


INTRODUCTION

The Ashly CG-85E peak limiter/compressor was de-
signed as a second generation automatic gain control.
It provides positive control of peak levels with minimal
audible side effects. An extremely low-noise, wide
bandwidth VCA is used for the gain changes combined
with a detector circuit with intelligent control of the at-
tack and release functions. A gated release system
lets the operator apply large amounts of compression
without “breathing” during program material pauses,
and a detector ripple-reducing circuit eliminates the low
frequency distortion usually accepted as a natural con-
sequence of peak limiting. Thresholds for both attack
and release are adjustable, and high-resolution meter-
ing accurately shows input and output levels as well as
gain reduction.

INPUT, OUTPUT, AND POWER CONNECTIONS

The CG-85E shduld be connected to a three-wire
grounded outlet supplying 120 Volts, 50-60 Hz. Power
consumption is 12 watts.

The INPUT is a 10k ohm active balanced type on a
standard stereo phone plug that will accept levels of up
to +26 dBV. The (+) or in-phase connection is on the
tip and the (-) or out-of-phase connection is on the ring.
When feeding the compressor/limiter from unbalanced
sources, connect the signal hot to the tip (+) and the
signal ground to the ring (-). To use the input as a com-
mon unbalanced type, simply use a mono phone plug
in the usual way.

The OUTPUT connection is a standard 1/4” phone jack
and mates with a standard phone plug such as a
Switchcraft 280. Output impedance is 200 ohms, and
full headroom is realized with any load of 600 ohms or
greater. For rack-mounted unbalanced audio systems,
the output ground may be separated from the case
ground by using a stereo phone plug for the output con-
nection . The output ground is then wired to the ring of
the stereo plugs rather than the sleeve. In this manner,



ground loops in the rack may be eliminated. This out-
put can be fed to a balanced input by wiring the (+) in-
put to the tip, the (-) input to the ring, and the shield to
ground.

STEREO TIE

This patch point is used to tie together two or more CG-
85E’s for stereo or multi-channel operation. To con-
nect, place a patch cord between the STEREOQ TIE
connections of both units. If signal ground isolation is
being used, be sure to use a stereo patch cord. The
STEREO TIE point actually represents the DC output of
the CG-85E’s detector circuit. When tied in paraliel for
stereo operation, the VCA’s of two CG-85E’s will both
respond to the most negative control voltage present at
the STEREO TIE point, thus insuring that the stereo im-
age never shifts left or right.

NOTE: If more than two CG-85E’s are to be tied to-
gether, use a common “Y” -type adaptor to split the sig-
nal as necessary.

DETECTOR PATCH

The CG-85E limiter/compressor has a DETECTOR
PATCH point which can be used in conjunction with an
equalizer to produce frequency-sensitive limiting. This
and other uses of the DETECTOR PATCH are dis-
cussed later in this manual.

EXPLANATION OF LIMITER/COMPRESSORS AND
OUR CONTROL

THE NEED FOR GAIN CONTROL

The human ear excels in its ability to detect an ex-
tremely wide range of loudness levels. When we at-
tempt to reproduce these widely varied levels by means
of amplifiers, tape recorders, records, or radio transmit-
ters, we run into one of the fundamental limitations of
these electronic media: dynamic range. In some equip-
ment, such as amplifiers, the usable dynamic range is



quite good, and is adequate for most musical program
material. However, some audio equipment, such as
cassette tape recorders, have a very narrow useful dy-
namic range.

What is it that determines dynamic range? The useful
operating region of a piece of audio equipment is
squeezed in between noise and distortion. As program
volume goes lower and lower, it approaches what is
known as the “noise floor” of that particular piece of
equipment, and if the volume of the program material
goes lower still, it is engulfed by the noise. The noise
floor, or minimum constant noise level of the equip-
ment, will consist of hiss, hum, transistor noise, record
scratches, tape hiss, buzz and whatever other noises
are inherent in the medium. When the program level is
considerably higher than the noise floor, our hearing
masks the noise, and it is not a problem. However,
when listening to very quiet sections of a program ( a
pause between movements of a string quartet, for ex-
ample), the noise can become very bothersome.

