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The Dynamic Range Tester: A Multipurpose
“Real-World” Signal Simulator for
Correlator Testing and Other Applications
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Abstract—The dynamic range tester (DRT) is a patented
prototype system that functions as a dual-channel, precision
signal-to-noise ratio (SNR) generator [1]. It was designed for
testing high-speed acoustooptic correlators, and can be used for
many applications requiring “real-world” test signals. The DRT
is a convenient tool for generating two highly isolated, noisy test
signals from a single signal source, to simulate two antennas
receiving the same signals. By splitting a user-supplied signal
into two copies and adding wideband, random noise to each
portion, the DRT generates two noisy test signals, one in each
channel. The noise generated in one channel of the DRT is
uncorrelated and isolated from the noise generated in the other
channel by approximately 90 dB. The correlated (signal) and
uncorrelated (noise) parts of the test signals are each variable
over a wide dynamic range. The DRT is useful for a variety of
testing and demonstration purposes: generally, for evaluating a
system'’s tolerance to noisy inputs and specifically, for making
measurements of dynamic range, processing gain, and frequency
resolution of a correlator, spectrum analyzer, or other signal Fig 1. Pphotograph of the prototype DRT.
processing system. The DRT can also use two signal sources,
one in each noisy channel, to simulate two antennas receiving

different signals. This configuration of the DRT may be useful for NS{ ——
performing interference and bandwidth testing of signal process- 5I61 %

ing hardware. The patented design is extendible to all frequency Configuration 1

ranges, perhaps for producing useful instrumentation in such N§2——-
fields as telecommunications, telemetry, biomedical engineering,

etc.

NSt ——
Index Terms—Acoustooptic correlators, antennas, correlators, Confi tion 2 Sis1
interference, spread spectrum communications, test equipment, onhiguration NSZ——

white noise.
NS{—
5161—%—-[__—
I. INTRODUCTION 5162
Configuration 3
NS2——

HE dynamic range tester (DRT) is a versatile labora-
tory instrument for genel’ating two h'ghly isolated “real- Note: All configurations include separate, variable attenuators (not
world” signals, each with variable signal-to-noise ratio (SNR)  shown) for each noise channel, NS1 and NS2.
over a wide dynamic range. A prototype of the DRT hagg 2. Three related configurations of the DRT.
an operating range from 30 MHz to 400 MHz (see Fig. 1).
The DRT can be operated in three related configurations,
selectable by switches on the front panel (see Fig. 2). The ugée two noisy channels of the DRT. Precision attenuators, also
supplied signals processed by the DRT may be narrowba@eressible on the front panel of the DRT, control the signal
or wideband, for instance, a spread-spectrum or frequen@pd excess noise power through the DRT.
hopping signal. An unlimited number of frequency ranges for
the generated signals may be chosen by selecting from a bank II. BACKGROUND

of filters or connecting a filter at the designated ports in each of . . .
9 9 P Thermal noise, present in all electrical systems and caused

by the thermal agitation of electrons, limits the processing of

Manuscript received June 1, 1997; revised April 1, 1998. low-level electrical signals [2]. A measure of the relative level
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for expressing the ratio of two power signals, defined as array is recorded as a matrix of electrical voltages for further
Number of dB— 10 log P»/P 1 processing and/or display. AO correlators will detect signals
umber of dB= 10 log /Py () with common frequencies in their two RF inputs and will reject

When power measurements are expressed in absolute term§ig§imilar signals, such as independent, random noise. The AO

replacing the denominator in (1) with a reference power levéiPectrum analyzer operates similarly. It maps the electrical
Py, the power measurement is defined as voltages from the photodectector array to produce a frequency

versus amplitude display of a single RF input.
Number of dB (absolute} 10 log P/F. (2) During the development and testing of AO correlators and

c v in the field of RE sianal . ¢ Sé)ectrum analyzers, it is useful to generate test signals in
ommonly, in the hield o signal processing, a reterengfie laboratory in order to quantify system parameters such
power of 1 mW is used, and (2) becomes

as dynamic range, correlator-processing gain, or frequency

Number of dBm= 10 log P/1 mW. (3) resolution. Further, it is convenient to have two test signals

that are calibrated and easily variable over a range of SNR’s,

The ratio of two power measurements with both numerator ajghere the noise in each test signal is uncorrelated from the
denominator expressed in units of dBm, such as SNR, is thether. Because there are no commercially available instruments
quite readily calculated as a difference, since the following igsailable to satisfy these and other requirements, the DRT is
a property of logarithms: designed as an inexpensive test instrument and constructed us-

