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Exunlicate*

THE TERM BEING GIVEN TO EXPLAIN THE
EXACT DUPLICATION OF COLOR FROM ONE
M4400 BROADCAST MONITOR TO THE NEXT.
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BM4400 precision auto setup 14” and 20” monitors for RGB, YP R and optional plug-in decoders for
NTSC, PAL, S-VHS (Y/C), or D1. The monitor’s auto setup uP rapidly calibrates gray scale plus white
and black levels. With the NTSC or PAL decoder, chroma gain and phase can be set automatically.

PESA’'s DG5250 (NTSC) or DG6250 (PAL) portable Test Generators connected to a color
analyzer—Minolta W2150, Thoma TMF3 and others—are used to calibrate the monitors. (The test
generators, with 50 patterns, plug into the monitor’s front panel AUX input.)

User parameters are stored in 4 non-volatile memories, can be recalled, or transferred simply to other
monitors via a RS232 serial link. Optionally, a remote panel, tied to the BM4400’s RS485 serial link, is
used to Exuplicate (match) and/or control up to 64 monitors. And these BM4400 Grade 1 monitors are
surprisingly affordable. Discover Exuplicate...call for a demo now. ‘ﬁ

W
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BM4400 AUTO SETUP BROADCAST MONITOR SERIES. |
True color from monitor, to monitor...to monitor....

Over 1000 BM4400s will monitor
P E A the Gold at the 1992 Olympics.

Circle (1) on Reply Card

Pesa America Inc., 2102 West Ferry Way, Huntsville, AL 35801 205-880-0795 Fax 205-881-4828
West: Burbank, CA 800-323-7372 East: New York City 800-328-1008
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for Putting Video On Fiber;
The Ghoice Is Glear.

For point-to-point, STL ¢r multipoint distance ADC can help you configure the rest of your system with
learning and video conferencing applications, fiber is a copper and fiber cable management and switching products
clear choice. So is the company that can help you put for a total systems solution. For more information, call
that video signal over fiber...ADC Telecommunications. 1800 726-4266 or send in the coupon for a free brochure.

I— I'd like to know more about how ADC can help me
put video over fiber.
Name
Title

LC SERIES ¢ point-to-point, STL, Company —

* up to four zudio
channels

& up to 15 miles

City -~ State__ Zip

FN 6000

| full presence multipoint, distance
learning/video conferencing

K drop and insert capability
® up to 16 channels/ 50 miles

Mail or Fax To:
ADC Telecommunications, Inc.

1500 N 0. St ' Telecommumcatlons

Minneapdlis, Minnesota 55435
FAX (612) 893-3050

| |
| |
| |
| ]

RS-250C shorthaul | el m e e — e |
| |
| |
| |
|
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AUDIO TECHNOLOGY UPDATE: FEATURES:
Broadcasters must continue to improve their
station’s audio systems. Consumers now R
have a wide variety of high-quality signal L. . . .
sources available to them. The competition 26 Digital Radio: The First Five Years
from these sources requires that broadcast By Skip Pizzi, technical editor
engineers continually re-evaluate the A look at where things stand today, and how they got there.

station’s audio system to ensure that the
audience is receiving the best possible audio.
This month’s feature theme looks at several 38
ways engineers can improve their facility’s

audio systems.

Testing Digital Audio Devices
By Richard C. Cabot, PE.
As digital audio takes over, users need new methods of comparison and testing.

46 Digital Audio Processing
By Robert Orban
Manipulating audio signals in the digital domain has its advantages — and its drawbacks.

54 Digital Audio Signal Distribution
DEPARTMENTS By David L. Bytheway

Charting a path through the maze of digital audio technology.

4 News - —_
6 Editorial 62 Preparing for Disaster
8 FCC Update By Martin Sacks
10 Strictly TV Calculating the dollar cost of disaster.
12 re: Radio
14 SBE Update
16 Circuits )
18 Troubleshooting ON THE COVER
20 Management for Engineers Digital audio is forging inroads for higher-quality audio systems in the 90s. (Cover
76 New Products credit: Kim Bracken, BE graphic designer. Console by Auditronics and monitor
84 Preview workstation screen display by AKG Acoustics.)
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1720 Vectorscope 1730 Waveform Monitor

The world’s most popular line of high-perform- The 1720 finds the perfect partner in this versatile,
ance signal monitors starts here: the 1720 value-packed NTSC waveform monitor with similarly
delivers advanced features and easy operation unmatched economy. They re ideal for side-by-side
with an unbeatable price-to-performance ratio. mounting.

1735 Dual
NEW Standard
Waveform
1725 Dual Monitor
Standard The 1725’
. _ Yectorscope cost-effective counterpart — a new, dual-
Now dual-standard monitoring capabilities are yours standard waveform monitor-thatcan
in a new, low-cost vectorscope that selects for either control matched front-panel functions on the
NTSC or PAL standard input automatically. 1725 when the two are operated in tandem.

NEW
1730 D
Digital
Waveform
Monitor .
The new 1730 D gives you direct serial and parallel .

composite digital inputs plus standard analog inputs — %E:Y] g;z?ogv(;cgsygf){ﬁ{ii??;‘:l'ltblz e?rgg f:)hase
operable either independently or simultaneously. horizontal phase monitoring offers polar

display of relative and absolute SCH phase.

Plus popular 1720 Series family features.

1730HD Get the full story from your Tek representative.
High Definition
Waveform
Monitor i
A multi-standard, .IEKEMEWQTQCELX;
wide bandwidth
waveform monitor
featuring selectable operating formats, six input channels and full
line select for HDTV production and transmission systems.
Coyright © 1991 Tekronix, Inc. All rights reserved.  TVG- 111 Circle (5) on Reply Card
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By Dawn Hightower,
senior associate editor

NAB urges WARC
allocation of spectrum
for DAB

The National Association of Broad-
casters said that it wants the FCC and the
United States to propose the allocation of
spectrum for digital audio broadcasting
(DAB) at the 1992 World Administrative
Radio Conference (WARC). NAB further
opposed WARC allocation of spectrum for
wideband, satellite-delivered high-
definition television (HDTV).

In its comments, NAB told the FCC that
L-band spectrum (1.5GHz) is “strongly pre-
ferred” for DAB because its use of S-band
spectrum “would significantly increase
costs to consumers, even to the extent that
the DAB service might never be estab-
lished at any time in the near future” NAB
said that aeronautical telemetry, a serv-
ice currently located on the L-band, could
be moved to the S-band. The association
further asserted that it is not necessary for
DAB to use the same spectrum in all parts
of the world, so the support of the S-band
(2.4GHz) for DAB by other regions should
not influence what happens in the United
States.

NAB urged the FCC to ensure that any
spectrum allocated at WARC for DAB be
allocated on a co-primary basis for BSS
(Sound) (radio via satellite) and terrestrial
broadcasting. “The adoption of co-primary
status for BSS (Sound) and broadcasting
would preserve maximum flexibility for
the United States and retain all options to
consider different forms of DAB in the fu-
ture,” NAB said.

The association said it also opposed the
proposed spectrum allocation for the
broadcasting-satellite service at the fre-
quencies 24.25-25.25GHz. NAB cited its
previous comments demonstrating that,
especially in light of proposals for digital
terrestrial transmission of HDTV in 6MHz
channels, a wideband HDTV service is
“unnecessary and unjustified.”

NAB asserted that progress in digital
compression is being made extremely
rapidly. The association’s previous com-
ments also noted that “bandwidth efficien-
cies achieved through compression tech-
niques may permit the quality envisioned
for wide RF-band HDTV to be achieved
with the channel bandwidths of the cur-
rent BSS plan.” For these reasons, NAB
urged the commission not to allocate fre-
quencies anywhere in the 22-24GHz band

4 Broadcast Engineering July 1991
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for broadcast-satellite service.

NAB asks Congress to

maintain survival
of free TV

The nation’s system of free television
and the service it provides the American
public are in jeopardy, and only Congress
can provide broadcasters with the tools
they need to survive in the dramatically
changing TV marketplace, according to
the NAB.

In testimony before the Senate Commu-
nications Subcommittee, Edward O. Fritts,
NAB president and CEO, said Congress
and the American people are all too fa-
miliar with the problems caused by cable's
monopoly power.

Fritts urged the committee to incor-
porate into its cable legislation a “Market-
place Improvements Act of 1991 As out-
lined by the NAB board in January, such
legislation would ensure that:

* local stations are assured of access to
their markets;

® broadcasters have access to new tech-
nologies, such as HDTV;

* broadcasters have the right to control
the retransmission of their signals, their
only commodity; and

® restrictions on telco ownership or con-
trol of video and audio programming are
maintained.

Free employment
services
for SBE members

The SBE has installed a job line listing
potential new employment opportunities
for SBE members. This new member serv-
ice provides a listing of employment op-
portunities throughout the country, basic
details about the position, location and
desired qualifications. The service is free
to SBE members.

A job number is given with each listing.
By using this number, SBE members can
obtain detailed information about the
opening from the SBE office.

Employers also can take advantage of
the SBE job line. Technical openings for
broadcast and media related positions can
currently be listed for a nominal fee. Con-
tact the SBE office for details at 317-253-
1640. The SBE job line number is 317-
253-0474.
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INTRODUCING OUR S9x55 ENG/EFP LENS

The point of news coverage and AT 7730 No ONE
field production is to be in close. Broad oWy
in scope. With no distortion. All while
capturing shots as appealing as a wide G’ ws You A TAS"ER
slice of pepperoni pizza .
Nikon's new S9x 5.5 lens, with SL’CE.OF.L’FE.

internal focus, was made to order.
Search far and wide and you'll find, for
being near (about 1°) and wide
(77.3°x61.9°), no one else gives
more. The crisp image, sharp from
corner to corner, comes courtesy of
Nikon's famed optics and ED glass.
You glide through the 9x zoom ratio
— from 5.5mm to 49.5mm — smoothly.
And we include a 1.7 x extender.
The internal focus extends your
creative options fo include matte boxes
and a full range of filters. And, like all
Nikon ENG/EFP lenses, its lightweight
design and rigid construction can't be
fopped.
The S9x5.5. Expect no less from
Nikon. After all, we create the world's
finest videc lenses — from a complete
line of HDTV lenses to converters that
transform your Nikon F-series SLR
lenses into a complete menu of special
effects lenses 1or your CCD camera.
For more information, write or call:
Nikon Electronic Imaging, Dept. D1,
101 Cleveland Ave., Bayshore NY
11706, 1-800-52- N/KON
(526-4566).

ettt d At

© 1991 Nikon, Inc.
lircle (6) on R2ply Card

www.americanradiohistorv.com


www.americanradiohistory.com

I Editorial I

It's a great place to visit, but I wouldn’t want to live there. Well, that’s not quite true.
My trip to the ITS Convention in Montreux, Switzerland in mid-June was an enlight-
ening and enjoyable experience.

Because of the show’s location (it has been held in Montreux for the past 30 years),
the ITS show is often referred to as the Montreux convention. The gathering is an
important European event for teleproduction equipment users and manufacturers. Al-
though we in the United States view NAB as the primary yearly convention, the Euro-
peans use IBC and Montreux as yearly gauges of industry news and health. This year’s

show was well attended and full of new announcements.

6 Broadcast Engineering July 1991

[ was told to expect a rather relaxed, laid-back show. Form-
er attendees told me to plan on having some time to ex-
perience the beautiful country and scenery. After planning
such a schedule, | was disappointed to find absolutely no
time to take in the beautiful surroundings and Swiss culture.

It didn't take long for the fast-breaking events to begin.
The show got off to an encouraging start at the first manu-
facturer’s press conference. There were the typical an-
nouncements of new products, improved products and the
glossy presentation we press have come to expect. But one
new technology that was described was repeated by two
other manufacturers within two days.

The event I'm talking about was the announcement by
three industry giants of future releases of new digital tape
formats. Call them D4, D5 and D6 or whatever. Wow! In
a matter of a few hours we discovered the future of video-
tape may lie in one, two or even three new digital tape for-
mats. The reason we don’t know how many formats will
finally be released is that the technological specifications
weren't announced. It’s not clear whether there will be a
single industry-approved standard for the new formats or
if we'll be forced to endure three incompatible new formats.

The exciting news didn’t stop with videotape. Touring the exhibit floor provided plenty
of evidence that the other manufacturers haven't been sitting on their hands. The prod-
ucts ranged from dramatic 3-D graphics and character generators complete with eve-
ry type of flip, warp and twist you can imagine to high quality 16:9, 625-line PAL trans-
mitted images.

In one manufacturer’s booth, a 16:9 image was relayed from Paris to the show floor
via satellite, microwave STL and finally actual terrestrial transmission. The images dis-
played on the wide screen receiver were impressive. It's clear that the Europeans are
running in fast forward toward improved image quality and HDTV-format viewing.

