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Abstract. Stealth performance is an important factor to
concern in modern aircrafts design. How to measure the
targets' radar steath performance so as to guide the
implementation of RCS reduction measures effectively,
has always been a hot issue in the field of electromag-
netism. This paper proposes a method of stealth perfor-
mance measurement for radar targets based on railborne
pseudo-turntable imaging, and describes the echo pro-
cessing algorithm in details. The validation of this meth-
od is demonstrated by simulation experiments.
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1 I ntroduction

Some specia targets are required to have the stealth
ability against radars in the procedure of design, such as
military aircrafts and missiles; it is generally desired to
obtain small RCS in some polarization mode when they
are flying towards radars [1]. RCS reduction techniques
mainly include material selection and shape designs
[2,3,6]. It is a basic electromagnetic scattering method to
measure the overal RCS of the targets directly, but this
approach has visible disadvantage. Just like that signal
spectrum can not express the time-varying characteristics
of frequency; overall RCS can not characterize space-
varying characteristics of echo power, so that it is not
clear which parts or components of the targets have max-
imum contributions to the echo power at an assigned per-
spective according to overall RCS. Hence, we are unable
to take measurements to reduce the RCS efficiently [1-3].
An ingenious method is proposed here, i.e, not only
measuring the overall RCS of all aspects, but also measur-
ing high resolution two-dimensional projection of extend-
ed targets at al perspectives in the radar imaging plane.
Therefore, it is of great significance to use the two-
dimensional imaging technology to measure the stealth
performance of the targets against radars [4].

Asto small targets, they can be put on aturntable, and
the images at different azimuths can be obtained without
moving the measurement system. We also could get the
images at different elevations by adjusting the height of

the turntable or the height of the measurement system, so
that we could obtain full-perspective measurement on
stealth performance [3-5]. Echo acquisition can not only
be dynamic (the target moves with an uniform angular
velocity on the turntable), but also can be static (targets
remain stationary at an observation angle first, after ech-
oes acquisition are completed, the targets move to the next
visual angle with the same step). Such measurements can
be performed in an anechoic chamber or on an outdoor
field; the turntable motion model is adopted for radar
imaging. Since the target to be detected (TBD) is coopera-
tive, the two dimensional radar images can be obtained
directly using the range-Doppler algorithm (RDA) or
polar format algorithm (PFA) [7-8].

However, asto heavy targets (e.g., up to 30 tons), it is
difficult to revolve the target on the turntable. In this pa-
per, amethod called “railborne pseudo-turntable imaging”
is proposed, which can redlize the stealth performance
measurement of heavy targets on outdoor field.

2 Railbor ne pseudo-turntable imaging
M easur ement scheme

The heavy targets remain stationary in this scenario;
the imaging measurement for the targets to be detected in
different perspectives is achieved when the measurement
system glides through the closed rail. The scenario is
shownin Fig. 1.
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Fig. 1. Railborne pseudo-turntable imaging measurement scenar-
io

The shape of the rail can be designed according to the
actual condition of the

Thiswork was supported by National Natural Science Foundation of Chinaunder Grant No.61001190.

Published by Atlantis Press, Paris, France.
© the authors

099



2013 International Conference on Information Science and Technology Application (ICISTA-13)

field, which means that the shape of the rail does not have
to be a standard circle. Actualy, due to the inevitable
error, an ideal circle can never be obtained, even if it is
constructed according to the blueprint of a circular rail.
The target to be detected could be regarded as a pseudo-
cooperative target owing to the non-ideal circular rail. The
distance between the measurement system and the center
of the target is changed during a full observation period
for one inverse synthetic aperture radar (ISAR) image,
which is equivalent to slight trandation in ISAR imaging
caled pseudo-turntable motion. If the distances between
each point on the track and the targets can be measured
accurately using other instrument, we can use the distance
information to process radia range alignment and phase
correction at different perspectives, which are called mo-
tion compensation. After that, the target’s motion can be
regarded as an ideal turntable motion approximately, and
a last the two-dimensional imaging measurement is
achieved. In addition, the power attenuation difference
caused by the distance difference can be obtained using
the radar equation, so we can aso reaize echo power
compensation.

3 Pseudo-turntable imaging algorithm

The measurement system can transmit wideband sig-
nals with frequency scan mode. Electromagnetic waves
are illuminated toward the target to be detected, and then
the return waves are acquired. Range profile of a certain
visual angle can be obtained through a frame of frequency
scan. If wideband linear frequency modulated signals are
used, range profile of a perspective can be obtained in one
pulse [4-5].

The procedures of pseudo-turntable imaging are pre-
sented herein detall.

1) Range alignment and phase compensation are per-
formed for the collected radar baseband return wave. The
accurate pre-measured distance between the location of
measurement facility and the center of the target is neces-
sary.

2) Pulse compression of the baseband return wave is
implemented.

3) FFT is operated along the azimuth dimension for
each range cell. The modulus of the FFT output is the
two-dimensional image.

The complex sampling rate should not less than 1.25
times of the signal bandwidth for the intermediate fre-
guency (IF) analog echoes. The baseband echo signals are
acquired after digital down-conversion (DDC) processing.

