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FACT: Semi-annual proof of performance testing is here to stay!

FACT: Manual FCC proof testing is time consuming, expensive and
creates excessive, aggravating oufages!

FACT: UiNguard™ cuts the workload for your overburdened fechnical
staff with total measurement automation!

FACT: UtNguard™ does more and costs less than any other
moniforing system!
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1900 AM Drive ® PO Box 9004 ® Quakertown, PA 18951-9004
Tel: (215) 536-1354  FAX (215) 536-1475

For more FACTS and a demonstration call AM today! ' 1 (800) 248-9004
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of LIGHT and AIR.
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UNEQUALLED FOR FIBER-TO-FEEDER TRANSMISSION

¢ TIME PROVEN COAXIAL PRODUCT
* LOWEST ATTENUATION
¢ FULL ALUMINUM WALL THICKNESS
¢ EXCELLENT HANDLING PROPERTIES
¢ FULLY BONDED . . . MOISTURE AND SUCKOUT RESISTANT

Whenever fiber optic cable is to meet coaxial feeder, the air-
dielectric design of .650 MC? assures the most advantageous match.
Produced since 1985, .650 MC? is the only coaxial available today that
has the diameter and handling ease of a feeder cable, with the electri-
cal performance of a trunk cable.

Foam-core coaxials cannot achieve the attenuation of .650 MC?
without increasing cable diameter and sacrificing full aluminum wall
thickness. They simply cannot compete with the time-honored capabili-
ties and economies of .650 MC2.

MC? Feeds The Future
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. Trilogy(y

Call or write for free sample and brochure: Trilogy Communications, Inc.,
2910 Highway 80 East, Pearl, MS 39208 (601) 932-4461 Fax (601) 939.6637 9GO SO
or Call (800) 874-5649 J
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cable operators and cable subscribers. These days, how-
ever, the importance of eliminating network outages far
supersedes a desire to reduce those pesky interruptions of
cable programming. If cable does jump headlong into tele-
phone service delivery, it needs an ultra-reliable network.
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be pirates and convert them into paying subscribers.

4 CED: CoMMUNICATIONS ENGINEERING & DESIGN JuLy 1993

Walking through (ive

ive maze

g S
About the Cover

Can cable get through the
interactivity maze?

DEPARTME@

Color Bursts..........c......10
Time Warner, TCI agree

Spotlight ........cccevnnenenn 14
Dan Liberatore, Adelphia

Frontline.....................16
Clarifying the Cable Act

From the Headend .......18
Filter design tutorial, Part |

(apital Currents ...........20
Rate regulation primer

FiberLine .........cceeeee0ee 22
Digital vs. AM supertrunks

Power supply callbook.40
Ad Index .........coeererened2

Horizons ...........c0e0n....04
Convergence ‘93

In the News ......ccoveeere. .00
Comcast award

New Products ..............68
Return Path ................71
What's Ahead ..............73

Ju V(3 Y | .
Cable's longest acronym

$ ¢ L4

©1993 Trademark registered by Capital
Cities Media Inc. All nghrs reserved.CED
(USPS 330-510) (ISSN 1044-2871) 18 pub-
Iished monthly except twice in May by Chilton
Publications, A Captal Cities/ABC Publishing
Group, 825 7th Ave., New York, NY 10019
©July 1993, Volume 19, Number 8. U.S
domestic subscriptions are $48. Outside
USA. subscriptions are $69 tor surtace deliv-
ery or $96 for air speed del.very, prepaid in
U.S. tunds drawn on a U.E. branch bank
Second-class postage paid at New York,
NY 10019 and additional failing offices
CED is published on behalf cf the cable tele:
vision and broadband communications
industries POSTMASTER Please send
address changes to CED Ciculation, P.O
Box 7699, Riverton, NJ 08077-7699. MEM
BERS OF THE BPA. Printed in U.S A



Adding a channel? Upgrading
old receivers and modulators?
Maybe looking to add BTSC
stereo?

Plug into Standard.

Our Agile IRD Il Receiver/
Descrambler and TVM450 Mod-
ulator are perfectly matched to
give you outstanding perfor-
mance, utilizing a unique, precali-
brated RF and video/audio level
adjustment system. And all you
have to do is plug ’em in.

Big performance,

small package.

The Agile IRD Il is a commer-
cial C/Ku satellite TV receiver,
designed to accept a Video-
Cipher® descrambler module
—in a package only 1.75" tall.

As you’d expect from Stan-
dard, the Agile IRD Il gives you
solid 100 KHz PLL tuning, dual
down-conversion to 70 MHz, and
superb video specs. Intelligent
design features include a 70 MHz
IF loop-through for inserting Tl
filters, and an active 950-1450
MHz RF loop-through for expan-

sion without signal splitters. You
also get a familiar VideoCipher
panel layout as well as a visual
signal-strength alarm, and front-
panel access to alignment con-
trols, test points and the new VC
I PLUS™ on-screen display.

Not just another modulator.
Need a modulator? Imagine a fre-
quency-agile CATV modulator
that rivals fixed-channel per-
formance —and that’s just for
starters.

The TVM450’s High Level
Mixing method, among other
engineering advances, all but
eliminates out-of-band noise
and spurious signals, so you can
meet NCT-7 specs for the entire
450 MHz spectrum — without
external bandpass filters. The
TVM450’s integrated CSG-60
BTSC generator puts stereo
where it belongs—in the modu-
lator. And whether you use
stereo or mono, the TVM450’s
front-panel controls are factory-
calibrated to radically simplify
installation and set up, and so

accurate you can even use a
TVMA450 to calibrate your
receivers.

So advanced, they’re simple.
There’s more — much more —
to the IRD 1l and TVM450 than
we have room for here. We
say they’re so advanced that all
you have to do to add a channel
is plug ’em in, set '’em—and for-
get’em.

But you don’t have to take our
word for it. Call Standard at
800/745-2445.

And we’ll prove it.

Raise your standards.

@ Standard

’s Communications

SATCOM Division

P.O. Box 92151

Los Angeles, CA 90009-2151

{310) 532-5300 * (800) 745-2445
FAX: (800) 722-2329 (USA)

FAX: (310)532-0397(Int'l and CA)
Represented in Canada By:

DGH Communications Systems Ltd.
Scarborough, Ontario *(416) 499-4746

Plug in a new channel.
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Sure, the 8600*"™ Home Communications
Terminal meets every important domestic
and international digital compression
standard, but why settle for standard?

Outguess
COMpression.

The real issue in digital compression isn't the
standard, it's your migration path. With the
8600* product line you can convert to digital
whenever you're ready. In the meantime,
whichever 8600* you choose is packed with
features for analog or digital systems. That
means you can grab the 8600* now, enjoy
its added revenue generating power, and up-
grade with a digital docking station later—
effectively extending the life of your invest-
ment. Or, go straight to digital and buy the
8600*D™ digital communications terminal.
Either way you're assured of compatibility
(regardless of the compression standard) and
you escape the “buy now or else” syndrome.
With the compression issue taken care of,
just look at how the 8600* outdoes the
ordinary digital.

Outprogram
paper guides.

Paper guides and other TV listings are great
but they can’t help you change the channel
or program a VCR. The 8600% solves that
problem by giving you access to virtually any
EPG. Viewers can easily navigate through
cable's ever increasing number of channels
and programming. And, with the VCR
Commander™ option, viewers can set their
VCR to record programs automatically.

Outsmart on-line
computer services.

Now you can offer an even smarter way to
get on-line and interactive services like video
games, educational programs, catalog order-

ing, linancial services...virtually any PC-like
service imaginable. How? With mail-out,
slide-in Genius™ cards and AROS"™ download-
able software. They add processing power,

permit security upgrades and install new
applications in the 8600* with no truck rolls.

Outsmash video
rental stores.

With the 8600 NMOD capability. movies
can start every 5 1o 15 minutes and virtually
all subscribers need to do is pop the corn. No
drive to the video store, no late penalty, no
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tape to rewind, no membership card,

no hassle. Ycu're free to offer a com-
plete on-screen schedule of new releases,
old favorites, plus sports, comedy and
music. It even has pause, rewind and
fast-forward functions similar 1o a VCR.

Forget overnight delivery. The 8600%
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gives you instantuneous deiivery of impor- SCIentlflc
tant messages 1o an entire syslem or 1o tlanta

an individual household. Use the group
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messaging feature for announcements,

promotions and billboard advertising—
a source of added revenue. Individual

messaging makes a terrific greeting ser-

vice and welcome screen. Subscribers
can even check account status.

Outstanding
features.

To find out more alout how the 8600%
Home Cemmunications Terminal outdoes
the ordinary digital or analog hox, call
800-722-2009 or a Scientific-Atlanta rep.

4386 PARK Drkivi:, NORCROSS, GA 30093

B600% BoOOMD, VCR Commander, Genius card and AROS are trademarks of fcientilic-Adlanta, Inc
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For many cable industry veterans, last month’s National Cable
Show in San Francisco must have had a deja vu-like quality to

it.

Just as in cable's glory days of a decade ago, this year's

Paradigm
shiits and

non-linear
(hinking

national convention was filled with glitter, gloss and
demonstrations of how the cable industry can take a lead
role in changing the way Americans shop, learn and com-
municate.

Ten years ago it was interactivity via Qube that
promised to have viewers using their television screen for
applications such as shopping at home, distance learn-
ing, home security, banking and the like. This year interac-
tivity made its comeback.

Not since the first days of fiber optics five years ago has
the show floor been littered with so many “technology
demonstrations” and “vapor ware” prototypes—products
that portend the future and tease us with their capabilities.
Exciting, vibrant times are upon us again.

What makes all the promises seem so real is that they're
being backed by huge, successful companies. Time
Warner has selected Silicon Graphics to supply the
“engine” for the Full Service Network in Orlando; Scien-
tific-Atlanta is now partnering with Motorola and Kaleida
Labs to develop interactive set-tops; Jerrold-General
Instrument is doing the same thing with Intel and
Microsoft; US West bought into Time Warner to develop
broadband networks; Toshiba and S-A are building set-
tops for Time Warner's Orlando project.

What is clear is that this is indeed the era of strange
bedfellows. Just a few years ago, the cable industry knew
little about what was transpiring in the Silicon Valley, was
trash-talking with the telephone industry about who was

going to eat who's lunch, and was mired in a recession.

Now the industry finds itself perfectly positioned to capital-
ize on interactive, multimedia services and new joint ventures
are the norm. Operators and their partners are betting millions
that the new generation of Americans that have grown up with
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Time is running out!

24-hour Proof-of-Performance
tests are due and you don’t
have the equipment to
accurately and cost-effectively
document them.

Relax! Now there's an easy
way to document Proof-of-
Performance testing for the FCC,
even in the most demanding
temperatures and environments.
Wavetek's rugged line of SAM

SAM 1550™
Cost-Effective
Installer's Meter

Call today for your free FCC Compliance Matrix.

Circle Reader Service No. 5

HIGH ANXIETY

meters are packed with new
capabilities designed to deliver
highly accurate test results for
the FCC and your daily system
maintenance.

Picking the SAM you need is
easy. Our SLLMs are available in
a broad variety of models and
price ranges that allow you to
meet both your testing and your
budget needs. Plus, they all
feature the same Wavetek relia-
bility that you’ve come to trust.

SAM 1650™ SAM 3030™
Low Cost Rugged Service
FCC Testing Technician's Meter

Don’t worry! Ask your
Wavetek representative about
our complete line-up of signal
analysis meters. All SAMs
feature sweep channels for
Pass/Fail testing, Tilt, AV/A,
and improved weather-
resistant keyboards - at
extremely competitive prices!

800-822-5616 317-788-5086
Fax 317-782-4807

LineSAM II™™
Expert’s Proof-of-
Performance Meter

WAVETEK
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By Leslie Ellis

A
Adelphia's
Liberatore;

All the
Fight Stull

Twenty years ago, while the cable industry
braced itself for the introduction of satellite-deliv-
ered channels and massive expansion, Dan Liber-
atore was spending his quiet, West Virginia
evenings in a shack behind the home of his
boss, cable pioneer Don Levinson. As he
describes it, Liberatore spent these early
cable days working in the field on Levinson's
Wheeling-based system. Then, after work,
Levinson would call him over to tear apart
equipment and see how it worked. “I'm cer-
tain he knew the answers to the questions he
asked before he even asked me,” Liberatore
says of his mentor. “But it was his way of chai-
lenging me to learn and grow.”

It was a union that affected Liberatore more
than he may now realize. A typical Levinson
challenge would go like this: “Dan, why 75
ohms?" He laughs as he recounts the story,
but now admits he does the same thing as VP
of engineering for Adelphia Cable. “| often
play the devil's advocate when employees tell
me of a decision they've made,” Liberatore
says. “It sounds like I'm asking dumb ques-
tions-but the intent is to encourage them to
think and grow.”

Liberatore worked in his home state of
West.Virginia for seven years, until Levinson
sold the Wheeling system to TCI. Then, he
packed up and headed for Cincinnati, to build
a Qube system there. He was hired as a staff
engineer working for the company’s Qube
project manager; shortly after his arrival, the
project manager quit. Liberatore was quickly
repositioned to manage the project.

"It was pretty scary, because | had never
done anything like that before-basically a baptism
by fire situation,” Liberatore recalls. He says per-
severance and an overall love for the industry is
what saw him through the citywide build-not to
mention the many friendships made along the
way. “There’s a lot of Qube graduates out there,”
Liberatore laughs. “We have little reunions when
we run into each other at shows.”

In 1986, Liberatore again packed his bags, this
time for Coudersport, Pa. (population 2,800 and
known by Pennsylvanians as some of the best
and most scenic deer-hunting turf around-even
the schools close on the first day of hunting sea-
son), where he was hired by Adelphia as its VP of
engineering.

Liberatore started "amidst a huge growth period
for Adelphia,” he says, and spent his early years
there managing builds, rebuilds and upgrades.
The company is now known for its significant
strides toward passive network topology design,
PCS experimentation and regional hub implemen-
tation, all under Liberatore's direction.

Current project load

“We're doing a lot of network things, like limiting
amplifier cascades to one or two,” Liberatore says
of Adelphia’s work on a passive network in devel-
opment in Syracuse, N.Y. The project, which will
culminate toward the end of 1994, will consist of
“a fiber node and then a post amplifier pretty
close in after that,” Liberatore says.

o ¢ ® o o ®

He hopes to take the concept even further in the
near future. Saying that Syracuse is ideally suited
for the network-densely populated, very compact
and circularly shaped without many
extensions-Liberatore says he's eager to investi-
gate similar networks in “less perfect” areas. “We're
looking at some plans now that are long and
sprawling and have a range of densities. Those
things are a little harder to do with passive plant.”

Meanwhile, the company has applied for FCC
pioneer’s preference status in the area of personal
communications systems, where Liberatore says
he’s mostly focused on determining maximum cell
size. "We have four tests sites, but most of the
work is going on here in Coudersport,” he says. As
if that weren't enough, Adelphia is putting the final
touches on what Liberatore calls a “tightly-coupled
fiber SONET ring" in the state of Vermont.

“We're working on it with CableLabs. There's
only a couple more pieces to put into place before
it's completed, and we're actively discussing all
the possible applications now,” Liberatore
explains. Those applications will likely include
headend interconnects, regional advertising inser-
tion, medical imaging and competitive access.

It's clear that Liberatore’s leadership skills are in
full demand these days-but he certainly isn’t
unprepared to meet the challenge. He completed
his undergraduate work at the University of West
Virginia, where in 1972 he earned a bachelor's
degree in electrical engineering. True to his curi-
ous and people-oriented nature, he has taken
several graduate-level classes in engineering
management at the University of Massachusetts.

Liberatore cites management as an ongoing
and somewhat fluid goal. “Our business is grow-
ing quite a bit. Professionalism is changing. That's
what | enjoy the most: sharing my enthusiasm
about where we're going as an industry.

