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The PESA RM4000...its a big deal for a little bit.

...for a liitle bit. The 48x40 video matrix is a compact 6RUs
...as is the 48x48 stereo audio matrix (96x48 mono).

The inherent low cost of PESA’s A/V matrices and the

new 6600EX plug-in controller... which also “partitions”
the matrix for analog, digital or RGB signals...permit

the RM4000 to fit tight budgets.

You get a big deal... Extreme flexibility. D2/D3 digital

levels, with auto equalization, can be separate or mixed

and matched with analog component or composite

levels...and added in increments of one input/output

without degrading analog paths. The matrix can be

“partitioned” to service a small RGB matrix and

= component video systems...and drive additional

» matrices. The video matrix can be field expanded to
rance 384x120 (a 96x40 is only 15RUs) and has the identical
or mobiles performance specs and is fully compatible with

PESA’s System 5, 100MHz system.

PESA

Switching Systems

205-883-7370 Fax 205-882-3294
Burbank, CA 800-323-7372
New York City 800-328-1008

Call or Fax to find out how the RM4000 fits
your price and performance requirements.
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Clean up your act with a Harris DX Series
transmitter. Our patented digital
maodulation delivers the strongest, cleanest
AM signal yet. With over 145% positive
peak capability. As well as the lowest
THD and IMD ever

What's more, you get 100% solid state
religbility. Along with patented lightning
protection that's proven itself at more than
200 sites worldwide. And with typical
AC to RF efficiency of 86% or better, you'll

Clrcle {(4) on Reply Card

get the lowest power costs of any

AM transmitter.
if you're ready for some more sweet

talk about the DX Series 10-50 k\W*
transmitters, call Harris Allied today.

USA 217-29292-8200
FAX 217-224-1439
Canada 800-268-6817
FAX 416-764-0729

* DX 100 to 1000 kW-plus transmitiers available. 1992 Harris Corporation
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News

By Dawn Hightower,
senior associate editor

SBE calls for papers

Abstracts are being accepted for en-
gineering papers for the 1993 Broadcast
Lngineering Conference of the SBE Na-
tional Convention, which will be held
Sept. 29-Oct. 2 in Miami Beach, FL.

If you are interested in preparing a tech-
nical paper for presentation, submit an ab-
stract outlining the scope of the paper and
its importance to the industry no later
than March 5. Also, if you are interested
in participating in a panel discussion. sub-
mit a letter stating your interest. Only writ-
ten abstracts and letters of interest will be
accepted.

The SBE will also publish the Proceed-
ings of the conference. Authors should be
prepared to submit a camera-ready man-
uscript by Aug. 13. Send correspondence
to: Broadcast Engineering Conference
Chair. Society of Broadcast Engineers. P.O.
Box 20450, Indianapolis, IN 46220.

AES announces date
for fall convention

The Audio Engineering Society’s 95th
AES Convention will be held Oct. 7-10 at
the Jacob Javits Convention Center in
New York City.

The theme is “Audio in the Age of Mul-
timedia.’

The AES also has issued a call for
papers. Interested authors should submit
a proposed title, 60-word abstract and a
300-word precis of the technical paper(s)
by April 1. Submissions should be sent to
either Robert A. Finger, Matsushita Elec-
tric Corporation of America, Business, En-
gineering Center/1E-6, One Panasonic
Way, Secaucus, NJ 07094; telephone 201-
348-7768; fax 201-348-780)7 or Ken C. Pohi-
mann, University of Miami, College of En-
gineering, Dept. of Electrical/Computer
Engineering, Coral Gables, FL 33124-0640;
telephone 305-284-3351; fax 305-284-4044.

NAB spells out
broadcasters rights
under cable law

In developing rules to implement the
new cable law. NAB feels that the FCC
should reject proposals that would limit a
broaccaster’'s must-carry rights. including
steps that make those rights dependent on
where a cable system’s main facility or
head-end is located.

NAB outlined its views on how regula-
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tors should implement the must-carry and
retransmission consent provisions of the
new Cable Act. Must-carry requires cable
systems to carry a complement of local TV
signals. Under retransmission consent, sta-
tions can choose to give up their must-
carry rights and instead negotiate for car-
riage with local cable systems. The FCC
is required to have must-carry rules in
place by early April.

NAB stressed that the new cable law
grants all commercial TV stations must-
carry rights on cable systems in their lo-
cal markets. usually defined as the
Arbitron-designated Area of Dominant [n-
fluence (ADI). NAB also said where a ca-
ble system locates its head-end is irrele-
vant to its carriage obtligations.

NAB also urged that certain procedures
be followed if a cable sysiem believes a
local broadcaster is not delivering an ade-
quate signal to the cable system. Similar-
ly, NAB outlined situations where a broad-
caster would have to pay certain copyright
costs to retain must-carry status on a ca-
ble system, if the station is classified as a
distant signal.

In addition, NAB proposed that broad-
casters be allowed 30 days after the rules
go into effect to designate their preferred
channel position. Thirty days later, or 60
days after the rules go into effect, cable
systems would be expected to come into
full compliance with the new law.

Radio stations also have full rights to
control use of their signals by cable sys-
tems, NAB said.

Finally, NAB rejected arguments that
broadcasters must get permission from
program suppliers before exercising
retransmission consent.

EIA releases
metric standard

The Electronic Industries Association
(EIA) has released a metric standard, EIA-
310-D, for racks, panels, enclosures and as-
sociated equipment.

EIA-310 is a 2-part, fully metric docu-
ment. Part | retains the sizes from the
previous document expressed in metric
dimensions. Part 2 is presented in hard
metric dimensions.

The U.S. Navy intends to adopt the re-
vised standard for use by the Department
of Defense.

To obtain copies of EIA-310-D, contact
Global Engineering Documents, 2805
McGaw Ave,, Irvine, CA 92714; telephone
1-800-854-7179.

Continued on page 59

WwWwWw.americanradiohistorv.com

Volume 35 « Number3

EDITORIAL

Brad Dick. Editor

Carl Bentz. Speciai Projects Editor

Skip Pizzi. Technical Editor

Dawn Hightower. Senior Associate Editor
Stefanie Kure. Associate Editor

Tom Cook. Sentior Managing Editor

Pat Blanton, Directory Editor

ART
Nenita Gumangan. Grapiuc Designer

BUSINESS

R.J. Hancock, President

Cameron Bishop. Group Vice Presiden:

Duane Hefner, Group Publisher

Tom Brick, Marketing Director

Becky Anderson, Group Director, Special Projects
Kathryn Buckiey, Promotions Manager

Sandra Tomezak. Promotfons Coordinator

Dee Unger. Advertising Business Manager

Mary Birnbaum, Advertising Production Supervisor
Shelly Larkey, Advertising Coordinator

Stephanie K. Carlson, Classified Advertising Coordinator
Lor! Christie. List Rental Sales

Doug Coonrod, Corporate Art Director

Carol Sharp. Circulation Director

Customer Service: 913-967-1711

TECHNICAL CONSULTANTS

Eric Neil Angevine. Broadcast Acoustics
John H. Battison, Antennas/Radiation
Dennis Ciapura, Radio Technolugy

Dane E. Ericksen. P E.. Systems Design
John Kean, Subcarrier Techaclogy
Donald L. Markley, Transmiéssion Faciliiies
Harry C. Martin, Legal

Curtis Chan. Audio 7 Video Technology

MEMBER ORGANIZATIONS

Sustatning Members of

* Acoustical Society of America

¢ Society of Broadcast Engineers

¢ Society of Motion Picture and TV Engineers

ABP
VBPA

BROADCAST ENGINEERING Is edited for corporate
management, engineers/technicians and other station
management personnel at commercial and educational
radio and TV stations, teleproduction studios. recording
studios. CATV and CCTV facillties and government agen-
cies. Qualitied persons include consulting engineers and
dealer/distributors of broadcast equipment.

Member,
Association of Business Publishers

Member,
Business Publications
Audit of Circulation

BROADCAST ENGINEERING (ISSN 0007-1994) is pub-
lished monthly (plus three special issues) and mailed tree
to qQualified persons within the United States and Cana-
da in 0cCupations described above. Second-<class postage
paid at Shawnee Mission, KS, and additional mailing
offices POSTMASTER: Send address changes to Broad-
cast Engineering. PO. Box 12960. Overland Park. KS
66282-2960.

SUBSCRIPTIONS: Non-qualified persons may subscribe
at the following rates: United States and Canada: one year.
$50.00. Qualilied and non-quatified persons in all other
countries; one year. $60.00 (surlace mail); $115.00 (air
mail). Subscription Information: P. O. Box 12937, Over-
land Park. KS 66282-2937.

Authgrization to photocopy items for internal or personal
use, or the internal or persenal use of specific clients. is
granted by Intertec Publishing. provided that the base fee
of U.S. $2.00 per copy, plus U.S. $00.00 per page is paid
directly to Copyright Clearance Center, 27 Congress
Street, Saletn. MA 01970 USA. For those organizations
that have been granted a photocopy license by CCC. a
separate systemn of payment has been arranged. The fee
code for users of the Transactional Reporting Service is
0007-1994/1993 $2.00 + $00.00.

CORRESPONDENCE

Editorial and Advertlsing: 9800 Metcalf, Overland Park.
KS 66212-2215. Telephone: 913-341-1300; Editorial fax:
913-967-1905. Advertising fax: 913-867-1904.

©1993 by Intertec Publishing
All righis reserved.

SINTERTEC

PUBLISNING CORPORATION



www.americanradiohistory.com

3"_1_ CING JVC's RE

.J VE Every once in while a new video camera In addition to 750 lines of horizontal resolution and 62dB
comes along that will set the standards signal to noise ratio, the KY-27 boasts a full range of
PROFESSIONAL by which all other cameras of its type automatic features, such as enhanced ALC, Full-Time Aute
will be measured against. White and Full Auto Shooting. And the camera performs

_ _ ) _ _ equally well when docked to your faverite VTR, or in stand-
JVC presents its low-light, 2/3" 3-CCD, high reselution alone ENG and studio configurations.

KY-27 video camera.

. , Once you're armed with the KY-27 you'll never be afraid of
The KY-27 features JVC's exclusive LoLux technology, shooting in low-light conditions ever again.

which enables the camera to shoot in available light as low

as 2 Lux. The latest in the long line of technological firsts For additional
from JVC, LoLux combines 24dB of electrical gain with an information please
additional 6dB, which is proeduced by JVC's unique CCD visit your JVC
pixel readout system, for a total of 30dB. All without the dealer or call
noise and picture degradation normally associated with 1-800-JVC-5825.
this degree of gain.
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Editorial

There is no stopping the forward march of progress within the TV broadcast and post-production
industries. The changes within the business are many, and some of the most revolutionary include:
the continuing transition from analog to digital technology, the emerging trend from a composite
to component signal format, aspect ratio standards shifting from 4:3 to 16:9, and the entry of new
service providers into the realm of advanced home video services.

The changing of the guard from analog to digital formats will be evident when attendees walk
the floors of this year's NAB. Based upon our industry's desire for ultimate video quality, new prod-
ucts most likely will create migration paths that lead to digital component formats.

For the transition to component digital to be a success,
bridges must be built that will link a predominant installed
product base of analog and composite equipment with the

= new digital age. Responsible manufacturers must support ex-
isting product structures with transitional technology that will
serve broadcasters and production facilities well into the fu-

¢
ture. Developing advances that leave users with obsolete
e epl I l g e equipment doesn’t benefit anyone.

Although the FCC decision on an ATV standard is still forth-
coming, chances are strong that it will be a component digi-
tal system. The selected transmission system will be an im-
proved vehicle for getting signals to the home that will elevate

*
beat tO a ‘ 7 ldeO the consumer's viewing experience to a new plateau.
Component digital also will result in more economical

installations. Signals will be easier to route through broad-
cast and post-production facilities thanks to serial digital in-
terfaces, which enable multiple video and audio signals to

¢
be routed through one cable.
re & 0 u lon In addition, the transition to component digital technol-

ogy will ease the switch from a standard aspect ratio of 4:3
to 16:9 widescreen. In order to maintain the improved reso-
lution of a 16:9 picture that carries greater signal informa-

6 Broadcast Engineering

tion, lossless compression technology (namely bit rate reduc-

tion) will be extremely beneficial. This technique reduces the
number of bits of video information needed to represent content. Images transmitted using this
technology demonstrate no perceptible artifacts or degradation.

Once viewers see the difference between 16:9 and 4:3 pictures, they will want to view 16:9 tele-
vision. This technological scenario will mirror previous breakthroughs, such as the emergence of
FM radio and color television. Also, the FCC is expected to offer current TV stations a second channel
allocation specifically for widescreen transmission.

Another revolutionary change comes with the proposed entry of non-traditional video suppli-
ers, such as Regional Bell Operating Companies (RBOCs), Hughes Communications and assorted
new players, into the fray. With advances in compression technology and as telcos move into the
cable domain, more information will be sent via coax, copper or satellite, and expanded program-
ming will be available to the home.

One example of a network taking advantage of such progress is the DirecTV network of Hughes
Communications, which will employ its DBS facility to deliver more than 130 channels of on-demand
programming by mid-1994.

Whether programming is distributed by cable, microwave or satellite, many interests not typical-
ly associated with television are using their special skills to become service and content providers
for advanced home video services. Recently announced strategic alliances will deliver program-
ming directly to PCs on the desktops of business and industry professionals.

Equipment manufacturers, broadcasters and post-production facilities must view these innova-
tive developments with their eyes on the future. Many of these transitions are inevitable, and all
can provide substantial benefits to broadcast professionals and viewers.

Together let's embrace these technologial advances for the broadcast industry that will boldly
lead us into the 21st century.

Dlodb F AU 7

Charlie Steinberg, President, Sony Business and Professional Group

February 1993
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N OPTIMOD-AM
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Today’s AMs face 100 much competition for 100 few Comprehensive controls and metering
dvertising dollars. That’s why Orban’s OPTIMOD-AM allow you lo easily fine-tune your sound, keeping it
nas become the weapon of choice for competitive distinct and aggressive in a changing marketplace.

broadcaslers in every market. FU“Y NRSC and
OPTIMOD-AM ;roduces EBU/CCIR compliunt
rmaximum loudness, consis- O P T I M O D and with mono units easily
tancy and clarity on all types field-upgradable to stereo,

of AM radios, using every last A M 9 1 O O OPTIMOD-AM meets today’s
walt of your authorized power standards and protects your
to extend your listenable area investment as you grow.

and increase your billing opportunities. And Orban’s superior customer service is there if

you need it to provide world-class support for you
and your in-house or contract engineering staff.

A powerful six-band limiter and patented
distortion-canceling multi-band peak controller
deliver deep, tight lows and clean, transparent highs. Give your progrumming a chance by making
You get the closest thing to FM sound, with maximum sure it gets heard. Call your Orban dealer today for
intelligibility in the essential voice frequencies. an on-the-air evaluation, and put OPTIMOD-AM

to work protecting your bottom line.

orban

1993 AKG Acoustics, Inc A Division of AKG Acoustics, Inc.

Orban and Optimod are registered trademarks of AKG Acoustics. Inc. 1525 Alvarado Street, San Leandro, CA 94577 USA
AKG is a registered trademark of Akustische u. Kino-Gerite Ges.m.b.H., Austria. Tel: (1) 510/351-3500 Fax: (1) 510/351-0500
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Operational status
reporting proposal

By Harry C. Martin

The commission has proposed requiring
licensees of full-power commercial AM,
FM and TV stations to report at the time
of license renewal whether their stations
are on the air or have ceased operations.

Section 73.1740(a)(4) permits broadcast
stations to discontinue operations for up
to 30 days without authority from the
commission when events beyond the sta-
tion's control make it impossible to stay
on the air. Licensees are required, how-
ever, to notify the commission of discon-
tinued operations no later than the tenth
day after discontinuance. The licensee is
required to request additional time if sta-
tion operations are not resumed within 30
days. Generally, the commission will
authorize a station to remain dark for sig-
nificant periods of time as long as the
licensee periodically seeks authority to
stay off the air. Financial difficulties are a
sufficient reason to authorize stations to
remain silent. Licensees must yield their
licenses to the FCC when discontinuance
is permanent.

In making its proposal to require an op-
erational status report at renewal time, the
commission said it was aware of many sta-
tions that had discontinued operation
without requesting permission. The new
reporting requirement will provide an ef-
fective way to track the status of the sta-
tions and make sure the public interest is
served by promoting expeditious restora-
tion of service by facilities that are no
longer operating.

Short-spacing limit
on FM/DAs eliminated

The commission has reviewed and elim-
inated its policy regarding the 8km tem-
porary short-spacing limit. The policy was
imposed in 1988 when the FCC first al-
lowed short-spacing between FM stations,
provided interference protection to such
stations could be shown. Under the rules
adopted in 1988, interference protection
justifying a short-spacing could be provid-
ed by the use of a directional antenna, a
reduction in operating power or height or
by taking advantage of terrain elevation
in the direction of the short-spaced station.

Martin is a partner with the legal firm of Reddy. Begley &
Martin, Washington, DC.

February 1993

FCC Update

The 8km short-spacing limit was intend-
ed to reduce the number of applications
that were expected to be filed under the
commission’s then-new interference-
protection standards. Removal of the lim-
it is now possible due to the commission
staff's increased experience and greater
computer capability in dealing with appli-
cations of the interference-protection
standards.

