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INTRODUCTION

The National Cable Television Association
(NCTA) has, since 1952, represented the diverse
and growing cable industry before Congress and
Federal agencies, in courts of law and before
state regulatory agencies. As the principal trade
association of the U,S. cable television industry,
its members comprise cable television system
operators, equipment manufacturers, program
suppliers and several ancillary service providers.

Members are provided with forums (notably
committees and this annual convention/exposition)
where they may exchange information on
developments in the industry and maintain liaison
with other industries, societies and groups. The
NCTA Engineering Committee is one such forum.
Two-day, bi~monthly meetings held mainly at NCTA's
Washington, DC headquarters, attract 50-60 top
level member and non-member cable engineers from
all over the country. Subcommittee chairmen
reports form an important segment of each agenda.

STAFF AND SUBCOMMITTEE FUNCTIONS

To the extent that it is able to identify
issues of common concern to members, NCTA strives
to propose or recommend ways to address these
issues. The NCTA Engineering Committee, its
subcommittees and staff liaison department --
Science & Technology -- play a vital role in this
continuing process. When an area of concern has
been pinpointed, the Engineering Committee will
most frequently turn to or create a subcommittee
to address the concern. Following the compilation
and analysis of a combination of original
testing/research, literature reviews and survey
results (every effort is made to solicit technical
input from all affected interests) subcommittees
report their findings to the Engineering
Committee. The Committee then reviews and
approves final documents and/or recommendations
before NCTA acts on them -~ in some cases,
publishing and distributing a printed product -~
though, as you will read in the following ten
annual reports, often a subcommittee fills an
educating, liaison or monitoring function for the
Committee and no published documents result.
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CHARTER

The policies of the National Cable Television
Association are determined by the Board of
Directors. To assist in policy formulation in
technical areas, the Board establishes an
Engineering Committee, The duties of the
Engineering Committee are:

1) To respond on a timely basis to Board
requests for advice and recommendations on
technical matters.

2) To forward to the Board advice and
recommendations on technical matters which
the Committee perceives as having an effect
on the policies of the Association.

3) To advise the Board of technical
developments and innovations which the
Committee perceives as having an effect on
the policies of the Association.

4) To advise the Board of technical
developments and innovations which the
Committee perceives as having an effect on
the future courses of the cable business.

5) To assist the technical staff of the
Association as requested.

6) To represent NCTA by establishing liaison
with international and national technical
groups.

The activities of the Committee shall include,
but not be limited to:

1) Regular review of FCC dockets, Notices of
Inquiries, Notices of Proposed Rulemaking,
etc., having impact upon the technical
operation or construction of cable
television systems.

2) Liaison with appropriate outside technical
organizations, associations and
professional societies.

3) Liaison with international organizations,
associations and professional societies
whose work may have an impact on the
industry.



Membership on the Committee shall be open to
all technically oriented employees of members of
the National Cable Television Association who are
interested in the work of the Committee. The
Chairman of the Board of NCTA appoints the
Chairman of the NCTA Engineering Committee.
Individual voting members are then appointed by
the Chairman of the Board of NCTA after
consultation with the Chairman of the Engineering
Committee.

Notice of meetings shall be sent to all
members of the Committee and also sent to each
member of the Association for forwarding to
technically oriented employees. Attendance is
open to all members of the cable industry's
engineering community who are NCTA members.

ACKNOWLEDGEMENTS

Participation in subcommittee work and
Engineering Committee meetings are some of the
cable engineering community's most challenging but
rewarding endeavors, requiring unusual
professional dedication and acumen. NCTA's
Science & Technology department joins Engineering
Committee chairman Robert A. Luff in applauding
subcommittee chairmen and members for unstinting
and outstanding service to the cable industry.

-1986 NCTA Technical Papers editor, K. Rutkowski-

For further informatjion about the NCTA or
Engineering Committee, call (202)775-~3637
or write to the Science & Technology
department at NCTA, Washington, DC.

Annual Reports

1. Joint ARRL/NCTA Signal Leakage Committee

2. Standards For Good Engineering Practices Sub-
committee

3. Consumer Interconnect Subcommittee

4. Signal Leakage Subcommittee

5. Signaling & Control Subcommittee

6. Networks and Architecture Subcommittee

7. Satellite Transmission Standards Subcommittee

8. Multichannel Television Sound Subcommitee

9. Digital Television Sets Subcommittee

10.Joint EIA/NCTA Engineering Committee

JOINT ARRL/NCTA SIGNAL LEAKAGE COMMITTEE

Robert V.C. Dickinson, Chairman

CHARTER

1. Develop low cost measurement techniques for
cable leakage. Publicize these techniques
in both amateur and cable circles.

2. Quantify problem under various field
conditions.

3. Develop cooperative techniques and
demonstrate effective procedures through
working with a test cable system.
Publicize these results and foster a
cooperative spirit in continuing leakage
correction and maintenance efforts.

4, Assist, if requested, to resolve unusual
cable leakage problems.

5. Membership shall consist of Chairman,
Secretary and four members from each group.

1985 ACCOMPLISHMENTS

To date, two meter calibration equipment has
been developed and given limited publication in
the ham radio magizine QST [per charter item #1].
Charter items 2 and 3 were addressed 1in tests
conducted in 1984 though more exposure needs to be
given to these results. Individual committee
members regularly assist in special leakage
problems.

Overall, the activities of the Committee in
1985 were somewhat limited. The majority of the
activity consisted of individual consulting on
technical cable leakage matters, plus some field
testing. The field testing was aimed at course
quantification of cable system vulnerability to
amateur radio ingress below 30 MHz. The testing
which has been done was a good start, however,
several follow-ups on test exercises will be
required before any publishable data is available.
Members have also worked with the ARRL in editing
certain ARRL publications and have assisted in
handling some for the amateur complaints within
the cable industry.

1986 PLANS

The program for the coming year will consist
of further high frequency testing and publication
of related matters to both amateur and CATV
communities.

The meetings and activities of this committee

are open to parties with constructive interests in
this area.
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STANDARDS FOR GOOD ENGINEERING PRACTICES

Michael F. Jeffers, Chairman

CHARTER

To determine the best method (or methods) for
measuring parameters that can ascertain the
proper operation of a cable system and to
establish performance criteria for good
engineering practice. Further, to publish this
information in the NCTA Recommended Practices
Manual. Formed: June, 1976

1985 ACCOMPLISHMENTS

Practices submitted for incorporation into
the NCTA manual during 1985.

1) Graphic Symhols
2) Carrier=-to-noise - CATV Systems.

3) Carrier~to-noise - (CATV) vs. Video Signal-
to-Noise

}4) Cross Modulation - CATV System

1986 PLANS

A Subcommittee meeting was held in November,
1985, to commence practices for coaxial cable.
Four practices will be added to the NCTA
Recommended Practices in 1986.

SIGNAL LEAKAGE SUBCOMMITTEE

Frank Bias, Chairman

CHARTER

Perform the following regarding signal
leakage from cable TV systems: 1) Study the
engineering parameters. 2) Recommend policies to
the NCTA Engineering Committee. 3) Recommend
construction and operation practices. U4) Liaison
with ARRL Subcommittee. Formed April, 1976.

DQCUMENTS PRODUCED

Assisted in preparation of NCTA's opposition
to ARINC Petition for Reconsideration and Reply
to ARINC opposition to NCTA Petition for
Reconsideration in Docket 21006.

Report of working group on sources of cable
system leakage submitted and accepted.

Assisted in preparation of NCTA comments in
FCC Docket 85~301 Cable Terminal Devices.

Assisted in preparation of NCTA comments in
Docket 85-38 Cable Deregulation,

WORK PLANNED

Participation in signal leakage portion of
upcoming FCC action separated from Docket 55-38
Cable Deregulation.

CONSUMER INTERCONNECT SUBCOMMITTEE

David Large, Chairman

CHARTER

The Consumer Interconnect Subcommittee is a
new addition to the NCTA this year. It was
formed to study and recommend short-term
solutions to the problems caused by connecting
increasingly complex customer video entertainment
equipment to cable systems. Its function is
separate from the joint NCTA/EIA engineering
committee and the various EIA committees which
are all working in various ways on longer-term
solutions in that the latter are dependent on
changes in new equipment designs while this
committee is concentrating on accommodating the
existing base of installed equipment.

MEMBERSHIP

The official membership of the subcommittee
includes representatives from 10 MSO's and 7
equipment manufacturers plus program suppliers
and industry consultants. Meetings are held
irregularly as required, but most work has been
done independently by members with telephone
consultations as required. =

2761986 NCTA Technical Papers

HISTORY

The consensus of the group was that we should
narrow our initial concerns to issues raised by
connection of descramblers, VCR's and one or more
television sets (which may have extended range
tuning). To that end, information was gathered
from over 20 MSO's on current practices with
their own subscribers. Commercially available
integrated switching boxes were also evaluated
and ideas solicited for new approaches to the
problem.

At the October, 1985 meeting, an outline for
a formal report was approved. This report will
contain a tutorial on interconnection issues, an
indexed 1ist of the most useful configurations
using splitters and A/B switches, a model
specification for an integrated configuration and
discussion of alternate approaches. Appendices
will cover the work of other industry groups and
discuss the shielding/ingress/egress issue., As
of December, 1985, this report had not yet been
issued.

Future directions of the committee may
include baseband audio and video
interconnections, stereo television {(both BTSC
and out-of-pand Systems) and/or off-premise
equipment.



SIGNALING & CONTROL

Scott Tipton, Chairman

CHARTER

To evaluate current and recommend future
design goals and implementation procedures for
signaling and control of various devices in cable
systems via satellite. Formed: May, 1982

ACCOMPLISHMENTS

Prepared a six-page report outlining present
industry needs and future requirements for
signaling and control of commercial insertion
devices titled: "Tone Recommendations™. Report
was based in part on responses to an industry
survey distributed in 4th quarter, 1982. Since
its issuance in March, 1984 the Tone
Recommendations (2nd rev.) have been widely
adopted.

1986 PLANS

Though this subcommittee is currently a group
in search of another problem to solve, the NCTA
Engineering Committee has asked that the chairman
and members (whose company affiliations comprise a
balance of MSO and programmers) sustain an
"industry education and monitoring®" function.

SATELLITE TRANSMISSION STANDARDS

Howard L. Weinberger, Chairman

CHARTER

To follow developments and issues related to
satellite common carriers, FCC policy, or up/down
link transmission state-of-the-art, and to report
on these areas to the full NCTA Engineering
Committee. To assist the NCTA staff and the
Engineering Committee in developing responses
and/or activities to deal with developments in the
above mentioned areas. [subcommittee first
organized in 1980}

ACTIVITIES IN 1985

The subcommittee was identified as the focal
point for reporting interference problems related
to reduced spacing between satellites serving the
cable television industry. No significant
problems have been reported.

ACTIVITIES FOR 1986

To monitor proposals for the FCC to require
tagging TV uplink transmissions with an ID code in
order to facilitate rapid resolution of aceidental
interference to other uplinks.

NETWORKS AND ARCHITECTURE

Geoffrey W. Gates, Chairman

CHARTER

This subcommittee, formed in May of 1982, is
charged with studying all aspects of data
transmission on cable television based media.
Technologies and services which are likely to
impact the cable television industry will be
evaluated and the projected nature of the impact
will be reported to the NCTA Engineering Committee
along with recommendations for action. The
subcommittee is divided into three working groups:

Lable Media, chairman: Archer Taylor
Issues: Spectral usage, gaussian noise,
ingress, cross~coupling between
upstream and downstrean, delay,
effects of signal processing,
frequency allocation and network
topology.

Logical Protocols, chairman: H.W, Katz
Issues: Performance of existing
protocols, support (VLSI) for
protocols, survey of currently
used protocols. b

Data Communications Serviceg, chairman:
Lawrence Lockwood
Issues: Monitor and report on regulatory
actions potentially.

DOCUMENTS_PRODUCED

1. Characterization of Cable TV Networks as
the Transmission Media for Data -~ Working
Group [Archer Taylor, chair] Cable Media

2. "Existing and Evolving New Data
Communications Services" -- Working Group
[Lawrence Lockwood, chair] Data
Communications Services

CURRENT STATUS

In May, 1985 the chairman recommended that the
subcommittee on networks and architecture be
dissolved upon acceptance of its final report.
The Engineering Committee voted to maintain the
subcommittee and its working groups as a standing
subcommittee, to work toward increased
member participation/support, and charged IEEE
liaison, Lawrence Lockwood, with heightening
interface between the Engineering Committee and
one or more of the IEEE 802 standards groups.
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MULTICHANNEL TELEVISION SOUND (ad hoc)

Alex Best, Chairman

CHARTER

To investigate the technical implications of
the carriage of BTSC (Broadcast Television Systems
Committee) multichannel sound over cable systems.
Formed: August, 1982,

DOCUMENTS PRODUCED

1) Multichannel Television Sound Report --
National Cable Television Association

2) Multichannel Television Sound NCTA/EAC
Subcommittee Test Plan -- Submitted to
Wendell Bailey by Alex Best on behalf of
the NCTA multichannel sound subcommitee.

3) Multichannel Television Sound =--
Technical Implications for the Cable
Television Industry -- A report submitted
to Tom Keller (Chairman of the EIA BTSC
Subcommittee) from Alex Best on behalf of
the NCTA multichannel sound subcommittee.

4) Multichannel Television Sound -- A letter
from Alex Best to Tom Keller outlining a
test plan to be conducted by the EIA BTSC
Subcommittee on behalf of the NCTA.

ACCOMPLISHMENTS IN 1985

The subcommittee is presently acting in a
monitoring, educating, and data gathering mode.
The education takes the form of presentations at
trade shows and SCTE functions. The monitoring
and data gathering takes the form of soliciting
inputs from cable operators who are carrying BTSC
sound on their systems.

PLANS FOR 1986

In 1986 the subcomittee will continue in its
present mode of operation.
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DIGITAL TELEVISION SETS (ad hoc)

Nicholas Worth, Chairman

CHARTER

This group's charter was to investigate
digital television technology to determine whether
or not new TVs employing ITT chip sets (or their
equivalent) can easily defeat sync suppressed
scrambled signals. And, based upon findings, to
report to the full Engineering Committee, make
recommendations for preventive measures and to
follow through on said recommendations. Formed:
August, 1984, Disbanded May, 1985.

ACCOMPL ISHMENTS

In the fall of 1984 the digital TV set
subcommittee completed extensive tests
demonstrating that a television set employing the
ITT Digit 2000 chip set can, if externally
manipulated, defeat sync suppression scrambling.
A report on the group's findings was presented to
the Engineering Committee in November, 1984. The
Committee then empowered the subcommittee to work
with NCTA staff and draft a letter to television
set manufacturers pointing out the concerns of the
cable industry and requesting that the
manufacturers not allow easy access to the data
bus for the purpose of forcing the chip set into
the countdown mode.

It appears that the cable industry's concerns
have been taken into account by set manufacturers
-- the Engineering Committee disbanded this ad hoc
subcommittee in May, 1985 commending the chairman
and his members for a job well done and a charter
fulfilled in a timely fashion. It was suggested
that the joint EIA/NCTA committee take on the
monitoring/tracking function that the digital TV
set subcommittee would have maintained had it
remained a standing subcommittee.



JOINT EIA/NCTA ENGINEERING COMMITTEE

Robert M. Rast, Chairman
Walter S. Ciciora, Vice~Chairman

CHARTER

To establish and maintain dialogue between
the cable and consumer electronics industries for
the purpose of studying and resolving engineering
matters of common interest. Date formed: 1982

1985 ACCOMPLISHMENTS
RF Cable Interface

The Committee's RF Cable Interface Working
Group, chaired by Walt Ciciora, finalized a RF
Cable Interface Interim Standard. This technical
standard applies to the RF interface between a
CATV cable and a subscriber's device which tunes
television channels, such as a television
receiver, VCR or cable converter. This standard,
in combination with a previously approved
channelization standard, and a decoder interface
standard, discussed below, are intended to foster
compatibility between cable systems and
subscriber devices connected to the cable. The
RF Cable Interface Interim Standard was endorsed
by the NCTA Engineering Committee and is being
submitted to members of the EIA R-U Committee for
approval by mail ballot. Upon approval, it will
become an EIA interim standard.

DECODER INTERFACE

The last of the three standards developed to
foster compatibility between cable systems and

consumer electronics devices is the Decoder
Interface Standard. This standard was finalized
during 1985 by the Decoder Interface Working
Group of the EIA R-3 Committee. While it was not
directly an activity of the Joint Committee,
members of the Joint Committee attended meetings
and contributed to the standard. In addition,
ATC hosted three field tests, in Denver, during
which consumer electronics and cable hardware
manufacturers jointly tested products
incorporating the new interface. The Decoder
Interface Interim Standard is being submitted to
members of the EIA R-4 Committee for approval by
mail ballot. Upon approval, it will become an
EIA interim standard.

1986 PLANS
CABLE COMPATIBILITY STANDARDS SUPPORT

Although the work is essentially completed,
the Committee will provide whatever support will
be required for the three cable compatibility
standards discussed above.

NEW ACTIVITY

Through the RF Cable Interface Working Group, the
Committee has begun to address what new activity
should be undertaken. The leading candidate is
an investigation of scrambling and addressability
approaches, practices, and needs to determine
whether there is an opportunity and a need for a
common definition of parameters, and possibly,
standards.

-
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RF CABLE INTERFACE AND DECODER INTERFACE
WORKING GROUPS

Walter S. Ciciora, Ph.D.
Vice President, Research and Development

AMERICAN TELEVISION & COMMUNICATIONS CORPORATION

INTRODUCTION

Standards committee progress is often painfully
slow. To a newcomer, especially someone accustomed
to the "fast lane," this activity can be quite
frustrating. There are several points to be made about
this. Firstly, if cable interface and decoder interface
standards were easy to achieve, they'd have been
agreed to a long time ago. There's been pressure for
an extended period of time. Secondly, the issues being
settled are delicate points involving trade-ofis which
impact the economics and performance of two
industries, These two industries have a history short
on cooperation and long on confrontation.
Fortunately, the trend toward cooperation is on the up

swing.

At first blush, it would seem difficult to find two
industries with more reason to cooperate than the
Cable Television Industry and the Consumer
Electronies Industry. Better pictures should enhance
satisfaction in cable service and better choice should
increase the desire for quality images. Most of the
difficulties to date have been due to a lack of
information and misunderstanding. Open, honest, and
frank contacts should be helpful to all.

STRUCTURE

In 1982, the National Cable Television
Association, NCTA, and the Eleetronic Industries
Association, EIA, formed a Joint Engineering
Committee to discuss technical issues which impact
both industries. The first order of business of that
committee was to create a channelization standard for
frequency assignment. After considerable debate, the
committee recommended the plan which became an
EIA Interim Standard for one year. It has recently
emerged from this probationary phase to become an
offiecial recommended standard.

It is important to note that these standards are
voluntary standards. Neither the NCTA nor the EIA
have enforcement powers. Adherence to the standard
depends on the good faith of the companies involved.

After the channelization standard, two Working
Groups were formed to.consider an RF cable interface
standard and a decoder interface standard. Shortly
after formation of the Decoder Interface Working
Group, it was discovered that the EIA R4 Group had
its own decoder interface group. Seeing little point in
duplication of effort, the Joint Committee decoder
working group disbanded,
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ATTITUDES

An important reason for the successes of the
Joint Committee has been a change of attitude on the
part of the participants. In the past, cable/consumer
electronics relations were marked with finger pointing
and name calling. Very important technical trade-offs
were the focus of arguments which had significant
economic impact. This behavior has been replaced
with a realization of the importance of customer
satisfaction. The customer/subseriber must be
satisfied if the two industries are to prosper. It is
pointless to try to shift blame. The customer/
subseriber demands satisfaction from both industries.

A significant step in the right direction has been
the relaxation of what has been called the "70dB
syndrome." In the past, the cable industry has tended
to demand that any potentially harmful phenomenon be
suppressed by 70dB. The consumer electronices
industry has become offended by this approach since
this degree of suppression is difficult to measure for
most parameters and impossible to achieve in
practice. The result has been near zero progress.

The "70dB syndrome" has been replaced with a
much more reasoned discussion of actual problems. A
phased approach has been recommended which sets
achievable targets, timed to cover frequencies ranges
as they are implemented in the cable practice over
time. When a cable representative believes there is a
need for a specification which the manufacturers feel
can't be presently achieved, a tutorial is included.
This motivates the manufacturers to strive for solution
in future designs.

The defensive guards have been lowered and
technical people are listening to one another in open
dialog. People are trying to understand each others
problems and accommodate.

Occasionally, a new member joins the committee
and makes moves in the old ways. The committee
brings the newcomer in line and progress resumes,

THE RF CABLE INTERFACE WORKING GROUP

The RF Cable Interface Working Group's major
concern is the Cable Compatible Consumer Produect,
such as the Cable Ready TV. The committee very
quickly got over the issues of connector type,
impedance, and signal levels. A more serious problem
has been Direct Pick Up, DPU, of broadcast signals.



The committee has taken voluntarily committed
receivers and measured them in a T.E.M. (Transverse
ElectroMagnetic) cell. The tests were funded by the
ElA, and each participating manufacturer received
data on his products. A non branded table of data was
supplied for committee use. Sets ranged in
performance from satisfactory behavior to sets with
considerably lower levels of tolerance. Manufacturers
have been carefully considering the art of radiation
immunity as it applies to their products. Progress has
been made.

The committee has agreed upon an Interim RF
Cable Interface Standard and has gained the approval
and endorsement of its parent groups.

The most significant aspect of this new standard
is a ten times increase in the direct pick up
specification. Under this new standard, a complying
product must not show noticeable degradation of
performance in the presence of broadeast
electromagnetic fields having a strength of one volt
per meter. The previous specification came from the
Canadian standard and was based on one tenth of a
volt per meter. It is expected that the new standard
will cover 80% to 90% of all cable DPU problems. The
remainder will require a converter to completely solve
the problem.

It is important to realize that the TV receiver
manufacturers have taken on a significantly greater
burden with this new standard. This level of
performance will be difficult to achieve. However,
the customer/subseriber will benefit. This
achievement demonstrates that two industries can
work together to resolve difficult issues when a
cooperative approach is employed.

Cable converter product has also been measured
in T.E.M, cells. The goal was to understand techniques
for implementing the converter's seemingly better
performance.

A reoccurring problem in this committee work is
the separation of performance standards from
interference standards. It is felt that the regulation of
performance is best left to the market place.
However, the control of interference is a bona fide
standards matter. Four kinds of interference have
been considered in order of increasing severity: 1)
Interference with the product's own performance 2)
Interference with other products in the same home
3) Interference with other subscribers' reception. 4)
Interference with other users of the electromagnetic
spectrum, such as aircraft navigation and
communications radio.

THE LONG TERM FUTURE

The logical conclusion for the trends in CATV
home terminals is for subseriber ownership. This is the
best outcome for nearly all concerned. The subseriber
has his favorite hardware relationship, ownership.
Unlike his European cousin, the US TV receiver user
has historically preferred ownership to rental. The
same should apply to the decoder hardware. This will
especially be the case if he can own the tuner, remote
control, and other convenience features as part of the

bargain. These later goals are achieved by having the
descrambler come after the TV receiver's tuner.
There are two ways of accomplishing this, One way
has a "decoder interface plug" on the back of the TV
receiver (or VCR, ete.) into which the subscriber
owned (or leased) descrambler fits. The second
method is to build the decoder directly into the
receiver by the receiver manufacturer. The latter will
happen if there is a de facto or actual decoder
standard which would permit free movement from
cable system to cable system. If this is not achieved
for what ever reason, then plug-in, re-sell, or swap
devices will be required.

The principal entity which is disturbed by this
approach is the manufacturer of home terminals who
doesn't also make TV receivers. He sees more than
half of his "value added" eliminated. But from the
bigger picture, the waste and inefficiency of having a
tuner, remote control circuits, and related components
in the home terminal, only to have them duplicated in
the TV receiver, is undesirable.

From the cable operators' point of view, the
program protection method must insure that
subscribers cannot defeat the system and receive the
programming for free. Another interested party in all
this is the programming producers. If they believe
their product can be stolen, they will not make it
available to the cable operator. The cable operator
realizes that the would-be pirate has nearly unlimited
time and resources at his disposal. The system which
meets this test will be robust indeed. Once this
assurance is obtained, the cable operator will gladly
give up the capital requirements caused by the need to
supply the descramblers. The money would be better
invested in more programming, service-enhancing
facilities, or home terminals that provide new services
to subscribers.

THE DECODER INTERFACE WORKING GROUP

The Decoder Interface Working Group is not a
Joint Committee effort, rather it is entirely an EIA
activity. In spite of this, there has been significant
friendly dialog between the two industries, Cable
participation in this committee work has been
welcomed. Specifically, there have been eable industry
contributions to the design and testing of the interface
plug.

The Interface Plug is also called the Cenelec 20
pin plug. Even with twenty pins, the committee
wished it had more! Red, Green, and Blue, RGB, as
well as composite video in and out are provided. A
data line pair to communicate logical instructions such
as EIA Homebus signals, has been provided. At some
day in the future, it will be possible to connect
consumer electronies products to a master home
system. Fast blank for text insertion and decoder
restored syne input pins are provided. Devices with
the interface plug are intended to be "daisy chained."
That is, devices may be designed in such a matter as to
be connected in series, allowing interaction between
devices and an extension of product into an easy to
use, consumer friendly system,

The most serious and controversial issue
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regarding the interface plus is automatic gain control,
AGC, design philosophy. AGC has two modes of
operation with strongly conflicting demands,
acquisition and stable operation. The circuit time
constants must be different for these two modes.
Additionally, the AGC time constants of the cable
converter and television receiver must be significantly
different so one is dominated by the other. If the two
time constants are close together in value, oscillations
may result. The problem is that some receiver
manufacturers are using long time constants while
others have decided upon short time constants. An
important difficulty to appreciate is the fact that in
scrambled mode, most systems suppress horizontal
sync pulses. For decades, television AGC design
philosophy has depended on finding and accurately
measuring syne pulse parameters. The two processes
are in fundamental confliet. Without syne pulses,
there is a tendency for the amplifiers to increase gain
and saturate. This crushes the signal and insures that
sync pulses will never be found. This "ock-out"
condition is a disaster which must be avoided. It is
most complicated in systems which suppress syne
pulses in the vertical interval as well This
phenomenon is extremely non-linear and not well
understood. Some engineers insist that there is no
theoretical basis for these systems to ever work! They
claim that each time the system achieves
synchronization and decoding, a fortunate electrical
accident has occurred!

One serious complication is the fact that AGC
expertise in television receivers is a scarce resource.
There are probably less than twenty experts in the
entire world. The subject is very complex with almost
no published technical literature. Engineers become
experts in this field through years of apprenticeship to
an existing expert. A second complication is that
competitive performance between manufacturers'
products is largely determined by AGC
characteristics., To someone who appreciates this, the
committee interactions take on a whole new
dimension. There is the careful guarding of secrets,
the pained release of just enough information to make
the interface plug system work, but the anxiety that
too much may have been revealed to a competitor.

The Decoder Interface Working Group has had
three field tests in ATC's cable systems in Denver,
Colorado. Several TV receiver manufacturers and
several decoder manufacturers participated with
varying, but basically very good, results. The level of
success exceeded expectations and re-energized the
committee. At least one receiver manufacturer's
engineers formed a strong alliance with a decoder
manufacturer’s engineers. Extensive cooperation and
mutual sharing of information has resulted in a raising
of the potential for success of these two companies.
At least one other manufacturer took a very
unfriendly, parochial approach in the first test which
offended the other participants. This has caused
embarrassment to others at that company who have
worked long and hard at trying to establish a record of
cooperation and leadership. By the second test, this
was corrected.

The best indication of the success of the field
tests has been the lively interchange that took place
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afterwards, resulting in significant improvements in
the proposed standard. The most interesting
improvement at the time of this writing is the proposal
of an AGC time constant control pin which would yield
control of the time constant to the decoder.

Current tests have concentrated on base-band
scrambling schemes because the interface plug
connections do not include RF signals.

Committee agreement on the interim standard
was achieved by year end. The parent group approval
process has begun.

First availability to TV receivers incorporating
the interface plug will likely be in late 1986.

THE COMMITTEE PROCESS

The committee has a life eycle of its own. At
first there is a small group of attendees trying to make
it happen. Slowly the group expands until so many
attend that it's difficult to get anything done. After
several months, those low on patience cease to
attend.  Decision-making picks up. Then some
dramatic event such as a field trial takes place. Once
again, attendance soars. A new danger to progress
takes place. New members attend for the first time.
They start questioning the fundamental philosophy.
Old ground is revisited. The skillful chairman must
maintain progress, yet not turn off the new
attendees. The new attendees will have their say in
the final standards approval process, They must not be
alienated. As the committee reaches the end of its
work, two forces come to conflict. Those who have
put in years of work want to bring it to a close.
Others who have been alerted to the committees work
by the expected issue of a new standard become
alarmed. They see all kinds of threats to their
interests and, of course, better ways to do the job,
usually using advanced technology which wasn't
available when the committee started its work. The
committee chairman must manage these forces or
total grid lock will result.

Another practical difficulty with committee
work is the fact that the most likely contributors are
industry experts and industry decision-makers. By
definition, these individuals are very busy and in
demand by their company's engineering departments
and by other committees. Getting the right people
involved is critical to success. Ocecasionally, a
company's management's view of committee work is
too parochial. Important contributors are denied
permission to attend, or are not supported in this
activity.

An important element of the committee process,
is the mutual education of the two participating
industries. Committee work is an excellent means of
communication between experts in the cable and the
consumer electronics industries.  Well before an
agreement on standards is reached, the TV receiver
design experts are applying what they have learned
from the committee work and are anticipating the new
standard. This process makes timely introduction of
product, based on the new standard, possible,



While it will be years before a significant
penetration of product built around these standards
takes place, those customers with an urgent need or
desire will be able to purchase products in the second
half of 1986. Thus, a timely impact will be made even
though extensive use of the standard will take many
years.

Thanks go to the EIA and the NCTA for their
leadership in these issues. Special thanks to the EIA
for sponsoring the meetings and to Tom Mock, of the
EIA, in particular., The task would have been much
more difficult, if not impossible, without his time and
energy. And, of course, thanks to the committee
participants for their participation and time away
from home,

CONCLUSION

Progress is being made on two fronts, the RF
cable interface and the decoder interface. Interim
standards for both committees can be expected by
early 1986. Progress is slow and painful but essential
if the customer/subscriber is to be provided with the
maximum utility potential of the technology. These
are long term solutions. But they will never arrive
without heavy investment of energy and time in
current committee work.
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A CHANNEL DEPENDENT AUTHORIZATION METHOD FOR
PAY-PER-VIEW AND IMPULSE PAY-PER-VIEW SERVICES

Thomas E. O'Brien

GENERAL INSTRUMENT CORPORATION

ABSTRACT

Authorization of pay services by
channel number has until now been adequate
because only one service 1is contained
within each channel. Pay-per-view and

impulse pay-per-view services require
channel sharing, thereby placing greater
demands on authorization control systems

and increasing the complexity and cost of
addressable set-top terminals. An
improved authorization method is described
and it is shown how, by introducing the
concept of authorization by code number,
dependence on the tuned channel can be
eliminated. The equipment required to
support this method is described and a
pay-per-view example is given.

INTRODUCTION

Conventional pay TV authorization
systems are characterized by a control
computer located at the CATV office or
headend, an access limiting device called
a service encoder and a large number of

addressable set-top terminals. The
control computer maintains subscriber
files which describe what services

(channels) are authorized in each set-top
terminal, and transmits the file contents
by addressing each terminal to load its
authorization table. This table consists
of a simple memory wherein a single bit
per available channel is set or clear to
specify whether or not that channel is
authorized. Services are assigned to a
specific channel (i.e., HBO may be on
channel 18). Changes to the authorization
memory are usually initiated by the
subscriber, who telephones the CATV office
to request an upgrade or downgrade. A
customer service representative (CSR)
modifies the subscriber file (usually
through a billing system) which results in
the transmission of new information to the

set-top terminal, thus changing the
content of its table. This method is
adequate because each channel is used for

only one subscription service.
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A pay-per-view (PPV) channel contains
more than one service, with each program
offering broadcast in a scheduled time
slot. PPV services may be further broken
down into shorter periods such as preview,
purchasable and non~purchasable intervals
and, with back to back events, a
pre-purchase interval for the following
program, In addition, it may be
desirable for all terminals to be
authorized for interstitials such as
coming attractions, promotional fills and
a program guide. The state of the channel
authorization table may change several
times through the duration of a program.
While the bit per channel memory described
above is clearly not adequate, two
solutions are evident: 1) increase the
data transmission to the rate necessary to

address all terminals in a fraction of a
second, 2) increase the authorization
memory size to hold the time features of

the program. Both of these solutions are
impractical due to either bandwidth/
technology or cost constraints. It is the
purpose of this paper to present an

alternative method using code control,
thereby avoiding the negative aspects of
the obvious solutions.

CODE CONTROL

The conventional addressable set-top
terminal contains a memory wherein indivi-
dual bits correspond to channel numbers.
The selected channel number addresses the
memory to read out the associated bit. If
set, the bit throws a switch to enable
viewing the program (usually by permitting
the descrambler circuitry to operate).
This is illustrated in Figure 1. The in-
formation provided for descramble timing
and control is carried in-band (normally
audio carrier modulation) and decoded by
other circuitry (not shown). The address-
able controller maintains a cross ref-
erence list which equates each service to
its channel number.
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Figure 1 Authorization by channel

A code controlled terminal looks very
similar as shown in Figure 2. In this
case, however, the channel number is not
used. Instead, each secured service has
appended to it, a number called a "service
code", which is carried in-band along with
the existing descramble timing informa-
tion. The service code addresses the
memory to read out the authorization bit
which, if set, throws the authorization
switch as before. The addressable
controller maintains a list equating each
service to its assigned service code. The
advantages of this approach will now be
discussed.

i bbb b

Channel
tunming

Video Audio

To TY

Figure 2 fAuthorization by service code

It 1is not necessary for the service
code to be held constant, although it
usually is for subscription services. Any
encoded channel may be used for PPV
services. An existing subscription
service may be partitioned and sold

separately, for example, by wusing one
service code value from 12:¢0 midnight to
8:9¢9 PM and another from 8:88 PM to
midnight. By setting one service code
value equivalent to "basic", all sub-
scribers may be authorized for certain
promotional information. A group of
channels may be sold as a package by
setting their service codes to the same
value. The greatest benefit of this
technique accrues with PPV services.
Recall from the previous discussion the
need to segment a PPV service into several
time slots. A set of service code values
may be used for this purpose, as shown in
the PPV example in a later section.

As previously indicated, the service
code is actually part of the descramble
timing information carried in the TV
signal. The value is inserted by the
service encoder as directed by either
front panel switches or remotely from the
addressable control computer as shown in
Figure 3. With the remote control
feature, the addressable service encoder
permits the addressable control computer
to schedule and control services. The
information sent to the set-top terminals
via this path is not restricted to service
codes. It should be service related,
however, and may also contain the
following:

. Service type (subscription or
pay-per-view)

Purchasable or not

Morality rating

Cost of purchasable service
Encoding method

Barker channel if unauthorized

L b

Service
encoder

sc 8

Tine
-2 3
time

ew

Remote
control

Addressable
Control
Cormputer

QO

Figxe 3 Remote controlled service encoder

1986 NCTA Technical Papers—145



Note that even this seemingly small
amount of data may require sigrnificant
transmission bandwidth at common program
switchover times. Therefore, it is
prudent to include a time controlled queue
in the service encoder. Thus, the data
for several time slots may be preloaded
into the set of encoders for execution at
pre-specified times, avoiding peak locad
bandwidth requirements. As a final point,
it is evident that both the addressable
control computer and the addressable
service encoder need to understand time.
The service encoders contain a battery

backed real time clock which is
periodically synchronized by the
addressable control computer through a

time message transmission.
PPV CONTROL

Armed with these new tools, a PPV
control example will now be presented. In
the following discussion, the program and
interstitials are broken into time

segments labelled S1 through Sé6 and
service code values assigned Cl, C2 and
C3. A typical Hollywood film runs about
one hour and 40 minutes. It is customary
to run interstitials between films
consisting of coming attractions, sales
information, program guide, etc. For
control purposes, these are included in

the "program" schedule which is assumed to
start at 7:40 PM and run two hours to end
at 9:40 PM, It is also assumed that some
part of the subscriber population is
configured with store and forward set-top
terminals, thereby permitting "impulse"”
purchase of the event. The "program"

actually starts at the end of the previous
event, which occurs at 7:40 PM. Assume
further that there is a promotional barker
channel to which wunauthorized set-top
terminals will tune when the subscriber
attempts to tune a pay-per-view channel
and is not already authorized. Refer to
Figure 4. The first segment, S1 contains
the program guide which runs for 15
minutes. During this time all subscribers
are authorized to view a rolling list of
services along with their associated cost
and broadcast times. Blanket author-
ization may be accomplished either through
use of a service code (Cl) for which all
subscribers have been previously
authorized or by the <c¢lear mode (not
scrambled). The system could have
alternatively pre—-authorized only a
selected partition of subscribers, for
example those who have impulse terminals.
Segment 2 contains the "coming
attractions”, where scenes from the next
program are shown to stimulate interest.
The service code is set to C2 (the one
actually used for the film) during this
period to allow impulse purchase, however,
the signal is sent using the clear mode,
therefore all subscribers may view the
picture. The program begins with segment
3 during which time the service code and
mode are retained to provide a ten minute
"preview", while allowing late comers the
opportunity to purchase. A second
advantage of the preview period 1is to
allow more time for the system to respond
to call in purchases from those
subscribers without impulse terminals.
The encoder 1is set to scramble during
segment 4, while retaining the same

Segment [ “s1 2] s3] ] 53 [ s6 ]
Contont [Guice [NT Film ]
Service code [ et ] c2 [ c3]
Purchesahle I N ] Yes B No ]
Scramble mode | SCR | CLR | SCRAMBLED ]
Time slot L 1 | ]
) —

Time 740 7:53 800 810 820 830 9:30 940

Note: N = “"Whats next"

Figure 4 PPV control sequence
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service code and purchasability
attributes. During this segment,
unauthorized subscribers will be able to
view only the barker channel which should
contain a rolling tutorial describing how
to purchase the program. Segment 5 is
included to terminate the ability to
purchase the film. Set-top terminals may
be outfitted with a display lamp which

when lit, indicates a "purchasable event".
This lamp will go off at segment 5 if the
event has not already been purchased.
This feature 1is a convenience to sub-
scribers who may have tuned in late and,
if they knew how much of the program has
already elapsed, would probaby decide not
to purchase it. Although segment 6 is not
strictly necessary in this example, it is
included for completeness. This segment
is required to solve a somewhat elusive
control problem which is described below.

Authorization by service code is not
without disadvantages. A service code
number may be used at any time on any
channel, however, it must not be used for
more than one program at any one time.
Occasionally, due to service code value
limitations or scheduling conficts, two or
more programs on the same or different
channels may be assigned the same service
code. Under these conditions, subscribers

authorized for one program would
automatically be authorized for the
others. Three global commands may be used

this undesirable situation.
"set", "clear" and

to prevent
The three commands are

"copy" service code. During segment 5,
the control computer issues a global “copy
c2 to C3" command. All subscriber
terminals which are authorized for C2 will
now be authorized for C3 also. During
segment 6 the service code is set to C3
after which the control computer issues
the command "“clear ca»., This action
occurs during the last few minutes of the
program because it 1is unlikely that any
terminals would be unpowered - thereby
avoiding the downgrade of C2 - at this
time. Since the command sequence is
closely spaced, it is also unlikely that
the terminals would hear the first command
and not the second. The alternate service
code, C3, may be any spare subscription
code - not used for PPV - since it is only
used for short, non-overlapping time
intervals.

SUMMARY

A channel independent authorization
method has been described. This method
allows efficient pay-per-view control
while avoiding the traditional bandwidth
and cost intensive changes to conventional
pay TV authorization systems. Programming
capabilities include interstitials,
program previews, impulse purchasing and
global control of segmented authorization
populations. This method should find
interesting application as more cable

system owners utilize pay-per-view
programming as the next major CATV
venture.
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A TRAINING CATALOG

By Dana Eggert

United Artists Cablesystems Corp.

ABSTRACT

In a maturing cable industry,
operating costs and expenditures tend to
be more closely scrutinized so as to
insure optimum cost-effectiveness. At
the same time, employee productivity and
quality of service should not be
compromised.

Often, training is overlooked as
both the day-to-day and long-term link
between cost-effectiveness and quality
and productivity.

Using a training topics matrix of
available course material and desired
results, this paper will discuss outside
training sources and how they can be
constructed into a highly cost-effec-
tive, custom-designed, individualized
technical training program. Also in-
cluded is a thorough, annotated catalog
of training resources.

THE TRAINING PARADOX

The absence of CATV-specific
technical training, either through in-
house training departments or outside
resources, is not a new problem to the
technical-intensive industry. But at a
time when rebuilds have subsided, pay
services have plateaued, and operating
systems are working harder to keep sub-
scribers and upgrade their services,
CATV technical training, and the costs
associated with it, indeed becomes a
paradox. While most companies are
trying to scale back operating costs, at
the same time, rising costs associated
with outages, callback, and new com-
plexities from VCR connections and com-
petition from backyard dishes, as well
as the new Communications Act of 1984
franchise renewal pressures require that
cable companies pay particular attention
to signal service quality and technical
integrity. So instead of cutting back
on training as an operating cost, many
cable operators are discovering that
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more training commitment is necessary to
lower operating costs, and that it is
now a key ingredient not only in main-
taining quality service, but also in
providing motivation and support for
technical employees, thereby affecting
productivity and bottom-line profitabi-
lity.

But, how much of the training re-
sponsibility is the company's? Will the
company have to develop its own in-house
training department and facilities to
provide customized, quality training?
What is the most cost-effective approach
to training that also yields the desired
results?

THE TRAINING COMMITMENT

The first step in any new training
program should be the solid commitment
by company management to encourage and
promote training for all employees,
technical and non-technical. Regardless

of how many training dollars are spent
by a company on its employees, if the
participants do not perceive the company
as an enthusiastic player and see some
real attainable benefit to themselves,
then those dollars are wasted because
real learning through motivation will
not occur. More importantly, companies
should develop a written training com-
mitment and policy stating exactly what
management's responsibilities are and
how the company will fund the program
regardless of how the training program
is structured.

Example: It is the policy of the
Company to encourage employees to
enroll in accredited educational
institutions and/or special train-
ing courses designed to improve on-
the-job performance and help pre-
pare the individual for greater
responsibilities.



Enrollment in such courses may be
at the recommendation of either the
Company or the employee. However,
in all cases where reimbursement is
requested, the course must be ap-
proved by the employee's department
head and the system manager prior
to enrollment.

If the Company requires the employ-
ee to take the course, then 1¢6% of
the course fees, plus books and
out-of-town travel are paid by the
Company. If the course is directly
applicable to the employee's job,
the Company will reimburse the
employee for 180% of the course
fees upon successful completion of
the course. Other courses, which
bear some relationship to the em-
ployee's job or to his/her career
development in the Company, will be
reimbursed for 75% of course fees
upon successful completion of the
course.

Along with this written statement
of commitment, management must also
determine the nature or structure of the
training program: an in-house training
department, vocational schools, or an
eclectic approach using outside re-
sources.

THE ECLECTIC APPROACH

The ultimate goal in any technical
training program is to develop the tech-
nical employee through training and
experience to the company-desired stand-
ard of performing the current job as
well as to prepare selected employees
for added responsibilities at higher
levels. There are several ways to
structure and develop a technical train-
ing program geared to meet this goal. A
few companies have chosen to develop a
complete in-house, self-supported train-
ing program requiring its own training
center and staff. Others may take ad-
vantage of vocational schools or local
colleges for CATV technical training
while still others may completely depend
on correspondence programs or contracted
in-house presentations. Although all of
these approaches have merit, at this

point in the industry, an eclectic ap-
proach, or the piecing together of a
training program from a variety of
sources, may indeed prove to be the most
cost-effective while producing more than
adequate and acceptable results. In
fact, this approach to technical train-~
ing draws fromall of the above
resources and combines these into a
program to fit both the company's and
student's needs.

The advantages of this method are
many. For one thing it does not require
the kind of full time staff or financial
investment as that of an in-house train-
ing department. Secondly, by using
outside sources, the training content
should be continually updated to fit the
needs of the industry. Third, the em-
ployees are not away from their jobs for
extended periods as is required for
vocational school attendance, maintain-
ing productivity while learning specific
on-the-job skills. Also, this approach
takes best advantage of the "none of us
are as smart (in training approaches,
materials, strengths, etc.) as all of us
together. Finally, and most important-
ly, this training approach allows the

most flexibility for the student not

only in subject areas but in timing as
well.

TRAINING SOURCES

Many sources of technical training
already exist and are the foundation of
this type of training program. Sources
include correspondence schools and self-
study programs, local and regional short
seminars, contracted in-house presenta-
tions, 1local community college evening
courses, and other CATV operating com-
panies' training centers. In addition,
training topics range from CATV specific
and electronics to management and data
communications, all relevant to the
progression of technical personnel.

The matrix below lists training
sources by company name and indicates
the respective subject or areas of
training. For more information about
the specifice sources, see the "Training
Resources" list included in this paper.
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TRAINING TOPICS HATRIM

CATY ELECT- DATH FIBER VIDEO HGT/ CUSTOHR PRIODUCT
NAHE TECHNICAL RONICS ENGR COHPUYTER  COHH CAO OFTICS PROD SUPERV SERVC SAFTY SPECIFIC

ANA-EXTENSIOH INSTITUTE b
AHERICAN INSTITUTE b
ARERICAN HEDIA L x L

ANN ALVIS TRAINING ®

ARTHUR ANDERSEN/EDUC SERV B

ATC NATIONAL TRAINING CENTR X

AUBREY DANIELS & ASSOC 4

BERGHALL TRAINING SYSTEHS b = L] R L]
BLONDER~TONGUE

C-COR ELECTRONICS

CATY TECHNICAL TRAINING SEHIN.
CENTER FOR ROV PROF EDUC X

CENTER FOR CREATIVE LERDERSHIP *
CHILLICOTHE VOCATIOHAL X

CLEVELAND INST. OF ELECTRONICS h

OAKQTA COUNTY VOCATIOMAL X

ORRTNELL » X
ORTRA-TECH IMSTITUTE »
ORTACOHHUNICATIONS

ORTAPRO RESERRCH CORP

OIGITAL EQUIPs EDUC SERV b X
0SI HICRO INC - b

OUN & BRROSTREET BUSN EQUC SRY K

EAGLE SEHINFRS *

EAST BAY SKILLS CENTER "

ENTRRINHENT "

ESSEX COUNTY LOLLEGE
GEMERAL SERVICES AOH h X

GECRGE HWASHIKGTOW UNIV x

GILBERT ENGIMEERING b L]
HRIHES ASSOC.

HARVARD BUSH RVH~REPRINT Su'C

HEATH COHPANY k]
HENKELS & HCCay X 4
HEHLET T-PACKARD

HUGHES HICROHRVE RSSOC. X

ICS~INTEXT b

IEEE SERVICE CENTER X b n

INFORMATIOM GRTEKEEPERS,INC X

INST ADV TECHN-CONTROL DATA

INST FOR PROFESSION EDUC X
INTERFERENCE COMNTROL TECHN. x
JERROLD x

KNOHLEDGE INDUSTRY PUBLICTM x

LOI INSTITUTE *
HRGNAVOX CATV SYSTENS INC X

HCGRAW-HILL TRAIRING SYSTEHS "
HERCER COUNTY COLLEGE X

HIDDLESEY CCOMHUNITY COLLEGE ¥ ¥
NCTI X

NEH YORK UNIVERSITY b3 »
NORTH TEXAS STAT UNIV 3
NRI SCHOOL OF ELECTRONICS N -

x X X

x X

4
xx
x X

X ¥
xx

"

~ L

OHEGA SCHOOL OF COHHUN X b

PROGE TT~THOHPSON »

PHILLIFS PUBLISHING INC, X ks

PRYOR RESOURCES ¥ X

RESOURCE ¥ X X

SCTE " »

SHELOON SATIW ASSOC X

SHU~COX SCHOOL OF BUSINESS X

SOFTHARE INST OF AMER. H

SOUTH OKLA CITY JUNIOR COLLEGE b3

STAT~-A~MATRIX INSTITUTE X

TELEOHETRICS INTERNATIONAL H

TELESTRATEGIES X

UCLR EXTENSION X " X H

UNIV COLLEGE - CINNCINATI »

UNIV OF HICHIGAN/ SCH BUSN RO ¥

HROENR ARER VOCATIONAL X

HISCONSIN INDIANHEAD TECHN X

Figure 1. Training Topics Matrix
As is obvious from the matrix, A basic, boiler-plate technical

there are many training resources to training program can more than likely be
draw from and many topics to choose from applied in most circumstances with only
in designing an eclectic training pro- slight variations. The more complete
gram, and this matrix is still not ex- and thorough the basic program is, the
haustive. By using this matrix one can more it will cost, but the more flexible
easily design any form of needed short- it will be as well. Following is an
term or long-term training program not example of a very basic training program
necessarily uniform for all employees, designed to be applicable to almost all
but individualized for each technical CATV technical employees beginning with
employee to address specific needs. Installer and following all the way
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through to Chief Engineer.

gasic lraiaing Program Boilerplate

[§L'3
HEBULHED

SOUKCE WAME TRAIMINE 10F1L FORNAT ALLONED  PRICE

w1 Inutailer Sett-study 2 years v240
Lacal ceR Searnar 7 days 75
1cs Technical Rathematics Selt-study 1 1/2 yrs 130
WRI Specialized Cossunications Electronics Self-study 2 years 835
NETL Tacharcian Selt-study 2 years 300
fagnavox Mobile Tecnmical Tratning Seatnar Warkshop 3 days 4300
ana Writing for Success Selt-study & sonths 495
uCTI Chief Technician Self-study 2 years 610
Wughes Microwave  Microwdve Basics workshap 5 days %0
Datapro Data Cosaunications | Searmar 3 days 2695
Jercold Spectal Technical Session Workshop 4 days s2¢3
IEEE fanageaent Progras Sel4-study 1 year $400
Datagro Data Cosaunications i} Seminar 3 days %695
SCTE BCT/E Certafication Self-study 2 yaars 450
ana Tiae Managesent Selt-Study & months 95
Cieveland Inst. AAS 1n Electronics Engineering Technol. Sel-study 4 years 33,000
ucea The Techaicai Mgr 1n 2 Uynamic €avir  Seatear 3 days 675

$9,09¢

Figure 2. Basic Training Program
Boilerplate

Following this 18 year program, the
company would spend roughly $585 per
student annually, depending on the stu-
dent's progress and interest in advanc-
ing. A more complete training program,
Figure 3., requires the company to make
an initial investment of $2555 for audio
and video training tapes.

training brograe koulerplate

TINE

WEQUIKED/
SUUKCE NRAE TRAINING 10FIC Fuanat ALLOWED  PRICE
ac1t Instalter Setf-study 2 years s240
SCTE *Contident Climting I & 11" Videotape 60 minutes  $130
SETE *Coartal Cabvle Basics® Videotape 30 minutes +75
SCIE *Satety Awareness® videstape 30 minutes s75
sCie "Diagnosing Coaman Cagle Faules® Videotape 30 minutes s
SCTE *Canle Handiing & Tnstallation” Videotape 30 einutes 75
B1lbert “Cannectors® Videatape 30 einutes 150
tocal tPR Seminar 2 days +75
1cs Technical matneaatics Seif-study 1 1/2 yrs 4330
Pryar Resources Customer Relations Audictipes o dars o
American Medra “lake Care® (Customer kelations) Videotipe 45 ainutes 500
aRI Specialized Coamunications Electronics Self-study 2 years 4835
SCTE *dB and cBav* Videotape 30 minutes +73
SCTE “sLn Basics” Videotape 30 alnutes s
SCIE “SLM: Erfors & Accuracy® Videotape 30 minutes 75
NCTI Technictan Self-study 2 years +500
sCTE “NTSC Video Test Saqmals I & t1° Videotape 60 minutes %150
Magnavax fobile Technical Training Seainar Workshop 3 days 300
STTE “Video Wavefors Measureaents® Vigeotape 30 ainutes 75
SCTE “Overhead Lines & Backfeed® Videotape 30 sinutes 4735
AN Writiag for Success Self-study & sanths +95
Resource, Inc. “Bucket Rescue” Videatape 30 ainutes  #110
ATl Chief Technician Selé-study 2 years $610
Mughes Microwave  Nicrowave Basics Warkshop  § days 0
SCTE “Rf Sweep Generator Applications* Videotape 30 msnutes 73
Pryor Resources Basic Supervision 1 & II Audigtape 2 weeks +180
batagra Data Cossunications 1 Searnar 3 days 1695
Jercotd Special Technical Session Workshap 4 days 4293
1EEE fanageaent Frogras Selfé-study 1t year $400
patapro Data Cosmunicatioas 11 Sesinar 3 days 695
SCTE BC1/E Certitication Selt-study 2 years 50
Ana Tiae Managewent Selt-Study & months 95
Adericaa Media “Tiae Trap® Videotape 45 minutes  $30¢
Cleveiand Inst. AAS 1n Electronics Engineering Technol. Self-study 4 years 43,000
SCTE "Dev=loping 4 Preventv Marnten. Frog® Videotape 30 arnutes 75
UcLA Tr ¢ ~ical Mgr in a Dynamic Envir  Seernar 3 days

Figure 3. Training Program Boilerplate

This investment divided over the
same time frame comes to $141 per year
for the purchase of training tapes, and
$141 divided by the number of technical
trainees most likely will not be over
$3¢ annually. This raises the annual
amount of training dollars spent per
student to approximately $535. The cost
difference, then, between a very basic
training program and a more thorough
program is minimal, but the difference
in the results could be significant.