Although many U.S. broadcasters have not had the opportunity to visit the ITS show,
I strongly encourage you to do so. You will find a wealth of new products, truly knowl-
edgeable people and just maybe a hint of what you'll see at the next NAB.

If you go, you should plan for a rush of new products and features, but don’t forget
to allow time to enjoy scenic Lake Geneva and the friendly Swiss people.

Brad Dick, editor

www.americanradiohistorv.com
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Bottom Line Orientation.

Creating a “sound” that attracts and holds the
largest possible audience 1s the bottom line 1n the
radio business. And the raw GIYIINIOD-FM
Digital 8200 is a cechnolozical sreakchrough with
bottom line impact.

Digital Makes the Best Even Betier.

The power of digital propels che 8200 to new levels

of performance and functanalies. OPTINIOD-F\I
8200 is a rrue digital audie processor—rthe audid is
digitized and all control foncricns are digital.

What is the value of digital processing and
control? In addition to a bzreer sound, digital makes
the O TINIOD-EFAM more uscr-friendly, more
programmable, more tlexiale. Simply put, because

the OP'TINIOD-EFNI is casier to

needs. it will produce mox

EREADCASE AVSI0 PROCESSO

-
FOPTIMOD
Pe 0@

" e

»

2}

changed with

the push of a

buttor —select Use the 8200's Automatic Preset Switching to

the pratection automatically charge the processing on a program-

AV for total med schedule. Ideal for dayparting or multaformat
stations.

(ransparencey, or
the two-band MVP for an inmproved version of the
traditional open, bright and natural OPTINOD-FAI
sound which helped make thousands of stations
successful. Choose the optional mulei-band MVP
and mzet the challenge of compzritive major-manket

processing with selectable speeds to macch any tormac,

Power Potential. Profitability.
“Take advantage of the power, potential and
profitability of the QP TINIGD-FM 8200. Call veur

The OPTINIOD-FM 8200

dealer new fer a personal, hands-
adupt to a station’s progracming O P I I MO D > FM en evaluation of the 8200,
R AT ks AT

benefit, more of the time.

The Processor with Multiple Personalities.

Wich most conventional prozessors, multiple
processing configurations equire multple boxes.
With the 8200°s Nultiple ¥ariaske Processing (RIVI)
architecture, processing c-snfigurations can be

1991 AKG Acoustics. Inc.

Orban and Optimod are registered trademarks of 4G Acoustics. Inc.
AKG s a registered trademark of Akustische U. Kno-Gerate:Ges.m.b.H, Austria.

15 a technolo zical breakchrough
with bottom line impuct. 'The power of

OPTIAMOD— in pure digical.

al :
| ¥

orLan
A Division of AKG Acoustics Inc.
1525 Alvarado Street
Sar Leandro, CA 94577 USA
Tel: (1) 415/351-3500
Fax: (1) 415/351-2500
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FCC studies multiple
station ownership

By Harry C. Martin

In May the FCC issued a Notice of Pro-
posed Rulemaking seeking comments on
possible changes in its multiple ownership
rules and policies. The changes propose
the following:

* The revision of the current national
ownership limit of 12 AM and 12 FM sta-
tions by substituting a numerically based
or market rank-based approach.

® The revision of the contour overlap rule
that prohibits ownership of more than one
AM and one FM station in the same mar-
ket (the “duopoly rule”) to permit owner-
ship of multiple stations in a single mar-
ket that would be limited by cumulative
audience share.

* The adoption of a policy that would en-
courage joint ventures and cooperative ar-
rangements between competing stations.
¢ The adoption of rules or policies to gov-
ern time-brokerage arrangements.

¢ The raising of the minority ownership
limitation from 12 to 20 stations per
service.

In relation to these ownership limitation
revisions, the FCC is proposing to raise or
eliminate the current restrictions on how
many AM stations a licensee may own. In
this way, a single owner could own an un-
limited number of AM stations, but no
more than 12 FM stations. A variation of
this rule would permit the ownership of
an additional AM station in lieu of an FM
station, as long as the total number of sta-
tions does not exceed the limit. For exam-
ple, if the station limit is 30 and the FM
limit is 12, a group owner could own 18
AMs and 12 FMs, or 22 AMs and eight
FMs.

The agency also is considering relaxing
the radio duopoly rule to allow a single
owner to control any number of AM sta-
tions in the same area if the cumulative
local market shares of those stations are
at or below a given percentage. Other op-
tions include imposing a numerical cap in
conjunction with an audience share limi-
tation, or adopting a higher percentage
share limitation for smaller markets.

With regard to the FCC's proposal to en-

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

8 Broadcast Engineering July 1991
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courage broadcasters in the same market
to participate in joint ventures, the com-
mission is seeking comments on:

® whether such joint arrangements may
be undertaken only by a limited number
of stations in large and diverse markets to
ensure that price and service competition
will remain effective and robust.

* how to ensure that licensees will retain
a sufficient degree of control over their fa-
cilities so that they will comply with all
commission rules and public interest re-
quirements.

® which mechanisms could be used to
permit prompt termination of joint ven-
ture arrangements when the individual
participants believe they are no longer
consistent with the public interest or their
responsibilities as licensees.

FCC amends
settlement cap rules

The commission has clarified and modi-
fied the rule changes it announced in De-
cember, which eliminated settlement pay-
ments after a hearing begins. The
commission will now permit recovery of
expenses at any stage in the comparative
hearing process for new stations. Further-
more, the settlement limitations will not
apply to the bona fide mergers of compet-
ing applicants. These modifications will
become effective Aug. 1, 1991.

In clarifying its position on mergers, the
commission said merger proposals would
be reviewed on a case-by-case basis in or-
der to ferret out proposals designed to cir-
cumvent the new settlement limitation
rules. In particular, the commission will re-
ject merger proposals in which a dismiss-
ing applicant receives cash, either up-front
or on a deferred basis, and the payment
is guaranteed regardless of the outcome
of the business venture.

New comparative
hearing procedures

The commission has also clarified the
hearing procedures and discovery rules it
announced in December as part of a com-
prehensive effort to streamline the com-
parative process. These clarifications
include:

Hearing fees. As of July 1, 1991, the

o americanradiahistanzcom.

Jrcc update

hearing fee payment for all commercial
broadcast applications for new stations not
previously accepted for filing will be due
on the date specified in the public notice
announcing the acceptance for filing of
the application. Applicants will be able to
have the fee refunded only if:
¢ the application is dismissed, voluntari-
ly or involuntarily, before a hearing desig-
nation order is issued.
* the application is granted without being
designated for hearing.
® there is a settlement before the notice
of appearance is due, or only one appli-
cant files a notice of appearance.
Applicants accepted for filing before
July 1, 1991 must have paid the hearing
fee before July 15 if the application had
not been designated for hearing by that
date. If an application was designated for
hearing before July 15, the fee was due
with the notice of appearance.

The “Ruarch policy.” The commission
extended the time for filing settlements
that propose the withdrawal of compara-
tive promises (for example, to integrate
into management or divest another sta-
tion) to the date set for exchanging direct
case hearing exhibits.

Discovery/integration statements. Also
as of July 1, 1991, hearing designation or-
ders will set the fifth day after the filing
of notices of appearance as the date for
the initial exchange of discovery docu-
ments and integration statements.

Policing comparative grants. The com-
mission clarified its requirement that suc-
cessful applicants report later deviations
from their comparative promises. This re-
quirement is now limited to those appli-
cants granted after consideration of their
comparative merits in hearing, or accord-
ing to post-designation settlements.

Pioneer’s preference. The commission
declined to make any changes to its com-
parative criteria, such as the establishment
of a “pioneer’s preference” for applicants
who locate a frequency and have it as-
signed through a rulemaking proceeding.

(BE)
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“We're an independent/Fox station, so we air lots of
promotional spots in addition to the usual commercials. In all,
that amounts to around 1,000 spots every day. We used to
manually load everything. With so many spots being sched-
uled, incorrect numbers were bound to crop up. And numbers
were sometimes mis-read in master control. Wrong commer-
cials were being aired.

Now playlists are generated by our traftic computer,
downloaded to the Cart Machine, and never touched by
human hands. That's saved a lot of on-air spots for us. And
that's what has absolutely sold us on the Odetics TCS2000.

My own job has sure been easier since the machine was
installed. I'm seeing more efficient organization in master
control. | don’t worty anymore about losing material on air.
And our master control engineers don’t spend so much time

“Why Pm Sold on the Odetics Cart Machine”

A
o\

NN\

handling carts now. We're able to take care of other
engineering projects we never had time for before.

I've been happy with Odetics’ service from the time we
bought the machine. | particularly liked the way they
shipped it in modules instead of sending the entire system
pre-assembled. Two Odetics field service engineers put the
modules together, installed software, and trained our
operators. It was all done quickly and efficiently.

If you're thinking about buying a cart machine, feel free
to give me a call at (206) 582-8613. I'll be happy to tell you
personally what a difference the Odetics Cart Machine has
made at KCPQ.”

Larry Brandt, Chief Engineer
KCPQ-13 Seattle

Odetics

Broadcast

1515 South Manchester Avenue, Anaheim, California 92802-2907 (800) 243-2001 or (714} 774-2200

Southeast
Emerson Ray

(813)960-0853

Northeast
Ray Baldock
{201) 305-0549

Director of Sales
Bill Keegan
(714)774-2200

® NATAS
West North Central South Central
Chuck Martin Bill Boyd David Scally
(818) 999-9796 (612)894-2121 (800) 243-2C01
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High-definition audio
coming to TV

Digital audio compression

By Rick Lehtinen,
technical editor

Last month, this column discussed the
use of digital switched telephone networks
as a means of bringing top-quality remote
audio back to the station. The Switched-
56 telephone network was introduced as
a convenient means to accomplish this.
Switched-56 is a precursor to tomorrow’s
phone system, the Integrated Services Dig-
ital Network (ISDN). Under ISDN, expect
TV digital audio to leap into prominence.

ISDN is a switched system with two
64kbyte/s signals and a message channel
per line. However, adding both of the
ISDN'’s 64kbyte/s channels still yields only
a fraction of the 1.5Mbit/s bandwidth re-
quired by CD-quality audio. There must be
further processing to make the audio fit
the media. This is where the techniques
of digital audio compression come into

play.

Squeeze down the pipe

Once the audio is in digital form, spe-
cial signal-processing algorithms can
shrink the amount of data that needs to
be transmitted to the available bandwidth.
The principle is the same as that of writ-
ing shorthand — greater volumes of infor-
mation can travel down the same chan-
nel (pencil and paper) if an extra coding
and decoding step is added. In shorthand,
letters and sounds that are not necessary
to reconstruct the original message never
make it to the paper. It is the same with
digital audio compression schemes.

Once the audio is in a
digital form, special
signal-processing
algorithms can be
applied to shrink the
amount of data that
needs to be
transmitted to the
available bandwidth.

But what is necessary and what is not?
This is similar to the quandary faced by
the originators of NTSC color. Some guide-
lines were needed for allocating colors to
either the full-bandwidth I channel or the
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reduced-bandwidth Q channel of the
3.58MHz color subcarrier. At length,
NTSC's designers solved the problem by
testing groups of people to find out which
colors they could see most acutely. Then,
the most important colors were put on I,
the less important colors were put on Q,
and NTSC's 18° axis shift was added to
make it easier for the system to reproduce
flesh tones. Some color detail got left out,
but few people noticed.

Extensive subjective
studies have shown
that the ear doesn’t
really hear all that is
presented to it...[In
some audio
compression schemes]
portions of the audio
signal that fall into a
masked area are not
transmitted.

Designers of digital audio systems have
followed a similar tactic. Extensive subjec-
tive studies have shown that the ear does
not hear all that is presented to it. Take
the case of high-amplitude tones. A power-
ful tone of a given frequency will capture
the ear and completely swamp out other
tones of lesser amplitude at nearby fre-
quencies. This frequency masking effect is
one of the opportunities exploited by
some digital audio compression schemes.
Portions of the audio signal that fall into
a masked area are not transmitted.

A second opportunity occurs because of
temporal masking. Loud sounds capture
the ear for a short period on either side
of the sound. Because they cannot be
heard, some compression systems cut out
sounds that occur in this masked period.

Temporal masking comes in two forms:
post-event (just described) and pre-event.
Pre-event temporal masking apparently
occurs because loud noises appear to take
the high road to the brain’s perceptive
centers. Loud sounds can apparently by-
pass subtler, hence, slower sounds. (This

may be the reason a cracking limb on a
quiet night can sound like a gunshot,
while the same noise amidst daytime
sounds scarcely garners a second glance.)
Some compression designers use the pre-
event temporal masking as a convenient
hiding place for the pre-ringing associated
with digital filters.