Section 73.215(e) of the rules still re-
stricts the short spacing that is permitted
when an applicant specifies a directional
antenna, even where full interference pro-
tection is afforded. The rule contains a ta-
ble of minimum distance separations for
each class of FM station.

AM radio . ... 4 961
FM radia. .. 4 766
Fi educational .. .. ... .. 1.5E|_5

Total radbo . . .. ... ... 11,312
UHF commeargial TV B8
WHF commencial TV . . 558
UHF educational TV . ... ... . 238
WHF educational TV 124

Totel TV ..... AT (1)
UHF T translalors 243
WHF TV translators | 2515
UHF LFTV .. i B4z
WHF LPTV . 45‘?

Total TV trans/LPTVY ..... 68257

Table 1. As of Nov. 30, 1992, the corniission
reported these totals of licensed broadcast
stations.

Quarterly issues/program lists

Broadcasters still are obligated to pro-
vide programming responding to the im-
portant issues facing their communities.
To document compliance, broadcasters
must prepare and maintain in their pub-
lic inspection files quarterly issues/pro-
grams lists. Such lists must be placed in
a station’s public inspection file by the
tenth day of each calendar quarter (Jan.
10, April 10. July 10 and Oct. 10}. The lists
must be retained in the public file through
one license period (five years for televi-
sion, seven years for radio).

Issues/programs lists must provide a

www.americanradiohistorv.com

brief narrative of the important issues fac-
ing the broadcaster’s community of license
and describe the programs that constitute
the licensee’s most significant treatment
of those issues during the preceding three
months. The FCC has eliminated the re-
quirement that a minimum of five to 10
issues must be listed, and there is no max-
imum limit on the number of issues a
licensee may describe. However, the com-
mission has said that licensees listing sig-
nificant programming directed at five to
10 community issues should demonstrate
compliance with their public service ob-
ligations at license renewal time.

When listing the most significant pro-
grams that will address community issues,
a licensee must include the broadcast
time, date and duration of each program,
as well as the title. The type of program-
ming in which the issue was discussed (for
example, public service announcements
and call-in public affairs programs) also
should be listed. If the licensee has used
only one program to treat all of the listed
issues, then the dates, times and names of
participants on specific programs should
be maintained to establish that each spe-
cific community issue was discussed.

Although the FCC requires broadcasters
to list only their most significant program-
ming directed to a particular issue, it is rec-
ommended that stations maintain detailed
records on all non-entertainment program-
ming. Such detailed record keeping may
provide crucial information if a station's
license renewal is challenged.

A good way to facilitate preparation of
quarterly lists is to compile a separate list-
ing for each issue of the programming be-
ing broadcast. Then, when issue-specific
programs are broadcast, information
about them may be entered on the in-
dividual lists. It should be easy to prepare
quarterly issues/programs from these lists.

If a station feels that one or more of its
issues/programs lists was erroneously pre-
pared, a revised list may be drafted with
a notification explaining why the list was
modified. Any late-prepared list should be
placed in the public file with an explana-
tion for its late filing.
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Did You Know that DigiCart is the
best-selling hard disk recorder in
the world today? Consider the ad-
vantages: Up to 8 hours in a single
player, plus 20 minutes on each
removable disk: The best audio
quality in the business. Seamless
back-to-back spots without the
expense of multiple decks. It’s
easy to use, and it’s fast. And
DigiCart includes the advanced
DSP features that set it apart
from ordinary cart machines:
Best of all, DigiCart costs less than
any floppy disk recorder. Which
also helps explain why it’s the
best-selling digital cart mdchine.

Dgltal audio can give the competitiv dg e to your on-air sound.
Call today for a DigiCart demonstration at you flhty

18740 Oxnard Street, Tarzana, California 91356
Phone (818) 342-3127 « Fax (818) 342-4372
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Strictly HDTV
ATVA DigiCipher

By Curtis Chan

DigiCipher {DC) HDTV is one of two
schemes proposed by the Advanced Tele-
vision Alliance (ATVA). The other scheme,
Channel Compatible DigiCipher {CCDC),
uses progressive scanning at 787.5
lines/frame and 59.94fps. The CCDC dis-
play format shows square pixels with 720
active lines by 1,280 pixels per line in a
16:9 aspect ratio. The main attribute of
CCDC is system modularity. Video process-
ing, audio processing and transmission can
be used independently.

DigiCipher HDIV is an all-digital system
with 1,050 scan lines per frame, 59.94fps
and 2:1 interlace. The display format has
a 16:9 aspect ratio with 96¢ lines per
frame and 1,408 pixels per line. Several
types of digital coding provide compres-
sion and signal robustness. The primary
picture coding uses discrete cosine trans-
form (DCT) with motion compensation.
Transmissions are by quadrature ampli-
tude modulation (QAM) with four or five
bits per symbol. The broadcaster has a
choice of two data rates involving a trade-
off between picture quality and coverage
area. The system accommodates either 16
or 32 QAM modulation.

Interoperability with NTSC

DC HDTV uses the 59.94Hz rate for
compatibility with NTSC. The 960 active
video lines are double the typical 483 lines
in NTSC. Because 483 is an awkward num-
ber for conversion, there are two choices:
1. Edge crop. The HDTV picture fills 480
lines on NTSC with loss of the sides of the
HDTYV picture, or;
2. Letterbox. The full width of the HDTV
picture displays in the full width of the
NTSC picture, but unused areas at the top
and bottom of the NTSC screen remain
blank. Pixel values from the HDTV lines
are stored in memory and read out at
reduced speed to make NTSC lines. The
range of pixels read and the clocking rate
depends upon the conversion method.

Interoperability with film
The “film mode” accepts film shot at
24fps as 59.94Hz video, 2:1 interlaced,
having been converted with the 3:2 pull-

Chan 15 the p_rincipal of Chan & Associates, Fullerton, CA.
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Strictly TV

down technique. The encoder recognizes
redundancy in each 5-field sequence as
having originated in 24-frame film, and
converts the 59.94-field video back to
23.98fps. Then, the image is processed
and transmitted as 23.98-frame progres-
sive. Finally. it is brought back to 59.94-
field interlace in the decoder, using 3:2
pull down.

Future consumer receivers could be
differentiated by either displaying progres-
sive or conversion back to interlace. For
instance, receivers could use 3:1 frame re-
peat to display a progressive scan at 72Hz
or 30-frame film source. which comes to
the encoder as 59.94-field video, is
processed and then transmitted as 29.97-
frame progressive. The benefit is more ef-
ficient coding and higher quality. Future
possibilities could include receiving and
processing images directly in 24- or 30-
frame progressive.

Audio

DigiCipher provides four independent
audio channels, each sampled at 48kHz
(47.2kHz during testing) with 16-bit reso-
lution. The system includes two Dolby AC-
2 compression systems with 24-bit preci-
sion. The two compressed audio data-
streams are formatted with a 1.2kb/s con-
trol signal into a single serial output
datastream at 503kb/s and multiplexed
into the transmitted signal. The total is
four 503kb/s audio channels, 252kb for
control, aux data, captions and text result-
ing in 18.22Mb/s output.

Within the DigiCipher proposal is a
recommendation to include Dolby AC-3
composite coded 5.1 channel surround
sound into the prototype prior to field test-
ing. This offers mode flexibility, including
dual-independent coded AC-2A channels.
Packetization would permit numerous
composite and independently coded au-
dio channels to be transmitted, allowing
the receiver to determine which process
to use.

Getting it through the pipe
Reed-Solomon {RS) coding corrects er-
rors within blocks, while data interleaving
and trellis coding spread potential errors
so that correction capability isn't exceed-

wwWw.americanradiohistorv.com

ed in any one RS block. The data rate af-
ter this process equals 24.4Mb/s. A dou-
ble sideband, suppressed carrier, QAM
signal delivers the 24.4Mb/s through a
6MHz channel. QAM is similar to NTSC’s
subcarrier scheme, and the vector display
would show 32 dots arrayed like pins in
a connector plug for a 32 QAM signal.
Each QAM symbol can represent one of
the 32 possible meanings of a 5-bit num-
ber. In this way, 24.4Mb are transmitted
by 4.88 megasymbols. DC claims error-
free operation at carrier-to-noise ratios
above 16.5dB.

DigiCipher HDTV is
one of two schemes
proposed by the ATVA.

Scalability and extensibility

At the time of testing, the receive and
display clocks were linked, but they may
work independently in the future. If so, the
receiver could receive non-real time vid-
eo at slower rates, Also, picture-in-picture
and picture-out-of-picture would be pos-
sible with DC as receiver design options.

The area of extensibility has been ad-
dressed by the ATVA. The group has simu-
lated compression at 30Mbs and believes
that 40-45Mbs can be attained, constitut-
ing a distribution level of quality suitable
for network feeds to affiliates. In the works
is an investigation that would allow the
transmission-level signal to be included in
the distribution-level signal as a kernel.
This would permit pass-through of the
transmission-level signal at the local affili-
ate level by stripping away the distribu-
tion-level augmentation.

As decreasing costs in DSP enable in-
creasing complexity at the encoder, im-
provements can be made without chang-
ing the receiver or the transmitted bit rate.
These types of improvements will impact
forward and perceptual analysis, motion
compensation, coefficient quantization

and special effects editing.
[ ]
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\(1I[@101]ems down.

® Complete automation system

® Real-time multiple machine
control for CGs, Stills, VTRs
and Master Control

* Comprehensive cart nachine
management

¢ PC DOS-based ethernet system

® Single, stand alone cr
multichannel applications

Utah Scientific - 801 575 . 8801
FAX 801 . 575 .3299

Asia / Pagffic - Hong Kong 852 . 868 . 1993
FAX 852 . 525 . 8297

U.K 44.734.890 . 111

Europe / Middle East / Africa -
. FAX 44 . 734 .892 . 022

ALPHA IMAGE ALTA CABLE PRODUCTS CALAWAY COLORGRAPHICS DA VINCI NEWSTAR QUANTA UTAH SCIENTIFIC
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12 Broadcast Engineering

Monitor points

By John Battison, P.E.

If a directional AM station does not have
an approved antenna sampling system,
then it is required to make monitor point
measurements once every three months
or more frequently, if it has reason to be-
lieve that the fields are out. This is not an
onerous requirement, but how many sta-
tions are actually doing it?

All directional AM stations are required
to have a field intensity meter (FIM) in
working condition and with recent calibra-
tion. How much business do you think the
companies that calibrate FIMs are doing
these days?

The FCC moves quietly, and many a
chief engineer has been dismayed by a po-
lite gentleman appearing at the station
with the words, “Your monitor points are
out.”

Much has been written about monitor
point changes with temperature, and the
prescribed action in these cases is pretty
well defined, FCC engineers are usually
understanding and cooperative about such
problems. But sometimes a monitor point
goes bad within the 3-month interval or
during the time when an approved sam-
pling system is in use, and no measure-
ments are made. This is when trouble hits.

A whole new world

In the past, when regular logging was
required at closer intervals, trouble could
usually be spotted well in advance as
values changed in the wrong direction. To-
day, during a 90-day period, half a dozen
new towers can go up around a broad-
caster's transmitter site, with potentially
serious effects on the station’s pattern.

For example, one of my clients recent-
ly discovered that a new jail with a 200-
foot tower had been built right on one
monitor point. Shortly thereafter, the state
had erected a training center with a 150-
foot tower on another monitor point.

Unfortunately, neither of these new tow-
ers was close enough to my client’s station
to have required coordination with him
during the interloper's application period.
So, the influence of the new towers on the
directional antenna’s radiation was not no-

Battison, BE s consultant on antennas and radiation, owns
John H. Battison and Associates. a consulting engineerning
company in Loudonville, near Columbus, OH.

February 1993
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ticed, and the possibility of placing the fi-
nancial responsibility for the development
of new monitor points on the state was
slim. This is why staying on top of things
is important,

Applicants for new towers in any band
should examine the effect of their new
construction on existing stations. For any
proposed site within a half mile of an ex-
isting tower, the applicant is supposed to
notify the station, and then cover the cost
of taking an antenna impedance measure-
ment and running eight radials before con-
struction. After construction, this process
must be repeated, again at the applicant’s
expense. If there is any adverse effect, or
readjustment of the array is required, the
new applicant has to pay for that as well.

Often, the new system operator does not
know or care about this rule, and it is ig-
nored. Once a new tower has been built,
it is more difficult to place blame for an
existing array that is out of specification,
if the only preconstruction reference is a
proof of performance made when the sta-
tion was originally licensed 20 or more
years ago. When monitor points are regu-
larly checked, the affected station has
more clout. This is another reason for
regular monitor point checks, especially
given the current rate of cellular and oth-
er telecommunication towers’ con-
struction.

In the aforementioned case, one of the
affected monitor points could still be used,
but the other could not. At the latter site,
the new tower was almost exactly on the
original measuring point, and the field
there was above the allowable limit.
Therefore, a new run on the affected radial
had to be made.

Establishing a new radial

Before running a radial, it is important
to verify that the transmitter is running at
full power and that the antenna system is
operating at correct paramelers with
licensed common point current. Include
a statement to this effect in the report. (It
was formerly a requirement.)

This particular run was fairly simple be-
cause the measurement points were clear-
ly identified — an important practice that
is not always followed. (See “re: Radio,”

wwWw.americanradiohistorv.com

July 1992.)

After running the radial, ratio each point
value against its previously measured
values. It's a good idea to ratio the new
value against the original and the most-
recent previous measurements to see how
they compare. Then, determine the over-
all average by adding the ratios and divid-
ing by the number of points — 10 is the
usual number. The closer this average is
to one, the better the new radial.

Every directional AM

station is required to

have a field intensity
meter (FIM) with
recent calibration.

If the arithmetic average does not give
an acceptable value, the logarithmic aver-
age can be used. This involves finding the
antilog of the mean of the logs of each
field-strength measurement on the radial.
Sometimes this will produce an accepta-
ble radial ratio when the arithmetic mean
will not.

The application to the commission for
establishing a new monitor point is infor-
mal. It must contain the radial data, a pho-
tograph of the new monitor point, a
description of the route to the new site and
an updated map marking the location, For
the photograph, it is best to place the FIM
on a tripod at the site, and include it and
an easily identified permanent object
(such as a power line pole) in the picture.

Form 302 is not required, but the en-
gineers at the commission like to receive
the technical section of the form, which
completes the data-reporting require-
ments. The report should be signed by the
engineer involved, and a letter from the
licensee requesting the change should be
included.
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14 Broadcast Engineering

Dealing with the
difficult employee

Make sure you aren't the difficult one

By Judith E.A. Perkinson

John was a good engineer, but he was
plagued by a never-ending string of diffi-
cult employees. He was constantly having
to work late because someone had not fol-
lowed through on instructions, or a job
had not been finished properly. John was
beginning to think that good engineering
help was impossible to find in his market
area. One day he overheard a comment
that threw him for a loop. Two people from
another department were talking about
the problems in engineering. One person
asked the other, "Well, what do you ex-
pect? Who could work for a man like
John?” In one shocking moment, John
had seen the enemy, and it was himself.

Without realizing it, he was the source
of many of his problems. He was a diffi-
cult supervisor, and this helped to create
a difficult staff. Part of his problem was
skill-related, and the other part was his
attitude.

Start with honesty

If you are dealing with a difficult staff,
it's time to examine your role. See the two
tables for a number of self-examination
questions.

If you can be honest with yourself, there
is a simple way to determine if you are the
difficult employee. If you discover that you

Parkinson is a senior member of the Calumet Group Inc.,
Hammond, IN.

are part of the problem, steps can be tak-
en to correct the problem. Even if you ar-
en't a difficult supervisor, many of these
steps could keep you from developing
problems in the future.

Self examination

Think about your interaction with your
staff and the performance of your em-
ployees. Then, answer the questions asked
in the tables.

If you answer yes to more than 50% of
the YES/NO questions and/or have
marked the majority of your responses in
the MOST OF THE TIME or OFTEN
column, then it's time to take a hard look
at how you might be contributing to the
problems of your department.

Learn the three Cs
Management trainers often offer mem-
ory aids to help you retain an idea. Be-
come familiar with the three Cs of good
management and practice them regular-
ly: communication, consistency and com-
passion.

1. Communication. Nothing in manage-
ment is more important than communi-
cation. Often, the sins of supervisors are
rooted in poor communication. Think
about how and when you communicate.

It is common to hear frustrated super-
visors making remarks such as, "They
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should know,” or “It's only logical.” This
is a sure sign that the supervisor has not
taken the time to communicate the job re-
quirements or expectations. Remember,
your staff does not know anything for cer-
tain unless you tell them.

2. Compassion. People respond to those
who care about them. This doesn’'t mean
you have to feel responsible for all of your
employees’ problems or turn your depart-
ment upside down to accommodate your
staff.

Listen to your employees’ concerns,
ideas and suggestions. You don't always
have to agree, and you don't have to act
on every suggestion that is offered.

3. Consistency. People need to know what
they can expect. | have seen employees
defend a boss who is a tyrant. When you
ask them why, they will tell you that the
boss may be hard to deal with but at least
you know what to expect, and he treats
everyone the same. Even working for a
tyrant, the employees feel a level of secu-
rity, because they know where they stand.

You are the master of your fate

Good employees can be ruined by a
poor supervisor. Mediocre people can be-
come solid employees under an effective
supervisor. Good employees who are well-
managed can achieve anything. Leader-
ship is the key. Don't be the difficult em-
ployee in your company. a
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Gateway to digital
I +1=..