) L ) ing off-the-shelf components. The DRT is used to demonstrate

log A/B =log A —log B. () the response of an AO or RF system to simulated real-world

Throughout this paper and in experiments using the DR$ignals in the laboratory. It is used for a wide range of testing
signal and noise power are measured in dBm, so that SNR#d demonstration purposes, and is especially intended for
can be easily calculated as the difference between the sigi@yices processing two inputs, such as correlators or dual-
and noise power. channel receivers. The design and uses of the DRT are the
Most electrical systems work on signals defined by positiviibject of this paper.
SNR'’s, where the signal power is greater than the noise
power. If the signal power falls below the noise power, the
SNR becomes negative and the signal is said to be “buried!!
in the noise.” High-speed correlators are designed to detecThe DRT was designed for a maximum noise power of 1 W
signals that are defined by negative SNR’s, by performirigr a 20 MHz bandwidth out of each channel. Since noise
a mathematical correlation of two signals and thus “pullingower varies linearly with bandwidth, more noise power is
the signals out of the noise.” This is possible if the noise {mocessed through the DRT when larger bandwidth filters are
uncorrelated between each of the two signals being procesasdd [2]. The use of larger bandwidth filters is allowed with
in the correlator, or if the resulting signal correlation is strongéhe additional requirement for user-tuned attenuation via the
than the noise correlation. front panel of the DRT. This user-tuned attenuation limits the
Acoustooptic (AO) correlators and spectrum analyzers aggcess noise power that is contained in the larger bandwidth,
used to perform very wideband processing in real time [5]. A6b that the maximum noise power at each output remains 1 W.
correlators may be characterized by processing gain, whielter bandwidths smaller than 20 MHz may be used, but the
can be thought of as the depth from which a correlator camaximum power available in the outputs will be proportionally
extract signals from below noise level. This parameter camaller than 1 W.
be experimentally verified with two independently noisy and The DRT creates real-world signals by combining internally
variable test signals. Recall that dynamic range is generafjgnerated, Gaussian-distributed, wideband noise and user-
defined as the difference between the highest and lowest sigsalplied signals into two highly isolated channels. An artificial
in terms of power, that any system can process simultaneousbtise floor is created in each channel of the DRT using a
[4]. Processing gain can be thought of as dynamic range, wherieleband (1 GHz) diode noise source, user-selectable filtering,
the high signal is the noise, and the low signal is the “cleamihd amplification to raise the level of the DRT noise floor in
or information-carrying signal. the frequency range of interest. The ratio of noise power out of
The DRT was specifically designed to test the AO correla diode noise source to the noise floor is known as the excess
tors and spectrum analyzers developed at the Army Reseanclise ratio (ENR) and is specific to the individual device. In
Laboratory, which are both space- and time-integrating procéBe DRT, noise sources having ENR33 dB are used. Each
sors [5]. These AO signal processing systems use piezoeleatrdése source is enclosed in a copper box and powered by
transducers to convert RF signals to acoustic signals tlitat own battery pack. Separate voltage regulator circuits and
interact with laser light. As the acoustic signals propagaetectromagnetic interference (EMI) filters are used with each
through a medium, they cause a periodic variation in it®ise source. The generated noise is amplified to a maximum
index of refraction. This sets up a diffraction grating thadf 1 W in each output of the DRT. This power level is available
then modulates a coherent light beam as it passes throuigh.bandwidths from a minimum 20 MHz up to the system
Correlation is realized using two modulated light beams, tandwidth of approximately 400 MHz, with the requirement
one light beam twice modulated and a reference beam. Toe user-tuned attenuation to be set in each noise channel,
interference pattern of the two beams on a photodetectmrcordingly (see Table I).