The company now has a permanent training
library available both to new employees
and students for first time viewing or
listening as well as experienced employ-
ees for reviewing and retraining pur-
poses.

The flexibility and value of the
eclectic approach to address a system’s
wide variety and changing training re-
quirements by general or technical mana-
gers is obvious in these limited exam-—
ples. It is beyond the scope of the
intent of presenting the training matrix
and full training listing to dramatize
further specific application examples.
It is up to interested systems to deter-
mine for them¢elves the best approaches
and combinations of the resouces listed
and categorized here for their own best
general or specific training programs.

CONCLUSION

The days of the midas touch for the
cable industry have since passed and as
CATV technology becomes increasingly
complex, cable systems must pay closer
attention to the training function as a
bridge between cost-effective operations
and long-term guality of service. Using
an eclectic approach to develop a train-
ing program may prove to be the most
cost-effective method for the company as
well as most beneficial, flexible, and
productive for the technical trainee.
With the help of the training matrix and
thorough listing of training resources,
companies should easily be able to piece
together their own basic training pro-
gram to meet their specific needs and
desired results.
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TRAINING RESOURCES

Ann Alvis Training, Inc.
1701 1lst Ave W
Bradenton, FL 33505
813-748-3809

Ann Alvis provides in-house training in
customer service, customer relations,
communication skills, direct sales,
management relations, etc. Ann presents
activity-oriented three hour training
sessions individually developed and de-
signed specifically to fulfill the needs
of the participants to produce the de-
sired results. Fees include an $85
hourly rate during actual training as
well as expenses.

American Institute
Carnegie Building
55 Main Street
Madison, NJ #7940
212-377-7460

The American Institute offers computer-
oriented, regional two to four day semi-
nars. Course titles include, "Writing &
Using Macros for Lotus 123," "Project
Management on the Personal Computer,”
"Data Communications: An Intensive
Introduction,” and "Hands-on Trouble-
shooting Data Communications Systems &
Networks." Tuition fees range from
$595 to $895. CEU's are awarded.

American Management Association
Extension Institute

135 West 56th Street

New York, NY 19020
212-9@3-8040

AMA Extension Institute offers 87 in-
dependent study courses in five general
categories including General Management
Skills (time management, technical
writing, basic supervision, etc.),
Management and the Computer, Marketing
Management, Manufacturing Management,
Service Organization Management, and
Managerial Finance and Control. AMA-EI
allows these courses to be taken indivi-
dually or in a combined program result-
ing in a Certificate in Business Manage-~
ment. Courses are self-regulated; cor-
respondence tests are included. Non-
member price per course is $94.95.

American Media

1454 36th Street

West DesMoines, IO 50265
800-262-2557

American Media offers for purchase a
wide variety of management, customer
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service, and safety training videotapes.
The cost for each tape averages $500.

Arthur Andersen & Co.
Educational Services
1485 North Fifth Ave.
St. Charles, IL 60174
800-874-4449

Regional one to four day seminars cover
many aspects of management. General
management courses include general
supervision, business writing, time
management, project management, etc.
Seminar tuition ranges from $175 to
$600. In-house, customized training
programs are also available.

ATC National Training Center
2186 South Hudson

Denver, CO 86222
393-753-9711

On-site training provided by ATC train-
ing staff. Courses include Installer,
Technician I, and Technician II. Pre-
requisite training from Cleveland Insti-
tute of Electronics is necessary for
both technician courses. Excluding time
involved for correspondence CIE work,
each on-site class runs about 10 days.
Tuition is approximately $1800 per
course; transportation, room and board,
and prerequisite courses not included.

Aubrey Daniels & Associates
3531 Habersham at Northlake
Tucker, GA 39084
494-493-5089

Regional one day human relations semi-
nars including "How to Talk to People,”
and "How to Work with People in a Posi-
tive Way." Seminar fees range from $195
to s$210.

Bergwall Training Systems, Inc.
106 Lindbergh Blvd

Uniondale, NY 11553
809-645-3565

516-222-1111

BTS offers a variety of standard courses
for use as in-house training. Courses
can also be used as self-regulated in-
depedent study. Course topics include
business writing, basic accounting,
BASIC programming, fleet maintenance,
drafting, CAD, basic electricity, basic
electronics, digital electronics, etc.
BTS also provides custom designed train-
ing programs.

Blonder ~Tongue Laboratories
One Jake Brown Road

0ld Bridge, NJ 88857
201-679-44080



BT offers a two day regional seminar on
MATV, CATV, and SMATV technologies for
$125 per person. Interested parties
should contact local offices for
scheduled seminars in those areas.

C-Cor Electronics Inc.

608 Decibel Road

State College, PA 16801
814-238-2461

C-Cor holds several regional three day
technical seminars for CATV Technicians
throughout the year. Seminars cover
system basics, adjustment of amplifier
levels, system performance, system up-
grade and problems, along with specific,
hands-on C-Cor equipment training.
Seminar registration is $1¢4.

CATV Technical Seminars
PO Box 9893

Alexandria, VA 22304
783-823-6522

The three day regional seminar offers
CATV technical basics including cable
transmission systems, egquipment, distor-
tions, amplifier technology, microwave
applications, satellite technology, sys-
tem design, maintenance and operation
etc. Advance registration fees are
$4540.

Center for Advanced Professional
Education

1828 E. Garry Street, Suite 118
Santa Ana, CA 92785
714-261-~0824¢0

Two to three day seminars focus on data
communications. Seminars are offered
regionally for $645 to $695. CEU's are
awarded.

Center for Creative Leadership
5864 Laurinda Drive

PO Box P-~-1

Greensboro, NC 27462-1660
919-288-7210

The Center for Creative Leadership pro-
vides free literature and information on
leadership and management skills and
improvement techniques. Also available
without charge is a subscription to
Issues & Observations by contacting the
center.

Chillicothe Area Vocational Technical
School

1266 Fair Street

Chillicothe, MO 64661

816-646-3414

The school offers a two year Electronics
Technician program (19084 hours). The
day-time only program includes theory,

troubleshooting, circuits, etc. Tuition
for the first year is $100¢ and $2000
for the second year.

Cleveland Institute of Electronics
1776 East 17th Street

Cleveland, OH 44114

216-781-9400

CIE offers independent, self-study elec-
tronics training including FCC License,
Electronics Technology, Electronics
Engineering, Electronics Engineering and
Advanced Troubleshooting, as well as a
comprehensive Associate in Applied Sci-
ence in Electronics Engineering Techno-
logy program.

Dakota County Area Vocation Technical
Institute

145th Street & Akron Road

PO Drawer K

Rosemount, MN 55868

The school offers a 2¢ month CATV
Technician program focusing on test
equipment, amplifier technology, basic
construction, antenna theory, etc. Tui-
tion assessed per day. All courses
offered during the day.

Dartnell

4660 Ravenswood Ave.
Chicago, 1IL 60640
312-561-4660

Dartnell sells or rents management,
sales and customer service video train-
ing aids. Each training videotape or
film is 20 to 3¢ minutes. Rental fees
are $14¢ and purchase prices range from
$400 to $7040.

Data-Tech Institute
Lakeview Plaza

PO Box 2429
Clifton, NJ 97015
201-478-54080

Data-Tech offers regional one to three
day seminars focusing on data communi-
cations and software specific programs.
Course titles include "Data Communi-
cations: A Complete Overview," and "Ad-
vanced Application Techniques: Using
Lotus 123 Macros and Functions."” Some
courses are available as in-house pro-~
grams and can also be customized for
specific needs. Tuition fees range from
$395 to $795.

DataCommunications

Special Projects Conference Management
Center

c/o Information>Breakthroughs, 1Inc.
445 West Main Street

Wyckoff, NJ 07481

261-891-8405
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Regional two to five day seminars focus-
ing on data communications are offered
from $595 to $1400. Course titles in-
clude "Comprehensive Course in Data
Communications,” "X.25 and Packet-
Switched Networks,"™ "Integrated Data &
Voice Networks/ISDN," etc.

Datapro Research Corp.
1865 Underwood Blvd.
Delran, NJ 98075
800-257-9406

Regional two to three day seminars are
offered on data communications and tele-
communications. Titles include Data
Communications I & II, Transmission
Technologies, Data Network Design &
Performance, Telecommunications I & II,
etc. Tuition fees range from $695 to
$795. Catalog available by writing.

Digital Equipment Corp.
Educational Services
Seminar Programs BUO/E58
12 Crosby Drive

Bedford, MA 91730
617-276-4949

Digital offers regional one to four day
computer training sessions on their own
equipment and software. Tuition ranges
from $250 to $900.

DSI Micro, Inc.

77¢ Broadway

New York, NY 10063
212-475-3900

DSI Micro offers self-study training
packets on management skills, basic
computer operation as well as more ad-
vanced computer operations. The
computer-based training kits include
training diskettes and guides; some
include video training tapes as well.
Prices of kits range from $39.95 to
$450. Catalog available by writing.

Dun & Bradstreet Business Education
Services

PO Box 803

Church Street Station

New York, NY 190098

212-312-6880

A one day seminar on the basics of
supervision is offered regionally for
$125. CEU's are awarded.

Eagle Seminars

2612 Croddy Way

Santa Ana, CA 92764
714-777-3488

Eagle offers a regional one day profes-
sional audiovisual production seminar
from slides and multi-image to video to
new technologies such as interactive
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videodisc and videoconferencing. Semi-
nar tuition is $165. CEU's are awarded.

East Bay Skills Center
11608 67th Street
Oakland, CA 94668
415-658-7356

The center offers two CATV technically-
oriented training programs. The six-
month program focuses primarily on in-
staller functions including installa-
tion, splicing, basic construction, pole
climbing and troubleshooting. The nine-
month program covers the same material
as well as design, antenna theory, test-
ing and measurements, etc. Courses are
offered during the day with no tuition
cost to the student.

Entertrainment

PO Box 7240
Portland, ME 94112
267-774-3307

Entertrainment offers in-house customer
service and human relations training.
Topics covered include the current basic
and pay schedules, handling irrate cus-
tomers, telephone etiquette, and self-
esteem in relation to job satisfaction.
Sessions are one day and cost $125 per
person as well as expenses for the
trainer, Steve Broydrick. Steve also
conducts a pre-training on-site visit to
determine specific areas of need and
develops training agendas to fit those
areas. Minimum attendance is 16.

Essex County College
363 University Avenue
Newark, NJ 97102
201-877-3274

The college offers a two-year associate
degree program in broadcast technology
and operations. Courses are offered
during the day at $34.00 per credit
hour.

General Services Administration
National Archives and Records Service
National Audiovisual Center
Washington, DC 20499

8600-638-1300

A large collection of audio/visual
training aids is available through the
General Services Administration in
several formats including 2 x 2 slides
with audiocassette, 16mm films and
videotape. Subjects range from agricul~
ture to surgery. 1In the électronics
category, 184 A/V programs are avail-
able, and many more in safety. All aids
are available to rent or purchase at a
relatively low cost; a 70 minute video-
tape can be purchased for $168. Catalog
available by writing.



George Washington University

Continuing Engineering Education Program
Washington, DC 20052

809-424-9773

202-676-6196

GWU offers three to five day engineering
courses on a wide variety of subjects
such as data compression techniques,
frequency hopping signals and systems
and many more. All courses are held at
the university. Room and board are not
provided on campus. Tuition costs range
from $515 to $928. Catalog available by
calling or writing.

Gilbert Engineering

5318 West Camelback Road
Glendale, AZ 85319
800-528-5567
682~-245-1050

Gilbert offers both technical seminars
and training videotapes. The tapes
focus on proper installation and appli-
cation of their whole line of connec-
tors. Videotape purchase prices range
from $25 to $640.

Haimes Associates, Inc.

768 South Washington Square
Philadelphia, PA 19106
215-922-1617

Haimes offers regional two-day EEO semi-
nars titled, "EEO: What You Need to
Know" covering legal requirements, dis-
crimination, and litigation. Tuition is
$725. Haimes also has available for
purchase a 50 minute EEO video training
tape for $756. The tape can be pre-
viewed for five days for $65.

Harvard Business Review
Reprint Service
Soldiers Field

Boston, MA 92163
617-495-6192

HBR offers reprints of published indivi-
dual management articles for a minimal
fee, $1.00 per reprint. Other services
offered include the reprinting and bind-
ing of custom selected groups of arti-
cles for in-house training purposes. In
addition, HBR offers an on-line database
service with more than 7600 HBR arti-
cles, indexed and abstracted for easy
reference.

Heath Company

Heathkit

Benton Harbor, MI 49922
809-253-05760

616-982-3411

Heathkit offers electronic devices in
kit form with assembly required such as
oscilloscopes, frequency counters,

multimeters, spectrum analyzers, noise
generators and many more that can be
used in conjunction with electronics
training programs. In addition, Heath-
kit offers correspondence amateur radio
courses including Novice, General Li-
cense, and Advanced Class Radio License
courses, all under $608. CEU's are
awarded for completion of the General
License and Advanced courses. The
Heathkit catalog is available on-1line
through CompuServe by typing GO HTH at
any "!" or "OK" prompt.

Henkels & McCoy

Jolly Road

Blue Bell, PA 19422
215~-283-7600

Henkels & McCoy offers CATV technical
training courses both as in-house pro-
grams or through state agencies on a
rotational basis. The courses offered
are CATV Installer, CATV Installer Tech-
nician, and CATV Draftsman/Strand
Mapper. Sources for these courses rely
heavily on NCTI information. Schedules
of government-funded courses are avail-
able from H&M by calling Jerry King,
Western Training Manager, at 618-252~
5311, or Evan Baker, Eastern Training
Manager, at 215-283-7829. In-house
training programs can be customized for
specific needs and draw from 42 separate
H&M categories at an average cost of
$1500 for a five day program. Prices
varies depending on class size and pro-
gram.

Hewlett Packard

W-124 Century Road
Paramus, NJ
291-265-68600

Or Nearest Sales Office

HP offers many product-gspecific courses
throughout the North American continent
at their 42 training centers. For de-
tailed course descriptions, write for
the HP Customer Education, Consulting,
and Implementation Services Planning
Guide, the North American Customer
Training Schedule for Computer and In-
Strument Products, and the North Ameri-
can Instrument Training Catalog. Tul=-
tion fees range from $125 to $295@¢ and
courses run from one to five days.

Hughes Microwave Communications Products
PO Box 2999

Torrance, CA 99509

213-517-5276

Hughes offers 4 1/2 day seminars on
product-specific microwave equipment and
procedures, channel configuration, and
troubleshooting. The seminar is avail-
able at no charge to the participants.
All seminars are conducted in Torrance,
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CA. Daily lunches and one evening meal
are provided.

ICS-Intext

Continuing EBducation Division
Oak and Pawnee Streets
Scranton, PA 18515
717-342-7701

ICS offers correspondence self-study
training on a wide-variety of subjects
with special emphasis on math, and elec-
tricity and electronics. ICS offers
pre-arranged courses, but will customize
any group of lessons into new courses.
Videotapes and training aids (e.g. elec-
trical experiment kits) are also avail-
able. The cost of a course depends on
the number of lessons, each lesson
costing $23.

IEEE Service Center
445 Hoes Lane
Piscataway, NJ
201-981-0060

98854-4150

IEEE offers individual learning packages
on digital signal processing, spread
spectrum signal and systems and advanced
microprocessors., Each package includes
a textbook, study guide, and audio-
cassette. In addition, some packages
include optional experiments, workbooks,
and floppy diskettes. Non-member prices
range from $62.95 to $325. IEEE also
offers a self-study management program
in five sections including team build-
ing, project management, business writ-
ing, basic supervision, and building
memory skills, each of which can be
purchased separately for $99.95 or as a
five-group program for $399.88. CEAU's
are awarded.

Information Gatekeepers Inc.
214 Harvard Ave.

Boston, MA 92134
617-232-3111

Information Gatekeepers sponsors semi-
nars, expositions, and reference ma-
terials on fiber optics. Seminars in-
clude measurement and testing of fiber
optics, system designs, digital switch-
ing, etc. Fees range from $445 to $695.
Seminars are generally held in the
Boston vicinity and are from one to two
days.

Institute for Advanced Technology
Control Data Business Advisors
6863 Executive Blvd.

Rockville, MD 20852
800-638—-6590

Over 80 regional seminars are offered in
the area of data communications, data-
base management, software engineering,
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personal computers, management/supervi-
sory development, marketing and sales,
etc. Fees range from $195 to $995 and
are fromone to five days. Also avail-
able are management training video-
cassettes for $95 and personal computer
videocassettes for $195 and $295.

The Institute for Professional Education
1515 North Court House Road, Suite 363
Arlington, VA 222061

703-527-87060

IPE offers regional two to five day
seminars in statistics, management,
simulation and modeling, personal compu-
ters and computer science. Tuition fees
range from $710 to $1256. In-house and
customized programs are also available.

Interference Control Technologies

pon White Consultants Inc, Subsidiary
State Route 625, PO Box D
Gainesville, VA 22¢65

783-347-06030

A three-day regional seminar on ground-
ing and shielding with an optional
fourth day workshop using CAD is offered
for $815 plus $235 for the workshop.
CEU's are awarded.

Jerrold Division
General Instrument Corp.
2200 Byberry Road
Hatboro, PA 19040
8096-523-6678

Jerrold offers a four day "hands-on"
CATV technical seminar covering the
fundamentals of cable, headends, system
design-trunk and feeder, operation and
maintenance, pay systems, and computer
controlled systems, PPV systems, stereo
systems, status monitoring systems,
proof of performance, and sweep. Tui-
tion is $295.

Knowledge Industry Publications, Inc.
701 Westchester Ave.

white Plains, NY 16604

800-431-188¢0

914-328-9157

Knowledge Industry offers regional
video-oriented seminars including using
and maintaining video equipement, edit-
ing techniques, directing, camera opera-
tions, field production, managing a
video staff, etc. Seminars range from
one-half to two days and cost $§140 to
$465. Also available is a four day
production workshop for $85@. A catalog
of reference materials is available as
well.,

Learning Dynamics Institute, Inc.
PO Box 323



Needham, MA 92192
806-225-1558

LDI offers a one day seminar on listen-
ing and memory skills. Participants

receive a workbook and audiocassette on
communicating clearly. Seminar tuition
is $185 with special discount rates for
group attendance. The seminar is also
available for in-house presentation.

Magnavox CATV Systems, Inc
166 Fairgrounds Dr.
Manlius, NY 13164
315-682-9165

Magnavox offers a three part "hands-on"
CATV technical course including basic
theory, pratical application, and hands-
on training. Magnavox uses its unique
mobile technical training van in con-
junction with a standard classroom for-
mat. Tuition is $300 for the three day
seminar.

McGraw-Hill Training Systenms
PO Box 641

Del Mar, CA 92914
619-453-509009

The MGH Supervision Series offers a
ready-made in-house supervisory training
program in four training modules includ-
ing fundamental skill building, inter-
personal skill building, functional
skill building and management orienta-
tion. Each segment of the module pro-
vides a trainer's guide, participant
workbooks, videocassette and audio-
cassettes. The complete supervision
series including all segments of all
modules costs $11,992.506. Each segment
can be purchased separately, discounts
applying to quantity purchases.

Mercer County Community College
1269 01d Trenton Road

Trenton, NJ 286990
609-586-4809

Mercer College offers an Associate
Degree Program in Telecommunications
Technology including courses in radio,
television, CATV technology, satellite
and microwave technology, broadcast and
cable design, and radio, television, and
CATV engineering. Tuition is $26 per
credit hour. Financial assistance is
available.

Middlesex Community College
16¢ Training Hill Road
Middleton, CT #6457
203-344-3052

Middlesex College offers an Associate
Degree program in Cable Telecommunica-
tions. The two year program focuses on

CATV technical practices, video produc-
tion, graphics, duplication, etc.

National Cable Television Institute
PO Box 27277

Denver, CO 86277

383-761-8554

NCTI offers correspondence, self~-study
CATV training programs including Instal-
ler, Technician, Chief Technician, Sys-
tem Tech I & II, Advanced Technician,
Master Technician, and TV Production.
Each lesson is followed with an exam,
and successful completion of a final
exam is now required before certifica-
tion. Tuition ranges from $115 to $764@
with discounts applied to repeat stu-
dents. Students also receive at no
charge Cable Tech, an NCTI publication.

New York University

School of Continuing Education
PO Box 1266

Stuyvesant Station

New York, NY 16669
212~-598-79064

NYU offers a certificate program in
Video Management and Technology through
the successful completion of six courses
including The Video Marketplace, A Guide
to the Electronic Media, and any four of
six elective courses. Courses run from
four to ten sessions and cost $230 or
$275. Also available through Continuing
Education are two day seminars on CAD
and drafting, AUTO~-CAD, and selecting
and evaluation CAD systems for $450.

North Texas State University
Professional Development Institute
PO Box 13288, NTSU

Denton, TX 76293-3288
817-565-2483

PDI offers a variety of seminars in-
cluding project management, basic super-
vision, sales, personal computer basics,
Lotus 123 and DBase II & III, business
writing, time management, etc. Tuition
ranges from $495 to $1190. Sessions are
from one to four days. Also available
are audiocassette management training
programs as well as in-house programs.

NRI School of Electronics
3939 Wisconsin Ave., NW
Washington, DC 26016
202-244-1600

NRI's correspondence study curriculum
includes 16 courses with emphasis in
electronics and communications. Titles
include "Basic Electronics," "Electronic
Technology," "Communications Elec-
tronics,"” "bata Communications,™ etc.
Tuition ranges from $470 to $2435. Fi-
nancing is available.
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Omega School of Communications
548 N. Lake Shore Drive
Chicago, 1L 68611
312-321-9400

The Omega School offers a 10 week FCC
License Program, an Installer Program
and a Cable Television Technology Pro-
gram. All courses are offered during
the day, evenings and Saturdays. Con-
tact Pat Ehrhart for registration infor-
mation.

Padgett-Thompson
Padgett-Thompson Building
PO Box 8297

Overland Park, KS 66208
8008-255-4141

A one-day leadership seminar is offered
regionally for $98.

Phillips Publishing, Inc.
2811 Montrose Road
Potomac, MD 20854
361-340-2100

PPI offers two day regional data and
telecommunications seminars geared to-
ward the non-technical manager. Titles
include "Fiber Optics Technology for the
Non-Technical Manager," and "Satellite
Technology for the Non-Technology Mana-
ger." Tuition is $595. In-house pro-
grams are also available.

Pryor Resources, Inc.

Audio Cassette Education Division
20088 Johnson Drive

PO Box 2951

Shawnee Mission, KS 66201
860-255-6139

Pryor Resources offers audiocassette
management training programs including
basic supervision, customer relations,
management skills for the technical
manager, etc. Six tape programs cost
$94.

Resource, Inc.

140067 North Dale Mabry
PO Box 271578

Tampa, FL 33688
813-961-4290

Resource offers a library of audiovisual
training materials for self or in-house
study. Materials can be rented or pur-
chased. Related subjects include safety
and customer relations. Individual
videocassettes cost $11¢ to $490.

Sheldon Satin Associates, Inc.
135 William Street

New York, NY 10038
212-267-3560

Satin Asseciates provide customized
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training programs for in-~house presenta-
tions focusing on customer service and
relations. Prices vary according to the
number of in-house trainers and partici-
pants.

Society of Cable Television Engineers,
Inc

PO Box 2389

Westchester, PA 19380

215-363-6888

SCTE sponsors the BCT/E Certification
Program designed specifically for CATV
Technicians and Engineers. Participants
are tested in seven areas including
Signal Processing Centers, Video and
Audio Signals and Systems, Transporta-
tion Systems, Distribution Systems, Data
Networking and Architecture, Terminal
Devices, and Management, Professionalism
and Ethics, and must satisfy specified
requirements in addition to successful
exam completion. SCTE also offers nu-
merous CATV training aids including
publications and manuals, and video-
tapes.

Software Institute of America, Inc.
8 Windsor St.

Andover, MA #181¢p

617-470-3880

SIA sponsors data communications, re-
gional, two to four day seminars. Tui-
tion ranges from $395 to $795.

South Oklahoma City Junior College
7777 S. May Ave.

Oklahoma City, OK 73159
405-682-1611

The SOCJC Communications Department
offers an Associate Degree program in
Electronic Technology. Two elective
courses in CATV electronics can be in-
corporated into the program.

Southern Methodist University
Edwin L. Cox School of Business
Management Center

Dallas, TX 75275

214-692-3255

SMU offers a two day seminar in various
Texas locations on Statistical Quality
Control. Course fee is $495.

Stat-a-Matrix Institute
2124 Oak Tree Road
Edison, NJ #8820
291-548-9609

Stat-a-matrix offers two to five day
regional seminars focusing on statis-
tics, quality assurance and engineering,
and reliability. Tuition fees range
from $695 to $1095.



Teleometrics International
1755 Woodstead Court

The Woodlands, TX 77386
8800-527-084066

Teleometrics provides a training program
titled "People Skills for Middle Mana-
gers" to be presented as an in-house
program. Public presentations are
available to review the program.

Telestrategies
1355 Beverly Road
McLean, VA 22161
703-734-7850

Telestrategies offers regional two to
three day telecommunications seminars.
Topics include basic technologies and
system concepts in the Local Exchange
System, specialized common carrier net-
works, CATV, communications satellite
systems and data communications products
and services. Tuition ranges from $795
to $1095.

UCLA Extension

PO Box 24981, Dept. K
Los Angeles, CA 90024
213-825-1647

UCLA offers an entire series of Engi-
neering Short Courses in the areas of
Aerospace, Applied Mathematics, Chemi-
cal, Civil, Computer Science, Electrical
and Electronics Engineering, Engineering
Management, and others. Electrical/
Electronics course titles include
"Modern Data Transmission,"” "Modern
Microwave Measurements and Applica-
tions," "Optical Interference Coating
Technology," "Program and Project
Management: Principles and Practice,”
"The Technical Manager in a Dynamic
Environment," and more. Courses are
offered at or near the UCLA campus and
are from four to five days. Tuition
ranges from $795 to $975. CEU's are
awarded.

University College
University of Cincinnati
ML 47

Cincinnati, OH 45221
513-475-3551

The University offers a two year Asso-

ciate Degree program emphasizing cable
management but with some focus on lab
technician and distribution technician

functions. Courses are available during
the day and tuition is $637 per quarter
for Ohio residents.

The University of Michigan

School of Business Administration
Executive Education Center

Ann Arbor, MI 48109-1234
313-763~-1000

The University offers various management
programs in accounting, corporate strat-
egy, general management, labor rela-
tions, marketing, personnel, training,
etc. All sessions are held on campus
and are from three to five days. Tui-
tion fees range from $97¢ to $2206 and
include tuition, books, instructional
materials, living accomodations, and all
meals.

Wadena Area Vocational Technical
Institute

PO Box 267

465 SW Colfax Ave.

Wadena, MR 56482

218-631-3530

WAVTI offers a 20 month Cable Television
Technology program focusing on basic
electronics and CATV installations the
first year, and construction, test
equipment, headends, antenna theory,
satellite earth stations, etc. the se-
cond year. Tuition for Minnesota resi-
dents is $1100 for the first 9 months
and $1347 for the next 11 months. Out-
of-state tuition is approximately twice
the in-state tuition.

Wisconsin Indianhead Technical Institute
Rice Lake Campus

1966 College Drive

Rice Lake, WI 54868

715-234-7082

WITI offers a 9 month CATV technical
program including CATV electrical prin-
ciples, field techniques, mapping, and
mathematics. Tuition is $21.75 per
credit hour or approximately $1200 for
the complete program.
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A TRIAL OF A NATIONAL PAY-PER-VIEW ORDERING AND BILLING SYSTEM

Andrew F. Bulfer, AT&T Communications

Matthew D. Miller, Viacom International
Nancy Frank, CableData

ABSTRACT

A new concept in fully automated pay-per-view
ordering and billing is presented. The system has
the potential for nationwide scope, very high im-
pulse capacity, and easy impilementation by the
cabie operator. It would be simple and easy for the
cable subscriber to use and would have low initial
cost. It features a direct interface with the cable
company’s billing system so that all the elements
of the pay-per-view transaction are handled in a ful-
ly integrated manner. A trial is planned in
Milwaukee, Wisconsin starting in June, 1986.

INTRODUCTION

On December 5, 1985, AT&T, Showtime/The
Movie Channel, Viacom Cable, and CableData an-
nounced they will participate jointly in a concept
trial of an automated impulse pay-per-view ordering
service that will allow cable television customers to
order premium pay-per-view programming on a na-
tionwide basis. The nine month trial is scheduled to
begin in June, 1986 at a Viacom cabie system in
Milwaukee, Wisconsin.

There are four elements which must be perform-
ed in a successful impulse pay-per-view
transaction:

1. Order Entry;

2. Event Scheduling (converter
authorization/de-authorization);

3. Program Delivery;
4. Billing.

Because order entry is such an obvious problem,
much attention has been focused on it, perhaps
distracting attention from the other elements of the
pay-per-view transaction. It is the goal of the
Milwaukee trial to demonstrate a system in which
all of the elements ‘are handled in an integrated,
fully-automated fashion and which is capable of ac-
commodating a heavy volume of impulse orders.
The system has the potential to be nationwide in
scope, easily implemented by the cable operator,
and cost-effective.
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The order entry technology will be furnished by
AT&T and will be based on an integration of three
elements: AT&T 800 Service which allows con-
sumers to place toll-free orders; mass announce-
ment systems installed within the AT&T public
switched network to enable quick verbal
acknowledgement with very high capacity; and
Automatic Number Identification (ANI) which cap-
tures the caller’s telephone number and passes it to
the order processing system. The order processing
system will be provided by CableData and will
feature an automated interface between the ANI
data stream from the AT&T network and the
CableData business system as weil as an event
scheduling and billing package. Viewer's Choice,
Showtime’s pay-per-view programming service, will
provide programming via an encrypted national
satellite feed. The combination of these com-
ponents will form a complete end-to-end pay-per-
view system.

This paper presents details of the Milwaukee
triai, including a description of the entire transac-
tion flow starting with the cable subscriber's
telephone call and concluding with the receipt of an
accurate, auditabie bill.

WHY A NATIONAL SERVICE?

The Milwaukee trial will test a system concept
with national scope. Specifically, the AT&T order
entry technology is based on the nationwide AT&T
public switched network which can be accessed
from any telephone in the country including both
rotary and Touchtone telephones. The ANI infor-
mation is delivered to the cable company using
standard communications protocois, and the pro-
gramming is delivered by a national satellite feed.
Why have the trial participants chosen this
approach?

The authors believe strongly in the merits of a
readily implemented, cost-effective, turnkey order-
ing system with national scope and very simple
customer interface. Such a system couid be spon-
sored by a national pay-per-view distributor such as
Viewer’'s Choice and would have advantages of
scale which can minimize the economic and opera-



tional hardship inflicted on any individual cable
system that wishes to offer its subsribers pay-per-
view programming. This arrangement would en-
courage the growth of the entire pay-per-view in-
dustry and benefit all industry participants in-
cluding studios, programmers, cable operators, and
vendors to the cable industry.

A national order entry system would help to build
the pay-per-view audience more rapidiy by making
ordering simple, uniform, and widely understood by
consumers. Furthermore, such a system would
make it possible to utilize nationwide marketing
techniques, which have lower costs per thousand
and can be more directly integrated with the pro-
gramming, but which are not useful when potential
audiences are small. A standardized interface to
the cable operator’s business system would greatly
reduce software development time and expense. In
addition, since many business management
systems already interface with the addressable
controller, the time, cost, and difficulty of event
scheduling should be reduced.

Many of these benefits would flow directly to the
operator as reduced cost and difficulty. Others, like
marketing efficiency and greater customer
understanding and ease of use, should result in
revenue increases from higher buying rates.

A streamlined national transaction management
system would offer benefits not only to industry
participants but also, equally importantly, to
subscribers. Reduced cost and simplified ordering
could support a healthy industry, capable of pro-
viding a diversity of pay-per-view programming in a
cost-effective way to a substantial audience.

REQUIEMENTS OF A
NATIONAL ORDERING SYSTEM

In the authors’ view, a national pay-per-view order
entry system must satisfy five general
requirements:

1. Very High Impulse Capacity;
2. Simple And Easy To Use;
3. Economical With Low tnitial Cost;

4, Direct Interface With The Cable Company’s
Billing Computer;

5. Turnkey The Cable Operator.

The rationale for these requirements is described
below.

High Impulse Capacity. Market research has
consistently shown and experience has proven that
consumers wish to wait to order until the last mo-
ment before a show and will do so if left on their
own. Indeed, for marketing reasons, this behavior is
to be encouraged in order to benefit from impulsive
consumer buying decisions. However, impulse buy-
ing makes extraordinary demands on the order en-
try system. A good system must have sufficient
capacity to handle the traffic when all the orders for
a routine movie arrive within the last few minutes
before the movie begins.

Simple And Easy To Use. The consumer inter-
face must be extremely simple, easy to understand,
and natural to use. This, again, will allow con-
sumers to make last minute buying decisions and
then implement their decision without being in-
hibited, intimidated, or foiled by the ordering
system.

Economical With Low Initial Costs. That the
system must be economical should go without say-
ing in a relatively low margin business such as pay-
per-view. Moreover, a system with low initial cost
will allow operators to experiment with pay-per-view
with minimal risk.

Direct Interface With The Cable Company’s Bill-
ing Computer. This is a requirement of an overall
pay-per-view transaction processing system that is
all too often ignored. In addition to enabling fully
automated handling of pay-per-view transactions
from beginning to end, it will allow sophisticated
on-line error and validity checking that will max-
imize security and minimize customer service
probiems.

Turnkey To The Cable Operator. A standard
overall system that can be simply installed and
operated by the cable operator is extremely impor-
tant. Not only will it encourage more rapid adoption
of pay-per-view throughout the cable industry, it will
also gain advantages of scale by allowing hardware
and software development to be done once nation-
wide with concomitant cost economies.

CONCEPTUAL OUTLINEOF A
NATIONAL ORDERING SYSTEM

Based on the above requirements, a national
ordering system could take the following form:

1. The ordering system would be built around
AT&T Advanced 800 Service. Each movie or event
that may be ordered would be assigned a unique
toll-free 800 number. To order, the customer would
dial this number.
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2. An automated acknowledging announcement
would be given by a mass announcement node in-
side the AT&T public switched network so that
massive impulse capacity could be available. No
800 service lines to the sponsor’'s premises —
which have led to traffic choking and limited
capacity in the past — would be required.

3. ANI would be delivered to a national pay-per-
view distributor such as Viewer’s Choice. ECconomic
distribution of the ANI! information to the cable
operator could be handied via a data subchanneli on
the satellite feed.

4. Fully automatic processing, validation of the
order, and activation of the addressable system
could be achieved by interfacing the ANI data
stream from the satellite receiver directly to the
cable company’s billing processor.

The start-up costs for a cable operator to offer
pay-per-view with such a system would be minimal.
There would be no capital or installation expense in
the subscriber’s home since the system would be
implemented with hardware already there: the ad-
dressable converter for program reception and the
telephone for order entry.

THE MILWAUKEE TRIAL

In an attempt to determine the value and opera-
tional characteristics of a national system, AT&T,
Viacom, and Showtime/The Movie Channel, have
entered into an agreement to do a small scale trial
of such a system. In the trial, Showtime will provide
the pay-per-view product via its Viewer's Choice
service, Viacom will furnish the trial cable system,
and AT&T will assembie a small scale, localized ver-
sion of a national ordering system. In the trial,
CableData has agreed to provide the processing of
the ANI, the interface with the billing system, and
the activation of the addressable system.

Trial Location

The trial will take place at Viacom Cablevision Of
Milwaukee, a 36,000 subscriber Viacom system ser-
ving fourteen suburban communities in the
Milwaukee area. The system has 108 channels of
which over 60 are currently activated. Every
subscriber has an addressable converter and will
have access to the pay-per-view service in the trial.
The system uses Zenith Z-TAC one-way ad-
dressable equipment.

This site was chosen for a number of reasons in-
cluding: the demographics of its subscribers are
typical of cable subscribers nationwide, every basic
subscriber has an addressable converter, the
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system is of manageable size, it is served by Cable-
Data’s billing system, every local telephone com-
pany central office will be capable of transferring
ANI by the time of the trial, and AT&T will have the
necessary network features installed in its
Waukeesha, Wisconsin No. 4 ESS toll switching of-
fice, which serves the Milwaukee area.

Trial Objectives

The objectives of the trial are to gather informa-
tion on the value and performance of this type of
fully automated, potentially nationwide, ordering/
billing system in a live pay-per-view environment
and to identify issues associated with its use. There
are five categories of information desired:

Consumer Reactions. This includes finding out
how consumers like ordering pay-per-view movies
and events using the system, whether they can use
it effectively, the type and quantity of errors they
make, the type and quantity of customer service
problems that result, and whether changes in the
system are required to ameliorate the effects of
these errors.

Marketing Issues. These include determining
the type of consumer education required, if any, a
quantification of the frequency of use, and an
evaluation of the marketing value of the system.

Technical Problems. These include identifica-
tion and solution of any unexpected interface pro-
blems and the quantification of error rates, speed,
time delays, and other measures of overall perfor-
mance of the entire system and its components
under conditions of real consumer usage.

Operations Problems. These include problems
that may occur in operating the ordering system
from both a cable company, service sponsor, billing
vendor and AT&T perspective.

Billing Issues. One of the important objectives
of the trial is to identify problems and issues
associated with the automated interface to the bill-
ing system and, more generally, with the process of
billing and collection for pay-per-view movies and
events.

Trial Schedule

The trial is scheduled to commence in June, 1986
and to terminate in March, 1987, nine months later.
Since the trial is primarily a marketing trial, it must
run long enough for consumers to learn to use it
and become comfortable with it — hence nine
months. The start date was determined by
technical hardware and software availability within
the AT&T network.



Trial Architecture

The trial architecture is shown in Figure 1. The
Viewer's Choice pay-per-view programming feed
originates at the Showtime satellite uplink facility
in Hauppauge, Long Island, and is beamed to the
trial site via Transponder T5 on Satcom 3R.
Customer’s telephone orders will be handled within
the AT&T public switched network using a modified
version of 800 Service. The calling telephone
numbers will be passed to Viacom’s CableData
Tandem computer system in Cleveland which will
perform a number of validity checks, identify the
callers that ordered, and transmit the appropriate
data back to the addressable system controller in
Milwaukee to enable descrambling in the
customers’ addressable converters.

Trial Order Entry

A description of the order entry process for the
trial is as follows:

1. Each pay-per-view channel available will have
a toll-free 800 area code telephone number
associated with it. Current plans envision two such
channels with the two numbers: 1-800-VIEWER1
and 1-800-VIEWER2. To order a pay-per-view movie
or event, the cable subscriber simply dials the
ordering telephone number for that channel. The
caller may utilize a telephone with either Touchtone
or dial-pulse signaling. However, the consumer
must dial from his or her own home or from a
telephone known to the local cable company.

2. The call is routed, as are all 800 calls, by the
local telephone company to AT&T’s network. AT&T
obtains the caller’s telephone number automatical-
ly by Automatic Number Identification from the
local telephone company’s central office under the
terms of equal access.

3. The call is routed to AT&T’s Cleveland swit ch-
ing office where, by an arrangement of trunks
within the switching equipment, it terminates at an
existing AT&T mass announcement facility. Here,
answer supervision is returned, and a “thank you”
announcement is given to the caller acknowledging
that the order has been placed. When the caller
hears the announcement, he or she either hangs up
or the announcement facility disconnects the call
when the announcement is completed.

4. AT&T passes the calling and called number (in-
dicating the channel which carries the movie or
event that the customer wants) to the CableData
computer in Cleveland over a dedicated private
data line in a standard data protocol.

5. The CableData computer, a Tandem Non-Stop
system, contains an on-line database of the cable
company’s subscribers’ telephone numbers. The
processor performs a number of validity checks or
“edits” including:

¢ That the customer’s telephone number exists
in the database;

¢ That the customer’'s home is equipped with
addressable outlets capable of handling
pay-per-view;

* That the customer’s account is active;
* That the customer is not in collections;

* Whether ordering the event wiil not put the
customer beyond their credit limit;

¢ Which outlet in the home to authorize.

Those orders not qualifying for pay-per-view ser-
vice will be noted automatically by CableData’s
DDP software. A phone call to that customer, infor-
ming them that their order cannot be accepted, can
be placed either automatically by DDP software
through the Tandem computer and Programmable
Auto Dialer (PAD), or manually by customer service
representatives using a report generated by DDP.
The cable company may choose to pursue these as
future customers, candidates for addressable con-
verter installation, or to motivate payment of an
overdue bill.

7.The Tandem processor in Cleveland then
passes the consumer’s identity to the addressable
system controller in Milwaukee through an
automated interface via a network of private data
lines. At or before the start of the program,
descrambling is activated in the subscriber’'s ad-
dressable converter.

8. Counts of the number of orders for each pro-
gram will be available to the pay-per-view program
distributor and other authorized recipients within
minutes of their being placed.

9. The charges for the pay-per-view program will
appear on the cable subscriber’s monthly cable biil
prepared and rendered by CableData.

Trial Capacity

The capacity of the trial system has been designed
to be able to handle any impuise load that can
reasonably be expected. Since the system is com-
posed of a sequence of processing steps, the
ultimate capacity will be determined by the capaci-
ty of the slowest component. An analysis of the
capacity of each step is as follows:
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AT&T Public Switched Network Capacity. The
AT&T network will be configured to handle up to
several hundred calls per minute in the trial depen-
ding on the call holding time. This is determined by
the trunking arrangement in the Cleveland switch-
ing office. The local telephone company central of-
fices, the AT&T switching offices involved in the
calls, and the mass announcement system have far
greater capacity and so are not expected to be a
limitation. Since the calls themselves have no
egress from the AT&T network, no 800 service lines
to the sponsor’s premises, which have traditionally
been the bottleneck in telephone-based systems,
will be required.

CableData Capacity. CableData’s DDP informa-
tion and billing system, using a Tandem Non-Stop
computer, will provide rapid processing of: 1) all
calls received from AT&T, and 2) commands sent to
the addressable controller authorizing those con-
verters qualifying for the pay-per-view service
ordered. This is accomplished by prioritizing both
the verification edits and box authorization com-
mands occurring between memory and disk, max-
imizing the hardware capabilities of the Tandem
through use of CableData’s DDP software. The ex-
act capacity of this configuration will be determin-
ed by benchmark tests prior to the trial. However, it
is expected to be more than sufficient to process
the anticipated traffic.

Addressable System Capacity. The current
Zenith system instailed in Milwaukee uses a
Zenith-provided Intel addressing processor whose
capacity is 1200 to 1800 calls per hour. This is ex-
pected to be the limiting system factor. Viacom is
considering replacing this processor with an
HP1000 minicomputer whose capacity will far ex-
ceed that of the Intel processor.

The system is designed to be graceful under
overload, should it occur. If calls arrive at such a
high rate that the trunks in the Cleveland switching
office are overloaded, callers will hear a standard
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reorder tone (“fast busy”). The other system com-
ponents are all designed to buffer information that
cannot be immediately processed so that, under
overload conditions, orders are simply delayed, not
lost.

CONCLUSIONS

The nationwide service concept described above
is in the study stage and has not been committed
for nationwide deployment. But, if the trial results
are positive and it is determined that a service offer-
ing of this type would be useful and valuable, then
it is likely that a nationwide service would be
offered.

If it were to be deployed, the AT&T portion would
be available under tariff or other appropriate
regulatory structure to anyone. It is likely that it
would be purchased by national pay-per-view
distributors such as Viewer’s Choice who would of-
fer the service to its own affiliates. Likewise,
CableData, as a supplier to the cable industry, ex-
pects to make any software or hardware developed
as a result of the trial available to all of its
customers.

The pay-per-view transaction system described in
this paper has the potential to satisfy the most im-
portant requirements of ordering and billing:

¢ Nationwide Scope;
* Very High Capacity;

e Ease And Simplicity To Ensure Customer
Acceptance;

¢ Low Up-Front Costs;
¢ Full Automation Including Billing;
* Turnkey Installation And Operation.

The partners in the trial, AT&T, Showtime, and
Viacom, together with CableData believe that they
have an important concept for the fundamental
health and growth of the pay-per-view industry.

Figure 1 on followng page
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AIRSPACE MEASUREMENT OF CATV SYSTEM CLI

Leslie W. Read
Field Service Engineer

SAMMONS COMMUNICATIONS, INC.

Dallas,

ABSTRACT

This paper discusses the signal
leakage measurements made in the airspace
above Dallas and Fort Worth, Texas to de-
termine cable system Cumulative Leakage
Index (CLI).

Discussed is the monitoring equip-
ment used, the pre-flight and in-flight
calibration tests, and the outfitting of
the aircraft used in the flyover.

Cable systems with shielded and un-
shielded cable fittings, as well as new
(quad shield) and old (60% braid), were
included in the measurements. The sys-
tems with the best procedure to prevent
leakage also had the most aggressive mon-
itoring program and, as expected, had
little problem complying. The systems
with fewer precautions to prevent leakage
had a more casual monitoring program
and, judging by ground measurements, had
more severe leaks.

The measurements were made at an
altitude of 450 meters (1,476 feet)
above average terrain and at Channel C
carrier frequency. The purpose was to
determine the compliance with anticipated
FCC requirements for 10 uv/meter maximum
leakage.

The first test (April, 1985) indi-
cated that the best system had 2 uv/meter
in the airspace, an intermediate system,
--- i.e., shielded cable fittings, a
monitoring program, but with some old
house drops --- had approximately 4 to 8
uv/meter and a worst case system had
higher than 20 uv/meter.

The test in December showed house
wiring to be 1less of a factor than
originally thought, with 3 uv/meter
being a typical value for a good system,
even those with some older drops.

Texas

It is concluded that a system with
shielded fittings and an aggressive
ground leakage monitoring program would
easily comply with the future FCC re-
quirements of 10 uv/meter at 450 meters
above the cable system being tested.

INTRODUCTION

The use of aeronautical frequencies
105-136 MHz and 225-400 MHz by cable TV
systems has always been carefully con-
trolled by the FCC to avoid interference
to aeronautical communication and navi-
gation systems.

In locations where <cable systems
have been allowed to operate in these
frequency bands prior FCC notification
has always been required. Reduced power
and offsets from standard channel fre-
quencies have historically been used to
avoid conflict with other services.

In the Opinion and Order 21006, the
FCC authorizes the use of aeronautical
frequencies without oprior notification
provided specified offsets are main-
tained and a ground-based leakage moni-
toring program 1is implemented. After
July 1, 1990 systems will also have to
show compliance with certain leakage
criteria, either the ground-based CLI
(Cumulative Leakage Index) or the maxi-
mum of 10 uv/meter in the airspace.
Ground-based CLI measurements have been
discussed in the literature; until the
FCC Docket 21006 was published no limit
of airspace leakage was widely circu-
lated. This docket specifies a limit of
10 uv/meter field strength in the air-
space 450 meters above the <cable TV
system.

When it was first believed that CLI
measurements would be required for
signal carriage, ground-based measure-
ments were attempted by Sammons. Ini-
tial tests showed that the +time re-
quired to <cover 75% of the Metropol-
itan Fort Worth area could be as high
as three man-months, especially if the
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levels measured in the street were con-
verted to equivalent levels 3 meters
from a possible source. In addition,
the uncertainty in estimating distances
between antenna and sources is high.
Finally, ambiguous results can easily be
obtained in locations where more than
one high level 1leak may exist. For
these reasons, it was decided that a fly-
over would provide the most definitive
measurement of system airspace leakage.

Two tests were taken: one in
April of 1985, covering Sammons' Fort
Worth system and some just-acquired
adjacent systems. The second test in
December of 1985 covered the same areas
plus those of a second acquisition.
Overall, a good sampling of systems was
measured: with and without cored cable
fittings, with and without multiple
shielded house drops, and with a variety
of leakage monitoring programs.

EQUIPMENT AND CALIBRATION

Receiver

The receiver wused was a Singer
NM-37/57 (in the first test) and a Polar-
ad ESV (in the second). The receiver
criteria was:

Sensitivity: -108 dBm
Bandwidth: 25 KHz maximum

Calibrated output to drive Y-T
chart recorder

Frequency Resolution: £ 1 KHz

Provision for internal battery
or 12v operation

The receiver sensitivity was deter-
mined by the expected signal: 10
uv/meter will theoretically produce -98
dBm in a half-wave dipole antenna, and a
minimum receiver sensitivity of -108 dBm
would then provide a 10 dB margin. The
receivers used actually had about -117
dBm maximum sensitivity, so the minimum
detectable field strength was about 1
microvolt/meter.

Both also had proper output to
drive an Y-T recorder and the required
powering provision. The Polarad had a
synthesized local oscillator which dis-
played frequency directly in 1 KHz incre-~
ments; the Singer did not, but the 1local
oscillator frequency was available at a
test port so an external counter was
used to accurately determine input fre-
quency. Both were heavy - the Singer
weighed 65 pounds with batteries. A
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separate input filter was found neces-
sary to reduce interference generated
from out-of-band signals.

To calibrate the measurement sys-
tem, the FCC requires that a known 10
uv/meter field be established at the
test altitude of 450 meters. This field
is generated by an antenna and signal
generator on the ground.

