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Summary 

 
 
The passive radar systems represents look for the best exploitation of available signals in 
the environment; these are aimed to detect targets in an opportunistic way, at low cost 
(compared with a common radar system) and with a very low detection and jamming 
probability. 
 
The work's objective is identifying the operation mechanisms and the basic parameters 
needed to design of a passive radar system; likewise, this objective looks for identify and 
analyze of common and compatible signals available in the environment; finally and as 
consequence, the signal that allows achieving the best performance to a to-be-designed 
system, will be proposed to be used. 
 
To fulfill this object, several Matlab simulations were done, in order to estimate the 
distribution of Signal to Noise Ratio (SNR) level over a defined area, the size variation 
behavior of the resolution cell, and the requirements of computational operations for each 
one of the opportunity signals available. 
 
Among the simulation feedbacks, the digital TV signal is the best choice to fulfill the 
concept of passive radar system ideal (great range detection, small resolution cell and a 
feasible load of computational operations); although, it is important to have in mind this is 
possible only if the signal is available in the area of interest and it has an acceptable 
power level from the transmitter. 
  
Los sistemas de radares pasivos buscan aprovechar las señales disponibles en el 
ambiente, para detectar de objetivos de manera oportunista, a bajo costo (comparado 
con un sistema radar común), muy baja probabilidad de detección y de perturbación.  
 
El objetivo de este trabajo es identificar los mecanismos de operación y los parámetros 
básicos, para el diseño de un sistema radar pasivo; adicionalmente, el objetivo cubre la 
identificación y análisis de las señales disponibles en el ambiente; para finalmente 
proponer aquella señal que permita a un sistema a diseñar el mejor rendimiento posible. 
Para ello se realizaron simulaciones en Matlab de las estimaciones de la distribución del 
nivel de la relación señal a ruido (SNR, por sus siglas en inglés) en un área definida, el 
comportamiento del tamaño de la celda de resolución y los requisitos a nivel de carga 
computacional de cada una de las señales de oportunidad disponible.  
 
Entre los resultados de estas simulaciones, se pudo establecer que la señal que se 
acopla mejor al idea de un sistema radar (mayor alcance, celda de resolución pequeña, 
carga computacional viable) es la señal de TV digital; aunque también es importante 
demarcar que depende adicionalmente de su disponibilidad en el área de interés y que 
su transmisor tenga la potencia necesaria para lograr el alcance de detección deseado. 
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Objectives 

 
 
 
Global Objective: 
 
 

 Acquiring the knowledge on the basic parameters of passive radar system, to 
design passive radar sensors adjusted to a specified and selected, signal type. 

 
 
 
 
Specific Objectives: 
 
 

 Defining the basic mechanisms of operation of this type of sensors. 
 
 

 Recognizing, classifying and selecting the opportunity signals, useful for sensor 
operation. 
 

 

 Generating a basic tool for estimating the sensor's performance and behavior.    
 
 

 Defining the fundamental parameters of design of passive radar sensors for a 
specified and selected signal type. Likewise, identifying the advantages and 
disadvantages of using different signal sources.  
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Introduction 

 

 
 
The common and widely known radar definition is "a system for detecting the presence 
of distant objects, and determining their direction, distance, or motion, by transmitting 
pulses of radio waves or microwaves and detecting or measuring the return of the waves 
after they have been reflected by the objects; a similar system in which a return signal is 
automatically transmitted by a suitably equipped target when it receives the outgoing 
waves (also called secondary radar)"[1] and it has different basic parts like: a transmitter, 
an antenna, a duplexer, a receiver, a signal processor and finally a radar control[2]; and 
moreover, the transmitter and receiver parts, are located in the same enclosure. 
 
The passive radar systems have a very difference from this concept; and it is based on 
bistatic radar principle that consists of having separated physically both, transmitter and 
receiver; and makes the system a bit complex, because the receiver needs to know the 
signal characteristics, to recognize neatly the received signal from the environmental 
noise. The larger is the distance between these parts, the harder is the system to be built 
(bistatic radar) due losses, desynchronization and other effects. So, the solution is 
turning off and discarding the transmitter; and receive those known signals from the 
environment like: AM-FM radio, terrestrial RF-links, TV broadcasting, cellular phone base 
stations, Digital Audio-Video broadcasting and satellite signals; and henceforth, the 
system is known and renamed as passive radar. 
 
The use of third-party signals is the main objective of this system, and brings some great 
advantages: mainly in military field, as it has no transmitter, this system cannot be 
located by signal intelligence receiver equipments, and besides, this system can detect in 
some cases those aircraft with stealth technology; and in general undoubtedly, cost 
reduction. This reduction appears as a result of the considerable costs of transmitter 
construction, and conspicuously in microwave frequency band. 
 
But unfortunately, for passive radar systems not at all are advantages; it has some 
disadvantages that ironically are born from the advantages: the signal sources. Due 
there is no control on these signals, the radar parameters  quite related to the signal 
characteristics (amplitude or power density, carrier frequency, bandwidth, PRF or 
modulation frequency) like resolution cell, the maximum not ambiguous range, 
instrumental range, are no longer design-dependant; now they are type of signal-
dependant. 
 
With this scenario, the objective in this work, is to find, from all the available signals on 
environment; that signal whose characteristics, produce the best theoretical performance 
for the system; and it will be measured via matlab simulation, with known signal 
characteristics of the possible available signal in the environment. Those characteristics 
chiefly are: Power density, bandwidth and ambiguity function. Other characteristics are 
not type of signal-dependant, like availability of transmitters (or coverage) on the area of 
interest. 
 
This study was made in order to achieve the basic knowledge about radar area, as 
foundation for CODALTEC’s further technological projects. 
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1. Chapter one - Theoretical Background 
 
 
 
This chapter will describe largely the concept and operation principles of this system. 
Likewise, to the general characteristics of the signals available on a common 
environment, this will allow furthermore, to classify, tag, identify ‘pros’ and ‘cons’;  and 
finally, select that signal which characteristics render the best performance for the 
designed system(using as design parameters, some radar parameters like range, 
resolution, ambiguity, etc.). 
 
 
 

1.1. Passive Radar Definition 
 

This concept springs up from radar concept and its definition is a system to detect 
objects using radio waves to track down the range, altitude, speed and direction of the 
detected objects. A historical fact, the name “radar” is an acronym for RAdio Detection 
And Ranging, and it was created by US NAVY in 1940. 
 
Passive radar is a specific case for bistatic radars; due its receiver is not located in the 
same place than transmitter; besides, it is specific case because it has no transmitter. 
The passive radar uses the signal from a third-party and all its components are designed 
to process that signal. 
 
Going further, the first parameter to calculate is the range between the radar and the 
object, it is calculated, based on radio waves speed is similar to light speed (c ~ 3x108 
m/s) and the time between radio wave transmission and its reception (t), with the 
following equation: 
 

𝑅 =   
𝑐 ∗ 𝑡

2
 [𝑚] (1.1) 

 
The second parameter is the object speed. This calculation is based on the Doppler 
Effect produced by the movement of the object, only if either it is getting closer or going 
away, directly or outwards from the radar; this is known as radial speed and is shown in 
the figure. 
 

 
Figure 1-1Target's radial speed 

 
This speed is calculated based on Doppler shift frequency (measured on the radar) and 

the radar’s wavelength (𝜆): 
  

𝑓𝑑 =   
2 ∗ 𝑉𝑅 ∗ 𝑐𝑜𝑠𝛼

𝜆
 [𝐻𝑧] (1.2) 

 
The calculation of altitude parameter depends mainly on antenna design. It is typical for 
3d systems with antenna array.  
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To get the all these measures, commonly a radar system is composed by[2]:  
 

 
Figure 1-2.Basic part of a radar 

Now it is clear how to calculate these parameters, but there is no radar with infinite power 
transmitter, so our new parameter, is the amount of power arriving to the receiver with a 
known power transmission level; and our first step is defining this scenario, how many 
energy is there over the space, known as power density Q i, that is proportional to the 
total power peak, Pt,   at a defined range R and at a determined surface (If it is a isotropic 
radiator this surface will be spherical)[3]. 
 

𝑄𝑖 =   
𝑃𝑡

4𝜋𝑅2  [𝑊
𝑚2⁄ ] (1.3) 

 
A better view of this concept is depicted on Figure 1-3. But in real world is desired to 
focus the energy on a specific area, therefore we have an additional parameter for the 
equation and is defined as antenna gain. 
 