“People in general tend to get sucked into their
own little ruts,” Liberatore muses. “l try to share
their ruts."

Liberatore describes himself as a quiet, serious
person. (His wife of seven years, Kathy, tells him
he's too serious, he says.) But perhaps it’s this
pensive introspection, coupled with an advanced
sense of humor and a single-minded focus to pro-
pel his employees toward personal growth and
achievement, that makes Liberatore such an
engaging, personable industry leader.

Activity in the SCTE, |EEE and the Professional
Society of Electrical Engineers rounds out Libera-
tore's professional life. On the personal side, he
and Kathy are raising three children, all at or near
their teen years: Noah, 16, Christian, 13 and Erica,
11. They get out to Colorado “about once a year,”
he says, to downhill ski. “My goal is to ski a dou-
ble black diamond run without breaking a leg,
before | get too old,” the 43-year old Liberatore
laughs.

Liberatore humbly insists there’s nothing
innately interesting or funny about him. “I'm not a
private pilot, or a gourmet chef, and I’'m not an
Elvis impersonator,” he laughs. Maybe not, but
chances are he has the answer to Levinson's
question, now 20 years old.

So, Dan: Why 75 ohms? GCED
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" Need Reliable Power Now,
You Ought to Have
YourHeadend Examinedl.

able television: engineers agree, new digital-
based services demand absolute reliability. This per-
formance starts right at the headend.

Alpha Technologies CableUPS™ family includes
the new technology CFR line of Uninterruptible Power
Supplies for headend equipment. Smaller, quieter and
more efficient than any comparable system, the CFR
provides a smooth flow of quality power to your signal
processing, compression, pay-per-view, computer and
other headend equipment.

The CFR is part of the CableUPS™ family—your
single solution to complete power protection for digital
networks. For additional information, call Alpha today
at 1-800-421-8089.

The Alpha CFR is available from 609VA to 15KVA.

United States Canada United Kingdom Germany Middle East L |

3767 Alpha Way 5760 Sidley Street. 5 The Astra Centre Hansasirasse 8 P.O. Box 6468 n I I rl
Bellingham, WA 98226  Burnaby, B.C. V5] 5E5 Edinburgh Way D-8540 Schwabach  Andrea Chambers/Office 208
Tel: (206) 647-2360 Tel. (504) 430-1476  Harlow Essex CM20 2BE Germany Limassol, Cyprus
FAX: (206) 6714936 FAX: (604) 430-8908 Tel: 44-279-422110 Tel: 49-9122-997303 Tel: 357-5375675 ALPHA LI TECHNOLOGIES
FAX: 44-279-423355 FAX: 49-9122:997321 FAX: 357-5-359595
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(able Act

0 '02:
About as
clear as mud

By Wendell Bailey,
VP of Science and
Technology, NCTA

The recently enacted provisions for rate regula-
tions and how they will be implemented and ad-
ministered are really convoluted.

The Commission announced its decision on
the rate regulation proceeding, saying it
would roll back rates 10 percent or so for ca-
ble systems, and freeze rates and rate in-
creases for 120 days.

When rules finally were released, they came
to over 500 pages, including spreadsheets,
charts, graphs, forms and formulas that (at
least theoretically) would allow anyone to sim-
ply write in a few facts and figures relating to
their cable system. The “fill in” items relate to
number of channeis, how many satellite chan-
nels vs. how many were off-air channels, how
many were locally originated and how much is
charged for different leveis of service.

Do a little math, move a few numbers, multi-
ply by this, divide by that, and BINGO, you
come out with a per-channel charge. This was
then compared to a "benchmark rate” which
was determined by the examination of similar
factors in what the Commission calls “com-
petitive cable markets.”

While this sounds simple enough, it really
isn't. First, the competitive systems that the
Commission examined to determine the
benchmark have no requirement to be any-
thing like your system.

Secondly, even if you find yourself at a
point where the rate you can charge is under-
standable according to the calculations, the
only way to add equipment or services to your
system is probably (and this isn't completely
clear) to enter into something called a “cost of

service hearing,” in which you have to do a great

deal of accounting and analysis and reporting
and have regulators decide whether you are do-
ing things in a good, business-like way.

Regulatory hoops

So far, it seems this last point is the main thing
concerning technologists. With the use of fiber op-
tics, the possibility that we'll be going to com-
pressed digital transmission of multiple NTSC
channels, and the coming of HDTV and multime-
dia services, we all wonder whether any of these
things can be added if we have to go through reg-
ulatory hoops to prove there is a business to offer.

It also seems that when it comes to plain old
vanilla service we have some technical issues to
deal with, like what sort of set-top device to make
available to our customers. One thing is clear in
this rate proceeding: we appear to have had an
unbundling of our in-home equipment from our
service charges. The cost contribution that a
convertor/descrambler makes to a monthly
charge must be separated from that monthly
charge so everyone can see it. But seeing it isn't
the important part. The important part is that
should the consumer not need or use a descram-
bler, the cost of the cable service connection will
be less. The rules allow a cable operator to re-
cover the costs of this device.

Cost is made up of a variety of things, such as
the amount of money spent to buy the unit, the

4 4 \ 4 * \ 4 L

amount spent to pay interest on any debt needed
to purchase units, costs for maintenance etc., as
wel! as a “return on investment.” So far, the infor-
mation on this return on investment part leaves
many cable operators who have examined the
rules to feel that it's not the same return they would
normally assign to a project. Of perhaps more in-
terest is the issue of where exactly this equipment
needs to be and how you've deployed it and
whether or not you can recover your costs directly.
For instance, if the equipment is outside the
premise, like pole-mounted security of some sort,
it's not clear whether the costs associated with that
port for that home have the same rights, so to
speak, on the spreadsheet as a set-top device.

Quirk: Two diiierent proceedings

Another strange quirk in the rules is that there
are two different rate regulation proceedings, one
that is conducted by the local franchise authority
and relates to basic service rates, and another
which relates to non-basic service rates and is
conducted by the FCC. So if you were to add, for
instance, some premium services that were
scrambled and addressable hardware was your
choice of technologies, you would naturally as-
sume that the cost of that hardware would be ad-
judicated, if necessary, in a rate regulation
proceeding at the FCC, since these were non-ba-
sic services that were controlled by the address-
able hardware.

The Commission in its infinite wisdom, however,
has decided that if any basic channels go through
this box then the basic rate regulation proceed-
ings are the appropriate venue for discussing the
cost of this piece of equipment. When the FCC
tried to explain this with a televised tutorial on the
charts and graphs and forms and formulas, the
meeting room was packed. TV stations all over
Washington were tuned to the Washington Con-
nection,a channel that shows FCC public pro-
ceedings, closed circuit transmissions were
routed to other parts of the Commission building
while the people who wrote the rules and regula-
tions answered questions and gave examples.

At one point, after a series of questions from as-
tute reporters about how certain pieces of the for-
mula worked, one of the chief architects of the
formulas and regulations was heard exclaiming that
“we didn't do a very good job of being clear, did
we?” While that would make an appropriate epithet,
I'm afraid there is one other side of this issue the
FCC and Congress ignored and continue to ignore.
What does all this do to the investment in technol-
ogy that the cable industry is poised to make? If a
cable operator takes a major hit by a direct rate roll-
back and has to put up with the expense of rate
regulation proceedings and the vagaries that they
were likely to entail, how will technology projects
fair? In the conversations I've had, most everyone
believes technology is our future.

Perseverance is what | see everywhere when it
comes to the issue of investment in our future.
While many operators tell me it will be hard, none
of them think we should hold back on bringing the
new world of telecommunications to our cus-
tomers. CED
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l have heard discussions of tiering,
pay, and “a-la-carte” packages,
using “traps”, that would require
quite a large number of these de-
vices to be placed in series.
While the operational implica-
tions with respect to truck-rolls
and maintenance could cer-
tainly be immense and would
certainly increase substantially
as the number of traps per drop
increases, there are also an immense
number of technical and performance
implications to the use of a large number of
these devices on a single drop.

For these reasons, the next several columns
will deal with the basics of filter theory.

Before we dig into the gory detail, however,
it's probably best to get a few definitions out of
the way. In our quest toward the ultimate goal
of revealing the inner workings of a trap, we'll
start with an examination of band-pass filter
techniques, and eventually migrate the dis-
cussion toward the trap.

0dB

ion &
Attenuation g

f3

Resonant
circuits, filters
and (raps:

A Tutorial

The resonant circuit

The resonant circuit is certainly nothing new
in RF circuitry. It is used in practically every
electronic device we come in contact with
every day, including receivers, modulators,
trunk amplifiers, set-tops, and, of course,
traps.

Resonant circuits are used for a multitude
of reasons, and can be used to selectively
pass (or stop) a certain group of frequencies
from a source to a load while attenuating (or

By Chris Bowick, passing) all other frequencies outside of the pass-
Group Vice  tand (or stop-band). The “perfect” resonant cir-
President/Technology,  cutt for most applications might look like Figure 1.

Jones Intercable

@URE 1

Here we have a perfect rectangular-shaped
passband with infinite attenuation above and below
the frequency band of interest, while allow-

ing the desired signal to pass completely

A undisturbed (purists are having a
f2

cow right about now because of the
F

Passband

od

o]

theoretical implications of such a
heretical thought to both the signal
and the network—but bear with me).
The realization of this filter is im-
possible, due to the physical charac-
teristics of the components that
make up the filter. There is no per-
fect component, so there
can be no perfect filter.
However, in most cases, if
we understand the mechan-
ics of resonant circuits, we can tailor an
imperfect circuit to suit our needs almost perfectly.
Figure 2 is a diagram of what a practical filter
response might look like. Outlined below are
some appropriate definitions for the filter that ex-
hibits such a characteristic shape. These defini-
tions are appropriate in order to prepare for the
more complex information that will be provided in
future columns.
Bandwidth-The bandwidth of any resonant cir-
cuit or filter is most commonly defined as being

Attenuation

Frequency

18

rtion loss

Ultimate
attenuation

!

f4

Frequency

the difference between the upper and lower fre-
quency (fo-f1) of the circuit at which its amplitude
response is 3 dB below the passband response.
For this reason, it is often called the half-power
bandwidth.

Q-The ratio of the center frequency of the reso-
nant circuit or filter to its bandwidth is defined as
the circuit Q. Q = f /(fo-f;)

The Q of a filter is therefore a measure of the se-
lectivity of the device. The higher its Q, the nar-
rower its bandwidth, and the higher will be the
selectivity of the circuit.

Shape Factor-The shape factor of a resonant
circuit is typically defined as being the ratio of the
60 dB bandwidth to the 3 dB bandwidth of the cir-
cuit. Thus, if the 60 dB bandwidth (f,-f3) were 3
MHz and the 3 dB bandwidth (fo-f) were 1.5 MHz,
then the shape factor would be 3 MHz/1.5 MHz or
2. Shape factor is simply a degree of measure of
the steepness of the skirts of the filter. The smaller
the number, the steeper the response skirts. No-
tice that the “perfect” filter of Figure 1 has a shape
factor of 1, which is the ultimate.

Ultimate Attenuation-Ultimate attenuation, as
the name implies, is the final minimum attenuation
the filter presents outside of the specified pass-
band. A perfect bandpass filter would provide infi-
nite attenuation outside of its passband. However,
due to component imperfections, infinite attenua-
tion is infinitely impossible to obtain.

Keep in mind also, that if the circuit presents re-
sponse peaks outside of the passband, as shown
in Figure 2, then this detracts from the ultimate at-
tenuation specification of that filter.

Insertion Loss-Whenever a component, or
group of components, is inserted between a signal
source and its load, some of the signal from the
source is absorbed in those components due to
their inherent resistive losses (more on this later).

Thus, not as much of the transmitted signal is
transferred to the load as when the load is con-
nected directly to the signal source (assuming
that no impedance matching function is being
performed). The attenuation that results is called
insertion loss, and is a very important characteris-
tic of filters. It is usually expressed in dB.

Ripple-Ripple is a measure of the flatness of
the passband of a filter and is also expressed in
dB. Physically it is measured in the response
characteristics as the difference between the
maximum attenuation in the passband, and the
minimum attenuation in the passband. CED
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CAPITAL CURRENTS

Rate
regulation
primer:
The paperfest

By Jeffrey Krauss,
independent
telecormmunications
policy consultant and

President of Telecommu-
nications and Technology

20

Policy of Rockville, Md.
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To a cable operator, the FCC's 500-page cable
rate regulation decision is one of the most compli-
cated documents ever published. But 20 years
ago, | worked for a communications common car-
rier and | was an expert on-guess what?-rate
regulation. So this article is all about cost-of-
service rate regulation. But if you didn't
understand it before, you probably still won't
understand it after reading this.

The regulated price for a service is called
the "revenue requirement” in rate regulation
jargon. The basic equation in public utility
cost-of-service rate regulation is:

(Rate Base) x (Rate of Return) +
Expenses = Revenue Requirement,

and this applies to each “service.” In the
telephone industry, the “services” might be
local residential dial tone or interstate 800 ser-
vice switched private line service. In cable,
the “services" would be basic, cable pro-
gramming (this is the FCC's term for satellite-
delivered basic channels), pay-per-channel
(premium) and pay-per view. Only the first
two are regulated under the new law. The
FCC decision allows either cost-of-service
regulation or "benchmarking” for cable rates,
but it requires cost-of-service regulation for
equipment such as convertors and remote
controls. The charges for this equipment must
be unbundled from the service charges.

Revenue requirement

The regulated price or “revenue require-
ment” for a service consists of the return on
investment plus expenses. The expenses that
can be recovered include depreciation, inter-
est on debt, maintenance and repair expenses, as
well as direct operating expenses.

The “return on investment” is the product of
Rate Base and Rate of Return. The Rate Base is
the current value of the plant investment (capital
cost less depreciation). The Rate of Return is a
percentage value that the FCC sets, based on the
cost of money and business risk. The FCC has set
11.25 percent as the rate of return for cable TV
equipment, since this is the rate that the FCC has
set for telephone companies. In more traditional
accounting terms, this is your profit.

The depreciation expense depends on an
accounting concept called the "depreciation life”
of the equipment. This is a familiar concept to any-
one who has ever run a business, partly because
it ptays a role in computing annual income taxes.
But. because the tax laws and the rate regulation
laws are different, the equipment depreciation life
for tax purposes is likely to be different from the
depreciation life for rate regulation. Yes, you must
keep two different sets of books, one for taxes and
the other for rate regulation.

The FCC plans to issue a Second Further
Notice of Proposed Rulemaking “in the near
future” to adopt depreciation life standards for
cab.e equipment.

Another aspect of the Second Further Notice
will oe the question of disallowance of the interest
paid on debt incurred to purchase cable systems.
While regulated telephone companies are entitled

CED: CommuUNIcATIONS ENGINEERING & DESIGN
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to include all of their interest on debt as expenses
that can be recovered, the FCC may decide that a
cable system'’s debt interest should not be recov-
ered. This stems from the feeling that there is too
much turnover in cable system ownership, and
the current owners have paid too high a price.

The FCC may decide to disallow the interest
expense for debt that exceeds the replacement
cost of the cable system. The typical price when a
cable system is sold these days is more than
$2,000 per subscriber, while the replacement cost
is less than $1,000 per subscriber. Economists
have argued that the large difference between
selling price and replacement costs is due to the
cable system’s monopoly.

One tricky aspect of rate regulation is that the
rate regulation equation applies to each service
separately, but much of the plant investment and
expenses are shared among several services. So
the capital investment and expenses must be allo-
cated among the services.

When an installer visits a subscriber and
replaces a defective convertor, the cost of that
visit includes the installer's hourly wages and ben-
efits. In addition, “system joint and common
costs” can be allocated to the service call. This
might include portions of the depreciation on the
installer’s truck, the customer service department
costs, the rental of warehouse space, etc.

