators.
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As seen above, each TV channel in a digital
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headend is generated as a digital data stream.
However, one analog channel bandwidth can
accommodate multiple digital channels (often
ranging from 6 channels to 24 digital channels).
Hence, it is necessary to “‘Re-Bundle” each of the
digital Transport Streams into a bundled
Transport Stream (TS).

The Re-Bundling process is done by a
Multiplexer or MUX.

Each Multiplexer will typically have 8 or 16
ASI inputs. Each of these 16 ASI inputs receives an
ASI data stream from its digital satellite receiver or
MPEG-2 encoder.

Using a local Multiplexer, the digital cable
headend has the facility to create its own bundle of
different channel, as apart of single Transport
Stream.

EFFICIENT MULTIPLEXING

As we have seen in the beginning of this
article, MPEG-2 compression is done by only
transmitting changes in the picture from one
frame to another. Hence a news channel which
shows the face of a news reader for most of the
time, can be very efficiently compressed for
transmission over a very small digital
bandwidth.

On the other hand a Sports channel, where
the camera follows the ball, has a very high rate
of a changing picture. Such channels cannot be
compressed to the same extent as a News
channel.

Most encoders provide a facility to set the
compression ratio for that particular channel.
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Hence, efficient digital compression can be
achieved if the local digital headend creates its own
re-bundle Transport Stream consisting of a mix of
sports, news and movie/general entertainment
channels.

It is therefore important for the digital
cable headend to Multiplex /Bundle the correct
digital channels in each Transport Stream.

STATISTICAL MULTIPLEXING

Even a News channel will often shift to
outdoor news reporting, with rapid changes in the
picture. On the other hand a sports channel may
focus on the commentator and therefore, at that
moment in time, the sports channel could be
compressed more efficiently.

To compress multiple channels most
efficiently, Statistical Digital Multiplexing is
utilised. A computer continuously monitors a group
of 15 to 20 channels and allocates - 50 times every
second - the compression ratio for each of the
channels in one particular Transport Stream.

As a result at some instant in time, a news
channel may require, and receive lower
compression than a sports channel, and vice-a-
versa.

Using Digital Statistical Multiplexing, Indian
MSOs often put out 15 to 20 digital channels in the
bandwidth occupied by a single analog channel.

QAM MODULATORS

Digital CATV signals are modulated using
Quadrature Amplitude Modulation (QAM).
QAM digital modulation operates efficiently in
applications such as CATV, where the signal
levels are quite large, such as 60 dBU to 120 dBU
as typically deployed in a CATV network. Under
these conditions, QAM provides for very dense
digital data transmission in the same bandwidth.

In contrast QPSK modulation used for
transmission of less than 1 micro-watt of satellite
power, cannot pack dense data but provides
excellent error-free translation even for miniscule
signals.

All QAM modulators are frequency agile and
the cable operator has the option of setting their
output at any convenient frequency band in the
cable TV spectrum.
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Three levels of QAM modulation are usually
utilised for CATV networks. These are :
Ly QAM 64
Ly QAM 128
& QAM 256.

QAM 64 provides smaller digital signal
carrying capacity than QAM 128 or QAM 256.

In practice, QAM 64 provides 38 Mbps over
a7 MHz bandwidth i.e around 8 to 10 program can
be transmitted per analog channel bandwidth.

QAM 128 provides 44 Mbps. Over the same
bandwidth i.e around 12 programs per analog
channel.

QAM 256 provides carriage of 51 Mbps
digital information, i.e around 14 program can be
inserted per analog channel.

Only QAM modulator is required per
Transport Stream and the output of the QAM
modulator is then combined using conventional
splitters, to form a composite Digital Output stream.

ALLOCATION OF DIGITAL FREQUENCY

The TRAI requires that all Indian CATV
networks must carry the free-to-air channels as
analog channels. This implies that all Indian
CATV networks must; by law; the hybrid and
deliver both analog and digital CATV signals.

Even assuming that digital will squeeze
just 10 digital channels per analog channel
bandwidth, it is more than adequate to allocate
10 analog channel bandwidth for digital capacity.

The digital headend must therefore decide
which 10 analog channels are to be vacated for
creating digital capacity.

The prime band channels (E-2 to E-12) are
ruled out because of they yield prime carriage fees.

On the other hand, the top end of the
spectrum, towards 860 MHz would be an unwise
decision since many last mile operators cannot
provide adequate quality signals to their consumers
at these extreme UHEF frequencies.

Generally MSOs provide their digital channels
at frequencies ranging from 300 MHz to 450 MHz.
Most LMOs provide excellent carriage of these
frequencies. An added advantage is that old TV sets
do not tune to these frequencies and at least some of
the customers will not even miss the analog bandwidth
that has been redeployed for digital channels.
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MULTIPLEXER AND QAM MODULATOR WITH CAS
SYSTEM
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As we have seen above, the digital headend
consists of 2 sections:

% The Data Acquisition function which is
performed by IRDs or encoders,

< The Data Processing function which is performed
by multiplexers and QAM modulators.

In the Data Acquisition section requires
different equipments for different programs
depending on whether they are free or scrambled
and depending on the satellite and transponder.

The first step in designing and planning a
digital headend is to finalise a list of programs
which are to be transmitted in the digital system.

The second step is to finalise the CAS system
and the third is to select the set top box with the
embedded CAS and the features required. The
details for CAS, STB and other features like EPGs
and VOD will continue in Part II. H
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