 
Figure 1-3 Power Density at range R 

This gain is defined as the direction where directivity is maximum, and then directivity is 
defined as a unitless ratio of the radiation intensity of an antenna in a particular direction 
to that of a lossless isotropic antenna with the same radiated power, better explained in 
the Figure 1-4. The original equation 1.3 is now changed to: 
 

𝑄𝑖 =   
𝑃𝑡𝐺𝑡

4𝜋𝑅2  [𝑊
𝑚2⁄ ] (1.4) 
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Figure 1-4 Directivity and Gain of an antenna 

 
At this moment, the power density is defined at point R, where the object is located; but 
not all of this goes back to the radar, the objects reflects the energy in a variety of 
directions, bouncing back a portion of this energy; the amount of it, is a factor knows as 
Radar Cross Section or RCS and its units are [m2]. This factor depends on the physical 
size of the objects, its shape and the materials that it’s made. With all this mixed, the 
power reflected from the object is defined using Equation 1.4: 
 

𝑃𝑟𝑒𝑓 = 𝑄𝑖𝜎 =   
𝑃𝑡𝐺𝑡𝜎

4𝜋𝑅2  [ 𝑊 ] (1.5) 

 
This power reflected travels back to the radar’s antenna and according to its size, the 
antenna can gather this energy and sends forward, to the radar’s receiver. This 
parameter is an equivalence about how effective, the antenna focuses and delivers the 
energy, this is known as antenna’s effective area. All the process is shown on the next 
figure. 

 
Figure 1-5 Path of Radar waves and related radar parameters 
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Using the same concept as Equation 1.3, the equation for Qr is: 
 

𝑄𝑟 =   
𝑃𝑟𝑒𝑓

4𝜋𝑅2  [𝑊
𝑚2⁄ ] (1.6) 

 

𝑄𝑟 =   
𝑃𝑡𝐺𝑡𝜎

4𝜋2𝑅2 ∗  
1

4𝜋2𝑅2 =
𝑃𝑡𝐺𝑡𝜎

(4𝜋2)2𝑅4  [𝑊
𝑚2⁄ ] (1.7) 

 

And finally adding 𝐴𝑒, the power received after going through the antenna is: 
  

𝑃𝑟 =  
𝑃𝑡𝐺𝑡𝜎𝐴𝑒

(4𝜋2)2𝑅4 [ 𝑊 ] (1.8) 

 

For the previous equation is commonly not use 𝐴𝑒, and there is a relation with Gain. 

 

𝐴𝑒 =  
𝜆2𝐺𝑟

4𝜋
[ 𝑊 ] (1.9) 

 
Replacing 1.9 on 1.8: 
 

𝑃𝑟 =  
𝑃𝑡𝐺𝑡𝐺𝑟𝜆2𝜎

(4𝜋2)3𝑅4 [ 𝑊 ] (1.10) 

 
This is the basis of radar equation and this allow estimate some important information 
about a radar system. But calculating the received power, gives no real data, formerly the 
noise (chiefly thermal) present in the environment is an important factor that was not 
included; now the power received in the system must be over it and the relation between 
these parameters is known as Signal to Noise Ratio (SNR). To do it, the power of 
thermal noise must be measured or estimated, for which is give by[3]: 
 

𝑃𝑛 =  𝑘𝑇0𝐹𝐵[ 𝑊 ] (1.11) 

where, 
 
k is Boltzmann’s constant (1.38 × 10−23 watt-sec/K). 
T0 is the standard temperature (290 K). 
B is the instantaneous receiver bandwidth in Hz. 
F is the noise figure of the receiver subsystem (unitless). 
 
The noise figure is defined as the equivalent description method about how the receiver  
noise to system temperature. Consequently the equation 1.10, change to: 
 

𝑆𝑁𝑅 =  
𝑃𝑟

𝑃𝑛
 (1.12) 

 

𝑆𝑁𝑅 =  
𝑃𝑡𝐺𝑡𝐺𝑟𝜆2𝜎

(4𝜋2)3𝑅4𝑘𝑇0𝐹𝐵
 (1.13) 

 
Now, with this radar equation is a proper model to begin but this is established for a 
monostatic radar. For adapting this to a bistatic model, is needed to split the parameter R 
into range from radar transmitter to the target; and from the target to receiver. 
Furthermore, due random nature of noise, another parameters enter like probability of 
detection, 𝑃𝑑, and probability of false alarm, 𝑃𝑓𝑎; the role of this parameters is set an 
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expected minimum value for SNR in order to fulfill those statistics probabilities. Besides 
the parameter RCS obeys to a probability function too. 
 

𝑆𝑁𝑅 =  
𝑃𝑡𝐺𝑡𝐺𝑟𝜆2𝜎

(4𝜋2)3𝑅𝑟
2𝑅𝑡

2𝑘𝑇0𝐹𝐵
 (1.14) 

 
For passive systems, the equation 1.14 is used and the parameters Pt, Gt, Gr and λ2 

depends on the signal source, this is will be the way to measure the performance of the 
system depending on the signal source. These parameters are equivalent for all types of 
radar and there is some additional parameters; and the next step is defining the 
particular case for passive systems. 
 
 
 

1.2. Bistatic Radar singularities: Resolution cell 
 
There are some differences in range resolution and spatial distribution of SNR on the 
bistatic passive radars. Due its geometry's system and the antenna's beamwidth of both, 
emitter and passive receiver, the range resolution changes as the figures shows: 
 

 
Figure 1-6 Resolution area for b istatic radar.[4] 

 
With this new landscape, the range resolution cell area is now defined as[4]: 
 

𝐴𝑐𝐵 =  
𝑐𝜏𝑊𝑇𝑊𝑅𝑠𝑒𝑐2(𝐶

2⁄ )

√2√(𝑊𝑇
2 + 𝑊𝑅

2)
 (1.15) 

Where, 

𝑊𝑇 = 𝑅𝑇𝐵𝑇   (1.16) 

 

𝑊𝑅 = 𝑅𝑅𝐵𝑅  (1.17) 

Being, 

𝑅 𝑇 : Range from transmitter to target. 
𝐵𝑇: Transmitter's beamwidth.  

𝑅𝑅 : Range from receiver to target. 
𝐵𝑅: Receiver's beamwidth. 
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This change the concept of a growing up resolution cell over the distance, into the shown 
in the next figure.  

 
Figure 1-7 Resolution cell for b istatic radar.(beamwidth 1º both, 1µs pulse duration) 

 
 
 

1.3. Bistatic Radar singularities: SNR distribution 
 
Besides resolution cell, there is another effect due bistatic state. For monostatic radar the 
SNR level is the same at a given distance R, depicting concentric circles (constant SNR 
values) at different given distances; but for bistatic radars these circles turns into ovals, 
known as Cassini ovals and the comparison is depicted as follows (the distance R 
changes in despite of obtaining a constant value of SNR ). Spatially, this cause an effect 

on the objects' power reflected, this is shown graphically in the Figure 1-9(The contours 
of constant range (red dotted lines) are not collinear with the contours of constant 

SNR) . 
 

 



 

 
19 

Figure 1-8 SNR level contours.[4] 

 
Figure 1-9 Cassini Ovals (b lue line) describ ing contours of constant SNR for a transmitter and receiver 

geometry.[5] 

 
 
 

1.4. Bistatic Radar singularities: RCS behavior 
 
 
The behavior of target's RCS on bistatic model have some differences with monostatic 
model, it changes drastically depending on receivers position relative to the target and 
comes more complex. There is three RCS regions, known as pseudo-monostatic, bistatic 
and forward scatter[2], all of them defined by bistatic angle. 
 
The first region, can be considered with the same behavior of monostatic RCS; in some 
experimentations with basic geometrical shapes (cone, sphere and cylinder) there is no 
significant variations in RCS; this region extends out to 40º but in some cases it could be 
greater than that( 90º or even more); but this region could be smaller depending on 
target's shape. The theorem used in this region is the Crispin and Siegel monostatic-
bistatic equivalence, and also Kell's theorem, who proposed for small bistatic angles, 
less than 5°, the bistatic RCS of a complex target is equal to the monostatic RCS 
measured on the bisector of the bistatic angle at a frequency lower by a factor of  
cos(β/2)[2][6]. 
 
