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INTRODUCING

The first Signal Level Meter designed
to pinpoint RF/video problems and
performance test any RF distribution
system more accurately than any
other Signal Level Meter.

Sencore’s New SL750A Channelizers are designed with your needs in mind.
The SL750A features:

W Direct keypad entry of either the channel or frequency in VHF/UHF
or FM from 5-810 MHz.

Super sensitivity to measure down to -40dBmV.

Simultaneous monitoring of both the video and audio carriers,
plus an exclusive pilot test that will make system balancing
asnap!

Testing of C/N and Hum on active channels. No need to tune
off-channel or remove modulation to make these tests.

Easy-to-use. automatic data collection. The stored information can
either be downloaded to a computer or printer, giving you a full
spectral print-out. Great for doing system analysis. 24-hour
testing, or FCC documentation.

Provides you with a quick test for analyzing ghosting, off-air
pick-ups. and interference with a color LCD display.

Best of all, it's field and weather ready. The SL750A features a
rugged. light-weight case with “a water run-in resistant” front panel.

Plus, these other exclusive features:

} » External DVM inputs (with true-RMS)
\ « Automatic fine tuning
\ +.5 dB accuracy - the best in the industry!

If you woull
in seeing the 50A w
1-800-SENCORE (735-2673) ext.
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The Perfect Marriage
of LIGHT and AIR.

P

MC2.650

UNEQUALLED FOR FIBER-TO-FEEDER TRANSMISSION

* TIME PROVEN COAXIAL PRODUCT
° LOWEST ATTENUATION
¢ FULL ALUMINUM WALL THICKNESS
o 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
TE;:A '-n--”v2
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SERVICE o °
[
Z Trilogy g
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 S LGN

or Call 800/874-5649
See us at the Texas Show, Booth # 130. Reader Service Number 3.
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Not only better, they cost less.

An uncompromising devotion to
quality products, delivered on time,
and stable prices. No wonder they
are the industry standard.

For products going up in quality, not in price, call 800-548-7243.

ICICLE lll l-:l l'l l’lllll-l-)

Products creatively designed for the cable industry
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Need
Flexible
Platform

hen Optical Networks International and AT&T

introduced the first LASER LINK'™ svstem in 1988,
the benchmark in optical transmitters was set. As vour
needs changed, we developed the modular LASER LINK H™
and LASER LINK I PLUS™ to meet the demands of today’s
emerging networks. Now, a more flexible and powertul
system is just a module away.

Modular Upgrades

The new LASER LINK 11 PLUS has been enhanced with
expanded capabilities. A Feed Forward Drive Amplifier
that can drive muitiple transmitters, and new return data/
video modules can all be configured into our “plug and
play” platform.

80 Channels On One Fiber

Available now, the powerful LASER LINK H PLUS is vour
link to a more cfficient network. This highly hinear transmitter
improves fiber utilization in virtually any architecture by
transmitting 80 channels on a single fiber.

Advanced Network Planning

It’s not just products anymore - it’s a network. And the
complexity of today’s emerging cable networks requires
advanced planning. Our design team, the most experienced
optronics engineers in the industry, can help develop vour
unique rebuild or upgrade plans. More importantly, you’ll
have confidence that your network is certain to meet the
imminent opportunities in voice, video and data.

Cali 1-800-FIBER-ME today for your network planning kit.

ANTECGC

NETWORK SYSTEMS
ONI Recal

See us at the Texas Show, Booth # 403. Reader Service Number 5.
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Future-proofing cable

few years ago the Society of Cable

Television Engineers introduced its
popular series of national fiber-optics
conferences to address this exploding
new technology. As the use of optics be-
came more widespread, we found our-
selves confronted with a number of non-
fiber engineering advances, resulting in
last year's conference being renamed
Fiber Optics Plus. This trend has shown
no sign of changing and this year the
Society called its winter gathering “1993
Conference on Emerging Technologies.”
(See “SCTE News” on page 12 for more
details.)

After listening to the presentations at
this latest conference, as well as coffee
break and after-dinner chatter, | came
away with some interesting thoughts. A
pervasive theme seemed to fill the air —
one that could quite well be critical to our
industry’s future success. I'll get back to
it in a moment.

More than entertainment

Consider that for several years cable
has promoted itself as an entertainment
delivery service. We've done this at all
levels of the business, especially the po-
litical level. (Unfortunately we've failed to
educate politicians about the real value
and future potential of cable.) As an en-
tertainment delivery service, you have to
admit that we've done rather well, gener-
ating revenues of some $20 billion annu-
ally.

Not bad, but think about some of the
related revenues we aren’t sharing.
Videotape rentals, for example, amount
to $12 billion each year; data communi-
cations, $40 billion. Alternate access, by-
pass, POTS, LAN, MAN, WAN, telecon-
ferencing and similar telco-type indus-
tries together generate revenues that |
can only assume total in the hundreds of
billions annually.

Despite our efforts to appear to re-
main a “small kid on the block,” we have
attracted attention. Not only did we get
ourselves re-regulated, but potential
competition is looming on the horizon in
the form of ADSL, HDSL and video dial-
tone (the telcos); direct broadcast satel-

dent, Al Gore, has been pushing for a
national fiber-optic “digital highway.”

Not a choice, a must

You see, we have an incredible un-
tapped potential in the form of the broad-
band pipeline that we have wired past
most of the households in this country.
The telcos are limited by the twisted-pair
local loop in terms of their ability to pro-
vide real broadband communications,
and they know about our potential. Of
course, other industries know about our
capability, too. But do we?

The underlying theme | felt at last
month’s conference is simple. We have
to move away from just being an enter-
tainment delivery service and become a
true telecommunications provider. That
broadband pipe we call CATV has what
will probably be a limited window of op-
portunity to become the leading commu-
nications service in America. We must
prepare for the integration of video, data
and telephony services on our networks.
If we don’t, our competition will, and the
business we know as cable will be hard-
pressed to survive.

Indeed, we have to ensure that our
networks are capable of being “future-
proof.” This may be easy for technolo-
gists to understand, but the real work is
going to be convincing the operations
side of this industry that we have no
choice.

lite; and the wireless cable folks: MMDS,

P.O. Box 2796 .
Opelika, AL 36801 and a new one called MLDSz or multi-
800-288- 1506 channel local distribution service (a.k.a.  Ronald J. Hranac

Fax: 205-742-0058
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CellularVision). Even our new vice presi-  Senior Technical Editor
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15 AMP 12 AMP 9 AMP 6 AMP 3 AMP

Standby Power Supplies Engineered

Power by Design

for Today's Cable TV Networks

Small Simple Standbys™ from
Power Guard will save you money,
short and long term.

Since SSS™ is available in 3-6-9-12
or 15 amp ratings and in two or three
battery configurations, you can
maximize efficiency and reduce your
power bills and battery costs by

choosing the right model for each
power supply location. If your power
requirements change - simply
upgrade the power module. Small
Simple Standbys™ will grow with
you.

And because our studies have
shown that most power supply
locations actually use less than 9
amps of power - we strongly
recommend that you consider our 24
volt units for those locations. You get
an immediate 33% savings in battery
costs and still have up to four hours
of standby run time.

Small Simple Standby™ - The right
product at the right time for the right
price. No wonder we continue to be
the fastest growing power supply
company in Cable TV.
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750 MHz design:
What is it really?

By Margaret Gaillard
Manager Design and Drafting
Jones Intercable

perating digital signals between 550
O MHz and 750 MHz is generally ac-

cepted in the industry today. Some
multiple system operators (MSOs) are con-
sidering carrying digital signals as low as
450 MHz. But how does this really affect
design?

Articles on upgrading existing plant to
750 MHz are continually published with
conflicting information including cost per
mile and actives per mile. Does this mean
some articles are providing incorrect infor-
mation? Absolutely not!

Pros and cons

The cost of upgrading to 750 MHz de-
pends on how a cable system designs for
the digital signals. The signals can be de-
signed like a fully loaded, 110-channel
analog system at 750 MHz or designed
based on the highest analog frequency
such as 550 MHz.

Proponents of designing the system as
110-channel analog contend that there are
several unknowns about future services.
Systems should be prepared to add any
service that may be analog in the proposed
digital realm. Some fear the Federal Com-
munications Commission may order that a
certain service be carried between 550
MHz and 750 MHz in an analog format.
Systems not designed as fully analog
would have to rebuild their plant in this sce-
nario.

Advocates of design using 550 MHz pa-
rameters argue that digital is very forgiving
and there are no FCC regulations at this
time. Some MSOs believe that by the time
the FCC addresses digital issues, the ma-
jority of cable plants will have been de-
signed and rebuilt with the 550 MHz pa-
rameters and the FCC will take this into
consideration.

Neither of these arguments are right or
wrong. However, there is a big cost differ-
ence between the two philosophies. The
cost of just the actives varies as much as
20% between the two views.

Minimum tap ports levels contribute to a
major portion of the cost to upgrade to 750
MHz. The accompanying table shows the
difference between using Series 6 and Se-
ries 59 drop cable at the different frequen-

42 MARCH 1994

750 MHz — Series 59 drop cable

Design comparison with Series 59 and Series 6

> (7 T
550 MHz — Series 59 drop cable
450 MHz — Series 59 drop cable
[ =) ) {23 2o Egle o I
750 MHz — Series 6 drop cable
e L s 3 9 [@eeeseeners

550 MHz — Series 6 drop cable

450 MHz — Series 6 drop cable

cies. Using Series 11 cable for drops at
750 MHz will closely resemble minimum
tap port levels at 450 MHz using Series 6
drop cable. Since the most common drop
cable found in systems today is Series 6 or
59, the accompanying figure will reference
these two types of cable in the design com-
parison.

Several unknowns will affect minimum
tap port levels such as adding “smart
boxes” to decrypt computer data transmis-
sions, telephone signals and cable TV.
Minimum tap port levels will continue to dic-
tate the cost of upgrades and must not be
overlooked when setting up system design
parameters.

Assuming the upgrade is designed as a
fully loaded, 750 MHz analog system, Se-
ries 6 will allow 20% further penetration
compared to Series 59 drop cable. This will
eliminate some actives in a 750 MHz de-

mile (depending on density and architec-
ture) and average a 25-30% increase in
the cost of actives for an upgrade.

To design a system at 750 MHz with the
intention of operating the digital signal on a
carrier 8-10 dB down from the 750 MHz
output could have the same minimum tap
port levels as a 550 MHz design. The rea-
soning is that the digital signal is distributed
via a lower output power than the analog
signals. However, the amplifiers must be
spaced at 750 MHz.