By Carl Bentz, special projects editor

The ability of digital circuits to do cal-
culations is one reason why digital
technology has become so prevalent. Al-
though digital arithmetic must be done
in terms of 1s and 0s, such calculations
can be made rapidly and repetitively. Dig-
ital arithmetic is an acquired talent for
most people.

Addition

When decimal one and one are added,
decimal two is derived. In binary, howev-
er, no working digit of two exists. Instead,
decimal two becomes binary 10. If deci-
mal one and two are added, the result is
three. In binary, the result is 11. Adding
decimal three and one produces four or
binary 100.

Binary addition

A 0 B 1 () 10 (O N
0 1 01 01
0 10 11 100

From these three simple problems, the
rules for binary addition emerge. In (A),
0 and0is 0. In (B), 1 and 1 is 0 with a car-
ryof LIn(C), 1and0orQandlisl. In
(D), these are combined. In the units
column, 1 and 1 produces 0 with a carry
of 1. In the twos column, 1 and 0is 1 with
a carry of 1, resulting in 0 and a carry of
1. In the fours column, 0 and 0 and the
carried 1 produce 1. The result is binary
100 or decimal four.

In part 1, we asked you to consider how
decimal six and seven can be added to ar-
rive at 13. First, convert each number to
its binary equivalent.

6
7

13

0110
0111

1101

In the units column, 0 and 1 is 1.

In the twos column, 1 and 1 is 0 with
1 carried.

In the fours column, 1 and 1 is 0 with
1 carried, but remember that 1 is carried
into that column; 1 and 1 and 1 is 1 with
1 carried.

In the eights column, 0 and 0 and the
carried 1 produce 1.

16 Broadcast Engineering February 1993
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One eight, one four and one one is dec-
imal 13 (0D in hexadecimal).

Two circuits provide the addition func-
tion. In Figure 1, the half adder includes
inputs X and y with outputs s (sum) and
¢ (carry). The full adder expands the half
adder with a carry input.

Subtraction and multiplication

To round out the requirements of arith-
metic, subtraction or negative addition
must be considered. To accomplish this,
a 1s complement comes into play. The in-
itial number is the minuend, while the
number subtracted is called the subtra-
hend. To make the subtrahend a negative
equivalent or 1s complement, the system
changes 0s to 1s and 1s to 0s. Then, the
two numbers are added to arrive at the
difference.

For multiplication, we can add repeti-
tively, but an alternative is even faster.
If each digit of a number is moved to the
left by one position, we have multiplied
by the base of the number. In base 10, ap-
pending a 0 at the right end is equivalent
to multiplying by 10. In binary arithmet-
ic, moving all digits of a number to the
left multiplies by two. Moving all digits to
the right divides by two. These functions
are provided by machine language com-
mands, which form the heart of all pro-
gramming languages.

Control structures
The same building blocks that perform
calculations can make decisions equally
as fast. In fact, control systems using dig-
ital gates have preceded signal process-
ing applications in consumer and profes-

HALF FULL
ADDER ADDER
X S X S
Y Cc Y C

C

Figure 1. The half adder includes inputs x and
y with outputs s (sum) and ¢ (carry). The full
adder expands the half adder with a carry
input.

The ability of digital
circuits to do
calculations is one
reason why digital
technology has become
so prevalent.

sional equipment. Only in the last few
years have the complexities of perform-
ing linear functions with non-linear
devices yielded to commercial practical
designs. Some purists maintain that even
with the most complex equipment, there
are still artifacts of the digital realm that
are obvious in the audio output of CD or
RDAT players.

Gates can generalte digital signals based
on timing requirements. The sync gener-
ator that forms the heart of any video fa-
cility uses a number of AND, NAND, OR,
NOR and NOT gates to form each of the
sync drive signals. RC time constants at-
tached to various input lines control the
pulses to exact required time durations.
Even the 3.579545MHz subcarrier can be
generated with a digital circuit configured
as an oscillator or with a phase-lock loop
(PLL) circuit using a crystal as the frequen-
cy determining element.

When television first appeared, semi-
conductors were little more than ideas.
Racks of dual-triode vacuum tubes and ac-
companying components filled engineer-
ing areas of almost every TV studio. The
same concepts of the original tube-type
sync generators are now contained in a
single solid-state digital 1C.

The same circuits that create sync can
be configured in the control system of a
video recorder or switcher, a character
generator or camera control unit, a trans-
mitter control system or a satellite anten-
na controller. For such applications, per-
haps the most difficult part is determining
what outcome is desired or determining
how critical inputs can be sensed.

www.americanradiohistorv.com
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CREATING STANDARDS.

For nearly half a century, Sony has helped pioneer state-of-the-art technology

for the electronics industry. And we've always tried to make sure our
technologies are as reliable and practical as they are innovative. As a result, we've
paved the way for breakthrough formats such as Betacam® D-I and D-2,
which have quickly become accepted as broadcast industry standards. At Sony,

we realize that innovation is only useful when it works for you.

www.americanradiohistorv.com = V!
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CAPTURING MORE THAN IMAGES.

At Sony, we design, develop and introduce technology that responds
to the needs of the production and broadcast marketplace.
With formats from U-matic® to D-1. And technology from Trinitron®
to CCD imaging. And while we're honored to be recognized
for addressing the needs of the industry, the best reward is knowing

our customers are equipped to achieve their finest work.

— : www.americanradiohistorv.com
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WORKING DAY AND NIGHT.
YEAR AFTER YEAR.

Thanks to a rigorous quality assurance program—in which
every product undergoes as many as three different
quality control checks—you can rely on Sony products to
work right out of the box. We'll even go so far as to
customize your Sony product or system to your specific
needs. And, of course, you can count on Sony to keep on

working 24 hours a day—day in and day out.

www.americanradiohistorv.com
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PUSH-BUTTON SERVICES.

No one services customers like Sony. Our 24-hour technical
suppott and trained engineers in 48 countries ensure customers’
satisfaction —around the clock, around the world. We also provide a variety
of maintenance prograths, as well as technical seminars,
on-site training, and bulletins on the latest technological developments,
to help you maximize the full potential of your Sony products
and systems. And the Sony Video Institute offers a full range of programs -

and production courses to help further your career development.
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FocusING ON THE FUTURE.

At Sony, we think about the past, the present and the
future every time we design a product. We backproof products
to make sure new components are compatible with existing
technology. And with an ongoing commitment to research and

development, particularly in the area of digital,

were working to develop solutions for the future. Now.
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INNOVATION AT WORK.

When you buy from Sony, you're not just buying a product,
you're investing in a company. A company built on the notion
that innovative technology can help businesses grow and
succeed. A company with a long history of standing behind
its products. A company with a proud record of looking
to the future. A company that offers total systems solutions.
Extraordinary depth of service and support. And the
world’s most complete line of audio and video equipment for

the broadcast and production industry.

In short, you're dealing with a company that can provide
you with everything you need, including the peace of mind of

knowing that we will stand behind our products.

At Sony, we understand that you're not simply
buying a product, you're investing in the future. You're investing
in innovation at work. And that’s a commitment

we take very seriously.

©1993 Sony Corporation of America.
All rights reserved.

Sony, Betacam, U-matic and Trinitron
are trademarks of Sony.

SONY.

Sony Business and Professional Group
3 Paragon Drive
Montvale, NJ 07645-1735
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What's the
big
attraction
at NAB
this year?

You can win $5,000 cash in the

BROADCAST \L210) Great Las Vegas Roll Off

Here's how you can be a big winner.

1. You can get your official game card 3. Bring your completed game card to
one of three ways: our booth and try your luck in the
® in our March issues Roll Off for big prize money. You
® visit participating exhibitors' booths could cash in on as much as $5,000.
® stop by our booth #15181 Other prizes range from $10 to $500.
2. Visit each participating exhibitors' 4. We'll conduct the Roll Off at 4 P.M.
booth, look for our Great Las Vegas on Tuesday and Wednesday and again
Roll Off poster and get your official at 3 P.M. on Thursday. Five rolls of
game card verified. the dice determine what you can win.
P ./&".‘ One Roll Off per contestant, please.
0‘. i
/27

You're a sure winner with Broadcast Engineering and Video Systems.
DCasT VIDEO
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Troubleshooting
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Maintaining telephone
systems

T-1 service

By Steve Church

This final part of the telephone trouble-
shooting series considers the digital phone
service generically called T1 (it may go
by another name at your local telco). Al-
though it is typically used by telcos to car-
ry multiple standard voice circuits, some
broadcasters are using a full T-1 path for
studio-to-transmitter links (STLs). Others
use it for extending voice or data exten-
sions to a remote studio location.

Because T1 may be transported on cop-
per, microwave, fiber, satellite and laser
links without degradation, it is possible to
have an essentially perfect audio path
to/from almost anyw here. Various radio
networks use T-1 systems to move multi-
ple channels of varying bandwidth audio
between domestic and even internation-
al locations.

-1 can operate within the local portion
of the phone network, because an ordi-
nary copper phone pair can carry a much
wider signal than the 4kHz required for
a single analog voice conversation. In-
deed, a pure metallic path of reasonable
length is easily able to pass frequencies
in excess of 100kHz.

T-1 can operate within
the local portion of
the phone network.

A single telephone voice channel in dig-
ital form requires 64kbit /s (resulting from
the 8kHz sampling rate at eight bits per
sample). When T1 was developed,
1.5Mbit/s was about the highest rate that
could be supported reliably on copper
pairs over the standard one-mile distance
between repeater sites. Therefore, 24
voice channels can be multiplexed, be-
cause 64kbit/sx24 = 1.536Mbit/s. To cre-
ate the T1 bitstream, the 24 8-bit channels
are assembled end-to-end serially, and the
equivalent of another 8kbit/s channel is
added for synchronization. Thus, the ulti-
mate data rate becomes 1.544Mbit/s.

The signal is converted into a digital

Church is presridenT of Telos Systems. Cleveland.
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A pure metallic path
of reasonable length is
easily able to pass
frequencies in excess
of 100kHz.

bipolar bitstream (see Figure 1), using a
special format called binary 8-zeros sup-
pression or B8ZS. The voltage varies be-
tween -3V and +3V. Two pairs are
needed for each T-i, one each for the send
and receive directions.

Despite the difference in capacity and
service, T-1 arrives at the end-user site
rather unassumingly: There will be two
conventional telephone wire pairs, one
each for data send and receive. The phys-
ical connector used to be a DB-15 type, but
the current standard is the common RJ-
48C, an 8-position modular plug.

The Tl line is first connected to a piece
of equipment called the Channel Service
Unit (CSU). The CSU used to be considered
part of the network and owned by the
phone company, but it is now usually
customer-provided. The CSU contains the
last signal regenerator and a number of
testing and maintenance features, such as
provision for loopback testing by the cen-
tral office. It may also include a system to
collect and report error statistics.

The other components of a complete T-1
system are the Digital Service Unit (DSU)
and the multiplexer. These functions are
almost always combined into a single unit.
The DSU handtes the remaining digital
housekeeping functions and data conver-
sion from the bipolar -l format to a stan-

0011010001
+3V |_|
LINE L

VOLTAGE U

-3V
Figure 1. The T2l waveform. Bipolar voltage
variation is encoded dccording to the “alternate
mark inverted” technique.
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dard serial datastream. The multiplexer,
sometimes called a channel! bank, com-
bines the multiple voice (or data) channels
into a single bitstream required by Tl
transmission. When the Tl system is used
for standard telephone service, the mul-
tiplexer also converts each voice channel
to and from the digital domain, and simu-
lates typical telco lines at the user site by
adding talk battery, generating ring volt-
age and detecting loop current.
Fortunately, multiplexers are generally
constructed using a modular circuit card
approach so that troubleshooting may be
simply accomplished by swapping cards.
Usually, LED status indicators help to find
problems. Remember this bit of preven-
tive troubleshooting: Avoid systems that
use adaptive differential pulse code modu-
lation (ADPCM) to permit voice channels
to be halved from the usual 64kbit/s rate
to 32kbit/s, thus doubling capacity. These
add too much noise and distortion for on-
air phone use, making high frequencies
sound a little muted and sometimes buzzy.

Multiplexers are
generally constructed
using a modular
circuit card approach
so that
troubleshooting may
be simply
accomplished by
swapping cards.

If you suspect that the T line has gone
down, you can check with an oscilloscope
for presence of the digital waveform. As
with all phone lines, T1 uses balanced
transmission so the scope must not ground
either side of the line. You can use a tele-
phone or headphones for a simple go/no-
go test. With a signal on the line, you'l
hear a sort of rhythmic white noise.

In the not-too-distant future, all telco
service will be provided digitally. It's worth
becoming familiar with such systems now.
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Technology News

Doubling channel
capacity

By Curtis Chan

Late in 1992. Zenith announced that it

had devised a new modulation and trans- COMPARISON OF vSB AND QAM MODULATION APPROACHES

mission technology that would be able to

double the digital video information in a 4-vsB 16-QAM 64-QAM 16-vSB

cable TV delivery system without addi- Data

tional compression. The system is called Total data rate (Mb/s) 215 215° 32.25 43

16-VSB (vestigial sideband). and uses aux- No. of data levels 4 4 8 16

iliary signals to allow acquisition and syn- | Theoretical max. data rate (b/s) 4 4 6 8

chronization. As a result, the system will Relative data rate 1 1 15 20

be able to send two digital HDTV signals . .

on a single 6MHz cable channel and dou- gz::;%? i} G e At

ble the number of digitally compressed T e e

standard TV signals on a cable chanuel. (1.5Mblfs VC**) 1 1 17 23

This would mean as many as 23 movie No. of movie channels

channels, nine live video channels and (2.0Mb/s VC) 8 8 13 17

two full handwidth HDTV channels in No. of live video channels

each 6MHz analog cable channel. {(4Mb/s VC)** 4 4 6 9
The peak carrier-to-noise ratio in a

6MHz cable channel is required to be gggtsi’::;:ss?vave

greater than 40dB. Other interfering sig- interference rejection Excellent Good Poor Good

nals are controlled to even lower levels on Phase noise rejection Excellent Good Poor Good

cable. This improved noise margin avail- Forward error correction Yes Yes Yes Yes

able in cable can be used to increase the Required carrier-to-noise

information-carrying capacity or data rate + interference ratio

on cable, without requiring more video or without error correction 22dB 22dB 28dB 34dB

audio compression than the already mas- | Reguired carrier-to-noise

sive compression needed to transmit dig- + interference ratio

ital video. with error correction 17dB 17dB 23dB 25dB
T_o increase the amount of digital data Analog Friendliness

delivered through a GMHz_ chan‘nel. a ca- Composite triple beat

ble system must operate with a higher 8/N rejection filter Yes No No No

ratio than a broadcast system. It also must Signal acquisition w/

acquire and lock the carrier, clock and noisefinterference Excellent Good Fair Excellent

synchronization information. According to Channel equalizer Yes Yes Yes Yes

Zenith, extracting all of this information

from data is difficult in high-state digital Cost ‘ ,

modulation schemes, such as the 16 and | Manufacturing complexity LEPE e High L

64 QAM approaches. Cost of receiving equipment Lowest Low High Low
To achieve significantly increased cable *Although, theoretically, all four level approaches have the same relative data rate, the

channel capacity, Zenith's researchers ex- 4-VSB system uses a 21.5Mb/s channel bit rate — greater than any announced 4-level,

tended the capabilities of the 4-level ves- GMHZ c_ligital data transmission system. Thus, competing QAM systems have less than

tigial sideband modulation and transmis- | ® indicated datasrates:

sion technology developed for the **VC = video compression

Zenith-AT&T DSC-HDTV system. By quad-
rupling the number of levels oi digital
data, the data rate was increased to

43Mb/s from 21.5Mb/s.

Compared with 8-level digital ap-
proaches. such as 64-QAM, the 16-VSB sys-
tem would provide more usable digital
cdata throughput. One of the unigue attri-
butes of the system is the use of a pilot

Chan is the principal of Chan & Associates. Fullerton, CA

20 Broadcast Engineering February 1993

carrier that can acquire and lock the dig-
ital signal even in adverse noise and in-
terference conditions. which are inherent
in cable distribution systems.

The 16-VSB syslem equivalent data rate
would equal a 256 QAM approach. If ap-
plied. this new cable transmission technol-
ogy would offer noise-free performance.

www americanradiohistorv com

noise-free digital audio and friendliness
with compuler, telephone and other digi-
tal communications systems that already
process large amounts of digital infor-
mation.
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Separate Edit Controllers

17 you want to be on the cutting edge of digital post-
production while cutting down on costs, perhaps it’s
time to invest in a room with a VUES.

This high-powered digital editing system from
NEC consists of a single rack of equipment: a com-
puter-control workstation, the NEC DTW-102 wipe
generator, a background color generator/shadow
processor, a 20X 10 routing switcher, NEC VUES

1 interface, and the real heart of the
| system. the NEC VUES VSR-11 solid
sf=ss.  state recorder.

S With VUES, all editing functions —
f-om wipes and complex mix/effects to multi-layered
composites —are performed in the VSR-11. Best of
all, you only need to use one source machine, one

1991 NEC Amenica. Inc. VUES 1s a trademark of Videophonics Inc

o ST . i
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oonelosies

-
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Multiple Source VTRs

Things you can cut down on
in a room with a VUES."