The FCC is specific about the cali-
bration antenna. It is to be "... a
well characterized antenna consisting of
orthogonal resonant dipoles, both par-
allel to and one quarter wavelength
above a ground plane of a diameter of 2
meters or more at ground level. The di-
poles shall have centers co-located and
be excited 90 degrees apart."

This antenna produces circularly
polarized signals. The antenna used in
these tests was cut for Channel C (132
MHz) and required +15 dBmv excitation to
generate 10 uv/meter 450 meters away. It
should be noted that ground-based tests
to verify proper operation are difficult
to perform; the ground, and any struc-
tures, distort the generated field. It
is best, if one chooses to verify opera-
tion before a flight, to use adjacent
hills and raise the transmit and receive
antenna as high off the ground as possi-
ble.

In contrast to the difficulty in
obtaining good gound-based readings, the
initial flyover of the calibration
antenna produced results within 3 dB of
calculated values. Since the aircraft
fuselage was close enough to have a def-
inite effect on the antenna response,
this was considered a comfortably close
correlation. We found it necessary to
fly directly over the antenna to get the
most consistent results.

Receiving Antennas

Two dipole receiving antennas were
used on the aircraft; they were tied be-
tween the tail and the wing tie-down
points on each side of the fuselage. The
outputs were combined before entering
the receiver. With two antennas it is
believed at least one would pick up a
signal should the aircraft fuselage
shield the other. This advantage of
wider coverage should outweigh any prob-
lems caused by 180° phase cancellation
that would occur in some situations. The
antenna array gave consistent results
during the in-flight <calibration, even
though its field was probably distorted
because of its proximity (two to three
feet) to the metal fuselage. It is



important that the ©pertinent <channel
frequencies be measured just before
testing; a slight drift can place the
signal out of the receiver's bandwidth.

TIME REQUIREMENTS

Preparation and Test

Approximately one man-month was re-
quired before the 1initial tests were
taken; this time was used for equipment
selection, calibration and receiving an-
tenna design and construction, ground
tests, and outfitting the aircraft. Only
about one day of preparation was re-

TEST
Leakage
System Date uv/m
Benbrook 4-85 10 *
12-85 3
Burleson 4-85 30
12-85 3.2
Crowley 4-85 10
12-85 3
Fort Worth 4-85 3
12-85 22.3 **
Richland Hills 4-85 10
12-85 3
Saginaw 4-85 14
12-85 2.5
Watauga 4-85 8
12-85 3
Weatherford 4 -85 10
12-85 3
White Settlement 4-85 4
12-85 4
* Caused by one leak
*% Two locations greater than

10 uv/meter

quired before the second test. The
plane flew at an airspeed of 75 to 90
knots (approximately 100 mph). The fly-
ing was done in one-mile grids; it took
about one day to cover the entire Tar-
rant County area. Additional close sys-
tems could have been covered, if de-
sired. An additional day was used to
cover systems that were 30 to 40 miles
away.

A street map was marked to guide
the navigator when flying over the Fort
Worth area. Visual estimations were
used when flying over smaller ‘towns
(like Weatherford) where three or four
passes were adequate.

RESULTS
Shielded All Quad
Monitoring Cable or Triple

Program Fittings Drops
Yes Yes Yes
Yes Yes Yes
No No No
Yes Yes No
No No No
Yes No No
Yes Yes Yes
Yes Yes Yes
No No No
Yes Yes No
No No No
Yes No No
No No No
Yes Yes No
No No No
Yes Yes No
Yes Yes No
Yes Yes No
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When the first test was taken, the
data indicated a measurable difference
between systems with some lower quality
drop and house wiring (60% braid) and
those with only high quality wiring
(triple or quad shield). The December
measurements indicate that the quality
of house wiring may have less effect
than originally thought. It is unlikely
that 1lower quality house wiring will
cause 10 uv/meter signals in the air-
space; it can, of course, create other
problems such as interference to amateur
radio services and can allow devastating
ingress to midband channels.

Although the airspace measurement
is not designed to 1locate individual
leaks, it did, on one occasion during
the April test, indicate an wunusually
high level (10 uv/meter) in the Benbrook
system. Ground tests in the area located
a radial feeder crack.

The December test showed four loca-
tions of high leakage in Fort Worth, two
higher than 10 uv/meter. A ground check
of the area 1is occurring, but results
are not available in time for inclusion
in this paper. They will be presented
at the technical session.

One question has been raised by
the Fort Worth data: If, in an otherwise
tight system, some isolated severe leaks
are measured by the flyover, and if
ground-based measurements are used to lo-
cate and correct the leak, can the im-
provement in airspace leakage be demon-
strated without an additional flyover?
Can we be sure that all the contributing
leaks are found?

Not, of course, with absolute cer-
tainty, but a conscientious monitoring
program of the affected area should pro-
vide reasonable assurance that the sys-
tem is clean.

CONCLUSIONS

The following conclusions can be
reached from the test data:

1. Average signal levels of 2 to
4 uv/meter will be measured from well
maintained systems.

2. A routine leakage monitoring
program 1is essential for maintaining
this level.

3. Shielded cable fittings

are helpful but not quite as necessary
as a routine monitoring program.
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4. Drops and house wiring quality
are not c¢ritical for maintaining the
leakage level of 10 uv/meter @ 450
meters.

5. A system with inadequate leak-

age monitoring programs will probably
exceed 10 uv/meter @ 450 meters.
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ALTERNATIVE PAY-PER-VIEW TECHNOLOGIES:
A LOAD CAPACITY ANALYSIS

Shellie Rosser, Director, Corporate Accounts

Pioneer Communications of America, Inc.

ABSTRACT

1986 has been heralded as the vyear
that will establish pay-per-view as a
significant revenue-producing business
for the cable industry. The advent of
satellite delivered programming in PPV
format, along with the ever-expanding
universe of addressable converters, have
motivated many cable system operators to
analyze the viability of the pay-per-view
business in their own systems.

Two essential elements must be

examined in such analysis:

1. The anticipated volume of PPV
program sales.

2. The capacity of the ordering
mechanism which enables the
subscriber to purchase a film or
event.

This paper will present the
penetration levels and peak ordering load
distribution data from cable operators
with extensive pay-per-view experience,
and will evaluate the various ordering
mechanisms currently available or in
development. In the contexts of system
size, PPV buy rates, and peak load -
handling requirements, examination of
each technology's capacities and
limitations will be provided to assist
the cable operator in selecting the
ordering mechanism most appropriate for
his/her own application.

OPERATOR EXPERIENCE

Penetration 1levels of pay-per-view
programming vary widely among systems, as
indicated by research of the operators
whose data were used in compiling this
paper: Cox Cable/San Diego, Daniels/
Baton Rouge, Gill Cable/San Jose, Group W
Cable/Roseville, NYT Cable/NJ, Oceanic
Cable/Honolulu, Rogers Cable/Portland,
Storer Cable/Beaverton, Tribune-United/
Oakland, and Warner Amex/Columbus.

Naturally, each system offered programs
with varying frequency, sales promotions,
pricing, regional interest, (e.g., sport-
ing events), and "early order" incentives.

Many variables affect the but rates
of a PPV program, and no attempt is made
here to downplay their importance;
however, since variables such as program
content, market demographics and
frequency/positioning of showings do not
substantially impact the distribution of

peak order 1load, only those factors
pertaining to the ordering mechanism
technology will be isolated for
discussion,

Crucial to the comparison of PPV
ordering mechanisms is the maximum load
of purchase tranactions that must be
accommodated in order to optimise the
sales potential of the program being
offered. Additionally, the buyers'
behavior should be considered, to predict
the traffic patterns in event orders that
will define the system's peak load.
tabulates the

Figure (1) average

monthly (cumulative) penetration levels
of pay-per-view programs to addressable
subscribers experienced by several
systems.
FIGURE #1
SISTEM S PEN/MO. ADDR.SUBS NET PEN./MO.
NYT Cable' 708 21,000 14,700 orders
WAX/Cols* 54% 29,000 15,660 orders
Rogers/Port.™ 27% 70,000 18,900 orders
Trib./Un." 25% 4,800 1,200 orders
Denjeis/BR.™ 208 30,000 6,000 orders
Gll/san) ™ 75% 35,000 2,625 orders
GWC/Rosv.™ 25% 14,000 350 orders
Cox/SanD fr** 85% 120,000 10,200 orders
QOceanic™™ 11% 88,000 9,680 orders
Storer /Or 10% 33,000 3,300 orders

! fully interactive two-way addressable system

"'at least 1/2 of addressable subs are two-way, balance call-in to CSR's

Mgubscriber call-in to CSR's

" subscriber call-in to automated voice-response system

*actual addressable subscriber base in this system is 50,000, but
pay-per -view was offered to a control group of 4,800
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Several observations can be made in a
cursory examination of the table in
Figure (1):

1. The volume of PPV orders
processed is impacted as much by
the size of the subscriber base
as by the percentage of those
subscribers who buy an event.
Three systems had subscriber
bases of 29-33,000, with
penetration rates wvarying from
10% to 54%. The total volume of
orders processed for these
systems ranged from 3,300 to
15,660. As mentioned earlier,
many variables can affect the
penetration rates of PPV
programming; the important point

here is to identify which
technologies will be most
appropriate for the volume of
orders anticipated in a

particular system.

2, It 1is also interesting to note
that the systems with the highest
monthly penetration rates, 25%
and above, offer true "impulse”
pay-per-view to at least a

portion of their subscriber
bases, with interactive
addressable systems. This

correlation 1is also evident in
research conducted by United,
Rogers, and Group W. Each MSO
found that in systems offering
PPV by both subscriber call-in
and impulse ordering technology,
the impulse-buy orders
outnumbered the call-in orders by
two to one (in several cases, the
ratio was 3:1).

3. Several of the systems listed in

Figure (1) are currently
operating with limited
addressable dedication. The

penetration rates observed here
must therefore be extrapolated to

the ultimate addressable
subscriber base, to determine
whether the existing ordering

mechanism will handle the

anticipated volume.

The most important factor in
identifying peak system 1loads, however,
is the maximum order volume to be handled

at any given point in time. The
penetration rates experienced for single
showings of successful recent PPV

programs/events are outlined in Figure
(2), along with an extrapolation of these
rates over each system's extended
addressable base.

108—1986 NCTA Technical Papers

Figure 2
PPV EVENT PENETRATIONS

Current Pen/Event Orders/ Ultimate Ult. Orders/

Addr. Subs Event Addr Subs  Event
NYT 21,000 4.1%8 861 120,000 4,920
WAX/CMS 29,000 568 1,624 53,500 2,996
Daniels/BR 30,000 508 15,000 30,000 15,000
Cox/SanD 90,000 (34 5,400 260,000 15,600
Oceanic 88,000 4% 3,520 155,000 6,200
GW/Rosev 14,000 3z 420 14,000 420
Gill/San] 35,000 15% 5,250 150,000 22,500
Trib/Un 2,400 5% 120 55,000 2,750

Note that the average buy rate for a
single event 1is between 4 and 6%. For
Oceanic Cable in Honolulu, a 4% take rate
out of 88,000 subscribers yielded a
respectable 3,520 orders. If the same
penetration rate is anticipated for the
system's extended subscriber base of
155,000, the PPV ordering mechanism must
be capable of handling 6,200 purchases.
But how many of these orders come in at
any given point in time, and more
importantly, what is the peak 1load the
system must accommodate to assure that
the subscribers who want to purchase the
program have access to it?

For a true picture of the event
ordering traffic each system must contend
with, it becomes necessary to examine
peak load distribution prior to the
event's start time (Figure 3), and to
apply the peak load to the anticipated
optimal penetration level for the system.

In those systems with impulse
capability, and hence, no practical
limitation on last minute orders,

operator consensus was that 50% of the
event orders came in at the last 15-20
minutes prior to start time (remember,
this group also reported double the buy
rates).

The systems with subscriber call-in
ordering procedures, by design and by
subscriber education, had as few as 15%
of ordets in the last 15-20 minutes, with
508 of the orders coming in before the
two hours preceding the event. As a
group, however, these systems had little
or no data on order distribution, and
several suspected they were losing last
minute "impulse buyers" to busy signals
(Rogers has estimated this loss to be as
high as 20% for a popular movie). All
believed that their buy rates would be
enhanced by a technology that would
facilitate impulse purchasing.

For purposes of analysis, it is



conservative to assume a 50% peak
penetration rate distributed (variably)
over the last 30 minutes prior to event
start.

If we go Dback to Figure (2) and
factor in the distribution peak of 50% to
the total orders for a single event, the
total orders to be handled in the last 30
minutes prior to event start can be

derived. These net, peak period orders
are presented, both for current
subscriber bases and for expanded

systems, in Figure (4).

Figure #4

PPV PENETRA YIONS

CURRENT PENZEVENT ORDERS/ ULTIMATE ULT OROERY/ CURRENT PK ULT, PEAK
ADDR 3UBS ovenr ADDR 3UBS  EVENT [ 11 @ 30%

" 21000 4.10% 1 120000 4920 40,8 2480
WAX/CHN 29000 $.00% 1024 83500 2998 12 1490
ANILI/R 30000 §0,00% 18000 1AM 18000 7800 7800
COR/3AN D 20000 4.00% €400 200000 18600 2700 7800
ocLANIC #4000 4.00% nwe 148000 8200 1760 nog
SWACIY 14000 3.00% 420 SAME 420 210 118
IRA/SARY 38000 V8,002 $280 180000 22800 2628 1250
TRIB/Am, M1 2400 $.00% 120 88000 2780 1] 1378

The system with the most orders
coming in over their expanded addressable
base is Gill Cable, with 22,500 orders,
at 15% penetration of 150,000
subscribers. At Gill's present
subscriber base of 35,000, or more
manageable volume of 5,250 orders comes
in for the successful single event. But
in either case, a bottleneck may occur if
50% of these orders are received in a
30-minute period (we'll return to this
point).

Naturally, there are marketing
solutions to any such situation;
subscribers can be "trained" to

pre-order; the event (if not a 1live
sporting event) can be offered several
times throughout the month to distribute
the ordering load more evenly; pricing
can be adjusted to reduce the number of
orders. All these measures, and others,
have been utilized in the system that
have shown the most success in
pay-per-view without ordering mechanisms
that allow for substantial peak load-
handling capability (see Figure [1}]).
But the same system operators also agree
that by offering their subscribers true
impulse purchase capability, they could
sell more PPV programs.

Figure #3

(see CONCLUSION)

The dilemma of optimizing PPV sales
without encumbrance to the system must be

addressed through technology. An
analysis of several PPV ordering
mechanisms follows, with emphasis on

application to our sample systems' peak
ordering load requirements.

PPV Ordering Mechanisms

There are two broad categories into
which every PPV ordering mechanism can be
placed: real time, vs non-real time.

Real Time systems require communi-
cation between the subscriber and the
headend or the business office at the
time the order is placed --- whether
through a telephone call to aCSR, or by
selecting the program directly through
the interactive addressable converter.
Decoder authorization procedures, such as
account verification and credit check,
account number to terminal ID match, and
validation of the transaction, are
performed at the time the order |is

received, and the transaction is
completed with an authorize command to
the addressable decoder. Real time

ordering systems include CSR call-in,
automated voice responce call-in, ANI
(automated number identification), some
telephone dialer systems, and two-way
interactive addressable converters.

Non-real time systems do not require
that the subscriber and the headend or
business office ever communicate at a
given point in time. The subscriber's
addressable decoder can be pre-authorized

for a down-loadable credit limit,
enabling the subscriber to select an
event locally, without further

communication with the cable system. The
subscriber's selection is stored in the
converter, and the headend later
retrieves the ordering information by
commanding the terminal to report its
memory contents. The return path for

terminal reporting can be either
telephone or two-way «cable, but the
distinguishing characteristic here is

that the communication loop need not be
completed at the time the event is
ordered. This technique is commonly
known as "store and forward" technology.

CSR Call-In

Although several operators have
initiated very successful PPV programs
utilizing CSR's to accept telepone calls
and mail-in pre-orders, the inherent
limitations in system capacity must
curtail last-minute 1impulse purchases.
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Peak load capacity is determined in
these systems strictly by the number of
telephone 1lines coming into the cable
system's office. Gill Cable, with 16
lines dedicated to CSR's, can handle
about 16 orders per minute at 60 seconds/
transaction. This translates to 480
calls in any half hour peak period prior
to event start, 9% of the 5,250 orders
received on an event with 15% penetration
of Gill's 35,000 subscriber base.

If the transaction time can Dbe
reduced to 30 sec./call (rather
difficult, since credit checks must also
be done simultaneously with multiple
users on the system), 960 orders can be
processed in 30 minutes, a maximum of 18%
of Gill's orders for the same event.

This ordering mechanism has served
many operators well in their initial
forays into pay-per-view, and subscribers
have adapted some of their buying habits
to the system's capacity. But
maximization of the PPV business in a
particular cable system requires that any
subscriber who wishes to purchase an
event may do so. In order to accommodate
the "impulse buyers” who purchase in the
last 30 to 60 minutes, and to ensure that
would-be buyers do not reach a busy
signal or an on-hold queue, a different
technology must be employed.

Automated Voice-Response

An automated voice-response system is
the next step up in technology. The
maximum load capacity is still determined
by the number of telephone lines
dedicated to order-taking and by the time
required to process a transaction, but
the the number of CSR's required is
reduced.

The subscriber still makes a
telephone call to order a program/event,
but rather than talking to a CSR,
responds to prompts from a digitized
voice by punching the appropriate buttons
on a touch-tone phone. Subscribers
without push-button phones (50% of the
telephone population, approx. 308 of
cable households) stay on the line for a
live CSR to complete the transaction,
unless provided with a tone-generating
device.

The touch-tone subscriber's order,
when completed, is handed over from the
voice response computer to the billing
computer for credit check and telephone/
account number to terminal ID match, and
then down-loaded to the addressable
controller for the decoder authorization
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poll. (Some voice response systems vary
slightly in how these steps are handled;
some voice response computers have mini
data bases that are updated daily with
credit clearance, and terminal ID match
to telephone/account numbers to speed up
the validation process. Others also tie
into dial-out systems which initiate
return calls to the subscriber whose
account is not current, or whose
transaction was invalid.)

Peak 1load capacity 1is still only
1,920 orders per hour for a 16-line
system with 30-second transactions.
Referring back to Figure (4), this
capacity for 960 calls in the 1last 30
minutes would accommodate only 4 of the 8
operators 1listed if 50% of their orders
came in the last 1/2 hour.

Although voice response systems are
very effective for cable operators with
prolonged event-order distribution, their
reliance on real-time telephone
communiation with subscribers still
inhibits the impulse buyer who wants to
place an order in the last 30-60 minutes.

Auto-Dialer Ordering Devices

Several manufacturers have conducted
field tests of auto-dialer devices which
further stream-line the ordering process
for the subscriber., The dialer ordering
unit is allocated an ID or "address" by
the cable operator, and connected to the
subscriber's telephone. When a
subscriber wishes to order a program or
event, the appropriate keys are depressed
on the dialer device in the home. The
auto-dialer calls its own control
computer at the cable office and relays
the event ordering information, which,
along with the dialer's 1ID, 1is then
processed for account verification and
credit check. If all is well with the
order, the information is passed along
through the billing system and the
addressable controller for converter/
decoder authorization. The subscriber's
feedback on transaction acceptance is
through LED's on the dialer device.

The auto-dialer cuts down substan-
tially on the transaction time per order
(approx. 10 seconds), enabling a 1l6-phone
line cable system to accept 2,880 orders
in 30 minutes. This capacity would
enable Gill Cable to process 55% of their
5,250 orders in a one-half hour peak
period, which should adequately facil-
itate the last-minute purchases
experienced by the impulse-capable
operators discussed previously.



Even with this increased order-taking
capability, however, the auto-dialer
system is subject to an additional
bottleneck that is faced by all real-time
based ordering systems. Because the
authorization poll enabling the
addressable decoder to descramble the
purchased event cannot be sent out until
after the order has been processed, the
addressable controller's capability
becomes the limiting factor.

Most one-way addressable controllers
in use today are designed to poll large
terminal bases sequentially, but polling
on individual terminals to enable single
event can take as 1long as 2-6 seconds.
Consequently, although the order
processing system may accept 2,880 orders
in 30 minutes, it 1is 1likely that the
addressable controller will only enable
600 of these terminals in the same period
of time.

ANI (Automated Number Identification)

AT&T and Pacific Bell are currently
launching market tests of ANI ordering
systems with Viacom, Showtime/The Movie
Channel, Zenith, and Cabledata, to
acquire practical field exper ience
applying this technology to PPV. Through
special switching networks the telco
handles a much larger volume of calls
than is possible with conventional
dedicated telephone lines into the cable
system's office, and passes the data to
the operator's billing computer for
processing and terminal authorization
through the addressable controller.

The subscriber dials a special tele-
phone number (on either a rotary or a
push button phone), which identifies the
call as an order for an event, and then
identifies the event being ordered. The
subscriber's incoming phone number is
recorded by the telco computer, and along
with the ordering information, is passed
to the operator's billing computer
(especially enhanced and modified for
this application) for a match to the
addressable terminal ID.

The subscriber's interaction with the
ordering system is complete once the ANI
computer receives the order. If the
biling computer cannot process the order
(e.g., for poor credit, or inability to
match the <caller's originating phone
number to a terminal ID), a CSR must call
the subscriber back to complete or abort
the transaction. The subscriber's
verification that the event has been
proprly ordered comes when the program
begins.

AT&T is presently capable of feeding
approx. 240 orders per minute (per 1line)
to the billing computer, but this
real-time system is still gated by the
billing computer's order processing time,
and the capacity of addressable
controller. With the Zenith Intel
controller's 1limitation of polling 900
terminals in a 30 minute period, most of
the ANI system's additional capacity is
wasted. Again, only four of the eight
sample systems in Figure (4) would be
accommodated, at current system size.
Fully expanded, all systems would be
limited if a 50% peak load occurred in
the last 30 minutes.

Both software and hardware enhance-
ments will increase the capacities of the
addressable controller currently in use,
but at no small expense to addressable
system manufacturers and the billing
cmpanies with which they are interfaced.
Some operators may find it necessary to
upgrade both addressable controllers and
billing systems in order to derive the
benefits that ANI can offer.

Two-Way Interactive Converters

The most notorious of the two-way
addressable systems, QUBE, also boasts
the truest impulse purchase capability.
Although it is a real-time system, QUBE's
exceptionally high speed data (256K bps)
enables instantaneous PPV orders to be

transacted between the subscribers
converter and the operator's headend,
eliminating the traffic Jjam problems

inherent in all other real-time based
systems.

Two-way addressable systems enable
the cable operator to satisfy last-
minute subscribers' PPV purchases, and to
get the most mileage from PPV programs
and events. Rather than artifically
distribute the PPV 1load over a 1longer
period of time (as dictated by the

limitations of non-impulse ordering
mechanisms) , these systems can
accommodate virtually any volume of

orders as they come 1in. (One operator
reported as high as 50% of her PPV orders
in the last 15 minutes, another claimed
80% in the last half hour). The capacity

to accommodate these incremental
subscribers brings in the additional
revenue tht makes PPV a successful

business.

But the costs associated with two-way
interactive plant maintenance expenses
have inhibited this approach from gaining
widespread popularity in the cable
industry.
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Store & Forward

Because it is a non-real time
pre-authorization ordering system, the
store and forward approach to PPV offers
the subscriber instantaneous access to
PPV programming, yet does not require
high speed data (with its associated
hardware costs) to provide communication
between the subscriber's terminal and the
headend/business office. Event-ordering
credit 1limits are downloaded in the
one-way addressable command stream on a
sub by sub basis, and the terminals are
pre-authorized for viewing of those
events. When a PPV program is about to
begin, the subscriber simply selects the
program on the converter and uses an
authorize code or command on the
converter to verify the purchase. As
long as the subscriber is within the
prescribed credit 1limit for this event,
it is immediately descrambled, without
any real time communication with the
cable operator. Since the terminal has
already been pre-authorized, no
bottlenecking occurs with multiple orders
queuing up for authorization polls
through the addressable controller.

Once purchased, the event 1ID is
stored in the terminal's memory for
retrieval at a later time Dby the
addressable controller. This reporting-
back to the headend can be done by cable
return, or by telephone for one-way
systems. Through a downstream command
from the controller, each terminal |is
requested to report back the contents of
its memory. For hybrid, telephone return
systems, this command is typically sent
during off-peak telephone usage periods,
when a dialer in the terminal will
respond on the subscriber's telephone
line. If the 1line is in use when the
terminal is asked to respond, a "no
answer" status 1is logged for the unit,
and it will be tried again later, after
the other terminals in the system have
reported back. Repeated "no answers"
from a terminal raise a flag to the
operator that further investigation is
required.

The store and forward approach is
being used by several addressable
converter manufacturers, notably Pioneer,
Jerrold, Tocom, and Scientific Atlanta
(in development). Interestingly, three
of these four manufacturers have also
produced two-way interacive systems.

Pioneer's PULSE system is an add-on
device that upgrades the BAS5000 one-way
addressable converter to store and
forward impulse PPV capability. The unit
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is bolted to the converter, and through a
bus connection to the BA5000 micro-
processor, becomes an integral part of
the addressable converter. Consequently,
the tamper detection circuit which
disables the BA5000 when opened is also
activated if the PULSE unit is tampered
with, rendering even basic programming
unviewable. aAn additional security
measure built into the PULSE is a battery
back-up to keep the unit's memory intact
and retrievable by the cable operator for
up to nine years -- even after the
terminal has been disconnected -
thwarting attempts at ©preventing the
PULSE unit from reporting back.

Although approaches vary between
manufacturers, several features distin-
guish the complete integration of those
products developed for a pay-per-view
environment.

A unique and significant advantage of
the store and forward application in some
addressable systems is its compatibility
between VCR's and PPV programming. The
converter program timer can be set to
authorize a PPV event in the subscriber's
absence. By synchronizing with the VCR
timer, the subscriber can purchase and
record a PPV program without being at
home to initiate the order.

The parental control override of PPV

CHANNEL ACCESS gives the subscriber
control over unauthorized orders by
children or babysitters. This is an

important distinction to note between the
impulse PPV systems and those relying on
telephone calls or stand-alone dialers;
secure ordering mechanisms can prevent
CSR tie-ups in billing disputes that
result from unauthorized orders.

To further assist the operator in
determining whether a subscriber actually
viewed a particular event that may be
claimed to have been selected in error,
some store and forward products record
the first full 15 minutes of viewing time
on the program's channel, giving the
operator a hard record with which to
combat any subs who attempt to "beat the
system” by denying intent to buy. this
feature's use should be infrequent, but
it obviates the need to develop elaborate
operational measures to combat the same
problem.

In addition to a 20-event register
for PPV events, a desirable feature is
the capability to store and report
terminal status as codified by the
converter's auto-diagnostic function.
Another register retains subscriber



responses to opinion-polling, and can be
utilized for other transactional
services, such as shop-at-home,
catalog/information requests, etc.

Perhaps the most significant
application of store and forward tech-
nology outside of IPPV 1is its "system
snapshot" feature. A "record" command
can be sent to every addressable
converter in the system instantaneously,
whereupon each unit will record terminal
status for that particular point in time:
whether or not the terminal is on, and
what channel it is tuned to. This
operation can be repeated successively up
to five times, in intervals as short as
several seconds. Obvious applications
are for juxtapositon of programming,
provision of accurate viewer information
to program-rating services, and ad
sales. Naturally, the 1latter functions
must be managed with sufficient care and
discretion to prevent community ill
will--but cable operators now have the
capability to use any of these
discretional features at their option,
even in one-way cable plant.

Store and forward ordering mechanisms
require enhancement of the addressable
controller system to retrieve and process
the incoming information and to feed the
necesary data back into the billing
computer; but since these functions can
be performed at a far more leisurely pace
than for real time systems, the enhance-
ments are relatively simple and
economical.

The user friendliness derived from
store-and forward systems contributes to
the incremental revenues from impulse
buyers, and as the matrix in Figure (5)
illustrates, capability for peak order
load is unlimited.

CONCLUSION

An evaluation of the peak order
volume requirements outlined in Figure
(5) for varying penetration levels and
system sizes is useful in deciding which
PPV ordering mechanisms is most appro-
priate for a cable system's pay-per-view
plans. It is apparent from the peak 1load
distribution matrix that although systems
such as voice response and ANI may
provide short term, low cost entry to the
PPV market, impulse-capable technologies
must ultimately be employed to allow for
successful market ©penetration of PPV
Programming.

Order-taking capabilities vary
somewhat among the real time based
systems, with the true gating factor
resting on the addressable controller.
At the optimal terminal authorization
rate of 30 terminals per minute, all the
ordering mechanisms which rely on
queuing up terminal ID's for real time
authorization are subject to the same
system constraints. These systems (CSR
call-in, automated voice response, stand-
alone dialer systems, and ANI), can
authorize 900 terminals per half hour, or
1800 per hour at the current state of the
art in addressable controllers.

A practical 1limitation is thereby
placed on the peak load handling
capabilities of the system, irrespective
of order-taking capacity. A 30,000

addressable subscriber base on one of
these ordering systems must plan a
pay-per-view program not to exceed the 6%
penetration mark for a peak order load of
50% in a 30 minute period. If, through
special marketing and promotional
efforts, this ©50% peak 1load <can be
distributed over 60 minutes, the system
shoot for a maximum of 12% penetration
for a particular event, and be able to
handle the 1,800 terminal authorizations
in one hour.

Blockbuster events and heavily
promoted new releases which have
typically enjoyed penetration rates from
15-60% in many PPV systems, must be
offered with one of the ordering
mechanisms capable of handling the peak
load just prior to event start, in order
to maximize the sales potential of the
program.

Alternately, if limited by the
ordering mechanism technology, a system
operator must face the duplicitous task
of discouraging a particular set of
subscribers from buying the event offered.
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FIGURE #3 (enlarged)
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ANI - Strategically Attractive But Can It Handle
Impulse Pay-Per-View

oy

WILLIAM A FREZZA

GENERAL INSTRUNMENT CORPORATION

ABSTRACT

Many issues must be considered by cable operators
making a decision between an Automatic Number
Igentification (ANI) based approach to pay-per-view
and a store and forward based approach. These include
initial capital outlay, ongoing transaction costs, ease
of use and its impact on buy rates, security, compati-
pility, availability, tnird party dependency, headend and
pilling system load limitations, and telco peak capacity.
This paper briefly analyzes one and only one of these
issues - can the local telephone office, utilizing ANI,
handle the peak load generated by a succesful impulse
pay-per-view business ?

INTRODUCTION

Autornatic Number Identification (ANI) has been
proposed to solve a chronic problem of early telephone
based pay-per-view services - telephone system con—
gestion. Congestion caused by last minute order calls
has been bad for both the cable operator and the local
telephone company. Cable aperators have lost potential
business and aggravated customers, and the local telco

has had basic phone service degraded or even disnupted.

ANI attacks this problem In two ways. First and
foremost, it does not pass ordering traffic through the
local switch. Rather, the primary resource in the local
class 5 telephone office used to handle these calls are
Customer Digit Recelvers (CORs). These units generate
dial tore and interpret touch—tone or dial-pulse dialing
commands. when a call Is icentified by the COR as a
pay-per-view order, usually by an assigned prefix such
as *85 or a unique exchange code, special software
installed in the office interprets the order command
directly from the subsequent dialing sequence. The
command is then relayed to the cable operator via a
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dedicated data link. This leaves the actual switchirg
resources free ta handle narmal telephone calls.

An additional benefit of ANI over traditional
methads comes from the relatively short holding times.
In its simplest ermbodiment, where the system does not
wait for real-time credit verification and a short order
confirnation tone is transmitted rather than a recoroed
announcement, holding times can be kept as short as
ten seconds.

Thus, the critical demand made on the local tele-

phone office has been estimated at 10 call-seconds of
CDR time per PPV order. (A call-second is the standard

measure of holding time and represents, on aggregate,
ore call lasting one second. Thus, 100 call-seconds
could be generated by one call lasting 100 seconds or
10 calls each lasting 10 seconds.)

HOW MUCH IS TOO MLICH ?

Is 10 call-seconds per order a lot or a little ?
This depends on four factors. These are :

1) How many orders will popular events solicit.

2) wnat fraction of these orders will come in the
last minute or minutes prior to an event

3) what background 1oad of telephone traffic will
the local telephone offlce be handling when the
PPV orders come in

4) How does the total load placed on the avallable
CDRs by PPV grders, plus the normal telephone
traffic load, compare to the design limits of the

telephone office.

This paper will closely examine these four factors,

guantitatively describing their interrelationships. This
analysis makes two important assumptions. First, it



assumes that the telcos, or at least the Public Utility
Commisions, will fing it unacceptable to have normal
telephone service disrupted by pay-per-view ordering on
any kind of a regular basis. Second, it assumes that
custormary safety margins will be adhered to in system
design to avoid long term degradation of normal tele-
phone service - principally exhibited in this case by
abnormally delayed dial tone. The conclusions arrived at
here will, of course, be mitigated to the extent that
these conditions are relaxed

HOW MANY ORDERS ?

This brings us to our first attempt at predicting
the future. How succesful will pay-per-view be ?
Previous experience might serve as a guide with event
penetrations runing as high as 10%, however, the PPV
inaustry can not be treated as a fully mature business.
New services are being launched at a steady pace soon
to be augmented by sustained national marketing and
promotion. Some program providers even predict that in
the not too distant future pay-per-view services may
obtain rights to new movles before the video cassette
rental stores. Multiple PPV services are also likely to
become available on meny systems, just as multi-pay
services are available today. In these cases, total event
penetrations at a given time slot must be considered
when projecting loads.

Overall, prudence dictates that the analysls be
performed at a falrly wige range of penetration levels.
In the succeeding analysls, therefore, the effect of
maximum event penetration (measured as the percent of
cable subscribers that take a pay-per-view event or
events guring the most popular time slot) will be exam-
ined over a range from 10% up to 30%

HOW IMPORTANT IS LAST MINUTE ORDERING ?

Agdressing the second issue, that is, estimating the
fraction of last minute orders, is the most subjective
part of this exercise. Rather than trylng to predict gross
behavior pattems (will consumers buy the product), we
are trying to predict detailed behavior pattems (how
will consumers want to buy the proouct and what will
they put up with If they have no altemative.)

Iceally, buying a pay-per-view program should be
as easy and as natural as changing the TV channel

Anything else is a compromise, pernags a necessary
compromise given the limitations of t=chnology, but
nonetheless a compromise. People are not in the habit
of placing an advanced reservation to watch a TV show
the way they would to go to a restaurant. In general,
the TV comes on after dinner, stays on until bedtime,
and the dial spins during commercial bresks, landing

on the most attractive altemative.

The ideal demand function for pay-per-view order-
ing, therefore, will probably look a lot like the sharper
curve shown in figure 1. The bulk cf the crders will
come during commercial breaks between riztwork time
slots. In fact unless disincentives are placed on the
consumer, all of the ordering will gravitate toward the
last five minutes before the event.

EXAMPLE LEMAND FULINCTIONS

30% -

IPPV
¢ of
takers
per

mimn.
RPPV

Minutes before event

Figee 1

A system that can accommodate this sharp demana
Is by definition an impulse pay-per-view (IPPV) system.
A system that cannot accommodate this type of demard
ang must, In one way or another, get the consumer to
reserve the program in advance Is a reservation pay-
per-view (RPPV) system. The flatter curve in Figure 1
shaws an RPPV demand function

There is no doubt that ANI can handle RPPY, even
at optimistic penetration levels. In fact, ANl may be
overkill. In many cases, a well managed Automatic
Response Unit (ARU) approach utilizing standard phone
lines may be sufficlent for RPPV. The question posed by
this paper, however, is can ANI handle impulse pay-per-
view. In the succeeding analysis, therefore, the effect of
peak order rate (expressed as the maximum percent of
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total event takers that order in any given minute prior
to the beginning of the show) will be examined over a
range from 10% to 30%

WHAT ABOUT NORMAL PHONE TRAFFIC

An important consiceration In analyzing an ANI
system’s capacity s estimating the load that normal
telephone calls place on the central office CORs during
perlods when pay-per-view programs are likely to be
ordered. This traffic Is well characterized. Resldential
telephone traffic has its peak between 9:00 AM and
10:00 AM, and then stays falrly constent untll the even—
ing hours, when it peaks between 7:00 PM and 8:00 PM
(1)} The moming peak generates cn the average one call
per telephone line auring the busy hour, while the even-
ing peak averages about 70% of this. It is this evening
peak that colncldes almast precisely with the beginning
of prime television viewing time.

A typical telephone call will tie up a central office
CDR for about 15 seconds, somehat longer than that
estimated for an ANI PPV call. Peak load, then, will be
about 15 call-seconds per line during the moming busy
hour and 10.5 call-seconds per line during the evening
busy hour.

WHAT IS THE TOTAL LOAD

we can now add up the total loaad on the CORS
and compare it to the nominal design limit for a typlical
class 5 office in a residential neighborhood. The calcu-
lation will be performed for a median size 1A ESS of
24,000 lires (Le., 24,000 telephone supscribers), although
the results should roughly scale proportional to the
numoer of lines for larger or smaller offices. Large
cable systerrs, of course, could require the support of
many telephone ofices.

First, what is tne nomingl peak CDR load to which
the example office is designed ?

Peak COR Load = 15 call-sec./llne/nr. x 24,000 lines
= 3600 CCS/Mour
= 100 Erlangs

(For convenlence, traffic intensity will be expressed
in Erlangs, which is a dimensionless unit equal to one
call-hour per hour or one call-second per second, etc.)
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The next question Is, how many CORs are reguired
to handle 100 Erlangs of peak load at a standard service
level of p = .01 (A p = .01 service level ensures less
than a 1 in 100 chance of not finding a COR avatlable
when one is required.) Using the usual assumption of
random arrivals, a standard Polsson Traffic Table (2)
Indicates that 125 CDRs will be neeged. Additional
CDRs are often installed beyond the nominal peak
requirement as an added safety margin As stated pre-
viously, however, we will assume that safety margins
are not going to be relaxed simply because PPV has
been added. (Thus would result in an implicit cross
supsiaization of cable suoscribers by telephone rate
payers, a practice frowned upon by various regulatory
agencles.) Thus, any incremental ANI traffic that drives
the total peak load on the CORs above 100 Erlangs in
our example case must eventually result In increased
investment in CDRs, pald for by ANI customers.

Fortunately, the evening peak reaches only 70% of
the moming busy hour, or roughly 70 Erlangs of COR
traffic. This leaves 30 Erlangs of "idle” capacity to
handle pay-per-view. Is this enough ?

The tables an the next page show the Incremental
load generated by IPPV traffic far three penetratlons of
cable subscribers - 35%, 50%, and 65% of homes passed.
Homes passed is related to central office size, in our
example, by assuming that 85% of the telephone lines
are primary residential lines, the rest being business
lines or second telephones. In each case, the generated
load is calculatea for maximum event peretrations
ranging from 10% to 30% of cable subscribers and peak
order rates ranging between 10% and 30% of total event
takers per minute. Average COR halding times are kept
constant at 10 seconds. (Longer average holding times
will, of course, increase the IPPV load proportionately.)

Each entry in the tables is expressed in Erlangs
and Is calculated by the fallowing simple formula

CDR load (Erlangs) = size of central office (# of lines)
x primary resigential line factor (%)
X cable penetration (% of hp)
X max. event penetration (% of sups)
X peak order rate (% of takers/min)
x COR halding time (sec.)
x 60 (seconds/min.)



ANI COR LOAD TABLES

FIXED PARAMETERS :

SIZE OF CENTRAL OFFICE - 24,000 LINES
% PRIMARY RESIDENTIAL - 85 PERCENT
COR HOLDING TIME - 10 SECONDS

NOMINAL "IDLE" CAPACITY - 30 ERLANGS

AlL RESULTS EXPRESSED IN ERLANGS

CASE 1
CABLE PENETRATION - 35 PERCENT
NO. OF CABLE SUBS IN C.0. = 7140 8UBS

Peak Order Rate (% of Takers)
10 15 20 S 30

_ 10 )12 18 28 30 [ 3%

Maximum 45 | g 3645 . Sh

Event 20 | 2s 736 48 60 71 ]

Penetration 3648 --60--71 |
60

Geofsws) 25 | 30 |45 60 7489

30 |36 50 71 89107

CASE 2
CABLE PENETRATION - 50 PERCENT
NO. OF CABLE SUBS IN C.O. - 10,200 SUBS

Peak Order Rate (% of Takers)
10 15 20 S 30

_ 10

Maxdmum g _ = _
Bvent o el e e i
Penetration 20 |- 3421 00 6871851 102,
(% of sups) 25 |- 42, .64 851067 128
30 [ 5100767102 (11280153

CASE 3

CABLE PENETRATION ~ 65 PERCENT
NC. OF CABLE SUBS IN C.O.  ~ 13260 SUBS

Peak Order Rate (% of Takers)
10 20 5 30

&

- Below
"Idle" capacity

“idle" capacity

As can be seen, a significant range of loadings
exceed the “idle” capacity of the example office. In
Case 2, where cable penetration equals 50% of homes
passed, if an event or simultanecus events achieve a
20% peretration and 20% of these event takers call in
the last minute, 68 Erlangs of COR load are generated.
nis iogad is maore han twice e Tdfe” capacity of et
offce Keep in ming that this example only represents
408 people out of 10,200 sups calling in the last minute.

The situation gets progressively worse as penetra-
tion and impulse ordering goes up. Attempts to directly
shed this load by immediately oisconnecting PPV callers
when they dial thelr first prefix digit (e.g., *) will not
only result in lost orders and aggravated customers, but
could lead to potentially unstable situations as callers
repeatedly attempt to get through.

CONCLUSION

One is drawn to conclude from this analysis that
AN was designed far reservation pay-per-view, not
impulse pay-per-view. To expect idle central office
resources to accomeodate significant impulse ordering
is unrealistic. In our example, a doubling in the number
of CORs could be required. Unfortunately, small scale
field trials may not reveal proolems that could become
serious during a full scale rollout. Convincing customers
to order in advance will also become more and more
difficult as the volume of pay-per-view offerings qoes
up, with each show recieving a proprotionately smatler
share of advanced promotion

Cable operators and equipment suppliers should
closely examine their traffic assumptions. while an
acditional investment in central office equipment can
certainly alleviate overload problems, this investment
must ultimately be reflected in transaction costs. It is
unclear whether the current estimates of £25 to $.50
per call reflect these costs. A careful analysis of ANI
tariff filings should help resolve this issue. Meanwhile,
cable operators snould not foreclose altemetives that
might better meet their long term needs.
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BTSC:

by

THE STEREO FOR CABLE

Clyde Robpins

GENERAL INSTRUMENT CORPORATION

ABSTRACT

Stereo
available
enhanced
video programs

programming is presently
to the cable operator. The
entertainment value of stereo
should be provided to the
cable subscriber as soon as possible in
order to stay competitive. BTSC is the
best choice of stereo formats for video
program audio because of the ease of
interface and compatibility, both in the
headend and the home. video buzz
interference has been the major drawback
to BTSC stereo, but it has been eliminated
with the dual detector system. Other
limitations such as bandwidth and
separation are minimal and turn out to be
audibly insignficant. BTSC stereo has a
better dynamic range than the typical FM
stereo receiver. BTSC requires no
separate tuning system as out of band FM
systems do, which makes BTSC the easiest
to operate and the least expensive
alternative.

INTRODUCTION

Quality stereo audio is a significant
enhancement to the entertainment value of
any video source. Cable television should
be no exception. In a time when
competition from video tape rentals is
strong (many of which are in a hi-fi
stereo format) cable must move quickly to
provide stereo. The BTSC format 1is
compatible with broadcast, cable, and home
equipment. Broadcasters in many areas are
presently transmitting in BTSC stereo, but
their source of stereo programming is
still limited. Cable operators have an
advantage over broadcasters, in that many

pay services are already available in
stereo.
BTSC 1is the most convenient means

available to the cable system operator for

providing multi-channel television sound.
Passing the BTSC signal through to the
subscriber on broadcast channels wusually

To
stereo

requires no changes.
channel in BTSC

put a satellite
requires a
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and a BTSC

result of this

subcarrier receiver

encoder/modulator. The
small addition to the headend is an
enhanced service which requires no truck
rolls and no additional subscriber
equipment provided by the cable operator.
The subscriber interested in stereo may
purchase a stereo TV or stereo adapter.
The cable operator may choose to sell or
lease stereo adapters. BTSC adapters do
not require tracking tuning or separate
tuning by the subscriber as out of band
stereo systems do. BTSC provides
increased customer satisfaction and an
opportunity for increased revenue and pay
service retention.

BTSC SYSTEM PERFORMANCE

BTSC has been criticized by some in
the industry for being a system with
inferior audio quality. I contend that
the BTSC system is the best choice in a
backward compatible environment. The poor
quality claimed is a result of early
non-optimum encoders, modulators and
inferior receiver designs, as well as
improper equipment alignment and
operation.

Video Interference

Video Interference has been the
major limiting factor in most BTSC
measurements and 1listening tests. The
primary problem area is in the BTSC
receiver, which exhibits high buzz

The buzz is a result
conversion in the Nyquist
intercarrier detection system commonly
used (see Figure 1l). Some of the AM video
modulation present on the video carrier is
converted to phase modulation of the sound
carrier in the detection process which
results in video spectra overlapping the
audio information. This overlap occurs at
video vertical rate (see Figure 2) and
harmonics, as well as horizontal rate (see
Figure 3) and harmonics. The horizontal
interference also has vertical rate
sidebands (see Figure 3). Monaural TV

interference levels.
of AM to PM



receivers with small speakers were usually
not bothered greatly by intercarrier buzz,
having most of its energy outside the TV
sound systems' bandwidth on both ends.

VIDEG CARRIER v.c.
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There are techniques which reduce the
level of the intercarrier buzz components.
The Quasi-Parallel (Q-P) sound system (see
Figure 5) is significantly better than the
Nyquist system because of the reduced AM
to PM conversion of the video carrier due
to the symmetrical filtering. The choice
of FM detectors can also have a
significant impact on buzz level. AM
rejection is very important.

VIDEQ CARRIER v.Cc.
ANPLIFIER BPF

ONLY SOUND CARRIER USEFUL

SOUND AND PICTURE
IF BFP 4.5 M2
BPF

CONPOSITE
IF !,A.\ I{\‘ n AUDIO
O~ /\ DETECTOR
INPUT ouTPUT
? }
REQUCED AN TO PM CONVERSION
QUASI PARALLEL. DETECTOR Fias

Although the Quasi-Parallel technique
is an improvement, it does not eliminate
the video interference at horizontal
frequency and its harmonics. Both the TV
transmitter or modulator and the Q-P
intercarrier receiver have residual levels
of AM to PM conversion. The BTSC spectrum
(Figure 6) Pilot, L-R, and SAP carriers
are centered exactly where the highest
level of video interference falls. In
order to achieve buzz free stereo sound,
another detection scheme is required. The
obvious way to eliminate video
interference is to detect the sound
carrier independent of the video carrier.
This approach is known as separate sound
detection (see Figure 7). This system
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works extremely well for high freguencies
{i.e., Pilot, UL-R, SAP ~ see Figure 8},
but exhibits a severe problem at low
freguencies, i.e, L+R (see Figure 9). The
low frequency noise 1is a result of the
oscillators used in the converter's tuning
process. The separate sound detection
system is unacceptable except where
oscillators of instrument grade phase
cleanliness are used. This is not the
case in CATV converters, TV receivers, and
sometimes TV modulators.
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SEPERATE SOUND DETECTOR OUTPUT a9

Dual Detector System

34 Dual Detector System is the
solution to the conflicting problem of
either high or low frequency noise by

using both types of detectors
simultaneously. A dual detector system
consisting of a Quasi-Parallel detector

for the L+R component and a separate sound
detector for the Pilot, L~R and SAP
components gives superior performance.
Not only is the buzz problem eliminated,
but channel separation is also improved.
Because there is no interference component
falling on the pilot, its phase
relationship to the L-R subcarrier remains
unaltered. 1In addition, the bandwidths of
the two receivers can be independently
tailored for matched L+R and L-R delays.
Figure 16 is a block diagram of one
implementation of a dual detector BTSC
stereo receiver.

BTSC receivers which do not use dual
detectors still offer a substantial
improvement in sound impression over the
typical monoral TV receiver. The L-R buzz
is wusually well masked by the dBX [TM)
noise reduction. The buzz is, however,
audible, especially in intermittent quiet
situations such as drama, sports dialog,
oxr orchestra concerts. For BTSC to reach
high fidelity standards, a dual detector
system is required.

The BTSC system has been compared
with high fidelity systems in the cable
press, but the BTSC receivers used were
not high fidelity types. A high fidelity
BTSC receiver reguires the same care as a
high fidelity broadcast FM receiver,
Multiple cegramic filters for high
frequency video xrejection, advanced
quadrature or pulse count FM detectors for
high linearity and a linear multiplier for
clean L-R detection would be required in

order to compare apples to apples.
However, BTS(, even in its inexpendive
implementations, does exhibit one

advantage over the majority of FM stereo
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receivers. The hiss 1level is much lower
due to the dBX noise reduction. This
reduced hiss is usually apparent even to
the casual listener.

BTSC Measurement

BTSC Measurements are greatly en-
hanced by the wuse of a Fast Fourier
Transform (FFT) spectrum analyzer. An
FFT is superior to analog audio spectrum
analyzers because of the very narrow
resolution bandwidth achievable while
maintaining rapid display updates. Ban FFT
spectrum analyzer is much more useful than
a distortion analyzer because individual
signal components are immediately
distinguishable rather than receiving one
summation number. Hum, buzz, harmonic
distortion, spurious signals, and random
noise are immediately obvious on the FFT
analyzer, but often are disguised by a
Total Harmonic Distortion Plus Noise
(THD+N) reading. A THD+N of 6.5% may have
pleasing sound quality or be annoying
depending on the source of the #.5%,.

Fie 10

Spurious signals 46 dB down are quite
obvious against rather pure tones such as
piano
distortion at the same level is not. For

BTSC

notes, but second harmonic

receivers THD+N numbers don't tell

the story. FFT spectrum analyzer photos
say a lot.

Channel Separation

Ch

annel Separation capabilities are

limited in the BTSC system because only
the L-
tracking errors in the noise reduction
processing reduces channel separation when
the components are recombined to recover
the L
practice will generally be greater than 20
over the frequency range where
separation has significance, roughly 160

dB

Hz

to

R component is dBX processed. Any

and R channels. Separation in

8 KHz. This does not seem to be a

very impressive number by comparison with
other systems, but fortunately the audible
difference between 40 dB and 20 dB
separation is rather insignificant.
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Dynamic Range

The Dynamic Range of a currently
available dual detector BTSC receiver is
65 dB at 1 KHz. This is by no means a

theoretical system limitation. A higher
cost implementation could certainly
achieve further improvement. For cable

applications with limited carrier to noise
ratios (C/N), further improvement may be a
bit academic. The signal to noise ratio
(S/N) of the L+R component at 1 KHz with a
video C/N of 49 dB and sound carrier 15 4B
down should theoretically be 70 dB. The
L-R component, however, would have only 43
dB S/N for the same conditions. The dBX
noise reduction system has a masking
effect which generally provides about a 20
dB apparent improvement, giving the sound
quality of 63 dB S/N.