If the system design parameters are set
up so the output of the active device at 750
MHz is 48 dB, a measurement at 550 MHz
would reveal an output level of approxi-
mately 46 dB. If these same parameters
assumed the digital signals would be car-
ried at 8 dB down from the referenced
750 MHz output, the actual digital sig-

sign but will still average 5-7 actives per (Continued on page 50)
Minimum tap port levels
Series 6
750 MHz 550 MHz 450 MHz 54 MHz
150 feet, two outlets 14 13 12 7
Series 59
750 MHz 550 MHz 450 MHz 54 MHz
150 feet, two outlets 16 14 13 8
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Cablematic Outstrips

The Competition

The fast, easy way to strip & core cables is
with Cablematic cable preparation tools. Safe,
accurate and durable from start to finish. Look
to the leader in design, quality and service.

CALL NOW 1-800-528-8665
fora
. NEW Full-line Catalog

Ripley Company

Cablematic Division

| Ripley Compan
46'Naoks Hill Rvad ble'ﬂﬁtiee
| Cromwell, CT 06416

Tel 203-635-2200
Fax 203-635-3631

The Cable Tool Innovators

Call For Your
Free Copy.

The 1993 Budco
Catalog is packed with
more products than ever from
fine names like Aervoe-
Pacific, Tyton, Master Lock,
Redington, Klein, Work Area
Protection, Brady,
Cable Pro,

Lemco Tools,

Cable Prep, M&B,

Engineering Unlimited,
and, of course, Budco.

We’ll ship your catalog — and

all your orders — within 48

hours. Call for
Budco

your free copy
The Taplock Company. Setting

The Industry Standard In tOday-
Drop Markers.

1-800-331-2246 Ask For Dept. #2202 Fax: 1-918-252-1997
P.0. BOX 3065 TULSA, OK 74101

See us at the the Texas Show, Booth # 118, 120. Reader Service Number 9.
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Digital co!nnression and
the new video landscape:

The opportunities are endless.

Jerrold’s DigiCable ™ is forever changing the
future of cable with more services and better quality.

Dramatically increasing channel capacity,
DigiCable paves the way for Cable-On-Demand,
expanded pay-per-view, multimedia, and opens the
evolutionary path to HDTV.

Since signals are digital, video and audio
quality will be the same as the original. Digitally
compressed signals {low from programmers’

satellite uplinks,
seamlessly through
" the headend, 10
subscribers. Key is the DigiSat™ IRD (pictured)
which receives digital satellite signals and outputs
in analog or digital.

While DigiCable will revolutionize video, audio
and data services, we're committed 10 making our
new products compatible with today’s systems.

Jerrold is serving your future with superior
digital products, technologies, and services
designed 1o maximize the rewards of your
compressed digital system. Want more? Call
1800 523-6678 (in the U.S.), 215-674-4800
(outside the U.S.), or
fax 215-956-6497

~ Jerrold
@ General Instrument
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Bell Atlantic involved

in competing cable TV
TOMS RIVER, NJ — Bell Atlantic
Corp. teamed up with a new company,
FutureVision of America Corp., to form
a plan to offer cable TV programming
over phone lines here. The new system
would compete against Toms River's
existing cable operator, Adelphia
Communications.

The 10-year agreement allows
FutureVision to offer telephone customers
a fiber-optic network capable of carrying
60 channels of video programming and
regular phone service using Bell Atlantic’s
lines. The system will reportedly be fully
interactive and would offer subs a variety
of information services like home shop-
ping and advertising services.

The Wall Street Journal reported
that down the road FutureVision could
end up competing with Bell Atlantic,
which would like to offer its own video
and information services.

The regional bell operating company
has dove into other cable TV plans re-
cently including a planned test of a
video-on-demand service delivered
over twisted-pair phone lines. Also, Bell
Atlantic reported an agreement was
made with Sammons Communications
to provide a 60-channel system in
Morris Township, NJ, where Sammons
already has a system.

The Federal Communications
Commission still has to give its approval
before Bell Atlantic can begin construct-
ing its hybrid fiber-to-the-curb systems in
Morris Township and Toms River.

CableLabs seeks

DPU test method
BOULDER, CO — Cable Television
Laboratories issued a request for infor-
mation and proposal to a number of
test laboratories, universities and some
government agencies in the U.S. seek-
ing input to establish a method of test-
ing TV sets and VCRs for direct pickup
(DPU) interference. The deadline was
in early January.

The result of the inquiries will be a
technique for measuring the suscepti-
bility of consumer electronics devices
to DPU interference. CableLabs will
share the information generated with
the manufacturers of consumer electron-
ics devices and with the Federal

10 FEBRUARY 1993

Communications Commission for its use
in establishing performance standards
for TV sets and VCRs as is called for
under the recent cable legislation.

Augat awarded
$40 million by court

MANSFIELD, MA — A Bristol County
Superior Court judge entered a final
judgment in favor of Augat Inc. in an
unfair competition case brought in
1985 against Aegis Inc. and Jeremy D.
Scherer. The judgment entitles Augat
to recover over $40 million from Aegis
and Scherer.

The case arose from improper activ-
ities of Scherer and Aegis in 1984
while starting a venture that competed
with then-Augat subsidiary, Isotronics.
The court found the defendants had
worked with a former Augat subsidiary
executive to improperly hire away key
technical employees.

Oak, Gilbert

in acquisition talks
WALTHAM, Mass.— Oak Industries and
Bain Capital formed an acquisition com-
pany that is negotiating to acquire 85% of
the outstanding stock of Gilbert
Engineering.

Under the proposed structure,
Gilbert management would retain own-
ership of the other 15%. Completion of
the transaction would be dependent
on, among other factors, a definitive
purchase and sale agreement, debt fi-
nancing, and regulatory approvals.

Satellite coalition

cries Gl monopoly
MACON, MO — The Consumer Satellite
Coalition is urging the Federal
Communications Commission to “end
the monopoly that is currently enjoyed
by the General Instrument Corp. in pro-
viding the decoders needed to unscram-
ble TV transmissions received by home
satellite dishes.”

The CSC submitted comments for
an FCC proceeding in which the coali-
tion claims Gl “abuses monopoly
power.” These comments include: a re-
port on GI's alleged harassment of a
Canadian company, Deltec, which at-
tempted to market a competing de-
coder; comments to the effect that dish

owners were repeatedly forced to buy
new decoding equipment as Gl altered
its technology; and reports on Gl's
electronic counter measures to disable
illegal decoder boxes that allegedly
were used against owners of legitimate
equipment.

« |an Ruddy, an SCTE-certified in-
staller subcontracting for Storer
Cable, recently gave new meaning to
providing good service. It was a nor-
mal day installing cable in an apart-
ment in North Laurel, MD, when
Ruddy heard screams coming from a
neighboring unit. He soon found him-
self being asked if he knew about
birthing babies. Having been a La-
maze coach, he was able to help and
about three minutes later he delivered
a 6-pound, 7-ounce boy to a woman
who went into labor on her bathroom
floor. It didn’t end there though. The
baby’s umbilical cord was wrapped
around his neck and he was blue.
Ruddy again kept his cool and un-
wrapped the cord, enabling the baby
to take his first breath. Paramedics ar-
rived soon after to take over. Mother
and child were reported in good condi-
tion later that day at the hospital.

o The Federal Communications
Commission recently held an exhibit of
emergency alerting systems as a part of
its efforts to improve the Emergency
Broadcasting System (EBS). Presenters
at the exhibit included Dynatech Cable
Products, Cadco, Scientific-Atlanta,
StormWATCHER Systems, the
National Weather Service, SAGE
Alerting System, HollyAnne Corp., and
TFT Inc.

& QOrtel announced it successfully
tested a DFB laser that produces 25
mW of power while meeting full CATV
performance specifications for 60-
channel transmissions. With 18 dB of
optical loss, the carrier-to-noise ratio
was 55 dB with composite triple beat
and composite second order >65 dB.
@ Zenith Electronics and GoldStar Co.
jointly developed a digital high defini-
tion video cassette recorder for home
use. The digital HD-VCR, developed
for the Zenith-AT&T Digital Spectrum
Compatible high definition TV (HDTV)
system, is designed to record HDTV
signals on standard Super-VHS (S-
VHS) videocassettes.

COMMUNICATIONS TECHNOLOGY



- Light up your fiber with the best
broadcast quality video possible.
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Wirh more broadcasters and CATV operators realizing the
benefits and switching to fiber optic networks, the demand for
“signal purity"and higher signal quality transmission has increased.

DX sheds a new light on high performance for today's cable
operators with the new DIR-657 integrated receiver/ descambler.
With a long list of features, including RS-2508B broadcast quality
performance and optional RS-232C interface for remote operation,
the new DIR-657 outshines all other satellite receivers in delivering
the sharpest video and soundest audio signals possible.

For more information write to DX Communications Inc., 10 Skyline
Drive, Hawthorne, NY, 10532 or call (914) 347-4040.

DX

ANTENNA
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1993 Conference on

Emerging Technologies
NEW ORLEANS — The Society of
Cable Television Engineers’ 1993
Conference on Emerging Technolo-
gies goes down in the books as yet
another successful SCTE confab.
More than 700 participants — a figure
up by over 20% from last year's Fiber
Optics Plus — took time from their
busy schedules to go to New Orleans
Jan. 6-7 to attend the conference.

This year SCTE conducted a series
of optional preconference tutorial ses-
sions the day before the main confer-
ence, to provide a foundation for the
next two days’' presentations. Tutorial
topics included “An Introduction to
Digital Technology,” “Modulation
Techniques,” Fiber-Optic Technology”
and “Operator Experiences with Fiber
Optics.” Judging by the 400 or so who
attended these introductory sessions,
this popular format will likely ptay a
role in future Society meetings.

That same evening during a pre-
conference reception sponsored by

More than 700 participants — up by over 20% from last year — took time
from their busy schedules to go to New Orleans Jan. 6-7 to attend the con-

ference.

SCTE, Corning and CED magazine,
NewChannels Corp.'s Director of En-
gineering Tom Staniec was named the
industry’s first recipient of the new Po-
laris Award. This award was created
to recognize individuals “in the field”
who have been innovative in their ap-
plication of fiber-optic technology. In
addition, Corning donated $2,000 to

SCTE in Staniec's name to fund fiber-
optic education.

Following opening remarks by Soci-
ety President Bill Riker, moderator
Alex Best of Cox Cable kicked off the
conference sessions. Best remarked
that during the last four years our in-
dustry has installed more than 1 mil-
lion miles of fiber, and in 1993 alone
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we’ll install an additional estimated
1 million fiber kilometers. He added
that this averages about “85 miles an
hour.” While this still is only the same
as a single large RBOC, we are “the
fastest growing industry using fiber,”
according to Best. This introduction
was a prelude to the day’s presenta-
tions on advances in fiber-optic com-
ponents and architectures, and digital
compression and transmission tech-
niques.

