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Abstract—Passive radar is a bistatic radar that detects and 

tracks targets by processing reflections from non-cooperative 

transmitters. Due to the bistatic geometry for this radar, a target 

can be localized in Cartesian coordinates by using one of the 

following bistatic geometries: multiple non-cooperative 

transmitters and a single receiver, or a single non-cooperative 

transmitter and multiple receivers, whereas the diversity of 

receivers or non-cooperative transmitters leads to extra signal 

processing and a ghost target phenomenon. To mitigate these two 

disadvantages, we present a new method to estimate Cartesian 

coordinates of a target by a passive radar system with a single 

non-cooperative transmitter and a single receiver. This method 

depends on the ability of the radar receiver to analyze a signal-to-

noise ratio (SNR) and estimate two arrival angles for the target’s 

echo signal. The proposed passive radar system is simulated with 

a Digital Video Broadcasting-Terrestrial (DVB-T) transmitter, 

and the simulation results show the efficiency of this system 

compared with results of other researches.    
 

Index terms—passive radar, target coordinates, single non-

cooperative transmitter, single receiver, signal-to-noise ratio, two 

arrival angles. 

 

I. INTRODUCTION 
 

ASSIVE radar is a system that does not transmit any 

signal compared with an active radar system. It detects 

and tracks targets by applying radar measurements to 

emissions of non-cooperative transmitters. Therefore, the 

passive radar has the advantage that it is resistant to jammers 

[1], [2]. This radar is equipped with two antennas: The first 

antenna is a surveillance antenna, which receives targets’ 

echoes and multipath signals, whereas the second antenna is a 

reference antenna, which receives a reference signal [3]. The 

reference signal is reconstructed to detect targets [4]. 

Passive radar has been studied in many researches, such as 

studying of targets detection [5]-[7], studying of signals of 
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non-cooperative transmitters and determining of the best 

signal for this radar [8]-[10], [1], [6], studying of an effect of a 

reference signal on a surveillance channel [11], [12], [2], and 

localizing of targets in Cartesian coordinates [13]-[20].   

Passive radar localizes a target in Cartesian coordinates by 

using one of the following bistatic geometries: multiple non-

cooperative transmitters and a single receiver [13]-[16], a 

single non-cooperative transmitter and multiple receivers [17], 

[18], or multiple non-cooperative transmitters and multiple 

receivers [19], [20], then the target is localized by determining 

ellipsoid intersections corresponding to the transmitter-

receiver pairs [1], [13]. This process leads to a ghost target 

phenomenon that generates false targets [1], and the diversity 

of receivers or non-cooperative transmitters leads to extra 

signal processing [21]. Therefore, we want to mitigate the two 

mentioned disadvantages and estimate Cartesian coordinates 

of a target by proposing a new method with a passive radar 

system that has the bistatic geometry: a single non-cooperative 

transmitter and a single receiver. 

In the same context, a passive radar system with a non-

cooperative transmitter and a receiver was studied in many 

researches [22]-[24]. They presented this system with a single 

receiver channel to receive two signals: a reference signal and 

a surveillance signal, but they cleared up the detection of a 

target by processing a (range-Doppler) diagram at the output 

of a matched filter. Authors of these researches were not able 

to estimate Cartesian coordinates of the target because the 

parameter (range) is a bistatic range, which does not refer to 

the range between the target and the receiver. Therefore, the 

diversity of receivers or non-cooperative transmitters should 

be used for localizing a target in Cartesian coordinates.    

This paper is organized as follows. Section II introduces the 

proposed solution for estimating Cartesian coordinates of a 

target by the passive radar system with one non-cooperative 

transmitter and one receiver. Section III presents the initial 

conditions for simulating the proposed passive radar system. 

Section IV shows the simulation results and concentrates on 

the discussion of these results. Section V concludes the paper. 

For simplicity, we consider that a transmitter is a non-

cooperative transmitter and target’s coordinates are Cartesian 

coordinates.

P 
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II. PROPOSED SOLUTION 

  
A. Proposed Bistatic Geometry 
  

It consists of one transmitter and one receiver, in taking into 

consideration that there is only one target, as shown in Fig. 1.  

 

 

 

 

 

 

 

 
Fig. 1. Proposed passive radar geometry 

 

where 𝑇𝑥 is the transmitter, 𝑅𝑥 is the receiver with two 

antennas, 𝑇𝑎 is the target, 𝑅1 is the range between the 

transmitter and the target, 𝑅2 is the effective range, 𝑅𝑏 is the 

bistatic range, D is the distance between the transmitter and 

the receiver, (𝑥𝑎, 𝑦𝑎, 𝑧𝑎) are the target coordinates, 𝛽 is the 

bistatic angle, 𝜑 is the arrival angle of the target’s echo signal 

in the elevation direction, and 𝜃 is the arrival angle of the 

same signal in the azimuth direction. 

