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Abstract — The performance of multi-static and mono-static
radar systems is compared using experimental setup consisting
of linear drives that move transmit and receive antennas
in the programmable positions corresponding to multi-static
or mono-static linear antenna arrays. The synthetic aperture
in the direction perpendicular to the imitated linear arrays is
formed by moving the target by an additional linear drive.
Simulated and experimental radar images are obtained for
various multi-static antenna configurations, and compared to
their mono-static equivalents. The mono-static and multi-static
signal processing technique is given. Possible applications of the
described experimental technique are suggested.
Index Terms — Antenna array, multi-static radar, radar
imaging, SAR, subsurface radar, synthetic aperture radar.

I. INTRODUCTION
Using an antenna array with switched multi-static
configuration instead of mono-static configuration simplifies
the radar system hardware by reducing the number
of expensive antenna elements and the complexity
of the switching module behind the antennas. An imaging
system with a multi-static antenna array may provide
a number of effective samples comparable to a mono-static
system with dense antenna elements due to the availability of
multiple transmitter-receiver combinations [1], [2]. There
exist plenty of publications where various combinations of
linear multi-static antenna arrays are numerically simulated
with appropriate signal processing technique given [1]–[3].
It was also shown, again by numerical simulations, that the
achievable reduction factor of antenna elements for a multistatic radar in comparison with the equivalent mono-static
linear array may reach 2–7, depending on the simulated
geometry, spatial antenna configuration, operation frequency
grid, and antenna switching pattern [1], [2]. This reduction
factor was chosen according to the criterion of maximizing
the resolution and minimizing the level of artifacts
in the resulting radar images.
Few papers exist that describe real multi-static radar
systems with antenna arrays. They are usually limited to
a specific spatial antenna configuration [4]–[7]. In this paper
an experimental setup consisting of separated movable
antennas and independent linear mechanical scanners is used
to experimentally simulate a parametric family of both multistatic and mono-static linear antenna array configurations.
The multi-static antenna configuration is experimentally
simulated by two independent linear drives oriented parallel
to each other with adjustable separation. The first linear drive
moves the transmit antenna, the second linear drive moves
the receive antenna. The pair of antennas allows conducting
bi-static phase measurements. The ability to move transmit
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and receive antennas independently makes possible sampling
at arbitrary points along the antenna path resulting
in imitation of virtual electronically switched linear multistatic antenna arrays with a desired antenna separation,
independent for both virtual transmit and receive antennas.
Mono-static antenna configuration is experimentally
simulated by a single linear drive that moves
a transmit/receive antenna. For both types of antenna arrays,
multi-static and mono-static, the object of interest is moved
by an additional linear drive in the direction perpendicular
to the direction of antenna movement.
The rest of this paper is arranged as follows. The next
section outlines the experimental setup that was used
to acquire the mono-static and multi-static images. The third
section provides a summary on the signal processing
technique for the two cases. Modeled and experimental
results are presented in the forth section for a selection
of antenna configurations. Potential applications of the
developed technique and improvements on the setup are
suggested in the conclusion.
II. EXPERIMENTAL SETUP
The detailed explanation of the setup is given in [8].
The photo of the setup is shown in Fig. 1. The antennas are
mounted on a pair of wooden arms that are attached firmly
to the carriers of two independently moving linear drives,
which are oriented vertically. These arms provide space for
the antenna cables to bend smoothly in motion, and,
at the same time, they distance antennas from massive
metallic elements of the linear drives to weaken interfering
reflections. The vector network analyzer (VNA), connected
to local area network is controlled remotely by a personal
computer and provides measurement data. All linear drives
are controlled by a microcontroller that provides real-time
signals to the drivers of the stepper motors. The
microcontroller is connected to the computer by Universal
Serial Bus (USB). This microcontroller also generates trigger
pulses for the VNA, when one of the antennas, moving
continuously, passes predefined sampling positions. The
setup can acquire both mono-static samples, using one linear
drive to move transmit/receive antenna and the other drive to
move the target, and multi-static samples, using one drive to
move the transmit antenna, the other – to move the receive
antenna, and the third drive to move the target.
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Upon choosing the mode of operation for the setup
and defining parameters, the data acquisition is performed.
Due to the slow mechanical scanning and three available
degrees of freedom for the multi-static mode, the data
acquisition process is time-consuming. For example, the data
acquisition time for the multi-static mode with Ntx = 8,
dtx = 0.01 m, Nrx = 8, drx = 0.08 m, Ntg = 61, dtg = 0.01 m is
about one hour.
The data acquisition ends with obtaining arrays of complex
values S11(if, itr, itg) for the mono-static case, and
S21(if, itx, irx, itg) for the multi-static case, where S11, S21 are
S-parameters, ifr – frequency index, itx – transmit antenna
index (multi-static case), irx – receive antenna index (multistatic case), itr – transmit/receive antenna index (mono-static
case), itg – target position index. The acquired arrays of data
undergo the processing procedure given in the following
section.
Fig. 1. Photo of the setup with visible linear drives, VNA, and
antennas connected to VNA ports by flexible armored feeders.

Resulting sampling geometries for mono-static and multistatic cases are given in Fig. 2. In the case of mono-static
linear array the set of variable parameters is (Ntr, dtr, Ntg,
dtg), where Ntr is the number of samples for the transmitreceive antenna, dtr – the sampling interval,
Ntg – the number of samples along the path of the target
moved with the steps of length dtg. The multi-static
configuration has the following set of variable
parameters: (Ntx, dtx, Nrx, drx, Ntg, dtg, dtxrx). They
respectively are: the number of sampling points and the
sampling interval for the transmit antenna, the number of
sampling points and the sampling interval for the receive
antenna, the number of samples and the sampling interval
along the target path, the distance between the transmit
and receive antenna sampling lines.