This leads to a final powerful data-
reduction technique. Sixteen-bit linear
PCM systems avoid noise by having great
dynamic range. Some digital compression
schemes use clever bit allocation schemes
that allow the noise floor to float upward
until it is just below the information lev-
el. This works because the same
phenomena that mask audio also mask
noise.

TV audio products

The fact that these compression tech-
niques have application in television has
not been wasted on the equipment design-
ers. Some manufacturers plan to release
TV products soon. But how to get this im-
proved sound through the system to the
viewer is a tougher question. One suggest-
ed technique encodes digital audio into
sync tips, or onto the color burst or sub-
carrier.

Digital audio techniques will radically
upgrade the audio quality of TV signals.
It will take a major effort to improve to-
day’s system of transmitters and receivers.
However, the areas of audio signal acqui-
sition and in-plant audio processing are
open for digital improvements. There is
every reason for today’s engineers to be-
gin taking advantage of the benefits
offered by digital techniques.

Under ISDN, expect TV
digital audio to leap
into prominence.

Acknowledgment: The author wishes to thank Dr. Larry Hin-
derks, vice president of engineering, Corporate Computer
Systems, Holmdel, NJ, for help in preparing this article.

Editor’s note: For a thorough discussion of the NTSC en-
coding system, see “Enhancing NTSC,” Broadcast En-
gineering, April 1989. B
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In the past year, ABC, CBS, CNN and NBC
used it to carry the Super Bowl,
the World Series, Monday Night Football,
Desert Storm coverage and more.

Vyvx NVN, the first
nationwide switched
fiber-optic television
transmission network.

Broadcast quality fiber-optic
television transmission is no
longer a futuristic technology.
It's here. It's established. It's
proven. Just ask the major
broadcast and cable networks

who use it for transmiti'ng news,

sports and other programming.

For more and more broadcast-
ers each day, fiber optics offers
arn affordable. secure, reliable,
ard high-quality means of
delivering television signals.

Vyvx NVN operates the courn-
trv's only nationwide switched
fiber-optic television transmis-
sion network. Our growing

system currently serves the top
50 U.S. TV markets and is able
to route your programming
nstanily and on demand.

Engineered for
reliability and quality.

Signal purity is an unmatched
feature of fiber optics, making it
free fram uplink interference and
electrieal impedance. Unlike sat-
zllite transmission. fiber can't be
affected by solar flares or rain at-
tenuation. And unlike other ter-
restrial systems, it's impervious
to water and other liquids.

Our 11,000-mile fiber-optic
network is the most secure with
key segments inside decommis-
sioned steel pipeline and along

pipeline and railroad rights of way.

A Subsidiary of WilTel, Inc.
Circle (9) on Reply Card
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Easy to access and
economical to use.

Access to our network is easy
via analcg last-mile facilities
obtained at your request. We
also provide the codecs.

The peint is, fiber-optic televi-
sion transmission is no longer
an emerging
technology.
Broadcasters
are already
relying on it
and Vyvx NVN
for their most
critical trans-
mission needs.

- Vyvx

A Revelationin
Sight and Sound™

For more about the Vyvx NVN
switched fiber-optic television
network, call 1-800-324-868€ .
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Applying vectors

Complex vectorial operations

By John Battison, P.E.

For many of you, dealing directly with
vectors is not a part of your everyday
workload. You don't often need to whip
out a calculator, or pencil and protractor,
and derive a resultant. But if you become
involved in circuit design, vectors will play
an important role in your designs. Proba-
bly the most important circuits, and cer-
tainly the most prevalent, are series and
parallel combinations, which produce the
resonances that critically affect your oper-
ations.

Anti- or parallel resonance

It is a common belief that the im-
pedance at resonance of a parallel circuit
is infinite. The vectors in Figure 1 illustrate
this kind of complete cancellation. How-
ever, the cancellation is not actually com-
plete because resistance is present even
when the L and C currents cancel. There
is no current along the zero axis, and only
voltage appears. Figure 1 also shows an
idealized circuit without residual re-
sistance.

———— -

L

Figure 1. The simple parallel circuit and a cor-
responding vectorial notation.

Figure 2 shows a circuit with resistance
(R) in series with the inductance. The volt-
age (V) that exists across the coil and ca-
pacitor is shown by vector OV at 0°. The
current Ic leads V by 90 as shown by
vector Ol¢ on the positive Y axis, which
is 90° ahead of OV. Correspondingly, vec-
tor Olx depicts the 90° lag of the current
IL behind V.

This is a problem that circuit designers
frequently face. When resistance exists in
the circuit, there must be less than 90° of

Battison, BE's consultant on antennas and radiation, owns
John H. Battison and Associates, a consulting engineering
company in Loudonville, near Columbus, OH.
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current lagging or leading. As the circuit
in Figure 2 illustrates, the resistance is in
series with the coil, so there will be less
than 90° of current lag in the inductive
arm of the circuit. The lower the Q of the
coil is, the greater the effect will be. If Q
were high, the effect of R would be much
less, and I would have almost 90° of lag
behind V. In Figure 2, it is assumed that
Q is high, so the effect is small, and OI,
is shown with approximately 20° less lag.
Because the voltage across it must lead,
vector OV is drawn with a 90° lead.

|

! L
1 C

Vv ———

{

| R
L

in this way, OV and the current (I) will be
zero. This ignores the resistive element in-
cluded in C. To calculate the true resultant
currents in L and C, the branch currents
OlL and Olc must be added. The result of
the two branch currents is Ol in phase
with V.

Now we can consider what happens at
true resonance. The Y axis components
should be equal in magnitude and 180°
out of phase. This is shown by Ol¢ and
Olx in Figure 2. When these two are
added, they will cancel, and only vectors

o A

Figure 2. Parallel resonance with R present. Note that I, and Ic do not completely cancel be-

cause of OVp.

The voltage drop across R in the coil is
in phase with the current in the coil.
Therefore, OVR, the voltage drop vector,
is drawn along Ol to the point eg.

When resistance exists
in the circuit, there
must be less than 90°
of current lagging or
leading.

But now there is another complication:
Addition in vector form will produce the
wrong answer. If OV, and OVR are added

wwWwW.americanradiohistorv.com

OIL and Ol will remain at coincident
angles.

In the three parts of this series, | have
only touched the surface of vectorial ap-
plications. An understanding of vectors
and what they can tell you can often clar-
ify a problem, and help you find a quick
solution. I'd like to end the series with this
caveat: Be sure to put arrowheads on all
vectors. If they follow each other around
the figure, you have made a mistake.

B
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We maintain a

Double Standard

The Audio Precision product line now includes
two different standard-setting products.

The automated System One - The new self-contained Portable One -
the industry standard for service bench and field.
, for lab bench and factory test station. e Compact and affordable.
i ' ® Graphic results an PC screen, ® An easy-to-use test set for
copies to printers and plotters. applications not requiring automation.
I ® GO/NO-GO testing, automated procedures. e Comprehensive capability, high performance.
: ® State-of-the-art performance and speed ® Robust polycarbonate purpose-designed case.
- ® Complete analog and digital domain testing. ® Full stereo capability.

® 2 to 192 channels.

System One aad Portable One - two test sets designed for different jobs,
II each with the quality aad performance that you have came to expect from Audio Precision.

Audio .
precision

PO.Box 2208, Beaverton, OR 97075-3070
. | 503/627-0832 1-300/231-7350
FAX: 502/641-8906, TELEX: 283957 AUDIO UP

|
k{.“.w-'“paw“auw“' - Circle (10) on Reply Card

System One
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INTERMATIONAL DISTRIBUTORS Austraia: RT (02 439 3744 Austria, Eastern Euroo=: ELSRCWD slektron GmbH 222 812 17 51 Belglum: Trans European Music Ne/, + .50,
Canade: GERR Electro Acoustics Ltd , {416) 868 0528 =hina, 4ong Kong: ACE (HK) (85Z) 4240357 Denmark: AudioNord Danmark/npa 86 57 15 11 Finland: Genelec OY, 73 13311 France:
ETS Mesureur (1) 45 83 66 41 Germans: AW SmbH Z=1 70 98 30 Hotland: Trar s Europ3aan Music + (3408 70717 israet: Dan-El Technclogies Ltd 3-544 1466 Faly: Medea S-rt, 2 2840 1780
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Or. WA Gunther AG, 01/910 41 41 Ta'wan Litz Techncbagles Ltd 2 758 3179 U.k..: SSE Marketing _id 71 387 1262
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SBE announces slate
of candidates

By Bob Van Buhler

The SBE nominations committee has
presented its official slate of candidates to
the board of directors. The committee’s
members included chairman Bob Van
Buhler, former SBE president Roger John-
son and current secretary Paul Lentz.

Richard Farquhar, SBE’s vice president,
has been nominated for the presidential
seat. Farquhar has served the organization
as vice president for two years and as
secretary for two years. He has also been
a member of the certification committee
and has held other key positions in the
society.

The SBE vice presidential candidate is
Jerry Whitaker. Whitaker, a former
California broadcast engineer, is a well-
known author and editorial consultant. He
has published several books on broadcast
electronics and has worked extensively on
broadcast engineering subjects. He also is
a recognized authority on RF transmission
and AC power systems. Whitaker has
played a major role in the production of
many SBE national conventions.

Director Bill Hineman is the candidate
for the secretary position, which is cur-
rently held by Paul Lentz. Hineman has
served on the SBE certification and execu-
tive committees, and has strongly support-
ed the SBE national office in Indianapo-
lis. For example, Hineman was often called
to help with the telephone and computer
systems in the national office and was
responsible for helping coordinate the
relocation of the SBE office.

Treasurer Robert Goza has been nomi-
nated to serve another term. Goza, a
broadcast engineer at KMOVTYV in St.
Louis, and an active member of his local
chapter, is convention committee chair-
man and has been involved in the finan-
cial management of SBE’s national con-
ventions.

Under the policy introduced by SBE
president Brad Dick, the meeting atten-
dance, voting record and committee par-
ticipation of all incumbent candidates are
reported to the membership annually so
that SBE members can make more in-
formed decisions when voting on their
officers.

Van Buhler is manager of engineering at KNIX-FM/KCWW-
AM Phosenix.
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Candidates’ requirements

For the first time, candidates will be re-
quested to publicly commit to serve the
society. All candidates for office will be
asked to sign a form stating their agree-
ment to fulfill to the best of their ability
the requirements of office. This commit-
ment form will symbolize their intention
to attend all board and committee meet-
ings and perform their assigned duties.

According to Dick, members should
seek election to the board with their eyes
open to the great amount of work they
will be undertaking. Dick said that hold-
ing an office carries a financial and per-
sonal price, and that all candidates should
understand that they will be held public-
ly accountable for their actions. Because
there are only 12 directors and four
officers, each must be fully prepared to ac-
cept these responsibilities.

For the first time,
candidates will be
requested to publicly
commit to serve the
society.

Directors are expected to pay their own
travel and administrative costs, and re-
ceive no discounts on SBE convention ad-
mission. Considerable telephone, mailing
and travel expenses are also a part of
board membership. Board meetings are
held twice each year, once at the October
SBE convention and later at the site of the
next convention. Officers can expect to
spend several thousands of dollars per
year just in travel expenses.

All directors are expected to serve on
at least one committee. They must also
juggle their time during their work hours
to accommodate SBE-oriented telephone
calls because like many professional or-
ganizations, much of SBE’s work must be
done during business hours. Because
directors cannot expect to fulfill all of their
responsibilities after work hours, they
must have a supportive employer who un-
derstands the value of SBE.

waany americanradinohistory com

Convention sites approved

The SBE board of directors recently ap-
proved convention dates and locations for
the next two national SBE Conventions.
The 1992 convention will be held Oct. 14-
17 in San Jose, CA and the 1993 conven-
tion will be held Oct. 13-16, in Richmond,
VA. These dates were chosen because they
did not coincide with many other indus-
try events, which will allow a greater num-
ber of broadcasters and exhibitors to par-
ticipate in the convention.

These two sites were also chosen in re-
sponse to the expressed desire of SBE
members. The membership survey
showed that members strongly support
moving the convention around the coun-
try. In this way, local members, who might
not be able to travel long distances, can
attend the convention. San Jose and Rich-
mond have the advantage of being a
reasonably short distance from other ma-
jor cities while still offering low-cost ac-
commodations.

Congressman Ritter
to speak at convention

Pennsylvania Congressman Don Ritter
will deliver the keynote address at the
1991 SBE Convention in Houston. Ritter,
who is no stranger to engineering, is one
of the few congressmen with any techni-
cal training. He is also the only member
of Congress who holds a doctoral degree
in an engineering field. Ritter is a mem-
ber of the House Telecommunications and
Finance Subcommittee, which makes him
well-qualified to speak on broadcast issues.

