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Minimal Interference to
Analog Seen in Power Hike

A Study of a 10 dB Power Increase in Digital Carrier Level
For HD Radio Transmissions in the FM Broadcast Band

by Steve Densmore and Russ Mundschenk Using a method called in-band, on-channel (IBOC)
under the brand name “HD Radio,” broadcast radio sta-

Steve Densmore is broadcast technology manager at  tions in the FM band transmit identical upper and lower
iBiquity Digital Corp. Russ Mundschenk is field implementa-  digital sidebands adjacent 1o their conventional analog
tion manager at iBiquity. signals. Using Orthogonal Frequency Division

//\. Multiplexing (OFDM), these digital sidebands can
s many Radio World readers know, iBiquity /\ carry audio and data information at a rate of up 1o
ADlgnal Corp. has developed a system for / ‘ 145 kbps. Depending on the hybnd service

radio broadcasting in the digital domain / N mode employed, these sidebands extend from
alongside a station’s existing analog signal. / \\ SEE 10 DB, PAGE 4
/ by
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Fig. 1: Spectral diagram of an FM IBOC signal in service mode MP3. There are 191 OFDM sub-carriers grouped
into 10 Primary Main Partitions as well as 39 additional subcarriers in four Primary Extended Partitions.
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FM Boosters & SFNs:

The ‘Synchronize
Everything’ Approach

Research Shows Getting the
Details Right Improves Performance
by Tim Bealor

The author is vice president RF svstems for Broadcast
Electronics in Quincy, I11.

ith broadcast frequencies hard to come by in many
Wmarkels, and populations expanding into areas not

accessible by a single FM signal, new techniques for
synchronizing the RF as well as audio waveforms overcome
most of the interference issues that have prevented many
broadcasters from establishing boosters and single-frequency
networks in the past.

The philosophy of accurately aligning all aspects of the FM
signal significantly improves the listener’s experience in the
overlap or interference zone, which is the key to good system
performance. The result: RF sites that were marginal before
because of interference issues now become viable options for
extending programming into new population corridors or to
fill-in areas underserved by a main FM signal.

WHY A SFN OR BOOSTER?
Single-frequency networks and related boosters are defined
as two or more broadcasts from different locations that share a
SEE SYNCHRONIZE, PAGE 18
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The loudness wars are over.
The winner? Nobody. Why?
Because when everyone be-
came as loud as possble,
using the same limited tools, the
personality of every station got
lost. We call it “the sameness
syndrome.”

We hate the sameness syndrome
and believe it's a good part of
the reason ears are tuming to
alternate sources. They are just
plain tired. Fatigued.

Imagine, then, scanning a radio
dial and finding an aural oasis
— sound that's breathtaking in
its natural quality, but loud and
still retaining a sense of dynamic
range. Impossble? If you think
S0, you haven't heard Vorsis.

Vorsis is the first line of air-chain
processors designed for today's
21st century radio listener. It's a
complete ground-up rethinking
of the tired and traditional ap-
proach that is inescapable with
those well-known processors.
Here we talk about a few of the
innovations that make the flag-
ship AP-2000 Spectral Dynam-
ics Processor the incredible tool
that it is. Many of these advanc-

es are shared among the entire

range of Vorsis solutions.

Intuitive Interface

and Operation

NO processor can meet its full
potential if it's not something
that's easy to use or if the full

Think about having the full
engineering control you've always
dreamed of — being able to find
the whispers as well as the
screams in your station’s sound,
crafting an aural signature that's
S0 good, so fransparent, you wil
have people calling to find out
how you do it.

Vorsis Dynamics Control

Vorsis  completely  rethought
dynamics control — AGC and |
compression — and came

up with a design that's intelli-
gent AND amazingly flexible to
control and shape your station's
“sound.”

Five-band AGC (four-band in
the VP-8) ensures a consis-
tent spectral balance. Vorsis'
exclusive SST™  Sweet Spot
Technology manages the behav-
ior of the AGC in real-time so that

what the incoming level or era of
the music.

Powerful Bass, Incredibly
Clean Voice
Vorsis  Bass  Management

System extracts and reveals |
the nuances in the program
| that are simply not heard in any

palette of controls are not acces-
sible. The Vorsis GUI is designed
for intuitive operation, from the
front panel or remotely on your
PC. No confrol is more than
two clicks of the mouse away.
The screens offer a logical lay-
out with a virtual control surface
above and monitoring graphs
and meters below. You can see
and hear the results instantly.
Nothing is easier.

it always operates in its “sweet
spot.” The multi-band compres-
sor, operating in concert with
the AGC, provides unprecedent-
ed dynamics control. All operate
in sumand difference — the high-
est signal controls the amount of
processing. This is a completely
new way to manage multiband
dynamics to maximize the
consistency of your station's
on-air presentation — no matter

other radio processor. It puts
deep pristine bass on the air
without the distortions of com-
mon bass clipper technologies.
VoiceMaster is a special Vorsis
clipper ~ management  tool |
that has its own automatic
processing  chain  dedicated
to detecting and specially pro-
cessing live speech signals, |
giving you the loudest and clean-
est on-air voices ever.

Superior Stereo
Enhancement

In rethinking Vorsis, it became
clear that stereo enhance-
ment HAS to be integral to |
the processing. It is, after all, a
manipulation of the amplitude
of the /R difference signal
that creates the perception of a
wider sound field. With Vorsis,
you'll get smear-free enhance-
ment of the stereo image
that can be as wide as you
desire. But that's only the
beginning — you can also
control the stereo image width
on a frequency-conscious basis

VORSIS:

and use L+R to L-R signal
ganging to prevent the image
from wandering uncontrolled. It's

| already field-proven to manage

wide discrepancies between the
recording techniques of various

[
7
4
|

i
i

eras (oldies to the over-mastered |
music of today) and even reduce |

{ multipath interference.

Surgical Limiting

. and Clipping
| To some the idea of 31 bands

is scary. Not to us. It's simply |

amazing what can be done with
it. Limiting and clipping's pri-
mary purpose is peak control
to increase loudness; the less
audible in its action, the better.
371 bands allow surgical limiting
— its dynamic operation is nearly
inaudible to the ear so the result
ing sound is fouder AND cleaner.
It also provides unprecedented
opportunity to further fine-tune
the sound. FM and HD/DAB
have entirely different transmis-
sion characteristics, so Vorsis
processors  have  completely
separate limiting and final peak
control sections for analog and
digital broadcast.

Welcome to the
21st Century
Vorsis is the first processor

designed for the needs of a |
modern radio staton and its |

listeners. Visit the web to learn
more and read our application
notes and white papers. Call us
to set up a demo today.

t'l make a HUGE difference in
your station's sound AND your
bottom fine.

- AM-10HD

\AP-2000 without HD/DAB section

Digttal Audio Processor for AM
analog and HD
- 5-band dynamics controller
- 10-band limiter/clipper

Audio Processor for FM
3 and HD/DAB
band dynamics controlier
band limiter/clipper
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phone 1.252.638-7000 | www.vorsis.com | sales@wheatstone.com
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FROM THE TECH EDITOR

n the Oct. 15 issue, I talked about plan-

ning for live coverage at the national polit-

ical conventions. 1 promised to come back
with more from those two weeks and some
tips on handling a “super
remote” like these.

Our broadcast team added
up to 15 total. The technical
support crew consisted of me
and my colleague Karl Voelker.
My responsibilities included all
of the audio systems while
Karl handled the IT systems.
There were also two audio
engineers to run mixers for the
live broadcast and assist with
audio production.

The first of the national con-
ventions began with the Democrats in
Denver on August 25. Our plan was to
arrive on the 23rd to set up and test equip-
ment preparing for news pre-production to
begin on Sunday evening the 24th.
Equipment cases were pre-shipped to the
site and then delivered to our workspaces by
the general services contractor. It was a real
time-saver not to have to carry 400 pounds
of equipment through security from a
remote parking lot at the Pepsi Center with
just the two of us — this easily could have
taken half a day.

SWEPT AWAY

The immediate goal when we arrived in
Denver was o gel site access passes, which
must be picked up in person. Then we pro-
ceeded to the Pepsi Center to check out the
sites we would be using for the next six days.

It was a good surprise to see that all our
road cases had arrived intact at their proper
location on Radio Row. 1 also checked that
all the specified furniture and accessories
ordered for our eight-person workspace had
arrived at the large air-conditioned tent
known as Media Pavilion Two.

We were even more pleased to find that
all of the requested telecommunications
services, including two ISDNs, two 10 Mbps
Internet connections and a total of four busi-
ness phone lines were in place and working.
We got remarkably good service on these
crucial broadcast links from Qwest
Communications at both the Democratic
and Republican conventions. Not only did
they provide reliable connections, they
staffed a help desk on-site in the Pepsi
Center from early in the morning until after
midnight each day. This was the best service
I have received from a telecommunications
provider, ever.

Within an hour or so we knew that we
had everything we needed for our broad-
casts. Then we had to evacuate the site for
the required security sweep. During the
sweep, which usually begins at night and
runs until the next morning, everyone must
leave the building except security personnel.
Afterwards security rules become much
tighter so it is usually a good idea to get all
your equipment in place before.

With the benefit of hindsight, it would
have made sense to arrive one day earlier to
allow us to complete our final audio and
computer setups before the sweep. This
would have made the next day much shorter.

by Michael LeClair

A Conventional Road Trip

Two Weeks of Broadcasting Live from the Presidential Race

We returned on Sunday morning to com-
plete the equipment setup and spent the day
resolving a few minor issues with the phone
service and furniture at both our broadcast
and work sites.
We took an hour
to show staff the
basics of operat-
ing the broadcast
and computer

equipment. 1 find
it helps to take 30
minutes to post
notes with im-
portant  phone
numbers at the
broadcast = site;
having a small
labeler on site is a
good idea.

By the end of
the day (and until
about midnight)
we were {eeding
production audio
back to Boston to
be mixed into stories for use on our early
Monday news shows.

SECURITY

It quickly became apparent that the
most difficult aspect of working at the
Pepsi Center would be the security
arrangements. A number of protest groups
had declared publicly their intentions to
disrupt the Denver area and potentially
make a dangerous assault on convention
attendees.

It was necessary to have a pass to get
beyond what 1 dubbed “Checkpoint
Charlie,” a portable tent with armed guards
about a quarter-mile from the center. The
actual security tent at the center included
metal detectors and bomb-sniffing dogs for
any equipment cases. Then there was a
third checkpoint to enter the arena and a
fourth checkpoint to gain entrance to the
inner seating area. A lot of our time and
energy was spent working around these
security arrangements.

Oddly, the security procedures seemed
to change on a daily basis. At one point on
Sunday, guards would not allow any passes
and part of our staff was left outside the
Pepsi Center making frantic phone calls to
our contacts at the DNC. On Monday, all
laptop computers had to be opened and
turned on while standing in line at the
main security tent. Later in the week this
requirement was dropped (probably after
many laptops were 100).

Particularly frustrating was the lack of
parking near the Pepsi Center. It is sur-
rounded by dozens of acres of parking,
none of which was available. In one lot
across the street a group of security offi-
cials set up lawn furniture in the shade to

watch all of us walk through the open
asphalt that had been cordoned off with
concrete barriers. Comfortable shoes were
a must and woe to anyone who left their
pass back at the hotel

THE BIG SHOW

Just when we began to get comfortable
doing live shows from our temporary digs at
Pepsi Center we had to prepare for the big

Sunday afternoon and all is well at our booth in Radio Row
before the start of the Republican National Convention.

curveball: Barack Obama would be making
his acceptance speech in the Invesco Field
football stadium about two miles away.

We needed to set up yet a third site for
live broadcast and work through all the
same issues of security, telecommunications,
furniture and transportation again.

