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Dear Industry Engineer,

On behalf of NAB’s department of Science & Technology, I am pleased to
present the 1990 NAB Engineering Conference Proceedings. We are very proud of these
state-of-the-art technical papers covering so many important areas of U.S. broadcasting.
In radio, we present papers on Digital Audio Broadcasting (DAB); the Radio Data
System technology proposed for U.S. FM broadcasters; a progress report on NAB’s
experimental AM antenna project; and, of course, many fine papers on new radio
engineering techniques and technologies. For television, we present papers on NTSC
ghost canceling; Advanced Television; and new TV engineering techniques and

technologies.

We live in an age where the pace of technology development seems to accelerate
every year. Our challenge is to decide, as an industry, which, if any, of these
technologies we should embrace. Let NAB’s Proceedings help answer these questions.

It’s a very exciting time to be in broadcasting.

Best regards,

ML e

Michael C. Rau
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NEWS AUTOMATION AND MACHINE CONTROL.:
THE MARRIAGE OF JOURNALISM, PRODUCTION
AND ENGINEERING

Richard Pierceall
BASYS, Inc.
Mountain View, California

Introduction

With an increasingly competitive market, the need for
lowering costs while maintaining quality and accuracy
of news broadcasting has become of paramount
importance. The broadcast industry has gone through
many changes over the last few years. There is an ever
increasing number of choices offered to the viewing
public, such as the diversity of cable programming, pay-
per-view and video tape rental. As the "pie” of
television revenues is being cut into many more pieces
than ever before, the end result is a reduction in each
station’s proportional share.

Competition for the viewer has never been higher. For
the broadcast news operation, quality of programming,
accuracy of information and the importance of being
first with a story has become even more important.

Machine control systems have recently been
developed as a tool to help news organizations meet
the goal of doing a better job for less. In conjunction
with newsroom computer systems, many are expioring
the benefits of expanding the role of the computer in
news gathering and production to also inctude control
of on-air production devices.

With computers extending their influence over the
entire spectrum of news coverage, many mundane
tasks can be handled automatically with greater
accuracy, giving more time to focus on overall quality
and lowering overall operating costs.

Traditional Staffing Duties

Traditionally, there are clearly defined boundaries
surrounding the various departments involved in
broadcasting. The News department is responsible for
gathering and reporting the events in a timely, accurate
and informative manner. They rely upon the Production
and Engineering departments to bring their stories to
life on the air. Video tape, graphics, titles, special
effects, cameras and lighting are usually handled by
the Production department. The Engineering
department is responsible for the on-air operation of

production devices and maintenance of all electronic
systems associated with the broadcast organization.
The producer and director are there to make sure that
all of the elements come together and stay together
during the dynamics of a news broadcast.

Machine control systems are re-defining the roles of
these departments. For example, these systems allow
a reporter to input character generator information into
his script, and this text is transferred automatically into
the production device. The producers can query the
graphics system from their newsroom terminals, assign
pictures to scripts and automatically build these into a
playlist of pictures for the broadcast. The status of video
tapes can be monitored automatically from the
newsroom. With the advent of systems and
communications to offer this kind of automation, a
closer association between departments becomes
necessary.

The Newsroom Computer System

Computerization in broadcast news is by no means a
novel concept. For over ten years, newsroom computer
systems have streamlined the news gathering process
for journalists. These systems receive information from
wire services, file and distribute it. Word processing
features have eliminated the use of typewriters.
Database features rapidly put information at the desk of
whoever needs it. Seamless connections from remote
sites and to other data sources offer writers a world of
research material. Aired scripts can be fed to electronic
teleprompters and closed caption systems, allowing
story revisions, additions or deletions. Producers can
re-organize the show on-air, and have all the timing
parameters computed automaticaily.

This ail adds up to faster access of vital information,
greater accuracy and more efficient use of people's
time. Everyone who works with a newsroom computer
system shares a common communications, information
ard production tool.

1990 NAB Engineering Conference Proceedings—1



Machine Control Systems for News

By expanding the scope of the newsroom computer
system to include communication with production
devices, the same benefits of increased efficiency,
accuracy and lower overhead offered to the news
department can be put forward to both production and
engineering departments.

With machine control systems, the newsroom computer
system becomes the central source of all information
regarding the news broadcast. Anyone can, for
instance get a current listing of correctly sequenced
video tapes required for a particular show. An order for
Character Generator titling is never re-typed, or lost,
and can be immediately transformed into a C.G. super.

All video elements for a particular story are associated
with that story in one place. As the story changes, all
changes are made in one system, eliminating
discrepancies in story versions. As the order of stories
is changed throughout the broadcast, the sequence of
elements in the production devices is automatically
kept in sequence with the producer's rundown of
events.

Machine control systems also offer logical, universal
playback interfaces for production equipment. These
systems allow for playback control of many different
devices from a single control position. This aliows for
greater staff overlap between device types. For
example, the same operator could operate the C.G. and
electronic still store for the 3:45 cut-in, then run
videotape playback for the 6:00 show from the same
location in the control room.

Current Machine Control Installations

Notabte European broadcasters have taken significant
steps toward automating the news broadcasting
process. Swiss Radio and Television began controlling
a Sony Betacart videotape machine from their
newsroom computer system in 1987. They were
followed in short order by TV2 in Finland. Independent
Television News in the U K. is approaching news
broadcast automation with a total systems approach.
They are re-tooling their entire operation to take
advantage of integrated newsroom computers, a
machine control system and resource management
systems.

SKY Television, Europe's 24-hour news operation
began automation of tape playback in early 1988 and
has expanded its control of production gear to include a
network of Chyron Scribe character generators and a
Quantel DLS graphics system.
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KYW Television in Philadelphia has recently installed a
machine control system to interface their newsroom
computers to Chyron 4100EXB character generators,
Quantel DLS 6000 electronic still store, a Sony
Betacart machine and eventually to a robotic camera
system. Acceptance of these changes by both
management and staff at KYW has been very positive.
Their adaptation to machine control required only minor
changes to standard operating procedure and has
streamlined the news process considerably.

Overcoming the Obstacles

Machine control systems automate considerable
amounts of work once handled by people in the
Production and Engineering departments.

The newsroom staff becomes directly responsible not
only for the accuracy of the scripts but for the visual
content as well. This gives them greater responsibility
as complete story managers, and gives them the tools
to control all elements within the news broadcast.

The production department is no longer responsible for
the data entry of C.G. text, still store stacks, cart
machine playlists or camera and lighting cues for the
news broadcast. This provides more time for these
highly trained individuals to concentrate on the overall
production, as well as time to create the subtle nuances
which make the program one of higher quality. They
have more energy to devote to the creative, because
less time is devoted to information management.

The engineering staff can afford to have fewer highly
skilled operations engineers, as playback control of
production equipment becomes easier. This allows for
greater staff overlap, reducing operating costs. Also,
the newsroom computer and machine control system
become an integral part of the broadcast equipment,
bringing these into the realm of the maintenance
engineer.

Fears and Anticipation of Further Automation

It is inevitable that as computer systems in broadcasting
become more advanced, our reliance upon them will
increase. Many steps are being taken to standardize
computer network protocols to pave the way toward a
more automated "Total Systems" approach.
Automation wili never replace the creative elements of
a process, only reduce the mechanical, the repetitious,
the mundane. There are obviously financial benefits to
automating these tasks, but the real benefit comes from
offering more time for fewer people to do a better job
with less effort.



There are many considerations to be pondered as
computer systems build bridges across departmental
gaps. Obviously, these systems must be easy to use.
Also, the more associated any computer system gets to
the actual on-air product, the higher the degree of
reliability it must maintain. How will the unions adapt to
these changes? Consider the increased stress factor
when machine control systems put more power in the
hands of fewer people.

Summary

With computer systems diminishing some of the
complexity involved in the broadcaster's daily routine, a
better program is inevitable, with much greater
information accuracy and a lower cost. Despite the
negative implications that come with further
computerization , machine control systems offer
exciting new opportunities for news broadcasting.
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A TECHNICAL DIRECTOR’S WORKSTATION—
THE FINAL INTEGRATOR

B.J. Goldsmith
BASYS Connolly Systems
Guildford, United Kingdom

INTRODUCTION

The ever-increasing demand placed on broadcasters
to maximise the utilisation of studio equipment,
whilst ensuring optimum staffing, has accelerated
the acceptance and implementation of automating
the control of broadcast equipment.

During the past two years, the broadcast industry
has experienced a sudden surge of hardware and
software products intended to provide the broad-
caster with the ability to automate the control of
selected items of equipment. In particular has
been the increased functionality of newsroom
computing systems which now integrate the control
of news presentation equipment with the programme
rundown schedule. Similarly, major advances in
broadcast studio camera robotics have allowed
camera positional control to be driven by
instructions embedded within the rundown. The
overall effect of this high degree of automation
has been the response time necessary to incorporate
fast-breaking news stories has been improved, with
the added benefit of reducing the manpower
required to control the equipment.

Up to the present time, significant developments
have been targeted towards the control of eguipment
used for front line programme production. However,
little attention has been given to automating the
control of second line equipment, not usually
directly associated with on-air control. It is
believed that this situation will change and due
consideration will be given to both areas of
operation in order that a fully integrated approach
can be implemented. As the current evolution in
automation continues, it will be necessary to
extend the options available. This paper describes
the concept of control that can be achieved from a
Technical Directors workstation, providing
centralised control and supervision of a wide range
of broadcast equipment used for programme
preparation and production.

THE CONCEPT

With the proliferation of different products
available today, one of the major problems facing
the Technical Director of the 90s will be that
associated with the issue relating to centralised
control. It is a recognised fact that each
individual item of equipment currently has its own
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control panel supported by operator display
heiroglyphics, unique mode of operation and, in
many cases, its own visual monitor display.

The result is a myriad of control panels taking up
considerable and vital real estate on the console
and demanding an intimate knowledge of their
operation. It is logical to assume that this
situation could be considerably reduced by the
concentration of input and activity status-output
control functions. This final integration process
will be achieved by the Technical Directors
workstation. The workstation will allow control
access to be easily and directly achieved,
enabling the Technical Director to easily
assimilate status and provide the necessary
monitored feedback.

Complex operator commands can be met by the
introduction of touch screen technology for control
input, coupled with the extensive use of ICON
displays for status and activity confirmation. It
will also be necessary that system functionality
would include the capability to enable the
selection of single input instructions to generate
multiple commands to any number of related and
interconnected devices. Although a phased approach
to total integration of control automation would be
the conventional path to follow, with the control
of routers and VIRs being given highest priority,
it is arguable that importance should also be given
to extending this control to include a complete
range of miscellaneous control room systems,
ranging from monitor displays to frame
synchronisers, each achieved with similar ease.

TECHNICAL DIRECTOR WORKSTATION

The Technical Director Workstation comprises a
dedicated computer which has direct access to a
high speed data interchange network, structured to
allow real time operation between the Host
Computer, Workstation Terminal and broadcast
equipment. A number of Workstation Terminals will
be capable of communicating with the Host Computer,
thus providing regulated access by other key
broadcast personnel. The Host Computer will inter-
face with Workstation Terminals via an Ethernet,
Local Area Network (LAN). Connected to the LAN
will be a number of Machine Control Units (MCUs) .
Each MCU is identical with regards to hardware
configuration and is characterised within the



network by its resident software configuration.
The software configuration or machine driver
software identifies the specific machine under the
direct control of the host. Examples of these
machines would include:

Cart machines
VTRs

Routers
Intercom systems

A typical system configuration is shown by Figure 1
which illustrates the interconnection by the
Ethernet of the three component parts:

(a) Host Computer
(b) Workstation Terminals
(c) Machine Control Units

Host Computer

To meet the control demands of the average studio,
the Host Computer would require the power of a DEC
vaX 3100. If, as is often the case, a high degree
of fault tolerance is required, two VAX 3100s would
be configured to operate in a main and standby
mode .

Workstation Terminals

A Workstation Terminal would be an IBM or
equivalent 286 PC, equipped with a high quality
colour touch screen overlay. The use of hard disc
storage can be avoided as the run time software is
downloaded from the Host Computer.

Machine Control Units

At the heart of a Machine Control Unit are two
68000 microprocessors, configured to provide inter-
facing control via four serial i/o ports and eight
parallel lines. The typical configuration is
illustrated by Figure 2.

Application software for the MCU is held on the
Host VAX and downline loaded on request or during
the initialisation process. This design concept
allows numerous machines to be controlled by
identical MCUs. Connection to the Ethernet allows
a number of MCUs to be distributed throughout the
studio. External connections by third parties can
be made to the Ethernet in order that status
monitoring can be achieved. However, such access
would be restricted so as not to affect system
response time. Use of Ethernet bridges would
assist in access restriction and security.

Having now outlined the concept and necessary
hardware and software, the key issue is how such a
system can meet the demands imposed by controlling
numerous items of equipment. For the purpose of
this paper, two high level and two second line
devices are discussed in detail.

The Technical Director workstation has been

orientated around the use of a touch screen input
supported by a keyboard. The keyboard is used to
set up text files and to enter instructions which

are not required to initiate time critical
activities. Each item of broadcast equipment to be
controlled is allocated a defined icon profile.
Controlled access of each item of equipment is
achieved by touching the selected icon displayed
within the icon menu. When control is passed to
the Technical Director, the screen is refreshed by
a new display which is orientated towards
displaying the device under control, with a
graphical representation of the functionality now
available to the Technical Director.

Input Assignment Routers

News and Sports programmes require an ever
increasing number of external lines to be fed into
the studio, these lines all arriving at the main
input matrix. Economic considerations, coupled
with practical realisation, often result in the
associated vision mixer not being able to
accommodate all the incoming lines simultaneously.
In order to handle such conflicting situations, it
is necessary to pass external lines through a pre-
assignment router. This would be accomplished in
a way that at any point in time a pre-selected
number of lines can be presented to the switcher.

By selection of the pre-assignment switcher icon at
the workstation, the Technical Director will be
presented with a visual display of all the input
lines available, each source being boxed and
identified, examples being "LANDLINE 1-WHITE HOUSE"
or "0.S.6-LONDON", the text having been previously
entered via the keyboard, typically coupled with
the ancillary information which may include a
correspondent or interviewee's name.

The presentation of crosspoints available enables
the Technical Director to directly select or
deselect followed by select of the appropriate
crosspoint selection. This action being achieved
by touching the relevant positions on the screen.

A database can be constructed of sources available
to the Technical Director. This would reduce the
amount of keyboard work required. Such a shared
database reduces the need for each operator to input
identical information.

Video Tape Recorders

Similar to the initial stages of control for the
router, the first process in selection is by
touching the VTR icon. This in turn presents the
Technical Director with a graphical display of
VTRs available for selection, hence allowing the
Technical Director to select the required VTR icon.
At this point, displayed on the screen would be a
pictorial representation of the VIR controls made
available to the Technical Director. Figure 3
illustrates the format displayed to the Technical
Director. Control is exercised by touching the
relevant box. Typical functions include Play, Fast
Forward, Rewind, Record, Stop, Jog, Eject, In/Out
Cue points

This method of control is applicable to either
single or multiple configurations of VTRs.
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Facilities also allow both serial and parallel
recording to be achieved, enabling recording of
both long items or even multiple recording.

Second level systems can include Monitor
Designation Displays. Monitor stacks in both News
and Sports studios are becoming unmanageable in
both size and number as an ever-increasing number
of sources is being made available for programmes.
In many cases, control rooms now include multi-
character alphanumeric LED displays under each
monitor to identify the source. 1In the case of
monitors showing external sources, it is of
significant importance that a true identification
is shown at the monitor. This requires that when
the source is deselected and replaced by another
source, the system is sufficiently dynamic to
follow the change and update the associated
monitor LED.

An important aspect of the Technical Directors
workstation is that single input commands result
in simultaneous instructions being passed to all
affected equipment and displays. When an external
source is routed into the studio, it is often
required to simultaneously route intercom channels
to provide single or two way communication. This
presents yet another case where the Technical
Directors workstation must know and issue the
relevant switching commands to the studio’s
intercom system such that the required channel can
be correctly configured. In addition to passing
the necessary switching commands, the system would
generate the abbreviated display information that
would be used by the intercom system if fitted
with LED displays.

FUTURE

This paper has outlined the concept of a Technical
Directors Workstation capable of undertaking the
role of a centralised control point for a
Technical Director. It is recognised that the
movement and evolution into fully integrated
control will take time and will, in many cases,

be as the result of a phased approach. However,
the requirements of a Technical Directors Work-
station will also evolve and be influenced by
implementation. Of prime consideration will be the
continuity of display which is in essence
irrelevant to the machine under control but vital
to the Technical Director. The approach described
is based on hardware that is independent of the
machine under control, with characterisation of
the machine controller being held in software.
This approach allows new machines to be readily
interfaced and will be of special interest when
second level machines such as Frame Synchronisers
and Dish Positioning Systems become incorporated
with automation control.
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RECENT ADVANCES CAUSE INCREASE IN CAPTIONING
OF LOCAL TV NEWS

L. Sanders Smith
Dynatech NewsStar, Inc.
Madison, Wisconsin

ABSTRACT

Because of community pressures and competitive forces, closed
captioning of local news is a subject of great current interest to TV
station executives. But as recently as August of 1987, fewer than one
dozen affiliate TV stations were offering closed captioning of local
news for their hearing-impaired audience. This is in direct contrast to
the high proportion of closed captioned programs available in national
network broadcasts.

The reason for such low numbers was because the only methods
available then were either too expensive or operationally unaccept-
able. But recent advances in newsroom automation technology have
caused adramatic increase in the number of stations now offering local
news captioning.

This paper will review all methodologies currently available for the
captioning of local news, giving the advantages and disadvantages of
each. It will also explain why captioning via electronic newsroom
systems has become so widespread. Finally, it will cover the actions
that a station should take when it commences closed captioning its
local news.

HISTORY OF CLOSED CAPTIONING

For most of us, it is almost impossible to imagine a world
without sound, but millions of deaf Americans live in
silence. That silence was at least partially broken in 1980
with the launch of the national closed captioning service,
making television accessible to deaf and hearing-impaired
people. Theimpact of closed captioning on the lives of deaf
people over the last ten years has been dramatic, because
for them, it has brought meaning to the most important
medium of our time—television. The tremendous growth
in the availability of closed captioned programming since
1980 confirms the commitment of the broadcast industry
to this segment of the television audience.

The precursor to closed captioning was open captioning—
captions visible toall viewers—aserviceintroducedin 1972
by The Caption Center in Boston, Mass. The first open
captioned news program, The Captioned ABC News, pre-
miered in 1973, giving the hearing-impaired audience
access to national television news for the first time. The
captioned version was rebroadcast each evening on PBS
five hours after the newscast aired on ABC.” At the time,
this was the best that technology had to offer, and the
delayed captioned version of the program provided a
valuable service to the audience.

The concept of closed captioning—captions “hidden” in
the television signal until decoded by an adapter on a
television set—originated in the 1970s at ABC, thanks to
the leadership of then-owner and chairman, Leonard Gold-
enson. A system which had just been developed by the
National Bureau of Standards for transmitting time and
frequency information in the vertical blanking interval’ led
two ABC executives, Julius Barnathan and Leonard Mas-
kin,* 10 speculate that a similar system could transmit
captions for deaf people. They envisioned a system that
would allow hearing-impaired viewers to watch captioned
programming through a decoder while allowing hearing
viewers to watch the same programming without captions.

Shortly thereafter, with support from the U.S. Department
of Health, Education, and Welfare (HEW), development of
the line-21 closed captioning method began, with signifi-
cant cooperation from ABC and PBS. In 1976, the FCC
reserved line 21 for the transmission of closed captioning
data. In 1979, with seed money from HEW, the National
Captioning Institute (NCI) was established as a private,
non-profit organization to provide a national closed cap-
tioning service and ensure its permanence in the television
industry. To fulfill its mission, NCI sells the captioning
service to the television industry, obtains Federal and pri-
vate funds to underwrite captioning costs, and manufac-
tures and distributes the TeleCaption decoder.”> NCI now
operates as an independent non-profit corporation which
supports itself through the sale of captioning services and
decoders.
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In 1980, closed captioning premiered with 16 hours of cap-
tioned programs airing each week on ABC, NBC, and PBS. At
that time, technology allowed the captioning of programs only
when the captions could be prepared in advance of air. This
“off-line” method of captioning is still used today on prere-
corded programming. Caption editors, watching a 3/4" work
cassette of a program with timecode, use a computer to enter
the program dialogue as captions, editing the dialogue when
necessary to present the captions at a readable speed. Each
caption is assigned an appear and disappear time based on the
timecode. The captioning data is stored on a floppy disk.
Before the program airs, the data is encoded onto line 21 in the
vertical blanking interval of the master tape. (The encoding
process requires aspecial piece of equipment, called anencoder,
manufactured by EEG Enterprises.6) The captioning data is
then broadcast as part of the program video, but the captions
are visible only when decoded by a TeleCaption decoder.

In 1981, The Caption Center became a second provider,
after NCI, of closed captioning services to the television
industry. Closed captioning quickly developed a loyal
following in the deaf community, and the service grew.
The audience most frequently requested that television
movies and national news programming be captioned,
according to NCI. Recognizing the need to make national
television news and other live events accessible to hearing-
impaired viewers, NCI then developed “real-time” cap-
tioning technology, which allows captions to be produced
almost simultaneously as words are spoken. Real-time
writers originally trained as court reporters phonetically
transcribe program audio into a computer which translates
the phonetic symbols into English words. In 1982, ABC’s
World News Tonight was the first daily program ever to be
real-time closed captioned.