  

B. Proposed Method 

  

It depends on processing a mathematical approach for the 

proposed passive radar geometry, whereas this approach links 

between estimated parameters for the target’s echo signal and 

the distance between the transmitter and the receiver. After 

processing the mentioned approach, we can estimate the 

effective range and the target coordinates.  

The mathematical approach depends on Cassini ovals, 

which explain a status of a presence of the following three 

points in a Cartesian coordinate system: a fixed transmitter, a 

fixed receiver and a target, thus multiplying distances to two 

fixed points is related to SNR variations of the target’s echo 

signal [25], [3]. The mathematical expression for that 

approach is given in (1) and (2). 

 

‖𝑇𝑥 𝑇𝑎
⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗‖

2
∗ ‖𝑇𝑎 𝑅𝑥

⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ‖
2
= 𝑅1

2 ∗ 𝑅2
2 = 𝑅𝑀

4                   (1) 

 

{𝑥𝑎
2 + (D − 𝑦𝑎)

2 + 𝑧𝑎
2} ∗ {𝑥𝑎

2 + 𝑦𝑎
2 + 𝑧𝑎

2} = 𝑅𝑀
4             (2) 

 

where 𝑅𝑀 is the equivalent range; 𝑅𝑀 = √𝑅1 𝑅2 . 

 

We convert (2) from the Cartesian coordinate system 

(𝑥𝑎, 𝑦𝑎, 𝑧𝑎) to the spherical coordinate system (𝑅2, 𝜑, 𝜃) by 

substituting (3) in (2), whereas (3) is the equation of the target  

coordinates, which are results from Fig. 1.  

 

[

𝑥𝑎

𝑦𝑎

𝑧𝑎

] = 𝑅2 ∗  [

𝑠𝑖𝑛(𝜑) 𝑐𝑜𝑠(𝜃)

𝑠𝑖𝑛(𝜑) 𝑠𝑖𝑛(𝜃)

𝑐𝑜𝑠(𝜑)
]                      (3) 

 
 

After substituting (3) in (2), we obtain (7), which represents 

the mathematical description for a passive radar system with a 

single transmitter, a single receiver and a target. 

 
{𝑅2

2 𝑠𝑖𝑛2(𝜑) 𝑐𝑜𝑠2(𝜃) + D2 + 𝑅2
2 𝑠𝑖𝑛2(𝜑) 𝑠𝑖𝑛2(𝜃)   

− 2D𝑅2 𝑠𝑖𝑛(𝜑) 𝑠𝑖𝑛(𝜃) + 𝑅2
2 𝑐𝑜𝑠2(𝜑)} ∗ 𝑅2

2   

= 𝑅𝑀
4                                                                           (4) 

 
{𝑅2

2 𝑠𝑖𝑛2(𝜑) ∗ (𝑐𝑜𝑠2( 𝜃) + 𝑠𝑖𝑛2(𝜃)) + D2 − 2D𝑅2 𝑠𝑖𝑛(𝜑) 𝑠𝑖𝑛(𝜃)  

+ 𝑅2
2𝑐𝑜𝑠2(𝜑)}  ∗  𝑅2

2 = 𝑅𝑀
4                                 (5) 

 
{ 𝑅2

2 (𝑠𝑖𝑛2(𝜑) + cos2(𝜑)) + D2  − 2D𝑅2 𝑠𝑖𝑛(𝜑) 𝑠𝑖𝑛(𝜃)} ∗  𝑅2
2 =

𝑅𝑀
4                                                  (6) 

 

 𝑅2
4 − 2D𝑠𝑖𝑛(𝜑) 𝑠𝑖𝑛(𝜃)𝑅2

3  + D2𝑅2
2 − 𝑅𝑀

4 = 0          (7) 

 

Notice that (7) is a fourth-order equation that has four 

solutions: two imaginary solutions, a negative solution and a 

positive solution, whereas the positive solution is the correct 

variable (𝑅2). The parameters of this equation are: (D, 𝜑,
𝜃 𝑎𝑛𝑑 𝑅𝑀), which should be estimated to complete the 

estimation of the target coordinates. These parameters are 

estimated as follows:  
 

a) The parameter (D) is identified.  
 

