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Dear Industry Engineer:

On behalf of the NAB/SBE Conference Planning Committee, we are pleased to present
the 1995 NAB Broadcast Engineering Conference Proceedings.

The 49th NAB Broadcast Engineering Conference features presentations on existing and
new broadcast technologies. As the broadcast industry continues its transition from
analog to digital, you will find that a significant number of presentations have evolved
around a digital theme. This year’s conference highlights the latest developments in the
areas of advanced television, digital audio broadcasting, data broadcasting and digital
facilities design for radio and television. Traditional presentations from experts in the field
of RF round out the conference. This publication contains material from many of these
presentations.

The Society of Broadcast Engineers worked closely with NAB in developing the 1995
conference sessions. This joint effort has resulted in quality presentations that will be of
long-term value to practicing broadcast engineering professionals around the world. In
1995, the NAB Broadcast Engineering Conference continues its long-standing tradition of
providing important contributions related to broadcast engineering.

In 1995, NAB also inaugurated a new conference, the NAB/ITS Advanced
Teleproduction Conference, in cooperation with the International Teleproduction Society,
highlighting production and post production issues in the new age of multimedia, HDTV
and all-digital environments. Six important papers from this conference are included in a
special section of this Proceedings.

Our continuing goal is to provide quality conferences that will benefit all broadcasters. As
we begin preparations for our fiftieth (') NAB Broadcast Engineering Conference in 1996,
we welcome your comments and suggestions.

%M\ ?“/mp

Jerry Whitaker Lynn D. Claudy
NAB/SBE Conference Committee Chairman Senior Vice President
Science & Technology
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THE ART AND SCIENCE OF DIGITAL VIDEO COMPRESSION

Mauro Bonomi
Minerva Systems, Inc.
Santa Clara, CA

Abstract

Video compression is the critical
enabling technology for digital
distribution of video material, which
is in turn an important emerging
market for cable carriers and
telephone companies who wish to
compete by offering new, interactive
services such as video on demand.
MPEG compression, though, is a
highly subjective process. The
quality of the final compressed video
is dependent upon the compression
system used to perform the
encoding, the tools the system
features, and the skill of the person
operating the system. In a studio-
type environment these factors can
combine to significantly improve the
quality of MPEG encoding, in a
process known as "human-assisted"
encoding. This paper provides a
general introduction to human-
assisted encoding process and
describes specific techniques and
their benefits.

Introduction

The video industry is going
digital, opening a world of
new markets and distribution
opportunities for content
providers. Digital distribution

via CD-ROM, CD-I], and direct
broadcast satellite (DBS) is
already booming. Digital video
delivery via Video CDs and via
video servers over cable and
telco networks will grow
rapidly in 1995 and beyond.
Video publishers are moving
quickly to convert their assets
to digital formats to take
advantage of these new
channels.

As this migration progresses
the technology of digital video
compression, also known as
encoding, takes on a new and
pivotal role. Encoding makes
digital video distribution
viable, trimming bulky video
data down to fit bandwidth-
constrained media such as CDs
and coaxial cable.

Like any technical advance,
encoding presents both
challenges and rewards. The
challenge consists of
assimilating new tools and
new skills. The payoff is that in
mastering the technology
video publishers can deliver
compelling interactive
products, thereby gaining a
significant edge over
competitors. For content
distributors high quality
compression lowers
distribution costs. And for
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post-production houses,
encoding represents a new
service to offer customers.

Making good on these
opportunities demands a
combination of superior
equipment and unique
expertise. A sophisticated
encoder system, which
implements powerful
compression algorithms, is
essential, of course. But it is
only the beginning. Beyond
the automated phases of
encoding lies an interactive
process that can considerably
enhance the finished video
output. These “human-assist”
procedures can make the
difference between high
quality images and mediocre
ones, between efficient use of
media and wasted bandwidth.
Human-assist encoding and
the systems that support it are
likely to become a staple of
high-end video post-
production and publishing
environments.

This white paper provides a
general introduction to
human-assist encoding. The
main part of the paper
describes the overall process of
human-assist encoding,
specific techniques and their
benefits.

Compression Standards

Industry standards for video
compression have been defined
by the Moving Picture Experts
Group (MPEG), a working
committee of the International
Standards Organization (ISO).
The MPEG-1 standard,

8—NAB 1995 Broadcast Engineering Conference Proceedings

finalized in 1991, provides for
VHS-quality video at bit rates
as low as 1.14 mbps. Higher
and lower bit rates are
possible, with corresponding
trade-offs in quality.

MPEG-1 typically processes
images at SIF (standard
interchange format)
resolution, which is 352 x 240
pixels at 30 frames per second
for NTSC television and 352 x
288 pixels at 25 frames per
second for PAL. A second
MPEG standard, MPEG-2,
provides broadcast-quality
video at data rates as low as 6-8
mbps. MPEG-2, due to be
finalized by late 1994, provides
a choice of resolutions,
including CCIR 601 (720 x 480
pixels at 60 fields per second
for NTSC; 720 x 576 pixels at
S0 fields per second for PAL)
and HDTV. MPEG-2 is a
superset of MPEG-1, so MPEG-2
decoding systems will also
play any MPEG-1 video stream.

At a target video data rate of
1.14 mbps, MPEG-1 provides a
compression ratio of nearly
190:1 (uncompressed CCIR 601
video has a bandwidth of 216
mbps), matching the data rate
of single-speed CD-ROM drives
and enabling 72 minutes of
video to be packed onto one
CD. This opens the way for
movies and music videos on
CD, as well as wider use of full-
motion video in CD-based
games, training and
educational software. But
MPEG standards offer a range
of compression ratios suitable
to media and quality
requirements beyond CDs.



There are trade-offs, of course:
the greater the compression,
the lower the quality. MPEG-2
achieves higher quality than
MPEG-1 at higher bit rates; at
lower bit rates, the two
methods are roughly
equivalent. While the inverse
relation of compression ratio
to quality is inescapable, the
quality vs. bitrate curve as a
whole can be raised by
applying human-assist
techniques.

In other words, human-assist
encoding provides significant
improvements in quality at a
given bit rate. It makes possible
the cost-effective use of hybrid
fiber/coax phone systems,
digital cable systems and
direct broadcast satellite for
delivery of digital video
services and, in the case of the
phone and cable systems,
which permit two-way
communication, interactive
services such as video-on-
demand. Using MPEG
compression, a VHS-quality
video stream could be piped
over a 1.5 mbps T1 or ADSL
[asymmetric digital subscriber
line] phone line or broadcast
directly to the home via
satellite. A fiber/coaxial
network could carry up to 500
broadcast-quality compressed
channels.

Human-assist Encoding
Explained

MPEG performs what is
known as lossy compression.
That is, it compacts by
discarding data. To achieve a

compression ratio of 190:1, for
example, MPEG-1 must
eliminate more than 99
percent of the data in a video
stream. Given the extent of the
data loss, it is remarkable how
much quality is preserved.
Nevertheless, some changes in
the image are inevitable. These
changes, known as artifacts,
may include poorer image
definition and, in some cases,
visible by-products such as
blocking, ringing, and jerky,
irregular motion.

The goal of intelligent
encoding is to minimize the
impact of such artifacts,
rendering them inconspicuous
or even invisible. Success is in
the eye of the viewer; it
involves many subjective visual
and aesthetic judgments.
Though MPEG algorithms have
been designed to account for
some aspects of the human
visual response—such as a
relative insensitivity to high
spatial frequencies—they
cannot take into account the
unique qualities of individual
videos and films.

In other words, automatic
encoding can only go so far. It
cannot substitute for the
trained eye of a video
professional. It takes a human
viewer to decide what kinds of
visual artifacts are acceptable
and which are unsightly—to
determine, for example, that
one artifact is nearly
imperceptible because it falls
in the edges of the scene while
another is a glaring flaw
because it shows up in the
middle of an actor’s face.
Having made such evaluations,
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human operators can then
fine-tune the encoding process
and apply a range of special
pre-processing effects to
achieve the best-looking
output. Put simply, high-
quality video encoding is as
much art as science.

In this sense, human-assist
encoding is analogous to the
telecine process. In telecine, a
skilled professional, the
colorist, uses methods such as
color correction, filtering and
noise reduction to ensure that
the video version of a movie is
as true to the original as
possible. The job requires a
combination of technical savvy
and video artistry. Likewise in
human-assist encoding, a
highly skilled specialist, the
“compressionist,” applies
techniques such as spatial and
temporal filtering, inverse
telecine and I-frame placement
to reduce artifacts and boost
quality.

An Iterative Process

Like telecine, human-assist
encoding is an iterative
process. The compressionist
sets an encoding parameter,
views the impact on the video
scene and further modifies the
parameter until the desired
result is achieved. When the
compressed video achieves the
required quality, the encoding
decision is entered on a list,
called the encoder control list.
Similar to an edit decision list
(EDL), the encoder control list
(ECL) spells out all the
encoding decisions and the
time codes at which they are
to be executed. The ECL serves
as a script for the encoding

10—NAB 1995 Broadcast Engineering Conference Proceedings

system, which automatically
carries out the desired
functions at the time of
encoding. The work is
incremental: the
compressionist optimizes the
encoding of a video sequence
segment-by-segment.

The compressionist can apply
a variety of useful human-assist
techniques. Some, such as
inverse telecine, noise
reduction and color
correction, fall under the
heading of preprocessing—
they treat the video content
before it’s encoded.

Others, such as I-frame
placement and area of
attention encoding, are
enhancements made in the
encoding process itself.



Human-Assist Techniques:
Preprocessing Steps

Inverse Telecine

Encoding of video material
derived from film can be
greatly improved if the
duplicate fields inserted
during the telecine process are
first removed. This removal,
called inverse telecine, has
several benefits. For one thing,
it does away with redundant
fields, allowing the
compression system to allocate
more bits to the remaining
unique fields. Second and most
important for MPEG 1
encoding, it avoids serious
motion artifacts that might
otherwise occur if the 3:2
sequence is left intact.

Inverse telecine is therefore
essential for high-quality
output, and it is a good
example of a task requiring
manual intervention, since it is
too complicated for purely
automated solutions. Some
encoding systems do feature
the ability to perform 3:2
extraction, automatically
removing fields in a fixed
pattern. This works fine so
long as the extraction matches
the rhythm of the original
telecined video. The problem is
that nearly every video derived
from film contains disruptions
in this cadence, places where
film reels were joined or
where edits were made
subsequent to video transfer.
Spotting these phase changes,
and readjusting the 3:2
extraction accordingly, is
something no automated
system can do with complete

accuracy. The transitions
signaling a cut or splice can be
very subtle, and it takes a
skilled eye to identify them
with certainty.

An ideal encoding system can
help the process along in
several ways. At a minimum, it
should allow the operator to
manually detect telecine phase
changes and record them in
the ECL. Then the encoding
system, when recording, can
readjust its 3:2 extraction
whenever a disruption in the
pattern occurs, following the
directives of the ECL. Even
better, a system could provide
some form of automated 3:2
pattern detection. Though, as
explained above, 100-percent
detection accuracy is not
possible, such a system could
spot and record the majority
of phase changes and allow the
operator to manually review
the encoder control list before
encoding commences. The
operator could override any
incorrect decisions and/or add
new changes missed by the
automatic detector process.

Filtering and Noise
Reduction

Filtering prior to encoding can
be used to selectively screen
out image information that
might otherwise result in
unwanted artifacts. Spatial
filtering applies within a
particular frame, and can be
used to screen out higher
frequencies, removing fine
texture noise and softening
sharp edges. The resulting
picture may have a softer
appearance, but this is often
preferable to a blocking or
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ringing artifact. Similarly,
temporal (recursive) filtering,
applied from frame to frame,
can be employed to remove
temporal noise caused, for
example, by grain-based
irregularities in film. Motion
may be slightly blurred as a
consequence, but this is
nevertheless better than the
alternative (visible artifacts).

Even when encoding is being
performed on a high-quality
D1 source, filtering still has its
uses, such as avoiding certain
motion artifacts that can crop
up during decoding. These
artifacts can result from the
field doubling that takes place
during decoding, when the
SIF-resolution image is
restored to full CCIR 601
resolution. As the duplicated
fields are then interleaved
during display, diagonal lines
that were originally smooth
may become more jagged.

This phenomenon is subtle but
may become noticeable in
instances where edges are very
sharp and are moving (e.g.,
scrolling titles), producing
jittery movement. In that case,
temporal filtering can be used
to blur the motion slightly,
mitigating the jittery motion
artifact.

Whatever the reasons for its
application, temporal filtering
should ideally be applied after
inverse telecine (in the case of
film-based material). These
filters tend to reduce
differences among adjacent
fields or frames, making it
more difficult to detect
telecine phase changes.
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Color Correction

Color correction can be used
in much the same way as
filtering. It can smooth out
uneven areas of color,

reducing the amount of data
the MPEG algorithms have to
contend with, thus
eliminating artifacts. Likewise,
adjustments in contrast and
brightness can serve to mask
artifacts, achieving some image
quality enhancements without
noticeably altering the video
content.

Human-Assist Techniques:
Encoding Enhancements

I, B and P Frame Pattern
Adjustment

The ideal pattern of I, B and P
frames depends on the motion
in the scene. For example, in
situations with greater motion
and hence rapidly changing
picture content, it may be
better to have more frequent I-
frames (hence more reference
pictures) Sequences with little
motion, on the other hand, are
better served with less
frequent 1 frames and more
frequent B and P frames.
Systems which permit
adjustment of the frame
sequence on a timecode
boundary give users greater
flexibility in matching the
compression strategy to the
video content.

I-Frame Placement

In addition to re-setting the
pattern as a whole, users can
benefit from the ability to



manually place I frames at
selected points in the video,
particularly at the beginning
of scenes, and at the end of
fades and wipes. At these
points the picture content
changes completely, making
the predictive intercoding of P
and B frames less effective. An I
frame, which is intra-coded,
ensures that the new scene
starts with a high-quality
image.

Entry Point Insertion

In addition to placing I frames,
compressionists may need to
place entry points—spots in
the MPEG stream where
decoding and playback can
begin. This is critical in
interactive video applications
such as games, training and
educational products.
Creating an entry point
consists of inserting an I frame
preceded by a “group of
pictures” header (GOP). The
header information is
necessary to initiate MPEG
decoding.

Area of Attention Encoding

Ideally, compressionists
should have as fine-grained a
control over encoding as
possible. They should be able
to control the allocation of bits
not only from frame to frame
but also within the picture.
That way, the compressionist
could assign more bits to the
particular region of the
picture where the viewer’s
attention is focused. Take, for
example, a scene in which a
television reporter is standing
in the lower left corner of the
picture, flanked by a large

crowd. The compressionist
could define the lower left
corner as the area of attention,
sharpening the reporter’s
image, while permitting the
crowd to appear somewhat
softer.

Integrating The Encoding
Environment

It goes almost without saying
that compressionists need
some way to control and
synchronize the tools they
wield. The encoding system
itself can serve as a centralized
point of control, provided it
has the necessary control
facilities, user interface and
the ability to manage external
equipment such as VTRs, noise
reduction and color correction
units. With time, encoder
systems may come to include
many of their own
preprocessing functions,
making it even easier to
control the entire compression
process through the encoder.

While encoder-based control
will appeal to many users,
others may prefer to run
things through their familiar
edit controller system. In such
cases, it would be helpful if the
encoder could function as a
controlled device alongside
other components in the edit
bay.

Another important
integration feature is the
ability to import existing edit
decision lists in standard
formats. The encoder could
then incorporate relevant
aspects of these EDLs—time
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codes for edits and scene
changes, telecine phase
information, etc.—into its
own encoder control list (ECL).

Summary: The
“compressionist” process

The human-assist encoding
process is a new step in video-
post-production.
Uncompressed video (YUV or
D1) enters the encoding
system from a VTR or other
source. The compressionist,
using the control interface of
the encoding system, performs
a series of adjustments in the
configuration of the encoding
engine, previewing the results
on a monitor attached to the
encoder. Working in iterative
fashion, the compressionist
applies inverse telecine (where
appropriate), spatial filtering,
noise reduction, I-frame
placement, area of attention
encoding and entry point
insertion. These decisions are
captured in the encoder
control list (ECL). The ECL is
then read by the encoder
when it compresses the video
in real-time. The work
proceeds incrementally, scene-
by-scene. As each segment is
compressed, it is appended to
the finished MPEG file.
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DIGITAL TELEVISION EXCITER AND RECEIVER FOR SATELLITE NEWS
GATHERING: DIGITAL SATELLITE LINK PERFORMANCE

Frank N. Longo, Jr.

Satellite Transmission Systems
(A California Microwave Company)

Hauppauge, NY

ABSTRA

The move toward digital transmission of television signals
presents new opportunities and advantages to broadcasters
when compared with today’s analog links. This is
particularly evident in the transmission of television
signals by satellite where the application of digital
technology will have a positive impact through greater
utilization of transponder resources, lower operating costs
and improved link performance. A new digital satellite
news gathering (DSNG) exciter/receiver built specifically
for the SNG environment has been developed and will be
discussed in this paper,

INTRODUCTION

Creating a new generation of Compressed Digital
Television (CDTV) products for satellite news gathering
required attention to a variety of issues such as cost
effectiveness, high performance, flexible architecture,
compact size, low weight, and a rugged design appropriate
for small vehicles and fly-away terminals. A digital
satellite news gathering (DSNG) exciter and studio-grade
receiver has been developed to satisfy these requirements
with an integrated design architecture that combines the
following technologies in one package.

e  MPEG-2 Encoder
QPSK Modulator
Frequency Upconverter
Control and Monitoring CPU
Universal Power Supply

The adoption of a single integrated product architecture
provides DSNG operations with size, weight, cost and
operational advantages when compared with alternative
solutions that require multiple chassis configurations to

Jay C. Adrick
Harris Allied
Florence, KY

provide encoding, modulation and frequency conversion
elements.

The digital TV exciter incorporates advanced digital video
encoding technology originally developed for rugged
defense applications, QPSK modulation, C, Ku or X-band
frequency conversion, and a control processor in a single,
six-rack unit (10.5" high) chassis. Technical performance
criteria have been established to meet the international
MPEG-2 compression standard (with I, P and B frames) at
the main profile, main level, and the CCIR 601 standard
for broadcast quality signals. User selectable data rates
provide the flexibility to operate over a wide range of
worldwide satellite resources, while providing acceptable
picture quality under difficult broadcasting conditions.

The DSNG exciter and receiver provide operator-
selectable data rates of 2, 3, 4, 6, and 8 Mbps with video
resolution of 720 x 480 (NTSC), 720 x 576 (PAL) or SIF.
Since picture performance will vary as a result of the
signal processing differences at each data rate, special
attention has been given to motion compensation, picture
stability, and signal robustness, the latter being essential in
ensuring that digital TV signals are free from errors which
can cause aberrations resulting from multiple signal
processing operations. Superior motion compensation is
achieved through enhancements to the MPEG-2
algorithm. Latency has been reduced to 0.5 seconds at 8
Mbps, an acceptable figure for satellite news gathering
operations.

The integrated architecture adopted for the CDTV exciter
and studio-grade receiver was driven by three operational
needs:

1) The first being a recognized need for a lightweight,
efficient, compact unit. This desire also produces a
lower cost since the common elements such as the
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CPU, Local Control Panel, Power Supply and, to an
extent, the cooling arrangement will be common to all
elements.

2) Second was to provide a modular and flexible design
that could accommodate the changing needs of the
DSNG market by the replacement of existing modules
with newer technology, features or performance
characteristics as they become available and desirable.
For example, the Ku-band frequency converter can
simply be replaced by a C-band converter, and the
8 Mbps modulator can be replaced by one capable of
handling up 16 or 25 Mbps.

3) Thirdly, we looked at providing a simple user interface
with the means of controlling the three major elements
(encoder, modulator and frequency converter). In a
conventional system this would require setting up three
separate elements, and would require the operator to
learn the various procedures for control and setup. The
integrated architecture enables the individual elements
to be harmonized under the control of a single CPU to
simplify the operator involvement by automating many
of the setup procedures required for proper operation
of the exciter elements.

This paper discusses the key transmission parameters
required for utilization of the DSNG exciter and receiver
over a variety of satellite systems (domestic, regional, and
international). The results of several typical link
calculations are provided to demonstrate the advantages of
compressed digital TV in terms of efficient transponder
utilization as well as antenna size versus transmit power
requirements.  Finally, discussions are provided
concerning the picture performance of digital TV
programs, exciter and receiver operational features, and
issues of importance to users who wish to combine digital
TV and analog TV in a single transponder.

TRANSMISSION PARAMETERS

Broadcast television SNG requirements are predominantly
Single Channel Per Carrier (SCPC) since this environment
typically requires that one program be uplinked from a
single location. This differs from the multiple-channel
transmission requirements of DBS services, network
program distribution, and cables head-ends, which must
have all programs back hauled to a single uplink site. The
digital TV exciter and studio-grade receiver are designed
specifically for the single-channel requirements
encountered in DSNG.

The exciter will accept component serial digital (CCIR
601) or analog video (composite or component), digital
audio (AES/EBU) or two channels of analog audio, and a
64 Kbps auxiliary data channel. The aggregate data is
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convolutionally encoded (rate 3/4 FEC) with Reed
Solomon concatenated coding, and QPSK modulated onto
a 70 MHz IF carrier. Frequency conversion is either C, Ku
or X-band depending upon the module selection.

The high performance studio-quality receiver allows
compressed digital TV to be edited and rebroadcast for
distribution to disparate locations. The receiver is
designed with a feature and specification set equivalent to
the exciter; the input, however, is L-band for use with low
cost LNB’s.

The studio-grade receiver will operate at an Eb/No
threshold (the point at which no digital artifacts are
visible) of approximately 4.8 dB; the receiver ceases to
function entirely at an Eb/No of 4.5 dB. A typical satellite
link would be designed to provide an Eb/No exceeding
this figure for a specific availability and bit error rate (for
example, an Eb/No = 5.8 dB provides a BER of 1 x 10-7).
This facilitates the transmission and reception of
exceptionally robust digital signals that can be
concatenated several times with no aberrations due to the
satellite link. Table 1 provides the guaranteed BER for a
specific Eb/No with Reed-Solomon (RS) outer code.
These figures comply with IESS-308 (Rev. 7), Appendix
G: "Concatenation of Reed-Solomon Outer Coding with
The Existing FEC."

Table 1.
BER versus Eb/No with RS Outer Code

BER Eb/No, Rate 3/4 FEC
10-3 5.1dB
10-4 5.3dB
10-5 5.5dB
10-6 5.6 dB
10-7 5.8dB
10-8 6.0 dB
10-10 6.3 dB

A key advantage of digital compression is the resultant
decrease in transponder bandwidth and power resources
required for a TV program. Table 2 presents the carrier
occupied bandwidth (with and without adjacent carrier
spacing) corresponding to each operator selectable data
rate, and the maximum number of carriers that can be
uplinked to a single 36 MHz transponder. These
calculations are based on IESS-503, "Performance
Characteristics for Digital Television Transmission." The
aggregate information data rates used for the calculation
include compressed digital video and audio, framing, a 64
Kbps auxiliary data channel, and Reed Solomon outer
code overhead. The symbol rate calculation is based on
3/4 rate FEC and QPSK modulation.




Table 2:
Data Rate and Occupied Bandwidth (OB)

The link analysis parameters common to all the examples
are summarized in Table 4. A system fade margin is
included in the calculations to ensure that each satellite
link is available for a minimum of 99.6% of the year. In

el B0 ey | oot | Mo | addiion, the required system Eb/No of 5.8 dB is
(Mbps) (Mbps) spacing (per 36 approximately 1 dB above receiver threshold to ensure
(MHz) MHz) that there will be no degradation in picture performance
8.192 9.216 7.4 86 4 due to the satellite link.
6.144 6.912 55 6.5 5
% dhe0 £l 43 8 Table 4: Link Parameters
3.072 3.615 29 34 10
2.048 2.368 1.9 22 16 Information Rate 2,4, 8 Mbps
The channel data rates listed in Table 2 include CoiRat L
compressed video and the associated audio program. . BER I x 10-7
Table 3 provides the associated audio channel data rates. Required System Eb/No 5.8dB
Modulation QPSK
Table 3: Audio Channel Data Rates Uplink Line Loss 2dB (Ku); 1 dB (C)
Channel Data Rate | Audio Channel Data Rate Single Carrier HPA Back-Off 3dB
(Mbps) (Kbps) Ku-Band LNB 120K
2.048 96 C-Band LNB 50K
3.072 96 Minimum Joint Availability 99.6%
4.096 128 The tradeoff between antenna size and transmit power is
6.144 196 depicted in Tables 5.0 to 5.5 for Ku-band links and Tables
8.192 196 6.0 to 6.1 for C-band links. The minimum SNG terminal

SATELLITE LINK ANALYSES AND RESULTS

Typical link budgets have been performed for a variety of
satellite systems to demonstrate the impact on antenna size
and transmit power when utilizing the CDTV exciter and
receiver in an SNG vehicle or fly away terminal. These
calculations have been performed for single 2, 4 and 8
Mbps carriers over the following satellites:

antenna size for each data rate was selected to prevent the
transmit power amplifier requirement from exceeding 300
W at Ku-band and 400 W at C-band. Compact TWT and
SSPA transmit power amplifiers are commercially
available within these power ranges and in packages that
typically do not exceed 3U in height. The link analysis
results demonstrate that entire digital TV satellite uplink
comprised of an exciter and transmit power amplifier is
possible in 9U or 15.75", with antennas ranging in
diameter from 0.95M to 2.4M.

Table 5.0: Ku-Band Link Over TELSTAR 402 (US)

Satellite: TELSTAR 402
SNG Uplink Location: Los Angeles
Studio Location: New York
Studio Antenna: 3.2 M
Availability: 99.8%

Ku-Band C-Band
TELSTAR 4 (US) INTELSAT
(Africa)
GSTAR 4 (US) INTELSAT
(Latin America)
EUTELSAT (Europe)
PANAMSAT (Latin America)
ASIASAT (Asia-Pacific)
INTELSAT (Europe)

All Ku-band links, including the minimum studio receive
antenna size, have been optimized for approximately
equal percentages of bandwidth and satellite power. This
is an important consideration since the amount of
transponder power required for the link is directly related
to the cost of space segment. C-band links utilize a 9.0M
receive antenna -- a typical size likely to be encountered.

Data Rate (Mbps) | %EIRP/ 095 (1.8M
% BW M

2 4%/ 4% 62W | 17TW

4 8% / 8% 120W | 33 W

8 16%/16% | 228 W | 64 W
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Table 5.4: Ku-Band Link Over ASIASAT
(Asia-Pacific)
Satellite: ASIASAT-2
SNG Uplink Location: S. Korea
Studio Location: S. Korea
Studio Antenna: 3.6 M

Table 5.1: Ku-Band Link Over GSTAR 4 (US)

Satellite: GSTAR 4
SNG Uplink Location: Dallas
Studio Location: New York
Studio Antenna: 4.5 M
Availability: 99.7%

Availability: 99.8%

Data Rate %EIRP/% |095M [ 1.8M
(Mbps) BW DataRate | % EIRP& % [ 0.95M | 1.8 M
2 5% /4% 254 W | 71 W (Mbps) BW
4 10%/ 8% = 136 W ) 4% / 4% 88W [ 25W
8 17% / 16% - 246 W 4 8% / 8% 168W [ 47W
8 13%/16% | 300W | 84 W

Table 5.2: Ku-Band Link Over EUTELSAT
(Europe)
Satellite: EUTELSAT Il SMS
SNG Uplink Location: Europe
Studio Location: London
Studio Antenna: 3.6 M
Availability: 99.8%

Table 5.5.: Ku-Band Link Over INTELSAT
(Europe)
Satellite: INTELSAT VIIA, Spot Beam
SNG Uplink Location: Sarajevo
Studio Location: New York
Studio Antenna: 4.5 M

Data Rate %EIRP/% | 095M | 1.8 M Availability: 99.7%
(Mbps) BW Data Rate % EIRP/ [095M | 18M
2 3%/3% 217W | 61 W (Mbps) % BW
4 6% /6% = 116 W y) 3% /3% 217W | 61 W
8 12% / 12% -- 219 W 4 6% / 6% - 120 W
8 12% / 12% 5 235 W

Table 5.3: Ku-Band Link over PANAMSAT
(Latin America)

Satellite: PANAMSAT 3R, NA Beam
SNG Uplink Location: Buenos Aires
Studio Location: New York
Studio Antenna: 3.6 M
Availability: 99.8%

Table 6.0: C-Band Link over INTELSAT
(Africa)
Satellite: INTELSAT VII, Hemi Beam
SNG Uplink Location: Cape Town

Studio Location: London
Studio Antenna: 9.0 M

Availability: 99.97%

Data Rate %EIRP/% | 095M | 1.8 M
(Mbps) BW Data Rate (Mbps) | % EIRP/ % BW | 24 M
2 4% / 4% 121 W | 34 W 7 3% / 3% S8 W
4 8% / 8% 232 W | 65W 4 5% / 6% 115 W
8 15%/ 16% -- 123 W 8 10% / 12% 224 W
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Table 6.1 C-Band Link Over INTELSAT
(Latin America)

Satellite: INTELSAT VII, Hemi Beam
SNG Uplink Location: Rio De Janeiro
Studio Location: Miami
Studio Antenna: 9.0 M
Availability: 99.97%

Data Rate (Mbps) | % EIRP/ % BW | 24 M
2 2% /3% 9 W
4 4% / 6% 155 W
8 8%/ 12% 302 W

DATA RATE & PICTURE PERFORMANCE

The exciter and studio grade receiver provide the
television broadcaster with the ability to select data rates
for optimum use of available transponder resources or to
meet the demand of program material being transmitted.
This selection requires that the broadcaster or DSNG
operator make a tradeoff between picture performance and
satellite bandwidth availability. In general, higher data
rates provide better picture performance for high motion
content, high resolution images that may be concatenated
during double satellite hops or studio editing. Lower data
rates may be more appropriate for lower motion pictures
that can be transmitted at SIF resolution.

A fast breaking news event may warrant sacrificing some
picture performance in exchange for the timely
transmission of the event over limited transponder
resources. The environments that produce fast breaking
news are typically harsh and the analog TV source
material is usually noisy. Signal and noise are digitized
and compressed with an attendant impact on picture
performance. For this reason, acceptable TV picture
performance may not require selection of the highest
available data rate. The flexibility to make this
determination, however, is the key advantage of digital
TV transmission over satellites. Additionally, narrow band
digital TV carriers can be located virtually anywhere in a
transponder, provided sufficient bandwidth and power is
available for the data rate chosen.

The exciter and studio grade receiver have been tested for
robustness and artifact generation in multiple processing
(concatenation) applications with favorable results. An 8
Mbps signal can be concatenated through the exciter and
receiver approximately three times before artifact
generation becomes objectionable to the trained eye. The
picture content utilized for these tests included full motion
images with production effects, fast scene switching,
scrolling graphics, and sporting events.

PE NAL F

Voice or data communications for coordination purposes
may be essential in certain applications (such as the
transmission of "fast breaking news" news) prior to
uplinking TV. For this reason, consideration has been
given to the need to transmit one-way voice or data prior
to and during the transmission of digital TV. The exciter
provides a 64 Kbps auxiliary data channel that can be used
in conjunction with an external data concentrator or
voice/data multiplexor to provide these utility functions.
The auxiliary channel is multiplexed into the aggregate bit
stream within the modulator element of the exciter.

