REGAINING MODULATION

INTRODUCTION

LOST TO SCA

BY ERIC SMALL

Old assumptions often stifle innovation. Until

the 1970’s most FM stations

power only in the horizontal plane.

transmitted
Then

someone came along with the "radical" idea of

radiating power vertically too.

Everybody

thought this was a new idea'. In fact, vertical
polarization had been part of the FM Rules

since 19462,

But no one had noticed!

The same holds true for the measurement of

peak deviation.

As FM rose to dominance, everyone, including
myself, assumed that peak modulation had to
be measured with an instantaneous response

monitor.

This assumption lead to three

generations of audio processors battling for the

title of "fastest limiter."
control”

The pursuit of "peak
caused the disappearance of good

sounding but slow acting recording limiters

from broadcasting.

Recording engineers

turned a pained ear away from broadcast
audio processing and went their own, good

sounding, way.

ﬁl | q

'J

FAST MONITORS AND SCA

We got fast monitors because people made
assumptions about what the Rules said
instead of reading them. The FCC never
required peak modulation control faster than
one millisecond?. However, it became
fashionable (and cheaper), to build monitors
with much faster response time. Instead of
one millisecond (1000 microseconds), most
monitors responded to overmodulation in 100
to 200 microseconds -- five to ten times
faster than the Rules ever required.

Stations using SCA pay a high price for fast
peak response. These monitors exaggerate the
impact of SCA’s on total modulation. The
more SCA’s in use, the greater the impact.
Fast acting modulation monitors rob deviation
from the main program.

The reason is simple. Intuitively, we expect
the subcarriers and program to add together

in a simple arithmetic way. If the 19 kHz
pilot, 67 kHz SCA and 92 kHz SCA are each
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set to ten percent injection one at a time, then the
total deviation of all three together should be
thirty percent plus the program modulation,
right? Wrong!

Figures 1a thru c illustrate the three components:
19, 67 and 92 kHz sine waves. Figure 1d is a
short segment of the waveform that results when
the 19 and 67 kHz signals combine. Figure le
illustrates the combination of all three signals.
Because the three components of the waveform
are not harmonically related, the shape of the
wave changes constantly. Note that as more sine
waves are added, the peak to RMS ratio of the
resultant waveform increases -- it becomes more
"peaky."

Observe the waveform in Figure 2. Because the
three sine waves that make it up have no
harmonic relationship with one another, they beat
together creating a waveform that changes
constantly. It is so random it appears to be a plot
of program material. Its peak to RMS ratio is
almost 5 dB; about the same as a heavily
processed rock music station. Certainly most
engineers, seeing even a lengthy sample of this
waveform, would never guess that it was made up
of only three sine waves.

Imagine what happens with the addition of real
program material. Even highly processed program
material has randomly distributed peaks. When
program is added to the program-like waveform
formed by the combination of SCA’s and a pilot,
the sum will be even more random. This results
in fewer instances of overmodulation when
measured on an accurate, one millisecond
response monitor instead of a faster, less accurate
monitor. How many fewer depends on the kind of
program material and the type of processing used.
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For a vivid demonstration of this advantage, add
stereo program modulation to a carrier already
modulated by a 19 kHz pilot and two SCA’s.
Adjust total peak modulation to 110 percent.
Removing one of the SCA’s will reduce total peak
modulation to between 107 and 104 percent, not
to the expected 100 percent. Removing both SCA’s
will drop peak modulation to about 100 percent,
instead of 90 percent. Exactly how much it drops
depends on the stereo content of the program
material and the nature of the audio processing.
The amount of improvement increases with
increasing stereo content and decreasing
processing.

The difference between the actual drop in peak
modulation and the static injection of the SCA is
the advantage gained with a more accurate,
slower monitor. Typically the advantage is about
50% of the SCA’s injection. That means that
when combined with the FCC allowed increase in
modulation when SCA’s are used, no modulation
at all is given up for SCA’s.

THE SOLUTION

All this supposes a modulation monitor that, until
recently, has not existed. It must be a monitor
with carefully controlled response time
characteristics and significantly greater accuracy
than what has been available up until now.
Taking advantage of the advances made possible
by digital technology, Modulation Sciences
developed FM ModMinder to deliver advanced
performance®.

Using digital technology, ModMinder improves on
most existing monitors several ways:

e It provides a 900 microsecond response time
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# MOD Audimax/ % 8100 % 8100+ XT %
SCa % Volumax CHANGE CHANGE CHANGE
NONE 100 160 kHz - 164 kHz - 180 kHz -

1 105 168 kHz 5% 172 kHz 2% 184 kHz 2%

2 110 168 kHz 0% 180 kHz 2% 188 kHz 2%

Figure 3: Increase in Occupied Bandwidth with Addition of SCA’s
Expressed in Absolute Bandwidth and Percentage Increase

for indicating overmodulation. This is five to ten
times slower than conventional monitors and
results in a more correct indication of peak
modulation and the impact of SCA’s.

