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There are many paths that can be taken during the transition from analog 
to digital television. Broadcasters must weigh the delivery of new services, 
such as high definition, multiplexed standard definition, pay television, 
and data broadcasting, versus budgetary and logistics constraints. Rather 
thun jumping into a full-featured digital television (DTV) broadcast sys- 
tem, broadcasters may wish to consider the upgrade in phases. This paper 
discusses an upgrade path to delivery of new digital services that can be 
taken over four phases. At each phase, the broadcaster must build and 
instull only a portion of the full DTV broadcast system; yet each phase 
also represents a milestone at which the broadcaster can deliver meaning- 
ful  services. 
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he transition from the current ana- T log television plant to the future 
full-featured DTV broadcast plant 
involves many significant shifts. There 
will be many new pieces of equipment 
in the facility, and just as many shifts 
in mindset. Digital broadcasting is not 
just about digitizing current services; 
it is about the ability to deliver new 
digital services whose implications are 
not yet fully explored. 

Fortunately, broadcasters need not 
change everything at once. Station 
engineers can add equipment here and 
there, gradually adding to and replac- 
ing infrastructure. But as the plant 
investment increases, it will be impor- 
tant to have commensurate increases 
in the scope of services. 
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The first phase with any DTV con- 
version is getting a signal on the air. 
This initial phase, described below, is 
a minimalist approach that may appeal 
to some. The second phase adds multi- 
plexed standard definition to the digi- 
tal system-multiplexing is an oppor- 
tunity to offer new services, which 
may be a priority for some broadcast- 
ers. The third phase adds high-defini- 
tion (HD) pass-through. This yields a 
higher quality of service yet requires a 
minimum of local investment. The 
final phase is conversion to a fully HD 
capable facility. 

Phase 1: Dawn of Digital Services 
Although some broadcasters may 

wish to jump directly into high defini- 
tion, some may wish to take a more 
conservative approach to launching 
digital services. The most conservative 
first step is to simply simulcast the 
existing analog service in digital. Even 
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with this approach, there are a number 
of complex and potentially expensive 
upgrades to perform. 

Perhaps the most expensive 
upgrades will occur at the transmitter 
site. Conversion to digital may require 
physical upgrades to the existing 
antenna; building a second antenna; or 
worse yet, finding another antenna 
site. In addition, there is the need for a 
new digital transmitter, with new 
power requirements, and an upgrade to 
the station-to-transmitter link (STL). 

Faced with all these challenges at 
the transmitter site, the broadcaster 
may wish to minimize initial invest- 
ment at the station itself. What will the 
minimum system look like? Figure 1 
depicts a bare-boned, but fully opera- 
tional DTV system. Remarkably few 
new pieces of equipment or changes in 
operation are required. 

Just before the analog STL, the sig- 
nal is split to also feed an ATSC-com- 
pliant MPEG-2 encoder. This video 
feed is most likely available in either 
analog NTSC or serial digital (SMPTE 
259). Either of these formats can be 
accepted directly at the encoder. The 
audio feed is most likely available in 
differential analog or AES/EBU. 
Again, either format can be accepted 
at the encoder. 

If the audio and video feeds are in 
proper lip sync, no special synchroniz- 
ing considerations are required. 
Although the internal processing 
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Figure 2. Multiplexed D N  system, studio system. 

delays for audio and video are differ- 
ent, the encoder compensates for these 
internal differences and outputs a fully 
synchronized multiplexed stream. 

Because the standard definition sig- 
nal requires only a fraction of the 19.4 
Mbits/sec available, it may be desir- 
able to use the remainder of the band- 
width to broadcast data services for 
business or home applications. The 
data server in the diagram provides the 
capability to broadcast data within the 
multiplexed MPEG stream. The appli- 
cations for data delivery may include 
transmission of a variety of public and 
private services: 

Digitized local, national, or inter- 
national newspapers. 

Sports and entertainment listings. 
Financial data and news for bro- 

kers or individual investors. 
Private database updates for retail 

or financial businesses. 
Initially, these services could be 

completely standalone. Eventually, 
data seryices may be tied to program 
or advertisement content. 

In addition, service information is 
required as part of the digital stream. 
This “information about the informa- 
tion” allows the decoder to navigate 
the different services in the stream. 
The formats specified by the ATSC is 
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called Program and System Infor- 
mation Protocol (PSIP). The PSIP 
server provides this information to the 
multiplexer. Initially, PSIP could be 
supported with a standalone computer, 
but at some point the PSIP server 
should be tied into the station automa- 
tion system. 

Phase 2: Multiplexed Standard 
Definition 

To get on the air with a DTV signal, 
there are a number of hurdles at the 
transmitter site, and a few at the sta- 
tion. To put a multiplexed DTV signal 
on the air, the situation gets more 
complicated at the station, but this 
complexity allows a wider range of 
services. 