With real-time captioning technology a reality, it was now
possible to closed caption live television programs such as
news, sports, and talk shows in addition to the taped pro-
grams captioned with the off-line method. Beginning in 1982
and continuing today, presidential speeches and press confer-
ences, special news reports, and the Academy and Emmy
Awards are captioned using the real-time method. By the
mid-1980s, the mix of captioned programs grew more varied.
Important nationally televised events, such as space shuttle
launches, the 1984 Winter Olympics, the 1984 political con-
ventions, and 8]:)rimary election coverage were captioned for
the first time.” CBS began providing line 21 captions on a
variety of programming, joining the other two commercial
networks. The home video industry became a major sup-
porter, with studios funding the captioning of popular home
video titles. Thousands of commercial “spots” had been cap-
tioned. HBO and Showtime provided captioned program-
ming. Private funders of closed captioning, primarily the
networks, advertisers, producers, and corporations, recog-
nized closed captioning for its ability to enhance corporate
public image. As closed captioning came of age, the hear-
ing-impaired audience focused its loyalty on those organi-
zations funding closed captioning,” further reinforcing the
value of the service to its supporters.
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Even more captioning milestones were achieved in the late
1980s. In 1987, Wheel of Fortune and Jeopardy! became the
first game shows captioned. The amount of captioned
syndicated programming increased, and in 1988, the Oprah
Winfrey Show became the first talk show captioned with the
real-time method. By early 1988, all three network evening
newscasts were captioned, giving hearing-impaired view-
ers true equal access to national news. Later that same year,
a grant to fund the captioning of thousands of hours of
sports programming over a three-year period was
awarded by the U.S Department of Education. The grant
money is combined with private funds to allow the cap-
tioning of various sports events including basketball, foot-
ball, golf, baseball, and bowling. Basic cable programmers
and operators joined the list of captioning supporters. At
the start of the 1989-90 television season, for the first time
ever, the entire prime-time schedule on all three networks
was closed captioned.

LOCAL NEWS CAPTIONING—BACKGROUND

1988 brought another captioning trend that continues
today: the explosive growth of local news captioning. At
the start of 1988, only 12 television stations closed cap-
tioned one or more newscasts each day for their hearing-
impaired viewers.!! By January 1, 1990, that number had
grown to 57—a 375% increase in just 24 months.'? A
number of factors have contributed to the recent growth of
local news captioning, including community pressure, sta-
tion recognition of the public service value of captioning,
competitive considerations, and most importantly, the de-
velopment of electronic newsroom system captioning.

By early 1988, the hearing-impaired audience could choose
between all three network evening newscasts, so the de-
mand for captioned national news had been satisfied. How-
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ever, this milestone in national news made the lack of
captioned local news even more obvious. Viewers could
finally understand what Dan Rather (or Peter Jennings or
Tom Brokaw) was saying about the Soviet Union, but they



couldn’t understand their local anchor describing the rob-
bery that occurred down the street. In a survey of decoder
owners conducted by NClin 1988, 100% of the respondents
indicated they would watch a captioned local newscast.
According to NCI, local news captioning was in demand
by the audience, and beginning in 1988, hearing-impaired
groups in many cities launched grassroots efforts to dem-
onstrate the need for captioned local news to their televi-
sion stations. The television stations, known for their
community spirit, listened.

Closed captioning holds particular appeal to television
stations, since they are interested in projects which demon-
strate their commitment to the community. Closed cap-
tioning had already proven itself at the national level as a
tremendous public service and an image enhancer to those
providing it. Television station general managers were
interested in taking advantage of this same opportunity to
serve a new and loyal audience, and reap the rewards of
providing such an important public service. In a few mar-
kets, captioned local news was already a reality, so com-
petitive pressure also inspired some stations to consider
matching their competitor’s offerings.

The first station to provide captioned local news was KCTV
in Kansas City, Mo. in 1982. From 1982 until the beginning
of 1988, the number of stations offering captioned local
news had only grown to 12.“ Late in 1987, however,
tremendous growth in local news captioning began be-
cause of the availability of electronic newsroom system
captioning. Suppliers of electronic newsroom systems
began selling an option to their systems that interfaced the
electronic teleprompter to the EEG encoder, resulting in
automatic captioning of the scripted portions of the news-
cast. Due primarily to this new captioning method, the
number of stations offering captioned local news soared.
Nineteen stations were added to the list in 1988, and 26
were 1asdded in 1989, bringing the total to 57 by the end of
1989.

Electronic newsroom system captioning has been respon-
sible for the tremendous growth in local news captioning
because it eliminates problems inherent in other captioning
methods. This can best be explained by a description of all
captioning methods currently used for local news caption-
ing and the relative advantages and disad vantages of each.

LOCAL NEWS CAPTIONING METHODS

There are four primary methods for captioning local news.
These are live-display, real-time, electronic newsroom, and
hybrid captioning. All are discussed below.

Live-display Captioning

Several companies manufacture software which interfaces
a microcomputer to an EEG encoder. Program scripts are
transcribed before air time into the microcomputer. The

textis then manually sent by an operator, one line ata time,
to the encoder as the program airs. This captioning method
is most effectively used on programming which is scripted
in advance and does not change once the text had been
entered.

Advantages

® Cost: The live-display captioning system is rela-
tively inexpensive, with software costs generally in
the $5,000-$10,000 range.

® Timing: Captions for the scripted portion of the
program will appear in sync with the audio.

® Accuracy: Depending on the skill of the operator,
the captions should be complete and spelled cor-
rectly.

Disadvantages

® Coverage: Any unscripted portions of the newscast
will not be captioned.

® Flexibility: The system offers no flexibility to
change the text while the newscast ison the air. Any
last minute changes to the script before air time must
be re-entered into the captioning system.

® Efficiency and Personnel: Depending on the type
of live-display system and the type of teleprompter,
this captioning method may cause a duplication of
effort. That is, the script might be typed once for the
paper tray teleprompter, then typed again into the
microcomputer. At least one person must be dedi-
cated in the hours preceding the newscast to enter-
ing the final script into the live-display system. One
person must also be dedicated to “punching” the
captions line by line during the newscast.

Industry Acceptance

Of the 57 stations offering captioned local news, today four
are using the live-display method.

Vendors
Live-display systems are offered by these companies:

The Caption Center

WGBH Educational Foundation
125 Western Avenue

Boston, MA 02134

(617) 492-9225

CaptionAmerica

312 Avenue of the Allies
Suite 200

Pittsburgh, PA 15222
(412) 261-1458

EEG Enterprises

1 Rome Street
Farmingdale, NY 11735
(516) 293-7472

Real-time Captioning

With real-time captioning, captions are created as words
are spoken. This method is sometimes referred to as on-
line captioning. As a program airs, a specially trained
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real-time writer uses a stenographic keypad (commonly
used in courtrooms) to key in words phonetically as they
are spoken. A real-time writer can transcribe audio at the
rate of 250 words per minute or more—much faster than
even the best typist. The steno keypad is connected to a
computer which translates the phonetic shorthand into
English words and arranges the words into captions. To
accomplish this translation, the computer searches its dic-
tionary to find a match between the shorthand and a word.
If no match is found, a mistranslate will occur, and a
phonetic representation of the word will appear in the
caption instead of the intended word. The computer sends
the captioning data to the encoder, and the captions appear
on the screen two to three seconds after they are spoken.

Real-time writers must first be skilled court reporters.
They require additional training and/or practice toacquire
the accuracy of transcription required for real-time cap-
tioning. To help prevent words from mistranslating, the
real-time writers must spend time each day before the
newscast entering proper names and unique words that
might be included in the newscast into the computer’s
dictionary.

Advantages

® Coverage: All portions of the newscast, live and
scripted, can be captioned.

® Flexibility: With this method, changes to the news-
cast do not affect the captioning procedure. How-
ever, information regarding program content
should be provided to the real-time writer in ad-
vance of air.

Disadvantages

® Cost: The cost of real-time captioning involves one-
time hardware and software costs for the real-time
equipment, and personnel costs of the real-time
writers. Real-time captioning equipment configu-
rations range from $15,000 to $35,000. Personnel
costs for court reporters are high, and they vary
from city to city. Itis reasonable to expect that the
cost to real-time caption one half-hour newscast a
day for one year will be $90,000 to $100,000.

B Personnel: Real-time captioning requires highly
skilled court reporters. Finding court reporters with
the potential to develop into good real-time writers
can be a major obstacle. It is often difficult to locate
court reporters in a particular city who are willing
to give up full-time positions in order to fulfill the
time requirements of preparing for and captioning
an early evening newscast. Once interested court
reporters have been identified, there is no guarantee
that they will have the skills needed to be good
real-time writers.

® Timing: The captions appear on the screen two to
three seconds behind the audio. This can be confus-
ing to the viewer.
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® Accuracy: Because of the phonetic nature of the
system, words will mistranslate from time to time.
When this occurs, the captions are difficult to deci-
pher, and the viewer is distracted.

Industry Acceptance

Of the 57 stations offering captioned local news, eight are
using the real-time method. (One additional station offers
both real-time captioning and electronic newsroom cap-
tioning of different newscasts.)

Vendors

There are two types of vendors: those providing equipment
and those providing the service.

Service Providers—The organizations that supply real-time
captioning services to national programming have varying
levels of involvement in local news captioning. They are:

The Caption Center

WGBH Educational Foundation
125 Western Avenue

Boston, MA 02134

(617) 492-9225

Caption America

312 Avenuc of the Allies
Suite 200

Pittsburgh, PA 15222
(412) 261-1458

Captions, Inc.
2619 Hyperion Avenue

National Captioning Institute, Inc.
5203 Leesburg Pike

Suite A Suite 1500
Los Angeles, CA 90027 Falls Church, VA 22041
(213) 6654860 (703) 998-2400

Real-Time Captioning, Inc.
7107 Sepulveda Boulevard
Van Nuys, CA 91405

(818) 376-0406

Equipment Providers—The following companies supply
real-time captioning equipment:

Xscribe Corporation

6160 Comnerstone Court East
San Dicgo, CA 92121

(619) 457-5091

Stenograph Corporation
1500 Bishop Court

Mount Prospect, IL 60056
(312) 803-1400

(800) 3234247

Digitext, Inc.

325 East Hillcrest Drive #250
Thousand Oaks, CA 91360
(805) 495-3456

Electronic Newsroom Ca_pli(lnir_\g

Electronic newsroom captioning is a by-product of the
technology that is revolutionizing television newsrooms.
Electronic newsroom systems, also referred to as news-
room computer systems or newsroom automation systems,
make newsrooms more efficient. Some systems are simple,
consisting only of script writing software with the ability
to communicate with a teleprompter. The larger systems
are more versatile and flexible, helping stations gather,
process, produce, and archive the news.




In a typical newsroom system, information is accessed
from central data files by workstations available to each
person. Wire service copy can be accessed by all work-
stations, and the system will sort and search the wires as
directed. Communication is improved through the elec-
tronic mail feature. The rundown, or the “plan” for the
newscast, is written on the system, and it can be updated
and changed at any workstation authorized to make such
changes. Scripts are written, approved, and inserted into
the rundown. The rundown and script copy can be
changed easily before and even during the newscast. With
interfaces to electronic teleprompters, character genera-
tors, still store machines and robotic cameras, newsroom
systems can provide total automation of the newscast,
controlling all these devices needed during the newscast.

Closed captioning is accomplished as a by-product of such
on-air newscast automation. When the closed captioning
option is added to the system, scripts are sent from the

- scripts encoded
Electronic EEG into line 21
NewStar = [Teleprompterl == | Encoder | ™ of broadcast
Newsroom signal
System
S

Control Room
Workstation

on-air software
controls newscast

system to the electronic teleprompter and to the encoder,
with the timing of the captions controlled by the tele-
prompter or by a control room workstation.

Inorder to produce high-quality closed captions, the news-
room system captioning interface must perform the follow-
ing functions

¢ Transmit the scripts to the encoder, but delete talent
cues and other internal information that appear
within the scripts on the teleprompter.

¢ Allow for information in the scripts to be coded to
prevent transmission if desired.

* Begin the transmission of captions for each new
story as the anchor begins to read that story.

¢ Transmit the captions so that they are timed to the
speaker’s delivery.

* Allow captions to be created and transmitted for
video segments used in the newscast.

* Allow messages to be displayed saying “This seg-
ment not captioned.”

Often, newscasts contain story segments which are not
read from the teleprompter—a package video piece, for
example. Many stations that have implemented electronic
newsroom system captioning require reporters toenter the
scripts for these segments so that they will be captioned.

Advanta_g§

® Cost: The incremental cost to add the electronic
newsroom captioning interface is low, and it is a
one-time charge. (Typical cost for the NewStar op-
tion is $15,000.)

® Timing: Since the captions are driven by the tele-
prompter, they are timed to the speaker’s delivery
and are in sync with the audio.

® Efficiency and Personnel: With the exception of
script writing for segments normally not included
on the teleprompter, closed captioning with this
method creates no extra work for newsroom staff.
Additional or dedicated staff to accomplish the cap-
tioning is not needed, since the captions are a by-
product of the electronic newsroom system’s
newscast production process.

® Flexibility: With at least one of the larger electronic
newsroom systems (NewStar), closed captioning in
no way prevents or affects the producer’s ability to
change the newscast at any time, even when the
newscast is on air. Using simple keystrokes on the
control room workstation, stories can be moved or
changed instantly. The changes are automatically
sent to the teleprompter and to the captioning en-
coder. Closed captioning does not inhibit the flow
of newscast production or of changes made to the
newscast.

® Archiving: A record of package stories is created
when the video segments are scripted for closed
captioning. This benefit to the station is a by-prod-
uct of the captioning process.

B Accuracy: The captions will be complete and accu-
rate, and, depending on the care taken by the anchor
or reporter, spelled correctly.

stad vantages

® Coverage: Live segments of the news and stories
completed without enough time to enter scripts will
not be closed captioned.

Industry Acceptance

Of the 57 stations offering captioned local news, 42 are
using the electronic newsroom method. (A few stations
offer both electronic newsroom captioning and real-time
captioning of the same newscasts. This is the Hybrid
method.)
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Vendors

Itis important to note that electronic newsroom capabilities vary
with the system and the vendor. The following companies claim
to offer closed captioning options to their newsroom systems:

Dynatech Newstar, Inc. BASYS, Inc.

6400 Enterprise Lane 5Odell Plaza

Suite 200 Yonkers, NY 10701
Madison, WI 53719 (914) 376-4800

(608) 274-8686

SISCOM Columbine Systems
100 Arapahoe Avenue 1707 Cole Boulevard
Suite One Golden, CO 80401
Boulder, CO 80302 (303) 2374000

(303) 449-0442

Data Center Management (DCM) Computer Engineering Assoc.

1017 Kenilworth Avenue 3922 Vero Road
Charlotte, NC 28204 Baltimore, MD 21227
(800) 3674312 (301) 2474000
Hybrid Captioning

Twostations, KARE and KYW, have implemented a hybrid
method of captioning which combines electronic news-
room captioning and real-time captioning in one newscast.
During prescripted portions of the newscast, the electronic
newsroomsystem sends the captioning data tothe encoder.
During live or unscripted portions of the newscast, the
real-time system sends the captioning data to the encoder,
with captions generated by a real-time writer. The change-
over can be accomplished with a simple A-B switch in the
control room, or by a more sophisticated software interface
between the real-time or electronic newsroom systems.
Such interfaces are available from some electronic news-
room and real-time equipment vendors.

Advantages

® All parts of the newscast are captioned, with little or
no additional work for the news staff.

Disadvantages

¥ The cost is generally high, as with real-time caption-
ing. Even though the real-time writer has less work,
he or she still must be there for the entire newscast
and the preparation period before the newscast.

SUCCESS OF THE
ELECTRONIC NEWSROOM SYSTEM METHOD

As of this writing, the four primary methods described
above are being used with widely varying frequency, as
depicted in the chart that follows.

The reason for the success of electronic newsroom system
captioning of local news is that it offers solutions to prob-
lems encountered with other captioning methods. Live-
display captioning, while relatively inexpensive, usually
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requires scripts to be typed twice—once for the live-display
system and once for the teleprompter. This is clearly extra
work for the newsroom staff. And, once the newscast is on
the air, the system offers no flexibility to change the cap-
tions, even when the newscast changes. Live-display also
requires dedicated personnel prior to and during the news-
cast. Electronic newsroom captioning overcomes all of
these problems. Scripts are created once on the system by
the reporters and anchors, revised throughout the day,
then fed automatically to the teleprompter and the encoder
during the newscast. Additional staff is not needed, and
the captioning creates no extra work for the newsroom.
While on the air, some systems permit the newscast to be
changed by manipulating the rundown, with the captions
automatically and instantly changed as well. Such elec-
tronic newsroom systems gives television stations the abil-
ity to caption without eliminating their ability to make
last-minute or on-air changes to the newscast.

Last-minute changes can also be accommodated by the
real-time captioning method, with the captions following
the changes. However, the main problem encountered by
stations with the real-time method is that it is very expen-
sive. Real-time captioning was initially developed for na-
tional programming, with sources such as networks,
network advertisers, and the Federal government funding
the high cost. Real-time captioning is an important and
viable service for national programming, but the expense
is clearly an obstacle for the local TV station. Few can
afford to pay $90,000 to $100,000 per year for captioning a
one-half-hour daily newscast.

Some television stations have been successful in raising
funds from the community to pay for real-time captioning,
but fundraising can be a lengthy process. Also, some sta-
tions are reluctant to fundraise, fearful of replacing ad
revenue with the pass-through captioning cost. Because of
this financial obstacle, the U.S. Department of Education
has offered grants to stations to help implement local news
captioning. These grants ($50,000 per year for three years)
have been awarded to more than 15 stations over the last



four years. (The grants initially funded real-time local
news captioning, but recent awards have been made for
stations captioning with the electronic newsroom system
method as well.)

Electronic newsroom captioning solves the cost problem.
The incremental cost to add electronic newsroom caption-
ing is low, and it is a one-time charge, versus a very high
annual cost for real-time captioning. Furthermore, elec-
tronic newsroom captioning is accomplished automati-
cally for all newscasts produced by the station, every day
of the week, every week of the year. The live and un-
scripted portions of the newscast will not be captioned with
the electronic newsroom system method, but roughly 75%
of every newscast can be captioned. Electronic newsroom
systems provide significantly more captioning for signifi-
cantly less money.

Stations captioning with electronic newsroom systems can
establish a number of procedures to ensure that the deaf
audience receives as much information as possible during
each newscast. For example, for package stories that are
finished too late in the day to allow the entire script to be
entered into the system, reporters can enter a short sum-
mary of the story or segment. This way, the audience will
have a general understanding of the news event. Summa-
ries can also be entered for sports and weather—two seg-
ments usually not scripted in advance. For live segments,
it is helpful to the audience for the station to transmit a
caption explaining that the segment is live and captions are
not available. Practices such as these can increase the per-
centage of the newscast captioned, and help the audience
understand why some segments are not available to them.

KEY IMPLEMENTATION POINTS

The closed captioning of local news provides a tremendous
service to the hearing-impaired community—access to
news and information about local events. By providing
closed captioned local news, stations identify themselves
as leaders serving the entire community. Captioning is
most effectively implemented by stations when combined
with a simple promotional campaign. Promotional activi-
ties such as those suggested below increase public aware-
ness of the closed captioned newscasts and the station’s
commitment to the hearing-impaired audience.

Produce PSAs

Stations should produce one or more PSAs announcing the
launch of closed captioned local news. The PSAs should
begin airing approximately four weeks before the launch,
then periodically thereafter. The PSAs should explain
closed captioning and include information about the avail-
ability of decoders in the area. The National Captioning
Institute encourages stations to include its toll-free num-
bers in all PSAs and printed materials. Viewers can call the

toll-free number to learn where decoders can be purchased
in their areas: (800) 533-WORD (voice) and (800) 321-TDDS
(TDD).

Install TDD

A TDD, or telecommunications device for the deaf, will
allow the station to take phone calls from callers using a
TDD. The TDD features an acoustic coupler and a key-
board, and the phone message is printed out on an LED
display or on paper. Contact telephone retailers in your
area for more information. Whenever the station’s phone
number is printed, the TDD number should alsobe printed,
followed by “(TDD).”

Internal Notification Of Captioning Launch

All station employees should understand the concept of
closed captioning. They should be aware of the launch date
and the TDD phone number. The receptionist should
know where in the area decoders can be purchased.

Press Release

A press release announcing the launch of closed captioned
local news should be distributed to the station’s usual
mailing list, in addition to organizations in the area serving
the deaf and hearing-impaired community.

Print Ads

Any print ads produced to announce the launch of cap-
tioned local news should contain the “CC” designation,
which is commonly used to denote closed captioned pro-
grams. The station’s TDD number should also be included
in the ad.

S_pecial News Stories

During the week closed captioning is launched, the station
should run special news stories each day featuring infor-
mation about closed captioning and stories about the deaf
community. The availability of decoders should be men-
tioned.

/Evig)_ry Committee

An advisory committee, comprised of leaders in the deaf
and hearing-impaired community, can be formed by the
station before or after the launch of its captioned local news.
The formation of the committee will prove the station’s
commitment to the audience, and the committee can pro-
vide valuable feedback to the station regarding captioning
procedures.
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Station Tours

Deaf groups should be invited to the station during the
week captioning is implemented for a tour of the news-
room and an explanation of the closed captioning proce-
dure. This will help to include the audience in the closed
captioning process and generate goodwill for the station.

Decoder Giveaway

A number of stations have purchased decoders, either on
their own or with a corporate sponsor, to give away to
needy families, usually at a media event such as a commu-
nity reception. The decoder giveaway adds another di-
mension to the service provided by the station, and the
station obtains further recognition for its efforts.
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APPLICATION OF LIBRARY MANAGEMENT SYSTEMS AT
THE NEW CBS BROADCAST ORIGINATION CENTER

John Beyler

CBS Inc.

New York, New York

CBS is currently installing a new automated
master control facility at the Broadcast
Center in New York. This paper will present
the system design considerations for
commercial playback systems capable of
maintaining a large commercial inventory, and
suggest some approaches for simplifying the
operation. In our system, which will
originate up to ten channels of programming
with commercials, the job of scheduling and
handling so many spots is immense. The
present system of tape traffic will be
described, and several future approaches
given, which would significantly reduce the
complexity of commercial handling.

Broadcast Origination Center

the
and the

I will begin with a description of
Broadcast Origination Center (BOC)
current commercial playback system using
Library Management Systems (LMS). BOC will
produce ten output channels from self
contained control and playback facilities.

BOC is designed to integrate a main program
channel with different commercial streams for
regionalized networks. Figure 1 shows how a
main channel re—enters other channel switchers
for insertion of different commercials. One
typical example of regional commercials is to
broadcast in the same break an advertisement
for snow tires to the Northeast region network
and an advertisement for all season tires to
the Southeast region network.