III. SIGNAL MODEL AND PROCESSING TECHNIQUE
A. Signal Model
In the subsequent examples of numerically simulated
images, the following models of the received
signal E (complex amplitude) were used for the mono-static
case and the multi-static case respectively:
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In (1) and (2): if, itr, itg, itx, irx are the indices with the same
meaning as above, g – directivity diagrams of the antennas,
φ and θ – angles that define direction from the antenna to a

point r (l , m, itg ) , which is the node of the target grid with
indices (l,m) for the target position corresponding to itg, f –

frequency, rtr – the coordinate vector of transmit/receive


antenna, rtx – the coordinate vector of transmit antenna, rrx –
the coordinate vector of receive antenna,  (l , m) –
the reflectivity of the target given on a rectangular grid with
the total numbers of nodes L and M.
B. Processing technique

Fig. 2. Mono-static (green) and multi-static (blue) sampling
geometries with programmable variable parameters.

The processing technique employed here for the monostatic case is based on plane wave decomposition and back
propagation of the obtained two-dimensional Fourier
spectrum [9].

For the multi-static case, the following equation was used
to obtain radar image of the target:
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    Emulti (i f , itx , irx , itg ) 

is present in Fig. 4. The close resemblance of numerically
simulated and experimentally obtained image in all
demonstrated images is explained by simplicity of the target
and adequacy of the signal model.
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All variables in (3) were previously commented.
Fig. 3.

Foil-cut flat pistol used as target in experiments.

IV. EXPERIMENTAL RESULTS
To compare various configurations of mono-static and
multi-static antenna arrays, a series of experiments was
conducted with the experimental setup and the parameter
values given in Table I. The number of the experiment is
given in the first column. The second column holds
the operation mode of the setup: mono-static or multi-static.
The third column gives the number of transmit antennas
for the multi-static mode or the number of receive/transmit
antennas for the mono-static mode. The parameters
in the headers of the other columns were named previously.
A flat foil-cut pistol with the size of 19 cm by 12 cm was
used as the target (Fig. 3). It was placed at the distance
of 30 cm from the antenna scan lines, which were 7 cm away
from each other. Most of the parameters in Table I were
chosen to give 64 effective (Ntx×Nrx) evenly distributed
samples for the multi-static mode, or the same number of real
samples for the mono-static mode. All the measurements
were done with a pair of vertically polarized antennas, open
ended circular waveguides, on the following frequencies:
15.55, 15.57, and 15.59 GHz.
Before data acquisition, the VNA was configured to read
out S11 parameter for the mono-static mode, or S21 parameter
for the multi-static mode. Also, before acquisition process,
the full set of samples (Ntx×Nrx samples for the multi-static
mode, and a single scan line for the mono-static mode) was
obtained with the target removed to compensate later
the effects of changing antenna coupling during scanning
(multi-static mode) and feeder deformations (both modes).

Fig. 4. Multi-static samples (amplitude) at the first frequency
in Experiment #1.

Fig. 5 gives mono-static simulated and experimental
samples for Experiment #4. It can be easily observed that the
images in Fig. 4 and Fig. 5 are qualitatively similar. The
vertical scale of the signal from the target is bigger in Fig. 4
due to a larger energy potential of the multi-static samples.
This comes from the fact that the transmit antennas in the
given antenna configuration are placed closely in the center
of the image plane, according to the parameters given in
Table 1. The signal level drops less rapidly in multi-static
mode because the transmit antenna sampling points stay
closely to the target while the receive antenna moves away.
In the mono-static mode, on the contrary, the signal drops
faster because a single transmit/receive antenna is used.

TABLE I
SIMULATED PARAMETERS OF ANTENNA ARRAYS
#
1
2
3
4
5

Mode
multi
multi
multi
mono
mono

Ntx(tr)
8
8
4
64
64

dtx, m
0.01
0.01
0.01
0.01
0.01

Nrx,
8
8
16
-

drx, m
0.08
0.08
0.04
-

Ntg
64
44
64
64
44

dtg, m
0.01
0.015
0.01
0.01
0.015

Presenting multi-static samples as an image involved
sorting them in the order of decreasing y-coordinate
of effective samples for a chosen frequency for all transmitreceive combination pairs, giving one column of the image
for each target position [8]. Such an image for Experiment #1

Fig. 5. Mono-static samples (amplitude) at the first frequency
in Experiment #4: simulated (left) and experimental (right).

The reconstructed images for the experiments listed in
Table 1 are given in Fig. 6 – Fig. 10 in the same order. In
these figures, the left image is obtained by numerical
simulation, while the image on the right results from an
experiment.

V. CONCLUSION

Fig. 6.

Reconstructed images for Experiment #1.

Fig. 7.

Reconstructed images for Experiment #2.

Fig. 8.

Reconstructed images for Experiment #3.

A setup was proposed to experimentally assess
a parametric family of linear multi-static antenna arrays.
Although the setup relies on intensive mechanical scanning,
coherency of the multi-static samples is preserved due to the
precision provided by stepper motors.
It was shown experimentally that applying multi-static
antenna arrays may significantly reduce the total number
of antennas in comparison to mono-static antenna arrays with
densely positioned antennas without loosing resolution and
increasing the level of artifacts.
The demonstrated experimental technique with the setup
can be applied in research activities involving multi-static
arrays, such as subsurface imaging, personnel screening, vital
signs monitoring [8].
A more convenient realization of the acquisition of multistatic samples with mechanical linear drives would be based
on a pair of lightweight transmitter and receiver sharing the
same crystal oscillator without any use of bending feeders.
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Fig. 9.

Reconstructed images for Experiment #4.

Fig. 10. Reconstructed images for Experiment #5.
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