Wednesday’s keynote luncheon
speaker was Alan Baratz of IBM. Not-
ing that both the computer and cable
TV industries share a common ana-
log-to-digital evolution, Baratz de-
scribed a future where the two can ef-
fectively work together. He spoke of
gigabit multimedia that could bring
such things as CNN to the desktop,
movies-on-demand, head-to-head
video games and desktop global
videoconferencing — all shared-inter-
active technology via the power of
computing and the broadband pipeline
of cable.

Thursday’s sessions looked at our
future as a true telecommunications
provider, including not only digital
transportation, video-on-demand and

v

Polaris Award recipient Tom Staniec
of NewChannels Corp. receives con-
gratulations from SCTE Chairman
Ron Hranac.

personal communications services
(PCS). but also the viability of inte-
grating video. data and telephony on
cable. Of interest to most attendees
was a look at potential competitors
such as ADSL, DBS and the recently
introduced CellularVision, a 28 GHz
FM “cellular” multichannel local distri-
bution service.

The second day's keynote lun-
cheon speaker, Digital Equipment

Corp.’s Bill Styslinger, echoed earlier
comments that cable is complemen-
tary to the computer industry, and that
we “have a fabulous network” that in-
cludes fiber, increased capacity, inter-
active potential, a move to digital and
a business plan for new services. Mul-
timedia inside one computer isn’t very
exciting, according to Styslinger, who
went on to say that we need to “move
it around.” He added, “There's a $40
billion market in data communications
out there.”

The underlying theme of this year’s
conference suggests that cable’s fu-
ture success will be determined by our
ability to provide what amounts to “fu-
ture-proof networks” whose key at-
tributes will be flexibility, ease of ex-
pansion, ease of adaptation and per-
formance consistent with the applica-
tion. No longer can we count on enter-
tainment delivery as our sole busi-
ness.

The papers presented in both the
preconference tutorials and the con-
ference itself are available in sepa-
rate proceedings manuals from the
Society. Contact SCTE headquarters
at (215) 363-6888 for more informa-
tion. — Ron Hranac
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Digital compression
for real people: Part 1

This first installment of several
planned articles will discuss certain
fundamental concepts of digital video
compression. Future installments will
address the tricks used for compres-
sion and will likely finish with a dis-
cussion of what to expect from digital
transmission, showing why our old
concepts are not really applicable to
this new order.

By James O. Farmer
Vice President, Electronic System Products Inc.

And William W. Woodward
Senior Staff Engineer, Scientific-Atlanta Inc.
specialist in digital video

M compression, but we felt it

would be beneficial to discuss the
subject from a more intuitive perspec-

uch has been written for the

tive. This is not to supplant the
plethora of more rigorous material.'
Rather, we shall step back a little and
contemplate what it is that we are
doing.

Compression is, simply put, a col-
lection of a bunch of tricks played on
the viewer. Qur present NTSC2 TV

(Continued on page 28)
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Figure 1: Motion processing (below) and DCT video compression (below right) techniques
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The next revolution:
compressed digital video

By Amihai Miron
Director of Electronic Systems
Philips Laboratories

isual information and communication play impor-
v tant roles in our society. The first practical applica-

tions of compressed digital video are the result of
ten years of significant technological developments in
VLSI, better compression algorithms, research on visual
perception and the evolution of standards. More applica-
tions will follow. To be successful, those applications
must result in perceived benefits to the end user, provid-
ing more information with higher quality, providing infor-
mation in a more flexible way that suits new social
trends, or adapting to a changing political scene. It is al-
ways the challenge of research to play a dual role by first
bridging the gap between application and technology,
and then defining applications for new technology.

Applications of compressed digital video

Compressed digital video applications range widely in
their complexity and timing of their market introduction.
The list of applications are prioritized by bit rate require-
ments with subsequent implication on display size. Some
are already products, some will be products within one to
three years, and some may become products only in the
new century. The applications use symmetric compres-
sion or asymmetric compression. The accompanying
table gives a rundown on current and future video appli-
cations.

Symmetric compression means compression is done

16 FEBRUARY 19893

as frequently as decompression. Therefore the complexi-
ty of the encoder is similar to the complexity of the de-
coder. Symmetric applications are VCR, VTR, electronic
publishing for production, video mail, video telephone,
and video conferencing.

The asymmetric applications of digital video are those
where the encoder is used much less often than the de-
coder, and therefore, can be of higher complexity. Highly
complex encoders allows for a greater compression ratio.
Applications where the complexity of the encoder are
less important include electronic publishing for education
and travel guidance; video text; games; CD-I and broad-
cast entertainment television.

* Video phone (symmetric): Although video phone, or
personal video conferencing, has been available for
many years, it has not become popular. Recent advance-
ments in technology may now make it a practical and a
useful device. It can operate on existing phone lines and
be based on flat screen LCDs.

* Video conferencing (symmetric): Video conferencing,
used mainly by corporations, has been found to be a
valuable alternative to both the expense of travel and the
time associated with it. Video conferencing may be used
more broadly, and can achieve higher picture quality
based on recent advancements in digital video compres-
sion. As the channel capacity over the existing phone
lines increases from 56 kilobits per second (kbps) to 2
megabits per second (Mbps), improved picture quality
can be achieved.

* Multimedia (symmetric/asymmetric): Multimedia is a

COMMUNICATIONS TECHNOLOGY
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combination of different media used by a personal com-
puter, and also may be displayed on a conventional TV
set. CD-Interactive, or CD-l, recently introduced by
Philips in the U.S., combines compressed digital video
and audio with interactiveness that is based on computer
technology. Applications like this will become more
widespread and will benefit greatly from the development
of compressed digital video. Since all digital data is iden-
tical to the data manipulated by computers, it is possible
to combine advancements in computing technology with
the advancement in digital communications and add to it
what was, until now, the missing component: full motion
video.

(asymmetric): Cable systems can move quickly to em-
brace new technology since their signal is carried in a
shielded, private transmission medium and is loosely reg-
ulated. In the short term, cable operators will benefit from
the reduced cost of delivering programs from the pro-
gram originators to cable headends. In the long term, op-
erators will benefit from their ability to upgrade and in-
crease the channel capacity of their system without the
heavy capital investment required to improve the infras-
tructure of the cable system. In addition, increased chan-
nel capacity allows the cable operators to provide new
services, and to enhance existing services. One such
service, often referred to as near-video-on-demand
(NVOD) will allow customers to choose first-release
movies and view them at 15- to 30-minute intervals. An-
other service is extended pay-per-view (PPV).

® Terrestrial standard definition entertainment TV
(asymmetric): Terrestrial standard definition entertain-
ment TV will probably evolve in Europe since it has to
compete with an existing system that operates quite reli-
ably. Digital compression can allow for mobile artifact-
free reception with smaller antennas. This concept is the
basis for the digital video broadcasting (DVB) initiative in
Europe.

®* Business and educational TV over satellite (asym-
metric): Business and educational TV can provide a pri-
vate video broadcast to a moderate number of sites. Dig-
ital video compression will allow such broadcasts carried
over satellite to cut down on transponder costs and dish
size.

® High definition TV (asymmetric): HDTV promises to
achieve about twice the horizontal and vertical resolution
of current television and will use a wider aspect ratio
(16:9). Currently there are three distinct efforts to devel-
op high definition broadcasting standards in Japan, Eu-
rope and the United States. Japan standardized around a
primary analog system (MUSE). Similarly, Europe stan-

(Continued on page 38)

® Satellite entertainment TV
(asymmetric): Satellite TV is one
of the most promising early po-
tential applications of com-
pressed video in entertainment
TV because the communication Video phone
networks consist of high capacity
channels that are loosely regulat-
ed. Compression provides sever- Multimedia (CO-1)
al benefits for transmission of full-motion video
video over satellite. Compression D
allows more channels to be | Satellitedistribution

. to cable headend (U.S.)

transmitted over the same
transponders, reducing the oper- Satellite-business
ating costs of program providers. education, entertainment TV
Plus, the lower power required to
transmit digital video allows for
smaller dishes, which are more
convenient and attractive. In ad- Terrestrial broadcast
dition, compressed video creates of digital TV
an excellent image free of such
typical impairments as noise and
interference. *MPEG-Il and MPEG++ are

® Cable entertainment TV

Application

Video conferencing

Entertainment TV
over cable (U.S.)

Terrestrial broadcast

Current and future video applications

Commercially

Bit rate Standard available
64-128 kbps H.261 Now
56 kbps-2 Mbps H.261 Now
1.5 Mbps MPEG-| 1992
30 Mbps MPEG-II* 1992-1993
4-10 Mbps/channel CCIR 601
30 Mbps MPEG-II* 1992-1994
4-10 Mbps/channel CCIR 601
30 Mbps MPEG-II* 1994-1995
4-10 Mbps/channel CCIR 601
4-10 Mbps MPEG-II* 1998-2000
CCIR 601
20-30 Mbps MPEG++" 1995-1997

not yet standards
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Digital compression
from headend to home

This article presents a technical overview
of digital compression systems, describ-
ing the specifics of the compression en-
gine, headend interface options, trans-
mission path specifications and band-
width allocation. A discussion of pro-
gramming and services enabled by the
technology and associated converter fea-
tures/options required to use this technol-
ogy also is included.

By Daniel E. Sutorius
Project Manager, DigiCable
Jerrold Communications, General Instrument Cormp.

igital compression will give cable
D operators a powerful technological

tool to deliver high quality video
and audio as well as data services.

Previously, applications such as tele-
conferencing required forms of digital
compression to transmit high data rate
services down bandwidth-limited chan-
nels. Without being overly sensitive to
encoder/decoder cost or picture quality,
as is cable TV, this technology could be
deployed earlier.

The advent of high definition TV
(HDTV), with its tremendous bandwidth
requirements, caused a rejuvenation of
interest in compression technologies.
As a side benefit, it was learned that in
addition to compressing HDTV signals,
this same technology could squeeze
multiple NTSC signals into standard
satellite and cable TV bandwidths that,
until compression, could handle only
one program at a time. The multichan-
nel NTSC digital compression delivery
system was the focus of a request for
proposals (RFP) from Cable Television
Laboratories in fall 1991.

Digiial compression advantages

Digital compression increases chan-
nel capacity by offering virtual bandwidth
expansion by allowing multiple programs
to be compressed into the standard
satellite or TV channel. Another benefit
of digitization is that video programs can
be transmitted at a higher quality level
and better consistency than those typi-
cally achieved with analog transmission.
Digital transmission delivers a picture at
the receive site as good as the picture at
the transmit site.
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“Digitally compressed
video programming
will be deployed this
year over satellite,
with cable plant uti-
lization to follow in
the near term.”

