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ABSTRACT

Gating is a widely used technique of improving RCS
measurements. However, the exact type of gating
used has a dramatic effect on such parameters as
dynamic range and clutter rejection. Time Domain
Gating offers significant advantages over software
gating as used in some network and spectrum ana-

lyzers. This paper explores a technique used by
Scientific-Atlanta in CW and FMCW RCS measure-
ments. With the adaptation of an external com-

puter controlled hardware gating unit, existing

RCS and antenna systems can be retrofitted for
significant performance improvements.

INTRODUCTION

RCS data reduction techniques can involve a

variety of options such as subtraction, processing
windows, software gating and hardware gating. The
exact manner in which any or all of these tech-
niques 1is wused can influence measured electro-
magnetic characteristics. The purpose of this
paper is to explore the effects of hardware gating
on a variety of RCS measurement configurations.
Experimental data for some configurations will
serve to underscore the practical aspects of this
technique. It is certainly true that the gating
methods explored here can also be used to improve
antenna pattern measurements. However, the scope
of this paper is limited to the following RCS
measurement configurations:

l. FMCW RCS Measurements
2. Stepped Frequency RCS Measurements
3. CW RCS Measurements

The term "Time Domain Gating” refers to the use of
hardware gating to characterize target zone loca-
tions in terms of propagation delays (nano
seconds) of RF energy used in RCS measurements.
The precise relationship of target distance,
measurement (target extent) requirements and
chamber characteristics can be fully utilized to
minimize the impact of target and chamber inter-
actions. The FMCW measurement section will serve
as a focal point for defining some of the basic

hardware gating considerations. These consid-
erations are examined in the CW and Stepped
Frequency sections where additional requirements
and options are noted.

Hardware gating involves the use of two pulse
generators to delay receive input channels with
respect to transmit. This is done at RF level
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BEFORE the measured response is processed by the
receiver or control computer. A dual channel
pulse generator unit can provide variable pulse
width and delay adjustments required to 'blank'
the receiver during all periods before or after
the target based on propagation delays. A pulse
generator unit can be designed to meet broadband

(2-18 GHz for example) frequency coverage and
isolation requirements. In addition, the on/off
delay for the switches wused in the pulse

generation unit are also critical. 5 nano second
rise times is generally a practical goal. These
requirements are difficult to meet with "off-the-
shelf” equipment.

the
ten

NOTE: 5 nano second rise times on
switches will generate at least a
foot "target window" not including the
minimum pulse duration that can be
achieved. These factors collectively
determine the extent to which portions
of a target can be gated in cases where
objects such as feeds on large antennas
are the actual target of interest.

Prior to calibration and data acquisition, the
time delay between transmit and receive channels
can be set up manually or through computer con-
trol. In addition, unique measurement configu-
ration requirements can be designed into a custom
hardware gating unit.

The following sections refer to hardware gating
techniques as applied to each of three RCS
measurements techniques. The FMCW case is dis-

cussed first to develop background for the various
clutter rejection requirements and techniques.

FMCW RCS MEASUREMENTS

Data for this technique is derived from an RF
signal which is frequency modulated in a linear
fashion. RF energy is linearly swept over a 3 GHz

(typical) band and transmitted to the measurement
chamber. Targets 1in the chamber scatter the
energy back toward the receive antenna identical

to the transmitted energy but delayed in time
(based on range) and level (based on the
individual scattering characteristics of the

reflector source).

The attenuated and delayed target return is mixed
with a sample of the non-delayed transmitted sig—-
nal which produces a complex IF envelope. This



envelope is fast Fourier transformed and displayed
on a spectrum analyzer.

Figure 1 illustrates a RCS high resolution profile
of a compact range measurement. As annotated in
the figure, there are four major areas of unwanted
signal return/interference:

l. Coupling of antennas
2. Unwanted returns in front of the target zone
3. Unwanted returns in the back of the target
zone
4. Signal to noise ratio in the target zone
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Figure 1. Typical FMCW High Resolution Range Plot
In high resolution measurements of this type, the
linear plot represents a number of processing
cells in the time domain (post FFT). For this

particular figure, there are 40l samples over a
bandwidth of 3 GHz. The relationship between
bandwidth and range resolution (AR = C/2B) implies
an unwindowed resolution of 5 cm. As indicated,
the desired target area only includes approxi-
mately 32 cells or 1.6 meters. However, the
entire profile includes 20 meters of coverage.