Bandwidth

The Bandwidth of BTSC audio must be
hard 1limited ¢to 15 KHz to prevent
interaction of audio with the fH pilot.
The net system -3 dB bandwidth, including
the decoder, can easily achieve 13 KHz.
Again, there 1is very little difference
between the sound quality of the BTSC 13
KHz and the 15 KHz available in other
systems. On the low frequency end BTSC
audio is not 1limited in comparison with
other systems.

SUMMARY

It is very important to realize that
although BTSC does not challenge the
specifications of compact disc players, it
can provide good stereo sound for a
theater style effect. BTSC sound, in
fact, is better than the audio
reproduction capabilities in the vast
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majority of subscriber homes. BTSC
Stereo is intended for video program
related audio rather than separate premium
audio services. The ease of interface and
low cost cannot be beat. If you are still
not convinced that BTSC stereo is a major
improvement to the entertainment value
that can be delivered by cable, may I
suggest that you perform the following
experiment. Connect a BTSC stereo
receiver to a quality stereo system.
Watch and listen to Miami Vice broadcast
from a stereo transmitter. You will most
likely come away from the test wishing
your TV screen was larger to match the
depth and impression of your sound.
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CABLE STEREQO QUALITY:
CAN CONSUMERS HEAR THE DIFFERENCE?

CATHERINE MOON FROST

AMERICAN TELEVISION & COMMUNICATIONS CORP.

ABSTRACT

Current consumer trends suggest that cable
operators must find a way to provide cable
subscribers with stereo. Of prime importance in
the cable operator decision of how to carry
cable stereo is determining how much quality
consumers expect from cable stereo. In order to
answer this question, ATC and Gillcable
undertook a joint study to measure consumer
perception of cable stereo quality.

The research results suggest that most
consumers will not be able to detect quality
differences among alternate stereo delivery
systems. This is particularly true for the
audio sources most commonly used in cable
television programming.

The implication for the cable operator is
that quality should be less of a factor in the
decision of how to carry cable stereo than the
economic and technical restrictions of the
individual cable system.

INTRODUCTION

The growing trend for broadcast delivery of
stereo television presents cable operators with
the challenge of determining the best method for
delivering cable stereo. Operators have a
number of alternative delivery techniques
available, and must choose the method that makes
best use of scarce spectrum space and capital
dollars while providing a secure signal and a
level of audio quality consistent with consumer
expectations.

In order to learn more about the relative
qualities of cable stereo delivery alternatives,
ATC and Gillcable undertook a joint effort to
measure both the technical performance
specifications of cable stereo equipment and
consumer reaction to the relative listening
quality of stereo delivered via cable. A
discussion of the technical performance results
js reported by David Large of Gillcable in a
separate paper.

The purpose of this paper is to present the
results of the consumer listening tests and to
discuss the implications of those results for
cable delivery of stereo television.

METHODOLOGY

The research is based on a series of
twenty-nine group sessions with a total of 206
Gillcable subscribers 18 years of age and
older. Subscribers were pre-screened for stereo
equipment ownership and to ensure a 50-50 ratio
of male and female participants. Respondents
were asked to view TV monitors and Tisten to
audio and then to fill out their responses in
self-administered questionnaires. The
questionnaires asked them to compare two audio
selections and decide how selection "B" compared
to selection "A" on a seven point scale from “a
lot better" to "a lot worse." The sessions were
conducted November 14 through November 23, 1985,
in San Jose, California.

Participants viewed three selections of
programming, each played twenty times through
the various sound systems. The three programs,
“Miami Vice" titles, a scene from "Beverly Hills
Cop," and a high-separation, audio-only musical
piece, were chosen for their varying degree of
sound separation and stereo "effects.” None of
the selections included spoken dialogue.

Equipment used in the research attempted to
replicate audio as delivered through a cable
system. Figure 1 is a block diagram
illustrating the equipment set-up used for the
testing.

TEST RESULTS

Ten separate tests were conducted to
evaluate consumer preference for alternative
cable stereoc delivery techniques. We asked
consumers to compare the relative quality of:

1. Mono television to stereo television
(mono signal).

2. Stereo television in mono mode to
stereo television in stereo mode
(stereo signal).

3. Separate speakers to in-set speakers
(stereo signal).
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Figure 1. Test Equipment Set-up

"Clean" signal to degradation as
represented by the addition of white
noise from a noise generator through
a variable attenuator set in
increments of 15, 10 and 5 dB.
signal quality decreased as the
attenuation decreased.

4-6.

The

7. Stereo sound with character geqerator
noise added, to stereo sound without
character generator noise added.

8. FM stereo to BTSC stereo.
9. BTSC stereo to Studioline stereo.

10. Studioline stereo to FM stereo.
Evaluation of three of the above listed
tests is not complete, and will not be discussed
in this paper. In the cases of test six (signal
degradation through a variable attenuator set at

5 dB), test seven {character generator noise),
and test ten (Studioline stereo compared to FM

stereo) difficulties in accurately assessing
subtle differences in consumer perceptions
require further work. We hope to have
confirming tests completed prior to oral
presentation of this research.
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Program Sources

Three program sources were used throughout
all ten tests. Results generated in other
consumer listening testing have suggested that
an individual‘'s ability to discriminate between
varying audio qualities is dependent on their
familiaEity with the musical format used in the
test. In an effort to cover all bases we
selected programming from the movie “Beverly
Hills Cop" to represent "movie" audio, a
selection from "Miami Vice" titles to represent
broadcast stereo, and an audio-only selection
from Jean Michael Jarre's album "Oxygene" to
represent very high quality audio without video
distraction. The "Oxygene" music in particular
has a great deal of stereo separation. A1l
selections were recorded and edited in stereo
using the VCR Hi Fi format. Miami Vice and
Oxygene were recorded from Compact Disc.
“Beverly Hills Cop” was recorded from a VCR Hi
Fi cassette.



TEST RESULTS

The testing was divided into two
sections: Consumer Reception Equipment and
Cable Delivery Systems. Discussion of test
results will be organized within these two
sections. Because respondents perception of
sound quality differed according to the music
selection, results will be presented by audio
source.

Consumer Reception Equipment

Table 1 presents the results of consumer
ranking of the different reception equipment
used in the test. In the comparison of a mono
signal delivered via stereo TV to mono TV
delivery (test 1), consumers clearly preferred
the audio from the stereo television to that of
the mono TV.

Respondents were less able to distinguish a
stereo signal on a stereo TV from a mono signal
on the same stereo TV (test 2). For the Beverly
Hills Cop and Miami Vice program sources, no
strong preference was expressed for the stereo
mode, with over half of the respondents
expressing no preference at all. Younger
respondents (18-34) did indicate a stronger
preference for the stereo mode than any other
group, a finding consistent with the generally
better hearing of younger people. Only in the
case of the audio-only program source did most
respondents indicate a preference for the stereo
mode. The high degree of separation in this
program source may have influenced consumer
preference.

TABLE 1

In.test three, consumers were clearly able
to distinguish between the audio from in-set TV
speakers and separate speakers. Most
respondents preferred the audijo from the
separate speakers. The test results seem to
1pd19ate_that while consumers can clearly
distinguish between a system with good quality
Speakers and amplifier and the audio from a
single Fhree inch speaker, they are less
perceptive of the difference between a stereo
signal and a mono signal when the reception
equipment is the same. This is particularly
true when Hi Fi VCR audio and broadcast
television stereo are the program sources.

CABLE DELIVERY SYSTEMS

Signal Degradation

As expected, consumers were less able to
detect differences between relatively subtle
changes in the guality of the stereo signal.
Table 2 presents the results of respondent
sensitivity to incremental signal degradation.

Test four compares a clean stereo signal to
one moderately degraded by insertion through a
15 dB attenuator. The majority of test
participants could not distinguish between the
two signals. In fact, over 80% said that the
undegraded signal was either a little better,
exactly the same or a little worse than the
degraded signal. Of those respondents noting a
difference, the majority preferred the clean
(noise off) signal.

CONSUMER PREFERENCE FOR RECEPTION EQUIPMENT

The sound was better from:

Test 1: Stereo TV (mono mode)
Mono TV (stereo mode)
No Difference Detected

Test 2: Stereo TV (mono mode)
Stereo TV (stereo mode)
No Difference Detected

Test 3: Separate speakers
Stereo TV In-set speakers
No Difference Detected

Beverly Hills Cop Miami Vice Audio Only
76% 85% 72%
15 9 19
9 6 9
26% 50% 23%
14 20 49
60 30 28
56% 60% 68%
36 35 26
8 5 6
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Table 2

CONSUMER SENSITIVITY TO SIGNAL DEGRADATION

Beverly Hills Cop Miami Vice Audio Only

Test 4: Signal Inserted through

15 dB Attenuator

The sound was better with...

Noise off 20% 35% 32%

Noise on 15 18 25

No Difference Detected 65 47 43
Test 5: Signal Inserted through

10 dB Attenuator

The sound was better with...

Noise off 27% 40% 39%

Noise on 17 26 22

No Difference Detected 56 34 39

Table 3
CONSUMER PREFERENCE FOR DELIVERY SYSTEM
Beverly Hills Cop Miami Vice Audio Only

The sound was better from:
Test 8: FM 39% 47% 40%

BTSC 33 30 32

No Difference Detected 28 23 28
Test 9: Studioline 32% 38% 32%

FM 28 32 28

No Difference Detected 40 30 40
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More people were able to detect a quality
difference between a clean signal and one
attenuated at 10 dB (test 5). Still, over 70%
of respondents detected very little or no
difference between the signals. In both tests
four and five, respondents were less likely to
perceive any difference when listening to
“Beverly Hills Cop" than either of the other two
program sources.

Delivery Systems

Table 3 presents the results of consumer
ranking of preferences between FM and BTSC (test
8) and of preferences between Studioline and FM
(test 9). In test eight, the majority of
respondents preferred the FM source to the BTSC
source, although almost one-quarter of the
respondents could detect no difference and a
full one-third preferred the BTSC format. The
slight preference for FM may be explained by
FM's higher separation compared to BTSC.
Ability to distinguish (and prefer) separation
is indicated by the more discriminating
listening done on the high-separation, audio-
only program source and by consumer preference
for separate audio speakers.

In a comparison of the Studioline signal
and FM (test 9), respondents had more difficulty
detecting a difference between the two
signals. Eighty percent of test participants
ranked their answers in the middle categories of
“ a little better," "exactly the same," and "a
little worse." Of those participants noting a
difference, there was a slight preference for
the Studioline signal.

CONCLUSIONS

Current retail trends, coupled with the
apparent consumer preference for stereo
television equipment, suggest that cable
operators must quickly find a way to deliver
stereo to cable subscribers.

While consumers appear to be able to detect
audio quality differences among in-home
television equipment, they are less able to
detect audio quality differences among alternate
cable stereo signals. This is particularly true
when the audio program sources are broadcast
television stereo or Hi Fi VCR stereo. Most
cable television audio programming will not
exceed the quality levels found in broadcast
television or Hi Fi VCR audio. The implication
for the cable operator is that guality of stereo
delivery is not a primary factor in determining
how to provide stereo audio to cable
subscribers. Most cable subs will not be able
to detect quality differences even between the
highest quality out-of-band delivery technology
(Studioline) and a FM delivery system. The
decision on how to deliver cable stereo should
focus on the technical parameters and the
economic factors for the individual cable system
and the amount of signal security required.
Audio quality should be a secondary factor in
the decision process.
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CABLE TELEVISION OPPORTUNITIES IN THE LODGING INDUSTRY
WITH IMPULSE PAY PER VIEW TECHNOLOGY

LAMAR WEST

STAFF ENGINEER

SCIENTIFIC-ATLANTA

I. INTRODUCTION

Historically impulse pay-per-view
(IPPV) on a broad CATV basis has
proven to be impractical. However
the technology exists to make impulse
pay-per-view practical on a smaller
scale if adequate care is taken to
ensure that the design best utilizes
the existing resources. The
commercial MATV environment is an
ideal location for utilizing two-way
addressability to implement a true
impulse pay~per-view entertainment
system.

This paper will discuss the technical
parameters involved in implementing
such a system, Additionally the
incorporation of this IPPV system
into an existing hotel television
system will be discussed.

IT. TYPICAL MATV SYSTEM

Television delivery in the lodging
industry is typically viewed as a
necessary evil rather than an
opportunity to increase revenue.
Consequently most existing
hotel/motel television systems are
not built to the standards of quality
typically seen in the CATV industry.
This has resulted in many serious
limitations that must be considered
when developing and implementing an
IPPV system,

Historically the hotel head-end has
consisted of a set of off-air
antennas and the associated
amplifiers and combiners required to
receive local broadcasts. Due to the
additional distribution loss at UHF
frequencies, UHF stations have been
typically converted to unoccupied VHF
channels for distribution in the MATV
system. Satellite television
delivery has prompted many hotel
operators to install earth stations.

Most hotels are located in areas that
are passed by existing CATV plant.
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Consequently there is an increasing
number of hotels that receive
television from CATV drops. Herein
lies the opportunity for increased
revenue for the CATV system operator.
The CATV system can, in effect, take
the place of most of the hotel MATV
system head-end.

A typical MATV distribution system is
entirely passive, consisting
principally of RG-59, splitters and
taps. The absence of amplifiers
results in typical system losses of
up to 50dB. Such losses require
output levels as high as +65dBmv at
the MATV headend. The construction
techniques as well as the types of
splitters and taps limit useful
bandwidth to less than 216 MHz.
Roll-off below channel 2 is also
common, becoming severe below 20 MHz.

The small size of a typical hotel
MATV system, compared with a CATV
system, limits the problems with
ingress and egress. Therefore the
shielding in such a system is
minimal., Taps are often unshielded
and drop-to-drop isolation can be as
low as 10dB. Taps consisting of
resistive dividers can result in poor
return loss.

IIT. SYSTEM ARCHITECTURE

The discussion of the hotel MATV
system given above suggests several
constraints for the design and
implementation of a two-way
addressable impulse pay-per-view
system for the hotel/motel
environment. Any hardware that is
intended for retrofit into an
existing MATV system should require a
minimum of modification to that MATV
system. The billing interface for
the hotel operator should be user-
friendly while providing a high
levels of security for the
programming supplier.

One scheme to implement a true



impulse pay-per-view system requires
continuous and rapid communication
between the components of the system,
especially between the individual
guest room and system controller.
This scheme has had limited success
as such rapid communication is often
difficult if not impossible to make
happen. Delays in processing a
purchase are perceived by the hotel
guest as inadequacies in the system.

A more reasonable approach utilizes a
distributed intelligence approach to
the system. There is a central
supervisory computer that
periodically monitors the overall
system performance. However, there
is an intelligent set-top terminal in
each room capable of handling all
transactions independently of the
supervisory computer. Purchase and
status information need only be
reported by the set-top terminal when
it is polled by the supervisory
computer. This makes all guest
transactions occur instantaneously.

An overall system block diagram
describing this approach is shown in
Figure 1. The system consists of
four major components:

1. Supervisory Computer

2. Premium Programming Interface
3. Data Interface

4, Set-Top Terminal

SYSTEM BLOCK DIAGRAM
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The Supervisory Computer controls
overall system operation and acts as
a billing interface for the hotel
operator and/or programming supplier.
The premium programming interface
combines the actual premium
programming material with the other
programming on the existing MATV
system. The Data Interface handles
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communication between all system
components providing among other
things the data link between the
Supervisory Computer and the Set-Top
Terminals, The Set-Top Terminal
(STT) acts as programming selector
and purchase point for the individual
hotel guest. These components will
be discussed in greater detail later.

In order to best utilize the
available bandwidth without rebuild,
the system should be designed with
delivery of the supplemental or
premium programming in the VHF
midband (channels B thru H). This
selection of band plan allows
delivery of supplemental programming
utilizing the same cable as premium
programming and minimizes the
requirements for existing MATV system
rebuild and upgrade. Channel T is
unused to provide a guardband between
standard and premium entertainment.

Data communications should be
implemented over two RF channels,
carried over the same cable as the
standard and premium programming.

One channel would carry downstream
communication consisting of inquiries
and system configuration commands
from the Supervisory Computer to the
STTs. The other channel would carry
upstream communications consisting of
inquiry responses and purchase status
information from the STTs to the
Supervisory Computer. All data
should be FSK and Manchester encoded
to ensure reliable communications.

One-way addressable converter
technology is well established and
understood. Communications from the
Supervisory Computer to the STTs
would be handled within the framework
of this technology. Data
communications within the system
should be half duplex. In this
situation, each STT is given a unique
address and is polled in a "round
robin" fashion., Status and purchase
information is returned to the
Supervisory Computer from each
individual STT immediately after that
particular converter is polled by
the Supervisory Computer. The
upstream communication frequency
should be chosen above 20 MHz in
order to best utilize the existing
MATV system performance.

A suggested band plan is shown in
Figure 2.
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IV. SET-TOP TERMINAL

The heart of the IPPV System is the
Set-Top Terminal. The STT is the
interface to the system that is used
by the hotel guest to make purchases
of premium entertainment. The
terminal must be designed to operate
independently of the rest of the
system and should report status and
purchase information only when polled
by the Supervisory Computer.

Extreme care must be taken regarding
the mechanical design of any set-top
terminal for use in the lodging
industry. Hotel guests will be more
likely to abuse any piece of
electronics that they encounter on a
temporary hotel visit than they will
electronics that are a part of their
own home, Additionally, care must be
taken to minimize the possibility of
tampering.

The following items should be
considered:

1. Spillage of Liquids (Including
Beverages)

Cleaning with Common Cleansers
Shock and Drop Testing
Durability of Enclosure
Durability of Controls (Buttons)
Durability of Labels and
Instructions

. Electrostatic Discharge

. Lightning and Surge

Q-3 [o,30) IF—JVLI\V

The set-top terminal should be
designed to be transparent to
standard (non pay-per-view)
programming. Such programming would
be carried on the hotel MATV System
on channels 2 through 13. The guest
would tune this programming using the
tuner in the television exactly as if

128—1986 NCTA Technical Papers

the set-top terminal were not
present,

The purchase of a premium program
must be easy to make while minimizing
the chance for false purchases.

A suggested purchase scenario
follows:

To view a premium program the guest
tunes the television to channel 3 (or
4 depending on the STT model). The
guest then selects the desired
premium program by pushing the button
on the STT that corresponds to that
program. In case of selection of
premium programming where there is no
charge the STT will tune directly to
the desired program. Selection of a
pay-per-view program will result in a
preview sequence.

The preview sequence allows the
viewer the opportunity to decide
whether he or she wishes to purchase
the program that has been selected,
It also acts as a guide as to how to
make the purchase.

Immediately upon pushing the button
for a pay-per-view program the STT
will tune to a "barker" channel,
barker channel will consist of a
character generated set of
instructions to guide the guest
through the purchase.

The

The STT will then tune to the
requested premium channel giving the
guest a preview of the program in
progress.

At the end of this preview the STT
will return to a barker channel (this
may be the same channel tuned in the
first part of the preview or it may
be another barker channel with
additional instructions). 1If no
action is taken by the hotel guest
the STT will return to standard TV
node. However, if the guest wishes
to purchase the program, he or she
need only push the button associated
with that program a second time
before the end of the second barker
channel display. When this happens
the STT will tune to the premium
program and will not default to
standard TV until the end of that
program,

The purchase scenario is designed to
prevent false purchases, as two
positive actions are required in
order to purchase a program.

The length of the barker channel



displays and previews should be
software programmable in order to
customize the system to the
individual requirements of each
installation. These parameters
should be downloadable from the
Supervisory Computer and remain
resident in the STT for operation
independent of the Supervisory
Computer. Which buttons are pay-per-
view and which are free supplemental
programming as well as the frequency
to be tuned when the buttons are
pushed should be downloaded from the
Supervisory Computer and be resident
in the STT in order to maximize
system flexibility. Such parameters
should be downloadable globally and
by unique terminal address.

It is assumed that the premium
programming will not be received
without the use of the STT. This
makes possible the simplification of
the system hardware. The only
frequency conversion done by the STT
is done on the premium channels,
Consequently these channels can be
injected into the MATV system with
inverted spectrum, permitting the use
of a single conversion with high side
local oscillator in the STT.

Standard TV programming is maintained
in its standard format as these
channels are tuned by the guest's
television directly. The inverted
spectrum adds some incremental
security to the system since the
majority of hotel TVs are limited to
channels 2-13 (non-midband).
Additionally, the majority of TV's in
hotels capable of midband reception
are not able to receive inverted
spectrum. If necessary a midband
trap can also be added,

In order to support the purchase
scenario given above, the STT must
contain the following seven sections:

1. Microprocessor and digital
support circuits

Keypad and display

RF switch

Down converter

Data receiver

. Data transmitter

. Power supply

~N OV W
.

A block diagram is shown in Figure 3.

The microprocessor in the STT must
control all the functions of the
terminal., It must also interpret all
the messages received from the
Supervisory Computer, implement the
address recognition funetion, and
formulate responses for the inquiries
from the Supervisory Computer.
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The STT should be equipped with a
keypad and display. This keypad may
be connected directly to the
microprocessor and is intended for
use by the guest to select premium
channels.

The RF diode switch is used to route
RF either directly to the guest's TV
for standard TV mode or to route the
RF to the down converter for premium
mode.

The down converter is used to convert
premium programming from the VHF
midband to the output channel of the
STT (3 or 4 depending on the model).
The down converter should consist of
filtering, a mixer and a phase-locked
loop local oscillator.

The filtering in the down converter
should be sufficient to insure a
passband flatness on the desired
output channel of less than 3 dB
peak-to-peak while providing
attenuation of at least 60 dB at
frequencies of +/-12 MHz of the
desired picture carrier frequency (<-
60dB at the "semi-adjacent” channel
picture carrier frequency). This
would prevent theft of service by
preventing the hotel guest from being
able to tune the television to a free
premium program and then view a pay-
per-view program by tuning the TV to
a channel other than the desired
output channel of the STT (see Figure
).

The STT must be equipped with a data
receiver to receive commands and
inquiries from the Supervisory
Computer. The output of the data
receiver would be fed directly to the
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In order for the STT to respond to
inquiries, report status information
and report purchase information, it
must have a data transmitter. The
circuit could be a simple crystal
controlled narrowband FSK
transmitter. OQutput power must be
sufficiently high to ensure reliable
communications over the lossy
upstream data channel while not
creating harmonic energy of
sufficient amplitude to generate
interference in the received
television channels.

The transmitter would be normally
inactive, It would become active
under the control of the
microprocessor, A circuit should be
incorporated in the data transmitter
to prevent system failures that would
occur if the transmitter of one STT
became active continuously. If this
situation were to occur,
communications with all the other
terminals in the system could break
down because the upstream data
channel would be occupied
continuously. It is suggested that a
circuit to prevent this must monitor
the time a transmitter has been
active and "time out" if the
transmitter has been active for more
time than is required for normal
communications. The circuit must
also monitor the length of the delay
between subsequent transmissions, If
the delay between transmissions
becomes too short, the circuit should
prevent the transmitter from becoming
active., As a consequence of these
functions the circuit has been named
the "Anti-Babbling" circuit.
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P.C. +12.0

The power supply, as the name
implies, should provide D.C. power
for the other circuits in the STT.

A non-switched A.C. convenience
outlet should be provided to ensure a
location for plugging the television
in the guest room.

V. DATA INTERFACE

The Data Interface acts as the main
communication interface for the
entire system. The device is also
used to transfer data, not only
between the STTs and supervisory
computer but also from the remote
control interfaces. Additionally the
unit generates baseband composite
video signals for use as "barker"
channels,

The Data Interface must, as a
minimum, perform the following
functions:

Command Processor
Data Transmitter

Data Receiver

. Video Processors

EZWN -

A brief description of each is given
below,

The command processor acts as a
central controller. It interprets
communications between itself and the
outside world, It has the task of
interpreting commands from the
Supervisory Computer and passing
appropriate information along.

The data transmitter and data
receiver work together to provide
data communications between the STTs.
The performance must be adequate to
overcome the losses in a passive MATV
distribution system (approximately 70
dB worst case).

The video processors are used as
character generators and generate the
composite baseband video used for the
"barker" channels, The information
for the these screens is downloaded
from the Supervisory Computer and can
be entered into the Supervisory
Computer remotely or locally.

An optional function is the remote
control interface. A suggested
realization uses 300 baud Bell 103
type data receiver. This receiver
can be used in conjunction with any
audio channel (such as a phone line,
secondary audio channel from a
satellite receiver or unused audio
channel from a stereo VCR) to operate
the system entirely by remote



control, All scheduling and
configuration commands should be
supported through this input.

VI. PREMIUM PROGRAMMING INTERFACE

Premium programming is inserted onto
the existing MATV system in the
midband on channels B thru H as shown
in Figure 2, Up to four channels of
premium programming and three
"barker" channels can be inserted in
this manner.

The sources for premium programming
are various. VCR delivery, satellite
delivery and cable delivery are all
viable alternatives. The only
requirement is that the signals are
placed on the hotel MATV system with
inverted spectra per the accepted
Band Plan.

Additionally, the premium programming
interface must provide means to
modulate the "barker" channel(s)
composite video output of the Data
Interface. The "barker" channels are
also injected on the cable with
inverted spectra.

VII. SUPERVISORY COMPUTER

The Supervisory Computer consists of
a personal computer executing a
Supervisory Computer software
package. This software initiates all
system communications, controls
program scheduling, provides daily
bills to the hotel manager and
maintains a summary of program
purchases. The hardware consists of
a P.C., CRT display, printer and
optional phone modem, The
Supervisory Computer is hard wire
connected to the Data Interface.

The Supervisory Computer should have
the capacity to be operated in either
of two modes; conscle operation or
operation from remote port. Console
operation is done locally and is used
when the system is to be operated by
the hotel manager or staff. Remote
operation is done by the phone modem.
This mode of operation allows the
programming supplier to access the
system for configuration or billing
information retrieval.

Operation of the Supervisory Computer
should be as follows:

Console operation is initiated upon
power-up. The Supervisory Computer
will display an entry screen on the
CRT. Access is password controlled,
Individual passwords should be

provided to limit the levels of
access to the Supervisory Computer.

All console and remote functions are
menu driven. The main menu appears
after password approval., An internal
clack maintains a record of time and
date. All functions should be
supported in console and remote
modes. The Supervisory Computer
should have a battery back-up to
handle power outages.

Billing information is maintained
within the Supervisory Computer.

This information can be accessed in
several forms. A billing summary can
be done on a "by room". Billing
information can also be retrieved by
program and date in order to
facilitate billing of the hotel by
the programming supplier.

Inputs required by the Supervisory
Computer consist of program time,
type, price and title., This
information is used to configure
terminals for purchases and to
properly interpret purchase and
status information from the
terminals. The information can be
entered directly by the operator
while in console operation or entered
automatically while in remote
operation by use of the automatic
scheduling interface.

The operator should be capable of
implementing special room overrides
in order to satisfy special
requirements., The STTs can be
disabled on a "by room"™ basis or on a
"by program" basis. This feature
can be used as a tool for parental
discretion. Similarly the STTs can
be returned to normal operation using
this feature, This feature is
required to support cash customers
and premium programs that are
included in the room fee.

It should be possible to "pre-buy" a
program. The operator can authorize
a particular STT to receive a program
without a preview sequence. The
Supervisory Computer can remotely
force any STT to tune a particular
premium channel or even force it to
tune standard TV.

Upon initial power-up the STT's must
be configured by the Supervisory
Computer in order for proper purchase
and preview sequences to take place.
The Supervisory Computer should allow
the operator to configure the length
of a preview as well as the length
that the "barker channels" are
displayed during the preview
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sequence. The operator should also
limit the number of previews
permitted during any particular pay-
per-view program. This last feature
prevents a guest from simply watching
a series of previews rather than
purchasing the program., The
Supervisory Computer should also have
the ability to re-assign channels to
the buttons on the STTs.

Several security functions should be
implemented in the Supervisory
Computer package. The Supervisory
Computer should store a list of STTs
that do not respond after several
consecutive polls.

The Supervisory Computer should also
maintain a record of terminals that
have experienced power failures. If
some minimum number of power failures
occur on a particular terminal during
any show then the Supervisory
Computer should assume that a theft
of service is being attempted by a
guest that is trying to reset the
preview counter in a terminal.
Thereafter the regular polling
sequence should be interrupted
periodically in order to check the
status of the unit in question.
Reconfiguration would occur almost
immediately making theft by this
method impossible.

Several testing routines should be
implemented for system maintenance
and diagnhostics.

VIII. PROBLEM AREAS

The system as described above is
extremely flexible and can be used
effectively in almost all situations
requiring delivery of impulse pay-
per-view entertainment in a lodging
industry environment. However, a few
possible problem areas exist that can
cause difficulties for a system
operator if not dealt with properly.

1. Cable Fed Properties

As penetration of CATV service is
increased it is often seen as a
cost effective means to obtain
television programming by many
hotel/motel operators.
Consequently many hotels are
directly cable fed. This creates
a problem for the operator of a
pay-per-view system in that the
VHF midband may already be
occupied with programming on the
CATV system. Additionally there
may be high levels of
interference at the data channel
frequencies., Adequate filtering
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of the CATV drop must be done in
order to obtain proper system
operation. Additionally the
operator has a responsibility to
see that no signhals leak out into
the CATV system creating
interference for the CATV system.
Reception of Satellite
programming will soon become
better controlled due to the
advent of Satellite Scrambling,
Revenue recovery for programming
provided to hotel guests will
become a significant issue in the
future.

2. One Way Amplifiers

Hotel/motel MATV distribution
systems are typically entirely
passive. However in a small
number of larger properties there
may exist distribution
amplifiers, These amplifiers
must be two-way in order for
proper data communication to take
place, Any one-way amplifiers
must be upgraded to two-way in
order for the the system to
operate.

3. Existing System Performance

Every care has been taken to
ensure that this system will
operate in almost all MATV
systems with a minimum of
modification. However, in
extreme cases it may be necessary
to rebuild a part of the MATV
system in order to obtain proper
performance.

IX. CONCLUSIONS

The Impulse Pay~-Per-View System
described here has been desighed to
best utilize existing resources.
Several key factors have been
included in the designh that are
essential to successful system
operation.

1. Distributed Intelligence

Each guest room contains an
intelligent set-top terminal that
is capable of handling purchases
and normal system operation
independently. Purchase requests
are therefore processed
instantly. The terminal need
only report status and purchase
information when polled by the
Supervisory Computer.



Band Plan

A Band Plan has been suggested
that best utilizes the existing
MATV system resources. 1In most
cases it will not be necessary to
rebuild any of the existing MATV
system to accommocdate IPPV.
Premium programming is carried in
the VHF midband channels B
through H.

Data Communications

Data communications occur over
two data channels; one for
downstream communications from
the Supervisory Computer to the
guest room, and the other for
upstream communications from the
guest room to the Supervisory
Computer. Frequency selection
for these channels must consider
the performance of typical MATV
distribution systems.
Additionally, an "Anti-Babbling"
function must be implemented in
order to minimize the chances of
a catastrophic system
communnication breakdown.

Remote Operation

Remote operation should be
supported by the system hardware.
Remote operation minimizes the
training required of the hotel
staff. It also facilitates
system configuration and billing
retrieval by the programming
supplier., All functions of the
supervisory computer should be
supported locally and remotely.

5. Purchase Scenario

The system is transparent to
standard programming. Premium
programming is purchased through
a preview sequence. Two positive
actions are required in order to
make a purchase.

6. Software Configurability

The system should be designed to
allow a maximum number of system
operating parameters to be
software configurable. This
flexibility allows tailoring the
system to the requirements of
each individual situation.

Hotel/motel impulse pay-per-view is a
vast, virtually untapped source of
revenue for the CATV System Operator.
The guidelines that have been
presented in this paper should help
the CATV System Operator to make
intelligent choices when choosing and
operating a hotel/motel system,
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CLI TESTS - MORE THAN A REGULATORY NECESSITY

Brian James
Director of Engineering

National Cable Television Association
Washington, DC

ABSTRACT

The Federal Communications Commission in its Second Report and
Order on Docket 21006 established the requirement of Cumulative
Leakage Index (CLI) tests for systems carrying signals in the
aviation bands. The implementation date for filing the CLI
reports was deferred until July 1,1990 to allow the industry time
to fully develop CLI test procedures. A number of MSO's, in
addition to the NCTA, are working to develop these procedures.
The basic method will provide only sufficient data to meet the
CLI requirements while a more sophisticated procedure will
provide the operator with details on the levels and locations of
significant leakage areas.

The more detailed tests and additional information will change

the CLI test from just an FCC requirement to a basic preventative
maintenance procedure.
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COMPARATIVE STUDY OF ONE-WAY DATA DELIVERY SYSTEMS

Gregory T.

Woodsum

Zenith Electronics Corporation

ABSTRACT

One-way data delivery systems have
been receiving more focus lately for data
communications. One reason for this is
that one-way data delivery systems use the
same transmission principles that have
made television and radio common
communications tools which help minimize
receiver costs. Also, the number of
receivers in the field does not greatly
influence the cost of delivering the
information. Therefore, having more
receivers in the field actually reduces
the communications costs per receiver.
The recent focus of one-way data
communications has been at extending the
use of satellite, radio, and television
transmissions for data. The capabilities
for each of these communication
technologies to support data will be
investigated.

INTRODUCTION

Nationwide data communication has
been very successful over the past few
years for private and in some cases public
networks., As the cost of nationwide two-
way data communications increases at a
steady rate, more investigations and
activity into one-way data delivery
systems have begun. There have already
been many successful systems for one=way
data delivery using satellite
transmissions directly to receive-only
satellite antennas (dishes). Recently,
more focus has been aimed on the use of
the satellite as the national distribution
of data but using alternative methods for
the local distribution of the one-way data
stream.

SATELLITE

Satellite communications is the focal
point for all nationwide communication
needs. Ample bandwidth is available for
multiple uses of each of the transponders
on any given satellite. However, there
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are some limitations and some complex
issues regarding the use of C-Band and Ku-
Band allocations for data communications.
The major issue is dish size (which
impacts the installation costs) versus
acceptable Bit Error Rates (BERs).

The typical C-Band transponder
available bandwidth with most satellite
receivers is 27MHz, Much of the bandwidth
is used for video but there is room for at
least a half-a-dozen narrow band sub-
carriers running at 19.2Kbps each. In
order to actually use this capability with
acceptable BERs requires a fairly large
earth station and/or very expensive
receivers, Alternatively, when a
transponder is used only for data
communications, smaller dishes can be used
by using a technology called spread-
spectrum. Using this technology, more
bandwidth is used per bit but the system
allows for the implementation of
considerably smaller dish sizes. Spread-
spectrum allows for approximately 100Kbps
of data per transponder while using 2-foot
receive-only dishes.

Low power Ku-Band satellites which
allow the receiver to use the smaller
dishes have significantly reduced the
receiver costs but alternatively have
problems with reception under adverse
weather conditions., High power Ku-Band
satellites, however, are expected to
overcome some of these stumbling blocks
but neither of these satellites are as
available as their C-Band counterparts nor
have as large of a footprint.

Another stumbling block in direct
satellite distribution has been that each
receiver must have its own dish., One
effective implementation to get around
this problem is to translate the received
data into the FM band of a cable system
and send it down the cable., This has been
a very adequate solution for data
communications at 19,2Kbps and below but
does require the installation of extra
hardware at the head end of a cable



system. The over-all costs for the
distribution and receivers in this
configuration is much more reasonable than
with individual dishes.

Direct satellite communications
however complex is well understood and can
provide excellent bit error performance in
a very simple national distribution chain.

RADIO

Radio is a good source of data
communications primarily because the cost
of the receiver is very inexpensive.
Pocket radios are commonplace and the
technology is well understood. There have
been two major reasons why radio has not
been a larger player in data
communications:

1) There is no good way to tie the local
radio stations into a nationwide
network.

2) Previous FCC regulations allowed only

one 9,.6Kbps data channel.

Satellite communications have played
a major role in removing the first
stumbling block. Many radio stations have
installed their own dishes to receive
information on a national basis and this
trend is expected to continue. The second
hurdle was removed when the FCC
deregulated the radio stations and allowed
more bandwidth to be used for ancillary
purposes such as data communications.

Technically, FM Radio Stations have
always had a 200KHz wide bandwidth between
carriers. This gives the station a
baseband bandwidth of 99KHz which was
expanded from 75KHz after FCC
deregulation, The stereo audio portion of
the bandwidth uses up the first S3KHz and
allows the remaining 46KHz to be used for
ancillary purposes. When the remaining
bandwidth is used for data communications,
slightly more than 38Kbps is available,

Hardware is beginning to appear in
the radio stations to make use of the
extra bandwidth for data communications.
However, further testing is required to
determine the BER using the expanded
communication channels and the amount of
Forward Error Correction (FEC) that is
required. Also, because most of the local
radio transmission stations are not
manned, local insertion of specialized
data is not anticipated.

TELEVISION VBI

Television is definitely an exploited
communication medium. It is almost a
universal language in itself and already
has a national distribution network in-

place. The primary reason the use of the
televisionts Vertical Blanking Interval
(VBI) has not had more wide-spread use as
a data communication medium is because the
VBI is very fragile. Less than 4% of the
televsion signal can be used for data
communication without affecting the normal
video. In order to achieve the high data
rates that the VBI can transmit, the
realized BER is affected. There are
essentially two reasons why the VBI is a
fragile medium for data communications:

1) The data is tied directly to the
video, therefore, when there is a
loss of video (i.e., sync) the data
is also lost.

2) The data is AM modulated, therefore,
it is not immune to impulse noise.

Technology for stripping the data out
of the video has improved tremendously
over the past few years which has allowed
for the improvement of the bit error
performance, Unfortunately, the
underlying causes for the errors still
exist. The solution for making the VBI a
viable communication medium has been to
insert appropriate FEC codes to recover
the data that is lost, By understanding
the mechanism for how the data is lost,
the FEC codes that have been implemented
are beginning to prove that the VBI is a
very viable data communications medium.

The VBI consists of approximately 10
lines onto which data can be inserted.
The standard instantaneous data rate is
5.7272Mbps. This computes to be an
aggregate data rate of 19.2Kbps per 1line
when using both fields., If all 10 lines
were to be used for data communications,
the effective data rate would be 192Kbps.
However, without an appropriate FEC code
to permit an acceptable bit error
performance, this data is not very useful.
Inserting an FEC code and addressing
information into the data stream decreases
the aggregate data rate approximately 20%
to around 15.5Kbps per line. This would
still provide almost 155Kbps if all 10 VBI
lines were used.

Similar to the radio networks,
hardware using the improved FEC coding is
beginning to become available,
Performance testing is still a major issue
because reception is varied across the
nation and within different localities.
These seem to be minor stumbling blocks
because the majority of the receiving
stations that have been tested have shown
exceptionally low BER., Additionally, the
national distribution of the signal is
already in place.

The next step in VBI communications
is to get more systems on line and more
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local insertion of specialized data to
augment the nationally delivered
information., Even without local data
insertion, the television's VBI is a
viable data communication medium because
no costs are involved in the 1local
distribution of the data other than the
delivery of the normal video to the
subscriber.

CONCLUSION

One-way data communications is going
to be more of a growth area over the next
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few years. This will happen through three
different distribution media: satellite,
radio, and television. Satellites will be
the dominate national distribution medium
with radio stations, television broadcast
stations, and CATV operators becoming a
larger part of the local distribution of
one-way data, The technical
considerations are better understood for
this type of communication and the
technology is available, The next major
hurdle is to educate the marketplace so
that they can make better use of their
data information and the resources
available to them.



COMPATIBILITY BETWEEN BASERBAND CONVERTERS AND MTS STEREO

THOMAS F. MARTIN
DIRECTOR OF RESEARCH AND DEVELOPMENT

TOCOM DIVISION, GENERAL INSTRUMENT CORPORATION

The MTS stereo signal can pass through a
baseband converter for input to a stereo
television. The composite MTS signal is
also available for an internal or external
decoder.

MTS uses signal matrixing for
compatibility. Left and right channels are
summed (L+R) for transmission in the normal
20Hz to 15kHz range. The stereo difference
information (L-R) is transmitted on a
subcarrier at 31.5 kHz.

The (L-R) signal is dBx companded to reduce
noise. There is no companding of the (L+R)
signal. As a consequence, stereo
separation is optimized only at unity
processing gain. There is a fairly wide
volume control range over which acceptable
separation is maintained, because
separation as low as 10 dB yields
subjectively pleasing stereo imaging.

Introdyction

The advent of Multichannel Televiasion Sound
(MTS) has raised many questions for cable
operators and equipment manufacturers. One
of these questions is whether the MTS
format signal will pass through a baseband
converter for decoding in a stereo
television.

To understand the implications of MTS in
the baseband converter, an understanding of
three things is necessary:

1. The components of the MTS signal, and
the bandwidth required at baseband to pass
them

2. The matrix techni?ues that are used to
waintain compatibility with monaural
televisions

3. The implications of the use of
companding on only one component of the MTS
signal

wWith an understanding of these three items,
it becomes apparent that the MTS signal can
be passed, but that the use of the volume
control in the baseband converter has an
effect on stereo separation.

Components of the MTS Signal

The MTS signal is composed of several
components, which can best be understood by

examining the composite frequency spectrum
shown in figure 1.
MTS BASEBAND SPECTRUM
DEVIATION (KHZ)
L-R
SAP

EE? L S
FIGURE 1
The left and right channel source signals
are rocessed in the signal matrixing
circuilt. Left and right are summed,

vielding the (I+R) signal which occupies
the 20 Hz to 15 kHz region. This is the
frequency range used by monaural
television, which receives the proper mnix
of left and right audio due to the summing.

Immediately above the (L+R) signal, at
15734 Hz (the horizontal line rate, or 1H)
is a non-modulated signal called the pilot.
This pilot is used in the MTS decoder to
generate a signal at 2H.
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The right source signal is subtracted from
the 1left source signal (in the matrix
circuit of the encoder) yielding a (L-R)
signal. This signal occupies the spectrum
from 1H to 3H, as a double sideband AM
signal on a subcarrier at 2H. Note that
the 1lowest frequency components of the
source signal are closest to the 2H
subcarrier.

The Secondary Audio Program (SAP)
the spectrum between 4H and 6H,
around a subcarrier at SH.

occupies
centered

The composite signal, including (L+R),
(L-R), and SAP (but not including the
professional channels) extends from 20 Hz
to 88.7 kHz. Any signal path or circuitry
used to pass this composite signal must
therefore have good amplitude and phase
response to at least 90 kHz.

a i b

Given a baseband spectrum of 45 XkHz, ¢two
channels of audio could be transmitted in
several ways. One might be to transmit the
left channel in the 20 Hz to 1H region,
while transmitting the right channel as a
modulated subcarrier at 2H (occupying the
1H to 3H region). The disadvantage of this
approach would be that monaural televisions
would only receive the audio signal below
1H, and would therefore present only the
left channel to the listener.

To achieve full compatibility with monaural
televisions, the MTS signal uses matrixing.
The input signals to the matrix circuit are
left and right audio. The sum of these
inputs generates one output, called "left
plus right" or (L+R). The difference
between these inputs enerates the other
output, called "left minus right®" or (L-R).
The (L+R) signal contains the information
from both channels, providing compatibility
with monaural televisions.

SIGNAL MATRIXING

AMPLITUDE — LEFT CHANNEL.

2
L+R LR ”‘i;:m LR TN
L-R) (L-R}

FIGURE 2
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An example of matrix signals 4is shown in
figure 2. At time TO, the instantaneous
amplitude of the left channel is 8 units.

At the same instant in time, the amplitude
of the right channel 1is 6 units. These
signal levels are represented graphically
under "source". After matrixing, as shown
under "matrix", the (L+R) signal is 8+6, or
14 units. The (L-R) signal is of course 2
units. 1In the dematrix process, the (L+R)
signal and the (L-R) signal are both added
and subtracted, as shown under "dematrix".

The sum signal becomes (IL+R)+(L-R), which
in this example is 14+2, or 16. The
difference signal becomes (L+R) - (L-R),

which is 14-2, or 1l2.

Note that (IL+R)+(L-R) equals 2*L+R-R, or
simply 2*L. Also note that (L+R)-(L~R)
equals L-I+2*R, or 2*R. All that remains
to reconstruct the infut signals (left, L
and right, R) is to divide each output of
the dematrix circuit by two.

Signal companding for Noise Reduction

One common technique for improving the
quality of a signal passing through a noisy
channel is companding, which is a
contraction of "compress" and "expand". The
upper left waveform in figure 3 shows a
signal without noise as might be input to a
transmission channel. The waveform in the
top right shows this same waveform after

transmission in a noisy channel. Notice
that the lowest amplitude portions of the
signal fall below the noise "floor", and

are masked by the channel noise.

SIGNAL COMPANDING

FIGURE 3
The lower left waveform of figure 3 shows
the input waveform after compression. The

lowest amplitude signals are boosted while
the highest amplitude signals are left
alone, with a smooth continuum in between.
This compression has the beneficial effect
of raising the lowest amplitude above the
noise floor of the transmission channel.



Unfortunately, it also distorts the
original signal, by 1limiting the dynamic
range, or difference between 1loudest and
softest portions of the input source
material.

This distortion is corrected, however, in
the expansion process, as shown in the
lower right of figure 3. The real benefit
of the expansion is that the noise floor is
pushed lower, beneath the lowest amplitude
(softest) portions of the desired signal.

a he a

Initial tests of the MTS system were done
without any companding. It was quickly
discovered that several sources of noise
degraded the (L-R) channel, such as AM to

PM (amplitude modulation to phase
modulation) conversion in modulators,
transmitters, or television receivers.
Because the video signal has strong

components at the line rate and harmonics
of the line rate, and because this video
signal amplitude modulates the icture
carrier, any AM to PM conversion 1in the
transmit path will cause phase modulation
of the picture carrier at 2H. Essen-
tially all televisions use intercarrier
detection of the audio carrier, mixing the
picture and sound carriers to generate a
4.5 MHz signal for FM detection.
Therefore, any phase modulation of the
picture carrier is equivalent to phase
modulation of the sound carrier. Thus the
incidental, undesired phase modulation
produces considerable noise in the audio
baseband at all harmonics of the line rate.
Recall that the (L-R) information is
carried in the composite spectrum around
2H, or exactly centered on the noise from
the second harmonic of the line rate. Also
recall that the lowest frequency components
of the iL-R) signal lie closest to the 2H
subcarrier.

The net effect of the MTS spectrum design
and the noise generated at 2H was that some
form of noise reduction was deemed
mandatory. Compatibility issues ruled out
the use of any noise reduction on the (L+R)
channel, so the dBx noise reduction system
was chosen to process only the (L-R)
channel.

Inpact of Companding only L-R

Any deviation from unity gain in the path
from MTS encoder to decoder causes a
reduction in stereo separation. Since the
baseband converter can cause a processing
gain above or below unity as the volume
control setting is changed, it is important
to understand the reason for the reduction
in separation and its magnitude.

Figure 4 shows a graphical representation

MATRIX, COMPRESSION
COMPANDING
RULE
SOURCE MATRIX COMPRESS
0 __ .20 ( [
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.
S
101y ; 10 1 50 1 "~
/
/
/
’
/
)
)
'
b
0 —0
L R LL+R L-R L+R {L-Ry
N J \

FIGURE 4

of the encoding process. For ease of
explanation and understanding of the
concept, linear compression of the signal
is shown. 1In fact, logarithmic companding
is used in the MTs system.

First examine the "companding rule". Note
that in this example an input signal of 10
units is compressed to 15; zero becomes
ten; twenty remains twenty. Assume that
the source signals are 10 units (left) and
0 (right) - that |is, maximum stereo
separation. The signals after matrixing
are then both 10 units: 10+0=10 (I+R), and

10-0=10 (L~R). Compression then takes
place, but only on the (L-R) signal. The
I+R signal remains at 10 units, while the

compressed (L-R) becomes, in accordance
with the companding rule, 15 units. The
output of the encoder, then, is 10 and 15
units of (L+R) and (L-R), respectively.

DE-MATRIX, EXPANSION —‘

PROCESS EXPAND DE-MATRIX

----- EnEnhaE

15 15

] 10 10 j10

]
L+R {L-R) L+R L-R R R
— J Jlae-m _a-m J

]

Figure 5 shows the decoding of this signal
with unity processing gain. In the
"process" graph, note that the signal after
processing is identical to the encoded

FIGURE 5
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signal from figure 4. This processed
signal is then expanded, yielding (L+R) and

(L-R) both equal to 10 units. on
dematrixing, the (L+R)+(L-R) signal (which
is twice L) is 20 units. The (I+R)-(L-R)
signal (which is twice R) is zero. Perfect
separation of the signals has been
maintained.
-
DE-MATRIX, EXPANSION
COMPANDING
RULE
PROCESS EXPAND DE-MATRIX
20 ___ 2 ( — r
|G|

p 12 12 12
wil” e
/

eI
.

L+R (L-A) [ {L+R L-R +
-R {L-R)

FIGURE 6

Figure 6 shows the effect of non-unity
processing gain. In this case a 20% error
is introduced in the signal path, so the
output levels of the encoder (figure 4) are
reduced to 8 units (I4+R) and 12 units
(L~R) . On expansion by the companding rule,
the (L+R) signal stays at 8 while the (L-R)
signal becomes 4 units. The dematrix
circuitry then generates (I+R)+(L-R) of 12
units, and (L+R)=-(L-R) of 4 units. The
outputs of the dematrix circuit would then
be divided by two, yielding 6 wunits left
and 2 units right. Not only is the left
channel amplitude incorrect (it started at
10 units), the right channel now has a 2
unit signal (it started at 0 units). This
crosstalk from left to right channels is
reduction in stereo separation.

Separation Versus Processing Gain

The raph in figure 7 shows, using
logarithmic scales, the theoretical
separation as processing gain deviates from
unity. The separation approaches infinity
at exactly unit{ gain, and falls off to 10
dB at plus or minus 6 dB from unity. The
range between these 10 dB points of

separation is the usable volume control
range of the baseband converter.

npo e ara

To determine the subjective importance of
stereo separation, a test was devised where
a listener could be presented music with
different amounts of separation. Because
of the subjective nature of the test, the
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SEPARATION VS. PROCESSING GAIN

SEPARATION, 4
dB

10 1

PROCESSING
GAIN, dB

FIGURE 7

subject was simply asked to rate the music

as excellent, good, fair or poor. Each
participant was initially presented a
passsage with no reduction of separation,

and was told this. Likewise he was then
presented the same passage in monaural and
told this. This "best/worst" calibration
was repeated, if asked for, anytime during
the test.

The same passage of music was then
presented at random separation levels, and
the subject was asked to rate the

acceptability of the stereo image and
spaciousness.
1
SEPARATION
TEST SETUP
R R+CL
SOURCE [ | | SEPRRATION [\ o
LEFT RIGHT
SPEAKER SPEAKER
_ |
Though the results of the test show
consliderable scatter, as might be expected

from such a subjective test, the majority
of data points indicate that acceptable
separation is perceived at roughly the 10
dB level.

MT code fe) e d

The baseband converter includes an audio



demodulator as well as a video demodulator.
This allows the baseband converter to
control the volume of the audio signal. An
added benefit of this audio demodulator is
the availability within the converter of
the composite MTS baseband audio signal.
This composite signal can be inexpensively
decoded in an internal or external MTS
decoder circuit. Since a DC signal for
electronic volume control is also available
in the converter, it can be used to control
the volume of the left and right channels
in the decoder. Full remote control of
volume and mute are thus maintained.

Such a decoder should be welcomed by the
consumer who doesn't want to purchase a
stereo television, and should generate
customer satisfaction and revenue for the
cable operator who makes such a decoder
available.