b) The two angles (𝜑 𝑎𝑛𝑑 𝜃) are estimated by many 

algorithms, such as MUSIC (Multiple Signal 

Classification) and ESPRIT (Estimation of Signal 

Parameters via Rotational Invariance Technique). Many 

researches have indicated that the MUSIC algorithm has 

high performance for estimating the two arrival angles 

[26], [27], so we will use the 2-dimensional MUSIC 

algorithm in this paper. The 2D-MUSIC algorithm is an 

algorithm that uses a 2D-array antenna and depends on 

processing and analyzing the output of the array antenna 

for forming the shape of a spatial spectrum function. Then 

the two arrival angles of the observed signal are estimated 

by applying the Maximum Likelihood method to the 

shaped function [28]-[31]. The estimation accuracy of this 

algorithm is related to the following parameters: SNR, the 

number of elements of the array antenna, duration of the 

processed signal in Baseband, and a search resolution in 

the azimuth and elevation directions [29].  
 

c) The parameter (𝑅𝑀) is estimated by measuring and 

analyzing SNR of the target’s echo signal. It is given in (9) 

and (10), and the parameter (SNR) is given in (8), [3], [10]. 

  

𝑆𝑁𝑅 =
𝑃𝑡𝐺𝑡𝐺𝑟𝑆𝐴

𝜆2 𝜎𝑅𝐶𝑆

(4𝜋)3 𝐾 𝑇0 𝐵 𝐹 𝐿𝑡𝐿𝑟𝑅𝑀
4                          (8) 

𝑅𝑀
4 = 𝑅1

2𝑅2
2 =

𝑃𝑡𝐺𝑡𝐺𝑟𝑆𝐴
𝜆2 𝜎𝑅𝐶𝑆

(4𝜋)3 𝐾 𝑇0 𝐵 𝐹 𝐿𝑡𝐿𝑟  𝑆𝑁𝑅
                 (9) 

𝑦 
𝑦𝑎 

𝑅1 𝑅2 

𝑇𝑎 

𝑥 

𝑥𝑎 

𝑇𝑥 
𝑅𝑥 

𝑧𝑎 
𝑧 

𝜑 

𝜃 

𝑅𝑥@(0,0,0) 
𝑇𝑥@(0, D, 0) 

𝑇𝑎@(𝑥𝑎, 𝑦𝑎 , 𝑧𝑎) 

𝛽 

𝑅𝑏 = 𝑅1 + 𝑅2 − D 

D 
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𝑅𝑀
4 = 𝜌 

𝜎𝑅𝐶𝑆

𝑆𝑁𝑅
                                       (10) 

 

where 𝑃𝑡 is the transmitted power (watt), 𝐺𝑡 is the transmitter 

antenna gain, 𝐺𝑟𝑆𝐴
 is the surveillance antenna gain, 𝜆 is the 

transmitter wavelength (m), 𝜎𝑅𝐶𝑆 is the bistatic radar cross 

section (m2), K is Boltzmann’s constant, 𝑇0 is the effective 

noise temperature, B is the receiver bandwidth (Hz),  𝐹 is the 

receiver noise figure, 𝐿𝑡 is the transmitter system losses, 𝐿𝑟 is 

the receiver system losses, and 𝜌 is the studied system 

constants.   

Whenever the receiver of the proposed passive radar system 

is able to estimate the two angles  (𝜃 𝑎𝑛𝑑 𝜑) and analyze the 

parameter (SNR) for the target’s echo signal optimally, then the 

effective range and the target coordinates are estimated with 

higher estimation accuracy. In the same context, if the 

mentioned receiver estimates the parameters (𝜃, 𝜑 and 𝑅𝑏), 

then the estimated coordinates are wrong, because the bistatic 

range (𝑅𝑏) refers to the summation of the two ranges (𝑅1, 𝑅2), 

see Fig. 1.    

Note: At measuring the parameter (SNR), we should pay 

attention to the parameter (RCS), which must be determined or 

estimated for the proposed method. Many researches have 

indicated that it can be estimated by one of the following two 

options:  

a) Using statistical methods, such as a Hidden Markov chain 

(Bayesian filtering). In this option, the parameter (RCS) is 

estimated by estimating and analyzing parameters of a 

target’s echo signal [32]-[39]. 
 

 

b) Using a database that contains values of RCS for various 

target classes. This option depends on radar measurements 

[40]-[42]. 

III. SIMULATING PROPOSED PASSIVE RADAR SYSTEM  

MATLAB software is used for simulating the proposed 

passive radar system that consists of the following parts: The 

DVB-T transmitter, Additive White Gaussian Noise channel 

with one observed target, and the receiver that has two 

antennas, as shown in Fig. 2. 

