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Analyzing Active
Cancellation

Stealth

ctive cancellation stealth techniques have

been in the planning phase for many years,

and may now be put into practice with the

availability of modern RF/microwave and
digital electronics technologies. Military forces constantly
seek tactical advantages; when properly implemented, active
stealth methods can provide these. When developing cancel-
ling waves and signals, errors in amplitude and phase must be
minimized and various other factors must be considered to
achieve true stealth performance.

The concept of active cancellation stealth has actually existed
since the 1960s, with the basic idea being to produce a train of
coherent waves that will render the target "invisible." Active
cancellation methods have several advantages compared to
passive stealth techniques: They do not require changing the
shape of a target, or spraying it, or coating it with absorbing
materials. They also can be used in many different frequency
bands, as well as adjusted to the parameters of an incident radar
wave signal. But active cancellation becomes more difficult with
increasing frequency, making it appear most suitable for lower-
frequency radar-cross-section-reduction (RCSR) applications,
where passive stealth techniques have yielded poor results.!

Active cancellation stealth is believed to be a smart and adap-
tive technique that produces a artificial radiation field. Such
a field has equal amplitudes and same-frequency, but oppo-
site phase from the target’s scattering field. The enemy radar
receiver is always located in the synthetic pattern zero, thereby
suppressing the target echo signal received by enemy radar and
ultimately achieving stealthy aim. The availability of modern
microelectronics technologies is enabling more practical active
cancellation stealth solutions.

According to the definition of RCS,? it can be expressed as:
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Advances in microelectronics may one day make
today’s largely theoretical active cancellation
stealth techniques for radar more practical.

where:

(0)%° = the complex root of the RCS scatterer;

\ = the wavelength;

k = 2n/\ = the wave number;

e, = a unit vector aligned along the electric polarization of the
receiver;

R = the distance between the radar and the scatterer;

E, = the vector of the scattered field; and

E; = the electric field strength of the incident wave impinging
on the target.

In theory, the RCS of a target (as it appears in different direc-
tions) can be measured accurately, as can the transient charac-
teristics of a radar’s incident field. A radar systems electromag-
netic (EM) waves share characteristics with acoustic waves,
and can be coherently stacked or cancelled in a similar way. In
theory, achieving active cancellation is possible with a radar
system by generating a wave with opposite phase.

According to ref. 3, any radar echo that satisfies the condi-
tions described by Eq. 2 can be cancelled out completely:
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1. The field amplitude ratio curve shows that cancellation effects occur

when a has an integer value.
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(2)
A= (Zk + I)Jr,k is an integer.

where:

Aa = amplitude error;

Af = frequency error; and
A@ = phase error.

Unfortunately, a number of extraneous and often uncontrol-
lable factors can yield errors when attempting to generate pre-
cise radar cancellation signals, defeating attempts at achieving
active cancellation stealth effects. Minimizing these errors thus
requires some analysis. Since waves reflecting from a complex
target can be resolved into a collection of N discrete scatterers
or scattering centers, Eq. 1 can be written in the form of Eq. 3%

2
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where:

0, = the RCS of the nth scatterers and

¢, = the relative phase of the scatterer’s contribution due to its
physical location in space.

Many factors can impact the effectiveness of active can-
cellation efforts, with frequency error the most influential of
these factors. Frequency errors can destroy signal coherent and
cause a signal beat phenomenon, with loss of ideal cancellation
effects. Even when the frequency difference is small and the
signal is in pulse mode, new problems can arise. To simplify the
radar cancellation model, the initial values of phase differences
between two carriers can be set at odd times of m. The pulse
train signal is represented by the sampling function:

25 Oy(t - 0T

The synthesis of the field amplitude can be expressed by
means of Eq. 4:

|E|= 2E02|sin(naﬂ)| (4)

where:

T, = the pulse repetition period;
a=Af/Qg

Oy =2n/T,and E is given by Eq. 5:

|E|2 = 4E02 E E|sin(ma;r)sin (nan)| (5)
m n
The coefficients of Egs. 4 and 5 reach 0 at the same time if
(and only if) variable a is an integer, which is when the stealth
cancellation effect is at its best. When the number of pulse accu-
mulations by the stealth system is large, such as 100, the cancel-
lation effect is almost minimal. Figure I shows amplitude ratio
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frequency toler-

ance must be extremely tight in any active cancellation stealth
approach.

In general, an active cancellation system can be divided into
transmit and response waveforms according to the different
methods of generating a cancellation wave. The transmit system
must achieve consistent and accurate frequency, which may be
possible through the application of digital-radio-frequency-
memory (DRFM) technology.>”’

Considering the effects of phase errors, Eq. 6 can be derived
from Eq. 3:

- M
o =4sin ( 2) (6)

where:

0 = 0/0; = the normalized RCS

0 = the original target RCS;

Ao =0y -05- 2k + 1)m;

0 = the phase of the target; and

07 = the phase of the cancelling wave.

A plot of normalized RCS versus phase error is a parabolic
curve (Fig. 2). From the chart, it can be seen that the phase error
can’t exceed 60 deg.; the coherent wave can't otherwise cancel
the target echo, but may strengthen the scattering characteris-
tics of the target. Since the curve is steep, it is indicating that the
active cancellation stealth is very sensitive to phase error, and
must be minimized in practice.

If only considering the effects of amplitude error, the follow-
ing equation can be derived from Egs. 2 and 3, resulting in Eq. 7:

o-(1-viva) (1)

where:
a=Ao/opand
Ao = the amplitude error.