Conclusjon

Stereo television in the MTS format is an

exciting enhancement to the realism of the
medium. As more programming is available
and the installed base of stereo television
increases, the popularity will increase
greatly.

The differences between normal television
audio and the more complex MTS signal
demanded redesign of some sections of the
baseband converter, primarily to increase
the audio baseband frequency response from
15 kHz to over 90 kHz.

The baseband converter can now pass the MTS
signal to stereo television, and can even
maintain acceptable volume control and mute
capabilities. It can also provide at low
cost the composite MTS baseband signal to
an internal or external stereo decoder,
making stereo television sound available
even to those without a stereo television.
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CROSSMODULATION - ITS SPECIFICATION AND SIGNIFICANCE

Mark Adams & Rezin Piddeon

SCIENTIFIC-ATLANTA, INC.

ABSTRACT

Crossmodulation has historically
been one of the basic parameters in
the specification of CATV systen
performance, but it is now considered
by many to be an insignificant
factor. However, crossmodulation
continues to be an issue with CATV
operators and there exists some
confusion in the industry as to its
measurement, and hence as to the
correlation of measurements. In
g&eneral, there is no industry
concensus redarding its significance
and acceptable levels. This paper
discusses its definition and
measurement, and describes tests made
to correlate measured distortion with
observed impairment to a TV picture.
The authors concluded the visibility
threshold for crossmodulation
interference to be approximately
-31dB when measured in accordance
with the NCTA definition.

INTRODUCTION

Crossmodulation is a familiar term
in the CATV industry. Hybrid
manufacturers and equipment suppliers
specify crossmodulation performance.
The Scientific~Atlanta system design
group estimates that about half of
its customers specify end-of-line
crossmodulation performance, yet
their experience indicates there is a
lack of consistency in the
specification and measurement of
crossmodulation. More important,
there is often a gross
overspecification of system
requirement due to lack of knowledge
of the relationship between the
specification and visual disturbance
in a TV picture.

The first part of this paper
reviews in a general way the
specification and measurement of
crossmodulation. The latter part
discusses results of experiments to

relate measured crossmodulation
distortion to visibility of
interference in a CATV system. A
rationale is given to relate the NCTA
measurement to a frequency spectrum
measurement in an operating system
carryind TV programming.

DEFINITION AND MEASUREMENT

Crossmodulation was originally
defined by NCTA [1] as:

XM(dB) = 20 log (a/b)
where

a = peak-to-peak voltage of the
undesired modulation
envelope,

b = peak voltage of the
unmodulated video carrier.

The basic measurement procedure was
also outlined in that document.
Accordingly, all carriers except the
channel under test are square-wave
modulated at 15.75KHz and the
amplitude modulation (a) impressed on
the cw carrier under test is measured
relative to that for a 100% modulated
carrier. To achieve high sensitivity
for this measurement and
discrimination against composite
triple beat (CTB) and other noise,
crossmodulation is generally measured
using a spectrum analyzer or field
strength meter to linearly detect the
envelope and a selective level meter
tuned to 15.75KHz to measure the
crossmodulation component. This
procedure is still the one in use by
hybrid amplifier manufacturers for
specifying their devices and by
Scientific Atlanta and, to our
knowledge, other manufacturers for
specifyind equipment performance.

The NCTA method measures AM
crossmodulation (amplitude modulation
of the desired carrier) in agreement
with the NCTA definition. However,
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crossmodulation can also exist as
phase crossmodulation due to
amplifier rhase shifts and non-
linearities. Also, at higher
frequencies non-linear transistor
junction capacities become
significant contributors (2]. The
development of hybrid amplifiers for
45@-550MHz employed a new generation
of transistor die that resulted in
improved CTB and noise figure
performance, but also resulted in
less AM-to-PM conversion of crossmod
at higher frequencies; the NCTA
crossmod specification became worse
than for its predecessors. To allay
fears of the higher crossmod
specification, tests were conducted
at Scientific Atlanta with TRW
engineers in 1982 with the 5000
series transistor-die hybrids [3].
It was demonstrated that in an HRC
phase-locked system and at the lower
channels where CTB is a minimum,
performance seemed to be limited by
CTB, not crossmod. Crossmodulation
on channel 2 measured -32dB by the
NCTA procedure; the composite triple
beat plus second order beat (measured
not phase locked) was -42dB, yet when
crossmod was eliminated by the by-
prass test (4], the visual distortion
appeared about the same. This is not
too different from results of the
test described later.

Crossmodulation is also measured
in the frequency domain by measuring
the sideband level of the line-
frequency (15.75KHz) sidebands. For
100% square-wave modulation the first
order sidebands are 14dB below peak
(unmodulated) carrier level. Thus,
18dB is added to the first sidebands
to obtain the equivalent NCTA
measurement., If crossmod exists as
both AM and PM, upper and lower
sideband levels will be different.

In this case, 1@dB is added to the
averagde power of the two sidebands
(relative to unmodulated carrier
power) to obtain total
crossmodulation ratio. The AM
component can be measured as before;
AM and PM crossmod are added on a
power basis to obtain total crossmod.

An advantage of the spectrum
analysis method is that it can be
employed to examine crossmodulation
on an operating CATV system (if the
carrier for the channel under test
can be temporarily unmodulated).
Another possible advantage of this
method is that in an HRC phase-locked
system it will show sidebands (which
in effect are the same as crossmod
sidebands) due to modulation of
carrier beats. The carrier for the
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channel under test may be turned off
for this test eliminating
crossmodulation as the source of
unwanted sidebands. Crossmodulation
by the sideband method is outlined in
the Hewlett-Packard "Cable Television
Systems Measurement Handbook" [5].
This is also basically the procedure
established by Canadian Broadcast
Procedure 23 for evaluation and proof
of performance of CATV systems [6].
Naturally, results of these
measurements will be quite different
from those made by the NCTA procedure
since it is based on 19@0%¥ square-wave
modulation of all carriers. The next
section discusses how these two
measurements relate to each other and
to visible distortion in a TV
picture.

CROSSMODULATION INTEEFERENCE TEST

The relationship of
crossmodulation distortion and its
effects on a TV picture in a high-
capacity CATV system are difficult to
quantify partly because of the
difficulty in isolating
crossmodulation from CTB and other
distortions. Experiments for this
have been devised, however, and the
results of one are reported in this
section. Figure 1 shows the set-up
used to measure the level of
crossmodulation for subjective levels
of interference to TV pictures or
test patterns. In this experiment 28
independent video sources, (including
three scrambled channels) modulated a
HRC phase-locked headend system. The
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Figure 1. Crossmodulation
Test Set-Up



system was loaded to 339 MHz; there
were 42 channels in all, 14 of which
were duplicated. The headend output
was connected to a cascade of 12
55@0MHz push-pull hybrid trunk
amplifiers. The output of the
cascade was viewed on a Mitsubishi TV
receiver and the corresponding levels
of distortion were measured.

The procedure used to observe
crossmodulation without the
destructive effects of CTB was to
offset the channel being observed,
channel 3, to the standard frequency
and then to turn off the channel
above it. Since for HRC all carrier
beats including second-order beats
are at multiples of 6 MHz, these
beats are at the band edges of
channel 3 and thus do not interfere
significantly with the signal being
observed. At system levels high
enough to produce visible
crossmodulation, beats between sound
carriers and picture carriers became
quite significant; therefore all
sound carriers were turned off. The
spectrum within the video bandwidth
was relatively clean. There were
some spurious signals, probably due
to luminance - chrominance carrier
beats, but those were more than 6@dB
below the video carrier. The TV
Picture was clean except when levels
were elevated further to produce high
distortion in the picture.

In this experiment TV programs and
test patterns were observed and the
operating level that produced barely
perceptible crossmodulation was
determined. Crossmodulation was most
noticeable on a flat field
approximately 7.5-20 IRE, so data was
taken for that condition. Results
are summarized below:

SYSTEM PERFORMANCE FOR BARELY
PERCEPTIBLE CROSSMODULATION.
42 CHANNEL LOADING

i SIGNAL | CTB : CROSSMOD

{ LEVEL | (dB) H (dB)

i (dBmv) | i AM PM TOTAL
Ty
i 49.5 | ~39 { =31 -48.5 -30.5
) ) L

] ] 1

/-p REF 42. 4 dBmV ATTEN 20 dB

18 g8/

CENTER B1. 2500 MHz

Data was measured by driving the
cascade from a Matrix multi-carrier
denerator (standard frequency plan).
Crossmodulation was measured with a
Hewlett-Packard 8991A Modulation
Analyzer calibrated for agreement
with the NCTA definition.
Crossmodulation was also measured by
measuring the 15KHz sideband levels
and by using a spectrum analyzer and
wave analyzer to measure the AM
component as in the NCTA procedure.
Results agreed within 1 or 2dB.

Figure 2 is the spectrum that
resulted when all channels were 190%
synchronously modulated as in the
NCTA procedure; Figure 3 is for the
system loaded with TV channels. With
video modulation the sidebands varied
around -65dB with large fluctuations
due to the random nature of the video
signals. Figure 3 was recorded with
the spectrum analyzer operating in
the peak hold mode for 1 minute to
capture transients peaks. Recordings
made this way were more consistant
and easier to compare.

MKR A 15.5 kHz
-4@. 42 o8

MARKER L
15. % kH
—40] 40 diB

B A

o |

v

e

TSPAN 100. @ kHz

RES BW 1 kHx vBw 1@@ Hz SwWwP 2.0 eac

Crossmodulation
Spectrum, Square
Wave Modulation

Figure 2.

As noted, there was a larde
difference in sideband levels between
synchronous square-wave modulation
and video modulation - a reduction
from -40 dB to an average of
approximately ~-65 dB or a peak of
about -58 dB. This large reduction
is caused by (1) a single TV channel
interferes less than if it were 10@0%
square-wave modulated at or near the
line frequency, and (2) TV signals
are generally uncorrelated, and
uncorrelated signals add on a power
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Spectrum,

Video Modulation

basis, whereas for synchronous
modulation the crossmodulation
components add on a voltage basis.

If we assume for simplicity that all
carriers are equal amplitude and
amplifier distortion is third-order
and independent of frequency,
synchronous crossmodulation will be
proportional to the number of
channels. For random TV modulation,
crossmodulation will be proportional
to the square root of the number of
channels. Thus, the difference is
proportional to VN (N is the number
of interferindg channels), which in
our case is 42, or 16 dB. This VN
relationship was born out in earlier
experiments in which crossmodulation
was simulated and its effect measured
for 1-24 independent program sources.
(A review of Figure 3B of {7]) shows
the departure from VN to be less than
about 2dB for 2-24 channels).

In order to correlate results
obtained using square wave modulation
of a carrier with results obtained
with interfering video carriers, it
was necessary to correlate the power
at the major spectral points of the
square wave modulated signal with the
corresponding energy in the modulated
video signal. Since interference is
determined by the square of the
amplitude of the interfering carrier,
an experiment was devised to compare
a squared (baseband) video signal
with a squared baseband square wave.
In the experiment baseband video and
baseband square waves were squared
using a four-quadrant multiplier IC
and the energy in a 1 KHz bandwidth
at line frequency was measured. It
was found that the average level of
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Figure 4.

the video signal so processed was
10dB below the corresponding level
using a square wave. Thus, this
factor (19dB) plus the 16dB reduction
for N form an explanation, although
certainly not a rigorous one, for the
large difference in sideband level
that was experienced with video
modulation.

Fig. 4 shows the spectral
interference at channel 2 with the
carrier off. All other channels are
TV modulated (HRC phase locked) and
operating levels are the same as
before. Non-linear distortion
creates carrier beats (CTB, composite
second order beats, harmonics, etc.)
and these are phasor summed at
carrier frequencies with each beat
modulated by carriers that produced
it. The composite beat has a carrier
coherent with the desired video
carrier and modulation of the beats
produce 15.75 KHz line-frequency
sidebands. The result appears the
same as crossmodulation except that
in this case the sidebands are
present without the carrier for the
channel under test, and by definition
these can not be due to
crossmodulation. These sidebands are
evident in Figure 4. 1In Figure 4 as
in Figure 3 the recording was made
with the spectrum analyzer operating
in the peak hold mode for 1 minute.
The sidebands are very nearly the
same in both cases, suggesting the
expected interference would be the
same. Actually, there was noticeably
a slight difference; interference to
channel 2 (beat modulation) was a
little more pronounced than the
interference observed in channel 3



x
(crossmodulation). Thus, even at the
lowest channel where CTB is lowest,
beat modulation produces more
interference than crossmodulation;
CTB will dominate even more at higher
channels.

The sideband level reported here
we believe to be essentially in
agreement with that reported by Paul
K Wong [8] and Canadian Broadcast
Procedure 23, Issue 2 (BP 23) [6].
Mr. Wong states that crossmodulation
will be just visible to most people
when the ratio of the first-order
sidebands of the interference to the
unmodulated carrier is greater than
-58dB, and that other established
results using defined viewing
conditions and a large variety of
observers indicated that the
threshold can be 3dB worse, i.e.
-81dB. BP 23 specifies that
qualification of crossmod
specifications be conducted by
measuring sideband levels at the
subscriber terminal. Visibility
threshold is given as 58dB below peak
video.

* Because of the random phase of the
video carriers, the resulting beat
modulation should be equally
distributed between AM and PM, and
the subjective interference will be
less by nearly 3dB than that for AM
crossmodulation only. In [7] we
concluded phase crossmodulation was
less damaging to a TV picture by
approximately 9dB.

CONCLUSION

Based on the tests described in
this paper it was found that the
visibility threshold for
crossmodulation is at or near -31dB
as measured in accordance with the
original NCTA definition. With other
system operating environments,
viewing conditions, and subjects,
results will vary. For CATV system
design it may be prudent to allow
some margin in specifying
crossmodulation distortion, but
findings hersin indicate that in
current useage crossmodulation is
considerably over specified.
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DATA INTEGRITY IN ADDRESSABLE CATV SYSTEMS

James P. Ackermann
Director, Field Systems

0AK Communications Inc.
San Diego, California 92127

ABSTRACT

Addressability dictates successful delivery of
control data to paying subscribers and to non-
paying customers. The ability to supply or with-
hold programming services is fundamental to
economic viability. Yet this unseen control ele-
ment is often the least monitored. If it does not
perform well revenue can be lost. A gaod funda-
mental design and diligent application of monitor-
ing and maintenance are required to attain and
retain integrity of the control data channel. Many
data monitoring techniques are available depending
on the distribution system configuration. Persis-
tent testing and designed-in flexibility allow
trouble scenarios to be discovered and countered.

INTRODUCTION

The importance of good integrity of the video
and audio signals in the CATV operation is quite
evident. They form THE PRODUCT for which the sub-
scriber is willing to pay. In a non-addressable
pay system another element enters the picture; the
scramb1ing technique. An addressable system adds a
fourth element; the control data. For optimum
security the data and scrambling subsystems are
integrally related to each other. They serve to
control the delivery of the product to the
customers.

Scrambling and data are not elements paid for
by the subscriber for his gratification. They are
there only to serve the operator. Functioning
satisfactorily, the customer is at best unaware of
their existence. Malfunctions can only be a de-
triment to his satisfaction by interrupting his
paid services. When a malfunction of the data
system fails to withhold services from a nonpaying
viewer, lost revenue occurs. Customer complaint
monitoring serves only as a gross check of perfor-
mance to paying customer. However viewers receiv-
ing free services are unlikely to complain, so
additional monitoring measures are required.

TECHNICAL DISCUSSION

The Control Data System

The ability to supply or withhold "the product”
upon command is a fundamental requirement of an
addressable system. Thus control over the de-
scrambling decoder is the control data system's
primary purpose. Interface to a business system
for billing purposes and control of pay features
and other services are ancillary functions.

In its broadest sense the data system (Fig. 1)
consists of the business system controlling a data
channel which controls the scrambling system which
in turn controls the video and audio to the paying
customer. The capability to monitor performance at
all points in the system is essential. The ulti-
mate function is the maximization of revenues from
satisfied subscribers while minimizing lost revenue
through security failures or service interruptions.

Data Distribution

In general an addressable scrambling system has
two data channels. The out-of-band channel carries
the addressing and control data to configure the
decader to fts authorized mode. The in-band data
carries channel specific information including tier
level and any time-varying scrambling commands.
Some systems operate with only one data channel but
most 1ikely sacrifice security or data integrity or
both in the process.

Figures 2 through 5 show typical data distri-
bution systems where remote operation is required.
It is assumed that the out-of-band data is trans-
mitted remotely while the in-band data originates
from the specific channel scrambler at the headend
site. The "special purpose data" terminology re-~
flects the fact that the data from the controller
to the decoder is not typically a standardized
format (such as RS-232) but a special format for
one-way, asynchronous message transmissfon over a
"noisy* communication path. A Data Repeater is
shown which is used as the last line of defense,
transmitting "pseudo data" to keep the decoders
operating in the event of complete loss of data.
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Fig. 1. THE CONTROL DATA SYSTEM

FML. In an FML link system (Fig. 2) baseband
video (0-4.2 MHz) is combined with FM subcarrier
audio channels (5.6, 6.2, 6.8 ... MHz) and trans-
mitted over a single FML carrier. A reliabie
interface with this equipment utilizes one audio
subcarrier slot (e.g. 5.6 MHz) for data modulated
and downconverted to the subcarrier frequency for
direct addition to a FML transmitter. At the
receive site the subcarrier is then upconverted
back to the data carrier frequency (usually in or
near the FM band; 88 to 108 MHz). No additional
modulation/demodulation is required to utilize the
FML and little opportunity exists for developing
data errors.

AML. In an AML system (Fig. 3) all channel
carriers, FM carriers, and data carriers are trans-
mitted in the exact frequency spectral relationship
which they will be carried on the CATV system. The
data modulation is done at the Master Headend site
so the data carrier is transmitted intact. If the
carriers are configured as on the CATV system, no
significant degradation should occur over the AML.
There is a sTight reliability benefit to locating
the data repeater at the receive site to guard
against failed AML hardware carrying the data. The
repeater hardware must then be duplicated at each
hub and additional filtering is required.
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FIG. 2. FML DATA DISTRIBUTION
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Telephone. The special purpose data for trans-
mission over the cable system is not RS-232 modem
compatible as required for distribution via tele-
phone. It is necessary to have a system config-
uration in which an RS-232 data link can be split.
In Figure 4. an additional RS-232 interface is
shown and it is assumed that the Data Controller is
RS-232 compatible. The main shortcoming of this
configuration is the high 1ikelihood of injecting
noise via the telephone line. The error controllers
are intended to protect the data from noise. The
subject of noise will be discussed in more detail

below.

Upstream Cable. When the CATV system passes
the business office after leaving the headend, it
may be possible to use upstream processing (also
referred to as subtrunk processing) to accommodate
the data carrier (Fig. 6). This approach is
similar to the FML case except that the frequency
conversion is made compatible to the upstream
equipment (below VHF TV channels; 5 - 40 MHz).

Other. In other data distribution systems,
such as optical fiber, the specifications of the
particular equipment must be matched to the data
characteristics to determine the best transmission
method. An approach similar to the FML case may be
feasible. A video channel may be dedicated to the
data signal although special precautions must be
observed in regard to clamp circuits.

In many systems the implementation may involve
a combination of several of these approaches. For
example, the subtrunk scheme may be required from
the office to a Master Headend followed by FML to
supplemental headends. In this case it may be
possible to choose a common conversion frequency to
minimize hardware.

Sources of Error and Error Avoidance

Most errors may be categorized as occurring
from the following causes:

Human Error or Tampering
Software Error

Hardware Failure

Noise or Interference

o000

A distinction must be made between "bit errors"
and "message errors." A message is the command
that causes the decoder to take action. The digi-
tal message is composed of a number of binary
“bits." Depending on the design of the individual
elements of the system, varying susceptibility to
errors may occur. If one of the aforementioned
causes of errors results in a bit error, a message
error may still be avoided through automatic error
detection or error correction.

CATV DISTRIBUTION

SPECIAL BELOW
PURPOSE VHF SUBSCRIBER
BUSINESS || DATA DATA DATA BAND DOWN (540 MHz) TRUNK
COMPUTER CONTROLLER MODULATOR CONVERTER SUBTRUNK
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I MHz | uP- BAND DATA DATA
> > pr———————
CONVERTER REPEATER 1 l
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I IN-BAND I
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FIG. 5. CATV SUBTRUNK DATA DISTRIBUTION
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For example, one of the simplest forms of error
processing is to transmit duplicate messages se-
quentially. With the data receiver designed to
respond only if two identical messages recur, most
bit error combinations are detected and the bad
message is not acted upon. Of course the correct
message does not get through either. If the same
bit errors occur in each word the process fails to
work and a message error would occur.

If three messages are transmitted sequentially
and the receiver requires two out of the three to
be identical, some bit errors may occur and the
correct message could still get through. Modern
data communication design techniques allow much
more efficient and powerful error detection and
correction procedures. However these two examples
illustrate the general principle.

The "special purpose data" in Figures 2 - 5 is
presumably designed for error detection and/or
correction since it must be transmitted over a
noisy, interference prone CATV distribution net-
work. It, therefore, is a good candidate for
transmission to remote sites. This data however is
not formatted for easy interface to standardized
equipment and typically has a bandwidth requirement
beyond audio circuitry specifications. In the FML,
AML, and upstream CATV applications (Figures 2, 3,
and 5) the data is sent as a modulated carrier.

In the telephone system case (Figure 4) sending
a carrier or the special data format is not possi-
ble, so developing standardized RS-232 data is
required. From a purely technical point of view,
using a telephone 1ine is the least desirable
approach for transmission of the addressable con-
trol data. Besides slowing the communication
speed, a new vulnerability to noise is interjected
into the system. But unless a microwave link or
alternate communication 1ink exists for other
purposes, it is probably not economically justi-
fiable to provide one to handle data only. Thus
unless an extremely good communication design has
been done within the control data subsystem, ex-
ternal error processing is required. Figure 4
shows the addition of error controllers for error
processing of the RS-232 data stream.

In addition to optimizing the system design and
configuration, maintenance of all equipment in-
volved in the data system must be diligently per-
formed. The objective must go beyond repair of
catastrophic failures to maintain calibration
within specification to avoid introduction of
errors.

The third area for error avoidance is moni-
toring, including: hardware functions, software
routines, and persistent testing. Monitoring is
the means by which data problems become evident and
forms the cross-check on inadequacies in design and
maintenance.

Monitoring Methodology

Monitor methodology means any effort taken,
either hardware, software, or procedural, to detect
and isolate problems within the data system.

Software. Monitoring for human errors, tam-
pering, and software errors is a nebulous topic to
discuss in a general sense. It entails the integ-
ral workings of the business and control software
and the scrambling system. The designers must be
mindful of these eventualities and build in checks
to guard against them. The latter discussion of
testing is relevant as a means of detecting loop-
holes in the system. A printer logging capability
of all messages sent to decoders is useful but
requires tedious perusal of data. The ability to
select a subset of conditions under which the
printer logging occurs is an extremely valuable way
to trap a suspected occurrence. Running global ad-
dressing cycles including a negative global is a
means of correcting certain errors that may occur.
A global cycle sends the current authorization
state to every decoder including those that should
be deauthorized. It occurs at random times to
thwart efforts to defeat it by disconnecting the
decoder at a prescribed time.

Hardware. On the hardware side there are
devices and techniques which should be used to
isolate and correct errors:

Monitor Decoder with Oscilloscope;

RS-232 Data Scope;

Data Message Analyzer;

Spectrum Analyzer for Data Carrier;
Bit and Message Error Rate Testing.

00000

One of the simplest monitor aids is a standard
decoder modified to allow the out-of-band and in-
band data signals to be displayed on an oscil-
loscope. While not a monitor of message intel-
1igence, it does allow quick and easy perception of
gross noise, interference, or carrier degradations
and loss of data. This technique should be imple-
mented at the control computer center and each
headend site.

An RS-232 data scope is a standard instrument
to monitor the messages passing between computers
or other hardware devices. It should be online to
monitor transactions and made available for
troubleshooting other areas of the system as
needed. It is particularly important in a system
operating remotely via telephone modems.

A Data Message Analyzer is a special purpose
device, typically designed by the scrambling system
manufacturer, to capture and display the messages
in the special purpose data format sent to decoders
via the control data channel. if the message
structure includes global commands to communicate
with a1l decoders simultaneously, the analyzer
should capture them continuously. For other
decoder-specific commands the operator selects an
address of a decoder that he wishes to investigate.
When that decoder is hit with data the analyzer
traps and displays it.

The data analyzer for OAK's SIGMA system is
implemented with a data demodulator and special
purpose data processor driving a smart terminal.

It may be utilized at any point in the system where
it can be supplied by the data carrier. Figure 6
shows the terminal display of the counts of global
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commands on the top two sections and the count of
individual decoder information in the third sec-
tion. The bottom section of the screen allows
selection of the message content of any of the
above message types. This powerful analytical tool
is most useful for verifying complete end-to-end
system performance including software functions.
Since it processes data with the same error rou-
tines as the decoder it is a valid indicator of
real message errors.

A data analyzer for in-band data has less value
for analyzing system problems. Since the in-band
data is channel specific and is generated in the
scrambler, an in-band analyzer checks only from the
scrambler forward. It is usually sufficient to use
an oscilloscope or spectrum analyzer for these
types of problems.

A spectrum analyzer is an indispensable tool
for calibrating, monitoring, and troubleshooting
the RF portions of the system. It is used to set
and maintain the data carrier amplitude to speci-
fied 1imits, verify proper data modulation, and
identify sources of noise and interference.

Bit error rate (BER) testing is the most pre-
cise way to monitor the overall system for data
performance in the presence of noise. Message
error rates may be measured by the same technique.
Figure 7 shows the simplest interpretation of the
bit or message error rate detector. Known "clean"
data is delayed and compared with actual system
data. Any differences on a bit-to-bit or message
basis are attributable to noise in the system. A1l
systems will have some bit errors. A particular
system bit error counter may show 6 bit errors in a
one minute time period or 0.1 errors per second.

If the data transmission rate is 10,000 bit per
second there is 1 error for every 100,000 bits.
The BER is expressed as:

1x 1070

FIG. 6. OAK SIGMA DATA MESSAGE ANALYZER
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The data processor in Figure 7 must be the same
as the bit or message processor in the decoder with
all of its automatic error detection and correction
to allow the most accurate representation of the
actual system performance. While message error
rate testing gives the best picture of system pro-
blems resulting in communication errors, bit error
rate testing is the most precise measure of thresh-
old noise problems. As with the data analyzer, er-
ror rate test equipment is special purpose equip-
ment supplied by the system manufacturer. BER
testing should be done periodically to check for
subtle system degradations. Or even more prefer-
able, implement a message error detector as a
warning indicator to be on-line and running contin-
uously. If a predetermined number of message er-
rors occur in a specified time period, an alarm
occurs to warn of a new source of interference or
other degradation.

Monitoring Procedures. There are many monitor-
ing procedures which should be part of the CATV
operation’'s normal routine. Customer service moni-
toring is an important source of information but,
as discussed earlier, not sufficient to catch all
trouble scenarios. The additional procedures sug-
gested involve conducting tests on a frequent basis
to attempt to seek-out suspected or hypothesized
problems. Ideas for trial testing can come from
creative thinking, "grapevine" information, or
real-time tests with employees in their homes.
Information regarding system defeat mechanisms can
to be gained through the grapevine. Installation
and repair technicians usually know the techniques
to defeat the system through personal contacts
outside of the company.

A continual real-time field test with employees
could uncover failure modes resulting in free ser-
vices to customers. In order for this to be effec-
tive the number of homes involved must be signifi-
cant without being unwieldy (probably 20 to 30 is
the right size). Though motivated to participate
and provide information through the incentive of
free service, the billing functions must be left as
though the employee is a paying customer. The
actual bill can be cleared later. As many combina-
tions of services as possible should be covered to
simulate the real customer base. Since some in-
stallations will get more services than others
periodic rotations should occur; also exercising
the addressability functions more regularly.
Disconnect scenarios should also be checked (the
employee may be provided with an additional autho-
rized decoder during this period).
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CONCLUSION addressable one. The factors resulting in maximum

Equipped with a thorough knowledge of the data
system, a motivation to avoid lost revenue, and the
resource allocation for requisite monitor systems
the CATV operation can do much to avoid loses as
the results of data system maifunctions. Even with
the best system and software designs it is highly
improbable that all prospective trouble scenarios
can be anticipated and avoided in the initial de-
sign. However the fact that changes in the system
are inevitable can be anticipated and flexibility
for that change can be designed in.

The addressable system is immensely more
complex to design and to operate than a non-

profits are more elusive and dictate more applied
creativity to optimize; although the potential for
profit is higher. It is only through the combined
efforts of two partners, the manufacturer and the
operator, that full realization can be achieved.
The manufacturer must provide a good system design
including monitoring capability, good documentation
and training, and support of the operation of the
system in the field. The operation must apply the
system within its design 1imits, utilize the train-
ing and monitoring methodology, be creative and
diligent in actively seeking problems and solu-
tions, and commit the resources to accomplish these
ends.
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DATA MONITOR

Richard G. Merrell

ZENITH ELECTRONICS CORPORATION

ABSTRACT

When a decoder does not function after it is
installed, the problem may be the insertion of
the data into the global cycle, the software, the
encoder, or the distribution system. The decoder
itself may be faulty, despite what testing indi-
cates. Finding the problem can be difficult; it
is made easier with test equipment, such as a
data monitor. The data monitor deciphers
incoming data and provides a readout, This in-
cludes general and box-specific data. By keying
in an address, the operator can determine the
authorization for the box with that address., The
unit can flag changes in authorization and indi-
cate which bits were changed. It can determine
the length of the global cycle and count down the
expected time until it 1s next addressed. It
indicates whether there is a market number
matches and whether it is authorized to decode.
It flags parity errors. It also provides infor-
mation about the signal itself, such as modu-
lation depth, signal strength, absence of video,
sync suppression level, and video inversion
status.

THE NEED

It can be very frustrating when a decoder,
once installed, does not function properly. Even
more frustrating, in many cases, is the attempt
to pinpoint the source of the problem. Potential
sources are numerous, The data for the box may
have been 1incorrectly inserted into the global
data base. There may be a problem with computer
hardware or software., Encoding hardware some-
times breaks down or drifts out of alignment.

The distribution system is rarely perfect. There
will always be some percentage of decoders that
will pass factory and incoming inspection tests
and still fail in the home.

Any instrument that will help the operator
and his equipment supplier localize the problem
1s very useful, One such instrument is a data
monitor. This is an instrument that receilves,
decodes and displays various data.

Two types of data are of concern: general
data and box-specific data. General data are
meant for every decoder in the system. Included
are:
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o Tier or tag level for the channel tuned,
if a premium channel.

o System market code,
o Shift in data position, if used to
indicate audio scrambling, stereo, type of

scrambling, etc.

o Scrambling parameters, such as video
inversion.

The data monitor is designed to emulate the
data reception of a normal decoder. The operator
can key in the market and address numbers that
would reside in a PROM in a decoder. With this
capability, the unit can receive and decode box-
specific data meant only for it. These data
include:

o Box address,

o Authorization

Data~related items that can be useful
include:

o Presence or absnece of data.

o Fallures of error-detection bits.

o Pauses 1n the global cycle.

o Length of the global cycle.

General information about the signals can
also be very valuable., Although not specifically
related to data content, certailn parameters have
a definite effect on the recoverability of data.
Among them:

o Signal strength.

o Modulation depth.

o Sync suppression level.

GENERAL CIRCUIT ORGANIZATION

The general organization of the data monitor
circuits 1s illustrated in Figure 1.

Two RF 1inputs on A and B cables are applied
to an RF switch. Under control of a microcom-



puter in the tuner control, the switch selects an
input and feeds it to the tuner, The tuner in-
cludes a voltage-controlled-oscillator; the
tuning voltage is derived from the filtered out-
put from the tuner control microcomputer. The
tuner output is demodulated and the baseband
signal 1s applied to a data receptor board.
Data, contained in the vertical blanking inter-
val, are stripped from the signal and fed in
bytes to an 8051 microcomputer, The micro-
computer accepts keypad entries and drives seven
digits of 7-segment display for alphanumeric
indication of address, tier level, etc.; it also
drives the authorization and decoder and encoder
status displays. The 8051 microcomputer deter-
mines when channel changes have been requested
through the keypad entries and sends appropriate
commands to the tuner control microcomputer to
effect the changes. Channel number display is
controlled by the tuner control microcomputer.
Bargraph displays that do not involve data
(signal strength, depth of modulation and sync
suppression level) are driven by signal sampling
circuits. The baseband output, possibly scram-
bled, is buffered as video out. An alternate-
field data trigger is developed for convenience
of analysis with an oscilloscope.

& paTal TRIGGER DUT
NPUT r'—'— —
- tanmzs VIDED DUT
'|.m.-..—’“‘€+”r r"? V{>+
SIGNAL
DATA SAMPLING
; RECEPTOR
4 4 ” BAR GRAPH
| ¢ DISPLAY
l_ 8051
TWER AUTHORIZATION
CcOoNTROL] 4—MICROCOMPUTER =Bt 404 STATUS
L Y DISPLAY
B B Resong SEVEN DIGIT
ap] | ALPHANUMERIC
DISPLAY

Figure 1 Data Monitor Organization
OPERATION

A data monitor in use is shown in Figure 2.
The keys, displays and input and output ports are
seen here.

The tuner is controlled through the Channel
Up, Channel Down, Enter, Favorite Channel (FC),
Clear Entry (CE), A/B select, and 0-9 keys. A
channel is accessed by keying in the channel
number, then Enter, or by channel scan. If the
operator wishes to monitor a small number of
channels on a regular basis, the FC and CE keys
are used to program those channels as favorite.
A scan operation then results in stopping only
on those programmed channels. The tuning micro-
computer tunes the new channel and drives the

channel number and A/B display. In our example,
the unit is tuned to Channel 10.

e . .
-—

.
E oy
—a wwa

DATA MOMron

Figure 2 Data Monitor in Operation

Other keys allow the user to select the data
to be shown in the seven-digit display. The
display shows data keyed in from the front panel,
such as decoder address and decoder market code.
The Decoder Address and Market Code keys also
serve to allow the operator to change those
numbers through entry from the numeric keys. The
display can also show data derived from the
incoming signal, including encoder market code as
shown in Figure 2, tier level, and lines of data
shift, 1if data shifting i1s used as an indicator.

The unit measures the time between succes-
sive data transmissions for its address and
displays the time as global time. Knowing the
length of the global, 1t counts down the time
until the expected time when it will next be
addressed; this is displayed as countdown.

The Clear switch clears the seven-digit
display and the authorization memory. The Clear
Address switch turns off the Addressed indica-
tors, The remaining switches are the power
switch, a switch for selecting 18 or 20-bit
addressing mode, and a switch permitting selec—
tion of normal and capture modes.

When the unit detects data sent to the
address that had been specified, it stores the
data in an authorization memory organized as four
words (A-D) of five bits (1-5) each. These are
displayed on 20 LED”s in the Decoder Status area.
In our figure, the box is authorized for A-1,
A-5, B~2, B-3, B-4, C~2, and D-2. Receipt of
data meant for this box also lights the hit LED
for 1/2 second and lights the addressed LED (”s)
corresponding to the words that were received.
The Addressed LED corresponding to the last word
received flashes. The others, if lit, are
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steady. For a word that has not been written
since the Clear Address key was pushed, the LED
is off.,

In the normal mode, the authorization data
are merely updated each time the unit is
addressed. 1In the capture mode, incoming data
are compared to the previously-stored data. Any
difference results in a flashing LED corres-
ponding to the bit that is different. The on/
off duty cycle indicates the present value of the
bit.

Other Decoder Status indicators are Author-
ized, which tells whether the decoder is
authorized for the incoming channel, and Market
Match, which tells whether encoder and decoder
market codes are the same.

Encoder Status indicators give information
about the incoming signal. Video dropout is
detected by loss of vertical sync and is sig-
nalled by a No Video LED. Existence of data,
indicative of a premium channel 1is displayed. A
pause in the global, detected if the parity bit
doesn”t change for a considerable length of time,
is also indicated. The Parity Error LED lights
for 1/2 second when the parity bit is incorrect,
The Invert LED"s tell whether the signal is
indicated to be inverted or not.

The IF AGC Voltage drives the Signal Strength bar
graph. The bargraph is comprised of ten LED”s
and 1s connected so that, normally, one LED is
lighted., Internal adjustments allow the bar
graph to be linearized and calibrated. 1In Figure
2, the incoming signal is about -1 dbmv.

Similar circuits drive the Depth of Modu-
lation bargraph. This, too, normally has one
lighted LED. The two green indicators in the
center, when either is 1lit, show the modulation
depth to be within acceptable limits. A Suppres-
sion Level bar graph, also connected so that only
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one LED is normally lighted, verifies that sync
suppression is at the proper level. A Not
Suppressed LED lights when sync is not suppressed.
In Figure 2, depth of modulation and suppression
level are both within acceptable limits.

USAGE

With familiarity, the operator will invent
many useful ways to employ this instrument. Some
of these might be the following:

If the Parity Error LED flashes, it probably
indicates degraded data reception, possibly
because of low signal. The Signal Strength
indicator and the Market Match indicators would
be useful in making this determination.

An inordinately long global cycle or global
pause could indicate computer problems, Changes
in the authorization data, with the unit in the
capture mode, could also indicate computer error.

If a decoder refuses to work properly, even
when all the indicators suggest that it should,
one should tend to distrust the decoder,

CONCLUSION

The unit described in this paper 1s clearly
dedicated for baseband systems from a specific
supplier. The general approach and most of the
parameters monitored would be pertinent for other
baseband systems and for RF systems as well. The
main difference would be in the circuitry and
software used to extract the various bits of
information,

With normal factory constraints (i.e. low
cost, few adjustments, minimal alignment time)
removed for data monitors, it should not be
difficult for all hardware suppliers to provide
this invaluable diagnostic tool for their custo-
mers,



DEVELOPMENT OF BASEBAND DECODER COMPATIBLE WITH EIA
INTERFACE STANDARD FOR CABLE RECEIVERS AND DECODERS
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ABSTRACT

The EIA Television Receiver Committee has been
developing an interface standard for improving the
compatibility of TV receivers and decoders oper-
ating on cable TV systems. This paper reviews
pertinent specifications of the standard and
efforts involved in developing a compatible
decoder. Specific problems encountered, such as
the generation of AGC control signals (derived from
received scrambled signals) with the required
response time, are described. Overall character-
istics of the decoder and its performance during
field tests are reviewed.

INTRODUCTION

Separate developments in the cable television
and television receiver industries have resulted in
equipment with several incompatibilities and dupli-
cate functions, frustrating to the subscriber and
cause for non-essential in-home equipment costs.
This situation is apparent even with the intro-
duction of "cable ready" television receivers.
Subscribers have been finding that after paying
additional money to obtain a “"cable ready" receiver
they sti11 cannot receive channels which have been
scrambled.

A committee formed under the EIA (Electronics
Industries Association), called the Television
Receiver Committee (R-4) Interface Working Group,
has been working with cable operators and equipment
suppliers to alleviate some of these incompati-
bilities. The result has been the development of
the NTSC Television Receiver Baseband (Audio/Video)
Interface Standard IS-15 (reference 1).

This paper illustrates some of the duplicate
functions which are eliminated by the use of
equipment compatible with the Interface Standard.
It also describes some of the steps involved and
the problems encountered in developing a cable
decoder compatible with the IS-15 Standard.

TECHNICAL DISCUSSION

Cable Versus Broadcast TV Channel Assignments

The utilization and assignment of carrier
frequencies different than those assigned for
standard broadcast television transmission occurred
early in the development of cable television. This
provided several advantages, among them the use of
frequency bands not available for transmission over
the air. This in turn permitted transmission of up
to 54 channels without having to use carrier
frequencies above 408 megahertz, a definite
advantage when considering the increased attenu-
ation of coaxial cables at higher frequencies.

However, until just the last few years,
television receivers were unable to tune most of
the cable channels available, and required a
separate cable converter in order to receive the
cable channels. Even today, most television
receivers on cable systems are tuned to one channel
(3 or 4) and selection of the cable channels is
performed with a set-top converter or converter/-
decoder.

Television receivers advertised as "cable
ready" are now available which can tune the cable
channels. But the use of scrambling techniques on
some channels means that those channels remain
unavailable to these receivers. Furthermore, the
use of a converter/decoder to view the programs on
the scrambled channels relegates these receivers to
fixed tuning on one channel and as a result most of
this tuning capability ends up wasted (along with
the TV remote control function).

Cable Decoder and TV Receiver Functions

Figure 1 is a block diagram i1lustrating
typical functions performed by a cable decoder and
television receiver when interconnected for
reception from a cable TV system. In the case of
the decoder, the functions illustrated are for an
OAK Sigma unit, as this was the unit later modified
for compatibility with the EIA standard. The Sigma
system's implementation of digital audio trans-
missions has been described in a previous NCTA
paper (reference 2).
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The functions of the decoder can be summarized
as follows:

a) A remote control unit (or local keyboard)
is used to select the channel to be
received from the cable by the tuner on
the decoder.

b) The output of the tuner passes through the
IF amplifier section where filters are
used to separate the audio (in unscrambled
mode) and video carriers.

c) An audio demodulator recovers the baseband
audio signal from the audio carrier (in
the unscrambled mode).

d) The video demodulator recovers the base-
band video signal from the video carrier.
In the scrambled mode, digital signals
carrying the audio information are also
recovered by this demodulator.

e) If the baseband video signal is scrambled
a video unscrambler section provides
unscrambling. This section is transparent
to nonscrambled signals.

f) In the scrambled mode the baseband audio
signals are recovered by the digital audio
decrypter and D/A (digital to analog)
converter from the encrypted digital
signals carrying the audio.

g) An RF modulator section generates
modulated carriers on one channel for
transmission of the recovered video and
audio signals to an external receiver.

The functions of the television receiver are
summarized as follows:

a) The remote control unit or front panel
controls are used to select the channel to
be received from the cable decoder.

Note: In most installations, once this
selection is performed, the receiver
remains on that channel indefinitely.

b) The output of the tuner passes through the
IF amplifier section where filters are
used to separate the audio and video
carriers.

€) An audio demodulator recovers the baseband
audio signals from the audio carrier.
These signals are then amplified by a
power ampiifier and used to drive a
loudspeaker.

d) A video demodulator recovers the baseband
video signal from the videc carrier.
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e) Sync processing circuits separate the
horizontal and vertical sync from the
composite video signals. The sync signals
are used to drive a high voltage power
supply and deflection system which
ultimately cause the display of an
j1luminated raster on the picture tube.

f) Luminance and chrominance processing
circuits provide three video signals (one
for each primary color) for driving the
picture tube thereby displaying a
composite color (or black and white)
picture.

Figure 1 and the description of receiver and
decoder functions above, clearly illustrate that
the remote control unit, associated infra-red
receiver, tuner, IF amplifier, audio and video
demodulator functions are repeated in each unit.
These functions impose penalities in complexity,
cost and functionality.

In addition the desirability of avoiding
repetition of RF and baseband processing,
especially demodulation and remodulation, is well
established. These processes can introduce
distortions into the original signals so that the
quality of the displayed picture and audio signals
may degrade from repeated processing. It should be
noted that decoder manufacturers, being aware of
this problem, use considerable care and optimize
equipment design to assure that the degradation
will be minimum and usually imperceptible compared
to direct viewing and listening with a just a
receiver.

TV Monitor Approach for Reducing Redundancy

Figure 2 illustrates one approach towards
reducing the redundant functions previously
described for the decoder and receiver. The
approach utilizes a decoder wherein the RF
modulator has been replaced by baseband audio and
video driver amplifiers. These amplifiers deliver
baseband signals directly to a television monitor
instead of a receiver.

There are several technical reasons favoring
this approach. The interface between the decoder
and monitor is very straightforward. Furthermore,
a television monitor can display a better picture
than an equivalent quality receiver, again because
of reduced signal processing. This improved
display capability is often exploited in monitors
used for computer graphic displays. A monitor can
also improve the playback from a video tape
recorder or other video source which features
baseband video output.

However, this approach was not seriously
considered by the EIA committee since most cable
television subscribers already own receivers, not
television monitors.
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Baseband Decoder Approach

Figure 3 illustrates the basics of the approach
adopted by the EIA committee in order to achieve
improved compatibility between the decoder and
receiver. As shown, this approach maintains most
of the receiver functions while reducing the
decoder functions. However, it reguires modifi-
cation of both the decoder and receiver to include
internal interface circuits. These circuits
normalize the baseband audio and video signals as
well as generate control signals which are
exchanged between the receiver and decoder.

In operation, channel selection is performed by
the tuner in the receiver. Baseband video signals
from the video demodulator pass through the
receiver interface circuits and are sent to the
decoder. These signals may be scrambled or
unscrambled.

The decoder receives the video signals through
its interface circuits and sends them to the video
unscrambler. The video output from the video
unscrambler is then sent back to the receiver
through a similar path. Nonscrambled video signals
pass through the decoder without modification
(transparently). Thus video signals transmitted to
the receiver are in standard NTSC format for both
clear or scrambled signals (from authorized
channels).

The decoder generates control signals which the
receiver uses for determining selections to be made
for scrambled or unscrambled modes of operation.

In the nonscrambled mode, internal receiver AGC
control is selected along with audio from the
receiver's internal demodulator. In the scrambled
mode, receiver gain is controlled by the output of
a video level measuring circuit in the decoder and,
for OAK Sigma descrambling, audio is selected from
the D/A converter in the decoder.
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AND TV MONITOR FUNCTIONS

Summary of EIA Standard decoders (optional) designed for this
- standard.
The following 1ist summarizes some of the items
which have been specified by the NTSC Television

i i b) Defines the functions of 18 of the pins and
Receiver Baseband (Audio/Video) Interface Standard associated conductors of an interconnecting
(1S-15) developed by the EIA Television Receiver

i cable expected to be less than 2 meters in
Committee (R-4).

length.

a) Specifies a 20 pin (plus shield) connector of c) Standard allows for 4 possible interfaces to
a type used widely in Europe for the receiver from a decoder or other
interconnections with RGB operation, called a audio/video device. Four interfaces are:
Qene]ec connector. The connector is to be monaural, stereo, monaural + RGB, and stereo
installed on the rear of receivers and + RGB.
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FIGURE 2
BASIC BASEBAND CABLE DECODER AND
TV RECEIVER FUNCTIONS
The main baseband video connections between a £) Control signals between a decoder and

decoder and receiver are: receiver (other than pin 18) include:

222052; video signals from receiver to Pin 1, signal from decoder to receiver to

Pin 20, video signals from decoder to select receiver internal (receiver)

receiver. These signals are nonscrambled , or external (decoder) audio source.
Pin 3, signal from decoder to receiver used

when pin 19 receives scrambled signals from
selected (authorized) channels.

Pin 18, video or control signals from decoder
to receiver; same signal as pin 19 during Pin 14
acquisition mode, a DRS (Decoder Restored ’
Sync) for AGC control when operating with a
scrambled channel and a high level when
receiving a clear signal on pin 19.

with signal on pin 18 for selecting
slow, fast or normal receiver time
constant.

signal from receiver to decoder
indicating a channel change or power
interruption.

Variations in AGC Control

é:g;?vggn?gggaggf between a decoder and Television receiver manufacturers vary in
- their philosophy and methods of achieving AGC.
. s Some use very short time constants in attempting to
Pin 2, lzzgdgtazgeleggglgr51gna]s from overcome effects of rapid carrier level changes
Pin 6, right channel audio.signals from such as qirp]ane flutter. Others use various
’ decoder to receiver longer time constants. For level detectors, peak,
* gated and other types are employed. Expertise in

Note: In monaural reception both : A S .
pins carry same signal. the design of AGC circuits is apparently scarce;
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it has been stated (reference 3) that it is limited
to "probably less than twenty experts in the entire
world."

AGC Problems Anticipated and Realized

Knowing some of the above variations, the EIA
committee anticipated that one of the most severe
problems faced in developing the interface standard
would be defining the AGC functions with the
receiver interconnected to a decoder, especially in
the scrambled mode. The overall AGC functions must
be shared between the decoder and receiver.
Furthermore, the receiver has to provide some
degree of AGC control during the acquisition phase
in order to deliver usable video signals to the
decoder. Achieving this degree of AGC control when
dealing with scrambled signals with suppressed or
non-existent sync was a major concern of receiver
manufacturers.

The committee's apprehension over AGC
performance was justified during the first field
tests, conducted in January of 1985. At those
field tests almost every decoder and receiver
interconnected for the first time, exhibited
various types of AGC instability. A common symptom
was a mode where acquisition by the decoder was
followed by a change in receiver gain, which in
turn affected the video to the decoder sufficiently
to cause loss of acquisition, followed by
re-acquistion, etc. The visual result was a
televised display flashing wildly between a blank
screen and a picture.

Basic AGC Control Functions

Figure 4 illustrates the main functional
elements of a typical television receiver AGC
control loop. The main function of the overall
circuit is the maintenance of a constant video
output level while receiving RF carrier levels
varying from one channel to the next and possibly
varying with respect to time, especially during
over-the-air reception.

Video processing involves obtaining a measure
of a fixed, repetitive portion of the video level,
often the sync pulse, through peak detection, gated
sampling or other technique. The processor output
is filtered by passage through a low-pass filter,
then compared with some fixed reference in order to
generate an error control signal. This error
signal is then used to control the gain of the IF
amplifier and sometimes the tuner of the receiver.

Combined Receiver-Decoder AGC Control Functions

Figure 5 is a simplified block diagram
showing the combined receiver and decoder functions
involved in control of AGC, with equipment modified
for the baseband interface standard.

As shown on the diagram, baseband video
signals from the receiver's detector are sent to
the decoder through buffer stages in the respective
interface circuits. The unscrambler circuits in
the decoder provide an unscrambled video output
which is then sent back to the receiver.

RF

LF.
CARRIER =P TUNER > .
SIGNALS AMPUFIER

ST

VIDEO \\

DEMODULATOR

+ VIDEO

VIDEO
AGC P ;fg; P PROCESSOR
gt (PEAK DETECT,
GATING, ETC )
REFERENCE
FIGURE 4

TYPICAL AGC CONTROL LOOP

The unscrambling circuits also generate a gating
pulse which drives a sample and hold stage.
Sampling takes place at the time a recurring
reference is received with the scrambled video
signals, so that the voltage generated is
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representative of the video amplitude. This
voltage is scaled, compared with an internal
reference and the resulting output is gated on and
out to the receiver as a DRS (decoder restored
sync) signal.
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TYPICAL AGC FUNCTIONS
INITIAL BASEBAND DECODER AND RECEIVER

At the receiver the DRS signal is typically
processed by the interface circuits, passed through
a low-pass filter and the result, a slow varying dc
voltage, is then used to control the gain of the
receiver.

After acquisition the loop settles at a level
where the output of the decoder's sample and hold
circuit equals the reference on the following
comparison stage. With everything operating
correctly, this should correspond to an optimum
video level to the encoder and DRS level to the
receiver.

Achieving AGC Stability for Interfaced Receiver &
Decoder

To achieve stability for the combined
receiver and decoder the cumulative effects on the
phase margin of the AGC system from the combined
transfer functions of both must be carefully
controlled. The specification provides for
selectable receiver time constants. Through
Jjudicious selection, minimum interaction can thus
be obtained between the time constants of the
receiver and decoder. For scrambled signals this
selection of time constants is determined by
decoder generated control signals.
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Time constants were defined in part as
the time required to reach 90% of
steady state following a step change in
the input signal level.

