DYNAMIC RANGE

Onlp with accurate, meaningful and well understood dynamic range figures can suitable data collection
and recording equipment be selected.

Michael E. Gruchalla, EG&G, EM, Inc., Albuquerque, NM

INTRODUCTION

Dynamic range is perhaps one of
the single most important parame-
ters of linear analog data transmis-
sion systems. The dynamic range de-
fines the useful limits of signal excur-
sions that may be communicated
through the system. A wide dynamic
range is important in many, if not
most, data acquisition tasks to allow
the accurate capturing of both the
large signal details as well as the very
small fine amplitude structure of the
signal. If typical dynamic range fig-
ures were generally many orders of
magnitude, a value a few dB higher
or lower would be of little signifi-
cance. A loss of 6 dB in dynamic
range in a system with an 80-dB dy-
namic range is much less significant
than the loss of 6 dB in a system with
a 20-dB dynamic range, although in
both cases the loss represents a fac-
tor of two reduction in dynamic sig-
nal resolution. Another complicating
factor is that the dynamic range may
be specified in several ways, such as
a ratio of time-domain signals or as
the ratio of spectral components in
the frequency domain. Since it is of-
ten difficult to correlate measure-
ments made in one manner to a
specification made in another, the
best practice is to specify the dynam-
ic measurements under the same
conditions as the intended applica-
tions. If a system is to be used for
both time-domain and spectral data,
then both a time domain and a spec-
tral dynamic range should be speci-
fied.

Unfortunately, many data com-
munication systems tend to have rel-
atively low dynamic range capabili
ties. A very accurate specification of
the dynamic range of such systems is
then quite important to the data sys-
tem engineer trying to use these data
systems to collect meaningful data.
Only with accurate, meaningful and
well understood dynamic range fig-
ures can suitable data collection and
recording equipment be selected.

Interference Technology Engineers’ Master

However, there are numerous opin-
ions on just how to define dynamic
range. It is the purpose of this article
to explore the basic limits required
for a “useful” dynamic-range specifi-
cation and to provide some back-
ground on what those limits imply.
Using those limits, a “useful dynamic
range” specification will be defined
for typical data acquisition tasks.

In principle, it would seem that the"

definition of dynamic range should
be quite simple and straightforward.
It is simply the ratio of the maximum
signal level that may be transferred
by a system to the minimum that
may be transferred. The definition
certainly seems simple. The difficulty
arises when one tries to define just
what the “maximum” and “mini-
mumn” signal levels are for a system.
The vendors of a system tend to
choose limiting definitions that result
in the largest possible numbers for
dynamic range. Purchasers of a sys-
tem tend to restrict the limits to the
range within which they are assured
that the data collected is not corrupt-
ed by the system. As a result, some
disagreement and confusion can re-
sult in the dynamic range specifica-
tion as applied to analog data acqui-
sition systems.

THE MAXIMUM SIGNAL

The maximum signal level is con-
sidered first, since it is perhaps the
least subjective of the two limits to
define. Simply, it is the largest signal
that the system can pass. However,
the difficult question is how much
signal distortion should be tolerated.
Should sinusocidal inputs be output
as square waves? Should a CW sig-
nal having low spectral content be
modified by the data system so that
the signal output contains many
high-level harmonics of the input sig-
nal? These questions are impossible
to answer with absolute certainty.
There are certainly applications

where such signal corruption is of
little consequence.

Instead, the answer to these ques-
tions depends upon how much dis-
tortion is acceptable; and to some
extent, on how the data system be-
haves as it is driven into limiting. If
any system is driven hard enough, it
will tend to hard-compress. The type
of signal waveform that is to be
passed has a bearing on the effects of
limiting. When passing a square
wave. signal, it is difficult to know
when compression occurs by simply
observing the signal output. A com-
pressed signal would look substan-
tially like a true signal. In the case of
a square wave, compression may not
seriously affect the waveshape, but
any level information is lost.

A sketch of the time-domain out-
put signal of a system exhibiting soft
compression is shown in Figure 1. A
triangular signal is used for ease of
demonstration. The family of curves
represents the output signal that
may be seen with equal increasing
steps in input drive level. The peak
of the signal begins to round above
the level Vi, but the peak output
level continues to increase with in-
creasing drive. At very high drive
levels, the output stops increasing
and the system hard-limits at what is
termed the saturated output level,
Vs,

A sketch of the output of a system
exhibiting hard-limiting is shown in
Figure 2 using the same triangular-
wave time-domain waveform. When
the output signal level reaches V| it
ceases to increase even at very high
drive levels. In this case, the saturat-
ed output level, Vs is equal to the
initial limiting level.

The purpose of examining these
generalized output signals under lim-
iting conditions is to provide some
insight in choosing the standardized
“maximum’’ signal specifications for
the dynamic range calculation. In a
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