For this example, once all of these indirect
costs are allocated to the service call, the entire
cost of the service call would be assigned to the
cost of convertor equipment. But if it were a ser-
vice call to restore a drop cable that was cut by a
backhoe, then the total cost of the service call
would be allocated to the various cable services:
partly to basic service, partly to cable program-
ming service, partly to pay-per-channel, etc.

These multiple of levels allocations have pro-
vided telephone companies with a great deal of
flexibility, because they can use any reasonable
allocation method. For example, they might allo-
cate the cost of a switching machine in proportion
to minutes of use for various services. A fiber optic
system might be allocated in proportion to num-
ber of channels. The president’s salary might be
allocated in proportion to the revenues generated
by the different services.

But the FCC is trying to cut down on flexibility
for cable’s cost allocations. The FCC has decided
that most cable system costs must be allocated
between basic and cable programming services
in proportion to the number of channels in each
tier. Franchise fees, however, may be allocated
using a different allocator, such as number of sub-
scribers for each tier.

Paperwork

Just to make sure that you know what to do, the
FCC has created a new Form 393 entitled
"Request for Cable Rate Approval.” Just to make
sure you get it right, the form and its worksheets
and instructions are 55 pages long, and they read
just like an income tax form. And just to make sure
you use enough paper, it is full of instructions like:
“Please attach an explanation of how you arrived
at this allocation.” CIED
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Digital video versus AM supertrunking:
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A CATV network cost and periormance analysis

By Robert W. Harris
Sr. Applications Engineer - Fiber Optics
C-COR Electronics Inc.

A comparison of headend elimination
methods is made between two types of
fiber optic supertrunking: Lightly Loaded
AM (LLAM) and uncompressed digital
video. The overall cost and end-of-line
performance impact on CATV systems
due to headend elimination and consoli-
dation is evaluated.

This analysis outlines the channel load-
ing, performance, fiber requirements, cost
and system compatibility issues for each
supertrunking technology. The advan-
tages and disadvantages of each method
is discussed. Associated with each su-
pertrunking method are cost and perfor-
mance tradeoffs. It is found that the
choice of supertrunking has a significant
impact on the total CATV system up-
grade/rebuild cost and overall system
performance.

Introduction

As CATV systems evolve toward more
sophisticated telecommunication net-
works, there becomes an increasing need
to review the physical nature of multiple
headends within a franchise area. The ca-
ble television industry has traditionally
built complete headends for specific fran-
chise boundaries and serving areas. This
has led to multiple, or secondary, head-
ends within a city or region.

Even though a single operator may pos-
sess the franchise for the entire city or re-
gion, the size and serving area of many
CATV systems makes it nearly impossible
to serve all subscribers with high-quality
performance from a single headend. The
costs are relatively high when adding
CATV headends with the associated earth
stations, building, satellite receivers, mod-
ulators and maintenance. Hence, a tech-
nigue known as supertrunking is used as
a method to bring headend or near-head-
end quality signals to these locations to
eliminate and/or consolidate these sec-
ondary headends at a lower cost.

The very concept of a supertrunk im-
plies a high signal quality performance at
the receive end. Ideally, a supertrunk will
deliver a headend or near-headend qual-
ity signal performance at the receive
site(s) or hub(s). It must be able to trans-
port a variety of signal formats such as
VSB-AM, baseband and RF scrambled
video, digital data, future digitally com-
pressed video, and provide an output that
is easily interfaced with the CATV RF

22

&URE 1

~“ Lightly loaded AM (LLAM) supertrunk

276-330 MHz

' 150-222 MHz
[
| 54-150 MHz 222-276 MHz

plant. It should have the capability to be

upgraded and expanded for redundancy.

It should have minimal maintenance re-
quirements and not occupy a great deal
of equipment rack space.

Supertrunking is not a new concept in
CATV. In the past, headend consolidation

330-402 MHz

402-474 MHz

474-550 MHz |
[ |

|
I
.l,— I

and elimination was accomplished
through feedforward amplifiers, FM over
coax, FM over fiber, and AML microwave.
These technologies, while improving sig-
nal quality at the end-of-line (EOL), had
their limitations with respect to transmis-
sion distance, performance, reliability,

CED: CoMMUNICATIONS ENGINEERING & DesIGN JuLy 1993
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With our new enhancements to the M90 Fusion Splicer, you
can clean, align, splice optical fibers and calculate splice loss in
just 10 seconds. That's up to six times faster than other Frofile
Alignment Systerns. And for the most critical splices, our
exclusive LID-SYSTEM® unit projects light through the fiber
to aid in alignment, even while the electrodes are arcing. It's
the most accurate method of alignment by far, meeting all
Bellcore and TIA splice loss and verification standards 100%
of the time.

Whether you use our LID-SYSTEM unit or our PAS,
you'll appreciate the craft-friendliness of the M90. An all-
inclusive workstation, it includes everything a technician
needs. Plus, accessories such as our new smaller Heat-Shrink

LID-SYSUEM® 5.2 registered erademark and Crimp & Go ™ 15 a trademark of Siccar Corporaticn.

Oven or our Crimp & GJ"mount right on the machine. The
M90 also offers many other advantages such as automatically
evaluating cleaved fiber ends and simultaneously providing
two different views of the fiber on our new high-contrast
color display screen.

With its tremendous speed and excellent accuracy; you
can be confident the M90 will save you measurable time,
splice after splice. So find out more about the M90 and our
full line of fusion splicers. Contact Siecor Corporation, PO.
Box 489, Hickory, NC 28603-0489. or call 800 SIECOR 4.
Qutside North America, contact
RXS Schrumpftechnik- Gamituren S'ECOR
GmbH, Hagen, Germany

Circle Reader Service No. 12



The Fund.
of Fiber Ar

Digital, compression, ATM, SONET, switched broadband. With all the change cable

faces, you've got to focus on the fundamentals. On your network architecture. On

building a simple, elegant infrastructure of fiber stars, hubs and rings to carry any
As fiber and

digital technologies move into full deployment, our industry can grow exponentially.

service the market demands. Anywhere it demands. SRR
But only if we have the essentials in place: a seamless fiber network and a compre-
hensive system to manage it. First and foremost, this is what the YAGLink™ System
is designed to do. ¢ We focus on the fundamentals of operating your cable system.
And when you’ve got a headend with hundreds of fibers, or hundreds of channels to
send 50 kilometers, you'll be glad we do. We make fiber plug and play...in any
cable architecture. How? Powerful Nd:YAG lasers.
External modulation. Predistortion. QAM. And a full system for everything from

stars, hubs and rings, to network management software. It's the only way to do it.
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But our job is simple compared to yours. ¢ You've got to deliver

video on demand. You’ll have to hook up to public switched networks. You'll
want to capitalize on interactive services. ¢ You’'ll need a network that is digi-
tal. One that’s full duplex. A simple interface to switches. And completely
under your control. You’ll need narrowcasting, so you’ll need
fiber that’s closer to homes. YAGLink stars are perfect for pockets as small as
200 homes. You'll need to manage 3000-fiber headends. YAGLink gives you a
connectorized hub. You’ll want to consolidate resources and share them reli-
ably. YAGLink forms route-diverse rings. IRl Rardad You want to
meet market demand wherever it emerges. However it emerges. That's easy,
too. Ask for our free Fiber Network Design Guide. Ask us about our Fiber

Fundamentals Seminars. Basically, just ask us to design your network.
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maintenance and cost.

Over the past several years, advances
in AM and digital video fiber optic technol-
ogy have led to dramatic improvements in
CATV network performance and reliability.
This paper reviews the features of both
AM and digital PCM (pulse code modula-
tion) supertrunking and discusses the
cost and performance impact on the
CATV system when implementing each
technology.

A comparison of headend elimination
and/or consolidation is made between two
types of CATV supertrunking: Lightly
Loaded AM (LLAM) and 8-bit digital video
transmitting at 1.6 Gb/s. This analysis de-
scribes the channel loading, fibers re-
quired, performance, configuration, cost
and compatibility issues of each su-
pertrunk technology. Additionally, sample
designs have been completed which
show the cost and performance of the
secondary AM fiber links and RF distribu-
tion served from the supertrunk hub sites.

Lightly Loaded AM supertrunk description
AM supertrunking has been proposed
as a method for eliminating and/or consol-

idating headends. This approach utilizes
a tiering method whereby nine to 13 chan-
nels of VSB-AM signals are directly modu-
lated onto seven DFB lasers and trans-
ported over four 1310/1550 nm wave-divi-

e é é

sion-multiplexed fiber links.

A block diagram of an AM supertrunk is
shown in Figure 1. Seven fibers are used
to transport the signals. If 1550 nm trans-
mitters are used, WDM can be employed
to reduce the
active fiber
count to four
fibers. The fre-

quency A comparison is
arrangement of
each tier, ex- made between

cept the first, is
less than one
octave so that
the composite
second order
distortion
(CSO) prod-
ucts fall out of
the band being
transmitted by
the respective
laser.
However, the CSO that falls out of one
RF band will appear in another RF band.
To reduce the effect of this problem, each
frequency band is filtered such that the
distortion products are not present after
recombination of the various bands. Note
that RF attenuators and post-amplifiers
are necessary to obtain proper isolation
and RF output levels. Through a 26 km

lightly loaded AM
and 8-bit
digital video.

& > & & é
path, the performance of the LLAM sys-
tem is approximately 58 dB CNR, -71 dBc
CSO, and -70 dBc CTB.

The rack space requirements for an AM
supertrunk are modest. About 20 inches
are required in the headend for all optical
transmitter modules and redundant power
supplies. The receive site also requires
about 20 inches for all optical receiver
modules, redundant power supplies, fil-
ters, post-amplifiers and combiners.

The number of optical fibers required
for the application depend on whether or
not WDM is employed. Without WDM,
seven fibers are required. With WDM, four
fibers are required and there remains an
additional optical window on one of the
three fibers. This additional window can
be used for either return signals or more
downstream signals above 550 MHz
which may include digitally compressed
video.

As with all AM fiber optic systems, the
LLAM supertrunk performance is deter-
mined by a variety of parameters includ-
ing laser and fiber characteristics, shot
and receiver noise, OMI (optical modula-
tion index) and CATV channel frequency.
The intermodulation and distortion prod-
ucts (CSO and CTB) are a function of the
OMI (optical modulation index).

Further, in 1550 nm AM systems, opti-
mizing the overall system performance is
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more complex. In both 1310 and 1550 nm
systems, the OMI must be set high
enough to achieve the desired CNR with-
out clipping the negative peaks of the AM
signal or causing excessive spectral
spreading. In 1550 nm AM systems, ex-
cessive spectral spreading causes a sec-
ondary limitation in intermodulation distor-
tion through its interaction with the fiber
chromatic dispersion'.

LLAM supertrunks can be considered
when the hub sites and secondary head-
ends to be replaced are between15 km
and 35 km away from the primary head-
end. This means the LLAM supertrunk will
operate through about 8 dB to 14 dB of
fiber loss, assuming 0.4 dB/km at 1310
nm. The loss budget typically should not
exceed 14 dB in order to maintain an ade-
quate CNR performance.

After adding
in connector,
splice and
WDM losses,
little, if any, ad-
ditional budget
is available for
splitting the
optical output
power from the
transmitter in
order to share
one bank of
transmitters
with two hub
sites. There-
fore, when multiple hubs are served, the
AM supertrunk requires a separate dedi-
cated LLAM link (bank of transmitters and
bank of receivers, filters and combiners)
from the headend to each hub site.

Advances in
digital technology
have led to direct

digital-to-IF

processing.

Digital video supertrunking description

Uncompressed digital video transmis-
sion has been described< as another
method for transporting headend quality
video/audio signals to hub sites. It is
based on 8-bit video resolution codecs
that provide better than RS-250C medium
haul performance at each hub site. The
high speed (1.6 Gb/s) optical terminals,
operating at either 1310 or 1550 nm, have
an optical loss budget of 30 dB. A block
diagram of a digital supertrunk is shown in
Figure 2.

In an uncompressed digital video sys-
tem, each channel is digitally encoded
separately from one another then time-di-
vision-multiplexed (TDM) to create a high-
speed serial data stream operating at 1.6
Gb/s. The high-speed data is then di-
rected to the laser transmitter where it in-
tensity modulates an FP or DFB laser
diode.

Five fibers are shown transporting 80
digital video channels. WDM can be used
to lower the active fiber count to three.
There would also be an additional optical
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window available when using WDM which
can be used for AM and/or digital forward
or return signals®.

The digital transmission system pro-
vides RS-250C medium haul perfor-
mance, which is considered headend
quality. Specifically, several measured
video performarce parameters include 60
dB CNR, < +33 ns C/L delay, < 1.3 de-
grees differential phase, <2 percent differ-
ential gain, to name a few. Also, because
of the use of synchronous time division
multiplexing within the digital network, no
composite distortions are generated.

Advances in digital technology have led

Since 1952, the
definitive training
course for cable

engineers

Jerrold
@ General Instrument

Jerrold/General Instrument’s

Technical Seminar Series
July 20-22, 1993 - Hartford, CT

If you're a chief tech, senior tech,
system or regional engineer or anyone
else involved with the technical support
of a cable system in the 1990s, you
need the information you'll find at a
Jerrold/General Instrument Technical
Seminar Series. Experts will explain the
nuts-and-bolts of today’s cable systems
and how those systems will evolve
tomorrow.

So, sign up now! Space is limited.

To attend the July Jerrold
Technical Seminar, or to receive more
information on this important series of
training sessions, contact Ginny Morris
at 215-956-6445.
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to ditect digital-to-IF signal processing4
and the ability to process all formis of
baseband and RF scrambling. Digital
technology also provides consistent sig-
nal performance at each hub which is not
affected by channel loading, path loss
variations or fiber chromatic dispersion as
is AM fiber optic technology. Digital sig-
nals can be transparently dropped and
repeated and new signals inserted at
each hub. The digital network can be ex-
panded to offer full optical component
and path redundancy. Further, digital sys-
tems require little mairtenance and no op-
erational adjustments or optimization.

These are the elements of

cable television in the

1990s. Get an in-depth

understanding by attending...
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“Cost comparison between LLAM & digital supertrunk

Cost for LLAM
system ($)

Number of
receive sites

120,000
240,000
360,000
480,000
600,000
720,000

o g A WO N =

The uncompressed digital fiber
network, with a 30 dB loss budget,
can employ optical splitting at the
transmitter output to increase the
transmitter-to-receiver ratio. Sharing
the transmitters with multiple receive
sites lowers the total cost of the digi-
: tal network. The cost of the digital
network includes modulators and/or
IF-to-RF output convertors for deliv-
ering RF outputs. Both 1310 and
1550 nm optical terminals can be
used if active fiber count is an issue.

Table 1 shows that on a head-to-
head cost comparison, the LLAM
system equipment cost is less than
the digital video equipment cost.
However, one must look beyond the
cost difference between just the su-

d4/4l
J4/41
44/4
449/l

44/l

pertrunks and consider the overall
impact on the CATV system EOL
performance due to the finite com-
posite distortions (CSO and CTB) in-
curred through the LLAM system.

An 80-channel digital system with RF
outputs typically requires no more than
one six-foot rack at the headend and
about two seven-foot racks at the hub site.
The digital transmit and receive equip-
ment requires an environmentally con-
trolled building.

Supertrunking cost comparison

A head-to-head cost comparison of
both supertrunking technologies is given
below for an 80-channel system with mui-
tiple receive sites. The LLAM system cost
includes all optical modules, RF filtering
and post-amplification. It is assumed that
each of the hub sites are fed with a dedi-
cated LLAM system, i.e., no optical split-
ting of the transmitters.