For cable, this means that digital sig-
nals do not gradually degrade in picture
quality (as seen when going from 49 to
36 dB C/N).! In digital applications, the
picture quality remains excellent be-
cause a threshold of system perfor-
mance is maintained. The digital thresh-
old is typically below the level deemed
unacceptable for analog signals? (i.e.,
below 36 dB C/N). This also means that
all digital subscribers throughout the
cable plant will receive the same quality
picture, without regard to their distance
from the headend.

Digital processing also eliminates
analog picture artifacts such as ghosts,
intermodulation beats and noise.
Compact disc-quality audio transmission
is another benefit of digital compression.
Besides allowing for the evolution to
HDTV, digital compression can increase
video and audio security via digital en-
cryption techniques. Digital bits can be
scrambled to a higher level of random-
ness than analog signals, which, if
scrambled too completely, cannot be re-
constructed into a quality picture.

Compression processes

An uncompressed digital NTSC sig-
nal requires approximately 100 Mbps,
which is greater than can currently be
transmitted within the standard 6 MHz
cable bandwidth. Various processes,
including intraframe and interframe,
compress the signal. Intraframe pro-
cessing takes advantage of areas with-
in each picture frame that have similar
image, color and intensity. Interframe
takes advantage of similar, possibly
displaced areas of successive frames.

Live video is taped at 30 frames per
second. Film, which is easiest to com-
press, has a slower rate of 24 fps. High

motion video, such as basketball
games, is the most difficult to com-
press because of a lack of similarity
between frames and a far greater
amount of detail within each frame.

An efficient digital compression sys-
tem would ideally take advantage of
the varying degrees of compression
among the various programs. Systems
using multiple channels per carrier
(MCPC) transmission can vary the data
rates over time of individual programs
within a single bit stream — a process
called statistical multiplexing.®

There are many different digital
compression techniques using various
versions of intraframe and/or inter-
frame processing. One intraframe
method is through a compression pro-
cess called vector quantization (VQ).
This relies on the notion that any given
block of pixels can be adequately de-
scribed from a finite set of possible
pixel combinations once the desired
quality level of the program is deter-
mined. At the encoder (the unit at the
transmit site that converts standard
analog signals into compressed digital)
a “code book” serves as the source of
the finite set of possible pixel combina-
tions from which the appropriate vector
or address surrogate code is chosen to
replace the pixel block.

The process is then reversed at the
receive site in a decoder. Depending
on the desired quality level, the de-
coder has the potential to be low-cost
because it is based primarily on inex-
pensive memory chips.

Another compression technique is
called discrete cosine transform (DCT).
This converts blocks of pixels within each
frame into transform coefficients.
Compression occurs as redundant infor-
mation is filtered out along with video in-
formation that is not as critical to the eye.

While VQ and DCT are eliminate in-
formation (with little or no subjective pic-
ture degradation), the Huffman coding
technique can be used to assign variable
length codes to the coefficients. Coding
length depends upon probability of
usage. Highly used/probable coefficients
are assigned shorter codes and less

(Continued on page 46)
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outage management,
Part 3: Plant powering
in cable TV systems

The following is copyrighted by Cable Television
Laboratories Inc.

The CableLabs Qutage Reduction Task Force was or-
ganized by several MSOs and the CableLabs staff to ad-
dress the issues that stem from cable system outages.
The intent of the developed solution to outage problems
was that it would be fully supported by CableLabs’ mem-
ber companies.

CablelLabs published the document “Outage Reduction”
as a summary of the Outage Reduction Task Force’s
work. This is the third in a series of articles adapted from
that document. This part is an overview of information
gathering efforts done on CATV plant powering issues re-
searched by the task force’s plant powering subcommittee.
(Subcommittee members were: H. Mark Bowers,
CableSoft Engineering Services; David Eng, CableLabs;
Del Heller, Viacom Engineering; and Tom Osterman,
Alpha Technologies.)

By H. Mark Bowers

CableSoft Engineering Services

iven the theme of reducing plant-related outages
G and thereby improving overall plant reliability, one

must ask the question: “What new or improved
methods can be applied to cable plant powering tech-
niques that will reduce exposure to plant outages from
loss of commercial power source(s)?” The CableLabs
Plant Powering Subcommittee’s approach to this question
created research and investigation ultimately along three
separate but related fronts:

1) Possible new plant powering architectures that would
significantly reduce exposure to loss of commercial power,
compared with current design techniques. This approach
primarily focused on “hardened trunk techniques,” al-
though it will be shown that it is possible to achieve im-
provements with current powering topologies as well.

2) The cable operator developing a closer interface
with, and understanding of, commercial power grid design
and power distribution principles. In other words, can we
better understand and work closely with the local electric
utility(ies) to improve plant powering reliability with a corre-
sponding increase in commercial power reliability?

3) Better understanding and application of modern
standby power supply technology to existing or improved
cable power grid designs, toward the optimization of total
plant powering. What are present standby powering tech-
nologies and limitations? How can maintenance be opti-
mized in these applications? (Here, we must consider that
a lack of optimal maintenance is considered to be a prima-
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ry contributor to past standby applications often resulting
in less than optimal results.)

The remainder of this article seeks to provide an
overview of what has been learned to date in these re-
search and information gathering efforts. Some work re-
mains in the area of standby powering, and has been
given over to a separate working group on that subject.

Powering architectures

Most cable plant powering designs utilize similar pro-
cesses. The designer seeks to create a power layout for
trunk and feeder systems. Typical goals are the provision
of adequate load voltages to each active device with uni-
form current distribution through the plant, all while seek-
ing to maintain a fairly moderate to heavy load on the
power supply itself.

Typical techniques

The major problem with cable plant powering is that the
cable system is optimized for distribution of RF signals,
not AC power. The 75-ohm coaxial cable system is not de-
signed nor optimized for the purpose of AC power distribu-
tion. Past and future techniques must ultimately deal with
this very basic issue. Present methods of powering the
trunk and feeder have served the industry fairly well, but
can create reliability problems because of the power sup-
ply cascade in conjunction with the reliability of commer-
cial power. Coaxial cable sizes used for RF distribution,
the frequency of placement and type of RF electronics,
and the operator’s design technique and percentage load-
ing of main AC supplies all combine to create some rather
healthy power supply cascades. The term “power supply
cascade” as used here describes the same effect encoun-
tered with cascades of amplifiers. For example, if a signal
leaving the headend or hub site has to travel through 12
different power supply areas to reach a customer’s home,
then the power supply cascade is 12. The fact that trunk
and feeder are powered simultaneously from the same
power supply intensifies this cascading problem.

Modern AC supplies should be loaded at close to 100%
of rated value for proper operational efficiency. If signifi-
cantly underloaded (less than 75%), the supply’s efficiency
will fall off dramatically. At best, you end up paying for
power that is dissipated as heat. At worst, you'll experi-
ence premature failure of supplies in your system. If your
design dictates only 5 to 6 amperes at a given location, in-
stall a smaller amperage supply to maintain proper effi-

(Continued on page 49)
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With the introduction of digital services,
the cable industry has entered a whole new era.
Never before hasreliable, continuous

power been so critically important.
Inthe "old days” of analog televi-
sion signals, a power drop-

out at worst caused a few

it bl

lines across a customer’s
The Future of Power S

television screen. Now, with-
out protection, that same power
loss can mean a telecommunications
disconnect, the loss of critical data, and
most certainly, very unhappy customers.

Fortunately, thereis asolution. It'scalled CableUDS™
from Alpha. CableUPS™ systems provide uninterrupted
power to your cable amplifiers, assuring no loss of data or
interruption of service. Other standby power designs
have transfer times of up to 70 milliseconds—well beyond
the hold-up time of even the newest amplifiers. Millisec-
onds may seem insignificant, but when transmitting
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Digital
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compressed data an interruption of just a few
milliseconds canresult in dataloss greater than alithe
information contained in a multi-volume encyclopedia!
Ifyour network includes telephony services, power breaks
longer than 20 milliseconds can cause all calls in progress
to be disconnected. Imagine the unreliability of a network
that disconnects calls or loses large amounts of data every
time there is even a miinor transfer or power disruption!

For free technical information on CableUPS™,
call Alpha at 1-800-421-8083— Entering the digital

service future could be dangerous without it!

Alpha developed uninterruptible powering technolo-
gies for 60 VAC standby applications in 1986, and now
provides the unique CableUPS™ capability in all models.
CableUPS™ is still another in a long line of innovations
from the company that truly sets the standard for reliability
in cable powering.
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Power protection
for digital services

By Tom S. Osterman
Director of Research and Development
Alpha Technologies Inc.

ith the advent of digital signal transmission over
w cable TV networks, reliable and uninterrupted

powering of signal processing and transmission
equipment has become extremely important. In the past,
minor signal interruptions to the cable system were some-
what tolerable because the information transmitted was
primarily entertainment.

A slight picture roll or a few second dropout was annoy-
ing but not necessarily critical to the continued operation
of the system. Power fluctuations and transfer interrup-
tions were tolerated, especially at the extremities of the
distribution area where the cable loop resistance from the
power supply exaggerated voltage fluctuations in power
supply output.

amplifier hold-up time that is shorter in duration than the
transfer interruption of many of the standby power sup-
plies that are in service. It is clear that any momentary
power fluctuation that may occur on the utility input can
cause standby power supplies to transfer to standby. This
is what the power supply is designed to do, but if the
transfer time is longer in duration than the hold-up capabil-
ity of any of the amplifiers, a drop out of data flow will
occur. Can you imagine a network that provides digital
services such as telephony dropping all calls in progress
every time the power supplies transfer into standby? An
obvious conclusion is the importance of uninterrupted
power output from the cable TV power supply for reliable
digital data transmission.

Uninterruptible power supplies (UPSs) have been used by
the telephone and computer industries for over 30 years for relia-
bility reasons. These

With systems up-
grading and rebuild-
ing for higher band-
width and transmis-
sion of digital video
and audio, personal
communications
services (PCS), pay-
per-view (PPV),
data networking and
other digital signal
delivery services,
powering reliability
has become a criti-
cal component to
the success of the

60 VAC power

Figure 1: Effect of power interruption on signal flow

UPS units tended to
be large, inefficient
and expensive. For
cable applications, a
standby power sup-
ply has been accept-
able for years be-
cause of the afore-
mentioned insensitiv-
ity of the network to
minor interruptions.
With digital, this
has all changed. To
| give an example,
| any power interrup-
tion longer than 25

Power dropout

—

system. It is very im-
portant to note the
volatile nature of
digital data, espe-
cially asynchronous
transmission without
error detection and

Amplifier operation

ms to a PCN cell site
or any data-carrying
| active in series could
| cause a complete
drop and disconnec-
tion of all calls in
| progress within that

correction. Even mi-
crosecond interruptions in signal flow result in a high bit error rate
or complete data loss. These interruptions can cause annoying
visual and audible effects for entertainment transmission but can
cause significant problems for other services.

