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ABSTRACT 
 
Multistatic radar systems can be used in many applications such as homeland security, anti-air defense, 
anti-missile defense, ship’s navigation and traffic control systems. Multistatic radars, which are capable of 
detecting and tracking flying objects in three-dimension coordinate systems, are simulated in this paper. The 
location and velocity of flying objects as well as their radar cross sections are computed. The object’s path is 
also estimated by tracking the object. 
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1.  Introduction 
 
Nowadays, most of radars are monostatic in which one 
antenna or a pair of antennas positioned at the same point 
is used for transmitting and receiving electromagnetic 
waves. The IEEE defines a bistatic radar as “a radar sys-
tem that uses antennas at different locations for transmis-
sion and reception”[1]. The distance of separation be-
tween the transmitter and receiver can be very long. This 
distance is referred to as the baseline range [1–5]. Obvi-
ously, if they are nearly co-located, i.e. if the baseline is 
very small, the radar system is approximated as a 
monostatic one.  

As bistatic radars are only able to detect objects (tar-
gets) in a two-dimension coordinate system, multistatic 
radars can be employed if objects in a three-dimension 
(3D) coordinate system are to be detected. A multistatic 
radar system has two or more transmitter or receiver an-
tennas, which are separated by large distances compared 
with the size of antennas [1]. Multistatic radars have 
several advantages including high isolation between the 
transmitter and receiver antennas and invulnerability to 
external interferences such as jamming. Also, mutual 
interference between the transmitter and receiver is 
highly reduced. In such systems, multiple receivers can 
work with one transmitter and if the transmitter stops 
working, the receiver can be easily adapted to receive 
waves from another transmitter. Transmitter to receiver 
switches or duplexers are expensive, lossy and heavy. 
Hence, they are not used in multistatic radars. The 

monostatic radar needs to propagate more power than a 
multistatic one; therefore, the latter is safer from attack. 
Increasing the number of receivers results in increasing 
the surveillance area [6]. However, there are some dis-
advantages. The main disadvantage is that synchroniza-
tion between the transmitter and receiver and geometry 
of the entire system are too complicated in multistatic 
radars [7–9].  

Nowadays, the use of bistatic and multistatic radar 
systems in homeland security is of interest to researchers 
[10–13]. In [14], a software simulation package was de-
veloped for bistatic radars. Introducing both technical 
and theoretical information about the bistatic radars, the 
technology of a television based bistatic radar system 
was introduced in [7]. This technology makes use of a 
non-cooperative television transmitter as an illuminator 
for the bistatic radar system. In [15] and [16], the prob-
lem of tracking a target with bistatic and multistatic ra-
dars, their geometry dependencies with respect to meas-
urements, as well as their input to a tracking and fusion 
system was studied. In [17], a unified view of the track-
ing algorithms available for multistatic radar systems 
was presented. Then, the tracking performance of the 
proposed algorithms was evaluated by means of Monte 
Carlo simulation techniques. In [18], the constant veloc-
ity model was applied for tracking the object, however, 
the object velocity was not constant in general. This lim-
ited the use of this algorithm in tracking the object to 
short ranges. Using range-only measures collected by 
multistatic radars, the use of interval analysis to solve the 
problem of maneuvering target tracking was investigated  
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in [19]. In [20], the design and initial evaluation of a 
short-range, prototype multistatic radar, operating in the 
‘cooperative’ mode, was reported. It was designed to be 
capable of both spatial and temporal coherent processing 
of received waves. In [6], the system aspects of an 
anti-intruder multistatic radar based on impulse radio 
ultra wide band technology were addressed. The system 
composed of one transmitting node and at least three 
receiving nodes, positioned in the surveillance area, to 
detect and locate a human intruder (target) moving inside 
the area. 