GAIN RIDING

One solution to the noise vs. distortion trade-off is hav-
ing the operator on the volume control constantly, man-
ually adjusting gain to suit the program. Indeed, there
are times when this approach is entirely satisfactory.
However, in most types of music, there are instantane-
ous, short-duration volume peaks, or transients, which
would be difficult to anticipate and impossible to re-
spond to with manual gain riding; the operator simply
could not bring the volume down fast enough. In many
situations, this can present real problems. For exam-
ple, in recording, an extra burst of enthusiasm from a
lead singer might overload the capabilities of the re-
cording tape, causing ragged distortion and necessitat-
ing another take. If the singer felt it was his best perfor-
mance ever, he won't be pleased to find out that it
needs to be done over. In sound reinforcement, a sud-
den burst of energy through the system can blow fuses
or even damage loudspeakers.



In addition to the problem of response time with manual
gain riding, it also requires constant attention, which
takes the operator away from more important jobs. The
need for a fast-acting, reliable, automatic gain control is
answered by limiters and compressors.

WHAT LIMITERS AND COMPRESSORS DO

LIMITING

In any musical program, there are constant changes in
level. 1t is the job of a limiter to detect when the volume
has exceeded a predetermined level, and to then turn
down the volume. When the incoming signal returns to
its original safe level, the limiter should respond by re-
storing the gain to normal. Thus, when all volume ex-
cursions are within a specified “safe” range, the limiter
has no effect. When an occasional peak occurs, the
limiter responds. This situation is completely analo-
gous to manual gain riding, except that it occurs faster
and more consistently.

To determine which peaks are acceptable and which
are too loud, the limiter establishes a reference level
known as the threshold, and then responds to those
volume peaks which exceed this point. In the Ashly
CG-85E, this threshold is variable from -12dBV and
+10dBV.

What the limiter does once a peak above threshold is
detected is determined by the RATIO, ATTACK TIME,
and RELEASE TIME controls.

RATIO

This control determines the ratio of change in output
level to changes in input level for all signals above
threshold. The numbers printed around the ratio con-
trol are calibrated in dB and indicate the dB increase in
input required to produce a 1dB increase in output.



In the manual gain riding example, we stated that if an
operator noticed that signal levels were approaching
distortion, he would turn down the volume. The opera-
tor now has an option: he can turn it down so that it
does not exceed his desired maximum level at all, or he
can turn it down just a little, so that the output level is
slightly greater than his preferred maximum, but not as
loud as it would have been had he taken no action.
This can be expressed conveniently as a ratio. If he
takes no action, then output volume will exactly follow
input volume, a 1:1 ratio. If he turns down the gain so
that the output level increases by half as much as the
input level (10dB of input increase causes 5dB of out-
put increase), then the input/output ratio is, again, 2:1.
If our operator continues turning down the volume so
that the output remains constant no matter how loud
the input goes, we have an infinite input/output ratio. It
should be remembered that the ratio control has no ef-
fect on signals which are below threshold, since the
CG-85E is a linear amplifier at below-threshold levels.

There is a common but incorrect notion that limiting al-
ways implies the use of an infinite ratio. Although there
are times when an infinite ratio is desirable, there will
be situations where infinite, or “hard,” limiting action is
neither appropriate or necessary. In fact, it should be
noted that an infinite ratio setting is likely to cause no-
ticeable side effects in the sound, and may not be usa-
ble on programs where subtle control is desired.

ATTACK TIME

The response of the limiter/compressor to signal levels
above threshold is further defined by the ATTACK
TIME control. Attack time is the amount of time that
elapses before the limiter attenuates the output level af-
ter threshold has been reached. For very fast transi-
ents, such as hand claps, snare drums, or other per-
cussive sounds, a very fast attack time is usually
desirable so that the limiter can respond in time to con-
trol the peak level. On other types of program material,
a slower attack time may be preferred. A very fast at-
tack may, on some material, “square off” the top of a
waveform, producing a distorted sound.



The CG-85E provides continuously variable attack
times from 200 microseconds to 20 milliseconds.

RELEASE TIME

Another parameter which affects limiter performance is
RELEASE TIME, or the time required for the limiter to
restore system gain to normal after the input signal has
fallen below threshold level. Again, choosing release
time will depend on the type of program material being
processed and the way in which the limiter is being
used.

When subtle limiting is desired, slow release times are
often chosen to avoid a condition referred to as “pump-
ing” or “breathing.” This occurs when overall gain is be-
ing modulated up and down by repeated peaks which
are followed by quieter intervals. If the release time is
set too fast, then the overall volume level will jump up
and down, producing an objectionable and unsettling
effect. Note that in some cases, an individual track or
channel which seems to be pumping may sound ac-
ceptable when heard in context of a complete mix.