In other words, how does the
lower performing (near-headend
quality) LLAM supertrunk affect the
. secondary AM fiber and RF cas-

' cade performance? Specifically,
what impact does it have on the
overall system cost? CED

These questions will be answered in
next month's installment of FiberLine by
modeling each approach in typical cable
systems.

Cost for digital ~ Cost premium for

L4

network ($) digital ($)
325,000 205,000
525,000 285,000
725,000 365,000
920,000 440,000
1,120,000 520,000
1,315,000 595,000
One must consider
the overall impact on
the GATV system
performance
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technology

By Roger Brown, CED Making television less of a passive viewing ex-
perience and more of a participatory event has
been the dream of many people for many years.
Everyone has seen the hyperbolic marketing
pitches where people are shown communicating
with a distant relative or business colleague via
the television, shopping for new clothes or gro-
ceries, monitoring their property, paying bills and
playing games.

The problem is that while everyone has seen
those demonstrations, interactive television has
largely been a marketplace failure to date. Sys-
tems have been shown to work, but for one reason
or another, they've been perceived to be novelty
services that turn out to be either too expensive
for consumers to pay for or not interactive enough
to give people what they want, when they want it.

There has even been some disagreement over
the definition of “interactivity.” Does it have to be a
real-time transaction between a program and the
viewer, or will store-and-forward devices suffice?
Can you get away with asking someone to pick up
the phone anc make a call, or should it be the
punch of a button or two?

Technology is the enabler
But now, new technology, combined with fiber

optic and digital upgrades cable operators are
making to their networks as a matter of course,
promise to make real-time, two-way interactivity a
reality at reasonable costs. As computer process-
ing power becomes cheap, plentiful and pack-
aged in small chips, suddenly cable operators will
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have direct access to high-powered, intelligent
set-top terminals that used to do little more than
convert one channel into a different frequency
slot.

Certainly, cable operators will venture into inter-
activity slowly. Outside of perhaps a few, highly
publicized flagship systems. system managers
will probably opt to use telephone backhauls as
their method of exploring the interactive market-
place. If it appears there is money to be made,
cable networks will then become fully two-way.
Then the addition of a switching fabric will bring
vast capability to virtually every household, as
Time Warner is about to find out in Orlando..

Steve Dukes, vice president of advanced net-
work development at Cable Television Laborato-
ries, has been studying the various options cable
operators have to deploy interactive services.
Those options include a telephone return, wireless
drops, a dual cable system where a separate
coax is dedicated for the upstream traffic, to com-
plex ATM switching. While it's unclear which
method is ultimately the best, Dukes says it's im-
portant to balance expenses with revenues de-
rived from the services offered.

“It is important that we follow the model of the
(regional hub) architecture,” says Dukes. That
model advocates placing complex, expensive
components at a central location until costs drop
and the hardware can be moved closer to the
home.

A CableLabs project headed by consultant Pe-
ter Miller is defining the applications cable opera-
tors might use. “It is extremely important to look at
each application individually and aggregate
them,” Dukes says.

Some efiorts already underway

Already, several companies have developed
and deployed some form of interactive technol-
ogy, ranging from Videoway in Canada to ACTV,
which has perfromed some cable tests. TV An-
swer has focused on the use of over-the-air fre-
quencies and has only recently extended to olive
branch to cable operators as a low-cost method
of providing interactive services. Interactive Net-
work, which received a $10 million cash and ser-
vices infusion from TCl recently, is renewing its ef-
forts to work with cable operators to develop tech-
nology and develop interactive games.

But, starting with TCl's video-on-demand test in
Denver with AT&T and US West, cable operators
have been overwhelmed with new technology and
applications for interactivity.

TCI's suburban Denver test of Viewer's Choice
TV (VCTV), while really more a market test than a
technology test, nevertheless required a remote
control and set-top box manufactured by AT&T,
which sends signals over coax and fiber owned by
TCl and US West back to the control center. When
a viewer selects a film title he wants to watch, the
signal activates an alarm in the controf center and
an attendant manually loads the film into a video
tape player and routes it to the proper home.

It's not high-tech, but TCI officials say the
process could be automated and supported by
digital optical servers—if consumers want the ser-
vice.

DON RILEY

HITS AT HOE  present
DOURE THRERT

starting a 11:30 ¥
on channel 59

Price is 28
To orden FRESS X

A VCTV on-screen menu

Cablelabs
advocates
following the
model of

the regional hub
architecture
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An attendant at the

movie into a player

There has

been some
disagreement
over the definition
of ‘interactivity'

Many other potential providers of an interactive
platform to cable operators are already well-
known companies, like Scientific-Atlanta, ANTEC
Network Systems, Jerrold-General Instrument,
United Video and others. But some of the latest
comers, like ICTV and Zing, aren't.

The Zing system consists of a handheld remote
control with a liquid crystal display that allows
viewers to play along with game shows and other
programs. The system works by receiving a data
stream sent over the vertical blanking interval to a
set-top receiver, which in turn sends the data to
the handheld unit via infrared.

Zing officials hope set-top convertor manufac-
turers will build the receiver and IR blaster into
their products. The handheld unit will be offered
for sale at retail electronics stores. The company
may have some clout with the convertor marufac-
turers because its major financial backers irclude
TCI, Continental, Comcast, Newhouse and Land-
mark Communications.

Getting more complex

ICTV, on the other hand, offers interactivity
through IBM video servers located at the head-
end, which removes expensive hardware from the
home. ICTV, which was demonstrated at the Na-
tional Show, has been designed io allow opera-
tors of one-way cable systams to deploy an mter-
active system without having an upstream path.

In the headend, a “video Centrex” routing,
switching and processing device is used to in-
stanily switch a TV viewer who has tuned into an
interactive tier offered by the cabie operator to a
variety of interactive services. The Centrex estab-
lishes a dedicated channei to the viewer and of-
fers video highlights of each service being
browsed through until a particular service is se-
lected.

Once the selection is made, the high-speed
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server takes over to deliver video and graphics
associated with the selected service, says Lec
Hoarty president of ICTV.

The only hardware required in the home is a
converter “sidecar” which is used to communicate
with the headend. ICTV officials also hope to have
the technology built into convertors.

One company that has successfully negotiated
agreements with major convertor manufacturers
is United Video Satellite Group, which is working
on an interactive platform. UV has already signed
S-A, Jerrold, Pioneer and Zenith on to the project;
those companies will soon build ports into their
convertors to accommodate a sidecar unit. The
sidecar will control consumer access to the inter-
active programming, according to Jerry Hen-
shaw, senior vice president of science and tech-
no'ogy at United Video.

Ancther participant in the praject is Kaleida
Labs, a multimedia company created by Apple
Computer and IBM. United Video plans to use
Kaleida's ScriptX multimedia playback software
for future digital set-tops.

Kaleida will also be working closely with Scien-
tific-Atianta to facilitate interactivity through S-A's
new 8600x set-top terminal, it was announced dur-
ing the National Show (for mcre information, see
the NCTA Show wrap-up, starting on page 42).

United Video is also trying tc move operators
into interactivity via its more traditional program
guide service. The company is already making
use of a laser disk-based video file server that of-
fers real-time video clips tied to text.

Clearly, there is experimentation with interactiv-
ity at all levels of complexity. But one trend is cer-
tain: computing power is becoming more accessi-
ble at lower prices. If consumers in places like Cr-
lando and Castro Valley demorstrate a desire for
interactivity, cable seems poised to take on the
additional business. CED
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Technology goes on improving humanity's view
of the reality out there,” Isaac Asimov was once
quoted as saying. These words have particular
impact within the current cable environment, with
high-level executives espousing all kinds of not-
so-far-off realities like telephone service and inter-
activity to the nth degree. Attendees at last
month’s Nationa! Show witnessed a plethora of
interactive displays, showing happy families shop-
ping for clothes, ordering pizzas and videoconfer-
encing with architects-all courtesy of cable's
broadband, digital pratform.

However, an undelivered pizza ordered via
cable interactivity likely yields a subscriber both
irritated ard hupgry. An improperly or non-routed
emergency phone call not delivered because of a
cable outage could yield catamity of catastrophic
proportions, from a human, financial and legal
perspective.

By Leslie Ellis, CED
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It is these concerns that are forcing a revolu-
tionary shift in thinking about outage reduction.
CableLabs, now finished with the the initial work
undertaken by its Outage Reduction Task Force,
is initiating further study on the topic. TCI is now
installing uninterruptible power supplies in all of its
networks. Network monitoring systems are enjoy-
ing new popularity with cable operators. One
cable operator, TeleCable Inc., even went so far
as to modify its entire management philosophy
last year in an effort to improve reliability and ser-
vice.

“We're seeing a radical reversal in operator
thinking about standby power,” says Tom Oster-
man, president of Comm/Net Systems Inc. “A
number of things have come around full-circle
from three years ago, like increased standby
power, backup power and status monitoring.”

Prompted by telephony

The changes, Osterman says, are prompted
mostly by talk of cable-delivered telephone ser-
vices. "A momentary power interruption in a tele-
phone environment would cause any phones that
were off-hook to hang up.” Because of that, he
says, reliability issues quickly surpass subscriber
irritation concerns.

It's not coincidental that current telephone ser-
vice suffers few outages. Paul Shumate, executive
director, distribution network technology for Bell-
core (the R&D and statistical analysis entity
funded by the telephone industry), cites an indus-
trywide telephone network reliability target of 53
unavailable minutes per year, not including cata-
strophes such as earthquakes or hurricanes.
“That translates to 99.99 percent reliability, for
both residential and business phone traffic,” Shu-
mate says.

Granted, the telephone and cable industries
power their respective plants quite differently.
Because telcos have no present need to provide
video, they currently pass 48 volts of DC (113
volts for T-1 service) through their networks, Shu-
mate says. Cable companies typically power with
60 volts of AC. “The 48 volts are always there;
there’s battery power flowing through the network
at all times. If there’s an outage, the batteries sim-
ply stop charging,” Shumate explains.

However, Osterman believes this telco
approach will siowly change, particularly in light of
video delivery. “Initially, the RBOCs are indicating
a desire for 60 volt powering systems, that have to
be uninterruptable,” Osterman says.

Chris Bowick, group VP/technology for Jones
Intercable, has a different view of cable/telco out-
age issues. "The cable industry is ‘off-hook’ most
of the time-many, many hours per day. And there-
fore, it's a very visible situation when we have an
outage,” Bowick says. “| mean visible in the very
literal sense of the word.

“In a telephony environment, the phone is on
the hook most of the time. If there's an outage,
nobody even knows until they pick up the phone,”
Bowick continues.

Operalor efforts
However, reliability concerns are not falling on
deaf ears among cable operators. Operators

&
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including TCI, Jones Intercable, TeleCa-
ble-among many others-are taking innov-
ative stances on the intertwined subjects
of reliability, standby power and network
monitoring. Individually, they have similar
outage targets as telco providers. “Our
internal number of unavailable minutes
per year is the same-53 minutes, or 99.99
percent reliable,” says Bowick. “In fact,
our outage reduction efforts are reflected
in management bonuses at the system
and the corporate level.”

Bowick says that increased fiber
deployment and a corresponding ampli-
fier cascade reduction has inherently forti-
fied overall cable network reliability. *|
don't think we toot our own horns well
enough about the amazing impact fiber
has had on overall network reliability,”
Bowick laments.

Trend toward UPS

Jim Haag, director of TCI's test and
evaluation department and a member of
CableLabs’ Outage Reduction Task
Force, says the company will put uninter-
ruptible power supplies in all of its sys-
tems from now on. “Our network design is
very much more passive, thanks to the
deployment of fiber. Because of that, it's
becoming more cost-effective to put UPS-
type devices everywhere.”

One cable operator taking a radically

o
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different approach to outages-and relia-
bility in general-is Virginia-based TeleCa-
ble. As Nicholas Worth, VP of Engineering
for TeleCable, explains, the company is
currently in the throes of a five-year “con-
tinuous improvement” cycle. At the end of
the five years, Worth says, the company
and all of its systems nationwide will have
embraced the Japanese “continuous
improvement” concept.

The ultimate goal: highest quality ser-
vice at a low cost.

“This combination has been deadly for
the Japanese-that's why the United States
doesn't have a consumer electronics
industry, to speak of,” Worth says.
Instead, TeleCable has chosen to “reduce
the expense side of the equation,” by
eliminating wastefulness, Worth says.
“Why should there ever be a trouble call in
the first place? These are the kinds of
things we're examining.” As part of the
program, TeleCable is charting the per-
centage of total trouble calls, by code,
and motivating employee teams to find
root causes of the problem (see Figure 1).

So far, Worth says, the company is see-
ing improvement in “thousands of tiny little
steps.” He cites as an example TeleCa-
ble’s Cleveland, Tenn. system, which has
reduced its trouble calls attributable to
installation follow-up work from 150 per
month to between 15 and 17 per month.
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He says the program isn't for the “quick
fix" artist. “Americans use the concept of
TQM as a buzzword. In Japan, it's more
like a religion,” Worth says. “It's a difficult
program to implement-you have to break
through the inertia of the ‘old way’ as weli
as rip down the ivory-tower type of man-
agement.”

As a part of TeleC able’s continuous
improvement program, it has asked a
power supply vendor to develop a “float-
ing” standby power supply for use in its
Broward County, Fla. system. “We’re mov-
ing toward smaller nodes with UPS types
of powering. The one in development is
very close to completion. It will use contin-
uously flowing power, and the charge is
large enough to replenish the entire load,
if necessary.”

(ableLabs efforts

Meanwhile, CablelLabs continues its
efforts toward outage reduction. Saying
that the task force is at an “in-between
stage,” having completed four chapters
worth of work on the subject, CablelLabs’
Scott Bachman, VP of operations tech-
nologies projects and head of the task
force, is hoping to “evolve the outage
reduction task force into more of an indus-
trywide outage reduction focus.”

“The model we have now is the first
step,” Bachman says. “Now we need to
use it to sort of ratchet the industry up to a
higher level of awareness about status
monitoring, headend reliability and those
sorts of things.”

In the next phase of the project, Cable-
Labs will work with billing software
providers to implement automatic outage
detection and tracking codes into their
product lines. Also, CablelLabs has com-
missioned a power consulting firm to pro-
vide input on how the cable television
industry can better utilize the reliability
between the power grid and the cable TV
power supply, Bachman says.

CableLabs will also implement a bench-
marking project to include national outage
statistics, and evolve the outage reduction
group into a "network reliability” group,
Bachman says. “We have to elevate
industry thinking. The next step is network
modeling. We need to raise that to a
higher level, to boot-strap the industry,”
Bachman says.

Jones' Bowick agrees with a need for
elevated awareness about reliability and
outages. “I think we need to improve as
an industry. There's no doubt about that,”
Bowick says. "As we move more and
more away from just the delivery of video
entertainment, to where we are delivering
life-critical types of services, we're going
to need to ensure that we've got the same
kinds of reliability that the telephone com-
panies calculate that they have-and, in
fact, beyond that.” CED
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solutions are, regardless of the situation
or system design.

For today's CATV systems, and for the
systems of tomorrow...the watchword is
LANguard. Call 1 (800) 248-9004 for
ultimate, single-system status monitoring.

COMMUNICATIONS

We're Keeping Watch!