The second one or bistatic region, where the bistatic angle at which the equivalence 
theorem fails to predict the bistatic RCS and it diverges from the monostatic RCS. KeIl 
identified three sources of this divergence for complex targets and for a target aspect 
angle fixed with respect to the bistatic bisector. These sources are (1) changes in relative 
phase between discrete scattering centers, (2) changes in radiation from discrete 
scattering centers, and (3) changes in the existence of centers—appearance of new 
centers or disappearance of those previously present[2]. Some measurements gives an 
estimated relation between β and RCS reduction, for β=50 the reduction was 
approximately 15dB[6]. 
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Figure 1-10 Ration of b istatic to monostatic median RCS (coastal freighters measured at X-Band)[6]. 

 
The forward scatter region occurs when the bistatic angle approaches 180°. When β= 
180°, based on physical optics that the forward-scatter RCS, σF, of a target with 

silhouette (or shadow) area A is: 
 

σF = 4𝜋𝐴2 𝜆2⁄   (1.18) 

 

Where 𝜆, the wavelength, is small compared with the target dimensions. The targets can 

be either smooth or complex structures and, from the application of Babinet's principle, 
can be totally absorbing [2]. 
 
 
 

1.5. Bistatic Radar singularities: Doppler effect 
 
In monostatic case, the doppler scenario shown in Figure 1-1, corresponds to the 
equation 1.2, but in bistatic scenario, the picture changes: 

 
Figure 1-11 Bistatic scenario 

 
From this scenario, the equation 1.2, is adjusted to: 
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𝑓𝑑 =   
2 ∗ 𝑉𝑅

𝜆
∗ 𝑐𝑜𝑠𝛿 ∗ cos (𝛽 2⁄ ) [𝐻𝑧]  (1.19) 

 
With this new scenario, there is some conspicuous conclusions: if angle 𝛽 = 0, in other 

words, when the receiver is between transmitter and target; the doppler shift is equivalent 
to monostatic doppler effect; when 𝛽 = 180 or the target is located between transmitter 

and receiver, the target though is moving, it appears to be static. For the rest, the doppler 
shift will be always lower than monostatic cases. 
 
 
 

1.6. Bistatic Radar singularities: Ambiguity function 
 
Another term used commonly on passive bistatic radar is the ambiguity function, it 
springs up from the concept of autocorrelation (how much a signals is similar with itself in 
function on time delay; its maximum value is when both signal are at the same time 

reference) function for a transmitted signal with complex envelope 𝑢(𝑡) defined as: 

χu(𝜏, 𝑓𝑑) =  ∫ 𝑢(𝑡)𝑢∗(𝑡 + 𝜏)𝑒𝑗2𝜋𝑓𝑑 𝑡
∞

−∞
𝑑𝑡 (1.20) 

So the ambiguity function is defined as the square magnitude of it:  

Ψu(𝜏,𝑓𝑑) =  |χu(𝜏, 𝑓𝑑)|2 (1.21) 

It is interpreted as a surface above the delay-doppler plane (𝜏, 𝑓𝑑), its maximum value is 

unity at the origin (𝜏 = 𝑓𝑑 = 0). 

 
Figure 1-12 Square pulse ambiguity function.[7] 

 
 
 

1.7. Passive Radar principle 
 
In monostatic and common bistatic radar system, the timing of transmitted waveform are 
well known, allowing calculate easily the object range; also it is used by a matched 
filter to obtain an optimal signal-to-noise ratio in the receiver. A passive radar does not 
have this information by its own; so it must use a dedicated receiver channel (known as 
the reference channel) to analyze each transmitter being exploited, and 
dynamically sample the transmitted waveform. A passive radar design, typically has the 
modules as shown on the Figure: 

http://en.wikipedia.org/wiki/Matched_filter
http://en.wikipedia.org/wiki/Matched_filter
http://en.wikipedia.org/wiki/Signal-to-noise_ratio
http://en.wikipedia.org/wiki/Sampling_(signal_processing)
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Figure 1-13 Passive Radar modules [8] 

 
 Reception. 

 
A passive radar system must detect a very small target, echoing among interferences 
in a hostile radio environment, similar to a radar with constant wave emitter. Rather 
than conventional pulsed radar, which switches between emitting and listening. 
Consequently, it is quite recommended, using a receiver with low noise figure, high 
dynamic range and high linearity. Although, the received echoes are very often below 
the noise level and thus, the system is going to be limited by external noise. Passive 
radars use digital receiver systems whose output, is a digitized and sampled signal. 
 
 

 Digital beam forming, or a rotating system for the antenna. 
 
Most present passive radar systems use simple antenna arrays with several antenna 
elements allowing calculate the direction of arrival of echoes using standard radar 
beamforming techniques, such as amplitude monopulse. Another technique is using 
only a pair of antenna elements and the phase-difference of arrival to calculate the 
direction of arrival of the echoes (known as phase interferometry). 
 
 

 Signal conditioning. 
 
When the reference signal is taken, it is not stand alone signal, the environment 
includes a large amount of signals; so it is necessary to perform some conditioning of 
the signal before cross-correlation processing. This conditioning may include high 
quality analogue bandpass filtering of the signal, channel equalization to enhance the 

http://en.wikipedia.org/wiki/Beamforming
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quality of the reference signal, removal of unwanted structures in digital signals to 
improve the ambiguity function. 
 
 

 Adaptive filtering. 
 
There is no only Signal to noise ratio, exists also the signal-to-interference ratio, due 
to the large and constant direct signal received from the transmitter. To remove this, 
an adaptive filter can be used to remove the direct signal in a process similar to active 
noise control. This step is essential to ensure that the range/Doppler sidelobes of the 
direct signal do not mask the smaller echoes in the subsequent cross-correlation 
stage. 
 
 

 Cross-correlation. 
 
This processing step in a passive radar is considered as the system´s heart (it is 
related with ambiguity function and autocorrelation concept, on chapter one). This 
step operates like a matched filter and also provides the estimates of the bistatic 
range and bistatic Doppler shift of each target echo. But there is a problem with 
moving targets (Doppler shift), as the Doppler shift imposed on the echo means that it 
will not correlate with the direct signal from the transmitter, in addition, the analogue 
and digital broadcast signals are noisy in nature, therefore they almost only correlate 
with themselves. In consequence, the cross-correlation processing must implement a 
bank of matched filters, each matched to a different target Doppler shift. 
 
Efficient implementations of the cross-correlation processing based on the discrete 
Fourier transform are usually used. The signal processing gain is typically equal to: 
 

𝑆𝑃𝐺 =  𝐵 ∗ 𝑇𝑖𝑛𝑡 (1.22) 

 
Where B is the waveform bandwidth and 𝑇𝑖𝑛𝑡  is the length of the signal sequence 
being integrated. A gain of 50 dB is not uncommon. This gain is added to radar 
equation 1.14. 
 

𝑆𝑁𝑅 =  
𝑃𝑡𝐺𝑡𝐺𝑟𝜆2𝜎𝑆𝑃𝐺

(4𝜋2)3𝑅𝑟
2𝑅𝑡

2𝑘𝑇0𝐹𝐵
=  

𝑃𝑡𝐺𝑡𝐺𝑟𝜆2𝜎𝑇𝑖𝑛𝑡

(4𝜋2)3𝑅𝑟
2𝑅𝑡

2𝑘𝑇0𝐹
 (1.23) 

 

Finally Tint =
1

Bint
, being Bint the integration bandwidth, and the final radar equation 

will be: 
 

𝑆𝑁𝑅 =   
𝑃𝑡𝐺𝑡𝐺𝑟𝜆2𝜎

(4𝜋2)3𝑅𝑟
2𝑅𝑡

2𝑘𝑇0𝐹𝐵𝑖𝑛𝑡
 (1.24) 

 
At processing level, this operation could be rendered with FFT (Fast Fourier 
Transform) and IFFT (Inverse Fast Fourier Transform), as follows (defining Rs as 
received signal, Rrs received reference signal): 

http://en.wikipedia.org/wiki/Adaptive_filter
http://en.wikipedia.org/wiki/Cross-correlation
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Figure 1-14 Cross-correlation via FFT process 

 
With this, the amount of complex multiplications needed for each FFT, will be:  

𝑁 ∗ log2 (𝑁) (1.25) 

Each complex multiplications requires four real products 
 

 Detection using constant false alarm rate (CFAR) scheme. 
 
