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I FUNCTIONAL DESCRIPTION

Inovonics’ 255 is a multifunction stereo audio processor for
radio broadcast use. It was specifically developed to meet the
challenges imposed by program material from digital audio sources
in broadcasting systems which employ transmission preemphasis.
This includes not only conventional FM stereocasting, but AM
practices which follow the preemphasis/cutoff standard proposed
by the U.S. National Radio Systems Committee (NRSC).

The Model 255 performs three separate processing functions:
slow, "gain-riding” A.G.C., average-value level compression, and
program peak control. The net combination is a processing system
which delivers a very consistent level to the transmitter despite
both long- and short-term program source level variations.

Feedforward gain control techniques using Pulse-Width-
Modulation (PWM) are employed exclusively in all sections of the
255. The resultant control over processor action is unusually
smooth, allowing a far greater amount of dynamic control to be
called into play without audible degradation than permitted by
more conventional feedback-mode VCA designs.

Particular emphasis has been placed on the flexibility of user
control over the "subjective” processing parameters. An ample
array of adjustments enables the user to control program
“loudness” and “"density"” over a range adequate to suit nearly any
programming format and personal taste. The 255 easily provides
the aggressive processing demanded by today’'s "contemporary”
music formats.

This manual is divided into several sections to best present
the features, design philosophies, installation and operation of
the Inovonics 255. Many of the specifications, and most of the
operating instructions, are expressed in the manual text rather
than in the more usual tabular form. It is recommended that the
user at least skim Sections I, II and III before placing the 255
in service.

Automatic Gain Control (A.G.C.)

The output program mix from an audio console will invariably
have long-term level variations from any of a number of sources.
This problem might be attributed to inattention by the board
operator, especially in a "combo” situation with more pressing
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duties than consciencious gain-riding. Notwithstanding this
possibility, one major cause of level inequalities stems from the
manner in which different operators respond to the level meter.
Yet another, and more insidious reason, is the manner in which
the level meter, itself, responds to music and voice.

The "VU" meter was developed for the broadcast industry.
Though it has been in use for about fifty years, a number of
factors have changed since the original specification was -
written. Through the 1850’s, radio entertainment consisted
mostly of speech and recorded symphonic or “popular” music which,
because of the state of audio science at the time, had a
restricted and predictable dynamic range and average-to-peak
ratio. Today’s music and recording techniques and audio
technology yield much higher average/peak ratios. These are not
accurately represented by the "sluggish” VU meter.

In European practice, and in "enlightened” domestic recording
and broadcasting facilities, audio levels are based on the
indication of a quasi-peak-responding "“Peak Program Meter."” The
PPM provides a much more accurate display of program dynamics in
terms of system headroom and overload margin. For this very
reason, the slow A.G.C. stage of the Inovonics 255 employs the
same 10-millisecond-integration peak response characteristic of
the UK/EBU-standard PPM. The correction rate, on the other hand,
is very slow and unobtrusive. This slow input level correction
approximates manual gain control and does not audibly compress or
otherwise alter program dynamics. It does, however, present the
subsequent triband processing stages with a constant level based
on program peak content. .

To inhibit unnecessary "hunting” in the absence of program,
the A.G.C. circuit is "gated.” During brief pauses, gain is held -
at the last-corrected value until the program returns. For
extended signal loss, gain is returned to a 0dB, unity-value ;
figure at a rate somewhat slower than that for level correction. —
The gating circuit is frequency-weighted to recognize only
legitimate program material. This prevents the A.G.C. from
bringing up studio noise during pauses in an interview, for
example. The gating control channel samples L+R energy with -3dB
points at 150Hz and 5kHz. Threshold sensitivity is scaled to
open the gate when the L+R midband program energy exceeds -25dB
relative to nominal, corrected program "zero” level.