Broadcasters may use multiplexed 
DTV in a variety of ways. They may 
have a flagship channel that is used in 
much the same way as their current 
signal, but they can have a few addi- 
tional channels that are used in differ- 
ent ways. Examples include: 

Local or regional news channel 
(e.g., Bay TV in the San Francisco 
market). 

Cable channels (to complement or 
compete with local cable). 

Additional syndicated program- 
ming. 

Additional broadcast slots for pop- 

More infomercials. 
Pay-per-view movies. 

DTV multiplexing leads to a change 
in master control. Today a broadcast 
station is focused on making one chan- 
nel of video as good as possible. There 
is a high demand for sophisticated 
video manipulation features as well as 
reliability in the video path through 
the plant. This approach may remain 
for a primary broadcast channel. 

For secondary channels, the video 
path may be simplified considerably. 
In any case, the video compression 
path for any of the signals looks about 
the same. Figure 2 depicts the station 
diagram for a multiplexed DTV broad- 
cast system with one primary channel 
and up to three secondary channels. 

The diagram indicates the use of a 
simplified switcher for the secondary 
channels. For these channels, it may 
be possible to forgo digital video 
effects and other features commonly 
used to give a distinctive look to a sta- 
tion. The primary channel retains the 
fully featured master control switcher 
used today. Once multiplexing is in 
use, the broadcaster should consider 
an automation system that is designed 
for managing multiple channels. This 
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automation system should be tied into 
the PSIP server. 

The  MPEG system in Fig. 2 is 
expanded to handle the additional 
channels of video. Beyond the addi- 
tional capacity, the MPEG system also 
features full redundancy. The diagram 
depicts one backup encoder for three 
active encoders on the secondary 
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channels. The primary channel has 
one-for-one encoder redundancy. The 
data server, PSIP server, mux, and 
STL transmitter also have one-for-one 
redundancy. 

Statistical multiplexing (statmux) is 
an important consideration in multi- 
channel broadcasting. Statmux 
improves video quality by allowing a 
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set of channels to dynamically share a 
bandwidth pool. Over time, video 
material varies in compression diffi- 
culty. Statmux allows a channel with 
difficult video to increase its bit rate, 
whereas another channel with easy 
video lowers its bit rate. If all channels 
have difficult video simultaneously, 
there is no spare bandwidth to share. 
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Figure 3. Multiplexed D N  system, transmitter site. 
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Figure 4. Multiplex plus HD pass-through system, studio system. 
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At those rare moments, statmux is no 
more effective than fixed bit-rate allo- 
cation. But most of the time, statmux 
increases quality by allocating bits 
where they are most needed. 
Depending on the MPEG equipment 
selected in phase 1, adding statistical 
multiplexing may be as simple as 
adding a software option. 

Another consideration is the use of 
a conditional access system (CAS). As 
additional services are added, some of 
the content may be subscription-based, 
pay-per-view, or otherwise controlled. 
Although DVB has made great strides, 
both in definition and deployment of 
CAS, ATSC is still in the early stages 
of CAS definition. For the sake of 
simplicity, and because ATSC CAS 
definition is in flux, CAS is not depict- 
ed in the diagram. 

Because phase 1 solved all the digi- 
tal transmission problems, the digital 
transmission path from the MPEG 
multiplexer to the antenna remains the 
same for phase 2. The diagram for the 
transmitter site is shown in Fig. 3. As 

a variation, decoding the primary digi- 
tal feed at the transmitter site can 
eliminate the analog STL. This option 
is depicted. 

Phase 3: High-Definition Pass- 
Through 

As high-definition broadcasting 
ramps up, source material may come 
primarily from network feeds. Rather 
than performing extensive local pro- 
duction, stations may elect to simply 
pass through network feeds with mini- 
mal manipulation. An island of HDTV 
routing and editing equipment may be 
adequate to support this capability, 
meaning that the bulk of the station 
plant need not change. 

Figure 4 shows how HDTV capabil- 
ity may be added to the multiplexed 
system of phase 2. The approach 
depicted assumes the network HD 
feed is decoded for local processing 
prior to retransmission. The only 
change to the MPEG system is the 
addition of a high-definition encoder. 
The digital broadcast chain from the 

multiplexer to the antenna remains the 
same. 

Phase 4: Full-Featured Digital 
Broadcasting 

The last phase represents the plant 
of the future. Given the rapid changes 
in market needs and rapid develop- 
ment of new technology, any depiction 
of the future broadcast facility is  
somewhat speculative. But it is possi- 
ble to make some educated guesses. 