— channel of character generator and one channel
Vo "'1'1 of digital effects to accomplish all of these
- 1| tasks. And with the use of the VSR-11's DRAM

! memory, each source can be used indefinitely
: :w_i] without ever performing a B-roll.
=l The compact design of VUES requires
:‘:ﬂ less space, less cooling and less maintenance

(because there are no moving parts). Plus,
because VUES utitizes a computer-control workstation,
there are no expensive production switchers or edit
controllers to buy.
If you would like more infor-

mation about the finer points of
VUES, please call us toll-free
at 1-800-323-6656.

Circle (15) on Reply Card
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" ronment, (ke a disk-based system,
combined with the speed, flexibility

Cutting-edge

technology

Keeping up with the everchanging
face of technology.

| he pace at which electronic technology is chang-
ing reminds me of the Eveready rabbit. It just keeps
going and going and going... For those who must
manage changes, it’s often a tough and tiring job.

With these changes comes a wide variety of im-
provements and disadvantages. For example, to-
day’s video and audio equipment provide more fea-
tures per dollar than ever, not to mention a host
of capabilities that were impossible a few years ago.
Before we complain about things moving too fast,
let’s keep in mind that along with the growing pains
of technology come significant benefits.

This month’s editorial focus examines several
new technologies that hold great promise for this
industry. The first is ghost canceling, which may
prove to be the greatest improvement for television
since color.

New audio recording formats are the second area
examined in this issue. The days of having just two
analog formats — reel and cassette — are gone
forever.

With the aid of digital techniques, audio record-
ing has leaped forward in quality and capability.
Small, portable and high-quality playback, as well
as recording capability, are now taken for grant-
ed. BE looks at three of the hottest ways to record
audio: DCC, MD and NT.

Make sure you're not dragging in the dust left be-
hind by the running rabbit of technology. Learn
how to manage the changes for maximum benefit
to your facility.

¢ ‘‘Understanding Video Compression”. . page 26

¢ “Cancel that Ghost”. ................... 38
¢ “The Philips Digital Compact Cassette

([DXCG 2 22 o e P e e R T AVSI T e tyey =5 52
¢ “The Sony MiniDisc MD)”. .............. 56
* “New Audio Recording Formats”. ... ...... 60

Brad Dick, editor

It gives you big-switcher perfor- Ampex Systems Corporation

401 Broadway, M.S. 3-23. Redwood City, CA 94063-3199

mance in a small package. So it gives ©1993 Ampex Systems Corporation
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By Dr. Tom Lookabaugh

The Bottom Line

One of the greatest
challenges posed by digital
video is an effective means by
which large amounts of data
can be transmitted from one
location to another. Unfor-
tunately, our current system
cannot handle the data rates
involved, and the spectrum
for transmissions must be
shared by other users. Digital
video compression provides a
means to reduce the original
volume of data while main-
taining a specific level of
quality. Through compression,
transmission channel band-
widths can be cut, along with
the costs incurred by normal
satellite usage. The technolo-
gy offers new options in video
production and distribution,
as well as new communica-
tions capabilities. $

Lookabough is director of research and new business for
Compression Labs Inc., San Jose, CA

Broadcast Engineering February 1993

Understanding

video

compression

Soon, video compression will be a fact of life.

Advances in signal processing and com-
munication have helped to pave the way
for the development of digital video. Com-
pression has accelerated the transition,
perhaps by decades. This article reviews
the fundamentals of digital video compres-
sion technology and outlines the major
processing components involved. It also
examines the critical task of evaluating
compression systems.

The use of discrete (digital) instead of
continuous (analog) signals, when process-
ing and communicating electrical informa-
tion, has caused an explosion in electronic
technology. The two key disciplines, digi-
tal processing and digital communication,
are two of the prime components of com-
pressed digital video.

Why compression?

Economics justifies compression. Com-
pression is justified if the cost of the com-
munication or storage decreases more
than the cost of the compression and
decompression equipment, yet the quali-
ty of the decompressed video meets the
requirements of the application.

For example, consider that NTSC is the
most widely used analog video signal in
the United States, with a bandwidth of
4,2MHz. To digitize the signal, the Nyquist
theorem requires sampling at a frequen-
cy of 8.4MHz at eight bits per sample res-
olution, giving us 67.2Mbps. Multiplying
by three for the three color components
{red, green and blue) yields a bit rate of
201Mb/s.

Dealing with such high data rates in
moving and storing of information
presents some difficulties. For instance,

www americanradiohistorvy com

current floppy disks hold approximately
1.44Mbytes (11.5Mbits) of data. This means
that storage of a typical 100-minute mov-
ie would require more than 100,000 flop-
py disks. Further adding to the problem,
typical transfer rates between hard disks
and computer CPUs are on the order of
2Mbyte/s or 16Mb/s, more than 10 times
too slow for the required data rate. The
highest speed modems for voice-grade
channels in the public telephone network
operate at less than 20kbps. Thus, 10,000
such channels would be needed to carry
the signal. As you can surmise, many in-
teresting applications of video would be
problematic without compression.

Compression techniques

In the different approaches to video
compression, several key elements repeat-
edly appear. Although there are different
algorithmic approaches and many trade-
offs associated with each element, they ap-
pear in almost all video compression sys-
tems in one guise or another. It also is im-
portant to note that the industry some-
times misuses statistics, such as “compres-
sion ratios.”

When comparing systems, compression
ratios are often misleading. Rather, the sys-
tems must be compared on one of two
bases:

1. Which one looks better when they are
operating at the same bit rate?

2. When they look approximately the
same in quality, which has the lower
bit rate?

Note that not all video compression
techniques employ every one of the
processing steps described in this article.
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o One Measures [U][@@
ShibaSoku Accurac

Designing and producing superior test instruments that are the industry'’s measure for accuracy

Performance engineenng is clearly seen
n ShibaSohus CM205N Auto Sewp Color
Monitor. It reproduces images with the highest
Color und Luminance Fidelity. but never adds
or mashs even minor video defects,

Only True NTSC Monitor

Utilizing Test and Measurement expertise.
ONLY ShibaSoku manufactures monitors to
tue NTSC specifications. The N TSC Decoder
uses | Q Chroma Demodulation. tuned 1o
Human-Eve color perception. for richer. more
accurate Chroma saturation with less cross-
color noise. The 205 has excellent | uminance
Frequency response and uses a 0.28mm Dot
Pitch. 20" Precision In-1ine Dot CRT. able 1o
display over 900 TV lines with Adjustment
Free Convergence. accurate 10 +0.2mm.

Auto Setup—Plrs

ShibaSoku’s Auto Setup svstem provides
acute accuracy and longer-term color temper-
ature stability with impeccable chromaticity
reproduction. to +0.002 points on the CIE x v
scale — accurate as the besi color analyvzer.
Unlike other systems. the Optical Sensor and
CPU circuitry reduce measurement errors from
compensation adjusiments and eliminate opti-
cal filters in the probe. Auto Setup aperation
15 executed with an internal CAl signal
generator. Five Color temperature memaries
store Contrast and Brightness data. the R.G.B.
Gawn and Bias levels. Manual Front panel
controls have Preset, UNCAI switches for two

separale settings without using Auto Setup.
High Voltage Beam current detection circuitry
ensures better Luminance stability plus highe:
luminance perfermance (1o 88{L).

Standard Features/Options

3 Composite Video inputs
Component and RGHB inputs

Y Cinput

D1 Componemt Digital Option

D2. D3 Composite Digital Option
Auto Setup on any Input Signal
PAL Decoder Opuon

Dynamic Double Focus svstem
Wideband CCD Comb filier

3 Line Comb filter

High Voltage I’rotection

HV Stand-by function {Saves CRF life)
Power supply monitoring & protection
Svnc. Burst circuit monitoring
Automatic Degauss operation
Chroma Gain compensation circuit
Variable Aperure compensation
Color Mono Split Screen function
Independent Preset UNCAL switches
Residual Subcarrier mdication

+ H V Pulse Cross modes

S S S O S T S S A S e

Full Line of Compenion Madels

I'he Multi-standard CM206N (900 TV line
CRT) is capable of a combination of 3 decoders:
NTSC. PAL. SECAM, D1. D2 and D3. Auto
Setup is optional in addition 10 the decoders.
Orther Auto Setup models include: the 20"

Circle (17) on Reply Card

CM20IN. 14" CMI4IN. and Multi-standard
CM202 and CMI41, all 700 TV line CRTs.

Lasts Too Long

ShibaSoku’s monitor design philosoph:
anchored in lest and Measurement precisior.
is dedicated Lo giving video pros the means to
inspect a video signal for ANY flaws or errors,
There are many picture monitors. but only one
fline of Reference Qualits monitors offers vears
of reliable, siable senvice. You get longer-term
stability. sharper focus and resolution, and
higher luminance control. which truly let vou
see what vou've been missing in vour video
signal. Optimum ShibaSoku performance is
demanded by top professionals. In fact. some
users report having our monitors On-line for
over i Decade. [t seems the only way 1o get i
NEW one Nt service I by engineering the
Advancements vou need.

Find out more about the monitor that lets
you sec what vou need 1o see — circle the
reader senvice card number helow

Visit Booth #16619 at NAB 93

NSACN

Asaca/Shibasoku Corporation of America
12509 Beatrice St., Los Angeles, CA 90066
(310) 827-7144 FAX (310) 306-1382
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By Charles Jungo

Broadcasters now have a way of offer-
ing data broadcast services without
relinquishing spectrum. WavePhore has
announced its VIDEQO 7500, a data trans-
mission scheme that sends data over
standard video without interference. It
enables high-speed data transmission
over a conventional TV network. The
system has the ability to insert data into
the active portion of the video scan line
with no visual degradation of the vid-
eo. The technology does not use the
VBI, the front- or backporch, the color-
burst or the spectrum next to the audio
subcarrier. Instead, the data overlaps the
video spectrum and becomes an inher-
ent part of the video information, but
is not visible on the TV screen.

Two considerations make this possible:
l. The data amplitude is kept at a low
level, approximately 10dB above the vid-
eo noise floor. The actual ievel is ad-
justed to approach this condition for a
given broadcast system.

2. An appropriate shaping of the data
spectrum prior to insertion minimizes in-
terference with the luminance and the
chrominance by taking advantage of the
spectral properties of the video signal.

The data cannot even be seen on the
spectrum analyzer when normal video
is present. In reality, however, a minute
portion of white level has been displaced
by digital data while the total IRE re-
mains unchanged. This almost unmeas-
urable merging of the data into the vid-
eo makes it almost impossible to strip
off the data once it is added. This means
that the systemt can guarantee the data

Jungo i8 vice president and director of engineer-
ing for WavePhore, Phoenix.

Transmitting hidden data in video signals

integrity all the way through the distri-
bution path.

Also, because the data is combined
with the baseband video, it is indepen-
dent of the mode of video transmission.
Thus, the data can be carried by broad-
casters’ satellite, microwave, CATV ca-
ble or a combination of these.

A typical system configuration places
the encoder at the originating site of vid-
eo transmission. Decoders are located
at the remote sites receiving the broad-

cast data.

BASE- VIDEO

BAND —{ CONDI-

VIDEO TIONER

VIDEQ
ADDER

RS449 DATA

DATA — PROCES- |- rf'r%UF;

(1/4 T1) SOR

Figure 1. A simplified block diagram of
the VIDEQ 7500 encoder.

The encoder has two inputs, one for
baseband RS-170A (or PAL) video, the
other for data from a host computer via
LAN or from a CD ROM source, depend-
ing on the application (R5-422 interface).
The encoder output is then up-
madulated for transmission just like stan-
dard video. (See Figure 1))

At the receiver, a decoder separates
the digital data information from the vid-

eo for further processing by a comput-
er. The video can be viewed normalty
on a regular TV set or monitor.

Depending on the application, the
data can be packetized for addressabil-
ity or encrypted for security. Thus, a cus-
tomer may access only his chunk of in-
formation and ignore the rest.

The reliability of the transmission is
guaranteed when two factors are met.
The TV signal must have at least 40dB
of signal-to-noise ratio at the subscriber's
end, and the signal has to be relatively
free of artifacts, such as ghosts acquired
during transmission.

The transmission systern should com-
ply with standard RS-250-C medium-haul
transmission links. Also, processing of
the baseband video signal after data in-
sertion should be minimized because ex-
cessive group delay distortion or low-
resolution digitizing (less than nine bits)
can degrade data integrity. Specifically,
filters with a cut-off frequency less than
4.2MHz should be avoided.

Tests performed on conventional
broadcast facilities did not exhibit any
problems because of transmission filters.

The VIDEOQ 7500 currently has a data
rate of 384,000 bits per second, a speed
sufficient for transmitting larger files, im-
ages and other multimedia information.
This will enable cost-effective delivery
of high-speed digital information using
the most pervasive of networks — tele-
vision. Higher-speed versions are cur-
rently under development.

Q

Systems that do not employ certain steps
potentially could suffer significant per-
formance disadvantages. yet show little
cost benefit. This trend is expected to con-
tinue as implementation costs fall with im-
proving chip-based technology.

Lossless vs. lossy compression

A critical design decision in developing
a compressed digital video system is
whether the compression should be loss-
less or lossy. Lossless compression guarar-
tees (in the absence of channel errors) that
the digital input to the compression sys-
tem and the digital reconstruction at the
output of the decompression system will
be identical down to the bit level. Lossy
compression does not provide this guar-
antee but may be more suitable for com-
pressing digital video information.

Two important factors make lossy cod-
ing more effective for most compressed
digital video applications. First. limitations

28 Broadcast Engineering February 1993

of the human visual system mean that a
reconstruction that differs from an origi-
nal may appear the same (visually trans-
parent). Transparent lossy coding typical-
ly can be done at approximately one-
fourth the bit rate of lossless coding. Be-
yond transparent coding. the tremendous
economies of compression make it accept-
able to have some visual distortion if a low
enough bit rate can be achieved at which
the application becomes economical.

Economics justifies
compression.

The argument for lossless coding in
compressed digital video applications is
weakened hy a second factor. I'rom a sys-
tem perspective, it is impossible to deliv-

www americanradiohistorv com

er the image as viewed by the camera loss-
lessly to the eye of the viewer, even if
digital compression and transmission were
lossless. This situation exists because eve-
ry component in the system introduces its
own distortion. and the system designer
has already undertaken a trade-off in cost
vs. performance in component selection.
It is reasonable to make the same trade-
off in the compression system. If the dis-
tortion introduced is low relative to the
overall system distortion budget. yet the
transmission cost savings are significant.
then lossy compression is the correct
choice. For these reasons, lossy compres-
sion is essentially universally preferred in
the compressed digital video applications.

Compression steps
Figure ! shows a block diagram of a ba-
sic video compression encoding algo-
rithm. It will be used as a reference on
which to hase our discussion.
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To OfferTransnpitlér Power Levels From | W lo 240/W

HOW IN THE WORLD
Does TTC Do IT?

Only one company keeps coming up first in industry around the world for 25 years.

the broadcast transmission industry - TTC. No other company can offer you our
Surprised? Don't be. Only TTC offers all five knowledge and experience in low power
current television amplification technologies.  television, translators/transposers, high power
And, that same company pioneered the television and FM radio. No other company is

development of solid-state FM transmitters. as dedicated to supplying you with the highest
In fact, TTC has been designing and building quality broadcast equipment to suit your
products for the broadcast transmission needs. That's how TTC does it.

FIRST.

A Global Force In Broadcast Transmission I'ec/ma/agy

=5=T1TCS

TELEVISION TECANOLOGY C ORPORA T/Oﬂ
650 S. Taylor Ave. Louisville, CO 80027 USA Facsimile: (303)673-9900 Telephone: (303)665-8000

Please see TTC at NAB Booth #13806. Circle (18) on Reply Card
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WHEN YOU
WANT MORE

THAN JUST
AN ANTENNA

JAMPRO has been providing the
broadcasting industry with state-
of-the-art antennas for over
35 years, longer than any other
US antenna manufacturer. With
over 300Q antenna systems deliv-
ered, at JAMPRO you don't just
buy an antenna, you invest in
experience.

JAHD CP
Arrowhead
Screen Dipole

THE LEADERS IN
ANTENNA
TECHNOLOGY

® Complete line of FM & TV
broadcast antennas

® RF components, Filters
& Combiners

® Modern 7000 ft FULL SCALE
test range

¢ Directional antennas and
pattern studies.

Call or fax us your
needs today.

(916) 383-1177
Fax (916) 383-1182

6340 Sky Creek Dr.
Sacramento, CA 95828
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I‘jig_ure 1. A block diagram of an encoder and decoder for Eomyressed d:‘gr‘{al video applications.

* Preprocessing.

Preprocessing attempts to remove infor-
mation from a video signal that is most
difficult to cocle, yet relatively unimportant
to the visual quality. Typically. a combi-
nation of spatial and temporal non-linear
filtering is used. Judicious use of preproc-
essing according to application is as much
an art as a science. It is most effective when
solid experience is married with careful
experimentation using the particular sys-
tem and application being developed.

e Jemporal prediction and motion comn-
pensation

Video sequences usually are highly cor-
related in time. In other words, each frame
of a sequence is quite similar to the
preceding and following frames. Taking
the difference between frames and cod-
ing only the difference. instead of the en-
tire original frame, reduces the amount of
information that must be sent. Simple
frame differencing can be improved by
noting that many changes occurring from
frame to fratne can be approximated as
translations of small regions of the image.
By breaking a frame into small blocks
(typically 16x16 pixels) and searching al
nearby positions in the previous frame. it
is possible to find an appropriate predic-
tor block, so that only the position of the
predictor block and the relatively small
differences between the predictor block
and the current block need be sent. Be-
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cause this process helps greatly reduce the
bit rate when portions of a scene are in
motion. it is typically called motion com-
pensation.