A unique feature of the Ashly limiter/compressors is the
incorporation of a double release-time constant. When
a conventional limiter is adjusted for slow release
times, transients such as mic “pops” and record
scratches may cause a severe reduction in gain fol-
lowed by a slow fade-up, making the action of the limit-
er very obvious. With the CG-85E’s double time con-
stant, release from gain reduction after a brief transient
is always fast, with a slower release after a sustained
overdrive.

A gated release function provides further flexibility. It
allows the CG-85E to hold a particular amount of gain
reduction in when the signal falls to such a low level
that it is not worth turning up. A good example of this
would be speech in the presence of crowd noise or an
individual track in a mix containing significant pauses
in-between parts. As with the attack threshold, the re-
lease threshold is adjustable to suit individual needs.



OUTPUT LEVEL CONTROL

Because limiting and compression are both gain reduc-
tion processes, the output of a limiter/compressor is fre-
quently at a lower level than the nominal system level.
To make up for this loss, an OUTPUT level control is
provided to restore up to 18dB of system gain.

BYPASS SWITCH

This switch enables you to quickly switch the CG-85E
in or out of the audio chain, making comparisons be-
tween processed and unprocessed signals easy.
When the switch is in the OUT position, all limiting and
compression controls and functions are bypassed, with
the exception of the output control, which continues to
function as a straightforward volume control. For all
normal limit and compress functions, this switch should
be depressed to the IN position.

NOTE: When the unit is in the BYPASS mode, the
OUTPUT control still functions.

THRESHOLD/GAIN REDUCTION INDICATORS

Twenty LED’s on the CG-85E front panel provide a
convenient visual indication of the amount of gain re-
duction that is taking place at any time. As soon as the
threshold level is reached, the yellow LED illuminates.
Depending on the settings of the RATIO, ATTACK,
and RELEASE controls, and also depending on how far
the input level rises above threshold, successive red
LED’s will illuminate, indicating increasing gain reduc-
tion.

Gain reduction is a useful way of expressing limiter/
compressor action. We have seen that the output level
of a limiter is less than the input level by some amount.
Using an infinite limit ratio, output ievel will remain near-
ly constant as input levels increase above threshold.
With a gentle ratio, say 2:1, input signals above thresh-
old will be “gain-reduced” at the output by 1/2. Thus,
gain reduction can be expressed as input level minus



output level. For example, an input signal 12dB above
the threshold that is 3:1 limited will produce 4dB of
change at the output, and so we say that 8dB of gain
reduction has occurred (12dB input minus 4dB output =
8dB gain reduction).

LIMITING AND COMPRESSION

There is a good deal of disagreement and confusion in
the audio industry over the definitions of limiting and
compression, and the terms are frequently and incor-
rectly swapped back and forth. The fact is, compres-
sion and limiting are closely related effects, and the dif-
ferences between them are largely a matter of degree.
Indeed, it could be said that the difference between
compression and limiting is more often than not a mat-
ter of what the operator intends the device to accom-
plish than the way it actually ends up working. This is
because of the widely varying nature of musical pro-
grams.

When limiting is employed to protect an audio system
against transient volume peaks and possible overload,
attack time is usually set as fast as possible, consistent
with distortion-free performance. Release time is usu-
ally relatively short, so that the output signal will be re-
stored to normal as quickly as possible after a transient
and the signal only occasionally exceeds the threshold.

Compression is frequently used to keep overall signal
level within a specific dynamic range. For this applica-
tion, slower attack and release times are usually cho-
sen, along with a gentle ratio, and the signal is over the
threshold most of the time. This approach is analogous
to our manual gain riding example, where our operator
is fading the music up and down to keep it fairly con-
stant, but is doing it slowly enough so that the listener
is unaware that the gain is being altered.

It should now be clear that the Ashly CG-85E can func-
tion as either a limiter or a compressor, due to the wide
range of control parameters which are available to the
user.