LEFT and RIGHT A.G.C. gain is under common control to preserve
stereo image. Gain is established by sampling both channels
independently and acting on the higher level. The A.G.C. is
defeatable as might be desired with classical music, or when the
255 is preceded in the audio chain by some other leveling
device. Defeating the A.G.C. function is described on Page 14.
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Triband Spectrum Division

Following the slow A.G.C. stage, the program audio is split
into three frequency bands as graphed in Figure 1. The LOW and
MID bands have a crossover at 200Hz. This isolates "low bass”
frequencies into a channel of independent control. High energy,
low frequency program components (such as a "kick” drum) which
reach 100% modulation will reduce gain in only the LOW band and
won’t "punch holes” in the MID and HIGH regions, or otherwise
sacrifice program loudness.

The MID/HIGH crossover follows (and protects) the transmission
preemphasis curve. This is selectable for either the 50- or
75-microsecond, or, alternately, a “"flat” transmission charac-
teristic when preemphasis protection is not a consideration.
MID/HIGH crossover selection is explained on Pages 13-14.

Independent high frequency gain control performs a dual
function. First, it restricts program energy which would
otherwise violate the modulation constraint imposed by the system
preemphasis characteristic. Also, and in a manner akin to the
LOW band gain reduction circuit, high energy, high frequency
program peaks (such as cymbals, strong sibilants, etc.) which
reach 100% modulation will be quickly and independently con-
trolled without sacrificing modulation in the predominant MID
band.
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Figure 1 - TRIBAND FREQUENCY DIVISION

Triband frequency division employs gentle, "“natural function”
6dB-per-octave crossovers derived from a two-step signal
subtraction process. This method eliminates peaks and dips at
the crossovers during dynamic reduction, and ensures overall flat
response whenever the three bands are recombined at unity gains
as in the "PROOF" mode.
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"Dynamic Reduction” Defined

Average level compression and peak limiting share common gain
control circuits in each of the three frequency bands. The two
functions are separated by a variable, time-domain “"floating
platform” attack/release characteristic. Because the 255 is a
frequency-discriminate processor, attack and release timing may
be optimized in each band, and also made variable for user
control over subjective results.

Two control channels are derived from the MID band program
energy. One is based on the instantaneous value of the program
signal in that band and is responsible for actual MID band
Dynamic Reduction. The other is an averaged, or integrated
control channel representing the mid-frequency, quasi-average
program level. It is from this "average” level representation
that the variable “"platform” is derived for all three bands.

An occasional MID band program peak will add little to the
integrated platform level. Repetitive peaks, on the other hand,
will constitute an increase in the average value of the signal.
Thus the program dynamics (average/peak ratio) establish the
basis for a working platform-to-peak differential.

Each band has, in effect, a dual release timing: a fast
initial release from peak reduction to that of the average
(platform) level, followed by a slower "platform release” for
the average level. The user is provided with adjustments which
directly, or indirectly, affect peak and average release timing
in all three bands. The subjective effects of these adjustments
are detailed under SETUP AND OPERATION, Section III.

The average-value “platform” level is gated in much the same
manner, and by the same gating circuitry, as the slow A.G.C.
stage.

In the absence of a program signal, the platform will slowly
seek a -8dB "resting” value. This is a more-or-less arbitrary
number, but supposes that program average level gain reduction
will be maintained somewhere near this figure. In actual
operation, the platform will remain within the range which has
been selected by the user.

During brief pauses in the program, the platform will be held
at its last value. Platform release to full gain (0dB G/R) is
temporarily inhibited to prevent rush-up of background noise.
Extended program loss will cause the platform to return very
slowly to the -6dB "resting” point.

Dynamic Reduction gain control is accomplished with a
feedforward technique employing Pulse Width Modulation. A brief
“tutorial” on PWM is included with the CIRCUIT DESCRIPTIONS in

Section IV.
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An advantage of feedforward gain control over the more
conventional feedback techniques is the ability to tailor the
input-to-output G/R transfer characteristic for smoother-sounding
processor action. The transfer characteristic of the Model 255
triband circuitry is graphed in Figure 2. It is a "soft knee”
function with an area of increasing-ratio compression prior to
the infinite, final limiting ratio.
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LEFT and RIGHT Dynamic Reduction is under common control in
all three bands to preserve the stereo image. Gain reduction is
based on the higher of the LEFT or RIGHT program channels.