D ESIGN OF THEDRT SGNAL-PLUS-NOISE CHANNELS
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TABLE |
FILTER BANKS IN THE PROTOTYPE DRT AND NOISE CHANNEL ATTENUATION SETTINGS
Filter Center frequency Bandwidth Noise channel
number (MHz) (MHz) attenuation setting (dB)
1 45 30 2
2 175 60 5
3 180 60 5
4 200 400 13
5 300 100 6
6 External connection External connection 10 log(B/20 MHz)
EMI
NiCd Filter
Battery o
Pack ¢ Sealed Copper Box Isolation, Pt. 1 to Pt. 2 = 88/90 dB
30cells |V
n senes Regula_tor Pt.1
14 Vicen | Gnd Circuit noise channel 1
max -35
Copper off ilier bank)_{>__{>' Signal + Noise Channel 1
Divider [
Diode
Noise Source 1
ENR = 33 dB
-20
NiCd Eﬁgr signal channel —23/-25 Note: (Signal switch "on"/"off")
Battery
Pack Sealed Copper Box
30cells | +v
in series — Reoul 20
14 Vicell | Gud Citcuit \j
max
Copper filter bank)—-D—D— Signal + Noise Channel 2
Divider ] on S
Noise Source 2 noise channel 2
ENR = 33 dB

Fig. 3. Creating the isolated signal plus noise channels.

The means of injecting a common signal into these twequiring a nominal signal input o020 dBm. The total
channels uses three power splitters/combiners (see Fig.r@aximum output level, at each output is 2 W, and is composed
Isolation of the two channels is vital to preserving the inef equal parts signal and noise. The power level of the input
dependently random noise that each contains. Since the posignal and added noise components in each of the two outputs
splitters/combiners do not provide perfect isolation, channelof the DRT are independently variable via user controls, so
noise will leak into channel 2 and vice versa. To suppress thisat a range of SNR’s may be generated in each output. Highly
interference, attenuation is inserted into the path that the notsdibrated attenuators, ranging from 0 dB to 110 dB in steps
leakage will follow. Although this leakage still occurs, theof 1 dB, operate on the signal and noise in each channel.
power level is negligible upon reaching the opposite chann&he signal or excess noise in each channel may also be
The inserted attenuation value is large enough to providelependently turned off using front panel switches. With the
sufficient noise isolation, yet small enough to permit the usesystem noise floor of the DRT being approximatelg0 dBm
supplied signal to pass through to both channels, following a 20-MHz bandwidth, the signal power may be varied over a
its original split. The exact attenuation value is determined I80-dB range in each output, when using a 20-MHz bandwidth
taking into account other system requirements. filter in each channel.

A complete block diagram of the DRT is shown in Fig. 4. The DRT is designed to allow a range of bandwidths to be
The DRT provides 50 dB signal gain to a maximum ofised for the generated signals. Table | details the contents of
1 W (+30 dBm) in each of the two outputs simultaneouslythe two identical filter banks, which are accessed separately
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Fig. 4. Complete block diagram of the DRT.

on the front panel of the DRT. These filters match the specifimise is always present. Therefore, SNR is calculated as
systems that the DRT was designed to test. Noise powerfadows:

proportional to the bandwidth of the selected filter in each

channel. Selected noise bandwidths greater than the designed SNR dB= 10 x log { (S+N)—-N } (W). (5)
minimum of 20 MHz require that the precision attenuator in N

the respective noise channel be set accordingly to limit the

excess noise power through the DRT, which still provide§"S Superposition of signal and noise in the output is a

the maximum 1 W noise power in each output. Use of filten@lid assumption, gince therma_l noise has Gaussian-_distribute_d
with bandwidths less than the designed minimum of 20 MHa"domness and is therefore independent of the signal. This
will equate to maximum power in the outputs proportionall)t/h‘?oret'cal calculation would be used if theIS|gnaI and true
smaller than 1 W. noise floor level were on the same order, since there would
The DRT uses four variable attenuators, mounted on tR& N0 way to turn the noise off. The DRT design, however, is
front panel of the prototype DRT, to alter the signal and noi@?ed on haylng an artificial noise floor in ea<_:h of its outputs
power in the DRT outputs. The DRT may be used in threhich may, in fact, be turned off and on using front panel
related ways. In all three instances, the user may decrease3fféches. This artificial noise floor may be set to various power
amount of noise added to the user-supplied (clean) signal'?rY_els’ many well abovg the system noise floor. This excess
each channel independentlysing two of the four attenuators,N°iS€ power and the signal power in the DRT outputs must
The other two attenuators affect the clean signals in the DRE Set t0 high levels, so that direct measurement of "noise
as follows (see Fig. 2). First, a single signal is split into tw@NlY” @nd “signal only” can be made by using front-panel
separate signals and each is combined with the band-limi¥itches to cutoff signal or noise power, respectively. The
white noise to form two independent channels: the power leJBRXIMUM excess noise levels and signal levels;30 dBm,
of the clean signals iattenuated equally in both channeising '€ much larger than the actual DRT noise flee;50 dBm in

one attenuator. Second, the clean signal of the second outp@ &0 MHz bandwidth. Therefore, when signal and noise power

further attenuated independentlging the second attenuator.levels are well above the noise floor, direct measurement of
jgnal only and excess noise only can be made, ignoring the