Note:

Before the field tests described above, the
specifications provided selection between a slow
time constant of 20 milliseconds or greater and a
“normal" time constant for the receiver. The slow
mode was to be selected by the decoder only while
decoding (during the acquisition mode).

For the decoder a time constant of 5 milli-
seconds maximum, was specified initially. With a
sampling circuit of the type shown on figure 5, a
time constant of about 0.2 milliseconds was
obtained.

A problem encountered which contributed to some
of the instabilities during the January field tests
was that the "normal" time constant differed for
each receiver and was in some instants interactive
with the time constant of the decoders.

To overcome this problem the committee later
agreed to specify both a SLOW and FAST time
constants for the receiver, still selectable by a
control line from the decoder. These were:

SLOW: 20 milliseconds or greater
1 millisecond or less for an carrier
increase of 6 dB
2 milliseconds or less for a carrier
decrease of 6 dB

FAST:

Field tests conducted in June demonstrated a
marked improvement in the AGC operation for
interfaced receivers and decoders indicating a
benefit from specifying the time constants as
shown.

The latest specifications have incorporated the
above SLOW and FAST time constants. In addition a
“normal" time constant has been made available for
selection at the receiver if the decoder indicates
(through signal lines) that a nonscrambled channel
has been selected at the receiver.

For the decoder, the time constant specifi-
cation now calls for a response time of 1.0
millisecond or less, which the decoder can readily
achieve.

Video Level Variations

variations encountered in the absolute level of
the video signals delivered to the decoder by
different receivers was a severe problem for the
original OAK decoders. These variations were
verified during the June tests. Using 5 step
linearity test video signals, the dc level
delivered for each step was different from each
receiver. However, the receivers were well within
the specifications as written at that time.
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In the committee meetings during the develop-
ment of the specifications, reference was often
made to an ideal receiver with a video output as
shown in figure 6 (a). Specifically, the ideal
voltage output for O carfrier level was 2.143 volts,
for 100 IRE (corresponding to 12.5% modulation) it
was 2.000 volts and for sync tip (100% modulation)
the output was 1.000 volt. However, the specifi-
cations as published in May 1985, allowed video
amplitude of 1.0 +/- 0.25 peak to peak and the dc
level for sync tip of 1.0 +/- 0.25 volts.

A brief analysis of the operation of the
original decoder as illustrated in figure 5
identifies the reason for its sensitivity to
absolute levels. The sampler circuit was designed
with the expectation of a specific dc level during
the arrival of the recurring reference signal
present in the scrambled mode. In standard Sigma
decoders, this is assured by a factory adjustment
in a circuit following the video demodulator, which
normalizes the output of the internal receiver in
every decoder.

With the receivers used at the field tests any
variation in the received reference level was
translated into an error in the DRS signal. This
in turn caused an incorrect receiver gain setting.
The net effect was obervable as a variation in the
contrast of the receiver displays, especially when
changing between clear and scrambled channels.

In discussions of recommendations, after the
field tests of June 1985, the receiver manufac-
turers generally agreed that the installation and
setting of a video normalizing adjustment (as used
in Sigma decoders) was too severe a requirement for
mass produced receivers. However, the committee
agreed to improve the specifications on receiver
video output. As published in the latest specifi-
cations they are as follows:

Blanking to Peak White 0.71 +/- 0.1 Volt P-P
Sync to Blanking 0.29 +/-0.06 Volt P-p
DC Level at 100 IRE 2.00 +/- 0.1 Volts

These changes now 1imit the variations to those
shown on figures 6 (b) and (c). But, noting the
variations of dc levels which are possible for the
80 IRE steps (near the reference level used in a
Sigma scrambled signal) a variation of +/- 15 IRE
units relative to the optimum level can still
occur.,

Modification for Two Reference Levels

On the basis of the above specifications,
previous experience with the 0AK Orion satellite
scrambling system and also recommendations made by
committee members, a decision was made to incor-
porate two reference levels into the overall
scrambling system, for the EIA baseband equipment.
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VIDEOG TOLERANCE RANGE
LATEST SPECIFICATIONS

With two reference levels a measurement of the
difference between the two levels provides a good
measure of the amplitude of received video signals.
And more importantly, with a properly designed
differential circuit, the measurement can be
obtained while largely ignoring the absolute dc
levels common to both of the received references.

The encoders used with the system were modified
to provide a second reference level (0 IRE) for a
few lines during each vertical blanking interval of
the scrambled video signal. The normal reference
level, presently 75 IRE, which is transmitted once
every line, was left unchanged.

Decoder Modification for Two Levels

Initial laboratory tests with a decoder
modified to receive and process two reference
levels demonstrated very good performance, with one
exception. The response to step changes in the
video input was slowed down due to the fact that
sampling of the video signal for the new reference
was restricted to only one sample per field (i.e.
16.6 milliseconds). Initial considerations towards
sending both references once per line had to be
rejected since this would have required a major
system re-design.

Consultation with one of our colleagues
(reference acknowledgement) resulted in the design
of a unique circuit capable of achieving the fast
decoder response required in spite of the slow
sampling of one of the references. The basic
circuit configuration is shown on figure 7 along
with a diagram of a portion of the scrambled signal
applied to its input. A summary of its operation
is as follows:

One reference signal is transmitted during
the back porch interval also used for sending
the color burst. This occurs on every line
thus allowing a fast response time. The second
reference is only transmitted as a video signal
for a few lines during the vertical blanking
interval.

Switch S1 closes during the arrival of the
second reference signal and this level is
stored in Cl. Switch S2 closes for the same
lines but during the arrival of the first
reference signal, which occurs on the back
porch of every line and this level is stored in
C2. Switch S3 also closes during the arrival
of the first reference but on every line and
this level is stored in C3.

Operational amplifiers Ul and U2 are used
to compute a constant based on the difference
between the levels stored in Cl and C2. The
output of U2 is thus a constant which may
change from one receiver to the next but will
not change even with video level changes or
after selection of different channels.

Amplifier U3 is used to compute the sync
tip level, based on the nearly static input
level from U2 and the fast changing input from
C3. The result is a sync tip level signal
which also responds rapidly, well within the
1.0 millisecond maximum specified for the
decoder.

As shown in figure 7, the actual restored
sync output is generated by sending out the
sync tip level through a switch (actuated
during sync time) and an output buffer stage.
The rest of the time when the switch is open, O
IRE level is sent out. This composite output
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SCRAMBLED SIGNAL - THO LEVEL PROCESSING

is the DRS (decoder restored sync) used by the

R - Video input signals from the receiver are

receiver for AGC control, as described earlier. received through input buffer amplifier A. For

Final Baseband Decoder Interface unscrambled signals these pass through switch S4
and the output driver B and back to the receiver in

Figure 8 is a block diagram illustrating the a transparent mode.

overall functions provided within the decoder in

order to achieve the baseband interface require- After receiving a channel change signal from

ments. A brief description of these functions is the receiver a one-shot multivibrator is actuated

as follows: for a few seconds. During this time transistor Q1
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FIGURE 3
BLOCK DIAGRAM
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is turned off which allows the sending of video
signals from S4 through output driver C, providing
transparency for the input video out of the
restored sync port (18). If the received video is
unscrambled the one-shot will time out, driving Q1
to interrupt the video, while sending a high level
out through output driver C indicating a clear
channel to the receiver.

When a scrambled channel is received and
acquired, the unscrambling circuits will:

a) Open switch S4 interrupting the incoming video
signals path to the output.

b) Close switch S5 allowing the unscrambled video
signals to pass through output driver B and on
out to the receiver.

c) Reset the one-shot multivibrator.
d) Close switches S6 and S7 to send the restored

sync signal to output driver C and on out to
the receiver.

The operation of S1-S3 and U1-U3 has been
descr]bed in the previous section. The rest of the
functions are self evident.

Final Performance

The decoder, upgraded to the configuration
described in the last two sections was used during
the field tests conducted in November 1985,

Overall the performance was quite satisfactory.
The previously experienced sensitivity to vari-
ations in different receiver's outputs was no
longer a problem. The worst thing observed, with
some receivers, was a barely perceptible flicker in
the picture displayed. This was considered a
prototype phenomena to be resolved in producing
equipment for operating with this interface.

The first public demonstration was the
operation with a modified Sony receiver, during the
Western Cable Show, in Anaheim CA., during December
4-6, 1985.
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SUMMARY AND CONCLUSIONS

The specifications of the EIA developed
interface standard relative to decoder design and a
review of the development of a compatible decoder
have been presented.

The specification has other applications not
covered by this paper.

The process of developing a standard of this
type through a committee effort is sometimes a
tedious experience. There were the expected
conflicting interests among the participants. But
necessities often imposed by the marketplace do
provide a positive drive towards achieving the
benefits of standardization.

The final standard developed has many good
attributes and with further communication among
future users, it should be effective and
acceptable. Actions and conditions necessary for
successful adoption of the interim standard have
been discussed elsewhere (reference 4). Because of
this and the pleasant relationships established
with other participants, the overall participation
was a rewarding experience.

Any opinions stated in this paper are
those of the author and are not intended
to represent those of other participants
or of the EIA.

Note:
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DIGITAL AUDIO FOR CABLE TELEVISION

by

Clyde Robbins

GENERAL INSTRUMENT CORPORATION

ABSTRACT

Digtal Audio provides unmatched
signal security. Sixteen Bit Linear Pulse
Code Modulation offers the highest level
of audio performance, but uses the most
bandwidth and 1is the most expensive
digital audio system. For a premium audio
service, it 1is still the best choice.
Digital audio for video programs is best
served by an inband system. Dolby
Deltalink Adaptive Delta Modulation offers
the best bandwidth efficiency of the
companded digital systems and provides
very high audio quality as well as low
cost. Using Deltalink ADM, BTSC can be
replaced with a secure digital
transmission. QPSK modulation of the
sound carrier is preferrable to in video
ASK on a cost basis.

INTRODUCTION

There are two primary
for digital audio on cable. The audio
portion of a video program may be
digitized. Premium audio programming
independent of video is another ideal
application for digital transmission.

applications

Digital audio has two primary
advantages over competing analog systems.
The signal security provided by numerical
encoding techniques is unmatched in analog
systems. Digital transmission allows the
identical audio quality to be received as
is transmitted, independent of cable plant
variation. Digital audio services can be
much more forgiving of thermal noise and
distortion than analog modulated video and
audio signals. In other words, service
calls will be generated from poor pictures
before a digital audio service is
affected.

DIGITAL SAMPLING SYSTEMS

Digital sampling systems are
numerous. These systems are different
methods of converting from a continuous
analog audio signal to a digital data bit
stream. The basic trade-off in these
systems is audio quality vs. data bit
rate.

Linear Pulse Code Modulation (LPCM)

LPCM is
for Compact
rate 1is 44 KHz with
resolution. There are
spaced points where each audio sample can
occur. The Signal to Noise ratio (S/N) of
LCPM is equal to the dynamic range and is
6 dB/bit. For 16 bit LCPM, the CD case,
the £/N is 96 dB. The resultant bit rate
is 2 channels x 16 bits x 44 KHz sampling
rate = 1408 KB/S.

the
Disks

technique used
The CD sampling
16 bit binary
65,536 evenly

sampling
(CDs}.

overhead factor
and

Assuming a 25% data
is required for control, data framing,
error correction purposes at the PCM
receiver, the final transmission bit rate
for CD quality LPCM becomes 1408 KB/S x
1.25 = 1768 KB/S. A Tl telephone modem,
which carries 24 voice channels, can
handle only 1544 KB/S.

Because of the incredibly high bit
rate for CD quality LPCM some type of
compromise is often considered. Two audio

properties should be considered here. Low
frequency audio needs greater signal
amplitude handling capability than high

frequency audio does.

Noise 96 dB below a signal level is

inaudible. 30 dB higher noise 1is also
inaudible. CD quality LPCM allows for
greater S/N than is required, as well as

greater high frequency amplitude handling
capability than is necessary.
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In an effort to reduce bit rate a
usually accepted practice for transmission
is to limit the audio bandwidth to 15 KHz,
alowing a 32 KHz sampling rate. For 16
bit LPCM the new transmission bit rate
becomes 2 x 16 x 32 x 1.25 - 1288 KB/S.
This is still a very high bit rate. As a
result further techniques are often used
to reduce bit rate.

Instantaneous
PCM

Digital Companded PCM (IDC

IDC PCM or non-~linear PCM uses
progressively increasing step sizes. The
distance between steps for high amplitude
signal 1is much larger than the distance
for low amplitude signals. Commonly used
curves are jplaw and Alaw. The result of
this type of sampling 1is an increased
dynamic range for a given number of bits
compared with linear PCM, at the expense
of reduced instantaneous S/N. The noise
level tracks the signal amplitude,
increasing as the signal increases. If
this compression technique is extended too
far, the noise will become audible. IDC
PCM does provide the possibility of
reduced cost by allowing lower precision
Digital to Analog (D/A) converters. 1If 190
bits are retained, the transmission bit
rate will be 2 x 16 x 32 x 1.25 = 800
KB/S.

Block Companded PCM (BC PCM)

BC PCM uses storage of LPCM for a
fixed time interval to determine the
maximum bit level that occurs within that
time interval or block. Only the desired
number of bits downward from the maximum

in the block are retained for
transmission. Data is <carried to the
receiver indicating what bit range is to

be used for each block. This range data
must be extremely well protected against
errors, as the errors will have a long
lasting effect. If too few bits are
retained, the noise will become audible.
16 bits is considered an acceptable limit
so the bit rate is 800 KB/S.

Analog Companded PCM (AC PCM)

AC PCM uses an analog compander in
front of a PCM Analog to Digital (A to D)
converter. Bit rate and cost are saved by
using a lower precision A to D converter.
Both variable gain and variable
pre-emphasis may be wused to minimize the

apparent noise level. A disadvantage of
this system 1is the transient response
errors which analog companders exhibit
from changing gain after the signal
changes, rather than looking ahead as BC

PCM systems do. Some systems (such as the
digital audio used on 8MM video tape)
combine analog companding and
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instantaneous digital companding to reduce
the bit rate to 8 bits per sample. For 15
KHz audio bandwidth with 8 bits/sample,
the transmission data bit rate is 2 x 8 x
32 x 1.25 = 640 KB/S.

Dolby Deltalink Adaptive Delta Modulation
(ADM)

Deltalink ADM differs from PCM in
that sampling occurs at a rate much
greater than twice the maximum signal
frequency. Each sample can take on only
two levels. The sample or step is really
a correction signal which indicates
whether the real time average of the
preceeding steps is larger or smaller than

the present audio level. The audio is
recovered by integrating the series of
steps which make the data stream.

Companding is used to vary the size of the
steps. In the Deltalink ADM system the
comanding is similar to that of block
companded PCM. Storage 1is used to look
ahead So that transients are not
distorted. The step size control signal
is converted to a delta-sigma data stream
and inserted with the audio data stream.
This data is evenly weighted and has a
very low bandwidth so that it does not
require elaborate error protection 1like
block companded PCM.

In addition to step size companding
variable pre-emphasis is used to maximize
the instantaneous S/N. The wvariable
pre-emphasis control 1is handled 1in the
same manner as the step size with look
ahead storage and data inserted in the
main delta mod data stream.

Deltalink ADM has two distinct
advantages over PCM systems. The first is
lower cost audio reconstruction. Because
of the high sampling rate no brick wall
filter is required. No precision D to A
converter 1is required. Less logic is
required to reconstruct the audio signal.
At the receiver no block memory is
required. Because all bits are of equal
significance in delta modulation, much
higher error rates can be tolerated than
in PCM systems. With the relatively high
C/N available in cable systems by data
transmission standards, delta modulation
requires no error correction or its
associated logic and framing memory.

The most significant advantage of
Deltalink ADM over PCM systems is the
lower bit rate required. Because error
correction is not required, the data
overhead factor can be 16% rather than
25%. The data bit rate for a stereo audio
channel with 15 KHz bandwidth, 85 dB
dynamic range and 68 dB S/N is 2 x 208 KHz
x 1.1 = 458 KB/S.



TRANSMISSION TECHNIQUES

There are numerous data transmission
systems which could be used for digital
audio over cable. Three systems will be
considered here which use bandwidth
efficiently and are implemented at
reasonable cost.

1, QPSK Out of Band

Quadrature Phase Shift Keyed (QPSK)
modulation of a carrier which is not part
of a video program channel is suitable for
premium audio services. QPSK with
non-return to zero (NRZ) coding gives two
bits per hertz bandwidth efficiency (bit
and frame sync are already accounted for
in the overhead included in the final bit
rate calculations). A 1.5 bandwidth
factor for interference to analog signals
is practical.

In addition to bandwidth efficiency,
QPSK has excellent noise performance. If
a QPSK signal is carried 28 dB below video
carriers and a noise bandwidth of 1 MHz is
assumed, then a worst case situation of 36
dB video C/N would result in a QPSK
carrier to noise of 22 dB. The
probability 1is extremely 1low that a bit
error will occur under these conditions
due to thermal noise in a 1life time.
OQutages are more likely to interrupt a
QPSK digital audio service than poor C/N.

NRZ QPSK out of band can handle all
the types of digital audio sampling
because the bandwidth wused need not be
backward compatible with analog channel
spacings. The most preferrable sampling
method in this case is 20 KHz bandwidth 16
bit linear PCM. A channel spacing of 1.5
time Nyquist bandwidth is assumed, giving
(l760KB/S + 2) x 1.5 = 1.32 MHz for NRZ
QPSK. This would allow only four audio
channels inside a video channel, but it
would provide CD quality directly into a
subscriber's home. Cable is presently the
only medium where CD transmission to the
home is possible.

Out of band QPSK wused for video
program audio presents both financial and
operational difficulties. A separate
addressable digital audio converter cannot
compete with a single converter for video,
analog and digital audio. The combined
converter shares tuning, addressing and
display functions, etc. In the future, if
all video channels require multi-channel
sound and there are numerous channels of
premium audio service, the available
bandwidth for out of band QPSK will
disappear rapidly.

2. Time Division Multiplex {TDM)
Vestigal Sideband (VSB) Amplitude

Shift Keying (ASK)

in the video
Interval (HBI).

TDM VSB ASK may be used
Horizontal Blanking

Assuming 8.25us out of 63.5us would be
usable for data and a 7.16 MB/S bit rate
(2 tims the color subcarrier frequency)

were used with NRZ coding the available
effective bit rate would be 938 KB/S.
Block companded PCM or Deltalink ADM would
be usable with the available bit rate.

A disadvantage of high speed TDM VSB
ASK is the stringent frequency and group
delay response requirement over the whole
transmission path, including the
modulator, cable plant and converter
demodulator. Another disadvantage is the
cost of reconstructing proper video
horizontal, vertical and color sync for
output to the TV.

3. QPSK Sound Carrier

A QPSK Sound Carrier is possible with
an interference bandwidth of 500 KHz so
that 4.2 MHz video and -1.25 MHz VSB from
the upper adjacent channel are not

disturbed. The available bit rate for
QPSK NRZ is (500 KHz - 1.5) x 2 = 667
KB/S. According to the previous
calculations there are two types of

sampling systems which have low enough bit
rates. The systems are PCM companded to 8
bits and Deltalink ADM. Deltalink ADM is
preferrable to PCM on a cost and error
immunity basis.

A desirable feature would be to have
an inband digital audio system capable of

a stereo channel and a monaural channel
simultaneously so that the digital audio
could be used as a replacement for BTSC.

Further investigation will show that this
is only possible for the available bit
rate with Deltalink ADM.

CONCLUSION

The two markets for digital audio can

best be served by two different digital
techniques. A premium audio service
should be truly premium, with unsurpassed

performance even if it is an overkill. CD
compatible PCM should be used for premium
audio.

Video program audio should be inband
for convenience and cost purposes.
Deltalink ADM is the only system which can
fully replace BTSC with security and high
fidelity.
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ABSTRACT

Analog video and audio have long been
the mainstream signals in cable systems.
With the appearance of scrambled
programming and addressable subscriber
decoders, cable systems silently entered
the digital world.

As in any communications system, the
cable networks must contend with and
compensate for imperfect or noisy signals.
The analog world can tolerate noise much
easier than the digital world. Moreover,
analog methods for digital noise filtering
are ineffective against errors in digital
data channels. This paper examines
digital error control, its effects on
customers and equipment, and presents an
overview of a few techniques wused by
equipment degigners to improve data
reliability and system performance.

1.0 INTRODUCTION

The cable
distributor of

system of yesterday was a
simple analog video and

audio programs to domestic subscribers
unable to receive direct television
broadcasts. The cable system of today is
a sophisticated multi-channel network
whose operators offer a number of
programming packages and services to a
larger and much more diverse subscriber
population.

Although communication satellites have
been with us since the 1960s, it has taken

nearly twenty years to design and build
affordable technology that could link
local cable system networks with
nationwide broadcast satellites. Cable
television now reaches not only into the

rural market, but into the urban and fast
growing suburban markets as well.

The marketplace today offers a wide
variety of television programming that

includes entertainment, news and
information. To provide the subscriber
with a variety of program packages and
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billing rates, as well as to contain and
secure the product, programmers and cable
operators installed scrambling equipment
that, to varying degrees, made the video
and audio unrecognizable.

Recently, scrambling equipment came
between the programmer and the cable
operator, in addition to scrambling
equipment between the operator and
subscribers, It was a natural step for

the manufacturers of scrambling systems to
consider innovative designs that have
since changed the industry. Some of these
design features are: encrypted digital
high-fidelity multi-channel audio,
addressable decoder control, and digital
data channels,

The art of scrambling became a
science. Assigning each decoder a unique
address, or name, permitted selective
decoder authorization which has 1lead to
pay-per—-view and other impulse mode
products. Computerized decoder control
and individual decoder attention is now
the basis for most scrambling systems.
All these necessarily depend upon digital
remote control.

2.0 BASE-BAND TRANSPARENCY

So, it is not just analog anymore.
Your cable systems and satellite receivers
relay control information that is often
inserted in the Vertical Blanking Interval
(VBI) of the video base-band signal.
Descrambling decoders and re-encoders are
controlled by these digital pulses that
are organized into ‘meaningful messages
which the decoding equipment understands.

Analog audio 1is digitized and wusually
inserted in the Horizontal Blanking
Interval (HBI) along with other
information. These systems are described

as being base-band transparent, i.e. all
video, audio and related digital
information resides within the allocated
video bandwidth.

Sub-carriers are also a design option
for digital pathways, but these are wused
at the expense of additional bandwidth



and complexity. The same sub-carrier
space might just as well be wused for
additional commercial channels and the
capture of otherwise lost revenues. The
same may be said of systems that require
extended video bandwidths to pass all
required control signals., From this point

of view, base-band transparency, the
ability to send digital information in the
allocated video bandwidth, is the
economical "best-buy" in terms of

price/performance.

3.0 THE NOISE PROBLEM

What makes all this exciting is the
one-way control traffic - we can tell a
decoder what to do, but it will be the
subscribers that call us whenever their
decoders are in a most undesirable state.
Decoders are "Listeners", i.e. they cannot
talk back to their controller. In the
presence of noise, however, just what is
it the Decoders are listening too? This
situation provides a design challenge to
which there is no perfect solution, but a
lot of thought and clever implementation
has made the open-loop control problem a
manageable one.

Noise is a corrupting influence.
Depending wupon its relative intensity, a
message may be crystal clear or entirely
unrecognizable. In many cases, noise has
a subtle effect, not as much noticable as
it is potentially irritating.

The analog world perceives noise as a
"distortion" while the digital world may
perceive noise as a "bit-bomber". Figure 1
illustrates this point. Analog signals

Analoy Signal Digital Data

Signal+Noise DatatNoise

Figure 1. Typical Analoy and Digital
nolse effects.

affected by additive noise exhibit
amplitude and frequency component
mutation. Most analog signals that we

send are naturally smooth and continuous,
But noisy analog signals can be treated
with a well defined science that: (1)
compensates for amplitude losses with
increased gain, and (2) uses band-limiting
filters that narrow the permissable

frequency spectrum within which our
signals appear. Other design factors,
e.g. modulation, are also an important
part in noise elimination, but gain and
filtering are basic to analog noise
reduction.

In contrast to analog, digital noise

has a significantly different and
potentially serious effect. First,
digital signals are not smooth and

continuous. They usually contain elements
with discrete 1levels called bits, i.e.
BInary digiTs. Each level is assigned a

unique value or interpretation. Second,
these bits are grouped together to
represent predefined packets of
information; the original information

could be digitized analog such as voice
and music, or computer generated command
messages (e.g. "Decoder-#123-Authorized”).

In "binary" or two-level digital
systems, each bit takes on a value of
either a "0" or a "1", Figure 1 shows an
example of a transmitted digital signal
with a value "10101", Imagine being a
subscriber and that somewhere along the
way to the decoder, impulse noise (like
that from your neighbors' lawnmower)
instantaneously alters two bits in this
message that now is decoded as "11001".
Suddenly, before your very eyes, your
favorite movie has turned into a
kalidescope of <colors, zig-zags and
rolling black lines. Your family may well
ask, "what happened?” Without digital
error control, this decoder may have
translated the received command as a
"Decoder-#123-Deauthorize” command and so
it immediately stopped descrambling your
movie (with no thanks to your neighbor, of
course). Such a pity. Is this a case
where the cable system gets the ©blame?
Who would you call?

In short, analog noise can be
tolerated and effectively minimized using
classical design techniques. However,
digital noise cannot be tolerated so it
must, therefore, be error controlled but
in a completely different manner.

4.0 ERROR CONTROL FUNDAMENTALS

The science of digital communications
is well described mathematically and
has been successfully implemented over the
past two decades. Rather than dwell on
information theory and esoteric concepts
such as the Shannon Limit and channel
capacity (which are best left to other
references [1]), it is usefull instead to
discuss some fundamental concepts used in
digital error control,.
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4.1 The Error Control Rule

When casually discussing with friends
the merits of any digital error control

method, it is wise to remember two rules-

of-thumb:

1. "Some is better than none.”

2. "More is not necessarily better than
less.”

Although these rules may apply to many
choice decisions, they especially apply to
digital error control 1in cable system
networks. The first rule recommends some
type of effective error control. Just
having "error detection" capability alone
would have prevented the inadvertant
deauthorization of Decoder~#123 as
previously discussed. Advanced methods
allow "error correction,”™ i.e. actually
recovering the original message even
though is was received incorrectly.

Error detection and correction (EDC)
methods vary widely; the simple methods
are 1less expensive (of course) but have
definite 1limitations. The more exotic
methods prove to be very effective but
resort to expensive overhead and
processing demand. Levels of improvement
are in terms of dB communication
efficiency, i.e. a computed difference, in
Signal/Noise per bit for a given bit-error
rate, between the coded and uncoded
messages. Without EDC there is 0 dB
gain. Modest coding gains of 1 to 3 dB can
be achieved using simple "block-type"

codes; moderate coding gains of 4 to 7 dB
and maximum coding gains of 8 dB or
greater can be achieved using
sophisticated "block-type" codes,
"convolution-type" codes and

"concatenation-type" methods [1].

The designer must match overall system
performance criteria such as response time
and low C/N survivability, with customer
demand, end-product cost targets,
development time and the nature of the
communication channel itself. The second
rule-of-thumb, therefore, applies to this
evaluation and selection process.

4.2 The Noise Limitation Rule

C. E. Shannon was the founder of
modern information theory. His work in
1948 and throughout the 1950s, together
with a rapidly progressing technology,
provided the foundation for all modern
communication systems. An important idea
he introduced stated that [1]:
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Noise does not limit the 1level
of reliability of a
communication channel, but it
does set a limit on the rate of
reliable information transfer.

This implied that the message rate, or
rate of information transfer, was directly
related to channel noise. The lower the
noise, the greater the allowable message
rate; inversely, the higher the noise,
the slower the message rate to achieve
reliable information transfer. If you
send a message slow enough or often
enough, the message will eventually get
through. There are, as discussed
previously, practical considerations that
restrict these message rates in real
systems. But, in general, this rule has
lead to a wide variety of error control
techniques that attempt to maximize
information transfer within noisy
communication channels.

5.0 BASIC ERROR CONTROL CONCEPTS

There are three elementary concepts in
digital error control. These are:

1. redundancy
2. interleaving
3. parity

Each is briefly discussed below.

5.1 Redundancy

The first of these is redundancy. The
first of these is redundancy. Redundant
information is information that is
repeated in the same or equivalent form,
as demonstrated at the beginning of this
paragraph. The Noise Limitation Rule
suggested that with enough redundancy, any
message could be reliably sent in any
noisy channel. Indeed, this rule was well
applied to space exploration satellites
that relied heavily on redundant message
transmission. And at the millions and
billions of miles that separate the Earth
with these far gone travelers, it seems
like a miracle that tracking stations can
still hear their whisper amongst the
galactic noise within which they exist.

The obvious disadvantage of redundancy
is the penalty of duplication. Decoding
time, storage and effort are required for
each message. If there are a lot of
messages, then for a simple 2-0f-3
redundant majority technique, the entire
series of messages would take 3 times as
long to send and decode as it would if the
series were sent but once. (By the way,
always send an odd number of repeats for
ma jority voting decisions. A firm



decision cannot be made with only an even
number of choices - one says yes and one
says no, which way do we go?)

5.2 Interleaving

In the pursuit of reliability, add-on

error control codes necessarily increased
the length of the original message. In
modest- and moderate-gain methods, the

amount of benefit was somewhat limited.
If a massive noise pulse obscured more
than one or two bits in a message, it was
impossible to reconstruct the original
information from the received noisy
message.

Rather than allow a single message to
receive the noise burst, why not spread
the noise around? This at first might
seem ludicrous - why corrupt a perfectly
good message? The answer is explained as
follows.

Burst noise has localized effects,
i.e. bits tend to get corrupted in a short
sequence corresponding to the actual noise
burst interval, Where there is burst
noise there are bit errors. Error
detection and correction methods have a
limited capability to detect and correct
bits; usually one or two bits camn be
efficiently corrected in real-time
systems. If the messages are organized
such that each transmitted message is a
collection of bits from two or more
messages, then bit errors in the received
message can be spread across more than one
message when the information is
reassembled into original form. Thus, bit
errors per message are reduced.

This result is desireable since the
number of bit errors per message is very
small and can be readily detected and
corrected with relatively straighforward
and fast EDC methods. As an example, say
that we must send two messages to a
specific Decoder (see Figure 2):

ABCDEF
123456

Message #1:
Message #2:

A simple transmitted message stream would
look 1like
ABCDEF, 123456

where Message #2 follows Message #1 in
sequence, If there was, for example, a
noise burst in the first message such that
the receiver collected

ABxyzF,123456

where "CDE" were changed to 1look 1like
"xyz", and the receiver could only correct
up to two-bit errors, then Message #1
would have to be discarded altogether and
the information would be lost.

On the other hand, if Message #1 were
interleaved with Message #2 such as
swapping every other bit between messages,
i.e. B with 2, D with 4, etc., then the
new transmitted message stream would look
like

A2C4E6,1B3D5F

and if that same noise burst blasted three
bits in Message #1 such that the received
messages were

A2xyz6,1B3D5F

then the reassembled or deinterleaved
messages would have the patterns

ABxDzF,123y56

Now the receiver error processing can
detect and recover the original messages
since, in this example, there were no more
than two bit errors resident per message.

So, by interleaving and
deinterleaving, bit errors can be reduced
per message. This allows the
implementation of 1less expensive and

faster EDC methods at the cost of
additional bit-swapping in the encoding
and decoding stations.

Noisy Channel

Two-bit Corrector
Received Message

ABxyzF | 123456

Lost

Original Message
ABCDEF | 123456

R2C4E6 | 1B3D5F

Interleaved
Message
Deipterleaved m
ssage

Figure 2. An example of Interleaving
to reduce message error.

There are a number of interleaving
methods that are commercially in use.
Compact audio disk (CD) players, as an
example, make use of interleaving and
redundancy, together with sophisticated
EDC algorithms, to recover audio with a
typical dynamic range of well over 70 dB.
The coding gains provide a minimum of 5 dB
with a raw burst error rate of 10 (-3) (as
in 10 to the -3 power or 0.001) to gains
of 13 dB with raw burst error rates of

10 (-4). These gains produce
uncorrectable error rates of 10 (-8) to
10 (-17), respectively [2]. As can be
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seen, coding gain is not 1linear with
error rates, and errors still exist but at
a dramatically reduced rate.

5.3 Parity

Parity, as applied in digital error
control, is the logical result of adding
binary digits. If the logical sum is zero
then this condition is defined as "even
parity™. When the logical sum is one then
this condition is defined as "odd parity."
Understanding the parity concept is
extremely important since it is the basis
of nearly all sophisticated digital error
detecting and correcting techniques.

The sums we refer to are from the
logical addition of all bits in a message.
Say that an incoming message was "10101",
like that in Figure 1. From the above
discussion, we would determine the parity
of this message by adding together the
bits and testing the resulting sum.

Before we can proceed, it is important
to know how to add with binary numbers.
The elementary rules of binary addition
are [3]:

0 +0=0
0+1=1
1 +0=1
1+1=0

Any two identical bits produce a zero sum,
while any combination otherwise produces a
sum value of one, This, by the way, is
the truth table for a two-input exclusive-
or gate,. In general, binary addition is
commonly termed "modulo-2" addition.
Special note: here is a case were one
plus one does not equal two!

Anyway, with this set of rules we can
determine the parity of any number of
bits. For the given example, the parity
is "odd" because

1 +0+1+0+1-=1

where the sum was evaluated to a value of
a 1logical one. Observe that there are
always an odd number of ones in "odd"
parity, and consequently "even" parity has
a even number of ones.

So how 1is parity applied to error
control? A simple technique is to send a
message with a known parity. To force a
message into a desired parity, one needs
to evaluate the parity of the original
message first, and then append the
resulting bit, often called the parity-
bit, to the original message. This has,
of course, 1increased the message by one
bit, but now the message is guaranteed to
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be transmitted with a known parity. In
general, if M is a message composed of b-
bits such as

M=[b b . . .b]

1 2 n

and the parity-corrected message actually
transmitted is

Note that the parity-bit was appended to
the original message. When the true "p" is
appended to M, then M will always have
"even" parity. When "p" is complemented
(if 0 then 1, or if 1 then O) then M will
have "odd" parity. In the case of our

example, these steps are shown to produce:

M1 = [ 10101 ]
P = 1+0+4140+1 =1
M2 = [ 101011 1}

where Ml was the original message and M2
was the parity-corrected message. The M2
message is necessarily one bit longer than
the M1 message. This is a penalty since
we have started to add overhead, 1i.e.
bits sent that are not the actual message,
and overhead reduces the overall message
rate.

But the reason for adding a parity-~bit
to our message was to guarantee message

parity. The encoder and decoder were both
in aggreement as to the parity of the
messages, Thus, if the decoder evaluates
a message with a parity different than
what was expected, an error can be
announced. This idea was the basis for
many high-powered error detection and

¢orrection techniques.

Obviously, this method alone, although
better than nothing, is a weak defense
against digital noise. It is quite
possible for noise to corrupt the message
but retain the original parity, thus
giving a false sense of protection.
Therefore, more powerful techniques must
be considered.

6.0 ADVANCED TOPICS

Section 4.1 alluded to several
performance classes of EDC techniques. As
it turned out, each «class had its

advantages and disadvantages. What is one



willing to pay for EDC? The addage "you
get what you pay for"” applies perfectly in
this case.

In all cases, one must examine and
process the original message, perhaps
changing or adding code to the original
information. These codes are not unlike
the parity-bit we added to our 1little
binary message. But a simple parity-bit
may be the least effective code we could
generate, next to none at all. If expense
and response time were no object, then one
would pursue methods that produced the
highest gain, 1i.e. those methods that
generated the biggest difference between
coded and non-coded Signal-to-Noise levels
(coding gain).

This 1leads to a brief description of
"block" and "convolution" type codes. In
general, simple block codes provide an
effective 1low-cost EDC solution. They
typically can correct one-bit errors, and
detect two or more bit errors. Block
codes take a fixed bit-size information
block and generate a special codeword that
is appended to the message. The codeword
is wusually a parity-like function that
uniquely describes the information block.
This wuniqueness permits effective error
detection and single-bit correction. Each
block of information is congidered
independent of preceding data blocks.

Convolution codes differ from block
codes in that convolution codes take a
stream of information bits and generate a
stream of encoded bits by applying
feedback (or recursive) equations often
called generator polynomials. Unlike
block codes, these type of codes require
memory of recently processed bits, and so
have structures like that of some digital
filters.

Concatenated codes are encoding
techniques that merge more than one EDC
method into an overall error control
scheme. These have been found to be
highly effective, but necessarily require
the highest cost of all. Table 1 provides
a short 1list of some well known coding
methods and their respective coding gains.

Communication scientists and
information theorists have, over the past
thirty years, developed a wide variety of
techniques that have application in many
different systems, This includes cable
system networks, too. Your equipment
should incorporate some form of effective
EDC, if not then chances are the complaint
levels may be excessive. The interested
reader 1is encouraged to investigate this
most fascinating field of digital error
control.

TABLE 1. A partial list of some EDC codes
grouped by performance. The gain is the
difference between coded and non-coded
Signal-to-Noise levels [1,4].

Hamming
Golay
4-7 dB BCH
Reed-Solomon (RS)
Viterbi
+8 dB RS-Viterbi
Fano

Note: Use of redundancy and interleaving
in addition to the error control coding
significantly increases coding gain.

7.0 SUMMARY

Cable system networks have evolved
from television signal distribution
systems to multi-service advanced
communication systems employing digital
remote control at a number of levels in
the network. Satellite links have
delivered attractive programming to cable
operators, with encryption and scrambling
equipment providing effective program and
revenue containment.

Individual decoder control has
blossomed as a de facto standard. Digital
computer commands are issued to each or
all decoders by inserting this data and
other digitized information in the VBI and
HBI of the video signal in base-band
transparent designs, or on sub-carriers
or extended bandwidth channels.

The serious effects of digital data
errors demand error control techniques
radically different from that offered by
classical analog noise control solutions.
Significant gains wusing digital error
control methods can be obtained, but at
the minimal cost of added complexity.

Redundancy, interleaving and parity
were basic concepts upon which elaborate
techniques were designed and implemented
in most digitally oriented communications
equipment found commercially in use today.
The box on your TV is not just a decoder,
it is truely a marvel in communications
technology.
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EFFECTIVE STATUS MONITORING

THROUGH

HIERARCHICAL DISTRIBUTED PROCESSING

by Lee M Dusbabek

Jerrold/Century III Division, General Instrument Corporation

ABSTRACT

As cable systems continue to grow in
complexity and 1length a good status monitoring
system capable of reducing down time is a must.
Such a system should be able to detect a problem
before an outage occures and be expandable to meet
the future needs of the system.

As the power of micro computers increases and
the cost continues to fall a multiple processor
status monitor system becomes a cost effective

tool for the system operator., The multiple
processor system will decrease detection time
while increasing reliability and future

expandability,

This paper will disribe the advantages of
such a system in detail and try to show what could
be done in the near future by using the power of
the micro-computer.

INTRODUCTION

Up wuntil recently status monitoring has been
a luxury rather than a necessity. Down time has
always been a major concern but now with more and
more systems caring data the system operator needs
to find problems before the outage OCCUTS .
Sensors to measure exact levels, voltages and
temperature need to be combined with error free
data transmission to and from the computer. The
operating console needs to be easy to use and the
software should be written with future
expandability in mind.

By having multiple levels of processing power
the data can be concentrated at each level so that
the data flow will be minimized at the higher
levels (Reference Figure 1). The operator control
computer (OCC) is located at the headend or
billing office. It collects data from the remote
polling controller (RPC) by polling them one at a
time. The data is then used for trend analysis and
the printing of alarm status. The operator can
guickly examine any problem wusing the user
friendly menus.

Communications between the OCC and the RPC/s
is done using standard A5-232 with data rates of
300 to 9600 baud. Data in both directions is
checked using 16 bit cylindrical redundacy
checking (CRC-186).
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The RPC keeps track of all the data from the
remote status modules (RSM) including limits and
alarms. In fact, all the operator console would
have to normally do would be to issue a "Is there
anything wrong" command. The lower level
proccessing would take care of polling and 1limit
checking. In this way the operator console (0CC)
could use low speed data lines such as phone
modems to allow the OCC to be located anywhere.
This would also allow the remote polling
controller (RPC) to be located at a remote hub
site and if multiple hubs existed they could be
physically located miles apart.

A typical system would consist of the
following:

1) Transponders
2) Remote polling controllers (RPC)
3) Operator command console (QCC)

The following is a description of each 1level
of processing in detail.

TJRANSPONDERS

The transponders are located at the device to
be monitored. Their job is to carry out commands
from the RPC and send back data when instructed to
do so. Features to look for in a transponder are:

1) Number of stations that can be
addressed,
2) Number of inputs and outputs.

3) Data speed and error checking.
4) Dynamic range of RF modem.
5) Power requirements.

B) Future expandability,

The Jerrold advanced status monitor
tranponder 1is refered to as an RSM or remote
status module. It uses a state of the art micro-
computer IC that has on board read only memory
(ROM), random access memory (RAM), serial port and
input/output ports (Reference Figure 2). This is a
big advantage because of the space savings and
powerful data error checking that can be done.



The number of stations that can be addressed
is an important concern., If there are too feuw
addresses then not all devices in the system can
be monitored. If there are too many then the
response time to find a failure incresses. In a
multi-processor enviroment the work load can be
divided between several computers. In the Jerrold
advanced status monitor we allow 1000 addresses
for the transponders. At a data speed of 19.2
Kbits per second and a total transmission word
length of 47 bytes this gives a polling time of
under 60 seconds. If more stations are needed
another remote polling controller can be added., A
maxiumin of 16 remote polling controllers can be
in one system thus giving a total of 16,000
monitored stations and a maximum response time of
under 60 seconds. An example of the advantage of
distributed processing would be if the system had
1,600 stations to be monitored. If 16 RPC's were
used to distribute the work load and each polled
100 stations, then the response time for a
complete system poll would be under 6 seconds.

The RF modem is built into the transponder
itself thus allowing installation in either a
trunk amp, remote power supply or anywhere on the
2 way cable system., The RF modem is designed with
a dynamic range of over 40 db thus allowing it to
receive data in very weak signal conditions as
found in the <case of a failed trunk amp. FM
modulation was chosen since it gives a 6db S/N
improvement over AM, Data is transfered wusing
standard B8 bit asynchronous format with one start
bit, eight data bits and one stop bit with a baud
rate of 18.2 Kbits per second.

Error checking on all data to and from the
transponder is done by using a 16 bit cylindrical
redundacy check (CRC-16)., This the the type of
error checking done by most of the advanced
communication programs and would be extremly
difficult to do without the micro-computer.

Power requirements are an important
specification to 1look for in any piece of cable
equipment. The micro-computer replaces the
function of many IC's and by using CMOS technogoly
both current and heat are reduced. In the Jerrold
advanced status monitor transponder we were able
to keep the power requierment under 150 ma @
24VDC.

Future expandability is provided by sending a
type code along with the data stream. The micro-
computer in the transponder then looks at this
code to determine what system configurization it
is to be used in. We are currently using seven
different types leaving 249 additional types to be
used in the future.

Additional expandability is provided by an
op-code that is sent to the RSM (Reference Figure
3). Op-code zero instructs the RSM to return its
analog and digital data while op-code eight

instructs it to load limits and alarms. A simple
re-programming could be done to add many more
commands.,

Analog HI and LOW limits are compared in the
transponder itself. This saves computer time 1in
the polling computer thus providing a faster
polling time.

The computer also controls the return RF
level. The RPC measures the return RF level from
the RSM and then can command it to increase or
decrease its return level. By using the <closed
loop architecture between the two computers an
adjustment free system has been realized that is
nearly independent of reverse amplifier set-up
gain,

Remote Polling Controller

The remote polling controller has two basic
tasks. The first task is to poll the transponders
connected to it and store this information in
memory., The second task is to receive commands
from the operator control console and send back
requested information.

The Jerrold advanced status monitor RPC is
baised around the IBM PC computer. To be as
flexible as possible all of its software is
uploaded to it from the operator control console
computer thus allowing future software wupdates
with NO hardware changes. Since its software is
running out of random access memory no disk
drives, keyboard or video monitor are needed for
this computer there-by increassing reliability.

To get the maximum polling speed another
micro-computer IC is installed on a plug-in card
in the remote polling computer. The job of this
status monitor interface board is to take data
from the RPC and send it in a serial format on a
radio frequency to the transponders. Once the RPC
sends a command to this board it is free to handle
commands from the operator control console and
waits for the board to tell it that it's ready. In
the Jerrold advanced status monitor there are four
levels of processing that the data flows through.

THINGS 1O COME

The multiple processor environment frees up
each computer to handle a bigger task. I see the
day coming when there will be computer controlled
stations, not just computer monitored. 1Imagine a
trunk amplifier that all that was necessary to set
it up was to turn it on. The micro-processor could
measure the pilot levels, control the slope and
gain, adjust for outside temperature and send back
a report of system flatness at its location. Total
amplifier failure could be bypassed and previous
amplifier levels increased to compensate for it.
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COMMAND: Return Alarms and Values
OPCODE: HEX@, BINARY 0600
DESCRIPTION: Report all alarms and all analog and digital values.

FORWARD TRANSMIGSSION FORMAT:

| T 141 8 [ 16
(o] 2 ADDRESS CRC-16
CODE CHECKSUM

$ 4 (4] 8 | 8 | 8 | 8 | 8 | 8
P-  ADDRESS ANA-  ANA-— DIG- ANA- ANA-

CODE LOG LOG ITAL LOG LOG
HI LO IN- VALUE VALUE
ALARMS ALARMS PUTS 8 7
8 ] 8 ] 8 | 8 ] 8 | 8 | 16
ANALOG ANALOG ANA- ANA- ANA- ANA- CRC-16
VALUE VALUE LOG LOG LOG LOG CHECKSUM
6 5 VALUE VALUE VALUE VALUE
4 3 2

BIT FORMAT S:

ANALOG BI ALARMS |ANALOG LO ALARMIDIGITAL INPUTS
P T I T T T T T I T T T T I T T L
AAARAAAAAAAAAAAAAADDDDDDUDTD
HHHHHHHHLLLLLLLLIIITITITITITI
AAAAAAMAAAAADMDADAARAAMAAATGST7 654321
8 765 4321876514321
FIGURE 3
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FIELD TESTING OF A DIGITAL AUDIO SYSTEM

Richard Scheuerer, William L. Thomas, Loujs Williamson

American Television and Communications Research and Development

ABSTRACT

Cable operators are currently presented with
multiple vendor options when considering the addition of
high quality audio services. Initial product selection by
the operator will serve to communicate the minimum
acceptable functional and performance requirements to
manufacturers. System operators are therefore uniquely
positioned to demand the best in quality, performance
and economy from future audio products. Technical
product field testing provides the operator with
preliminary information which may be valuable in
determining how to invest capital for a new service.

INTRODUCTION

Laboratory testing of a new digital audio system
occurred at the ATC R&D facility during the summer of
1985. After the completion of these tests, an engineering
field test began and, as of this writing (1/86), is still in
progress. The primary purpose of the field test is to
evaluate the performance of the system technically.
However, it is expected that valuable information from
the consumer's perspective will be received from a
second phase of the two phase field test.

The system wunder evaluation was previously
described in the NCTA 1985 technical paper titled "A
Digital Audio System for CATV Application". The
prototype Toshiba system consists of one hundred
terminals and one four channel headend. Field trial
activities occurred at American CableVision of Thornton,
an ATC system in Thornton, Colorado. During the field
trial, participants are both friendly and typical
subseribers. Audio programming is provided to
subscribers from a variety of high quality sources. In
general, technical evaluations have provided positive
results. Areas of improvement for the current design
have been identified with some modifications deemed
essential. However, terminal characteristics which
relate to operation in a practical cable environment are
acceptable.

SYSTEM COMPONENTS

Subscriber Reception/Decoding Equipment

In both the laboratory and field test, the system
component which is the primary focus of attention is the
in-home DCAT (Digital Cable Audio Terminal) unit. The
terminal's primary functions are the tuning and
demodulation of QPSK digital DCAT data, separation of
demodulated data into audio and control information, and
conversion of digital audio data to high quality analog
audio signals. The audio signals are compatible with
standard auxiliary inputs on existing commercial audio

amplifiers. The terminal also maintains internal RAM
tables which contain system channelization and
subseriber authorization data. A user interface in the
form of a front panel keypad allows selection of headend
delivered programs if appropriately authorized.

When used with compatible custom headend
equipment, the terminal delivers high quality audio in one
of two quality modes:

- "Ultra™ 96 dB dynamic range (16 bits)
20 Hz to 20 kHz frequency response
Greater than 86 dB signal to noise

- "Super™ 86 dB dynamic range (14 bits)

20 Hz to 15 kHz frequency response
Greater than 76 dB signal to noise

Operation is permitted from 88 to 120 MHz with
any single RF channel capable of being positioned within
this speetrum with 100 Khz granularity. Each channel
may contain either one 16 bit "ultra" stereo program or
two 14 bit (companded to 10 bit) "super™" stereo programs.

This field test is the first test in the United States
of this equipment in an actual cable environment. As a
result, some appropriate goals for this test have been
verification of initial specifications and evaluation of it's
practical application in a typical cable and subscriber
environment.

Audio Headend Equipment

The prototype headend equipment used for the
initial testing of the DCAT system was designed and
constructed by Toshiba. Figure A shows the basic
components of the headend equipment and primary cable
system interface. The labelled modules shown in the
diagram represent one RF channel. Al modules are
duplicated for the remaining three channels with the
exception of the control computer.

The Analog to Digital Converter modules provide
an external input interface for connection of the audio
programming sources. All inputs are baseband analog
audio. The primary functions of this module are filtering
and digitization of baseband input audio, generation of
subseriber authorization, and serialization of digitized
audio data for eventual DCAT transmission frame
formatting.

The DCAT Frame Encoder provides two critieal
functions: the formatting of input serial digitized audio
data into a data frame configuration which is compatible
with the DCAT in-home terminal, and the insertion of
program definition and system channelization data into
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NOTE: Two stereo audio sources may be used in 14 bit mode, one in 16 bit mode (see text).

FIGURE A:
FOUR CHANNEL HEADEND FOR TOSHIBA DCAT TERMINALS

tie DCAT frame. The Encoder also generates the
required error control codes for error detection and
correction functions performed by the in-home terminal.

The final encoded baseband bit stream is input to
the RF Interface where the digital data is converted to a
QPSK (quadrature phase shift keyed) signal and up
converted to the final transmission frequencies. At this
point, the RF output for each channel is input to a DCAT
combining network. The output of this network is input
to the cable system's primary combining network.

The control computer provides a user interface for
the headend operator which permits definition of program
quality options (16 or 14 bit modes), program
channelization selections and free tier or encrypted
(addressable) modes of operation.

The headend equipment used in this field test is
not representative of a final production headend. The
headend consists of the same hardware and software
which was demonstrated at the Western Cable Show at
Anaheim in December 1984.

Audio Programming Sources:

Multiple audio programming sources were used to
provide listeners with a sufficient number of alternatives
in programming material so as to encourage their
participation in the test. (it was intended that
subseribers provide ATC technical personnel with
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descriptions of unusual or improper operating situations
which may imply technical problems rather than evaluate
the programming material provided by the signal
sources.) Additionally, it svas desired that experience be
gained in connecting headend audio sources to DCAT
audio headend equipment in typical CATV situations.

The following audio program sources were used for
Phase 1:

A. One Compact Dise (CD) Karaoke player (a CD
jukebox which was specially modified by Toshiba for
continuous, sequential CD access and play).