The exciter is packaged in a single 6U (10.5" high) chassis
that is 19" rack mountable and weighs approximately 70
lbs. (32 kg). This makes integration into existing or new
SNG vehicles and fly-away terminals fairly
straightforward. It is worth noting that although the weight
of the exciter is greater than the equivalent analog TV
equipment, overall terminal weight will decrease since
antenna and power amplifiers become smaller.

The exciter and receiver are monitored and controlled
from a user friendly control panel that provides a bright
display of set-up functions, operating status, summary
alarms and fault status. All set-up parameters for a
particular link (e.g., video format, data rate, frequency,
etc.) can be stored in any of up to twenty non-volatile
memories that are front panel accessible to simplify start-
up. Local or remote control is also selected from the front
panel. For remote control, an RS 232/485 serial interface
is provided for PC based control and monitoring.

Additional utility features include a continuous wave
(CW) mode in the exciter that allows an unmodulated
carrier to be uplinked for line-up testing, real-time BER
and Eb/No measurements in the receiver to monitor link
performance, and a temperature monitor in both units that
can be used to alert the operator if maximum operating
temperature is exceeded. The latter is particularly
important since fly-away terminals may be deployed in
harsh, high temperature environments from time-to-time.

SIMULTANEOUS BROADCASTING OF ANALOG
AND DiGITAL TV

The transition from analog to digital TV is expected to be
gradual, and may require that both analog and digital TV
carriers utilize the same transponder resources
simultaneously. Since digital TV carriers are robust and
narrow band, they can be uplinked to transponders that
may also be transmitting one or two analog TV programs.
In applications such as these, the digital TV carrier can be
placed in-between the analog TV programs for a
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simultaneous broadcast with no degradation in the
performance of either program.

For digital and analog TV carriers that are uplinked from
the same earth terminal, special consideration should be
given to the uplink configuration. A single channel of
analog TV is typically uplinked with a TWT power
amplifier (PA) operated with little or no back-off. For
multiple carriers, however, approximately 7 dB of back-
off is typically required to ensure linear PA operation and
to prevent intermodulation products. DSNG operators may
need to consider uplinking digital and analog TV
programs with separate transmit power amplifiers.

NCLUSION

Digital technology and innovation have come
together to make the transmission of compressed
digital television signals possible with many
potential long terms benefits for DSNG operations
worldwide. There is little doubt that technology will
continue to improve the performance, features and
applications of digital video compression and
transmission. We believe that the CDTV exciter and
receiver discussed in this paper demonstrate the
advantages of digital television transmission for
SCPC satellite news gathering operations.
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THE PBS ATV HANDBOOK: A PRACTICAL APPROACH
TO THE RF CONVERSION PROCESS

William Zou and Matt Tietze
Public Broadcasting Service

Alexandria, VA

ABSTRACT

Adding an advanced television (ATV) RF system to
an existing TV facility will be difficult and complex.
Each station will require different design plans due to
location, tower mechanical constraints, new channel
assignments, ERP and coverage; no single conversion
plan will satisfy even a small number of stations. To
help its member stations prepare for the ATV RF
conversion process, the Public Broadcasting Service
(PBS) commissioned T. Vaughan & Associates to
develop an ATV RF system feasibility handbook.

This paper presents a synopsis of the PBS ATV RF
system feasibility handbook. Key elements of ATV
conversion such as planning factors, pricing, and
equipment are discussed. The mechanical constraints
of the tower will be the limiting factor, since most
stations will be forced by budget constraints and
regulatory factors to use their existing tower.
Examples of typical feasibility conversions including
equipment list price will be presented for two PBS
member stations.

OBJECTIVES OF HANDBOOK

With the progress of testing and standardization of
the Grand Alliance (GA) HDTV system in the United
States, it is expected that the FCC will adopt an
advanced television system standard in 1996. The
conversion to the ATV service will start right after
the standard is adopted. As indicated by the FCC, the
conversion will be a multi-stage process lasting
fifteen years. Each eligible station will have three
years to apply for a construction permit and six years
to complete construction after the release of the ATV
standard. As the schedule for conversion of ATV
service in the U.S. advances and the date for
implementing the new service appears on the horizon,
stations must prepare plans to insure proper funding
for conversion and to allow negotiation of licenses,
leases, zoning, etc.

One of the main objectives for PBS is to assist its
member stations in planning a major conversion that
they will all be faced with in the not-to-distant future.
This handbook is intended to provide management
and engineering personnel with up-to-date

Thomas Vaughan
T. Vaughan & Associates
Manchester, NH

information on advanced television (ATV) RF system
implementation. It deals specifically with the station
RF plant and what steps must be taken to get an ATV
signal on the air. It is based on the FCC decisions
and preliminary proposals to date as well as
information obtained from the industry sponsored
Advisory Committee on Advanced Television Service
ACATS).

HANDBOOK LAYOUT

A reference book dealing with a process as complex
1s ATV RF conversion needs to be clearly and
fficiently laid out. To that end, the PBS handbook is
designed with chapters that literally walk the
-eader/user through the process. After an introduction
2f ATV background, a flowchart of the entire
conversion process is presented, and each chapter
vhich follows also begins with a similar, more
Jetailed flowchart.

Overall, there are six chapters making up the process
portion of the book, followed by a chapter containing
two ATV RF feasibility studies and a final chapter
with appendices and reference material. The handbook
chapters are titled as follows:

ATV Background

Regulatory, Scheduling, and Licensing
Tower Use and Alliances

Coverage

Tower Stress Analysis

System Proposal

System Selection and Reporting
Example Feasibility Studies
Appendices and References

Hgss<zER

1. ATV Background

The introductory chapter contains information on the
development of ATV in the U.S.,, details of the
structure and activity of the FCC Advisory
Committee on Advanced Television Service
(ACATS). To give readers comprehensive knowledge
on the GA HDTV system, detailed system
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specifications are provided. Five sections describe the
GA video picture format, video compression, audio
compression, transport layer, and transmission system
along with the system block diagram and table.

II. Regulatory, Scheduling, and
Licensing

Chapter II discusses the regulatory, scheduling, and
licensing aspects of implementation. Details of the
current implementation schedule and the proposed
FCC positions on various licensing items are
included. Typical RF system cost factors are
presented for various arrangements. The proposed
ATV allocation tables are also discussed and
referenced in the appendix.

Implementation schedule

The FCC has proposed an ATV implementation
schedule based on an initial date when both the final
channel allocation table and the final report and order
have been released. After this date, stations may apply
for ATV construction permits. Based on the
schedules, a forecast of when stations will begin ATV
operation is presented. The estimated ATV station
implementation forecast can be used to determine
industry capacity, and assist planning in specific
markets.

License issues

The ATV licensing process has not been formally
defined by the FCC, however some preliminary
decisions have been made and other positions can be
inferred. The preliminary and presumed positions of
the FCC regarding ATV licensing are discussed.
Also, a table which compares current NTSC position
and proposed or likely position is given.

Channel allocation

A preliminary channel allotment/assignment table and
the assumptions for its creation was released in
January 1992. This table provided ATV conversion
channels for each existing station in the U.S. The
table lists the city of license and the channels
allotied. More recently, MSTV, NAB, PBS and other
broadcasters have submitted an alternate proposal to
the FCC, where a specific channel is assigned to each
station. Both the FCC proposal and broadcaster
proposal are included in the appendix.

Implementation options and cost factors

In this section various implementation scenarios are
discussed and presented. Initial implementation
scenarios for both studio and RF portions of the
system are defined in two stages: minimal and
transitional. Block diagrams of typical station
implementations are presented. Also, descriptions of
the four types (two studio, two RF) are given.
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The budget costs and typical parameters for several
RF system variations are summarized. Costs are
given for the equipment required to obtain coverage
to a specified distance at various heights above
terrain. The cost of implementation varies widely
based on the set of pre-existing conditions, the
scenario chosen, and the coverage required.

III. Tower Use and Alliances

This chapter discusses tower use and multichannel
sites. The possible options for location of the ATV
system must be defined before any study of the
structure can be made. Alternatives to consider and
costs for new tower installation are given as
references.

Options

The most important part of defining a feasible ATV
RF system implementation is finding a suitable
location to mount the new ATV antenna and feedline.
Many issues regarding selection of the best antenna
location are technical. However, it is the economic
and political issues that will probably decide the final
choice. Other options include moving to an alternate
site (either combined with another station or alone),
or constructing a new tower site.

1. Current Site

The benefits of using the current NTSC transmitter
and antenna location are significant from both a
technical and a economic viewpoint. The use of
common transmitter space, heating, ventilation and air
conditioning (HVAC) systems, security, program
input equipment (PIE), and other existing equipment
will help lower overhead and start-up costs for the
ATV operation. This may or may not be possible
based on the station's current situation. A self-
evaluation questionnaire is provided to assess a
station's options.

2. Alternate site

If the current site cannot be used, an alternate site
should be explored if sites near the existing location
can share a combined common antenna. The alternate
site should ideally be within a two mile radius of the
current site to avoid channel assignment conflicts.
Movement beyond two miles may require a change in
the allotment or assignment of channels in that
location.

3. New Site

If both of the options above do not produce an
acceptable location for the ATV system, the
construction of a new tower site -should be
considered. The advantages of a new site are
obvious: total control of the structure, ability to
choose tenants and partners, ability to design the
structure for anticipated growth, and the ability to
design a multichannel site and generate lease income.



The problems are unfortunately almost as obvious:
the total cost, locating a site, obtaining the numerous
approvals and permits, and dealing with tenants. A
table is presented showing the costs and land
requirements for typical medium to heavy duty guyed
triangular towers of 500, 1000, 1500 and 2000 feet in
height. The costs for a loaded tower include
manufacture basic installation and relative costs as a
function of the anchor distance to height ratio for
both no ice and 1/2 ice loads are given. Real estate
costs, which will differ at each location, are not
included.

Multichannel operation

The use of a common site for each market has been
recommended by the FCC. They suggest this as a
way of reducing the costs and technical complexity of
ATV implementation as well as ensuring the site
remains within the FCC planning factor for
interference. Combining ATV stations with ATV
stations in all band antenna will provide many
options for maximum use of the tower space available.
In some installations it may be possible to combine
VHF NTSC stations with an ATV station using a
common transmission line. In this section both
business and technical issues are addressed such as
compatibility with the prospective tenants, system
management, maintenance, combiner technology,
broadband antennas and multichannel transmission
line.

IV. Coverage

Chapter IV compares NTSC coverage to ATV
coverage, defines peak to average power relationships
and ATV effective radiated power (ERP)
requirements. Proposed new F(50, 90) propagation
prediction curves and their derivation and deployment
are also included.

Power relationships

NTSC RF power (and ERP) is defined based on the
peak envelope power (rms) of the sync pulse (peak of
sync). ATV ERP is based on average power and
remains constant over time. In this section the
calculation of average and peak power for both NTSC
and ATV is shown. Due to its transient nature, the
ATV peak-to-average power ratio has to be measured
statistically. By understanding the ATV peak-to-
average power ratio, the peak power in the antenna
and transmission line of multichannel ATV systems
can also be calculated.

Coverage parameters

The problem of predicting coverage of an RF service
has been around since its inception. It has always
been desirable to know how large of an area and more
importantly what segment of the population was
receiving the signal. Numerous models and methods
for predicting the propagation of RF energy radiated

by a transmit antenna have been developed, some
empirical and others theoretical. In this section, the
methodology of NTSC coverage prediction is
reviewed first. Furthermore, the transmission and
reception characteristics of the 8-level vestigial-
sideband (8-VSB) digital modulation system is
examined.

Due to the nature of digital transmission, the received
ATV signal can be either error-free or unviewable. The
ATV coverage area is determined or estimated by the
critical symbol error rate (SER), corresponding S/N,
average propagation, and receiver system losses. A
comparison of the NTSC and ATV UHF planning
factors and required field strengths is provided. Also,
charts of the ATV F(50,90) coverage and field
strengths for variations of tower height, ERP, and
distance are presented. Using these and other charts,
the coverage of a new ATV station can be predicted.

V. Tower Stress Analysis

A physical inventory of all appurtenance on the tower
must be made. The essential elements associated with
tower stress analysis are:

1. Worksheets for obtaining appurtenance data are
provided to ensure proper and complete information
for the stress analysis

2. Determining the appropriate design standard for use
in specifying and calculating environmental loads and
defining safety factors and allowable member
capacities.

3. Evaluating the results of the analysis and
determining what modifications, if any, must be made
to support the system proposal.

4. Making an economical feasibility determination for
incorporating the required modifications.

5. Use of a system stress chart for comparing actual to
allowable tower loads.

If modifications are possible, detailed plans need to
be developed. Tables with typical modifications for
various components along with an indication of their
relative costs are provided. A cost estimate for all the
necessary modifications including engineering,
materials, fabrication, galvanizing, shipping and
installation can then be prepared.

VI. System Proposal

Chapter VI presents guidelines for preliminary
selection of the correct type of antenna, feedline and
transmitter combination. Advantages and
disadvantages of various types of current equipment
are examined. New technologies are presented that
may increase the available options.
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System requirements

The main requirement of any ATV system proposal is
that the antenna and feedline combination fit in the
available aerodynamic envelope while providing the
desired coverage for all stations using the system. It
is this requirement that drives the proposal and
selection of equipment. All alternatives must address
and answer to this requirement. It is desirable to have
several alternatives available to choose from.

System rcquirements other than the main requirement
are secondary in nature but still must be met to insure
a feasible long term solution. Requirements such as
sufficient bandwidth, peak-to-average power ratio,
power handling, low VSWR and group delay are
considered secondary because if the system does not
fit in the aerodynamic envelope these requirements are
irrelevant.

In most systems the transmission line size and not the
antenna will define the aerodynamic limit. The
transmitter size will be determined by the
transmission line power limitations.

To aid in the decision making, worksheets on
transmitter power and ERP are provided. The
transmitter power is used when the desired maximum
ERP is known and the required transmitter output
power is to be determined. The ERP worksheet
determines the resulting ERP for a given transmitter
output power. The worksheets permit accounting for
the three important gain and loss items in the system:
the antenna, the feedline, and the transmitter.

Antenna placement alternatives are presented. They
cover currently available options for mounting an
ATV antenna on an existing or new tower. The
advantages and disadvantages of the various
mounting options are examined in detail.

Antennas

The choice of antenna type, size, and performance is a
complex problem. Generally, broadcast transmitting
antennas fall into one of three basic design varieties:
dipoles, dipole panels, and slot arrays.

Dipole panel arrays and slot arrays are the two most
common antenna types used at UHF frequencies.
Dipole pane! arrays, being modular in design, can be
mounted almost anywhere on the tower and provide
highly customized azimuth and elevation patterns.
Dipole panels use separate feedlines to each panel. A
corporate-feed system of power dividers and cables
carries power from the input connector to each of the
panels. The inherent broadband capability of the
dipole element and the corporate-feed system make the
dipole panel an excellent choice for multichannel
applications. They have been designed to cover the
entire UHF band with excellent performance. Dipole
panel arrays can be tower top mounted using a small
dimension spline tower for omnicoverage or wrapped
around the faces of the tower for directional coverage.

24—NAB 13995 Broadcast Engineering Conference Proceedings

Slot arrays are by far the most common UHF antenna
in the U.S. due to their simplicity, reliability,
excellent pattern performance, and low windload. A
slot array consists of a large diameter (6 to 18 inches)
thick walled pipe with slots cut into it. Since the slot
elements in this array are in series with each other the
bandwidth of these antennas is narrow. These
antennas do not make good multichannel systems
unless the channels are very closely spaced. Top
mount slot array antennas provide optimum
omnidirectional pattern circularity and are the
preferred arrangement. Side mount slot antennas are
affected by the tower steel.

Charts are provided on comparison of various antenna
types, multiplex capabilities, polarizations, patterns,
number of feedlines and the aerodynamic area per unit
length.

Feedlines

The purpose of the feedline is to carry the high power
signal from the inside RF equipment up the tower to
the antenna input port. It should do this with as
little loss as possible while fitting in the available
aerodynamic envelope.

The performance of feedlines must be examined with
respect to windload, flange reflections, power
handling, and attenuation. These issues are discussed
in detail and illustrated with charts.

A new device called a dual channel common line
coupler that permits and NTSC VHF channel to be
combined with an ATV channel into a common
transmission line and separated at the tower top so it
can be fed to separate antennas is also discussed.

Multichannel combiners

A multichannel combiner is required when it is
desired to radiate two or more channels from a
common antenna. The combiner must provide total
isolation between the channels with as little
additional insertion loss and VSWR as possible. It
must also be stable and reliable in operation under the
environmental conditions required. There are two
basic types of multichannel combiners available for
use at UHF: constant impedance and star point.

The constant impedance combiner uses two identical
filters and hybrids per module. Each module has a
narrowband port and a wideband port. Constant
impedance types typically are used for higher powered
installations since they can be manufactured from
waveguide. They are, however, large and expensive.

The star point combiner uses single channel filters for
each of the input channels joined together at a
common output. This type of combiner is also known
as a junction combiner. This combiner must be built
for the specific channels of operation. The star point
types have provided a less expensive alternative to



the constant impedance modular approach, but
typically with less isolation.

The performance characteristics of a combiner is
assessed on the number of channels and expansion,
power handling, channel spacing, isolation, insertion
loss and group delay. Considerations for these items
have been compiled in a table as they relate to both of
the combiner types.

ransmitter

An ATV transmitter is similar in many ways to a
NTSC transmitter. However, the major difference
between them is the use of a diplexer to combine the
visual and aural transmitters for NTSC versus a
single amplifier for the ATV bit stream. This fact
should make the conversion of existing NTSC
backup transmitters to ATV straight-forward. There
are currently five types of high power transmitters
available and likely to be used for ATV operation at
UHEF frequencies.

A) 10T or Klystrode - This transmitter uses a tube
which combines the characteristics of the klystron and
tetrode tubes. These are commonly single tube
devices. They are forced air or water cooled. Good
linearity and efficiency are achievable at high power
levels.

B) MSDC Klystron - This transmitter uses a tube
which is similar to the standard klystron with
improved efficiency. They are water cooled and
provide very high power from a single tube.

C) Solid State - This transmitter uses many solid
state transistor amplifier modules combined together
in tree-like fashion to feed a single high power
output. Air cooling is used for increased reliability.
Solid state transmitters have proven to be highly
reliable and easy to maintain. Any module can be
removed for service. Power output levels are limited
to medium power due to the complexity and cost of
the large number of modules and combiners required.
New transistors, under development and soon to be
released, will provide approximately four times the
output power of today’s devices. This will allow
higher powered, less costly transmitters.

D) Tetrode - This transmitter uses a tetrode tube
amplifier. It offers good efficiency and linearity along
with air cooling for a low cost. Its single tube output
power is lower than a klystron derivative although
several tubes can be combined for high power
applications. Tetrode tube life is, however, shorter
than others and scheduled replacement is suggested.

E) Hypervapor/Tetrode - This transmitter is similar
to the tetrode except water vapor cooling is used.
This allows more heat to be generated by the tube
meaning higher power ratings. It also provides a
longer tube life since heat is removed more
effectively.

The main requirement for any transmitter is that it
amplify the desired signal to high power levels
without adding distortion, noise, harmonics and out-
of-band products. It appears that a good quality
NTSC transmitter should make an acceptable ATV
transmitter and that performance levels relating to
signal-to-noise ratio, intermodulation, amplitude and
phase distortion and harmonics will be similar. A
trade-off comparison table is provided to demonstrate
the advantages and issues regarding each type of
transmitter.

Filters and switching

The RF components between the transmitter output
and the feedline provide high power filtering and
switching of the output. The switching systems will
be similar to those used for NTSC transmitters.
Various coax and waveguide switches, switchless
combiners and patch panels are used to route the
proper transmitter to the load or antenna. The
performance specifications on these systems is not
expected to change.

A bandpass filter will be required to prevent radiation
of intermodulation products by the antenna. This
new high-power filter must absorb or reflect the out
of band products created by the transmitter. Most of
these products fall in the upper and lower adjacent
channels. Absorptive filters, similar to an NTSC
diplexer in principle, use two filters placed between
hybrids and absorb the out of band products in loads.
Reflective single filters can be used if the output
amplifying device can handle reflected power.

VII. System Selection and Reporting

System installation issues are discussed in chapter
VIL. Details on the output of the feasibility study and
how to evaluate the recommendations are discussed.
Guidelines are shown for personne! protection and
should be consulted before any tower work is done.
The results of a typical radiation hazard study and
how to use this information to guide workers is
presented.

Installation considerations

Following the preliminary selection of feasible ATV
RF system alternatives, examination of installation
requirements of the system must be considered.
Installation of the ATV system has three major
considerations:

1) The room for the ATV transmitter in the existing
building.

2) The rigging of the tower for the necessary
addition of equipment or modification.

3) Worker safety.

These issues are addressed with examples, layouts and
charts.
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Bill of materials an sting

To thoroughly evaluate each ATV RF system
alternative, a complete bill of materials including all
costs must be prepared. The bill of materials should
detail the type, size, and where applicable, the
manufacturer and model number. System component
budget costs including antenna, feedline, multichannel
combiner, transmitter and installation are tabulated in
this section. These cost estimates can be used for
budget analysis of system proposals.

VIII. Example Feasibility Studies

To help station managers and engineers carry out the
tasks based on the general procedures, two case
studies of ATV coverage and RF system investment
are included as examples of how the process is
applied. The studies were performed at PBS member
stations WKNO in Memphis, TN and KCTS in
Seattle, WA. The two stations provide excellent
examples of the unique problem of integrating a new
service into existing facilities. Both stations are full
power Hi-VHF operations.

Four options are proposed for each case study. The
changes are made on the tower to accommodate the
ATV antenna. The resultant coverage and cost are also
provided.

se study 1: WKNO Memphis, TN

WKNO's transmission facilities are located several
miles from the center of town on top of a 988-foot
guyed tower. Several other TV and FM operations
are located on the tower. Their ATV options are
limited due to the heavy current loading of the tower.

WKNO Option 3:

* No change to existing TV stations
* Remove WKOX-FM, WRVR-FM
* Add single-channel ATV, side-mounted slot
» Coverage: 46 miles
* Transmitter: 7.7 kW
» Cost: $ 836 thousand

WKNO Option 4:

* No change to existing TV stations
* Remove nothing
* Add dual-band coupler on WKNO feedline
* Add single-channel ATV, side-mounted slot
*» Coverage: 46 miles
* Transmitter: 5.7 kW
* Cost: $ 692 thousand

Case study 2: KCTS Seattle, WA

KCTS's transmission facilities are located in
downtown Seattle on a 500-foot self supporting
tower. In addition to the two broadcast tenants, there
are a large number of public service and
communications antennas located on the tower.

KCTS Option 1:

* No change to existing TV stations
* Remove nothing
* Add multichannel ATV panel
» Coverage: 49 miles
* Transmitter: 11.45 kW
» Cost: $ 775 thousand

WKNO Option 1:

* No change to existing TV stations
* Remove all FM
* Add master FM
* Add single-channel ATV, side-mounted slot
» Coverage: 46 miles
* Transmitter: 11 kW
» Cost: $1.412 million

KCTS Option 2:

* No change to existing TV stations
* Move FM antenna down
* Add single-channel ATV, side-mounted slot
» Coverage: 49 miles
* Transmitter: 11.4 kW
* Cost: $ 870 thousand

WKNO Option 2:

* No change to existing TV stations
* Remove all FM
* Add master FM
* Add multichannel ATV panel
* Coverage: 46 miles
* Transmitter: 6.6 kW each
 Cost: $1.207 million

KCTS Option 3:

* No change to existing TV stations
* Remove nothing
* Add single channel ATV side-mounted slot
* Coverage: 49 miles
* Transmitter: 11.4 kW
* Cost: $ 860 thousand
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KCTS Option 4

* No change to existing TV stations
* Remove nothing
» Add multichannel ATV panel
* Add duo-band coupler on KCTS feedline
* Coverage: 49 miles
* Transmitter: 9.0 kW
* Cost: 760 thousand

IX. Appendices and References

In this chapter extensive bibliography and glossary
are provided. A section regarding satellite and studio
to transmitter link (STL) is included. Some options
of signal distribution through satellite and microwave
are discussed. Also, the proposed allotment/
assignment tables are provided. Finally, a list of RF
equipment manufacturers is provided.

CONCLUSION

As the schedule for the introduction of ATV service
in the U.S. advances and the date for implementing
the new service appears on the horizon, stations must
prepare plans for their transition now to insure proper
funding. This planning is absolutely necessary to
insure that over the next ten to fifteen years terrestrial
broadcasting does not become a technological
dinosaur. ATV service can provide the link between
broadcasters and the information revolution and we
must not let the window of opportunity close.
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AN EFFECTIVE SPECTRAL USE OF 6 MHZ FOR SPECTRUM FLEXIBILITY

Dae J. Kim, Yong H. Kim, Jong S. Park, and Yung G. Kim
Goldstar Co. Ltd., Image and Media Lab
Seoul, Korea

ABSTRACT

There are more and more nceds for mobile
communication. COFDM is very effective for moving
antennas, whereas VSB modulation is effective for
stationary antennas. And most broadcasters who have
their own channel want to use the spectrum flexibly
and independently.

In this paper a transmission method using the
hybrid of VSB and COFDM within 6 MHz is
proposed. In designing the spectrum the interference
from NTSC was considered. VSB modulation was used
for broadcasting high quality TV video signal and the
cost evaluation of this system was performed in the
points of both broadcasters and consumers. COFDM
can be used for the mobile antenna and the data
communication on the sub-bands of 6MHz.

INTRODUCTION

By the advent of digital television, the
transmission technique of broadcasting becomes similar
to that of communication. In digital television video
and audio signals are digitized and compressed, and
these compressed data are transmitted in the digital
levels, for example, bi-levels, 4-levels, 6-levels, or
8-levels, et cetera. By the development of video and
audio compression technique the bandwidth of 6 MH»,
can dcliver more data, i.e., programs. Current
technology can deliver about 3 ~ 5 NTSC quality
programs in a 6 MHz bandwidth.

Broadcasting and communication for mobile
antennas have become more and more popular. Special
modulation technique is required for mobile antennas,
becausc moving vchicles are always changing their
dircction and suffer from the multipath fading and
Doppler spread fading. So the antenna direction and the
fading effects must be considered in designing thc
transmission technique for mobile antennas.
Fortunatcly COFDM (Coded Orthogonal Frequency
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Division Multiplexing) techniques' were developed
and performed well on mobiie antennas. It was well
proved in the European digital audio broadcasting”. The
multipath fading and Doppler spread fading can cause
the distrotion in the reccived digital signal. In
COFDM, we can casily recover or reduce the fading
distortion by designing the time domain symbol
interval and the guard interval suitably. But we need
very much arithmetic operation in the detection process
of COFDM signal, mainly for the discrete Fourier
ransform (DFT). In the viewpoint of the cost, we have
a barrier to overcome in the implementation of
COFDM transmitter and receiver for digital
broadcasting. Practically we have to limit the block
length of DFT and we hope that the gencral purposc
digital signal processor (DSP) can be used in detecting
COFDM signal. Therefore the required computing
power must be considered for the design of COFDM
receiver.

Whereas, VSB (vestigial sideband) modulation
technique to transmit digital television signal,
especially HDTV (High Definition television), was
well performed on the stationary antenna®. The main
advantage of VSB modulation is the data capacity or
the spectral efficiency. Even if it has high data rate,
the complexity of receiver is low. It has also a good
compatibility with the digital cable system which uscs
16VSB modulation. The problem of VSB modulation
is that it can't make fast equalization, thus it can't be
used for the mobile antenna.

By transmitting television signal in digital form,
the border of broadcasting and communication was
collapscd, thus video data can be delivered through the
communication media. Broadcasters who have their
own channel have a desire to usc the channel flexibly.
So we belicve they prefer FDMA (Frequency Division
Multiple Access) rather than TDMA (Tiine Division
Multiple Access). In other words they want to usc their
channel independently and accomodate not only



television broadcasting but also data services. In this
paper a transmission method using the hybrid of VSB
and COFDM in a 6MHz channel is proposed. This
spectrum is composed of 3 divisions, i.e., left
COFDM channel, center VSB channel, right COFDM
channel. The division is based on the NTSC picture
and color carriers to avoid the interference from NTSC
co-channel.

Center VSB channel can deliver about 10Mbps
data by use of 8VSB transmission system’. This
channel is enough to transmit 525 line progressive
television signals that we call HQTV (High Quality
Television). Authors believe that the HQTV video can
be a practical next-step video format because we believe
the broadcasters, advertisers, and consumers want the
soft transition to the ATV (Advanced TV), i.e., they
don't want to spend much money at a time.
Availability of broadcasting equipment and the cost of
digital home terminal is very promising in these days,
which will be discussed in later section.

Fortunately we can use the DSP chip in detection
of COFDM signal by reducing the spectrum width, in
other words reducing the number of active frequency
bins for DFT. One COFDM channel can be used as a
broadcasting a LDTV (low definition tclevision) for
mobile antenna. The image format will be CIF
(common image format) whose resolution will be
352 x 240. This image can be easily made by
decimation from 525 progressive video. Thus this
channel can be used for simulcasting the HQTV
program in a low definition image format which will
be discussed in detail.

The other COFDM channel can have many
applications. Possible services are pager, digital radio
broadcasting, telc-software, data broadcasting for
mobile communication. Bidirectional communication
can be obtained by using telephone line. The main
advantages are the relatively simple implementation,
the bandwidth efficiency and various services for
mobile communication.

“ffecti al i f H;

With the advance of the digital coding techniques
in audio and video signals, there were many attempts to
transmit these signals through the NTSC channels. By
transmitting these signals in digital format, we can
have many advantages. First we can use the taboo
channels by reducing the co-channel interferences (CCI)
caused by analog NTSC spectrum. And we can
transmit the NTSC picture without reducing its qual .ty
into a narrower spectrum band. Il we want to broadcast

digitally in order to get these advantages, there will be
many choices in what we design for and how we
design.

We can accommodate the HQTYV video and audio
signals into around 10Mbps data rate with the matured
coding techniques satisfactorily. The VSB modulation
technique has the high spectral efficiency and relatively
simple implementation in synchronization. The HQTV
signals can be accommodated within around 3.5 MHz
frequency band with 8VSB modulation technique. The
remnant frequency bands more than 2.0 MHz can be
used in other applications such as LDTV broadcasting,
digital radio services, paging services, and data services,
et cetera. In this proposal we hope to consider the case
to allocate the remnant sub-bands for LDTV
broadcasting and the data services for mobile antenna.

In the mobile data communication, the fading
distortion from the multipath signal reception and
Doppler spreading is a serious problem to be solved.
The VSB modulation which is spectrally efficient
requires much computing power to estimate the
channcl states or equalize the channel adaptively. If not
estimated correctly, the overall bit error rate (BER)
performance will be deteriorated quickly. Therefore
there is a limitation in employing the VSB modulation
technique in mobile application. As mentioned above,
the COFDM technique has a potential t0 be employed
in mobile application because of its strong points
against the fading distortion.

In design of the 6 MHz spectrum we can ask a
question to ourselves; "Can we adopt the VSB
modulation technique or COFDM modulation on the
entire 6 MIiz spectrum for multi-channel HQTV
broadcasting?" Theoretically it is possible, we have to
consider the following points. First, in VSB, we
should equalize the multipath reception in higher speed
than the case of using a section of 6 MHz. And we also
have to consider the CCI from the adjacent analog
NTSC broadcasting signals. In COFDM, we have to
pay a big cost for arithmetic computation in higer
spced DFT operation.