Invesco Field holds about 80,000 peo-
ple so it was clear that unless we were
inside early to set up it would not be pos-
sible 1o even get in the door due to the

SEE REMOTE, PAGE 4
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10 dB

CONTINUED FROM PAGE 1

o

100 kHz to 200 kHz above
and below the station’s center
frequency (see Fig. 1).

The system was originally
tested with digital carriers at a
total integrated power 20 dB
below the analog (-20 dBc).
Extensive testing demonstrated
this power level could be
implemented without any adja-
cent or host interference [see
reference 1, page 10]. »
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channel, steps were taken to
minimize the impact to exist-
ing analog FM stations. Prior to
the development of HD Radio
technology, the FCC had estab-
lished an analog spectral mask in order to
prevent spurious emissions. During the
development of HD Radio technology,
iBiquity tightened this criterion {2] to ensure
that IBOC stations would exceed compliance
with the FCC5 restrictions (see Fig. 2).

PROPOSAL

The HD Radio transmission mask has
been extremely successful in limiting inter-
ference between stations. Since its imple-
mentation, however, state-of-the-art
adaptive pre-correction techniques allow
broadcasters to transmit with higher digital
power while maintaining compliance with
the HD Radio mask’s out-of-band emissions
specification.

Recent propagation prediction studies
showed that 10 dB additional digital power
will improve HD Radio signal coverage, put-
ting it on par with analog and improving
building penetration. At the same time those
studies showed that, even with the higher
digital power, digital interference to first-
adjacent analog signals was in nearly all cases
below a level that would adversely affect ana-
log signal quality [3] (see Fig. 3).

Fig. 2: Spectral plot of an IBOC signal compliant with
the FCC mask (green) and the iBiquity mask (red).

STUDY METHOD

IBiquity Digital Corp., in conjunction
with Clear Channel Radio, CBS Radio and
Greater Media, planned a series of surveys
to study the feasibility of increasing digital
power by 10 dB.

The coverage study would be done
empirically by driving a route within a sta-
tion’s coverage area and comparing the ana-
log to digital coverage. There were two
criteria to be considered:

* Performance — the expected benefit of
increased digital power and

» Compatibility — anticipated harm to
first-adjacent analog signals.

STATION SELECTION

The stations to be studied for perform-
ance characteristics and adjacent-channel
interference were selected on the basis of
“worst case” and “typical” scenarios.

Stations were selected to test a range of
geographic terrain conditions and the inter-
ference potential of different classes of sta-
tions, and to look specifically at short-spaced
allocations.
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Fig. 3: The FCC and iBiquity masks with IBOC carriers increased in power
by 10 dB. It is evident that the sidebands will exceed the iBiquity

mask by about 8-1/2 dB, but are still under the FCC part 73.317 mask

The sample stations were selected to
measure the impact between first-adjacent
stations of identical classes, i.e. Class B 10
Class B or Class A to Class A allocations.

For example, station WKCI. Connecti-
cut, was chosen to represent fringe recep-
tion conditions with terrain shielding.
Station WCSX in Detroit was chosen to
measure the effects of first-adjacent inter-
ference in the absence of other signal
impairments. In Los Angeles, station KOST
was selected to characterize first-adjacent

interference effects from grandfathered,
high-power class B stations in the western
desert (Super B class stations). The test
group included examples of first-adjacent
stations with both proper spacing and short
spacing (worst case).

Table 1 summarizes the conditions for
comparing different classes of stations.

In addition to the above criteria, three
Class A stations were selected for perform-
ance testing:

SEE 10 DB, PAGE 6

Remote

CONTINUED FROM PAGE 3

overwhelming crowds. 1 chose to bring a
much smaller sports style mixer, the
Musicam USA Road Warrior, for our ISDN
link to Boston instead of our large Mackie.
The extra gear was in separate road cases
so that we could keep the Pepsi Center
remote site alive and working while we set
up Invesco.

One bonus of the large stadium was that
my basic security pass allowed me to go
inside the stadium bowl. Barack Obama’s
speech was the only time during the entire
two weeks that I was able 1o see one of the
actual events.

TIME TO MOVE

After the acceptance speech the conven-
tion in Denver was basically over. But com-
ing right on its heels was the Republican
National Convention in St. Paul.

Karl and I were tasked with striking the
Denver site, transporting the equipment
and starting the whole process over again.

This is where the road trip comes in. It’s
about 900 miles from Denver to St. Paul.
We rented a Penske truck, loaded up our
cases and drove. We took turns driving the
truck through the empty plains between
$75 stops to fill the gas tank. Even consid-
ering the cost of the truck, we saved about
$2,000 compared to overnight shipping
from Denver, plus the airline tickets.

By next afternoon, Saturday, we were in
St. Paul just in time to pick up a new set of
security passes but not in time to make it
to the Excel Center before the security
sweep closed everything down at 4 p.m.

Happily, security arrangements were
much smoother and easier in St. Paul.
Other team members flew in before us and
helped out with car rentals and equipment
dropoff. This gave us extra time to set up
our broadcast and work spaces quickly so
that pre-production work could begin on

Sunday night. Once again the general serv-
ices contractors and telecommunications
providers were extremely helpful and pre-
pared for our arrival so installation could
proceed quickly. It also helped that by now
we were old hands at doing this setup and
we could put it together in our sleep.

WRAP IT UP

The week in St. Paul went by with few
hitches. This was a simpler remote because
we didn't have to plan to set up a third site
for the acceptance speech by john McCain.
In general the crowds were smaller.
Although there were some protest marches
that turned violent nearby, we fortunately
avoided getting caught up in them.

On the final night of the broadcast, we
packed everything up again around mid-
night. Early the next day, we handed the
road cases to UPS. Given the size, weight
and number of these cases, it made no
sense to try to bring them to the airport,
especially with the luggage surcharges that
are routine now on domestic flights.

I was very ready to head home after that
much time on the road and pleased with
how successful the entire operation had
been.

LAST TIP

As engineers, we tend to focus on
equipment and logistics. No one else will
take care of these things if we don't. But it
is important to remember that the essential
success of a remote depends on the people
on the team. Take extra time to make talent
and producers comfortable; your effort will
help them perform their best. Keep your
temper in check at all times even if some-
one is being unreasonable; the good ones
will apologize later. Be the competent cen-
ter of calm in the middle of the storm and
earn everyone’s respect. You will get credit
after the remote comes to a successful end.

Do you have a story to tell about a tough
remote? Write me at rwee@nbmedia.com and
tell me how you handled it. B
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10 dB

CONTINUED FROM PAGE 4

* WDHA, northern New Jersey, characteriz-
ing Class A performance with terrain
shielding.

* WJRZ and WRAT, Jersey shore, character-
izing Class A performance with no terrain
shielding.

* One Class B station, KROQ, Los Angeles,
was also selected to measure the improve-
ments in digital coverage for performance
evaluation.

In all cases the area of maximum inter-
ference impacts a very small percentage of
the desired station’s coverage area. The field
intensity of the first-adjacent interference at
this location will be less than 6 dB below
that of the desired station in 50 percent of
the locations, 90 percent of the time by the
F50/10 definition. Therefore, a dB D/U
value should be considered a worst-case
profile, localized to a point in line with the
two transmitters at the desired station’s pro-
tected contour and occurring only 10 per-
cent of the time.

OPERATING POWER

For these tests, iBiquity chose to operate
each transmitting facility at total power lev-
els of 20 dB and 10 dB below that of the
reference analog carrier. The digital to ana-
log power ratio was verified with spectrum
analysis in the field as shown in Fig. 4.

The digital 1o analog ratio was calculated
from two spectral shots: One at 300 kHz res-
olution bandwidth and video bandwidth (for
analog power) and one at 1 kHz RBW/VBW,
with the noise marker turned on (dBm/Hz
for digital power). See Figs. 5 and 6. The
value of the noise marker was multiplied out
as a voltage to 70 kHz for each sideband and
the log or the product taken. These two val-
ues were added in the same way and the
total power in 140 kHz was obtained. The
analog power was then subtracted from this
value to obtain the ratio in dB.

MEASURING PERFORMANCE
The typical HD Radio receiver is an ideal
instrument to compare analog vs. digital
coverage. A primary feature of the HD
Radio system is the “blend” feature: When
the robustness of the digital signal falls
below a certain pre-determined point, the
radio will seamlessly switch or “blend” to
the analog signal. The blend point is avail-
able parametrically on the receivers 12C bus.

Condition Host (Digital) First-Adjacent (Analog)
Station Station Z2ESSR9AIIUL2EE 2008 NKR 102.9000 MHz
REF 10.0 dBm AT 30 dB 3.20 dém
“B"to‘B” WKCi WWBB and WCBS s: PL -
LO6
“B" to “B" short spaced WCSX WXKR aor
“Super B" o *B" KOST KSCF HSRKER
102.9000 MHz
“Super B to “Super B” KOST KVYB N I e e R e

Table 1: Conditions Used for Comparing Classes of Stations
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Fig. 5: Spectral shot at 300 kHz RBW/VBW
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Fig. 4: Operating Power Calculation

By correlating the blend data to GPS data,
digital vs. analog coverage may be mapped.

MEASURING COMPATIBILITY

In order to predict the signal level of
first-adjacent digital interference, the field
intensity of the desired and undesired sta-
tions must be characterized at the desired
station’s protected contour, usually at the
point of intersection of a line connecting
the two transmitter sites. The field strength
is defined in dBu (dB uV/m). FCC R&R
47CFR 73.215 defines the maximum allow-
able F50/10 field intensity of any first-adja-
cent interferer to be 6dB below the
protected F50/50 field intensity for the
desired station’s class of operation.

The compatibility test program was
conducted in two phases. In the first
phase, analog audio was collected with a
digital broadcast operating at the existing
-20 dB power level and then with the
same station operating at the higher -10
dB power level. In both cases, the analog
audio was collected from first-adjacent sta-
tions that were predicted to be most vul-
nerable to interference from the digital
signal. At each power level, audio was col-
lected at (i) approximately +6 dB D/U ratio
representing the protected contour of the

Desired
Analog Station

Undesired
IBOC Station

Protected Contour
54 dBu (Class B)
57 dBu (Class B 1)
60 dBu (Other Classes )
(FCC 50 - 50)

Interfering Contour
48 dBu (Class B)
51 dBu (Class B 1)
54 dBu (Other Classes )
(FCC 50 - 10)

Fig. 7: The relationship between a desired and undesired
station’s coverage contours at a D/U of 6 dB
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Fig. 6: Spectral shot at 1 kHz RBW/VBW

desired analog station and (ii) approxi-
mately 0 dB D/U ratio representing an area
outside the station’s protected contour and
at the edge of reliable analog reception
(see Fig. 7). Either identical or similar pro-
gramming was broadcast at the two power
levels to facilitate comparison of the
impact of the digital signals. In the second
phase, the audio samples were sent to

Salisbury University for formal subjective
evaluation of the audio using general pop-
ulation listeners.

THE IBIQUITY DIGITAL
TEST BED
Fig. 8 shows the iBiquity test van config-
ured to split a single 31 inch vertical whip
SEE 10 DB, PAGE 8
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Fig. 8: Block diagram of the test

van used for field measurements




The Metropolitan Opera

sets the standard for great sound.
And'it's chosen ACCESS to let the world listen in.

"Opera is one of the most challenging
musical genres to do complete justice
to in a broadcast, but ACCESS makes
it easy.”

Matthew Galek, Broadcast
Engineer for The Metropoiltan Opera

Put Comrex On The Line.

SOMRER

Photo: Jonathan Tichler/Metropolitan Opera

The Met’s Matthew Galek is a Real-World Super Hero

Not content to rest on its laurels, the most renowned and respected opera company in the
world is determined to connect with the widest possible audience—in the highest audio
tidelity. With engineer Matthew Galek at the transmission helm, the Metropolitan Opera
broadcasts its Saturday matinee to an ever growing number of affiliates using ACCESS
(and the optional AAC suite) in multistreaming mode. With
a AAC—-SOFTWARE ACCESS, the Met’s broadcasts offer all the sonic richness

it's famous for—over the most challenging IP networks.

