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Multistatic Radar Sensitivity

Radar sensitivity, usually defined in terms of signal to noise ratio (SNR), is perhaps the most important
parameter used to evaluate the performance of a radar system, as it indicates the radar’s ability to detect
the presence of a target. Normally the minimum acceptable SNR is defined by the required probability
of detection and the probability of false alarm. Radar sensitivity is affected by many factors, such as
transmitted power, antenna gain, transmitted wavelength, etc, which can be managed by radar
designers, and other factors, such as target cross section, target distance from radar receivers, etc, which
depend on the surveillance scenario. Monostatic sensitivity can be calculated by the conventionally
used monostatic radar equation [45].

The multistatic form of the radar equation is developed here to evaluate multistatic radar sensitivity
properties. A fully coherent radar network is considered, which means that the radars comprising the
whole network have a common and highly precise knowledge of time and space. The whole radar
network is composed of m transmitters and n receivers. It is assumed that the whole network is well
synchronized and works cooperatively such that each receiver is capable of receiving echoes due to any
transmitters in the network. It is also assumed that the target is an isotropic radiator, giving a constant
RCS in all directions. Under these assumptions, it is reasonable to calculate the overall radar sensitivity
by summing up the partial signal to noise ratio, which is given by:
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Where

Psi = i th transmitted power

Gy = i th transmitter gain

G,j=j th receiver gain

o;; = radar cross section (RCS) of the target for i th transmitter j th receiver

A. =i th transmitted wavelength

1
Ts= receiving system noise temperature
B; = bandwidth of the matched filter for the i th transmitted waveform
Li; = system loss for i th transmitter, j th receiver
Ry = distance from i th transmitter to target
Ryj = distance from target to j th receiver
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Considering the simplest case where the radar parameters for every transmitter-receiver combination
are the same, the multistatic radar equation can be simplified as:
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From this equation, it is clear to see that the multistatic radar geometry, i.e. the positions of target and
radar nodes in the network, will have great influence on the overall multistatic radar sensitivity.

A simulation has been developed in Matlab allowing a range of radar and geometrical parameters to be
input. The key variable parameters in this simulation are shown in table 2.

PARAMETER VALUE
Pt (W) 6000

Gt (db) 30

Gr (db) 30

A (m) 0.1

o (md) 10

L (db) 5

Table2: Parameters used for sensitivity simulations

Fig.15 shows the detection range of a monstatic radar using the parameters from Table 2. This in both
two dimensional and three dimensional surveillance geometries. The detection threshold has been set as
13 db. This provides the detection probability of 0.85 for a false alarm probability of 10°. It is shown
that monostatic radar gives a spherical sensitivity iso-surface in three dimensional space, whereas a
circular contour in two dimensions. This is the direct result of isotropic transmission of radiated energy.
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Figure 15. 3D and 2D monostatic radar sensitivitiy

A range of multistatic radar simulations now follow. The radar network is composed of three
transmitters and three receivers. The total transmitted power of 6kw is evenly distributed among all
three transmitters. All the other key parameters remain the same as the monostatic examples. This
forms the simplest multistatic radar model, and therefore, the multistatic radar sensitivity can be
calculated by (2).

In Fig. 16, the three transmitters and receivers are all co-located. It is shown that the shapes of coverage
maps are similar to the monostatic case. Although the total transmitted power is the same as the
monostatic one, the coverage area is enlarged. This is because each receiver accepts echoes from every
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transmitter, giving an increase in the totally received power and therefore enlarged coverage area.
Clearly multistatic radar makes better use of the available transmitter power than a monostatic system.

Figure 16. 3D and 2D multistatic radar sensitivity-collocated transmiters and receivers

Fig. 7 shows the sensitivity plots of multistatic radar with fully dispersed nodes. In this case, the whole
system is effectively composed of nine bistatic pairs. It can be seen that, compared to the co-located
transmitter and receiver scenario, the coverage area in the first two dimensions are enlarged, and at the
same time it is dramatically reduced in the third dimension of height. This is expected, as the total
transmitted power remains the same.

Figure 17. 3D and 2D multistatic radar sensitivity-dispersed transmitters and receivers

Asymmetrically distributed multistatic radar sensitivity plots are shown in Fig. 18, where the two
monostatic radars are positioned at the bottom part of the map, while a single transmitter and a single
receiver are positioned separately at the top part of the map. This forms a radar network with two
monostatic and seven bistatic radars. The asymmetrical coverage maps are shown due to the
asymmetrical distribution of the transmitted energy. The coverage is more concentrated on the bottom
part of the area in three dimensions, due to the more radar nodes distributed in this area.

Figure 18. 3D and 2D multistatic radar sensitivity-asymmetrically distributed transmitters and
receivers

Overall the great range of the form of the results shows the variablility of coverage that can be
generated. This illustrate the extra design freedom of multistatic radar that can be used to tailor
coverage to a given application. We also note that in the case where the ERP is a constant that extended
ground coverage is at the expense of coverage in height.
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The multistatic radar ambiguity function

It is widely recognised that the ambiguity function is an important tool to evaluate radar performance in
terms of target resolution and clutter rejection. The concept of ambiguity function was firstly defined by
Woodward [40]. It can be seen as the absolute value of the envelope of the output of a matched filter
when the input to the filter is a Doppler shifted version of the original transmitted signal, to which the
filter is matched . If u (t) is the complex envelop of the transmitted signal, the ambiguity function is
calculated by:

x(z, f)| = 3)
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Monostatic radar ambiguity is fairly well developed, and a variety of examples can be found in
literature [41]. Bistatic radar ambiguity is developed by Tsao et al.[42].