Here we come up with the following proposal
that we can provide the various scrvices by partitioning
the 6 MHz 1o accomodate thc VSB or COFDM
techniques actually. The CCI interference problem is
avoided by sectorizing the frequency band as shown in
Fig. 1. The division is based on the frequency location
of the analog NTSC video, color, and audio referencc
carretrs.

The center frequency band ranges about 3.58
MHz, the left band is about 1.25 MHz, and the right
band is about 1.17 MHz. To reduce the cost for sharp
band pass filtering of these three bands from 6 MHz
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Figure 1. The proposed usage of 6 MHz frequency
band.

spectrum, we allow the guard bands at both sides of
each three bands. We adopt the enough guard bands not
lo increase the cost in individual receivers. The left and
right bands have 125 KHz respectively, and the center
band have 90 KHz at both sides. Also we can design
the equal bandwidth of both side bands to be able to use
the similar hardware in each receiver.

The right band will be experienced the
interference from the audio reference carrier, but this
interference will be easily removed by sending zero data
into the corresponding frequency bins in COFDM
signals.
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Figure 2. Block diagram for all encoder/decoder and
transmitter/receiver systems.
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The overall block diagram for our proposal is
shown in Fig. 2. Three different services from three
different bands within 6 MHz are provided to the
subscribers who are supposed to have the receiver for a
specific service.

The current status of digital video is that MPEG 2
main level business is in the beginning status
especially in the area of satellite and cable digital
television. In the broadcasting side camera does not
need to modify and many softwares can be used without
any modification. The develcpment of the real time
encoder of MPEG 2 main level video makes the
business of the digital video possible. In home side,
the chips of MPEG 2 main level video, audio,
transport, and modem, i.e., QAM or VSB begin to
available in these days.

The development of HDTV, especially full digital
HDTV system, has made a great impact on the
industry. HDTV has great image quality and realistic
sound, but takes only 6 MHz channel. But broadcasters
hesitate to broadcast HDTV due to the system setup
cost. The expense of buying broadcasting equipments
(i.e., cameras, VCRs, and transmitters), the cost of
making the programs, and thc lack of available
programs are the main cost to setup HDTV system.

We propose 525 line progressive video, i.e.,
HQTYV as a next step digital video, because we believe
this format makes a soft transition and the high quality
TV broadcasting. Let's compare HQTV system with
current EDTV system. Current EDTV system is to
transmit 525 interlace videos. These interlace videos
can be made by converting the video signals of 525
progressive camera and it can be originally 525
interlace videos. These videos are displayed in the
format of 525 interlace or 525 progressive by using
linc doubler or 1050 interlace also by using line
doubler. Whercas HQTV, i.e., 525 progressive videos
are transmitted as a 525 progressive video format.
These videos come from 525 progressive camera or line
doubler which converts 525 interlace video to 525
progressive video. In the receiver side, 525 progressive
videos are decompressed and they are displayed in the
format of 525 progressive or 525 interlace if current
CRT is going to be used.

If we calculate the setup cost, it will not be
cxpensive. For the transmission of HQTV, camera and
digital storage equipment can be made by the minor
modification from currently existing camera and
broadcasting VCR, i.e.,, D1, D3, and B-cam. The



compatibility with NTSC is provided and existing
NTSC software can be used by using line doubler
equipment which is well proved and available now. It
has also a good compatibility with MPEG 2
ML@MP. MPEG2 ML@ MP chip can be used by only
making speed-up the memory without any further
extension of memory size. The HQTV format has very
good compatibility with current monitor and VGA
computer monitor. 8VSB modulation was used because
the ATTC test result was good and cost effective.

The main parameters of video and audio is as
follows.

Video

Coding algorithm : MPEG 2 Main Profile

# of frames per second : 59.94/60.0 Hz,

30.0/29.97 Hz, 24.0/29.97 Hz

# of fields per frame : 1:1 progressive

Total # of lines per frame : 525 lines

# of active lines per frame : 480 lines

# of active video samples per line : 720

samples

Aspect ratio : 16:9

Approximate bit ratc : 8.5 Mbps

Audio Algorithm : Dolby 5.1 channel AC-3
Total bit rate : 384 Kbps
Sampling frequency : 48 KHz

Transport Encoder
Output bit rate : 10.24 Mbps

8VSB Transmitter
Symbol rate : 5.66 Msymbols/sec
Roll-off factor = 0.2
FEC : RS + Trellis coded modulation
RS parity : RS[208,188]
Total bandwidth : 3.40 MHz
Trellis encoder rate : 1/2

The designed block diagram of transmitting
system is shown in Fig. 3. The video encoder input
will be 60 Hz 525 line progressive video and audio
encoder will take 5.1 channel Dolby AC-3 audio. These
compressed data is multiplexed in the transport encoder.
Forward error corrector has Reed-Solomon coding of
RS[208,188] and trellis encoder of rate 1/2 to make
trellis coded modulation. The roll-off factor was
designed to be 0.2 to make the SAW filier cheaper
which rejects out-of-band signal and does VSB
filtering. This 8VSB system is exactly same with
Grand Alliance 8VSB system except symbol rate and
roll-off factor.

, VIDEO
ENCODER A
8VSB
mk-r') FEC > MoDU- 1] upcon-
LATOR VERTER
»{ AUDIO
ENCODER €—— 8VSB TRANSMITTER —
ANCIIARY
DATA

Figure 3. The block diagram of the digital television
broadcasting.

The block diagram of home digital television
system is shown in Fig. 4. Tuner has the capability to
tune from 50MHz to 860MHz. Analog Demod has the
function of demodulation, automatic gain control,
filtering, and carrier and phase recovery. Digital RX has
synchronization, adaptive equalization, Viterbi decoder,
Recd-Solomon decoder.

¢ VIDEO
DECODER

< AUDIO ‘_I—‘
DECODER
ANCIIARY

DATA

TRANSPORT s DIGITAL (| ANALOG ‘_1 TUNER

IDECODER RX DEMOD

&—— 8VSB RECEIVER e

Figure 4. The block diagram of a digital television.
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Figurc 5. EDTYV picture quality in simulation.
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We have simulated to see the picture quality in
EDTV system. Simulated images were football,
popple, and table tennis. The size of GOP (Group of
Picture) N is 15, and M value is 3 which means B
(bidirectional) pictures are 2 between I (intra) or P
(predictive) pictures. The maximum size of motion
vectors in case of P pictures was +/-64 horizontally and
+/-32 vertically. In case of B pictures the maximum
size of motion vectors was +/-32 in both directions.
We saw the PSNR (Peak Signal to Noise Ratio) of a
HQTYV encoded picture and the results are shown in
Fig. 5. These images have the PSNR of about 35 dB ~
40 dB. We can say that the picture quality of these
images is quite good.

; igi /isi ing f
Mobile Aptenna,

In this section we cosider an example of the left
channel application in mobile LDTV services. To
provide the LDTV service for subscribers in mobility,
we have to consider the distortion in transmission
channel from the multipath and Doppler fading. It is
well known that the OFDM modulation technique with
coding and (de)interleaving gives a good performance in
the point of the cost and the BER performance on this
fading channcls. And the trellis coded modulation
(TCM) with (de)interleaving gives similar performance
10 a diversity reception.' The overall BER performance
may bc requircd around 107 10 guarantee the good
picture quality.

Fig. 6 shows the LDTV encoder and COFDM
transmission system. We adopt the FEC as the
RS$(208,188) block coder to correct the burst errors in
inner coded signal. The outer (de) interleaver is to
destroy the burst errors in the inner coded data. This
burst error length is much shorter than that from the

Video

> =HEHE

Encoder

Audio Transport Ouxx ™™™ tner
Fncod Encoder v FEC '—‘lm:l‘leP—'E ser 1 Interle
Ancillary

Deata

symbal

Figure 6. LDTV encoder and COFDM transmission
system.
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fading. Therefore we have to design the inner
(de)interleaver to deploy the TCM coded data not to be
distorted in a fading period by separating the same
coded data sufficiently”.

The LDTV decoder and COFDM receiver are
constructed simply with inverse operation of the
encoder and transmitter.
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Figure 7. LDTV decoder and COFDM receiver system

Here we provide the COFDM parameters and
LDTYV system specification. We take into account the
maximum delay spread and maximum Doppler spread
in guard interval and total symbol interval respectively.

Video

coding algorithm: MPEG 2 main
profile

low level

# of fields per frame: 1:1 progressive

# of lines per frame: 288 lines

# of active video samples

per line: 352 samples

approximate bit rate: 1.2 Mbps
Audio

coding algorithm: Dolby 5.1 channel AC-
3

total bit rate: 384 Kbps

sampling frequency: 48 KHz

Transponder encoder
approximate output bit rate 1.8 Mbps

COFDM parameters
< Time domain >

sample rate: 2.0 MHz
FFT length; 256
guard interval: 64 usec



total symbol interval: 320 psec
< Frequency domain >

# of carriers: 320

channel width: 1.25 MHz

active signal width: 1.0 MHz

modulation scheme: 16QAM with TCM

The DFT length for one symbol is choosen 256
to be able to apply the FFT algorithm. The required
arithmetic oerations for 256 point complex FFT are
(N/2)log,N = 1024 complex multiplications and
Nlog,N = 2048 complex additions within a 320usec
symbol duration. That is, the amount of almost 26 x
10° arithmetic operation is required for this FFT
operation. We think that we can implement this
receiver using 2 or 3 general purpose DSP chips 1o get
the amount of computing power.

We have simulated to see the picture quality in
LDTYV system. We saw the PSNR of a LDTV encoded
picture and the results are shown in Fig. 8 with the
same pictures as in EDTV simulation. The values of
GOP are the same as those in the EDTV simulation.
The maximum size of motion vectors in case of P
pictures was +/-8 horizontally and vertically. In case of
B pictures the maximum size of motion vectors was
+/-6 in horizontally and +/-4 in vertically. We also saw
the PSNR of the LDTV encoded pictures and the
results are shown in Fig. 8. These images have the
PSNR of about 27 dB ~ 36 dB, so that we think the
quality of these images is reasonably good.

PSNR
38 ——r—  football
—@®— popple
1 88— table tennis
36 -
34 1
32 9

0 10 20
Frame Count

Figure 8. LDTV picture quality in simulation.

Data Commuynication

In these days the demands on data communication
services are rapidly increased, for which broadcasters are
willing to adopt these services eventually. Here we
consider the case of the mobile data communication
using the right frequency band in Fig. 1. At this time
we will not specify the type of data communication
services because several types can be employed
depending on the broadcasters and we can support those
services with this right sub-band actually. Currently we
think that FAX, pager and digital radio services will be
be possible ‘with the change of packet format
correspondingly. Hopefully we can use this right band
in the private teleconferencing by changing the
modulation parameters to improve the overall bit rates.

The right channel will be inevitably interfered by
the audio reference carrier of the co-channel signals. We
adopt the COFDM modulation to overcome this
interference problem by sending null data in the
corresponding carrier location. Also we can make the
spectrum width as that of the left band to use the
similar hardware. This is achieved by simply sending
null data on the corresponding frequency bins although
we may give an effort for gain control of received
signal.

Here we show the maximally achievable
transmission rate in the right band.

COFDM parameters
< Time domain >

sample rate 1.84 MHz
FFT length 128

guard interval 48.9 usec
total symbol interval 188.0 psec

< Frequency domain >

# of carriers 173
channel width 1.17 MHz
active signal width 920 KHz
audio ref. carner location 795.5 KHz

modulation scheme 16 QAM with
TCM
approximate total bit rate 1.4 Mbps

This COFDM receiver requires the arithmetic
operation as 448 complex multiplications and 896
complex addition in 188.0 psec, that is, it requires
approximately 19.1 x 10° arithmetic operations.

Fig. 9 shows the data transmission system using
COFDM modulator. As we can easily imagine, we
solved the problems of fading distortion in mobile data
terminal and CCI from audio reference carrier by
employing the COFDM modulation and null data
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sending. Bil rates of the data services are varying
depending on what data services are employed. For
example, the DAB requires around 384 Kbps for a
audio channel and FAX service does more than 9.6
Kbps.
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Figure 9. Data transmission system using
COFDM modulator.

Fig. 10 shows the block diagram of the data receiver
with COFDM demodulator. In this receiver, the
general purpose DSP processor can be employed to
demodulate the COFDM signal because of the
relatively low data rete. The length of a RS coding
block has to be chosen depending on the size of the
packet length of a service.
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Figure 10. Block diagram for data receiver and
COFDM demodulator

Conclusion

We proposed a flexible usage of 6 MHz to
accommodate the broadcaster’s diverse desire to satisfy
the various subscribers requirement. First, we can
broadcast the high quality TV using the center 3.4
MHz band only. The remant frequency sub-bands can
be used for mobile applications by employing the
COFDM modulation techniques. We showed an
example to broadcast the LDTV for subscribers in
mobility by using COFDM channel and discussed the
maximum bit rate to be achieved in the mobile
channel. Also we showed a data transmission system in
mobile channel using the COFDM technique on the
sub-band of 6 MHz.
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A NEW APPROACH TO THE ANALYSIS OF ADJACENT
STRUCTURE EFFECTS ON HDTV ANTENNA PERFORMANCE

O. Bendov
Dielectric Communications
Cherry Hill, NJ

Introduction

In the US, many television towers support more
than one TV antenna. In major markets these
towers were designed to support up to 10 TV
antennas and additional FM antennas. Some of
these antennas are side-mounted below the top
platform.  Others are mounted on the top
platform. Yet other antennas are mounted on
separate towers that may be separated by no
more than a 100 feet.

During the 60’s and 70’s, RCA invested
substantially in developing the software that
was required for multiple antenna tower design.
The challenge was not limited to the expected
service degradation resulting from the
interaction among the antennas themselves and
their interaction with the supporting tower. The
challenge extended to include earthquake and
wind gusting effects.

As part of the RCA program, operating scaled-
down models were built to verify the accuracy
of the patterns predicted by the software. For
example, the entire top platform of the San
Francisco tower with 9 TV antennas was built
to 1/10 of its actual size.

The RCA software, developed for the design of
top-mounted and side-mounted NTSC-TV
antennas, has proved itself through repeated
use. Unfortunately that software, in its present
form, cannot be used for HDTV design.

In this paper, the method used for the analysis

of adjacent structural effects on NTSC-TV
antennas will be briefly reviewed. The failure of
the NTSC approach to meet HDTV

requirements will be outlined, and the proposed
procedure for estimating the power penalties
and the resulting loss of coverage for HDTV
antennas in the presence of interfering
structures of will be presented.

NTSC
The analysis and design of antennas for NTSC
transmission in the presence of adjacent
structures has been based on the minimization
of three performance degradation factors as a
function of azimuthal angle:

1. Azimuthal pattern distortion at the carrier
frequency due to scattering and reflections from
adjacent structures.

2. Gain variation across 4 Mhz, sometimes
called “video response.”

3. Visible echoes of > 2S5usec delay due to
interception and reradiation by  other
transmitting antennas and towers sharing the
same aperture.

Figure 1 is a top view of three antennas sharing
the same aperture in a candelabra fashion. The
antennas are mounted on a triangular platform
and are separated by 50 feet from each other.
The channel 4 operating antenna transmits
circular polarization and is marked as TDM.
The other two antennas are obstructions to the
TDM antenna.
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Figare 1.

Free-Space and Scatter Patterns of a Channel 4 TDM Antenna
in the Presence of Two Obstructing Antennas.

Calculated at the Picture Carrier of Channel 4.

The azimuthal patterns in Figure 1 are those of
the TDM antenna with the interfering antennas
(solid line), and without (dashed line). These
patterns are normally plotted only at the carrier
frequency of the operating antenna because,
during program transmission, most of the

picture energy is concentrated around the
carrier. In effect, NTSC transmission is a
relatively narrow band transmission even though
three separate carriers occupy the 6 Mhz
channel.

The distorted pattern (solid line) shows that in
some directions the Effective Radiated Power
(ERP), in the presence of the other antennas,
increases over the authorized ERP. In other
words, the reflections are assumed to add
desirable energy so long as the associated
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Figure 2.
RF Spectra of HDTV and NTSC.

picture degradation is acceptable.

Just what is an acceptable degradation has not
been well defined. Over the years, two rules of
thumb have been successfully used to define
what is an acceptable picture distortion due to
reflection from adjacent structures:

1. Gain variation limited to < 2 dB over 4 Mhz
in the critical directions.

2. Visible echos prevention by limiting the
separation between the operating antenna and
the interfering structures to a maximum of a
100 feet (< .2 psec delay for a round-trip) and
by the insertion of filters in the feed lines of the
interfering antennas.

HDTYV vs. NTSC
None of the three degradation factors used in



the design and analysis of NTSC installations
are useful in the design of installations for
digital transmission of HDTV where no
impairments are visible and where all the
distortions and undesired signals, such as
reflections, are manifested as reduced service.

The reduction in service can be evaluated from
assessing a power penalty against the desired
signal for each form of impairment. The sum of
the penalties, in dB, is the ratio by which the
ERP must be increased in order to restore the
intended service. If the ERP cannot be
increased, the power penalty translates into a
shrinking coverage contour.

Implicit in the application of the power penalty
method is that the post-equalizer Bit-Error-Rate
(BER) at the HDTV receiver does not exceed
3x10°. That may not always be possible under
conditions of heavy interference from
cochannels, adjacent channels, and impulse
noise.

Not only are the three NTSC degradation
factors not useful for HDTV, but the use of
field strength to define service contours (e.g.
Grade B = 64dBp) is not applicable. This point
can be understood by comparing the spectrum
of NTSC with that of HDTV (without the pilot
tone) as shown in Figure 2. As seen on a
spectrum analyzer, the NTSC signal shows the
precise locations within the 6 Mhz channel of
the picture, color and aural carriers and their
relative magnitude. In contrast, the HDTV
spectrum, prior to being subjected to multipath
and interference, is flat over the channel. That
is, no specific carrier can be defined in the same
manner as is done in the case of NTSC signal.

Accordingly, the useful HDTV “carrier” can
only be defined as the total signal power, in
dBk, within the 6 Mhz channel minus the power
lost to the in-band uncorrectible distortions such
as intermodulation products.

While the total signal power is useful in
determining HDTV coverage contours limited
by thermal noise, it is not useful in determining
service contours when multipath, impulse noise
and interferences are present.

The limited use of the total HDTV signal power
for defining service contours in the presence of
multipath and interference can be explained by
referring to Figure 2 again. In Figure 2, the
effect of multipath on both the NTSC and the
HDTYV spectra is shown as a notch. In the case
of NTSC, the notch, located between the Visual
carrier and Color subcarrier, has relatively little
effect on the quality of the received picture, and
no effect on the sound quality. In contrast, the
notch in the HDTV spectrum will cause a loss
of picture and sound even though the total
signal power within the 6 Mhz channel has
suffered only a minor change. Even though the
noich may result in the loss of picture and
sound, the total signal power, represented by
the area under the spectrum curve, remains
essentially unchanged.

Whereas the equalizer at the HDTV receiver
may be able to correct the multipath notch if it
is not too deep and if it is not random in its
position within the channel, it cannot do so if
the notch (or notches) were to result from
impulse noise and interference as they vary
randomly and fast, anywhere inside the channel.
As the equalizer attempts to correct the
distorted channel by raising the gain at the
deficient frequencies, it inflicts a penalty on the
HDTYV signal that must be incorporated in the
definition of the service contour.
HDTV

In the HDTV environment, the reflections and
scattering of the primary signal due to the
obstructions are viewed as undesirable
multipath’ . In other words, the structural
cbstructions to the transmitting antenna are best

"ltis possible that in some directions, the reflections
could be “useful” energy if they assist in equalizing the
overall frequency response.
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viewed as a filter whose attenuation and
frequency response vary with the angle toward
the receiver. The effects of the signal lost and
frequency distortion due to obstructions in the
vicinity of the transmitting antenna, can be
quantified as power penalties on the desirable
signal.

Penalty Due to the Signal Power Lost to
Reflections and Scattering
The difference between the CNR (Carrier to
Noise Ratio) of the HDTV channel with and
without the obstructions is (Ref. 1):

(CNR) s —CNR = -10Log[fl j 1H( j27gf)|2df,,]

where:

(CNR) s = the available CNR when the
operating antenna is in free-space in dB.

fs = channel bandwidth.

H@2nf) = channel transfer function in the
direction of the receiver and in the presence of
the structural obstructions.

The difference between the available CNR in
free space and that available in the presence of
structural obstructions is the power penalty, in
dB.

It is clear from the power penalty equation that
the reflections, as well as the fee-space antenna
patterns, must be processed over 6 Mhz rather
than at the carrier frequency alone.

Penalty Due to Frequency Distortion in the

Passband
The second power penalty on the available CNR
is imposed by the equalizer at the receiver. For
example, the equalizer attempts to compensate
for the notch in Figure 2 by introducing an
infinite gain at that frequency. This
compensation is at the expense of enhancing the
noise level and thereby reducing the available
CNR.

The magnitude of the penalty depends on the
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choice of equalizer at the receiver. Peak
Distortion, Mean Square Error and Decision
Feedback are examples of known equalizers
(Ref. 2).

While the exact magnitude of the noise power
penalty depends on the choice of equalizer, the
worst case is:

1. df,
N - Ny =10Logl— [—Z&__
Og[fgj HG2n

where :

N - Nrs is the power penalty inflicted by the
equalizer on the noise level due to the distortion
of the frequency response.

It is clear that any notches in the transfer
function will cause the equalizer to raise the
noise level to a point where the threshold CNR
cannot be maintained, resulting in lost picture
and sound.

CNR Coverage Contours

Since knowledge of the power penalties, in
addition to the Effective Radiated Power
(ERP), are essential in defining coverage
contour of obstructed antennas, it would appear
that a contour of threshold CNR, rather than
field strength or power, will serve as the proper
tool for coverage description. The two power
penalties and the free-space ERP may be
automatically incorporated within one number,
the threshold CNR. The threshold CNR (~15
dB) contour can then be drawn for various
percentages of time and location availability
depending on the margin between the available
CNR and the threshold level.

HDTYV Example
This example is based on an existing three-
legged tower, with a  hypothetical,
omnidirectional HDTV antenna, mounted 8 feet
due east from the line connecting legs B and C.
The top view of tower cross-section and the
HDTYV antenna is shown in Figure 3. The width



of the triangular legs is 9 feet and the separation
between the legs is 63 feet. The calculations are
all at channel 39.

The first step is to calculate the reflections and
scattering from the three legs. The result is
shown in Figure 4 where both the free-space
(magnitude=1 for omnidirectional pattern) and
the reflection azimuthal patterns are shown. In
particular, note the large, undesired, reflection
due East from the flat surface of leg A. Also
note that the patterns were calculated and
integrated over 6 Mhz in accordance with the
principles set forth in this paper.

The next step is the assessment of the two
power penalties. The results are shown in
Figure 5. The total penalty is the sum of the
penalty due to loss of primary signal resulting
from the reflections and the penalty due to the
distorted frequency response, which is also a
by-product of the reflections. Note that the
penalty due to the equalizer is relatively small
since no notch such as that shown in Figure 2
was produced.

Finally, the calculated threshold CNR coverage
contour is shown in Figure 6. Note the effect of
the power penalties on the reduced coverage in
some directions. This particular contour is
based on the FCC propagation curves and the
following receiver model:

Rx Noise Figure = 10 dB.

Rx Antenna Height = 30 feet.

Rx Antenna Gain = 10 dB.

Downlead Cable = 50 feet of RG-59/U.
Rx Antenna Balun Loss = .5 dB.
Threshold CNR = 15 dB.

Inside the contour, the CNR is > 15 dB which is
the threshold for yes/no HDTV. Finally, note
that the contour is based on FCC(50,99) rather
than the FCC(50,90) curves which are normally
used for NTSC coverage analysis.  The
justification for the higher percentage of time

availability in the case of HDTV broadcasting
was explained earlier (Ref. 3).

Conclusion

Most US broadcasters will face the transmission
tower capacity bottleneck as part of their
transition plan to HDTV. In many locations,
HDTV antennas will be installed next to other
antennas or below the top of the tower. The
HDTV antennas will then be subjected to
reflections from nearby antennas and/or the
supporting tower itself. The procedures
outlined in this paper provide the means for
quantifying the degradation, in any direction, as
a function of the HDTV antenna position in the
presence of undesirable structures.
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Coherent Reflection

> Coherent Reflection

Figure 3.
Top View of a Side-Mounted, HDTV Antenna.
Obstructed by Lower Legs A, B, and C.
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SO YOU'VE JUST BEEN ASSIGNED CHANNEL 68 FOR ATV—
INTERPRETING ATV CHANNEL ASSIGNMENTS

Louis Libin

National Broadcasting Company, Inc.
New York, NY

ABSTRACT

The ATV Broadcast Service is coming, and the FCC
is planning to assign each television station a new
channel. Most of the assignments will be in the UHF
band. What is the basis for this assignment? What if
you are assigned UHF channel 68? Will your
current viewing audience be able to receive the new
signal? How can the Chief Engineer assurc the
Station Manager that the new channel assigned to
them is sufficient to provide good ATV coverage of
their service area? How will ATV impact their NTSC
service? This paper will help Chief Engineers to
better understand the basis for their assignments, the
predicted coverage for this new service, and the
fundamentals of UHF broadcasting. The
groundwork is laid for designing an efficient and
effective ATV station.

INTRODUCTION

Broadcasters believe that, in a short time, the FCC will
set a standard for a new Advanced Television
Broadcast Service (ATV). The Commission will
assign each of the approximately seventeen hundred
television stations a new channel for ATV. The new
channel will be paired with the current NTSC channel.
Most of the new ATV assignments will be in the UHF
band. Each NTSC station will be assigned a new
ATV channel with a specific numeric value. What is
the basis for this assignment? What if you are channel
4 now and you are assigned UHF channel 68?7 Will
your viewers tune up to channel 68? Will your current
viewing audience be able to receive the new signal?
These are only a few of the questions that might be
asked about the new service. The last two may be
answered simply. Even the first generation of ATV
receivers is expected to have "smart” features that will

let you select stations by "WNBC" or another service
provider. If an ATV signal is available, you will get
ATV programming on channel 68. Otherwise, you
will get the NTSC signal on channel 4. In most
cases, a good, outside antenna comparable to today's
"top-of-the-line", will let almost everyone who is able
to receive NTSC on channel 4 to also receive ATV on
channel 68. Early tests have confirmed that ATV can
outperform NTSC transmission. ATV can deliver
HDTYV quality pictures mto the fringe areas of NTSC
and do it with lower transmitter power.

BACKGROUND

From the beginning, broadcasters took an active role
with industry and government as the FCC Advisory
Committee on Advanced Television Service worked to
develop recommendations for the new broadcast
system. Obtaining sufficient spectrum so that all
broadcasters might introduce ATV without disrupting
their present NTSC broadcasts became a key 1ssue for
the successful introduction of ATV broadcasts in the
United States.

The Television Spectrum — The spectrum allotted
for television broadcasting varies over an extremely
wide frequency range. From the lower end of channel
2 (54 - 60 MHZ) to the upper end of channel 69 (800
- 806 MHZ) the vaniation in frequency is nearly fifteen
to one. The TV broadcast channels occupy four
noncontiguous  bands."' The center channel
wavelengths vary from 5.3 meters (209 inches) at
channel 2 to 0.37 meters (14 inches) at channel 69.
Signal propagation characteristics vary widely over
such a broad range of spectrum. In general, for a given
effective radiated power (ERP), the low band VHF
channels produce a useable NTSC TV picture at much
greater distances than UHF channels. In the early
developmental years of television broadcasting, the
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FCC set standards for the various channel groups in an
attempt to provide approximately the same radius of
minimally useful (Grade B) coverage and to allow for
the greatest practicable channel reuse which would not
result in unacceptable levels of interference. The
maximum permissible ERP was set at 100 kilowatts
(KW) for low-band VHF, 316 KW for high-hand VHF
and 5000 KW for UHF channels. The antenna height
above average terrain (HAAT) was limited to 2000
feet, except that in the heavily populated northeastern
portion of the country termed Zone I, HAAT for the
VHF channels was limited to 1000 feet. The FCC
Rules have been converted to the metric system, and
the HAAT limitations are now 300 meters for Zone |
VHF stations and 600 meters for other stations.

In the early 1980s, Japan's NHK proposed its MUSE
HDTYV interlaced system, based on 1125 horizontal
scan lines, for worldwide adoption. MUSE made the
world aware of the goal of high-definition television
with picture quality equivalent to motion pictures,
including a wide-screen format.

FCC and ACATS -- In 1987, the FCC, at the
request of broadcasters, initiated rulemaking on
advanced television service and established a blue
ribbon Advisory Committee on Advanced Television
Service (ACATS) for the purpose of recommending a
broadcast standard. Over the past seven years,
hundreds of companies and organizations have worked
together within the numerous Subcommittees,
Working Parties, Advisory Groups and Special Panels
of ACATS. The ACATS process -- an impressive
example of government-industry cooperation -- has
been marked by many important accomplishments:

ACATS developed a competitive process by which
proponents of systems were required to build
prototype hardware which would then be thoroughly
tested. This process sparked innovation and an
entrepreneunal response. There were 23 proposals for
systems submitted to ACATS in September 1988.
Hardware was actually built and tested for six systems.

The FCC made several key spectrum decisions that
also helped spark innovation. The commission decided
in early 1990 that new ATV systems would share
television bands with existing services and would
utiize 6 MHz TV channels as presently defined. The
Commission also decided on a "simulcast” approach;
this meant that the new HDTV signals would be
broadcast on currently unusable TV channels and that
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broadcasters would be temporarily assigned a second
channel to accomplish the transition to HDTV.

Digital Television -- Although the FCC had said in
the spring of 1990 that it would determine whether
all-digital technology was feasible, most observers
viewed it as at least 10 years in the future. That same
year, General Instrument became the first to announce
an all-digital system. Later, all-digital systems were
announced by MIT, the NBC, Philips, Thompson,
Sarnoff consortium and by Zenith-AT&T. The FCC
and ACATS anticipated the need for interoperability
of the standard with other media. Initially, the focus
was on interoperability with cable television and
satellite delivery; both being crucial to any broadcast
standard. With the advent of all-digital systems,
computer-friendly  progressive  (non-interlaced)
scanning became increasingly important. ACATS
formed a special subgroup that worked for two years
to assure that interoperability would be maximized in
the new HDTYV standard.

By 1991, ACATS had developed receiver planning
factors and a model for predicting ATV coverage and
interference. Broadcasters supported this work of
ACATS by providing computer resources and
funding software development.

ATV Testing -- Six systems (four of which were all-
digital) underwent extensive testing in 1991 and 1992
at the Advanced Television Test Center (ATTC) in
Alexandnia, VA Also participating in testing were
Cable Television Laboratories Inc. (CableLabs) of
Boulder, CO, which tested systemns over a cable test
bed at the ATTC, and the Advanced Television
Evaluation Laboratory (ATEL) in Ottawa, Ontario,
Canada.