Although motion compensation is some-
times blamed for the introduction of mo-
tion artifacts. this is a misconception. Mo-
tion compensation does yield more effi-
cient compression because much smaller
differences have to he communicated.
However, it introduces no distortion by it-
self. Motion artifacts can arise when in-
sufficient bits are available to describe de-
tailed and/or rapidly changing scenes. but
they can also occur for other reasons. Typi-
cal examples include conversion from film
to video. or use of a single “merged” frame
to represent two fields of video, or when
a non-motion-compensated system suffers
varying quality because ol varying scene
detail. Hence. motion artifacts aren't spe-
cific 1o motion-compensated systems.

* Frequency domain decomposition.

The next step is to find a frequency rep-
resentation for Lhe signal representing the
difference between the best offset in the
previous frame and the current frame (a
motion-compensation residual). The sig-
nal is analyzed into 2-D frequency com-
ponents, much like a spectrum analyzer
determines the freqquency components of
a one-dimensional signal. This has two ad-
vantages. First, the signal often has most
of its energy concentrated in a small range
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“ Qur Pictureboxes give us fast, elegant

handling of video with key, distributed
access, and complete graphics connect-
ivity around the building. In short,
Quantel’s system concept is great.
We're happy with where we are now and
we're excited about the future. You have
to trust that your suppliers will continue
product development, and every Quantel
system we own has real growth capability.'

WFAA, Dallas, TX has Picturebox Twin {3),
Picturebox Single (3), Paintbox, Harriet,
Cypher(2) and Picturenet.

CONNECTIVITY”

Hundreds of Picturebox systems are in

service with broadcasters, large and small,
across the US and around the world.

Stand-alone or in any size of network,
Picturebox is the new industry standard
for stills storage, library management and
on-air presentation.

It's unbeatable at the basics, it inte-
grates seamlessly, and with the added
power to create everything from multilayer
graphics to on air captions, Picturebox is
much, much more than just a still store.

Call Quantel and put yourself in the

picture.
QUANTEL U
Quantel Inc.. 85 Old Kings Highway North, Darien, CT 06820 Tel: (203) 656 3100 Fax: (203) 656 3459 Much, much more than a still store
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of frequencies {typically at lower frequen-
cies), so that relatively few bits are re-
quired to describe unimportant higher fre-
quencies. Second, this frequency domain
decomposition mirrors the process of
human vision and allows tailoring of the
subsequent quantization step to the sen-
sitivity of the human visual system to fre-
quency content.

The most-popular frequency domain
decomposition technique is the discrete
cosine transform (DCT). The DCT, a rela-
tive of the discrete Fourier transform,
takes a block of the motion compensation
residual (8x8 or 16x16 pixels} and con-
verts it to a corresponding set of coeffi-
cients, representing different frequency
components. DCT popularity stems from
several factors:

1. It has a fast algorithmic implementa-
tion resulting in many VLSI solutions.

2. Itis nearly optimal among transforms.

3. It has withstood competition of many
alternatives by consistently yielding a
superior cost-performance trade-off.

Alternatives to the DCT include subband
decomposition, image pyramid decompo-
sition and wavelets.

Subband decomposition involves apply-
ing a set of bandpass spatial filters to each
frame of the sequence, with the center fre-
quencies of the filters spanning the range
of frequencies in the image. Because the
output of each filter has a reduced fre-
guency range relative to the original, the
Nyquist sampling criteria allows us to
resample each at a lower rate. When the
total number of samples per image after
decomposition equals the number of sam-
ples in the original image, the subband
system is said to be critically sampled.

Image pyramid decomposition is a non-
critically sampled subband system in
which the image frame or motion-com-
pensation residual frame is repetitively
low-pass filtered and then subsampled.
The resulting set of images of smaller and
smaller size is called a low-pass pyramid.

A bandpass pyramid is constructed by
interpolating the smallest image and sub-
tracting it from the next smallest image
to produce a bandpass image. The next
smallest image also is interpolated and
subtracted from its larger neighbor. The
result of this repeated process is another
pyramid in which each level contains a
different range of frequencies. This band-
pass pyramid can now be coded and trans-
mitted.

In the general case, wavelet decompo-
sition breaks an image or motion-compen-
sation residual frame into components as-
sociated with scaled versions of an original
prototype function. The advantage of this
approach is a variable trade-off between
spatial and frequency resolution as differ-
ent frequency ranges are considered. Sub-
band and pyramid techniques are less
prone to the “tiling” that appears in trans-
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Figure 2. In this diagram of a uniform quan-
tizer, the step size is three, because the range
of possible inpuls is divided into bins of width
three with a single reconstruction for each bin.
The step size controls the trade-off between bit
rate and visual quality, and can be adjusted dy-
namically to respond to system loading (for ex-
ample, during an extended period of difficult-
to-compress source material).

form images when high compression ra-
tios are demanded. Depending on the oth-
er portions of the system, tiling can still
appear in subband or pyramid systems —
for instance, if vector quantization is em-
ployed.

Although work continues in frequency
domain decomposition techniques, the
DCT continues as the technique of choice
for practical video compression systems.
¢ Quantization.

Motion compensation reduces the sig-
nal to be transmitted. The frequency do-
main decomposition concentrates the
power into a few frequency coelficients
and arranges the energy in a way similar
to the human visual system. Quantization
irreversibly reduces the amount of infor-
mation that will actually be provided to
the decoder about the signal.

Fundamentally, quantization accepts
each coefficient from the frequency do-
main decomposition and reduces the pre-
cision with which it is described. Suppose
a coefficient can range between —127 and
127 as an integer, requiring eight bits to
send it as it is. Instead, the numbers —1,
0 and | can be grouped together and
reproduced as 0 at the decoder, numbers

WWW.americanradiohistorv.com

from 2 to 4 can be grouped together and
reproduced as 3 at the decoder, and so on.
{See Figure 2.) By doing this, 85 different
groups of numbers can be identified. Now,
the decoder has determined which group
was elected. This only requires seven bits
to send {actually, quantizations can be
grouped together to reduce the bit rate to
the true minimum of 6.4 bits per sample).
The compression effect is obvious.

Quantization is a noisy compression
step. A decoder cannot accurately recon-
struct each coefficient. Instead, it will pro-
duce an approximation of the coefficient
that the encoder saw, resulting in some
distortion in the decoded image. Quantiz-
er design must optimize the required num-
ber of bits to be sent, while simultaneously
minimizing the visibility of the distortion
that is introduced.
¢ Coding.

Quantized frequency domain coeffi-
cients often have a zero value at many
different frequencies. Also, large groups of
such zeros may cluster together at the
higher frequencies. Additional compres-
sion often is achieved by coding the num-
ber of zeros in a row rather than coding
each individual zero by itself. This is called
run-length coding. Non-zero coefficients
are coded individually.

Non-zero quantized coefficients and the
number of zeros in a row can yield to fur-
ther compression, because some possibil-
ities occur more frequently than others.
By assigning short code words to frequent-
ly occurring possibilities and longer code
words to infrequently occurring possibili-
ties, a net savings in bit rate can be re-
alized.

The most-popular technique in video
compression for this additional compres-
sion is Huffman coding (see Figure 3}, al-
though arithmetic coding and Lempel-Ziv
coding (common in compression of com-
puter files) can also be used. Following the
coding step, the resulting bitstream is
ready for transmission to the decoder. The
requirements of the particular communi-
cation channel may specify that synchro-
nization and error-correction information
may be added and encryption applied.
Other bitstreams, such as compressed au-
dio and accompanying data channels,
might be multiplexed in. The receiver syn-
chronizes to the transmitter, corrects as
many errors as possible, decrypts the bit-
stream and separates out the other data
types, sending the clean video bitstream
to the decoder.
¢ Decoding.

Decoding undoes the operations of the
encoder in a predictable way. The run
lengths of zeros and coefficient values are
looked up, and the reproductions that the
encoding quantizer assumed assist in
reconstructing the coefficients. The coeffi-
cients are applied to a frequency-combin-
ing process, undoing frequency decompo-
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Engineers and Producers Agree
On The Versatility, Variety and
Dependability of Maxell.

That's Why Over 2,000 Pros Nationwide Use Maxell Exclusively.

It's all on your shoulders. You have to create, enhance, preserve, make it work. So you do what you've done
reach for Maxell. Rugged, reliable Maxell tapes for state-of-the-art performance..... punish it, push it to the limit,
these superb video and audio tapes just won't quit. Durable Maxell tapes for the glorious sound, the brilliant
image and the superior specs you must have when your reputation is on the line.
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Now they re
also availablein BLACK.

Alot of microphoncs have come and gone, but
the Electro-Voice 635A and RE30 have remained
a constant. Until now.

Don’t panic! The 635A and RES0 are still designed
specifically to meet the challenging, “real-world™ rigors
of broadcasting on location. The only change is that
both are now available in black, as well as their original
fawn-beige color. Everything else is exactly the same.

Debuting more than two decades ago, field and ENG crews
quickly adopted the 635A and RES0 as industry standards,
instantly recognizing their trendsetting shape and design,
unmatched reliability and clean sound. And they continue to
set the industry standard like no other microphones!

EY,

Electro-Voice, Inc.. a MARK IV company. 600 Cecil St., Buchanan, M1 49107 616-695-6831  800-234-6831  In Canada: 613-382-2141

When there is only one chance to get it right,
the 635A and RES0 remain the choice — in black

or beige — no matter the conditions.
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sition. Then. they are added to the
prediction that the encoder used during
motion compensation. resulting in an out-
put frame.

Decoding usually has a significantly low-
er complexity than the encoding. This
asyminetry is partially offset by the fact
that error correction, if performed, typi-
cally requires more work at the receiver
than at the transmitter.

Systems that do not
employ certain steps
potentially could
suffer significant
performance

disadvantas yet
show little cost
e ‘,ﬂ'n

¢ Posi-processing.

One additional step sometimes per-
formed at the decoder is post-processing.
This typically attempts to recognize the
most annoying artifacts that may occur
and directly reduce their visibility. Post-
processing generally pertains to situations
with fairly high distortion levels. In con-
trast, recluction in the visibility of artifacts
from low distortion situations is difficult
lo perform successfully without simultane-
ously distorting the original signal in some
other annoying manner.

Quality and performance

Video compression has made possible
some applications that are otherwise eco-
nomically unfeasible. Often, these do not
have an established set of expectations of
what is appropriate visual quality and
methods of assessment by simple. objec-
tive and repeatable engineering measure-
ments. These measures tend to be inap-
propriate and misleading when applied to
compressed digital video systems. Many
measurements prove non-sensical, while
others underpredict or overpredict visual
quality. Other impairments introduced by
a compressed digital video system are not
captured by any standard measurement.
The level of sophistication employed in
compressed digital video system design is
such that no simple, yet accurate, objec-
tive engineering measurements are avail-
able to uniformly evaluate performance.
Many practicing video engineers find this
inconvenient and perhaps uncomfortable,
Until good objective measures are devel-
oped. if the system looks good to the cus-
tomer. then it is good.
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Trust the Power
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You Can Rely on Varian Tubes.

When the name on vour transmitter
tube is Varian, vou're getting something
no other tube can offer — Varian
reliabilicy. Varian’s klvstrons and
Eimac® tubes keep vour signal strong
and on—the-air for years of worry-free
dependability.

Varian reliability is bevond the ordinary
hecause we understand the demands
vou place on broadeast tubes. Before a
Varian tube is shipped to a customer, it
undergoes stringent tests to insure maxi-
mum performance when vou powerup.

Sinee we invented the klystron and
designed the first Eimac tube over 30
vears ago, we have heen delivering reli-
able power for broadeasters worldwide.
And with our commitment to continuous
improvement, we have increased tube
lite, power levels, and efficiency to meet
your evolving requircments.

Call us today and see for vourself why
Varian tubes are the ones hroadeasters
trust. In the U.S. call 1-800-544-4636.

2
From other countries, call 415-424-4819. varlan @
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Although visual quality is a challenge
to evaluate, other aspects of compressed
digital video are easier than their analog
video counterparts. Because the com-
pressed bitstream is transmitted digitally,
the bit-error statistics completely describe
the quality of the transmission. This con-
trasts to analog transmission systems, in
which many linear and non-linear distor-
tions, as well as additive noise, can cu-
mulatively degrade the signal.

User interface
Most compressed digital video applica-
tions place sophisticated digital process-
ing and communications devices in the
hands of users who have little or no in-

FIXED
sweois | SO0 | BATE [MCoDE
A 0.5 00 0
B 0.25 01 10
L 0.125 10 110
D 0.125 1 1

Figure 3. A Huffman code example. Huffman
codes provide their most dramatic savings on
sources with large probability on a relatively
small number of symbols.

terest in the sophistication of the technol-
ogy. Most are only interested in achieving
their communication purpose with mini-
mum hassle. Good user interface design
is a must. The current trend requires
friendly, on-screen control of compressed

Beyond transparent
coding, the
tremendous economies
of compression make
it acceptable to have
some visual distortion
if a low enough bit
rate can be achieved
at which the
application becomes
economical.

digital video systems. Remote control cou-
ples systems that automatically adjust in
most circumstances to changes in the en-
vironment, In some applications, such as
videotelephony, system control may be
limited to a small number of functions (ie.,

self-view vs. far side view, video/audio
mute and privacy, speakerphone vs.
handset).

Growing acceptance

Compression has found a significant ac-
ceptance in video production-type sys-
tems, where the reduction of video data
speeds the editing process in desktop
operations. The use of data reduction has
applications in the transfer of information,
permitting a reduction in the bandwidth
of communications channels, such as sat-
ellite transponders, often with an associ-
ated reduction in the cost of transmission
feeds.

With the technology now well past its
infancy, its feasibility must no longer be
proved. Video compression will find more
and more acceptance as costs decrease.
As with all technological innovations,
compression will continue to be enhanced
through new algorithmic discoveries and
fine-tuning of those already in use. Just as
PCs have found a useful place in millions
of consumers’ homes, video compression
will, in time, also become a fact of life.

= For more information on video com-
pression, circle Reader Service Num-
ber 301. ]

NEW! FROM INTERTEC BOOKS:
The Information Age Dictionary

Experts from Broadcast Engineering magazine, Intertec Publishing’s other award-winning
magazines and Bellcore, America’s largest research and development consortium, have combined
their knowledge and experience to bring a valuable reference to both novice and seasoned

professionals.

This comprehensive reference contains thousands of the
words, phrases, abbreviations and acronyms that define
today’s most dynamic technologies.

* Audio, including recording and production
¢ Broadcast, including radio, TV and cable
¢ Cellular, including wireless interconnection

and PCS

* Video, including graphic systems and CCTV

ALSO AVAILABLE FROM INTERTEC PUBLISHING
THE INFORMATION AGE CATALOG

and SS7

INCLUDES MORE THAN

300 BOOKS, VIDEO & AUDIOTAPES
CALL 800-543-7771 or FAX 800-633-6219

¢ Computer commmunications and applications
¢ Mobile radio and paging technologies
* Telecom and telephony, including SONET

Cost - §79.95/copy
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Formats come and go.
Your routing system shouldn’t.

If the television industry can’t commit itself to a video

format, why should you? Now you can declare your format
independence with the Series 7000 Signal Management
System from Grass Valley Group.

It’s the first system that lets you make the transition from
analog to digital, and change video formats — without
changing your router. With up to 32 control levels, virtual
matrix mapping, and fully programmable source, destination
and level names, the Series 7000 is designed for virtually
limitless growth.

It all adds up to the fastest, most responsive control system
you can use. And best of all, the Series 7000 system is fully
compatible with your existing Horizon™ routing system matrices.

Put yourself years ahead. Call your GVG customer
representative for full details about the competitively priced
Series 7000 Signal Management System. Multi-format
capability you can’t outgrow.

NOATH AMERICA Grass Valley, CA (916) 478-3000 SOUTH AMERICA Miari, Flonda (305) 477-5488

Europe Basingstoke. UK (0256) 817817 ASIA Hong Kong (852) 5987118 JAPAN Tokyo (03) 5992-0621
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By Stephen Herman, David Koo,
Amihai Miron, Craig Greenberg
and Chikiang Tung

The Bottom Line_

The quality of the image
your viewers receive depends
on several factors. Some re-
late to the transmission sys-
tem while others relate to the
reception equipment. Ghost-
ing, which is caused by reflec-
tions from buildings, aircraft
and other objects in the en-
vironment, falls somewhere in
between. Knowing how to
keep your viewers from tun-
ing to another channel for a
clearer picture is critical to
your station’s profitability. Us-
ing the tools of modern elec-
tronics, TV receiver manufac-
turers can give viewers a
greatly improved, ghost-free

image. $

Herman is senior member of research staff; Koo is principal
member, research staff, Miron is director of electronic sys-
tems research sector. Greenberg is senior member of re-
search staff; and Tung is member of research staff, Philips
Laboratories. Briarcliff Manor, New York.