NETWORK DISTRIBUTION SWITCHER
100 x 50

PC 01 PC 02 PC 03 PC 04 PC 05| PCO06 PC 07 PC 08 PC 09 PC 10
BOC
CHANNEL
switcHers| SEL SEL SEL s

SEL
T
1]
COMMERCIAL TAPE

PROGRAM TAPE

OTHER SOURCE

EL
tA Ab ATA
| [ 1]

NOTE: MAIN CHANNEL RE-ENTRY

FIGURE 1

BROADCAST ORIGINATION CENTER
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Within an individual BOC channel, two program
outputs are fed from each switcher. The main
output has full mix effects and key
capability. Figure 2 shows how this main
output is re-entered into the master control
switcher for cuts-only insertion of separate
commercials over the main program.

Program sources for BOC are 1" Type-C or D2
VIRs for program playback and LMS D2
commercial playback systems. Other input
sources to the channel switcher are live
studios, plant routing switchers, electronic
still stores, and electronic character
generators.

Commercial Tape Traffic

With this introduction to the system, next I
will describe the path of tape traffic through
the system. Both commercial and promotional
spots are handled by the system. Spot
material enters the system at dubbing stations
which consist of a Type-C VIR connected for
automatic transfer of spots to D2 cassettes.

Commercials and promos entering the system
must be transferred to D2 cassettes. The
dubbing process is automated as much as is
possible. After the operator loads the one
inch Type-C source tape, a computer controller
begins a transfer cycle to record black leader
on the IMS cassettes, then edit in the source
material at a preassigned time code start
time, recording one spot per cassette. Two
cassette copies are made in each pass. After
the dub, the computer recues the cassettes for
the operator to view, one at a time, to verify
the quality of the dub.

Spots are identified in the system by an
identification number (ID) which gives a shelf
position in our videotape library. A barcode
label with this ID is printed and attached to
blank tapes before they are recorded in the
dubbing process. An inventory database
matches the ID number with the commercial
material, and tracks secondary identifying
information for the commercials.

After the cassette spots are dubbed and
checked, they are stored in the videopate
library, until scheduled for broadcast. At
that time a play list generated from the
program schedule determines which cassettes
are needed in each IMS. The tape librarian
picks the cassettes scheduled, and a videotape
operator loads them into the LMS. Remember
that to provide a backup copy of each spot,
two cassettes are picked in the video tape
library and loaded into two IMSs. After use,
provided a spot is not scheduled for fairly
immediate reuse, the cassette must be purged
from the IMS, and refiled in the tape library.

While the new playback systems with their
large cassette inventories can greatly reduce
the operators task, the preparation and
handling of cassettes still requires
considerable manpower and is vulnerable to
human error. Figure 3 shows this system using
manual tape transfer.

Advantage of Digital Transfer

Now I want to switch from the description of
our present system to a new approach which
will considerably simplify the commercial
playback process.

PGM _
PGM VTR 1" & D2 | PTV
COMMERCIAL g > MIX/ MAIN
VTR D2 LMS PRESELECT MASTER EFFECTS OUTPUT
sTUDIOS — | SWITCHER CONTROL [ PVW _ PC 01
ROUTING —__gpd 140 x 10 1-10 SWITCHER
SWITCHERS 30x 10 KEY .
STILL STTORE — ¥ ‘ e
MAIN REENTRY —9>{ > AUX
. OUTPUT
KEY —] T PC 02

FIGURE 2

BOC CHANNEL
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One of the main attractions in choosing the D2
format for BOC LMS machines is to use the raw
bit error rate (RBER) diagnostic for automatic
verification of digital transfers. By
monitoring peak error rates of the source
playback material and dub copy confidence
playback, unattended verification of video
transfer may be achieved.

This technology combined with multiple spots
per cassette leads to some very attractive
system proposals. The first step improvement
is illustrated in Figure 4. Shown here is the
elimination of physical use of cassettes
within the system. The central commercial
library consists of two one-thousand cassette
LMS, main and backup, with approximately ten
spots in each cassette. This gives an on line
capacity of ten thousand spots. The only
manually assisted part of the operation would
be the original transfer of material into the
central library. Thereafter, spots are
prepared for air playback by digital transfer
to playback IMSs. Sophisticated software
would be required to manage the transfer of
spots during program segments for playback
during upcoming breaks.
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Solid State Playback Device

A further improvement in the commercial
playback system may be had by replacing the
IMS cassette playback devices with
semiconductor memory storage devices. Such a
"YTR" would be highly reliable since it would
be without any moving parts and use no
magnetic media. This solid state video
recorder would accept D2 digital inputs and
provide spot playback under automation
control. Figure 5 shows a commercial playback
system using solid state players. To replace
an 80 cassette IMS with an average fifteen
second spot, approximately 20 minutes of
memory would be required.

An advantage of this approach of moving data
instead of tapes is that any form of high
density mass storage may be used for the
central library. You are not limited to
technologies capable of playing back video in
real time. Data may be retrieved and
transferred at rates slower or faster than
that required to generate pictures. Only the
playback unit must convert the data back to
audio and video.
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SOLID STATE PLAYBACK

Conclusio

The new generation of commercial spot playback
equipment offers performance and labor saving
improvements. Full development of all the
features in this equipment will give
significant additional improvements in future
system designs.
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DATABASE MANAGEMENT FOR AN AUTOMATED
CASSETTE RECORDER/PLAYER SYSTEM

William F. Carpenter
Ampex Corporation
Redwood City, California

A modern automated cassette recorder/player
system, when it 1is designed around an
extensive database management program, can
provide many operational and financial
benefits as compared to systems which are
just a group of studio recorder/players
combined with a robot and a computer to
provide the controlling functions.

The definitions for the key points:

Data: Factual information used as a
basis for reasoning, discussion, or
calculation

Database: A collection of data
organized especially for rapid search
and retrieval (as by a computer).

The system components should be designed as
smart devices, with their own data
processing components and the necessary
data outputs to keep the central database
current at all times.

The system has the following individual
components, which include their own fast
and powerful computers.

specific
which are
designed to handle the tape in a fast and
gentle manner with cueing speeds which are
twice as fast as typical studio cassette

application tape

three or four,

The wunigue
transports,

transports. The tape is protected from
damage during these cuing functions through
the use of air lubricated tape guides and a
direct drive, pinch rollerless capstan.
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The robotics system, since it is moving a
cassette designed for automated handling,
also operates in a fast efficient manner.
The cassette handling portion also carries
the bar code reader, facilitating the
reading of the simple six digital code,
without moving the cassette. The robot
features a simple, but effective method of
mechanically coupling the cassette to the
handling system to move it from the storage
bin to the tape transport with maximum
speed and reliability.

The central computer directs the systenm,
and manages the bi-directional data flow
with the external database computer.

The database manager which resides in this
external computer basically is divided into
four basic sections: the List Manager, the
Cassette Manager, the Spot Manager and
though it is not obvious to the operator,
the Resource Manager.
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The modern television broadcast facility
has many diverse areas whose efforts are
all basically aimed in the direction of
presenting programming and commercials
,which in turn provide the revenue to
support the operation.

Since many of these functional areas have
previously moved to computers to improve
their operational efficiency, the database
system should also allow easy interface
with these systems already in use. The
database runs in the commonly available,
worldwide accepted, MDOS environment. This
was chosen to allow simple, and extremely
effective 1interface with the existing
systems. The database is written in method
to be directly compatible with Informix,
which is a well known, commercially
available database which runs on many
different computers.

The database computer now can be used as a
terminal point to allow the system to be
expanded into these other areas. By using
a system comprised of proven hardware and
software components, namely eithernet or
thin net interconnections and Novell
network software, the expansion can be
extremely cost effective as compared to
other typical television system expansion
costs.

This external system allows the database
computer connected to computers in the
traffic department, which can interface to
the existing traffic for the easy transfer
of information required to prepare play
lists. The computer in tape room when
interconnected with a D2 cassette recorder,
allows the material to be transferred from
the incoming format to the cassette format,
and the necessary information to be added
to the database at the same time. The
computer in presentation control can
provide the necessary play commands and
also be used to make any last minute
modifications to the current play list.
This is also a point of interface to an
Automated Presentation System.

Now that we understand the system, let's
examine the information in the database
which is available for use by either the
operational personnel or the equipment.

When we
cassette

look at the
manager the

database via the
information is

arranged 1in reference to the cassette
number. This 1is the number which 1is
indicated by both the barcode and the

numeric label on the ends of the cassette.
These labels are applied to the cassette
only at time that it starts to be used in
the system and are not changed or modified
or removed for the life of the cassette.
The simple six digit two of five interleave
code allows the machine to quickly identify
to the database what cassette is available
for use.
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Additional information displayed in this
area includes, cassette length, number of
times loaded into a transport and whether
it is locked to prevent removal from the
system (ideal for station 1I1.D.s and
emergency info, which is either used very
often or must be immediately available).

The Spot Manager is referenced to the
sixteen alpha-numeric character house
identification which has been assigned to a
specific spot, or segment. One of the
interesting pieces of information available
in this area is the "Q" or quality
statement which relates to the amount of

action of the digital error correction
system during the last playback. This
information is used two ways, by the

operations personnel as a non-destructive
early warning system and by the machine to
determine which copy of a commercial which
is stored in multiple locations to use to
provide the best playback quality.

4 ke
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In both the Cassette and the Spot Manager
areas, facilities have been provided to
"select" or "Query by example" the database
to find a specific item or group. Also
manual control of functions like thread,
rewind, and preview, have been made
coaveniently available in these areas.

The List Manager is arranged in
alphabetical 1list name order, and allows
for the creation, storage, editing, and
validation of the 1list which provides to

the system the required playback sequence.

The editing portion of the List Manager
allows the display of a list event number
in ascending order which is also the normal
order of playback. Additional fields in
the basic display show the House number,
title field, the duration of playback, the
time of playback, which is wvalid if the
unit is running from the house clock in a
basic automation mode. In this mode all
list items are timed events.
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Also the List Manager allows for the
validation of a list at any time prior to
use, and the resultant displays indicate
the resources required, time to activate,
and the availability of the required
elements. A printed report 1is also

available to be used to locate any missing
elements. This function is also providing
the most basic form of "Conflict
Recognition", since it recognizes and
display any "conflicts" caused by
requesting the system to provide functions
which are not possible due to element or
system time restraints.
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This synopsis, is a very basic outline of
the Database Management System, which is

much easier to understand when it is
actively demonstrated to show these major
operational wvalues. This paper at

presentation will be centered around a
fully operational database displayed using
a system to allow viewers to see the actual
operation.
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THE ENGINEER’S ROLE IN IMPLEMENTING A NEW GRAPHIC
LOOK—TECHNICAL, PRODUCTION AND
MANAGEMENT CONSIDERATIONS

Steven M. Davis
WPRI-TV
Providence, Rhode Island
Narragansett Television, L.P.

INTRODUCTION

Like many projects in broadcasting,
implementing a new graphic look at a station
is a team effort. To be successful, creative,
technical, and management skills must mesh
to achieve the desired result.

The Engineer has a great deal to contribute
to this process. This is especially true in
the present era of computerized graphics, a
technology which has brought forth tremendous
possibilities, but which present operational
challenges within the scope of the Engineer.
Contributions based on a knowledge of the
technical strengths and weaknesses of the
hardware and software are often critical to
the success of the implementation.

The Engineer needs be familiar with the
overall creative objectives as well as the
technical considerations in order to be an
effective member of the team. This paper will
explore the technical, operational, and
management considerations involved.

A NEW GRAPHIC LOOK

Overall Goals

The implementation of a new graphic look

should achieve a design objective which
conveys or supports the desired station
position.

Be unique. With the many sources of

programming which now compete for viewers,
it is of increasing importance that the
implementation of a graphic look be uniquely
identifiable with the station.

Be consistent. The 1look should maintain
elements of consistency across all aspects
of programming associated with the station.
The on-air aspect of this generally includes

News, Promotion, public service and station
continuity elements. It is desirable to have
a complete implementation within these
categories so that the viewer is aware of
what station he or she is watching.

Engineering’s Contribution

Implementing such a look is a stationwide
concern. Since the majority of the on-air
graphic look is achieved through the
technology of electronic graphics, input from
Engineering in the planning stages can make
the difference between a successful and a
unsuccessful implementation of new graphics.
Engineering management must interface with
the "creative" people on the team to get the
best results.

Scurces of Design Elements

Ir assembling elements to change the look of
a station, one decision which must be weighed
is how much of the project can be designed
and executed in-house versus out of house.
The limiting factors which influence this are
availability of resources, time, and money.

Out-of-house. There are several benefits to
the use of out-of-house production which make
this option desirable to station management.
Key design talent or advanced production
equipment may be present in the station, but
going out-of-house allows the project to
proceed without interfering with ongoing
operations. Outside contractors are also
motivated by the bottom 1line to work
efficiently and to meet specified deadlines.

If out-of-house production is considered, it
is important that any technical or
operational concerns about the elements are
considered in advance. These things may be
very easy to specify up front, but difficult
to correct after the production is completed.
Some of these issues are:

1. What format and brand of tape stock will
be used to deliver taped items?

2. Time code on the delivered tapes is often
critical for smooth integration into in-house
production, logging, and match-frame edits
from source material. Will the tapes be
timecoded, and if so, will drop-frame, oOr
non-drop frame be used? Is the time code and
video color framing aligned to the CF pulse
on the tape.

1990 NAB Engineering Conference Proceedings—25



3. If super black is to be used for keyable
elements, what is the desired level for best
results in-house?

4. Are animated elements designed with run-
on time which is more than sufficient for all
applications?

5. It is always desirable to take delivery
of images in a digital format. How will
stills be delivered? On tape, disk packs, or
streamer cartridge?

6. Has adequate time been allotted to
integrate the elements into the in-house
system?

7. What expectations are there for out-of-
house elements to be manipulated in-house.
For example, to update the talent faces on
a news open, will it be necessary to go out-
of-house, or is this expected to be done with
in-house equipment.

EQUIPMENT CONSIDERATIONS

One of the overall goals mentioned for a new
graphic look is to implement a particular

design. From the creative standpoint and
ideally, the design achieves a particular
aesthetic goal without regard to the

limitations of equipment. The reality of the
situation is that the design passes through
all the equipment of the station, the
transmission media, and the viewer'’s receiver
before reaching the viewer. Designs which
are formulated with total disregard for the
technical aspects of the medium are bound to
run up against the 1limitations of the
equipment. One of the contributions engineers
can make to the design process is to help
educate creative members of the team as to
the technical constraints of the medium. Good
design can exploit the "limitations" of
television and turn them into advantages.

All equipment in the video <chain can
introduce degradation to the video.
Electronic graphics tend to manifest these
degradations subjectively before other video.

It is important to test graphics by passing
them through the various pieces of equipment
which will be used to store and retrieve the
graphics.

video_Tape. Rendered, animated graphics are
often stored and retrieved on videotape. The
retrieval process can be live, in the case
of a newscast, in preproduction, or in
editing. There are several considerations to
be aware of when using videotape as the
storage medium.

First, image degradation due to tape

artifacts are always a factor in analog tape
formats. Taped images are subject to dropouts
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and increasing distortion of color
information with repeated use. The use of
color-under formats to store and retrieve
graphics is undesirable because of the
effects of limited luminance bandwidth and
chroma delay.

There are also logistical considerations when
graphics are rolled-into a live production
from videotape, particularly in live
broadcasts. First, preroll time must be
allowed for the image to stabilize. It is
unfortunate that many ACR-25 cart machines
and AVR-1 quad machines, which provided
instant preroll are coming out of service
only to be replaced by media which do require
a preroll. In live productions, there is the
issue of cuing multiple graphic clips.

Digital media, which include digital video
tape, digital disk recorders, and video rams
get around these problems. Unfortunately,
with the possible exception of digital video
tape, these media are not yet cost effective
alternatives for television stations.

Super Black. Integrating keyable graphic
objects from tape into live productions is
another area of logistic concern. The most
common, and the most convenient method of
accomplishing this is by surrounding the
object to be keyed with "negative", or
"super" black. In my experience, the best
results are obtained when the level of the
superblack is about minus five IRE. This
provides a margin of safety against tape
noise and finite switcher key gain in
achieving a clean key. Unfortunately, not all
TBCs are capable of passing minus 5 IRE black
without either clipping at some higher level,
or interfering with sync separation on record
or playback. Some TBCs that clip super black
can be adjusted or modified to pass it.

There are some disadvantages associated with
the use of super black. First, antialiased
and semitransparent keys are not possible.
The key has a hard edge. Second, there always
seems to be some way the raw super black tape
finds its way to the transmitter without
being keyed out. This results 1in the
transmission of a beautiful graphic
surrounded by a richly black, and highly
illegal background.

One other problem with taped graphics is that
the clips are of finite length. Freezing
graphics on tape via Auto Tracking is usually
unsatisfactory. For live use, it’s important
to make sure that there is more than pad time
after the graphic resolves for any
conceivable duration of use.

In most live situations, the operative means
of storing and recalling static graphic
elements is the electronic still store. Still
stores, while internally digital, introduce
artifacts which arise from four basic areas;
Analog-to-digital conversion,



luminance/chrominance separation, chroma
inversion and digital to analog conversion.
These factors are more or less important,
depending on whether the still store is
internally of a component, or a composite
design.

Still stores which are internally of a
component design introduce artifacts when an
encoded input is separated into luminance and
chrominance. One strategy to avoid this
problem is to transfer graphics into the
still store from the source in a component
form, or better yet, digitally. If this is
not possible, the effect of any artifacts
should be tested on the graphics to make sure
that some fundamental design element of the
look is not degraded.

Composite still stores which store only two
fields of video degrade graphics due to
artifacts of so-called chroma inversion.
Chroma inversion is necessary to reconstruct
the 4-field (NTSC) color sequence from the
two stored fields. Invariably, imperfect
luminance-chrominance separation in the
digital comb filter circuit leads to graphics
that flicker, particularly on vertical edges.
Four-field still stores eliminate the flicker
problem by maintaining the complete color

sequence. Since twice as much data is
required to accomplish this, there is a
tradeoff against recall time and disk

capacity when using four field images.

Digital Effects. Another category of
equipment which is notorious for degrading
graphic images is digital effects. Digital
effects devices, depending on their design,
are prone to introduce all of the same
problems still stores can, and in addition
manifest artifacts due to image size
interpolation and aliasing.

when one considers that the average news
shoulder graphic passes through both the
still store and the DVE when being used on-
air, the combined degradation is of
particular concern.

Graphic designs which contain fine detail,
lines or vertical edges are especially
susceptible to the effects of DVE's and still
stores.

Character generators can contribute greatly
to the <consistency of the look by
implementingaiparticulartypographicdesign.
Doing this successfully involves exploiting
the strengths and hiding the weaknesses of
the particular character generator.

Character generators which are not capable
of generating antialiased type are still at
this point in very common use. One has to be
very careful about selecting, sizing, and
cleaning-up fonts which are used to be used
without antialiasing so that the end result

best reproduces the intended typeface, but
also so that fine vertical detail does not
cause field rate flicker to occur. Achieving
this is often a compromise situation, but
good results can be obtained.

Font Acquisition for CGs

Acquiring fonts for wuse 1in character
generators has advanced from being a matter
of little choice, to the present day where
many typefaces are available.

Fonts in ROM. When character generators came
into common use in television stations in the
early seventies, the high end equipment
provided the luxury of enough resolution to
actually reproduce the curved contours of one
or two typefaces. The fonts were stored in
read-only memory, and few choices were
available. Custom logos were obtainable, but
these too had to be burned into ROMs, a
process reserved for the manufacturer.

Fonts on disk. The next advance was the
introduction of downloadable fonts, which
were supplied on a diskette. More typefaces
were available, but these fonts were supplied
in specific sizes. Only the vendor was
capable of generating the data for fonts on
the disks. It was often possible to identify
the character generator in use by at a
particular station by seeing which fonts were
used.

Font Compose. The introduction of a font
compose option allowed the user to create new
custom fonts by digitizing artwork. More
often this feature was, and still is, used
by stations to capture the station logo and
incorporate it into news supers.

Font Scaling. After the introduction of font
compose, font scaling utilities became
available. Typefaces could now be scaled more
easily, and one was therefore not limited to
particular sizes to implement a design. Since
the actual scaling algorithms were not
antialiased, quite a bit of pixel-level
cleanup was required on fonts scaled this
way.

Foundry Type. Up until this point, typefaces
supplied by character generator vendors were
derived only indirectly from actual type
foundry letterforms. The next leap 1in
character generator font acquisition came
when CG vendors were able to offer fonts
derived from high-resolution digital
representations of foundry typefaces. The
data, supplied in the form of vectors or
large bitmaps, can be now be used to scale
antialiased or standard versions of virtually
any typeface.

While the advent of foundry-based type has

improved the quality and quantity of type on
character generators, there is a downside.
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The type foundries charge a royalty for each
master font sold, which must be passed-on to
the end user. Charges for master fonts can
range from 100 to 1000 dollars per typeface
depending on the vendor and whether fonts are
purchased as part of a package. Multiply this
cost over several different pieces of
equipment to be made consistent, such as
weather graphics machines, and paint systenms,
and the cost becomes even more significant.
Also, agreements between the type foundries
and OEMs have given rise to various software
protection schemes which allow fonts to be
used only on authorized machines. This can
be a logistic problen.

MAKING THE TRANSITION

One of the most strenuous periods in
implementing a new graphic 1look 1is the
transition phase. The goal is to achieve a
transition that is timely, smooth, and
complete.

Often there is a tradeoff between a timely
transition and a complete one.

Pitfalls

One frequent pitfall involves rushing the
transition on to the air without a sufficient
variety of elements in place. There is a
tradeoff between working with fewer, but more
consistent graphics, as apposed to many
inconsistent graphics. It is important to be
sure that before the transition, all the new
elements to continue operating are in place.
If particular elements are missing there
should be some agreed-upon means of working
around the missing elements.

Transition Strategies

One transition strategy which seems to work
is one of replacement and physical removal:
All of the new elements, including tapes,
stills, and font disks, are lined up on the
day of the transition, and the outdated
elements physically removed from the
operational areas.