Following testing, the Advisory committec decided in
February 1993 to limit further consideration to the four
all-digital systems: two systems proposed by GI and
MIT, one proposed by Zenith and AT&T, and one
proposed by NBC, Samoff, Philips and Thomson. The
Advisory committee decided that, while all of the
digital systems provided impressive results, no single
system could then be proposed to the FCC as the U.S.
HDTV standard. The committee ordered
supplementary tests to evaluate improvements that had
been made to individual systems since initial testing.

The Grand Alliance -- At the same time, the
Advisory committee also adopted a resolution




encouraging the digital HDTV groups to try to find a
way to merge the four remaining all-digital systems
into a single grand alliance. The committee
recognized the mernits of being able to combine the
best features of each system. Negotiations between
the parties began in earnest, and on May 24, 1993,
seven companies announced formation of the Digital
HDTV Grand Alliance. The Advisory Committee
assigned its Technical Subgroup to evaluate the Grand
Alliance proposal in detail. The Technical Subgroup
approved most of the key system elements -- video
compression, transport, scanning formats and the
audio subsystem in October 1993. The final element,
the modulation subsystem was approved by the
Technical Subgroup in February 1994.

In the summer of 1994, the transmission subsystem
underwent six weeks of extensive broadcast and cable
field tests at Charlotte, NC. The tests proved that "the
Grand Alliance digital transmission technology will
outperform today's analog transmission.”

In January of 1995, the Broadcasters Caucus and the
Association for Maximum Service Television (MSTV)
submitted to the FCC their recommendation for a
nationwide ATV channel assignment table. The table
pairs a channel for ATV simulcast with every NTSC
station. The filing was signed by 90 broadcast groups
including the National Association of Broadcasters
(NAB) and the four networks. The assignment table
1s a fair plan which optimizes ATV service for all
broadcasters with minimal impact to existing NTSC
service areas.

WHERE ARE WE TODAY?

The HDTV standard setting process has been and will
continue to be a public, open process. The Grand
Alliance is working closely with the FCC's Advisory
Committee to complete the standard and launch
HDTV. The Grand Alliance members have been
working together to construct the prototype system.
We are nearing the finish line of an eight year process.
Chief Engineers and General Managers should be
preparing for the roll-out of HDTV. Since 1987, NBC
and the other networks have been working on the
development of ATV and planning for the distribution
and broadcast of HDTV pictures. The introduction of
ATV will be a gradual process. Initially, the ATV
market will be small. As ATV broadcasts begin,

viewer interest and demand for ATV receivers will
Increase.

In early 1995, the Advisory Committee will conduct
extensive laboratory tests of the entire system in the
U.S. and Canada to venfy that the system meets its
expectations. The Advisory committee could then
recommend the system to the FCC and simultaneously
begin final field test verification of the system's
performance. The FCC, in turn, would consider the
committee’s recommendation in a rulemaking
proceeding which should be concluded in late 1995 or
early 1996. In accordance with FCC requirements, the
technology may be licensed to anyone on reasonable
terms.

Broadcasters could then be assigned a second channel
and begin preparing to broadcast an ATV service.
Once licensed for the ATV service, many broadcasters
would move quickly to commence the new service
which will grow with consumer demand for ATV
receivers and set-top converters.

It is anticipated that our Canadian and Mexican
neighbors will simultaneously initiate similar,
appropriate procedures to assure rapid adoption
throughout North America. Moreover, because of
early North American implementation, it is hoped that
the rest of the world will adopt many of the elements
of the North American HDTV standard.

THE FUTURE IS UHF

The FCC is planning to allocate a second TV channel
to each VHF and UHF TV station for an Advanced
Television System. The allocation of a second channel
will allow every TV station to introduce an ATV
broadcast service while maintaining its current NTSC
broadcast service. In the future, the FCC plans to
withdraw the current NTSC licenses so that stations
will be required to broadcast only an ATV service.
When the ATV broadcast service is introduced, the
relative advantages of stations could change. The FCC
has announced the intention to allocate only UHF
channels for ATV. All channels within a market will
be equally accessible on the ATV receiver. Most
ATV channels will have coverage comparable to their
NTSC population coverage. From a service area
perspective, most channels are equally valuable.
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NTSC Signal Strengths -- The quality of the
received NTSC picture deteriorates gradually with
decreasing signal-to-noise ratio as distance from the
transmitter increases. This is a characteristic of NTSC
television as an analog system. Beyond the Grade B
contour, viewable pictures can generally be obtained
only by means of special high-gain receiving antenna
systems such as are employed by cable TV headends.
Since NTSC television i1s an amplitude modulated
system, the signals are subject to multipath "ghosts"
and to natural and man-made electrical noise which
shows up as annoying sparkles and lines in the picture.
For the most part, excellent pictures are received
within the City Grade contour nearest the transmitter,
pictures of good, but not excellent quality, are received
within the Grade A contour, and pictures of
marginally useful quality are received out to the Grade
B contour.

In reality, TV reception varies widely from location to
location and from time to time. The different grades
of reception are statistically derived on the basis of
time and location variability. Last August during field
tests of the Grand Alliance Prototype Transmission
Subsystem, a high degree of UHF multipath variability
was observed. The received signal strength was found
to vary widely over brief time intervals and between
nearby locations. Even an inch can result in a
significant signal change. This vaniability can not be
attributed to terrain blocking the path. It can be
caused only by multipath interference.

Table 1 gives the basic parameters for NTSC
channels: the Zone I ERP and HAAT limits for each
channel group, along with the distances to City Grade,
Grade A and Grade B contours. FAA concemns,
zoning restrictions and costs frequently act to limit
antenna height for UHF stations to less than the
maximum permissible 600 meters.

The effect of the tremendous disparity in ERP can be
seen in the City Grade contours. A comparison of
Figures 1-3 reveals much about the differing

propagation characteristic of the different channel
groups. City Grade coverage extends much further for
a UHF station than for a low-band VHF station.

The UHF station has greater "brute-force" signal
strength to override man-made and natural noise and
thus can provide excellent reception near the
transmitter. On the other hand, because low band
VHF stations can provide Grade B coverage at

44—NAB 1995 Broadcast Engineering Conference Proceedings

comparable distances with far less ERP than UHF
stations, the low-band VHF station is permitted less
ERP to overcome atmospheric and man-made
electrical noise. Therefore a low-band VHF station
has far less City Grade coverage than a comparable
UHF station. A typical UHF station may have a
HAAT of 300 meters. Figure 4 shows that, with an
antenna height of 300 meters, a UHF station has a
Grade B contour radius of about 85 kilometers. This
is almost exactly the distance to the horizon for a
transmitting antenna height of 300 meters. Beyond the
horizon, UHF signals drop off rapidly in strength,
while low band VHF signals fade much more
gradually. A 100 KW low band VHF station with 300
meter HAAT provides Grade B service 20 kilometers
beyond the horizon. In order to achieve a Grade B
coverage radius of about 105 kilometers (65 miles)
with ERP of 5000 KW, a UHF station must employ an
antenna height of 600 meters. The horizon for 600
meter HAAT is 113 kilometers, so a maximum facility
UHF station's Grade B contour falls eight kilometers
short of the horizon, but you can still receive a signal
out to the horizon.

ATV Signal Strengths -- ATV reception requires a
certain minimum signal strength. ATV is a digital
system; which means, in simple terms, that the picture
and sound information is encoded into a data stream of
binary numbers. So long as there is sufficient signal
strength for the decoder to decode digital data, a
perfect picture will result. If the signal strength falls
below that level, the system crashes and no reception
is possible. There is no gradual deterioration of
picture quality with increasing distance from the
transmitter as with NTSC television. Thus there are
no grades of coverage; it is either all or nothing.
Based on the reception planning factors used by the
ATV Field Test subcommittee in calculating ATV
service, minimum signal strength levels for ATV
service were calculated for each channel from 2
through 69. The results are given in Appendix A. The
propagation disparities between the different channel
groups is easily seen. Channels 2 - 6 require signal
strengths in the 20-30 microvolt per meter (uV/m)
range. For channels 7 - 13, the requirement is around
60 uV/m, and for UHF it varies from 120 to 200
uV/m.

Power Requirements For ATV  --  Power
measurements for ATV are based on average
transmutter power, while measurements for NTSC are
based on peak power. However, ATV signals can
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Zone | Maximum Permissible NTSC Television Station facilities

Distances to Coverage Contours
Band Channels ERP HAAT City Grade Grade A Grade B
W) | (meters) (Km) (Km) (Km)
Lo-VHF 2--6 100 300 42.1 544 103.6
Hi-VHF 7--13 316 300 523 64.1 9513
UHF 14--69 5000 600 69.0 815 106.6
UHF* 14--69 5000 300 554 64.5 828

*Limited HAAT; not max. facilities. (Sec text)

produce random peaks 6 dB or four times the average
power. Thal is to say, in order to handle an average
ATV signal power of 100 kW, a transmilter with a
peak power rating of 400 kW must be employed. In
order to estimate the power requirement for replication
of NTSC service areas, a coverage radius of 105 km
was assumed. This was based on the Grade B service
radii of the maximum-facilities Zone I stations
discussed above. Sample calculations were made with
HAAT of 300 meters for channels 3, 9, 14 and 69.
The calculations were repeated for the UHF channels
with HAAT of 600 meters. The calculations assumed
reasonable values of anlenna gain and line loss for
each channel group. The results are shown in Table 2.
The peak power ratings of the transmitters are also
shown, as well as estimated annual power costs based
on an overall plant efficiency of 50% and power costs
of eight cents per kilowatt-hour. With HAAT of 300
meters, ERP values vary from about 6.5 kW (Avg. 2
kW) for channel 3 to 2830 KW (Avg. 85 kW) for
channel 14. With HAAT of 600 meters, the power is
reduced to 207 KW (Avg. 6 kW) for channel 14. At
channel 69, HAAT greater than 300 meters would be
a necessity for ATV coverage to 105 kilometers. In
order to provide ATV service to 105 kilomelters with
HAAT of 300 meters, ERP over 15 megawatts (Avg.
500 kW) would be required.? With HAAT of 600

Table 1
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meters, this is reduced to 1148 kW (Avg. 36 kW).
Otherwise, assuming the required 2 megawatt peak
rated ATV transmitter could be obtained, the capital
cost would likely exceed the cost of building a 2000-
foot tower, to say nothing of the annual power bill. A
much less expensive way of extending coverage into
the fringe areas is to use a receiver preamplifier
mounted on the mast of a high-performance receiving

antenna. Manufacturers report improvement in gains
ofupto32dB

THE UHF ADVANTAGE

The UHF market is changing; the UHF stigma may
soon be gone. Transmitters and antennas are now very
good. Audience viewing habits are not the same
anymore. Today programming is the issue. The
bottom line is not VHF or UHF but "where can NBC
be found in my market?” Today's programmable
television receivers don't care about VHF or UHF.
VHF reception indoors (no outdoor anlenna) is
normally poor. The noise level is high because of all
of the appliances and electrical equipment in the
typical home. For UHF, indoor reception Radio
Frequency Interference (RFI) is not a problem. For
outdoor reception, VHF will still outperform UHF;



HDTV Replication requirements for 105 kilometer Radius Coverage
(Calculated for Representative Channels as Shown)
(Based on FCC F(50-90) Field Strength/Distance Curves)
Average Xmtr Est.
Xmtr Peak Pwr Annual
Channel FS HAAT ERP Pwr. Out Rating Power Bill
(dBu) (m) &W) &W) &W) ($1000's)
3 27.1 300 6.58 2 8 28
9 35.6 300 442 6 24 8.4
14 416 300 2830 85 340 120
14 41.6 600 207 6 24 84
69 46.2 300 15922 500 2000 700
69 46.2 600 1148 36 144 50
Table 2

but with maximum facilities and good transmitting
equipment and with a good, clean signal from studios,
UHF comes close.  With minimum receiver
spectfications for UHF ATV reception, we will avoid
the problems that we have today with UHF. HDTV
will really push UHF over the edge.

Washington DC is a good example. In many areas,
UHF Channel 20 comes into the home as good as
VHF Channel 5. Channel 20 is fourth in the market.
It is a full power, maximum-facility station. It has a
better contour than some VHF stations. Washington,
DC 1s a typical secondary market, another is Chicago,
where there is a nice flat downtown area surrounded
by a very large suburban area. Except for cities like
New York with much multipath, if a station goes to
maximum facilities, there 1s an excellent chance of
reaching a 105 km contour.

ATV CHANNEL ASSIGNMENTS

In each area of the country, the new ATV channels
will be found among those TV channels that are not
used for NTSC broadcasting in that area. The
broadcast channels for NTSC were allotted to cities
across the country by a complex set of rules based
upon providing for minimum separation distances
between the use of certain pairs of channels. For

instance, a UHF transmitter at maximum antcnna
height and power should not be located within 248.6
km of another transmitter on that same channel. The
intent was to minimize the potential for the broadcasts
of a distant station to interfere with the reception of a
local station.

The possible channels for ATV in each area are to be
found among the NTSC allotments that were never
constructed and among the channels whose use for
NTSC would cause objectionable interference to
existing NTSC stations. The FCC has also announced
the intention to allocate only UHF channels for ATV.
This may not be entirely possible, but certainly most of
the new ATV assignments will be in the UHF band.
There may be some VHF ATV assignments where
UHF assignments are not possible; these will be
mostly in high population urban areas where there is
a scarcity of available UHF channels for ATV. Even
though the ATV system has been designed to
minimize interference into NTSC broadcasts and, in
turn, to be relatively immune to interference from
other stations, the geographic distribution of NTSC
channels across the country and the potential for
interference between stations makes it very difficult to
devise a nationwide set of ATV channel assignments
that avoid all inequities among the channels assigned.
The channel assignments must be carefully crafted for
the major markets and for the nation as a whole.
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Auvailable channels having the larger cochannel
separation distances are preferred. A table of ATV
channel assignments has been recommended by
broadcasters to the FCC.

How Channel Assignments Are Made And
Evaluated -- The following goals were established
for a channel assignment plan:

(1) That ATV spectrum be found within the
existing VHF and UHF TV bands

(2) That all NTSC stations be paired with
an ATV channel

(3) That the service area of each ATV
station replicate as closely as possible
the service area of the NTSC station to
which it 1s paired

(4) That reception of existing NTSC
stations not be significantly impacted
by new interference from ATV
stations

Chief Engineers should be prepared to evaluate the
service area of their new ATV channel assignment and
should begin preparing to build an ATV station. The
FCC Office of Engineering Technology has long used
computer software to optimally assign broadcast
channels satisfying the technical and regulatory
constraints for a particular service. ACATS technical
committees have developed receiver planning factors
and a model for predicting ATV coverage and
interference. Broadcasters have supported this work
of ACATS by providing computer resources and
funding software development; they have also built
upon and enhanced the assignment model used by the
FCC? The ATV service and interference
characteristics of the assignment plan developed with
the aid of these programs depend on parameters,
assumptions and guidelines that must be determined
prior to running the model.  The following paragraphs
describe those assumptions and provide additional
description of some of the critical algorithms used in
the channel assignment program.

The general approach to making the ATV channel
assignments will be described briefly. The actual
process is more complex and involves additional
criteria which are discussed bclow. An allotment table
is formed by considering each city or area in tumn
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across the country. For each area, one prepares a list
of channels which are candidates for ATV assignment.
First, channels which are used in this or nearby cities
are eliminated because their use for ATV would cause
unacceptable interference to the reception of an
existing NTSC station. Other channels are eliminated
because they would be susceptible to interference from
NTSC stations or ATV to ATV interference would
result if both should be used. In this way the channels
allotted to one city restrict the channels which can be
allotted in nearby cities, and in turn, this effect spreads
like a daisy chain across the United States. When a
list of candidates has been prepared for each area, the
service areas of the ATV channels are calculated and
matched to the existing NTSC service areas.
Adjustments are then made to better satisfy certain
optimizing criteria and the process is continued until
the results appear satisfactory.

Channel Assignment Program -- This program is
used to assign an ATV channel number to every
NTSC station in the US. The assignments are made so
that minimum geographical separation distances are
maintained between the use of certain pairs of ATV
and NTSC assignments. The most important
constraints are the distances between two uses of the
same number channel for two ATV stations or for an
ATV and a NTSC station, the cochannel constraint.
The separations between channel numbers which
differ by one -- the adjacent channel constraints are the
second most important constraint.  There are
additional constraints at the Canadian and Mexican
borders and between certain offsets of UHF channels
termed the UHF taboos.

The program begins with a list of all the NTSC
stations. For each station in turn the program
calculates the distance to the nearest use of each TV
channel. The channel with the greatest separation
distance is examined first. If this channel satisfies all
of the separation constraints, then a tentative ATV
assignment 1s made. If not, then the channel with the
next greatest separation is tested. If no channel
satisfies all of the constraints, then no ATV
assignment is made. This process is repeated for each
NTSC station. There are many assignment tables that
could be considered. Many of these tables have
entries consisting of a pair of stations which violate
one or more of the separation constraints. Also the
resulting ATV service areas vary greatly from table to
table. As an indication of the complexity of this
process, even if a super-computer could evaluate an



assignment in one second and ran for the entire age of
the universe, it would only have just begun to attack
the problem on a case by case evaluation.® In order to
form a reasonable plan the program employs a number
of heuristics that have been refined by a number of
people over many years.

Coverage And Interference Model — The channels
of an assignment plan are evaluated by using the

coverage and interference model. The ATV channel
power is set so that the ATV signal can be received at
the maximum radial of the paired NTSC channel's
Grade B contour. Then the ATV coverage is
calculated taking into account the transmitting antenna
pattern of the NTSC station and signal propagation
over the terrain. Finally the impact of other ATV and
NTSC stations is considered to determine the loss of
service area due to receiving interference from those
stations. For most of the ATV channels, there will be
no problem to satisfy the goal. However, a number of
stations in spectrum congested metropolitan areas may
not have completely satisfactory service areas.

Optimization — Some areas like New York and
Philadelphia have so many TV stations in close
proximity that it is very difficult to fit in an equal
number of ATV channels. As geographic problem
areas are identified, the assignment program can be
run separately for each area. The number of stations
in one local area is small enough to completely
optimize assignments in a reasonable time. Thus
many local plans can be evaluated to optimize the
service areas within that area. Then these local plans
can be "seeded” into the list of NTSC stations for
running the assignment program for the entire country.
The resulting assignments are then evaluated using the
coverage and interference model program to calculate
service areas. This may in turn lead to adjustments in
local assignments and a new national assignment table.
Thus rather complex procedure has been repeated until
the improvement in service areas become negligible.
The result is a table of NTSC-ATV channel pairings
with the assigned ATV power, the areas and
populations of the NTSC and ATV coverages and the
areas and populations lost to interference from NTSC
and ATV stations.

INTERPRETING COVERAGE

Interpreting ATV coverage i1s a new ball game.
Broadcasters need to evaluate how NTSC stations may

impact the ATV channel. All local ATV channels
must be thrown into the equation because they may
impact either or both of the ATV and NTSC
coverages. What, if any, new interference will there
be into the NTSC service area? The existing service
area of NTSC stations is the baseline against which
ATYV assignments are assessed. The NTSC service
area is defined as the area within the predicted Grade
B contour reduced by areas where interference caused
by other NTSC stations exceeds the slightly annoying
level as determined by tests at ATTC. The
interference level is expressed as a desired-to-
undesired (D/U) ratio of predicted signal strengths.
An acceptable, or permitted, level of an undesired
signal is a signal strength that is less than or equal to
the signal strength of the desired signal by a specified
D/U ratio measured in dB. That is, the strength of the
desired signal must exceed the strength of the
undesired signal plus the D/U ratio as measured at the
receiver terminals. In this sense, the D/U ratio may be
viewed as the threshold for the onset of unacceptable
interference from that signal.

D/U Ratios — A D/U ratio compares the signal
strengths of the desired signal and an undesired
interfering signal at a given location. The signal
strengths are measured or derived according to a
criteria of location and time availability . For instance,
the desired ATV signal is determined according to a
50/90 rule and, except for close interferers, the
undesired ATV or NTSC signal strength is determined
according to a 50/10 rule. That is, the desired signal
1s to be available at 50% of locations for 90% of the
time and the undesired signal is available at 50% of
locations for no more than 10% of the time. A larger
D/U ratio signifies a more stringent interference
rejection criterion. There are individual D/U ratio
parameters for each type of interference. The types of
interference considered include cochannel, adjacent
channels and taboo channels for all combinations of
ATV and NTSC signals as the desired and undesired
stations. For instance, the D/U value for NTSC-to-
NTSC cochannel interference is 28 dB with normal
frequency offset.

ATV Service Area -- The most critical parameter of
en ATV allotment plan is the separation distance
between a new ATV transmitter and an existing
cochannel NTSC transmitter. When this cochannel
separation parameter is set to the largest distance that
will permit all existing NTSC stations to be paired
with ATV channels, then an ATV transmitter power
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level which would support an ATV coverage area
comparable to the existing NTSC Grade B contour
could create interference within the service arcas of
other NTSC stations. The goal is to assign the ATV
channels in such a way that any ATV interference into
NTSC falls mostly in areas already lost to NTSC
interference. Any reduction of NTSC service areas is
termed new interference. An ATV transmit antenna is
assumed to be at the same location and height and to
have the same directional pattern as the antenna of the
paired NTSC station. The noise-limited contour of an
ATV station is where the predicted signal strength, in
the absence of interference, is just sufficient for errors
in the received signal to not exceed the threshold of
visibility. The Advisory Committee has determined
this threshold as a digital signal bit error rate of 3x10*.
This bit error rate is achieved at a signal-to-noise ratio
of 14.9 dB. The ATV service area is the area within
the noise-limited contour reduced by the areas where

interference from ATV or NTSC stations is above this
threshold of visibility.

An Example

Consider the NBC station WMAQ-TV located in
Chicago. Assume that mid-UHF channel 47 was
assigned for ATV. Assume also that the ATV power
has been set so that the area of the noise-limited
reception contour for ATV reception is equal to the
area of the Grade B contour. The map in Figure 5
shows the NTSC contours for WMAQ-TV. The
maximum radial to the Grade B contour is 100.6 km.
Now the Chief Engineer and General Manager will
want to evaluate the assignment and verify that their
new ATV coverage will indeed cover their existing
market. Next, they will evaluate the other local
assignments to determine marketplace
competetiveness. Assuming ATV  channel
assignments for all stations in the Chicago area, the
new ATV interference into reception of the NTSC
signal can be estimated. Note that WMAQ-TV
already has some loss of Grade B area due to existing
interference from other NTSC stations. For this
example, the additional loss is 4.3% of the service
area but only 0.8% of the population served.

Next the service area of the new ATV channel can be
estimated. There may be some loss due to interference
from the other new ATV stations; there i1s also some
loss due to interference from the existing NTSC
stations. The loss of ATV service in the grade B
contour for this example is mostly due to interference
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from NTSC stations: 0.9% of area and 0.1% of the
population. 99.9% of the NTSC audience will be able
to receive the ATV signal. The market impact of
introducing ATV in terms of covered population is a
near term loss of 0.8% of the NTSC market and a gain
of 1.7% over NTSC for the ATV market. In terms of
service areas, the NTSC service area is reduced by
4.3% and the ATV service area is larger by 15.0%.
The calculations are summarized in Table 3.

CONCLUSIONS

ATV channels can be assigned so that ATV service
areas closely replicate existing NTSC service areas.
Generating a good assignment table is a lengthy and
complex process, but one that is nearing completion.
Terrain mapping data can be used to predict signal
propagation, coverage and interference. The higher
power of UHF stations can be used to advantage to
provide robust signals in urban areas. Census data can
then be used to make accurate estimates of population
served. We Broadcasters have high expectations. We



would all like to have the "best” channel in the market.
Each channel will have its pros and cons; some may
work out to be better than others. We should
remember that the purpose behind the FCC assigning
the second channel is to allow broadcasters to "jump-
start” the HDTV market.

We have to be careful not to complain too much and
challenge too many assignments because we could all
lose. An early start would be denied, and the
broadcast of HDTV will be delayed further. In the
worst scenano for broadcasters, the unused channels
may be assigned to new HDTV entrepreneurs or the
FCC could release the unused spectrum to other
services.

Reprise -- Last weck my youngest son celebrated his
eighth birthday. We had a party and my wife baked
the cake. You know the kind of cake kids like, very
little cake and lots of icing. So there was plenty of
icing with a big red icing rose on the top, off to one
side. Well, you could imagine the response from the
kids. They all wanted the piece with the red rose on
top. They were all getting cake, good cake, but of
course they all wanted the flower.

Broadcasters have to understand that the FCC is giving
us another channel. Not everyone can get the flower,
but we are all getting good channels with comparable
coverage.
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Endnote:

1. The two bands containing channels 2 - 4 (54 - 72
Mhz) and channels 5 - 6 (76 - 88 Mhz) are collectively

known as the low-band very high frequency (VHF)
channel group. Channels 7 - 13 (174 - 216 MHZ) are
known as the high-band VHF channels, and channels
14 - 69 (470 - 806 MHZ) fall into the ultra-high-
frequency (UHF) portion of the spectrum.

2. Power Requirements For ATV -- Power
measurements for ATV are based on average
transmitter power, while measurements for NTSC are
based on peak power. However, ATV signals can
produce random peaks 6 dB or four times the average
power. That is to say, in order to handle an average
ATV signal power of 100 kW, a transmitter with a
peak power rating of 400 kW must be employed. In
order to estimate the power requirement for replication
of NTSC service areas, a coverage radius of 105 km
was assumed. This was based on the Grade B service
radii of the maximum-facilities Zone I stations
discussed above. Sample calculations were made with
HAAT of 300 meters for channels 3, 9, 14 and 69.
The calculations were repeated for the UHF channels
with HAAT of 600 meters. The calculations assumed
reasonable values of antenna gain and line loss for
each channel group. The results are shown in Table 2.
The peak power ratings of the transmitters are also
shown, as well as estimated annual power costs based
on an overall plant efficiency of 50% and power costs
of eight cents per kilowatt-hour. With HAAT of 300
meters, ERP values vary from about 6.5 kW (Avg. 2
kW) for channel 3 to 2830 KW (Avg. 85 kW) for
channel 14. With HAAT of 600 meters, the power is
reduced to 207 KW (Avg. 6 kW) for channel 14.

3. See "Spectrum Studies for Advanced Television
Service in the U.S." by William Meintel and published
in the 1994 NAB Broadcast Engineering Conference
Proceedings.

4. The number of possible nationwide assignment
tables 1s greater than 10 followed by more than 3200
Zeros.
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WMAQ Channel 5§ Chicago

AREA POPULATION
Area (sq-km) Losses % Population | Losses %
NTSC Channel §
NTSC Grade B Contour 31,816 100.0% 8,583,805 100.0%
Existing NTSC Interference 4,394 13.8% 153,805 1.8%
NTSC Base Line Service Area 27,422 86.2% 8,430,000 98.2%
NTSC Base Line Service Area 27,422 100.0% 8,430,000 100.0%
New ATV Interference 1,179 43% 67,440 0.8%
Service Area With ATV 26,243 95.7% 8,363,000 99.2%
ATV Channel 47

ATV Noise Limited Contour 31,816 100.0% 8,583,805 100.0%
Interference From NTSC Stations 300 0.9% 6,546 0.1%
Interference From ATV Stations 2 0.0% 1,375 0.0%
Combined Interference 301 0.9% 7,921 0.1%
ATV Service Area 31,515 99.1% 8,575,884 99.9%
NTSC Base Line Service Area 27,422 100.0% 8,430,000 100.0%
ATV Service Area 31,515 114.9% 8,575,884 101.7%
NTSC Area Match 27,395 99.9%

NTSC Not Matched 27 0.1% Est| 8,430 0.1%
ATV Service Gain Beyond NTSC 4,120 15.0% NA

Net ATV Service Gain 4,093 14.9% 145,884 1.7%

Table 3

Maximum Radial 100.9 km
HAAT 4023 m
ATV Power 8523 KW
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APPENDIX A

Required Minimum Field Strength in dBu for Satisfactory HDTV Reception
(Based on ATV Reception Planning factors in PS/WP-3 Document No. 0308)
Channel Frequency | Wavelength Field Strength Field Strength
(MHz) (m) (uV/m) (dBu)
2 57 5.2632 204 26.2
3 63 4.7619 22.5 27.1
4 69 43478 24.7 27.8
S 79 3.7975 28.2 29.0
6 85 3.5294 304 29.7
7 177 1.6949 56.4 35.0
8 183 1.6393 58.3 353
9 189 1.5873 60.2 35.6
10 195 1.5385 62.1 35.9
11 201 1.4925 64.1 36.1
12 207 1.4493 66.0 36.4
13 213 1.4085 67.9 36.6
14 473 0.6342 119.7 41.6
15 479 0.6263 121.2 41.7
16 485 0.6186 122.7 41.8
17 491 0.6110 124.3 41.9
18 497 0.6036 125.8 42.0
19 503 0.5964 127.3 42.1
20 509 0.5894 128.8 42.2
21 515 0.5825 130.3 423
22 521 0.5758 131.8 42.4
23 527 0.5693 133.4 42.5
24 533 0.5629 134.9 42.6
25 539 0.5566 136.4 42.7
26 545 0.5505 137.9 42.8
27 551 0.5445 139.4 42.9
28 557 0.5386 141.0 43.0
29 563 0.5329 142.5 43.1
30 569 0.5272 144.0 43.2
31 575 0.5217 145.5 43.3
32 581 0.5164 147.0 433
33 587 0.5111 148.6 434
34 593 0.5059 150.1 43.5
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Channel Frequency Wavelength Fleld Strength Fleld Strength

(MHz) (m) (uV/m) (dBu)
35 599 0.5008 151.6 43.6
36 605 0.4959 153.1 43.7
37 611 0.4910 154.6 43.8
38 617 0.4862 156.1 43.9
39 623 0.4815 157.7 44.0
40 629 0.4769 159.2 44.0
41 635 0.4724 160.7 44.1
42 641 0.4680 162.2 44.2
43 647 0.4637 163.7 44.3
44 653 0.4594 165.3 44.4
45 659 0.4552 166.8 44.4
46 665 0.4511 168.3 44.5
47 671 0.4471 169.8 44.6
48 677 0.4431 171.3 44.7
49 683 0.4392 172.8 44 8
50 689 0.4354 174.4 44.8
51 695 0.4317 175.9 44.9
52 701 0.4280 177.4 45.0
53 707 0.4243 178.9 45.1
54 713 0.4208 180.4 45.1
55 719 04172 182.0 45.2
56 725 0.4138 183.5 45.3
57 731 0.4104 185.0 45.3
58 737 0.4071 186.5 45.4
59 743 0.4038 188.0 45.5
60 749 0.4005 189.5 45.6
61 755 0.3974 191.1 45.6
62 761 0.3942 192.6 45.7
63 767 0.3911 194.1 45.8
64 773 0.3881 195.6 45.8
65 779 0.3851 197.1 45.9
66 785 0.3822 198.7 46.0
67 791 0.3793 200.2 46.0
68 797 0.3764 201.7 46.1
69 803 0.3736 203.2 46.2
* Radio Astronomy Frequency
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DIGITAL AUDIO TECHNICAL APPLICATIONS

James Hauptstueck
Harris Allied Broadcast Equipment
Richmond, IN

Hard disk, Magneto Optical, Floptical, ISDN,
Mini Disc, SW56... the list goes on. Technology
continues to bring our industry many new types
and styles of storage and communications
equipment. The difficulty lies in deciding which
technology is the right one for each of your
applications. We will discuss each technology
incorporating their strengths and weaknesses.
Once we understand the basics of each technology,
we will correlate them to applications. We will
discuss applications where these technologies can
give us the greatest benefits in efficiency, quality,
and durability. In today's audio marketplace, we
need to make use of every advantage at our
disposal.