ACCESS delivers mono or stereo over DSL, Cable, Wi-Fi, 3G cellular, satellite, POTS
(yep, ACCESS is a full featured POTS codec and works seamlessly with Matrix, Vector
and Bluebox)—plus some services you may not have even heard of. Given the challenges
of the public Internet, it's no small boast to say that ACCESS will perform in real time
over most available IP connections.

Contact Comrex today and find out
how ACCESS can help you become a
Real-World Super Hero—wherever
you are!

19 Pine Road, Devens, MA 01434 USA Tel: 978-784-1776 * Fax: 978-784-1717 « Toll Free: 800-237-1776 * www.comrex.com * e-mail: info@comrex.com




Anaiog Rx Radio # Make Model Type
1 (HD Auto) JVC HDR-1 HD Auto

2 (Auto) Pioneer DEH-1800 Auto

3 (Auto) Delphi 28061577 Auto

4 (Home) Onkyo TX-SR504 Home

5 (Table) Bose WRCC1 Table Top

6 (Tabie) Tivoli Model 2 Table Top

7 (Boombox) Sony ZX-H10CP Boombox

8 (HD Auto)* JVC HDR-1 HD Auto

* (2" HD Radio receiver use for performance measurements)

Table 2: Receivers Used for Compatibility and Performance Measurements

10 dB

CONTINUED FROM PAGE 6

antenna to a spectrum analyzer and six typ-
ical consumer receivers. One additional
portable “boombox” receiver used its own
antenna for the compatibility tests. The left
channel of each receiver feeds an input of a
multitrack PC-based audio recorder. GPS
position and spectrum analyzer data are
also recorded by the software application
“The Collector.” This software was also
used to record position, spectral and digital
receiver status for the performance tests.

TEST RECEIVERS

Six analog-only receivers and one HD
Radio receiver set in analog mode were
used for the compatibility tests. One HD
Radio receiver in blending mode was used
for the performance tests. These radios are
typical of those available after-market and
from OEMs. The specific models used are
listed in Table 2.

TEST DATA COLLECTION
HARDWARE AND SOFTWARE

The data collection computer consists of
a PC running the Software Audio Workshop
(SAW) multitrack audio recording applica-
tion and custom iBiquity “The Collector”
software. The Collector is capable of record-
ing GPS location, spectrum analyzer data (a
400 point capture), and information from
the 12C bus with of specifically configured
HD Radio receivers. Mode (analog/digital)
and other parameters from the receiver(s)
are captured every second.

The SAW application correlates the data
with up to eight tracks of recorded audio
by feeding SMPTE timecode to the
Collector. This synchronization allows the
reviewer to attribute any audio anomalies
to external influences, such as waveform
disturbances or low signal level. This audio
will later be subjectively evaluated.

For compatibility testing, the RF spectral
record ensures that specific audio cuts are
recorded at precise desired to undesired
field intensity ratios. For performance char-
acterization, the receiver mode and GPS
position data captured every second can be
translated into a digital/analog multicolor
“bread crumb” trail, for map overlays.

FINDINGS
For the coverage tests, a series of radials
were run from each station at the existing
digital power level and at the higher digi-
tal power level. From these tests, maps
were produced showing existing digital
coverage in each market and the digital
coverage attained at the higher power
level. Fig. 9 shows the difference in cover-
age for WJRZ in New Jersey operating at
the normal =20 dBc and then at the ele-
vated power of —10 dBc.
SEE 10 DB, PAGE 10

The results of all the performance runs
were tabulated and by averaging the data
we were able to quantify the results. See
Tables 3 and 4.

Although this sample of seven stations is
a small representation of the more than

SEE 10 DB, PAGE 10

Solid HD Solid HD Area Gain Area Gain
. Radius Radius -20t0-10 -20to-10
Call Sign Freq (MHz C
8 req (MHz) fty @-20 dBc @-10dBc dBc dBc
(KM) (KM) (KM?) (Percent)
WCSX 94.7 Detroit 47 62 5062 74
WKC! 101.3 New Haven 51 65 5100 62
KOST 1035 Los Angeles 39 49 2763 58
KROQ 106.7 Los Angeles 51 58 2396 29
Averages 47 59 3830 56
Table 3: Class B Performance Measured
Solid HD Solid HD Area Gain Area Gain
Call Sign Freq (MH2) City Radius Radius -20t0-10 -20t0-10
@-20 dBc @-10dBc dBe dBc
(KM) (KM) (KM?) (Percent)
WDHA 94.7 Dover 15 17 200 28
WJRZ 101.3 Manahawkin 23 33 1758 105
WRAT 106.7 Pt. Pleasant 24 31 1209 67
Averages 21 27 1056 67

Table 4: Class A Performance Measured
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Fig. 10: Examples of map plots showing digital signal coverage (green) vs. analog signal coverage (yellow)
at -20 dBc and -10 dBc power levels.
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SBE CERTIFICATION CORNER

by Charles S. “Buc” Fitch |

]

Keep a Close Eye on Tower Documents

Registration”

marking and structural integrity.
e. No documentation is required

Question posed in the last issue
(Exam level: CBRE)

At a minimum, what documents should your station engineering records have for the
400-foot tall, company-owned FM antenna tower in the studio parking lot?

a. Only the FAA “Determination of No Hazard”
b. The FAA “Determination of No Hazard” and the FCC “Antenna Structure

c. The FAA “Determination of No Hazard,” the FCC “Antenna Structure Registra-
tion” and the latest (last) license on the tower with lighting/marking directives

d. The FAA “Determination of No Hazard,” the FCC “Antenna Structure
Registration,” the latest (last) license on the tower with lighting/marking direc-
tives and at least the last two years of quarterly inspections of the tower lighting,

SBE certification is the emblem of profes-
sionalism in broadcast engineering. To help you
get in the certification exam frame of mind,
Radio World Enginecring Extra poses a typical
question in each edition. Although similar in
style and content to exam questions, these
examples are not from past exams nor will

they be on future exams in this exact form.

The correct answer is to the question in
the box is d.

In a strange twist of regulations, the
Federal Aviation Administration can only
recommend tower lighting and marking

(L&M). However, the Federal Communi-
cations Commission can require it from
radio stations. Installation and mainte-
nance of the dictated L&M usually is a
condition of the station license grant.

The first stage of the tower permitting
process on the federal level is FAA review,
which you hope concludes in a
“Determination of No Hazard.”

You should think of this as a determi-
nation that “no hazard if the following is
accomplished,” and that “if” usually is the
L&M.

(In a case in which [ was involved, the
“marking” requirement included installa-
tion of a non-directional VLF radio bea-
con to allow aircraft to navigate around
the tower. Be happy if all you need do is
light and paint your tower.)

All that follows stems from the FAA
review, so keep a complete copy of that
document.

The Antenna Structure Registration
(ASR) program now allows the FCC to
keep track of the existence and construc-
tion status of support structures that fall
into the serious, coordinated category.

All structures that require lighting and
marking must be registered. In general,
this covers structures with height more
than 199 feet above ground level, which
includes short towers on top of tall build-
ings that top out over 199 feet AGL, and
even some shorter structures near airports.

The majority of applications for trans-
mission sites are processed using the site’s
ASR number; and if the site requires ASR
status, no grant will be issued until regis-
tration is accomplished. Site owners must
issue a copy of the ASR to tenants for
their records as soon as their presence at
the site is formalized, such as when they
file an FCC application for the site or
sign their lease. (We may get a rule
change after which owners would be
required only to supply the Web location
of the ASR record.)

If your station is a tenant and you do
not have a copy of the ASR, request a copy
of the original. If the owners do not fur-
nish a copy, print the record off of the
Wireless Branch ASR Web site just to CYA.

The last license issued for a site dictates

SEE TOWER, PAGE 12

10 dB
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1,800 HD Radio stations, they are represen-
tative of typical types of terrain. A larger
sampling of stations would presumably
show a broader range of data. What we can
see from this study is that a 10 dB increase
in the digital power results in significant
increases in coverage.

COMPATIBILITY

Recordings were made of analog stations
in the study with first-adjacent digital sta-
tions broadcasting with no digital carriers,
carriers set at the licensed level of =20 dBc,
and carriers set at the test level of 10 dBc.
The recordings were sent to Salisbury
University for formal subjective evaluation
by general population listeners.

Forty-six female and 42 male consumers
were individually tested. Participants
ranged in age from 18-70 years, and were
recruited from both Salisbury University
and the local community. Of the 88 con-
sumers tested, eight did not pass the
screening test. Therefore only 80 partici-
pants were included
in the final results.
Table 5 shows the
categorization of
the test population.

The results of
the listening tests
were compiled and
are presented here
in bar graph form.
Fig. 11 shows the
overall results in
terms of Mean Opinion Scores for various
interference scenarios and various pro-
gramming formats. In this set of scores, lis-
teners were judging the impact of
first-adjacent IBOC interference at a +6 dB
D/U, in other words at the desired stations
protected contour. The greatest potential
impact was seen when a short-spaced “B”
interferes with another “B” when the pro-

10

Age Male | Female

18-29 [ 11 10
30-32 | 10 10

40-49 | 9 9

50+ 10 1

Table 5: Breakdown
of Test Audience By
Age and Gender

gramming was speech. For the other sce-
narios, the potential impact was judged to
be minimal by the test group. Fig. 12
shows the percentage of people who would
continue to listen to the program material,
given the audio quality [4].

Distilling the results presented in Figs.
11 and 12, the B-to-B short-spaced scenario
is the only situation where increased digital
power has the potential of having an impact
on first-adjacent analog signals. Methods of
mitigating this impact might include
reduced power levels in the digital side-
bands, directional antenna arrays, and the
use of on-frequency boosters to more accu-
rately define a station’s coverage area.
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DL1 Digilyzer
Digital Audio Analyzer

A handheld digital audio analyzer with the
measurement power & functions of more
expensive instruments, the DL1 Digilyzer analyzes
and measures both the digital carrier signal
(AES/EBU, SPDIF or ADAT) as well as embedded
digital audio. In addition, the DL1 functions as a
smart monitor and digital level meter for tracking
down signals around the studio. Plugged into
either an analog or digital signal line,

it automatically detects and measures digital signals
or informs if you connect to an analog line.

In addition to customary audio, carrier and status
bit measurements, the DL1 also includes a
comprehensive event logging capability.

» AES/EBU, SPDIF, ADAT signals

» 32k to 96k digital sample rates

» Measure digital carrier level, frequency

» Status/User bits

» Event logging

P Bit statistics

» VU + PPM level meter for the embedded audio

» Monitor DA converter and headphone/speaker
amp

» Audio scope mode

Sophisticated Minstruments from NTI
give you comprehensive test capability...
and these flexible audio instruments
fit in the palm of your hand

DR2 Digirator
Digital Audio Generator

The DR2 Digirator not only generates digital audio
in stereo & surround, it is a channel transparency
and delay tester as well, all condensed into a
handheld package. Delivering performance &
functionality challenging any digital audio

[EEEETTED )

= DLBY 8T enis generator made today, it produces all common
n—dF s -—— K2

TR BOLE  WimTE R
| L sempaecs sepurs it

Dsgirator OR2

audio test signals with sampling frequencies up to
192 kHz and resolution up to 24 bit. The Digirator
features a multi-format sync-input allowing the
instrument to be synchronized to video and audio
signals. In addition to standard two-channel digital
audio, the DR2 can source a comprehensive set of
surround signals.

P> AES3, SPDIF, TOSLink, ADAT outputs

» 24 bit 2 channel digital audio up to 192 kHz SR
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electrical measurements such as level, frequency
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With the optional STI-PA Speech Intelligibility
function, rapid and convenient standardized
"one-number” intelligibility measurements may be
made on all types of sound systems, from venue
sound reinforcement to requlated "life and safety
audio systems.