Several amplifier manufacturers have recently studied
the effect of power interruption to their equipment in terms
of effect on signal transmission. Their conclusion is that an
interruption of power (or prolonged brownout) for longer
than 20 to 25 ms (0.025 seconds) will cause a correspond-
ing dropout in signal flow through the device. (See Figure
1.)

The “hold-up” time of the capacitors in the power supply
within the amplifiers could provide several milliseconds of
continued operation during a brief power dropout when
new. But as they age, especially in warmer climates, the
average capacitance value typically decreases and the
hold-up time decreases as well. This often results in an
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cell. Any signal
dropout of this duration to digital compressed video and audio
can cause strange and annoying effects that can vary due to
the compression algorithm used. Dropouts in other data
services such as leased transmission via fiber can be
catastrophic as well, depending on the error correction
system (or lack of) and transmission speed of the data.
Digital compression ratios in excess of 10:1 have been
advocated by several manufacturers of signal processing
equipment. In conjunction with the compression system,
high data transmission speeds are to be employed as well
to provide the necessary video performance. At these high
data rates, even a few millisecond interruption could result
in data loss greater than all of the information contained in
a several volume encyclopedia! As many of the local area
network engineers have concluded, it is imperative to the

(Continued on page 68)
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Kelvin's Law

and its applicability

to cable TV powering |

By Robert V. Moel
Vice President, Operations and Engineering
Paragon Cable

hen cable TV companies build or upgrade systems,
w the designers currently limit their selection of cables

to those that will satisfy the RF loss criteria. Design-
ers replace or select cables because RF loss characteristics
and hence carrier-to-noise ratio requirements are dominant
factors. With price competition looming and fixed operating
costs of service delivery becoming increasingly more impor-
tant because of this potential competition, operators need to
build systems that will use electrical energy more efficiently.

Power companies select conductor sizes with an eye on
optimizing the trade off between IR loss costs (the loss of
electrical energy resulting from heating) and carrying costs
(the cost of financing and operating the span of cable in
question per year). When these two costs are equal the over-
all fixed cost of operating the span and delivering power
through it is minimized. This rule is called Kelvin's Law. Cable
operators can make use of this rule in designing for minimum
CATV network costs.

From an economic standpoint, Kelvin's Law can be ap-
plied and compared on a total cost basis or on an incremen-
tal cost basis. The examples in the article will look at applying
this law on an incremental cost basis. This will mean looking
at the differences in cost of placing one cable for another and
the differences in IR loss costs of one cable with another.

Cable engineers select conductor sizes to achieve certain
signal loss goals. For trunk this usually means selecting a
.750-inch cable and for distribution this usually means select-
ing a .500-inch cable. Cable size is only increased if RF loss-
es are too large for a given span. A .750 cable might be re-
placed with a larger, less lossy cable (such as a 1.000-inch
cable) during an upgrade if its replacement mitigates needing
to add amplifier locations. In general, the cable designer will
select the smallest cable for the application, one that just
meets the RF loss requirements. However, by applying
Kelvin's Law, the design criteria are altered. To minimize
overall cost and satisfy the law the designer might instead se-
lect either a larger cable or one with a solid copper center
conductor.

Example 1

To simplify the analysis we will consider choosing between
a solid copper center conductor cable and a copper-clad
cable instead of assessing all the possible options. Other
choices are possible including selecting larger size cables.
Table 1 compares pertinent information about these two
cable types. (The prices shown in the table are for illustrative
purposes only and do not represent any vendors actual pric-
ing.)

The span to be considered is 1,800 feet long, and will
carry 8 amperes of current. Assume the power factor to be
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Table 1: solid vs. clad center conductor for

.750 cable
Loop resistance Cost
i Sable type. . peri oo perioot
§oli& . e
center 0.56 /1,000 ft $0.586
Clad
center 0.76 /1,000 ft $0.451

near unity. In addition, assume the cost per kilowatt-hour to
be $0.18 and the carrying costs to be 15%. The loop resis-
tance for the span using solid copper center conductor cable
is:

0.56 Cukft*1.8 kft = 1.01 Q

The I?R losses are:

(8 amps)?*1.01 Q = .0646 kW

The dollar costs of these losses are:

0.0646 kW*24 hrs/day*365 days/yr*$0.18/kWh = $101.86/yr

Similarly, the dollar losses per year of the copper-clad
cable is $138.05. Therefore the incremental cost of operating
the copper-clad cable is $36.19.

The carrying costs of the cable, on an incremental basis is
related to the cost of the cable itself. The cost of cable con-
struction is the same regardless of the center conductor com-
position. However, if the decision is to select a larger cable
this might not be the case. For our example the cost of the
cable with the solid copper center conductor is:

$0.586/ft*1,800 ft = $1,054.80
The cost for the copper-clad center conductor is:
$0.752/ft*1,800 ft = $811.80
The incremental carrying cost per year is:
($1,054.80 - $811.80)"15 = $36.45

In this instance, the increased carrying costs are close
enough to the reduced I?R loss costs to justify the placement
of a more expensive, less lossy cable in this span. The oppor-
tunity cost for not doing this is detailed in Table 2 on page 26.
By not putting solid copper center conductor cable in this span

it will cost the cable operator an additional $72.64 per year in
opportunity costs. -
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New advances in
fiber-optic connectors
and attenuators

By Mike Thaw

President, Radiant Communications Corp.
his article will attempt to show
I how new advances in fiber-optic
connectors and attenuators are
changing system architecture. We will
examine: low backreflection connec-
tors, including APC (angle) and some
potential intermateability problems;
problems at 1,550 nm; and new low
backreflection attenuators.

When fiber was first widely used for
CATV applications, most systems
were AM (amplitude modulation); and
mechanical connectors were seldom
used except perhaps at the receiver.
Almost everything was spliced. Now
there are AM, FM (frequency modula-
tion) and digital systems. More chan-
nels mean better lasers with higher
power. The applications also have
changed. Many CATV companies are
entering in the competitive access
arena. There also are very near-term
applications for bidirectional transmis-
sion (two-way) over the same fiber. In
short, fiber installations are larger and
more complex, systems are faster and
the requirements are more diverse.
What is needed is flexibility and that is
precisely what connectors do.

Low backreflection connectors

For high bandwidth single-mode
systems (above 300 MHz), backreflec-
tion is very important. Backreflection
affects the laser by enhancing power
fluctuation, pulse distortion and phase
noise. Backreflection also affects the
laser by a phenomenon called mode
hopping. This causes the center wave-
length to fluctuate. None of this is
good.

Fiber reflection is a result of the fol-
lowing two different phenomena:
Rayleigh backscattering and Fresnel
reflection. (See Figure 1.) Rayleigh
backscattering is caused by light
bouncing off impurities in the fiber
(typically hydroxyl ions). This “back-
ground noise” is how an optical time
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domain reflectome- [
ter (OTDR) mea-
sures attenuation
in long fiber sec-

Figure 1: Rayleigh backscattering and
Fresnel reflection

tions. It is best

seen as the slope
of an OTDR trace. P
(See Figure 2.)
Fresnel reflections

™ *
*

Impurities in fiber  *

occur at discrete

refractive index
discontinuities
(e.g., connectors,

Backreflection due to Rayleigh backscattering

splice points and

fiber breaks).

OK, now that we
have established
the need for low
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S = Any
= interface
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backreflection con-

nectors, how much
backreflection is

Backreflection due to Fresnel effect

needed and what type of connectors
are available?

The first popular single-mode con-
nector used was the biconic, with a
maximum backreflection of -30 dB. As
system speeds and bandwidth in-
creased, this became unacceptable.
The next advance used connectors
with ceramic ferrules: FC/PC, ST/PC,
D4/PC and SC/PC. PC means physi-

cedures and equipment. This is not an
operation to be performed in the field.
It is highly recommended pigtails be
purchased from a qualified source and
you should fusion splice the pigtails to
your trunk cable and/or fiber-optic
splitters.

The back reflection limit of PC pol-
ishing appears to be -50 dB. Generally
-45 dB or -50 dB will suffice for digital

cal or positive
contact, where the
fiber end faces of
the two mating
connectors actual-
ly touch. The use AN

of ceramic ferrules s *\-,\_
produce termina-

. Line slope \l
tions of -35 dB due to N
backreflection Rayleigh S

with hand polish-
ing. However, with
proper automatic
machine polish-
ing, levels of
backreflection of -
40 to -50 dB are
achievable. To get
these results re-

Attenuation

Figure 2: Typical OTDR trace

backscattering Connector ™
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.
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Table 2: Adding up opportunity costs

I°R loss Carrying

Scenario costs costs Opportunity

Solid ¢

center $101.86 $158.22 $56.36

Copper-clad

center $138.05 $121.77 <$16.28>

Total <$72.64>
Example 2

To see where Kelvin’s Law would not indicate using more a
more lossy AC cable, consider the set of facts in Table 3. The
span is 400 feet long and has 1.5 amps running through it.
Power costs are $0.18 per kWh and carrying costs are 20%.
The loop resistance for the solid center conductor cable is:

1.20 /1,000 ft*4 kit =.48 Q

The loop resistance for the copper-clad center conductor
cable is:

1.72 Q/1,000 ft*4 kft =.69 Q

The I?R losses are 1.08 W for the solid copper center con-
ductor cable and 1.55 W for the copper-clad one. The I°R loss
cost per year for the solid copper center conductor cable is
$1.70 while the I?R loss cost for the copper-clad center con-
ductor cable is $2.45. The incremental cost is $0.75. The in-

THE MICROTROL 100

The first addressable controller engineered and
priced for the smaller cable system.

$2,499.00

For more information call or fax

Cable Link Inc.

serving the cable industry throughout
North America Mexico South America

Ph: (614) 221-3131
Fax: (614) 222-0581

See us at the Texas Show, Booth # 559. Reader Service Number 19
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Table 3: solid vs. clad center conductor for

.500 cable

Loop resistance Cost
Cable type per 1,000 ft per foot
Solid
center 1.20 €V/1,000 ft $0.549
Clad
center 1.72 (V1,000 ft $0.287

cremental carrying costs for this span is:
400 ft*($0.549 - $0.287)"0.2 = $20.96

Clearly, it makes no sense to change this span of cable to
less lossy cable. If the powering costs are much larger than
the holding costs, it would be wise to select a more expensive
and even lower loss cable, perhaps even a larger outer diam-
eter cable. On the other hand, if the carrying costs are larger
than the power loss costs, it would be prudent to put the
smallest cable in the design that will not jeopardize the RF
performance.