The audio arena is constantly changing.
Ever evolving technologies and the
companies which develop them continue
to bring new devices to our door steps. As
time goes on, the number of new products
that are put before us grows at an ever
increasing rate. Manufacturers take full
use of the new capabilities afforded to
them to speed the product development
process, and decreasing the time it takes
to bring these new products to market.

Our minds can begin to become
cluttered with conflicting information
about these new devices. Much of the
information we get about new technology
comes from manufacturer's
advertisements, trade articles, and most
importantly from our peers. Our level of
understanding about the new technologies

and how they relate to our businesses can
become biased by the same influences that
we depend on so deeply to bring them to
us. The marketing and advertisements of
manufacturers, the experiences (good or
bad) of our peers, and often times our
own preconceived ideas can cause us to
bypass critical new technological
breakthroughs.

These breakthroughs in audio storage
and communications can often add
tremendous new advantages to our
workplace. We always want to make our
audio sound the best we can with the
resources we can afford. Audio quality is
the first thing that comes to our mind
when we mix the term digital with the
word audio. However, there are often
limits to the amount of money that we are
willing, and capable of spending to
achieve pure digital audio replication. We
try to obtain the maximum benefit
possible for the investments made in all of
our equipment purchases. We can afford
a newer, higher quality digital technology,
if the technology itself offers other
benefits that will help offset purchase
cost. Equipment cost can be offset by
many different features such as: higher
longevity of media life, greater ease of
usage for our staff, faster and cheeper
communications, longer periods of time
between breakdowns, and lower
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maintenance cost for the equipment. A lot
of times there are also additional benefits
created that are only measurable by the
new efficiencies and creativity developed
within our production and air staffs,

Not all new ideas are good ones. If we
miss the mark on a new idea or concept, it
may not be seen immediately, if it is ever
seen at all. It is our decision how
profitable and efficient our organizations
are going to be. Our people depend on us
to make the right decisions. When we
decide to try a new technology, we do take
a risk. We take the risk of possible
increase. Needless to say, the risk of
decrease is always there too. The worst
decision that can be made is to ignore new
technology all together. It is too easy for
our competition to bypass us when we
ignore the tools that are at our disposal. If
we do our homework and implement
changes wisely, we will add capabilities
and efficiency in many areas of the
station. In the end, we will look back and
see a huge increase the quality of our
audio chain.

Let's take a look at some of the new
technologies that have been developed in
the last few years to try to get a better
understanding of just what they are and
how they can help us.

Communications

Communications equipment has come
a long way. It gives us a lot more of the
capabilities that we need, and some never
before thought possible. Believe it or not ,
they are even more or less affordable. We
can send real time digital audio and
control data from one place to another
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over a single phone line. This can be
accomplished using services such as
Switched 56 and ISDN.

Switched 56 is a 56 Kilobyte per second
data stream that has widespread
availability through out the country.
Duplex communications are standard
with most equipment. To utilize this
service, you must contact your local
phone service provider to get costing and
find out weather you will receive a four or
two wire service. Once you have the
service installed, you pay for the usage
time (hence the term switched). The
equipment that you will have to supply
consist of a CSU/DSU which is the
connection to the telephone service, and a
codec, which does audio compression.
You need a codec and a CSU/DSU on
each end of the path that you wish to
establish. There are several different
manufacturers of SW56 equipment. Some
of the compression and codec products
will not interface to other types. That can
be a serious problem unless you ask a few
questions to the right people. There are
guides available to lead you through the
phone companies and to assist you in
determining the right pieces for the
application you have.

A telephone service known as ISDN is
quickly surpassing SW56 in the locations
where it is available. ISDN is a 64 Kbyte
digital phone service and is generally
cheeper than SW56 services. More for
less...great concept. Here again, there is
terminal adapter, codec, and a network
terminal interface (ntl). You will find
that the equipment prices are similar for
both types of services. With ISDN you can
have the ability on a single line to send
15Khz stereo audio with a extra 16KBs
data line for control or for sending data



files. There are many scenarios possible.
You may want to send bi-directional
mono audio or a variety of other audio
and data combinations. ISDN provides
you with two ""B" channels (64Kbs) and
one ""D" channel (16Kbs). Most audio
equipment manufacturers will utilize
audio compression capabilities such as
ISO/MPEG Layer II or Layer III to give
you the greatest audio / time ratio while
preserving digital quality. Depending on
the type of audio compression used, you
can get 20Hz - 15Khz mono audio on a
single ""D" channel. This type of speed
allows real time transfer of audio and
much faster transfer of data files vs.
previous technologies.

Perhaps the actual send and receive
locations constantly change. Instead of
installing fixed equipment, you sometimes
can order ISDN for a single day's usage in
some locations. The cost is often times low
enough to compete in many applications
against fixed equipment such as STL's
and even satellite services.

There are several other communication
routes available for your usage including
STL's, T1 services, and of course satellite.
The best service to use in the transfer of
digital audio depends totally on the
amount of information to be transferred,
your send and receive locations, and of
course the cost factors relating to your
needs. There are several types of places to
turn to find out which best fits your needs
without having to call 25 different people.
Distributors, equipment manufacturers,
and consultants generally can help guide
you through the maze much faster than
going it alone.

Storage Devices

As time has proceeded from the past to
the present, we have experienced a wide
variety of media for audio storage. Some
have been successful, others not. The cost
of the storage media, the quality of the
audio itself, and the reliability of the
associated equipment have all been major
factors in their success. Records, open
reel tape, cassettes, carts, and currently
compact disc have all experienced great
success in the professional audio arena.

One of the major driving factors not to
be underestimated is cost. We generally
use a considerable amount of storage for
the mediums we embrace. If the cost is too
high, we are less likely to accept that
particular format. We have found that
acceptance by the consumer industry
greatly impacts the cost of a format. The
mass manufacturing of millions of
cassettes and it's associated lower cost
have assisted in it's widespread
acceptance through out the industry in a
very wide variety of applications. As we
look at the newer types of storage devices,
we must also measure them against
consumer acceptance in order to judge
their future cost.

Hard drive storage falls into the same
category in pricing theory. Hard drive
prices have drastically been reduced due
to it's mass appeal in virtually every type
of business. Hard drives are even found in
most homes in developed countries. They
have been showing up in a huge variety of
equipment in every aspect of life. This
type of mass appeal and resultant mass
manufacturing, competition for business,
ease of use, and of course reliability, have
kept the prices spiraling downward. We
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like those kinds of trends. Downward cost
trends mean that we are able to benefit
greatly due to a lower cost media that can
offer high quality audio.

Some of the positive attributes of hard
drive storage systems are their reliability
and high performance. Hard drives offer
very quick access times. Access times can
be found as low as 10 milliseconds. Fast
access time allows instant access of our
audio. The faster we can read the data
from the drive, the faster we can play or
transport it. Maintenance of hard drives
and associated computer systems are
virtually nonexistent. We remove dust
periodically, optimize the storage
performance occasionally, and provide
clean power feeds to keep them happy.
There are virtually no moving parts to
wear out, no bulk erasing or rewinding of
audio tapes. The MTBF of a SCSI Il drive
can be as high as 15 years. How many
cart decks will you repair and how many
carts will you replace in a 15 year time
frame? How many CD's will you clean,
optics and bearings will you replace? As
you can see, we must look seriously at
technologies that offer serious savings for
our endeavors.

Hard disk storage is not perfect. There
are some potential pit falls to look at. One
possible problem with hard drive storage
is the fact that if a hard drive dies, you
will probably lose a serious amount of
audio. Backup or redundancy is more
important than ever with this type of
media. When your audio (commercials) is
your income, loss can be devastating.
There are businesses that specialize in
removing data from bad drives, but the
process tends to be expensive and time
consuming. Up until recently, hard drives
have been viewed and used primarily for
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audio that gets replaced or updated
periodically. The increase in drive life
span and lower cost now makes it worthy
in applications for long term storage.
Audio stored on drives must generally be
recorded onto them in real time.
Recording 1500 five minute songs in real
time onto hard drives takes a while. Start
up time of that magnitude for music
storage purposes can result in a
considerable start up cost. A cost much
greater than several cxisting technologies
such as CD's.

Most of the hundreds of hard disk
storage systems in the world, also
incorporate many different functions.
Every feature from automation, to multi-
track editing can be found in today's
systems. It is critical to your business to
incorporate a system that is easy to use
and understand, as well as having the
benefits and features that are needed
today and growth capability for
tomorrow. That kind of all encompassing
system can be difficult to find if you do
not fully understand the technical side
and the applications side of your business.
A lot of individuals have made
tremendous strides in increasing their
operations efficiency by using these
systems. Others have made serious
mistakes in choosing systems. The
achievable benefits greatly out weigh the
pitfalls. However, you must be willing to
invest the time and resources to make an
educated decision. The technology is
changing faster than any one person can
keep up with. Gain has never been easy or
free. We must use the resources that are
at our disposal to seek out the right
companies to partner with when we
decide on this type of technology. It is like
a partnership with these manufacturers.
You will want and need a company that



has the capabilities to give you continued
new features and the support you need
for the future.

Compact disc have been around for
quite a while now. Most of us understand
the technology pretty well. We hear the
great audio quality and know what is
involved in the up keep of the equipment.
More and more are finding benefit to a
slant on this technology in recordable
CDs. CD recorders have dropped
dramatically in price in the last year. The
blank recordable CDs themselves are
about $15.00 each. That has become very
affordable for a technology that is so
reliable with such quality. The down side
is that they are not re-recordable. Once
they are finished... they are finished. You
can get CD players that will play CDs
with a temporary table of contents
(orange book standard). When you
encode a finalized table of contents on the
disc (red book standard), it can be played
in any CD player. If you think about long
term backup of audio, condensing audio,
or the promotional aspects to your
customers, you may find this technology
advantageous.

A relatively new technology that follows
along this line is Magneto-optical (MO).
Magneto optical disc give us the same
quality and reliability as CDs, yet they are
re-recordable. MOs can be rerecorded up
to a million times. The MiniDisc is one
type of MO. The small disc will hold as
much audio as a standard CD (up to 74
minutes). They can do this due to a
psycho-acoustic compression algorithm
(ATRAC). The algorithm has a good
quality playback, but you will not want to
perform the algorithm more than once on
a specific piece of audio. The degradation

incurred is too high after multiple passes
though the ATRAC algorithm. Sony
developed this technology as a
replacement for the audio cassette. For
applications where you record once and
playback many times, it works great.
MiniDisc players also buffer the playback
audio which eliminates skipping of the
audio during playback. MiniDisc allows
you to record all of your audio at once,
then subdivide it into individually labeled
audio files. Access time tends to be about
the same as in CDs.

In the future we will see more of the
non-data-reduction versions of MO disc.
These disc are currently being used in
many data applications in the computer
industry. They are offered in several sizes
with much more storage capacity than
current CDs. The problem with them is
an economic one. They are very
expensive. Hopefully, they will come
down in price to bring them within our
reach.

Floptical disk are basically computer
floppy disk used for commercial
playback. These disk are offered in 2 MB
and 13 MB sizes offering up to S minutes
of 15 Khz stereo audio storage. The
acceptance of the floppy disk in the
computer industry has brought the disk
down to a very reasonable price. They are
easy to handle, but are susceptible to
being erased by magnetic fields just like
all other magnetic media. One advantage
is that you can get them at any local office
supply store. They store associated
information such as title, artist, cut
length, and etc. The playback and record
machines are generally easy to learn and
make an easy transition from cart
machines to digjtal storage without going
into more complex systems.
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DAT tape has steadily increased in
acceptance since its inception. DAT offers
great digital storage for mastering,
backup, and wide variety of audio
recording and playback applications.
DAT tapes are offered in a wide variety of
sizes (10 to 120 minute tapes). While the
audio quality is supreme, there are
limitations for it's usage. The cue and
search times are often too long for quick
access in some applications. Fast paced on
air commercial playback is one example
where speed becomes an issue. Just like a
lot of the technologies, there are moving
parts. We must be sure to clean the heads
occasionally. Tape wear and extreme
environmental conditions can effect the
DAT tape's reliability. Even with some of
the same weaknesses as in other tape
bases devices, DAT far surpasses tape in
audio quality. We will continue to see
DAT as a very successful storage media
for digital audio.

DCC or Digital Compact Cassette is a
tape based system designed to use
standard audio cassettes and DCC tapes.
DCC has achieved success in Europe
while finding limited success to date in
this country. DCC uses a psycho-acoustic
algorithm for digital audio storage called
PASC. Like the MiniDisc, you would not
want to re-record audio through this
algorithm. The DCC offers good playback
capabilities and is an advantage when you
have a substantial cassette library with
the desire to move to digital. One concern
about DCC has been the heads used in the
system. The heads are made of a very
strong yet very thin metal. Mixing usage
of old cassettes and new DCC tapes will
cause the need for periodic head cleaning.
You will also have head wear like cassette
decks. Another point to keep in mind, is
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to look at the access and search times
when considering them for on air
playback.

Conclusion

There are many different types and
styles of audio storage and
communication devices available on
today's market. Many of them overlap
with others in the areas where they are
targeted for usage. It is important for you
to take a serious look at your operation,
and try to use technologies that let you
cover as much territory as possible. Keep
in mind the fact that growth in the
development of these technologies is
continuing forward. When you buy into a
technology, make sure that it will grow
and expand in it's capabilities as the
future unfolds. Do not be afraid to ask
questions of manufacturers, distributors,
consultants, and of course your peers.



The following chart may assist you in determining which technologies are
acceptable for each of your audio applications:

APPLICATION

CD RECORDABLE MD MO FLOPTICAL DCC DAT HARD

CDh DRIVE

NEWS GATHERING X X X X
PROD MASTERING X X X X X
COMMERCIALS X X X X
AUDIO BACK-UP X X X X X
LONG FORM X X X X X X X
STORAGE
QUICK AUDIO X X X
EDITING
MUSIC
PLAYBACK * £ % = S - =
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USING ORTHOGONAL FREQUENCY DIVISION MULTIPLEXING
IN THE VERTICAL INTERVAL OF AN NTSC TV TRANSMISSION

Maijid Chelehmal, Ph. D.
Tom Williams
CableLabs
Louisville, CC

ABSTRACT

This paper describes an efficient method for the transmission
of digital data through a standard television channel using
one or more horizontal lines in the vertical blanking interval
(VBI). Using this technique, the raw data is first transformed
using orthogonal functions, then the transformed data is
transmitted. At the receive site, an inverse operation is
performed to recover the original data. This technique is
known as orthogonal frequency division multiplexing
(OFDM). It offers the possibility of high immunity to ghosts
(echos, or mulipath reflections). The use of a guard interval
further extends the echo performance. When OFDM is
combined with error-correcting codes, immunity to carrier
wave interference can be obtained. This transform method
offers advantages over conventional teletext, and may be
implemented using less hardware complexity than single
carrier modulation employing a time domain adaptive
equalizer.

BACKGROUND

Orthogonal frequency division multiplexing
(OFDM) is a technique for transmitting data. With
OFDM, an inverse discrete Fourier transform
(IDFT) of a block of original data is sent instead of
the original data. OFDM is a frequency division
multiplex of many synchronized low data rate
orthogonal carriers instead of a single high-speed
carrier, such as QPSK. Using the OFDM
technique for transmitting data results in several
advantages, which are based on the properties of
the Fourier transform. At the receive site, the
forward discrete Fourier transform (DFT) is used
to recover the original data.

THE FOURIER TRANSFORM

Before launching into an example, it is valuable to
examine the characteristics of the Fourier
transform, the DFT, and the fast Fourier transform
(FFT). The Fourier transform is a mathematical
operator that performs conversions between the
time and frequency domains.' The DFT is defined
by:

N-1 n
—j2nk—
Gy = ) gme ¥
= 4}
k=012 .. ,N-1
and the IDFT by:
lN_l j2nn-}’:-,
= = G((k)e
g(n) NEO (k) -

n=012..,N-1

where g(n) denotes a discrete-time signal and G(k)
is its DFT transform. N is the number of samples
in the transform.

The Fourier transform and its inverse operate on
complex (real and imaginary) numbers. What
makes the Fourier transform desirable for digital
signal processing (DSP) applications is the
existence of several FFT algorithms that
drastically reduce the number of computational
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operations required to perform the transform.
Direct computation of the DFT requires on the
order of N2 operations, where N is the transform
length. Using an FFT, the number of computations
is proportional to (N)Log,(N). As a rough
approximation, a 1024-point FFT can be done in
about 100 pus by a dedicated FFT DSP chip, in
about 3 ms by a high-end PC processor, and in
slightly less than that by a general-purpose
programmable DSP chip. These transform times
depend on the exact FFT algorithm and accuracy.
The Fourier transform is a linear mathematical
operation.  Therefore, the principal of
superposition applies.

A Simple Example

Figure 1 is a time domain waveform with 14 bits
(7 symbols) of randomly chosen data in a block.
The original data block is assumed to be an
arbitrary sequence of {+3, +1, -3, +3, +1, -3, -1}.
Two bits of data are mapped into each of the four
different voltage levels. The data have been
shaped by a low-pass Nyquist filter, so that the
resulting pulses have a Nyquist response. This
resembles conventional time domain baseband
data, such as teletext, viewed on an oscilloscope.
The Nyquist filtering band limits the data without
any intersymbol interference between pulses at the
sampling instants (providing, of course, that there
are no echoes in the channel). Note the voltage
sample’s values at the sampling times, which are
shown as dots. These voltage levels are also
known as symbol values. Since two bits of data
determine each sample voltage, this system is said
to use two bits per symbol.

To perform an IDFT and force imaginary terms of
the output data to zero, the real part of the input
data must be even symmetric, and the imaginary
part must be odd-symmetric about the N/2 sample.
This requires the use of an 8-point transform for
seven symbols of data. The reason for avoiding
imaginary terms is that a VSB television
transmitter does not normally contain a quadrature
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Fig.1 A block of data in time domain.

channel with which to send the imaginary
information. The input data and the resulting
transformed output data are shown in Table 1.
The DC term was set to 0 so no DC shift will be
produced on the active portion of the horizontal
line. The seven symbols were alternated between
the real and imaginary columns. The bottom
trace of Figure 2 is a plot of the output data
resulting from the transform (column 4). This
waveform is transmitted. Note the table values
are identical to the sample values. Column 5, the
imaginary terms, have been forced to be zero
and need not be sent.

TABLE 1. An 8-Point Discrete Fourier Transform

Example

1 2 3 4 5
N Real Imag. Real Imag.
0 00 0.0 1.0 00
1 +30 +1.0 7.0 0.0
2 30 +3.0 >IFFT> 13.0 0.0
3 +10 -3.0 -1065 0.0
4 -10 0.0 <FFT< -150 00
5 +10 +3.0 7.0 0.0
6 -30 -3.0 -3.0 0.0
7 +43.0 -1.0 0.66 0.0



If this waveform is decomposed into its various
harmonic components, or viewed on a spectrum
analyzer, it can be seen to contain energy at the Ist
through the 4th harmonics. The four constituent
harmonics are shown above the transmitted time
signal trace in Figure 2. Each harmonic is
complex, and may be viewed as containing a real
(cosine) and imaginary (sine) term. Note that the
amplitude of each sine and cosine term
corresponds to the values found in columns 2 and
3 of Table 1. The first through the third terms are
doubled because the data values were used twice
symmetrically. Thus, frequency domain data has
been transformed into the time domain.

Capturing these samples in a receiver and forward
transforming them restores the original data block
by the inverse process. This simple example was
done only for purposes of illustration of the
Fourier transform process. In a practical TV
system, the number of samples will be much larger
than eight.

The transform data may be viewed as multiple
parallel low data rate streams, (in this simple
example only four), each occupying its own
narrow frequency band. The low data rate is equal
to the block rate. In this example, the block rate is
one-eighth of the original symbol rate.

Some immunity to echoes is obtained
automatically by the low data transmission rate of
the individual OFDM harmonics if the channel's
echoes are short compared to the block rate.
Additional immunity to echoes can be obtained by
using a guard interval comprised of time domain
samples copied from the end of the transmitted
data block and appended to the front of the data
block. The length or duration of the guard interval
should be proportional to the delay of the severe
echoes anticipated in the channel. A cable channel
would be expected to have shorter echoes than a
broadcast signal. If leading echoes are expected, a
short leading guard interval may be used.
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Fig. 2 Decomposition of an OFDM signal.
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As mentioned above, advantages of an OFDM
data transmission are related to the properties of
the Fourier transform. In particular:

1. An impulse in the time domain transforms to a
flat energy spectrum in the frequency domain. This
means that a large amplitude spike from impulsive
noise in the channel shows up at a much lower
level spread over all the samples of the
transformed data.

2. A sine or cosine wave in the time domain
transforms to a line, or impulse, in the frequency
domain. This means that a co-channel interfering
carrier would damage the data in one, or a few, of
the transformed samples at the receive site.
However, if error-correcting codes, such as Reed-
Solomon block codes, are used, unimpaired data
reception may be restored at a slightly lower data
rate.

3. If the original data is random (i.e., noise-like)
then the transform of the data will also be random.
This implies that the transmitted spectral energy
should be flat. This is easily accomplished with a
data randomizer utilizing a pseudo-random
generator.

APPLICATIONS TONT
TRANSMISSI

R PA

OFDM transformed data may be inserted into the
horizontal line structure of an analog TV signal. If
one or more of the lines in the vertical interval are
used, the data will not interfere with picture
reception. Advantages, compared to conventional
teletext, should be a higher data rate and/or greater
data robustness to channel impairments with a
relatively low receiver implementation cost.
Although the instantaneous OFDM data
transmission rate is high in the vertical interval,
the voltage samples can be captured and later
transformed during the active picture (about 16.7
ms) while analog video and sync are being
transmitted. This provides sufficient time to
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perform the forward DFT using lower-cost digital
components, such as DSP chips and general-
purpose microprocessors.

VSB DULATION OF OFDM

Figure 3 is an NTSC horizontal line carrying a
proposed OFDM signal composed of 172
(complex valued) samples or frequency
components in the frequency domain. The active
line consists of 640 total samples (51.08 ps) in the
time domain, with a leading guard interval of 120
samples, 512 useful samples (40.87 ps), and a
trailing guard interval of 8 samples. The sampling
rate is chosen to be at 12.528 MHz, and phase-
locked to the chroma burst. The low-speed block
symbol rate is 24.47 kHz. Only 172 components of
the 255 are used to provide for simple post
filtering, and limit the maximum frequency to 4.2
MHz, (ie., 24.47 kHz * 172), thus avoiding
interference with the sound carrier. The
transformed data is biased on a pedestal of 40 IRE,
with a maximum of 100 IRE and a minimum of -
20 IRE enforced by clipping. If this data is
captured and Fourier transformed, the resulting
real and imaginary data samples may be displayed
on a Real-Imaginary diagram with the real
samples (i.e., cosine terms) on the X-axis and the
imaginary samples (i.e., sine terms) on the Y-axis.
This is illustrated in Figure 4. Each individual
constellation point is the complex value of one
frequency component representing two data
values. The constellation points are spread very
slightly as a result of quantizing the data to only
eight bits of resolution.
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Fig. 4 Real-Imaginary diagram for an OFDM
signal at the transmitter.

An OFDM transmission is a composition of many
frequency components which occasionally line up
in phase and produce large excursions. If random
noise is encountered in the channel, it is useful to
maximize signal-to-noise ratio (SNR) for the
lowest error rate. However, with an NTSC
transmission, it is necessary to limit both the peak
positive and negative voltages by clipping. The
challenge is to determine the correct amount of
clipping that maximizes the resultant SNR, while
minimizing the ill effects of excessive clipping.

Figure 5 is a Real-Imaginary diagram showing the
constellation points spreading caused by clipping.
The clipping process may be modeled as an
unclipped signal summed with the clipped portion
added out of phase. Thus, clipped energy
resembles impulses, and energy is spread to all
transformed symbols.
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Fig. 5 Real-Imaginary diagram showing the effect
of signal clipping at the transmitter.

THE DEMODULATOR

In the example given above, OFDM is examined
at baseband. VSB modulation and demodulation
employing conventional Nyquist slope filtering at
the receiver may be used to replicate such a
baseband OFDM signal. However, it is
informative to look at demodulation by a
synchronous quadrature demodulator to examine
the effects of real channel impairments, such as
echoes, ICPM (incidental carrier phase
modulation), phase noise, and residual FM on the
recovered signal samples. Figure 6 is a block
diagram of a conventional quadrature synchronous
demodulator which produces I (inphase) and Q
(quadrature) outputs from a coherent carrier
reference and an NTSC carrier.

Figure 7 is an I-Q diagram of a transmitted NTSC
signal showing phasor movement for the OFDM
sample capture period. 1-Q displays are not
commonly used for NTSC modulation, but they
are illustrative. The NTSC carrier is not filtered by
the receiver IF Nyquist slope filter. Only the real
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Fig. 6 A block diagram of a synchronous
quadrature demodulator.

part of the first OFDM harmonic is displayed. For
reference, the sync, peak white, and black level
points are illustrated. If no echo is present, and if
only the upper sideband of the NTSC carrier is
analyzed for the duration of the OFDM sample
capture, the phasor will rotate 360 degrees around
the axis point, as shown by the “main signal” solid
line. This phasor takes about 41 s to make the
single 360-degree rotation, and 512 samples will
be taken during this time. (Had the lower sideband
been illustrated, it would have rotated in the
opposite direction.) The radius of this first OFDM
harmonic is 30 IRE, so all of the energy of the
OFDM signal is devoted to this single harmonic.
Had the second harmonic been illustrated, two
rotations would have been observed. The
demodulated signal, as recovered by the I channel
of the synchronous demodulator, is shown below
the phasor diagram as a projection on the I-axis
versus time. If an echo signal (another solid line)
1s in the channel and is shorter in duration than the
guard interval, its trajectory will be as shown by
the smaller circle. In this example, the echo is at
135 degrees and half the amplitude of the main
signal, with negligible delay. The received signal
will be a vector addition of the two voltages,
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Fig. 7 1-Q diagram for an NTSC signal with echo.

shown as the “composite signal” (dashed circle)
and its corresponding projection on the real axis.
The echo has caused both an amplitude and phase
shift in the composite signal. Thus, OFDM
reception will require a simple single-tap
frequency domain complex adaptive equalizer in
the presence of strong echoes, as described in the
following discussion.

It should be pointed out that, if the echo is long
and the carrier frequency is high, the 135-degree
echo starting point offset in this example may have
been produced by many rotations, or spins, about
the origin. The number of rotations is the echo
delay distance divided by the carrier wavelength.
A long echo delay will cause an additional phase
shift in the demodulated echo due to the offset
start point of the echo phasor. Moreover, the long
delay will produce a greater relative phase shift on

a higher harmonic than on a lower harmonic
because higher harmonics rotate in less time.

Thus, the amplitude and phase shift of the
composite signal will be a function of the echo
delay, echo phase, echo amplitude, and harmonic
number of the affected harmonic component. A
periodic training, or reference, signal may be used
to establish a correction phase and magnitude for
each OFDM harmonic. If other phase-disturbing
impairments such as residual FM, phase noise, and
ICPM afflict the channel, the starting and ending
points for the phasor will be rotated off of the I-
axis. However, if the phase motion is slow
compared to the capture time, the starting and
ending points for the phasor will be nearly the
same.

As a point of interest, if the 3.58 MHz chroma
burst (which occupies only the upper sideband) of
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an NTSC signal is viewed on the I-Q diagram, it  in the lab and sent through a cable channel A-1
will make eight or nine circular rotations about the  modulator to an I-Q demodulator similar to the
blanking point. In this respect, the burst is similar  one illustrated in Figure 6. The upper two

to one of the OFDM harmonics. traces contain 512 real and 512 imaginary
time-domain samples that were captured on a
CAPTURED DATA two-channel digital oscilloscope. Note the real

data are biased on a pedestal and have a DC
level offset. The imaginary data appear to have
higher frequency energy content because low
frequency cancellation in the Q channel occurs

Figure 8 illustrates captured random OFDM data
and its Fourier transform. The data was generated
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Fig. 8 Captured data from channel A-1 and its Fourier transform.
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due to the presence of matching lower sideband in
the double sideband portion of the AM-VSB
signal. The frequency domain data displays the
carrier (DC) at the origin in the center of the lower
two traces, and the highest frequency (e.g., 6.2
MHz) is at the right of the trace. The highest
frequency sample on the lower sideband with
energy is found on the left, which is limited by the
modulator’s VSB (vestigial sideband) filter. The
highest frequency sample with energy on the
upper sideband is found on the right which is
limited by only transmitting some (e.g., 172) of
the possible 255 carriers. Note the spurious high
frequency energy in the channel (caused by the
removal of an IF filter that was too narrow for this
test).

These data show that a VSB demodulator can be
built to capture OFDM data without any Nyquist
filtering on the IF carrier. The Fourier transform
naturally separates phasors that are rotating
clockwise (lower sideband) on the left side of the
transform, and phasors that are rotating
counterclockwise (upper sideband) on the right
side of the transform. To reject the lower sideband,
the receiver designer only has to ignore the half of
the transform with energy from signals at negative
frequencies (i.e., below the RF carrier frequency at
the origin). In the case where a conventional IF
Nyquist slope filter is used, only a real (inphase)
signal is recovered. The resulting transform will
have upper and lower sidebands which are
symmetric.

TECHNICAL CHALLENGES 1
BUILDING A

As a result of laboratory experiments and
computer simulations, CableLabs has uncovered
some of the implementation challenges. To some
extent, the job of building this OFDM system is
simplified by the presence of the NTSC RF signal,
which provides a strong carrier for RF
synchronization, and frequent 3.58-MHz chroma
bursts which can be used for timing. On the

negative side, the OFDM bursts will be relatively
infrequent due to intervening picture information
so that impairments, such as moving echoes, will
have a relatively long time to change between
blocks of data.

Timing error and timing jitter are two sources of
time sampling error. Figure 9 illustrates the critical
nature of the sampling time accuracy. The
spreading of the constellation points occurs as a
result of shifting the sample clock a half sampling
period (about 40 ns). The lower frequency
components are relatively unaffected, but the
higher frequency components are severely rotated.
Accurate timing is a greater challenge in the
presence of strong echoes and dynamic echoes.
Dynamic echoes represent another challenge
besides just timing: an accurate update is
continually needed for equalization.
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Fig. 9 Real-Imaginary diagram showing the effect
of sampling error.

A receiver capturing a GCR (ghost cancelling
reference) waveform faces a similar challenge. It
is presumed that sampling frequency error
between transmitter and receiver sampling clocks
is insignificant.
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Gledhill et al.2 discuss some of the demodulation
techniques that can be employed on an OFDM
signal.

Table 2 list the time and frequency domain
parameters for a possible NTSC/OFDM data
transmission system utilizing a horizontal line VBI
signal.

TABLE 2. Parameters for a possible NTSC/OFDM
data transmission system in the VBI.