It’s very difficult to keep those last few
0ld logos from popping up on the air after
the transition. It is a good idea to delegate
one person the task of screening the on-air
cart inventory for occurrences of old logos
or graphics which have escaped normal
channels. There should also be a policy in
place about automatically pulling materials
which contain o0ld graphics, should they
accidentally air.

Look for old graphics in obscure places, and
arrange for replacements. These may include
emergency slides, EBS materials, standby
filler reels, and Network ID systems, to name
a few.
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CONCLUSTION

The benefits of implementing a consistent
graphic look are of stationwide importance.
To accomplish this goal, a team effort
between creative and technical people is

required. The engineer can contribute
productively to this team effort, by
providing operational, technical, and

logistic support.



REAL-TIME WEATHER INFORMATION IN THE 90’S

Todd Glickman
WSI Corporation
Billerica, Massachusetts

INTRODUCTION

The weather information industry is
now just ten years old. 1In the
past decade, the amount of raw data
available from all sources has
grown by at least two orders of
magnitude. In the next decade,
even greater growth can be
expected. New systems such as
NEXRAD, ASOS, the Profiler network,
and GOES NEXT will make the data
assimilation/processing problem one
of our greatest challenges.

Will the rapidly changing
communications and computing
technologies be able to handle the
growth? Even as personal computers
become smaller and more powerful,
will individual users be able to
cope with the flood of new
information?

This paper will review these
trends, and explore the options
that are available. In particular,
emphasis will be placed on
preprocessing these datasets, to
provide "value-added raw data",
which can then be further processed
and analyzed to meet individual
users' needs.

BACKGROUND

As recently as the late 1970's,
end-users of real-time weather
information received their data via
low-speed (75 words per minute)
teletype circuits. Alphanumeric
data arrived via the Service "A"
(hourly surface observations),
Service "C" (synoptic and upper air
data), and RAWARC (Radar and
Warning Coordination) circuits.
Meteorologists had to constantly
tear paper, and sift through yards
of printouts to find those pieces
of data that were of interest.
Furthermore, all of the data were
in raw form; the user had to decode
the information from the standard
meteorological formats. Preparing
time series of the data was a time
consuming, and tedious process.

Satellite imagery at that time were
typically received via GOES-TAP,
provided by the National
Environmental Satellite, Data, and
Information Service (NESDIS).
GOES-TAP provided (as it still does
today) "channels" of various GOES
satellite imagery sectors. As
GOES-TAP is an analog land-line
circuit, acquisition and
maintenance is costly; the imagery
are in black and white only, and
manipulation of the imagery is
difficult.

Radar in the late 1970's was
obtained via dial-up from WSR-57
and WSR-74 digitizers located at
the NWS sites. Only one site could
be obtained at a time, and were
subject to severe ground clutter
and anomalous propagation
contamination.

Facsimile charts were received via
the National Facsimile (NAFAX)
circuit, which was limited in
capacity; the charts lacked
resolution.

In the early 1980's the National
Weather Service (NWS) instituted
what is today called the Family of
Services (FoS). The FoS is a group
of medium-speed circuits designed
to deliver bulk data to the weather
information industry, which in turn
can provide these raw data - or
value-added products and services -
to end-users. In 1990, the FoS
consists of three 2400 baud
circuits (the Public Products
Service, or PPS; the Domestic Data
Service, or DDS; the International
Data Service, or IDS); and two 4800
baud circuits (the Numerical
Product Service, or NPS; and the
Digital Facsimile Service, or
DIFAX). Today, nearly all end-
users of meteorological data
receive their information from the
weather information industry,
either via request-reply (dial-up)
or satellite distribution. End-
users benefit because the data can
be obtained in value-added formats,
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allowing easier assimilation of the
information. Valuable manpower can
be applied to the tasks at hand,
rather than managing the incoming
data.

Satellite and radar imagery
acquisition have changed over the
past decade as well. The weather
information industry provides
access to high-resolution GOES
imagery and radar composites via
request-reply and satellite
distribution, which can be
manipulated by workstations ranging
from sophisticated mainframe
systems to personal "desk-top"
computers.

Government's Role

Over the past decade, a distinction
of the roles of the Government and
private sector has developed. This
development has benefitted all
parties: The Government because it
can concentrate its efforts on what
is its charter; the private sector
because it stimulates economic
growth; the end-user community
because it receives high-value
products and services.

The primary charter of the NWS is
to provide warnings of severe
weather so as to protect 1lives and
property, and to provide general
forecasts for the public. Whereas
a decade ago the NWS and its sister
agency NESDIS provided end products
to the user community (media,
utilities, agriculture, etc.), now
it has turned this task over to the
private sector. The Government now
provides raw products, basic
research and development, and the
deployment and operation of the
major sensor systems with which the
data are collected.

Private Sector's Role

Armed with real-time delivery of
the raw data from the Government
collection systems, the private
sector now utilizes its resources
to generate high-value products.
The private sector's ability to
take advantage of the rapid
advances in computing and
communications technology, as well
as the need to remain competitive
in the field, ensures that new and
cost-effective products will become
available.
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NEW MAJOR SENSOR SYSTEMS

In the 1990's, the NWS is embarking
on a major modernization program.
It is sponsoring three new sensor
systems; its sister agency NESDIS a
fourth.

NEXRAD

The Next Generation Radar System
(NEXRAD) is a tri-service (NWS,
Federal Aviation Administration and
Department of Defense/Air Weather
Service) project which will field
more than 175 Doppler radar units
by 1995. 1In addition to the raw
data types of reflectivity,
turbulence, and radial velocity,
NEXRAD can provide up to 70 derived
products. A new private sector
distribution system, NIDS, is being
developed to ensure that external
users have easy and cost-effective
access to the data.

GOES NEXT

The Next Generation GOES Satellite
System (GOES NEXT) will begin with
a launch in the early 1990's. It
will provide improved resolution
imagery (lkm visible and 4km infra-
red), and have a simultaneous
imaging and sounding capability.

Profiler Network

The Profiler Network will by the
mid-90's, provide a national
network of static, vertical radars
capable of obtaining six-minute
updates of the vertical profile of
the atmosphere. Value-added
products will include longer period
averages and other time series
information.

ASOS

The Automated Surface Observing
System (ASOS) will be a network of
up to 1300 automated units deployed
by 1994. It will be capable of
providing one and five minute
updates of various meteorological
phenomena.

THE DATA EXPLOSION

What does the deployment of the new
sensor systems mean to the weather
information industry, and the end-
user community? It is clear that
the amount of data to be processed
will continue to grow
exponentially.



In 1979, WSI Corporation's
mainframe computers processed
approximately 8.5 megabytes of
information each day from the low-
speed alphanumeric circuits. By
1984, the transition to the first
stage of the FoS had increased this
amount to 24 megabytes per day. In
1989, including the upgraded FoS,
as well as real-time GOES imagery
and the raw digital data from all
128 NWS radar sites, the number
increased to 132 megabytes.

Wwhat will it be in 19947 Including
all alphanumeric data, DIFAX, ASOS,
Profilers, GOES NEXT, NEXRAD, and
gridded model output data, it is
estimated that WSI will need to
ingest, process, and store over
11,000 megabytes of data per day!

VALUE-ADDED RAW PRODUCTS

How will we cope? The answer, in
part, relies on the private
sector's ability to provide what
can be called "value-added raw
products”. This is pre-processed
information which can be
transmitted to end-users for
reprocessing on their own
meteorological workstations. For
example, the National
Meteorological Center (NMC) of the
NWS provides an FoS circuit with
gridded output of the various
numerical models (Nested Grid
Model, Aviation Model, Medium Range
Forecast, etc.). This four
dimensional dataset can be pre-
processed, allowing end-users to
obtain specific data points,
decoded, and ready for input to
their own models or analysis
systems. WSI currently provides
this type of product. A sample of
Medium Range Forecast data is shown
in Figure 1.

gdata -50/90 -40/60 500 0z mrf 168hr hght
DATA FROM MRF MODEL RUN: 00Z 12/27/89

SUPERfax™

In addition to making the "value-
added raw data" available,
additional emphasis will be placed
on creating new products for end-
users. These products should be
highly flexible, allowing the end-
users to specify what they want to
see, and how they want to see it.
The user should not be limited by
what the computer can do; only by
his or her imagination.

WSI's SUPERfax is a first step in
this direction. Users can generate
a facsimile chart for any data type
in the NWS/NPS data set. The chart
can be a composite of two different
data types, or the same data type
at two different time steps. A
sample SUPERfax chart is shown in
Figure 2.

NOWrad™

For more than 30 years, users of
radar have been limited by their
ability to acquire composites of
radar imagery. The primary reason
for this is unprocessed radar
imagery are subject to
contamination by ground clutter and
anomalous propagation - false
echoes which can be difficult to
distinguish from actual
precipitation returns. WSI's
NOWrad advanced radar composite
product is the first to provide
high-resolution national and
regional radar composites on which
much of the false echoes have been
eliminated.

Every 15 minutes, WSI's computers
receive the latest raw digital

radar data from all reporting NWS
radars. A national composite is

SW corner: -50/0090, NE corner: =-40/0060, level: 500 mb,Fcst: 168HR Parm: HGHT

534.957275 536.738525 535.144775 531.051C25 525.426025 520.738525 518.426025
551.488525 551.676025 549.051025 544.957275 539.144775 533.207275 531.801025
564.519775 563.426025 561.082275 557.957275 552.957275 549.519775 552.019775

Fig. 1. Decoded NWS Medium Range Forecast model data: 168-hour
forecast of 500mb heights in the area bounded by 40-50 South

latitude and 60-90 West longitude.
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Fig. 2.

WSI SUPERfax chart showing a 144-hour forecast of 500mb

heights (solid lines) and surface pressure (dashed lines) from
the European Centre for Medium-Range Forecasting (ECMWF) model.
The raw data arrive via the NWS Family of Services Numerical

Product Service.

immediately generated, and special
algorithms are applied which
substantially reduce the false
echoes caused by ground clutter and
anomalous propagation. Users can
then choose an 8km national
composite, or a 2km regional
composite for display on a personal
computer or other graphics
workstation.

CONCLUSIONS
The key to managing the explosion

of weather information in the
coming years will be the
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sophisticated data processing and
value-added product generation
demonstrated here. Once the
information is made available to
the end-users in this pre-
processed, value-added form, they
will be better able to assimilate
the products into useable
information. The challenge for the
future is to ensure that Government
and the private sector work
together to ensure that information
flows from the sensor systems to
the end user in a timely manner;
the products provide useful
information; and the users are
trained in using the products.



ANIMATION SYSTEMS AT NBC

James Keane
National Broadcasting Company, Inc.
New York, New York

Abstract

During the last few years NBC has developed the
ability to create sophisticated graphic

animation sequences using in-house facilities.
There are several methods used to create these
animations. Two of those methods will be
discussed in this paper. The first uses a
network of 3D computer workstations linked
together on a single "graphic” Ethernet Lan.
These systems are used to create the
spectacular graphic effects used for special
segment animations, show openings, and on-air
promos. The second method uses the frame by
frame editing compabilities of a Quantel Harry
combined with the Quantel Encore and Paintbox
systems to create complex animations, that
would be difficult to create on a computer based
3D system. These two methods can be also
used in combination with each other.

Animations created on a 3D system can be
transferred to a Harry and layered with other
effects.

This paper will discuss the hardware systems,
software and the support issues that arise with
the use of these systems.

3D Animation Systems

Since the early 1980’s NBC has used a variety of
systems to create 3D animation sequences.
Although these systems were successfully used
at NBC they were not compatible with each
other. In 1985, NBC evaluated several 3D
animation software packages developed by

independent software vendors. As a result of
these evaluations it was decided to purchase a
3D software package developed by Wavefront
Corp., to run on a Silicon Graphic IRIS 2400T
Workstation. One of the major reasons for this
decision was the fact that Wavefront software
ran under the UNIX operating system. At that
time, UNIX was the operating software of
choice on most high-end workstations. It was
portable across different hardware platforms.
This meant that when better, more powerful
hardware became available, we could move the
UNIX-based software onto those systems and
thus protect the software investment.

The IRIS 2400T was installed in the Computer
Imaging Lab at NBC in New York. In this lab,
artists and software programmers could work
together. The programmers could supply the
technical knowledge lacking in the artists,

while the artists could supply the artistic

talents absent in the programmers. This close
relationship between technical and artistic
people has been a major factor in the success of
these systems.

In the lab, various DEC computers running the
ULTRIX version of UNIX were linked together
via an Ethernet Lan. The 3D workstation was
incorporated into this network, and one
computer on the network, a DEC 750, became a
file server used for storing and retrieval of 3D
files.
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Gradually, the software bugs, the artists'
problems and the programmers’ issues were
resolved, and in 1986 another Silicon Graphic
2400T, purchased by the Network News Graphic
Dept. was added to the network. As the demand
for 3D animations increased, the issue of
rendering time began to surface. Rendering is
the final step in creating a 3D animation
sequence. ltis the step when all the data
about the various objects in a video frame are
brought together, pixel by pixel, to create a
complete frame of video. This process is
computer-intensive. Information regarding the
objects’ shape, color, shading and the effect of
light sources must be processed before each
pixel can be rendered. In the latter part of 1986
a Celerity 1260 compute-server was added to
the network. It increased the compute power
available to the network by a factor of three,

and helped relieve the rendering bottleneck.

Animations created on these 3D systems were
first used on-air during 1986. They were aired

on several special segment News shows and used
for show openings on election night. In 1987 and
1988, ateam of artists and engineers put
together a 3D graphic facility to create many of
the 3D animations that were used during the
telecasts of the 1988 Olympic Games. The 3D
workstation used in that facility was a Silicon
Graphics 3130 initially installed in a production
house in Toronto, Canada. There, other graphic
equipment used for the Olympics were also
being assembled. In 1988 itwas moved to
Seoul, Korea where it could be used to create
"last minute” animation sequences during the
Games. Although it was a newer, faster

system than the ones in New York, it used
Wavefront software and therefore, its files

were compatible with New York. Work on an
animation sequence could be started on any
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system and finished another. If the backload of
work in Korea had become overwhelming, files
could have been transferred between Korea and
New York via phone.

Because of the successful use of 3D graphic
systems during the Olympics, and the growing
demand within NBC for this type of animation,
the graphics department of NBC’s Operations and
Technical Services Division purchased two new
graphics systems in 1988. These systems, the
Silicon Graphics 4D-70 Workstation and the
Silicon Graphics 4D-120 Compute-server were
also added to the network. In the same period a
Sun 4-280 compute-server was acquired by the
Systems Development Department as part of a
separate software effort. This Sun 4-280 was
also added to the Ethernet Lan and the rendering
power available to the 3D animation systems
was again increased.

The importance of the decision to use UNIX based
software had now become apparent. Hardware
systems from four different vendors were linked
together on a single graphic network servicing

the needs of three different departments in

NBC. (Figure 1).

Vi m

Four additional devices play important roles in
the 3D facility. A Quantel Paintbox is used to
provide textures or patterns for the 3D systems.
A Sony D1 (CCIR 601) recorder is used both for
production and for archival storage of images in
a digital component format. A Panasonic M-I|
analog component recorder is used for storing
production copies of the animation effects, and
finally an Abekas A60 is used as a buffer
between the 3D animation systems, the
Paintbox, the Sony D1 system and the M-Il

The Abekas A60 Digital Disc recorder and
Abekas A20 Component Analog to D1 Converter
were added to the network in 1988. These
systems have become very important in the 3D
facility. Images can be transmitted between

the Abekas AB0 and the 3D systems via an
Ethernet port. The Abekas AB0 stores video
frames in the CCIR 601 format and can transfer
these images to and from the Sony D1 system

via a parallel data port. With the A20, the A60

can capture images from the Quantel Paint Box
and transfer them to the 3D animation systems.
With an NTSC encoder, the AB0 is used to
transfer images to the Panasonic M-I1. Finally,
because the Abekas A60 can play back images in
ooth real time or frame by frame, it is used for
previewing the 3D animations.

Cel Animation

The second method of producing animations at
NBC uses the frame by frame

editing capabilities of the Quantel Harry

System, along with a Paintbox, an Encore digital
effects system. and a Sony D1 digital
component recorder. (Figure 2).

Cels or frames of animation can be transferred
between the Paintbox and the Harry. Using the
Paintbox an artist can create an animation
sequence frame by frame, or he can modify a
trame of video that was transferred from the
Harry. Using the Harry's frame editing
capabilities, the artist can add or delete frames
from an animation sequence as he desires. When
the artist wants to move an objectinan X, Y or Z
dimension, he can use the Encore to create the
movement automatically, instead of having to
draw the movement on a frame by frame basis.
A most important aspect of the system is that it
is a digital component system. Images can be
composited without loss of quality. For
example, an artist can create a moving

oackground in one sequence of animation and
then layer moving foregrounds on top of it
without effecting the resolution of the
oackground.

This system allows an artist to create
animation that would be too complex, if not
mpossible, to create on a computer based 3D
system. Two classic examples of such
animations are a series of air bubbles rising
through water, where the sizes and shapes of
bubbles are constantly changing and finally
popping at the surface, or an animation
containing flames that vary in size, shape, color
and intensity.
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To insure that 3D animation systems will be
used effectively, two important issues must be
considered. The first is portability of software.
Every week seems to bring an announcement
about a newer, more powerful workstation. |f
the software packages used to create 3D
animation cannot take advantage of these new
systems, they will quickly become outdated.
The second issue is the need for programmers to
support the staff of artists. Programmers are
needed to isolate artists from computer issues.
They are needed to resolve computer and
network problems. They are needed to install
new releases of software and train artists in
their use. In addition, some of the 3D software
packages available today contain software
"hooks”. These "hooks” enable competent
programmers to add new effects to the artists’
toolkit. This allows a facility to create unique
animation effects and develop "signature” looks.
One of the questions that must be asked when
deciding to invest in 3D graphic systems is "why
bother?" There are certainly many good
production houses that are capable of doing this
work. Why bother investing in these expensive
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systems and then have to worry about training
artists to use them, and training engineers to
maintain them? The answer, of course, is that
the investment is not a good one unless you can
create 3D animation sequences for significantly
less than an outside facility, with at least the
same quality and turnaround time.

During the past four years artists at NBC have
created over two hundred 3D animation
sequences that have been used on air by our
Sports, News, and Entertainment divisions. This
represents over 4,000 seconds of animations. |f
these 3D sequences were purchased from outside
facilities at estimated rates of $2,000 to

$4,000 per second, the cost incurred by these
divisions would have greatly exceeded our total
investment.
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EVERYTHING YOU ALWAYS WANTED TO KNOW ABOUT
COMPUTER ANIMATION, BUT WERE AFRAID TO ASK

Rick Lehtinen
Broadcast Engineering Magazine
Overland Park, Kansas

ABSTRACT

Computer animation has become so deeply entrenched in
the video production business that it is difficult to imagine a
newscast, news feature or sporting event without it. This
paper discusses computer animation, classified by type. The
paper then touches on how animation segments, or elements,
are integrated into a finished production. The hardware used to
produce computer animations is examined in a generic fash-
ion, starting with the computer, and moving into how anima-
tions systems integrate into the “video backbone™ of a broad-
cast plant.

I- Introduction

This paper briefly overviews the techniques used to gener-
ate computer animations. We will look at several types of
animation, review the techniques used to create finished
animation segments from raw graphic elements, then survey
the video and computer hardware with which these graphic
elements are created.

11- Types of animation

One can not lump all computer animation into a single
category, any more than one can properly lump oils, acrylics,
watercolors, tempera, airbrush and Chinese calligraphy as
"paint”.

One classification scheme might be to break down com-
puter animation as follows:

1) Color-cycle animation

This type of animation works by changing the colors of in-
dividual segments of the screen. In some systems this is done
by quickly changing the definitions in the color look-up table,
or color palette. Changing to the background color makes the
object seem to disappear. This can give the illusion of move-
ment.

2) Two-dimensional or Cel animation

The artist first establishes key frames. The computer then
performs the "in-betweening", that is adjusting the elements in
the picture to complete the movement between keyframes.
Several elements of the picture -- position, size, orientation,
color, etc. -- may be animated.

3) Two-and-a-half-dimension animation

Not all art has to be "flat". Shapes can be drawn so as to
appear three dimensional. These can then be moved as in two
dimensional animation.

4) Three-dimensional animation

A set of points and the interconnecting curves is defined to
be an "object”. The object is then moved about in space, or the
camera moved with respect to the object. Textures can be
mapped to the objects surface, the object can be painted, and
backgrounds can be supplied.

5) Metamorphosis
The shape of an object is changed over time to create a new
object. In two dimensions, this is performed by using masks
and careful painting. In three dimensions, this is done by vary-
ing the location of the points and curves in the underlying ob-
ject.

6) Behavioral animation

It is difficult to keep track of the path of each object in a
group. In behavioral animation, each object determines its
own path with respect to the other members of the group. fol-
lowing a set of rules laid down by the artist.

7) Displacement animation

Points are bound to their neighbors according to artist-
defined rules. When one point is dragged, the other points fol-
low, resulting in surface distortions that mimic life. This
means that one can animate the surface of objects, not neces-
sarily the objects themselves.

8) Live Actors with animation keyed-in

Live actors can be mixed with animation for unique effects.
This can be accomplished in post production with a switcher,
or by "Rotoscoping” (see below).

9) Rotoscoping

Video images are frame-grabbed by the computer, pro-
cessed, and then returned to the tape. This is greatly faciliated
by the use of digital VTRs, or digital disk recorders, since
these allow the use of multiple layers and re-recording without
generation loss. Rotoscoping can be used to "retouch” video.
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10) Combinations of animation

Just as an artist may chose to mix media for unique effects,
computer graphic designers may chose to merge several forms
of animation to create many variations of a design.

III- Creating Animation Segments

Only the most recent computer systems are capable of
producing finished "pieces” of video. These modern systems
automatically produce the "in-between" frames in real time.
One system even includes a MIDI (Musical Instrument Digital
Interface) output, which could eventually operate a synthe-
sizer, for dropping in sound effects. Conceivably, these sys-
tems could find application in news graphics, where they
would allow rapid creation of animations.

By far the majority of animations, however, exit the com-
puter as single frames, which are either stored in the computer
as picture files, or recorded onto video tape one frame at a
time.