Ennes Foundation
receives donation
The SBE Ennes Foundation announced
the receipt of a $1,000 donation from In-
tertec Publishing, the Kansas-based com-
pany that publishes Broadcast Engineer-
ing and Video Systems magazines. The
donation will be used to support the foun-
dation’s educational programs. Current
Ennes projects include the SBE certifica-
tion program, scholarship awards and in-
tern and cooperative work programs. An-
other on-going educational activity is the
presentation of workshops at the SBE Con-
vention.
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We don't ship tape recorders to you
in pieces; you won't get our new disk
recorders that way either.

Our new DDR-10 digital disk
recorder is a fully integrated system
that comes ready to roll ir and turn
on. There's no assembly, no cabling,
nothing more to buy. And because it
looks great, clients simply love it!

If you know tape recorders,
you're ready to go the miriute you sit
down at the DDR-10's cortrol panel.
The buttons and knobs ar= familiar,
and they do what you expect. It's the
only audio disk recorder in the world
designed in this way — designed for the
professional.

With up to 60 hours of the
highest quality, full-band=idth digital
audio, and extensive editing capabil-
ities, the DDR-10 delivers -he best
"power-to-price” ratio you can buy.
And its standard Macintosh® SCS)

T

buss (rather than a proprietary de-
sign), means you're free to take
advantage of future advances in the
computer industry. This way, you're
not locked-in to a system which
seemed "special” at first, but quickly
became ancient.

For your convenience, CD repli-
cation directly from your DDR-10
soundfile is now available. For more
information about this service, and
the DDR-10, call Otari; a company
famous for technical support and
customer service, worldwide.
(415)341-5900

0/T/AR/ 1}

© Otari 1991
Macintosh is a registered trademark of Apple Computer, Inc.
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Building with
microcontrollers

Z-8 as a remote control

By Gerry Kaufhold II

This article will discuss the Z-8 as a
remote-control element for a 3/s-inch
tape machine.

Many machines’ back panels have one
big and one small remote-control connec-
tor. On the larger connectors, each pin
commands one function by sensing a re-
lay closure. The simple Z-8 microcontroller
described in Parts 1-10 of this series can
easily drive such a relay-closure type of
remote control. The smaller DB-style con-
nectors usually operate on an RS-422 seri-
al data communications loop. Although
this connector provides a more versatile
interface, the communications format and
the details of the command sequences are
often proprietary information.

Making remote connections

Obtain a connection diagram of the ma-
chine you wish to control. Note that some
pins are for commands and others are for
status.

The commands are inputs to the VTR.
A change in a voltage level will cause the
tape machine to take an action, such as
going into the play mode or fast forward.
The documentation will indicate if these
pins are asserted by a logic high or low.

The status pins are outputs from the
VTR. In many machines, these pins are
passive unless the machine’s status input
is asserted. When the machine reaches a
given state, say thread end, it asserts the
appropriate status pin, but only if a “re-
quest for status” has been asserted.

The key to keeping the
programming simple is
to use a parameter
list.

The Z-8 samples the signals on these
pins to determine what the VTR is doing.
For example, it is important that the Z-8
be able to verify that the record mode has
been entered following the play/record
command. To accomplish this, the Z-8 pro-
gram outputs a 1 to the status pin, and

Kaufhold is an independent consulting engineer in Phoenix.
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then reads the current status level (either
a1 or a 0) from the record status pin.

A personal computer
makes a good control
panel for the Z-8. A
simple BASIC
language program is
all that is needed at
the computer.

Going with the flow

A personal computer makes a good con-
trol panel for the Z-8. The computer can
contro] the Z-8 by connecting the Z-8's RS-
232 interface to the computer’s COMI:
port. The Z-8s port 2 and port 3 1/0 bits
can then implement the “relay closure” re-
mote control.

A simple BASIC language program is all
that is needed at the computer. The first
part of the BASIC should assign COM1: as
the serial 1/0 port, and configure it to talk
to the Z-8 card. Then give each of the
desired VTR functions a 2-digit number,
ranging from 01 to 26. To control the VTR,
the BASIC program will output the ap-
propriate number code to COMI:. The Z-
8 will then close the appropriate relay on
the VTR control connector.

The key to keeping the programming -

simple is to use a parameter list. When the
operator of the personal computer re-
quests the play mode, the BASIC program
can use the 2-digit number for play mode
as a pointer to several characters of data
that are stored in the parameter list.
The first character of the parameter list
is a 1. (Later on, this character can be used

to select a given VTR when controlling -

more than one.) The second character of
the parameter list is the 1/O port number
of the Z-8 that will be used for output. The
third character is the bit that is to be con-
trolled on the Z-8. The fourth character
tells whether to assert the 1/0 bit (make
it a 1) or negate it (make it a 0).

If the fifth character is a 0, then the com-
mand terminates. Otherwise, the fifth
character indicates how long to wait be-
fore accessing a status pin of the VTR. The

www americanradiohistory com

sixth character identifies the Z-8 1/0 port
and the seventh character identifies the
bit of the I/0 port that will be read for the
status. The eighth character will be a 0,
to indicate the end of this command
string.

After locating the parameter list, the BA-
SIC program outputs the string to the Z-
8. If the parameter list was an output-only
function (indicated by a 0 in the fifth char-
acter position), that is all that happens. If
the fifth character is not a 0, then the BA-
SIC program must monitor the Z-8 com-
munications channel and wait for recep-
tion of the status information.

The assembly language program on the
Z-8 can be simple. First, it must decode
each character as it is received from the
PC. The Z-8 program then selects the ap-
propriate 1/0 port and the 1/0 bit of the
selected port, and then toggles the select-
ed bit high or low.

If a status input is to be read, a short wait
loop should be performed before reading
the selected 1/0 port. The bit can then be
translated into an ASCIl character and
passed through the UART to the personal
computer.

It is easy to apply the
Z-8 microcontroller
‘core” to a wide
variety of remote-
control interfaces.

No keypad needed
The simplicity of this circuit makes it
easy to apply the Z-8 microcontroller
“core” to a wide variety of remote-control
interfaces. By putting the intelligence of
the program on the PC, the Z-8 can be-
come a universal PC-to-anything interface.

[BE))]
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The Most Widely

Used Headphones.

As a broadcast professional, you need to listen
to the audio—not the headphones. You want
to feel the emotion and excitement exactly
the way your audience does. That's why so
many broadcast
professionals
rely on AKG
headphones.

it's no wonder
that the 1990
and 1991
Billboard
surveys of U.S.
studios found
that AKG headphones are the “#1 Most
Widely Used Studio Headphones.’

Made in Vienna, AKG headphones
are the product of Austria’s musical
heritage. Qur engineers have
designed their pure love of music
into the best headphones in the
pro market.

If you're not using our headphones
now, try a pair on—and you’ll hear
why we're #1.

AKG Acoustics, Inc.
1525 Alvarado Street

San Leandro, California 94577 USA
Tel: (1) 415/351-3500

Fax: (1) 415/351-0500

© 1991 AKG Acoustics, Inc. AKG is a registered trademark of
Akustische U. Kino-Gerate Ges.m.b.H. Austria.
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DAT maintenance

Symptoms and solutions

By Richard Maddox

Most of the problems that engineers en-
counter with DAT machines are caused by
mechanical, rather than electronic, mal-
functions. But many of these same prob-
lems are caused by the tape, not the
machine itself. Tape shedding, poor me-
chanical construction of the cassette shell,
low RF levels recorded on the tape and
uneven magnetic coating, for instance,
can all cause the two most common DAT
problems: audio dropouts (muting) and
noise spikes (digital glitches). Trouble-
shooting can be difficult because of this.
But armed with the proper test tapes, test
gear and procedures, a good technician
can find the solution.

Head drum issues
The first troubleshooting step whenev-
er dropouts or noise spikes occur is to

clean the head drum and capstan. Clean .

the heads manually using a light side-to-
side motion with a chamois or deerskin
cloth dipped in head-cleaning fluid or eth-
yl alcohol, or use a “wet” DAT cleaning
tape. If a dry cleaning tape is used, reclog-
ging or permanent head tip damage could
occur.

The first
troubleshooting step
whenever dropouts or
noise spikes occur is
to clean the head
drum and capstan.

After cleaning, find a good tape and play
it on the machine. If the head had been
clogged, it probably caused the playback
problems. On a 2-head machine, howev-
er, recently recorded tapes may have high
error counts if one or both heads were
clogged. These tapes should be checked
for playback problems on a properly func-
tioning machine.

If the problems clear up for a short time
and then reappear, the head drum proba-
bly needs replacement. Typically, head

Maddox is technical manager at Media Management Asso-
ciates, Lynnwood, WA,
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drums need to be replaced between 750
and 2,000 hours of use, depending on the
model.

If the DAT machine does not have an
elapsed time meter, you may want to in-
stall one when you change the head. Cur-
tis Instruments (Mt. Kisco, NY) offers an
LCD elapsed time readout that can display
head record/play usage as accurately as
one-tenth of an hour. The time meter can
be easily interfaced with any DAT deck
that has a play LED indicator. The meter
is driven from the play LED driver logic
signal, and uses +5V from the DAT’s pow-
er supply for the display.

Any binding or
sluggishness in the
guides that load the

tape may prevent them

from falling out of the

way when the tape is
unloaded.

Tape eating

Any binding or sluggishness in the
guides that load the tape may prevent
them from falling out of the way when the
tape is unloaded. This causes the machine
to “eat” the tape. When a tape is eaten,
an inch or two of tape hangs out of the
DAT shell, and then is crunched by the lid
as it closes when the tape is ejected.

The eaten tape is not playable, unless
it is damaged only at the head or tail of
the tape, which can be removed and the
remaining tape spliced to the clear lead-
er. Therefore, it is a good idea to rewind
the tape to the head (or fast forward to the
tail) before unloading it. You should also
leave 30 to 60 seconds of blank space at
the head of a tape when recording, just
in case this happens.

After a tape is eaten, you must find and
clean the sluggish guides. In order to re-
move and clean the guides’ mounting
posts, the transport must be disassembled.
The guide that most often exhibits a prob-
lem is the one next to the capstan, so the
capstan must often be removed as well.
Fortunately, no alignments need to be

wnany americanradinhistory caom.

I ﬁoubleshootingl

made because the capstan assembly is
screwed into the transport chassis.

Worn or degraded
brake pads or tension
bands on the take-up
and supply reel table

also cause the
machine to eat tapes.

Worn or degraded brake pads or tension
bands on the take-up and supply reel ta-
ble also cause the machine to eat tapes.
When the tape is loaded, one reel is left
freewheeling to allow the tape to be pulled
out, while the other reel is held in place
by its motor or brake. If the brake pad on
the freewheeling reel sticks to the reel ta-
ble, the tape does not have enough slack
to be properly loaded, and will be pulled
up and over the slant guides. This problem
occurs most often during the first loading
of the day, after the deck has been inac-
tive overnight in a cool studio.

If this happens, the machine senses a
loading problem because there has been
no reel table movement. The machine will
then unload the tape, and attempt to take
up the slack by momentarily hitting the
fast forward and rewind modes. If the
brake pads are still stuck to the reel table,
the tape will not go back into the shell,
which means it will be eaten when it is
ejected. To prevent this problem from re-
occurring, the brake pads should be
replaced.

Worn out pinch rollers can also cause
the tape to stick or slip during play. DAT
pinch rollers wear faster than head drums,
and usually need replacement after a year
or so because plastic binder and other
tape elements build up, making the roller’s
surface hard and slippery. Because pinch
rollers generally cost less than $20 and are
easy to obtain, they should be replaced
frequently.

Next month’s column will cover DAT
part replacement. Find out which parts
wear out and and how much it will cost
to replace them.

1=7
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JVC’s S-VHS, that is. From camcorders to
editing systems, to duplication and distribution,
JVC offers you a complete single format video
solution. At very reasonable prices with proven
operating cost savings. For more information
on JVC’s growing line of PROFESSIONAL S
products, call 1-800-JVC-5825.
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Time management

Protecting your time

By Judith E.A. Perkinson

Last Monday, | had to finish a report. Al-
though | only needed about four hours to
complete it, | scheduled nothing else for
the day. By 8:00 that night, all of my co-
workers had left and 1 was still sitting in
my office writing the report. When I final-
ly got home, | asked myself why this had
happened.

Here is what 1 discovered. Almost every-
one | had called during the past two weeks
called me back. Co-workers constantly
came into my office to ask me questions.
| had to respond immediately to two items
in the mail and my secretary asked me to
help her with a computer glitch. Three
people dropped by to chat. Lunch took
longer than it should have and my hus-
band called me at least six times.

I had allowed every time thief in the
book to steal my day. The price | paid was
working until 10:00 that night to finish the
report that should have been completed
by noon. I had no one to blame but myself.

It is important to understand that I didn't
waste my time. There is a great difference
between wasting time and allowing it to
be stolen.

In order to start protecting your time,
you must:

* Understand how it is taken away from
you.