The first phase compensation factor which should be
multiplied with the baseband echo signal is shown as
follows

¢cl=exp(14ﬂR/l)

Where A isthe radar wavelength, R istheradia dis-

tance between the target and the electromagnetic scatter-
ing measurement system, the subscript i denotes the frame
number.

The second phase compensation factor which should
be multiplied with the baseband echo signal is shown as
follows

¢ =exp{j2rf,R/c}

Where f, demotes the center frequency of radar

transmitted signal, and c is the speed of light.

Actually, the two phase compensation operations can
be combined in one operation. The total phase compensa-
tion factor is shown as follows

¢ =exp{j(2zf,R/c+4zR/ )}

Transforming the phase-compensated digital baseband
echoes into frequency domain using FFT, and then multi-
plying it by range compensation factor, which is shown as
follows

R =exp{j2rf(r,-7,)}

Where, 7, = 2R / ¢, f is the corresponding freguency
along radial range dimension.

The echoes of al frames are aligned to Frame n after
range compensation; n could be assigned to any one from
1to M.

The range-aligned baseband echoes are multiplied by
the matching reference signal in frequency domain, and
IFFT is performed to the output of product in range di-
mension to get the one-dimensiona range profile. The
Range-Doppler imaging is completed after iterating the
above operations for each frame of echoes, and operating
FFT to total M range profiles in the cross-range direction.
The number of the accumulated imaging frame M could
be determined according to the requirement of azimuth
resol ution.

Fig. 2 shows the flowchart of the pseudo-turntable im-
aging agorithm. If frequency sweep measurement method
is adopted, FFT operation will not be required, since the
collected echoes are already in frequency domain.
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Fig. 2. The flowchart of the pseudo-turntable imaging algorithm

4 Experiments and analysis

The normal distance between the center of the target
to be detected and the antenna of measurement system is
5.69m; we simulate an irregular rail by adding dight
range migration in different perspectives, and then record
the distance at each observation position. The measure-
ment system mainly consists of avector network analyzer,
a transmitting antenna, a receiving antenna and remote
console. In the experiments, frequency scanning mode is
adopted to eradiate €lectromagnetic signals. The frequen-
cy step is 2MHz, the transmitting power is 5dBsm, the
gain of both the transmitting antenna and receiving anten-
na is 19dB, and the beam width of the antenna is 10° .
The RF cable length from the transmitting antenna to the
measuring equipment is 2.85m, so is the receiving anten-
na. The cable length should be considered for correction
in range calibration aong down-range dimension. The
distance between the transmitting and receiving antennais
0.36m.

41 Experiment 1. imaging measurement at 4G-
5GHz

In this experiment, let the bandwidth to be 1GHz; and
the step of the observation angle is 0.2° . The targets are
three scattering centers consisting of a rectangular plate (1

in Fig. 3), asmall metal ball (2 in Fig. 3) and a big metal
ball (3 in Fig. 3). The distance between target 1 and target
2, target 2 and target 3, target 1 and target 3 is 34cm,
40cm, 50cm respectively. The placement of the targets is
shownin Fig. 3.
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Fig. 3. The placement between scattering centers (4G-5GHz)

The result of pseudo-turntable imaging is shown in Fig.
4. It is clear that the image agrees with the targets' actual
placement perfectly. The range resolution is 0.15m; the
imaging accumulated angle is 12° and the corresponding
azimuth resolution is 0.1592m.
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Fig. 4. Result of pseudo-turntable imaging (4G-5GHz)

4.2 Experiment 2. imaging measurement at 9G-
11GHz

In this experiment, let the bandwidth to be 2GHz. The
step of the observation angle is 0.1° . The targets are
three scattering centers consisting of a rectangular plate (1
in Fig. 5), ametal ball (2 in Fig. 5), and a U-shape corner
reflector (3 in Fig. 5). The placement of the targets is
shownin Fig. 5.
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Fig. 5. The placement between scattering centers (9G-11GHz)

Fig. 6 shows the pseudo-turntable image of the collect-
ed echoes, which agrees with the targets’ actual placement
perfectly too. Here the range resolution is 0.075m; imag-
ing accumulated angle is 12° and the corresponding azi-
muth resolution is 0.07162m.
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Fig. 6. Result of pseudo-turntable imaging (9G-11GHz)

5 Conclusions

Under the scheme that the measurement system glides
through a fixed rail, it is feasible to operate pseudo-
turntable imaging with two-dimensional ISAR imaging
theorem. This approach can suit the requirement of stealth
performance measurement for radar targets, and guide the
implementation of the RCS reduction. In general, only a
slight ranging error is existed in this measurement method
because the distances could be measured accurately prior
to real measuring experiments. When the facility is work-
ing while it is gliding through the rail, the non-uniform
spatial sampling of the observation perspectives may be
existed owing to the non-uniform gliding angular velocity.
Fortunately, the fluctuation of the angular velocity can be
tolerated if is not more than ten percent of the average
angular velocity. Obviously, as to the same linear velocity
fluctuation, the larger the distance between rail and the

measured target, the smaller the fluctuation of the angular
velocity, and the more accurate the measurement. The
simulation results show that the approach is effective.
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