Figure 3 plots the relation between normalized RCS and the
amplitude error. Since the curve has a gentle slope, it suggests
that active cancellation stealth is not overly sensitive to ampli-
tude errors. From Eq. 7, the scattering characteristics of target
have not changed when a = -1 or a = 3, indicating little stealth

73



Cancellation Stealth Techniques

effects from ampli- (1)8
tude shifts. When 6 08
ais greater than 3, 5 82
[
the target echo is % 0.5 \
strengthened. Fig- s 8431 \
ure 4 shows that < 0.2 \
normalized RCS 0.1 \
can change when 07005 0 05 10 15 20 25 30

a

phase and ampli-
tude errors occur 3. This curve shows normalized RCS versus
simultaneously. amplitude error.

With only phase

or amplitude

errors, stealth conditions may not be severe. But when both
errors occur simultaneously, achieving stealth conditions will
be more difficult.

Some researchers have proposed an active cancellation sys-
tem for special signals.® The system must provide a number of
functions, including real-time measurement of the signals of
interest, precise target RCS, and transfer of data, and dealing
with electromagnetic-compatibility (EMC) issues.

Measurements are more challenging since the modern radar
reconnaissance environment has become more complex in
terms of frequency range and the number of pulses in the time
domain. With the evolution of electronic hardware and soft-
ware, modern signals and modulation formats become more
complex, making measurements of these signals more difficult.

The growing use of digital-signal-processing (DSP) technol-
ogy is radar receivers has helped to improve radar reconnais-
sance capabilities. In theory, DSP technology can treat signals in
many different complicated EM environments, but in practice,
may be subject to a number of bottlenecks. These include the
limited processing speeds of broadband analog-to-digital con-
verters (ADC) and supporting circuitry versus rapidly changing
signal conditions for radar signals.

Some help may be available in the use of a broadband digital
channel receiving and processing system realized through the
use of a Fast Fourier Transform (FFT) algorithm that is based
on the use of a field-programmable gate array (FPGA).”!* This
enables the stealth system to perform high-speed signal pro-
cessing and real-time measurements.

Determining the RCS of a radar target greatly impacts how
effectively cancellation responses can be generated. The RCS
of a target is based on complex physical parameters. Not only is
it linked to the shape and physical properties of the target, but
it also has a close relationship with the incident EM waves. In
addition, the sight angle between the target and the receiver can
impact any RCS analysis. For example, the RCS characteristic of
a large and complex shape aircraft can change one to two orders
of magnitude in tenths of a degree of sight angle range.

A target’s RCS can be determined by means of theory/analy-
sis or by actual measurements. Theoretical approaches have
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been refined to accuracy with less than 3-dB error for many
targets. Improving instruments, on the other hand, provides
measurement accuracy in the range of 1 dB or less for errors.
But three-dimensional RCS analysis can be quite complex.

Target RCS is not so much dependent upon the radar wave-
length as on the polarization of the radar, and a large amount of
data must be processed in any cancellation efforts. As an exam-
ple, for a target RCS covered in the microwave region, if one
band was intercepted, information would be required to cal-
culate as many as 500 data sets for analysis. If two polarization
modes are considered, the amount of data would be doubled.

Data process requirements would increase further by con-
sidering the effects of azimuth angle (from 0 to 360 deg.) and
elevation angle (from 0 to 180 deg.) on the computations. If
the calculation interval is at 1 deg. and each RCS data segment
consumes 4 B memory, the target RCS will require data storage
approaching 494 MB.

To meet the data requirements of real-time processing a
parallel array architecture with a data pipeline is often used.
For example, the FPGA + DSP + double-date-rate-3 (DDR3)
architecture has been widely used for signal processing and data
analysis in these demanding systems. In an example system (Fig.
5), DSPO is the main processor and the other three DSPs serve
as coprocessors. The system reconfiguration can be improved
by using a mesh grid structure, where an FPGA is used as a
coprocessor to complete the interface control and data commu-
nications for each DSP.

Active cancellation stealth technology depends on precise
generation and control of cancellation waves. Previously, ampli-
tude control of radar signals has been achieved by adjusting
transmitter power. But with phased-array radar systems, adjust-
ments in both amplitude and phase can impact radar signal
amplitude levels. To ensure a system is capable of real-time per-
formance, open-loop adaptive digital beam formation (DBF)
must be used to minimize different kinds of interference across
alarge dynamic range. Its principle is shown in Fig. 6.
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4. The normalized RCS can change when simultaneous phase and

amplitude errors occur.
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If the RCS of a target can be effectively reduced by cancel-
lation of an EM field, then active cancellation stealth has been
realized. But defining complete or partial stealth requires some
index or threshold. As with cancellation, a definition of the
stealth effect can be expressed by Eq. 8:

S=20log[1 + |AE/ E{|] (8)

where:
Es = Asej¢se$s
Ec = Acej¢ce$c
AE = Al ¢te$t
A = the amplitude; the subscripts s, ¢, and t = the target, cancel-
lation field, and residual field, respectively; and e = the polar-
ization mode.
Using decibels as units, the cancellation can be rewritten:

S =20log(1 + (1074B/20)2 _2 x 1072B/20 cos(Ad) + 1]° (9)

where A = ¢, — ¢, with the units in radians and AB = 20log(A;)
-201og(A).

When s = 0, complete stealth has been realized. The effect of
stealth can also be characterized by the absolute or relative value
of the least power density from the detected target versus clutter.

Active cancellation stealth technology is very sensitive to EM
fields, and external fields can readily introduce interference
errors. As a result, achieving EMC in any active cancellation
stealth system design is essential.

The technologies needed to enable active stealth cancellation
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6. A principle diagram of an open-loop adaptive DBF shows how

interference is minimized.

techniques are improving. Nevertheless, practical application
of these technologies may still be somewhere in the future. Gl
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