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COMPANDER CIRCUITS IMPROVE
TRANSDUCER DATA QUALITY

James L. Rieger, PE/PTBW
Naval Weapons Center

China Lake, California 93555

ABSTRACT

AC-coupled transducers such as crystal accelerometers and microphones can produce a
large dynamic range of signals, but the expected level from such devices in an actual test
situation may be difficult to predict. Use of compander circuits intended for telephone and
“hi-fi” systems can increase dynamic range and accuracy of the signals from such devices
and reduce noise at low levels and clipping at the top of the range. Companders
(COMPressor plus expANDER) can be used in single- or double-ended modes depending
on the data requirements. They do introduce predictable artifacts of their own, but many of
these can be removed.

INTRODUCTION

An analog telemetry channel of typical audio bandwidth (3 KHz or wider) has a signal-to-
noise ratio of about 100:1, or 40 dB. Some AC transducers, notably crystal accelerometers
and microphones, produce signals over a considerably greater dynamic range. In such
instances, channel gain is either set so that low-level signals are strong enough in
amplitude to be seen above the channel noise, in which case large signals are clipped; or
the channel gain is set so as not to overload on peaks, in which case the output will be
buried in noise a substantial portion of the time. In digital systems, dynamic range can be
increased to almost any extent desired by using more bits of resolution, but a 14-bit signal
of fairly wide frequency response may not be compatible with the rest of the telemetry
system.

THE COMPANDER

The term “compander” comes from the combination of two words–COMPressor and
expANDER. The compressor varies its gain to the incoming signal as a function of the
amplitude of that signal so that signals with peak-to-peak levels below the capacity of the
channel are increased in amplitude; the expander reverses the process and restores the
dynamic range of the original signal. Since noise is a constant fraction of the channel



capacity, noise is effectively reduced when low-level signals are transmitted, which is
exactly the point when noise would be most evident. As an example, consider a system in
which noise is 1% of the channel capacity, peak-to-peak. A signal of 100% capacity
amplitude would have 1% noise–barely obvious (Figure 1). A 10 % of capacity signal, on
the other hand, can have 10% perturbation on it under the same conditions, as seen in
Figure 2. A 1% of capacity signal would be equal in amplitude to the noise, as seen in
Figure 3. On the other hand, if the 1 % signal were fed through a 2:1 compressor (where a
2-dB decrease in amplitude at the input causes a 1-dB difference in the output), the 1%
signal would occupy 10% of the channel range as transmitted, thus reducing noise by a
factor of ten, or back to the quality of the signal of Figure 2, a tenfold improvement in
quality.

Compander systems have been in use for over fifty years, generally to solve the problem
that transducers present. In sound film in 1929, for example, signal-to-noise was limited to
about 20 dB, so for sound effects to be audible at all, they were necessarily recorded at a
louder than normal level. To compensate for this, in playback a circuit was used that
increased the gain of the playback amplifier for louder signals. The overall effect was to
restore the dynamics of the original input signals. While system noise increases when the
gain is turned up for full-modulation signals, the increased noise is masked by the stronger
signal itself.

While telemetry system requirements do not generate the business volume necessary for
production of integrated circuits (ICs) for the specific use of telemetry, a variety of the
IC’s now available are general enough in nature that they may easily be adapted to
telemetry uses. Some of these circuits can provide adjustable attack and release times,
bandwidths that can extend to several hundred kilohertz, and operation on single,
unregulated power supplies. Manufacturers of suitable integrated circuits include Signetics,
Exar, Motorola, National Semiconductor, and Plessey, just to name the most common.

WHY NOW?

While the advantages of companders have been recognized for over 50 years, gain-control
circuits had a few disadvantages. The tube count is obviously no longer a consideration,
but several other problems plagued early designs. In systems where the gain-control
element involved a light bulb shining on a photoresistor (Figure 4), nonlinearity of the
brightness of the bulb with respect to input voltage made the compression and expansion
ratios variable; worse, they changed from day to day as temperature varied and the bulbs
aged. On systems using variable-gain tube stages (Figure 5), a change in gain-control
voltage changed the plate voltage, introducing an audible “thump” in the output, which
could only be partially corrected by use of a balanced stage. Integrated circuitry, on the
other hand, allows creation of linear gain-controlled amplifiers with balanced stages



matched well enough that DC shift can be reduced to essentially nothing. A number of
integrated circuits have been produced that provide the gain-control function, and even one
or two complete compressors or expanders have been produced by several manufacturers.
None of these devices are intended specifically for telemetry uses, but a number of them
can be used in telemetry circuits to great advantage.

OTHER SYSTEMS

A number of other systems are used to provide dynamic range expansion in audio and
video systems. While their use in communication equipment and consumer hi-fi systems
are similar and perhaps produce even better results for specific uses, most would not be
suitable for telemetry applications. The other systems are described below, for comparison
purposes only; and their differences are noted:

dbx [Always written in small letters]–A compression/expansion system based on use of
the RMS value of the signal for gain control. RMS values correspond better to
perceived loudness than rectified average levels, but channel capacity is defined in
terms of hard limits. Hence, RMS-controlled gain circuits would tend to clip when
near maximum amplitude, especially with non-symmetrical waveforms. Some
implementations of dbx also involve pre-emphasis of high-frequency components
with a corresponding de-emphasis at the receive end. Compression ratio is usually
2:1 or 3:1. The dbx system is used in audio tape and disc systems, and on the
stereo and foreign-language subcarrier on US television (FCC action on 28 March
1984).