Frequency Domajn:

Number of transmitted carriers:

172 out of 256 (complex carriers).
Last carrier at:
4.2 MHz
Spacing between individual carrier:
2447 kHz
Number of FFT samples:
512

Time D ar
Clock rate:

12.528 MHz (79.82 \Ls / sample)
Total samples:

640 samples / 51.08 s
Captured FFT samples:

512 samples / 40.87 \is
Leading guard interval:

120 samples / 9.57 Us
Trailing guard interval:

8 samples / 0.638 LLs
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ONCLUSION

This paper introduces the idea of using an OFDM
transformed data signal in the VBI of an NTSC or
PAL transmission. One possible implementation
using an OFDM-16QAM signal has been
described. A demodulation model that may be
used to explain the effects of channel impairments
was presented. Some of the details associated with
implementation have been discussed, along with
lab data.
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WIRELESS TECHNOLOGIES FOR INTERACTIVE VIDEO AND DATA
SERVICE IN THE 218-219 MHZ FREQUENCIES IN THE UNITED STATES

Stanley |. Cohn, Executive Vice-President
Alejandro A. Calderon, President
Concepts To Operations, Inc., Annapolis, Maryland

In 1992 the Federal Communications
Commission established the Interactive Video and
Data Service (IVDS) for use in the United States.
This wireless service allows interaction with TV
signals and also with various data systems. The
frequency band chosen by the FCC was the 218-219
MHz band with two licenses in each market. The
markets are the same markets that were used for
Cellular Radio Systems in the United States.

In choosing the 218-219 MHz frequency
band the FCC had a concern about interference to
existing services that were in nearby frequency bands.
In particular, the interference 10 TV Channel 13 and
the Automated Maritime Telecommunications System
was addressed in the rules published by the FCC. In
order to avoid interference with TV Channel 13, the
rules allowed for a cellular type of system which

TABLE I - IVDS Coverage Limitations

would consist of a central transmitter/receiver (CTS)
unit in each cell and a number of home units which
would be receiver/transmitter units at each subscribers
home. The use of a cellular system allows the reuse
of irequencies and is thought 10 be most spectrum
efficient. The power of the central transmitters were
allowed to be only a maximum of 20 watts, the
antennas heights were also restricted. Based on the
CTS location, with respect to the various contours of
the TV Channel 13 service area, the height above
average terrain (HAAT) and effective radiated power
(ERP) limitations were set. These translate into
approximate cell radii as shown in TABLE 1.

The power of the home set top units (Remote
Terminal Unit or RTU), were also limited to 20 watts,
but less power is 10 be used where feasible, In
particular, a control of the power was required 1o
reduce the power automatically to that needed to

TV Channel 13 Service Arca Maximum CTS ERP Maximum HAAT Approximate Cell Radius
City Grade 20 watts 120 feet (37m) 10.4 miles (16.6km)
Grade A 7 waus 120 feet (37m) 8.0 miles (12.8km)

Grade B 1 watt 120 feet (37m) 4.8 miles (7.7km)

Grade B +2 miles (3.2km) 1 watt 120 feet (37m) 4.8 miles (7.7km)

Grade B +3 miles (4.8km) 3 walts 120 feet (37m) 6.4 miles (10.2km)

Grade B +4 miles (6.4km) 10 watts 120 feet (37m) 8.7 miles (14.0km)

Grade B +5 miles (8.0km) and beyond 20 watts 120 feet (37m) 10.4 miles (16.6km)
Grade B +10 miles (16.0km) and beyond 20 walts 500 feet (150m) 20.6 miles (33.0km)
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communicate with the CTS receiver. The home units
are restricted to transmit 5 seconds per hour to avoid

interference conditions.

An alternate system, which takes advantage
of the horizontal and vertical blanking intervals of
Channel 13 in order 10 avoid interference, was
considered by the FCC. However, a waiver of the

rules is required in order 10 usc such a system.

In March 1994, licenses were awarded
through a lottery process for the nine (9) largest
Metropolitan Statistical Areas (MSA’s); two licenses
were awarded in each market area. In July 1994, the
remaining MSA licenses were involved in an auction
process whereby the two highest bidders in each
market were 1o receive licenses. The FCC will be
awarding these licenses shortly. All licenses will be
awarded with the understanding that 10% of the area
or population in each market should be covered by
the end of the first year, 30% of the area or
population in each market by the end of three years,
and 50% or more of the population or arca are 1o be
covered at the end of five years.

Three companies in the US have developed,
or are developing systems for IVDS usc. These are
e-on Corporation (EON) located in Reston, VA;
Radio Telecom and Technology, Inc. (RTT) located
in Riverside, CA; and Interactive Return Services,
Inc. (IRS, Inc.) which is located in Reston, VA. The

TABLE II - IVDS Technology Comparison

methodology used by each these companies are
compared in TABLE II.

EON uses physical cells with the radii shown
which correspond approximately to the radii allowed
in the FCC rules. They use the IVDS frequencies
both for transmission from the central CTS to the
remote unit and from the remote RTU back to the
CTS receiver.

RTT does not use physical cells; instead
what are called virtual cells are used and require a
waiver of the FCC rules. The RTT system, called T-
Net, has a coverage radius of 20-30 miles (32-48km)
for each CTS. The information from the CTS to the
RTU is transmitted via IVDS frequencies plus a
synchronization signal from Channel 13. The vertical
blanking interval of a host TV station can also be
used. Transmission retumming from the RTU to the
CTS is by IVDS frequencies.

Interactive Retum Services, Inc. uses
physical cells for receive only. They use a handheld
unit at the subscribers’ locations with a power of
about 100mw which results in a coverage of 1-2 mile
(1.6-3.2km) radius. There is no direct communication
from the CTS to the RTU as IRS, Inc. relies on the
advertiser or programmer 10 put an audio signal on
the TV signal which activates the handheld unit. The
transmission from the subscriber Lo the central cell
location is via the IVDS frequencies.

Company System Coverage CTS to RTU RTU to CTS
ceon Physical Cells 2-4 mile (3.2-6.4km) radius (Grade B) IVDS IVDS
4-7 mile (6.4-11.2km) radius (Grade A)
6-9 mile (9.6-14.4km) radius (City Grade) per cell
RTT Vinual Cells 20-30 mile (32-48km) radius per CTS VDS IVDS
+ Channel 13
+ Host VBI
IRS, Inc. Physical Cells 1-2 mile (1.6-3.2km) radius per CTS None, VDS
(Receive Only) Beep on TV

82—NAB 1995 Broadcast Engineering Conference Proceedings




Figure 1 illustrates the EON IVDS System.
Originally EON proposed CTS sites with RTU home
units surrounding the sites. In that stage of their
development the, RTU’s were to have a maximum
power of 20 watts. In order to avoid TV interference,
EON decided to use remote receivers which would
allow them to reduce the power of the RTU’s and
increase subscriber capacity. Each of their cells
handle five thousand subscribers times the number of
remote receiver units. A maximum of fourteen
remote receiver units can be associated with each
CTS. A cell in EON’s system can therefore handle
up to seventy thousand subscribers. Figure 2
illustrates the relative size of the cells, depending on
whether the CTS is located within the Grade A
contour of the TV signal or City Grade coverage.
Cell sites within the Grade B coverage are smaller
and more cells are required for coverage of an area.

Figure 1
e-on IVDS System Diagram

A
e

Ccity Crade Contour

Grade A Contour

Figure 2
Relative Cell Sites

In the EON system, satellite transmission is
used to transmit the information gathered at a cell site
to the Hub location in the United States as shown in
Figure 3. The satellite link is also used to transmit
from the Hub to the various advertisers and service
providers, and from the service providers to the
central location. The Hub also returns information
via the satellite link to the cell site which then returns
information to the subscriber RTU.

Remaole
Reciever

Seatellite

Local and Natlonal
Service Providers
RTU and Adverlisers

Figure 3
e-on System Interconnections

The RTT T-Net IVDS System is illustrated
in Figure 4. RTT uses a central transmitter site and
home RTU units.

Figure 4
RTT IVDS System Diagram

Because of use of the horizontal blanking
interval of TV Channel 13 to synchronize the
transmissions of the RTU’s, T-Net has what is called
a virtual cell arrangement as illustrated in Figure 5.
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Figure §
Typical Virtual Cellular Arrangement

With a cellular diameter of approximately
65km or 40 miles, T-Net can cover a considerably
larger area with one transmitter than systems that use
physical cells. Each transmitter/receiver unit is
associated with an angular sector of coverage.
Initially coverage can start with an omni-directional
system which will allow for approximately 30,000
subscribers. An expansion would be to use four
directional antennas o provide four sectors of
coverage. This would cover 120,000 subscribers.
Further division of the sectors can be achieved to
cover more subscribers as more capacity is needed for
the system. RTT uses a packet switched telephone
network to link a subscriber via the CTS to national
and local advertisers and service providers who are in
the same packet switched network as shown in
Figure 6.

Loca)
Studio
Program
Control
Cenler

Packet
Swilched
Nelwork

Loca) end National
Service Providers
and Advertisers

Host TV
Station

Figure 6
RTT System Interconnections
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Figure 7 illustrates the IRS, Inc. System
which consists of handheld RTU’s and numerous cell
sites of 1-2 mile radius. From each cell site
telephone lines are used to return the signal to a
central location and from there to local and national
advertisers or service providers as shown in Figure 8.

Figure 7
IRS, Inc. IVDS System Diagram

Local and Nelionel
Sernce Promders
Station acd Advertisers

K
Talephona
Audlo Tooe

Q],,

Hand Held e Control
RTU Tarrtaa Site Teupboac l Cantar
Figure 8

IRS, Inc. System Interconnections

The Federal Communications Commission
was concemed with reducing the possibility of
interference to Channel 13 viewers. In particular, if
the service area of an IVDS sysiem overlaps the
Channel 13 Grade B contour, a notice to the public
must be given and the IVDS licensee must respond to
any complaints of interference from Channel 13
viewers and eliminate the interference. A waiver of
this requirement can be obtained by getting written
consent of the Channel 13 licensee in the area.



There are various interference sources and
victims as summarized below:

CTS 1o Channel 13

RTU to Channel 13

IVDS to AMTS

IVDS to IVDS Neighbor

Other Sources of Interference to TV

e e oo

- Household Appliances
- Automobile Ignition
- Industrial Equipment, elc.
An interference complaint causes the IVDS
licensee to send service personnel to determine the
cause and eliminate objectional IVDS interference, or
convince the viewer that the interference is due to
other sources. The interference reduction techniques
that can be used involve system design considerations
and after-the-fact or operational corrections. Among
the system design considerations are limitation on
effective radiated power, antenna height, distances
from CTS to residential facilities and duty cycle as
well as certain emission standards. Coordination is
required with the neighboring IVDS systems which
operates on the same channel. TV blanking intervals,
as used in the RTT system, and micro cells as used in
the EON and IRS, Inc. systems are also used to

reduce interference.  After the fact operational

correction of interference would include filters,
shielding, change in the location of a CTS, change in
location of RTU antennas, or proof of the source
being other than IVDS system.

The three IVDS Systems have been designed
to minimize the interference potential to Channel 13
and to the Automated Marine Telecommunication
System. The Automated Marine Telecommunication
System operates in the inland waterways of the
United States and does not present a problem in most
areas. Channel 13 appears to be the largest potential
interference problem because it is used in many
locations as shown in Figure 9.

Each of the manufacturers have designed set
top boxes, except for IRS, Inc. which use a handheld
unit. The basic set top boxes at the present time are
of a simple design which allow for a minimum type
reply and no display capability on the screen. More
advanced units are available which allows for display
on the screen, but are considerably more costly, and
there is a question of public acceptance of the higher
cost involved. As time goes on the cost of the set top
units should be greatly reduced. It is also anticipated
that these technologies can be combined with
capabilities of cable set top boxes.

ce be.
Cameatling dnglacecs

ap ket

Figure 9
Channel 13 Locations and Contours
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REAL-TIME GENERATION OF DATA DEPENDENT GRAPHICS

Mark Harris Chuck Molyneaux Michael Rich
CBS Engineering Silicon Graphics Media Computing, Inc.
New York, NY Maitland, FL Phoenix, AZ

Abstract: In 1994, CBS News decided to take a
new approach to the on-air look for presentation
of election data. A look was developed, indepen-
dent of graphics hardware, that required a new
concept in implementation. Data displays were to
appear to be on surfaces of a star that would move
in non-linear ways in 3-D space. In addition, it was
desirable to light the object so the data displays
would also be lighted. Several methods, using
conventional broadcast hardware, were consid-
ered and rejected. A discussion with Silicon
Graphics lead to the use of their hardware and the
development of software that could provide the
desired result. The star object was modeled, the
animation created, the system constructed and the
control software completed. The result closely
matched the original concept and marked the first
time that broadcast resolution 3-D graphics,
incorporating live video, were created in real-time.
This paper will discuss the design concept and the
hardware and software used to implement that
design. We will conclude with a discussion of the
system used to control all of the devices involved.

Introduction: The nation-wide election, held every
two years, provides the television networks with
an opportunity to use state-of-the-art graphics
equipment to display and explain results. CBS
News has a history in this area that begins with
the use of modified terminals in 1970 and extends
though the first use of character generators and
video disk recorders. During this history comput-
ers have always been used to collect the data
required and control the various graphics devices
to provide interesting and coordinated displays.

Two recent elections demonstrate how then state-
of-the-art equipment can be pushed to generate
displays that provide data to the public quickly
and with visual interest.
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Prior Systems: In 1988 the graphics design used a
background that was a US map moving from
state-to-state. Over that was the variable data from
a character generator and pictures of the candi-
dates with the winner above the loser. No device
then existed that would air the pictures and text
and provide the desired wipe on and off of all this
information. As you see in figure 1, five devices
and three video keyers were used. Video timing
was difficult especially since many of the devices
were used for other broadcasts as well as our
election testing and rehearsals. Each of these
devices was controlled from a VAX computer
system that was also handling the database. In
order to ensure that all elements of the displays
were available simultaneously, some were actually
controlled by others.

By 1992 the current compliment of graphics
equipment was in place. Now the collection of
equipment used in 1988 were combined into two
devices. Figure 2 shows the system then used. In
addition the old VAX computers were abandoned
for a network of personal computers. Later in this
paper there will be a description of this network.

1994 Design: In 1994 the design of the on-air
graphics and the transition between displays
required new technology. In the past any 3-D
element to the graphics or transition had to be
modeled and rendered in advance to be played
back from a video disk recorder. Although some
compositing within these devices was possible,
and done by CBS News in 1986, this was time
consuming. Since one of the system requirements
has always been speed, these displays carried a
tremendous penalty. CBS News desired to have
displays mapped onto the flat surfaces of a star.
To transition between displays the star would
rotate, moving the current display off and the next



one on. During this transition light sources would
move across the faces of the star.

Several methods were considered. Standard
digital effects devices could be used, however, this
would have restricted the motion in some ways.

The lights on the faces also would have been
difficult. Synchronization of the moving elements
would have required very tight control to ensure
that the illusion of this motion was preserved. The
potential problems almost resulted in abandon-
ment of this design. CBS News then contacted
Silicon Graphics to see if any of their hardware
could help.

It was determined that an Onyx workstation with
the Sirius video system and a RealityEngine II,
with special software, would be required. In the
next section there will be a more detailed discus-
sion of this hardware and software. The visual

per second while placing the live video input on
ligkted 3D models under motion and lighting
change each frame.

The hardware configuration includes: SGI 4 CPU
Onyx with a RealityEngine II graphics subsystem
and Sirius live video option, 128 MB RAM, 21.2
GB disk drives, DAT, and CDROM. The software
configuration utilizes IRIX 5.2 with REACT real-
time extensions, C compiler, GL Graphics Library,
and custom real-time display software known as
IRIS OnAIR (TM), written in C.

Overall, live video is continuously made available
to the Onyx system via Sirius. Users are able to
selectively control the model motion, video
snapping on various sides of the model, live video
displays, model shapes, etc. via either keyboard
controls or separate RS-232 communication. The
model is continuously rendered to the 1280x1024
resolution screen by the RealityEngine II graphics

——— Background——— e
Abekas A-62 Keyer -

| [T

|' Dubner CBG-2 ]

—

Figure 1

design was completed and modeled. The SGI
software was written and the video system was
conceived. Figure 3 shows the video system.
Although three main devices were required, the
on-air look created could not have been created in
any other way.

1994 System: As a component to the integrated
election results system, equipment from Silicon
Graphics is required because of the real-time need
for simultaneous live video in and out at 30 frames

=3

Chyron 4100
-‘I‘A

Keyer

- L ]
] ) ;:J Key:J To Studio—s

Cursor

subsystem. Rendering includes placement of either
live or snapped video frames on the sides of the
model, motion and lighting of the model, and
motion of the viewing eyepoint. Externally, the
model is viewed within an NTSC sized window,
while the content of the NTSC window is sent out
of the system at 30 frames per second via Sirius.
The video output includes an alpha channel,
allowing downstream placement of the model
over any background of the producer’s choice. It is
the combination of the model over background
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that is broadcast live with audio across the net-
work to the home TV set.

Although video enters and exits the Onyx system
at 30 frames per second via Sirius, there is a one
frame delay latency. It takes one frame to capture
the video input and place it on the model poly-
gons, and a second frame to then get the rendered
image out the system. Since there is no simulta-
neous audio to be coordinated with the graphics
action at the frame-by-frame level, this latency is
virtually impossible to detect by the human eye.

The quality of the overall presentation is such that
the home viewer cannot tell that graphics are
being displayed in real-time, marking a watershed
breakthrough in flexibility for the broadcast
Producer/Director.

Multiple model shapes,
model motions, camera
positions, light colors, light
placements, light motions, as
well as video placement
panels are predetermined via
Wavefront modeling tools in
accordance with the look
desired by the Producer.
This allows for a wide range

Abekas A-82
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i.e. they cannot be used for normal tasks. Then the
IRIS OnAIR (TM) software is enabled to run on
one of them (which includes video input), while
the video output software is enabled to run on the
other. These two tasks will now run unimpeded in
real-time. The remaining two CPU’s engage in
normal operating system activities.

Once IRIS OnAIR (TM) is operating, a communica-
tion program is engaged which allows for the
control of the model via RS-232. This means
external machine control equipment can operate
the special effect model behavior in a similar
manner to dedicated hardware, even though the
look of the model is completely flexible. In es-
sence, it is the best combination of dedicated
hardware consistency with open system flexibility.

Once engaged, election results feeding in auto-
matically to the election database generates
accurate to-the-second stills on a character genera-

:

Deta)

of artistic license on the part
of the show designer.

Various raw Wavefront files are then organized
into a directory tree structure. A corresponding
IRIS OnAIR (TM) data file is constructed with a
text editor to coordinate the raw files with IRIS
OnAIR’s (TM) operational commands.

Before IRIS OnAIR (TM) is engaged, several
techniques utilized in the construction of flight
simulators are used to create an operating envi-
ronment conducive to consistent displays without
lost frames. Since IRIX is the Silicon Graphics Inc.
version of the Unix multi-user operating system,
Unix contains the inherent ability to swap out real-
time tasks whether the user wants them to be or
not. However, IRIX contains advantageous RE-
ACT real-time extensions to counter this behavior
consistent with a typical Unix platform.

Specifically, two of the four CPU’s within the

Onyx system are isolated via a simple command,
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Figure 2

tor. Once the still page is complete, the command
is sent to IRIS OnAIR (TM) via RS-232 to snap the
still via Sirius live video input, and place it on the
next available side of the model. Then the com-
mand is issued to move the model, and the viewer
sees what would have been a static 2D still flying
in space in real-time 3D over a pleasing back-
ground. After the viewer sees a computer gener-
ated list of stills is displayed in sequence, the
command is give to return the model to the home
position.

IRIS OnAIR (TM) commands include: motion from
video panel to panel, return to a home position
from any panel, snapping frames or displaying
live video on the model video panels, etc.

Refer again to figure 3 for the following discus-
sion. Sixty field per second video plus sync enters
the Onyx system via Sirius. Upon user command,



live video is either snapped to a texture in the
raster manager as a still, or the texture is continu-
ously updated frame-by-frame, hence live video.
Essentially, live video becomes an NTSC-sized
texture, either single frame or continuously
updated frames at the behest of the user. The RM5
raster managers are able to hold quite a few of
these, and so multiple stills are storable in texture
memory. Version 1.9 allows for five video panels
within the model.

Under either keyboard or optional RS-232 control,

Abskas A-82 | ]

the Wavefront defined model is drawn to the
screen automatically placing snapped video
textures into the areas of the model defined as
video panels numbered one through five. The
model may be moving or stationary as the user
directs. Either way the application window and
display is updated at thirty frames per second
Alpha information is simultaneously provided to
the raster system at the time of model drawing
and becomes a part of the output from this point
onward.
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A second application, provided standard with the
IRIX operating system, takes any screen-sized
portion of the screen and sends it (plus Alpha) out
the Sirius interface to external equipment. Since
the screen portion is initialized to be the applica-
tion window, video action occurs simultaneously
at thirty frames per second in and out. External
sync drives the precise timing of both.

To ensure dedicated CPU’s, thereby avoiding lost
frames, real-time REACT features typical of the
flight simulation industry are enabled to isolate
the two CPU'’s involved with video from the
others. The others accomplish typical Unix activi-
ties, including the optional non-real-time RS-232
control application.

Data Acquisition and
Control System: Control of

The system actually consisted of five sets of
broadcast graphics equipment under the control of
four operators. Status was available to the broad-
cast producers, corespondents and director
coupled to the on-air graphics. Additional com-
puters were used to monitor the system operation
as well as the status of the database.

Conclusion: As has been demonstrated, the
combination of design, hardware and software
and Media Computing’s ANGIS and ProTEC
created a system that met the original goals.
Displays were called to air almost instantly. The
transition effect met all design requirements. In
addition, the system was able to break new
ground and originate, for the first time, full
broadcast resolution, full motion 3-D graphics

the system is similar to the =
system used in 1992. A Rew
network of more than 50 o
personal computers (Figure

4) running under a stan-
dard operating system was
used. The computers were

segregated by function.

One group took the data

from the information

sources and entered it into

the database. These used

the ANGIS product from

Media Computing, Inc.

This is a standard product programmed as re-
quired for the on-air displays.

A second group were machine controllers. Some
of these also ran ANGIS, others ProTEC, another
Media Computing product specifically for ma-
chine control. It is a macro language allowing
control of the equipment and access to the ANGIS
database.

The final group of computers, programmed in
ProTEC, were for operator control. These allowed
producers and operators to create, manipulate and
air lists of displays. The data to be displayed was
not extracted from the database until absolutely
required. In addition any display could be called
to air at any time with the desired transition effect.
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generated as they were aired. These graphics also
included live video mapped on surfaces of this
object. This combination provided the CBS News
producers with the desired on-air look plus the
speed required to support a demanding Election
Night Broadcast.



MULTIMEDIA SERVICES IN BROADCASTING

Tadashi Isobe, Hiroshi Seno and Kenjiro Kai
NHK Science and Technical Research Laboratories
Tokyo, Japar

Abstract

One-way transmission in broadcasting and
interactive viewing in multimedia seem contra-
dictory. However, the introduction of multi-
media services into broadcasting is studied and
its possibilities are discussed. An experimental
system of multimedia broadcasting services,
using data channel of HDTYV broadcasting in
Japan, was developed. The system provides a
TV support service and a multimedia informa-
tion service. These multimedia services are
promising also as ISDB services in the near
future.

INTRODUCTION

A main feature of multimedia services is user
interaction with the program that is being
presented. Interactive viewing is achieved by
two way data transmission between the user
and the center through telecommunication
channels. Multimedia services can also be
realized using computer systems with large
capacity buffer memory.

A broadcasting system transmits a signal carry-
ing the same contents to an unspecified number
of receivers spread over a wide area. The
transmission paths are basically one-way from
the broadcasting station to the receiver. Here,
we investigate making use of broadcasting
features to introduce multimedia services,

which depend on two-way data transfer and large
capacity read-only memory (e.g. CD-ROM),
into broadcasting which is basically one-way
transmission. We clarify the possibility of
stored reception and selective reception. As a
specific example of a service, we describe a
television support service and multimedia
infcrmation service called PRESENT.

FEATURES OF BROADCASTING

Broadcasting is based on one way transmission.
Thus it has various special features. Broadcast-
ing can be received by any number of users at
the same time, whereas in the case of telecom-
munications, users may lose their connection
due to the limited capacity of the center that is
providing the service. With broadcasting, it is
also possible to share costs for program produc-
tion and transmission, among a large number of
users, making sufficient funds available to
cover production and transmission costs and
allowing low-cost operation. These are the
basic features of broadcasting.

Furthermore, television has become part of the
environment of our daily life, with many
people having the TV on in the background as
they go about their business. Comfortable and
easy passive viewing without the need for
operation is another feature of broadcasting.

Yet another feature is that, whether by terrestri-
al or by satellite TV broadcasting, radio waves
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can be used to immediately deliver programs
produced in real time to the viewer or listener.

MULTIMEDIA AND BROADCASTING

The development of multimedia services in the
fields of computers and telecommunications
has been remarkable. Following are the most
common features of multimedia:

-integration of multiple media for presentation,
-interactive viewing by user,

-digital technology for data processing.

In the following we compare these features
with those of broadcasting.

Integration of multiple media

Television broadcasting has been from the
beginning an integration of sound and video.
The teletext system has also begun with the
implementation of closed captioning (captions
that can be viewed selectively) and teletext
services. Television broadcasting thus involves
a combination of video, sound and text. Televi-
sion is available to households throughout
Japan, and as one TV per person becomes the
norm, it is common for a viewer to switch
channels frequently to find a desired program.
Television, with its appealing realistic moving
images, has taken root in modern society as a
powerful information medium and advertising
medium. One objective of the multimedia
services that have developed on computer and
telecommunication systems is to approach the
media representational quality of broadcast
television. Multimedia presentation can be said
to be an intrinsic element of broadcast televi-
sion. Broadcasting is aiming for the areas of
even higher quality presentation such as
HDTYV, 3-D images, and virtual reality where
naturally, multimedia is naturally making
progress as well.
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Interactive viewing

Broadcast transmission paths are one-way; the
implementation of interactive operation and
viewing requires modification of the receiver
and other measures. The configuration of an
interactive reception system is shown in Fig. 1.
The system includes the following functions.
(a) Stored reception: All broadcast data of the
specified program is temporarily stored in the
receiver’s memory and users can view the
program interactively.

(b) Selective reception. « number of content
units are repeatedly broadcast and users can
receive the program selectively.

(c) Two way transmission: Users requests and
responses are transmitted to the broadcasting
station using an other transmission line and
users can receive the program interactively.

Receiver

Display

' 1 C Operation

e -

Broadcast signal

Memory
(a) Stored reception
Receiver
Broadcast signal Display
: o
4
selection Opcration
(b) Selective reception
5815 laoc%]castmg Receiver
—l Broadclast
signa .
) Display
B
v‘ Up link .
ph Operation

(c) Two-way transmission

Fig.1 Configuration of an Interactive Viewing



Besides implementing such interactive viewing,
it is possible to achieve passive and operation-
free viewing that is a feature of broadcasting.
To achieve this capability, it is necessary to
transmit from the broadcasting station the data
that defines the most common selection path, or
according to the intentions of the program
producers, the recommended selection path.
The program is then played back according to
these data.

Digital processing and transmission

Digital processing other than for teletext broad-
casting and satellite broadcasting sound, and
digitization of the transmission path in particu-
lar, are topics to be addressed from this time
on. The broadcast transmission paths that can
serve to deliver multimedia services to Japa-
nese viewers in the near future are satellite
broadcasting data channel, the HDTV MUSE
data channel and the ISDB (Integrated Services
Digital Broadcasting) channel.

In satellite broadcasting with digital sound, a
area for transmission of digital data along with
the sound was reserved from the beginning.
The extra sound transmission capacity can also
be used as part of this data channel. The HDTV
MUSE system has a data channel like that
mentioned above.

The recent progress in LSI technology and the
remarkable advances in sound and video data
compression techniques have spurred the
development of an all-digital integrated broad-
cast format called ISDB. Going beyond digital
television, ISDB will provide various forms of
data presentation, including still images, text
data, binary graphics, personal computer soft-
ware, and game machine data, as well as index-
ing data for supporting the receivers of this data
all over a single broadcast wave.

The features of an ISDB transmission path are

1) efficiency in using multiple services with a
limited transmission capacity,

2) flexibility in integrating various services
having different data transfer speeds and trans-
fer characteristics,

3) expandability for adding new services that
will be developed.

In the future, most of the broadcasting bands
will be able to be used as those of ISDB. For
instance they are the 12 GHz or 21 GHz satel-
lite broadcasting channel. The transmission
capacity of these channels are shown in Table
1. Multimedia services can be transmitted
through these transmission paths.

Table 1 Transmission Capacities

Transmission line Transmission capacity
Digital subcarrier 0.224
NTSC system -1.76 Mbisec.
Dala channel ....................... B R R R R

HDTV 0.112

MUSE system -1.12 Mb/sec

12GHz satellite 41 Mb/sec.

) 21GHz satellite up to 130 Mb/sec.

(for example) |

EXAMPLES OF MULTIMEDIA SERVICES

An experimental system of multimedia broad-
casting services, using data channel of HDTV
broadcasting in Japan, was developed. The
system offers a TV support service and a
multimedia information service. The TV
support service provides multilingual closed
captioning, detailed information related to TV
programs and program schedules and guides,
allowing users to fetch them when needed. The
multimedia information service named
PRESENT is a broadcasting service that allows
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users to view multimedia information, such as
news, weather and stock market information,
anytime interactively.

TV support multimedia services

Data can be transmitted through the data
channels of television and HDTYV, and also
along with the many digital television and
HDTYV in ISDB. Accordingly, by transmitting
information related to TV or HDTV programs
and presenting the information along with the
programs as needed by the viewer, TV support
services can be provided. An outline of these
services and examples of the required transmis-
sion capacities are shown in Table 2. Here, the
data quantity is based on HDTV broadcasting.
The data quantity is approximately 0.5% to 5%
of that of HDTV; by providing information
related to HDTV as a multimedia service, intel-
ligence can be added to the HDTV service.
Efficient production of programs is an impor-
tant issue in these systems.

Table 2 TV viewers support services

Multimedia information broadcasting serv-
ice PRESENT

PRESENT(Personal REquest Service via
ENhanced Teletext) is an information service
that features good multimedia information
retrieval and interactive viewing. It can be said
to be a system that opens the way to personal
use of broadcast services. The program con-
tents are not related to television programs;
basically, the data is stored in the memory of
the receiver for viewin~. One possible news-
related service is the "electronic newspaper,”
which handles news story information. Each
type of information can be presented in a
multimedia format, consisting of text, still
picture, video, and sound. The transmission of
indexing data such as program schedules and
keyword tables will allow program search and
selection of the specific information required
on the receiver side. Moreover, the viewer will
be able to access to a more detailed explanation
or other programs related to a particular term

Service Description Examples Transml-ssnon
capacity
Caption Caption can be selected to display or | Closed caption (multilingual) 0.05 - 0.2 kb/sec
not display, Subtitles for movies and dramas per language
language of caption is selectable.