February 1993

Cancel that

ghost

Keep your viewers tuned in by keeping ghosts out.

I V ghosts are multiple images caused by
multipath echoes. In theory, TV signals
travel along straight lines. The signal may
have a short, direct path between the
transmitting antenna and the receiving an-
tenna. The same signal also can reach the
receiver antenna over a different, longer
echo path because of reflections off near-
by buildings and other objects. Under such
conditions, the receiver will show two im-
ages — a strong, main image and a weak-
er, shifted echo or ghost. These ghosts can
seriously degrade received image quality.

Two types of ghosts exist. In the first,
the ghosted image is a weaker replica of
the main image, delayed to occur later in
time. This is called a post-delay ghost or
post-ghost. In the second type, a ghost oc-
curs before the main image, resulting in
a pre-ghost. Pre-ghosts can occur in cable
systemns, where it is possible for the strong,
main image to have a propagation delay
through the cable system longer than the
time it takes for a weak, direct-broadcast
pickup to be received. These two ghosts
require different methods of cancelation.

Ghost canceling

The 2-step process to cancel ghosts at
the receiver first requires characterization
of the ghosting channel, and then cancel-
ing the ghosts by using adaptive filters.

To facilitate the channel characterization
step, the broadcasting station transmits a
ghost-cancelation reference (GCR) signal.
The receiver compares the received,
ghosted version of the GCR signal with a
clear, stored replica of the same signal.
The results of such comparisons are com-
puted by a digital signal processor chip,
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which uses ghost-cancelation algorithms
to calculate coefficients to be fed to digi-
tal adaptive filters that cancel the ghosts.
The process occurs continuously, with the
coefficients of the filters being constantly
updated to follow transient conditions, as
measured from the received GCR.

lifferent

Figure 1 on page 42 shows a simplified
block diagram of the Philips ghost-cancel-
er system. An A/D converter changes the
received analog signal to digital form. The
ghosted received GCR is captured, provid-
ing the computed settings for the ghost-
canceling filter. The corrected signal, with
the ghosts removed, is converted back to
analog for normal display.

GCR history

The GCR signal forms the key link be-
tween the broadcaster and the viewer. It
carries all of the information that the re-
ceiver needs to successfully cancel ghosts.
Realizing that commercial ghost cancela-
tion would not be possible without a stan-
dard GCR signal, the Advanced Television
Systems Committee (ATSC) began search-

Continued on page 46
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Multiple indepen-
dent serial digital
outputs can be
added.

Demands for more complex video service

1l ! . - . ) .
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POWER

After more than ten years in the pro wireless
business, during which we've earned several
patents and thousands of loyal customers, we've
developed a few claims of our own. For starters:
nothing can match the performance, flexibility
and dependability of our four-frequency
FMR-4 receiver.

We realize some of you may not be as
famihiar with our line of pro wireless as with
others who've spent more money courting the
broadcast industry. But that’s about to change.
Because at any price point, no one offers the
performance and quality we do. And that’s

€ 1992 Telex Comumunications, nc.
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a truth we’re anxious to demonstrate.

The FMR-4 has everything a broadcast
professional could want in a true diversity
receiver: GaAsFET transistors for superior
reception and clean sound with no coloration
low-distortion, computer-matched linear
phase filters for unsurpassed selectivity; our
patented Pos-i-Phase™ circuitry that completel
eliminates dropouts and switching noise;
Pos-i-Squelch™ (a true “noise” type squelch)
to prevent inter ference; and TLX"— a
“smart” circuit that solves the “buzzy” noise-ug
problem other systems suffer when the signal
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TO DISPLAY
GHOST
RECEIVER ANALOG TO DIGITAL TO
ELECTRONICS [  DIGITAL CANCELLING 4 ", r106 [
FILTER
CAPTURE COMPUTE
RECEIVED [®| FILTER
GCR SETTINGS

Figure 1. Simplified block diagram of a ghost-cancelation systein.
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Have wireless, will travel

B

Mike Michaels, production
sound mixer, on location at
a Hawaiian volcano, with his
Vega wireless systems

VX-20 portable wireless mic gives peak performance

“When your livelihood depends on quality
audio performance, you need a great
sounding system you can count on,” says
Mike Michaels, C.A.S., a busy location
sound mixer. Whether he's working at the
Pro Bowl, or recording for a commerciai
on the rim of a bubbling volcano, he al-
ways has Vega portable wireless in use.
Why Vega wireless? “I've used Vegas for
years,” says Michaels, “and these new
portable systems have an unbeatable com-
bination of superb audie, solid RF perfor-
mance, and rugged durability. They sound
great, and my Vegas are wireless sys-
tems | can count onl”

The VX-20 system was designed for
portable wireless system users who fe-
quire exceptional audio performance in a
compact, rugged configuration. DYNEX®
Il audio processing makes the VX-20 the
best sounding portable system available,
with crisp, clean audio and a signal-to-
noise ratio high enough for today’s ad-
vanced digital recording techniques.

Ruggedly designed to stand up under
tough field conditions, the system incorpo-
rates many thoughtfully designed features
to make setup and use a snap, such as
a full-size XLR audio output and indepen-

|

dent monitor output on the receiver, and
low-battery/overload LEDs and mic on/off
switches on the transmitters.

For over 30 years our customers’ suc-
cess has been of vital importance to us.
That's one reason why Vega wireless sys-
tems are the choice of professionals the
world over. Call us at 1-800-877-1771 for
more information on the VX-20, and join
the company of satisfied Vega customers.

M EE AT

imusibell
a MARK IV company

9900 Baldwin Place

El Monte, California 91731-2204
Telephone: (818) 442-0782
Toll-free: 800-877-1771

FAX: (818) 444-1342
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Dynamic ghost
simulation

By John Minck

If your goal is to rid TV pictures of
ghosting, then why would you develop
a ghost simulator? Well, for one, because
it is used to generate ghosts for system
design and evaluation.

Although a standard GCR signal has
been defined for the transmission side,
no specifications exist for receiver man-
ufacturers. [n order to develop appropri-
ate processing and filtering circuits, man-
ufacturers need the ability to create
numerous ghosting conditions, singular-
ly and in combination. Reflecting sur-
faces causing multipath-induced image
impairments are not all static. Aircraft,
for example, are a source of intermittent
problems. The overall success of a ghost-
cancelation system will depend on its
ability to simultaneously handle multi-
ple problems, and manufacturers will vie
for product advantages.

Although a standard
GCR signal has been
defined for the
transmission side, no
specifications exist yet
for receiver
manufacturers.

Figure 1 illustrates the concept of a dy-
namic ghost simulator and reveals how
the baseband signais can be modified
under computer control. The basic mod-
el provides six paths of modifiable sig-
nals. Each is separately programmable
for signal deiay, Doppler, attenuation and
phase-shift parameters. Typically, one
path is used without impairment to rep-
resent the direct signal, which leaves five
paths available for simulating different
ghosts.

The modulated signal input is down-
converted to an intermediate frequen-
cy {IF) signal. with fully specified per-
formance over a minimum bandwidth
of 6MHz. Then. the IF signal passes

Minck 18 application englneer. SPD Division, fo;
Hewlett Packard, Palo Alto, CA.
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WE MAKE [T VERY, VERY HARD TO BLAME IT ON THE TAPE.

While we can't fix all your problems, we can make sure 3M tape isn't one of them. You
get consistently high quality in every audio and video format. And flawless support from
the people who know more about tape than anyone. We won't be satisfied until you are.

IV Professional Audio/Video Products [is
30 Center, St Paul. MN 55144

361JSC380 « 1992 3M Worldwige Sponsor 1992 Olympre Games
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L.0. INPUT

SIMULATED GHOST SIGNAL OUTPUT

TV TEST SIGNAL INPUT
Y

through a 6-way splitter, after which
each path undergoes the following steps:
1. A 12-bit A/D converter creates and
applies a digital datastream to the first-
in/first-out (FIFO) memory. By control-

A

MHz

DETAIL

EACH PATH

MHz

ling the FIFOQ, the path delay is adjusta-
ble in precise delay increments. After the
delay is applied. the signal is converted
back to an analog IF signal.

2. After filtering, amplitude and phase
modifications are made on the IF signal
with an in-phase/quadrature {I/Q) modu-
lator. Amplitude and phase are precise-
ly controlled by a 12-bit DAC, operating
through the [/Q modulator. under the
user’s control.

3. Finally, the altered IF signals are con-
verted back to an on-channel RF signal.
Synchronization is maintained because
the same LO signal is used for the up-
conversion and downconversion process.

12-BIT
D/A

FIFQ
RAM

i L—

BPF

DIGITAL CONTROL

Flexible user interface
Because ghosting may involve numer-
ous factors simultaneously, the simula-
tor is designed around a PC operator in-
terface. Also, a wide array of instrumen-
tation already exists for bus-control net-

ATTN

Figure 1. The HF 11759D ghost simu-
lator includes six identical signal paths,
each of which can be characterized to

P.C. INTERFACE 10HMz CLOCK REFERENCE

simulate a different type of ghost con-
dition.

You
f can measure...

with the best monitor and the most accurate test set.
The FMM-2/FMS-2 series monitors provide an even greater degree of
precision measurement than ever before_..You can measure S/N below
90 dB, You can measure crosstalk below 85 dB, You can measure separalions
of better than 70dB, You can measure frequency response 1o better than
0.25dB, You can measure distartions 1o lower than 0.01%, and much more
Our uncluttered panels and autoranging voltmeters make these measure-
ments a dream.

BELAR ciLLARNO MEYER (215) 687-5550
ELECTRONICS LABORATORY, INC.
LANCASTER AVENUE AT DORSET. DEVON PENNSYLVANIA 18333

Call or write for more information on Belar AM, FM, Stereo, SCA and TV monitors.
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Clark listens fo its customers and designs its complete
line of audio/video cable accordingly. Now you can
listen to Clark's new 700 Series snc(ies

that are designed, as usual,
with the customer in mind.
Why not give
Clark a listen?

Cables available
cut to length and
terminated to
YOur specs.

wilt &
[y

LALRK
1-800-CABLE-IT!

1801 Holste Rood ¢ Northbrook, IL 60042

Listen to Clark!
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The Waveform Monitor/Vectorscope That Keeps Everyone Happy.

Engineers need to perform complex signal analysis. Operators want equipment that’s easy to use. The
boss wants it to be affordable. Now there's a product that satisfies everybody. It's our new, easy-to-use
TVM-710 with two operating levels. Level [ lets operators display waveforms, vectors and pictures. While
Level Il gives engineers a complete range of tools, including digital line selects, SC/H phase displays, mea-
surement cursors with on-screen digital readouts, even 3-D vector display. We have a whole new family of
test and measurement equipment available in composite or component, y ™
NTSC or PAL, and with auto-measure. Call us today for a free videotape \’ ]D EOTEK
and brochure on our 700 series. Furst, we listen.

See us at NAB Booth #16253 Circle (30) on Reply Card
243 Shoemaker Road. Pottstown, PA 19464 1(800) 800-5719 (215) 327-2292 Fax: (215) 327-9295
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works. The result is a familiar interface
for most users.

In addition. this approach allows for
the software coding to he “open,” per-
mitting the user to modify, add or sub-
tract required ghost characteristics. Path
characterizations can be expressed in
several terms — for instance, hertz or
kilomelers per hour — thereby provid-
ing for examples and routines, such as
a single airplane, a tower sway effect or
a static mountain reflection.

Because ghosting may
involve numerous
factors simultaneously,
the simulator is
designed around a PC
operator interface.

Ghost simulations are divided into two
classes. dynamic and static. For static
simulations, the operator sets values for
delay, attenuation, Doppler value and
phase parameters. These values are set
for each path. each representing a fixed

ghost, such as a mountain. tall building
or cable reflection effect.

Dynamic scenarios can be illustrated
by the example for airplane flutter. One
software sequence, called Travel Test, ac-
cepts instructions for the test, including
location coordinates and direction and
speed of the airplane, relative to the
fixed locations of a transmitter and a re-
ceiver. The program then runs off-line
and computes an ASCI! file of parame-
ter (the same as for static} data for each
0.01 second.

From the table of data computed. the
test uses the information with a real time
program sequencer. This checks the data
for errors according to defined limits.
and then outputs the results to the simu-
lator to set the signal parameters dynam-
ically, giving the precision signal modifi-
cations the user needs.

These sophisticated testing capabilities
allow designers to build even more-
effective ghost-canceling filters and cir-
cuits. The result will be better-received
images for viewers, which in turn ben-
efit broadcasters and cable systems.

THE AUTOMATED MIXER
THAT WAS COMPOSED, NOT IMPROVISED.

if youd rather mix than mess around with a bunch of outboard boxes,
we suggest a serious look at the new M-3700 Series from Tascam.

The M-3700 Series is a professional-quality mixing console with a
perfect memory of its fader settings. A console whose automation isn't
a pain in the pots. And, starting under $14000, whose suggested retail
price isnt either.

Our automated console provides you with both snapshot automa-
tion {to recall any pre-set levels or switch positions stored as “scenés”) and
dynamic automation (to recall levels and switch positions locked to real-
time locations).

The M-3700 also features an onboard disk drive; SMPTE timecode
generatorfreader; writefupdate mode; choice of 24- or 32-channel config-
uration; and the ability to automate the main, monitor and aux send
mutes, and EQ ON/OFF for each channel. Without outboard computer
screens, wires, mouses or the usual added-on hassles.

From us, you'll get a compact, familiar-looking system that'll help you
create the mix you want. And precisely recall any previous mix, S0 you can
tweak some channels without affecting others. All withoutwasting your
valuable time or talent.

The musician-friendly M-3700 Series automated mixing console.
Now waiting to wow you at your nearest Tascam dealer.

TASCAM.

€ 1992 TEAC America, Inc, 7733 Telegraph Road, Montebello, CA 90640 213/726-0303
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ing for the most-suitable GCR in 1989. The
first step was the GCR adopted as a na-
tional standard by Japan's Broadcast Tel-
evision Association (BTA). Between 1989
and 1992, the ATSC Specialist Group on
Ghost Cancelation compared the BTA sig-
nal with candidates submitted by
AT&T/Zenith, Sarnoff/ Thomson. Samsung
and Philips. The initial comparisons con-
sidered theoretical and computer simula-
tion and laboratory criteria. The NAB,
MSTV. Cable Labs, PBS and other organi-
zations conducted the final and most-
extensive field tests in metropolitan
Washington. DC. during late 1991 and
again (in a limited form} in mid-1992.
Based on these test results. the AISC rec-
ommended that the Philips GCR be cho-
sen as the US. standard signal.

The GCR signal occupies one line of the
vertical blanking interval (VBI). Line 19
was chosen as the most appropriate VBI
line into which to insert the GCR. Because
FCC regulations already reserved line 19
for a vertical interval (color) reference
(VIR) signal, an FCC waiver was required
to replace the VIR signal with the GCR.
(Research proved that only a few TV
receivers, manufactured through 1985 by
the General Electric Company. used the
VIR signals.) The FCC approved the sub-
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stitution of the GCR into line 19 on Oct.
27, 1992, making the Philips GCR and its
VB! location the official US. voluntary
standard

he voluntary nature of the standard re-
lies on the cooperation of the broad-
casters. Most were enthusiastic about the
possibility of improving received image
quality for a low-cosl investment in addi-
tional equipment at the transmitter site.

Using the GCR

lo insert a GCR, a VBI signal inserter
is required. Some manufacturers plan to
modify existing inserters to make them
functional for GCR applications. New prod-
ucts also will be available to make insert-
ing the CGR signal easier.

A special set of PROMS already exists

to allow the TEK-1910 to be used to insert
the GCR. This chip set is available from
‘Tektronix and Philips Broadband Net-
works of Manlius, NY, and costs approxi-
mately $300 to $500. Because many sta-
tions already own a TEK-1910 inserter, the
upgrade cost will be minimal.

The GCR acts as a test signal in charac-
terizing the impulse or frequency response
of the “black box" representation of the
ghosting transmission channel. The
American GCR standard resembles a
swept-frequency chirp pulse. It is not such
a pulse, but is carefully synthesized to
have a flat frequency spectrum over the
entire 4.2MHz band of interest to NTSC ap-
plications. (The spectrum of a linear FM
chirp pulse is not flat.) This signal is pre-
ferred to the BTA GCR. because it provides
more energy, permitiing more reliable op-
eration under noisier conditions.

Although the primary purpose of the
GCR signal is for ghost cancelation, the
resemblance between the GCR and a lin-
ear FM chirp offers another use. Broad-
casters can use this pulse as a qualitative
indicator of the frequency response of
their system.

The receiver
ghost-canceler system

Althouigh the broadcasters’ expense and
time to transmit the GCR signal is low,
such a signal is useless without receivers
that are able to use it. The first genera-
tion of ghost-canceling hardware counsists
of professional cable head-end demadu-
lators.

However, home TV receivers with built-
in cancelers are more appealing to broad-
casters. Many implementations are possi-
ble at the receiver for a ghost canceler.
and most receiver manufacturers plan
such features. Prototype receivers with
these integrated ghost-cancelation capa-
bilities should be displayed at the ‘33 NAB
Convention. Current projections suggest
they could be marketed as early as 1994.
The added cost of the ghost canceler will
be comparable to the price of the picture-
in-picture (PIP) feature on current TV sets.