» Real Time Analyzer

» Reverb Time (RT60)

P Delay measurements

» High resolution FFT with zoom

» Optional STI-PA Speech Intelligibility function

» Automatic Distortion analyzer (THD+N)}

» Frequency, RMS Level, Polarity measurements

P Requires optional MiniSPL microphone

P Includes MiniLINK USB interface & Windows PC
software for storing tests and PC transfer
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Analog Audio Analyzer

The ML1 Minilyzer is a full function high
performance audio analyzer and signal monitor
that fits in the palm of your hand.

The comprehensive feature set includes standard
measurements of level, frequency and THD+N,
plus VU+PPM meter mode, scope mode, a

1/3 octave analyzer and the ability to acquire,
measure and display external response sweeps
generated by a Minirator or other

external generator.

Add the optional MiniLINK USB computer interface
and Windows-based software +

and you may store all tests on
the instrument for download to
your PC, as well as send
commands and display real
time results to and from

the analyzer. MiniLINK

> Measure Level, Frequency, Polarity

» Automatic THD+N and individual harmonic
distortion measurements k2 — k5

» VU + PPM meter/monitor

» 1/3 octave analyzer

» Requires optional MiniSPL microphone
for SPL & acoustic RTA measurements

» Frequency/time sweeps

P Scope mode

» Measure signal balance error

P Selectable units for level measurements
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High performance
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performance. Both generators feature an ergonomic

instrument package & operation, balanced and
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P Sine waves & programmable swept (chirp) and
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P Protective shock jacket
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The MR2 pocket-sized analog audio generator is
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the Lighting and Marking, so check
whenever a new “instrument” is issued. If
the L&M requirement does not match
your existing installation — such as speci-
fying day and night strobes instead of
medium strobes by day and reds at night
— these changes must be made or a peti-
tion initiated for them to be corrected to
the existing L&M circumstances.

Ignore this at your own jeopardy. No
matter what, changes in L&M must be
reflected in all licenses to the current,
annotated requirements. Having a copy
of the last license issued with L&M
requirements on it clarifies the issue and
demonstrates that you are in compliance.

Since most of these L&M directives are
issued automatically based on computer
reviewed criterion, most often the com-
puter attaches the normal and current reg-
ulation based directives for L&M to match
the elevation and location of your support
structure. These directives quite often are
not the L&M arrangements that you might
actually have as a function of operating an
older, grandfathered installation or
allowed under special circumstances. A
few towers require no L&M as they are
surrounded by higher hills or in the midst
of wall, brilliandy lighted buildings.

There is a legendary story of the
Empire State Building being given a
marking requirement of alternating
bands of international orange and white
courtesy ol an erroncous key stroke.
Check the Lighting and Marking require-
ments. If they are wrong, persevere until
you get them corrected; otherwise you
may be installing strobes in January to
take the place of those red lights you've
been running for 50 years in addition to
receiving a healthy Notice of Apparent
Liability (read: an FCC fine).

Towers are required to be inspected
physically every quarter and at intcrvals
no more then five months apart unless you
enjoy onc of those infamous individual
special ruling exceptions; see section
17.47(b) of the FCC Rules.

On the federal level, maintenance and
confirmation of the operation of the
Lighting and Marking are paramount, but
for Building Officials Code Authority,
OSHA, insurance and CYA, the structure
needs to be structurally inspected as well.
You don't need to bring in the outside
engineers, but you do need to check for
loose guys, deteriorated or missing

DIGITANAYURIOFSWilEH
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Date
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Anchors and Guys

30° Near ok remarks
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Sample Inspection Form

ground wires, rust, obvious vertical dis-
tortion and such, logging your observa-
tions and corrections.

If you have automatic lighting failure
warning systems, operation must be
checked and confirmed as part of the 90-
day inspections. Although there is no
specific requirement for preservation of
these inspections, [ suggest you keep the
last two years of original inspections on
file, based on guidelines we find at the
federal level.

The graphic shown here is a typical
tower inspection form; if you'd like a more
detailed one. check out one that the state
of Maryland uses (this is a PDF download)

THREE CHANNEL DIGITAL REPEATER / ADC BawWITCHER

URE [LOGSICAL WAY

TITUS I
TECHNOLOGICAL
LABORATORIES
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at http://tinyurl.com/inspectionRW,

A note about coordinates on docu-
ments: FCC licenses under Part 73 most
likely will be in the North American
Datum of 1927. ASR and Part 7+ licenses
will be in NAD-83. Remarkably, I often
find that somchow the coordinates have
become confused.

If you have not checked that the real
and accurate coordinates have been used
uniformly in all your paperwork, do so.
And check new paperwork when it
arrives so the integrity of your numbers
is maintained. This includes the licenses
that your tenants maintain as well.

As a side note and by way of a re-

SOURCE

S-DRX

Automatically switches between two AES digital audio signals or a stereo analog signal.
Analyzes digital signal errors (CRC, bit, framing, etc.) and checks for loss of audio on the digital signal. User programmable.

minder, all towers that have an ASR
number are required to have it posted
visibly on or near the tower.
Additionally the FCC has “clarified” this
rule that the number should also be
posted at the nearest point that the gen-
eral public can approach the tower. So if
you can see the tower at the end of the
driveway and thats as close as the pub-
lic can come, the ASR number has to be
posted there as well. In extreme cases —
say, your tower is out on a private island
— the ASR number has to be posted at
the nearest public point as well as the
private island buoy sign or at the nearest
public pier.

Il all of the above is not enough, most
sites require an “RF Plan” a directive from
another corner of the federal government
that addresses mainly non-ionizing RF
radiation. Since this document is more
closely coupled with OSHA, we'll address
this separately in a future column.

Don't forget, the deadline to sign up
for the next SBE certificate exams at the
local chapter level is Dec. 31. Details at
www.she.org. Good luck!

* Kk %

A CBRE-level question for the February
issuc: You have installed a new solid-state
transmitter in place of vour old tube rig
using the same power connections. On cold
start the supply panel circuit breaker trips
but if you reset the CB fast enough and
resturt, the rig will run without u trip. What
is the most likely cause?

a. When running, solid-state transmit-
ters intrinsically consume more current
then comparable tube rigs.

b. You have reversed the phase and
neutral wires.

¢. The current inrush caused by the
highly reactive input of switching sup-
plies used in most solid-state transmitters
exceeds the current “trip curve” of the
circuit breaker.

d. You have forgotten to install utility
g Y
power line surge protection.

e. You cannot start up a solid-state
transmitter with modulation applied.

Buc Fitch, RE., CPBE, AMD is a frequent
contributor to Radio World. Miss one of his
certification columns? They are archived at
radioworld.com. W
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anytime; our support engineers will be happy to help you.
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A DAY IN THE LIFE

ack in September, after a 19-year
Bwail. the FCC approved the much-

anticipated rules that will permit
computer modeling of AM directional
arrays as a means of directional antenna
performance verification. The NPRM came
out early last spring and generated a lot of
hubbub at the NAB spring show and
through the summer. Now, the rules have
been approved by the FCC and are slated
to become effective in February.

This is a very good thing for AM broad-
casters, and yet there is much misunder-
standing and misinformation out there.

One misconception is that all directional
AM stations will have to model their
arrays. Not true.

Antenna modeling simply represents an
option for broadcasters. Stations can con-
tinue operating under the terms of their
existing licenses as before. But if there is a

by Cris Alexander

condition at a station (such as an out-of-
tolerance monitor point or tower work
above the base insulator) that would other-
wise require pattern adjustment and either
a full or partial proof of the array, the
option now exists to instead construct a
model of the array, calibrate the sample
system and adjust the array to the model-
indicated parameters.

In my view, that beats the heck out of
walking and driving all over the country-
side making proof measurements! But if a
traditional proof is a more comfortable way
to go for a particular station owner or engi-
neer, that remains an option as well.

Another misconception is that arrays
with unequal height towers are not eligible
for the modeling option. The new rules
provide for modeling of arrays with
unequal height towers, provided that they
are series fed.

Misconceptions About Computer
Modeling of AM Directional Arrays

GO FOR THE SERIES
I should note here
that only series-fed (1.e. h
insulated-base) towers /
are eligible for the mod-
eling option. This rules
out skirt-fed (“folded
unipole”) elements and
shunt-fed towers using a
slant wire. Arrays using
other than insulated-
base series-fed towers
will have to stick with
the old proof method.
Still another bit of
misinformation that I
have heard from several
places is that arrays using
top-loaded towers cannot
be modeled. Untrue.
SEE ARRAYS, PAGE 18

X-Y-Z Graphical Display of a Three-tower Top-loaded
Antenna Model Using the MBPRO Modeling Program.
Top-loaded arrays are eligible for modeling under

the new FCC rules.

In the last few issues of RWEE, I have
teft you with some little tidbit that you may
find useful someday, something that you
really cant get anywhere else.

Lets face it, radio engineering textbooks,
particularly those that cover some of the
“legacy” theory, aren't easy to come by these
days. One of my primary reference books,
Termans “Radio Engineering,” has been out
of print longer than I have been alive!

But that doesn't mean that we don't need
to know this stuff. We need these tech-
niques, equations and constants to do our
jobs. So T'll continue to provide you with
these interesting tidbits.

UPSTREAM IMPEDANCE

What is the input impedance of a trans-
mission line? There can be a lot of correct
answers to that question. Out here in the
real world, it depends on a lot of things.

In a properly engineered AM transmis-
sion system, we would set up the antenna
tuning unit network so that the input
impedance is equal to the characteristic
impedance of the transmission line being
used, 50 ohms for modern coaxial lines.
Looking into that transmission line from
the transmitter end, you're going to see
50 ohms. So what else do we need 1o know?

Out here in the real world, our load may
be 50 jO ohms on the carrier frequency, but
it’s something else on all other frequencies.
Because our transmissions occupy a band of
frequencies rather than a single frequency, it
matters what the impedances are on all the
frequencies within that occupied band-
width (and more importantly, its the slope
of those impedances that matters).

Let’s take a theoretical case where at the
ATU input on carrier frequency we have an
impedance of 50 jO ohms, but on the
15 kHz lower sideband frequency we have
an impedance of 37.5 +j4.5 ohms and
39.4 —j17.5 ohms on the upper. A Smith
chart plot of these impedances and the
5 kHz points in between is shown in Fig. 1.

But what will this look like at the other
end of the transmission line? Lets assume

FUN WITH TRANSMISSION LINES

C:\Fies\KLDC-D CP Bus IMP
Comsnon Pont

810kH2

Nom Z: 50 Ohns

02

-15kHz 1.3551 C:\Fies\XLDC-D CP Bus.IMP 15kHz 1.3851
-10kHz 1.236:1 Common Point N -10kHz 1.2361
SkHz 1.1231 810 kHz D SkHz 11281
OkHz 1.000:1 Nom 2: 50 Ohms / ‘\ OkHz 1.0001
+SkHz 113%1 as SkHz 11351
+10kHz 1.3231 +10kHz 1.3231
+15kHz 1.579.1 +15kHz 15781

02

Includes 40 R _88VF TAL

Fig. 1: Smith chart plot of the ATU input.

for a moment that we have 40 feet of
7/8-inch air dielectric transmission line
between our transmitter and the ATU.
What will the load look like at that point?

There is a way to calculate the input
impedance of a piece of transmission line
for a given termination impedance. That
equation set is shown below. Dont worry
— it5 not as scary as it looks.

Ry=RZ,
Xw=XZ,
Where:
2
R = R +T7)
D,

. [P -x? —x7 —&?)] +x
D,

Z,, = Characteristic Z of the line

Fig. 2: Smith chart plot of the transmission line input — note

the rotation of the plot compared to Fig. 3.