 
 

 

 

  

 

 

 

 

 

 
Fig. 2. Block diagram for simulation and processing 

We consider that the observed target moves according to the 

path shown in Fig. 3, whereas its instantaneous position is 

given in (11). 

 

[

𝑥𝑎(𝑡 + 1)

𝑦𝑎(𝑡 + 1)

𝑧𝑎(𝑡 + 1)
] = [

𝑥𝑎(𝑡)

𝑦𝑎(𝑡)

𝑧𝑎(𝑡)
] + [

𝑣𝑥(𝑡)

𝑣𝑦(𝑡)

𝑣𝑧(𝑡)

] ∆𝑡               (11) 

 

where (𝑡 + 1) is the current time step, t is the previous time 

step, (𝑣𝑥, 𝑣𝑦, 𝑣𝑧)(𝑡)
 are the Cartesian components for the target 

speed at the previous time step (t), and ∆t is the time 

difference between two consecutive measurements. 

     
Fig. 3. Path of observed target 

 

To complete the description of this simulation, we add the 

technical characteristics for the transmitter, the receiver and 

the observed target, as listed in Table I.  

 
TABLE I 

TECHNICAL CHARACTERISTICS FOR TRANSMITTER, RECEIVER AND TARGET 

1/32 
Guard 

interval  
50 (KW) ERP  

D
V

B
-T

 T
ra

n
sm

it
te

r
 

0.924 (ms) 

Duration of 

OFDM 

symbol  

474 (MHz) 
Carrier 

frequency  

[0, D, 0]𝑇 
Cartesian 

coordinates 
8 (MHz) Bandwidth 

 5 (Km) D 
 8K mode / 

64QAM 

Transmission 

mode/ 

modulation 

1 (dB) 𝐿𝑡   7/8  Code Rate 

0.1499 (s) ∆𝑡  22 (dB) 
surveillance 

antenna gain 

R
ec

ei
v

er
 

0.924 (ms) TP 2.5 (dB) 
reference 

antenna gain 

1 (dB) 𝐿𝑟   [0,0,0]𝑇 
Cartesian 

coordinates 

2 (dB) 𝐹 (3, 3) (𝑁𝑥 , 𝑁𝑦) 

Search resolution of 2D-MUSIC algorithm is 0.1° in azimuth and 

elevation directions 

[9.5, 8.5, 3.5]𝑇 
(𝐾𝑚)  

Initial 

coordinates 
6 (𝑚2) 

Monostatic 

RCS 

O
b

se
rv

ed
 

T
ar

g
et

 

[−771 − 758] 
(𝐻𝑧) 

Bistatic 

Doppler 

Frequency 

250 
 (𝑚/𝑠𝑒𝑐) 

speed 

 

Processing signal of 

surveillance channel  

Processing signal of 

reference channel  
DVB-T 

signal 

Matched filter 

Estimating two arrival angles 

Measuring and analyzing SNR 

Estimating effective 

range and target 

coordinates 

Detection of 

target’s echo signal 
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where ERP refers to )Effective Radiated Power(, OFDM refers 

to )Orthogonal Frequency Division Multiplexing(, T is the 

transpose of a matrix, (𝑁𝑥,  𝑁𝑦) are the numbers of elements of 

the 2D array antenna in x-direction and y-direction, and TP is 

the processing duration per each measurement. 

This simulation has been achieved with the following 

considerations:  

a) The transmitted signal is a DVB-T signal because many 

researches have indicated that it is the best signal for 

passive radar. This is because of the following reasons: 

First, it is a digital signal, so a reference signal can be 

recreated perfectly. Second, it has a small Monostatic 

range resolution (approximately 20(m)), and finally, it is 

robust to multipath fading because it depends on the 

OFDM modulation technique [1], [8]-[10].  
 

b) The parameter (RCS) is estimated by the method of [32], 

and the maximum estimation error is (0.1*RCS) [36], [37]. 

For simplicity, we consider that the parameter (RCS) is 

constant during the simulation.  
 

c) Bistatic RCS is enhanced in a compare with Monostatic 

RCS at the frequency bands (UHF & VHF), whereas the 

enhancement is typically 7(dB) [43].    
 

d) We do not use interference suppression techniques between 

the reference signal and the surveillance channel because 

the range of the parameter (SIR) is [−69.8    − 65.7](dB), 

which is between -70 (dB) and -60 (dB) [11], where SIR is 

the signal-to-interference ratio. 
 

e) The observed target is detected with a false alarm 

probability (10−5), whereas the SNR of the target’s echo 

signal changes according to Fig. 4.   
 