In this paper, a multistatic radar system, which is ca-
pable of computing the location, velocity, kind of object 
as well as object’s path, is simulated. More importantly, 
we determine the kind of object by calculating the Radar 
Cross Section (RCS) in 3D. This is an advantage of this 
paper, as it was considered as a given parameter in some 
research works such as [14] and [6]. The RCS is a very 
important parameter, which indicates the kind of the ob-
ject such as jumbo jets, fighter aircrafts, missiles, etc 
[21]. The multistatic radar system can comprise one 
transmitter and a number of receivers. When the trans-
mitter sends a wave, it is scattered from objects, if there 
are any, and the receivers get the scattered waves. Two 
receivers are adequate to find the velocity, location and 
RCS in 3D. In this paper, we only consider two receivers, 
however, if the number of receivers is more than two, the 
first two receiving maximum power can be chosen.  

 
2.  Problem Formulation 
 
The analysis of multistatic radars can be simplified to 
that of bistatic radars’ components. Figure 1 illustrates 
the geometry of a bistatic radar [9]; 
 

 
 

Figure 1. The geometry of a bistatic radar. 

where XT  and  show the location of transmitter 
and receiver, and L  is the distance between these two 
sites.  and  refer to the transmitter to target and 
the target to receiver ranges, respectively. 

XR

RRTR
  is the 

bistatic angle, V  is the target velocity and   is the 
velocity aspect angle. The transmitter, receiver and ob-
ject are all located in a plane that called bistatic plane [6, 
8,15,22]. 
 
2.1.  Equation of Power  
 
If a narrow band wave with power of  is sent by the 
transmitter, after scattering from the object, the received 
power of each receiver, , can be determined using 

Friis’ Formula [8]. 
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In Equation (1), n, λ and p are the number of re-
ceivers, the wavelength and the average propagation loss, 
respectively. 

L

TG  and i  refer to the gain of transmit-
ter and gains of each receiver antennas. 

RG

TL  and i  
are transmitting and receiving system losses. B

RL

  refers 
to the RCS of the object. In a practical case, TP , 

RP , , , ,pL TG RG TL , can be measured, therefore, the 
RCS of the object, 

RL

B , can be obtained from Equation 
(1). 
 
2.2.  Estimation of Target Location  
 
To estimate the location of a target in bistatic radars, 
receivers measure the time interval, , between 
transmitted pulses and received echo waves,  scattering 
from a target. Hence, the range sum, , can be 
calculated using the following equation. 
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In each bistatic plane, TR , RR  and   can be ob-
tained using the range sum and either R  or T  

(shown in Figure 1). If T  is known, TR ,  and RR
  can be calculated from Equations (3–5) [7,8,9]. 
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Having transmitter and receiver locations  Table 1. Values of RCS for some typical objects [21]. 

   , , and . ,T T T R R R i
x y z x y z   Object RCS(dBsm) 

Jumbo jet airliner 20 

Large bomber or commercial jet 16 

Large fighter aircraft 7.78 

Four-passenger jet 3 

Conventional winged missile -3 

as well as  and that obtained from Equations (3, 

4), the location of object  can be calculated in 
Cartesian coordinate system by solving Equations (6,7).  

TR iRR

 zyx ,,

      2 2

T T TR x x y y z z      2

T           (6) 
 
RCS, such as those given in [23] and [24], which calcu-
late the RCS of a cone and a missile. The RCS of typical 
objects can be found in text books [3,21,25] and some of 
them are shown in Table 1 [21]. 