The most-critical parts of this system are
the digital filter chip hardware and the
software needed to characlerize the echo
channel and compute the filter coeffi-
cients. In principle, many off-the-shelf dig-
ital filter chips could perform the neces-
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By Larry Harrington

Ghosts began to haunt TV sets with
the first over-the-air transmissions. The
suggested solutions have generally been
expensive. ineffective or simply not
available in the United States. That sit-
uation recently changed when a US. in-
dustry standard was selected. Implemen-
tations of ghost removal have already
begun with cable television. Soon, this
improvement will be available to non-
cable viewers as well.

Why worry?

Fer many years. broadcasters had a
callous attitude toward ghosting, partic-
ularly when complaints came from a ca-
ble TV subscriber. If the picture wasn’t
acceptable, the viewer was directed back
to the cable company. For non-cable
viewers, little could be done. except try-
ing to explain how rabbit ears could be
adjusted or an outdoor antenna rotated

Harrington is manager, signal_processing produa;s.
for Tektronix Television Products, Tektronix, Beaver-
ton. OR.

slightly. The only solution was to reduce
the strength of secondary signals.

More recently, a greater interest has
developed to provide viewers with the
best possible pictures. Better pictures
equate 10 more viewers, whether they
receive the signals directly or through
a cable distribution system. And more
viewers equals more revenue.

Two problems have impeded solutions.
First, the cost of digilal processing cir-
cuitry to implement comparison and
filtering algorithms was expensive. In ad-
dition. there was no standard reference
signal upon which the signal could be
based.

The introduction of digital technolo-
gy into many areas of communications
has had positive results. The most im-
portant one for ghost cancelation is the
reduction in cost of the devices needed
to detect ghosting and filter the detect-
ed impairments out of the signal.

With a US. ghost-cancelation standard
now in place. solutions are at hand to
reduce the picture impairment almost

Ghost canceling: An executive summary

immediately for cable subscribers and,
soor. non-cable viewers. For the broad-
caster. the cost of ghost cancelation is
relatively small — at worst, the station
will need to purchase a new VITS insert-
er with a internal GCR generator. For
some, the cost will be $300 10 $500 for
a modular chip set that can upgrade the
existing VITS unit,

Sensing ghosts

Ridding a signal of ghost impairments
is relatively straightforward. The stan-
dard GCR signal inserted by the broad-
caster experiences the same degrading
influences as the video signal. A receiver
medule digitizes incoming videe and
compares a standard GCR reference sig-
nal within the module to the digitized
input. The comparison produces a dy-
namic control for the filter that removes
information from the picture consistent
with the amount of delay experienced
by the reference signal.

In a cable systein, the operator will use
a ghost-cancelation unit at the head-end

THE NSI

EQUIPMENT TRACKING SYSTEM

Eliminate duplicate acquisitions
and save money.

The CBS and NBC Television Networks
are tracking and archiving over 25,000
picces of equipment and asscts for
the broadeast of the 1992 Olvmpics. To
help them perform this task they chose
The NSi Equipment Tracking System.
From Broadcasting to Healthcare,
Insurance to Manufacturing—if you need
inventory control and asset management,
you necd The NSi Equipment Tracking
Sysiem.

m PC-basedsystem

m Catalogs equipment and
assets and tracks location

m User defined database m

m Query searches by key word,
wildcard, and cross reference =

m lems can be assigned to
integrated groups =

m Keeps maintenance records

m Custom reportgenerator -

" KEY FEATURES |

m Creates shipping lists and labels ||
m Interfaces to optional bar code

reader

Generates Code 39 bar
code labels

Links to accounting systems
via ASCIl export
Easy-to-use, menu-driven,
on-line help

Single-user and multi-user
versions available

For more information and free self-running demo disk, call or fax:
Nesbit Systems Inc. » Phone: 609-799-5071 « Fax: 609-799-95+0
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HYIRON
CRFYRON

Graphics
The industry leader in electronic graphics

» The CHYRON iNFiNiT!
The ultimate character, graphics and animation system

« The CHYRON iNFiNiT! for HIGH DEFINITION
Extreme resolution for HDTV applications

+ The CHYRON MAX!
MAX!> imum artistic freedom, dual channel
and iNFINiT! compatible

« The CHYRON CENTAUR
Video adaptor board for Silicon Graphics
RIS Indigo™ computer products

» The CHYRON SCRIBE, SUPERSCRIBE and SCRIBE JR.
High resolution print-quality text and graphics

+ The CHYRON 4200 with MOTION/4100 EXB
High resolution titling, graphic and digital effects

* The CHYRON ACG
Affordable animation in @ quality character generator

« The CHYRON CODI!
Real-time, anti-aliased, PC-driven compact character
generator

« The CHYRON VP-1 and VP-2 PLUS
Low-cost, quality character generator

Call: 515-845-2022/41 Fax: 516-845-3895/96

Winner of the
1991-1952 EMMY™
Engineering Award
for Outstanding
Achievement

in Technological
Deveiopment

for “Electromc
Character
Generation

for Telewvision

¢ ATASNWATAS

THE PESA CHYRON GROUP: Chyron
Graphics, CMX, Aurora Systems and Pesa
Switching Systems design, manufacture, and
market— digial electronic graphics equipment
and systems, computer-assisted video and
film editing Systems, paint and animation Sys-
tems, and audio/video switching systems for
the broadcast television, cable, video produc:
tion, post-production, industrial, government/
mulitary, and multimedia markets.

NAB Buyers Guide

E5()()\X\

Editing Systems —
The leader in video and film editing systems

« CMIX OMNI 1000 and 500
Fourth generation online edit controllers

« CMX 3500
Powerful, iow-cost editing systems

* CMX 6000
Random access, off-line editing system
for film and video

« CMX CINEMA
The latest in non-linear editing

Call; 408-988-2000 Fax: 408-986-0452

AULRORA

Paint Systems
Pioneer in sophisticated paint and animation systems

« AU/280 CADET and COMMANDER
Realtime effects, paint, compositing and animation

+ AURORA CORNET
Fast, complete, affordable graphics

« AURORA LIBERTY
Paint and animation for Silicon Graphics'
and other workstations

Call,; 408-988-2000 Fax: 408-986-0452

PESA

Switching Systems

Looking 100MHz Ahead!

« The PESA SYSTEM 5 ROUTING SWITCHERS
100MHz Video, D1/D2/D3 Serial Digital, and Audio

+ The PESA CG4733
Antr-aliased Graphics System

s The PESA BM4400 SERIES
Grade 1 Auto Setup Color Monitors

« The PESA DG4220, DG5250, and SWAT
Digitallanalog Test Generators and Analyzers

« The PESA TB8000
Matrix Based Intercom System

Call: 205-883-7370 Fax: 205-882-3294

| PES AcHimon Committed to
L Excellence
PESA CIHERON AULRORA
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to remove impairments resulting from ., . . .
multipath reception at the receive loca- Couresy of Tektronix  sary functions. In practice. only filter chips

tion. This will improve what is distribu- custom-developed for the application can
ted to the subscribers, but it cannot re- fulfill the task requirements and econom-
move any additional ghosting that ically meet the requirements of the com-
occurs because of a viewer's location, mercial receiver market. With major set
relative to that of the broadcast station manufacturers now preparing such chips,
e A g b it is hoped that by the 1994 estimated mar-

keting date most broadcasters will already

cancelation circuitry into TV receivers, o GCR si |
a move receiver manufacturers are al- be transmitting the GCR signal.

ready planning. Prototype receivers are
expected to be shown at the 1993 NAB
convention in April. Marketing of sets
with GCR systems will likely begin dur-
ing the first half of 1994. a

wm For more information on ghost-
canceling equipment, circle Reader
Service Number 304.

Free Catalog & Audio/Video Appiications

bvs INTERFORMAT g

(24,16,12,8,4.2 slations) Video, ACN,

_ TRANSLATORS s W g

‘ ou
Video & Audio Dist. Ampls. Video/Audig =
RGB-Sync Dist Ampls 2-In/24-0ut Audio

OPAMP LABS INC (213) 934-3566
1033 N Sycamore Av LOS ANGELES CA, 90038
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@
TR i o . Moving?
Take us with you.

Just peel off your subscription

FR 730 FRAME HOLDS 3 BOARDS, ANY MIX

iy e - mailing label and attach it to
L ] y . . .

* 10 MHz bandwidth the reader service card inside
‘ ng“S‘ab'eY setup . this issue. Mark the address
* On-board horizontal phasing

* Comp or non-comp RGB outputs Change box and make any
e Betacam, MIl or SMPTE/EBU levels

Sl Wl changes on the label. Please

) allow 6-8 weeks to process
broadcast video systems Itd. dd h P
40 West Wilmot St., Richmond Hill, Ontario L4B 1H8 your a l’eSS C ange'

\_  Telephone: (416) 764-1584  Fax: (416) 7647438
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Introducing the DCA-8 digitally controlled VCA amplifier module from SAS:

SAS\ COMPLETE AUDIO DISTRIBUTION AND MANAGEMENT SYSTEMS
B Up to 96 digitally controlled VCA channels in one DAS9600 frame.
B Directly compatible with SAS32000 Audio Routing and Mixing 9%
B Adjust input sensitivity and audio output levels remotely. \
B Complete control via modem, RS-232, local control panels, ang

even DTMF. )
Ideal for plant, satellite, and remote distribution. Full summing s
allows automatic voice-over, mix-minus, IFB, studio intercommuni€
tions and more! Superb audio specifications and fiexible control.

SIERRA AUTOMATED SYSTEMS & ENGINEERING CORP.
2112 N. Glenoaks Bivd., Burbank CA 91504 TEL: 818-840-6749 FAX: 818-840-6751
Distributed by: RAM Broadcast Systems, Inc.

P.O. Box 3100, Barrington, i 60011-3100 TEL: 800-779-7575 FAX: 708-382-8818 in Canada 800-433-2458
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WOULD YOU LEAVE
THE SAFETY OF YOUR
COMPANY'S MOST
VALUABLE ASSETS
TO A COUPLE OF
NUTS AND BOLTS?

The answer is No! That's why Stantron engineers
chose a welded construction design with unparalleled
strength and rigidity. A design that offers you the
security of knowing your products are safely rack
mounted to stay. Our welded design is strong. In
laboratory tests we've lifted fully loaded racks weight-
ing thousands of pounds with no structural damage. A
test that other manufacturers would be NUTS to try.

Welded construction offers the time saving advantage
of "No Assembly Required”. Each bay comes
completely assembled and ready for any system
configuration requirement. While other manufactur-
ers offer tapped rails only as an expensive option, with
Stantron they're standard at no extra cost.

STANTRON... YOU'RE NUTS TO LEAVE THE
SAFETY OF YOUR ASSETS TO ANYONE ELSE.

SZER
STANTRON

ENGINEERED WITH SAFETY AND RELIABILITY

12224 Montague Street- Pacoima, CA 91331
CALL TOLL FREE 1 (800) 821-0019
IN CALIFORNIA 1 (818) 890-3445 FAX 1 (818) 890-4460

Circle (34) on Reply Card

wwWw.americanradiohistorv.com


www.americanradiohistory.com

The Philips Digital
R PO Compact
Cassette (DCC

The audiocassette goes digital.

By Mike Piehl

The Bottom Line.

The compact cassette began
as a mainstream consumer
format, and eventually em-
braced high-end consumer
and professional applications.
Its inventor has released a
digital upgrade for the for-
mat, once again starting out
in the consumer marketplace.
If history holds any symmetry,
the Digital Compact Cassette
(DCC) may end up in profes-
sional hands before long, as
well.

¥

Piehi is marketing directer for Philips Consumer Electron-

ics, Knoxville, TN.
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1 he Digital Compact Cassette (DCC) is
the digital successor to the analog cassette.
It was introduced as a consumer product
last November, and it was backed by all
major record labels and blank media sup-
pliers.

The introduction of DCC holds implica-
tions not only for the consumer market,
but also for the broadcast industry. The
advent of digital radio broadcasting and
the current growth of alternate digital mu-
sic delivery systems will increase the need
for more flexible digital recording and
playback devices in the broadcast en-
vironment.

From the earliest days of the compact
disc’s success 10 years ago, it was obvious
that the analog compact cassette (now al-
most 30 years old) also would need to be
replaced. The analog tape format simply
could not match the wide dynamic range,
enhanced frequency response and timing
stability of digital recording, noise reduc-
tion notwithstanding. Compared to the
near-indestructibility and long life of the
CD, the compact cassette seemed flimsy
and vulnerable, with its tape subject to a
variety of physical ailments, such as
stretching and breaking.

Philips, the inventor of the original ana-
log compact cassette, concluded that its
digital replacement would require the fol-
lowing attributes to become a successful
consumer format:
¢ CD-quality audio;

e ability to accommodate analog cas-
settes from existing collections;

* new features made possible by digital
technology;

¢ an improved cassette casing; and

www americanradiohistorv com

* new packaging.

These were the design parameters that
went into the development of the DCC.
They resulted in a number of characteris-
tics that clearly distinguish it from its
predecessors. One such characteristic is its
text mode display, Each player has a 12-
character readout of album, track and art-
ist information accompanying the CD- or
DAT-like timing information, such as ab-
solute, track and remaining time displays.
The track title mode gives users direct ac-
cess to specific cuts by title, rather than
by referring to the cassette sleeve for a
track number.

System basics

The DCC plays back and records up to
18-bit stereo digital audio. In addition, it
supports sampling frequencies of 48kHz,
44 1kHz and 32kHz. To maximize storage
efficiency, DCC recorders apply the Pre-
cision Adaptive Subband Coding (PASC) al-
gorithm to the digital audio datastream be-
fore committing it to tape. This results in
a data-encoding method that requires only
a quarter of the bit rate used in the CD
{16-bit linear PCM) format, without any
loss of fidelity. Typical audio performance
includes frequency response from 5Hz to
22,000Hz, dynamic range of 105dB,
THD+N 95dB below reference level, and
negligible wow and flutter.

The DCC uses a single, newly developed
thin film head (TFH) with three sets of
head elements: nine integrated recording
heads (IRH) for digital recording, nine
magneto-resistive heads (MRH) for digital
playback and two MRH for analog play-
back. (See Figure 1.) Each head is divid-
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INTRODUCING

™

The digital TV transmitter company.

ACRODYNE

Acrodyne Industries, Inc.
516 Township Line Road
Blue Bell, PA 19422
800-523-2596 or

(215) 542-7000

FAX: (215) 540-5837

©1993 All rights reserved. “ADAM"' is a trademark of Acrodyne Industries, Inc.
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ed into two sectors — one for working
with new DCC tapes and the other for
dealing with conventional cassettes.

The introduction of
DCC holds
implications for the
consumer market and
for the broadcast
industry as well.

Sector 1 {digital} contains 18 integrated
head gaps: nine IRH for write (each 185
microns high} and nine MRH for read
(each 70 microns high). Eight heads in
each set are used for audio data while the
ninth handles control and auxiliary infor-
mation. The smaller height of the play-
back heads minimizes their sensitivity to
azimuth error. Meanwhile, sector 2 of the
TFH is composed of two standard stereo
analog playback gaps of the MRH variety.

The 384kbit/s audio data rate output by
the PASC encoder is doubled by error-
correction data to 768kbit/s, which in turn
is spread across the eight parallel audio
data tracks. Therefore, each track operates
at 96kbit/s.

Auxiliary data includes the alphanumer-
ic display information mentioned earlier
plus numbered start-location and skip
markers similar to the DAT format. As in
DAT, start locations remain accessible dur-
ing fastwind.

DCC tape characteristics

Analog and digital cassettes use the
same tape speed of 4.76cm/s {17/sips). At
the 96kbit/s/track write rate, a minimum
recorded wavelength of 0.99 microns re-
sults, This allows the use of traditional
chrome videotape. which is stronger and
more durable than standard metal oxide
audiotape and exhibits fewer dropouts.
DCC tape. 12 microns thick and 3.78mm
wide, has a special 3-4 micron coating of
cobalt-doped ferroxide. A sample DCC
tape that was played more than 1.000
times showed negligible signal loss, a sig-
nificant improvement over its analog pred-
ecessor.

All DCC decks are autoreverse. Al-
though the DCC tape is recorded bidirec-
tionally, unlike its analog predecessor, it
can only be loaded in the deck one way
(it can’t be turned over). Therefore, the
DCC player’s head physically inverts itself
inside the deck at the end of a side. The
format’s auxiliary data also includes the
provision for recording a reverse marker,
which initiates autoreversing at any point
on the tape during playback.
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Analog cassettes use the bottom half of
the tape for side A, while DCC tapes use
the top half. The head configuration shown
in Figure 1 is the side A positioning of the
TFH. The deck determines whether an
analog or digital tape is inserted from sens-
ing holes on the cassette shell, and it there-
fore knows how to orient the head to play
the desired side of the tape currently load-
ed. These sensing holes also indicate tape
length and overwrite protection.

In addition, the DCC cassette shell has
the same physical dimensions as the ana-
log compact cassette, except that the DCC
shell has uniform thickness, without the
slightly thicker profile that an analog cas-
sette has around the head/capstan area.
The DCC shell also is built of tougher plas-
tic than typical analog cassettes, to bet-
ter protect the tape inside it and extend
its operation over a wider range of tem-
peratures. Furthermore, the shell has few-
er moving parts, which makes it more
shock-resistant and more reliable for a
longer period of time relative to an ana-
log cassette. Spindle holes are on one side
of the DCC only (the bottom), with com-
plete album graphics printed on the oth-
er (the top). This eliminates confusion over
which way to load the cassette. The DCC
tape is protected by a sliding metal door
over the head opening, which is similar
to the protective sliding gate on a 3.5-inch
microfloppy diskette. When closed, this
door locks down the tape hubs.