. ModMinder is accurate to +1.0% over a
temperature range of 32° to 122° Fahrenheit
without recalibration. One percent accuracy is
three to five times better than other monitors that
also must be recalibrated each time they are used.

. By far, the greatest source of error in
monitoring modulation is off-air monitoring.
Limited receiver bandwidth, multipath, and
VSWR at the receiver all contribute to poor off-air
performance. When one or more SCA’s are in use,
these errors become even greater. ModMinder is
designed for use at the transmitter, rather than
relying on inaccurate off-air monitoring.
Modulation can be accurately read remotely by
using either the station’s existing remote control
or a personal computer. See the ModMinder
specification sheet for full details.

In 1984 the FCC authorized® an increase in
modulation for FM stations using SCA’s. The idea
was to give stations back fifty percent of the main
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channel modulation lost to SCA usage. It is fair to
ask if the main channel improvement in
modulation provided by ModMinder merely
duplicates the increase already granted by the
FCC, or is additional.

It is additional

The increase in occupied bandwidth® from no
SCA’s to two SCA’s is between four and eight
percent. And the increase remains well within
the FCC limits for occupied bandwidth. See
Figure 3 for both the occupied bandwidth and the
percentage change in bandwidth as SCA’s are
added with different types of processing.

It is worth noting how occupied bandwidth varies
with increased processing as measured on a
conventinal fast monitor. As processing increases
from none to heavy, occupied bandwidth goes up
about sixty percent. Just going from a CBS
Audimax and Volumax to an Orban AKG
8100+XT results in almost a thirty percent
increase in bandwidth!

Correct response time performance of a monitor
must not be confused with degraded frequency

Figure 2: 1.87 milliseconds of 19 + 67 + 92 kHz
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response. The apparent impact of SCA’s on total
modulation can be easily reduced by simply
rolling off the monitors’ frequency response above
53 kHz. However, that would produce a monitor
that would never give a correct indication of SCA
injection on the same scale that reads total
modulation. ModMinder maintains a frequency
response of £0.043 dB from 50 Hz to 100 kHz.
This exceptionally flat response ensures that
ModMinder’s SCA acuracy is not degraded by
frequency response errors.

In terms of day-to-day operation of an FM station,
accurate modulation monitoring will deliver less
loss of main channel loudness when SCA’s are
employed. A modulation monitor operating at
close to the FCC maximum response time means
less reduction in main channel modulation from
SCA operation. ModMinder also removes a
station’s incentive to do the kind of signal
processing that increases crosstalk into SCA. Left
and Right audio clipping, composite clipping
without pilot protection, and inadequate stereo
anti-aliasing filters are all techniques for
controlling brief overshoots of modulation. With
ModMinder’s accuracy and carefully controlled
peak response time, such techniques are not
needed to maintain a loud, competitive main
channel signal. Eliminating these devices not
only reduces crosstalk into SCA, but makes the
main channel sound better too!

THE FCC

The introduction of ModMinder created a lot of
controversy. Manufacturers of audio processing
felt threatened because much of the sophistication
of modern processors involves removing peaks
shorter than one millisecond, something that is
not important when ModMinder is used.

Some makers of conventional modulation monitors
fear ModMinder. ModMinder points up that
many monitors made since 1968’, are excessively
conservative at the expense of the FM
broadcaster. One well known monitor
manufacturer was so distraught over ModMinder
that they went to the FCC in an effort to have it
suppressed. The FCC said no way, and it wound
up with the Chief Engineer of the FCC giving
Modulation Sciences a Declaratory Ruling®
supporting the legal basis for ModMinder’s design.

One SCA receiver maker was even convinced by
someone afraid of ModMinder to say that
ModMinder causes interference to SCA
operations! The truth is just the opposite. We
suggest that anyone doubting that ModMinder
will enhance an SCA operation arrange for a
thirty day trial of ModMinder. If it does not
improve overall SCA performance and increase
main channel loudness, return ModMinder
without further obligation.

CONCLUSIONS

The monitoring of FM deviation had been a
stagnant technology for more than twenty years.
In its 1983 Report and Order deregulating
modulation monitoring, the FCC tried to
encourage the application of new technology, but
the industry seemed to ignore them.

By employing the state of the art digital
technology embodied in ModMinder, a station can
regain all the modulation lost to SCA operation.
ModMinder also makes it possible to reduce audio
processing without giving up any loudness. And
this technology is consistent with both the letter
and spirit of the FCC Rules.