The signal after the cross-correlation process needs to fulfill a criteria in order to be 
considered as target, this criteria is the application of an adaptive threshold, if the 
signal level is above it, a target is declared. This adaptive threshold is known as 
constant false alarm rate (CFAR) and is designed to track changes in the interference 
and to adjust this threshold to maintain a constant probability of false alarm. 
 
 

 Association and tracking of object returns in range/Doppler space, known as "line 
tracking". 
 
This processing refers to the tracking of target returns from individual targets, over 
time, in order to estimate the kinetic behavior and predict target´s future positions. A 
standard Kalman filter is typically used and its main advantage is the rejection of false 
alarms signals. 
 
 

 Association and fusion of line tracks from each transmitter to form the final estimate of 
an objects location, heading and speed.  
 
It is possible to figure out where the target is, by simply calculating the point of 
intersection of the bearing with the bistatic-range ellipse. Although, errors in bearing 
and range are very plausible, rendering this process inaccurate. A good correction for 
this problem is using a non-linear filter, such as the extended or unscented Kalman 
filter. 

 
 
 

1.8. Advantages and disadvantages of passive radar 
 
In general this system has the following advantages: 
 
 Lower procurement cost. 

 Lower costs of operation and maintenance, due to the lack of transmitter and moving 
parts. 

 Covert operation, including no need for frequency allocations. 

http://en.wikipedia.org/wiki/Constant_false_alarm_rate
http://en.wikipedia.org/wiki/Radar_tracker
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 Physically small and hence easily deployed in places where conventional radars 
cannot be. 

 Capabilities against stealth aircraft due to the frequency bands and multistatic 
geometries employed. 

 Rapid updates, typically once a second. 

 Difficulty of jamming, given that the receiver location is kept hidden. 

 Resilience to anti-radiation missiles. 
 
There are some disadvantages identified: 
 

 Immaturity. 

 Reliance on third-party illuminators (no direct control of the signal). 

 Complexity of deployment. 

 1D/2D operation, but possible use 2 different systems for 3D (height + range). 
 More Complicated Geometry. 

 In general, poorer performance (resolution and range). 
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2. Chapter two - Types of common opportunity signals 
 
 
 
The performance of Passive radar depends on the signal used for its operation. In this 
chapter, the signal sources are going to be described and analyze its characteristics for 
then select the best type of signal to use in a passive radar. The following, are those 
which are compatible with this technology: 

 

 FM radio signals.  

 Digital audio broadcasting. 

 Analogue television signals.  

 Digital video broadcasting. 

 Cellular phone base stations. 
  

In this chapter, will be analyze the main characteristics of these signals such as power, 
frequency of operation, bandwidth, ambiguity function, coverage and signal availability. 
 
 
 

2.1. FM Radio 
 

FM broadcasting uses the VHF band and the transmitters are usually sited on tall towers 
or masts in high land. The radiation patterns are usually omnidirectional in azimuth, 
notwithstanding, the elevation-plane patterns are usually shaped to avoid wasting power 
above the horizontal. The FM radio signal has the following characteristics [9]: 
 

Power 
density 

Operation 
band 

Bandwidth Range 
resolution 

-57dbW 
@100Km 

87.5-108Mhz 100 Khz 1500m 

Table 2-1Main characteristics of FM Broadcasting signal 

 

 
Figure 2-1 FM typical spectrum [10] 

 
Besides these characteristics, the coverage area is important. It depends about where to 
locate the radar; o rather if the area where is needed to be located, there is signal 
availability. The FM broadcasting is wide spread around the world. 
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Figure 2-2 Commercial FM transmitter on USA.[9] 

 

 
Figure 2-3 FM field on Europe[9]. 

 

 
Figure 2-4 FM Band[9]. 

 
The main disadvantages of this signal, is its low and variable bandwidth that renders a 
great value for resolution, and some problems with ambiguity function. Due nature of 
emitted signals modulated with audio waves(depends on the instantaneous modulation), 
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reveals some issues as depicted in the figures 2-5 and 2-6[11]; rendering the system 
dependant to the type of audio source, i.e. voice, and even the type of music. 
 

 
Figure 2-5 Ambiguity function from speech (BBC radio 4)[11]. 

 
 
 

 
Figure 2-6 Ambiguity function from jazz music (BBC radio 4)[11]. 

 
In addition, the range resolution is affected due great disparity on ambiguity function, 
Figure 2.6 show graphically over time, this variation and depending on music genre. 
 

 
Figure 2-7 Range resolution variation over time[11]. 

 
 
AM broadcasting was not counted in the work, due its extreme low bandwidth and due 
the same issues in ambiguity function as FM radio. 
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2.2. Digital audio broadcasting. 
 

The definition for Digital Audio Broadcasting or DAB, is a family consists of DAB and 
DAB+ for digital radio. The original DAB was developed in the late 1980s, it was based 
on MPEG Audio Layer II coding, which is still commonly used in broadcasting today. 
Since then, MPEG Audio Layer has evolved to MPEG III (better known as MP3) and 
finally MPEG-4 (AAC). The integration of AAC into DAB allowed higher efficiency, 
meaning the same audio quality at lower bitrates - hence the birth of DAB+[12].  
 
This is a new technology and it is growing to replace analogue radio. It works on Band III 
(220MHz) and uses a digital codification known as Orthogonal Frequency Division 
Multiplexing (OFDM) composed of 1536 carriers spaced 1 KHz and has the following 
characteristics: 

 
Power density Operation bands Bandwidth Range 

resolution 
-71dbW @100Km BAND III 174–240 MHz 

L BAND 1452–1492 MHz 
1537 Khz 97.6m 

Table 2-2 Main characteristics of Digital audio Broadcasting signal 

Usually the power density is lower than analogue audio broadcasting and its availability 
is barely conspicuous worldwide, but in some European countries its coverage overpass 
85%[13]. 
 

 
Figure 2-8 DAB availab ility around the world.[12] 

 
This type of signal offer betters characteristics in comparison with fm analogue signal 
(bandwidth, range resolution), but it has lower power density decreasing maximum 
detection range. Concerning to ambiguity function there is a great difference to analogue 
broadcasting, as shown in the following figure. 
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Figure 2-9 Ambiguity function from digital audio broadcast (DAB)[11]. 

 
The ambiguity function show a nice shape, an discernible peak eases further processing 
and avoids ambiguity; it narrow depth (Doppler frequency) also allows identify several 
target moving at different speeds. And finally the theoretical spectrum usage of this 
signal illustrated.[14] 
 

 
Figure 2-10 Measured signal spectrum (DAB)[10] 

 
 
 

2.3. Analogue Television Signal. 
 

The analogue television transmissions operates in the UHF band around 500-600 MHz. 
Some countries also use VHF bands for television; in the US the band allocations are 54-
88, 174-216 and 470-806 MHz. There are three main encoding systems for analogue 
television: NTSC, PAL, and SECAM.  
 

 PAL (Phase Alternating Line) modulation format, has a total of 625 lines at a field rate 
of 50 Hz (rendering 25 frames per second). Estimated bandwidth: 5 Mhz (total 
bandwidth 8MHz). The signal spectrum is shown in Figure 2-11. 
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 SECAM (Séquentiel couleur à mémoire or Sequential Color with Memory) modulation 
format, uses memory to store lines of color information, so that it eliminates the color 
artifacts found on systems using the NTSC standard. Same characteristics as PAL 
encoding system. 

 
 

 
Figure 2-11 Spectrum of PAL encoding systems[15] 

 

 NTSC (National Television System Committee) encoding system, has a total of 525 
lines at a field rate of 60 Hz (rendering ~30 frames per second). Total bandwidth: 
6Mhz. The signal spectrum is shown in the next figure. 

 

 
Figure 2-12 Spectrum of NTSC encoding systems [16]  

 
These encoding systems are near to be shut down; currently is being replaced by digital 
television system. Some countries have simultaneous emission of both signals some 
additional time meanwhile the new technology is utterly adapted, this counts for future 
design of passive radar signals; this signal will not be on air anymore. The following 
figure shows the worldwide distribution of the TV encoding systems. 
 

 
Figure 2-13 Worldwide analogue TV encoding systems [16][15] 
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There is an important issue regarded with all encoding systems, each line begins with a 

sync pulse that repeats every ≈ 64µs (NTSC 63.5µs, PAL 64µs) as the full image has no 
great changes, all the line are extremely similar each other; this effect causes ambiguity 
to calculate range; so the passive radar will be limited to 9.6Km as detection's maximum 
range. Concerning to ambiguity function has a special behavior, due the spectral power 
distribution is not uniform, it looks like shown in the next figure. 