Another new feature in the DCC shell
is its use of two azimuth locking pins
(ALPs), as shown in Figure 2. In conjunc-
tion with the fixed azimuth tape guidance
(FATG) mechanism fitted to the head as-
sembly, the ALPs ensure improved head-

A prerecorded DCC tape, showing bottom (in
foreground) and top surfaces.

to-tape contact and provide consistently
repeatable alignment of the tracks on the
tape with the heads.

The ALPs increase the wrap angle of the
tape around the head, laterally extending
the tape-to-head contact area and stiffen-
ing the tape as it passes through this criti-
cal area. Meanwhile, the FATG mechanism
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acts as a set of two tape guides on either
side of the head. The top edges of these
guides are matched, square reference sur-
faces perpendicular to the top tape edge,
while the bottom guide edges are sloped
and gently force the tape up to the top
guide surface without cupping it. The
ALPs and FATG, combined with strict
manufacturing tolerances and small play
head gap height, virtually eliminate azi-
muth error.

DIGITAL PLAY
HEADS (70p.m)

DIGITAL RECORD
HEADS (185um)

T il
1 E
= 2 i
s 5 3 5
] @ d
mn
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n 1
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3
ANALOG -
PLAY
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{600Lm)

Figure 1. DCC thin film head design and track
format.

The DCC cassette is packaged in a slide-
on plastic sleeve rather than the easily
breakable. hinged Norelco case used by
most analog cassettes. The protection
provided by the sliding metal door and the
integration of album graphics on the tape
label make a DCC self-contained. This out-
er sleeve can be discarded without dam-
age to the cassette or loss of printed data.

Digital recording
with a stationary head

The need for DCC player/recorders to
playback analog compact cassettes re-
quired a few special elements in the de-
velopment of the new system. In order to
maintain compatibility with current com-
pact cassette technology, a stationary
head had to be used and a 4.76cm/sec-
ond tape speed maintained. Furthermore,
the number of tracks had to be small to
allow for similar track and azimuth toler-
ance as compact cassettes. This placed
fairly stringent limits on the total bit rate
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of the system. Because the system would
use high-volume tape stock (videotape},
the minimum recorded wavelength would
be limited to approximately one micron.

The track title mode
gives users access to
cuts by title rather
than by a track
number.

Without the high writing speed normal-
ly associated with rotating head record-
ers, a new, streamlined encoding method
was necessary to allow digital audio sig-
nals to be successfully recorded on a slow-
spe-ed. stationary head system.

FATG (FIXED AZIMUTH
TAPE GUIDE)

/[ Y
HEAD

TAPE

£
E

=

ALP (AZIMUTH LOCKING PIN}

REFERENCE
SURFACE

TAPE o

SLOPED
SURFACE

[] CASSETTE
[] DECK

Figure 2. Tape-to-head engagement is op-
timized by DCC's unique tape guidance system,
which incorporates elements in the cassette shell
and the tape deck.

This is where PASC comes into the pic-
ture. It is a perceptual coding system that
exploits the insensitivities of human hear-
ing through the use of psychoacoustic
masking principles. PASC calculates mask-
iny thresholds by processing a 16- or 18-
bit linear PCM signal through 32 subbands
of equal width. Based on the signal levels
in each subband, digital signals are adap-
tively re-encoded to achieve the highest

possible coding accuracy over the entire
frequency range.

During playback, the PASC-coded sam-
ples are reconverted into the PCM sub-
band samples, and then the subbands are
merged to form a broadband digital sig-
nal. Finally, digital-to-analog conversion is
applied.

Although present DCC hardware offer-
ings are of tabletop design. portable
models will follow in the second half of
this year. Prerecorded and blank media
also are becoming available. Subsequent-

ly, professional applications of the format
may arise as DCC is established as a relia-
ble, high-quality. small-format digital re-
cording system that also plays back ana-
log cassettes in users’ libraries. The DCC
is expected to be a popular digital alter-
native for consumer use, and as the for-
mat grows. an important technology for
the broadcast community.

m For more information on DCC,
circle Reader Service Number 302 g
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By David H. Kawakami

The Bottom Line

The proliferation of
portable CD plavers
notwithstanding, the CD has
not replaced the analog
cassette as a truly carry-along
medium. Facing a familiar
dilemma, portability and
randorm access once again
seem mutually exclusive. The
MiniDisc (MD) format is
poised to break that tradition,
with its high audio quality,
random access storage, shock
resistance and erasable
recording media, all in a
small-profile package. This set
of attributes may find favor
among consumers of today
and broadcasters of

tomorrow. $

Kawakami is manager of MD promotion for Sony Corpora:

tion, Tokyo.
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‘$ MiniDisc

The Sony

A new digital recording format combines
random access and true portability.

MiniDisc (MD) is a new disc-based digi-
tal audio recording format designed as an
eventual replacement for the analog com-
pact cassette. MD media include a conven-
tional polycarbonate optical disc for
prerecorded software and a recordable
magneto-optical (MO) disc, both of which
are housed in a protective cartridge.
Digital audio bit-rate reduction is used
to achieve 74 minutes of playing time on
a 64mm (2.5-inch) disc. A built-in buffer
memory provides physical shock tolerance
{to allow skip-free playback in portable sit-
vations), and the MO recorder has direct
overwriting capability. The result is a high-
quality, random access, recordable digital
audio format suited to portable applications.

Prerecorded media

Playback-only MD media are similar to
CDs in several ways. They can be manu-
factured on CD production equipment
with minor modifications, using the same
injection-molded polycarbonate plastic
that is aluminized for reflectivity and coat-
ed for protection. Data in the form of phys-
ical pits in the disc substrate is read by a
laser pickup positioned beneath the disc
during playback. Therefore, a shutter
opening in the protective shell is neces-
sary only on the underside of the disc car-
tridge, freeing the entire top surface of the
shell for displaying album artwork. Be-
cause the media does not allow recording,
accidental erasure of program material is
impossible,

The information layout of a prerecord-
ed MD is identical to a CD. The lead-in
area that contains the disc's table of con-
tents (TOC) is on the inner circumference.
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This is followed by the actual program
area, For MD, program information is
stored in rate-reduced (or compressed) dig-
ital data form. Finally, the lead-out area
is on the outer circumference. Like a CD,
address information is found throughout
the disc at 13.3ms intervals, allowing high-
speed random access.

Recordable MDs

Although built upon the same polycar-
bonate base as prerecorded MDs, record-
able MDs exhibit functional and physical
differences from their playback-only coun-
terparts. Recordable MDs use magneto-
optical (MO) technology (see “Optical Disc
Video Recording,” February 1992) and are
formatted with pre-grooves covering the
entire recording area. These grooves are
used for tracking and spindle servo con-
trol during recording and playback. They
are “wobbled"” at 13,3ms intervals to pro-
vide addresses for high-speed random ac-
cess data.

The recordable MD's lead-in area is iden-
tical to prerecorded MDs, using physical
pits created in the manufacturing process.
This is followed by the recordable user ta-
ble of contents (UTOC) area, where start
and stop addresses for tracks are recorded.
Next comes the recordable program area,
followed by the lead-out area.

Recordable discs are housed in car-
tridges identical to prerecorded MDs ex-
cept that shutter openings are provided on
both sides, allowing simultaneous ex-
posure to a laser below and a magnetic
recording head above the disc.

A final unique attribute of both MD
types is the use of a magnetic clamping
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Figure 1. An exploded view of recordabie MD.
Prerecorded discs omit upper shutter opening.
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plate that is ultrasonically welded to the
disc substrate at the center opening. Un-
like CDs. which are clamped from both
sides during playback. MDs achieve sta-
ble rotation through magnetic contact
from one sicde only, eliminating the need
for center openings on hoth sides of the
cartridge. Like CDs, the inner circumfer-
ence of the disc substrate is used as the
reference for centering. (See Figure 1)

ATRAC data reduction

MDs are smaller than CDs for purposes
of enhanced portability. The MD’s diame-
ter of approximately 2.5 inches (64mm)
gives MDs a data capacity of only one-fifth
that of a CD. If audio data was stored on
the MD in the CD's 16-bit linear PCM style,
playing time would be only about 15
minutes. However, the Adaptive Transform
Acoustic Coding (ATRAC) algorithm pro-
vides a 5:1 hit-rate reduction encoding, al-
lowing the MD to hold 74 minutes of digi-
tal stereo.

Unlike other rate-reduction systems that
split audio data into frequency bands of
uniform width, ATRAC uses non-uniform
subbands in the frequency and time axes,
based on psychoacoustic principles. Cod-
ing efficiency is increased with almost no
degradation in sound quality. Data is then
encoded with conventional eight-to-14
moculation (EFM) and an advanced cross-
interleave Reed-Solomon code (ACIRC) er-
ror correction. and finally recorded onto
the disc.

MO recording with
direct overwriting

In conventional MO systems, previous-
ly recorded signals must be erased before
new data is recorded. 'Two different rewrit-
ing methods have been in use. In the first,
two lasers are used, one for erasing and
one for recording. Approximately one-haif
disc rotation after the signal is erased with
the first laser, the second laser records the
new signal. The other approach uses a sin-
gle laser for erasing and recording, but in
two separate steps.

The first method is costly because two
lasers are required. The second method
is time-consuming and requires a complex
servo mechanism. The MD uses a new
magnetic-field modulation (MMO) system,
which allows "overwriting” of new signals
over old in a single operation. The system
gets its name because, unlike previous sys-
tems, it moduiates the magnetic field at
high speed, creating specific magnetic
orientations to represent the input signal.

Because the size of the magnetic signals
recorded on the MO disc is controlled by
magnetic flux reversal rather than by turn-
ing the laser on and off as in convention-
al systems. highly accurate recording is
possible even for short wavelengths. Such
recording was previously difficult because

of thermal diffusion of the laser spot. Fur-
thermore, because MMO allows the laser
to be kept on continuously during record
and playback, a simplified optical head
can be employed, contributing to lighter
and more-compact MD hardware.

MMO is made possible by the develop-
ment of a highly stable magnetic disc layer
that changes polarity with a coercivity ap-
proximately one-third of that required for
conventional MO media, allowing the use
of smaller, power-conserving magnetic
heads capable of performing polarity
reversals in about 100ns. Low power con-
sumption prevents overheating inside the
hardware and makes battery-powered
portable designs practical.

Dual-function optical pickup

The optical pickup developed for the
MD can read MO and prerecorded
(stamped} optical discs. For prerecorded
discs, the pickup operates just as a CD
pickup does, sensing the intensity of
reflected laser light (which changes ac-
cording to the presence or absence of pits
in the disc’s reflective layer). To accommo-
date recordable MO discs, two photodi-
odes and a polarized beam analyzer were
added. The latter detects differences in
polarized light's direction of rotation.

It can !Iﬂlll YOu measure
_ in-house and
(1[I} audio paths.

It lets you check the
quality of your
incoming
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MINI DISC
CROSS-SECTION
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Figure 2. The MD playback mechanism. The luser illuminates the disc, and the reflected beam
is sent to the analyzer. l'or recordable media. the anulyzer sends polarity-rotated reflections to
onie or the other photodiode, depending on the rotation direction. Photodiode difference signal
produces data output. For prerecorded media, refiections from unpitted sections puss through
both photodiodes at equal levels, and the suri signal provides data output.

MO playback is based on the Kerr effect,
which states that the magnetic polarity of
a reflecting surface will slightly influence
the rotation of the polarization plane for
light reflected from it. During playback.
the MD system illuminates the MO record-
ing layer with a 0.5mW laser. The beam ana-
lyzer sends the reflected beam to one of
the two photodiodes. depending on polar-
ization direction. {(See Figure 2.) The differ-
ence in electrical output of the two pho-
todiodes is calculated, and depending on
whether the difference is positive or nega-
tive, a "1” or "0" signal is read.

The same 0.5mW laser is used for play-
back of prerecorded MDs. The amount of
light reflected depends on whether a pit
exists in the disc’s reflective layer. If no pit
exists, a high proportion of light is reflect-
ed back through the beam analyzer to
both photodiodes. If a pit does exist, some
of the light is diffused by the disc, and less
light reaches the photodiodes. The elec-
trical signals from the photodiodes are
summed in this case, and depending on
the sum’s level. a "1 or 0" is read.

Shock-resistant buffer memory

Conventional optical pickup systems can
easily mistrack when subjected to shock
or vibration. For CDs. this causes skipping
or muling, which manufacturers have at-
tempted to minimize by using mechani-
cal suspensions and servo systems. The
MD uses a buffer memory to solve this
problem.

Although the MD pickup can read infor-
mation at 1.4Mbit/s, the ATRAC decoder
requires only 0.3Mbit /s for real time play-
back. This difference in processing speed
allows the use of a read-ahead buffer,
which is placed between the pickup and
the decoder. If a IMbit memory chip is
used for the buffer. it can store up to three
seconds of digital information. 1f the pick-
up is jarred out of position, the correct in-
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formation continues to be supplied to the
ATRAC decoder from the buffer memory.
As long as the pickup re-finds its place
within three seconds. the listener will not
experience mistracking or muting. As
soon as the laser resumes its original po-
sition. it will read cata from the disc at the
1.4Mbit rate and replenish the data in
memory in less than a second. Because
of address information found throughout
prerecorded and recordable MDs at
13.3ms intervals. the laser usually can
reposition itself within one second.

Because data enters the buffer memo-
ry faster than it leaves. the bulfer eventu-
ally will become full. At that point. the MD
pickup stops reading information from the
disc and waits until there is room in the
memory chip again. This differs from CD
playback. in which a constant 1.4Mbit/s
data rate is used.

Conclusion

MDs developers view the format as the
eventual replacement for the analog cas-
sette and expect the format to coexist with
CD. as the LF and analog cassette did for
many years. Just as the CD has now eclipsed
the LP. soon the MD may better serve
the needs now met by analog cassettes.

MD offers many of CD's advantages —
high-quality digital audio reproduction, re-
sistance 10 wear and fast random access
— but it also is uniquely adapted to the
needs of portable personal audio. Soime of
these same advantages may be applied to
professional applications in the future.

w For more information on the
MiniDisc, circle Reader Service
Number 303 i



www.americanradiohistory.com

News
Continued from page 4

NAB announces
Engineering
Achievement awards

The National Association of Broad-
casters (NAB) will honor three individu-
als with Engineering Achievement awards
April 21 at its annual convention April 18-
22 in Las Vegas.

The NAB selects winners on the basis
of 2 single significant contribution or con-
tributions made over a period of time that
have measurably advanced the state-of-
the-art of broadcast engineering.

Herbert Schubarth. vice president. en-
gineering, Gannett Broadcasting. is being
honored for a 43-year career that helped
nurture and shape the TV broadcast in-
dustry. Schubarth's development of Gan-
nett TV plant facilities in Washington and
Denver has become a model for the TV
industry.

Robert Silliman. a consulting engineer
and founder of Silliman & Silliman, Silver
Spring. MD. is being recognized for his 55
years in radio engineering and his contri-
butions to AM and FM antenna designs.

Stanley Baron, managing director. tech-
nical development. NBC, is being honored
for his contributions to digital TV systemns
for more than 30 years. Baron has also
made important contributions in the areas
of video graphics and video signal
processing.

Compatibility between
broadcasting and
aeronautical services

For some time, the problem of interfer-
ence between M broadcasting stations
and aeronautical radio systems has been
considered. At a September meeting of
Task Group 12-1 of ITU's International Ra-
dio Consultative Committee (CCIR). 36 in-
ternational experts drafted a recommen-
dation entitled “Compatibility Between
the Sound Broadcasting Service in the
Baad of About 87-108MHz and the Aer-
onautical Services in the Band [08-
137MHz!” This will allow countries to as-
sure compatibility between the broadcast-
ing and aeronautical services that use the
radio frequency spectrum in the vicinity
of 108MHz.

Telco plan doesn’t
meet video dial tone
requirements

The National Association of Broad-
casters (NAB) feels the Federal Communi-
cations Commission (FCC) should reject a
telephone company proposal to provide
video service in Ocean County, NJ.

NAR told regulators that the video serv-
ice does not meet the FCC’s requirements
for video dial tone, which requires that
channel access be granted to all program-
mers, such as radio and TV broadcasters.

At issue is New Jersey Bell's application
to build a 64-channe! video system. which
would compele with existing cable serv-
ice in the area and may be expanded to
several hundred channels in the future.

Sixty channels would be leased to a
newly formed company, FutureVision of
America Corporation, with the remaining
channels available to other programmers.

NAB favors competition to cable sys-
tems. but urged the commission to refrain
from placing the video dial tone label on
a system that does not have a cominon
carrier tier from the outset. In addition.
NAB noted that only four of the 64 chan-
nels could potentially be used for cominon
carriage.

Whether a system can be classified as
video dial tone is important, because only
video dial tone systems have been ex-
empted from local franchising rules that
apply to local cable operators and ollner:

10} initiate tests
across analog, digital

multimetial | ‘3
" atthe

h of a button.
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