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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.
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SIMPLE DIGITAL ENCODING
TV picture content is continuously changing.
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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
guality is needed the most.
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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.
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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.
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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 1is ablock 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.
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Fig. 1. Statistical Multiplexing System
When one encoder has a more challenging e Ueh IHIST & I HIT & [T (e gw’n;'ﬁ W

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).
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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
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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.
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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. B
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