B. Audio for MTV, VH-1, HBO and Cinemax.

C. WFMT (satellite delivered "superstation" with
classical format).

D. KBCO (an FM broadcaster in Boulder, Colorado
featuring unusual and well chosen rock selections,
often using CD sources)

All audio source equipment provided analog audio
outputs as required for connection to the Toshiba headend
equipment.

The following table defines the equipment used to
provide each of the audio signals to the Toshiba
headend. These sources may be considered to be typical
sources in terms of potential interface requirements for
future headend equipment.



Source Equipment

M/A-COM Videocipher II

Wegener Dolby Digital Demod

(Series 1739)

KBCO NAD Stereo Tuner

WFMT Wegener Analog Demod (Series 1620)

CD JUKEBOX Toshiba/EMI XK-601EMa with
custom continuous play modification

HBO, CINEMAX
MTV, VH-1

System Distribution Equipment

DCAT signals were transmitted on six system
trunks. The distribution equipment consisted of Jerrold
SJAS-400 trunk amps, SJTBN-400 bridger amps and JLE-6-
450 line extenders. The longest cascade in the system
was "A" trunk which has 25 amps followed by "C" trunk
which has 24 amps. The other trunks,B,D,E and F had
15,2,18 and 17 amps, respectively.

The Toshiba headend provided 4 physical (RF)
channels for use during the field test. For Phase 1
testing, one channel was configured for the highest
quality mode of operation (16 bit, 20 to 20 Khz); the
remaining channels were assigned to the lower quality
mode (14 bit, 20 to 15 Khz). Operation in the 14 bit mode
allows 2 stereo programs of this quality level to exist on
one RF channel, effectively doubling the program density
relative to the 16 bit mode. The Toshiba CD Jukebox was
assigned to the highest quality channel.

The following channel assignments were applicable
during Phase 1:

Program Frequeney Mode

HBO, CINEMAX 109.2 MHz 14 bit Stereo
VH-1, MTV 110.6 MHz 14 bit Stereo
KBCO, WFMT 111.8 MHz 14 bit Stereo
Jukebox 113.0 MHz 16 bit Stereo

The first RF channel in the above table (109.2) was
spaced 1.4 MHz from the next highest channel (110.6).
The remaining 3 channels were separated from each other
by 1.2 MHz.

Although the DCAT terminal had a specification
of 1.4 MHz for channel spacing, 1.2 MHz spacing was
used throughout Phase 1 due to headend limitations.

In Home Configuration

In the Thornton cable system, all friendly
subscribers were installed using basically two types of in-
home component configurations. Subscribers already had
either one or two television sets; the terminal was
connected to the system by adding a directional coupler
in-line with the appropriate cable. A directional coupler
(DC-8) was chosen for terminal feed due to the desire to
minimize signal loss to existing television sets and to
maximize isolation of the terminal from these sets, The
physieal configuration for a two-set home is shown in
Figure B. For this configuration, isolation averaged 28.8
dB thru the splitter/DC path (20 dB/8.8 dB) and in excess
of 30 dB between the DC. output and the terminal feed
leg. This ensured sufficient margin to prevent spurious
output interference to either the terminal from a
television or vice versa.

dBmv
VIDEO LEVEL INTOHOME +3.5
VIDEO LEVEL AFTER SPLITTER 0.0

DCAT LEVEL INTOHOME -3.5
DCAT LEVEL AFTER SPLITTER -7.0

LEVEL AFTER DC-8 -15.8

Operating
window of
DCAT terminal
DCATSPEC 240 | .0 o
DISTORTION THRESHOLD -29.5
NOISE LEVEL OF DCAT: CNof
(1.5 Mhz BW) DCAT
27108

ATWALL OUTLET 458
AT TERMINAL -56.6

0dBmvTo TV pcg

/’\-1 dBmv To TV #2
—P

-15.8 dBmv
| To DCAT
FIGURE B

TWO-SET IN-HOME CONFIGURATION

VIDEO IN = 3.5 dBmv
DCAT IN MAX = -35 dBmv
2-way splitter

Use of a directional coupler minimized video
signal loss to approximately 1 dB.

The one and two-set configurations are considered
to be typical for most homes which would eventually
receive service, Based on these assumptions, it was
possible to define a practical operating window with
respect to transmitted and received DCAT signal levels.

TEST RESULTS

Signal Degradation After Cascades

Prior to connecting the friendly DCAT subscribers
to the system, the transmitted DCAT signals were
visually inspected at various points on selected trunks. A
photo of the signals at the end of the "C" trunk (24 amps
deep) is shown in figure C.

-20DBN 112MHZ

1008 0-1.8 100 KHZ
R e
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The effect of the system trunk cable and
amplification equipment was minimal. Termmgls tested
at these positions operated normally. A test point on the
terminal PC board permitted measurement of the number
of bit errors which were not correctable by the sing!e
error correcting, double error detecting BCH code used in
this system. No significant increase in uncorrectable
errors was detected relative to previous lab
measurements.

Operating Window

Practical DCAT system operation when operating
in the A-1 and A-2 channels as in this field test was
defined based on the following criteria and
considerations:

A. Upper limit:

1. FCC restrictions for operation on aeronautical
navigation frequencies.

2. The requirement to remain within existing system
design guidelines regarding maximum power available
from system distribution amplifiers within the
spectrum where DCAT operation was intended.

B. Lower limit:

1. The presence of audible distortion in the received
audio output caused by limitations in the error
correction or digital audio interpolation capability of
the terminal. (The primary causes of this effect are
excessively low signal input levels or exceeding the
carrier to noise capability of the terminal).

Details on Operating Window Estimate: UPPER LIMIT

Signal level restrictions in the A-1 ?d A-2 bands
required that signals be operated below 1072 watts (28.75
dBmv) unless the FCC is notified. American Cablevision
of Thornton operates channel A at approximately 38.5
dBmv and provides the FCC with this information on an
annual basis. An additional 3 to 4 dB of level fluctuation
is expected due to equalizer settings and temperature.
For operation during the field test, DCAT signals were
transmitted at a carrier level 15 dB below the video
carrier of channel A (23.5 dBmv plus temperature
tolerances). At this level, signal levels are well below
the specified FCC threshold for notification. Future
FCC regulations will require that the average level of
signals transmitted in the A-1 and A-2 bands not exceed
38.75 dBmv averaged over any 160 microsecond period
within a 25 kHz bandwidth at any point in a cable plant
(unless the FCC is notified). According to the update to
FCC |Notice 21006 which describes the above
requirements, this limitation will not exist for operation
in the 88 to 108 MHz spectrum region.

For the DCAT system, the highest level which
would be transmitted within a 25 Khz window occurs
when modulation is removed from the transmitted
signal. The unmodulated carrier peaks at the center
frequency of what was previously the QPSK signal. This
situation, in practice, is quite possible, requiring only a
failure in the portion of the headend equipment which
generates the DCAT bit stream. Potential users of the
DCAT system in the A-1 and A-2 channel slots should be
aware of these limitations and notification requirements.
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A major factor with respect to introducing new
signals into a cable system is the requirement to prevent
excessive loading of the system amplifiers due to
exceeding system design limitations. These limits are
based on the ratings of the particular amplifiers in use
and on the assumption that video signals are carried
throughout the cable spectrum.

Using the bandwidth of a normal 6 MHz video (and
in-band audio) signal as the reference, and assuming that
DCAT signals are positioned maximally adjacent at 1.2
MHz spacing within this 6 MHz window, 10 log (BW
DCAT/BW Video) = -7 dB states that operation of every
DCAT signal at 7 dB below video maximum will result in
operation at the design specification of the system.

If the minimum video level present at the
subscriber television input is zero dBmv, as required by
the FCC, then the highest level allowable for DCAT
signals based on this limit and the desire to retrofit
DCAT into existing systems is -7 dBmv. Any additional
signal level at the wall provides additional margin. Using
3.5 dBmv as & minimum video level in a practical system,
DCAT signals would arrive at a splitter at -3.5 dBmv and
be reduced to approximately ~15.8 dBmv by the splitter
(3.5 dB loss) and the DC-8 (8.8 dB loss) for the two set
configuration. Therefore, a practical upper level limit
which recognizes the design limits for the system would
be -15.8 dBmv for Thornton.

Operation during Phase 1, however, was done at a
level of 15 dB below channel A video (-24 dBmv after
two-set losses). This placed DCAT signals at the same
amplitude as existing FM carriers and resulted in the
received signal levels being at the threshold of the DCAT
receiver dynamic range specification (-24 dBmv), These
levels provided good results throughout the test, since the
terminal's actual lower limit was significantly below this
operating level.

Details on Operating Window: LOWER LIMIT

Determination of the practical lower operating
limit was done by measuring the absolute peak level of a
DCAT signal at the RF input to the terminal at trunk
taps while the amplitude of the signal was reduced at the
headend. A measurement of received signal was made at
a level just prior to detection of audible clicks in the
audio output of the terminal Additionally, the
background noise level was measured for carrier to noise
performance evaluation. Independent measurem ents
were performed at the end of three separate trunks in the
system, The following were the results:

Noise Signal Effective
Cascade Level Threshold C/N

Trunk Length (dBmv){(dBmv) (dB)
A 25 -45 -29.5 -15.5
c 24 -45 -29.5 -15.5
E 18 -50 -35.5 -15,5

Note: All DCAT signals were reduced simultaneously
with no measurable deviation in signal level between
adjacent channel peak amplitudes.

Based on these results, it appeared that the
threshold was reached due to C/N limitations of the



terminal. In an attempt to confirm this point further,
and to gain additional information regarding the degree
of uniformity in C/N performance throughout the
specified dynamic range window (+5 to -24 dBmv),
additional tests were conducted in the Thornton
headend. Data was taken on 3 different terminals where
C/N was measured as a function of input signal level.
The input signal was reduced in 3 dB steps from +5 dBmv
and noise increased to the distortion threshold. A C/N
measurement was taken at each point until a limit was
reached where no attainable C/N prevented objectionable
audible clicks.

Two of the terminals provided very consistent
results: the C/N requirements remained within 1 dB with
an input signal range of +5 to -33 dBmv. The C/N
requirement window throughout this input range was from
16 to 17 dB for the first terminal and from 15 to 16 dB on
the second. Between -33 and -37 dBmv the C/N required
was 25 dB; at -34 dBmv, C/N required was 28 dB with the
absolute threshold at -37 dBmv.

When referring to Figure B note that the "C/N of
DCAT?" is the effective C/N when the input signal to the
terminal is -29.5 dBmv at the Thornton cable system.
Since the system noise is reduced noticeably by the DC-8,
additional margin with respect to C/N exists when the
terminal is operated in this configuration based on the 3
terminal test results summarized above. Of course,
operation in this signal level region (below -24 dBmv) is
not recommended since the inclusion of sensibly defined
operating margins is necessary to ensure continued stable
operation under adverse system operating conditions.
Toshiba's specification of -24 dBmv provides a desirable
level of safety. The C/N speec, measured in a 1.5 MHz
noise bandwidth is 28 dB and includes approximately 10
dB of margin from various sources.

Level Deviation Between Adjacent DCAT Carriers

A test of the effect of signal level variation of the
center DCAT carrier of the triplet with respect to the
adjacent carriers was performed in the Thornton
headend. This test was similar to laboratory tests with
respect to the test environment since the RF signals were
not received by a terminal connected to a system trunk,
feeder or tap. The test was performed with 1.2 MHz
spacing between the 3 RF channels.

The center channel signal level was reduced in 1
dB steps from the 2 adjacent channels which were
adjusted to identical levels., No noticeable effect to
output audio was detected until the level of the center
channel was reduced to 3 dB below the adjacent channel
reference. At this point, audible clicks were clearly
heard at the output of the terminal and the BCH
uncorrectable error rate increased significantly. It is
clear from this test that the terminal is sensitive to these
level differences, as indicated by a terminal specification
published by Toshiba defining 3 dB as the maximum
deviation.

It is important to consider that this test was
performed at 1.2 MHz channel spacing due to the headend
configuration. The deviation specification is applicable
to 1.4 MHz spacing. It is expected that this
characteristic of the terminal receiver would improve if
the spacing were increased to 1.4 MHz.

Testing was not performed to determine the effect
of level deviations between non-adjacent channels,

Use of Encryption

After the primary system testing was completed,
all channels were switched from non-encrypted to
encrypted (tiered) mode. All channels were assigned the
same tier. Operation in this mode for a period of 8 weeks
resulted in no negative feedback from cable system
personnel or subseribers. It was necessary to individually
address each terminal from the headend to activate the
encrypted service. This field test activity in addition to
laboratory testing has empirically confirmed the
functionality of the DCAT encryption technique and
system implementation.

Interference Issues

DCAT to Normal Cable Operations

Prior to applying DCAT RF to Thornton system
trunks, existing video and audio signals were examined
for future reference. After applying RF, there were no
reports of interference from any of the Thornton
technical personnel. System video and audio signals were
again inspected with no evidence of interaction with any
of the four DCAT RF signals.

Normal Cable Operations to DCAT
- - - High Level Sweeps

The Thornton cable system uses a high level sweep
for system analysis. The system in use is a Wavetek
1855/65, which sweeps from 1 to 400 MHz in less than 3
milliseconds at a level of 20 dB above the video
carriers. The repetition rate used is from 1 to 25 seconds
during this operation. Each sweep generates an audible
click at the terminal audio output. Based on the
characteristics of the sweep, it is possible that 2
subframes of DCAT information could be destroyed for
each sweep (approximately 10 microseconds per RF
channel at 1.4 MHz). Although the click is not
particularly loud to the listener, it is not known whether
this event could cause damage to a subscriber's stereo
system. A system operator considering the use of this
system should assume that the potential for damage
exists, and plan on providing a notch filter at the sweeper
output.

- - - Low Level Sweeps

The pertinent specification for the DCAT terminal
with respect to susceptibility to interference from a low
level sweep system is the desired to undesired ratio. To
prevent interference to transmitted DCAT signals it
would be required that the RMS level of the sweep output
signal be at least 14 dB below the peak level of the DCAT
signals.

Low level sweeps are most often operated at
levels of 10 to 20 dB below system video carriers. DCAT
signals may be operated as low as 15 dB below video and
an additional 14 dB is required to satisfy the D/U
requirements of the terminal. Under these conditions
interference will occur, It is reasonable to expect that
the effect of the interference would be similar to that
experienced under high level sweep conditions.
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Systems employing low level sweeps with output
levels greater than the D/U specification below DCAT
(plus reasonable margin) should plan on the use of notch
filtering or similar solution to prevent interference.

- - - Premium Service Traps

Thornton cable system uses Channels A and C for
premium video services. When DCAT terminals were
initially installed at some subscriber sites, the effect of
two types of traps in use in the system to prevent
unauthorized reception were observed on DCAT signals.
One type of trap is used to prevent reception of a single
service in channel A or C while the other type is used to
eliminate channels A, B and C. The attenuation of the
multichannel trap from 110 to 120 MHz is quite severe,
with 2 dB attenuation at 110 MHz to 40 dB at 120 MHz.
The single channel trap attenuation ranges from 1 dB at
110 MHz to 3 dB at 115 MHz with the attenuation
increased to 20 dB at 120 MHz.

The terminal specification for level deviation
between DCAT carriers does not permit adjacent DCAT
channel level deviations from exceeding 3 dB or in-band
level deviations between non-adjacent channels in excess
of 6 dB,

Assuming this situation is common in existing
cable systems, this specification introduces restrictions
on cable operators regarding reliable terminal operation
and use of cost efficient deauthorization components in
non-addressable systems. The operator who is faced with
this situation will be required to engage in careful
speetrum planning and system analysis before initiating
subscriber service. Fortunately, the effect of the traps
used in the Thornton system between 88 and 108 MHz was
negligible.

Installer Feedback

A questionnaire and information summary sheet
was completed for 22 of the 23 friendly subseribers at the
time of initial DCAT installation.

The requested information included a deseription
of the customers stereo system, the inr-home installation
and the general environment in which the terminal was
installed. The subscriber's initial comments concerning
the installation, terminal or service were also requested,

Very few trends could be determined from the
data on stereo system type. A wide range of
manufacturers and qualities were represented. The most
common type of system was the "rack" system from
labels like J.C. Penney, Fisher, and Zenith, None of the
subseribers owned Compact Dise players. A few
subseribers had no stereo system, using headphones only
on the terminal.

Most installations had relatively short (less than 5
ft.) cable runs from the wall plate to the TV and stereo.
In one installation the stereo was located in a basement
room 30 feet from the nearest cable outlet.

No problems were reported with heat or
interference to or from the DCAT unit, although some
subscribers mentioned that the terminal remained hotter
than expected during power off periods. This is not
unusual since the terminal electronies remain active even
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after the ON/OFF key is pressed. This maintains the
internal RAM for previous authorization and
channelization data and allows reception of new data to
modify previous information,

As might be expected, the most common comment
was good sound quality. Also common were requests for
remote control units and positive comments regarding the
terminal's appearance. Channel tracking and matching
channel numbers for video simulcasts were also stated as
desirable. A few commented immediately that they
would prefer additional program variety. Some
subscribers were very pleased with the terminal's ease of
use, and suggested a convenience AC outlet on the
terminal back panel. The lack of AC outlets was a
common problem during the installations.

Subscriber Feedback

After the friendly subscribers had their service in
place for approximately four weeks, all were requested to
return completed questionnaires regarding their
impressions of the service and terminal equipment. Most
subscribers commented very positively on the audio
quality. The same comments stated on the installation
report were restated by additional subscribers after
receiving the service. Several subseribers mentioned that
the Compact Disc channel seemed to be lower in volume
than the others; perhaps this is due to an unfamiliarity
with the wide dynamie range of Compact Disc sources.
Several of the other sources used in the test were heavily
compressed and thus, on the average, sounded much
louder as channels were rapidly scanned.

Measurement Techniques

Spectrum Analyzer

To accurately describe the level characteristics of a
DCAT signal, the peak unmodulated carrier level must be
defined. However, as terminal installations progress, it is
undesirable to interrupt previously installed subscribers'
service by removing modulation for a measurement.
Therefore, amplitude measurements were performed on
the actual modulated signals and a calibration factor
applied to normalize to the unmodulated carrier level
reference.

The spectrum analyzer used for most of the
measurements was a Hewlett Packard 8558B. After
modulation is applied to the zero dB peak unmodulated
DCAT signal, the signal was measured using the HP
Speetrum Analyzer. The following results were obtained:

Bandwidth Level

1 MHz -4 dBmv
300 kHz -9 dBmv
100 kHz -14 dBmv

There was a 4 dB difference between the zero
dBmv peak level of the unmodulated signal and the same
signal within a 1 MHz window after modulation was
applied.



Bit Error Rate

4 Toshiba has specified a bit error rate (BER) of 3 x
10 as the transmission link bit error limit for
satisfactory reception of high quality audio as specified
for the DCAT terminal. This BER figure is the absolute
reference for defining thresholds for a number of
different technical specifications (for example: Carrier
to Noise Ratio, Desired to Undesired Ratio, Level
deviation between RF channels, ete.).

Although the BER specification provides a
technically accurate yardstick for defining many terminal
specifications, operation at the specified limit
consistently resulted in acceptable performance. As a
result, all tested terminals met published specifications,
however, very little was learned about the absolute limits
of various specification parameters on a more subjective
level. For this reason, test thresholds were established in
a manner which describes the effect of unsatisfactory
system operation to the end user. As each specification
parameter was varied towards its most undesirable
extreme, (while other parameters were maintained at
"normal® settings), a common result ocecurs in the audio
output regardless of which parameter is being varied. As
a result of exceeding the error correction capability of
the DCAT BCH error correction code and audio
interpolation capability of the terminal logie, audible
clicks due to an excessive number of uncorrectable bit
errors in the received data stream are heard at the audio
output. The click rate changes from effectively zero per
second to thousands per second (audibly resembling white
noise) very quickly for a given parameter range change.
This result was also reasonably independent of the
parameter under examination. Typically, these two
extremes would be seen within a 1 to 3 dB window. The
limits for the various specifications were determined by
listening for clicks to just be detectable in headphones
(with no audio programming) at a very low repetition
rate; additional change in the parameter would result in
the presence of noise (eclicks) which, in our listener's
judgement, would be objectionable to a typical
subseriber,

The method deseribed above is not intended as one
which would replace measurements based on BER, but
rather one which provides additional information which is
practically useable for quantifying specific DCAT
terminal parameter thresholds in a realistic cable
environment.

Summary

During Phase 1 of the Engineering Field Test, 23
terminals were installed in the Thornton system. All
terminals but one operated normally.

The friendly subscribers who received the service
were very pleased with the quality of audio although only
one of the seven programs was truly from a high quality
source (the Toshiba/EMI CD Jukebox). Other subsecriber
feedback and suggestions consisted of comments
regarding terminal appearance, the desire for remote
control, matching channel numbers for video simuleasts
and the need for greater variety in audio programming.

It has been determined that the terminal is
suseeptible to interference from both the low and high
level sweep systems commonly used in current cable

systems. This is primarily due to the low levels at which
DCAT operates. Therefore, it will be required for cable
operators using DCAT to include a notch filter at their
sweeper output to prevent the occurrence of the low
volume click heard by terminal users as the sweeper is
active.

Cable systems which have assigned Channels A, B,
or C for their premium video services and use negative
traps to prevent reception will need to exercise care in
providing DCAT service to subscribers who are not
authorized for these video channels. This caution applies
primarily for systems who transmit DCAT in the upper
portion of the 88 to 120 MHz band.

An operating window with respect to input signal
level was established based on FCC restrictions, system
design constraints and minimum useable signal limitations
of the terminal. With the in-home configurations used in
Thornton cable system, practically useable windows of
approximately 14 dB and 17 dB were determined for two-
set and one-set configurations, respectively. These
windows extend beyond the low end dynamic range
specification published for the terminal by 5.5 dB.

The technical testing which is described in this
paper is a small subset of the testing performed to date.
The detailed technical testing was done during Phase 1 of
the test. The second and last phase of the field test, now
in progress, is directed toward evaluating consumer
reactions to both the DCAT system and additional
premium audio programming sources. Information
concerning consumer response to the second phase will
be available after completion of focus group activity and
data compilation.
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HARD ENCRYPTED VIDEO AND AUDIO TELEVISION SYSTEM

Michael F. Jeffers
Joseph B. Glaab
John T. Griffin

GENERAL INSTRUMENT CORPORATION

There are many considerations involved in the design
of a truly secure scrambled television signal. In the
encoded mode, recognition of any portion of the
original video and audio signals must be obliterated
by the scrambling method. The recovery of both
these signals must be protected by ecryption
techniques developed within a robust transmission
system. The circuitry to reconstruct the signals
must be reliable and consistent; and its cost must be
in line with the benefit. Above all, the quality of the
descrambled signals must match the original. We are
confident that we have achieved these goals. In the
following paragraphs we will discuss the problem
areas and our solutions.

Development work on this system started in the
second quarter of 1983. The choice of scrambling and
descrambling a baseband signal was obvious for
several reasons. Signal processing techniques were
well understood; both AM and FM systems could be
used for transmission; and the ability to transfer
from a satellite system to a CATV or MATV system
without descrambling was inherent. A modified
NTSC format was chosen to stay within the six MHZ
bandwidth needed for cable and to keep device costs
at a minimum. From the start, highly integrated
VLSI circuits were the only choice for the final
product. The plan required a minimum of two audio
channels and an address/authorization scheme to
serve sixteen million subscribers.

All of this information was to be in a digital format.
For audio, the Dolby adaptive delta modulation
system was chosen because of its proven high
performance at moderate bit rates. To assure a
robust system forward error correction was
included; for security the audio bits were encrypted.

The first test at transmission of this baseband signal
used frequency modulation simulating a satellite
service. The digital audio and address information
modulated a 6.2 MHZ subcarrier as QPSK. The
subcarrier became part of the baseband which then
frequency modulated a 70 MHZ exciter. Results were
very poor. The power required for satisfactory
performance of the information on the subcarrier at
low carrier-to-noise worsened the threshold level of
video by 2.5 db. This was unacceptable. Separately
we experimented with a line rotation form of video
scrambling and were reasonably successful in
descrambling it. It was decided to reformat the audio
channels and the address/authorization data to fit
within the video signal. Making use of all the
horizontal intervals was required; the information
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content we needed greatly exceeded the time
available in the vertical interval. The vertical
interval is used for synchronization, AGC for AM
systems, and for level references. All information
carried in the VBI needed for proper system
operation is contained in the first nine lines leaving
all remaining lines to be used by the system operator
for any service he chooses - Teletext is an obvious
option. System tests using this approach were
extremely successful. There was no loss of video
power since no subcarriers are needed. In fact, the
lack of subcarriers and synchronizing pulses
improves the carrier-to-noise subjective threshold
by one to two db compared to standard NTSC.

With the background established, the following detail
is presented.

SCRAMBLING

A line splice and section rotation system was used.
The system allows for a single video line to be spliced
at any one of more than one-hundred locations
linearly spaced along the line.

Figure 1 shows an example of the method used.

To accomplish this, the video is processed through
an analog to digital converter. The digital samples
are stored in a high speed RAM capable of one video
line of memory. The splice point is determined from a
synchronous stream cipher decryptor using
non-linear sequential logic. In effect, the splice
point is chosen from a random bit stream in the
encryption circuit which is synchronous with the
decryptor at the receive end of the system. A time
varying encryption is achieved by establishing a new
encryptor seed every frame. The stored digital
samples are taken from the memory starting at the
splice point to the end of the stored line and then,
from the start of the line to the splice point. This
sequence is passed through a digital to analog
converter for transmission. The transmission can be
for many services: satellite, cable, microwave,
MMDS. At the receive site, after demodulation, the
process is reversed.

The scrambled baseband signal goes through an
analog to digital converter and is stored in a high
speed RAM. The original splice location is known at
the receive site via the synchronous encryption
stream. The memory location for the start of the line
is the complement of this number. As an example,
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FIGURE 1

there are about 752 memory locations for the active
video portion of a line. If the splice were taken one
quarter of the way across the line at location 188 then
the start of the line would be its complement at
location 564 (752-188). The digital information is
then taken out of memory beginning at this location
and the line is reconstructed to its original form. If
the subscriber is authorized to receive programs,
the signal is passed through a digitali to analog
converter for presentation at the video output. In
actual practice, the complement algorithm is used at
the transmitter to allow for a less complex recovery
at the descrambler.

1ZONTAL INTERVAL

It is important for this system that the video signal
comply with the EIA Standard RS 170A color television
standards. To assure this, it is recommended that
the source video be processed through a frame
synchronizer. A phase locked loop circuit senses the
color burst at the video input port of the scrambler.

All timing for this system is derived from this
reference. The horizontal blanking interval from the
source video is stripped clean of sync and color
burst. The interval is reconstructed to include
digital information starting with a 16 bit run-in code
plus 66 bits representing two digital audio channels,
address information and data. This interval is
referenced to a 50 IRE level. Included in the 66 bits
are two interleaved "2 for 3" forward error
correctors. We use two level data. The combination
results in a very robust transmission system; error
free until very low carrier-to-noise ratio are
reached. The remaining 44 bits serve the following
functions:

13 right audio Dolby

13 left audio Dolby

step size (audio)

slope (audio)

address authorization

encryptor seed

video invert key

data - (or 2 on-screen display
and 4 data )

O) md ok OO b

The 26 audio bits are encrypted. The 8 address bits
per horizontal is equivalent to a 126 K bits/sec rate
or a cycle rate of 2.7 million subscribers per hour.

At the receive site the information in the horizontal
interval is processed and the horizontal interval is
reconstructed with clean sync and color burst to the
RS170A specification. The same is true of the
vertical interval. These clean synchronizing signals
maintain the video in stable lock down to levels of
zero db carrier-to-noise. The audio will show
distortion at about 5 to 6 db carrier-to-noise but is
intelligible to 4 db. The complete descrambler
consists of four major integrated circuits: a custom
codec; a custom video processor; a control
microprocessor with peripheral; and the audio digital
to analog chip.

Other important circuits inciuded in the design are:
1) A video AGC.
2) A clamp circuit.

3) A line tilt correction circuit.

The AGC circuit will maintain an accurate one volt
peak-to-peak video output signal for + 3 db variation
of the input. This will compensate for varying
deviations in FM systems and for sloppy R.F. AGC's
in AM systems.

Line tilt is the nemesis of line rotation systems.
Experience with both FM and AM tests indicate that
this is not a problem for our systems. We attribute
this benefit to the format we use in the horizontal
interval where the information is centered around the
50 IRE level thereby maintaining an average level
across the complete line scan. Nevertheless, we have
incorporated a line tilt correction circuit for
insurance.
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PRE-EMPHASIS (DE-EMPHASIS

For satellite transmission, the format of the
scrambled signal allowed for optimization of the
pre-emphasis and de-emphasis circuits. After
extensive calculation and subjective tests we
established that the curve presented in Figure 2 gave
a high quality picture for a clear sky condition while
it enhanced the bit error rate and gave a significant
subjective improvement at low carrier-to-noise
levels. Subjectively, it greatly reduces the size of
the comet tails caused by impulse noise.

RELATWE
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SUMMARY

The techniques discussed result in a practical cost
effective scrambling system which features hard
encrypted video with hard encrypted stereo audio to
insure longevity. The two level, forward error
corrected data assures a robust system operating
down to low carrier-to-noise ratios. The
reconstructed picture is a replica of the original at
normal operating levels. It is a baseband system
proven in both the FM and AM transmission modes.
The line rotation method of video scrambling
maintains a very secure signal even in the presence
of sync reinsertion defeat mechanisms and digital
television chip sets. The use of digital processing
methods avoids distortions inherent in analog
techniques. The format used allows for special pre
and de-emphasis circuits which are optimized to
minimize bit error rates and improve the subjective
effect of impulse noise. The work effort has met all
the goals required for an excellent operating system.



NEW APPROACHES TO SECURING BASIC SERVICES

.Graham S. Stubbs
Vice President, Science & Technology

0AK Communications Inc.
San Diego, California 92127

ABSTRACT

The shift towards increased revenue generation
from basic services (and a corresponding decrease
in multi-tier pay revenues) strengthens the need
for means to protect those basic services from
signal piracy. In the past, scrambling and addres-
sability have been used primarily to protect pay
services. Now there is clearly a need for a cost
effective mathod to secure basic channels without
rendering existing equipment, especially plain
converters, obsolete.

This paper discusses converter compatible solu-
tions to the problem, and describes two specific
examples, each of which is capable of being over-
laid on an existing system already equipped with
converters.

The more secure of the approaches described
applies encryption technology to provide a very
high degree of security. The other approach is an
add-on decoder, examples of which have been avail-
able for some time.

INTRODUCTION

Signal security techniques, as applied in cable
today, are designed primarily to control the deli-
very of pay services and to protect revenues. Ad-
dressable methods have been introduced to enhance
Pay TV operations by making the changing of sub-
scription packages less costly to the operator and
more convenient to the subscriber. Addressability
is almost a pre-requisite for most forms of PPV,
Security in scrambled signals has been enhanced by
the use of addressability for delivery of decryp-
tion keys.

While it is true that a few cable systems
scramble basic service channels, the fact is that
encoding of television signals has been directed
primarily at pay services. Yet the greater part of
cable systems' revenues in 1986 are projected to
come from basic subscriptions, and in future years
the percentage of income from basic service is
expected to increase. Most cable operators admit
to some degree of theft of basic service, but few
have taken steps to make "basic" signals more
secure.

Some pay program material has to be scrambled
for obvious reasons. And yes, of course it's
simplest to deliver basic programs in the clear,
either directly to the television receiver or
through an inexpensive converter. However, there
can be some interesting challenges for cross-
innovation in security methods.

In an existing addressable system it is pos-
sible to scramble some or all of the basic channels
in the same manner as pay channels. However this
means supplying converter/decoders (with their
attendant capital costs) to all subscribers, which
can place a greater burden on the security of older
and less sophisticated scrambling technigues.

Most cable subscribers today are supplied with
non-addressable converters of either the program-
mable (converter-decoder) variety, or non-
programmable (plain-vanilla) type. This paper
focusses on methods to secure basic services in
systems, which today are non-addressable, without
rendering the non-addressable converters obsolete.

Functional Requirements

Before discussing the details and merits of
specific approaches, it is as well to review some
observations regarding "basic" requirements.

o Security -- As the value of the enter-
tainment product continues to increase s¢
will the ingenuity and determination of
pirates. Defeating secured “Basic" as
well as scrambled "Pay" could be looked
upon as twice as rewarding by the pirate.

[\] Compatibility -- A successful approach
should not obsolete existing subscriber
terminal equipment.

o Cost -- No technique will be acceptable
unless there is a financial pay-off.

[\] Addressing -- Individual device control is
a necessary component of a secure system.
However the multi-tier/muiti-function
controls, usually incorporated into ad-
dressable pay systems, are not necessary
for basic services.
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Two Proposed Methods

In order to illustrate the possibilities of
using Pay TV security techniques to protect basic
services, two methods will be outlined having in
common the use of an addressable device located on
the subscribers premises, inter-faced with an exis-
ting converter (or non-addressable converter/
decoder). There are significant differences be-
tween the two approaches related to:

o adaptability to other uses
[} security

Post-Converter Addressable Decoder

Devices of this kind have been offered for sev-
eral years by a number of manufacturers of addres-
sable systems. These devices have been marketed
primarily for the addition of pay services to
systems equipped with non-decoder type converters.
Usually they have been designed for system compa-
tibility with converter/decoders designed to decode
the same scrambled signals.

A representative block diagram (Fig. 1) is
shown of one of these devices (OAK TCM-1) which
employs out-of-band addressing. The decoder is
equipped with four connectors. The signal from the
drop cable loops through the decoder to permit ac-
cess to the out-of-band FSK addressing channel, and
is connected to the converter input. After channel
selection, the converter output signal loops again
through the decoder in order to accomplish program
tag recognition and decoding. The decoder output
is connected to the television receiver.

The FSK receiver, similar to that used in other
addressable devices, extracts serial addressing
control data. The control data contains, in de-

coder specific messages, the identity of authorized
program levels which are stored in the decoder.

The output signal of the converter passes through
the decoder tag detection circuit. If the selected
channel is scrambled, the decoder automatically ex-
tracts program level information from the tag sig-
nals which are transmitted in the vertical blanking
interval. Control circuits compare the tag levels
with stored authorized program levels, and if there
is a match, activate the decoding circuit. The
TCM-1 uses the same dual-mode sine-wave sync sup-
pressed scrambling as OAK's Total Control system.

This type of decoder can be used in a system
presently employing a mixture of plain converters
and converter/decoders (either addressable or non-
addressable) to permit scrambling of all channels,
including, of course, basic channels. Any scheme
involving encoding of basic channels naturally
requires all basic subscribers in the system (or
section of the system in which scrambling is em-
ployed) to be provided with appropriate decoding
devices.

Once installed, the same decoder can be used to
extend Pay coverage without additional investment
in converter/decoders.

As the decoder utilizes signals which have
already passed through a converter, particular at-
tention must be paid in this type of decoder to the
effect of converter fine tuning. In the device de-
scribed, frequency sensitive portions of the decod-
ing detection and tag detection circuits operate at
a special intermediate frequency. AFC is used to
maintain accurate frequency control of this IF.

The decoder is designed to be system compatible
with the addressing commands of its converter/
decoder counterpart.

TCM1
v
CABLE RECEIVER
— AUTH —
- FSK > S
®  CcH3 --
RECVR DECODER
I ADDgESS 8 TAG
TECTOR
CONTROL | DETECTO
Y
A
CONVERTER CHS
NPUT OUTPUT
FIG. 1. POST-CONVERTER

ADDRESSABLE VIDEO DECODER
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Devices of this type are relatively inexpensive
(approximately one half the cost of a converter
decoder), and are already developed and available.
They employ, however, relatively unsophisticated
analog scrambling.

Post-Converter Audio Restorer

This section describes a concept, not a product
already developed for low cost manufacture.

Security of basic channels is achieved by digi-
tal encoding and encrypting the audio portions of
each channel for transmission through the cable
system in portion of the cable spectrum dedicated
to the high speed data transmission of audio (for
example a single 6 MHz channel could easily carry
10 stereo channels).

Each controlled television channel is trans-
mitted with clear video but with no analog audio
modulation. Instead a tag signal, identifying the
channel, is transmitted on the sound carrier.

The equipment provided to the subscriber is
connected in the configuration shown in Fig. 2.
Again a four connector device is used. The cable
signal loops through the decoder allowing the high
speed program-audio data to be extracted. The high
speed data channel comprises digital encryupted
audio, error protection, and control signals.

After television program selection by the con-
verter, the signal passes to the tag detector sec-
tion of the decoder (Fig. 3). If the channel se-
lected is "tagged," the decoder's tag receiver
identifies the tag signal, and seeks a matching
digitized audio signal from the receiver of high
speed data by control of the demultiplexer (DEMUX).

The audio data is decrypted and converted to
analog audio in the DECRYPTER/DAC circuit. [t then
modulates a Voltage Controlled Oscillator (vco)
used to generate a restored audio carrier.

The signal from the converter is converted to
an IF, passes through a filter to remove the sound
carrier transmitted through the cable system, and
is recombined with the restored audio carrier.
Precise phase lock loop techniques are used in the
frequency conversion and VCO circuits to assure
maintenance of intercarrier frequency accuracy and
to minimize incidental FM noise.

As shown the signal passed to the television
receiver is a conventional monaural signal, however
this scheme is readily extendable to BTSC (MTS)
audio.

The concept described here is based on the en-
cryption concepts already employed in the SIGMA
product and has the potential to be extremely se-
cure. It is compatible with existing converters
and can be used to supplement the security of a
wide variety of existing analog scrambling tech-
niques.

This device also is estimated to be approxi-
mately one-half the cost of a new converter/decoder
of similar security.

The principle can be extended to use without a
converter. Used with an 1S-15 compatible receiver,
a device of this kind could recognize tag infor-
mation in the broadband 1S-15 audio output, and
supply audio derived from the high speed data
stream directly to the television receiver.

ENCRYPTED-AUDIO DECODER
v
CABLE RECEIVER
—_ AUDIO —_
> _ ${ AUDIO *
ADDRESS RESTORER
ABLE
AND
gcavr'z_n TAGS | TAG
R DETECTOR
: k
CH3
INPUT CONVERTER OUTPUT
FIG, 2. POST-CONVERTER AUDIO RESTORER
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Comparison of the Two Methods

Both proposed methods employ addressable
devices, using time-proven tag-matching metho-
dologies. In both cases basic service can be
a?thor1zed as a single tier, or split into sub-
tiers.

The post converter-decoder can be used to con-
trol pay services without the use of additional
scrambling equipment. The audio denial method, on
the other hand, cannot be used to protect all pay
services without some additional means of assuming
visual privacy. It can be used to enhance the
security of analog scrambling methods used to pro-
tect pay services.

In both cases, the home terminal device costs
about the same -- about half the cost of a
converter-decoder. Both techniques are designed
around the use of existing converters with the as-
sumption that the converters still have significant
remaining useful lives.

The decoder method has limitations in relation
to stereo. Inherent in the audio denial method,
however, is the ability to deliver a stereo signal.

The greatest contrast between the two tech-
niques is the degree of security. Analog video
scrambling techniques such as sine wave or gated
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sync suppression are relatively unsophisticated.
Digital encrypted audio, on the other hand, is now
well established as the state-of-the-art in secur-
ing cable television signals.

Conclusions

In the cable industry scrambling and addres-
sable technigues have in the past been applied
primarily to protect Pay signals. The financial
indicators suggest, moreover, that cable is be-
coming even more dependent upon revenue from basic
services. It is time to consider the application
of the developments in program security technology
to the protection of these "basic service"
revenues.

Two converter-compatible methods of securing
basic services have been outlined and compared.
Regardless of the specific advantages or disad-
vantages of these particular techniques, it is
clear that Pay TV technology can already provide
some useful tools to protect cable's primary reve-
nue stream from piracy.

It is timely to re-examine our priorities and
determine whether all our efforts to secure signals
within cable should be directed at Pay TV and PPV
-- or whether perhaps some of this ingenuity is
better re-directed to securing "basic!"



IMPROVING FM STEREQ ON CABLE
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ABSTRACT

FM broadcasting has become one of the
fastest growing elements of the broadcast
industry. This is a result of the
significant technical improvements
providing sound quality approaching that of
the best original source materials. With
the advent of the introduction of stereo to
the television broadcast industry, the
desire for stereo by the consumers both
cable and non-cable has been increasing
during the last few years. FM has been
available on cable for many years and has
been adopted for the delivery of the stereo
satellite delivered services. Quality of
this product is highly variable depending
on the care and skill that is used during
the installation and the maintenance that
is provided to keep the system up to proper
standards.

INTRODUCT ION

There are three elements that could be used
to improve existing FM service on cable.
First of these is to plan for the service,
that is, the system operator should address
all the technical issues involved in
providing the service, purchase the right
equipment, and install it according to the
manufacturer's recommended procedures. The
second element is to correctly set up all
the adjustments that are associated with
the FM delivery of signals. There are
basically two related to this. One is the
carrier level and the second is the
deviation level. A third adjustment that
is required, in some cases, is the
troubleshooting of stray noise sources that
can impede the proper delivery of FM.
Finally, the third element involved is to
provide a proper preventive maintenance and
troubleshooting technique that will assure
correct optimum delivery to the
subscriber's home.

PLANNING FOR THE SERVICE

There is a variety of equipment available
that is:used to deliver both off air and
satellite delivered simulcast, as well as
the new BTSC off air format in the FM
band. Before the installation begins, the
wiring practices that are used in the head
end should be monitored. It must be
remembered that different rules apply to
audio wiring than what is used for R.F.

The goal for the delivery of FM should be
at least a 60 dB signal to noise ratio in
audio at the output of the FM receiver. To
achieve this, much care is required in the
wiring of the head end to avoid stray
pickup of audio sources such as that which
may occur from a nearby television set with
its horizontal field emissions.

The other issue that may be bothersome to
some is hum pickup from various 60 cycle
sources that may be near the audio cable.
After the installation is complete, a
thorough check out of all the audio sources
should be performed to verify that a better
than 60 dB signal ratio is available for
all the sources. This is typically done by
connecting the appropriate measuring
equipment, either an oscilloscope or an AC
volt meter, to the audio input points on
the modulator equipment and verifying that
when no signal is present, that a noise
level is 60 dB below the maximum peak level
of signal that is expected to be delivered
to that audio input.

FREQUENCY SELECTION

As part of the system planning, it is
jmportant to address the FM channel
frequency selection. As with television
sets, FM receivers emit from the input
terminals a small amount of the local
oscillator frequency. In the FM receiver
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this local oscillator will be 10.7
megahertz above the tuned frequency. That
js, if the receiver is tuned to 88.1
megahertz, then the local oscillator will
be 98.8 megahertz. As with most RF
circuitry, this oscillator may not be the
purest sine wave and may have many
harmonics associated with it., For
instance, if the FM receiver is tuned to
88.1, which generates the 98.8 local
oscillator, then that second harmonic may
be in the 180 megahertz range; the third
harmonic may be in the 270 megahertz

range. This emission of the Tocal
oscillator could result in interference
with the video channel. This is not a new
problem because a similar situation can and
does occur when two TV sets are used within
the same household when connected via a
splitter. In that case, the video IF
difference frequency is the one that should
be addressed.

Shown in Table I and Table II are the
results of a calculation that indicate for
all the normal TV channels which FM
frequencies should be avoided for each of
the particular channels. It should be
noted that not every TV channel has
possible interference from the FM

receiver. For instance, there is no
interference possible for channels two
through nine. On channel ten with a video
carrier of 193.25, it is possible that a
second harmonic of the local oscillator
could interfere because if the receiver is
tuned to the low end of the band near 88.1
megahertz, this could result in a second
harmonic (197.6) of the local oscillator
1ying in the video band associated with the
channel ten carrier.

The table shows the channel number, the
corresponding video carrier freguency, the
harmonic of the local oscillator that could
possibly result in interference, and the
resultant unusable FM band associated with
that channel. This is not a severe
problem, since the protection is only
necessary for the six megahertz normal
video carrier band. Listing one is for a
short basic program that describes the
calculation of the interfering
frequencies. H is the harmonic of the FM
local oscillator and should be tested
normally between one and four. F, as
shown, is the video carrier frequency.

This problem of local oscillator
interference is only important for
simulcast operation. That is, for each

STANDARD FREQUENCY PLAN

che video freq harm UNUSRABLE FM BAND

0 109.25 1 97.300,, to 103.0500

1 115.25 1 103.300 to 109.0500
10 193.25 2 85.300 to 88.1750
11 199.25 2 88.300 to 91.1750
12 205.25 2 91.300 to 94.1750
13 211.25 2 94.300 to 97.1780
14 121.25 1 109. 300 to 115.0500
15 127.28 1 115.300 to 121.0500
23 217.25 2 97.300 to 100.1750
24 223.25 2 100.300 to 103.1780
25 229.28 2 103.300 to 106.1780
26 235.25 2 106.300 to 109.1750
27 241.25 2 109. 300 to 112.1750
28 247.25 2 112.300 to 115.1750
29 253.28 2 115.300 to 118.1750
30 259.25 2 118.300 to 121.1780
36 295.25 3 87.300 to 89.2167
37 301.25 3 89.300 to 91.21867
38 307.28 3 91.300 to 93.2167
39 313.25 3 93.300 to 95.2167
40 319.28 3 95.300 to 97.21867
41 325.28 3 97.300 to 99.2167
42 331.25 3 99.300 to 101.2167
43 337.25 3 101.300 to 103.2167
44 343.28 3 103.300 to 108.2167
45 349.25 3 105,300 to 107.2167
46 358.25 3 107.300 to 109.2167
47 361.25 3 109.300 to 111.2167
48 367.25 3 111.300 to 113.2167
49 373.25 3 113,300 to 115.2167
50 379.25 3 115.300 to 117.2167
51 385.25 3 117.300 to 119.2167
52 391.258 3 119.300 to 121.2167
52 391.25 4 86.800 to 88.2375
53 397.25 4 88.300 to 89.7375

Standard Interference Bands

TABLE 1
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HRC FRRQUENCY PLAN

ch# video freq harm UNUSRABLR FM BAND

0 108.00 1 96.050 to 101.8000

1 114.00 1 102.050 to 107.6000
11 198.00 2 87.675 to 90.5500
12 204.00 2 90.675 to 93.5500
13 210.00 2 93.675 to 96.5500
14 120.00 1 108.050 to 113.8000
15 126.00 1 114.050 to 119.8000
23 216.00 2 96.875 to 99.5500
24 222.00 2 99.675 to 102,.5500
28 228.00 2 102.675 to 105.5500
26 234.00 2 105.675 to 108.5500
27 240.00 2 108.675 to 111.5500
28 246.00 2 111.678 to 114.5500
29 252.00 2 114.675 to 117.5500
30 258.00 2 117.875 to 120.5500
38 294.00 3 86.883 to 88.8000
37 300.00 3 88.883 to 90.8000
38 308.00 3 90.883 to 92.8000
39 312.00 3 92.883 to 94.8000
40 318.00 3 94.883 to 96.8000
41 324.00 3 96.883 to 98.8000
42 330.00 3 98.883 to 100.8000
43 336.00 3 100.883 to 102.8000
44 342.00 3 102.883 to 104.8000
45 348.00 3 104.883 to 106.8000
46 354.00 3 106.883 to 108.8000
47 360.00 3 108.883 to 110.8000
48 366.00 3 110.883 to 112.8000
49 372.00 3 112.883 to 114.8000
50 378.00 3 114.883 to 116.8000
81 384.00 3 116.883 to 118.8000
52 390.00 3 118.883 to 120.8000
52 390.00 4 86.488 to 87.9250
53 396.00 4 87.988 to 89.4250

TABLE 2

HRC Interference Bands



particular video channel there is a band of
FM frequencies that cannot be used to
deliver that video channel's simulcast
audio service.

H = Harmonic of FM local oscillator
= Video carrier frequency

1010 FOR H=1 TO 5§
1020 LO=((F-1.25)/H)-10.7
1030 LE=((F+4.5)/H)-10.7
1040 IF LO>87.9 AND LOC120 THEN
LPRINT USING A$:CN,F,H,LO:" to ";LH
:GOTO 1060
1045 IF LH>87.9 AND LHC120 THEN
LPRINT USING A$;CN,F,H,LO:" to ":LH
1050 NEXT

LISTING 1
Program to Compute Interference

INGRESS

One other point when selecting FM
frequencies is to address the issue of
local ingress. Although the leakage into
cable systems is small, there may be some
situations where the FM broadcast station
may be located in such a way that its
ingress is amplified by the cable system
resulting in an interference from that same
frequency that would be used on the cable.
This, in effect, is a classical multipath
problem because the signal that is
broadcast through the air and reaches the
cable system along its length interferes or
may be out of phase with the signal that is
picked up by the off air signal and
introduced at the cable head end. If there
is a situation in the cable system that
allows this to happen, severe distortion
results in the audio material delivered to
the customer. This problem is easily
checked by testing the FM band at the
extremities of the cable system when no
carriers are generated at the head end. If
carriers are found to be present without
them being generated at the head end, then
those frequencies should not be used. It
has been experimentally measured that if a
carrier of the same frequency is greater
than 40 dB below the proper carrier, that
frequency should not be used due to the
multipath distortion which results.

ADJUSTMENTS

After the equipment has been properly
installed and the signal to noise ratio of
all the audio sources has been verified,
then the modulators that are used to
modulate the various audio material into
the respective FM frequencies should be
adjusted and verified. The adjustment of
carrier levels is one of the easiest to do,
since a spectrum analyzer or signal level
meter is used. However, if the modulator
is provided with a deviation adjustment,

this is a very difficult procedure to
properly perform. Unlike reading a meter
when you are adjusting for an AM process,
the FM process generates about the FM
carrier a multiplicity of side bands. With
the FM process, the only stationary display
of information is produced when a single
tone is connected to the input of the
modulator.

Fig. 1
Unmodulated 99 mhz with stereo pilot

Fig. 2
FM modulation with audio fredquency
and amplitude adjusted to eliminate
FM carrier

Figure I shows the display of a spectrum
analyzer for a 99 megahertz carrier without
modulation other than the pilot tone. On
first glance, this appears to be correct,
however, it should be noticed that there
does exist a small amount of the (L-R)
stereo subcarrier which exceeds the proper
1imits that are recommended for stereo
broadcasting.
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Figure II shows the spectral plot with an
audio input with the input adjusted to
result in the first Bessel null for the
carrier. That is, the audio frequency and
amplitude have been adjusted so that there
is no energy existing at the basic carrier
frequency. All the energy is contained
within the side bands associated with the
FM modulation.

Fig. 3
FM modulated with speech program

material

Fig. 4
FM modulated with compact disc music

Figure 111 is a spectral plot with an M
carrier modulated with some speech
material. Notice that the carrier and the
pilots are almost hidden but still
recognizable at the plateau points along
the plot. Figure IV shows a correctly
modulated FM carrier with source material
from a compact disk music seiection. Here
you can see that the carrier and the pilots
have been totally lost due to the
modulation effects.
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The point of the above photographs is to
show that it is difficult to correctly
adjust the fM deviation correctly. Each of
the manufacturers provides the correct
adjustment procedure, and this should be
followed as closely as possible to assure
that maximum deviation is being used. Some
FM receivers designed for cable and some of
the newer fM receivers for off air use are
now designed with wide band IF and
discriminator processors which allow the
processing of significant over deviation.
Therefore, if adjusting the deviation level
of an modulator, it is not that important
if the level is set on the higher side than
what you would normally expect. If it is
adjusted on the lower side, this results in
the loss and audio signal ratio.