Where:
R= R()UT
Z,
X = XOUT
Z,
T= tan[T,F)

D, =t {rx)]* Hrr)?
T, =1.2L,
F = Frequency (MHz)

L, = Line length in meters

Let’s take that lower sideband imped-
ance of 37.5 +j4.5 ohms and run it
through this equation set. Assume a car-

rier frequency of 810 kHz, which would
make the actual frequency 795 kHz.
Crunching those numbers through the
equation set, we find that this impedance
is transformed to 40 +j9.4 ohms on the
other end of the transmission line.

We can do the same thing with all the
other impedance numbers (except the one
on carrier, which won't change if it is, in
fact, 50 jO) to see what happens with
them on the other side. If we then plot
these impedance values on the Smith
chart, we get the plot shown in Fig. 2.
Note that the cusp has rotated exactly
twice the electrical length of the line in
degrees.

Now you can amaze your friends with
this little bit of knowledge, but more
importantly you are equipped to calculate
the effect that a length of transmission
line will have on an impedance other than
the characteristic impedance of the line.
That just might come in handy someday.
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Synchronize

CONTINUED FROM PAGE 1

common frequency. Applications range from a network of
low-powered FMs covering a region, province or state, to
a booster signal transmitting into an area overshadowed
by a mountain or tall building.

Through synchronized broadcasts spaced at geographic
intervals, commuters can continue to receive a program
while driving along an extended stretch of highway, and
without changing the dial position on their radios.

Similarly, a network of synchronized FMs enables

broadcasters to expand program coverage across a larger
region not possible with just one broadcast tower.

In addition, a booster signal synchronized to the main
signal is an increasingly popular option for reaching pop-
ulations within a stations 1 mVm contour but otherwise
unreachable by the main signal due to mountains or
buildings shielding the signal.

Frequency preservation, cost savings and continuity
of service are the main advantages of SFN and booster
applications.

Allocating one frequency for a network of synchro-
nized FMs is more band-efficient than broadcasting on a
succession of frequencies, especially if a single frequency
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Arrays

CONTINUED FROM PAGE 14

Top-loaded towers are very much eligible
for the modeling option, again provided
that they are series fed.

The new rules require reference field
intensity measurements at three points on
each of the null and lobe radials. Some
have misunderstood this to mean that
arrays licensed pursuant to the modeling
option will still have monitor points.
Again, not true. Monitor points will be a
thing of the past for such stations. The ref-
erence field intensity measurements are
filed along with the model, but they do
not have licensed maximum values as
monitor points do.

A requirement of the new rules is that
modeled arrays have their sample systems
recertified every 24 months. This require-
ment has produced no little angst among
those who do not have a good under-
standing of what it entails.

A network analyzer, while a handy (and
way cool) tool to use for this purpose, is
not required. All you have to do is check
the current/voltage/phase linearity of the
base sample devices (TCTs) or the consis-
tency of the impedance of the sample
loops, and then check the sample lines for
electrical length and loss. All that can be
done with a bridge, oscillator and detector.
Also once every 24 months, the reference
field strength measurements must be
repeated. Again, these aren’t monitor
points, so a higher field strength at a point
than one filed with the license application
does not constitute a “violation.”

And you don' have to file an FCC Form
301 to employ the modeling option in most

cases. The station license can be modified
for eligible stations with a Form 302-AM.

Besides doing away with monitor
points, perhaps the biggest advantage of
the modeling option for AM station own-
ers and engineers is the cost savings that
this option represents.

Most if not all the variables associated
with the old way of doing things can be
eliminated, leaving a fast, fixed-cost means
of tuning up and “proofing” a directional
array. Rather than days, weeks or even
months of trial and error adjustments and
measurements, the modeling and adjust-
ment process can be completed in a cou-
ple of days. Instead of days or weeks of
walking and driving radials and making
field measurements, and instead of count-
less hours documenting the measure-
ments, with the modeling option as soon
as the array is adjusted to the model
parameters and three field measurements
are made on each pattern minima and
maxima radial, you're done. You can file
the 302-AM and go home.

The new modeling option also does
away with most of the excuses for having
an out-of-adjustment array. For a fixed sum,
most arrays can be retuned using a model,
eliminating the likelihood of a big FCC fine
and clearing up interference caused by the
out-of-adjustment directional pattern. With
a low-cost way to make their out-of-adjust-
ment arrays compliant and clean up inter-
ference, 1 believe that a lot of AM station
owners will be willing to make the relatively
small investment to model and retune.
This, I think, will make the AM band a
much better place to be.

Cris Alexander is the director of engineer-
ing at Crawford Broadcasting Company and
the SBE’s Broadcast Engincer of the Year. B
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Booster
Transmitter

Fig. 1: Dead zones within the primary coverage area
are good candidates for fill-in boosters, as this map
of a Durango station’s coverage area shows.

Fig. 3: This map of a single-frequency network and added booster
shows how one broadcaster in Athens was able to cover a large
geographic area with one broadcast frequency.

has been established already in a mature

market and the remaining frequencies avail-

able present a possibility of adjacent-chan-

nel interference. Costs across the board,
from capital expenditure to operating

expenses, also may be comparatively less for
SEN or booster applications, depending on

the extent and location of broadcasts.

Just as important, the SFN and booster
application is largely seamless to the lis-
tener; he or she can continue 1o listen to the

same broadcast over a wider region without
changing frequencies. For many broadcast-
ers, this application offers a way to extend

and expand programming coverage without
listener loss.

EXAMPLE INSTALLATIONS

The following are just a few examples of
the dozens of synchronous FM applications
BE has been involved in over the years.

The topographic map in Fig. 1 illustrates
a booster installation successfully completed
near Durango, Colo. The shaded area shown
is representative of the dead spots within the
primary coverage area that are out of the
line-of-sight of the main broadcast signal and
filled in by a booster signal. A properly con-
ducted and executed engineering study iden-
tified the ideal location for the booster site in
order to maximize population penetration
and minimize interference to the listener.

Natural terrain as well as large buildings

'World Radio Histo

in the central downtown business district
shielded the main 25 kW broadcast origi-
nating some distance from downtown
Quezon City, Manila, shown in Fig. 2. A
250 watt booster signal supplied by BE and
synchronized to the main FM filled in the
listenership gaps in this downtown area.

The topographical map of Fig. 3 shows a
single-frequency network along with a
booster application implemented near
Athens, Greece, by Broadcast Electronics
engineers. Initially broadcasting on two sep-
arate frequencies in the region, the broad-
caster synchronized both its stations to
cover the same regional area using one fre-
quency, and returned one frequency to the
communication authority for reallocation to
other public services.

Also, notice the blue shaded area along
the Mediterranean Sea. A booster tower was
installed on the adjacent island with the sig-
nal aimed at the city so listeners could con-
tinue to receive the broadcast uninterrupted
as they drove along the highway below the
bluff overlooking the sea.

Long, well-traveled highways are good
candidates for low-powered synchronized
FM networks, as shown in Fig. 4. This map
represents a SFN in Malaysia. The circles
in red are representative of the coverage pat-
terns of 12 low-powered transmitters
making up a single-frequency network

SEE SYNCHRONIZE, PAGE 20
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Synchronize

CONTINUED FROM PAGE 18

synchronized to provide unbroken service
one end of the highway to the other.

Several high-powered stations synchro-
nized on one broadcast frequency efficiently
cover a large area while preserving the fre-
quency band in that region or country. Fig.
5 shows how BE’s “synchronize everything”
approach enabled this India broadcaster to
air programming to a large region using one
frequency, instead of four, five or more fre-
quencies.

INTERFERENCE ZONES

In theory, the SFN and booster applica-
tion provides new and rich opportunities
for reaching out to new listeners. In prac-
tice, however, the application has seen lim-
ited success because of “interference” zones,
where overlapping signals of equal strength
from two broadcasts on the same frequency
can cause audible distortion and dramati-
cally increased noise.

Interference happens when two signals
broadcasting on the same frequency arrive
at the receiver within 3 dB of each other in
signal strength. These interference zones are
the area where one transmitter hands off
coverage to another. If one signal is weaker
by more than about 3 dB, the receiver cap-
tures the stronger signal and completely
ignores the weaker one, resulting in ade-
quate reception. The problem arises when
both signals are of near equal signal strength
and are combined within the receiver.

If both signals are coming into the

ChinaSea |

QrRang 4

Fig. 4: Several low-powered transmitters broadcasting on the same frequency

can provide unbroken service from one end of the highway to the other.

receiver at the same signal strength, the
receiver cannot separate one from the other
and it reproduces the resulting difference as
noise. The resulting audible distortion and
noise sound similar to multipath.

ISSUES AFFECTING
INTERFERENCE

Several key issues affect the degree and
severity of noise and distortion in the overlap
zone. As mentioned, we have been able to

Radio World Engineering Extra, the radio
industry’s top resource for credible, high-tect

engineering information, has gone high-tech
itself! Subscribers can now choose to recéive
their issues in a digital format, delivered
right to their desktop. The digital edition
contains all the same great articles of the
printed edition, with bonus live web links and
rich media content.

To 'start receiving your digilul edition of
Radio World Engineering Extra, fill out the
form at http://www.myrweemag.com.

Sign-up Today!
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mitigate some distortion in the interference
zone by synchronizing the RF carrier fre-
quencies of both transmissions. As early as
1988, BE began aligning the carrier frequen-
cies by synchronizing the booster exciter to a
reference frequency generated in the main
exciter. This lessened the disparity between
the two signals coming into the receiver, and
reduced the affect of one cause of distortion.

mized within the targeted portion of the
overlap zone.

THE POWER OF GPS

The advent of GPS technology along with
BES introduction of the FXi exciter in 2002
allowed the next step to be taken in improv-
ing overall booster performance.

The FXi exciter was the first to employ
direct-to-channel carrier synthesis based on
the GPS external 10 MHz reference. The
GPS reference was used to synchronize not
only the carrier but the pilot as well. In
addition, with the use of a pilot sync option
and the external 1 pulse per second capabil-
ity of later GPS receivers, the phase of the
pilot signal could also be locked to a com-
mon reference. The use of an extremely
accurate modulation adjustment of the
AES/EBU input also helped align the result-
ant modulation levels of multiple exciters.

BE has since refined the application of syn-
chronous technology with the introduction of
its next-generation FXi 60/250esp digital FM
exciter in April 2008, which now includes
built-in synchronous features ideal for this
application. Prior to the FXi 60/250esp
exciter, external GPS and delay units were
needed to perform the synchronization.

SYNCHRONIZE EVERYTHING

BE’s “synchronize everything” approach
requires several components.

First, an uncompressed digital AES/EBU
studio-to-transmitter link is recommended.
This makes it possible to synchronize audio
accurately using the AES/EBU input on the

Fig. 5: This map shows how synchronizing several transmissions can make it possible
to broadcast to a wide geographic region using one frequency, instead of several.

However, carly field experiments proved
that its not enough to just align carrier fre-
quencies. Audio level differences from both
broadcasts potentially increase the noise
floor, causing varying degrees of white noise.
In addition, audio arriving at the interference
zone at different intervals results in an out-of-
phase condition, causing even more noise.

Whats more, if the two stereo pilots are
out of phase, noise will show up in the stereo
signal as the receiver switches between the
two pilots trying to lock onto a signal.

What is needed is a way to precisely lock
the carrier and the pilot in frequency and in
phase, and to synchronize audio levels as
well as delay the audio at one of the trans-
mitters so that it arrives at the interference
zone exactly at the same time as the audio
coming from the other transmitter.

If everything — audio, pilot and carrier
— is synchronized, the signal will be opti-

exciter. BEs FXi exciter, for example, has the
ability to adjust input levels to within 0.1
dB for accuracy purposes.