* Believe you have a right to protect it.
¢ Develop techniques to protect it with-
out offending the thieves.

Types of time thieves

We all agree to do tasks when we
shouldn’t. (See *“Management for En-
gineers,” April 1991). It is a hard habit to
break. But you must break it because it
is a treacherous time thief.

Most time thieves are not malicious.
Rather, they are just people acting on their
own needs and schedules.

Phones. Most people cannot let a phone
call go unanswered. People make phone
calls at their convenience. Unfortunately,
those on the other end of the receiver are
usually being interrupted. If you don't
want the phone to disturb you forward
your calls, have your secretary hold them,

Perkinson is senior member, the Calumet Group, Inc., Ham-
mond, IN.
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turn on your answering machine or just
unplug the phone.

Remember, not answering your phone
is not a crime. If the call is truly impor-
tant, the caller will reach you.

Interruptions. Like phone calls, interrup-
tions are the products of other people’s
needs. You broadcast to your co-workers
how interruptible you are. If you want
them to stop interrupting you, you must
send the right signals. To do this:

Close the door.

Don’t look up.

Don't make eye contact.

Put up a “Do Not Disturb” sign.

If they are persistent, tell them you will
handle it later.

These are all ways of building an invisi-
ble wall around you that says you don’t
want to be disturbed.

The key to protecting
your time is knowing
which situations are
important and which
are only a waste of
your time.

You may occasionally run into someone
who simply does not respect any of your
signals. When this happens, you must ex-
plain to this person that you do not mean
to be unresponsive, but you will not toler-
ate constant interruptions.

Your right to protect yourself

Being needed makes you feel important.
Working until 10:00 at night makes you
feel used. Protecting your time does not
make you less important, but it will make
you a better manager.

Before you can effectively use any of
these techniques, you must believe that
you have a right to protect your time.

The foundation of this conviction is a be-
lief that:

e What you do is important.

¢ Your time is as valuable as the time of
anyone who interrupts you.

¢ Being unavailable is not a crime.

wway americanradiohistorvy com

* Few things are so important that they
cannot wait. You will need this conviction
to successfully protect your time.

Protection without offense

It is natural for people to care more
about their needs than yours. When you
implement techniques to protect your
time, you will probably find that some
people are not happy with your new-found
protection.

Their reactions will vary from quiet dis-
appointment to open hostility. Much of the
reaction is simply the frustration people
feel because their needs are not being
met. Many of these time-protection signals
are the same signals used to broadcast
conflict or rejection.

Therefore, it is important that you tell
these people that you are not rejecting
them. They will be less resistive if they un-
derstand that their requests are having a
negative impact on you.

You must also give them some estimate
of when their needs will be met. To do
this, you can leave a message on your an-
swering machine telling them when you
will be available or hang a sign on your
door indicating when you can be con-
tacted.

You cannot expect the time thieves to
change overnight. For a while, you may
need to be stern. But most important,
don’t send mixed signals. Mixed signals
only broadcast that you will relent if they
are persistent.

Unavoidable time thieves

There will always be circumstances that
take you away from your planned sched-
ule. Most of these are legitimate and un-
avoidable. The key to protecting your time
is knowing which situations are important
and which are only a waste of your time.

Of course, there will be times when you
will slip, like I did last Monday. When this
happens, you must determine how much
responsibility you must bear for allowing
the theft of your time. Remember, the abil-
ity to control your time is an essential
managerial skill.

Next month, I'll deal with a subject that
is vital to everyone — procrastination. It's
guaranteed to help you. B!
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Now You Can

Create Your Broadcast
STL From Our
Field-Proven Line Of
Broadcast Radios.

With one broad stroke we’ve positioned
Microwave Networks as the industry’s
premiere video supplier. By using video
technology from Rockwell International

Corporation, we have added 2, 6,7, 8, 11 and
13 GHz video radios to our line of MicroNet
ucts. Microwave Networks can now

meet all your Studio-to-Transmitter Link

(STL) requirements. :
Along withour 15,

18 and 23 GHz radios,

Microwave Networks

has become aleading

provider of broadcast

links by offering a

complete line of 2

through 23 GHz video radios.

Our MicroNet family of analog radios
provide the highest quality video and audio
transmission for both NTSC and
PAL/SECAM. They meet or exceed all EIA
short-haul RS250C specifications and deliver
true common carrier performance to assure
broadcast quality. With simplex, duplex and
multiple channel configurations, MicroNet
radios can solve any video transmission
requirement.

And that means flexibility! The flexibility
to expand or upgrade your MicroNet radio
network quickly and easily.

Microwave Networks provides unmatched
service and support, including site and
system engineering, frequency analysis,
installation and training. We even have a
24-hour customer-service hotline.

Quality engineering, reliable product
design and complete customer support. It’s
no wonder we’re the first choice in video
transmission. Call Microwave Networks
today! 1-800-749-2577.

| microwave
i networks

10795 Rockley Road, Houston, Texas 77099
(713) 495-7123 FAX (713) 879-4728

The MVR-1000 Senes of microwave video radios are manufactured under license
from Rockwell International Corporation.
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Audio
technology update

I’s not just coming out of a 4-inch speaker anymore.

Cunu- to thit k of o, even d-ineh
speakers so el pretty good these
lays. *nd wi h she advent df the “per-
sonal stereo” high-end car audio sys-
ems md stereo/surrownd TV audio,
“adio <nd TV andicnces are hearing
broadzast prog-anmming with better
audio gualits. Thanks to digital tec -
nolog.. an audin revo ution is under
way, ad it s chowing little sign of
abatirg. As aresult, those audiences’
aural & stes cont e to move forwars.
Broad_asters can join in the parad 2.
ar sta wd still ard Ee trampled by &.

The digital revol.ticen also meart s
that consunwer svatems adrent tlwe
Fmitineg factor anymor= There wasa
time wen braslcast fecilities led the
way i audio quality, and consumens
laggec far behin . Not so today —
is often the hroaclcaster whao is trving
tr cate up.

In the TV worla. audio has always
heen t w poce relatinn. Althpugh vic-
en equ Hment costs more, and produc-
ing the visua part of a prggram re-
quires a larger ataff and budisen,
psychcngists claim thal more brain
power goes  nte processing sotied
than vieual incagzs After all, we onlv
see an  valshhpedareain front of us
bat we hear frem all aroqnd. Ou-
ringe o percept on in ihe frequencs
domain covers anproxi nately /0 o=
le.res for sound. while the visible ligh
ri nge i slight v &ess thaess one octave
I digital svste ns 16 bits of resolutior
are arg. ably meqriced for quality au
din. but eight bits miay be enough for
vizleo (a 256:1 ratie). Onn a pure commu-
nizationt level, n nost cases, consider
waiich wenveys more inferination frony

a TV broadcast: turning off the sound
and leavin g the picture or vice versa?

As with ant. the audienze doesn't
know much ¢ bout what they are hear-
ing, but they know what they like. In
one recent test where the same vid-
eo was plaved first with a neno and
then with & stereo soundtrak the au-
dience ovzrwhelmingly responded
that “the jicture was better™ on the
second (stzrro) sample. We are a
visually orie ited society. Waen we
understand something we say. 7| see”
A hig idea s zalled a “vision.” and so
forth. It's no wonder that aural issues
are misundgsrstood or get short shrit.
So it's up to hroadcast professionals 1o
do the r best in keeping audic priori-
ty and qualite high, and tl at's what
this month's features are all about. lo-
day and in the future, good sound in-
plies digital. s0 we will presse 1t dig-
tal techniques that can be cpplied to
audio process ng, measurenert, rou-
ing and breaslcast transmission.

e “Digital Raslio:
The First <ive Years™
e “lesting Digital Audio

page 2

Devices™, . e 38
e “Digital Au lio

Processing” ... - %
e “Digital Ausdio Signal

Distribution™ VA TIRA |

oy fgy

Skip Pizzi. technical editor
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Tape Tension at the Cylinder:
BINARY
11100111000011
1.10001.1}_0001.1.‘11 .....
00011000111111

ONLY 512

VALUES VALID LOW-TENSION TAPE TRANSPORT

ONLY 256
VALUES VALID

P

UNERASED
ORIGINAL
L]

INCREASES
ERROR RATE
APPRQX. 12% APPROX. 15%

GREATER EDIT PRODUCTIVITY

Panasonic’s Half-Inch Composite Digital is the first
complete digital recording system. From a one-piece all- PANASONIC HALF-INCH COMPOSITE
digital camera/recorder to a digital M.A R.C. cassette DIGITAL RECORDING SYSTEMS
library system, Panasonic’s system is digital from start to
finish. Using today’s advanced electronic designs and materials, Panasonic's Half-Inch Composite Digital
system includes recorders designed specifically for each application.

The Half-Inch Composite Digital field VTR is truly portable. Its dimensions fit comfortably into
today’s mobile production and ENG vans.The AJ-D310 one-piece camera/recorder has a 64-minute
cassette capability. The AJ-D350 studio VTRs handle cassetie lengths up to three hours. The Half-Inch
Composite Digital M.A.R.C. cassette library system can control up to seven standard Half-Inch Composite
Digital recorders.

Audio editing with Panasonic’s Half-inch Composite Digital is as it should be. A flying erase head
and a new approach to audio recording allow true cross fades and perfectly natural audio search in
post. All Half-Inch Composite Digital recorders support 4-channels of PCM audio.

Panasonic’s Half-Inch lives up to the technical reliability and economic promise of digital. It
employs a new 8-14 channel coding method for lower tape consumption with a packing density 2.5

wwvwaLamericanradiohistorv.com
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© 1991 Matsushita Electnc Corporation of Amenca

Ceramic Alloy Low Stiction

Optical Sensors Elimination of MECHANICAL Longer Head Life
Aerodynamic Tape, [l Meehanical Devices Head Drum Replacement

Head Interface Lower Tape Pension Without Soldering

Super Structured Longer Lite;

Nitride Head Better Magnetic o e
D¢
erfornagce OPERATIONS | No Rotary Transformers to Adjust

Single Tension Adjustment

NEW PRECISION MATERIALS Easy Audio Alignment

EASE OF MAINTENANCE

CUE TRACK (0.8mm)

N
AUD‘I(;_ Bas
SECTOR A2
a3
Mas

CONTROL mm, io.ﬂﬁm)
TIME COD§ TRACK (0.45mm)

AUDIO EDITING AS IT SHOULD BE

times that of D2. Improved error correction
techniques feature 8 inner check bytes by 8 outer
check bytes, greater resilience to burst errors, and
new algorithms. Half-Inch Composite Digital’s
amorphous head design increases HF output and maintains high carrier/noise ratio. Post production
performance includes search speeds up to 100x normal (with picture) and an edit guardband system for
greater accuracy.

Panasonic’s Half-Inch Composite Digital provides compatibility in every sense of the word.The
VTRs provide composite digital and NTSC inputs and outputs as well as an optional D1 interface. Its
read-before-write technigues maximize cassette interchange capability. Half-Inch Composite Digital uses
the same transport design as Matsushita’'s proposed component digital and HDTV recording systems.

That's why Panasonic's Half-Inch Composite Digital system is the official video recording system
for the production of the 1992 Olympic Games in Barcelona, and -
the choice of other leading broadcasters here and abroad. Panasonlc

The right way to make a digital video system that works One Panasonic Way, Secaucus, NJ 07094
from start to finish is to build it brand new, top to bottom. For more details call: 1-800-524-0864

www.americanradiohistorv.com
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Digital radio:

Ive vears

igital radio made its debut Aug. 1,
1986, when WGBH-FM, Boston, began
simulcasting its programming in the EIAJ
pseudovideo PCM (F-1) format over its sis-
ter station WGBXTV. It didn’t appear to be
such a big step at the time, and to no one’s
surprise, it worked. EIAJ format convert-
ers had been in use for several years as
a way to record digital audio onto video-
tape. The converters took stereo analog
audio in, sampled and quantized it into a
16-bit PCM datastream, and then encod-
ed that onto monochrome NTSC (or PAL)
video frames. The converter’s video out-
put plugged into any VCR’s video input,
so why couldn’t it also be broadcast
through the visual section of a TV trans-
mitter? The signal was decoded back to
analog audio at the receive end by anoth-
er EIAJ converter fed by the video output
of a VCR or monitor/receiver tuned to
Channel 44, WGBX's operating frequency.

Although it was soon acknowledged as
a milestone, the experiment also revealed
the chief failing of digital audio systems
of the day — they took up a lot of RF spec-
trum. No one expected much success from
a system that used the better part ofa TV
channel’s bandwidth to deliver two chan-
nels of audio, no matter how good they
sounded. However, it was a necessary first
step, and an appropriate one in the days
of linear PCM.