“"Spectral Loading” Feature

“Spectral Loading"” refers to the natural result of multi-
band audio processing in which no means of inter-band control
correlation is employed. For example, in a 3-band, totally
discriminate system, 10dB of midband gain reduction would not
necessarily cause a similar reduction in either the low or high
bands. The result is a 10d4dB artificial boost of any low energy,
low and high frequency program component: “dynamic skewing” of
the system response. While this processing artifact might be
deemed desirable for increasing spectral density, it will
invariably impart an unnatural and, perhaps, unwanted "busy”
character to the program. Also, program material which is not
completely "clean” will have any inherent noise or distortion
accentuated.

One of two methods is commonly used to obviate this problem.
Either a fixed amount of midband audio is bled into the
“sidechains” of the other two bands, or the midband DC control
signal is combined with that of the other bands.

The Model 255 utilizes a common average-level "platform™ for
all three bands derived from integrated midband program energy,
and separate from the midband gain reduction control signal.
Moreover, the user is given control over the LOW and HIGH band
platform values to vary the "low-end enhancement” and
"brightness,” respectively. (See Section III)
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Program-Adaptive Clipping and "H.F.A.D.”

A unique feature of the 255 takes advantage of the psycho-
acoustic phenomenon of “masking” to reduce certain audible
effects of heavy processing. This feature is especially useful
in controlling the high frequency energy so abundant in
digitally-recorded music.

A "High Frequency Activity Detector” monitors program dynamics
at the upper frequencies to determine an optimum limiting/
clipping ratio for both the MID and the HIGH bands. When there
is little high frequency dynamic activity, the peak control
function of the MID and the HIGH bands operates as a low- —
distortion, true limiter. When sufficient high frequency
activity is present to mask otherwise-audible effects, the peak
control function reverts to increased clipping of the very fast
peaks for less sacrifice of program "brightness” at higher values
of gain reduction.

Action of the H.F.A.D. is monitored by a LED indicator under
the removable front cover of the 255. If desired, the Program-
Adaptive Clipping function is easily defeated as described on
Page 15. _

"Safety” Clipper

An active "safety"” clipper follows the triband Dynamic
Reduction stages. This clipper does not normally act on program
material, but guards against certain fast overshoots which can
occur when the independently-limited bands are recombined. Like
the triband circuitry, the "safety” clipper also follows the
selected preemphasis-protection frequency characteristic. _

Unlike conventional "hard” clippers, the "safety” clipper of
the 255 is integral with the PWM circuitry, working in a fashion
silmilar to an "RF" clipping circuit. Clippers of this type are
credited with substantially lower harmonic and intermodulation
distortion. :

"PROOF" Mode

In the "PROOF" mode, the audio signal path remains intact
through all processing stages, but the Slow A.G.C. and Dynamic
Reduction gain-control functions are defeated. A.G.C. gain is
fixed at 0dB, and gains in the three frequency bands slowly
return to the -6dB "resting” value.
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Specifications

Tabulated below are the Model 255 performance specifications
which are not specifically expressed in the text of this Manual,
depicted in the drawings attendant to the text, or glaringly
obvious from cursory examination of the 255 itself.

Frequency Response (in "PROOF,"” or below
Dynamic Reduction threshold): +/-0.5dB,

10Hz-20kHz.

Noise: Better than 80dB below 100% modulation,
10Hz-20kHz.

Distortion (with full A.G.C. correction, "sub-

Jective” adjustments centered, and with
10dB of Dynamic Reduction): <0.25% THD,
1kxHz-20kHz; <0.5% THD, 250Hz-1kHz;
<1.0% THD, 25Hz-250Hz.

rosstalk: Better than -65dB, 10Hz-20kHz.

Inputs (LEFT and RIGHT): Active-balanced,
10K-bridging; accept nominal line levels
between-20 and +10dBmV.

Outputs (LEFT and RIGHT): Active-balanced,
600-ohm resistive source impedance;
deliver 0dBm to +15dBm into 800-ohm loads.

Power Requirements: 105-130 or 205-255VAC,
50/60Hz; 12 Watts.

Size: 3-1/2" x 19" x 7" (20).

Shipping Weight: 8 1bs.
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