 
Figure 2-14 Spectrum of typical PAL Tv signal [11] 

 
The main characteristics of the analogue TV signal are: 
 

Encoding 
System 

Power density Operation bands Bandwidth Range 
resolution 

NTSC -62dbW @100Km 
40 - 230 MHz 
470 Mhz - 890 MHz 

5000 KHz 30m 

PAL / SECAM -62dbW @100Km 
40 - 230 MHz 
470 Mhz - 890 MHz 

6000 KHz 25m 

Table 2-3 Main characteristics of analogue TV Broadcasting signal 
 
In addition, is shown the ambiguity function over analogue TV signal.  
 

 
(a) 

 
(b) 

Figure 2-15 Ambiguity function of TV signal (a) chrominance subcarrier, (b) FM sound carrier [11] 
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2.4. Digital Television Signal. 
 
This new technology is replacing the traditional TV systems, due its improved features as 
better image quality (HD and Full HD) changing the concept of lines to resolution; having 
it for High Definition or HD(720p) a 1280 × 720 pixels in progressive scan mode, and for 
full High Definition or full HD (1080i); also the aspect ratio (4:3 traditional TV, to 16:9 
DTV). There are several standards for digital television: 
 
 DVB (Digital Video Broadcasting), is a group of accepted open standars for digital 

television, introduced by Joint Technical Committee (JTC) of the European 
Telecommunications Standards Institute (ETSI), European Committee for 
Electrotechnical Standardization (CENELEC) and European Broadcasting Union 
(EBU), it works with coded orthogonal frequency-division multiplexing (OFDM) 
modulation through QPSK, 16-QAM, 64-QAM, 256-QAM schemes.  
 
For terrestrial transmissions is proposed the DVB-T standard that uses 6,7 and 8 MHz 
bandwidth[17], being the latter the recommended one. The standard DVB-T2 is 
recommended to replace DVB-T to overpass its limitations and issues.  It uses the 
MPEG transport stream and H.262/MPEG-2 Part 2 video codec specified in MPEG-2. 
 

 
Figure 2-16 DVB spectrum for 8MHz channel (centre and right) vs Analogue TV(left)[10] 

 

 Advanced Television System Committee (ATSC), uses eight-level vestigial sideband 
(8VSB) for terrestrial broadcasting. The signals are designed to fit into the same 6 
MHz bandwidth of analogue NTSC television channels. This system has been 
criticized as being complicated and expensive to implement and use, but has 
demonstrated to perform better in rural areas or low population density than other 
systems.  It uses the MPEG transport stream and H.262/MPEG-2 Part 2 video codec 
specified in MPEG-2. 
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Figure 2-17 Theoretical ATSC spectrum for 6MHz channel[18] 

 

 Integrated Services Digital Broadcasting (ISDB), is a Japanese system designed to 
provide good reception to fix receivers and also portable or mobile receivers, for 
digital television (DTV) and digital radio (DAB). Its modulation scheme is called Band 
Segmented Transmission-OFDM (BST-OFDM), and it consists of 13 OFDM 
segments. It supports hierarchical transmission of up to three layers and uses MPEG-
2 video and Advanced Audio Coding.  
 
The bandwidth used on this system is 5,57MHz with full OFDM segments[19], and in 

addition, it works also with 6, 7, and 8 MHz bandwidth. It is very interesting system 
because this technology is widely implemented on Latin America, for further 
implementation of the Passive Radar System in that area. 

 
Figure 2-18 Measured ISDB-T signal spectrum.[20] 

 

 Digital Terrestrial Multimedia Broadcasting (DTMB) is the TV standard for mobile and 
fixed terminals used in the People's Republic of China, Hong Kong, and Macau. 
Although at first this standard was called DMB-T/H (Digital Multimedia Broadcast-
Terrestrial/Handheld) and implements time-domain synchronous (TDS) OFDM 
technology with a pseudo-random signal frame to serve as the guard interval (GI) of 
the OFDM block and the training symbol. It has also, multiple bandwidth, 6, 7 and 8 
MHz. 
 

As follows, the worldwide distribution of these systems is shown. In the Table 2-4 the 
main characteristics for those systems are compared. 
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Figure 2-19 Distribution of digital TV systems around the world.[21] 

 
Encoding 
Standar 

Power 
density* 

Operation bands Bandwidth 
Range 

resolution 

DVB 
-72dbW 

@100Km 
470 Mhz - 862 MHz 

6/ 7 /8 MHz 
(8 MHz most 

used) 
25/ 21.4/ 18.75 m 

ASTC 
-72dbW 

@100Km 
470 Mhz - 890 MHz 6 MHz 25 m 

ISDB 
-72dbW 

@100Km 
470 Mhz - 770 MHz (Japan) 
470 Mhz - 806 MHz (Brazil) 

5.57 MHz 26.9 m 

DTMB 
-72dbW 

@100Km 
470 Mhz - 890 MHz 6/ 7 /8 MHz 25/ 21.4/ 18.75 m 

Table 2-4 Main characteristics of digital TV Broadcasting signal 
*These values represents average/estimated data. It could be found greater or lesser values [11] 

 
Finally, the next figure shows the ambiguity function for DTV signal. 

 
Figure 2-20 Ambiguity function of digital TV signal.[22] 

 
 
 

2.5. Cellular phone base stations signal 
 
This technology as well as FM Broadcasting, is available in almost all countries. There is 
multiple systems, but the GSM (Global System for Mobile Communications) system is 
the most extended worldwide and particularly on Latin America(around 60% Latin 
American market share, operating in over 219 countries and territories[23]), and 
HSPA(around 36% market share Latin American, operating in over 219 countries and 
territories[23]). 
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Figure 2-21 Market share by Mobile Technology.[23] 

 
The GSM uses bands centred on 900 MHz and 1.8 GHz. The uplink and downlink bands 
are each of 25 MHz bandwidth, split into 125 FDMA (Frequency Division Multiple 
Access) carriers spaced by 200 kHz. 
 
The HSPA is a growing system in Latin America, is also known as the third generation 
(3G) system, it uses a band in the region of 2 GHz. The UMTS (Universal Mobile 
Telecommunication System) is the main implementation of 3G, with the following 
characteristics[11]: 
 

 Frequency Division Duplex (FDD) and Time Division Duplex (TDD) bands are of 5 
MHz nominal width/channel spacing. The width can be reduced (in 200 kHz steps) to 
4.4 MHz if operators wish. 

 The modulation used is QPSK. The null-to-null bandwidth is effectively 3.84 MHz, 
hence the 4.4 MHz minimum channel spacing. The signals are shaped with a 0.2 
Root Raised Cosine Filter. 

 The choice of frequency band for UMTS in the USA: 806-890 MHz (used for cellular 
and other mobile services, 1710-1885 MHz (used by the US Department of Defense), 
and 2500-2960 MHz (used commercially for instructional TV and wireless data 
providers). However, the fact that these bands are already used for other purposes 
led to further consultation, with the result that 45 MHz of bandwidth in the 1710-1755 
MHz band, and 45 MHz of bandwidth in the 2110-2170 MHz, are to be made available 
for 3G services. 
 

The cellular signal has the following characteristics and ambiguity function: 
 

Technology Power density Operation bands Bandwidth 
Range 

resolution 
GSM -91dbW @100Km 900 MHz and 1.8 GHz 200 KHz 750 m 

HSPA (3G) -91dbW @100Km ~2 GHz 3.84 MHz 39 m 
Table 2-5 Main characteristics of Cellular phone signal 

 
Figure 2-22 Ambiguity function for GSM signal[24].  
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3. Chapter three - Simulation tool 
 

Part of this work, a Matlab tool has been developed to perform the calculations 
previously presented of SNR, resolution cell and computational load. Matlab is a 
powerful tool to simulate and estimate the main radar parameters, based on the 
information extracted from the signals discussed in chapter two. In Annex I it is described 
how this simulation tool works and some source code and parameter data are also 
shown. 
 