In order to improve the projected response of the
target, methods of software 'bracketing' around
the target area can be used. This involves user
identification of the target area by cursor con-
trol or direct input of distance or time into a
control computer. As each time domain response is
acquired, the corresponding target area is 'soft-
ware gated' to reject all samples occurring before
and after the gate. Further processing can be

used to ‘clean up' the target response such as
subtraction.

This procedure has an impact on some areas of
concern referred to earlier. However, because
software gating of this type occurs after the

first FFT (in the receiver), contamination due to
scatters outside the target area cannot be totally
eliminated due to the nature of the FFT algo-
rithm. The amplitude of clutter with respect to
the target (in range) also has some impact. In
addition, the dynamic range of the measurement
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cannot be improved in all cases by software
gating. A significant example of this concerns
the case of receiver overload at the start of the
measurement. In cases such as these, the input
signal must be attenuated prior to measurements
regardless of the cause of the overload
condition. In some cases the largest signal the
receiver 'sees' 1s a chamber backwall, antenna
coupling or other factors external to the target
zomne. Unfortunately, attenuation must still be
used to place the input level in operating range
of the receiver.

These problems can be significantly reduced with
hardware gatinge. The receiver overload problems
are eliminated because the hardware gate allows
only energy from the target to enter the
receiver. In addition, processing contamination
is not a factor because the unwanted clutter is
gated out before the receiver performs the first
FFT.

Figure 2 illustrates timing considerations and
results obtained using hardware gating in an FMCW
configuration in a compact range. Using the
transmit and receive gate characteristics as

defined by variables tl - t3,
to R2) can be defined.

the range gate (Rl
The round trip times are:
tR2 =

tRl = ZRI/C, 2R2/c
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The duration of the receive and transmit switch ON
times is given by:
t3 =

tl = 2(R2-R1)/C

The position of the gate window is determined by
2Rl/C

Figure 3 illustrates some results obtained by
hardware gating at the receive preamp. In this
figure, the data recorded is consistent with pre-
dicted results: i.e. [20 log (duty cycle)] signal
loss, [10 log (duty cycle)] noise improvement.
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Snapshots A and B show a comparison of the compact
range profile after the gating implementation
using the timing characteristics of snapshot E.
Snapshots C and D depict the actual time domain
responses before gating.

Snapshot E is an oscilloscope representation of
the timing waveforms applied to the RF switches
determined by the timing requirements of Figure 2.
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STEPPED FREQUENCY RCS MEASUREMENTS

In the stepped frequency measurement, a CW ampli-
tude/phase receiver is combined with a synthesized
signal source to frequency step over some band-
width to produce high resolution data. In this
case computer control over the acquisition allows
faster CW measurements as well as more flexibility
in bandwidth. Unfortunately, gains obtained by
this measurement in frequency synthesis and CW
speed are offset by the acquisition time for high
resolution data. For example, to cover the range

illustrated in the FMCW case with a stepped
frequency measurement would require 401 x the
acquisition time for each frequency. This

combined with the averaging required for accept-
able sensitivity levels can produce acquisitions
requiring as much as one minute for a 401 point
acquisition (compare this to one second or less
for corresponding FMCW measurements). In cases
where multiple rotations of the target are not
required for the RCS measurement, the typical



measurement times indicated may not pose a
problem. This may be true in cases where absorber
characteristics are being evaluated. This usually
requires comparing an 'untreated' target (flat
plate for example) to a 'treated' (reverse side of
a plate coated with absorber material) target.
However, high resolution data sectors covering
hundreds of degrees (360 deg at .10 deg angular
resolution for example) are impractical.