Dolby systems–Actually three systems. Dolby A splits the audio spectrum into four
bands, with separate compression on each. Dolby B and C, used in consumer
equipment, operate on high- and midband frequencies only. In all cases,
compression occurs only above some specific threshold, thus a calibration of the
threshold point must accompany any transmission of recording. Because the Dolby
systems are defined for audio systems, they are not defined outside the audio
frequency range.

Limiting (and “soft-knee” limiting) systems–Limiting systems are made in such a way
as to be linear to the input signal up to some threshold where the compression ratio
changes abruptly or gradually (thus in the latter case the expression “soft knee”).
The purpose of limiting is to prevent signals of the greatest magnitude from
clipping when sent through the channel and thus allow gain to be greater for small
signals. While dynamic range restoration is possible up to the point that the
compression is infinite, tracking problems make such reconstruction inaccurate. A
commercial example of such a technique is the CBS’s CX system.



TELEMETRY USES

In a normal telemetry scenario, a wideband transducer (often a crystal accelerometer) is
connected to a wideband data channel. This data channel may be a voltage-controlled
oscillator, or a group of supercommutated pulse-amplitude modulation or pulse-code
modulation multiplexer inputs. In the ground station, the recovered signal from the
transducer is generally not displayed directly as a chart recording, which would often be
meaningless, but rather fed to a spectral plotter such as a vibralizer to produce a plot of
spectral density versus time. In post-event analysis, a computer program operates on the
data to show power spectral density at specific times as selected by the data analyst. In
either case, the spectral distribution of the data is of the same or greater importance than
the overall magnitude of the data. Consequently, a transducer signal compressed in
dynamic range for transmission need not necessarily be re-expanded on the ground to be of
use. In post-processing, magnitude information may be calculated and re-inserted by the
computer program that calculates and displays power spectral density, so long as the
compression ratio is known and finite. [If an infinite compression ratio were used,
magnitude would not be recoverable for roughly the same reason that division by zero is a
mathematical absurdity.]

If restoration of dynamic range is desired, an outboard expander must be provided between
the ground station data distributor and display/processing equipment. The ground station
expander can be–but is not necessarily–the same type of IC as used for compression on the
sending end, but in any event must match the sending compressor in compression ratio and
attack and release time.

ATTACK/RELEASE TIME CONSIDERATIONS

Since the gain of the compressor is controlled by the compressor’s input voltage, it follows
that the gain change caused is not instantaneous. The output of a compressor with an input
sinewave burst is shown in Figure 6.

The output of an expander to a similar burst is shown in Figure 7. If–and only if–the attack
time constants of the compressor and expander are the same, and assuming the first part of
the input waveform is not clipped by the nature of the channel between compressor and
expander, the sinewave burst is reproduced without gain distortion at the expander output.
If attack time and release time are independently variable, they would likewise be required
to be identical. Attack time for audio circuits is generally set at about 50 ms
–approximately the syllabic rate in human speech, but any rate could be used so long as no
significant distortion of the lowest frequencies present is produced. [Too rapid a response
time will decrease low-frequency response by rounding off waveforms with a control
voltage containing the data signal itself.] Some compander circuits, such as the Signetics



SE 574, allow independent adjustment of attack and release time, which can be
advantageous with certain types of signals.

If the signal level of an input is likely to change radically, or if operation close to the
maximum of the channel is anticipated for a substantial portion of the time, it should be
considered that the channel capacity may be exceeded, and thus clipping might occur,
when the signal momentarily exceeds the channel capacity and before the gain-control
circuit has had time to react. Such a situation is shown in Figure 8. This distortion will be
passed through to the output and is not easily removed. A spectral plot of a clipped signal
will show harmonics not actually present in the original, and possibly intermodulation
products if more than one frequency was present in the original. These effects are
transitory, however, and do not effect a search for resonances, for example, in the data.

CONCLUSIONS

Advances in the art of integrated circuits, and demand for gain-control devices by other
types of users make possible inclusion of such circuits to increase dynamic range of certain
types of AC signals encountered in some telemetry systems. Dynamic range increases of
up to a factor of four can be obtained with manageable side effects. Little or no ground
station modification is required for some uses. As a result of all these considerations, the
use of companding is likely to see greater use in future telemetry system designs.
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FIGURE 1.  Sinewave With 1% Noise.

FIGURE 2.  Sinewave With 10% Noise.

FIGURE 3.  Sinewave With 100% noise.



FIGURE 4.  Photoresistive Compressor and Expander.

FIGURE 5.  Tube-Type Gain-Control Stage.

FIGURE 6.  Compressor Response to Sinewave Burst.



FIGURE 7.  Expander Response to Sinewave Burst.

FIGURE 8.  Clipping Due to Channel Limits.