Enter Eureka Project 147/DAB (digital
audio broadcasting). Its first on-air demon-
stration in September 1988 showed that
spectrum requirements might not be an
insurmountable hurdle. Here was a way
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the first

A look at where things stand today, and how they got

there.

By Skip Pizzi, technical editor

to squeeze digital broadcasts of audio and
data signals into the types of channel
bandwidths broadcasters were ac-
customed to with FM service. The mul-
tipath elimination and on-channel
boosters that the system offered seemed
almost too good to be true.

Broadcasters probably heard for the first
time the terms source coder and channel
coder, and realized the depth of develop-
ment that the European Eureka consorti-
um had undertaken.

However, as U.S. broadcasters began to
consider the application of such a system,
which was developed for European use

terrestrially and via satellite, problems be-
came evident. The Eureka system, al-
though efficient, still needed a new spec-
trum. Where would it come from?
Economic concerns also surfaced. Who
would be the licensees of new digital ra-
dio stations? And what role would satel-
lites play? (The Eureka system had origi-
nally been developed to reduce power
requirements and improve performance
for hi-fi audio delivery via satellite.}

As the NAB and others embraced the
Eureka format, alternative systems began
to surface. Another new term, in-band,
was introduced, describing formats that

Eureka 147/DAB antenna (left) and FM comparison channel antenna on the roof of the Las Ve-
gas Hilton for the first US. on-air demonstration during NAB '91.
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90 Years After the Invention of Radio,
RTS Introduces Wireless.

Announcing our version of “On-The-Air’.
Series 2100 Wireless Intercommunications.

Think of it...the freedem to rwove around, without a tether, and stay in continuous contact.
Designed for active protessionals, our affordable Series 2100 augments and enhances the commurnucations link
between control room and studio. Unlike audio signals traveling on wires, Series 2100 works in the VHF band
(150 tc ;Z&@_‘MH@; and is capable of turning corners with up to § portable stations operating simultancously,
e Series 2100 achieves technical excellence with surface mount technology, simple operating controls with

rotection, direct interfacing to wired inzercoms, and more. All aga price that agrees with your budget.
write fop detailed formation.

-

Advancing the communications [ink: Series 2100 Wirdess Intersomm. mcarions,

o - 8
: O
y 4
Sap
B / - T
o / . =
s . RTS SYSTEMS
2 A Telex Commenicatlons Company
L]

1100 West Chestrut Street
Burbank, California USA
Fax: 818 843-7953
Tel: 818 566-6700
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THE
LEADER
ISATIT
AGAIN!

WE'VE ALREADY BUILT
AND INSTALLED AN
OPERATIONAL HDTV

SYSTEM!

Just ask KBLR-TV39 in Las
Vegas, Nevada. JAMPRO pro-
vided their antenna which per-
mits the transmission of an
HDTV signal.

State-of-the art technology
and JAMPRO continue to grow
together . . . we were on the lead-
ing edge when we developed the
first circular polarized television
antenna . .. and that tradition
continues today.

OUR SYSTEM
PROVIDES

® Pattern stability

® Non-scanning
characteristics

® A band width wide
enough to provide the
superior broadcasting of
a high definition signal.

FOR DETAILS

(916) 383-1177 » Telex: 377321
FAX (916) 383-1182

RADD
mn
AS, INC

6939 Power Inn Road
Sacramento, CA 95828
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would place digital radio service within
the existing AM and FM broadcast bands.
Meanwhile, the 1992 World Administrative
Radio Conference (WARC) meeting —
where international spectrum agreements
for digital radio will be hammered out —

rapidly approaches.

That brief history of digital radio indi-
cates why the early 1990s could be regard-
ed in future years as the dawn of digital
radio broadcasting. That history is simi-
lar to today's reflections on the early 1950s
for FM and the early 1930s for AM. At
present, however, it is hard to say how the
end of this story will read.

Format wars

At the 1991 NAB Convention in Las Ve-
gas, digital radio’s formats du jour were
examined. Of the eight digital radio for-
mat proposals announced, two require
new spectrum, and the remainder use ex-
isting radio broadcast spectrum in one
form or another. These in-band systems
are further distinguished by whether they
put a station’s digital signal within its own
current channel (in-band/on-channel
[IBOC])), or if they use other unassigned
frequencies within the AM and FM bands
{the so-called “interstitial” approach). In ei-
ther case, no new band of spectrum is re-
quired, but only in the IBOC case would
no new allocation be required.

Although each system is different, they
do share some common elements. Each
system uses a source coder for audio data
compression, and a channel coder for
preparation of the signal for modulation
onto RF carriers. Today's source coders
typically take a 16-bit linear PCM stereo
audio datastream (requiring a path with
a data rate of 1--1.5Mbit/s), and reduce its
data rate to approximately 256kbit/s. This
is achieved by eliminating redundant data
(numerical compression), by coding only
the change in data between samples
(delta-modulation), and most recently, by
incorporating psychoacoustical elements
(perceptual coding).

Perceptual coding

Because a digital audio signal's data rate
is a product of sampling rate multiplied by
data word length (number of bits), reduc-
ing either element will reduce the overall
data rate. Dropping the sampling frequen-
cy carries the necessary consequence of
reducing audio bandwidth, according to
the Nyquist theorem, which states that the
sampling frequency must be at least twice
the highest audio frequency desired. In
theory, cutting the word length reduces
dynamic range, primarily by increasing
the noise floor 6dB for every bit removed.
This is where psychoacoustics comes in.

The studies of human hearing percep-
tion that psychoacoustics undertakes have
shown that audio program signals can

www.americanradiohistorv.com

mask (render inaudible) lower-level inter-
fering signals (noise) that fall near in fre-
quency or time to the program signals.
(See “Digital Radio: Promise and Perils,’
December 1990.) So source coders hold
sampling frequency constant, preserving

audio frequency response, but dynamical-
ly reducing resolution — based on an as-
sessment of the current signal conditions
— to as low as possible, while still keep-
ing quantization noise inaudible because
of masking by the program audio.

Two methods are used for this assess-
ment and bit allocation process: subband
coders and transform coders. Each offers
its own advantages. Subband coders break
the signal into small spectral chunks and
analyze each independently in the ampli-
tude domain. Transform coders run blocks
of audio through an FFT or other trans-
form into the frequency domain, and per-
form their analysis. In either case, psy-
choacoustically based algorithms dictate
the bit allocations after considering this
signal analysis. The only significant differ-
ence between coder types tangible to
broadcasters is the slightly longer through-
put time required by transform coders. (In
some cases, it is long enough to be disturb-
ing to a live announcer monitoring off-air.)

Source coders are the subject of some
heated debate within the audio industry,
and several national and international
“shootouts” have been held in an (as yet)
unsuccessful attempt to designate a stan-
dard system. Additional tests are sched-
uled for later this year. More specific de-
cisions are expected from these, rather
than a single global standard. For exam-
ple, one upcoming test will subdivide de-
cisions on the basis of how many compres-
sion and expansion cycles (transcodings)
can be tolerated. The thinking here is that
original recording or gathering of sounds
might experience several more transcod-
ings, while distribution of signals from a
central (network) source to multiple broad-
cast outlets might still see one or two more
generations, while actual broadcast al-
gorithms need not stand up to further
transcodings downstream. Another dis-
tinction is how low a bit rate is required
for the application. Digital radio propo-
nents seem satisfied with the current mini-
ma of 128kbit/s/channel codecs, while tel-
ephone operations are pushing for
64kbit/s systems to fit their existing data
networks. Speech vs. music quality is also
a factor.

The solution may be a multirate or
variable-compression coder, although
nothing of the kind has been introduced
by any manufacturer. One recent advance,
however, is the acknowledgment of the
amount of redundant information be-
tween the two channels of a typical ster-
eo signal. The next generation of one pop-
ular codec system will incorporate this


www.americanradiohistory.com

A _ﬂH

The peopie who set our standards are very tough to satlsfy

Our standards are set by our
ding customers Andbyoursalesand

aaanar oo oricanradiobicton, oo



www.americanradiohistory.com

World

Monitor

DEMANDS

Dorsy SR

Vincert Marchese, Scott Peterson

o Steve Colby and Bill McNamara of World Monitor, Boston

ith Dolby SR we get the
dependable, high-quality
udio that fast-breaking news
stories deserve?”’

“Our London, Tokyo, and Washington bureaus each
have only 10 minutes a day to send us their raw footage
and feature stories. That brief window allows no margin
for error when it comes to audio quality.

““Before Dolby SR, our transmission headroom was so
limited that to avoid clipping, we lowered our send levels
and suffered lots of noise. With Dolby SR, we get a
dramatic improvement in S/N. Plus, SR’s anti-saturation
feature lets us go back to normal send levels without
worrying about the high-frequency peaks, such as speech
sibilants, that used to crash the feed.

“The line-up of the system was quickly mastered by field
editors and transmission engineers

alike. Dolby SR is a snap to use.” v
Bill McNamara, Director of Transmission Services

Steve Colby, Senior Audio Engineer

World Monitor is a television presentation
of the Christian Science Monitor

MONITOR

Call us at (415) 558-0200 for more information
on how vou can benefit from Dolby SR.

Dolby SR: now 50,000 channels worldwide

Doy Laboratones Inc + 100 Potrero Avenue San Francisco CA $4103-4813 + Telephone 415-558-0200 « Tedex 34409 « Facsmise 415-863-1373 ®
346 Cimpham Road London SW9 9AP + Telephone 071-720- 1111 « Telex 919108 « Facsimie 071-720-4118
Doy and! the doubie-D) symbol are trademarks ot Doly Laboratones Licensing Corporation © 1991 Dolby Laboratores 5318200
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redundancy to allow what is claimed to
be wideband, near-CD quality at 128Kkbit/s
or 192kbit/s for stereo (equivalent to
64kbit/s or 96kbit/s/channel). So far, this
level of compression has been unobtaina-
ble without audible degradation. Howev-

er, it has only been previously attempted
with 64kbit/s coders operating indepen-
dently on each channel of a stereo pair.

Channel coding

Digital radio systems route compressed
digital audio from a source coder to a
channel coder for restructuring of the
datastream into a form suitable for robust
transmission. Although digital radio for-
mats share a fairly common approach to
source coding, they vary more widely in
their treatment of channel coding. How-
ever, one theoretical element is shared to
some extent among all proponents — the
diversity concept.

Combating the flat and frequency-
selective fades caused by multipath con-
ditions at the receive antenna is the pri-
mary challenge that digital radio systems
seek to overcome. (Flat or “stoplight” fades
are those that occur from a strong, single,
specular reflection that completely cancels
an entire FM channel’s bandwidth; more
common are the narrower comb-filter-like
notches of frequency selective fades.) Most
digital radio channel coders use some
form of diversity to solve this problem.
The simplest approach is frequency diver-
sity, in which source coder output data is
encoded on several carriers that appear
at widely spaced locations across the
receiver's channel spectrum. In this way,
if a fade is experienced, it cannot wipe out
every iteration of the data, because the
same data appears elsewhere in the spec-
trum. A refinement of this concept is
called adaptive equalization, whereby the
receiver learns about the multipath con-
ditions of the moment from a training se-
quence at the beginning of each transmit-
ted block of data, and adjusts its receive
sensitivity across its channel spectrum ac-
cordingly.

Time domain diversity can also be used
under the assumption that some multipath
conditions {those caused by moving reflec-
tors or experienced by mobile receive an-
tennas) are changing over time, and that
the portion of the spectrum where cancel-
ation occurs at one moment will not be
canceled shortly thereafter.

Finally, space diversity may be used to
create multiple time windows for the re-
ceiver by placing two or more receive an-
tennas at different places, and allowing the
receiver to select the better signal at the
moment. This assumes the antennas are
properly spaced, so that a fade at one
point on the spectrum at one antenna has
a minimum likelihood of occurring at the
same point on the spectrum at the other
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Digital radio formats compared

Note: “Advantages” are claimed by developers; “Disadvantages” are
reactions from observers in the industry.

Acorn DAB (FM)

Description: /n-band, on-channel system encodes and QPSK modulafes
data onto 21 (or more) carriers across approximately 200kHz, encrypted
30dB below FM signal, with 1.6bit/s/Hz efficiency. Frequency reuse
module allows FM and digital carriers to occupy same channel without
interference.

Source coder: MUSICAM

Channel coder: CPVDM (coded polyvector digital modulation)
Spectrum used: Existing FM channels

Current status: Prototype hardware, first public demos held 4/91.
Developers: USA Digital Radio (Gannett, CBS, Group W, Stanford Re-
search Institute, Corporate Computer Systems), Los Angeles
Advantages: No new spectrum or allocations, and minimal new trans-
mission hardware required; highly power efficient; easy implementa-
tion

Disadvantages: No on-channel boosters or gap-fillers possible; may not
be as multipath-resistant as wideband systems.