1900 AM Drive + P.O. Box 8004
Quakertown, PA 183851-3004

Tel: (215)536-1354  Fax: (215) 536-1475
1 (800) 248-9004
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" Batteries
CALL 205/742-0055
WATS 800/288-1507

®POWER GUAR
| FAX 205/742-0058

Power Guard Inc.
Power Guard manufactures a full line of foreign and domestic power
supplies including U.P.S.'s, standbys and non-standbys in totally
modular AC and DC versions. Our "Power by Design™" concept
reduces operating costs. Battery Vaults™ will extend battery lives.
Manufacturing the strand mountable Power Cast™, the Power
Clamp™ crowbar surge protectors and distributing
Johnson Controls batteries.
4 N\ re N
 CED
Y Y [
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| Distributors/Suppliers/Reps
} CALL 404/971-1021

WATS 800/334-1558 GA
WATS 800/438-0812 US
FAX 404/977-7128

‘W@ MICRO./
Microsat

! Manufacturer's representative for Alpha Technologies and Voltage
' Control Systems in the southeast and southwest U.S. These compa-
nies solve a variety of powering needs, with products including stand-
by and non-standby power, UPS devices, and lightning/utility power
' surge suppressors. Call or write today for more information.
‘ 1519 Johnson Ferry Rd., Suite 250, Marietta, GA 30062

:“CEDL]
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" Lightning/Surge Protection
CALL 1-800-421-8089

FAX 206/671-4936
Canada 604/430-1476

TECHNOLOGIES

Alpha Technologies
Alpha Technologies is the world's largest manufacturer of power
| systems for coaxial & fiber optic networks. Dedicated to innovative
power solutions, Alpha also offers a full line of UPS systems, DC
power products and batteries.
3767 Alpha Way, Bellingham, WA 98226

| -
\ \ /
. | | i
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"~ Power Su_ppliés

PN CALL 205/742-0050
D &\ WATS 800/288-1506
=iR..Cable Secunty FAX 205/742-0058
- WA
Saw

Cable Security Systems
I Manufacturers of the Beast™ lines of high security, low maintenance
apartment boxes featuring our superlock locking system; distributors
of padlocks, plastic and metal riser guard and molding products. The
Beast™ is the number one high security apartment box in Cable TV.
Don't sell your system short-invest in the best-the Beast™.
Y
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A /’DistributBrs/S_uﬁblier—iseps

CALL 206/623-8670
FAX 206/623-8684 !

CSI

Comm/net Systems, Inc.

Comm/net Systems Inc.

Representing these quality manufacturers in OR, WA, ID, MT, AK, WY,
and CO: Alpha Technologies, Argus Technologies, Dynamote DC to
AC inverters, Johnson Controls batteries, Multilink (Telecom), PSA,
Tektronix, and Unigube Inc. UPS, Standby power, AC/DC power
system design and installation.

911 Western Ave. #203, Seattle, WA 98104

N
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| ( Lightning/Grounding/TVsS

nghtnlng CALL 303/447-2828
Ellminators FAX 303/447-8122
- & Consultants, Inc. v

Lightning Eliminators & Consultants '

Dissipation Array® System-guaranteed 100% effective in preventing all |
strikes; Spline Ball lonizer®-a lower cost dissipation device that pre-

vents 90% of all strikes and collects all others; Chem-Rod® chemically '

activated ground rod for high resistivity soil; Transient Voitage Surge
Suppressors based on Wagon Wheel™ technology (5 year warranty).
6687 Ara_pahoe Rd., Boulder, CO 80303
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Power Supplies |
| CALL 1-800-421-8089
| FAX 206/671-4936
Canada 604/430-1476
ALPHA TECHNOLOGIES
,' ' Alpha Technologies
Alpha Technologies is the world's largest manufacturer of power
i systems for coaxial & fiber optic networks. Dedicated to innovative
power solutions, Alpha also offers a full line of UPS systems, DC
power products and batteries.
[ | 3767 Alpha Way, Bellingham, WA 98226
| -~ S
| " | CED
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— o BN

) [ Standby Power Supplies

b
|
‘I

I

CALL 201/601-9191
FAX 201/601-0011

RMS

ELECTRONICS, INC.

RMS Electronics Power Supplies and Passives
For all of your powering needs, RMS offers top of the line quality
Standby and Regulated Power Supplies. Say YES to long-term battery
preservation. Say NO to premature amp clamp activation. Power
Supplies for the CABLE OPERATOR.

J -
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~ Surge Protection
L la-
GHRD

Voltage Control Systems, Inc.

Utili-GARD model UGB0 surge suppressor is designed for use in the
headend, digital hub, engineering and telecommunication centers.
The UGB0 is capable of dissipating a power surge or secondary light-
ning strike of 60,000 Joules at 140,000 amps. The model 120PS-SP is
designed for use at the disconnect for standby power supplies/OTN's.
4600 Park Road, Suite 300, Charlotte, NC 28209

'CED | |

CALL 704/523-7270
FAX 704/527-3222

" UPS

CALL 800/551-3790
FAX 706/548-5493

Lectro

Lectro Products, Inc.

Lectro's UPS products, line conditioners and complete line of single
ferro and dual redundant power systems designed to protect and
support cable plant and telephony. UPS and ZTT versions provide

| zero transfer time to battery back-up during power outages and low
power conditions. A full range of input voltages for domestic and

CALL 1-800-421-8089
FAX 206/671-4936
Canada 604/430-1476

TECHNOLOGIES

Alpha Technologies
Alpha Technologies is the world's largest manufacturer of power
systems for coaxial & fiber optic networks. Dedicated to innovative
power solutions, Alpha also offers a full line of UPS systems, DC
power products and batteries.
3767 Alpha Way, Bellingham, WA 98226

UPS
=00

Power Protection and Conversion Products
If you are serious about protecting your computer, communications or
other sensitive electronic equipment from malfunction or shut
down....contact SOLA, the pioneers in power protection products.
UPS Systems....Power Conditioners/Regulators....DC Power Supplies

CALL 800/BUY-SOLA
800/289-7652
FAX 800/626-6269

International applications are available.
420 Athena Dr., Athens, GA 30601

CED

\

August 26 & 27
Tysons Corner, Virginia

Sponsored by

SEANTEC

" COMMUNICATION SERVICES

University of Denver

College of Business Administration

Official lfublicationsm
bARLE - .-
CED

Conference Producer

CommBPerspectives
xctnes

|| Call or write today for your free UPS sizing guide.

\ 1 = ~

The cable industry's only conference exclusively devoted to safety.

Learn from experts, network with others in safety.
A must for all cable safety managers/coordinators.

Sessions will cover...

Creating and Enhancing Safety Programs...Preventing Injury and Loss

OSHA Reform Act and Recent OSHA Rulings...Safety Training

A New Approach to HAZCOM...Evaluating Safety Equipment

Selling Safety to Management and Employees...Safety for Small Systems

Why Safety Programs Succeed...Establishing the Value of Safety

What Managers Want From Safety Managers...Safety Meetings...and more!
Featuring Special Guest Speakers from OSHA Headquarters and one of the top safety pro-
grams in the public utility industry. If you missed Safety '92, don't miss Safety '93. Make
your plans now to attend. Request a conference program and registration form today!

For more information
mail or fax to:

600 S. Cherry St., Suite
400, Denver, CO 80222.

Fax 303-393-7139
(Phone 303-393-7449)

Name

Company
Address
City
Phone
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Technology back

National Show

In the

full of glitter

driver’s seal

By Roger Brown and Leslie Ellis, CED
and Peter Lambert, Multichannel News

Nearly 16,000 registrants-a
record-flooded Moscone Convention
Center in San Francisco for Cable 93, the
42nd annual NCTA convention and expo-
sition. What brought the record-breaking
crowd was a vibrant industry (in spite of
the regulatory woes currently being expe-
rienced) that is positioning itself as a
provider of diverse services over a broad-
band network and a key player in the na-
tional information infrastructure.

Attendees were given glimpses of the
future: an interactive environment filled
with games, educational programs, com-
munication gateways and new niche
channels.

Although the programmers made the
most audible noise on the show floor,
technology was clearly the driving force
behind the expo. The opening general
session, titled “Cable Television: Amer-
ica's Highway to Tomorrow," set the tone:
“The promise of technology is just begin-
ning to show itself,” said Jim Mooney,
president of NCTA.

Likewise, the opening panel-consisting
of Frank Biondi of Viacom, Jim Clarx of Sil-
icon Graphics, Charles Dolan of Cablevi-
sion Systems, John Malone of TCI and film

42

director George Lucas—focused on the
potential of technology and how it will en-
able programmers to become interactive
with the audience.

“At the very least, technology will im-
prove what we have today,” said Dolan.

Malone said the key is the deployment
of high-power microprocessor in every
home, school and business. “This is the
enabler,” he said. When asked whether
those devices can be affordably de-
ployed, he said: "a universal device with
common operating software will drive the
cost of the hardware down. The cost of
communicating will head toward zero. Ac-
cess to bitstreams won't be an issue-the
question will be what you do with it.”

Time Warner selects Silicon Graphics

Time Warner Cable has decided what
to do with its bitstream in Orlando. It has
selected Silicon Graphics to provide the
“final major piece” of the Full Service Net-
work, slated to begin serving customers at
the end of the year, it was announced at
the Show.

Specifically, Time Warner will deploy
two Silicon Graphics “Challenge” video
servers to deliver high-speed packets of
information from the servers through an
ATM switch to 4,000 subscribers' homes.
These servers offer “terabyte-level” video

storage capabilities and are based on
MIPS Technologies Inc.’'s RISC-based
(Reduced Instruction Set Computing) mul-
timedia architecture.

Silicon Graphics will also supply set-top
and network operating systems for the Or-
lando system. Time Warner has already
tapped Scientific-Atlanta to provide fiber
distribution gear and set-top terminals for
the FSN.

Silicon Graphics will base the software
operating system on the MIPS multimedia
engine that delivers the necessary power
for high-speed communications, interac-
tive thee-dimensional graphics, an on-
screen user interface ard compression
and decompression for video and audio.

“Navigating through all the types of ser-
vices we plan to offer is a potential chal-
lenge to our subscribers,” said Time
Warner Cable's Senior Vice President of
Engineering and Technology Jim Chiddix.
“Powerful, three-dimensional interactivity
is a key element.”

The multimedia engine also provides a
fiexible platform for software developers
to create new applications for interative
cable systems, said Jim Clark, chairman
and founder of Silicon Graphics. One
function that will be made a reality is the
“virtual VCR." This feature allows televi-
sion viewers who have purchase a movie
on demand to control it, including remote
stop, start and puase features.

Motorola, Kaleida, S-A make team
Another important announcement made
during the convention related to a partner-
ship agreement between Motorola Inc.,
Kaleida Labs Inc. and Scientific-Atlanta to
codevelop "open architecture” interac-
tive/multimedia sotware and hardware for
cable home terminals. The products ap-
parently would compete with computer-
powered terminals planned by General In-
strument, Intel Corp. and Microsoft Corp.
However, Kaleida, which is co-owned
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SPAGE WAS OUR PROVING GROUND

Now CATV operators can profit from Hughes'
down to earth microwave efficiency.

If you thought the introduction of chan-
nelized microwave systems was a giant
leap forward for the cable television
industry, that was only the beginning.

Since Hughes Aircraft Company has
been the leading force in microwave and
satellite communications for more than
30 years...and a pioneer in solid state
FET development...it's only logical we'd
keep coming up with improved ways to
transport CATV signals.

Like Hughes' new high power indoor
broadband transmitter. This model AML-
HIBT-118 matches the single path
performance of traditional channelized
high power AML. Yet, it can handle up to
80 channels in one stand-alone unit.

The HIBT uses FET amplifiers and unique
microwave circuitry to equal the performance of a
200-watt amplifier. It has a +62 dBm third order

See us at Booth #310 at the

Wireless Cable Show in Orlando, FL

July 31-August 3

Circle Reader Service No. 22

Model AML-HIBT-118 High
Power Indoor Broadband
Transmitter features 80 chan-
nels in one 6-ft rack, plus
attractive pricing and install-
ment payments.

intercept point and the high reliability
already proved in preceding solid state
transmitters.

The 80-channel flexibility and increased
power allows supertrunking well in excess
of 20 miles. What's more, traditional local
distribution and clustering services can be
provided by this one unit, and without
tower-mounting any amplifiers or other
active devices.

The end result is savings all around.
Initial equipment and installation not only
cost less, but power and maintenance are
cut by as much as 95%.

For a free proposal or further informa-
tion, contact Hughes toll free: (800) 663-
7902, or write: Hughes Aircraft of Canada,

Ltd., Winnipeg Division, 260 Saulteaux Crescent,
Winnipeg, Manitoba, Canada R3J 3T2. HUGHES
MAKES MICROWAVES GOOD FOR BUSINESS.

HUGHES
A .
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TV Answer/Hewlett-Packard interactive
consumer appliance and universal
remote prototypes.

by Apple Computer Inc. and IBM Corp.,
seeks to license its interactive multimedia
software technology to all hardware and
software providers, including Microsoft.
Pending a final agreement in mid-July, S-
A will develop home terminals, servers
and network systems incorporating “de-
vice-independent” ScriptX multimedia
software technology developed by
Kaleida.

Motorola microprocessors will go into
the S-A products. Through a two-year-old
joint project with Apple and IBM, Motorola
has been developing a chipset based on
a reduced instruction set (RISC) architec-
ture called PowerPC.

“The PowerPC family of microproces-
sors from Motorola provide the high-per-
formance, cost-effective solution for our
strategy to provide cable operators with a
flexible platform,” said Gary Trimm, presi-
dent of the subscriber systems division of
S-A’s Broadband Communications Group.

Time Warner Cable has tapped S-A and
Toshiba to provide home terminal technol-
ogy for its Full Service Networks.

In late May, Apple, IBM, Hitachi Ltd.,
Toshiba Corp., Mitsubishi Electric Corp.
and Creative Technology Ltd. formed a
hardware manufacturers alliance support-
ing ScriptX.

Kaleida president and CEO Nat Gold-
haber said his company is negotiating
with other cable equipment makers and
hopes to reach ScriptX licensing agree-
ments with all comers. Kaleida has sub-
mitted ScriptX specifications to the Inter-
active Multimedia Association’s Scripting
Language Request for Technology.

New ProbucTs

Advanced Audio Visual Systems
Advanced Audio Visual Systems de-
buted its the Access 2000, a turnkey sys-

tem designed to increase buy rates of
premium and PPV movie channels and
provide an electronic program guide. The
system provides a multiplexed image of
13 channels. An optional expansion
switcher can display up to 36 channels.
Circle Reader Service No. 53.

Alpha Technologies

Alpha Technologies introduced the Ca-

VIEW ¢ & v &

bleUPS series of uninterruptible power
supplies for the cable industry. The prod-
uct family consists of two units: the XP
and FP. The XP features a single ferrores-
onant design to regulate output voltage,
battery backup, surge and short circuit
protection and complete line conditioning
under different modes of operation and
loading. A modular design allows for 12-
and 15-amp operation and changeout of
inverter and charger electronics. The FP
series incorporates compact design and
affordable cost, according to Alpha.

Also new from Alpha is its “CFR Series”
of ferro-based uninterruptible power sup-
plies. The products have been designed
to provide clean, uninterrupted power to
critical hardware at the headend or an un-
attended remote hub site. Circle Reader
Service No. 54.

(-COR Electronics

C-Cor Electronics, which celebrated its
40th birthday at the Show, announced its
new Flexnet amplifier series. The series
consist of both trunk and bridger amplifier
offerings. The amplifiers, available at
bandwidths of 750 MHz up to 1 GHz, fea-
ture PHD technology, active distribution
outputs and status monitoring capability.
The Flexnet trunk amp features one trunk
level output and up to two distribution out-
puts. C-Cor aiso demonstrated an active
display of its digital fiber RF scrambling
system in San Francisco. Circle Reader
Service No. 55.

(hannell Commercial

Channell Commercial Corp. has intro-
duced the Budget Pedestal Housing Se-
ries of inexpensive above-ground enclo-
sures for buried cable television coaxial
plant. The new product line will initially
consist of two products constructed of
high grade flexible polyethylene with pre-
installed stakes and brackets. Both prod-
ucts are square in shape. The seven-inch
by seven-inch unit is designed for passive
electronic equipment while the larger
nine-inch by nine-inch unit is suitable for
passives and some electronics.