Third, the DRT creates two unrelated signals by combinirﬁj < . ; .
white noise with two separate user-supplied signals. The clediflition of the DRT noise floor, which becomes negligible.

signal component in each of thesdnslependently attenuated”!l NCise power measurements are based on average power
using the two attenuators. and may be verified with a high-quality power meter with

the use of a thermocouple sensor. Reducing the SNR of the
output signals then relies upon the calibrated attenuators of
the DRT. Signal power may be measured as peak power or

Normally, in the measurement of SNR, a true measuremeerage power, depending on the signal type supplied and the
of “signal only” cannot be made directly because some thern@dwer sensor used.

IV. SIGNAL AND NOISE POWER MEASUREMENTS
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The function of the DRT is to generate test signals havirggnerates “real-world” signals by combining wideband noise
variable SNR, both positive and negative, for use in testirapd user supplied signals into two highly isolated channels.
AO correlators as well as other systems. In order to do siowas designed as an application-specific test instrument for
accurately, test signals with a particular SNR are initiallgetermining high-speed correlator processing gain. However,
generated using signal and excess noise power levels itet DRT has extended usage as a useful laboratory instru-
are well above the noise floor of the DRT. These signals ament for generating real-world or noisy RF signals for many
individually measured in the DRT outputs directly using thapplications. It can be used for a variety of testing purposes
front-panel cutoff switches. Signal only (in dBm) in the outpuand is a versatile demonstration tool. The design of the DRT
may be measured as peak power or average power, dependsy be extended to other frequency ranges to produce useful
upon the user’s interest. A thermocouple power sensor wilistrumentation for telecommunications, telemetry, biomedical
detect the average power of noise only (in dBm) in thapplications, etc.
output. “SNR” (in decibels) is simply the difference of these
measurements. It should be noted whether peak (SNR
or average (“SNR,") power measurement is used for the
signal. [1] A. M. P. Marinelli and M. S. Patterson, “Dynamic range tester,” U.S.

. Subsequently, th.e DRT's high-quality, calibrated a.‘ttenuat(.)r%] Egtin;pﬁéaet?o?glbgogfjl’, }I?l?r?damentals of RF and microwave noise
give accurate and independent control to the user in lowering" figyre measurements,” 1983.
signal and excess noise power levels in the outputs. Initid8] H. W. Ott, Noise Reduction Techniques in Electronic Systeind, ed.
SNR is Se_‘t using relatively high power levels of signal an_ 4 'II\'Ir?(:VNYe(\)/:/kI'E\I/EVIgegt’aﬂ?ir;rdlgD?clt'ionary of Electrical and Electronics Terms
excess noise. SNR’s made up of lower power levels or negative |EEE-STD-100-1992, 1993.
SNR's are generated by simply setting calibrated attenuatofal Acousto-Optic Signal Processing Theory and Implementatién J.
to the required values and subtracting from the initial power ?ge;%.and J- M. Pellegrino, Eds., 2nd ed.  New York: Marcel-Dekker,
levels.

The use of the DRT is limited by the real noise floor. As the
signal level approaches the real system noise floor, its power
can be calculated by subtracting the thermocouple sensor mea-
surement of N from (S N) in (5). When these measurements
register the same value, the signal power contribution is zero.

The DRT is designed for reliable use above this region, whefgne Marie Petiich Marinelli (M'94) was born in lllinos in 1965. She re-
. . ceived the B.S. degree in electrical engineering from Northwestern University,
signal power approaches the real noise floor. Evanston, IL, in 1987, and the M.S. degree in computer science from the Johns
Hopkins University, Baltimore, MD, in 1993.
Since 1987, she has been an Electronics Engineer at the U.S. Army Research
V. CONCLUSION Laboratory (formerly Harry Diamond Laboratories), Adelphi, MD. She was
. . warded a U.S. Patent for the dynamic range tester in 1995. Her areas of
The DRT is a prototyped, patented, analog 'nStrume'}tsearch include RF signal processing, image compression algorithms, and

operating in the RF range of 30 MHz to 400 MHz. ltided target recognition.
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