In a compressed digital video sys- 
tem, there are two primary drivers, 
content and bit rate, delivering more 
and better content drives revenue. But 
the ability to deliver content is con- 
strained by the iron fist of the fixed bit 
rate channel. The MPEG standard 
inherently supports a variety of resolu- 
tions, frame rates, and quality levels. 
Thig flexibility allows the operator to 
mace dynamic adjustments, always 
kedking the quality and quantity of 
content in balance. 

The first MPEG systems deployed 
often were configured with nailed up 
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Figure 5. Full-featured DTV system. 
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parameters-fixed channel count, bit 
rate, and resolution. Operators 
inevitably tend toward flexible use of 
the available bandwidth. Well- 
designed MPEG equipment already 
allows a high degree of flexibility in 
the quality versus quantity tradeoff. 
The rest of the physical plant will have 
to catch up. 

The routing system and master con- 
trol switcher are two key pieces. The 
most flexible approach is to support 
both variable channel count and vari- 
able resolution per channel. Ideally 
these systems should be agile, operat- 
ing on both HD and SD. Through the 
course of a broadcast day, the  mix 
may move from six channels of SD, to 
two channels of 480P, to one channel 
of 720P and one channel of 480i, and 
to one channel of 1080i. The master 
control switch and router should take 
it all in stride. 

A major issue for phase 4 is the for- 
mat in which video is routed. With a 
small HD island in phase 3, one can 
simply pick a cost-effective and con- 
venient solution. But in phase 4, we 
are looking to change the routing in 
the entire facility. Near-term expedi- 
ency is not the primary consideration 
in such a major change. Among the 
candidates are mezzanine compression 
on SDTI, full bandwidth digital video, 
and computer networks, such as ATM. 
Each of these approaches has advan- 
tages for different applications. It is 
likely that all three will coexist in the 
station plant of the future. 

Figure 5 depicts a full-featured 
DTV system. The MPEG emission 
system used in phase 3 (HD Pass- 
Through) remains i n  place. The 
changes occur in the rest of the broad- 
cast plant. At this point, cameras, tape 
decks, video servers, master control 
switcher, etc., must all be converted to 
HD. Of all the changes that have 
occurred in the previous phases, this 
final conversion to end-to-end HD is 
perhaps the most expensive step. 

The system depicted in Fig. 5 is 
based on the assumption that a full 
bandwidth router is available. Ideally 
any sort of video could be carried over 
this router. Uncompressed video may 
be used as inpudoutput to the master 
control switcher. Compressed formats 
may be used for tape-to-tape transfers 
to eliminate generational loss. 

Another feature of the ideal router is 
the ability to carry metadata regarding 
compression decisions along with 
decompressed video. At some point, 
this metadata could be used by the 
compression front end of tape 
recorders and by the emission 
encoders to minimize generational 
losses. 

Not depicted in the diagram, for the 
sake of simplicity, is the computer net- 
work. This infrastructure will be ubiq- 
uitous. As video equipment becomes 
increasingly more digital, the control 
systems and video routing system will 
borrow more and more heavily from 
the computer networking industry. 
The economies of scale of that indus- 
try produce an irresistible force. 
Perhaps even the venerable 75-ohm 
video cable will fall victim at some 
point. 

Conclusion 
Each broadcaster will have a unique 

path to DTV. The approach described 
here may be a sensible approach for 
some. Whatever approach is taken, it 
would be wise to take things step by 
step. Although it is possible to design 
a new facility from the ground up, this 
is not economical for most. Even if it 
were, it does not take into account that 
technology is moving fast. Building on 
proven technology at each stage of the 
upgrade can take some of the uncer- 
tainty out of the DTV picture. 

Appendix 

DiviCom History 
DiviCom introduced the world’s 

first MPEG-2 video encoder at the 
World Media Expo in 1994 and has 
been delivering digital broadcast sys- 
tems since 1995. MPEG systems have 
been delivered to program delivery 
system operators in the fields of 
direct-to-home satellite broadcast 
(DTH or  DBS), fiber-to-the-curb 
(FTTC), digital wireless cable (also 
known as multipoint multichannel dig- 
ital system, or MMDS), and asynchro- 
nous transmission mode (ATM)-based 
contribution networks. DiviCom has 
delivered over 2,000 broadcast-grade 
MPEG-2 encoders, including several 
installations of 100+ channel systems. 

Terrestrial digital broadcasting can 
be seen as another kind of program 

delivery system. Although DTV 
broadcasting brings new challenges, 
we can apply many of the ideas devel- 
oped for other types of systems. 
Flexible allocation of bit rate across a 
multiplex of video services, condition- 
al access for pay services, and data 
delivery are existing capabilities that 
can be applied to the field of DTV 
broadcasting. 
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