Also new from Channell: its SPH 1320
enclosure, an addition to the company’s
“Signature” series of pedestal housings.
The new pedestal provides an upright de-
sign and enough space to house line ex-
tenders, trunk amps and/or optical fiber
splice cases. The new housing can also
be used internationally as a dual
coaxialffiber optic cable pedestal for uni-
versal telecommunications applications.
Circle Reader Service No. 56.

Channelmatic

Channelmatic Inc. unveiled its new Au-
dio Level Control product at the Show, de-
signed to automatically maintain consis-
tent audio levels on a per-channel/per-net-

S N4 & o S

work basis. “Use of the ALC’s amplifier cir-
cuits on multiple channels allows audio
levels to remain constant, even when sub-
scribers tune from one channel to another
or during transitions between local com-
mercial breaks and network program-
ming,” explained Mike Watson, senior VP
of marketing and sales for Channelmatic.
The unit works by monitoring audio input
levels from -24 dBm to +14 dBm and pro-
viding a constant output range of -2 dBm
to +2 dBm with a total harmonic distortion
not exceeding 0.25 percent. Modules for
up to 12 stereo channels or 24 monaural
channels can be incorporated into a single
unit, which will expectedly be priced at
$250 per stereo channel or $225 per mono
channel. Circle Reader Service No. 57.

Digital Cable Radio

New from Digital Cable Radio is its
“Maestro” universal remote, developed by
Jerrold/General Instrument. The hand-held
remote is designed to control DCR tuners,
stereo systems, CD players, convertors,
TVs, VCRs, satellite receivers and laser
disc players, DCR officials said. In addi-
tion to its universal control features, the re-
mote displays information about the cur-
rent and previous songs played on Digital
Cable Radio, via a display on the front of
the device. Song information includes
channel name and number, song title,
artist, CD or album title and record label. It
also includes built-in capabilities to display
sports scores and financial tickers. Circle
Reader Service No. 58.

Electroline

Electroline Equipment Corp. has a new
1-GHz low noise amplifier designed for
use in passive coaxial feeder networks
now being planned and implemented by
cable operators. The company’s new
“DropAmp” offers a noise figure of 3 dB,
while providing 14 dB output and 23
dBmV output per channel. An optional 5
MHz to 30 MHz return is available with the
addition of one filter. The amp offers -60
dB composite triple beat, composite sec-
ond order and cross-mod specs. Circle
Reader Service No. 59.

Fotec

Fotec has released a new PC software
package, dubbed “FOTest,” designed for
use with its M300A series fiber optic
power meter. The package was designed
to simplify testing of fiber optic systems
and components and to log or print test
results. The software provides a graphic
depiction of the power meter and the test
setup, and is priced at $50. Circle Reader
Service No. 60.

GE American Communications
GE American Communications has an-
nounced it will build, faunch and operate
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Zenith Cable Products’ addressable
cable decoder with built-in capability to
receive and display electronic data ser-
vices from multiple providers.

a new hybrid satellite called GE-1. The
new satellite will service broadcast, cable,
education, government and private busi-
ness. It will be the first satellite to use the
GE Astro Space A2100 design. The
launch is scheduled for early 1996. A sec-
ond identical satellite, GE-2, is currently
under eonstruction for use as a ground
spare. The new hybrid will carry 24 C-
band and 24 Ku-bard transponders and
will previde full CONUS coverage, GE offi-
cials said. Circle Reader Service No. 61.

Harmonic Lightwaves

Harmonic Lightwaves announced sev-
eral new additions to its YAGLink line of
opticai transmission systems. The new
products, wrich include optical transmit-
ters and receivers, mark the company's
strategy to track with the convergence of
digital compression, added bandwidth
and advanced digital modulation tech-
nologies.

Among the new products from Har-
monic are its HLT6008 and HLT6010 ex-
ternally-modulated transmitters, which of-
fer an output power of 8 mW and 10 mW,
respectively. Harmonic officials say the
new transmitters were designed with spe-
cial pricing and system packaging
arrangements to enable deeper deploy-
ment in existing cable topologies.

Also, Harmonic has increased the
bandwidth cf its YAGLink HLT series
transmitters and receivers to 750 MHz,
from 550 MHz. The expanded capacity,
Harmenic officials said, leverages the ex-
ternal modulation system's power and sig-
nal quality deeper into the distribution
plant, giving operators additional flexibility
in planning network architectures where
two-way digital services such as com-
pression, VOD and telephony, are antici-
pated. The new, 750 MHz transmitters
and receivers will be available in the
fourth quarter of this year.

In its return path YAGLink product line,
Harmonic Lightwaves has added two new
transmitters, the RPT 3005 and RPT 3006,
both of which were designed to add incre-
mental upstream digital and analog video
capacity to enable on-request video ser-

s L4 s L4

vice ordering, voice or T-level data ser-
vices. The upstream path is established
with a return path transmitter module that
plugs into the company’s HLR optical re-
ceivers and transmits back to the head-
end over a separate fiber. The frequen-
cies used match those typically used in
the coaxial plant, making the link between
the coax and optical return paths trans-
parent and simplifying the network. Circle
Reader Service No. 62.

Hewlelt-Packard

New software from Hewlett-Packard has
been designed for analysis and storage of
cable television system measurements.
The software provides full measurement
configuration, data collection, trend analy-
sis and report generation all without pro-
gramming. Measurement results from the
database that is created can be con-
verted to FCC proof-of-performance re-
ports and plotted in graphical or tabular
format. The data can also be exported to
spreadsheet and database programs for
further analysis. Circle Reader Service
No. 63.

Mind Extension Institute

Mind Extension Institute has introduced
an ongoing monthly video training series
designed to provide hands-on information
about a variety of critical issues facing the

NCTA SHow REVIEW o

cable industry. The “Rethinking Cable for
the 21st Century” series was developed to
offer topical, inexpensive staff training,
said ME/| officials.

The series has been designed to stimu-
late staff interaction so that participants
walk away from each video with an action
plan,” said Connie Buffalo, ME/I director
of educational product development.
“Each month’s videotape offers solutions
and ideas about emerging telecommuni-
cations issues for the best performers in
cable.”

The first program, “Cost-effective Cus-
tomer Service: Sure-fire Tips for Success,”
will be available this month. Circle Reader
Service No. 64.

Ortel

Ortel Corp. announced its 3620 series
of 600 MHz and 860 MHz CATV lasers
and board assemblies, designed for OEM
manufacturers of CATV fiber optic trans-
mission products. The lasers and assem-
blies feature up to 16 mW of output
power, which Ortel VP of New Business
Development Larry Stark calls “the high-
est output power anywhere.”

The 16 mW of output power enables
signal transmission over longer distances
or splitting of lightwave signals into multi-
ple receivers, or both, Stark said. “Such a
design would use only passive coaxial ca-

Since we invented the

Get your money’s worth
with Budco Taplocks.

No other cable TV marker out-sells,
out-lasts, or out-performs the

Budco Taplock.

Taplock in 1970, more Budco Q
Taplocks have been sold than all competitor g
drop marker products combined. Bud g
Buy the best. Choose the original in cable co 3
TV markers. The Budco Taplock. it S 2 o Mo ore £
1-800-331-2246 Ask for Dept. 1107 Fax: 1-918-252-1997 %
P.O. Box 3065 Tulsa, OK 74101 g
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ble, splitters and taps downstream from
the optical receiver.” The 3620 family of
products includes a high performance
DFB laser and an RF predistorter board.
The latter was designed to maintain laser
temperature and bias control when using
Ortel-supplied DC circuits. “DFB laser out-
put power is growing at a rate of 2 dB
every year,” Stark said. "By this time next
year, we expect to be producing 25 mW
DFB lasers. Circle Reader Service No. 65.

Pioneer Electronic Corp.
Pioneer Electronic Corp. has announced
it has developed a set of VLSI chips de-

with Tight Wrap ™
Fiber Optic Cable

and labor costs.

V/IIIIIIIIIIIIII[IIIIIIIIIIIIII/
/ Don’t mess

with Gel Filled
Loose Tube... #

Expand your fiber plant

Y

, plant, there’s only one way to splice it...
. clean and simple!
Tight Wrap fibers are individually coated with a 900 micron buffer
to protect them from moisture. No gel filling is required and — as a result —
no cleaning is needed for termination. The result is big savings in both time

Tight Wrap Fiber Optic Cable has many more benefits, including
better protection and consistent performance in hot or cold environments.
Don't mess with gel. Call today for complete information on Tight

L2 4 ®

signed to decompress digital moving im-
age data at 25 Mbps. The chipset is com-
patible with three international standards
and allows for an upgrade path to the
emerging MPEG-2 standard. Specifically,
the new chip supports MPEG1 (digital
moving video), JPEG (digital still video)
and CCITT H.261 (video phones and
videoconferencing). The chips are ex-
pected to be used in cable television, CD-
ROM units and other prepackaged media,
electronic cameras, video phones and
videoconferencing systems. The chips
were designed at Pioneer's new Digital
Design Centre in the United Kingdom. Cir-

If you're expanding your fiber

L4

& @ & L 2 4
cle Reader Service No. 66.
Sadelco

Sadelco introduced two new calibra-
tors: the SC600 (600 MHz capability) and
SC1000 (1 GHz capability), designed for
the calibration of signal level meters. The
units can also be used to check the re-
sponse of CATV and local area network
distribution equipment. Both units are
based on Sadelco's patented white noise
generator technology, Sadelco officials
say, and offer an increased noise output
level to +20 dBmV, a precision rotary at-
tenuator, and both horizontal and vertical
sync pulse modes of the CW signal. The
units also feature switchable 1 kHz modu-
lation. Circle Reader Service No. 67.

Scientific-Atlanta‘'s new MPEG PC
Decoder boards.

Scientific-Atlanta

New from Scientific-Atlanta is an “all-in-
one” optical receiver which fits into the lid
of the company's existing system ampilifier
I (SA 11). The enhancement was added to
facilitate fiber-to-the-serving-area (FSA)
topologies from the bottom up, SA officials
said. The receiver is designed to 1.5 GHz
and utilizes the reversible signal flow fea-
ture of the SA Il amplifier. Further, it pro-
vides cable operators with a platform for
advanced systern monitoring, reverse
video and wave division multiplexing ap-
plications. Other features include dual ca-
ble inputs for RF switching of redundant
fiber routes, separate optics and RF sec-
tions for simplified maintenance and indi-
vidual LED displays to alert technicians of
any problems during field checks.

Scientific-Atlanta Inc. also unveiled a
digital storage and retrieval (DSR) system
it says has driven the cost of encoders
down by a factor of 10. The $25,000 en-
coder price will make applications such
as digital advertising insertion affordable
to local operators, said S-A. Starnet's Ad-
Star has already begun accepting deliv-
ery of hardware. The MPEG-based system
will be suitable for automated movie on
demand systems, said S-A. Circle Reader
Service No. 68.

siecor Corp.

Siecor Corp. announced several new
products and enhancements to existing
products at the Show. The company’s

o Wrap Fiber Optic Cable.
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new CheckPoint Fiber Identifier can iden-
tify which fibers are carrying live traffic, a
2 kHz pulsed signal or no signal at all, uti-
lizing a non-destructive macrobend tech-
nique that does not interrupt normal ser-
vice or compromise fiber integrity.

Also, the company's new VFL-200 Vi-
sual Fault Locator can be used to visually
pinpoint faults during installation, mainte-
nance and production through a visible
red glow at a point of high loss. The unit is
useful for identifying breaks, tight bends
and fiber crimps.

Siecor's Optical Fiber Access Tool has
been enhanced to simplify mid-span ac-
cess of fibers in loose-tube cables. De-
sign modifications make it easier to enter
buffer tubes during system upgrades,
Siecor officials said.

Finally, Siecor's new modular Fiber Or-
ganization System Fiber Distribution
Frame allows users to design a flexible
fiber optic cable system in a cable head-
end that expands as a system upgrades.
The FDF is a complete, modular system to
be used as an interface between outdoor
and equipment cables. Circle Reader Ser-
vice No. 69.

Tektronix

New from Tektronix is its two-channel
TDS-320 oscilloscope, designed to in-
clude a high-speed sampling technique
that ensures an accurate representation of
waveforms in real time (up to 100 MHz).
The TDS-320, Tek officials say, offers five-
times sampling, which it says is twice the
rate of other digital sampling scopes. The
scope also includes 21 automatic wave-
form measurements and four acquisition
modes. Circle Reader Service No. 70.
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Ad insert competitors agree

Ad insertion product suppliers Adsys-
tems, Arvis, CCMS, Channelmatic, Com-
pulink and Texscan have announced their
intent to develop product interfaces allow-
ing their equipment to interoperate with
SkyConnect, a spot delivery system.

Antec

Antec Network Systems will supply
Continental Cablevision of Los Angeles
with both fiber optic cable and transmis-
sion equipment. The gear, including Laser
Link Il Plus transmitters and Siecor’s
loose-tube fiber optic cable, will be used
to upgrade Continental's Southern Califor-
nia area systems. When completed, the
upgrade will encompass over 800 sheath
miles of fiber plant.

Also, Antec announced it will provide
Laser Link |l Plus optical transmitters in
conjunction with Harmonic Lightwaves'
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optical receivers to a municipally-owned
cable system in Frankfort, Ky. The Cable
Television division of the Frankfort Electric
Water Plant Board will use the equipment
as part of a “major fiber optic installation
program,” Antec officials said, that will in-
clude five miles of LXE cable with fiber
counts from four to 132. The system, es-
tablished in 1952, services roughly 16,000
subscribers via a master headend which
delivers 43 channels to 21 individual
nodes; the system will upgrade to 70
channels next month.

In a related announcement at the Show,
Wometco and Tele-Communications Inc.

NCTA SHow REVIEW e

have agreed to order Antec Network Sys-
tems’ Digital Video Codec for delivery of
video over cable SONET networks. The
agreements were inked in an effort to in-
terconnect systems regionally.

Wometco competitive access sub-
sidiary Access Telecommunications Inter-
connect has ordered 200 DVC 2020
codecs for its existing AT&T FT-2000
SONET-based platform in Atlanta. Addi-
tionally, Tele-Communications Inc. has
committed to install several hundred DVC
2020 and FT-2000 in San Francisco and
St. Louis.

The DVC 2020 system enables an oper-

In the air, or
underground...
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ator to encode analog video signals at
one headend and delivery compressed
signals over self-healing SONET rings to
multiple decoders at other headends. The
DVC 2020 and FT-2000 deliver two broad-
cast-quality signals over each 45 Mbps
(DS-3) circuit. That translates to up to 96
channels on an OC-48 Lightwave System
rng.

Bolivian op picks FTF

Bolivia's Video Cable Universal S.A. has
activated the first fiber-to-the-feeder cable
system in South America, according to of-
ficials of ANTEC Network Systems, which
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supervised the project. The 12-mile opti-
cal system featured four Sumitomo optica!
transmitters, seven Harmonic Lightwave
receivers and eight AT&T splice enclo-
sures as part of a three-phase construc-
tion project that promises to provide cable
service to 60,000 Bolivian homes. VCU
presently offers 34 channels to 1,600 sub-
scribers, but plans call for the system to
be expanded to several adjacent cities by
the end of this year. In other news, ANTEC
Communication Services has announced
an agreement with Alpha Technologies to
market its CFR series of uninterruptible
power supplies for headend and office

*

Carson Industries
Grade Level Boxes

High quality grade level hoxes for
underground applications

Carson Industries, Inc., a leading manufacturer of utility boxes for the
Telephone and CATV industries has developed a full line of grade level
boxes (GLB ™) for underground plant. These high quality grade level boxes
include a variety of features and options:

Constructed of Hot-dipped — CATV or Telephone
HDPE or ABS galvanized steel identification
structural foam bracketry available molded into covers
plastic for below grade Box bodies tapered

: enclosure : o
Optional applicalions to provide stability
anti-skid covers P and eliminate
available in ground upheaval
plastic or /
polymer
concrete —
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use. The CFR series features zero transfer
time to bridge the gap between power
outages or brownouts and standby gener-
ator start-up and stabilization. Finally, AN-
TEC announced that more than 60 cable
systems have purchased Optical Transi-
tion Nodes, a key element in a network
design that extends fiber's reach deeper
into any cable plant.