While it may represent only $50 to $70 per span in decid-
ing incorrectly on cable size, there may be thousands of these
spans in a medium to large system and therefore, the eco-
nomic impact on fixed operating costs may be in the tens of
thousands of dollars per year.

Potential economic impact

Consider a cable system with 1,200 miles of plant. Assume
that 25% (300 miles) of that mileage is trunk. If the spacing
between trunks is about 2,000 ft, then there are approximately
792 spans of cable. Assume 75% of these spans are attached
to distribution and hence have higher 2R losses. The wrong
economic decision might cost the operator $25 per span per
year, amounting to about $14,850 per year in fixed costs. At
10% interest compounded annually in perpetuity, this eco-
nomic decision cost the cable operator about $148,500. This
assumes that powering costs will not grow.

You must analyze the situation in your system to determine
whether any benefit can be realized. In addition, the impact
that new architectures may have on the current draw per span
also must be considered. There may be situations where the
future bandwidth requirements may increase the current draw
to a span of cable in the future. The decision to place a less
lossy cable now as opposed to waiting must be considered
economically as well.

Finally, solid copper center conductor prices are volatile.
Before making any changes to your cabling plans, be sure to
check the sensitivity of the decision on price.

Conclusion

While the RF requirements of a CATV design places a
lower limit on cable size, considering the AC requirements
places an upper limit on cable size and composition by virtue
of economic costs. Operators stand to save on fixed costs by
considering the impact that cable selection has on I°R loss
costs. CT

Reference
Electrical Distribution Engineering, Anthony J. Pansini, The
Fairmont Press Inc., 1992.
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More Than an
OTDR, for Less
han You Think

NEW Rugged
OTDR—TT(’s
FIBERSCAN 1000

Now there’s a new OTDR for
installation and maintenance that
tests everywhere fiber goes. The new
FIBERSCAN 1000 is more than an
OTDR. It's an Optical Fiber Analyzer
that functions as an OTDR, stable
source and power meter for less than
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Figure 2: Comparing NTSC and compression paradigms

The picture scan retraces
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The picture is painted, or scanned, “from top to bottom and left to right. When we
speak of “filtering," we are referring to filtering an electrical signal vs. time, which is
the same as filtering the picture horizontally.
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paradigm

late to each other.
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Horizontally the pixels are
as wide as they are high

l The picture scan re-
traces from the
bottom to the top

" during the VBI

Compressed signals have no
HBI or VBI. They are two di-
mensional images that can be
operated upon as we wish.
Filtering does not imply any-
thing to do with time. Rather, it
means doing something with
parts of the picture as they re-

—— Vertically, the pixels can
_{ be one scan line high

formation and encode it into a
luminance signal and two
chrominance components. The
luminance, or black and white,
component also is called “Y,”
“luma” or “monochrome.” By
definition in the NTSC system,
the Y signal is made up of the
RGB outputs according to the
following equation (R, G and B
represent the electrical output
of the three camera pick-ups):

Y =.59G + .3R +.11B

The two color components
are called “color difference sig-
nals” because they are calcu-
lated from the original RGB
signals by subtracting the luma
signal from a color. For in-
stance, we can develop two
color difference signals by sub-
tracting red from luma (R-Y)
and blue from luma (B-Y). We
would then have three compo-
nents for transmission: Y, R-Y
and B-Y.

Figure 1A on page 14 shows
the way we get the three compo-
nents from the original camera
image. In the camera, the scene
is broken into red, green and
blue primary colors by a series of
specially coated mirrors that
pass only the desired color(s).
Pick-up tubes (often CCD arrays
today) convert the light into an
electrical signal. In order to de-
rive the desired transmission
components, the signals are then
applied to a so-called “matrix,”
which does the following:

1) The three primary colors

compression

for real people
(Continued from page 14)

system is itself a bunch of tricks, and
we've learned more in the intervening
40 years. For example, in the NTSC
system, we take advantage of our rel-
ative lack of perception of sharpness
in colors. Color information is trans-
mitted with lower resolution than is
the black and white (monochrome) in-
formation. We shall show a multitude
of other tricks that digital compression
practitioners play.

A brief review
A TV picture begins life as red,
green and blue (RGB) images. The
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three images are produced in the
camera and are all necessary in order
for the eye to perceive a nearly full
spectrum of color. The receiver must,
at every place within the picture, re-
cover these three pieces of informa-
tion in order to be able to reproduce
the picture. We could transmit the
red, green and blue values, but this
has several problems. We must main-
tain compatibility with black and white
TV sets, which need only one piece of
information. That piece is not the
same as that contained in any one of
the RGB channels. Further, it would
be impractical to transmit all three pri-
mary components at full bandwidth.
The solution used in present trans-
mission system is to take the RGB in-

are added in different percent-
ages (according to the human eye’s
relative sensitivity to each color) to
derive the Iluminance signal.
Luminance is the same as the black
and white picture transmitted in the
old B&W days. It is what you see on a
black and white TV set. It carries the
majority of information that we per-
ceive as the “sharpness” of the pic-
ture, so we must provide a lot of
bandwidth for it (more on this later).
Remember in kindergarten they
taught you to outline your drawing
carefully? This was a primitive prac-
tice of the same thing: The drawing
was perceived as sharper if it had a
good black and white outline.

The Y signal has a low voltage
(value) for picture content near black
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TV screen

Figure 3: Turning pictures into pixels

Each pixel may be black,
whitg or any shade of gray

More pixels (each smaller) re-
sult in a higher resolution
picture, but cause us to
transmit more information
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Color pixels are of two types to represent the two
color difference signals. Color pixels are larger
than black and white pixels because color is not
perceived as sharply as is black and white.

and a higher value where the picture
is light. Since there is no such thing
as negative brightness of the picture.
Y cannot take on a negative value.
We'll see why this is an important
concept later.

2) The luma is subtracted from, re-
spectively, the red and blue, to form
the R-Y and B-Y (spoken “RY" and
“BY") components, which carry the
color information.® These signals are
not overly important to perception of
picture sharpness, so we can filter
them, saving bandwidth.

While the Y signal is always posi-
tive, that is not true of the color differ-
ence signals. These difference sig-
nals are not the “real” picture and we
should not try to envision what they
look like. They can and often do have

negative values, though real pictures
cannot be negative.

Now we have three signals — Y,
R-Y and B-Y — that represent the
image. They take on different values
depending on the image that is being
scanned. Figure 1B (page 14) shows
what we do with these signals in
NTSC. The difference signals receive
a little more processing that is not re-
ally germane to understanding how
the system works, and become the |
and Q components. They are modu-
lated onto a 3.58 MHz carrier called
the “color subcarrier,” and the result
is added to Y to form the composite
NTSC TV signal. The two signals are
modulated onto the color subcarrier
using amplitude modulation with a
suppressed carrier. We can show
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800-233-2267 ext. 4422.
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60 Decibel Road / State College, PA 16801
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that, by amplitude modulating the two
difference signals onto carriers 90°
out of phase with each other, they
may be recovered independently.

In NTSC TV, we have called the
transmitted color difference signals
the “I” and “Q” components, from the
way they are modulated on to the
color subcarrier. In Europe, the color
difference signals are derived a little
differently, and are called the “U” and
“V” components. We have no idea
why. When we later refer to the color
difference signals, we shall call them
the U and V components.

A new paradigm

Words have a way of becoming
fads, as do foods, clothing styles and
cars. A word that has been “the rage”
recently, is “paradigm” (don’t pro-
nounce the g). According to my dictio-
nary, it means, “a pattern, example or
model.” It has been described as a
way of thinking, and in this context, it
is useful to bring into this discussion.
We have a paradigm for thinking
about NTSC transmission, but this
paradigm won’t do for compression.
We need a new paradigm for thinking
of compression.

Figure 2 on page 28 compares the
paradigm for NTSC (also for PAL and
SECAM) with the compression
paradigm. In Figure 2A we show the
NTSC paradigm* of scanning lines on
the screen. The picture is scanned
beginning in the upper left corner,
moving to the upper right side. The
scanning electron beam then resets
to the left and scans the next line
down. During the time the beam is re-
setting to the left edge of the screen,
we have the horizontal blanking inter-
val (HBI), during which horizontal
sync and color burst are transmitted.
When the beam reaches the bottom
of the screen it resets to the top dur-
ing the vertical blanking interval (VBI).

Thus, the NTSC paradigm is to se-
quentially (meaning over some period
of time) scan the picture. Transmission
of the picture information is broken by
HBIs and by VBIs. During these times
no picture information is sent. The time
is partially used for synchronization
and is partly available for other applica-
tions.

In the compression paradigm we
don't worry so much about scanning
the picture sequentially, though in fact
this is done. We can begin with an
NTSC picture. It is scanned into the
compressor, but that is about where

COMMUNICATIONS TECHNOLOGY
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the similarities to the NTSC paradigm
end. In digital compression we break
the picture into “pixels,” the smallest
part of the picture we can have. Pixel
stands for “picture element.” It is black,
white or some intermediate value, but
it has no form or shape of its own.
Figure 2B (page 28) illustrates the pic-
ture broken into pixels. The NTSC
scan lines form a useful way to break
the picture into vertical pixels, but we
don’t have an intuitive way to break
the picture into pixels the other way.
This must be done by taking picture
samples the same distance apart as
the scan lines are high. The way this is

done is that the picture is sampled and
the sample digitized. Following this,
we move to the next element of the
picture on the horizontal line and start
over again on the new pixel. We have
about 80 ns to digitize a pixel before
the next one comes along.

In transmitting digitally compressed
signals, we wouldn’t want to waste
transmission time on TV HBI and VBI,
which don’t contain useful picture in-
formation. We must spend a little time
synchronizing the digital signal,
something we’ll take up much later. In
digital transmission, forget about hori-
zontal and vertical blanking intervals,
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“Compression is, sim-
ply put, a collection of
a bunch of tricks
played on the viewer.”

color burst and vertical interval test
signals (VITS) — they don’t exist.
When we think of filtering an NTSC
signal we think of applying a conven-
tional filter that works on the signal as
a function of time. The concept of a fil-
ter working against time is so ingrained
into the engineering psyche that it will
be hard to go beyond it, but this is real-
ly a restrictive concept of filtering.
When we filter a signal, we are simply
operating on one aspect of the signal
vs. another aspect. Conventionally we
operate on the electrical value vs. time.
However, what we really want to ac-
complish is to modify one part of the
signal against another. In conventional
thinking (our NTSC paradigm) we filter
against time, and since the electron
beam is scanning at a fixed time rate

| over the face of the picture tube, we ef-

fectively get filtering against other ele-
ments in the horizontal line of the pic-
ture.