  
Fig. 4. Measured SNR as a function to time 

 

IV. RESULTS AND DISCUSSION  
  

After executing the simulation of the proposed passive radar 

system, we will find the following results, with taking into 

consideration these points: 1) An estimation error is calculated 

as the difference between a real value and an estimated value. 

2) A trusted estimation domain and estimation accuracy are 

related to a standard deviation of estimation errors. 

The two arrival angles of the target’s echo signal have been 

estimated by the 2D-MUSIC algorithm, and the maximum  

estimation errors are as follows: (0.055°) for the elevation 

angle and (0.24°) for the azimuth angle. Figures (5 and 6) show 

the real values, the estimated values and the trusted estimation 

domain for each angle. 

 

  
Fig. 5. Real and estimated elevation angle 

 

  
Fig. 6. Real and estimated azimuth angle 

 

The effective range has been estimated by solving (7), and 

the maximum estimation error is (384(𝑚)). Figure 7 shows 

the real values, the estimated values and the trusted estimation 

domain for this range. 
 

             
Fig. 7. Real and estimated effective range 
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The target coordinates have been estimated by estimating 

the two arrival angles of the target’s echo signal and the 

effective range, and the maximum estimation errors of these 

coordinates are as follows: 258 (𝑚) for the (𝑥𝑎) coordinate, 

284 (𝑚) for the (𝑦𝑎) coordinate and 89 (𝑚) for the (𝑧𝑎) 

coordinate. Figures (8, 9 and 10) show the real values, the 

estimated values and the trusted estimation domain for each 

coordinate. 

 
Fig. 8. Real and estimated (𝑥𝑎) coordinate 

 

 
Fig. 9. Real and estimated (𝑦𝑎) coordinate 

 

 
Fig. 10. Real and estimated (𝑧𝑎) coordinate 

In observing the fluctuations in the estimated coordinates, 

we find that they are caused by the estimations accuracies of 

the parameters (𝜃, 𝜑, 𝑅𝑀 𝑎𝑛𝑑 𝑅𝐶𝑆), whereas the improvement 

of the estimation accuracy of each parameter will enhance the 

estimation accuracy of the target coordinates.   

Improving the parameter (SNR) will enhance the simulation 

results because it affects the estimation of the two arrival 

angles of the target’s echo signal.  

By comparing the simulation results with results of other 

researches [14], [16], we notice Table II, which illustrates the 

efficiency of the proposed passive radar system in terms of 

estimation accuracy, system complexity and an appearance of 

the ghost target phenomenon, with taking into consideration 

that the system complexity and the mentioned phenomenon 

are related to the number of the transmitter-receiver pairs.  

 
TABLE II 

COMPARISON OF RESULTS  

SNR domain of target’s echo signal is [~10   ~15]𝑑𝐵 

References  

Estimation 

accuracy of 

(𝑥𝑎) 

coordinate 

Estimation 

accuracy of 

(𝑦𝑎) 

coordinate 

Estimation 

accuracy of 

(𝑧𝑎) 

coordinate 

Ghost 

 target 

phenomenon 

Results of [14] 
~[500  750] 

 (𝑚) 
~ 750 (𝑚) ~1000 (𝑚) Existed 

 

(It is 

related to a 

method of 

processing) 

(3 𝑇𝑥 , 1 𝑅𝑥) 

3(Tx − 𝑅𝑥)pairs 

Results of [16] 

Hundreds of meters and 

decreases to tens of meters 

Over 

1 (km) and 

decreases 

to hundreds 

of meters 

(3 𝑇𝑥 , 1 𝑅𝑥) 

 3(Tx − 𝑅𝑥)pairs 

 Results of this 

paper 

~97 (𝑚) ~92 (𝑚) ~34 (𝑚) 
Not 

existed 
(1 𝑇𝑥 , 1 𝑅𝑥) 

 1(Tx − 𝑅𝑥)pair 

 

Through Table II, we notice that the processing of the 

proposed passive radar geometry develops applications of 

passive radars by decreasing the complexity of their system, 

cancelling the ghost target phenomenon and improving the 

estimation accuracy of the target coordinates.  

V. CONCLUSION 
  

In this paper, a new method was proposed to estimate 

Cartesian coordinates of a target by a passive radar system 

with a single non-cooperative transmitter and a single receiver. 

The proposed method depends on analyzing a signal-to-noise 

ratio and estimating two arrival angles for the target’s echo 

signal. By simulating the proposed passive radar system, we 

presented the estimating of Cartesian coordinates of the target 

and the mitigating of disadvantages of using a diversity of 

receivers or non-cooperative transmitters. We showed the 

efficiency of the proposed passive radar system by comparing 

results of this research with results of other researches at 

convergent simulation conditions. 
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