      2 2 2
, 1,2,...,

i i i iR R R RR x x y y z z i       n (7) 

2.3.  Computation of Target Velocity 
 

 
3.  Results To estimate the velocity of target, the equation of “Dop-

pler effect” is used [15].  
The multistatic radar system described in this paper con-
sists of one transmitter and two receivers. To obtain the 
location and velocity of an object, the transmitter radar 
sends wave pulses with a specific period and then the 
receiver radars receive some pulses. In general, the 
pulses coming to receivers can consist of two parts. The 
first part is the pulses received from the transmitter di-
rectly. The second part is the scattered waves coming 
from an object, if there is any. First, the range sum, 
RRi+RT is calculated from Equation (2). Then, RT, R
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Also, the rate of change of transmitter and receiver 
ranges with respect to time is given by 
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dRT /dt, dRR /dt in each bistatic plane are calculated using 
the parameters given in Table 2. 

n          (10) 

combining Equations (9,10) yields 
Next, combining Equations (3,4) and (6,7) the object 

location is estimated in 3D. Finally, combining Equa-
tions (9,10) and (12,13) the velocity of the target is 
computed. 
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where  is the number of receivers. In this re-
search work n  is set to 2. Having  and  

as well as  

n

TR iRR
Based on the above-mentioned simulation procedure, a 

MATLAB code was developed. Running this program, 
the velocity of the object, RT, RR1 and RR2 are given by 
321.71m/s, 63.06km, 90.9km and 68.57km, respectively. 
The location of the object is estimated at (-30, 30, 46.6) 
km. Figure 2 and 3 show the system geometry and the 
polar plot of the location of the object. 

dt

dR
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dR iRT , ,  

the partial derivatives of yx,  and  with respect 

to time, 

z
tx  , ty  and tz  , can be obtained 

from Equations (12,13). 

The required parameters to determine the RCS of the 
object are shown in Table 3. Using Equation (1) along 
with these parameters, result in a RCS of 7.78dBsm. Ac-
cording to Table 1, this amount of RCS indicates that the 
object is a large fighter aircraft [21]. 
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                 (12) Also, the path of the aircraft obtained by tracking the 

object is shown in Figure 4. 
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4.  Conclusions 
 
Considering the advantages of multistatic radar systems 
in comparison with monostatic and bistatic ones, a 
multistatic radar system having one transmitter and two 
receivers was simulated. The simulation was able to cal-
culate the location and velocity of an object in 3D. More 
importantly, by computing the RCS, it determined what  

2.4.  Calculation of RCS 
 

There are several analytical methods to calculate the  
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Table 2. Required parameters to estimate the location and velocity of an object. 

Description Parameter  Value 

Transmitter location  xT ,yT ,zT  (0,0,0)km 

First receiver location  xR1 ,yR1 ,zR1 (-20,30,0) km 

Second receiver location  xR2 ,yR2 ,zR2 (25,20,0)km  

Time interval transmitted pulses and first receiver received echo ΔTTT1  0.5135ms  

Transmitter azimuth angle at first bistatic plane  θT1  -41.27deg 

Transmitter azimuth angle at second bistatic plane  θT2  4.26deg 

Aspect angle at first bistatic plane   1  85.77deg  

Aspect angle at second bistatic plane  2  95.27deg  

Transmitted frequency  fT  2GHz  

First received frequency  fR1  1.999999811GHz 

Second received frequency  fR2  2.000000344 GHz 

 

Table 3. Required parameters to determine  
the RCS of an object. 

Description Parameter Value 

Transmitted power PT 35 dBW 

First receiver power  
received 

PR1 -124.8 dBW 

Second receiver power 
received 

PR2 -122.39 dBW 

Power gain of transmitter 
and receivers antenna 

GR 40 dB 

Transmit system loss LT 1 dB 

Receive system loss LR 1 dB 

Average propagation lossLP 1 dB 

 

 
 

Figure 2. The system geometry. 

 
Figure 3. The polar plot of the location of the object. 

 
Figure 4. The path of the aircraft. 
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kind of object was flying in the surveillance area. In ad-
dition, the path of the object was estimated by tracking 
the object. As an application, this radar system can be 
applied to anti-air defense, anti-missile defense, ship’s 
navigation and traffic control systems.  

In this paper only two receivers were considered. To 
widen the surveillance area, the number of receivers can 
be increased. However, in any detection only two re-
ceivers, which receive maximum power, are selected. 
This will be studied in our future work. 
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