The content of this chapter will aggregate some data in order to get a better view about 
the pros and cons of the signals described in the chapter two. This additional data will be 
extracted from simulations done in matlab environment, under specific variables like 
probability of detection (0.9), probability of false alarm (10-3) and case 1 Swerling for 
target modeling (for analysis simplification). For further analysis the SNR to claim a 
detection, will be above 17dB[3][2]. For all simulations, there are some pre-defined 
parameters as: 
 

Parameter Value 
Gr (Receiver gain) 20 [dB] 

RCS (Radar Cross Section) 10 [m2] 
Lsp (Signal processing losses) 10 [dB] 

F (Noise figure) 3 [dB] 
Bt (Beamwidth transmitter's antenna) 360 [º deg] 

Br(Beamwidth receiver's antenna) 3  [º deg] 
Speed rotation of antenna 60 [rpm] 

Table 3-1 Pre-defined parameters for all simulations  

For these simulation sessions, a map is created to see in a better way the changes on 

SNR and resolution cell; and then an example of it: 

 
Figure 3-1 Example for s imulation map and location of transmitter and receiver in it. 

 
 

In the following paragraphs the tool is used to illustrate some interesting scenarios of 
passive radar operation using different opportunity emitters. 

 
 

3.1. FM signal simulation data results 
 

According to the data gathered, the parameters to simulate are as follows:  
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Parameter Value 
PtGt 250e3 
fo 100e6 

BW 100e3 
L (Map dimension) 400e3x400e3 

Table 3-2 Simulation parameters for FM signal 

 

This processing throws the SNR graphic and resolution cell size graphic. For SNR 
graphic, it was overlaid over an existing radio station (Sertaneja) in Brazil (Riberão Preto) 
to set a near-to-real context for the estimated SNR with these parameters. 
 

 
(a) 

 
(b) 

Figure 3-2 Estimated SNR for FM signal: (a) Matlab simulation, (b) over a real territory. 
(red cross = Transmitter, green cross =Receiver) 
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Figure 3-3 Estimated resolution cell size for FM signal. 

 
And finally, the result for computational load: 
 
OPS = 45.7x106  operations/second. 
 
 

 
3.2. Digital audio broadcasting signal simulation data results 

 
For this type of signal, the parameters to simulate, are: 
 

Parameter Value 
PtGt 10e3 

fo 220e6 
BW 1537e3 

L (Map dimension) 400e3 
Table 3-3 Simulation parameters for DAB signal 

 
The simulation for this signal has the following results: 
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(a) 

 
(b) 

Figure 3-4 Estimated SNR for DAB signal: (a) Matlab simulation, (b) over a real territory. 
(red cross = Transmitter, green cross =Receiver) 
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Figure 3-5 Estimated resolution cell size for DAB signal. 

 
And finally, the result for computational load: 
 
OPS = 1.01x109  operations/second. 

 
 

3.3. Analogue television signal simulation data results 
 

For the TV signal, the parameters to simulate, are: 
 

 PAL NTSC 

Parameter Value 
PtGt 80e3 80e3 

fo 550e6 550e6 
BW 6000e3 5000e3 

L (Map dimension) 400e3 400e3 
Table 3-4 Simulation parameters for analogue TV signals 

 
(a) 
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(b) 

Figure 3-6 Estimated SNR for TV-PAL-NTSC signal: (a) Matlab simulation, (b) over a real territory. 
(red cross = Transmitter, green cross =Receiver) 

 

 
(a) 

 
(b) 

Figure 3-7 Estimated resolution cell dimension [dBm 2]: (a) PAL, (b)NTSC 
 
And finally, the result for computational loads: 
 
OPS for NTSC= 2.17x109  operations/second.  
OPS for PAL= 4.62x109  operations/second. 
 
 
 

3.4. Digital video broadcasting signal simulation data results 
 

For context purposes (Latin America), the DTV signals: DVB-T and ISDB are going to be 
simulated, the parameters are: 
 

 DVB-T ISDB 

Parameter Value 
PtGt 8e3 8e3 

fo 750e6 750e6 
BW 7,5e6 5,57e6 
L (Map dimension) 200e3 200e3 

Table 3-5 Simulation parameters for Digital TV signals 
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(a) 

 
(b) 

 
Figure 3-8 Estimated SNR for DTV-DVB-ISDB signal: (a) Matlab simulation, (b) over a real territory. 

(red cross = Transmitter, green cross =Receiver) 
 

The result for computational load for digital TV signals: 
 
OPS for DVB= 4.62x109  operations/second.  
OPS for ISDB= 2.17x109  operations/second. 
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(a) 

 
(b) 

Figure 3-9 Estimated resolution cell dimension [dBm 2]: (a) DVB, (b)ISDB 
 

 
 

3.5. Cellular phone signal simulation data results 
 

For context purposes (Latin America), the cell phone signals: GSM and HSPA are going 
to be simulated, the parameters are: 
 

 GSM HSPA 

Parameter Value 
PtGt 100 100 

fo 900e6 2000e6 
BW 200e3 3.84e6 

L (Map dimension) 50e3 50e3 
Table 3-6 Simulation parameters for Cellular phone signal 

 

 
(a) 
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(b) 

 
Figure 3-10 Estimated SNR for Cellphone GSM signal: (a) Matlab simulation, (b) over a real territory. 

(red cross = Transmitter, green cross =Receiver) 

 

 
(a) 
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(b) 

 
Figure 3-11 Estimated SNR for Cellphone HSPA signal: (a) Matlab simulation, (b) over a real territory. 

(red cross = Transmitter, green cross =Receiver) 

 

 
(a) 

 
(b) 

Figure 3-12 Estimated resolution cell dimension [dBm 2]: (a) GSM, (b) HSPA 
 

 
The result for computational load for cellular phone signals: 
 
OPS for GSM= 100.27x106  operations/second.  
OPS for HSPA= 2.17x109  operations/second. 
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4. Chapter four - Selection criterion for passive radar signal 

 

 
 

After the gathering of all data in the previously chapter, the next step is to classify 
the signal in order to identify the signal whose characteristics allow to the radar 
system to be designed, to operate on the best performance level. The next table 

will content the main parameters simulated and extracted from the signal study. 
 

In this table, each parameter will be evaluated in a score scale from 0 out to 5. 
Some parameters like SNR or resolution cell with be extracted from the 
simulation from a target located 10 Km from the receiver (look for the symbol * in 

the table), the location of the transmitter and receiver will be as defined in FM 
Radio signal (section 3.1).  
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Table 4-1 Signal’s radar parameters comparison. 
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5. Chapter five – Examples of real systems developed 

 

Nowadays, there is several application of these devices using different opportunity 
signals (GSM, DVB, and so on), both in commercial and academic field. In the following 
paragraphs some examples of these systems will be explain in general manner: 
 
 

5.1. GSM Passive Radar - Fraunhofer Institute for Communication, Information 
Processing and Ergonomics 

 
This passive radar uses the GSM band (can operate on GSM 1800) and two 
experimentals receivers:  Gamma 1 and Gamma 2 (see Figure 5.1).   One of the 
disadvantages is the poor resolution due to use GSM signal as opportunity illuminator. 
This disadvantage is overpassed receiving signals from different transmitters and then 
fusing them. Another disadvantage is the low transmit power of cellphone base stations; 
this is recovered using longer integration time and array antennas with high gain[25]. 
 

 
(a) 

 
(b) 

Figure 5-1 Fraunhofer passive radar receivers: (a) GAMMA1, (b) GAMMA2.[25] 
 
 
 

5.2. CASSIDIAN Multiband Mobile Passive Radar System 
 
 
The first CASSIDIAN PARADE (Passive Radar Demonstrator) was developed in 2007 to 
2009 and was based on extensive theoretical and experimental studies conducted within 
the last 20 years. The development started with the exploitation of analogue FM 
illuminators only. In the next stage the system was upgraded to process digital DAB 
waveforms. In 2009 also DVB-T capability was added. PARADE was extensively tested 
in various measurement campaigns with different types of aerial and sea targets[26]. 
 
The most notorious characteristic of this system is its multiband capability and its short 
time to deploy and operate due its mobility design, exposed in the next figure. 
 
 
 
 



 

 
50 

 
Figure 5-2 Cassidian Passive radar mobility van.[26] 

 
The architecture of this system is displayed in the figure 5-3, some results of real 
operation of this system are shown in the figure 5-4 using FM opportunity signal. 
 