OTHER PROBLEMS

Another issue that is being investigated at
the present time is the degradation of FM
delivery when the FM is distributed via AML
links. Theoretically, with FM the signal
to noise ratio continues to improve as you
keep increasing the carrier level.

However, in one recent experiment it was
found that the AML 1ink creates an effect
which raises the noise floor of the
resultant audio baseband signal if the
carrier is raised to its full recommended
value. It was found experimentally that by
adjusting the gain of the buffer amplifier
that drives the AML link that there is a
minimum noise point which is considered to
be less than the optimal noise point from a
carrier level viewpoint. This minimum
noise point in this one particular case was
found to be at FM carrier levels at about
-12 dBmv to -14 dBmv.

CONCLUSION

Recent experiments have indicated that FM
can provide a high-quality audio service
for delivery of FM radio, FM simulcast, and
FM deTivery of off-air BTSC signals. Tests
have indicated that 60 dB noise figures are
obtainable if proper care is given to the
installation and adjustment. It has also
been determined recently that there are
elements within the existing head ends that
degrade the FM performance to marginally
acceptable Jevels. There are three
recommendations that may be useful to
improve the delivery of the FM product.

First, is to set the system up correctly,
verify the cleanness of the audio signals,
verify the correct setup and adjustment of
the FM modulators, and verify that the
correct deviation and signal levels are
provided on the cable.



Second, monitor the operation. Most head
ends with the fans and the other noise
associated with the operations of head ends
are not conducive to correct monitoring of
FM signals. If necessary, perform periodic
zero modulation noise test. This would be
done by removing the modulation to the
modulator and connecting an appropriate FM
receiver on the cable at some point and
measuring the noise level. Establish a log
for this noise level on all the channels
and monitor the operation periodically.

Pay particular attention if you are using
FM on AML links. Just simple level
adjustments may not be sufficient. It may
be necessary to perform a minimum noise
adjustment to supply the customers with the
best products.

Finally, educate your technicians and
engineers on FM so that they understand it
and can properly assess the correct
operation, as well as they do on their
video services.
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LOCAL AREA NETWORKS and CABLE TELEVISION

Robert V.C. Dickinson

Senior Vice President, AM Cable TV Industries, Inc.

Transmission of non-entertainment services on
CATV {facilities has been the theme of numerous
"weary prophets” for the last two decades. Although
many steps have been taken in this direction, non-
entertainment services have not become significant
generators of additional cable system revenue. This is
not to say that nothing has been done, but simply that
the healthy business which was predicted and hoped
for has never developed. During this time, however, a
whole new segment of communications has evolved
within the commercial, industrial and institutional
sectors, becoming what we now know as "local area
networks”, utilizing baseband, broadband and fiber
optic transmission media.

We shall briefly examine the development of local

area networks and focus upon the kinship of broad-
band LANs and cable television technology.

EVOLUTION OF THE LAN

Traditional communications such as telephone,
telegraph, telex, etc,, have been with us for genera-
tions, as has the telephone network, which has
provided the bulk of communication interconnections.
With the advent of the mainframe computer, data
volumes began to increase and the business of data
communications started its astounding growth.
Development of mini- and microcomputers compounded
the situation. Computer terminals and peripherals
multiplied, not to mention the need for computer-to-
computer communication. The computer revolution has
been driven by forces from all corners of modern
civilization. In industrial, commercial and institutional
areas this proliferation required enormous quantities
of wire for interconnection and continued changes to
keep abreast of the dynamics of the situation. In
addition, higher data speeds were needed to
efficiently support high density services such as
computer graphics.

In short, the data communications, computer and
automation industries needed a better way to cope
with these dramatic increases, particularly in the
areas of concentrated communications such as

industrial  plants, office buildings, universities,
hospitals and the like — hence, the local area net-
work. Designed to carry large volumes of diverse
traffic over limited distances, LANs must be
compatible with a wide variety of interfaces and data
formats and must provide connection to "the outside
world". Local area networks are far more
sophisticated than the point-to-point and multi-drop
circuits traditional in communications of prior years.
They allow access to anyone on the network to pass a
wide variety of traffic to other points on the
network. In effect, all traffic is mixed and each
terminal is arranged so that message recipients can
sort out their own messages and retrieve them from
the mass of other data.

The generalized local area network configurations
are STAR, RING, and BUS architectures. A STAR, as
the name implies, is configured about a central hub
serving terminals with spoke-like connections and is
reminiscent of the telephone network. The equivalent
of a telephone switch employed in STAR LANs is far
more sophisticated than the traditional voice switch.
It can handle very high speed data (and may or may
not handle voice) and perform extremely rapid
switching. Digital PBX's, designed to carry voice and
data, are a form of local area network capitalizing on
the dual functionality. Some newer digital PBX
systems even offer limited video transmission. A STAR
netwotrk offers dedicated connections to all users, at
the expense of somewhat inflexible configuration and
a great deal of wire.

Another generalized LAN architecture is called a
RING. Here messages are passed serially from terminal
to terminal. They are regenerated at each terminal
where traffic may also be extracted or added. Users
share the network in a time division manner. No
master control station is needed since each terminal
has the network protocols in its own software. These
networks are often implemented with fiber optic
technology which lends itself readily to ring
operation. One disadvantage of the ring structure lies
in the fact that failure of any station on the network
will disrupt all traffic which must pass through that
station.

A BUS type of architecture is a little more
difficult to describe physically. A bus is basically a
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common transmission path which all stations share on
a time division basis similar to the ring. A message
from one node need not pass through any other nodes
except the one for which it is destined. The network
protocols are resident in each terminal unit. This type
of distributed architecture boasts high reliability
through elimination of common data processing equip-
ment. Failure of a terminal unit affects only traffic
which must pass to or from it. Even though broadband
networks usually employ a physical tree-and-branch
configuration they fall into the BUS category from the
data transmission perspective. Broadband networks
have achieved widespread popularity due to the
proven and straight-forward transmission technology
and large bandwidths allowing multiple services, very
high capacities and ease in equipment attachment
throughout the network. As we all know, broadband
networks can readily handle many data paths and con-
figurations  plus  multiple video channels, and
ultimately various types of voice traffic.

There is point of parlance to be noted here. The
term "local area network" is used both to describe the
entire physical multi-service network, i.e., the broad-
band local area network in a manufacturing plant, as
well as a single group of terminals linked by a
specific protocol, several of such groups might be
carried on a single physical LAN.

The severest limitation of broadband networks at
this time seems to be the lack of equipment to
perform the "plain old telephone service". Telephones
are almost universally necessary, but require wire
other than the coax and hence detract somewhat from
the overall attractiveness of the medium. Broadband,
however, is being employed in a wide spectrum of
LAN service and has been accepted as a standard by
major users, such as General Motors, branches of the
U.S. Government and many universities and is in use in
thousands of locations.

The subject of local area networks cannot be dis-
missed without some mention of network access
methods. Ideally, this type of network should permit
random access and provide for all users whether their
traffic requirements are large or small. When you con-
sider the range of data rates, interfaces, protocols,
etc., this is a big order. The general solution is to
care for the interface, data rate and buffering
requirements in the terminal unit (often called Bus
Interface Unit or Network Interface Unit). Assuming
these requirements have been accomplished the next
step is to gain access for the traffic to the main data
stream. Since the STAR network is basically a
collection of point-to-point circuits controlled by a
switch, the following comments do not directly apply,
however, there are many similarities in the operation
of the switch. The RING and BUS architectures
operate with a common data stream for all users, so
that the protocol that we speak about is basically
that set of rules that governs access of a given
terminal to the main data stream.

Multiple stations have been very successfully
controlled by multi-drop and polling techniques. Pol-
ling protocols have been used which are very efficient
and dependable. Polling systems, however have the
disadvantage of requiring a central controller which
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then becomes a place of extreme vulnerability since
failure of the central controller will disable the entire
network. In order to overcome this deficiency the
LAN protocols of today have been developed.

A given LAN terminal when it is receiving must
simply listen for messages addressed to it and copy
them. When the terminal has traffic to send, however,
there are several general LAN protocols which may be
employed. The first general area includes the
contention protocols such as the very popular
CSMA/CD (Carrier Sense Multiple Access/Collision
Detection). In CSMA/CD a terminal wishing to trans-
mit listens on the common data stream. When it hears
no traffic it transmits its data. In order to confirm
the integrity of the message it checks the same data
after it has traversed the entire system and returned
to the receive side of the transmitting terminal. The
transmitting terminal then checks the received
message and if it is unflawed it assumes that the
transmission has successfully reached its destination.
(It is well to note that the external protocol of the
particular data circuit being served may request
acknowledgement in order to fully confirm receipt of
the message). If the transmitting terminal fails to
receive the identical message back it assumes that the
entire message was lost and tries again. Such message
loss is often due to collisions with other transmissions
as various units contend for the network. In order
that collisions do not repeat and propagate, a unit
sensing a collision with its transmission backs off for
a random period before it tries again. The CSMA/CD
protocol has been very successful except that when
the network usage is high, more and more collisions
develop and limit the throughput and in certain cases
can paralyze the network.

In order to improve this situation more
sophisticated protocols such as, token passing have
evolved. Token passing, as the name implies, generates
a unique signal and only that station having that
signal in its possession can transmit. This is what is
known as a deterministic protocol and can be counted
upon for higher throughputs and avoids network
paralysis.

It is not the object of this paper to thoroughly
discuss LAN protocols; however, it is important to
understand that a great deal of work has been done in
protocol development and standardization. Perhaps the
most concentrated and universally accepted protocol
definitions have been developed by the International
Standards Organization (ISO Model for Open Systems
Interconnection) and IEEE 802 committees. The IEEE
committees and their associated LAN standards are as
follows:

802.1 Network Management
802.2 Logical Link Control Specifications
802.3 Carrier-Sense Multiple Access with

Collision Detection (CSMA/CD)

802.4 Token-Passing Bus Access Method and
Physical Layer Specifications

802.5 Token Ring Access Method and Physical
Layer Specifications



802.6 Metro Area Networks

802.7 Cable Management Task Force

When all is said and done, local area networks
have been developed to meet present day needs and
represent a major area of communications. Many of
these networks are implemented on broadband.
Unfortunately for the cable industry, the LAN market
has done an "end run" around us utilizing our
technology in areas of highest importance and value in
industrial, commercial and institutional environments.
We have been left behind.

BROADBAND LAN's and CATV SIMILARITIES

As mentioned before, broadband LANs have been
developed solidly upon CATV technology. Cable tele-
vision hardware and system design is considered to be
mature and reliable. There are multiple vendors pro-
ducing competitive, high-quality hardware allowing the
LAN designer firm assurance that he is not dealing
with a technology which is "here today and gone
tomorrow". LANs are generally designed to video
specifications, since video transmission is the basis
upon which the transmission hardware has been
developed. There are very few components used in
present day broadband local area networks which are
not taken directly from CATY equipment lists.

By necessity virtually all LANs are two-way. The
reason for this is obvious in that most of the com-
munication needs are "request and response” or “com-
mand and status" in nature. It therefore follows that
there is generally a balance of upstream and down-
stream traffic. For this reason single cable LANs are
usually of the mid-split variety. Mid-split is used in
the sense of "equal split", therefore, systems with
broader bandwidths generally end wup in the
"high-split" or '"super-split" categories, by CATV
terms.

A single cable LAN is simply a md-split
architecture where the cable is routed to all parts of
the facility where communications are or will be
needed. The system is designed and installed with taps
to accommodate the '"passings" which in this case
might be all offices or every possible work station in
a large area, or perhaps every two-hundred square
feet, or every column in open manufacturing space,
etc. One very important advantage of broadband is
that a properly designed system does not have to be
disturbed to make moves, additions, or deletions of
terminal equipment. The cost of operating downtime
to make network extensions usually more than offsets
the cost of a comprehensive design and complete
installation, often in a very short period of time.

One of the major differences between typical
CATV and broadband LANs regards size. A typical
LAN for a modest industrial or commercial installation
may utilize less than a mile of plant. A 20-mile LAN
is a large one and may support 10,000 drops. The lay-
out of an LAN to cover offices or a grid in a

manufacturing area often results in relatively close
spacing of taps and drops. Eight-way taps are
commonly employed. This means that there is less
cable loss in a typical run (and a higher percentage of
flat loss) and often a lower range in tap values. This
gives the feeling that LAN design may be somewhat
simpler than CATV design. There are, however, some
mitigating circumstances. First, it is common and
often necessary to hold tighter tolerance on tap levels
than in traditional CATV. In some cases LAN
designers use taps with adjustable pads built in to
allow trimming to the precise tap level desired.
Beyond that it must be remembered than an LAN is a
two-way cable network; therefore, the upstream
design must match the downstream design. In this
regard it is desirable that all modems be preset to the
same transmitter output level so that there is one
common alignment for all modems allowing new or
replacement equipment to be installed without field
adjustment. A few "back of the envelope" calculations
will show the difficulties encountered in matching
slopes and levels, upstream and downstream, to
achieve + 1.5 dB tap level tolerances simultaneously
with a +1.0 dB spread of transmitter levels arriving at
the headend.

Some LAN users have chosen dual trunk systems,
A dual trunk configuration might typically employ
cable carriage from 40 to 400 MHz on both inbound
and outbound cables. A dual cable LAN takes the sig-
nals from the inbound cable to the headend and simply
combines them with the other inbound trunks and
reverses the flow to the outbound cable without fre-
quency translation ("regeneration" or "remodulation"
of some signals may be performed at the headend).
Notice the difference between this and CATV dua!
cable where 50 - 450 MHz may go downstream
simultaneously on two parallel cables and there may
be one or two sub-split upstream paths requiring
frequency translation of any upstream (inbound)
signals desired on the downstream (outbound) path.
Dual cable LAN systems eliminate the spectrum losses
caused by diplex filters but normally do not use the
range from perhaps 5 - 40 MHz, which in part offsets
the first saving.

In single cable usage modems are generally
configured to transmit at low frequencies and receive
at high frequencies (although this is not universally
held). Modem frequency assignments in a dual cable
system wusually employ transmitter and receiver
frequencies within the same general frequency range
of a few TV channels. This is a convenience because
it allows blocks of contiguous spectrum to be allocat-
ed to a certain network or service and does not
require frequency translation. It also somewhat
simplifies modem design due to the similar transmit
and receive frequencies. On the other hand, with con-
nections from each cable going to each modem in the
system, there is the potential of excessive local
coupling between cables interfering with the desired
signals which have been returned from the headend.
The requirement here is that modems must have
sufficient isolation to limit the maximum possible
coupled signal to an insignificant level in terms of
data channel interference.
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RELIABILITY

Obviously, reliability and availability are key in
LAN operation. In considering the cable system itself,
redundancy is often employed in a number of ways. In
the layout of the physical plant it is well to establish
diverse trunk cable routings, thereby limiting physical
damage at any one location to a single trunk. In other
words, multiple trunks should be dispersed and ideally
only come together at the headend. Where redundant
cable exists it should be routed separately from the
main system. In one design two interleaving systems
were used so that any location served was near to
both systems. In case of a failure on one system an
easy switch-over could be accomplished, restoring cir-
cuits quickly.

Power systems should also be designed so that
failure of one power supply does not affect both the
main and backup systems. Distributed standby power is
often used, however, location of all power supplies in
the headend is desirable if possible. If standby power
is provided for the headend equipment it can also be
provided for the entire power system from the same
source. Headend-mounted power supplies are protected
from physical damage and are also provided a more
favorable operating environment.

In broadband LANs great emphasis is placed on
system performance. Frequent level checks,
rebalancing as required, leakage monitoring and repair
(which guards against data channel interference from
ingress) and other measures are employed to
continually optimize system performance. One of the
important tools for system maintenance is broadband
status monitoring. There are a number of status
monitoring products available to the CATV industry,
most of them associated with the trunk amplifiers.
Usually, measurements of pilot levels are made and
checked against nominal and reports of the system
flatness are generated for each amplifier. Other data
is collected on individual amplifier parameters such as
voltages and internal temperatures. Some status
monitoring systems employ upstream switches for
location and control of ingress. Status monitoring sys-
tem reports are usually displayed on a stand-alone
computer or terminal.

Local area networks employ very sophisticated
data communications products. These network products
include many devices and methods for gathering
statistics and analyzing data transmission performance
under the control of a network manager computer.
These "network managers" are very comprehensive
from the data transmission point of view, however,
they do not include monitoring of the medium, in this
case, the broadband cable. A more desirable status
monitoring configuration for the broadband medium
generates information on the medium performance and
provides this to the network management computer
thereby rounding out the monitoring and control func-
tions by addition of this critical information.

The Network Technologies Division of AM Cable
TV Industries, Inc., has recently announced the
TMC-8000 product which includes end-of-line status
monitoring so that level measurement units can be
placed either in-line or at any drop in the entire
system. These units are permanently located and are
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also capable of generating measurement pilots. With a
modest headend controller, pilot generation and
measurement may be initiated throughout the system
at user-selectable frequencies at 50 kHz increments
across the spectrum, both upstream and downstream.
Measurements of system signals may also be made
with the pilots disabled. In addition, three position
switches (0 dB, -6 dB, and OFF) may be located
throughout the system for ingress location and
control. A unique system of calibration allows very
precise level measurements providing the control
necessary on these critical networks.

All remote units of the TMC system are organized
on a narrow-band, polled, two-way data channel to
handle both command and status information. This
data channel protocol includes data transmission per-
formance analysis of the command and control
messages. Diagnostic information gained from the TMC
data stream is useful in identifying the parts of the
network which exhibit degredation by analysis of data
transmission errors. Certain versions of the TMC
operating software contain facilities for input of the
topology of the cable network (a system map). This
information, when compared against the location of
failed units, generates pointers to indicate the most
probable locations of cable system component failures.

Output of the TMC system is available in three
forms. Stand-alone operation is possible with an IBM
PC-XT with proprietary user-friendly software. In a
simpler version a stand-alone monitor is provided to
access the controller. For use with a network manage-
ment computer, serial data streams in and out convey
all necessary information. The TMC comprises a
stand-alone status monitoring system with many
features optimized for the broadband LAN arena, and
is directly applicable to cable systems as well.

CHALLENGES FOR CABLE OPERATORS

Other industries have capitalized upon the high
quality performance of broadband networks and the
maturity of the cable products available to generate
great utility outside of the traditional CATV market.
These are areas in which cable operators could have
been involved and reaped benefits for participation. In
the main, these opportunities are passing us by, due
largely to lack of interest on the cable side. The
growth of broadband local area networks is increasing
even at this late date. Cable operators often have
opportunities within their franchises to serve schools,
colleges, universitites, municipal governments, com-
mercial complexes and industrial plants. The cable
operator who gets the job of designing, installing and
maintaining a network can benefit with substantial
revenues.

The lowest level of involvement by the cable
operator is probably where he simply supplies service
to tie together LAN locations. This is usually a
straight-forward job utilizing point-to-point circuits.
Hardware is available (modems, etc.,) and careful
design and maintenance will yield high-quality,
dependable performance. Design, installation and
operation of entire networks requires deeper involve-
ment, and usually produces more revenues. The action
necessary is to seek out local present or potential
LAN users and propose participation in their projects.



There is an area which is just now taking shape,
in which we may have many opportunities to
participate. "Smart buildings" and the "office-of-the-
future” are areas where a heavy dependance will be
laid upon communications. Broadband has many
advantages which qualify it as the most preferable
choice In many cases. You know how to use broadband
effectively. You may have to learn a little about data

but your first job is to design, install and maintain our
own technology. You have tuned CATV technology
over the years to provide high-quality TV service.
That should qualify you to provide high-quality broad-
band networks for other services. Now is the time to
get "up to speed" in these developing areas and
aggressively pursue these opportunities.
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MASS DESCRAMBLING FOR HYBRID ADDRESSABLE SYSTEMS

M.F. Mesiya
N. Bunker
H. Lehman

Times Fiber Communications, Inc.
358 Hall Avenue, P.O. Box 384
Wallingford, CT 06492-0384

ABSTRACT

The well—-accepted advantages of an off-prem-
ises, star-switched distribution system, like
MH-II, include security of signal and reduction
of equipment theft. These advantages have
prompted many cable operators to plan system
expansions in a theft-prone environment such as
Multiple Dwelling Units (MDUs) by using the
star-switched technology. This paper reviews
the issues of compatibility for implementing a
hybrid addressable system comprised of conven—
tional addressable set~-top units and star-
switched distribution nodes.

The design of a Mass Descrambling System
{MDS) that alleviates the need for a clear trunk
option is described. MDUs can be placed at
strategic points in the franchise area to pro-
vide clear signals to nodes where Local Distri-
bution Units (LDUs) are located. The MDS
descrambles up to eight channels and then up-
converts them to unused channel slots in the
distribution system's frequency spectrum. Be-
cause the frequency table in an LDU is software
downloadable, the up—conversion process is
transparent to subscribers. The hardware design
objectives for the MDS are performance transpar-
ency, cost effectiveness, and universality of
the descrambling approach.

The paper includes a discussion of integra-
tion issues involved in implementing headend
control and communication functions for two
systems in a hybrid environment.

INTRODUCTION

Conventional CATV systems employ tree and
branch network topology. The network structure
was developed as a cost-effective way of distri-
buting a number of TV channels using the VSB-AM/
FDM transmission format. The advent of premium
programming created the need to control a sub-
scriber's channel reception capabilities from an
MSO's central office. Addressability and scram—
bling/encryption are used as the means of con-
trolling the availability of multi-tiered premi-
um services to CATV subscribers in the network.
The demands for tighter security and the subse-
quent increase in the complexity of descram-—
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bling/deencryption circuitry continue to
increase the cost of home terminal units (set-
top converters) on the subscriber's premises.

The expensive home terminal unit ($100 to
$135) undoubtedly reduces the MSO's losses in
the signal theft area. However, it exposes the
operator to higher equipment theft losses in a
high-churn Multiple Dwelling Unit (MDU) environ-
ment, especially in metropolitan areas. This is
why in the existing builds in metropolitan areas
MSOs have not wired theft-prone MDUs with a con-
ventional set-top addressable system. Providing
service to these MDUs represents a major area of
expansion and revenue growth potential for MSOs.

Unlike conventional addressable set-top dis-
tribution systems, an off-premises star-switched
system like TPC's Mini-Hub II achieves signal
security by denying a subscriber access to the
whole signal spectrum. Rather, the control over
delivery of service is obtained by transmitting
only one or two selected and system authorized
channels to a subscriber from a remotely located
Local Distribution Unit (LDU). The addressabil-
ity/authorization function no longer resides
within the subscriber accessible equipment and
does not require headend signal processing with
the attendant possibility of degradation in sig-
nal quality or incompatibility with new advances
in video services such as stereo audio. The
characteristics of the transmission format on
the drop and the removal of expensive hardware
from the subscriber's premises minimize in an
optimum fashion equipment and signal theft loss-
es. Thus it is of great interest for MSOs to
pPlan their system expansions into the MDU envi-
ronment using star-switched off-premises tech-
nology.

ISSUES AND ALTERNATIVES

A "hybrid® system in which off-premises
star-switched technology may be added to an
existing tree-branch plant creates some compati-
bility issues:

Descrambling of Existing Premium Channels

Three possible methods of resolving this
issue in such a hybrid system are described
below.



a. Clear trunk
b. Per-subscriber descrambler
c. Mass descrambler

The clear trunk option means that a separate
trunk from the headend carries all signals,
including premium, in clear form for distribu-
tion to various nodes where LDUs are located.
This may be an attractive solution if MDUs are
concentrated in a geograrhic location in a
city. This method does not put a limit on the
number of scrambled channels. However, the cost
of a separate trunk should be justified versus
other methods.

The per-subscriber descrambler option im-
plies that the selected channel on the drop for
each subscriber is passed through an on-hoard or
attached descrambler module at the RSM in the
LDU., Alternatively, the descrambler can be
located in the subscriber's premises. Many MSOs
are reluctant to provide an unaddressable de-
scrambler in the subscriber's premises because
it can be moved illegally in the franchise.
Furthermore, there are many scrambling methods,
and manufacturers of converters like to maintain
confidentiality of their scrambling/encryption
techniques as well as communication protocols.
This makes it unfeasible to provide a cost-ef-
fective universal descrambler solution.

In a mass descrambling system, a number of
scrambled channels are descrambled at a node and
then usually up—converted with suitable guard
bands to vacant frequency slots in the spectrum
of the distribution system downstream from the
node. The descrambled channels are not assigned
in their original frequency slots ("drop and
ingert"™) because it is extremely diffjicult to
adequately filter out the energy of scrambled
channels without causing deterioration in the
frequency response of adjacent channels.

Control and Communication Protocol

Every addressable system follows a unique
communication and control scheme to restrict the
access of service to subscribers. In a hybrid
addressable system the integration of addressa-
bility functions of constituent systems provides
several options depending upon how far deep into
the system various functions are combined.

level I. The block diagram of this alternative
is shown in Figure 1. 1In this system the bill-
ing computer drives the network control computer
(NCC) of the off-premises star—-switched system
as well as the control computer of the address-
able set-top system. The RF modems then gener-
ate forward control carriers at two different
frequencies (75.5 MHz in the MH-II case) to com-
municate with respective addressable control
modules at nodes (LDUs in MH-II) or in subscrib-
er home terminal units (in the conventional por-
tion). This option does not require any hard-
ware, software and/or firmware changes in either
system, except, of course, for those changes

HOM
TERMINAL
UNIT

BILLING
COMPUTER

CSRs

FIGURE 1. HEADEND CONTROL SYSTEM USING SEPARATE
COMPUTERS FOR TWO SYSTEMS

necessary to ensure compatibility with the bill-
ing system interface and protocol.

Level II. The integration process is carried
out a step further as shown in Figure 2. There
is only one computer in the system in which the
database and screens are integrated. However,
control and communication programs as well as RF
modem functions for the constituent systems are
separate. Thus no hardware or firmware changes
in either system's subscriber or off-premises
equipment is required.

Level III. At this level, the communication and

control protocols are integrated. Firmware
changes now may be required in both systems to
handle the unified protocol. If the RF modem
function is also integrated, hardware changes
may be required to achieve compatibility in mod-
ulation method and frequency.

The system described in this paper employs

integration at Level I for its simplicity and
speed advantages.

HOME
SYSTEM TERMINAL
UNIT
céc
PROGRAM

aILLING
COMPUT

MH IT
cte
PROGRAM

NCC

FIGURE 2. HEADEND CONTROL SYSTEM WITH A COMMON
CONTROL COMPUTER
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MDS BLOCK DIAGRAM AND PERFORMANCE SPECIFICATIONS

The block and level diagram of the aforemen-
tioned Mass Descrambling System (MDS) is shown
in Figure 3. As can be seen, the 50 to 450 MHz
feeder input is looped through with up to 20 dB
of gain for system extension. Each channel to
be descrambled passes through a separate chain
of down conversion, fixed channel descrambling,
and final up conversion. After combination, the
block of up to eight channels is amplified with
sufficient tilt to allow for 23 dB of cable loss
at 550 MHz before levels fall below the 10 dBmV
minimum required at the LDUs. There is a re-
quirement for a 6 MHz guard band between chan-
nels to guarantee that adjacent channel spurious
feedthrough falls below W-curve limits. The
downstream distribution system and LDUs now have
to be 550 MHz compatible.

The MDS unit uses standard MH-II hardware
for the enclosure, AC distribution, FM band con-
trol carrier module, power supplies, and back-
plane/signal distribution passives. The decod-
ers or descramblers are provided by the MSO with
possible modification to reduce unnecessary pow-
er dissipation and eliminate the channel change
function. New modules, packaged in existing
castings, were developed and are discussed below.

Input RF Amplifier Module (IRFM). This is a

25 @B gain, 50 to 450 MHz line extender quality
amplifier with plug-in capability for signal
conditioning. To coexist with the available
15.5V MH-II DC supply, a custom hybrid was
developed. The low pass filter following this
module serves to remove distortion products
above the highest channel that have built up in
the system.

Channel Selection Module (CSM). This module
tunes to one channel in the 50 to 450 MHz band
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FIGURE 3.
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and outputs it on a low band VHF channel dicta-
ted by local off air conditions. It is a
modification of the existing MH-II subscriber
module to accommodate DIP switch fixed channel
programming in the field in 62.5 kHz steps. The
standard MH-II 18 dB conversion gain SAW
filter/SAW resonator based CATV tuner is used.

Variable Attenuator Auxiliary Function Module
(VAAFM). This small add-on unit provides 20 4B

of gain adjus¥ment and allows the summing of a
control carrier in the FM band with the down-
converted channel.

Automatic Gain Control Auxiliary Function Module
(AGC/AFM) . This module is required for RF

descramblers where output tracks input on a
dB-for-dB basis. By stabilizing the signal
level to the upconverter, the system CNR contri-
bution can be maintained with drift of the des-
crambled channel level. Power is obtained from
the upconverter module RF connector.

Upconverter Module (UCM). This module accepts

the descrambled low band VHF channel and trans-
lates it to a vacant slot in the feeder spectrum
usually above the existing carriers because of
guard band requirements. The same fixed fre-
quency selection technique as used in the CSM is
employed. The critical element that had to be
developed was a "reverse tuner” also using SAW
technology that has adjustable gain for provid-
ing tilt in the final combined system output.
This unique module is described in further de-
tail in the next section.

Output RP Amplifier Module (ORFM). This unit

provides 29 dB of amplification for the combined
translated descrambled channels to provide suf-
ficient level for summation with the carriers in
the 50 to 450 MHz band.
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The design goal is to make the MDS as trans-
parent as possible in the critical areas of add-

ed noise, distortion,

fluctuations.

are listed below.

Return Loss (75 ohms)
Input (50 to 450 MHz)
Output (50 to 550 MHz)

Input Level
{(nominal at install)}

Input Level Drift Range

Signal Conditioning Range

Noise Figure
(10 dBmV input)

Insertion Gain

frequency drift, and gain
The overall system specifications

15 dB, minimum
15 dB, minimum

10 dBmV lowest carrier
level

+5 ds

Plug-in pads are
available in 3 dB
steps. 9 dB of posi-
tive true tilt and 15
dB of negative true
tilt can be accommo-
dated with plug-in
fixed equalizers.
These numbers corres-
pond to 13 and 22 4B
of cable, respectively.

18 dB, maximum
(CNR contribution = 51
dB)

20 B +1 dB, 50 to 450
MHz, with 3 dB of tilt
from 460 to 550 MHz

Distortion (+15 dBmV flat input)

Cross mod
Second order
CTB and third order

Frequency Error and Drift

-63 dB
62 dB
62 dB

450 kHz plus descram-
bler drift

Bandpass with respect to fpix

fpix - .75 MH2
fpix + 4.5 MHz

Operating Temperature

-4.5 dB maximum
=3 dB maximum

0 to 50°C

Although the noise figure of the IRFM is
9 dB, maximum, which would lead to a CNR contri-
bution of 60 dB at +10 dBmV input, the spec is
51 dB as this is the CNR contribution of the
system for the descrambled channels.

The noise figure for a single channel to be
descrambled can be derived by following its path

through the loop of Figure 3.

Using the data in

Table 1 for an RF descrambler scenario, the cas-
caded noise figqure equation yields 17.4 dB with
the major contributor being the CSM noise fig-

ure/distribution loss term.

Different decoder/

descramblers would require readjustment of the

AGC/AFM and UCM settings.

The data in Table 1

for a baseband decoder yield a system noise

figure of 17.5 dB. In this case the AGC/AFM
module would not be used.

Module

IRFM
LPF/DC12/
8-Way

CsSM

VAAFM

Descrambler
(CH3)

AGC/AFM

ucM

8-Way

ORFM

2-Way

TABLE 1.

RF BB
DESCRAMBLING DECODING
Noise Noise
Fig. Gain Fig. Gain
(dB) (dB) (dB) (dB)

9 25 9 25
26.5 -26.5 26.5 -26.5
12.5 18 12.5 18
11 -11 11 -11
12 3 12 - 8.5
10.5 ~-10.5 - —

8 12 13
13 -13 13 -13

6 29 6 29

3.5 - 3.5 3.5 - 3.5

MDS STAGE NOISE FIGURE AND GAIN

The physical layout of the units within a 32
subscriber MHII enclosure is shown in Figure 4
for the case where the descrambler is a small

stand alone unit with stable output.

The upper

two racks hold the common amplifiers, the 8
pairs of converter modules, and the required

power supplies.

The descrambler

shelf assem-

blies contain AC power strips and metal parti-
tioning shields for isolation between descram-
blers which may contain local oscillators and,

therefore, be susceptible to ingress.

The bot-

toms of these assemblies are slotted to allow
proper air flow within the enclosure for cooling.

FIGURE 4.
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If the MSO chooses to use a full size set-
top converter to perform the descrambling func-
tion, then a companion l6-unit MH-II enclosure
must be used to hold four set-tops. Bulkhead F
connectors passing through knockouts in the bot-
tom of the enclosures are then used for the two
interconnecting cables required per descrambler.
The optional FMM and AGC/AFM modules required
for some systems are located as shown.

UP_CONVERTER MODULE (UCM)

The UCM design objective requires perfor-
mance transparency (approaching that of a head-
end heterodyne processor) as well as low cost,
which was achieved by utilizing the packaging
techniques of the MH-II hardware. The UCM con-
tains two separate subassemblies; a tuner, and a
controller PCB requiring a total of 3~1/2 watts.
The block diagram is shown in Figure 5. The
module is capable of frequency shifting a low
band VHF channel to any slot in the 300 to 550
MHz range with negligible degradation of the
channel quality. The reverse tuner, like the
conventional version, uses a double heterodyne
technique for image rejection and elimination of
in-band local oscillator (LO) spurs. The order
of the fixed and variable 10s is simply reversed.
The second LO is a varactor tuned type con-
trolled by an onboard Phase Lock Loop (PLL),
which uses a dual modulus Prescaler to produce a
stable broadband selection capability.

The PLL circuit uses a 512 divider to pro-
duce a 7812.5 Hz phase comparison frequency from
the 4 MHz crystal oscillator output. Because
this frequency is half the horizontal line rate,
it minimizes video degradation from residual
phase modulation. The PLL uses a fixed 8 pre-
scaler at the VCO input, which then feeds the
dual modulus counter. The combination produces
a resultant frequency selection resolution of
62.5 kHz.

The first local oscillator is selected to be
612.75 MHz above the fixed input fpix and em-
ploys a frequency stable resonator using a SAW
device. There is a SAW bandpass filter at the

FIGURE 5. UCM BLOCK DIAGRAM
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input for adjacent channel rejection. For final
setting of conversion gain, the input amplifier
has more than 10 4B of externally accessible
adjustment range.

The reverse tuner, having only a single
channel at the input, has been optimized for
noise performance. The only output spur of
significance in the present design results from
residual first LO signal mixing with the second
10 and producing a spur at fpix frequency below
the output channel. This beat is maintained at
greater than 65 dB below the minimum anticipated
output level.

The primary distortion component of the tun-
er is the inband 920 kHz video beat resulting
from the faugic ~ fchroma * fpicture fre-
quency components. This is held to 60 dB below
picture carrier level. Finally, the broadband
noise output must be limited such that seven
other UCM outputs can be combined without appre-
ciably degrading the noise performance of the
channel.

The remaining assembly in the UCM provides
the reverse tuner with the PLL commands neces—
sary to tune to the selected output channel.
The channel is programmed via a series of DIP
switches for use by the MSO at the time of
installation. These switches are not usually
altered after installation.

The operator looks up the channel selection
code and selects the DIP switches accordingly.
When the UCM is powered on, the data, clocck, and
load commands are periodically fed to the re-
verse tuner PLL and a front panel indicator is
lit to indicate this activity.

The reversgse tuner, having a varactor-tuned
second LO, requires a clean 30 volts at low cur-
rent. This is provided by a flyback switching
supply using a UJT relaxation oscillator. The
RF circuitry uses the bulk of the power which
must be tightly regulated for the tuner's trans-
parency requirement. A three terminal adjusta-
ble regulator meets this requirement well. The
remaining 5V bus is simply filtered for high
frequency rejection since the PLL and control
circuitry already have good noise immunity.

HYBRID SYSTEM DESIGN GUIDELINES

From the transmission performance point-of-
view, a mass descrambler appears to the system
as a line extender with gain of about 22 dB.

The cost of descrambling a channel is around
$200 to 3250 in such a unit. Assuming that a
system has eight scrambled channels, the mass
descrambler unit may cost from $1.6K to $2K.
Consequently, it is desirable that mass descram-
bler units are strategically located to feed
clear signals to a number of LDUs to minimize
the descrambling cost/subscriber. The input
signal requirement of a MHII system is 10 4BnV
for a 32-unit LDU. A typical system layout in a
high density metropolitan environment is shown
in Figure 6.



The 22 dB loss budget may allow 3 to 10 LDUg

(96 to 320 subscribers) to be supplied from the
~ i output of a mass descrambler depending upon the
VTRUNK 1% losses in the feeder cable and directional coup-

lers. Of course, a line extender can be added

to extend the range of the system. The operat-
ing output levels of the line extender should be
suitably derated to meet the worst case perfor-

) mance objectives of the franchise.

@ D '9,\0 CONCLUS ION

C A hybrid CATV distribution system using
C addressable set-top converters for single family
homes and an off-premises, star—-switched system

for MDUs offers a very attractive solution to
@ > MSOs for secure delivery of premium services in
metropolitan areas. Although the hybrid archi-
tectural concept does not provide the total
optimization of a backbone trunk/feeder plant,
( @ it may be the only rational choice when offering

service to MDUs in the theft-prone MDU market-
a2, place in existing builds.

q. in the areas of headend control and techniques
for dealing with the scrambling required by the
latter system for security purposes. These
issues are resolved in a cost-effective and
practical manner by the integration of control
and communications functions under the billing

FIGURE 6 TYPICAL MDS DISTRIBUTION SYSTEM LAYOUT system and by mass descrambling at key locations
in the franchise area.

H Undoubtedly, compatibility issues are raised
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MTS STEREO CONSIDERATIONS
"AN OPPORTUNITY OR A CRISIS"

GEORGE R.

J.GREEN

ZENITH ELECTRONICS CORPORATION

ABSTRACT

This paper caonsiders the current
status of the MTS system with regard to
alternative delivery systems and reviews
some of the current MTS decoder designs.
It considers interface requirements,
performance characteristics and
compatibility with current in-home
terminals. New methods in baseband
processing are examined to illustrate
their full compatibility with the MTS
system.

INTRODUCTION

The endorsement of the Zenith / DBX
Mul tichannel Television Sound (MTS) system
by the Electronics Industries Assaociation
(EIA) has led to an almost universal
standard for broadcast TV stereo. This
has provided the broadcasters with the
opportunity to promote their program
software in a new dimension while still
maintaining compatibility with the
existing monaural transmission and
reception equipment. The Cable Industry
has been faced with incompatibility issues
in both the transmission and reception of
the MTS signal. Alternative methods of
delivering stereo services to subscribers
are currently being reviewed by the Cable
Industry. The consumer demand for
enhanced audio services is increasing as
MTS programs and products are promoted.

The MTS format is, as it turns out,
providing a better than anticipated
performance and is encouraging an overall
improvement in the guality of the received
audio for television. 1In addition, the
incompatibility issues initially raised by
the Cable Industry are being overcome.

The MTS signal format may by default
become a defacto standard for all cable
programming. Why? Because it is there,
it is endorsed by the EIA and it is being
heavily promoted at no cost to the Cable
Industry by broadcasters and by television
and VCR manufacturers. The quality of the
MTS signal may not be as good as that of
CD players and other premium quality
stereo delivery systems. However, it is

good enough for consumers who are
interested in both the visual and aural
presence of a program.

As an industry in a free market place,
we have to continually adapt to market
trends and deliver new services as the
market and consumer demand warrants it.
The motivating forces in favor of the MTS
system are its compatibility with the
existing monaural audio system, the fact
that it is endorsed by the EIA and that
MTS products are readily available from
multiple sources. The questions raised by
the Cable Industry of incompatibility and
cost crisis are giving way to the fact
that the MTS system can be made compatible
and that opportunities may exist for
enhanced audio services. In any case, the
Cable Industry may need to become
compatible with MTS in order to remain
competitive with alternative program
sources. There is of course, the obvious
need to meet the growing demands of
subscribers who have purchased a new MTS
stereo television or VCR.

PRODUCT CONFIGURATIONS

A range of MTS products are currently
available to meet the projected demand
from consumers. These MTS products can be
integrated systems such as stereo
televisions and VCR’s or component type
add-on stereo decoders which can either bhe
owned or leased by the consumer to receive
enhanced stereo services.

Our prime concern in this paper is to
focus on the component type of stereo
decoders. How do they functionally
operate? What interface standards should
be considered? What are the performance
characteristics of these devices? How do
they interface with current in—-home
terminals?

The interface point of any component
type of stereo decoder should preferably
track the video source to which it is
being tuned. To meet this obvious need,
in a baseband system the sterec interface
can be taken from either the IF, the 4.5
MHz intercarrier audic or the multiplexed
baseband audio. In RF type systems the
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interface has to be at the converter
output at either channel 2, 3 or 4. 1In a
baseband converter the channel 2, 3 or 4
RF output can be used, but only if the
device is designed to provide sufficient
audio bandwidth together with good
linearity in the audio and video
detectors.In the remodulator the
incidental phase modulation should be
minimized and the audio deviation has to
be accurately maintained for optimum
stereo separation. As with all choices,
there are compromises and trade—offs in
performance and costs depending on the
interface point chosen.The layouts
illustrated in figures i1 through 3 show
typical product configurations for stereo
decoders. Note that in all of these
configurations the output levels are
typically low power levels and are meant
to drive either an audio amplifier system
or powered loudspeakers.

In figure 1 a multiplexed baseband MTS
decoder interface is illustrated. This
configuration is common to television set
manufacturers and could be used with
baseband converters. This concept is
probably the lowest cost unit but the
stereo separation is very sensitive to the
signal level input and must be matched
accurately. A remote volume dc control
from the television or the converter can
also be implemented with this
configuration to provide variable left and
right outputs. The amount of intercarrier
buzz in this system will be determined by
the quality of the device feeding it. It
is unlikely that this configuration will
have much application in cable television.
However, it is one of the interface
options being considered by the NCTA
interface standards committee.

In Figure 2 an MTS decoder with a 4.5
MHz intercarrier interface is illustrated.
This system could be used with either a
television or a baseband converter and can
also provide a remote volume control via
the television or converter.This system
interface is not susceptible to input
signal level variations. The amount of
intercarrier buzz in this system also will
be determined by the quality of the device
feeding it. This system configuration
could see considerable application in
cable television because of the
significant numbers of baseband converters

currently in use.

In figure 3 an RF MTS decoder is shown
with a channel 2,3 or 4 RF input
interface. This configuration is similar
to figure 2 but is specifically for
converter applications. This too can be
designed to provide a remote volume
control via the converter as in the
previous systems. This stereo decoder has
the advantage that it can be designed as a
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quasi split sound detecter with filtering
favoring the audio bandpass.This can
reduce the intercarrier buzz and improve
the signal to noise by SdB. This stereo
decoder is likely to be the most common
application in cable television because of
the large base of RF converters. It should
be noted that with this configuration any
or all of the above input interfaces could
be added to this type of decoder. Note
also that an MTS stereo decoder with an IF
interface would have similar performance
characteristics as that of figure 3.

BASEBAND CONVERTER CONSIDERATIONS

Recent developments in baseband
converter technology have shown that with
proper design and alignment it is possible
to demodulate and remodulate the audio
signal and still be transparent to an MTS
signal. This is possible by using a very
linear audio detector and by increasing
the audio bandwidth to pass the complete
multiplexed stereo signal. The
intercarrier buzz is minimized by proper
IF alignment and by improving the
linearity in the video detector.In the
remodulator the audio deviation has to be
accurately maintained for optimum stereo
separation and the incidental phase
modulation has to be minimized. The
advantage of doing this is that you can
still maintain the volume control and mute
function. However,any change in the
volume control will significantly affect
the stereo separation.

The sensitivity of the stereo
separation to volume control was examined
using the configuration illustrated in
figure 4. This test set-up used current
production equipment to determine the
effects of stereo separation over a
frequency range from O Hz to 12.5 KHz. In
figure 5 a comparison of the stereo
separation of the system versus the system
including a Z-TAC 11 baseband converter is
illustrated. In this case, it can be seen
that little degradation in separation has
taken place and certainly none that could
be subjectively observed by a consumer
listening to a stereo television.

The effects on separation with
changing volume control in a baseband
converter are further illustrated in
figure 6. Here it can be seen that
because of the non—-linear characteristics
of the MTS encoding, the stereo separation
significantly degrades as the volume
(deviation of L+R) is reduced in the
converter. However, by allowing the audio
to overdeviate the carrier, it is possible
to maintain a more acceptable degree of
separation for a limited amount of volume
control. Figure 7 illustrates the effect
on stereo separation when the carrier is
overdeviated to 30KHz and then



correspondingly reduced by 1.5 dB and 3
dB. Comparison of figures 6%7 show that
by doing this the separation is improved
by 5 dB when the volume is reduced by 3
dB. If such an approach is used to
provide a limited volume control, then it
is necessary to provide the consumer with
some means of control to accurately return
to the correct deviation setting for
optimum stereo separation.

ALTERNATIVE DELIVERY SYSTEMS

Alternative methods of stereo delivery
are being promoted in the Cable Industry.
The majority of these are either out of
band analog type systems in the FM
spectrum or some form of digital audio
systems. They may have the potential to
offer a higher quality signal to the
consumer. However, because there is no
predominant standard and no clear market
is defined for such an enhanced service,
it is uncertain as to how these systems
will develop. These systems are further
negated because of the potentially higher
costs and the question of who will assume
those costs. As engineering purists we
need to be realistic and not lose sight of
the basic business economics. The MTS
system is likely to be the lowest cost
option for providing an enhanced TV audio
service since most of the terminal costs
will be assumed by the consumer who has an
incentive to listen to the TV broadcast
channels in stereo.
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CONCLUSION

The previous sections have shown that
a variety of MTS stereo decoders are
available with differing interfaces,
performance characteristics and costs. It
is likely that these MTS stereo decoders
will provide a short term solution for
cable subscribers until such times as
stereo television receivers significantly
popul ate the market place. These products
can help the cable operator provide
enhanced audio services and remain
competitive with alternative media
programming. If the MTS system becomes a
defacto standard for the Cable Industry,
then consideration should be given as to
whether it is compatible with the
scrambling system being used. Analysis of
current parameters would show that in
reality monogphonic television receivers
are typically in the range of 52dB for
signal to noise ratio and provide about
6KHz of bandwidth. The signal to noise
ratio of FM on cable is typically 55dB and
stereo separation on tape recorders and
record systems is typically 20dB to 23dB.
The MTS system and its circuit development
is in its infancy and as the circuit
technology advances, the MTS system will
probably meet or exceed limits of 64dB
signal to noise ratio and provide better
than 25dB of separation with 19KHz of
bandwidth. In perspective then, the MTS
system has the potential to provide an
acceptable level of service to the
majority of consumers.
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OFF PREMISES SWITCHING:ALTERNATIVES IN CATV CONTROL SYSTEMS

Karl W. Poirier
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ABSTRACT

At present, the delivery of pay television
signals has primarily involved scrambling of pro-
tected signals. This method has several inherent
problems, particularly in the area of program and
equipment security.

The initial obvious solution was to employ off
premises control systems. These system designs are
primarily based on off premises converters, which
have proven to be less than the ideal answer. It
appears that either off premises addressable tap
systems, or hybrid tap/scramble systems may prove
more effective in this application. This paper
examines the functional, application, and cost
aspects of various system control technologies
currently available.

FUNCTIONAL DEFINITION OF CONTROL SYSTEMS

The ongoing discussions on the relative
merits of off premises control have suffered from
a lack of functional definition. This lack of
definition, and in particular, excursions into
non-traditional areas of operation, has generally
led to system over-complexity.

The functional requirement can be described
as follows, under several categories:

CATV Control :Program Access
Normal Pay Control

PPV Control

Secondary Service :Interactive Services

Telephony

Text Services
Convenience Services:Channel Selection

These functional requirements can differ in
motivation, for example: channel selection is a
requirement in British Systems where tuners are
not incorporated in TV Receivers, while in North
America, channel selection is a byproduct of the
control technology employed.

Most attempts at systems to perform these
functions are based on the obvious solution of
remotely located converter, or converter-descram-
blers. While this method appears, at first, to
perform the majority of desired functions, the
operational reality is somewhat less than perfect.
This system concept has, however, been attempted by
various manufacturers in North America, and has
also appeared in Germany as the NIXDORF/FUBA
F.A.T.S. system as well as the various versions of
British Telecom Switched Star Systems. (CABLETIME,
DELTAKABEL ETC.)

As attempts to implement these systems
progress, several major constraints become apparent.
Of particular note are the following items:

1) The switched star, or off premises converter
system,is extremely capital intensive.

2) The requirement for operator equipment in the
customer home.

3) The inability to serve multiple receivers with-
out duplicating the amount of dedicated hard-
ware.

4) Incompatibility with cable ready TV's and
VCR's.

5) Physical mass of the system.

6) Overall system electronic complexity.

The primary cause may be that the switched
star or off premises converter does its job too
well, and, in fact, undertakes functions which
could be considered as beyond the domain of the
CATV operator.

Perhaps we should disgress slightly and
examine the proposed functional requirements in
the context of a CATV operator.

Basic Service Control :Primary system requirement
Pay Television Control:Primary Revenue Generation

Pay Per View :Primary Future Potential
These are the obvious primary requirements of

an off premises system. Many systems also have

designed-in capability for secondary services.

The following are the most commonly discussed

optional capabilities:
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Interactive Functions: These are best defined
as two way transactional services,such as tele
banking, tele shopping, polling, etc. Up to now
experiments with this type of service have been
just that: experiments. We have seen that, to
date, these concepts have been technology driven
as opposed to market driven (i.e. how can we sell
what we do? as opposed to "how can we do what
they want to buy?"). This technologically driven
approach to product has invariably led to failure,
because it is impossible to sell a technological
means to which there is no market driven end.

CATV customers are NOT DEMANDING tele-banking,
tele-shopping and similar services, nor could they
be readily convinced of their need for such
services.

Text Services: These services have had suc-
cess in several very limited applications. In
particular, hearing impaired captioning has
proven viable, as has text delivery on a narrow-
casting basis. Text service have been successful
in remote areas, such as Western Australia, where
it is normally the first print information to be
delivered to the customers. The supply of text
services as a revenue generating vehicle on a
broadcast scale has yet to be proven viable.

Telephony: The delivery of telephone com-
muncations via the CATV network has been considered
primarily by European Government Telephone
Agencles. If we observe the operation of a
traditional North American telephone system,
especially in light of de-regulation and diversi-
fication, we can observe one obvious effect : The
local telephone network is not necessarily revenue
self-sustaining. Traditionally, the telephone net-
work has been self-subsidizing via long haul
revenue generation. To isclate the local tele-
phone net, especially in the context of a CATV
system which is by nature & localized system, does
not hold significant potential as a revenue gen-
erating vehicle. In fact, the application of a
CATV system to telephony has a somewhat reversing
technological effect, in that we must build a tele-
phone network carrying TV as opposed to a TV net-~
work carrying telephone service.

Channel Selection: Most television receivers
in Europe and the U.K. do not incorporate a multi-
channel tuner. All North American television re-
ceivers have at least a twelve channel tuner, and
most medium and high priced receivers have full
tuning