Next, GPS receivers are needed to syn-
chronize carrier and pilot, both in frequency
and phase. BE's FXi 60/250 exciter has a
GPS receiver built-in; all that is required 1s
an external antenna.

Finally, a delay function is also needed to
accurately synchronize programming in the
selected region of the interference zone. An
internal delay in the BE FXi exciter accu-
rately adjusts the delay with a resolution of
1 microsecond along with the capability to
adjust the minimum delay to approximately
1 microsecond; another cost savings. This is
essential when the difference in distances
between the two sites and the interference
zone is small and a small amount of delay is
required.

SEE SYNCHRONIZE, PAGE 22
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CONTINUED FROM PAGE 20

What happens when audio levels from separate
sites differ?

The following graphs show what hap-
pens when variations in audio modulation
levels take place between two transmitters,
similar 10 what happens in the interference
zone as programming coming from two sep-
arate broadcasts on the same frequency con-
flict with each other in the receiver.

These plots were created by feeding the

two signals into a combiner and viewing the
resultant output.

Small variations in modulation levels can
affect reception quality. Shown here in Fig. 7 is
a quarter of a decibel variation in modulation
between the two broadcasts, resulting in an
increased noise floor from —90 dB 10 -70 dB.

If we increase the modulation variation,
the noise floor is even more pronounced (see
Fig. 8). Shown is a modulation deviation of
a half a decibel, resulting in a rising noise
floor approaching 50 dB.

Finally, if we increase the modulation
variation between the two signals to a full

decibel, the signal becomes largely unlisten-
able (Fig. 9).

What happens when signals transmitted from
separate sites arrive at the overlap zone at dif-
ferent intervals?

The following plots show what happens
when signals from each transmitter arrive at
the receiver at different time intervals,
where one signal is delayed or out of phase
with the other. These plots were created by
feeding the two signals into a combiner and
viewing the resultant output.

Shown in Fig. 10 is the resulting noise

when signals from two sources are shifted
90 degrees out of phase. Note the noise in
the —80 to —100 dB range as a result of one
signal arriving at a 90 degree time delay.

Here is the resulting noise, between —60
and 80 dB, when the two signals are shifted
180 degrees out of phase (see Fig. 11).

BUILDING BLOCKS TO THE
‘SYNCHRONIZE EVERYTHING’
APPROACH

In the late '80s and the early *90s, at
Broadcast Electronics we focused primarily
on syncing the carrier and pilot frequencies
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30 kHz 40 kHz 50 kHz
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-100a8

OHz 10 kHz 20 kHz
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Fig. 6: The composite baseband of two carriers in phase alignment.
Notice the relative absence of noise.
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Fig.11: Two carriers 180 degree time delay
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in an attempt to reduce the interference in
the overlap zones. And, to some extent, we
were successful. We found that by sctting
up a secondary booster exciter as a slave to
the main exciter, we could reduce the inter-
ference noise 1o a level much lower than is
possible without this synchronization.

Fig. 12 is a typical block diagram of the
master/slave synchronous conliguration.

As GPS devices became available, we
moved away from the master/slave configu-
ration and started adding GPS receivers at
each transmitter site as a more accurate
common reference for synchronizing the
carrier and pilot frequencics, as well as the
phase of the pilot

We designed our first-generation FXi
exciter to accept an external digital carrier
reference, which enabled two FXi exciters to
be synchronized 1o a common carrier fre-
quency as referenced to a 10 MHz GPS out-
puts. Then, as time went on and we
recognized the importance of synchronizing
the phase of the pilot as well, we added a 1
pulse-per-second (PPS) reference from the
GPS 1o create a reference 10 which each
pilot frequency can be phase locked.

By doing so, we virtually eliminated the
noise created when the receiver switches
between the pilots of the two carriers.

Yet. we continually ran into program tim-
ing problems that caused another source of

noise in the overlap zones. Audio arriving
from cach tower at different intervals
resulted in audio phase issues; the more the
two audio sources were out of phase with
one another, the more distortion showed up
in the interference zone. As our previous
plot graphs indicate, two signals shified at
180 degrees out-of-phase can create distor-
tion on the order of ~70dB

To correct for this, an extremely accurate
delay unit with a very low minimum delay
is required

The resolution of the delay unit is of crit-
ical importance in order to precisely correct
for any phase variation between the two
broadcasts. This type of unit was difficult 1o
find and quite expensive, and added a level
of complexity that could be avoided by

AES/ERU Audio
from Studio of STL
——p
Audio TX
snae

o sheET e
AES/ERU Oeldy Spltter

Transmitter Site A

including the delay in the exciter.

In Fig. 13 the delay unit is elimmated
from the configuration block diagram
because this function is designed into the
FXi 60/250esp digital FM exciter.

Setting delay in the unit can be done in 1
microsecond increments, starting at zcro
and going up to several seconds’ delay in
order 1o cover any parameters that might be
needed in the field. In addition to delay
functions, the FXi 60/250esp has fine cali-
bration of the AES/EBU inputs to align the
modulation levels of two or more exciters
within 0.1 dB deviation accuracy. As men-
tioned. if modulation levels from 1wo
exciters are not exactly the same, the result-
ing effect is noise in the interference zone.

SEE SYNCHRONIZE, PAGE 29

Transmitter Site B

Fig.13: Current System Block Diagram
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Coping with the Meltdown

How Far Down Will Corporate Radio Go?

staring at everybody in the room.

Nobody can ignore it anymore.

What is it, you ask? To quote the politi-
cians, “It’s the economy, stupid.” More pre-
cisely, it's the very bad economy. And it
affecting everyone.

While I'd prefer to be writing about the
HD digital power increase or about online
radio streaming making giant strides, those
topics pale when compared to the drastic
economic downturn and how its affecting
our business and our people. There is an
unrelenting downsizing going on that’s
becoming downright scary.

Less than a year ago, few in our industry
saw this coming.

For instance, since January, we've locally
lost about a quarter of our entire major-mar-
ket staff through attrition and layoffs. 1 just
worked up enough courage to walk into the
GMss office and ask if my job was “safe.”

He looked at me and said, “I'd like
to assure you we couldn’t run
this cluster without you, but
truthfully, nobody’s job
here is ultimately
safe, especially
mine.” He
advised
me to

|l’s now grown into a 1,000-pound gorilla

keep
working
hard and go
the extra mile,
but that [ should
probably figure out a
good “Plan B” ... just in
casc.

Plan B means going out and
looking for another job. That’s not going
to be easy for anyone in the present envi-
ronment. You may have to seriously con-
sider pursuing another career. If you've
been in the business for a considerable
length of time, that’s going to be anything
but easy.

THE PARTY’S OVER

We're wiltnessing the worst business
recession since the Great Depression. Few
who were working in radio back then are
still around.

Those who remember those days have
told me radio actually fared pretty well
through the 1930s. FDR spoke to the
nation regularly throughout his presidency
with the famous fireside chats. Entire fami-
lies everywhere stayed glued to their radios.
There were lots of trade-outs going on since
cash was scarce. For some stations, that
practice is still alive and well.

But make no mistake; the long party of
rising revenue growth year after year for
radio is over. It ended in 2006 and will not
likely return anytime soon, if ever.

Our business is being transformed into a
smaller and potentially less effective
medium that will have to be satistied with
reduced earnings, profit and growth. We’ll
have to be very smart in figuring out ways
to successfully compete with alternative
media in the years to come.

| FEEL YOUR PAIN
How did we get here and why do the
waves of layoffs at many public companies
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keep happening every few months?

When [ wrote about the deteriorating
market conditions and layoffs in April, we
were hoping most of the pain had already
been absorbed. Instead, it’s only getting
worse. The worldwide financial meltdown
in October made sure of that.

Most stations have been operating very
lean and mean already. The fat is gone and
much of the muscle has withered. We’re
now literally removing bones from the
beast ... the very structure upon which
successful stations have depended for
many years.

The companies most acutely affected are
publicly held. If you work for a privately
owned station or group with little debt, or
an NCE public radio station, you probably
haven't seen or felt these layoffs. But as the
economic tide goes out, boats of all stripes
will be tougher to navigate and will carry
fewer passengers.

THE WALL STREET BLUES
Stock prices of most all media com-
panies have fallen to ridiculously low
levels. The trend-lines had been
dropping steadily since early
2007. Few financial experts
were predicting that they
would continue to slide
downward and then fall
precipitously in late
September. A lot of
this is symptomatic
of the entire mar-
ket sell-off of
course.

As of this
writing and
from the peaks,
Entercom  has
nosedived from
$66.56 to 78 cents a
share; Citadel from
$22.08 to 25 cents;
Emmis from $58.09 to 50
cents, Cumulus from $53 to
$1.28; Spanish Broadcasting
from $40.25 to 19 cents; Salem
from $33.08 10 88 cents; Cox from
$35.31 to $6.19; CBS from $35 to
$7.79, Saga from $29 to $4.18.

Sirius Satellite has almost disinte-
grated from a high of $65.06 to 25 cents.
Mel got his Christmas present from the
FCC early this year with the approved
XM/Sirius merger. But now he gets to play
the role of executioner as I suspect perhaps
a third of the inherited staff will likely be
terminated. Mel may have 1o watch a lot of
Harry Houdini movies 1o figure out a sav-
ing strategy for his new company during
this financial debacle.

Clear Channel execs no doubt feel very
lucky they were able to linalize taking the
company private just a few months before
the meltdown. At least the Mays family and
their banker friends don’t have Wall Street
1o answer to anymore. But even many of
the privately held outfits are siruggling
with large debt-10-assct ratios as market
values continue to drop. When the balance
sheet turns completely upside down and
balloon payments come due, there are few
escape routes.
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Stock prices are only part of the story
dogging the beleaguered broadcast indus-
try. They merely tell us that the market has
heavily devalued radio company stocks as a
function of how they are expected to per-
form in the future in terms of debt service,
revenue growth and profitability.

Most of the devaluation is based on the
notion that radio became entirely too over-
leveraged in debt from equity market-fed
financing over the past 15 years. The cumu-
lative debt of many companies that grew
quickly and paid too much will be very dif-
ficult if not impossible to pay off. Radio is
no longer perceived as a growth industry,
and will have a hard time holding onto its
share of advertising market revenues com-
peting against new media and the Internet.

When the overall market falls signifi-
cantly, there is often a disconnect between
the stock price and the real value of any
company. With prices dropping so far, profit
opportunities emerge for buy-outs to break
up and resell their component pieces. We
will likely see such activity in the very near
future. The buyers this time around may not
only be corporate raiders or healthier broad-
cast companies. They very well might be
new media competitors who have managed
their assets and debt much better.

NUMBER CRUNCH

Radio has been losing its share of ad
revenue as the Internet has grown its share.
All media companies appear to be under
the same gun during this meltdown and
will generally suffer the same pain. Layoffs
and budget cuts are hitting other media.
Most financial trade journals are predicting
that media and entertainment, along with
automobiles, food retailers, restaurants and
the leisure industry, are the most vulnera-
ble as the recession deepens. The high tech
and software industries could follow.

This is an equal
opportunity reces-
sion.

Advertising
revenues
are down
signifi-

cantly
for most all
stations in many
markets for the sec-
ond half of this year.
There are exceptions, of

course, mostly in the smaller mar-
kets. Christmas is shaping up to deliver
many lumps of coal into radio’s revenue
stockings. Ad bookings for the first quarter
of 2009 are way down to historic lows. The
business that is out there is mostly coming
in at the last minute as sales managers
struggle to hold rates and fill avails. Talk to
any GSM and they will tell you they have
never seen it this bad.

When group stations aren’t making their
budgets and revenues are falling, corporate
managers look at the projected shortfalls
against expected performance benchmarks.
They then have to determine how much
cost savings must be extracted to maintain
acceptable profit margins for the CEO and
the board of directors, who ultimately have
10 answer to their major stockholders.