(-Cube, TV/Com deliver MPEG-2

C-Cube Microsystems and TV/Com In-
ternational put MPEG digital video com-
pression on the fast track during the Na-
tional Show, exhibiting the first live trans-
mission of 10 multiplexed MPEG-2 signals
and one single-channel-per-carrier
(SCPC) signal, all simultaneously, on a
single satellite transponder.

At the same time, C-Cube started vol-
ume delivery of a broadcast-quality de-
coder using a variation on MPEG-1, in
preparation for a fully MPEG-2 chipset
due out by the end of the year. Showtime
Networks' SMATV satellite distribution and
Starnet's Adstar ad insertion are among
those employing the 10 Mbps MPEG-1
decoder.

Additionally, Philips Consumer Electron-
ics Co.'s Broadband Division selected C-
Cube Microsystems to supply it with
MPEG video compression and decom-
pression integrated circuits. Philips said it
will incorporate the chips in broadcast
systems for business and educational TV
markets.

In addition to squeezing 11 MPEG-2
signals into a single, GStar 2 KU-band
transponder, C-Cube showed in its booth
how its modulation system time division
multiplexed transport layer can selectively
switch data rates. On a video wall in its
booth, TV/Com displayed signals deliv-
ered at various bit rates and resolutions.
At the low end, it showed a 352 by 240
line picture delivered at 1.14 Mbps. At the
higher end, it showed 480 by 480 line pic-
tures at 4.0 and 5.0 Mbps (counting only
data devoted to picture and not including
error correction), as well as 352 by 480
line pictures delivered at 3.5 Mbps.

All'in ail, the 10 time-division-multi-
plexed signals were combined in a 60
Mbps data stream; the SCPC signal, 2
Mbps. The center frequencies of the digi-
tized transmissions were operating within
22 MHz of each other.

TV/Com also announced it has opened
an office in the United Kingdom, based on
“a high level of interest in our digital com-
pression technology,” company officials
said.

While the TV/Com demonstration used
C-Cube's first working MPEG-2 chip, C-

2

Cube said it has found a way to deliver
resolutions as high as CCIR-601 using its
CL950 MPEG-1 decoder. C-Cube said the
chip has been used for high resolution

Take a good look at Carson's
grade level boxes. Call toll free today for complete information.
Marketed by
2!:2::2 Commercial Corporation O ARSO)
RSON
puete (GGl | RousTREES
Channell Commercial Canada Ltd. INC. ,
800/387-8332 « 416/567-6751 1925 “A" Street, La Verne, CA 91750
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compression tests by Scientific-Atlanta,
Philips Broadband and Thompson Con-
sumer Electronics (supplier of decoders
for Hughes Communications' DirecTv di-
rect broadcast satellite system).

David Taylor, director of marketing for
C-Cube, said MPEG-2 will almost certainly
displace MPEG 1 for interlace, broadcast
distribution applications. However he pre-
dicted the 10 Mbps ceiling for the CL950
means that MPEG-1 may continue to live
in computer and CD ROM as a cost effec-
tive alternative to MPEG 2. C-Cube em-
ploys b-frame predictive coding in both its
MPEG 1 and MPEG 2 decoders.

(arson buys Brooks

The parent company of Carson Indus-
tries has purchased Brooks Products
Inc.’s plastics division and the newly
merged organization will be named Car-
son Polyplastics Inc. Carson is a manu-
facture of plastic below-grade and flush-
to-grade boxes and poly-concrete lids for
the telecommunications industry.

Cox selects Arrowsmith

Arrowsmith Technologies Inc. an-
nounced that Cox Cable Hampton Roads
will launch its Integrated Cable Opera-
tions Management System later this sum-
mer. Cox has agreed to roll out the system
after a three-month field test which incor-
porated 20 service vehicles and gener-
ated field service productivity increases in
excess of 20 percent. Arrowsmith’'s ICOM
system provides fleet management utiliz-
ing GPS-based automatic vehicle loca-
tion, computer-aided dispatch and an ad-
vanced geographical information system.

GI , Channelmatic agree

General Instrument has announced the
signing of a letter of intent with ad insertion
equipment provider Channelmatic Inc., in
which Channelmatic will include GI's
DigiCipher Il compression technology in
its digital ad insertion platform. According
to the letter, the two companies will work
together to incorporate DigiCipher technol-
ogy into Channelmatic’s next generation of
local ad insertion headend units. The
agreement will also allow Channelmatic to
store digitally compressed advertising for
insertion into DigiCipher 1l-encoded com-
pressed channels or analog channels. Hal
Krisbergh, president of Jerrold/General In-
strument, said that the agreement repre-
sents a key part of GI's proposed end-to-
end system. “The need for digitally com-
pressed advertising insertion should come
about quickly,” Krisbergh said. “This en-
sures that cable operators will be able to
seamlessly insert digitally compressed lo-
cal ads that are compatible with DigiCi-
pher Il compression.” Both companies
said the agreement could evolve into fur-
ther collaborative efforts.
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Jerrold, TV Answer

Jerrold/General Instrument and TV An-
swer have announced plans to make TV
Answer's interactive services available to
cable affiliates through Jerrold's next-gen-
eration PC-based converters. As part of
the agreement, Jerrold will be able to
manufacturer an optional RF return path
module for insertion into the new genera-
tion of convertors, giving cable operators
three options for return paths: cable,
phone modem or wireless RF.

TV Answer plans to deliver interactive
programming and related services by
satellite to cable headends which will

'y Yy r r

/ Channell Commercial’s

NCTA SHow REVIEW ¢

pass them down the cable to homes. Sub-
scriber responses sent via RF modules
will be carried over IVDS networks operat-
ing between 218 MHz and 219 MHz.

Mitsubishi, StarSight
Mitsubishi Electric Corp. and StarSight
Telecast (previously InSight Telecast) an-
nounced a preliminary agreement to build
StarSight's electronic program guide and
one-touch VCR programming technology
into Mitsubishi-brand TVs and VCRs. The
patented StarSight service provides televi-
sion viewers with a personalized, on-
screen guide. CED
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Negotiations
making progress

4 4

= Toll

compatibility
baltle soltens

What the NCTA wants:

v Definition of “cable-ready”
TVs and VCRs

v A return to MultiPort

v No ban on scrambling

v Better television tuners

What the EIA wants:

v Access to signals “in the clear.”

v A prohibition on scrambling
v Digital standards

By Roger Brown, CED

While nearly every cable operator in the
country has been justifiably preoccupied
with must-carry, retransmission consent
and rate regulations, an often-overlooked
amendment to the 1992 Cable Act could
have immense ramifications on the way
cable television signals are distributed to
viewers. Furthermore, the amendment
may cost cable operators miltions of dol-
lars.

Right now there is an intense turf battie
being fought over compatibility between
cable set-top boxes and consumer elec-
tronics devices like television and VCRs.
The high-stakes war is being fought at the
highest levels: it is the subject of a Fed-
eral Communications Commission notice
of inquiry that by law must be acted upon
by October. After a report is issued this
fall, rules are scheduled to be in place by
next year.

At issue is the fact that descrambling
set-top convertors take much of the func-
tionality out of televisions and VCRs, mak-
ing it impossible to perform such tasks as
recording one channel while watching
another, recording two programs on dif-
ferent channels (unless someone manu-
ally re-tunes the convertor) and other
functions that require access to more than

30

one channel at a time.

As a single-channel output
device, set-tops make these func-
tions impossible to perform without
additional convertors, complicated
wiring hook-ups or the addition of
other "gadgets” that frankly, con-
fuse most users.

The matter has already generated
contentious comments filed on
behalf of cable operators, the
NCTA, television and VCR manufac-
turers, the Electronic Industries
Association and other interested
parties. The comments reflect a
high level of frustration regarding
the fact there is no quick fix to the
conundrum; it is clear the two sides
share little common ground and the
rhetoric has reached a pinnacle.

For example, in its reply comments, the
NCTA says perhaps 90 percent of the
problems that cause consumer com-
plaints can be alleviated by installing dual
tuner convertors, boxes with timers, etc. In
response, EIA writes that the NCTA has
attempted to “stand the statute on its
head” by suggesting that “Congress mis-
understood” the problem. Furthermore,
EIA takes NCTA to task for suggesting
that “set-top boxes are beneficial to con-
sumers” and for proposing to actually
increase the number of set-tops in the
market. “It defies reason to think that the
use of more boxes with more functions will
meet the statutory objective of reducing
complexity and cost to the consumer,” the
EIA writes.

NCTA, in its comments to the Commis-
sion, steadfastly justified cable operators’
use of scrambling systems to protect their
programming. “The rigors of the market-
place-and the uncertainties of the labora-
tory-have pointed cable int he direction of
scrambling as the most valuable of the
currently available technologies.”

However, NCTA attacked the consumer
electronics manufacturers to using poorly
shielded tuners that are susceptible to
direct pickup without a convertor placed
between it and the incoming cable as well
as that industry's use of the terms “cable
ready” and “cable compatible.”

4 \ 4 4 4 \ 4

NCTA also recommended that con-
sumer products be conspicuously labeled
to show how many channels the device
tunes so that the persons purchasing the
devices readily understand the capabili-
ties of the tuner.

Yet, despite all the barbs being thrown,
a joint task force made up of representa-
tives of the NCTA and EIA is reportedly
beginning to make some progress. During
last month’s National Cable Show in San
Francisco, a panel billed as a “compatibil-
ity debate” came off as a conciliatory dis-
cussion between Dr. Walt Ciciora of Time
Warner Cable, Gary Shapiro of EIA, Bruce
Huber of Zenith Electronics, David Rozelle
of Intermedia Partners and Wendell Bailey
of NCTA.

Each panelist began his opening
remarks with statements of optimism that
some logical compromise would be ham-
mered out. It took nearly an hour before
the debate actually broke out. But when it
did, all the familiar themes were still there.

What EIA wants

When it all gets boiled down, the EIA
wants cable operators to provide an
unscrambled broadband stream of sig-
nals to the back of the television or VCR
so those devices can tune the full spec-
trum of channels offered by the local
cable operator.

Shapiro said consumers want products
that are simple to operate when removed
from the box-and they don't get that when
TVs and VCRs are hooked up to cable.
*Our industry is very tired of the joke
about the blinking clock on the VCR,” said
Shapiro, referring to consumers' inability
to program their VCRs.

Huber, who was representing the Con-
sumer Electronics Caucus, agreed that
the FCC's first priority should be to allow
the use of all the features offered in con-
sumer gear. He placed most of the bur-
den squarely on the cable operators
because the installed base of nearly 300
million TVs and VCRs make it impossible
for those manufacturers to retrofit those
devices. Then he called for standards to
address the long-term. “We have to
decide who pays the bill,” Huber said.
“That's the underlying current” in all the
comments filed with the FCC.

As a trade-off and an incentive, the EIA
is proposing that the FCC allow cable
operators to charge viewers more for sig-
nals offered in the clear (through interdic-
tion or perhaps broadband descrambling,
when it becomes commercially viable).
However, Rozzelle said he doubts the
FCC will look upon that idea favorably,
considering that rate issues were at the
heart of the Cable Act.

Ciciora said he believes the solution lies
within technology that will soon be
deployed by cable operators. A future
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filled with convertors sporting micro-
processor power will have the intelligence
to overcome the incompatibility, Ciciora
promised. “In a few years, it will be seam-
less and easy."

As for installing the descrambling and
access control functions directly into the
TV, Rozelle said he approaches that idea
“with deep suspicion” because of the
threat of undetectable piracy if the control
codes are ever defeated on a widespread
basis.

What the NCTA wants

In many minds, the only solution left is
deployment of an interface device similar
in form and function to MultiPort, which
was developed by the joint EIA/INCTA
Engineering Committee several years
ago. That device performed the descram-
bling functions amd returned nearly all TV
and VCR functions to the respective
devices.

Millions were installed in various brands
of TVs, but the project died out of a lack of
support from cable operators who wanted
to retain the revenue derived from remote
control rentals.

Obviously, MultiPort (or EIA 563
decoder interface) would need an over-
haul to make it work in a digital environ-
ment, but NCTA and many cable
operators favor the approach because it
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allows them to continue scrambling to
protect their programs.

EIA, however, has steadfastly resisted
the idea of resurrecting the interface, call-
ing the technology obsolete and expen-
sive. Clearly, that industry is still smarting
over what it saw as a unilateral effort to
clear up the problem.

There is
precious little
time to

arrive at

4

Although
time con-
straints didn't
allow other
issues to be
presented,
cable opera-
tors also say
convertors are
often neces-
sary to shield
poor television
tuners from

d CONSensus
over l:llmllalllllllly direct pickup
of off-air sig-

nals. Furthermore, operators would like a
definition of the term “cable-ready,” no
restriction on scrambling practices and no
requirement to deploy interdiction (con-
sidered too expensive in some cases) or
broadband descrambling (no product

yet).

Why so optimistic?
Why, then, did each panelist at the
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convention profess such optimism?
Ciciora said he thought progress was
being made at the bargaining table
regarding the interface decoder and digi-
tal standards, with both sides willing to
give a little.

“| have been greatly encouraged by the
(actions) over the last couple of weeks,”
Bailey told the audience. He said he
recently argued the merits of digital stan-
dards with the NCTA Board of Directors. “|
left that meeting feeling strongly a release
of tension.”

Indeed, the FCC has a history of yield-
ing to compromise solutions hammered
out by the affected industries. But the
Commission has to recognize that this
amendment was written with frustrated
viewers in mind-not the EIA or NCTA.

Perhaps the best news out of the latest
round of talks is that there is consensus
that additional consumer education is
needed. Ciciora, for one, believes that if
consumers are properly educated about
possible solutions to the interface conun-
drum that many will be able to enjoy most
of the features they've paid for.

Furthermore, there is precious little time
to arrive at a consensus. Although the
Commission has until October to report its
findings to Congress, most of the work
has to be completed before the August
recess, said one FCC staffer. CED
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Answering the

Gauses and
effects of PMD

By Leslie Ellis, CED

Almost two years ago, engineers at a
Jones system in Tampa, Fla. experienced
a puzzling phenomenon during an instal-
lation of singlemode AM fiber. The prob-
lem, as Ken Hisle, system engineering
manager at Jones recalls, was nothing
short of peculiar: time-varying composite
second order distortions swings of £ 30
dB (from nominal) over random time
spans. The Jones incident was followed
by a brief flurry of similar cases in cable
systems across the nation.

Cable engineers, curious and befud-
dled by the random distortions, began
querying AT&T engineers, who scurried
back to their N.J.-based laboratories to
isolate the problem.

The culprit was a rare and quirky fiber
affliction identified as PMD, or polarization
mode dispersion. However, while AT&T
engineers are quick to recognize the fiber
malady (and cable engineers whose sys-
tems were affected are just as quick to
commend AT&T's efforts to resolve the
problem), they also stress that PMD is not
the sole cause of the odd second order
problems witnessed by Jones, TCl and
other cable operators. Rather, they stress
that PMD and other factors including laser
chirp, polarization-dependent loss (intro-
duced by optical couplers, optical isola-
tors and some faulty splices) and other
isolated variables all blend to create the
time-varying second order distortions. in
fact, some systems which mistakenly
thought they were suffering from PMD in
actuality found faulty optical couplers and
over-driven lasers as the reason for their
second-order problems.

“If there was no such thing as DFB laser
chirp, the dispersion effects found in sin-
glemode fibers would not be an issue-the
time-varying second order distortions
wouldn't exist,” says one cabie engineer
familiar with the problem. “The two most
definitely go together.”