These elements are sometimes rendered as complete
frames, including backgrounds, but other times are left as dis-
crete images which are merged together in post production.
The reason for this is that video techniques are much faster at
creating wipes, fades, and digital effects moves than are com-
puters.

In some cases, audio post production, or sweetening, is
used after the video elements are combined. The result is fin-
ished video production.

IV- An Overview of the Hardware

One of the first big shocks awaiting anyone trying to pro-
duce professional quality animation, is that top quality art can
only be conveyed with top quality, technically accurate, video
signals. As broadcasters know, equipment that produces ac-
curate video costs money. In fact, it is not unlikely that the
"video backbone” of a computer graphics facility could cost as
much as the computer graphics equipment itself. Fortunately,
most broadcasters have access to much of the required equip-
ment already.

The hardware elements of a generic computer graphics sys-
tem are depicted in figure 1.
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W Section 1. A computer graphics system is basically a computer
configured to produce video. A graphics tabiet gives the artist a
tool for drawing. The monitor displays work In progress.

BSection 2. The DAC section receives digital output from the com-
puter and converts it to analog video out. The output is shown here
as RGB, but some systems output composite (NTSC) video, 4:2:2
(D-1) or D-2 digital video. A sync generator is needed to make stable,
recordable output video. It also enables the system to be gen-locked
to house and timed to destination.

Sectlon 3. Off-line storage (removable disk pack, floppy disk or
tape drive) allows archival of images. backup (protection copies)
of system's memory, transportation of images from one system 1o
another and system securlty. With the terminal, the artist can per-
form system-level functions such as moving files and backing up
the system. Artists also use the terminal to enter text information
and motion macros. Engineers use it to run diagnostic programs
and install software updates.

Figure 1:

Computer graphic

]

FILM—
RECORDER
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B Section 4. The encoder (or in analog component systems, the
transcoder) converts RGB from the system into a format suitable
for tape machines and switchers. The NTSC monitor is shown here
as a separate unit, but may be part of a color paint monitor. Using
a camera as a video source greatly increases the effectiveness of
the artist. Analog-to-digital conversion hardware allows the outside
world 1o talk 1o the computer. A decoder allows any composite video
source 1o be fed into the system for digitization. RGB from the
decoder follows the same path as RGB from the camera.

[Section 5. Because even simple animation segments may -e-
quire hundreds of single-frame edits, a machine-control system is
generally included with the system. A completed computer graphics
system is capable of video or camera scan-in and viceo or hard.
copy output.

system block diagram
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ZOOM LENS DESIGN FOR CCD CAMERAS—THE
IMPLICATIONS ......AND
THE CHALLENGE

Bernard Angenieux and Gerard Corbasson
Angenieux Corporation of America
Miami, Florida

In addition to their well known operational
benefits, CCD cameras now reach, and even some-
times surpass, the level of image performance
of tube cameras.

However CCDs place new constraints on the lens
performance. Unlike tubes, they are in a
fixed location, and they do not allow any geom-
etric processing of images.

Furthermore the CCD offers a completely flat
response from the center to the edge.

This paper explores the new demands that are
thus placed on optics (chromatic aberrations,
distortion, MTIF, vignetting) and illustrates
how well presently available lenses can meet
this challenge.

In addition to the inherent advantages of using
chips instead of tubes, the level of image
performance of CCD cameras continue to improve
year after year. In this respect it can be
said that CCD cameras now equal, and sometimes
surpass, the tube cameras they replace.

Smear, image lag, blooming have been improved.
The number of pixels has increased and resolution
hits high levels.

Furthermore resolution is uniform from the
center to the edges of the picture and stable
with time. It is little sensitive to environ-
mental conditions, which is an indisputable
operational advantage.

On the other hand some features of tubes have
gone, thus placing an additional burden on
optics. Lenses must now be fully corrected
for chromatism and geometry.

It is of course worth mentioning here that
trends of the future such as 16/9 aspect ratio,
enhanced TV and HDTV will call for further
progress in the very same directions.

This paper will therefore review what optics

must do to cope with the cameras of today and
how they reach the required level of quality.

As a conclusion we will briefly see how these
will have to evolve for the television of tomor-
row.

1.- CCD MTF RESPONSE

Exhibit 1 shows the MTF response for a 510 hori-
zontal pixels, a 768 horizontal pixels and a
2/3" PBO tube. The gain in MTF between the

510 pixels CCD and the 768 pixels CCD is consid-
erable.

RESPONSE

10
u..
4

08+

M{

02+ Freqnnq
Mz
°

MTF CURVE OF 768 . cch
COMPARED WITH 2/3 INCH P80 TUBE
EXHBIT 1

The pixel dimensions being 11 x 11 micronms,

the optical image spot of a point must always

be smaller. Furthermore the differential devia-
tions, i.e. the distances between the three

RGB images, must be much less, since there is
absolute superposition of the three RGB pixels.

2.- CCD POSITIONING

For 1/2" cameras all the three CCDs are at the
same distance from the lens. On the contrary
the CCDs of 2/3'" cameras are at different dis-
tance as can be seen on Exhibit 2.
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3.- LONGITUDINAL CHROMATIC ABERRATIONS

Tubes could be moved, CCDs cannot. The lens
must therefore deliver a fixed image at the
exact location of the CCD of each channel.

With tube cameras there always was some possibil-
ity to compensate for longitudinal chromatic
aberration by relocating the tubes on each chan-
nel. With CCDs all the lenses of all types

must have the same longitudinal color correction
(although different for 1/2" and 2/3" as the
sensors are not in the same plane).

This can be well illustrated with the curves
of longitudinal chromatic aberrations for the
Angenieux 20 x 8.5, a lens for 2/3" studio,
when designed for a tube camera (Exhibit 3),
or for a CCD camera (Exhibit 4).

Axmm
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=001 \/ ’ A nn
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LONGITUDINAL CHROMATIC ABERRATION (standard)
angenleux 20x85 - CCD 2/3" - F=mB.5mm

1

'EXHBIT 3
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It must be mentionned that the constraint of
differential back focus in the 2/3" cameras for
the three color channels is not a problem, perhaps
even to the contrary, for the short focal lengths,
i.e. lenses for ENG and studio.

However this is more and more of a penalty on

the lens MTF performance as longer and longer
focal lengths are required. For instance, present
2/3" lenses for OB sports reach a focal length

of slightly more than 1000 mm. At these focal
lengths and for a perfectly corrected lens, at

5 MHz and in the center, the MTF shows a loss

in the blue of 187 with F5 glass, or 67 in the

red with BPG2 glass as compared to what it would
be if the three CCDs were in the same plane.

The other problem (Exhibit 5) with the three
chips in different planes is that different back
focus, i.e. different focal lengths, result in
different image sizes, or lateral chromatic aber-
rations. To avoid this the optical designer

must shift the principal plane. Something much
easier to say... than to do!
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4.- LATERAL CHROMATIC ABERRATIONS

The three images of the tube cameras can be
magnified independently. Not with CCD cameras.

A tube camera can thus correct to some extent,
the lateral chromatic aberration of lenses
(i.e. RGB images of different sizes). With

a zoom lens lateral chromatic aberration varies
with focal length. Sophisticated tube cameras
do provide for real time correction during
zooming.

Now CCD cameras, unlike tube cameras, call

for lenses which are totally corrected for
lateral color. Total correction means that
deviations of the blue and the red images from
the green image must not exceed the CCD resolu-
tion of one pixel (1l microns).

As an illustration, Exhibit 6 shows it is well
the case with the Angenieux 15 x 6.5, a new
budget high performance studio lens which is
introduced in 1990.

Image height 3.3 mm
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EXHBIT 6

These remarkable performances can only be a-
chieved with exotic low dispersion glasses
(i.e. with lowest change in refractive power
with light wavelength), as well as with flint
glasses of highly specific dispersion laws.

5.- OPTICAL DISTORTION

The geometry of tubes is... what it is, but
the image can be processed geometrically. The
CCD will show the image of the lens, as is,
neither better, neither worst.

The lens must therefore show a straight line
as a straight line and a circle as a circle.
With a zoom lens the greatest difficulty is
to maintain this over the whole zoom range.

This is achieved with more lens elements and
with aiming at stabilizing the entrance and
exit pupils when the angles of field vary. As-
pherics would be ideal, but unfortunately are
not available today within the dimensions and
the cost that would make them useful.

Exhibit 7 shows the level of distortion of the
new Angenieux 15 x 6.5 at the usual studio work-
ing distance of 2.5 meters. Although this lens
achieves the extremely wide angle of 68.5°it

is extremely well corrected for distortion.
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As another reference Exhibit 7 shows also the
Angenieux 40 x 9.5. a microprocessor controlled
OB lens at a distance of 20 meters. It is to

be noted how low the distortion is, particularly
at the long focal lengths.

Exhibit 8 shows the actual shape of a rectangle,
as will be seen with the new Angenieux 15 x 6.5
(for 2/3") of 15 x 5.5 (for 1/2") at the extreme
wide angle of 68.5°. The lack of visible dis-
tortion is quite remarkable.

15x6.5 at F=65mm (2/3"
angenieux horizontal field 68° 1/2
15X5 at F=5mm (1/2°)

—— SI—— ———

EFFECT OF THE DISTORTION ON THE
ASPECT OF THE IMAGE

EXHBIT 8
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6.- EVEN PERFORMANCE FROM CENTER TO THE EDGE

With regards to image quality, tubes show a
loss from the center of the image to the edge.
CCDs provide a picture which is totally uniform.

To take full advantage of this, lenses should
give images which are more even in resolution,
illumination and colorimetry.

Considerable progress has been achieved in
maintaining a high optical quality from center
to the edges in the lenses which have been
recently developped for CCDs. Coupled with
the even performance of the chips the results
are spectacular. Exhibit 9 compares the typical
numbers of MTF for a 15 x studio lens of the
previous generation (but still in production
in 1989), with the new Angenieux 20 x 8.5.

For a similar sensor MTF normalized response
of 1007 at the center, the value at the edge
improves from 207 to 857!.

5 MHZ MTF CENTER | CORNER
Tube normallsed 100% 50%
15x13 115 actual 90% 40%
Chaln 90% 20%
CCD normallged 100% 100%
20x8.5 t13 actual 90% 85%
Chaln 90% 85%

MTF VALUES
WITH TUBE AND CCD CAMERA
EXHBIT 9

The comparison of these two lenses, both of
which were developped to be used with high
performance studio cameras is also interesting
in another aspect: vignetting. Vignetting is
the loss in the uniformity of illumination
from the center to the edge of the picture.
Exhibit 10 shows the substantial improvement
which happened between these two lenses.
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Vignetting is a direct function of the diameter
of lens elements. In this case the diameters
should be increased by more than half their
present values to totally eradicate vignetting.
For obvious reasons of weight and cost this

is not possible and cameras now provide for

a compensation of up to about 507.

Concerning image uniformity a final point is

to be made. In order that image colorimetry

is uniform over the whole picture, it is neces-
sary that beams of light reflected by the prism
dichroics surfaces impact these surfaces at
similar angles, whichever part of the image

is concerned. Principal rays must be inclined
by no more than 2 degrees on axis. This implies
that particular care is taken in the physical
location of the iris.

7.- LENS SPECTRAL TRANSMISSION TO FIT THE SENSORS

With CCD cameras the blue channel has intrinsi-
cally a low sensitivity. Optical materials
and coatings will therefore be carefully selec-
ted to avoid penalizing the blue in any way.

The spectral transmission of the Angenieux 1l4x7,
and ENG lens for 1/2" CCD (Exhibit 11) shows
how flat a response can be obtained despite

the strong blue absorption found in all optical
glasses.
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8.- 16/9 ASPECT RATIO WITH THE CCD OF TODAY

On the way to HDTV, there is an interest in
the 16/9 aspect ratio. Chips of this geometry
are not presently available. Besides, broad-
casters may wish to use the same camera for
both 4/3 and 16/9 aspect ratios.

A similar solution as with film is available:
anamorphot optics. With cylindrical elements
it is possible to increase the horizontal field
of view by one third and condense the informa-
tion on the length of horizontal lines.

This can be done either with placing the cyl-
indrical elements in front or at the rear of

the lens. Like with all optical attachments,
front anamorphot maintains the lens full aperture
but is bulky. Front anamorphot is therefore

to be preferred as long as size remains accept-
able. Rear anamorphot might be necessary for

OB lenses.

9.- HDTV

CCDs clearly appear to be one of the keys of
HDTV in the future. All which has been said
here will apply, but with much tighter require-
ments.

At the same time, there will be a need for
higher quality level and yet operational demands
cannot be anticipated to go down. Directors
will insist, and very rightly so, on long zoom
ranges, high apertures, very wide and narrow
angles of view, very close minimum focusing
distances etc.

These demands are, more often than not, inherent-
ly technically contradictory. It is thus a
totally safe prediction that there will be

no shortage of activity for the television
optical engineer in the years to come.
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NEW ELEMENTS THAT PROVIDE PATTERN VERSATILITY
IN THE COAX AND WAVESTAR ANTENNAS

Fred A. Pantsios
Harris Broadcast Division
Quincy, lllinois

ABSTRACT: Bent dipoles and loop elements
attached to the mast and excited by a slot,
have been found to have very useful properties
for cylindrical slot array antennas employed
in TV broadcasting. By inserting these
elements, the inherent slot pattern can be
controlled and, in addition, a vertical
component can be obtained for CP
broadcasting.

A variety of azimuthal H-pol and V-pol
patterns have been achieved, showing great
versatility, including more directional pattern
of the “cos¢" type for higher gain per element
and less mutual coupling between adjacent
slots. In the case of full CP, good axial ratio
in the overall radiation pattern has also been
accomplished.

Finally, negligible changes in the slot array
bandwidth were observed by introducing these
forementioned elements.

INTRODUCTION

In 1974 Alvin Clavin, D.A. Huebner and F.J.
Kilburg (1) suggested the use of a new
element composed of a pair of monopoles
(straight or L shaped) excited by a slot in
array applications due to many desirable
properties exhibited. Among these properties,
E and H plane element pattern control as weli
as reduction in inter-element mutual coupling
have been achieved by using these elements in
rectangular waveguides (X band). Also a
complete analysis of two straight monopoles
excited by a narrow slot located in an infinite
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conducting ground plane was carried out by
A.B. Papierz, S.M. Sanzgiri, and S.R. Laxpati (4).
in both papers, the slot is excited by a TEyq
mode. In this approach, the same type of
elements have been used, but with some
change in geometry to account for the
cylindrical surface of the pipe, the array
factor and the generation and shape of both
the H and V pol pattern. In this paper, the
slots were excited by a TEM mode (coax) and a
TMyoy (waveguide), respectively. Some of the
forementioned properties have been confirmed
and, in addition, V-pol pattern control
(amplitude percentage, phase and axial ratio)
has been achieved. In addition, a slot-loop
radiating element with a slightly different
shape has been used as compared to the one
suggested by M.L. Fee (3).

ELEMENT DESCRIPTIONS AND CORRESPONDING
PATTERNS

Pair of Monopole Elements:

The basic elements, used for these
experiments, consisted of a pair of L inverted
monopole rods connected to the mast on both
sides of the slot. Two different
configurations have been wused, one
symmetrical and horizontal, as shown in
Figure 1 and a second, asymmetrical and
vertical (Figure 2a) for the generation of both
H and V-pol E-field. By adjusting the distance
d between the elements, the height h and
length I, the V-pol amplitude and phase, as
well as the H-pol pattern can be controlled.



3

—— (] -

! I
A e

/Il F
f n L-Monopote

e

Cylindrical
Mast

Slot

SLOT EXCITED HORIZONTAL L-MONOPOLES
FIGURE 1

-

- «— Cylindrical Mast

Slot
-+ -

_E{' E:_

SLOT EXCITED VERTICAL L MONOPOLES
FIGURE 22

s

L-Monopole

In addition, some promising results (not
published) have been obtained by using
straight radial monopoles on each side of the
slot as shown in Figure 2b.

Cylingrical
Mast (wavestar)

Slot

/ L 7~ Radial Monopole
P (PO

SLOT EXCITED RADIAL MONOPOLES
FIGURE 2b

Test Antennas

The patterns on these elements were taken at
the Harris Antenna Test Range in Palmyra,
Missouri using a short range facility.

Basically, two types of slot antennas were
used as test pieces: a Coax CH 53 (OD = 8-
5/8"), 4 bay peanut array (for full CP), and a
CH 61 (OD = 15", TMoy mode), 1 bay trilobe
array (H-pol). The forementioned antennas
were used in the transmitting mode and a
rotating log periodic antenna was used as a
receiving element for H or V-pol The
antennas were 90’ apart and 20’ above the
ground (short range). Some of the patterns
were measured and the others calculated on a
PC computer by using actual measured single
element amplitude and phase E-field data.

il P T
Figure 3 shows a single slot element pattern
corresponding to the CH 61 pipe without
monopoles. By inserting two horizontal L
monopoles on each side of the slot, and by
adjusting the forementioned dimensions, a
"cos® type" of pattern has been achieved
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SINGLE SLOT WAVESTAR CH 61 ELEMENT PATTERN
FIGURE 3
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(Figure 4). As shown, less radiation occurs in
the tangential direction as well as in the back
of the slot plane. Using the same element, in
all three slots 1 bay around, a trilobe pattern
has been obtained (Figure 5a). Figure 5b
shows the corresponding calculated pattern by
using single element amplitude and phase
data. The nulls in the calculated pattern are
slightly deeper than in the measured, probably
due to neglected mutual coupling and mast
scattering. In contrast, 5¢c (measured pattern)

SINGLE SLOT AND DIPOLE CH 61 ELEMENT PATTERN
FIGURE 4

SLOT AND DIPOLE CH 61 TRILOBE PATTERN
FIGURE 5a
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CALCULATED SLOT
AND H-DIPOLE TRILOBE PATTERN
FIGURE 5b

shows a narrow six lobe pattern with deep
nulls when no monopoles are inserted. By
comparing the forementioned figures, a
drastic improvement in the overall pattern
has been achieved without changing the pipe
size and by using only three slots.

o
I3 -

HEXALOBE PATTERN WITH THREE SLOTS ONLY
FIGURE 5¢



Cardioid and Peanut Pattern Tests

Figure 6 shows a cardioid pattern
corresponding to a single element in a CH 53
coax antenna. By inserting the two vertical L
monopoles radially and vertically (11" overall
length) on both sides of one slot and displaced
off center, and by adjusting h,e,d and |, a
directional H as well as V-pol pattern, almost
full CP was achieved, as shown in Figure 7. In
Figure 8a, a full CP peanut pattern was
accomplished by using the same

SINGLE SLOT PATTERN OF COAX CH 53
FIGURE 6

" : l--;,
SINGLE H AND V-POL PATTERN

OF SLOT AND V-DIPOLE ELEMENTS
FIGURE 7

forementioned elements on all 4 bays of the
CH 53 coax antenna. As can be noticed, a good
tracking between H and V pol is achieved due
to the similarity between the element H and V
pol patterns. Figure 8b shows a measured H-
pol peanut pattern without the dipoles. By
comparing the patterns of Figure 8a and b
respectively, it can be immediately noticed
that the mainlobes are rotated 90¢. In case of

H AND V-POL PATTERN OF 4-BAY PEANUT ARRAY
(SLOT AND DIPOLE ELEMENTS)
FIGURE 8a

4-BAY PEANUT ARRAY PATTERN (SLOTS ONLY)
FIGURE 8b
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Figure 8a, they are located on boresight of
each slot which means less mutual pattern
interaction (coupling) between adjacent slots
per bay occurs due to the insertion of the
monopole elements. Figures 8c and 8d show

278

CALCULATED H-POL PEANUT PATTERN
FIGURE 8c

CALCULATED V-POL PEANUT PATTERN
FIGURE 8d
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the V and H-pol patterns, calculated from
measured data, which are very similar to the
Figure 8a patterns, respectively. The main
difference again is in the null depth as
discussed before in the trilobe pattern. As
previously shown, control in the H-pol as well
as in the V-po! pattern has been achieved.

Loop Element

The use of a crossed loop excited by a slot
was first suggested by M.L. Fee (3) for
generating a V-pol component in the slot E-
field. Figure 9 shows the actual loop
configuration used in our tests. By adjusting
the distance (d), Height (h), and length (I),
different percentages of V-pol components
can be achieved.

|

SLOT EXCITED LOOP
FIGURE 9

Tests were conducted on the 4 bay CH 53 Coax
antenna and a 10-bay rectangular waveguide
(WR 1150) CH 40 antenna. Figures 9a and 9b
are axial ratio measurements of the azimuth
and elevation pattern respectively, of the 10
bay full CP cardioid array. The azimuth
pattern has an axial ratio of 1 dB in 140
degrees off boresight. On the other hand, the
elevation pattern of both H and V-pol are very
similar within the first two sidelobes as



CP CARDIOID AZIMUTH PATTERN
OF SLOT AND LOOP ELEMENTS
FIGURE 9a

CP CARDIOID ELEVATION PATTERN
OF SLOT AND LOOP ELEMENTS
FIGURE 9b

shown in Figure 9b. In addition, Figure 10
shows a cardioid pattern with 20% V-pol
obtained on the 4 bay coax antenna. It was
found that the loop requires fewer
adjustments to obtain a given pattern as
compared to the monopole, however, it has
less pattern control flexibility.

H AND v-POL (2092) CARDIOD PATTERN
FIGURE 10

IMPEDANCE AND PATTERN BANDWIDTH TEST

The CH 53 coax antenna peanut array (Figure
11) was used for the impedance and power
tests. The antenna was laid horizontal on
workhorses and the match was optimized with
the aid of a network analyzer. The piece was
tested with and without radomes as shown in
Figure 12a and Figure 12b respectively.

FIGURE 11
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FIGURE 12a

FIGURE 12b

Figure 13 depicts the coax mast and the
corresponding dipole elements inside the
radome. The match under both conditions is
shown in Figure 14. As can be immediately
observed, the bandwidth is practically
unchanged (1.07 and 1.08 respectively).
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FIGURE 13
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MATCHING PLOTS WITH AND WITHOUT RADOME
FIGURE 14

The pattern bandwidth was measured on the
peanut array with thinner elements, but
keeping the same former dimensions. As a
consequence, a change in the peanut pattern
did occur, as can be noticed by comparing



Figures 15 and 8 respectively (2). Figures 15a,
15b, and 15c show the corresponding H and V
patterns for the frequencies 704, 707, and
710 MHz respectively. As can be noticed, only
negligible changes occurred in both H and V-
pol patterns when the frequency was
increased from 704 to 710 MHz.