Each market manager is given two num-
bers when crafting next years budget. The
first is the annual total revenue increase (or
decrease) the market is expected to deliver.
The second is the overall percentage of cost
reductions that must be made for the
upcoming fiscal year. Every market man-
ager must decide where and how the cuts
will be made. That mostly involves deter-
mining who will stay and who will go.

Employees who have shown the readi-
ness and willingness to take on more work
will be the lucky ones still employed, as
less-essential workers are laid off and posi-
tions are eliminated. Those who have
learned how to work smarter rather than
merely harder will be among the survivors.

YET MORE PAIN

Beyond staff cuts and beating out all
other possible operating cost savings, own-
ers and managers are invoking other
painful take-aways that especially affect
vested employees — those who have
shown a measure of loyalty and have been
around the longest.

Many have built up at least something of
value in their 401(k) plans, before they
became 201(k) or even 101(k) plans.
Entercom, for example, announced in
October they are no longer doing any stock
matching for their 401(k) program.

Others are sure to follow that lead.
Media companies tend to do the monkey-
see, monkey-do routine when these kinds
of crises unfold.

Another maneuver some of the bolder
and more desperate companies may
implement is an across-the-board pay
cut for all employees, or perhaps a
modified version that applies the
cuts to only the higher-salaried
employees. Emmis did that a
few years ago and is doing
it again.
Such a scorched
earth move is consid-
ered by many as
potentially lethal
as it sends the

message
that a com-
plete finan-
cial breakdown
or fire sale
may not be far
behind. The
more valuable
and talented em-
ployees will formulate
SEE GUY, PAGE 29
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Don’t Wait for February to See

If Deicers Are Working

Easy-to-Build Controller Saves Money, Adds Reliability

he bane of FM broadcast transmit
antennas has 10 be the element deicers.
To quote one major manufacturer, 1
hate deicers. They are the source of almost all
my FM antenna customers’ dissatisfaction.”
Since element icing changes the antenna’s
impedance (usually for the worse), causing
VSWR problems, adequate deicing in cold
weather is important for staying on the air
with a quality signal. If anything, the prob-
lems engendered are worse when the station
operates in FM IBOC with digital sidebands.
All FM deicer systems are electrically
powered. Two schemes are most often
encountered: strip heater units inside the
elements and utilizing the elements them-
selves as heaters.
The former variety — the most common
— has insulated coil-type heaters inside

each metallic element. Sometimes heaters
are integrated into the matching compo-
nents as well. The heaters warm up the
antenna enough to keep ice from forming
directly on the antenna element.

The latter scheme steps down the nor-
mal utility power line voltage to a very low
voltage (something like 3 volts) and allows
this voltage to travel through the low resist-
ance of the antenna element(s) creating a
large current flow, which even in this tiny
resistance generates heat. This scheme is
enhanced when the designer uses a higher
resistance metal (such as stainless steel) to
form the element, covered with a lower
resistance coating (such as copper) on the
outside to direct a larger proportion of cur-
rent through the skin, maximizing the heat
on the outside of the element.

TECH TIPS

Radomes are sometimes used to elimi-
nate almost all icing on the antenna ele-
ments. But ice can damage radomes and, if
the ice is bad enough, it will still produce
some signal problems in spite of the
radome. In really hostile environments, hot
air is introduced into the radomes to mini-
mize icing. Since these phenomena are
even more notable at satellite frequencies
many, if not most, satellite dishes have
some form of deicing.

As we often mention in these pages
when discussing electrical power systems,
high manufacturing standards and
processes have produced electrical compo-
nents that require little maintenance. But
they are not maintenance-free

Deicers are no exception. When deicers
are new and known to be perfectly func-
tional, take the time to record the current
the system consumes when operating nor-
mally. No other piece of information will be

Small deicer system — AC control side
(120 volt and under 20 amp load - all AC wiring #12 THHN)

NC < 26F

or equivalent

- see text

NO > 38F

Honeywell remote bulb
sensors T6031A1136

Sensor bulbs outside

K1 DPDT
120 volt coit

Neutral

A

Onto the
antenna deicers

|\

120 volt AC Current Sensor

from 20 amp SSAC ECS series

CB in panel e.g. ECSH41BH
Neutral

Schematic 1: The AC (power) side of a simple 120 volt deicer. Larger antennas with corresponding larger current demand usually are
supplied in 240 volts or 208 volts three phase. The power relay would then be a DPST or 3PST relay with auxiliary contact respectively.

Interior view showing the power relay and current sensor.
This installation has a useful option on the left end of the unit, a neon
telltale light connected to the output contact of the power relay.
This provides a local visual indication that the deicers are operating.
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as helpful in evaluation or troubleshooting
when you need to perform maintenance. An
accurate current probe is the best device for
this measurement. A good probe that is
immune to strong RF fields is essential when
measurements are taken at the transmitter.
Cheaper units often display some of the
induced site RF as line current.

A part of your site preparation for winter
should always be a check of the deicers,
including a confirmation that the system is
drawing the proper current. A lower cur-
rent always indicates an open heater or
even multiple open heaters.

UNDER CONTROL

A deicer is an electrical device, and thus
a potential point of failure. The potential of
failure is heightened by use, so it’s best to
use them only when needed.

In its simplest form, manual deicer con-
trol varies from turning them on only when
the transmitter kicks out from ice VSWRs
1o leaving them on all the time. The first
method is problematic as it might take
hours of heating to get the ice off when the
elements are already encased in ice. The
continuous concept will just about guaran-

by Charles S. “Buc” Fitch

High and low remote temperature sensing
bulbs mounted on the wooden frame of a
fresh air input vent on the north side of the
transmitter building. The wood conducts less
of any ambient heat to the sensors and the
shroud shields the sensors from rain and ice.

Interior mounted temperature sensor
controls with high on top (set at 38°F)
and low on bottom (set at 20° F). This
station wanted absolutely no possibility
of icing (a big biller) and so set a wide
window. Since these two units create
essentially a single-pole switch, only two
wires are needed to interconnect with the
main control assembly on the other side of
the room near the electrical equipment.

tee that you will have non-functional heater
elements when you really need to deice. As
a bonus, selective operation drastically cuts
the power bill. Some lower powered sta-
tions with multi-bay antennas sometimes
consume more power in the deicers than in
the transmitter.

Automatic deicer controls vary in sophis-
tication, with some even using exotic capaci-
tor-based ice sensing schemes. You could use
the VSWR sensor on the transmitter to acti-
vate the heaters. Or there is the pragmatic,
reliable controller that my cohorts and 1 have
used with great success (sec schematic 1).

If your antenna is very high, it's somewhat
difficult on the ground to determine exactly
whats going on up there. However, atmos-
pheric physics does provide one absolute:
Near the earth, temperature only drops three
degrees for every 1,000 feet AGL, so that is a
definite value. Even on the tallest towers we



A consolidated control system with temperature
controls and an off-the-shelf electrical enclosure
for the relay and current sensor mounted on
the electrical power wall. The sensing bulb is
slightly larger than the capillary tube, so an
oversized hole to clear the bulb was drilled for
! each sensor to pass these through the plywood
wall and then onto the outside. Caulk was used
to fill the excess space in the holes as well as to
stabilize the position of the tubes.

know what the temperature should be
around the antenna.

(Footnote: The lowest layer of the earth’s
atmosphere is the troposphere, and its
boundaries are described by the lapse rate,
in this case the uniform decrease in tempera-
ture as we go higher. The troposphere
extends from the surface to about 11 miles
up and contains about 4/5 of the total vol-
ume of the gases that encircles the earth. At

System DC voitage S
or ground depending

Small deicer system — DC (status) control side
(suggest wiring with #18 MTW)

e

on RCS design K1

KO

Deicers required

Deicers normal

Deicers in trouble

(should be an alarm)

Schematic 2: The DC (status/alarm) section of the deicer controller. Of the three outputs
created for your remote control system, the most useful and telling is the Deicers in
trouble. If you have just one open channel, this is the one to wire and list as an alarm.

the point where the lapse rate becomes non-
linear you have entered the stratosphere
where they filmed “Zombies of the
Stratosphere” with Leonard Nimoy:)

Because icing can only occur in a rela-
tively narrow range of temperature — too
far above freezing and you have rain, too far
below freezing and you have snow — our
automatic controller can make sensible
decisions when to turn on and off the
deicers. With this in mind, you will notice
that the two series temperature sensors in
the system diagram have set point of 38° F
to close and 26° F to open.

The antenna associated with this controller
has a center of radiation 390 feet above
ground level. These particular thermostat
units are Honeywells with remote sensor
bulbs, so the switches are inside and the
bulbs are usually placed outside on the north
side of the building (to avoid being tricked by
solar heating) and away from heat sources.
You can adjust the set points tighter or looser
for temperatures that make sense for your
tower height and experience. Setting the dead
band around the selected action temperature
for just a few degrees usually provides
enough hysteresis to avoid control jittering.

Some 99.9% of the time, this control sys-

/A

tem in a simple manner will reliably antici-
pate any icing condition, reduce heater
operation (cut the electric bill) and extend
heater life.

On the remote control side, the current
sensor in conjunction with the auxiliary
contacts on the AC power control relay pro-
vides three status outputs for the remote
control (see schematic 2). These are useful
in avoiding having to drive out to the trans-
mitter in icy, dangerous weather to find out
what’s what. The three status conditions are:

1. Deicers required
2. Deicers normal
3. Deicers in trouble

The Deicers required status is operated by
the closure of the auxiliary contacts on the
deicer power relay, which supplies a voltage
or a ground, whatever your remote control
system needs. This voltage or ground is
then connected to the current sense alarm
relay and if the over-current NO contacts
close, the Deicers normal status should
come on. If the current is lower than the set
point, the sense relay will drop out of alarm
and make the Deicers in trouble contacts
close, turning on this alarm condition.

Products & Services
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On the power side, as [ often mention
when working with line level AC power: Be
careful and never work alone. These are
lethal voltages. If you are not completely
comfortable working with AC power, bring
in your usual electricians and let them do the
AC while you have the fun on the DC side. B

How to Set Up the
Current Sensor Alarm

The heart of our status/alarm section is
an SSAC current sensor. The wire carrying
the current to the deicer(s) is passed
through a small current transformer, and
the voltage analog created is used to make
either an over- or under-current alarm
closing an onboard relay. For our purposes
we will select the alarm on over-current.

To adjust, begin with the deicers con-
suming normal current, setting the alarm
adjust pot just beyond the trip point when
an over-current alarm appears such that
the sensor will drop out of alarm when the
current is low. Using this arrangement will
provide an alarm to the remote control sys-
tem when the current consumed drops
below normal as well as on the odd occa-
sion that the sensor has failed.

Occasionally, in a small antenna with
modest heaters, the current consumed will
be small and the pot for the alarm set point
a little critical or at an extreme. In this case
loop the wire that passes through the cur-
rent sensing transformer two or three times
to get the adjustment into the center of the
pots range for better vernierity.

(This is a great word. The lexicon of
engineering sometimes 0-0ps Or creates a
term known only to us. Vernierity means
“adjustments in very small increments.”
One definition of a vernier is a small auxil-
iary device used with a main device to
obtain fine adjustment, such as those on a
surveying transit or the turns counter on
your FM transmitter final amplifier. The
word honors French mathematician Pierre
Vernier, who died in 1637.)
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their own Plan B employment options and
look elsewhere.

Unfortunately most of the best-paid engi-
neering positions in our business have been
with the high-flying public companies over
the past 15 years. With many of those now
under the cost-cutting knife, engineering
budgets and staffs are being carved up and
the salary levels of those who remain could
be moving backwards. Sadly this will hollow
out the engineering community a great deal.

WINNERS AND LOSERS

With so much bad news swirling around, its
hard to even think about what positives might
come out of all of this. There will be more los-
ers than winners, but the winners stand to
profit very nicely if they play their cards right.