Information | Together with main TV program, Detail explanation for review.exer- | 0.3 - 5 kb/sec
versatile program information can be | cise on education per item
viewed interactively as viewers Outline of story in drama
preference presentation style. Various data during live sports

program
Audio for hearing impaired
Introduction Program table and guide are avail- Program table with genre (2 weeks) | 3 - 50 kb/sec
(program able on screen. They may be used for | Recording reservation for programs per ch
guide, table) | receiving reservation and recording of specified genre. (10sec guide)
reservation. Change of program start
time causes no problem by using this
function.
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CONCLUSION

The introduction of multimedia into broadcast-
ing has a major feature of incorporating interac-
tive viewing. The stored reception and the
selective reception will be useful for interactive
viewing. There is a need for methods of evalu-
ating the generation and optimization of index-
ing data to support such interaction. Although
multimedia using two-way transmission may be
implemented in the future broadcasting area,
the one-way transmission will still play an
important role in multimedia broadcasting as it
forms part of the essential features of broad-
casting.

Progress is being made to improvements in the
quality of broadcasting, including such services
as HDTV and 3-D television. Also in multime-
dia, there is a need for improvement in the
quality of presentation.

The establishment of suitable functions to be
used in various services ranging from passive

viewing to interactive viewing and methods for
evaluating the effectiveness of their implemen-
tation will be one of topics for further research.
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FM RADIO, RBDS AND THE PERSONAL COMPUTER
OPPORTUNITIES FOR CONSUMERS AND BROADCASTERS
IN THE FUTURE OF RADIO DATACASTING

Michael McCcy
Advanced Digital Systems
Cerritos, CA

ABSTRACT
RBDS (Radio Broadcast Data System) the
technology of transmitting and receiving data over
a 57Khz subcarrier on the FM band may best be
exploited by putting radio and RBDS data into
equipment that is designed to handle that data, the
personal computer. By linking FM Radio and
RBDS with the Personal computer we create new
opportunities for both the listener and the
broadcaster. This paper examines the state of
RBDS technology today and the additional
services available to the consumer by combining
RBDS and the personal computer. RBDS
receivers in computers offer unique applications
and services that broadcasters can provide to the
listener which will enhance the listeners radio
experience and simultaneously increase station
revenue.

INTRODUCTION
RBDS (Radio Broadcast Data System) data
casting coupled with FM Radios in personal
computers gives new power for the user and
creates opportunity for the radio broadcaster to
provide more choice and greater flexibility to their
listening audience.

With all the hype about the information super
highway, radio broadcasters and computer
hardware/software developers are beginning to
show how radio can make use of the Worldwide
FM radio infrastructure to quickly build an
information skyway. By making use of existing

technology such as RBDS and the future standards
for high speed data transfer, radio can move into
the fast lane of the super information skyway.

In the very near future with a advent of high speed
data transmission or DAR broadcasters can create
subscription radio networks by sending highly
compressed digital radio programs to personal
receivers. Why not have ESPN radio or the
Psychic hotline radio network. Radio
broadcasters can serve specific market needs of
the listening audience and advertisers will want to
target to the specific demographic that the
network attracts for greater return on their
advertising dollar.

Interactive Information

By linking FM data casting with the personal
computer, radio becomes a method for
transmitting graphics, maps, text, data and
possibly even video information to thousands of
users/subscribers simultaneously. The computer
lets the media become flexible and adaptable to
individual user wants and needs. Interactivity
means that the user has the ability to make
choices. Most people think of interactivity in the
form of game playing where the player takes and
action and an interactive program will make some
intelligent choice to represent the reaction. Video
games be interactive but information and data is
usually not interactive. Today, in fact, most
people suffer from information overload. This
overload is created because we receive information
spuriously and unfiltered from the radio, television,
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newspapers and now computer On-line services.
We receive more information than ever, but we
really do not have a choice or an easy method of
filtering out and receiving only the information
that we are interested in. People like and want
information but they also would like to be
empowered with the ability to choose and control
what types of information they receive. Today we
hear so much about the future of television
offering 500 channels of programming. Why?
To give the user greater choice over the type of
programming they want to watch. Why then
doesn't radio create a system whereby the
user/listener has the ability to customize the type
of information they would like to receive/listen to.
This can vary from selecting the type of music or
even selecting the playlist of the music the user
wants to hear to customizing the type of radio
information programming, news or sports
information that the user wants to receive. Radio
can reduce the amount of information overload by
allowing the user to sift through what is available
and hear only the type of information or
programming that they are interested in.

Most information that we receive today whether it
is over the radio, newspaper or television is
broadcasted information. Broadcasting or
broadcasted information is a "from one to many"
type of information disbursement. Even when
using the much talked about Internet and other
such on-line dial-up services such as America
Online or Compuserve most of the information is a
broadcasted type of information such as news,
sports updates, weather information. However,
with these types of services I must dial up and
each time I want to receive specific information |
must seek out the information that I desire. With
an FM Radio data casting system the user can
select the type of information that they wish to
receive and therefore the computer/receiver can
sift through the broadcasted information . The
computer can capture only the information that
the user wants to receive. This means greater ease
of use and greater user flexibility and
customization. Some people are calling this type
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of system "Radio on Demand". Today there is
already a system on the market for the personal
computer that allows the user to choose the radio
program that they wish to capture. This early
form of "Radio on Demand" is something like a
VCR for your radio where you can select the start
time, end time and the radio program(s) you want
to capture, but in the future this can grow into a
very robust system that allows the user greater
freedom in selecting the type of programming they
choose to listen to.

The Very Near Future

John Wilson rushes around the house in his normal
morning routine. He wakes up after hitting the
snooze button twice, showers, shaves, dresses, and
tries to grab a quick bite before heading out for the
morning commute to his downtown office. Once in
the car he scans the various radio morning shows
to find one who is broadcasting the traffic
announcements so he can plan an alternate route if
his usual route is jammed. He generally leaves
earlier than needed because often times he doesn't
hear the traffic report stating that the freeway is
jammed until he finds himself stuck in that
dreaded traffic jam.

This morning however, before leaving the house
John clicks the traffic icon on his personal
computer and he is greeted with both audio and
text of the most recent traffic announcement. The
traffic report was automatically captured by his
RBDS FM radio receiver he installed in his
computer. The RBDS receiver automatically
scans for traffic announcements and automatically
captures both the audio and the radio text of the
traffic announcement. All John needs to do is
click on the traffic icon for the most up to the
minute report on traffic conditions. John plans his
alternate route before starting the car and shaves
several minutes from his normal commuting time.

Since John equipped his computer with an RBDS
receiver, he has a few extra minutes each morning
to check up on the latest sports updates, winning

Lotto numbers and the replays the most recent



morning news. By simply clicking the appropriate
icons on screen he has instant information.

John's wife, Jane listens to the radio while getting
the kids breakfast ready, then clicks the City icon
to verify the time and location of the chamber of
commerce luncheon she plans to attend and checks
the city's recreation center schedule for today's
after school activities for the children. Jane also
enjoys the broadcasted daily newsletter on Health
and Nutrition that she can access with just a click
of her mouse. This afternoon Jane plans to replay
the cooking show. The cooking show is
broadcasted on Saturday afternoons, but Jane
captured the show on the computer so she could
replay it when she had a some time to herself so
that she could try out the latest recipes.

Tammy, Johns teenage daughter, loves the new
CD Magazine that her favorite station mailed to
her. As each song plays she can see the
broadcasted artist name, song title. The songs
PIN (Program item number) is broadcasted and
activates the CD to show a photo of the album
cover, lyrics and a biography of the band! Tammy
wonders why more people don't watch Radio!

This is not one of those AT&T commercials that
talk about future technology to tease you with
something that you cannot do today. "Did you
Ever receive a Fax while sitting on the
Beach.....YOU WILL!, AT&T" John, Jane and
Tammy can do all those things TODAY with an
RBDS receiver installed in a personal computer.
The Slogan for RBDS should be..... YOU CAN!

The personal computer is the perfect device to
make use of FM radio data casting. The personal
computer equipped with an RBDS capable FM
radio receiver can act as the receiver to capture
both audio and data for convenient listening and/or
viewing of information. An RBDS receiver and
personal computer can capture data 24 hours a
day. The receiver can be customized by the user
to automatically capture the type of information
that they are most interested in and ignore the

information that they do not want. Subscription
services such as newsletters, stock quotes and
special interest topics like horoscopes can be
received only if the receiver has the proper
subscription serial number.

The personal computer opens up a wide number of
possibilities for the growth of FM radio uses both
for audio as well as data broadcasting. The
technology exists but it must be fully implemented
for any of these new and exciting capabilities to
take hold.

State of the Current Technology

After several years of work, the NRSC (National
Radio Systems Committee) ratified the RBDS
(Radio Broadcast Data System) on January 8,
1993. In the past two years both radio
broadcasters and receiver manufacturers have been
slow to implement the system. To date there are
less than 200 stations broadcasting RBDS data and
only a handful of receiver manufacturers shipping
RBDS capable radios. For RBDS to become a
universally implemented system many market
factors must come together to create the catalyst
for change. Below we examine new potential new
markets, the listeners and the broadcasters and
industry trends to help predict the eventual success
of RBDS.

THE UNTAPPED MARKET FOR RBDS
Many of the benefits for RBDS relate to car
radios and no doubt the automotive industry is an
enormous market, but the growth in personal
computers in the home and office creates another
vast market for RBDS receivers. An RBDS
receiver in a personal computer offers advantages
over other types of receivers in the way it can
store and display the RBDS data. In March of
1995 Advanced Digital Systems of Cerritos,
California began shipping the Worlds first RBDS
FM radio receiver in the form of an add-in card for
the personal computer. Today there are more
than 140 million computers Worldwide and more
than 20 million of those personal computers are in
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homes across the United States. Nearly 8 million
of these computers offer the latest multimedia
capabilities for playing back sound files and CD-
ROM/CD-Audio disks. These computers, if
equipped with an FM RBDS radio, have the
capability to receive data and text information of
all types and variety such as news, weather,
weather maps, sports updates and on and on.

The Listener

Do people want the type of information that
RBDS can provide? The rapid growth of dial up
on-line services such as Prodigy, America Online,
Compuserve and the Internet shows that the users
of personal computers indeed are interested in
gaining information via their computer. The
problem with these on-line services is that the user
must have a modem, which in return requires a
telephone line, phone usage charges and monthly
or hourly access charges. Each time the user
wishes to receive the information, they must dial
into the service, provide user i.d. and password
and then search for the information they require.
The advantage to a data broadcasting service is
that the user pre-selects the type of information
that they wish to gather. The information is
transmitted throughout the day and is captured by
the RBDS receiver and computer and the audio or
data is available when the user wishes to hear it or
view it. The user simply touches an icon and the
information appears or the audio plays, no dialing,
no long distance phone bill and no secret
passwords! If these types of information systems
are to become universal they must be very simple,
fast and easy enough for the novice to use.

If millions of computer users will pay to go
through all the trouble of extra phone lines, dial up
and search times, access fees, phone charges and
the complicated steps to get information from an
on-line service to gain access to the information
superhighway, then just imagine how many people
will want a system like RBDS that is so much
easier and automatic to get the same information.
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The EIA (Electronic Industries Association)
conducted a survey performed by the Venity
Group which revealed that RBDS features would
change the way people listen to radio. The poll
revealed the following:

e 60% reported interest in purchasing RBDS
as an option on a new car.

e 70% of consumers would be willing to pay
up to 10% more to purchase an RBDS
radio.

e  30% surveyed said they considered the
emergency broadcast feature to be among the
most important features, and 20% indicated
they would purchase the radio for this feature
alone.

e 60% of those surveyed expressed interest in
the potential to gain instant access to traffic
and emergency broadcasts.

o 60% expressed interest in entertainment
features such as the ability to receive text
messages such as artist name and song title,
or to search stations by program type.

e 55% reported that they would listen to their
radio more if they were able to scan
stations by format.

The poll also revealed that promotion and
education will be important in unveiling this new
technology as 80% of those surveyed were not
aware of RBDS technology.

From the survey results above we can see that
radio consumers want the ability to tailor radio to
their listening preferences. By using RBDS,
receivers/listeners can scan the FM band for their
favorite format such as country, jazz or rock or
they can set their radio to scan for stations
transmitting traffic announcements.



"The results of this survey reaffirm our belief that
RBDS technology has a future in the U.S. as an
integral broadcasting communications technology"
said Gary Shapiro, vice president of the EIA/CEG
group. "We're convinced that RBDS will
positively change the way Americans listen to and
feel about radio broadcasting, which until now has
been overlooked as a potential medium for the
information superhighway," said Shapiro. "RBDS
technology fits the American lifestyle by providing
news, entertainment, traffic and emergency
broadcast features at the touch of a button,
whether you're at home, or like many American,
driving in your car," he added.,

From this we can see that it is obvious that if the
RBDS standard of transmitting data over a 57KHz
sub carrier is utilized to it's fullest extent there are
many ways in which the broadcaster can create
new revenue streams by optimizing the use of his
bandwidth. What is the outlook for implementing
RBDS and what are the key applications that will
help this new technology grow?

Build it and they will come, or will they?

The NRSC came up with the technical
specifications and a standard. The hardware
engineers designed the RBDS encoders, but
getting RBDS into full swing has taken a bit
longer than some proponents expected. Many
ascribe this delay in system implementation to the
chicken and egg theory. Radio broadcasters claim
that there is no need to transmit RBDS data if
there are no receivers that can receive and decode
the data. Receiver manufactures cite that there is
no reason to build receivers if there are no stations
broadcasting the data. Others say that for RBDS
to come into nationwide usage somebody must
come up with a way for the broadcaster to make
money.

We have created the standard and now everything
else will automatically fall into place, right?

What will be the catalyst to make this technology
take off? Is there interest among broadcasters?
Market studies and market trends show that we

may be closer than we think to having a
nationwide RBDS system.

The NAB (National Association of Broadcasters)
1994 FM Subcarrier Market Report, shows that
there is a high degree of interest among
broadcasters to transmit RBDS data and as the
EIA study above pointed out there is indeed pent
up demand among listeners/users to receive the
benefits that RBDS can offer.

According to the NAB 1994 FM Sub carrier
Market report, more than 42% of all stations
surveyed indicated that they plan to broadcast the
RBDS signal. In the top ten markets this
percentage increased to 47.5% and for markets
11-50 the plan to implement an RBDS
broadcasting system climbs to more than 56% of
the stations.

Traditionally, FM sub carriers have been a portion
of the bandwidth that the broadcaster has leased to
a service such as broadcasting financial data, radio
paging or the transmission of Muzak. And
although these type services have been around for
many years, more than 70% of all FM stations
reported that they were not currently leasing any
FM sub carrier. This means that there is an
encrmous amount of underutilized sub carrier
capacity. The NAB FM Subcarrier Market
Report estimated that RBDS could conservatively
generate $40,000,000.00 in additional revenue for
broadcasters.

Of those stations surveyed when asked the reason
that they have not leased their sub carriers in the
past, more than 55% responded that no buyer had
expressed an interest.

From the results of the NAB survey we can see
that there is ample interest among broadcasters, all
they need is market interest and viable services to
offer.
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Cracking the Egg

If all the surveys show that listeners want the
benefits of RBDS and broadcasters are planning to
transmit RBDS data then it sounds like this
chicken and egg theory is just about to crack!

There are many market factors that are
contributing to help create the synergy for the
success of RBDS. These market factors must
come together to create enough momentum to
ensure that RBDS is fully implemented.

One major market force is that the EIA has
allocated $500,000.00 for promoting RBDS if the
industry; i.e. encoder and receiver manufacturers
will match the funds with an additional
$500,000.00 for a One Million dollar RBDS
marketing war chest. An RBDS forum
marketing working group is being formed to  the
program. One of the main uses for these funds
will be to set up broadcasters in the top markets
around the country with the equipment to transmit
RBDS data. This means that by the end of 1995
more than 90% of the population will be covered.
In exchange for the equipment the broadcaster
would be obligated to make RBDS public service
announcements to help educate the listeners. Thus
creating user demand for RBDS

The growth of RBDS encoder installations is
almost inevitable as companies such as Differential
Corrections, Inc. (DCI) install a nationwide
infrastructure to satisfy their subscription based
business. There is also renewed interest in RBDS
since the FCC has released their new Emergency
Alert System (EAS) recommendations.

The installation of RBDS encoders in radio
stations across the country will go a long way to
getting the benefits of RBDS to the listeners, but
just installing encoders is not enough. Of the
nearly 200 stations able to broadcast RBDS data
only a fraction of the stations are using the
technology to its fullest extent.
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Building a technology and infrastructure for
broadcasters to transmit RBDS is not enough.
What every good technology needs are good
applications to take advantage of the technology
and interest the listener.

THE KILLER APPLICATION
When a new technology is presented to the market
often times it takes just one successful application
to create an entire new industry. The telephone
and cable industries plan to create an information
superhighway at the cost of billions of dollars, but
the jury is still out on what will be the application
that makes the technology blast off. What is the
killer application for the super information
highway? Will it be Video on Demand, the choice
of 500 television channels, interactive TV,
interactive shopping, no one knows.

In the RBDS industry we must be asking ourselves
the same question. What is the killer application

. for RBDS? Which of the following applications

will make RBDS data casting spread like wildfire.
Will it be Radio on demand, Radio text, Artist
name and Song title, radio paging, radio faxing,

Air mail, or some other application not yet thought
of

Artist name and Song Title....who benefits

To find the likely killer application we might look
for the application that has the widest appeal and
offers the greatest benefit to one or more interest
groups.

The EIA study mentioned above indicated that
60% of those surveyed expressed interest in the
ability to receive text messages such as artist name
and song title. Focus groups conducted by
Advanced Digital Systems, show that radio
listeners were frustrated by the fact that either the
song title and artist name is rarely, if ever,
mentioned by the disc jockey. Most of the time
the listener must learn the artist name and song
title through word of mouth or after listening to



the song several times to finally catch the D J.
mention the song title and artists name.

Recording industry studies indicate that 70% of
record sales can be directly attributed to radio
play. Record companies know that the success of
a song or artist depends on the amount of radio
play a song gets. If 70% of record sales come
from radio play then who is most likely to benefit
from having the song title and artist name appear
on radio's LCD display while the song is playing?
... The Recording Companies!

Another result of the EIA study that I have not
mentioned before is that among listeners aged
18-26 seem to be most interested in the
advantages that RBDS offers the listener. More
than 85% of respondents in this age group
expressed interest in RBDS transmission of song
title and artist name. This statistic should be of
utmost interest to the record companies as this is
their primary target audience.

Remember another startling fact that the EIA
study revealed? That 80% of those surveyed
were not aware of RBDS technology. I wager
that the recording industry is among this 80%.
The industry that is most likely to benefit the most,
benefit by increased record sales, barely even
knows that the technology exists.

The Recording Industry Artists of America
(RIAA) is actively looking for new media and
new technologies to increase the sale of record
albums. RBDS is one of the best and least
expensive methods for the record companies to
increase the listening audiences awareness of a
recording of a new song or recording artist. The
transmission of radio text displaying the song title,
artist name and the album name would most likely
have a direct and dramatic effect on record sales.

It is very possible that the recording industry
would either pay the broadcaster to transmit this
radio text information or at least subsidize the
broadcasters expenses for the RBDS equipment

and operating expenses. Representatives of the
RIAA have already indicated a willingness to
support RBDS with an education effort.
Educating listeners about the benefits of RBDS
will help to create a demand for the service.

According to the NAB 1994 FM Sub carrier
Market report, the average revenue for leasing a
subcarrier is $1,976.00. Recording companies
may be willing to lease a portion of the RBDS
bandwidth, for transmitting artist name and song
title. If so, then each station might be able to
receive $200-$500 per month for providing this
service. Artist name and song title alone, based
on just $300 per station each month, would
generate nearly $20,000,000 of extra revenue for
radio broadcasters annually.

APPLICATIONS TO GENERATE RBDS
REVENUE
In addition to collecting revenues for transmitting
artist name and song title, RBDS entrepreneurs
have thought of many other ideas to generate
revenue for the station owner.

We have already seen that by installing an FM
radio in a personal computer gives the user an
environment that is flexible enough to allow
listening creativity and viewing of RBDS
information. In fact, having an RBDS receiver in a
computer offers several advantages over the
conventional style of radio receiver. The
computer allows radio to take on a graphical and
visual aspect that has never been possible before.
You can't view the radio stations program
schedule on your Home Stereo System. RBDS
enabled car stereos and Home receivers show
radio text that scrolls across a small display like it
were an old ticker tape machine. The computer
removes the restraints of conventional stereo
systems. Linking a personal computer with an
RBDS receiver opens a whole new world of
opportunities for the radio listener.
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Let's take a look as some of the capabilities of
RBDS receiver in a computer. These new services
are just a few ideas of how the broadcaster can use
RBDS to generate additional revenues and
increase the benefits of the listener.

Radio text

As we have seen in the example above recording
companies are interested in just about anything
that makes the path from hearing the song to
making the purchase at Tower Records shorter.
Radio text of artist name and song title increases
the listeners awareness level of the artist, the song
and the album. This increased awareness level
creates an easier path to purchasing the record will
benefit the record company and help sell records.

Once we have someone like the record companies
set up to subsidize the broadcaster for transmitting
radio text, the broadcaster can use this medium to
transmit additional information that will benefit the
user such as sports, weather and news updates.
With an FM radio in a personal computer such
information can be captured and stored for later
viewing. If I missed the news at the top of the
hour, I can instantly retrieve the most recent text
of the news update on my computer screen.

In addition to Song title the broadcaster can use
radio text to promote the station, help to define
that stations image and notify the listener of what
is coming up next!

Radio text can also be sold as advertising space.
Additional revenues can be generated by inserting
advertising text. Radio text can accompany a
radio spot to help reinforce the ad or radio text
can be sold as separate ad space to create new ad
revenue for the station.

Navigation

Companies such as Differential Corrections, Inc.
(DCI) and Personal Travel Technologies, Inc. are
helping to create both the RBDS national
infrastructure but offering new services to users
while generating income for the broadcaster.
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DCI has over 145 stations up now with plans to
have nearly 400 stations on line broadcasting
RBDS data by the end of 1995. These 400
stations will provide coverage of 95% of the U.S.
population. DCI offers GPS satellite correction
information to subscribers and in the future plans
to transmit real-time traffic updates. Users of this
data range from agricultural & marine applications
to golf courses, enhanced 911 dispatch,

traffic navigation, dispatching and tracking of
vehicles and traffic management.

Personal Travel Technologies offers a
software/hardware solution that monitors RBDS
GPS correction data to notify the user that their
current or future planned travel route is affected.
The software will then suggest an alternative route
and show the new route on a computer generated
map.

Navigation systems are already beginning to show
up in automobiles. RBDS GPS correction data is
also being integrated into some of these systems
In the future a user will have navigation charts in
their car but they can also have this technology in
their notebook computer. If the business traveler
has a notebook computer that includes a
navigation system, then where ever the user goes
he will have his navigation system with him. When
arriving in a new city he will not have to worry
that the rent-a-car may nor may not be properly
equipped. Travel routes can be easily input into
the computer and the best route mapped out.
Even the most formidable cities will be easily
navigable without the worry of getting lost or
missing an important business meeting.

The broadcaster benefits through revenue sharing
with the DGPS correction data provider.
Companies such as DCI will provide the RBDS
encoder for the station and then split the
subscription revenue with the station. This is a
terrific opportunity for the stations that DCI
selects for their coverage areas. As the use of real
time traffic updates, navigation and intelligent



highway systems grows the opportunities and
revenues for broadcasters will increase.

Transparent data channel

All types of data can be sent to the listener via the
transparent data channel such as program
information, computer files, faxes and even
newsletters. The personal computer is the perfect
recipient for this type of data as great amounts of
data can be received and stored in the computer
and be displayed graphically.

Today many companies and associations publish
newsletters via the fax machine. The problem that
these publishers encounter is enormous. The time
and costs involved in sending faxing out the
information to thousands of subscribers. Each
subscriber must be individually dialed and the
newsletter transmitted. This can involve an entire
bank of fax machines, many hours each day,
hundreds of phone lines and one whopping phone
bill! RBDS can be used to transmit the newsletter
simultaneously to every subscriber and the
publisher gets the word out with just one phone
call'! Although RBDS allows for a data rate of
only about 1,200 bps, a three page newsletter
would take just 3 minutes to be received in the
PC. Each new subscriber would receive serialized,
addressable software with their subscription so
that only qualified subscribers would receive the
newsletter. Just imagine the savings of time and
money! IF RBDS were used to transmit
newsletters at least two things would happen.

1.) Publishers would be willing to pay handsomely
for the convenience. 2.) More newsletters would
be published in this manner because it is faster,
simpler and the investment for starting such a
newsletter would be greatly reduced since there
would be no investment in hundreds of fax
machines and phone lines.

In addition to newsletters, I am sure that you can
imagine other types of information that listeners
would be willing to pay for such as stock quotes,
the latest odds from Las Vegas Sports gambling
and special news services. The best thing tor the

broadcaster is that with this type of system the
listener must stay tuned to the station which is
broadcasting the information. What a way to gain
revenues and maintain loyal listeners!

Radio guide

For programming such as NPR or other non-
competitive stations program information or actual
programming schedules can be transmitted via
RBDS. This "Radio Guide" could be used by the
listener to map out their listening schedule based
on the stations program schedule, days or even
weeks in advance. The listener can program their
computer radio to automatically turn on at
selected times and programs that air at
inconvenient times can be captured by the
computer for later listening. The listener would
receive program updates via RBDS and the data
can be displayed on the computer screen in a grid
type format. The user can select the station and
programs that he/she wishes to listen to and the
radio will automatically turn on and switch to the
desired station for the programs selected.

Radio on demand

Radio listeners today with an FM RBDS receiver
in their PC can capture radio programs to their
computer hard disk. We have virtually created the
VCR for Radio. The listener can map out the
listening schedule and either listen to the music or
capture the audio to the computer hard drive for
later listening. Radio text can be captured along
with the audio portion of the program so that both
the audio and radio text can be replayed at a later
time that is more convenient to the listener.

Radio on Demand is the ability to listen to the type
of music or radio program desired but with the
flexibility to listen at a time that is convenient to
the listener, not necessarily when the program or
song is aired. Radio on Demand provides new
and greater flexibility to the listener, never
imaginable before.
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Having an FM radio in a personal computer allows
us to take this flexibility a step or two further.
RBDS allows for the use of a PIN (Program Item
Number) number. Just as a song is about to be
played the PIN can be simultaneously transmitted.
Today many radio stations publish magazines for
their regular listeners. These magazines promote
the stations civic activities, the radio personalities,
and provide program information. With the
explosion of the multimedia computer in homes, a
large percentage of each stations listening
audience own multimedia PC's . A magazine on
CD-ROM disks can be inexpensively produced
with much of the same information as the typical
magazine, but with additional features and
benefits. The CD-ROM can contain the PIN
number of every song that might play over the
next month. When the song is played and the PIN
transmitted, this can cue the CD-ROM to display
the album cover where the song can be found,
song lyrics, artist biography, and other album's
produced by the artist.

Just imagine the opportunities for radio station
promotions. Listeners are notified that next
Saturday night at 8:00pm they should load the
KROC CD-ROM in the PC for a special surprise.
At the appointed hour a special PIN is transmitted
and a secret file is opened which plays video clips
of the upcoming hot new album music video.
Interactive radio promotions such as games,
contests and record previews are just a few
examples of the power and opportunity that RBDS
equipped computers presents.

We can see from the examples above that
combining the personal computer and RBDS
offers new flexibility in the way the radio and radio
data can be used to create new opportunities for
the broadcasters and greater benefits for the
listener. RBDS allows the broadcaster to offer
new and innovative services to the listener while
generating incremental revenue for the station.
The listener benefits through the newly added
visual aspects of radio and the ability to use data
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transmitted via RBDS by the broadcaster to add
greater value and flexibility to the listener.

Conclusion
RBDS is a technology that is uniquely suited to be
used with personal computers and by linking FM
Radio and the computer, RBDS can change the
way we all think of radio. The RBDS industry is
very close to taking off Many market forces such
as the EIA, EAS and receiver manufacturers,
service providers such as DCI and the recording
industry can work together to create a catalyst for
full implementation of the RBDS standard. RBDS
has the capacity to generate more than $40 million
in incremental revenue for the broadcasters by
offering new services to the listening audience.
Many of the benefits of RBDS can best be
exploited by integrating RBDS receivers in
personal computers so that the data can be
displayed in text and graphics.
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FMV—FM VIDEO SYSTEM INTRODUCTION

Ling-yuan Tseng
Panya Enterprises Co., Ltd
Taipei, Taiwan

ABSTRACT

For a long time, FM SCA has been used to
broadcast analog background music and audio
programs, or provide digital data transmission
services such as paging, stock market and
weather or headline news updates. Some
demonstrations have been offered in the past to
broadcast fax messages and address to individual
fax numbers. Due to the nature of SCA channel’s
narrow bandwidth, its almost impossible to
transmit motion video programs over the SCA
channels. However, technology evolves. The
recently developed technologies of channel
bandwidth compression, video data compression
and some others will make the SCA video
delivery possible. This paper is trying to explain
on a system level how and why it is possible.

INTRODUCTION

Video broadcasting has been dominated for a
long time by TV technologies, this was later
shared with satellite direct broadcasting and
followed by cable technologies.

All of these video delivery technologies occupied
very broad bandwidth. Nowadays, the radio
frequency, a very valuable public asset, is getting
scarce and its very difficult to allocate available
ones. For any new services, it will be almost
impossible to access the already too crowded air
slot. The desire of easy access of video
broadcasting channel becomes higher and higher.
Especially, for those programs which are not
entertainment in nature.

This paper will introduce a new method to deliver
the video programs. It uses the FM subcarrier
channels as the media, then applying the video
compression techniques, channel bandwidth
compression techniques and channel bundling
techniques onto those SCA channels. In this
paper, the description of this new method will be
only presented at the system level. Prototypes
are under construction, and related technologies
are already filed patents with the US Patent
Office.

SYSTEM DESCRIPTION

The whole FM video system will provide two
services, one is the video broadcasting, and the
other is video communications. For regular
customers, only a set-top VCC box attached to
the regular TV set will be able to access or use
those services easily.

Video broadcasting service will involve four
parties i.e.,

(1) video program provider(s)

(2) service center

(3) FM radio stations

(4) recipients/subscribers/customers

Depending on the complexity of the operation
and the area served, the FMV could be
implemented in closed environments such as
school campus, private communities, parks, small
townships, or it can be scaled up to a county
wide, state wide or even nation wide operation.

The whole FMV services will work as follows:
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A program provider will call up the service center
to reserve an air time slot for broadcasting his/her
video program live. At the studio, which could
be at home, kitchen, study, garden, or places with
access to the Public Switched Telephone
Network (PSTN) services, a VCC box will be
hooked to the PSTN. Depending on the high
speed data transmission service he/she can get
from the local phone company, one line or
multiple lines will be needed.

On the VCC, there are ports available for various
I/O ports including a video camera port. Once
the reserved time comes, he/she will start the
camera. The captured motion image frames will
be fed into VCC first for compression, then
depending on the data speed or channel
bandwidth provided, the compressed video data
file will be split into sub-frames and transferred to
the proper channel port(s). There will be a
“video splitter” to handle this job.

On the receiving end of the service center, a
counterpart of the frames merger will concentrate
those sub-frames and merge into the original
compressed video frames. It will then be fed into
the VCC for video de-compression.

Again, depending on the complexity of the
incoming video file the service center’s video
processor will determine how many SCA
channels are needed for broadcasting. For some
not too active motion video programs, 3 SCA
channels will be enough. In some cases, it might
need five or six channels for the full motion image
delivery. Of course, when the technologies of
video compression and channel bandwidth
compression are improved, the number of SCA
channels to be bundled will be less and less.