H AND V-POL CH 53 PEANUT PATTERN
AT f = 704 MHz
FIGURE 15a

<
2,
it

Fiar

H AND V-POL CH 53 PEANUT PATTERN
AT f = 707 MHz
FIGURE 15b

o s

H AND V-POL CH 53 PEANUT PATTERN
AT f = 710 MHz
FIGURE 15c¢

Power Test

The 4 bay CH 53 coax peanut array with slot
and monopole elements was also tested for
power performances in the Harris transmitter
lab. The antenna was located outside the
building, laying on workhorses as shown in
Figure 16a and Figure 16b respectively.

FIGURE 16a
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Figure 16a shows the tested antenna fed to a
60 kW transmitter located inside the building,
via a rigid transmission line. Figure 16b is a
front view of the coax antenna laying on wood
supports to separate itself from the radome.
The antenna was tested under a radome and
with the transmitter running at full power for
three hours. No corona or hot spots were
observed.

FIGURE 16b

MENTS AN NCLUSION

Very interesting and encouraging results have
been obtained with the forementioned
monopole configurations on the coax and
wavestar antennas. Other geometries have
been tried to expand the range of different
patterns available.

Also, the use of straight radial monopoles
looks like an effective and efficient way to
achieve, besides some different patterns,
better circularity in current omnidirectional
patterns (for the same pipe size) especially at
frequencies off center.
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From the obtained results, the following
conclusions can be drawn:

a) The monopole and loop geometries
lead to great pattern flexibility in H-
pol and V-pol for both the Wavestar
and coax antenna while maintaining
the same pipe size.

b) As the elements are excited by the
slot, both H and V-pol elevation
patterns are practically the same.

c) Also due to the forementioned
excitation, no additional coupling
devices are required, which increases
the reliability.

d) Larger diameter radomes have to be
used in order to host the excited
elements.

e) As shown in the test, the new
elements have good power handling
capability.

f) Acceptable impedance and pattern
bandwidth performance has been
shown.
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NEW ADAPTIVE DIGITAL TECHNOLOGY FOR INTERFACING
PRODUCTION INTERCOM SYSTEMS TO DIAL-UP TELCO LINES

Steve Church and Richard Matanowitsch
Telos Systems
Cleveland, Ohio

A state-of-the-art solution to the difficult problem
of interfacing production intercom systems to
dial-up telephone lines is presented. In contrast
to ad-hoc solutions which often exhibit problems
with achieving desired levels and/or feedback,
this solution uses a digital signal processing
approach in order to allow appropriate gain to be
added to each of the talk paths. A prototype unit
which uses the digital approach and integrates all
of the functions required for interfacing is
described.

INTRODUCTION

Often, in television production, we have the
desire to connect a "belt-pack” intercom system to
dial-up telephone lines. Smooth integration of
live news remote feeds, for instance, requires that
production personnel at all locations be able to
communicate with each other in a simple,
troublefree fashion. This is especially true when
multiple remote sites are involved, as for election
coverage, major sporting events, and telethons.
Ideally, we would like to have our production
crews at each location use the familiar intercom
systems, such as those made by RTS, Clearcom
and others, as if they were simply connected to a
common bus - without regard for the distances
involved. Most often, access to the dial-up phone
network is available by wire or cellular. So, if we
could find a way to reliably make the two systems
play together, we would have the solution.
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We want to connect our production
intercom systems to the dial-up phone
network. What do we need to put in the
boxes?

It would seem, at first thought, to be a simple
matter to accomplish this. Unfortunately, as many
experi-menters have discovered, some important
difficulties intrude. Let's first catalog what needs to
be done in an interface appropriate to the task:

e Provide effective hybrid functions for
both the intercom and phone line so that
gain may be inserted without feedback.



* Provide physical and electrical interface
to the intercom system.

* Provide interface to the phone line, with
an auto-answer and disconnect function
desirable.

¢ Correct for varying levels with AGC,
preferably in both directions.

¢ Provide metering for signal indication
and troubleshooting.

It is item number one which causes the most
trouble - if the hybrids do not have high
performance, level problems and/or feedback are
sure to result. Ad hoc solutions are often beset
with problems in this area. Since effective hybrid
performance is critical to troublefree operation,
this discussion will center upon the issue of
hybrid use and implementation in an intercom
interface system.

HYBRIDS AND INTERCOM INTERFACE

A standard phone line is a two-wire circuit. The
term comes from early telephone engineering and
refers to the fact that a single circuit consisting of
two wires is used for both the send and receive
speech signals. This is in contrast to a four-wire
system which would use two circuit pairs with
separate, independent paths for each signal
direction.

The purpose of a hybrid is to turn a two-wire
circuit into a four-wire circuit. That is, to separate
the two signal directions into the individual
components. We need to do this in order to
provide amplification and gain control processing
in the two signal paths. Without a hybrid, it
would be impossible for our intercom interface to
provide any gain, since an amplifier is certainly
one-way only!

SEND

- e

4-WIRE
2-WIRE
4_’cmcun HYBRID CIRCUIT
PHONE
LINE

RECEIVE
—
PORT

The purpose of a hybrid is to separate send
and receive signals from the phone line.

In fact, our interface is going to require two
hybrids since the commonly used belt-pack
intercom systems are two-wire also. We will
want to connect the hybrids "back-to-back” so that
the intercom hybrid's receive output is fed to the
phone line hybrid's send input and vice-versa
with appropriate gain and processing stages
inserted in the middle. This system is what
telephone engineers call a two-wire to two-wire
repeater.

-

s 2-WIRE \d A 2-WIRE
CIRCUIT [ pecene — CIRCWT
- -WIR

LINE

4-WIRE
> HYBRID RARCOTT HYBRID ’D

RECEVE
v INTCOM

SYSTEM

-

Back-to-back hybrids form a 2-wire to 2-
wire repeater which allows gain and signal
proc-essing to be inserted into the 4-wire
path.

From the diagram, it is clear to see where
problems with feedback can result. If the send-to-
receive isolation, or trans-hybrid loss, of the
hybrids is not at least as great as the gain in the
amplifiers, the signals feed around the loop and
feedback easily builds-up.
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Telephone circuits have widely varying and un-
predictable end-to-end transmission
characteristics. According to statistical studies of
the telephone network, average telephone
connection loss has been found to be 16 dB (8 dB
per loop at each end), with some connections in
the 25 to 35 dB loss range. Indeed, telephone
loops are generally designed to have at least 5 dB
loss. Why? Because the phone company has the
hybrid problems just described and wishes to
avoid feedback at all cost. Clearly, connecting
intercom systems to phone lines without gain and
without AGC is not likely to work very well.
Furthermore, the loss of data gives us a good
indication of how much trans-hybrid loss we'll
need to get the job done reliably.

Hybrids 101

Fortunately, the problem of implementing
hybrids with good trans-hybrid loss has been
investigated at length for the purpose of
providing two-way interface for radio talk shows.
In that application, insufficient trans-hybrid loss
results in the distorted hybrid leakage signal being
combined with the announcer's microphone
signal to produce undesired coloration. Perhaps
surprisingly, the problem of making a hybrid with
consistently high performance is a very difficult
one which has only recently been solved. The
main difficulty was due to a hybrid's sensitivity to
the load connected to it and the necessity that
widely varying telephone line impedances needed
to be accommodated.

The first hybrids were made from transformers
with multiple windings. Nowadays, most hybrids
are made with active components - usually op-
amps - and are known as active hybrids
(naturally). Both circuit types use the same
principle, and achieve the same effect. Let's look
at an op-amp version:
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Phone
Line
A
;Se nd O_D AN l n Receive
nput R1 Qutput

R2 B

Balancing
Network

1

Simplified active op-amp hybrid.  When
the signals at A and B are matched in
amplitude and phase, perfect cancellation
results.

The first op-amp is simply a buffer and telephone
line driver. The second is used as a differential
amplifier - the two inputs are added out of phase
(or subtracted, if you prefer). If the phone line and
the balancing network have identical
characteristics, then the signals at the input to the
differential amplifier will be identical, and no

send audio will appear at the output of the second
op-amp.

The balancing network is a circuit consisting of
capacitance and resistance, and sometimes
inductance, forming an impedance network.
Depending on the hybrid's application, this circuit
can be very simple, or be made of a large number
of components, with a very complex impedance
characteristic.

Notice that R1 and the phone line form a voltage
divider, as does R2 and the balancing network. If
the phone line and the balancing network are
pure resistances, and if they have the same value,
the signals at A and B, the differential amp inputs,
will have the same amplitude, and full
cancellation will occur.



In the real world however, the phone line While some of the lines had smooth curves

is not purely resistive, but rather is a which could be simulated with a simple
complex impedance, causing both the resistor/capacitor balancing network, others
amplitude and phase to vary at A as the would have required a large number of coils
send signal frequency varies. and/or caps to get close. The lines with the
smooth curves would work reasonably well with

Only when the impedance of the balancing a simple hybrid since a practical RC balance
network is the same as the phone line, and the network would make the cancellation of send
signal at B is matched to that at A in both audio at the receive output port high enough to
amplitude and phase, will full cancellation be prevent feedback. Of course, if the hybrid is to be

achieved. The amplitude and phase must, of
course, be matched across the entire telephone
frequency range of 300 - 3,400 Hz. Otherwise,
leakage results - the scourge of hybrids.

switched among a number of lines, they would
all have to have nearly the same curve.

Another consideration: the line characteristic
would have to be consistent from call to call.

Thus, we've seen that the problem with hybrids is While it would theoretically be possible to make a

that they must deal with widely varying phone balance network to match the more difficult lines,
line impedance vs. frequency characteristics. practical considerations keep this approach from
When the balancing network cannot produce the being used - the line impedances are often
same transfer function as the phone line, you get inconsistent from call to call, or the impedance
poor subtraction of the send audio from the characteristic required is too difficult to produce.
output, which leads to the feedback problem

described above. The hybrid solution

At one time, we made a study of a number of What, then, is the answer? It is to be found in the
phone lines in order to determine whether there new technology called digital signal processing.
was any kind of similarity that could be exploited Digital signal processing combines digital audio
in hybrid design. In short, there was none. The with high-speed computing to create a very
lines were all over the place! Loading coils, line powerful tool for the processing and
extenders, length, and telephone exchange manipulation of audio signals.

termination vary considerably from line to line
and cause wide impedance variation.

2400
z N ¢
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Bhe My T
0 S
Phase 0 i N
e 90 TH T HH Be! 1
., q_’-ﬁ'\n\ N
-180
0 1kHz SkHz O 1kHz SkHz 0 1kHz SkHz
A line with a fairly smooth This line varied from call- This line and an analog hybrid
impedance characteristic. to-call. would not get along!

Phone line impedances vary considerably - these lines were all measured at one
location.
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For the hybrid cancellation function, a process
called adaptive filtering is used. Adaptive
filtering is a very advanced signal processing
technique which can produce a balancing network
with an infinite variety of impedance transfer
functions "on the fly." Since an adaptive filter
adjusts as required, it can create the frequency vs.
phase and amplitude characteristic necessary for
maximum cancellation. It does this by comparing
the simple hybrid’s input and output signals
digitally in order to adjust a transversal filter. A
transversal filter combines signals from multiple
time-delayed taps in varying magnitudes to
simulate the desired impedance. A feedback
scheme is employed to cause the filter to adapt
itself to the phone line characteristic as a
continuous process.

. -
l SEND

2WIRE ¥
CIRCUIT ADAPTIVE
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PHONE
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A digital adaptive filter greatly improves
hybrid cancellation by adjusting to the
phone line impedance characteristic
automatically.

The adaptive filter, then, has two advantages over
simpler hybrid approaches: It is able to
automatically adjust itself to conform to changing
telephone line conditions and it is able to create a
wide variety of "bumpy" impedance vs. frequency
curves as required for maximum cancellation.

How much better is the digital approach? Simple
analog hybrids must be designed with
compromise values of resistance and capacitance.
Sometimes the resistive portion of the balancing
network is manually adjustable. Generally, these
produce an average 12-20 dB of rejection, with as
little as 6 dB possible on very difficult lines. Our
experience with digital hybrids is that 30-40 dB
trans-hybrid loss is reliably produced - even on
difficult telephone lines.
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A REAL SYSTEM

An interface device has been constructed which
incorporates the digital hybrid approach described
above as well as a number of other features
appropriate for the intercom-to-telephone
application. The hardware and software
characteristics of this device will be described.

The adaptive filter hybrid approach requires that
the system be true digital. The telephone and
intercom signals are converted to and from the
digital domain and are operated on by a special
DSP processor. Support circuits provide interface
to the intercom and phone line, auto-answer and
disconnect, metering, signalling, and power
conversion.

Unlike a traditional analog system which is
comprised of multiple sequential circuit stages, a
digital signal processing-based audio system has
the hardware topology of a microcomputer.
There is a processor, some memory, and 1/0 ports
as would be present in any computing machine.
In a DSP system, there are analog-to-digital and
digital-to-analog converters and other circuits
which support real-time operation added to the
basic microcomputer architecture.

In contrast to traditional analog design, in a DSP
system, the hardware exists only to support the
software. The system's functional characteristics
are determined primarily by the algorithms
embodied in the software code which executes in
real time. Software can be written to simulate all
of the traditional analog processing functions
such as AGC and filtering as well as to implement
functions which are impractical to produce with
analog components such as the digital adaptive
hybrid function described above.

Hardw

Processor and support. The processor must be fast
enough to be able to perform all of the required
operations in the period between signal samples.
In the case of a telephone audio digital system,
sampling is usually at an 8kHz rate - meaning that



there is 125uS between each sample and the next.
A special purpose DSP microcomputer such as the
Texas Instruments 320C25 is used in this
implementation. It has a cycle length of 100ns
and an instruction set optimized for signal
processing applications such as this one. High
speed EPROMS provide program store for the
operating software and I/O ports are used for
control and metering.

Analog-to-Digital and Digital-to-Analog
conversion. As with any digital audio system,
there must be a way to go to-and-from the digital
domain. Also, low-pass bandlimiting filters must
be used to prevent input aliasing and for
reconstruction of the output signal. In this
implementation, IC's intended for the telephone
industry called CODECS (CODer/DECoders) are
employed. These IC's are a single-chip solution
which provide filtering and conversion in both
directions.

Intercom line interface. As described earlier, the
usual intercom system uses a two-wire bus with a
bilateral current source topology used to allow
variable numbers of stations to be easily
connected. For compatibility with such systems,
the interface includes a circuit similar to that
found in the intercom stations to provide the
four-wire audio signals to the processor. An XLR
connector with the standard two-channel
intercom format is provided for system physical
connection.

Telco line interface. A circuit is required which
provides low impedance drive and two-to-four
wire conversion for the telephone line. An op-
amp hybrid very much like the simplified circuit
presented above is employed.

Software
The software is programmed to provide:

¢ Auto-nulling hybrids on both the telco and
intercom ports.

* Automatic Gain Control on both signal
directions: send to phone and send to
Intercom.

* A 4Hz downward pitch-shift on the send-to-
phone signal path.

* Smart gain switching to further enhance
feedback margin.

* High and low-pass filtering to reduce phone
line noise.

* Call signal generation.

¢ Metering and control.

The integration of these functions in the system is
shown in the overall block diagram.

The large and varied number of processing
functions indicated above demonstrates the
power of the digital processing approach. In a
traditional analog design, each function would
represent a complex circuit section; in DSP, each
merely exists as a software module.

Auto-nulling hybrids. Described above. Provides
consistently reliable send/receive isolation so that
gain may be inserted into the two speech paths.

AGC. The gain processing insures that the levels
to and from the intercom system are maintained
consistently without operator intervention. The
primary purpose is to adjust for varying
telephone line levels. The AGC is fairly
sophisticated - incorporating floating platform
gating, etc.

4Hz pitch-shifter. Perhaps you are wondering
about the purpose of this function? It is to allow
yet more gain margin by suppressing feedback. It
is an old trick used in live-sound engineering.
Each time the signal makes a trip around the
potential feedback loop it gets downshifted in
frequency and thus feedback is damped out rather
than built-up.

Gain switching. Also used to increase feedback
margin. It inserts very shallow (approximately
8dB) ducking in each signal path when the other
direction is active. Thus, another 8dB gain is
possible. The switching is sufficiently shallow
and fast that no effect is generally noticed; the
system appears to be entirely full-duplex to the
user.

The other software modules serve to support
various system operations.
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System block diagram of Telos Link prototype unit showing integration of the
various processing functions. Note that most of the functions are provided by
software modules running on a DSP processor rather than by the usual analog
circuit sections.
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Phqtos showing front and rear panels of prototype unit. The digital approach allows the
entire system to be packaged in a small modem-style box.

SUMMARY

This high-technology approach to intercom-to-
phone interfacing which makes use of new digital
signal processing technology significantly
improves communication capability compared to
older techniques which relied upon multiple
boxes and primitive manually-adjusted analog
hybrids.

In some instances significant cost savings could be
realized since inexpensive dial-up lines could be
substituted for the special four-wire telco circuits
often used for remote production projects.
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A NEW SMALL FORMAT DIGITAL VTR USING 1/2 INCH TAPE

Yoshinobu Oba and Katsuaki Murayama
NHK (Japan Broadcasting Corporation)
Tokyo, Japan

In order to achieve a single format VTR that can
be used in the studlo. in post-production, in

on-air cart machines as well as |in ENG/EFP
equipments, a new composite digital VTR using
half-inch tape has been developed on the baslis
of the latest advanced technologlies. This paper

describes the background to the need for a
single format and the advanced technologies for
high density digital recording to achieve {t.

Introduction

As the nation-wide public broadcaster, NHK
has a Broadcasting Center in Tokyo for
nation-wide service and 69 broadcasting
stations throughout Japan for regional
services. In many applications, three
different formats have been introduced,
because of trade-offs involving quality,
cost, portability, easiness of operation
and so on. Type C and MII have been used
for production and playback facilities,
while Betacam has been introduced for ENG
purposes.

However, 1t 1is not desirable to use
various kinds of format in day-to-day
operation. On the other hand, the outcome
of recent dramatic progress in digital
recording has made it possible to produce
a single format for use in the studio,
post-production, cart machines and

ENG/EFP equipments.

Now, with the prospect for replacement of
Type C, which was introduced from 1977, we
have studied the next generation VTR
system. The summarized requirements are as
follows.

1. A single format should be adopted in
all applications including ENG/EFP, studio
recording, post-production and cart
machine.

2. Tape width should be 1/2 inch or less
so that a single format can be realized.

3. Linear PCM should be adopted,
even state-of-the-art technology of bit
rate reduction cannot avoid visible
artifacts particularly in post-production
applications.

because
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4. Total cost of introduction and
operation should decrease remarkably
compared with the conventional system.

with the target mentioned above, we have
conducted a feasibility study for a small
format digital VTR. Consequently, we have

performance heads and
digital recording technologies
channel coding and error
techniques and so on. We
a compact digital VTR using

developed
advanced

such as
correction
accomplished

high

half-inch tape. This format provides two
sizes of cassette: the S-size cassette,
which 1s as small as a Betacam cassette,

can record a 1 hour program for ENG/EFP
and cart machine; and the L-size cassette,
which is slightly larger than a VHS or MII
cassette, can record a 2 hour program for
mainly studio use.

Background
NHK owns 300 Type C VTRs including
portable ones, 300 MII VCRs and 2700

Betacam VCRs including camcorders. Type C
is used in production, post-production and
playback facilities at the Broadcasting
Center in Tokyo (Figure 1). MII plays the
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Figure 1. VTR systems at NHK



same role as Type C at the
stations.
production.

regional
Betacam is wused in news

As half-inch CAV formats are superior to
Type C format in operational ability, many
CAV VCRs are applied to field recording.
When materials are recorded by these CAV
VCRs, it is necessary to copy them into
Type C format in order to maintain their
picture quality.

Considering
labor-saving,

total cost of investment and

a single format is eagerly
desired 1in all applications. Experience
has convinced us to adopt half-inch or
less tape width for a single format.

The number of tapes which are stored for
historical purposes, as program materials

or for application in other fields 1is
increasing remarkably. NHK Kkeeps, at
present, 110,000 tapes including one-inch

and other formats. The number is rising at
the rate of approximately 18,000 tapes a
year (l'igure 2). NHK needs an extra 1,500
to 2,000 square feet of storage space to
keep them. Compact format would reduce the
space to a fifth or less.

A digital signal-processing camera has
been introduced into the market. Digital
processing reduces the time of adjustment
and maintenance. We have confidence in
developing a one-piece digital camcorder
which equals an analog camcorder in weight
and power consumption.

TAPES
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Figure 2. Increase of stored tapes

Advanced Technologies in the New Format

1. A New Channel Coding: 8-14 Block Code.
We have developed a new 8-14 block code
which improves a drawback of the Scrambled
NRZ of the D-1 format in the log
frequency region and that of Miller
channel coding of the D-2 format 1in the
high frequency region. This 8-14 code
limits the transition free run from 2
data intervals to 7 data intervals.

The features of the new 8-14 block code
are as follows:

a) DC-free and narrow bandwidth.

These factors are suitable for slant
azimuth recording and overwrite,
especially, for easy -equalization. Figure
3 shows power spectra of the 8-14 coge,

compared with those of S-NRZ and Miller~©.

10 dB/div
AL

0 32 MHz 50 100 MHz
S-NRZ (D-1)
10 dB/div
|
e,
0 32MHz 50 100 MHz
M2 (D-2)
10 dB/dilv
J"R
e
-y v ‘
I
()_—2‘8 MHz 50 100 MHz

NEW 8—-14 MODULATION

Figure 3. Power spectra of S—NRZ,Miller2
and New 8-14 coad
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b) Longer flux reversal of 14% compared
with Miller“ and S-NRZ.
This factor 1is effective to obtain the

high S/N ratio.

c) Large margin of off-track error rate.