We talked here in June about outsourcing
and the impact that it5 having on engineer-
ing and IT support for radio. Many general
managers and CEOs view these areas as nec-
essary, but only as support functions that
have less impact on profitability and that can
be outsourced easily.

Station sales, consolidation and buy-outs
can quickly erase what you may have
thought was a secure position with a sup-
portive manager. We all know ex-chief engi-
neers who decided that being tethered to one
owner for a paycheck had become entirely
100 limiting and too vulnerable. They started
their own contracting businesses and
became able to diversify their employment
activities and income sources.

Doing this successfully entails lots of
caveats and risks. If you are well-organized
and efficient, have a good business head and
are willing to work lots of overtime, you may
be able to do very well as an independent
contractor during the present downturn.

Existing broadcast contracting companies
that offer wide-ranging services including
studio construction, RF construction and IT
support stand to do well as outsourcing
gains more traction.

The other winners will be the privately
held companies like Greater Media and
Bonneville that have little debt and are look-
ing to expand their holdings. And then there
are those new media giants that have been
playing on the periphery of broadcasting for
a while. Microsoft or Google could decide
now is the time to take an active ownership
stake in our business.

Station multiples are still falling. During
the heyday of the mid '90s to about 2006,
sale prices commanded price multiples of up
to 15 times earnings. That number is now
about 9 and continues to fall. Until credit
frees up and dependable valuations return to
the market, there should be very attractive
fire sale deals breaking soon. Many stations
will be sold to independent and privately
owned companies as the excesses of Wall
Street unwind. Cash will be king.

DEAR MR. PRESIDENT

Our new president, Barack Obama, obvi-
ously has enormous challenges to get this
derailed economic train back on the tracks.
Here’s hoping he can do this fairly quickly
and that we may all survive whatever bad
news continues to threaten our own job
security and well-being.

I do have one request of Mr. Obama:
While you've been quoted as being opposed
to reinstating the Fairness Doctrine, many
on your Democratic congressional leader-
ship team want very badly to bring it back.
Don't let them change your mind like oth-
ers who got you to refuse public campaign
financing. A return to the Fairness Doctrine
would deliver a crippling blow to talk
radio, one of the few bright spots and
growth formats this business has left. H

Cultures
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you too will consider the cultural match as a
criterion for making an offer.

LIFE CYCLES

While I appear to be arguing that culture
is frozen, there is always a dynamic change

! taking place, even though it is not under
the conscious control of individuals.

Organizations, both big and small, have a

life cycle in the same sense that all of us

progress from infancy, to child, to teenager,
to young adult, to maturity, to senior citizen
and eventually to death.

In his book “Emergence: The Connected
Lives of Ants, Brains, Cities, and Software,”
Steven Johnson described the life cycle of an
ant hill, which took 10 years from birth 1o
death, even though the life span of each
individual ant was only one year. Each gen-
eration of ants was born into a different
stage of the ant hill. The ants of the first year
behaved differently from the ants of the
10th year. Each generation of ants brought

| the hill to the next stage of its life cycle.

Startup companies are like infants; large
companies that have been around for
decades are like senior citizens. And just as
a young adult has physical stamina, the eld-
erly have trouble walking to the store. The
culture of broadcasting companies in the
1930s is very different from their counter-
parts in the 21st century.

The proverbial generation gap between
young and old, which was first reported in
ancient Greece, is nothing more than a
reflection of the fact that young people

mature within a different culture than that
of their parents.

I started my career in the 1960s, a decade
whose culture was dominated by the Cold
War and Russian advances in the space race.
Moreover, that culture was controlled by
personalities that were formed during the
economic depression and World War I1. 1
had great opportunities for professional
advancement in that culture, which 1 falsely
attributed to my brilliance. Years later, 1
realized that my success was the result of
the culture of that particular decade.

External forces can also change cultures,
such as the introduction of personal comput-
ers and the Internet. The current global
financial mess is changing cultures in all
organizations as you are reading this article.
Everyone is reexamining the relationships
among risk, reward and survival. Attitudes
towards tradition and innovation are not con-
sistent from decade to decade. While you can
pick the organization (if you are lucky), none
of us picks the decade in which we live.

We now understand why the radio
industry is having such trouble adapting to
the 21st century. It was born in a world
with different values and rules. And those
individuals who created radio in the 1930s
would be out of place in our world today.
Conversely, if any of us were thrown back a
century, we, too, would experience culture
shock. When culture makes rapid changes,
individuals and organizations suddenly find
themselves in a foreign country.

Take an objective look at the broadcast
culture in which you live. How has it
changed since you joined it?

Dr. Barry Blesser is the director of engineer-
ing for 25-Seven Systems. B

Synchronize
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Even level differences of 0.3 to 0.5 dB can
result in poor audio reception.

Also absent from Fig, 13 are the two rack-
mount GPS receivers previously needed.
This function is also now built into BEs FXi
60/250esp digital FM exciter, so an external
GPS receiver is no longer required to create
the 10 MHz output reference needed for
locking the pilot and carrier frequencies to a
shared frequency. The internal GPS, which is
fed by an antenna connection on the rear
panel of the FXi 60/250 exciter, also supplies
the 1 PPS reference for aligning the pilots in
phase. The 1 PPS triggers the pilot every sec-
ond, effectively re-aligning the pilots in
proper phase with each other.

BE’s FXi 60/250esp comes standard with
these synchronous features, saving broad-
casters the cost of an external audio delay
unit and GPS receiver.

ENGINEERING
CONSIDERATIONS

Antenna patterns and site locations are
outside the scope of this paper, except to
say that we cannot stress enough the
importance of an accurate and comprehen-
sive engineering study before attempting
the SFN or booster application.

A comprehensive engineering study by a
qualified engineer will identify the most
ideal transmitter location(s), taking advan-
tage of natural terrain when possible to iso-
late the booster signal from the main signal,

for example.

One important issue that must be consid-
ered when starting this study is the size of the
interference zone. The interference zone
should be as small as possible while still
accomplishing the coverage expansion
required. It is simply not possible effectively
to align the two signals over a large area. It
may be possible to have the interference zone
occur in a location that is not a critical part of
your desired coverage area. In this case, the
alignment may not be as critical over a larger
area. This, and many other issues, will need
to be addressed by a comprehensive engi-
neering study by a qualified engineer.

CONCLUSION

BE’s “synchronize everything” approach
is by no means the final word on SFN and
booster applications. But for the properly
designed and implemented system, this
approach can solve many of the interfer-
ence issues and significantly improve the
success and viability of a marginal site for
extending programming into new popula-
tion growth areas or for reaching areas
underserved by a main FM signal.
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THE LAST WORD

by Barry Blesser

The Hidden and Diffuse Power
Of Corporate Cultures

Workplace Communities Have Personalities Too

s social animals, we all exist within
Agroups and organizations, and most

of us spend more time with our col-
leagues at work than we do with our fami-
lies and friends. As a result, the work
culture can have a profound influence on
our sense of well-being; the corporate cul-
ture is one of the biggest influences on our
day-to-day behavior.

Moreover, there is some truth to the
notion that after a few decades, our person-
alities become infused with our professional
culture, hence the jokes about engineers,
doctors, lawyers, economists and politi-
cians. We become how we live. And how
we live is strongly influenced by the culture
of our communities.

Every profession has its own unique cul-
ture. If you want to understand the culture
of surgeons, read “The Scalpels Edge, The
Culture of Surgeons” by Paul Katz; for high-
voltage physicists, read “Beamtimes and
Lifetimes: The World of High Energy
Physicists” by Sharon Traweek; for electronic
musicians, read “Rationalizing Culture:
IRCAM, Boulez, and the Institutionalization
of the Musical Avant-Garde” by Georgina
Born; for scientists, read “Laboratory Life:
The Social Construction of Scientific Facts”
by Bruno Latour.

Even though anthropologists have not
yet studied broadcasters and audio engi-
neers, they too have a culture that is differ-
ent from that of other professions.

TOO BIG TO IGNORE

In previous Last Word articles, | explored
decision-making from the perspective of an
individual without acknowledging the
influence of the organization’s culture. It
now time to look at the elephant in the
room that nobody mentions.

But that brings us to the question of what
is culture? One definition states that culture
is the composite of social relationships and
practices within which people and activities
are embedded. Patterns of human interac-
tions acquire symbolic meanings that give
those interactions significance and impor-
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What if you could get more than you expect
and still get the lowest possible price?
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tance. Such definitions are wonderfully
abstract and fitting for academic researchers,
but almost meaningless for the rest of us.
How can we recognize the properties of a
corporate culture? Here are some examples.
At one time, GE managers were required
to fire the weakest 10 percent of the staff and

to promote the strongest 10 percent. This
was a Darwinian culture where everyone was
in competition with everyone else for sur-
vival. At the other extreme, 25-Seven, a start-
up company where 1 work, has a culture
based on mutual support and cooperation.

Many Japanese companies have a culture
of consensus and harmony that trumps
individuality. Google has a culture that pro-
vides all the amenities of life (high-quality
food, exercise facilities, cleaning services
and so on), which makes the work place
your home, and colleagues your family. It is
a culture that deliberately fuses work and
play. Apple loves secrecy.

Some cultures are based on fear; some
cultures value loyalty above performance;
some cultures are based on who plays golf
with the president; some companies value
engineering above marketing; some cul-
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tures are based on dreams of infinite
wealth. Some companies value tradition
and consistency as being more important
than innovative creativity. In some compa-
nies, politics is more important than reality.

Because of their public prominence, the
cultures of major companies often are
described in popular and business publica-
tions. Clear Channel, Apple, Google, Micro-
soft and GE have unique cultures. But even

- ‘Ot;ISnx-kphom.rmn/A'ndn;w]

the smallest insignificant organization has a
culture. Have you tried to describe the cul-
ture of your organization? It is worth doing.

CAN'T TOUCH THIS

Culture is not found within a single per-
son or document, but rather it is the social
air that we breathe. Everyone contributes to
creating the corporate culture and everyone
is influenced by it.

Regardless of his power, a CEO cannot
easily change an entrenched culture. He
cannot readily convert an organization into
an aggressive company if employees had
self-selected themselves over decades to be
gentle and altruistic. Conversely, an organi-
zation that promises great wealth in
exchange for 70-hour work weeks is
unlikely to tolerate those who place family
values above the needs of the company.
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Logical and rational arguments are no
match for the power of culture. Ignore cul-
ture at your own peril.

Having worked for over 45 years as a
professional consultant in many companies,
I quickly learned to recognize the unique
culture of every client company. Chatting
with those employees having low status
usually reveals the organization’s culture
because these people often are comfortable
talking freely. Given the opportunity, 1
always try to become friends with janitors
and administrators. They are the windows
into corporate culture.

Culture strongly influences behavior
because every decision is subject to some
kind of reward and punishment, which can
be as explicit as receiving a promotion, or as
implicit as being ostracized from sources of
information.

Gradually, those individuals who stay in
a group do so by adapting to the culture,
and they in turn enforce the culture on
those who join the group. A personality
that is mismatched to the culture is well-
advised to join another organization that is
a better match. This process continues
indefinitely though each generation as each
new employee joins the group. The original
creators of the culture can be long retired,
yet their values remain.

Culture is transmitted to each new gen-
eration through subtle process. When you
interviewed for your current position, you
no doubt considered its job description,
responsibilities and compensation. And the
manager that hired you considered your
skills and professional experience. But both
you and the interviewers unconsciously
were considering if there was a cultural
match in terms of values, personality,
lifestyle and psychology.

This is the self-selection process of cul-
tural transmission. Errors are corrected by
resignations and dismissals.

Once you join an organization, your col-
leagues will provide you with the unwritten
rules for success. If you can flexibly adapt to
these rules, and if you choose to do so, you
are joining the culture. Years later, when
you interview a new prospective employee,

SEE CULTURES, PAGE 29
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