As discussed in the earlier section, consid-
erations of clutter, noise floors and measurement
dynamic range apply in this case. The FFT signal
processing and/or averaging required makes acqui-
sition time an additional factor to contend with.

In addition to resolving the receiver overload
issues of extraneous signals and increasing the
signal to noise ratio in the target zone (in some
cases), hardware gating adds another significant
improvement. The number of frequency steps re-
quired for the resolution in the 3 GHz example for
a 1.6 meter target can be reduced from 401 to
32. This is an effect of essentially using the
hardware gate to start this measurement at
approximately 90-110 ns later in time. Therefore,
in addition to clutter rejection, the measurement
time is reduced from as much as one minute to less
than 3 seconds.

CW RCS MEASUREMENTS

In this configuration, a CW amplitude/phase
receiver is used to measure the RCS response of a
target at single frequency. Nulling techniques
are commonly used to minimize effects of chamber
clutter and unwanted signal interference.
Unfortunately, maintaining nulls at wide
bandwidths is somewhat impractical for this type
of measurement. However, depending on the
switches used and the desired performance
objectives required, a broadband gating unit can
be used instead of chamber nulling.

For this particular measurement, high resolution
is not an issue. However, the receiver dynamic
range and corresponding measurement sensitivity
are. Of particular interest is the case of a
single frequency RCS vs ASPECT measurement. In
this example the assumption 1is that broadband
coverage 1is desired with minimum of setup time.
Without hardware gating, a measurement of this
type with a CW receiver will be severely limited
to the largest interfering signal. 1In the case of
a measurement of a flat plate, the SIN(X)/X
function would be subject to distortion on lower
sidelobe levels due to constant background inter-
ference at some level. The dotted trace in Figure
4 illustrates a typical example of this. Hardware
gating would have the effect of significantly
improving this measurement as illustrated by the
solid trace in Figure 4.
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FLAT PLATE CW MEASUREMENT
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Figure 4. CW RCS vs Aspect (Gated vs Non-Gated)

POTENTIAL FUTURE IMPROVEMENTS

Figure 5 illustrates a higher performance computer
controlled gating system operator menu. In this
configuration, the speed of 'bit slice' signal
processing and graphic display is combined with
the control and interface capability of a computer
to produce the following advantages:

l. 'Real time' time domain display of gate
effects on chamber response.

2. Operator interface for optimum gate setup.
The computer controls the pulse generator
allowing the user to input gating requirements
in nano seconds or meters.

3. Gate width is variable allowing the user the
option of coverage to match the particular
target measurement requirements. This is also
accomplished under computer control.

Scientific Atlanta Time Domain Gating Menu. This menu provides
user control of gating location and width. In addition, cable
factors to compensate for cable lengths are defined. (Menu 08)
o . lMroisge @@:12:38
r 7] | T ke ' K11 | f K12 ]
1 De-activate | Reset Pulse + Gate Window: | 1  Return To |
Gate | Generator(s) | 5.44 meters Main
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Activate Set Target Set Gate Cable Factor:
Gate Dist.: 78 ns Window: 38 ns 7.3 ns
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Figure 5. High Level Gating Interface Menu



CONCLUSIONS

In summary, hardware gating can have a significant
impact on RCS measurements in a variety of con-
figurations. Since the clutter effects are
removed prior to any processing, hardware gating
offers superior improvements over any attempt at
software bracketing. Depending on the measurement
configuration, this gating technique would allow
for improvements such as:

l.Improvement of measurement dynamic range
2.Reduction of measurement acquisition time
3.Rejection of clutter and/or antenna inter-
ference

4.Minimize chamber absorber requirements

The extent to which any or all of these improve-
ments are realized depends on the measurement
technique and the gating hardware used.

Scientific-Atlanta has experimented with hardware
gating in all of the RCS measurement configu~
rations described. A broadband gating unit is
currently in development to address all of the
issues presented here. In addition, the pulse
generator unit will allow 'plug in' compatibility
with existing and future Scientific-Atlanta FMCW
and CW configurations.
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