In studying compression, we must
broaden our concept to two dimen-
siona! filtering, in which we operate
simultaneously on square blocks of
pixels. Thus, we filter, or operate, on
blocks that consist of groups of pixels
both horizontally and vertically. The
filtering does not necessarily have to
do with time.

The first step

Figure 3 on page 30 is another il-
lustration of the idea of pixels. In the
horizontal direction we have scan
lines in a conventiona! picture, and
the width (thickness) of a scan line
makes a good definition of a pixel in
the vertical direction.5 In the NTSC
system we have 525 lines in the total
picture, of which 475 or fewer show
up on the screen.

One has a little more trouble visu-
alizing the breaking up of the picture
into pixels in the horizontal direction.
In NTSC the horizontal direction is
continuous. We must, for the purpose
of digitizing the signal, define pixel
distance in the horizontal direction.
Logically, we should assign pixels
about as far apart as we have in the
vertical direction. We have about 475
pixels vertically, one for each line in
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the viewable picture. Since the screen
is 4/3 as wide as it is high, we could
assume about 4/3 times 475 or 633
pixels horizontally. Thus, the picture
would be made up or 633 pixels hori-
zontally by 475 pixels vertically, for a
total of 300,675 pixels.

We can think of pixels as the dots
in a newspaper photograph. Look at
the photo under a magnifying glass
and you'll see that the picture is noth-
ing more than a collection of dots
placed such that they represent the
picture. Sharper printed pictures such

as in magazines also are made up of
dots, but more smaller dots are used.

As we add more pixels (of a small-
er size) to the picture we get a sharp-
er picture, but we have more informa-
tion to transmit. Thus, one of the
tricks is to define the smallest number
of pixels that will make the picture
look sharp enough. The standard
often used is VCR quality. When peo-
ple speak of VCR quality they mean
that the picture has about the same
sharpness as does a picture from a
consumer VCR. This quality is much
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lower than the 300,675 pixels we
computed above, but the marketplace
has shown that people are sometimes
satisfied with this quality.

Returning to Figure 3 (page 30), we
show the picture divided into a number
of pixels. Each may be black, white or
any shade of gray (think in terms of
black and white for now — we’ll add
color later). As we stated previously,
color information is less important in
perceiving sharpness, so we can get
away with using bigger pixels for color
than for black and white information.
Color pixels are larger than are
monochrome pixels, both vertically and
horizontally.®

Another basic concept:
Digitizing resolution

Another concept involves digitizing
the signal. We convert each pixel to a
number representing its magnitude. In
a later example we shall discuss rep-
resenting pixels by numbers ranging
from O to 1 or from -0.5 to 0.5. In the
digital transmission system, we repre-
sent the picture using binary num-
bers, as in a computer. For now, we
shall talk about the equivalent deci-
mal number because it is easier to
think in decimal terms. Each pixel will
have a number representing its value.
For example, we might assign a value
of 1 to a white pixel, a value of 0 to a
black pixel, and 0.5 to a 50% bright
pixel. This is equivalent to assigning
an IRE’ level to a NTSC pixel. In the
IRE scale, 7.5 represents black and
100 represents white.

In the analog world, we essentially
have an unlimited number of levels to
which we might assign a luminance
level, since two good levels are, for
example, 50 and 50.0000001. Of
course this is not a practical differ-
ence — under ideal conditions one
can barely perceive a difference be-
tween two luminance levels about 1/3
IRE apart. When we digitize the sig-
nal, we must decide how finely to di-
vide the luminance levels. We call the
fineness of division the resolution of
the luminance. Note that this is not
the same as the picture resolution we
discussed previously, though “resolu-
tion” has the same sense in both
cases: the higher the resolution the
finer differentiations we can make. On
the other hand, the higher the resolu-
tion the more information we must
transmit. We need to discard any in-
formation we don’t absolutely need in

| order to compress the signal as much
COMMUNICATIONS TECHNOLOGY
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Figure 4: Resolution choices

Digital output

(digital approximation
to real analog world) /

This is what we can do.
It may or may not be
good enough.

Two bit resolution allows for only four distinct
levels, so it allows us to achieve a resolution
of 4, We can transmit the number with only 2
bits, so it can be transmitted relatively fast.

Three bit resolution allows us to break the
input into eight distinct levels, giving us
twice the resolution, but requires 3 bits to
represent the number. Hence, we will have
50% more data to transmit than in the case
of 2 bit resolution.

Input

must transmit to do so.

11 3
10 P | % |
ot 1 7'4 ‘ This is what we want
00 0 /
Input (real analog world)
This is what we.can do. It is better
than what we had above, and may or
may not be good enough.
Binary  Decimal /
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100 4 oo
011 3 This is still what we want
010 2
001 1
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The process of digitizing the signal is called "quantizing.” The greater the quantizing resolu-
tion the more accurately we can represent the original analog input, but the more data we

as possible. Thus, we shall choose the
lowest resolution that will yield an ac-
ceptable picture.

Figure 4 illustrates two choices in
resolution. For a given analog input
range we use either 2 or 3 (more in
practice) binary bits to represent the
signal. The top portion of the figure
represents defining the input using 2
bits, in which case we have a total of
four levels available to represent the
input. We get a rather coarse repre-
sentation of the input signal. In the
lower portion of the figure we break
the input into a total of eight levels, so
we get twice the resolution. The penal-
ty we pay is that we must use 3 bits to
represent the levels and this means
more data that must be transmitted.
The designer of a digital compression
encoder must make trade-offs in the
resolution to which he encodes various
picture attributes: He must encode
enough bits to make the eye think it is
accurately seeing the original analog
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signal, but the more bits he uses the
more he must transmit. Using more
bits is thus counter to the desire to
transmit no more information than is
absolutely essential.

Notice that when we added the third
bit, we covered the same input level
range. We used the extra bit to in-
crease the resolution, or “fineness,” of
the digital approximation to the reatl
analog world. In simple “brute force”
digitizing of an NTSC signal, we gener-
ally find that we must use at least 8 bits
of resolution to get a good picture.
Fewer bits can make the picture look
“splotchy.” A blue sky that is lighter in
one part of the picture will go darker in
obvious steps. This is something the
eye can recognize easily as not real
world and therefore it is an artifact to
be avoided.

Stay tuned
You have now read a little over
3,000 words hoping to learn something

about compression — and now we
leave you (we hope) unfulfilled. We've
spent time in this article building up
some of the background concepts
needed to understand compression,
without going into the techniques used.
In the next installment we shall discuss
the discrete cosine transform, the first
step in compressing the picture (after it
is digitized). We also will cover picture
resolution/bandwidth and number of
bits a little more. We urge you to not be
too hard on us for leading you this far
and dropping the topic for now — all of
the concepts discussed here will be
necessary for understanding what is
coming next. Stay tuned. CT

End notes

' “An Overview of the JPEG and MPEG
Video Compression Specifications,” W.
Woodward, 1991 NCTA Technical Pa-
pers.

2 The National Television System
Committee was the industry group that
developed our present TV system.
Actually, there were two NTSCs — the
first set up the B&W system after World
War |l and the second added color in the
early '50s.

3 All three components, including Y, are
required to recover the color signal. We
must ultimately control red, green and
blue electron guns in the TV set. In order
to do so we must have three signals.
This is the old “three unknowns require
three equations” that you learned in high
school algebra.

4 “NTSC paradigm” is term coined by the
authors just for this article. Don't use it
around others if you want to sound intel-
ligent.

5> The use of “horizontal” and “vertical” in
this context has always troubled the au-
thors. Horizontal scan lines form a natu-
ral way to divide the picture vertically.
Vertical lines divide the picture horizon-
tally.

5 In NTSC the color resolution horizon-
tally is about 15% of the maximum
monochrome resolution, and maybe
25% of the commonly used mono-
chrome resolution. Luminance and
chrominance resolution are identical ver-
tically, wasting a lot of bandwidth on
chroma information that is not useful.
Comb filters in high-end TV sets partially
trade off this excess vertical chroma res-
olution for improved monochrome reso-
lution and reduced cross color artifacts.

7 IRE stands for Institute of Radio
Engineers, one of the predecessors to
the IEEE. The IRE was active in estab-
lishing the NTSC standards.
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Compressed digital video
(Continued from page 17)

dardized around an analog system (HDMAC). The U.S.,
on the other hand, without the massive investments in
analog technology by the government, chose to take ad-
vantage of digital technology. Compression and ad-
vancements in digital channel coding have enabled this
choice.

The applications listed will succeed or fail based on
the availability of attractive services they will provide to
the customer. The software delivered in conjunction with
these new services is key to their success.

Advancements in technology

Increasing density in VLS|, combined with the ad-
vancement in memory and computer technology, have
made the implementation of complicated digital systems
both greatly automated and cost-effective.

Advancements in signal processing and algorithms
that can be used to first find and then reduce redundancy
in video information, have resulted in hybrid techniques
that yield improved performance at greater compression
ratios.

Advancement in the research on visual perception,
and identification of information that the eye is less sen-
sitive to, allow for even greater compression.

The evolution of important standards over the last few
years allows efforts to be concentrated on the implemen-
tation of VLSI for advanced video compression tech-
niques. To illustrate the techniques used for video com-

pression, we will list those used in the recently finalized
MPEG standard.

Features that were identified as essential when the
MPEG compression standard was developed are:

1) Random access to the compressed information (re-
quires frames that can display the complete image by
themselves without relying on adjacent frames).

2) Fast forward and reverse search.

3) Capability for reverse playback.

4) Audio and video synchronization.

5) Robustness for errors.

6) Editing on compressed video.

7) Flexibility to allow extension and adaptability to
specific applications.

8) Cost-effective implementation.

To achieve the compression needed for a ratio be-
tween 20 and 100, two basic techniques are applied: 1)
block-based motion compensation for the reduction of
temporal redundancy, and 2) transform coding — specifi-
cally, discrete cosine transform (DCT)-based compres-
sion for the reduction of the spatial redundancy.

Standards

* MPEG (Motion Picture Experts Group): The MPEG
committee is Working Group 11, of Subcommittee 29, of
the joint International Standards Organization (ISO) and
International Electrotechnical Commission (IEC). The ini-
tial efforts of MPEG video were to address the compres-
sion of video signals at about 1.5 Mbps, while MPEG
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Crack, Split, Chip or Rust

ey

Drill screw drives into
wood or screws into metal
or AC shingles. Holds
where nails pull out.
Now a Super Value —
Costs No More Than Ordinary Fasteners

Call or Write for Samples National Sales Agent:
95 Concannon Ct., Oakley, CA 94561

NEWHALL »:\5)515 L oS

Fax (510) 625-3303
Manufactured by
M&B Mfg., Box 206, Pleasanton, CA 94566

Super hard nail drives into
wood, concrete, mortar or
brick.
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eSignal Level Meter

e Leakage Detector Tl‘ iC()l’ del’

eData Logger From Trilithic

It's all in the palm of
your hand.