ADR DAB

Description: In-band FM systemn, using multiple carriers and dispersing
data from multiple stations across them. Three to 10 stations will share a
transmitter and antenna. Operates independent of present FM stations, on
multiple adjacent channels. Design philosophy foresees incremental
replacement of FM stations in large markets to free spectrurn. Existing AM
and FM stations will be accommodated on new system, which will operate
within 88-108MHz.

Source coder: Unspecified; possibly ASPEC

Channel coder: ADR

Spectrum used: FM band

Current status: Paper; first demo projected for NAB *92

Developers: American Digital Radio, Haddon Heights, NJ
Advantages: Provides multipath resistance of wideband system with-
out requiring new spectrum,; incorporates AM stations in some markets
immediately.

Disadvantages: Requires new transmission hardware; requires com-
mon transmitter/antenna approach; potentially cumbersome transi-
tion in larger markets.

Digital FM-S

Description: In-band, on<hannel system using four FM subcarriers on
standard FM baseband for data transmission, and an active diversity
antenna system to combat rnultipath.

Source coder: Unspecified, pending development of 128kbit/s stereo
compression algorithms by several manufacturers.

Channel coder: FM-S

Spectrum used: Existing FM channel

Current status: Paper; first public demos projected 2Q93

Developers: Synetcom Digital, Hermosa Beach, CA; Radix Technolo-
gies, San Jose, CA

Advantages: On-channel system that requires no authorization; oper-
ates under existing FM SCA regulations and emission designations for
mono-FM operation; new stereo generator is only station hardware
required to implement; could be compatible to existing composite
STLs.

Disadvantages: Requires FM mono operation and eliminates most
existing SCAs (FM stereo operation possible, but not under current
regulations); uses complex receive antenna system; needs twice the
audio data compression of most other systems.

Eureka 147/DAB

Description: Uses hundreds of 15kHz-wide, orthogonally spaced carriers
to carry frequency- and time-interleaved data from inultiple datacom-
pressed audio channels. (Current plan for US. implementation puts six
stereo signals on 1.5MHz.) DQPSK modulation employed, with guard
intervals between symbols to reduce intersymbol interference (ISI). Con-
volutional coding and Viterbi maximum-likelihood decoding provides
error correction.

Source coder: MUSICAM

Channel coder: COFDM (coded orthogonal frequency-division multi-
plex)

Spectrum used: North American proposals range from approximately
50-75MHz, L-band

Current status: Second-generation hardware

Developers: Eureka Partners (EBU, CCETT, IRT); Eureka Project office
(U.S)), Darien, CT

Advantages: Allows on-channel boosters; highly power and spectrum
efficient; multipath immune.

Disadvantages: Requires new spectrum and new transmission equip-
ment; requires common transmission point for groups of stations; may
require gapillers in urban areas.

LinCom DAB (FM)
Description: This in-band system has only been vaguely explained to date,
but uses frequency diversity and DMSK modulation with 1bit/s/Hz channel
coding of 10:1 compressed data. Output fits within an existing 200kHz FM
channel, but fully occupies the channel (not an on-channel system). No
mention is made of specific adjacency, interference or other fransitional
and applicational issues.

Source coder: Proprietary

Channel coder: Proprietary

Spectrum used: 200kHz per station, within FM band

Current status: Paper; 2Q93 projected for first public demos
Developers: LinCom Corporation, Los Angeles

Advantages: Unknown

Disadvantages: Unknown

MFM (multifreﬂluency modulation)
Description: An existing station’s audio data is modulated on 192
orthogonally spaced lkHz-wide carriers and broadcast on a firstadjacent
FM channel from the same tower used by the station’s FM antenna, at 16dB
below the FM signal level (1/40th power). Uses trellis coding for high
efficiency.

Source coder: Not specified; can accommodate any 256kbit/s stereo
coder

Channel coder: MFM

Spectrum used: 200kHz per station, within FM band, on first-adjacent
channels, or elsewhere in VHF spectrum

Current status: Paper; first public demos projected for 4Q91 or 1Q92
Developers: Mercury Digital Communications, Monterey, CA
Advantages: Fxtremely high data efficiency (roughly twice that of
Eureka 147), with good mobile reception characteristics; can carry up
to six 16kbit/s auxiliary data channels.

Disadvantages: In-band — but not on-channel — system, requiring
second FM transmitter (low power) and antenna; may not be as multipath-
resistant as wideband systems; on-channel boosters may not be pos-
sible.

Power multiplexing
Description: An in-band, on-channel system in which the digital carrier is
mixed with the existing FM carrier at a lower level. Standard FM receivers
capture only the FM carrier, while in new receivers, a hard limiter
demodulates the dominant (FM) carvier, sending it through a PLL and into
an auxiliary loop, in which a polarity-reversed image of that carrier is
generated. A second hard limiter receives the original signal and the pol-
rev carrier, cariceling the FM carrier and leaving only the lower-level digital
signal for decoding.

Source coder: Unannounced

Channel coder: Proprietary

Spectrum used: Existing FM channels

Current status: Prototype hardware completed

Developers: Kintel Technologies, San Jose, CA

Advantages: No new spectrum or allocations required; three or possi-
bly more carriers (of various modulation types) may be stacked on the
same channel; extremely power efficient with simple receiver design.
Disadvantages: Fully compatible on-channel boosters or gap-fillers
may not be possible; may not be as multipath-resistant as wideband
systems.

Stanford Telecom DAB ____

Description: Uses frequency hopping of QPSK- modulated orthogonally
spaced carriers (typically 268.5kHz carrier bandwidth with 2ms, 12-hop
cycle across 3.5MHz channel) plus Viterbi coding, interleaving and adap-
tive equalization to fight multipath and ISI.

Source coder: Dolby AC-2

Channel coder: D-SCPC (dynamic single-channel-per-carrier)
Spectrum used:20-38MHz, L-band

Current status: Fully developed on paper; first public demo 4Q91
Developers: Stanford Telecommunications, Santa Clara, CA
Advantages: Frequency hopping requires only one carrier to be de-
modulated by receiver at any time; designed for high channel capacity
with low power, from satellite and terrestrial sources; multipath-im-
mune, allowing on-channel boosters.

Disadvantages: Requires new spectrum and equipment; may require
urban repeaters; requires terrestrial broadcast at L-band and from
comimon transmission points.
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antenna(s). Some formats could allow
transmit space diversity, where the trans-
mitted signal emanates from two or more
antennas, and a single receive antenna
recovers the least canceled signal. Because
either of the space diversity solutions in-

volves additional hardware, larger space
and more complex installation, most
proponents are attempting to develop
their systems without relying on them.

Channel coding has significant impact
on receiver complexity, but this area has
yet to be fully explored. Consumer elec-
tronics manufacturers have not been
greatly involved in digital radio discus-
sions, although several have kept a close
eye on the issue. Existing services’ inter-
ference to and from digital radio will prob-
ably become another high-priority topic
as this dialogue is engaged.

Most digital radio formats also make
provision for auxiliary data transmission,
making these systems far more than digi-
tal audio broadcast systems. Anticipated
applications include those now performed
by FM SCAs and the RDS system, plus still-
video (“radio with pictures”), commer-
cial/promotional or public service mes-
sages in text or graphics, artist informa-
tion for the musical selection currently
on-air, background text or bibliographies
for news or public-affairs programs and so
on. Receiver makers and broadcasters
may find these features useful in market-
ing future products and services.

Economic and policy issues

Concerns in the broadcast industry
regarding digital radio are not focused on
technical, but on ancillary issues affecting
the viability of such service and the fiscal
context within which it must fit. Systems
that require new spectrum are especiaily
problematic. The following issues are cur-
rently under consideration:

¢ If new channels must be allocated (even
under an in-band but not on-channel sce-
nario), licensing issues must be consid-
ered. Will all existing broadcasters be
granted a new digital channel? Will spec-
trum fees be levied? Will the marketplace
be opened to new competition? Will auc-
tions or lotteries be used?

¢ The only likely spectrum areas for dig-
ital radio service are in the 1,500 (L-band)
and 2,400MHz (S-band) ranges. (Another
possibility, the UHF TV spectrum, is con-
sidered unavailable because of needs for
advanced TV simuicast spectrum.) Even
with the power efficiency of digital radio
systems, broadcasting in either of these
bands will require high-power transmitters
and/or a large number of small gap-filler
transmitters approaching a cellular situa-
tion. Beyond power efficiency, keeping
operating frequency low is also advanta-
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geous for terrestrial applications of digi-
tal radio systems in terms of reduced Dop-
pler shift under mobile reception, and
increased benefit from constructive
echoes. The sole advantage of higher-

in man-made noise.

e Of those two potential bands, only
1,500MHz is considered to be barely with-
in the limits of feasibility for digital radio
broadcasts. However, this band is currently
in use by the U.S. military (and others) for
aeronautical testing. The Air Force has
filed comments citing the band’s use for
the development of the recently renowned
Patriot and Tomahawk missiles and the F-
117 Stealth fighter, and has served notice
that they will not give up the band with-
out a fight. Meanwhile, the International
Association of Broadcasting has endorsed
the use of this band for digital radio.

¢ Exactly how much power is required for
digital radio systems is also under debate.
Are the F(50,50) criteria used for analog
broadcasts appropriate? Or does digital ra-
dio’s rapid degradation in the fringe or un-
der poor reception conditions mandate a
higher figure, such as F(90,90) or even
F(99,99)? If so, the power levels required
increase dramatically. On the other hand,
a “graceful failure” function (degrading
slowly to noise) is now being included in
some system proposals.

¢ Based on recent official and unofficial
comments from FCC staff, it is likely that
digital satellite radio broadcasting in the
United States will become a reality with-
in the next decade (as it aiready has in Ja-
pan). Furthermore, it will probably end up
in one of these same parts of the RF spec-
trum. If terrestrial and satellite digital ra-
dio were to coexist in a common band,
manufacturers could provide a single con-
sumer receiver to tune in both services.
This would put terrestrial broadcasters in
the ironic position of helping satellite serv-
ices to penetrate the marketplace with
receivers, which has long been a primary
impediment to any DBS system’s success.

® So-called wideband systems require
several stations’ signals to be bundled into
a single datastream and transmitted on a
common multiplexed carrier set. This will
require either unprecedented cooperation
among broadcasters or a new common
carrier type of operation (which will ex-
pect to be paid for its services) to handle
the multistation transmission system. In ei-
ther case, a station will probably no longer
have unilateral control of its transmission
hardware.

e Any new allocation to an existing
broadcaster may involve some dislocation

waanny americanradiohistary com

from its present coverage area. Depend-
ing on the specific situation, this may or
may not be advantageous to a station.

¢ Regarding the cost/benefit ratio of tran-
sition to digital radio, existing broadcasters

must realize that digital transmission
would only be an enhancement to their
service, not new service per se, at least
in the short- to mid-term. It will generate
no new revenue until a sufficient number
of receivers exist in the marketplace to
make viable the termination of simulcast-
ing, and the operation of the digital chan-
nel as a separate service, as in the AM-
FM transition. That model notwithstand-
ing, it is unlikely that many broadcast
owners will have the foresight and pa-
tience (let alone the risk capital) to invest
heavily in any new service that will not
begin to pay off for several years (if at all).
The less costly a system is to implement,
the more likely stations are to take a
chance and set rolling the snowball that
ensures a new format’s success. Converse-
ly, if only a few stations institute the serv-
ice, there will be little incentive to listeners
to buy digital radios. Therefore, the for-
mat will fail to reach the critical mass re-
quired.

e A scenario that frightens some broad-
casters is one in which all existing AM and
FM broadcasters receive equal weight in
the allocation of new digital channels.
With a completely leveled playing field,
the advantage that successful FM and
clear-channel AM stations hold over their
competitors may be lost. The upheaval in
station market values that this would
cause has already sent some initial shock
waves through the industry. This so-called
parity issue will loom large in upcoming
discussions of digital radio. Some feel the
most pragmatic approach involves all sta-
tions moving forward in roughly propor-
tional increments at about the same time,
such that a significant benefit to the pub-
lic interest is assured, but without disturb-
ing the economic balance within the in-
dustry. Whether this methodology is
adopted, or possible, remains to be seen.

In-band inroads

Regulators and some broadcasters have
already taken note of these and other dif-
ficult issues barring the way of a digital
radio service’s establishment. They have
also realized that many of those problems
disappear if an in-band, on-channei (IBOC)
system can be made viable. Such a solu-
tion is so appealing that some have ex-
pressed a willingness to even trade some
of the technical benefits of a system that
requires new spectrum for the ease in tran-
sition an IBOC approach engenders. There
is even speculation about the Eureka 147
Continued on page 36
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At Ampex, we engineer to exceed
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your expectations, not your needs.

W : ‘ AT AMPEX, we believe in value through innovation.