Figure 4 shows the characteristics of the
error rates versus off-track _distance in
the 8-14, S-NRZ and Miller2. The 8-14

coding is insensitive to off-track error.

d) Free
decoding.
As played-back bits are decoded word
word, bit errors in a coded word have
influence on decoding of other words.

from error propagation in

by
no

e) Error detection capability.

The number of code words used in this
modulation 1is only 4.7% of the possible
combination of 14 bits. So, it is possible
to detect erroneous words 1in decoding.
Adding this result to a Reed-Solomon(RS)
product code, error correction capability
improves remarkably.

2. Error-Correcting Code

High performance error correction
technologies are indispensable for digital
recording. Three kinds of RS product code
with similar coding efficiency are
compared 1in Figure 5. This illustrates
that the larger block size of RS product
code has a better error correction
capability. When the error detection
capability of the 8-14 channel code |is
applied, it remarkably reduces the
remaining errors after correction

—— S-NRZ(QF)
—— 814 |
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Figure 4. Off-track error rate
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SYMBOL ERROR RATE AFTER ERROR CORRECTION

3. Improvement of off-track error rate
the editing points.

In order to achieve a high density digital
VTR, the tape format having the narrow
helical tracks without guard band should
be adopted. On the other hand, the track
width 1s restricted by tracking accuracy
along the helical tracks, and the tracks
at the wediting points cause a critical
condition.

at

Because "editing” reduces
or remains a part of old track with the
same azimuth, above all, the latter
affects error rate approximately twice as
bad (depending on channel coding) as the
former.

track width

To solve
introducing
track and
developed.
of the
points.

this problem, a technique
a guard band between the old
the new track has been
Figure 6 shows a brief sketch
recorded tracks at the editing
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OQutline of Specifications of the New

Format

On the basis of results of an experimental

Direction of Tape Trave] &«———

Cue Track (0.6 mm)

machine and developed technologies, and
considering operations with high
reliability, economic element ete., the
format as shown in Table 1 and Figure 7
has been selected.
This format provides technical and
economic elements to meet users’
requirements such as high quality of video
and audio signal, transparent multi-
copying, small size, light weight, Control Track (0.4 mm)
robustness and low cost.
Time Code Track (0.45 mm)
Figure 7. Location of recorded tracks
Table 1. Specifications
ITEM DESCRIPTION
Play Time L Iy 2 5 min (212x124x25mm)
S : 64 min (161 x 98x25mm)
[Tape Width 12, 65 mm (1 2 in)
Tape Mater.i 1 Me tal Particle
ThicKkness l1ym (Max)
Video Signals
Input Signal NTSC composite signal
| Sampling Frequency 4Fsc (14. 32 MHz)
Sampling Phase | Mm2li3EN, 335 1780 W 4n7"
Form of Coding Linear PCM 8 bits/sample
Recorded Samples Line|768
Recorded Lines Field 255
Audio Signals
| Sampling Frequency 4 8KHz
_Form of Coding Linear PCM 16~20 bits/sample
Number of Channels 4 channels
Channel Coding NEW 8-14 Code
Error Correction Code
Type Reed-Solomon Product Code
Check Bytes Inner:8 bytes Outer:8 bytes
Track Pitch 20 um
Minimum Wavelength 0. 77 um
Azimuth Angle +105.%
Tape Speed 83. 88 mm s
Helical Tracks Field 6
Longitudinal Tracks Time Code, Control and Cue
Conclusion format will meet the requirements of
broadcasters, production houses and
An ideal goal of broadcasters is a single others. wWith the cooperation between
format applicable to all  uses. broadcasters and manufacturers a full
The advanced technologies to achieve scale line-up of a studio recorder,
a compact and small size digital VTR and a camcorder and a portable recorder
a new format have been discussed. This should be completed.
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BROADENING THE APPLICATIONS OF
ZONE PLATE GENERATORS

John Horn
Tektronix, Inc. Television Division
Beaverton, Oregon

The greater information content of High Definition,
advanced, or enhanced television requires sophisticated
processing to make recording and transmission practical.
This processing is likely to use some form of bandwidth
compression, scan rate changes, motion detection and
compensation algorithms, or other "new” techniques. Zone
plate patterns are well suited to exercising a complex video
system in the three dimensions of its signal spectrum:
Horizontal, Vertical, and Temporal. Electronic zone plate
techniques have been in the technical literature for the past
decade; they are not new. They are not, however, yet
enjoying widespread application or understanding. The
increasing complexity of video signal processing, and the
advent of less expensive, easy to use zone plate generators
argues for taking another look at these useful patterns.

Introduction

Zone plate signals, unlike most conventional test signals,
can be complex and dynamic. Because of this, they are
capable of simulating much of the detail and movement of
actual picture video, exercising the system under test in
three dimensions: horizontal, vertical, and temporal (or
motion). These digitally generated and controlled signals
also have other important characteristics needed in test
signals.

A signal intended for meaningful testing of a television
system must be carefully controlled, so that any departure
from a known parameter of the signal is attributable to a
distortion, or change, in the system under test. The test
signal must also be predictable, so it can be accurately
reproduced at other times or places. These constraints
have usually led to test signals which are electronically
generated. In a few special cases, a standardized picture
has been televised by a camera or monoscope -- usually for
a subjective, but more detailed evaluation of a system’s
performance.

Actually, a zone plate is a physical optical pattern, which
was first used by televising it in this way. Now that
electronic generators are capable of generating very similar
patterns, the label "zone plate” is being applied to the wide
variety of patterns created by this single piece of
equipment.
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Conventional test signals, for the most part limited by the
practical considerations of electronic generation, have
represented quite simple images. Each signal is capable of
testing a narrow range of possible distortions; several test
signals are needed for a more complete evaluation. Even
with several signals, this method may not reveal all possible
distortions, or allow study of all pertinent characteristics.
This is especially true in modern systems employing new
forms of sophisticated signal processing.

Efforts to employ a more "wide spectrum” test signal,
especially for study of standards converters, led to the
development of the electronic zone plate generator several
years ago. Details of the pertinent theory are, in fact, well
documented in the technical literature of the past decade.
Even so, these techniques have not seen widespread use or
understanding, especially in the United States.

This situation is likely based on several factors. The
earliest implementations of zone plate generators were
expensive and difficult to use. Maybe our European
counterparts, with their long-standing concern with complex
processing, such as standards conversion, had more
impetus. Perhaps other factors played a part, as well, but
things may be different in the 1990s.

Today, there are several reasons to take a new look at
zone plate signal testing. Various High Definition
Television (HDTV) systems, around the world, are in the
proposal or early implementation stages. More iocally,
several systems are now being evaluated for advanced or
enhanced broadcast television. These new technologies
depend much more heavily on complex processing. Motion
detection and motion compensation algorithms, conversion
of scan parameters between transmission (or recording)
and display, and various forms of bandwidth reduction
(compression) are no longer just researchers’ dreams.

Simple, stationary images are usually handled quite well by
these processes. This is another way of saying, "They
usually work quite well with conventional test signals."
Image distortions, or “artifacts,” may appear as image
complexity is increased. Motion is often even more a
problem if one is concerned with small disturbances in the
display. To put this yet another way: The real world is
often a lot less forgiving than our familiar test signals.



Demonstration of many of these effects, and help in
evaluating and understanding them is enhanced by modern,
easier to use, and more affordable zone plate generators.

Simple Zone Plate Patterns

The basic testing of a communication channel historically
has involved the application of several single frequencies -
- in effect, spot checking the spectrum of interest. A well
known, and quite practical adaptation of this idea is the
"multiburst” signal (Figure 1, waveform; and Figure 2,
picture) which has been around since the earliest days of
video. The multiburst signal provides several discrete
frequencies along a TV line.
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Figure 2. Conventional multiburst picture display.

A signal which was harder to implement in earlier
generators, but easier to use, is the frequency sweep (Figure
3, waveform; and Figure 4, picture) which varies the signal
frequency continuously along the TV line. In some cases,
the signal is swept as a function of the vertical position
(field time). Even in these cases, the signal being swept is
appropriate for testing the spectrum of the horizontal
dimension of the picture.

(Figure 4, and several others in this paper, show "beat”
effects introduced by the screening process used for the
photographs.  This is largely unavoidable, since the
screening process is quite similar to scanning or sampling
a television image -- the patterns are designed to find this
sort of problem.)

Figure 3. Conventional frequency sweep waveform, with
markers (1H).

Figure 4. Conventional frequency sweep picture display.

These first four photos were taken from the output of a
conventional signal generator. Horizontal single frequency
and frequency sweep signals similar to these can be
produced with a zone plate generator which has been
appropriately configured (Figure 5 through Figure 8). On
the Tektronix TSG-1000 Family of HD Generators, for
example, these patterns are button selectable and a single
knob controls frequency or maximum sweep frequency
from 0O to well over 30 MHz.
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Figure 5. Single borizontal frequency waveform (1H).
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Figure 6. Single horizontal frequency picture display.

Figure 7. Horizontal frequency sweep waveform (1H).

Horizontal patterns, such as these, may be used to evaluate
channel frequency response, horizonta! resolution, possible
Moire’ effects in recorders and displays, or other system
characteristics.
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Figure 8. Horizontal frequency sweep picture display.

Patterns which test the vertical (field) related response
have been much less frequently used. As new technologies
use conversion from progressive to interlaced scan, line
doubling display techniques, vertical anti-aliasing filters,
scan conversion, motion detection, or other processes which
combine information from line to line, these vertical testing
patterns should be more in demand.

In the vertical dimension, as well as the horizontal, tests
may be done with single frequency or frequency sweep
signals (Figure 9 through Figure 11). Note that Figure 9 is
a magnified vertical rate waveform display; each "dash” in
this photo represents one horizontal scan line. Sampling
of vertical frequencies is inherent in the scanning process;
this photo shows the effects on the signal waveform. Note
also that the signal voltage remains constant during each
line, and changes only from line to line in accord with the
vertical dimension sine function of the signal.

Figure 9. Single vertical frequency, magnified vertical
ratc waveform, showing the effects of scan sampling.



Figurc 10. Single vertical frequency picture display.

Figure 11. Vertical frequency sweep picture display.

These horizontal and vertical sinewaves and sweeps are
quite useful; but they do not use the full potential of a
zone plate signal source. Sharing some thoughts on the
basic hardware implementation of a zone plate "engine”
will aid in understanding the more complex and interesting
patterns.

Basi¢c Implementation of a Zone Plate Generator

Originally, test signal generators used analog function
generators, switching, and waveform shaping filters. More
recent devices use digital signal memory, which is
sequentially accessed to create digital, or by means of

D to A converters, analog outputs. In each of these cases,
the signal has been designed (or programmed) into the
device and is simply recreated to derive the outputs. The
zone plate generator differs significantly.

A zone plate signal is created in real time; it is computed
"on the fly." The value of the signal at any instant in time
is represented by a number in the digital hardware. This
number is incremented as the scan progresses through the
three dimensions which define a point in the television
image; Horizontal position, Vertical position, and Time.

The exact way in which these dimensions alter the number
is controlled by a set of 10 coefficients.' These coefficients
determine the initial value of the number, and control the

size of the increments as the scan progresses along each
horizontal line, from line to line vertically, and from field
to field temporally. A set of coefficients uniquely
determines a pattern, or a sequence of patterns when the
time dimension is active.

The process just described actually produces a sawtooth
waveform; overflow in the accumulator holding the signal
number effectively resets the value to zero at the end of
each cycle of the waveform. Usually it is desirable to
minimize the harmonic energy content of the output signal;
ir this case, the actual output is a sine function of the
number generated by the incrementing process. Other
functions have been used for special applications.’

Many operators, of course, would not consider the setting
of 10 coefficients to be a "friendly" control system.
Actually, most operators will have no need to understand
just how the coefficients control the signal.

In the TSG-1000 generators, single buttons allow selection
of a variety of useful patterns, while a knob alters several
coefficients simultaneously to control appropriate aspects
of the pattern in a sensible way. It is still possible and
convenient, for those who desire, to access each coefficient
individually to "customize" patterns to a specific task, and
save the setup for later retrieval and use.

Complex Pattern:

It is quite practical to create a pattern of sinewaves or
sweeps in multiple dimensions, using the unique
architecture of the zone plate generator. The pattern
shown in Figure 12, for example is a single signal sweeping
both horizontally and vertically.

Figure 12. Combined horizontal and vertical frequency
sweep picture display.

Figure 13 shows the waveform of a single selected line
(line 263 in the 1125/60/2 system being used here for
demonstration). Note the horizontal waveform is identical
to Figure 7, even though the vertical dimension sweep is
now also active.
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Actually, different lines will give slightly different
waveforms, The horizontal frequency and sweep
characteristics will be identical, but the starting phase must
be different from line to line to construct the vertical
signal.

Figure 13. Combined horizontal and vertical frequency
sweeps, sclected line waveform display (1H). This
figure show the maintenance of horizontal structure in
the presence of a vertical sweep (Compare to Figurc 7).

A waveform taken vertically (at a given horizontal
position), although not shown here, would be identical to
one taken from the pattern in Figure 11. Vertical
waveforms taken at different horizontal positions will
similarly show different initial phase because of the
simultaneous horizontal signal; the vertical frequency and
sweep characteristics would be identical, however.

Figure 14 shows a two-axis sweep pattern which is most
often identified with zone plate generators; perhaps
because it quite closely resembles the original optical
pattern. In this "circle” pattern, both horizontal and
vertical frequencies start high, sweep to zero (in the center
of the screen) and sweep up again to the end of their
respective scans.

Figure 14. The best known zone plate pattern,
combined horizontal and vertical frequency sweeps with
zcro frequency in center screen.
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The concept of two-axis sweeps is actually more powerful
than it might, at first, seem. In addition to purely
horizontal or vertical effects, there are possible distortions
or artifacts which are only apparent with simultaneous
excitation in both axes. In other words, a system’s response
to diagonal detail may not be predictable from information
just about its horizontal and vertical responses.

Consider an example from NTSC: A comb filter will
suppress crosscolor effects from a horizontal luminance
frequency signal near the subcarrier frequency (such as the
higher frequency packets in a NTSC multiburst signal). If,
however, the right vertical component is added, creating a
specific diagonal luminance pattern, even the most complex
decoders will interpret the pattern as colored. In this case,
the two-axis sweep shows very different effects than the
same sweeps shown individually. A multi-dimensional
sweep is a powerful tool for showing analogous effects in
other complex signal processing systems.

The Time (Motion) Dimension

Incrementing the number in the accumulator of the zone
plate generator from frame to frame (or field to field in an
interlaced system) creates a predictably different pattern
for each vertical scan.  This, in turn, creates apparent
motion and exercises the signal spectrum in the temporal
dimension.  Analogous to the single frequency and
frequency sweep examples already given, appropriate
setting of the time related coefficients will create constant
motion or motion sweep (acceleration).

Specific motion detection and interpolation algorithms in
a system under test may be exercised by determining the
coefficients of a critical sequence of patterns. These
patterns may then be saved for subsequent testing during
development or adjustment. In an operational
environment, appropriate response to a critical sequence
could ensure expected operation of the equipment or
detect faults.

While motion artifacts are difficult to portray in the still
image constraints of this paper, the following example gives
some idea of the potential of a versatile generator: In
Figure 11 the vertical sweep maximum frequency has been
increased to the point where it is zero beating with the
scan at the bottom of the screen (cycles per picture height
of the pattern matches the lines per picture height per field
of the scan). Actually, in direct viewing, there is another
noticeable artifact in the vertical center of the screen; it is
a harmonic beat related to the gamma of the display CRT.
Because of interlace, this beat flickers at the field rate.
The photograph integrates the interfield flicker and thereby
hides the artifact, which is readily apparent in real time.



Figure 15. The same vertical sweep as Figure 11,
except appropriate pattern motion has been added to
"freeze” the beat pattern in center screen for
photographing or other analysis.

Figure 15 is identical, but for one important difference:
Upward motion of 1/2 cycle per field has been added to
the pattern. Now the sweep pattern itself is integrated out,
as is the first order beat at the bottom. The harmonic
effects in center screen no longer flicker, since the change
of scan vertical position from field to field is compensated
by a change in position of the image. The resulting beat
pattern does not flicker and is easily photographed or,
perhaps, scanned to determine depth of modulation.

A change in coefficients produces hyperbolic, rather than
circular two-axis patterns (see Figure 16). Another
interesting pattern, which has been suggested for checking
complex codecs, is shown in Figure 17. This is also a
moving pattern, which was slightly altered to freeze some
aspects of the movement to take this photograph.

Figure 16. A hyperbolic variation of the two-axis zone
plate frequency swecp.
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Figure 17. A two-axis frequency sweep in which the
range of frequencies is swept several times in each axis.
Complex patterns such as this may be user created for
specific test requirements.

mma

The trend is toward more complex signal processing in
television technology. With its facility for creating multi-
dimensional frequency sweeps, the zone plate generator
offers an appropriately complex test signal, one capable of
exercising the horizontal, vertical, and temporal spectrum
which may be occupied by a moving video image.

The few examples in this introductory paper can only hint
at the ultimate utility of zone plate techniques. Other,
more interesting and useful, examples will emerge as users
pursue real time observation of complex, dynamic effects
on a greater range of equipment.

The recent and continuing changes in both test and
operational equipment technology create a new
environment for this unique tool.
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SWITCHER CROSSPOINT REDUCTION TECHNIQUES

David P. Bird
BTS/Broadcast Television Systems
Salt Lake City, Utah

The signal distribution and routing system is the heart
of a modern tele-production facility. New switching
architectures combined with powerful control systems
create very large signal switching arrays with greater
[flexibility at greatly reduced costs. This paper includes
examples of actual routing switchers using crosspoint
reduction techniques.

RECTANGULAR SWITCHING MATRIXES

A rectangular signal switching array has rows and
columns corresponding to system inputs and outputs.
Where the rows and columns intersect a crosspoint
switch is included.
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Figure-1. Rectangular Switching Matrix

Any row (input) may be selected to any column (output).
The product of the number of inputs and the number of
outputs  determines the total number of switching
crosspoints required. As a matrix size is increased, the
number of crosspoints increases dramatically, i.e., by the
square of the increase in size.

Increasing The Number Of Inputs
Equipment rack configurations limit the number of

signal inputs available. A typical routing switcher rack
system supports 130 inputs with internal power supplies
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and 160 inputs with external power supplies. The number
of switcher inputs can not be increased beyond these
sizes without using oversized rack frames.

A switcher with more inputs than can be built in a
single rack frame may be created by cascading a number
of individual switchers. This arrangement may be used
with a small number of outputs and when signal timing is

not a concern.
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Figure-2. Cascaded Switching System

In another switching arrangement for increasing the
number of signal inputs, the output of individual input
switchers are entered into a single-output secondary
switcher. This arrangement is called a switching tree and
may be used with a small number of outputs and when
signal timing is important.
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Figure-3. Tree Switching System

The number of switcher outputs is limited by the
physical space allowed. Typically, the inputs to the
switching matrix loop through blocks of system outputs.



The signal quality is degraded as the number of looping
connections increase. In a typical routing switcher the
maximum number of looping outputs is around 80-90.
This means that input distribution amplifiers are
required for the additional switching blocks greater than
80-90 outputs.
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Figure-4. Switcher With Input Distribution

The cost of a signal matrix with greater than 100
outputs is heavily burdened by the large number of
input distribution amplifiers and interconnection wiring.
A distribution amplifier is required for each system
input. In addition, if the number of system inputs
requires matrix re-entry, signal timing is lost.

DESIGN GOALS FOR CROSSPOINT REDUCTION

The goal of any crosspoint reduction scheme is to
create a very large input and output array, but with
significant reduction in the total number of crosspoints
required. Reduction of the number of crosspoints
reduces hardware costs and may result in reduced space
requirements.

A distribution switcher using a crosspoint reduction
scheme must appear to the outside user as a simple
rectangular matrix. There should be un-restricted access
to any system input by any system output.

The output signal quality must be at least comparable to
the signal quality of a simple switching array.

Using crosspoint reduction only makes sense if there is
a major economical advantage in doing so. The
sophisticated control systems and complex
interconnection wiring may add considerable hardware
and labor cost to a switcher installation.

The simplest method for creation of a large switching
array uses signal tie-lines to interconnect a number of
distribution switchers. This method of switching is call
path-finding. Tie-lines permit signals to be exchanged
between routing  switchers. Usually the individual
switchers are located in operational areas and the tie-
lines allow the operator to select sources in other areas
of the tele-production facility.

Within path-finding switching system a user has access
to all signal inputs on the local matrix. However, if an
input signal in another matrix is required, the signal

must be routed via one of the system tie-lines. If all tie-
lines are active the signal can not be accessed and the
system blocks. Careful consideration must be given to the
minimum number of tie-lines included. A severe system
blockage can occur if the system is under-designed.
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Figure-5. Path-Finding Switcher

MULTI-STAGE SWITCHING ARCHITECTURE

Multi-stage switching arrays have been in use for many
years in the telephone switching industry. In a multi-
stage switcher a number of small switching arrays are
interconnected to create a very large virtual switching
matrix. This architecture is designed to be non-blocking.
This means that any input can access any un-used
output. Telephone switchers using three, five, seven and
mores stages have been designed.

In order to maintain signal integrity in a tele-
production facility, a maximum of three switching stages
are used. Since a signal always passes through three
crosspoints, each system element much be as transparent
as possible.

A three-stage switching _matrix consists of Input,
Intermediate and Output matrixes. Each output from an
Input matrix is connected to the input of an
Intermediate matrix. Each output from an Intermediate
matrix is connected to the input of an Output Matrix.

A three-stage switcher is designed as follows:

- The number of inputs per Input matrix is
calculated by taking the square root of the total
number of system inputs. This calculation also
determines the required number of Input matrixes.

- The number of outputs per Output matrix is
calculated by taking the square root of the total
number of system outputs. This calculation also
determines the required number of Output
matrixes.

- The number of Intermediate matrixes is found by
taking the sum of the number of inputs per Input
matrix plus the number of outputs per Output
matrix minus one. This relationship insures that
there is always at least one path available to any
input or output.

- The size of the Intermediate matrixes is

determined by the number of Input and Output
matrixes.
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Figure-6. Three Stage Switching Matrix

In Figure-6, each Input and Output matrix has six (6)
inputs or outputs. The number of Intermediate matrixes
is the number of inputs per Input matrix plus the
number of outputs per Output matrix minus one; i.e.,
6+6-1=11.

