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1. Introduction

The modern war has much more need for the stealth and capa-
bilities of the weapons, so the world with various military powers
has always tried to find new methods that can make them stealth-
ier. One of which is active cancelation stealth.

The concept of active cancelation stealth was first put forward
in the 1960s. The principle is to produce a train of coherent wave
to reduce the target’s scattering echo through the active mode.
Compared to the passive stealth technology, it has the following
advantages: (1) without changing the shape of target’s, and there-
fore will not affect its performance; (2) without spraying/laying
the absorbing materials, so can greatly shorten the weapon equip-
ment maintenance time; (3) it can work in a plurality of frequency
bands, and can be adjusted according to the parameters of the inci-
dent radar wave signal. However, the relative difficulty of active
cancelation increases with increasing frequency, so the technology
appears most suitable for low-frequency RCSR (Radar Cross-Section
Reduction), where use of passive stealth technology has very poor
results [1].

The work was put on ice fifty years ago because of lower tech
level in developing the technology that was available at the time.
Now that active cancelation stealth is about to be realized with the
rapid development of microelectronics technology, modern radar
technology, computer technology, software technology and signal
processing technology.

* Corresponding author.
E-mail address: xusheng_1@sina.com (S. Xu).

http://dx.doi.org/10.1016/].ijle0.2014.06.144
0030-4026/© 2014 Elsevier GmbH. All rights reserved.

2. Basic principle

Active cancelation stealth is believed to be a smart and adap-
tive technique that produces a artificial radiation field which have
equal amplitudes and same-frequency, but opposite phase from the
target’s scattering field.

So the enemy radar receiver always located in the synthetic pat-
tern zero, thereby suppressing the target echo signal received by
enemy radar, and ultimately achieve stealthy aim.

According to the definition of RCS [2], we can write it as follows:
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(2.1)

where /o is complex root of the RCS scatterer; A is wavelength;
k=27/)is wave number; e; is a unit vector aligned along the electric
polarization of the receiver; Ris distance between the radar and the
scatterer; Es is vector of the scattered field; E; is the electric-field
strength of the incident wave impinging on the target.

In theory, the RCS of target in different directions can be mea-
sured accurately, and the transient characteristic of radar incident
field also can be measured with accuracy through the sensor in plat-
form. And electromagnetic wave has the same characteristics with
the acoustic wave, it can be coherence stacked or canceled. So the
coherent but opposite phase field can always be generated in the
radar direction and scattering field, namely, the active cancelation
is established theoretically.
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Fig. 1. Field amplitude ratio curve.

According to [3], any radar echo that satisfies the conditions
described below can be canceled out completely.

Aa=0;

Ap=2k+1)m,

(2.2)
k is an integer.

where Aa is the amplitude error, Afis the frequency error and A¢
is the phase error.

But it turned out, there are some errors of cancelation signal
caused by the some of the extraneous and uncontrolled factors.
These would produce the negative influence on active cancelation
stealth effect.

2.1. Effect of frequency error

The complex target can be resolved into a collection of N dis-
crete scatterers or scattering centers, then the formula (2.1) can be
written in another form [4]:

2

N
o= Zmef% (2.3)

n=1

where o, is the RCS of the nth scatters; ¢, is the relative phase of
the scatter’s contribution due to its physical location in space.
There are many reasons influencing the effect of the active can-
celation, of which the most influential was the frequency error.
Because of the frequency difference will destroy the coherence and
cause the beat phenomenon, and thus can not obtain ideal cance-
lation effect. But when the difference is very small, and the signal
is pulse mode, there will be some new characteristic. In order to
simplify the model, the initial values of phase difference about the
two carriers can be set as the odd times of 7. And the pulse train

signal will be represented by sampling function Z(Sn (t —nTt). So

n
the synthesis of the field amplitude can be expressed as follows:

|E’ = ZEOZ |sin(nan)’ (24)

where T; is pulse repetition period; a = Af/$2;, §2t = 21/ T;.
|E’2 = 450222 |sin(mar)sin (nar)|
m n

Obviously, the coefficient of formula (2.4) and (2.5) is of value
0 at the same time if and only if a is an integer. At this time, the
cancelation effect is best. Cancelation effect have to do with the
pulse cumulant while a is not integer. When the number of pulse
accumulation is large, such as 100, and the cancelation effect has
almost completely lost. The curve of field amplitude ratio against a
is illustrated in Fig. 1 (corresponding pulse accumulation number

(2.5)
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Fig. 2. Curve of normalized RCS versus phase error.

is 10). It can be seen from Fig. 1, only when the a value diverge
from integer is very small, there will be some canceling effects.
Therefore, active cancelation stealth is very hard on the frequency
error tolerance.

In general, the active cancelation system can be divided into
transmitting and response according to the different methods of
generating the canceling wave. In order to ensure that working
frequency is accurate and consistent, the transmitting system is
suggested to construct the canceling wave. Due to the wide appli-
cation of digital radio frequency memory (DRFM), it has become
possible [5-7].

2.2. Effect of phase error

Only consider the effects of phase error, the following equation
can be derived from the formula (2.3),

T = 4sin® (%)

5 (2.6)

where ¢ = /0y, is the normalized RCS; oy is the original target
RCS; A¢ = ¢1 — ¢o — (2k + 1) 7, ¢pg is the phase of target, ¢ is the
phase of canceling wave.

The plot of normalized RCS versus phase error is a parabolic
curve, as shown in Fig. 2. We can see from the chart that the phase
error cannot exceed 60°, otherwise, the coherent wave not only
can not canceling the target echo, but to strengthen the scattering
characteristics of the target. And the curve is steep, it is indicating
that the active cancelation stealth is very sensitive to phase error.
So it must be minimized in practice.

2.3. Effect of amplitude error

If only considering the effects of amplitude error, the following
equation can be derived from the formula (2.2) and (2.3),

F=(1-+1ta)

where a = Ao/oy, Ao is amplitude error.

Fig. 3 is the relation curve between the normalized RCS and
the amplitude error. As shown in the diagram, the curve is gen-
tle, this suggests that the active cancelation stealth is less sensitive
to amplitude error. From the above formula (2.7) it can be seen
that the scattering characteristics of target have not changed when
a=-1 or a=3, this means have had little stealth effect. When a in
the range of (—1,3), the RCS of target is reduced that means the
target has achieved certain active cancelation stealth effect. The
amplitude of the target RCS not decreased but increased when a >3,
which shows that the target echo is strengthened. Thus beyond the
active cancelation stealth on magnitude error tolerance.

There are phase error and amplitude error at the same time that
the curve of normalized RCS can be changed, as shown in Fig. 4. It

(2.7)
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