Cable engineers and AT&T officials
both agree that PMD is not currently a
problem with singlemode optical fibers—in
fact, AT&T recently issued a specification
to characterize maximum PMD thresholds
for all current and forthcoming fiber prod-
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ucts. “At one time, we saw time-varying
second order problems on about 60 per-
cent of our systems,” says Richard
Rexroat, VP of engineering for TCI. “It's all
been corrected now.”

What is PMD?

Polarization mode dispersion is as slip-
pery to define as it is to identify and cor-
rect, it seems. Briefly put, PMD is a time
delay of the propagatirg modes of light
traveling along an optical fiber, caused by
a property of optical ficers called “birefrin-
gence.” Birefringence, in turn, stems from
both intrinsic and extrinsic causes. The
intrinsic causes-fiber core geometry and
internal fiber stress-happen at the manu-
facturing level. Extrinsic causes such as
radial pressure (when fibers rest against
each other in a cable), bending and tor-
sion, happen after the fiber is manufac-
tured, usually during packaging of the
optical fibers or during field installation.

The effect? “PMD, like chromatic dis-
persion, can restrict the bandwidth of an
optical fiber by spreading pulses in digital
systems, and distorting video waveforms
in analog AM systems,” AT&T officials
stated in a recent press release related to
PMD.

Clearly, PMD cannot be adequately
defined without first reviewing the basics
of singlemode fiber optic cable design.
Despite its name, singlemode fiber actu-
ally consists of two, orthogonally polarized
modes. These two moces can be visual-
ized as light vibrations propagating for-
ward, at right angles to each other, along
an x- and y-axis, says Jim Refi, distin-
guished member of technical staff for
AT&T.

In a perfect world-if the fiber is “perfect
in its geometry (circular) and is perfectly
straight, with perfect optical propeities in
the x and y directions,” Refi
describes-then the speed at which light
propagates through the fiber on the x-axis
is the same as the speed at which .t prop-
agates on the y-axis. In optical terms, the
indices of refraction on the x and y modes
are identical; both modes propagate at
the same velocity, arrive at the same time
and the signal is in the proper polarization
state when it reaches the optical receiver.

DEFINING PMD €

However, the world isn't perfect. When
differences occur in the refractive indices
of the two propagating modes (a property
referred to as “birefringence”), a delay is
introduced. This delay, measured in
picoseconds (millionths of a millionth of a
second), is what causes PMD.

“PMD is a time phenomenon,” Refi
explains, “caused when the effective
index of refraction in the x-direction differs
from the effective index of refraction in the
y-direction. When we talk about PMD,
we're talking about a difference in the
arrival times between the polarizations on
the two axes.”

Intrinsic causes of birefringence

Geometry discussions relevant to PMD
usually focus on the overall circularity (or
non-circularity) of the fiber's core. An ellip-
tical, or oval-shaped core effectively
lengthens one of the polarization modes
within the fiber. Light vibrating along the
lengthened (major) axis, then, has farther
to propagate and hence travels at a
slower speed than the light on the shorter
(minor) axis. “Core ellipticity can certainly
have a significant effect on PMD,” Refi
says.

Fiber core ellipticity has long been sus-
pected as a major contributor to PMD,
particularly by Corning Inc.
officials—whose optical fiber products
reportedly offer a highly circular core and
cladding, and as such have negligible
PMD properties. “One of the frustrations
we have at Corning is that we have yet to
discover for ourselves any field issues
with our fiber. So instead we've focused
our efforts on understanding other varia-
tions that cause time-varying second-
order distortions, like laser chirp and
polarization dependent losses,” says
Doug Wolfe, senior applications engineer
for Corning Inc.

AT&T, for its part, does not deny fiber
geometry is a contributor to PMD. "AT&T’s
polarization maintaining fiber has a circu-
lar core, but relies on an elliptical
cladding to induce the internal stresses
needed to change the index of refraction
along each axis,” Refi said in an NCTA
Show technical session on distortions last
month.

What AT&T does dispute, Refi says, is
the ability to reliably predict PMD solely
on the basis of geometry. “"Because the
PMD level of singlemode fibers relates to
a delicate interplay between geometry,
external forces and internal stresses, the
PMD of a fiber can't be predicted from a
knowledge of only one causal contribu-
tor,” Refi says. Other contributors include
polarization mode coupling along the
fiber, varying fiber lengths, and the impre-
cision of measuring small core ovalities,
Refi explains.

A second intrinsic cause of birefrin-
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Several methods for measuring polariza-
tion mode dispersion (PMD) are utilized in
the half-dozen or so commercial instru-
ments now on the market. Although the
various methods differ in their details,
most measure the change in the output
state of polarization (SOP) as the wave-
length of the source changes.

PMD defined

Since polarization mode dispersion is a
difference in the velocity with which the
two states of polarization travel through a
fiber, why not measure the time delay dif-
ference between two pulses of different
polarization?

This time domain approach has been
successful for may years in measuring
intermodal dispersion in multimode fibers.
Polarization mode dispersion is much
weaker than intermodal dispersion, how-
ever.

The differential delays are on the order
of a picosecond rather than a nanosec-
ond, and hence exceed the limits of
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pulsed lasers and high-speed electron-
ics.(A picosecond actually represents a
miltionth of a millionth of a second.)

When events become too fast to mea-
sure in the time domain, a solution can
sometimes be found in the frequency
domain. This is indeed the case with
polarization mode dispersion.This article,
then, will focus on the use of the fre-
quency domain to isolate and measure
polarization mode dispersion in single-
mode fiber.

In @ non-PMD environment

If there were no polarization mode dis-
persion, the state of polarization would
remain unchanged as light travels through
a fiber. With PMD, the state of polarization
constantly changes as the light travels,
and the change depends on the wave-
length of the light. If the input state of
polarization is fixed, the output state of
polarization will vary as the source wave-
length is changed.

The larger the polarization mode disper-

sion, the more the variation will be. This
then provides a means of measuring PMD
that requires no pulses or high-speed

¢ & 6 4 L4
electronics.
If there was no ©;or°>
S there are sev-
Illllal‘lzalllln mlllll! eral ways of
) . irryp{ementing
dispersion, the (" idce. the
T nications
. Association
would remain (TIA) currently
as the ver-
sion shown in
unchanged 2o °
under consid-
eration.

Test advantage: simplicity

Although this test method has been
given the designation FOTP-113 (for Fiber
Optic Test Procedure number 113), it has
not yet been approved by TIA, and hence
does not have the status of a standard.
The test procedure described within this
article has the advantage of simplicity: it is
basically a fiber spectral loss set with two
polarizers added (see Figure 1).

The broadband source generates light
over a wide wavelength range (1300 nm
to 1650 nm, for example). With both of the
polarizers fixed in orientation, the optical
spectrum analyzer measures a power
Po(A) passing through Polarizer 2 as a
function of the source wavelength. With
Polarizer 2 removed from the beam, this
power becomes Pygt(A). A sample plot of
the ratio:

R(A)=P(M)/Pror(R)

is shown in Figure 2. The orientation of the
two polarizers is generally not important.

Polarizer purposes

The purpose of Polarizer 2 is to convert
difficult-to-measure state of polarization
(SOP) changes into easy-to-measure
changes in the power P,(}). Dividing P5(X)
by Prot(A) will eliminate any spectral
effects arising in the source or detector.

The oscillations in R(A) will then be a
measure of how rapidly the SOP emerging
from the fiber changes with wavelength.
This effect is illustrated in Figure 2 (next
page).

This rate of change of SOP with wave-
length is proportional to the fiber's polar-
ization mode dispersion. If R(A) has “N”
maxima (or minima) over the wavelength
from A4 to Ap, then:

oM - KNA A
(Ap-Aq)c

where:
¢ = the speed of light
k = a mode coupling factor which

CED: CoMMUNICATION ENGINEERING & DEsSiGN JuLy 1993
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sensitive to the stong cou-
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0.8.
mmr Note from
. the above for-
configuration muia that Pvo 0.4
has units of
. time; picosec-
onds (10-12) is a convenient unit. This time 0.2
represents the delay difference between :
the two polarization states for this particu-
lar fiber.

Coupling effects

If there is no polarization coupling in the
fiber, this PMD value can be divided by
the fiber length to get the PMD coefficient
in ps/km. If there is a strong coupling
{which is generally the case for any fiber
longer than a few hundred meters), the
polarization mode dispersion can be
divided by the square root of the fiber
length to get the PMD coefficient in

ps/km.

range A4 to ..
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The polarization mode dispersion mea-
sured in this way is really the time delay
difference averaged over the wavelength

This average has generally not been
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Thus, some averaging over either wave-
length or time improves measurement
repeatability, and probably does not
cause any useful information to be lost.
The state of polarization emerging from
the fiber is sensitive to the fiber configura-
tion.

The positions of the peaks and to some
extent the appearance of the pattern in
Figure 2 can be changed by rearranging
the coils of the test fiber.

However, the measured polarization
mode dispersion is determined not by the
positions of individual peaks, but by the
density of peaks (N over a given A,—A4
range), which is much less affected by
rearranging the fiber coils.

Broadband sources

The "broadband source” in Figure 1
could in fact be a narrowband source that
is tunable over a broad range. Wave-
length selection could also be achieved
by a monochromator, instead of an optical
spectrum analyzer.

All' N peaks can be resolved only if
there is adequate spectral resolution AA,
which is the instrumental spectral width,
or the wavelength step size, whichever is
larger.

For A in the vicinity of 1550 nm, a rule of
thumb is that AA(nm) should be less than
the reciprocal of the largest PMD (in

picoseconds) that must be measured.
The best accuracy is obtained by mak-
ing (A,—A4) large enough to insure that N
is considerably greater than A. Values of
N in the range of three to 20 are typical.

Percentage uncertainties

When N is at the low end of this range,
the percentage uncertainties in both N
and polarization mode dispersion

(because of a
. +1 uncer-
This test cinty inn)
become
large. At the
method has Uoner end of
been submitted
tothe TIA
for standards
consideration

the range,
instrumental
broadening
may result in
some adja-
cent peaks
not being
resolved.

The lowest
values of
polarization
mode dispersion that could be measured
by this technique can be calculated by
minimizing the numerator and maximizing
the denominator in the polarization mode
dispersion formula.

The formula gives a minimum polariza-
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tion mode dispersion equal to 0.016
picoseconds by setting:

N=1

k=0.8

A1=1300 nm

A,=1650 nm and

¢=300um/psec

The largest value that could be mea-
sured is determined by the test set's
spectral resolution AX.

If this is 0.1 nm, then the rule of thumb
above says that the largest PMD measur-
able at 1550 nm is approximately:

(0.1)7 = 10 psec.

These upper and lower limits for this
particular method cover most cases of
practical interest.

Extrema identification

In the presence of noise and/or strong
mode coupling, the identification of
extrema in R(A) may be more difficult in
the example of Figure 2.

An algorithm with the following features
is useful in identifying extrema:

1. A polynomial is fit to several (roughly
16) adjacent points of R(A) to provide a
smoothed curve.

2. An extremum is defined as a point
where the wavelength derivative of this
smoothed curve changes sign.

This type of algorithm makes possible
the automation of the measurement. CED
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1993 is the first time since 1985 that American cable television systems are required to
meet specific, federally enforced, technical standards of performance. The requirements
were negotiated by the cable television industry in conjunction with several organiza-
tions representing the nation’s franchise authorities, then established as law by the
Federal Communications Commission.

These proof of performance standards have become the important benchmarks by which
American cable systems are now judged. This chart illustrates, in one all-encompassing
table, each standard, the number of channels upon which each test must be performed,
how often each test is to be conducted and the type of equipment needed to do the test.
It provides a convenient reference for professional technicians to achieve and maintain
compliance with the standards.

The National Cable Television Institute, CED magazine and its advertisers are pleased to
provide this chart as a focal point of excellence in performance throughout 1993 and
_beyond. _ :
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STANDARD

4.5 MHz £ 5 kHz at subscriber terminal and output
of modulating or processing equipment

0 dBmV at subscriber terminal
3.0 dBmV at end of 100' drop cable connected to
tap

Not to vary more than 8 dB within any
six month interval (measured before the converter)

Within 3.0 dB of any visual carrier within
6 MHz

Within 10 dB of the visual signal level on

any other channel on a cable system of up

to 300 MHz. A 1 dB increase in level separation
for each additional 100 MHz of bandwidth:
11dB for a 400 MHz,

12 dB for 500 MHz,

13 dB for 600 MHz.

A maximum level that will not overload
the subscriber’s receiver or terminal.

10 dB-17 dB below the associated visual
signal level. Baseband converter: 6.5 dB-17 dB
below the associated visual signal level.

+ 2 dB from 0.75 MHz to 5.0 MHz at tap and
before converter (prior to Dec. 30, 1999) above
lower boundary frequency of CATV channel
(referenced to average of highest and lowest
amplitudes)

Carrier to noise shall not be less than:
1) 36 dB (June 30, 1992-June 30, 1993)
2) 40 dB (June 30, 1993-June 30, 1995)
3) 43 dB (As of July 1, 1995)

Not less than 51 dB for non-coherent (standard)
CATV systems (modulated carriers and time-aver-
aged)

Not less than 47 dB for coherent (HRC/IRC) CATV
systems (modulated carriers and time-averaged)

Not less than 18 dB (manufacturer's specifications)
and sufficient to prevent subscriber-caused termi-
nal reflections

Not to exceed 3% of visual signal leve!

Within 170 ns

Not to exceed + 20%

Not to exceed + 10 degrees

<54 MHZ =15 mV/m @ 30 m
54-216 MHz =20 mV/m @ 3 m
>216 MHz=15mV/m @ 30 m

NUMBER OF CHAN

4 channels minimum, +1 ch:
100 MHz or fractional increa
5 channels/101-216 MHz;
6 channels/217-300 MHz;
7 channels/301-400 MHz;
8 channels/401-500 MHz

All NTSC or similar video ch
All NTSC or similar video ch
All NTSC or similar video ch

All NTSC or similar video ch

All NTSC or similar video ch

All NTSC or similar video ch

4 channels minimum, +1 ch
100 MHz or fractional increa-
5 channels/101-216 MHz;
6 channels/217-300 MHz;
7 channels/301-400 MHz;
8 channels/401-500 MHz

4 channels minimum, +1 ch:
100 MHz or fractional increa-
5 channels/101-216 MHz;
6 channels/217-300 MHz;
7 channels/301-400 MHz;
8 channels/401-500 MHz

4 channels minimum, +1 ch:
100 MHz or fracticnal increa-
5 channels/101-216 MHz;
6 channels/217-300 MHz;
7 channels/300-400 MHz;
8 channels/401-500 MHz

4 channels minimum, +1 ch
100 MHz or fractional increa-
5 channels/101-216 MHz;
6 channels/217-300 MHz;
7 channels/301-400 MHz;
8 channeis/401-500 MHz

Only on a single channel wit
unmodulated carrier

4 channels minimum, +1 ch
100 MHz or fractional increa
5 channels/101-216 MHz;
6 channels/217-300 MHz;
7 channels/301-400 MHz;
8 channels/401-500 MHz

4 channels minimum, +1 ch
100 MHz or fractional increa
5 channels/101-216 MHz;
6 channels/217-300 MHz;
7 channels/301-400 MHz;
8 channels/401-500 MHz

4 channels minimum, +1 ch
100 MHz or fractional increa.
5 channeis/101-216 MHz;
6 channels/217-300 MHz;
7 channels/301-400 MHz;
8 channeis/401-500 MHz

4 channels minimum, +1 ch:
100 MHz or fractional increas
5 channels/101-216 MHz;
6 channels/217-300 MHz;
7 channels/301-400 MHz;
8 channels/401-500 MHz
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