 
Figure 5-3 Cassidian System architecture.[26] 

 

 
Figure 5-4 Cassidian results using FM signal.[26] 
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5.3. PaRaDe passive radar - Warsaw University of Technology 
 
The PaRaDe (Passive Radar Demonstrator) is a passive radar based on FM radio 
transmitters developed at Warsaw University of Technology, its antenna system is an 8-
element antenna array in a circular configuration which beams, are formed digitally (see 
Figure 5-5 (a), one element is dedicated to take the reference signal from transmitter). 
The signal from each element is filtered, sampled coherently (directly at radio frequency),  
digitally down-converted, filtered again and decimated. After those operations, the 
complex signal samples are sent to a PC via the USB interface. The recording and 
processing of the signals, as well as the displaying of the results are done on standard 
PCs. 
 

 
(a)  

(b) 
Figure 5-5 PaRaDe passive radar. (a)Antenna array setup, (b) System deployment setup [27] 

 
Some experiments results are illustrated in the next figure, that shows a situation where 
two jet fighters are tracker during simulated dogfight. Due the range resolution in FM 
signals,  is of the order of a few kilometers (separation of close targets in the range 
dimension is impossible). In despite of this, due to the long integration time (1s), high 
velocity resolution is obtained. Thereby, the targets can be separated in the velocity 
dimension. 

 
Figure 5-6 PaRaDe passive radar detections: 2 jet fighters [27] 
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5.4. Tesla-Pardubice KRTP-86/91 Tamara 
 
The KRTP-84 Tamara was an evolution of the Ramona, designed with high mobility and 
rapid deployment as a priority. It is composed by three RS-AJ/M receiver systems with 
telescoping masts, and a mix of RS-KB hardware containers, RS-KM signal processing 
equipment container and a ZZP-5 command van. The mast mounted RS-AJ/M can 
elevate to 8.5, 12.5 or 25 metres AGL and can operate at wind strengths below 60 knots, 
with a structural limit of 100 knots. The cylindrical antenna radome houses the receiver 
equipment and datalink transceivers for networking the stations. In a typical deployment 
the receivers are stationed at distances of 5 to 20 NMI[28][29]. 

 
Figure 5-7 KRTP-86/91 Tamara deployed[28]. 

 
Cited band coverage is 820 MHz to 18 GHz. Design objectives included the tracking of 
the F-15 at 200 NMI and F-16 at 215 NMI, with the cited range limit being 240 NMI and 
limited primarily by the curvature of the earth. Russian sources claim that 72 targets can 
be tracked within a 100° angular sector, these including emitting JTIDS/Link-16 
terminals[29][28]. 
 
 
 

5.5. DVB-T Software Defined Experimental Passive Radar 
 
This experimental system exploits several advantages of DVB-T signal such as, the 
spectral properties which are nearly independent of the signal content, this characteristic 
renders this system very attractive for implementation through the use of Commercial of 
the Shelf (COTS) Software Defined Radio (SDR) hardware. In particular, Universal 
Software Radio Peripherals (USRPs) seems to be one of the most promising COTS 
solutions for the realization of a passive radar operating with DVB-T.  
 
The equipment that has been used in this experiment is composed by commercial off-
the-shelf low cost TV antennas, an USRP equipped with a RF front-end tuneable from 
800MHz to 2400MHz. The main technical specification of the USRP board (version1) 
are: FPGA Altera EP1C12 Q240C8 “Cyclone”, 4 High-Speed Analog to Digital 
Converters (ADCs) operating at 12 bits with a sampling rate of 64 Megasamples per 
seconds (64 MS/s), 4 High-Speed Digital to Analog Converters (DACs) operating at 14 
bit with a sampling rate at 128MS/s  and USB 2.0 data port with a limited throughput of 
32 MBps (MegaByte-per-second). 
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The antenna used during the experiment for the target channel is a Yagi-Uda antenna 
with a receiving gain equal to 18 dB and a Half Power Beam Width of 20 degrees in the 
horizontal plane. On reference channel a Yagi-Uda antenna with a gain of 15 dB has 
been employed. In the next figures shows the experimental results detecting a ship. 
 

 
(a) 

 
(b) 

Figure 5-8 Experimental detection. (a)Ship on sea, (b) Ship's echoes detection. 
 
 
 

5.6. INDRA's APIS Project 
 
Indra has recently completed the development and demonstration of the functionalities of 
a passive high-resolution primary radar system. The project was sponsored by the 
European Defence Agency (EDA). This is the first passive system in the world that is 
capable of offering images with the application of inverse synthetic aperture radar 
(ISAR) techniques. The APIS project (Array Passive ISAR Adaptive Processing) had a 
24-month duration. The following entities participated in the project: CNIT (IT) (National 
Telecommunications Engineering Consortium), Vitrociset Spa (IT), University of Alcalá 
(ES) and University of Cyprus (CH), as well as the Hungarian Science Academy 
(MTA)[30]. 
 
The APIS consortium lead by Indra has implemented the most complex and innovating 
signal processing algorithms in this solution, such as STAP (Space Time Adaptive 
Processing) and non-deterministic (algorithms based on MUSIC) digital beam forming 
techniques (Digital Beamforming)[30]. 
 
The passive high-resolution radar developed by Indra offers a high commercial potential, 
as a result of the difference in cost vs. active systems. It can cover the air traffic control 
requirements in areas with a low or zero coverage of conventional primary radars and is 
particularly effective when used to detect aircraft flying at low altitudes. Likewise, it can 
be used to control frontiers, maritime traffic and critical infrastructures[30].  

http://www.indracompany.com/en/sectores/seguridad-y-defensa/nuestra-oferta/1657/radars
http://www.indracompany.com/en/sectores/seguridad-y-defensa/nuestra-oferta/1657/radars
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6. Conclusions 

 
 
 

 For experimental exercises, it is very viable to build a passive sensor with low 
budget. For better performance and functionality is required better antennas and 
processing power. 

 
 

 Based on the design parameters: Lower resolution cell, longer detection range 
and signal availability; the recommended signal to use is the DVB-T. If it is not 
available in the zone to the deploy the system, the signal recommended would be 
the Digital TV ISDB.  
 
 

 In long range design systems (regardless resolution cell), the use of FM signal 
would be the most recommendable. Usually FM stations has the greater average 
transmission power. But for future designs, it must be count in some countries the 
FM station are getting shut down, due the new audio broadcasting technology. 
 
 

 It is not recommended to use analogue TV signal for passive radar design over 
10Km, due its inherent range ambiguity originated by the sync pulse between 
lines of the field (see 2.3). Besides this issue, analogue TV signals has one of the 
worst ambiguity function. 
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A. ANNEX I: Matlab simulation code source. 
 
 
 
The simulation engine is composed by the following parts: 
 

 Script for each type of signal (#name of signal#.m).  
In this script is loaded the signal parameters and it calls for the function to 
calculate SNR and resolution cell, in order to render the graphics of them. In 
addition, this script calculates the estimated number of operation required to 
process the data on each data take time.  
 
Finally throws the calculation of SNR and resolution cell for a target located 10Km 
above the receiver. As follows, an example of this script using the FM signal 
parameters: 
 
% SIMULATION FOR FM SIGNAL 

% Description: This script will calculate and plot the SNR level on a 

% defined area map, and the resolution cell size in function on distance 

% from transmiter/receiver to target. This script get support from the 

% functions "biStaticRadarEquationSnr" and "biStaticRadarResolution".  

% All parameters are defined in the first code block, and are related 

with the FM signal. 

% Author : Sergio Sierra. 

% Last revision Date : 21-04-2015   

  

%======================================================================= 

 

% Defining Parameters.  

c =3e8; %Light speed 

PtGt   = 250e3; %Power density (W) 

Gr   = 20; %Rx Gain  (dB) 

fo   = 100e6;% Operation Frequency 

RCS  = 10;  %Radar Cross Section [m2] 

F    = 3;  %Noise figure (dB) 

B    = 0;% Instantaneous Bandwidth - Crosscorrelation integration (Hz) 

BW=100e3; % Signal Bandwidth (Hz) 

Lsp  = 10;%Signal Proccessing Losses (dB) 

speedupdate= 60 ; %Update speed of targets[RPM] 

Bt=360; % Transmitter's Beamwidth antenna (º degrees) 

Br=2;  % Receiver's Beamwidth antenna (º degrees) 

  

N    = 500; % Map dimension 

L    = 400e3; %Longitud del mapa (LxL) (m) 

DTxx = 120e3; %Transmitter's location  x Axis (m) 

DTxy = 200e3; %Transmitter's location  y Axis (m) 

DRxx = 280e3; %Receiver's location  x Axis  (m) 

DRxy = 200e3; %Receiver's location  y Axis  (m) 

  

close all;  

  

%======================================================================= 

% Creating area. 

disty=linspace(0,L,N); 

distx=linspace(0,L,N); 

revs = linspace(1,60,60);  

  

%======================================================================= 

% Calculating data take for integration time. 