Take our ALEX" character generator, for example. There’s nothing
else like it on the market today. Yet we built it knowing that our customers,
like you, needed more functionality, more flexibility, and more performance
in such a system. So, with ALEX, we’ve given you that—and more.

ALEX is more than a character generator, it’s really a character
animator: It gives you great CG functions, like 20 standard typefaces and
an optional library of 1500 others, plus a lot of special visual effects that
previously could have been done only with a digital effects system, like ADO*

So you can manipulate symbols and characters on the screen indi-
vidually or in groups in any direction in every field in real time!

You can tumble characters, flip them, squash them.

You can display charactersin perspective, and resize them instantly.

You can map characters to follow any curve or graphic, in fact any
arbitrarily defined motion path.

You can do real-time dynamic layering with eight independent
object planes and eight corresponding shadow planes.

And you can do it all with a 4.6 nanoseconds effective character
resolution for unsurpassed video quality.

ALEX redefines character generation. Because Ampex engineer-
ing redefined the entire hardware and software architecture of such systems.

We employed aunique 4:4;4:4 pipelined architecture, and we added
a mouse-driven graphical user interface to the familiar keyboard control.

The result is unprecedented quality and performance with unpre-
cedented ease of use for both experienced CG operators and new ones alike.

That’s really the philosophy behind all Ampex products. We’re
proud of our engineering. The fact is, we believe we design and build better,
more dependable, more consistently high performing products than anyone
else in our industry.

We do that by pushing video technology to the limits. And then
setting new limits. But setting those limits at levels consistent with your
needs, not just our engineering capability.

We've been in this industry from the very beginning. We have a
long and distinguished history. And we have a bright and exciting future.
We will continue to create practical innovations, like ALEX, that help
make your job easier and your business more competitive.

We look forward to the challenges of tomorrow. And we look for-
ward to meeting those challenges with you.

AMPEX

Ampex Corporation, 401 Broadway, Redwood City, CA 94063  1(800)25SAMPEX
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By David Schwartz

Does it realiy take “golden ears” to
hear data-compression artifacts in digi-
tal audio bit-rate reduction systems? No,
not if you're willing to spend a little time
training your hearing system. What must
be learned is the “signature” of the com-
pression noise. Because this is a new
type of aural artifact for most broadcast
engineers, it may not be apparent upon
first listening to a compression system.

For ear-training purposes, select a mu-
sic or voice recording that is familiar to
you, and make a 10- to 20-second loop.
(A CD player with A-B repeat is good
enough, even with the recue time.) Lis-
ten repeatedly to the loop, alternating
between the playback source’s output
and the data-compressor output. Try
headphones and near-field monitors. Be
patient. Listen in sessions that are sepa-
rated by a few days. It may take awhile,
but at some point, barring physiological
hearing impairment, you will start to
home in on the noise characteristic. Ar-
tifacts will vary from system to system,
and between different types of program
material or throughput levels.

Objective measurements

What about quantifiabie benchmarks
for these impairments? Given most
broadcast facilities’ budgets, test benches
tend to be underequipped for the rigor-
ous test procedures required. If you can
afford it, a digital signal processor-based
test system on a PC platform is excel-
lent for testing a compression system.
But you can get a good look at some
compression artifacts with a 20MHz 2-
channel scope and a reasonable audio
signal generator.

First, calibrate your gear, and make
sure your tone generator makes a clean
sine wave. Look for symmetry and noise,
especially at 15kHz or 20kHz. If there
is a little “hair” on the sine wave from
oscillator noise (at maximum scope
gain), it is still all right. In fact, it will be
interesting to see what the compression
system does with that noise component.

Schwariz is senfor member of the technical staff
at Tandy Electronics Research Center, San Jose,
CA.

If the compression system under test
has a bypass mode, verify unity gain for
the setup through it. Ground-loop or DC-
offset problems should aiso be fixed be-
fore proceeding.

Noise spectra test

Start with a 10kHz test tone. (You can
assume that 1kHz will look fine, because
compression system designers almost al-
ways optimize that traditional test num-
ber) Display the uncompressed 10kHz
signal on one scope trace, and the com-
pressed and decompressed signal on the
other. You will need to use the horizon-
tal trace position adjustment on the
scope to align the two signals in time,
because of the processing time delay of
the compression system. Note what the
time delay is; anything longer than a few
milliseconds will require reworking of
your air monitor signal path.

In a 16-bit system with a peak-to-peak
signal of 2V, one bit's worth of audio sig-
nal resolution is approximately 30uV. If
the noise is fattening the processed sig-
nal trace by a couple of bits" worth, it
will be obvious. Turn the intensity up
and take a close look at the processed
trace. ldeally, the noise should be white
(without any specific harmonic content).
if so, the trace will be simply an un-
differentiated band in the exact shape
of the unprocessed trace, only thicker.
Because the signal is spread by the
noise, the processed trace will appear
less intense.

If the compression system is introduc-
ing harmonic distortion, the processed
sine wave will be modulated by the spu-
rious harmonics. Sometimes this looks
like a second sine wave of a higher fre-
quency laying right on the peak of the
test tone waveform. The triggering of
the scope may make this form crawl on
the test tone-trace. This effect can be
more pronounced with low-frequency
test tones. It is not uncommon to see a
combination of wideband noise prod-
ucts and harmonic distortion.

Boundary condition tests
Next, look at the system’s limits or its
boundary conditions. Boundaries of in-
terest are idle-channel signal, low-level

Evaluating data-compression artifacts

signal and clipping levels. To look at idie-
channel effects, use the stereo bus out-
put signal from your on-air mixer as the
source, powered up, but with all faders
down. On your scope, at maximum gain,
compare this noise signal with its
processed version. You may notice that
the compression system has imposed a
pattern on the noise, or there may be
glitches every now and then. If so, the
patternistic and/or “popcorn” noise may
or may not be acceptable — it's a judg-
ment call.

For low-level effects, look at processed
and unprocessed tones. You should be
looking for the small-signal performance
of the compressor as it ramps up from
idle to about idle plus 0.1V on the scope.
Ideally, a sine wave should grow smooth-
ly out of the noise floor. (Getting the
scope to trigger properly for this test can
take some setup time, but it is worth the
trouble.) Does the processed signal pop
up out of nowhere sometime after the
unprocessed sine wave is on the screen?
If so, low-level granularity may be a
problem. Try this test at various input
frequencies. If granularity is evident, lis-
ten to a long, slow fade on music to
judge acceptability.

Performance of a compression system
just below clipping will determine what
practical system headroom will be. Be-
cause compression artifacts are some-
times non-linear with respect to frequen-
cy, you'll be looking for the maximum
level of unclipped signal over a range of
frequencies. For reference, drive the
compression system into clipping at
1kHz, noting the level where the wave-
form starts to flatten. Then look at the
1kHz signal 6dB down (haif amplitude)
from clipping. Now see if the signal looks
the same at 15kHz and 300Hz at this lev-
el as it does at 1kHz. You may find that
usable headroom is much smaller at oné
or both ends than at 1kHz.

For more detailed analysis. a precision
distortion analyzer and a spectrum
analyzer should be considered. Some
tests that will reveal more performance
characteristics are continuous-tone fre-
quency sweeps, THD +N, twin-tone re-
sponse and single-tone full-spectrum
plots.

Continued from page 32

team returning to the drawing board to de-
vise an in-band implementation of their
scheme. The historic precedent favors an
IBOC method, because almost all prior
U.S. broadcast format enhancements have
been downwardly compatible, on-channel
systems.

There are some disadvantages to an
IBOC system, as presently configured. It
is constrained to a relatively narrow chan-
nel bandwidth, therefore reducing its mul-
tipath immunity compared to more
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spread-spectrum technigues. (IBOC propo-
nents claim that approximately 200kHz of
channel bandwidth may be enough to
combat most, if not all, FM multipath con-
ditions. However, some have hinted at the
possibility that a bit of spatial receive
diversity may be required to completely
solve the multipath puzzle.) Furthermore,
on-channel boosters and spatial transmit
diversity will probably not be accommo-
dated in IBOC systems. Finally, although
several of the FM in-band proponents list-

ed here have also developed (or are de-
veloping) IBOC or other types of AM dig-
ital radio systems on paper, it seems likely
that at least some AM channels will need
to be relocated, perhaps in the expanded
AM band.

Whether such a system can be fash-
ioned, or whether good ideas from multi-
ple proposals can be merged, it is certain
that events will continue to unfold rapid-
ly. Such is the pace of a new radio format’s

birth. BE))
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Panasonic: Pro Series Monitors.

Designed for production qUaIty...
With an eye on your budget.

Panasonic presents two very versatile, high-grade offers you greater than 550 lines.
color monitors — the BT-D1920Y and the BT-M1310Y. What's more, each monitor provides you with & full set
Built for performance, these BT-Series monitors offer of front panel controls. Like Line A/B split, S-Video input
you the guality and reliability you've come to expect connectors, Blue signal-only switch, pulse-cross circuit,
from Panasonic. Not to mention a wide array of features preset picture off/on, comb/trap filter selectable and
at an affordable price. normal/underscan switch, just to name a few.

Our BT-Series provides you with the controls and So when you are looking for professional quality, but
connections necessary for studio applications — while still need to keep an eye on your budget, look into the
serving a host of industrial, educational and professional Panasonic BT-Series high-grade monitors. For more
video needs. information, call 1-800-524-0864.

For maximum performance and versatility, both
monitors offer complete, direct compatibility with the
new S-VHS format — in addition to conventional signals.

And video reproduction on the BT-Series is superb.

L
As a matter of fact, the BT-M1310Y boasts a horizontal Pan asonic
resolution of more than 560 lines, while the BT-D1920Y
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Testing digital audio
devices

odern digital audio equipment is now
available for a wide array of functions.
Among other equipment, you can buy dig-
ital tape recorders, mixing consoles, de-
lay units, reverberators, equalizers, STLs
and FM stereo generators. A few years ago,
most of these devices were exclusively
analog. Users employing well-known tech-
niques could compare the merits of one
design over another, and trace problems
to a given circuit.

If the digital equipment directly replaces
an analog function, users can perform
some tests implementing existing proce-
dures. However, if the device has only dig-
ital inputs and outputs, or if the testing is
for diagnostic purposes, the solely analog
approach will not work. This article ex-
plains how measurements in the digital
domain differ from their analog counter-
parts, and when it is appropriate to use
digital measurement techniques.

Testing digital with
analog gear

If digital equipment has analog inputs
and outputs, analog equipment can test it.
However, if the digital equipment is mal-
functioning, such end-to-end testing does
not allow you to pin down the trouble
spot. Users must access the digital signal
path.

A starting point is to isolate the prob-
lem to either the A/D or D/A conversion
sections. One approach is to use a refer-
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ence A/D or D/A to translate signals be-
tween the analog and digital domains.
(Such a converter may be one-half of a
known-good RDAT recorder.) This allows
users to take measurements with existing
analog test equipment, and to correlate
those measurements with comparable
analog devices.

This technique requires the conversion
system to have significantly higher per-
formance than the device under test. This
may be the case when testing low-
performance digital equipment. However,
professional equipment employs the
highest-performance converters available.

Another technique is to single out either
the A/D or D/A by introducing digital gain
or loss. Shifting bits of the digital word left
or right by N bits produces a gain or loss
of 6NdB, respectively. This works easily
when testing a console, because digital
gain controls are readily available. It may
not be as simple with other types of digi-
tal equipment.

Putting digital gain between the A/D
converter and the D/A converter increases
the system’s analog output. This empha-
sizes low-level non-linearities in the A/D
converter. It uses the full dynamic range
of the D/A to reproduce a small input sig-
nal. This makes A/D non-linearities a larg-
er percentage of the signal than those of
the D/A.

Putting digital attenuation between the
A/D converter and the D/A converter
decreases the system'’s analog output. This
emphasizes non-linearities in the D/A, be-
cause it converts signals using the full dy-
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namic range of the A/D.

Adding digital gain or attenuation limits
the dynamic range of the measurements.
However, because the converter noise
floors are independent of the digital gain,
the residual floor of distortion measure-
ments is also reduced.

Apples and oranges

The anti-alias and reconstruction filters
in digital equipment introduce response ir-
regularities. One filter’s response masks
the other’s. It is possible to subtract am-
plitude and phase response errors if they
are sufficiently repeatable. Users should
determine each filter's response using the
analog test equipment, then apply this
data to correct the measurements on the
complete system.

In addition to linear errors, such filters
also introduce non-linearities and noise.
Compensating for these errors is difficult.
Designers must configure the filter in or-
der to avoid them.

Other digital errors, such as sample and
hold problems, de-glitcher problems and
clock jitter, may also complicate the meas-
urement process.

Another problem is that some para-
meters of interest to digital designers are
difficult to measure in the analog domain.
These include measurements of differen-
tial non-linearity, integral linearity and
missing codes. Other digital-only measure-
ments inclu