The multistatic radar ambiguity function is formulated based on the bistiatic radar ambiguity
calculation. It is assumed that the radar network is composed of N transmitters and one single receiver,
such that it is easy to choose the receiver as the common reference point. In this case the radar network
comprises N bistatic pairs. The analysis is based on the matched filter processing at the receiver.

There are some important assumptions for the formulation of multistatic radar ambiguity function.
Firstly, the target is slowly fluctuating and its scattering properties do not change with the look angles.
Secondly, the transmitted signals are the same and the filter is matched to the original transmitted
signal. A very important assumption is that the network is coherent. This implies that the echoes
arriving at different time instances can be processed jointly. Similar to the bistatic radar ambiguity
analysis, the multistatic radar ambiguity function is developed by the following three steps:

e To calculate bistatic ambiguity function for each transmitter-receiver pair by (3).

e To calculate weighting factor according to received signal intensity.
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e To formulate multistatic radar ambiguity function using the results form previous calculations:
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Here, a three dimensional multistatic radar model has been developed for a comprehensive
understanding of multistatic radar ambiguity performance. It is assumed that the fixed transmitters and
receiver are located in one plane and the target is moving in another plane which is parallel to the
transmitter-receiver plane. An example three dimensional multistatic radar system geometry, used for
the multistatic radar ambiguity analysis is shown in Fig. 19.
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Figure 19. 3D multistatic radar system geometry

A vectorial approach is used to calculate the two important parameters, delay and Doppler, which are
used for ambiguity function calculation.
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The signal used for the multistatic radar ambiguity function simulation is a coherent pulse train
consisting of three rectangular pulses with 40 ps pulse length, 100 ps period, and carrier frequency o,

=3x10° rad/s. The target is flying within a surface which is parallel to ground with 600 m/s velocity.
Only target close to baseline cases are simulated here, because this is where the degradation of
ambiguity properties appears in bistatic cases.

The multistatic radar ambiguity function is plotted in a range-velocity plane rather than the traditional
delay-Doppler plane, because these two are the primary parameters of interest, and only in this way the
influence of system geometry on ambiguity properties can be shown. Ambiguity function contour and
cuts along range and velocity axes are presented, where the width of the main peaks represent range and
velocity resolutions.

In the first group of simulations, the baseline is 10 km; the target is 6 km far from the receiver for the
two dimensional simulation. The system geometry used for Fig. 20-22 is shown in Fig. 5, where two
transmitters are positioned on two sides of a common receiver with the same baseline length. Two
dimensional multistatic radar ambiguity diagrams are shown in Fig. 20. It is observed that, in two-
dimensional case, when the target is close to bistatic baseline, range and velocity resolutions are
degraded dramatically.

Fig. 21 and Fig. 22 show the three dimensional multistatic radar ambiguity diagrams with target height
of 20km and 4km, respectively. In Fig. 21, the target is far from the transmitter-receiver plane. Both
range and velocity resolutions are improved greatly, forming a relatively sharp peak in range and
velocity domain, respectively. However, when the target is not far enough from the transmitter-receiver
plane, this improvement is considerable less (Fig. 22).
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Figure 20. 3D multistatic radar ambiguity function
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Figure 22 3D multistatic radar ambiguity function-H = 4 km

Figure 23. 2D multistatic radar geometry-4 transmitters
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For the next stage, two more transmitters were added to the multistatic radar system to form a
multistatic radar system with four transmitters and one receiver, effectively, four bistatic radar pairs.
This system geometry is shown in Fig. 23 in two dimensions. Other parameters remain the same as
former examples. Fig. 24 shows that when more radar nodes are applied, the three dimensional range
and velocity resolutions are further improved compared with the two transmitters case.
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Figure 24. 3D multistatic adar ambiguity function-4transmitters H=20km

The final example shows the multistatic radar ambiguity diagrams with a shorter baseline. In this case,
the baseline length is 1 km; target is 600m from the receiver for the two dimensional simulation; the
target height is 4 km for three dimensional geometry. Other parameters remain the same as former
examples. From Fig. 25 one can observe that regardless of the baseline length, when the target is close
to baseline, the range and velocity resolutions are degraded. The three dimensional multistatic radar
ambiguity diagrams of this system geometry are shown in Fig. 26. It illustrates that in the short
baseline case, the three dimensional multistatic radar geometry with 4 km target height can provide the
improvement of range and velocity resolutions comparable to the 20 km target height of long baseline
case which is shown in Fig. 21. Clearly, the target height to baseline length ratio appears to play an
important role in the three dimensional multistatic radar ambiguity function and thus system
performance.
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Figure 26. 3D multistatic radar ambiguity function-shor baseline H=4km
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Conclusions

It has been shown that multistatic radar sensitivity is not only dependent on radar parameters, but also
on system geometry. Multistatic radar offers more flexible arrangement of system geometry than
traditional monostatic radar, providing the possibility to configure radar nodes to form a satisfactory
coverage area.

It has also been shown that the multistatic radar ambiguity function is strongly dependent on the
specific multistatic radar system geometry. When the target is close to the bistatic baseline, large
ambiguities are found in the two dimensional cases. The three dimensional geometry has a significant
effect on the ambiguity properties, where the target height to baseline length ratio is the dominant
factor, and smaller baselines performs better than longer baseline. Adding more radar nodes gives more
flexible multistatic radar system geometry and provides the possibility to further improve multistatic
radar resolution capability.

Overall multistatic radar has many advantages but these do come at the cost of an increased complexity.
Additionally, this is a far from mature form of sensing and there remains much research and
development to be done if multistatic radar is to find routine operational use.
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