A rectangular 36x36 (square) matrix would require 1296
crosspoints. The 36x36 three-stage matrix requires 1188
crosspoints. The difference in crosspoint count increases
as the size of the matrix increases.

Distribution switchers are built using building block
sizes; i.e., 8x8, 10x10, 16x16, eic. The actual design of a
three-stage switcher must make trade-offs against the
input/output biock sizes, starting system size and final
system size. Consider an example of a switching matrix
built for 200 inputs by 200 outputs expandable to 300
inputs by 300 outputs. Using a block size of 10x10, the
matrix is organized as follows. Each Input matrix will
have ten (10) inputs and each Output matrix will have
ten (10) outputs. The martrixes use ten (10) inputs or
outputs instead of value of the square root to maximize
the usage of the 10x10 switcher block size without
wasting crosspoints. There will be twenty (20) Input and
twenty (20) Output matrixes. The number of Intermediate
matrixes is nineteen (19); i.e., 10+410-1=19. The size of
the Intermediate matrixes will determine the final
expansion size. The Intermediate matrixes only require 19
inputs and outputs per matrix. But the expansion size
will require an Intermediate matrix having 30 inputs and
outputs. Therefore, the Intermediate matrixes will be
designed as 30x30 but only installed with circuit cards
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for 20 input and outputs. Since there are 19
Intermediate matrixes, each Input matrix must have 19
outputs and each Output matrix must have 19 inputs.
Therefore, the Input matrixes will be 10 inputs by 20
outputs and the Output matrixes will be 20 inputs by 10
outputs.

It is interesting to note that the switcher matrix sizes
described maximize the use of current BTS TVS/TAS
routing switcher rack hardware. Assuming that this is a
video switcher, a pair of Input and Output matrixes may
be built in one rack frame with power supplies. The
30x30 Intermediate matrix can be built in a single rack
frame with power supply. Audio routing switchers allow
greater  flexibility than video switchers in  the
organization of switcher rack frames.

A 200x200 rectangular  matrix  requires 40,000
crosspoints, the three-stage switcher as described
requires only 15,600 crosspoints. On a cost-per-
crosspoint basis, the three-stage switcher would be 39%
the cost of a rectangular matrix.

If a 200x200 rectangular matrix were expanded to
300x300, requiring 90.000 crosspoints, the number of
crosspoints is increased by 50,000 crosspoints or increase
of 125%. Many more rack frames would be required to
make such an expansion. The three-stage switcher
requires ten (10) more Input and Output matrixes, each
taking one rack frame, plus the additional switch cards
to increase the size of the Intermediate matrixes. This
reflects an increase from 15,600 to 29,100 crosspoints, a



difference of only 13,500 crosspoints or an increase of
87%. Keep in mind that this is only 32% of the number
of crosspoints in a corresponding rectangular matrix.

The following table compares rectangular and three-
stage video switchers of various sizes.

Switcher Number Of Crosspoints Number Of

Size Square  3-Stage Racks Used
150x150 22,500 13,600  <60%> 34 (19 more)
200x200 40,000 15600 <39%> 39 (I less)
250x250 62,500 27,100  <43%> 41 (9 less)
300x300 90,000 29,100  <32%> 46 (14 less)
Table-1.  Comparison Of Crosspoint Counts In Several

Routing Switcher Sizes

Note that some configurations are not as efficient in
use of equipment rack hardware. The rack frames and
power supplies are a major portion of the cost of an
actual switcher.

THREE-STAGE SWITCHING TRADEOFFS

It appears from the preceding examples that there is
significant economic reason to use three-stage swilching
in large matrixes. The cost-per-crosspoint basis is useful
for general comparison, but does not reflect the true
system costs. The fixed hardware costs must be
evaluated based on the system design and growth sizes.

Control of the switching matrix is a major concern and
requires sophisticated computer processing power. Recent
advances in system control and virtually transparent
large-scale switching systems make three-stage switching
practical.

Three-stage switching requires a complex system of
signal interconnection wiring. Each cable connection is a
possible trouble location. However, a large rectangular
array with input distribution amplifiers requires as
complex a wiring interconnection. The signals always pass
through  three-switch  crosspoints, each switch may
degrade the signal quality.

Three-stage switching offers some interesting system
advantages other than economic. A system with a large
number of outputs does not require input distribution
amplifiers and associated cabling. Input loading is
greatly reduced. In the example 200x200 array, the
maximum input signal loading is twenty (20) outputs. The
performance of small routing switchers is superior to
that of large switchers. Dense matrix packaging is
possible, maximizing the use of available real estate.

A signal may take any possible path through a three-
stage switcher. Any differences in path delays could
cause serious problems. In the example matrix, using
five (5) defined cable lengths, the matrix is zero-timed
input to output regardless of the path the signal may
take. This is true even from output decade to output
decade. Such path timing is important with video as well
as stereo audio when the channels are split between
switcher levels. Component video switching requires that
the channels track both in absolute timing as well as

DC levels. This degree of control is not achieved with
rectangular  switching arrays using looping output
decades.

THREE-STAGE SIGNAL BLOCKAGE

A multi-stage switching matrix is designed to support
telephone exchange switching. In a telephone system, a
subscriber (input) selects another subscriber (output). A
telephone exchange is input-oriented with an input
connected to only one system output. The input can
always connect to an output, provided it is not busy.

A signal distribution and routing switcher is output-
oriented. Users at the output of the switcher select
from any of the defined system inputs. It is common for
an input to be seclected to more than one system output.
Consider the use of Tone or Color Bars, typically these
signals appear on many system outputs at the same
time.

The three-stage architecture does not anticipate an
input being used by multiple outputs. Computer
simulation demonstrates that a three-stage switcher can
be blocked when used in an output-oriented system.
Blockage prevents a user from accessing a desired input
signal.

This condition does not meet the basic crosspoint
reduction requirement of unlimited input signal access. A
method was required to prevent a three-stage switching
system from blocking.

The approach taken by BTS combines additional
hardware and sophisticated matrix controller software.

The number of Intermediate matrixes in a three-stage
switcher is normally defined as the sum of the number
of inputs per input matrix plus the number of outputs
per output matrix minus one. The use of one more
intermediate matrix greatly decreases the probability of
signal blockage and reduces the controller software task.
This results in what is referred to as a modified three-
stage switching matrix.

The matrix controller software uses a complex path-
finding algorithm with five (5) distinct search modes.
The basic requirement is to re-use existing signal paths
whenever possible. In this manner, a connection may be
completed with less than three crosspoint switches and
redundant signal paths are reduced. However, with
random switching such as occurs in a tele-production
facility it is possible to create duplicate paths which
may prevent access to a required input source. In this
case, the controller performs two types of switcher re-
organization or signal re-routing. This requires that one
or more existing signal paths be re-formed allowing
access to the required input signal. Since this change
may affect a current user, the signal switches must be
transparent to the user. Careful switcher design and a
smart controller meet this requirement.

Although the
coh?o_lﬂsystem must be able to deal with all possible
switcher conditions.

probability of signal blockage in a
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Figure-7. Audio Interconnection System

PRACTICAL THREE-STAGE SWITCHERS

BTS/Broadcast Television Systems is currently building
and installing video and audio three-stage switchers.
The TVS/TAS-3000 Routing Switcher provides the
transparency required for superb signal quality. The
BCS-3000 Control System includes the CE-3000 matrix
controller which is designed for control of switchers
using three-stage and path-finding arrays.

BTS has tested several three-stage routing switchers
including video and audio and range in size from 100x100
(expandable to 200x200) to 200x200 (expandable to
400x400). In each of these switchers, the final expansion
size was the major factor in choosing multi-stage
switching.

A unique digital audio routing switcher using the AES
Digital Audio signal standard is part of the ULTIMO
facility in Sydney, Australia. This switcher combines
high-speed digital switching with three-stage matrix
design to create a powerful distribution system which
include 18-bit coders/decoders for analog sources. This
multi-stage switcher uses flat-wire cables to special
interconnection  panels to reduce the number of
interconnection cables and greatly simplifies matrix
installation. The digital matrix is designed for 180 inputs
and outputs (expandable to 200 inputs and outputs). Since
the AES digital audio signal is inherently two-channel,
BTS was able to eliminate an entire switcher level,
further reducing system cost and physical rack size.
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3-STAGE AUDIO SWITCHER PERFORMANCE

The testing of the 200x200 (expandable to 400x400) audio
three-stage switcher showed that the design goals for
crosspoint reduction signal quality can be met. The
following table contains several typical performance
values for the three-stage switcher compared to the BTS
published specifications for a standard audio switcher.
The three-stage audio switcher compares favorably or

exceeds the standard audio  routing switcher
specifications.

System Standard Three-Stage
Parameter Audio Switcher Audio Switcher
Frequency Response +/-0.1 dB +/-0.2 dB

(20 Hz to 20 kHz, ref. 1kHz)

Harmonic Distortion 0.007% 0.010%

(20 Hz To 20 kHz, 24 dBv)

SMPTE IMD 0.005% 0.005%

(0.0 To +24.0 dBv)

Crosstalk >-90 dB >-100 dB

(20 kHz, most hostile conditions)
Table-2. Comparison Of Audio Performance For
200x200 (expandable to 400x400) Three-Stage
Audio Switcher



CONCLUSION

Powerful control systems, transparent signal switching
hardware and compact packaging make very large signal
distribution systems practical. Path-finding and Three-
Stage architectures offer significant hardware costs
saving and space reductions. By proper planning the
matrixes can be easily and economically expanded. In a
very large facility, rectangular, path-finding and three-
stage switching matrixes may be combined, further
reducing system costs.

REFERENCE
1 Clos, Charles, "A Study of Non-Blocking
Switching  Networks, The Bell System
Technical Journal, Volume XXXII, 1953,
AT&T, pp. 406-424
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CHANNEL 69 FILTERING FOR LAND MOBILE
COMPATIBILITY—MIAMI, FLORIDA

Dana Beifus
HSN Broadcasting of lllinois
Chicago, lllinois

ABSTRACT

Continued growth of communications systems has
put a strain on the available spectrum with
new services coming on line as needs grow.
Recent allocations of land mobile channels ad-
jacent to the UHF television band have nmet
with varying degrees of success because of the
large RF power difference involved. This
paper describes the implementation of a fil-
tering system for a Channel 69 transmission
system with a 120 KW transmitter and suitable
antenna gain to give 5 megawatts ERP, ellipi-
cally polarized.

THEORETICAL MODELS AND FIRST TESTS

Oout of band radiation products are produced in
several ways in a television transmitter.
Analysis of spurious products begins with in-
spection of the baseband video input.

video is composed of 1luminance fundamentals
interleaved with chrominance and synchroniza-
tion signals. Each element occupies a dif-

ferent segment of the video spectrum. The
sync signal contains odd harmonics of the
horizontal and vertical scan rates which

decrease linearly in amplitude with increasing

frequency. These harmonics are present at
very low, but significant levels at
frequencies higher than the 4.2 MHz band
limitation. (See Figure 1)
by
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Since the sync signal is fixed amplitude, its'
harmonic level remains constant. Active video
and chrominance signals, on the other hand,
are constantly changing with picture and
detail content, and can be much larger than
the fixed level of the sync, and also extend
beyond the 4.2 limit. When all of these are
amplified, nonlinearities in the amplifier
create harmonic and intermodulation products
that increase the out-of-band levels con-
siderably. (See Figure 2)
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CHROMA
SIDEBANDS

A
o
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VIDEO FREQUENCY (Mhz)
SYNC AND COLOR SUBCARRIER SPECTRUM
FIGURE 2

Although most of these video harmonics and
distortion products are filtered in the ex-
citer by the video low-pass filter and ves-
tigal sideband filter (See Figure 3), they
continue to dominate as main producers of
transmitter spurious output, but by slightly
different mechanisms than what we see in a
single amplifier.

Preliminary tests performed on an exXxisting
transmitter and specifications provided by the
manufacturer showed that out-of-band spurious
products range from 65 to 70 dB below peak for
sone video related frequencies, to around 85
dB below peak for wide band sync harmonic.
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The sync spurious level corresponds well with
a predicted level based on the input when mul-
tiplied by the exciter, klystron, and diplexer
response curves. The video related spur, al-
though they can Dbe predicted, are more
directly related to the klystron operating
parameters, exciter pre-correction, and
diplexer cross coupling, and accurate levels
are more difficult predict. Measurements made
in both the pulsed, and un-pulsed transmitter
modes, show an increase of 5-10 dB in wideband
sync harmonics with the pulser operating.

SYNC
HARMONICS

©
n
m

CHROMA
SIDEBANDS

A
~
55
o
+ + —t + 444>ﬂm 4 +
0 2 4 6 8 10 12 14
VIDEO FREQUENCY (Mhz)
USB FILTER AND KLYSTRON SPECTRUM SHAPING.
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SETTING ATTENUATION GOAL

Arriving at an acceptable attenuation ratio
for spurious products is a compromise between
cost, physical size, and insertion loss of the
filters. To determine the filter ratio, we
first calculated the overall range and then
subtracted the known losses to end up with a
required range for the filter.

As before, the system is to have an E.R.P. of
5 megawatts horizontal, with any axial ration
of 22.1% to give an E.R.P. of 1.107 MW verti-
cal. Current communications receivers have
sensitivity of approximately -120 dBm or bet-
ter. For the horizontal signal; 5 megawatts =
97dBm, 97dBm + (-120dBm) = 217dB dynamic
rangel

For the vertical signal; 1.107 megawatts =
90.5dBm, 90 .5dBm + (-120d4Bm) = 210.5dB
dynamic range.

If we assume the closest receiver to be 1/4

mile, the free space loss. with be ap-
proximately 83dB. Therefore, ignoring the an-
tenna vertical pattern gain change, the worst

case additional spur filtering needed would
be;

Total Range 217dB
Highest Xmtr Spur -65dB
Free Space Loss -83dB

= 69dB
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The minimum for additional filtering would be;

Total Range 217dB

Lowest Xmtr -85dB
Free Space Loss -83dB
Normal Cross Pol Loss =20

= 29dB

And for vertical the worst case would be;

Total Range 210.5d4B
Highest Xmtr Spur -65dB
Free Space Loss -83dB

= 62dB

The minimum additional for vertical would be;

Total Range 210.5d4B
Lowest Xmtr Spur -85dB
Free Space Loss -83dB

= 42.5dB

Notch filters for narrow frequency bands with
depths to near 70dB are possible with as few
as 2 High-Q cavities. In addition, mutual
coupling between wider spaced cavities can
provide an average rejection of around 45dB.

With these concepts, a seven cavity filter
could provide a high average rejection with
notches placed directly on identified spur
frequencies for even greater attenuation.

From the above examples, we see that it 1is
possible to reduce spurious outputs to more
than 110dB below the peak sync carrier level.
Measurement of such a quantity is made pos-
sible by a prefilter to notch the visual car-
rier by greater than 30dB, the aural carrier
by 204B or more, and the upper sideband by a
nominal 15dB, with no more than 2dB insertion
loss at any of the spur frequencies. (See
Figure 4)

From these rough calculations, we set 100d4dB
below peak visual carrier as the maximum for
any spurious products from the transmitter.

DETERMINING SPURIOUS PRODUCT FREQUENCIES

Examination of the exact mechanisms that gen-
erate spurious products reveals that there are
3 distinct sources.

) I Direct harmonics of the sync pulse.

2: Harmonic distortion in the visual
amplifier. (i.e. 2 x subcarrier)

3¢ Intermodulation due to cross coupling of

the visual and aural carriers.

The first two may be lumped together and dealt
with simultaneously since they are both passed
by the visual circuits. The third is a spe-
cial case and must be separated. Applying the
standard 2A-B intermod calculations to the
visual signal we find that all intermod
products fall on the 1low side of the upper
band edge;
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vV + A, (2 x 801.25) - 805.75 = 796.75 MHz

+SC + A, (2 x 804.83) - 805.75 = 803.91 MHz

With leakage of the visual into aural we get;

A+ V, (2 x 805.75) - 801.25 = 810.25 MHz
A + 3.58, (2 x 805.75) - 804.83 = 806.67 MHz
A + (-3.58), (2 x 805.75) - 797.67 = 813.83 MHz

These are the main spurs produced by this par-
ticular action, but not the only ones. Ves-
tigal sideband response remains to 1.25 MHz
below visual, as well as lower amplitude com-
ponents below the VSB cut off. With a goal at
100 dB below peak for spurs, these components
are important and must be recognized in the
filter implementation. (See Figure 5.)

806.67 Mhz

HORZ. = 0.1 Mhz/BOX
VERT. = 1 db/BOX

When the actual transmitter to be used became
available, measurements were made wusing the
prefilter before the spectrum analyzer to
verify frequencies, band widths and relative

levels. Several minor unpredicted spurs were
found, but they were close to other spurs and
small

enough in amplitude to be eliminated by
the existing filter design.

The exciters were also measured to gauge their

contribution to the spurious output. Again
several excess products were found. Another
set of filters were designed to be added in

the visual drive line to the klystrons.

SPECIAL FILTERING FOR PULSER OPERATION

Because a transmitter of the same type was not
available at the filter design stage, plans
for pulsing to reduce electric costs were put
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on hold until after the initial installation
and testing with filters. when testing could
be performed, it was found that additional
filtering would be needed for spurs that were
not present in the unpulsed mode. Another set
of filters were designed and added to the 2
visual output lines.

To aid in further reducing spurious products
due to the pulser, a special filter was
designed to be added between the pulser output
and the beam control element of the klystron.
Key factors in this filter were; low input and
high output impedance, high peak current
capability, fast risetime, low cutoff
frequency and less than 1% overshoot
(equalized group delay). Computer optimiza-
tion produced a design which met all of the
requirements, and final tests show that it
reduces the broad band harmonics of sync by 2
to 13dB in the pulsed mode.

DIPLEXER COUPLING

As before, a simple mathematical analysis
shows that all I.M. products above the upper
band edge are produced in the aural amplifier,
while the visual produced predominantly har-
monic distortion 1in this range. The notch
diplexer is responsible because it 1is There
that the two are combined and supposedly iso-
lated. The actual isolation is roughly -304B
from the antenna port to the input port.

With this amount of cross coupling, the visual
carrier 1is injected 1into the aural klystron
20dB below the aural carrier level. Assuming
a high conversion loss of -20dB an intermod
product is produced that is now 50dB below
visual. It travels back out the aural line,
looses another 30dB to cross coupling and is
conducted to the antenna at 80dB Dbelow the
visual.

Most of the spurious energy is dissipated in
the notch diplexer reject load, as would be
predicted by a perfect model, but some does
escape. While this may be fine for normal
transmitter use, we require all spurs to be
below 100dB and this would obviously need to
be filtered.

SUMMARY OF THEORETICAL MODEL

Through careful planning and analysis, it is
possible to operate a high power UHF televi-
sion system directly adjacent to low power
land mobile systems without interference.

DESIGN OF THE HIGH POWER FILTERS

In order to reduce the spurious output to an
acceptable level Home Shopping Network gen-
erated two plots of frequency vs. attenuation.
Figure #6 shows the proposed visual filter
response. The station wanted 50dB attenuation
at 806 MHz, B806.67 MHz, 808.41 MHz and 809.33
MHz as well as 62 dB attenuation at 810.25
MHz. Two of these frequencies are clearly
spurs produced by the mixing of the
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CHANNEL 69 VISUAL FILTER RESPONSE
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chrominance carrier with the aural carrier
resulting in a spur at 806.67 MHz and the
visual mixing with the aural producing a spur
at 810.25 MHz. In addition, they wanted as
much bandwidth as possible on either side of
the above frequencies.

VISUAL FILTER DESIGN

Figure #7 1illustrates the response of the
visual filter designed by Dielectric to meet
the requirement. It was necessary to tune the
notches to a maximum depth in excess of 60dB
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in order to obtain any bandwidth at the
desired frequencies. It was not possible to
obtain any significant attenuation at 806 MHz
and still obtain any reasonable insertion loss

in band. The following table lists the
bandwidth obtained at each of the other
required frequencies.
Frequency Attenuation Bandwidth
806.67 MHz > 50 dB 30 KHz
808.41 MHz > 50 4B 185 KHz
809.33 MH:z > 50 dB 180 KHz
810.25 MHz > 50 4B 110 KHz
Within the passband from 800 MHz to 806 MHz

the insertion loss ranged between .1 dB at the
visual carrier to .2 dB at the high end of
visual. This is plotted in Figure #8.

The return loss is plotted in Figure #9 and is

in excess of 30dB for the whole band and
exceeds 40dB at the visual and aural carriers.

AURAL FILTER DESIGN

The second plot provided to Dielectric by Home
Shopping Network is shown in Figure #10. This

is

the required attenuation for the aural in-

put line of the diplexer.

35dB of attenuation
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was required at 804.83 MHz, 806.67 MHz and
813.83 MHz and 60dB at 810.25 MHz. These are
intended to reduce the spurs created by the

mixing of the +3.58 MHz chrominance carrier

with aural, the visual with aural and the
-3.58 chrominance carrier with aural. Three
of these notches attenuate the spurs directly

while the leftmost notch attenuates the incom-
ing +3.58 MHz chrominance carrier.
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FIGURE 8

FIGURE 9

CHANNEL 69 AURAL FILTER RESPONSE

T

T

r

\\

L \ \
N N
i 3 2
g * [ 1 £
: | |
50 !
C i
> i \l
L b )
g £ |
- !
L | |
- | | |
’c'J 5 .sm‘ 1 ‘aos. " lsoo‘ " ‘307‘ " .‘os. " ‘sm‘ " ‘m‘ 1 ‘a‘u ‘a;}‘ ‘a:)‘ " Asl“l_‘_*_uls
FIGURE 10
Figure #11 illustrates the attenuation of the

aural filter built to meet
table
bandwidth and attenuation for

The following

lists

this
the frequencies,
that

requirement.

bandwidth

for each of the points of interest.

Frequency

804.83 MHz
806.67 MHz
810.25 MHz
813.83 MHz

Attenuation

35 dB
35 48
60 dB
35 dB

VVVYV

Bandwidth

20 KHz
20 KHz
400 KHz
13 KHz
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