The video processor will split the whole video file
into sub-frames, and assign them to the available
SCA channels. Maybe more than one FM station
will be needed. The transmission between the
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service center and FM stations shall be the leased
high speed data line.

Before sending out the split video file, the service
center might put in some address codes in each
file to activate only those valid VCCs. Data
encryption can also be performed by using the
stream encryption techniques to minimize the
time delay.

At the recipient site, a VCC set-top box will be
attached to a regular TV set. The VCC will auto
scan the SCA channels and lock the channels in a
bundle for a specific program. The VCC will
merge and decompress the video frames and then
display on the TV screen.

As for video communications, the media will be
PSTN. Basically, only two parties will be
involved, the calling party and the receiving

party.
SYSTEM COMPONENTS
VCC: Video Communication Controller

The Video Communication Controller is an
adapter attached to a regular TV set and
associated audio and video peripherals, such as
video camera/camcorder, VCR, videodisk player,
telephone, and PC/FAX. VCC transmits or
receives video signals via communication
networks, which could be narrowband analog RF
or wideband digital RF channels.

VCC is the key component in the whole FMV
system. The system will offer customers the
video program delivery services as well as
interactive video communication services.

Since the video communication in most cases
only involves two parties, and doesn’t involve
other operations or algorithms, this paper will
only concentrate on the FMV broadcasting
system.



Program providers (parties that generate the
source of video programs), VCC will accept
video signals from the attached video camera,
VCR, or video disk player, then process and
transmit it via the communication network to a
remote site which could be a FMV service center
or an FM station for the scheduling of
broadcasting.

As FMY subscribers, the VCC will receive video
signals from narrowband FM SCA channels, then

process and display it on the TV screen or store it
in VCR, or PC.

The main functions for the VCC to perform are:
(1) compress/decompress motion video signals
(2) merge video sub-frames

(3) provide VO ports for various A/V
peripherals

(4) establish and switch communication channels
(5) detect and demodulate the FM SCA signals
(6) handle the address verification and data
security

FM Transmitter

Any FM radio station, either commercial or
public, will have three subcarrier channels
available for other usage. Those subcarrier
channels which have been verified to not interfere
with regular FM broadcasting are 57 kHz, 67
kHz, and 92 kHz.

At FM stations, a SCA modulator will be needed
to accept the video signals from FMV service
center or directly from program providers and
then modulated onto the main carrier of the FM
station. The physical dimensions of the
modulator will not be larger than a desk top PC.

CCM: Conference Controller Module
This module is an enhanced version of VCC.

Normally, it will be only needed when a live
video conference is in operation. In a FMV

service scenario, one of the most attractive
services will be the telecoursing. Teachers give
lectures at remote places, students scattered over
the area will be able to participate in the live
discussion, raise questions while others are
watching or there could be group discussion
involved. Then, the CCM will be installed at the
teacher’s site.

A CCM has multiple video input ports, and each
will individually accept compressed video signals
from the VCC which accepts the video
communication calls from the conference
participants.

Each CCM will have a master port which will
hook to the teacher’s VCC.

When the live video presentation is given
students/recipients will view the live program
from the TV screen just like the normal FMV
program. When the student has a question and
would like to interact with the teacher, he/she can
switch to video comm mode on his/her VCC,
place the video call and start the discussion.

This video call will go to one of the teacher’s
CCM incoming video call ports. The number of
video calls that can be handled by a CCM
depends on the system requirements.

The CCM will determine the pattern of the
screen, the screen partition, and the space
arrangement. For example, the screen pattern
can be designed so that the teacher’s portion
takes 2/3, while the remaining 1/3 will be divided
and shared by the incoming callers. The
subframes arrangement is dynamically allocated,
and it requires a very sophisticated algorithm.

The mixed screen signals will go through the
normal video compression algorithm, and/or
frame splitting algorithm and be sent to the
service center. So, the students will see the live
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discussion over the screen, just like what’s
happening in the regular classroom.

The students who initiated the video comm will
see the whole “classroom” over the video camera
at the teacher’s site.

Video splitter

This module will boost the video signal
transmission through put over the point-to-point
communication link. In the whole FMV
communication network, the signal transmission
bottleneck will mostly occur at the link between
the program providers and FMV service centers.

For most FMV program providers, it will never
be justified to install a high speed data line
between their office/home to the FMV service
center. This is unless, they can accept the time
delay by sending the video tape to be broadcast
later.

In the cases that live, real time broadcasting is
desired, the question of how to efficiently use
those already existing communication channels
becomes an attractive issue.

Video splitter module will cut the regular video
frame into several subframes, and then transmit
each subframe via separate, independent, slower,
analog communication channels such as the
regular twisted copper wire subscriber loops.
Depending upon the data volume, two such
channels would perfectly do the whole job, or
three or four channels might be needed.

The hook up of regular subscriber loop services is
a very affordable investment for most people.
Thus the huge amount of video data, after it is
compressed, can be transmitted over the several
slower analog channels.
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Video merger

This module will reverse the function of “video
splitter.” It will reassemble the “subframes”
received from several incoming slower
communication ports, then construct them into
the whole picture frame.

The number of slower communication channels
i.e., the PSTN subscriber loops, in most cases,
will be determined by the communication
protocol prior the start of the transmission.

For those that are not full time program
providers, the use of the “video splitter” paired
with the “video merger” at FMV service center
will be the most efficient, affordable, and
effective tool.



4.1 A program provider on-line, real-time FMV broadcasting
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INTERNET AND ITS USE FOR BROADCAST FACILITIES

Tim Pozar
TLGnet & KKSF/KDFC
San Francisco, CA

Abstract

The Internet has proven to be a valuable tool for
reaching the listeners and viewers of radio and
television stations. It is also useful for accessing a
wide variety of on-line materials. With the recent
development of such tools as the Hyper Text
Transfer Protocol (HTTP), Mosaic, low-cost access,
and high-speed modems, the Internet has become
more intuitive and accessible to millions of people.

This paper will provide an introduction to the
basics of the Internet and some of its resources. It
will also focus on opportunities for the use of the
Internet that relate to broadcast programming and
engineering.

1. INTRODUCTION TO THE
INTERNET

Where can you get only 1 hour old weather
satellite images for your area, current state and
federal legislation, and track your FedEx®!
package? How can your audience get information
about your station like programming times, event
directions, and sound and video clips from your
shows any time of the day? Via the Internet . By
having your station plugged in to this global data
network you can all of this and plenty more at a
cost ranging from free to ~$1000 a month.

1.1 Definition of the Internet

Simply, the Internet is a group of thousands of
data or computer networks that are tied together

' FedEx is a registered trademark of “Federal Express”.

via leased lines, or radio (shortwave through light)
that share a common protocol called the Internet
Protocol or IP. IP was born out of some pretty
crude and slow hardware and has had 25 years of
development behind it. It was developed so that
sections could be severed and the network will
self-heal in a matter of minutes. It also scales very
well to the current and future fast network
technology like ATM and SONET. Because of it’s
flexibility and speed, the Internet provides all the
tools to tie local computer networks to others.

1.2 Explosive Growth

The Internet has grown exponentially since its
development by the Defense Department’s
(D)ARPA division just over 25 years ago. In
October of 84 there were 1024 hosts or computers
directly connected to the net. Nine years later
there were 2,056,000 hosts. This January the
Internet had an estimated 4,851,000 hosts
connected (See Fig. 1). The Internet Society
estimates that the Internet will reach 100 million
hosts by the 1st quarter of 1999i.

There is some debate on how many people have
access through these hosts. Estimates range that
there are on average 3iii to 10!V users per host. This
would give a number between 15 to 50 million
people on the Internet. Each one can use the
resources available on the Internet 24 hours a day.

Access to the Internet is available in almost every
point >n the globe. At last count there were 159
countries (and other entities) out of 238 that had
condu:tivityV.
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Growth of the Number of Hosts On
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1.3 New Tools

Up till recently one of the problems with the
Internet was that you needed to know the arcane
“language” of UNIX®2. This was due that most of
the hosts on the Internet ran UNIX. You would
also need to know how to use very unfriendly
Internet tools like FTP (File Transfer Protocol) and
Telnet. There was also the fact that as shown
above, just a few years ago there were few sites on
the Internet that you could gain access to.

Several new tools have made the Internet easier to
navigate and access. About two years ago the
concept of a Uniform Resource Locator (or URL)
was developed. A URL would contain information
such as the protocol, the site and the directory and
file name to retrieve a document. A sample URL
would look something like:

http://www.tbo.com/index.html

This URL defines that a document is available via
the HTTP protocol, from the site “www.tbo.com”
and the file is called “index.html]”. In fact this URL
points to the KKSF and KDFC server where you
can find out all about us. More sample URLs that
point to Internet references in this paper can be
found in the endnote section.

2UNIX is a registered trademark of “X/Open”.
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| With the URL a new protocol was developed

called Hyper-Text Transfer Protocol (HTTP).
HTTP with a mark-up language called Hyper-Text
Markup Language (HTML) created documents
that would have pointers to other documents
embedded in them. If a reader of a HTML
document was interested in knowing more about
microwaves, and that word was attached to
another document, the reader could select it and
be seamlessly transferred to an essay on
microwave theory.

The second major development was a graphical
front-end to the Internet called Mosaic. Mosaic
was developed at the National Center for
Supercomputing Applications (NCSA) department
at the University of Illinois. It is an application that
spoke a number of the main Internet protocols,
including HTTP, to retrieve documents via URLs
and can display HTML documents. A user of
Mosaic would just need to use their cursor to point
to a highlighted word or graphic to bring up
another document that would be related. Mosaic
has popularized HTTP traffic to be one of the
most used on the Internet in the last year.

Recently there has been substantial interest in
creating commercial versions of Mosaic. Spry
Incorporated has taken the Mosaic software,
added some bells and whistles and debugged it
and is now selling it commercially. Netscape
Communications Corp. hired the main
programmers from the Mosaic project at the
NCSA and created a new “Mosaic” called
Netscape. Netscape has added a number of major
improvements to this HTML browser that it is the
application of choice now.

1.4 Ease of Access

Since the Internet was started by the DoD, there
was tight restrictions on who could connect and
what sort of “traffic” would be allowed on the
Internet. With the DoD’s departure, hundreds of
Internet Service Providers (ISPs) have stepped in
to provided the on-ramps to the Internet. Due to
large amount of ISPs competing to be your
provider the competition has dropped the cost of
connecting substantially. Depending on the speed
and the services you want, you can end up paying



nothing on the low end to about $1000 a month for
a fast connection to the Internet.

2. RESOURCES

With this tremendous growth and easy of access
there has been an explosion of wide range of
resources. Your news department will be aided by
news wires from the Voice of America¥!, and
sources like the New York Times and the Wall
Street Journal'il, Press releases are available from
the White Houseviii, FBIiX, FCC* and many other
government agencies and companies.

Federal and State government are starting to make
legislation available. California’s Legislative Data
Center* has put up a server that offers current
bills, statues, and codes. It is updated every night
so you can track the bills as they go through the
process of becoming law. Recently, The Library of
Congress has made available a service they call
“Thomas”*ii (after Thomas Jefferson) where
current House and Senate bills can be tracked and
downloaded.

Writing a paper for the NAB*iil and just don’t have
your dictionary around? You can look up those
two dollar words with dictionaries*V and
thesauruses*V available. Forget the ZIP+4 code of
the station? You can query the USPS’s “ZIP+4
Lookup”*V! server.

3. STATION PROMOTION

One of the basic advantages of the Internet is that
it supports the bi-directional flow of information.
Anyone can put up a server and provide
information to the networked community. This is
where your Promotions, Programming and
possibly Engineering Departments can get into the
act.

There are a number of ways to self-promote your
station. It just depends on how much time and
money you want to throw at it.

3.1 Mailing Lists

One of the least costly ways to promote your
company is with an electronic distribution of a
station “newsletter”. In the Internet this is called a
mailing list. A mailing list would be a list of
listeners/viewers that have contacted you that
they want to receive promotion material from you.
Once a week you would put together a letter that
would talk about upcoming events, programming,
or related information about your station and send
this to your list.

The least expensive way to do this is to get a
“shell” account with an ISP. Shell accounts may
run from $03 to about $20 a month. A shell account
will let you access Internet e-mail and the
conferencing software known as USENET.

As soon as you get your account setup, you will
want to post a message to the appropriate
conference areas on USENET that your station has
an e-mail list that announces station events and if
folks are interested they should drop you a line.
You can also plug the station’s email address on
the air and collect addresses this way. Be prepared
to be inundated with requests to be on your list.
KKSF’'s mailing list is currently over 1000
addresses that we send our weekly electronic
newsletter to.

3.2 HTTP or WWW Servers

The next step in information distribution is a
World Wide Web (or WWW) server. WWW
servers can deliver text, pictures graphics, audio,
movies, and animation via HTTP. A well
developed WWW server can have the same impact
as a well designed listener newsletter to entice or
remind the user to “tune-in”.

Starting up and maintaining a WWW sever will
take a bit more effort and cost than a mailing list.
You can either setup a WWW server in-house or
by renting space from a provider. I would suggest

? You may be able to get the account for free for
mentions on the air. By using the ISP’s Internet e-mail
address for your own, it indirectly plugs the company.
Say if you end up with an address like “kxxx@isp.com”,
the ISP gets their plug.
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that if you don’t already have the expertise on-site
that you look for a provider that can run and
design the server for you. By going outside you
will need to pay for renting the “space” on the
server, and in some cases, some providers charge
by the download. Costs can range from $0% a
month to $500 a month depending on how much
material you make available or how often you
change the site.

Running a WWW server in-house is much more
complicated. You will end up paying for a leased-
line to an ISP and the ISP’s monthly costs. You will
also need to have a computer that will be the
server. This could be a '486 loaded with the
memory and hard disk space needed to run UNIX
or WindowsNT?>. There is also the labor and talent
needed to maintain the system.

So, now you have this nifty WWW server, what
can you do with it? You can start by just putting
up your logos and some short description of the
station. This will get a bit old in a hurry. By
putting up some information that is updated on
some periodical, or adding interesting pointers or
features to the server, you will have a better
chance of repeat business. Let’s look at some
examples.

KKSF/KDFC’s server (See Fig. 2) contains
pointers to electronic versions of our paper
newsletters, documents of current events and
concerts, and we try to constantly change and
features so there is something new each time a
user queries our server.

Since this we are a radio station, pictures and
graphics play an important part in giving some
image to the company. Logos, portraits of the
announcers, and even pictures of the tower can
help listener connection to the station.

Our server averages about 8,000 “hits” per week.
With an average figure of 10 hits per person it
ends up about 800 folks per week may check out
our site. As the Internet grows this number will
only grow too.

s Again, you may be able to trade the service to lower
the cost.

® WindowsNT is a registered trademark of Microsoft
Corporation.

120—NAB 1995 Broadcast Engineering Conference Proceedings

Welcome to KKSF and KDFC

Ox :8¢ Whek Since Nomewday ¢f 1993 [Rev uhadvres A"t teectd }

2ok B for detads an our free Yadeonne's Dy concert with Tuch wid Pod,

CIASSICAL 121 FM

The Canadian Broadcasting Corporation (see Fig.
3), with the help of the Communication Research
Centre, has been experimenting the last couple of
years of distribution of programming via the
Internet. Folks on the Internet can download
recent shows and play them back on their
workstations in entirely.

The CBC has even setup merchandising via their
WWW server. You can order audio tapes and
transcripts of shows, clothing, books and other
accessories. There is instructions on how to order.
New developments by companies like Netscape
will enable radio stations to sell directly over the
Internet by taking credit card numbers and
automating the ordering process.
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3.3 FTP Servers

Although WWW servers are fast becoming the
“defacto” way to distribute information on the
Internet, there is still a large set of the Internet
population that can’t display graphics, or audio. A
File Transfer Protocol or FTP server can serve this
“underprivileged” set of Internet users out there.
The same text, graphics, and sound files can be
then “hand” downloaded and played back on the
user’s workstation. It isn’t quite as elegant, but it
goes a long way from having nothing for them.

3.4 Politics of the Internet

Since the Internet was developed as a non-
commercial network and many folks out there still
don’t see the need for unsolicited advertisements,
you need to be sensitive in the design and delivery
of your materials.

Advertisements should not be forced on a user.
They are paying for the time to download the ad.
A better way of handling it would be to have a
small pointer to an ad and let the user decide if
they want to see it or not. This may mean that you

| will need to come up with some creative ways to
entice the user. “cool” designs, games, or contests
| may be the way you get folks to push that button.

4. INTERNAL STATION USE OF
THE INTERNET PROTOCOLS
AND APPLICATIONS

: | The Internet is built on the concept of “Open
! i Protocols”. The standards for the Internet are well

! known and published in documents called RFCs.

# Many of these free application are powerful
enough to use in the corporate setting. At
KKSF/KDFC we are using applications like
Gopher and FreeWAIS as our Associated Press
wire server. There was no cost to set up this server
(besides the labor) and we ended up with a much
more powerful piece of software suite than what
AP was offering. The down side to this is the
support. You just can’t call anyone in particular
on the Internet at 3am for some help. Support
comes in the form of posting something to
USENET and hope that someone has an answer
for you.

As mentioned in the introduction, the Internet was
designed for Wide Area Networking (WAN). That
fact and that the Internet protocols have become a
widely accepted industry standard, this makes the
Internet the perfect “glue” to connect stations in
your group. (Even Novell has supported IP since
it’s version 3.11 of Netware.) With the appropriate
security designed into your networks, you can use
the Internet to distribute digital audio, video,
copy, accounting data, sales orders and even e-
mail. Internal mailing lists that may share ideas
between the engineering or sales departments can
easily be created. Specialized data like audio or
video is just another chunk of data to the Internet.
One station may get a buy and produce the spot
and it can be quickly distributed to the other
stations.
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5. CONCLUSION

The Internet is flexible, and cost effective. Qur
recurring cost for the server, connection and labor
ends up running about $400 a month. It is
probably the most effective promotional device
that we support.

6. CREDITS AND ENDNOTES

This paper and associated materials are available
in electronic form via anonymous FTP at
kumr.Ins.com [140.174.7.1] in /pub/nab95/.

I would like to thank my wife, Sue Olivier, for the
editing of this document.
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THE TRANSITION TO SERVER-CENTERED BROADCASTING

Stevan Vigneaux
Avid Technology
Tewksbury, MA

INTRODUCTION

The events and developments of the past
two years can leave little doubt in the mind
of the thoughtful observer that the era of
server-centered broadcasting is upon us. It
began with disk-based editing and playback
systems which started entering broadcast
technical facilities in early 1993. Since then
the introduction of a range of nonlinear
production and playback tools from several
suppliers has transformed what was once
seen as a mere trend into a torrent. As the
unquestioned value of disk-based playback
and editing systems became evident, the
next logical step was equally apparent -
linking the separate production workstations
to a central library. Hence, the introduction
of the video production server at NAB 1993.

This NAB has finally witnessed the entry of
some of the industry’s behemoths who are,
at this fairly late date, acknowledging what
the rest of us have known for several years,
the age of broadcasting from disks
connected to a central server has surely
and securely arrived. It would now require a
true Luddite to suggest that the majority of
broadcasters will not be using server-
centered production and playback systems
within a few years. Virtually everyone in this
room already has a vision for the future of

the technical facility for which they are
responsible. A vision which is certainly
awash in disk-based systems connected to
a server with a central library and archive.

A famous comedian is reputed to have said,
“I'm not afraid of dying, | just don't want to
be there when it happens.” Most of us have
had similar thoughts about disk-based
technology. We're not afraid of being there.
It's the process of getting there that bothers
us.

No matter how sharp and clear a vision
each of us has for the future, there is that
“fuzzy” area, the phase between where we
are today and where we're going to be. It's
somewhat like standing on one side of a
chasm spanned by a great bridge. Each
side of the chasm is sharp and clear. We've
enjoyed being where we are, yet we look
forward to getting to the other side. But the
bridge is cloaked in fog and mist so we're a
bit uneasy about crossing over.

Even though video servers dominate the
trade press and the “trend” to disk-based
systems for editing and playback has
become a torrent one must still ask, “Why
should my station, network or production
center make the change?” No one wants to
risk getting caught up in a fad and ending
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up as a technological and professional
lemming. The reason to make the change is
the best possible one, server-centered disk-
based production systems make the
production process faster, easier and more
efficient, and enable the production of
higher quality broadcasts, both creatively
and technically. Having decided to make
the change and embrace a server-centered
disk-based production system, the next
question is, “How?”

The purpose of this paper is to walk through
the process raised by these two key
questions. This paper will briefly review
why one would want to make the transition,
then speak about some of the transitional
planning issues, and conclude by
discussing the transition process itself.

THE BENEFITS OF DISK-BASED
SYSTEMS

Disk-based systems first appeared as off-
line pre-production editors in post houses.
They were restricted to off-line use because
early compression systems gravely limited
their image quality. Despite their poor
image quality, disk-based editing systems
were quickly adopted into wide use because
they provided substantial increases in
editing speed which rolled immediately to
the production’s bottom line. Programs and
commercials were off-lined in twenty to fifty
percent less time. Further, the random
access capability of the disk drives allowed
the production team genuinely revolutionary
creative freedom. Changing an edit or
modifying a sequence no longer meant
going back and recutting daily rushes from
the sound stage or changing several tapes
and waiting for them to shuttle to the right
point so the edit could be performed.

Broadcasters who have already adopted
disk-based editing systems have found the
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same benefits of editing speed, flexibility
and creative freedom the nonlinear pioneers
discovered just a few years ago. The big
difference is that today’s disk-based
nonlinear systems have on-line quality.
Broadcasters around the world are going to
air daily with news, programming, and
commercials stored, edited and played on
disk. Disk-based playback systems for
commercials and/or news stories are also in
constant and rapidly increasing use. Itis
overwhelmingly evident that disk-based
editing and playback systems have already
become the hottest technology in
broadcasting and that servers will be the
single most important enhancement to
broadcaster's production toolkit for the late
1990s and beyond.

EDITING WORKSTATIONS

As mentioned previously, editing on disk is
faster, more flexible, and provides increased
creative freedom.

Speed

Disk-based editing is faster because
editing, by its very nature, is a
constantly changing process. |It's
faster because there is no need to
wait for tape machines to shuttle or
tapes to be changed. It's faster
because any “mistake” can be fixed
with a single click on the “undo”
button. It's faster because it replaces
the complexity of time code numbers
and obtuse commands with an easy
to understand and use graphical
interface. The speed derived from a
disk-based editor can translate into
greater productivity, more stories
coming out of the edit room each day,
or better stories from a creative point
of view because the system's speed
allows operators the extra time to try
things differently.



Flexibility

Those of us who remember
typewriters and carbon paper need
no convincing about the benefits of
word processors and laser printers.
These new tools brought us more
than just faster work flow, they also
gave us the freedom to change, the
chance to rework a sentence, the
opportunity to delete that line we put
in and later thought better of. We
may call it word processing rather
than nonlinear writing but that’s just
what it is, nonlinear writing.

There are a wealth of parallels
between the flexibility of the word
processor versus the typewriter and
disk-based editing systems versus
linear technologies. Nonlinear video
and audio editors provide the same
freedom to change, “the freedom to
change your mind without losing it,”
as one advertisement reads.
Nonlinear editors allow us to go back,
in an instant, and change a transition
from a cut to a dissolve, and then
change it back again if we prefer.
Disk-based editors allow us to make
one version of a story for the six o-
clock newscast and quickly produce
an enhanced one for the eleven
o’clock show without being forced to
completely recut the story.

Creative Freedom - Story Quality
The speed and flexibility of disk-
based systems enables editors to
produce better stories, better
programs, better commercials, better
promos. It is true that even the best
word processor can not make a good
writer out of a bad one. But, it gives
the good writer the tools to become a
better, more productive writer. It is

equally true that even the best disk-
based editing system won't turn a
slice-and-dice editor into a video
artist. However, in the hands of a
skilled user the speed and flexibility
of disk-based editors frees their
creative abilities. Suddenly the
hardware is out of their way for the
very first time. No worrying about
drop-frame calculations, no thought
given to match—frame errors.
Instead, all the operator’s energy and
interest can go directly to where it
was always supposed to be going,
the piece being edited. The net
result of this new creative freedom is
better results that provide the edge
broadcasters need in today's
increasingly competitive market.

PLAYBACK SYSTEMS

Playback systems are the lifeblood of any
broadcast facility. It doesn’t matter how
brilliantly the news stories have been edited
if they can't get to air reliably. Even more
important is the playback of commercials,
the “cash register” for every station and
network. Disk—based playback systems
have surged into broadcast plants because
they provide:

Reliability

Today'’s disk drives have mean time
between failures in excess of five
hundred thousand hours, well over
fifty years. The introduction of RAID
technology has enhanced even that
stellar capability by producing
virtually absolute reliability. Heads
do not clog, tapes do not misthread,
drop-outs do not occur. Disk-based
playback systems are so reliable that
some vendors have tried extending
the lives of antiquated videotape
jukeboxes a few extra years by
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adding “front end” disk caches to
provide the reliability tape-based
playback islands have never offered.

Flexibility

As has often been said, the only
constant in broadcasting is change.
Change in the rundown for the
newscast, change in the commercials
to be played, change in the program
log, and then more change in the
news rundown and the commercial
playlist. Disk-based players excel at
change because they provide the
same nonlinear random access as a
disk-based editor. Rundowns can be
changed seconds prior to air with no
concern that the change will not
make it to air. It will, every time.

Ease of Use

The better disk-based playback
systems have gone beyond merely
replacing tape machines and
jukeboxes. They have made work
easier for the operator and in doing
so have increased both human
reliability as well as the system’s.
The more innovative disk-based
playback systems have added
features such as on-screen video
reference frames so there's more
than just a line of text to describe
which spot is about to run next.
They've also added true muilti-
channel capability, multiple playlists
or rundowns, instant access
emergency clips, and status displays
which can be customized to each
operator or station’s particular needs.

Disk-based editing and playback systems

have brought great speed, flexibility and
reliability to broadcast use. But, what if they
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were able to all work from a central library
with shared simultaneous access?

THE BENEFITS OF SERVER-CENTERED
SYSTEMS

The next step in the evolution of disk-based
systems is networking to a central library, a
media server. The server takes each of the
benefits mentioned previously to a higher
level by integrating all of the individual
production and playback workstations, the
disk-based recorders, editors, and playback
systems, into a complete and coherent
whole. Perhaps the best analogy is to build
on the comparison to the word processor. If
disk-based editing and playback is to
broadcasting what the word processor is to
writing, then adding the server is
comparable to desktop publishing.

The presence of a central library introduces
many new capabilities and efficiencies to
the production process, in addition to those
already listed for disk-based editing and
playback systems:

Shared Media

In a well-implemented server-
centered production system multiple
users are able to simultaneously
access the same media. That means
one edit bay cutting a story on the
governor resigning, another creating
a story on the likely successor, a
third building a promo for the
upcoming newscast, and all three of
them using material from the same
video clip of the resignation speech.

Speed

Speed is as much a benefit of
networked workstations as it is for
disk-based production islands. Some
of the speed comes from being able
to share the media. There is no need



to wait because it's all instantly
available to multiple users. Speed
also comes from directly recording
incoming feeds into the server
thereby providing instant access. No
more waiting for tapes to be ejected
from the feed recorders and running
them down the hall to the edit bay. in
fact, at least one currently available
server allows editing to begin while
the feed is still being recorded,
eliminating even that time delay.

Media Management

Perhaps the single most valuable
asset any broadcaster owns is the
media. Yet, despite its phenomenal
value, it is not usually managed very
well. Tapes containing the only
copies of the day's major events
move from place to place with little if
any control. Many times the media
management system consists of a
harried producer screaming into the
intercom, “Who has the tape with the
resignation speech?”

In server-centered production
systems, all the media is in one
place, the server's redundant RAIDed
drives. Having the media centrally
located, and knowing it will not be
leaving there, makes it truly
manageable for the very first time.
Every incoming feed can be named
and cataloged by date, time, source
name, and any other relevant data.
The system's database allows
searches on any portion of the
catalog data to provide fast retrieval.

Having reviewed why the benefits make it
important for broadcasters to move with all
due haste to disk-based, server-centered
production and playback systems it is time

to examine the question of how to make the
transition.

THE TRANSITION

Based on observations at dozens of
broadcast sites around the world there are
several key principles which aid the
transition to server-centered broadcast
systems.

DEVELOP A VISION

The first stage in any major transition is
developing a vision. That's business school
speak for figuring out what the benefits are
expected to be and how the station will be
transformed by the time the transition is
complete.

In the world of broadcasting, developing a
vision mandates a team approach. The
chief engineer who tries to develop the
vision without genuine input from news,
traffic, sales, and the general manager will
almost surely fail. This applies to news
directors and general managers as well, of
course. The transition to server-centered
production is a major change which will
affect everyone from the news producers to
the editors to the master control operator,
the traffic department and even the sales
force. Everyone needs to be part of
daveloping the vision. That does not mean
that one person can not lead the process,
that is probably essential. But it does mean
that no one person or department can force
the process or control it.

What is the right vision for your plant? Is it
a collection of disk-based editing islands for
news which dub the finished product back to
tape for playback in the traditional manner?
Or is it a server-centered production system
where all the users can access and share a
common central library? Does the right
vision for your facility go all the way to
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putting video on journalists’ desktops so
they can browse, screen, and perhaps even
rough cut or edit stories? Does the vision
include wide-area production so users can
browse and then share material with other
stations and even access the massive video
databases being brought on-line in the next
few years?

Does the right vision for your plant start and
stop at a disk-based commercial playback
island so there is no need for networking?
Or does the right vision for your facility start
with a disk-based commercial playback
system and extend to networked program
and promo editing workstations? Does it
include the traffic department having direct
access to the media library so they can
verify and manage its content or will they
still have to walk to engineering just to
screen a spot?

One key step in defining the vision includes
reading the available literature. There have
been dozens of articles in the trade press
this past year alone on disk-based editing,
playback, servers, networks, and even the
disk-based field recorder being introduced
at this NAB. Another step is to use that
literature to cull key vendors and then meet
with them. Have them present their view of
the present and the future, making clear
what is already real versus what is purely
vision, and then select those vendors whose
vision meshes best with yours for second
stage consideration.

Then go back and re-examine the vision. Is
it realistic? Is it reasonable? Is the
timetable and budget within your reach?
After adjusting the vision and further refining
its details it is time to move forward.
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MAKE A COMMITMENT

Once the vision has been defined, and it
need not be overly exhaustive in detail, the
next critical step is to make a commitment.

A real commitment. The best prescription
for failure in introducing any new technology
is to treat it as an option, something the staff
and management can either use or not use
based solely on whim.

One station put a nonlinear editor into their
news editing area and trained all the

editors. There was a lot of excitement for a
couple days. A few weeks later the unit lay
ignored and essentially unused. Why?
Because neither news nor engineering
management made it a priority. They didn't
treat the system as if it were important to the
station so it wasn’t important to their staffs.
So, when the daily crunch came, the staff
usually dropped back to their tape-based
editing bay to cut the next story. The project
failed and the unit was withdrawn.

Another station, in the same town, put the
same disk-based editor into their news
department. After a few weeks it became an
editing mainstay for promotions, sports,
features, and series. The news director has
told the director of engineering he wants all
his bays converted to disk-based systems.
Why such a different result? Because the
technology was made a priority rather than
an option. Two editors, not the whole staff,
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