Equip your CATV technicians with the new Tricorder
— a convenient, hand-held instrument weighing less than
three pounds but packing three big functions — at a price
competitive with instruments that only measure signal
levels.

Signal Level Meter Tune from 5 to 1000MHz with

a spin of the digital tuning knob. Choose IRC. HRC,
NCTA and UHF channel plans, or tune through 10
channels you program in the Tricorder's memory.
Leakage Detector Switch to this mode and verify
installed connections are leakage-free. Slip the Tricorder
into the optional vehicle mount and survey your system
while travelling between jobs.

Data Logger Automatically record the level of every
picture and sound carier on the system at dozens of sites.
then download the data to a printer or PC for a permanent
record.

FCC 24 Hour Test The Tricorder measures and stores
the level of every carrier, at user-settable intervals, for up
to 30 hours. on internal power — automatically and
unattended. When the test is done. download data to a PC
or printer for a permanent record.

... all this functionality in the palm of your hand.
Call us today for the full story on the new Tricorder.
from Trilithic.

¥ TRILITHIC

9202 E. 33rd Street
Indianapolis, Indiana 46236
317-895-3600 800-344-2412 FAX 317-895-3613
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audio addressed the compression of audio at a rate of
64, 128 and 192 kbps. This effort developed into the
MPEG-1 international standard for video and audio. The
CD-1 multimedia product uses this technology.

MPEG-I| proved to deliver impressive audio/video qual-
ity with a wide range of bit rates. However, higher quality
levels, as well as a wider application range, could be
achieved. MPEG-II began development in 1991. The
MPEG-II standard video enhances quality of both tradi-
tional services such as broadcast, cable and satellite TV,
as well as new services such as video-on-demand, video
phone, video dialtone, catalog shopping and virtual reali-
ty games. Furthermore, MPEG-II will support bit rates
and resolutions up to HDTV. The development of MPEG-
Il has gained enthusiasm in a wide range of industries
such as cable, consumer electronics and satellite.

The MPEG-II development is scheduled to be imple-
mented in products some time in the middle of this year.
The working draft will be frozen with respect to video en-
hancements next month. It will be in committee by
November of this year and a draft to the International
Standards by March of 1994. The MPEG-II development
has made significant progress recently. Even though the
standard won't be approved internationally until March of
1994, many products will be developed sooner to get an
edge on the market.

MPEG-II video, technically, is more efficient than
MPEG-I. MPEG-II utilizes advanced motion compensa-
tion algorithmic methodologies that have been proven ef-
fective. For example, the use of B frames in motion com-
pensation. In addition, the committee is discussing addi-

tional methodologies. Core experiments have been con-
ducted by independent companies to evaluate the merits
of these methodologies. This approach allows for compe-
tition among various companies and provides for the best
possible solution for MPEG. With advancements in IC
development and a decrease in the cost for memory, we
anticipate the future of MPEG-II to be bright. The prod-
ucts that utilize this technology will provide users with the
best quality at the lowest cost.

The MPEG-II committees also are addressing system
issues. The requirements for MPEG-II are much different
than MPEG-I since MPEG-II is targeted at a wider appli-
cation. There has been a lot of progress made with re-
spect to broadcasting systems, such as multichannel
multiplexing, error concealment, encryption and synchro-
nization. The MPEG-II system is expected to advance
rapidly over the next few months in providing a total solu-
tion, video, audio and transport.

* CCITT H.261: The H.261 standard was developed
for video conferencing applications and is based on DCT
and motion compensation. It compresses video to rates
ranging from 64 kbps to 2.048 Mbps. H.261 uses sym-
metric compression techniques that result in lower per-
formance than that achieved using MPEG. CCITT is a
French acronym for the International Telegraph and Tele-
phone Consultative Committee.

Techniques

* Motion-compensated prediction: Among the tech-
niques that exploit temporal redundancy in a video sig-
nal, the most widely used is motion-compensated predic-

NO PLUMBING EXPERIENCE NECESSARY

Fitting connectors inside small pedestals is every installer’s nightmare. Aside from the aggravation of
bending rigid aluminum cables, the man-hours lost in this “plumbing” process is costly. But it need
not be. Pyramid/Cabelcon flexible jumpers are easy to install, and designed to adapr any size hard
line cable ro any type of housing, tap or splitter. And they can take the heat—up to 10 amps of
power in our standard line and more than 26 amps of power in Performance Series cables.

Pyramid/Cabelcon (€
Connectors

Pyramid Connectors, Inc. * 5205 S. 31st Place * Phoenix, Arizona 85040 * 602-269-6431

But the benefits don't end here. Pyramid/Cabelcon flexible jumpers also have return loss characteris-
tics that are typically better than combinations of 1-90's, L-180's and extensions, significantly reduc-
ing the number of reflections in your finished system. With all the present size restrictions placed on
pedestals, Pyramid/Cabelcon flexible jumpers are the logical choice for tough installation jobs.
Considering all the advantages, isn't it time you got out of the plumbing business for good.

FAX 602-272-7372 * Toll Free 1-800-829-4529

Cabel-Con A/S * Industriparken 10 * DK-4760 Vordingborg © Tel. +45 53 78 55 99 « FAX +45 53 78 55 04

See us at the Texas Show, Booth # 157. Reader Service Number 32.
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The New Generation
of Test Equipment,
Introducing ‘Modularity

-3 hum and carrier-to-noise. You can
examine your system at any level
of detail you require. All channels
will be viewable with your choice
of models—5 to 860 MHz or 50 to
860 MHz.
PLUS: Tags~Five Favorite
. Channel Display
Wm(k)“f = PLUS: Multiple System Lineups
PLUS: Continuous Calibration
Update
From your installer technician
PLUS to your chief techpician,
MODULARITY WindowLitePLUS is the perfect
system for your system. It's user
friendly, compact, liteweight and
very affordable. In fact, here’s
another PLUS. Adding modules will be far
less expensive than purchasing any non-
modular, single function test device.

Your system can be seen in a whole
new lite. WindowLitePLUS. Write, fax or
call today to talk to a knowledgeable
product representative or to receive a com-
prehensive brochure. But place your order
and keep the lite on your system.
ComSonics. First again with system testing
innovation...modularity and
WindowLitePLUS.

A technology never before
available.

Truly an innovation in test
equipment, ComSonics brings
you “modularity’, available in ComSonics e
the only hand-held field test
device....Window™LitePLUS.

New PLUS is the test
system of tomorrow, here
today.

Testing platform of the future.

For the first time,
WindowLitePLUS introduces
the reality of modularity to cable system

testing. A convenient, inexpensive way to increase
the capability of our liteweight, full function SLM by
adding a SnifferLite leakage detection module, or
other modules as available.

Modularity means testing flexibility, more choices.

By adding the convenient snap-in-place module of
your choice, the WindowLitePLUS immediately
gives the field technician greater flexibility. On
“power-up”, the high resolution LCD screen asks
you to select which testing functions you wish to
use. A touch of the keypad and it’s ready. The choice
is yours...the WindowLitePLUS signal level meter or
the test capability of the module you attached. coms ®
ONICS, INC.
An Employee Owned Corporation.

Afull range, DlUS. 90g 1350 Port Republic Road

WindowLitePLUS doesn't stop there. New PLUS offers: Harrisonburg, Virginia 22801
+24-Hour Time Interval Sampling Telephone 800-336-9681
+Expanded Memory Capacity or 703-434-5965
+Downloading to PC/Printer Telefax 703-434-9847
+Interface with Vehicle Docking Station I)I!C'anada!conlacl

As a single, basic unit new WindowLitePLUS Sl;cs%ipscelalcﬁav

gives you the full spectrum awareness you'd expect Laval, Quebéc H7L 927

in a ComSonics signal level meter. Its sweep screen Telephone 514-686-0033

shows bar graphs of amplitude and digital display of Telefax 514-688-7709

See us at the Texas Show, Booth # 263. Reader Service Number 33.



Figure 2: philips digital video system
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tion. Motion-compensated prediction assumes that the

the picture at some previous time. Locally means that the
current picture can be locally predicted by a translation of

magnitude and the direction of the displacement may not
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Nationwide Lab
Formerly Cable TV Services 1-800-749-5452

See us at the Texas Show, Booth # 356, 358. Reader Service Number 34
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BOTTOM LINE

CONTEC" Converter Service Makes You Money...

Let’s face the facts... the longer a cable converter provides
uninterrupted service to your subscriber... the more money

you make.Breakdowns mean customers complain,
trucks roll, and time evaporates... sound familiar?

At CONTEC, we specialize in building
“strategic service partnerships”
with cable operators... NATIONWIDE.

By exceeding OEM standards, our
quality repairs withstand the test of time...
and so do our business relationships.

CONTEC LEADERSHIP PROVIDES:

(J Computerized tracking of repairs
by serial number.

[J Experienced, factory trained technicians
[ Stringent quality control procedures

(] Security clearance of each shipment

] Efficient customer service

[J Fast turnaround and delivery

BOTTOM LINE, CONTEC service centers
all work in harmony to keep your converters
where they belong... in subscriber homes...

And, that makes you money!

CALL TODAY
1-800-382-2723

% CONTEC's Jerrold compatible replacement remote control units.

[} - - ___§ -
] — - =-‘ ] - i)
- ] - - - (3| I
] - . - . . [ | | v _—
N ;BN AN . " - | N r
| h | |
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THE LEADER IN CONVERTER TECHNOLOGY ¥+

1023 State Street, P.O. Box 739, Schenectady, NY 12301-0739
Phone: (518)382-8000, FAX: (518)382-8452

See us at the Texas Show, Booth # 644, 646. Reader Service Number 35.



“Compressed digital video is a
technical revolution ready to
happen ... Choosing the right ap-
plications and commercializing
them is the next challenge.”

be the same everywhere within the picture. Motion esti-
mation covers a set of techniques used to extract the
motion information from a video sequence. Motion vec-
tors are associated with blocks of 16x16 pixels in the pic-
ture to support motion-compensated prediction in the de-
coder.

* Reduction of spatial redundancy: Both still images
and prediction error signals have a very high spatial re-
dundancy. The most widely used frequency domain de-
composition technique is the DCT. The DCT takes a
block of either the motion-compensated residue or the
original picture information and converts it to a corre-
sponding set of coefficients representing different fre-
quency components.

This has two advantages. First, the signal often has
most of its energy concentrated in a small range of fre-
quencies so that v