APPLICATIONS AS A PROTECTIVE DEVICE

SOUND REINFORCEMENT

The CG-85E provides fast and accurate gain control for
the prevention of sound system overload due to unex-
pected transients. Sound system distortion is usually a
result of amplifiers running out of power, in which case
nice round waveforms turn into harsh-sounding
squared-off waveforms. Looking at it from the perspec-
tive of a speaker diaphragm, this means that, whereas
in normal operation the diaphragm is required to accel-
erate, slow down, smoothly change direction, and ac-
celerate again, distorted operation requires an instant
acceleration, instant stop, a change of direction, and in-
stant acceleration again. Since speaker diaphragms
are subject to the laws of physics, they won't take this
kind of punishment for long. The diaphragm may shat-
ter, or its voice coil may overheat. In addition to the
damage caused by sustained overload, the speaker
may also be damaged by occasional, one-shot high lev-
el overload (the sound of a microphone falling face-first
onto a hard floor, for example). Even if this type of
transient doesn’t destroy a speaker outright, it may
damage the speaker surround in such a way as to
cause mechanical abrasion and future failure.

INSTALLATION AND SETUP FOR LIMITING

Exact control of system headroom requires defining the
clipping point of the amplifiers in use in relation to the
nominal 0 (zero) VU of the mixing console. A signal
generator and oscilloscope would be helpful in deter-
mining this point. Since many people do not have the
facilities or time to set up their systems in this way, an
alternate approach is suggested.

1) Begin by turning the crossover level controls down.
2) Switch the LIMIT switch to the OUT position, the

METER switch to OUT, and the GATED RELEASE
switch to OUT.
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3) Set both the GAIN and OUTPUT level controls to
0dB.

4) Set the RATIO control to 10, the ATTACK and RE-
LEASE time controls to mid-rotation, and the ATTACK
THRESHOLD to 0dB.

5) Plug a good quality music source into your mixing
console and adjust the console so that its meter peaks
at around 0 VU.

6) Look at the LED display on the CG-85E and adjust
the GAIN control so that the yellow THRESHOLD LED
just lights on peaks.

7) Note the new position of the GAIN contro! and ad-
just the OUTPUT control inversely. That is, if the oper-
ator increased the gain control to +10dB in order to light
the threshold LED, then he would decrease the output
control to -10dB. Or, if the operator had to decrease
the gain control to just light the threshold LED, then he
would increase the output by an equal amount. The
console and the limiter/compressor wouid now be into
relative agreement over what is a maximum permissi-
ble signal level. As long as the console’s output meter
stays out of the red, little or no limiting will occur. At or
above console 0 VU, limiting will take place.

8) Turn the input volume control of the electronic
crossover up to its nominal zero point (for Ashly cross-
overs, this is 7). Turn the OUTPUT level controls of the
crossover up until you achieve a good musical balance
of low and high frequencies, and continue to increase
the output volume controls until the sound system just
begins to sound a little distorted. Since audible distor-
tion may already be around 5%, it's a good idea to back
off the output volume controls just a touch after you first
begin to hear any distortion.

All elements of the sound system are now in agreement
(Console 0 VU = limiter threshold = onset of clipping in
your power amplifiers). If you wish to allow extra head-
room in the system between console 0 VU and the on-
set of clipping, turn down the CG-85E’s OUTPUT vol-
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ume control by 5dB, 10dB, or whatever safety margin
you desire. (You can turn the music down now.)

9) Start with a 1 ms. ATTACK time, a .5 sec. RE-
LEASE time, and a RATIO of 10. Adjust these parame-
ters according to the type of program material, and firm-
ness of control desired.

10) The limiter/compressor should be activated by de-
pressing the LIMIT IN/OUT switch. Now, ioud bursts of
energy above 0 VU will cause little or no clipping in the
system. ~

RECORDING

The Ashly CG-85E can be used to prevent saturation of
magnetic recording tape and to control tape hiss. The
setup is essentially identical to the sound reinforcement
setup described above. In professional recording studi-
os, the saturation level of the tape, system headroom,
and the output level of the console are all known quan-
tities, making the application of limiting and compres-
sion very easy.

An example of the use of limiting to prevent tape satu-
ration and improve signal-to-noise performance was
given in the earlier discussion of the RATIO control. By
shifting the input GAIN upward, further compression
and improved signal-to-noise can be achieved, at the
expense of dynamic range.

USES OTHER THAN LIMITING

DE-ESSING

A special type of saturation problem often encountered
in recording is the sibilant (Ssss) sound of the human
voice. High frequency, sibilant sounds can reach very
high energy levels, such that a voice that is otherwise
undistorted breaks up on the "s™s, producing a raspy,
undesirable sound. With the current trend toward crisp,
bright equalization of vocal tracks, and the large
amount of pre-emphasis used in tape decks, the prob-
lem is magnified. The solution is frequency-dependent
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