Tdatatake= 1/2*Br/6/speedupdate; % datatake time. Ilumination time 

halved. 

Treferencia = (DRxx-DTxx)/3e8; % signal reference time 

arrival.Integration time requisition.  
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%======================================================================= 

% Creating SNR and resolution cell maps (Same points as map-NxN). 

snr_dB=zeros(N,N); 

res=zeros(N,N); 

tau=1/BW;  

  

%======================================================================= 

% Performing Calculations over SNR and resolution cell maps. 

res_revs=zeros(1,60); 

snr_revs=zeros(1,60); 

for i=1:N 

    for k=1:N  

       

        rTx= sqrt((disty(i)-DTxy)^2+(distx(k)-DTxx)^2); 

        rRx= sqrt((disty(i)-DRxy)^2+(distx(k)-DRxx)^2); 

         

        Techo =(rTx+rRx)/c; % Time of arrival echo 

        Tintegration= Tdatatake-(Techo-Treferencia); % Integration time 

        (Correlation gain) 

        if Tintegration <= 0 

            Tintegration=0; 

            B=9e9; 

        else B=1/Tintegration; 

        end 

             

        angle1 = atan2((disty(i)-DTxy),(distx(k)-DTxx)); 

        angle2 = atan2((disty(i)-DRxy),(distx(k)-DRxx)); 

        C=pi-angle1-(pi-angle2); 

        [aa, bb, cc] = biStaticRadarEquationSnr(PtGt, Gr, fo, RCS, rTx 

,rRx , F, B,Lsp); 

        snr_dB(i,k)=aa; 

        res(i,k)=10*log10(biStaticRadarResolution(rTx 

,rRx,tau,Bt,Br,C)); 

    end 

end  

  

%======================================================================= 

% BISTATIC SNR GRAPHIC 

  

figure; 

kk=snr_dB>40; 

snr_dB(kk)=40; 

contourf(disty,distx,snr_dB,30); 

title('BiStatic Radar SNR [dB]'); 

xlabel('Distance [m]'); 

ylabel('Distance [m]'); 

colorbar; 

  

%======================================================================= 

% BISTATIC SNR GRAPHIC 

  

figure; 

kk=snr_dB>14; 

snr_dB(kk)=40; 

contourf(disty,distx,snr_dB,30); 

title('FM Signal - SNR [dB]'); 

xlabel('Distance [m]'); 

ylabel('Distance [m]'); 

colorbar; 

 

%======================================================================= 

% BISTATIC RESOLUTION GRAPHIC 

  

figure; 

kk=res>70; 

res_L=res; 

res_L(kk)=70;  % All over 70dBm2 stays at 70 

kk=res_L<30; 



 

 
61 

res_L(kk)=30;  % All below 30dBm2 stays at 30 

contourf(disty,distx,res_L,30); 

title('Passive Radar Resolution cell dimension [dBm^2]'); 

xlabel('Distance [m]'); 

ylabel('Distance [m]'); 

colorbar; 

  

%======================================================================= 

% OPERATION NUMBER 

  

N1= Tdatatake*(2*BW); % Number of points. Time for datatake * Sampling  

    frequency (2*BW) 

Nfft=2^nextpow2(N1); % In order to get efficiency, the length of FFT  

    must be power 2. 

  

OPERS=4*Nfft*log10(Nfft)/log10(2)*3+4*Nfft  

FLOPS=OPERS/Tdatatake  

  

%======================================================================= 

% SNR LEVEL AND RESOLUTION CELL AT TARGET LOCATED (DRxx,DRxy+10000) 

  

rTx= sqrt((DTxy+10000-DTxy)^2+(DRxx-DTxx)^2); 

rRx= 10000; 

  

Techo =(rTx+rRx)/c; % Time of arrival echo 

Tintegration= Tdatatake-(Techo-Treferencia); % Integration time 

(Correlation gain) 

if Tintegration <= 0 

    Tintegration=0; 

    B=9e9; 

else B=1/Tintegration; 

end 

  

angle1 = atan2((DTxy+10000-DTxy),(DRxx-DTxx)); 

angle2 = atan2((10000),(0)); 

C=pi-angle1-(pi-angle2); 

[aa, bb, cc] = biStaticRadarEquationSnr(PtGt, Gr, fo, RCS, rTx ,rRx , F, 

B,Lsp); 

snr_target=aa 

resol_target=10*log10(biStaticRadarResolution(rTx ,rRx,tau,Bt,Br,C)) 
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 SNR Function (biStaticRadarEquationSnr.m). 
 
This function uses the equation 1.24 in order to calculate the SNR depending on 
the inputs. This function returns an array with SNR in dB units, signal level in dB 
units or "s_dB" and finally the noise level in dB units or "n_dB". 
 
% function [snr_dB, s_dB, n_dB] = biStaticRadarEquationSnr(PtGt, Gr, fo, 

RCS, rTx , rRx , F, B,L) 

% 

% Description: 

% The function implements the calculation of the signal to noise ratio 

in the radar equation 

  

% Inputs: 

% PtGt  = Typical power density 

% Gr    = Rx Gain  (dB) 

% fo    = Frequency signal carrier [Hz] 

% RCS = Radar Cross Section [m2] 

% rTx   = Transmisor distance [m] 

% rRx   = Receptor distance [m] 

% F   = Noise figure (dB) 

% B   = Bandwidth [Hz] 

% L  = Total Losses (dB) 

% SNR = Signal to noise ratio [dB] 

% 

% Reference: Principles of Modern Radar - Richards 

%  

  

function [snr_dB, s_dB, n_dB] = biStaticRadarEquationSnr(PtGt, Gr, fo, 

RCS, rTx , rRx , F, B,L)  

  

  

% Constants 

k = 1.3806504e-23;         % Boltzman constant 

to = 290;                  % Reference Temperature [ºK] 

c =  3e8;                  % Light speed 

  

% Lambda 

lambda = c/fo;       %  Wavelength [m] 

  

% Phi calculate power density [W/m^2] 

Phi = PtGt/rTx^2/4*pi; 

  

% dB to natural units 

Gr = 10.^(Gr./10); 

F   = 10^(F/10); 

  

% Signal 

s = (Phi*Gr*(lambda^2)*RCS)/((16*pi^2)*(rRx.^2)); 

s_dB = 10*log10(s); 

  

% Noise 

n = (k*to*B*F); 

n_dB = 10*log10(n); 

  

% SNR 

snr_dB = s_dB - n_dB-L; 

  

  

return 
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 Resolution cell Function (biStaticRadarResolution.m). 
 
This function uses the equation 1.15 to calculate the bistatic radar resolution 
depending on the inputs. This function returns the value of resolution cell in the 
target location. 
 
% function Res = biStaticRadarResolution(rTx , rRx ,tau, Bt, Br, C)   
% 
% Description:  
% The function implements the calculation of the resolution cell 

equation 
% for bistatic radar. 
% 
% 
% Inputs: 
% 
% rTx   = Transmitter distance [m] 
% rRx   = Receiver distance [m] 
% tau   = pulse duration or its equivalence (1/BW) [s] 
% Bt    = Transmitter's Beamwidth antenna [º degrees] 
% Br    = Receiver's Beamwidth antenna [º degrees] 
% C    = Angle formed by the geometry target-transmitter-receiver [rad] 
% 
% Reference: M. Jackson, "IEEE Xplore Digital Library: The geometry of 

bistatic radar systems," 12 1986. [Online]. Available: 

http://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=4646975. 

[Accessed 25 03 2015]. 
% ----------------------------------------------------------------------

- 

  
function Res = biStaticRadarResolution(rTx , rRx ,tau, Bt, Br, C)  

  
% Constants 
c =  3e8;                  % Light speed 
Wt = rTx*Bt*pi/180; 
Wb = rRx*Br*pi/180; 

  
% resolution cell 
Res =   1/sqrt(2)*c*Wt*Wb*tau*(sec(C/2))^2/(sqrt(Wt^2+Wb^2)); 

  
return 

 
 


