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Abstract: Passive radars get benefit from transmitter signals in the environment for target detection. One of the most important 

challenges in these radars is multipath and direct path interferences that enter the target and reference antennas. This article 

expressed the types of weakening, and multi-step structure to mitigate the mentioned signals in passive radars. In the RF-band 

Interference Attenuation (RFIA) Method, at the first step the strongest interference component is mitigated by controlling the 

phase and amplitude. In next steps, other interference components are similarly nulled. This structure leads to separate mitigation 

for each interference components. Simulation results show the success of RFIA method to reduce dynamic range of 

analog-to-digital converter and, accordingly, the number of required bits for this converter. 
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1. Introduction 

Passive radar has received much attention in the past 

decade. Conventional Radars consist of two parts including 

transmitter and receiver, that they are vulnerable, due to 

radiation [1-3]. Passive radar has one or more receivers and 

no dedicated transmitter and get advantage the exist signals 

in the environment for detecting targets. Since passive radars 

do not have access to modulating signal, they classified as 

bistatic radars. Fig. 1 shows the state of a passive bistatic 

radar [4]. 

 

Figure 1. State of passive bistatic radar. 

This radar composed of reference and target antenna. The 

reference antenna directly receives the signal from the 

intended transmitter as reference signal, and the task of target 

antenna is to receive the return signal from the target. 

One of the most important issues in passive radar is direct 

path and multipath interferences (DPI & MPI) that enter 

mentioned antenna besides the target and the reference signals. 

These strong interferences cause to enlarge the required 

dynamic range for analog to digital converter (A/D), and for 

weak signal it can leads to missing of the target. Also, should 

be careful to saturation of amplifiers in signal paths [5]. 

For reduction of dynamic range of entered signals to A/D 

converter, this article tried to offer RFICPR method for 

effective mitigation of direct path and multipath interference. 

In the RFIA method, a structure has been used which, first, 

reference signal is recovered without interferences and second, 

the strongest component of the interference signal as DPI is 

canceled from the target antenna signal. Then, in the further 

steps, the other interference components are suppressed step 

by step. Interference signals step mitigation characteristics 

include:  

� Separate mitigating for each of interference component 

in each step and its implication for both the target and the 

reference signal 

� More control capabilities on the appropriate amplitude 
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and phase for a specific component in each step in order 

to further mitigation of that component. 

In section 2, related literature in interference signal 

mitigation field are reviewed. Then, in section 3, mitigation 

basic concepts and the RFIA method are discussed. Besides, 

section 4 deals with evaluation and stimulation of the method, 

and section 5 presents the conclusion. 

2. Literature Work 

A set of available methods are trying to solve the problem in 

software method for reducing signal interference. In these 

methods, cancellation has been done in digital domain by 

various adaptive methods to filter out interference [6- 9]. 

Software methods placed after the A/D converter, and don’t 

have effects on the required dynamic range for input of 

converters [10-12].  

Use of physical shielding is one of the first hardware 

methods. Manastash Ridge Radar is the most important 

example for this method, in which the receiver placed on the 

other side of a large mountain [4]. 

Another hardware methods is adaptive beam forming, in 

which steering nulls towards the illuminator can lead to 

canceling the interference; although, the use of array antenna, 

has more nulls and finally has further canceling [13]. The 

main problem in these methods is increasing complexity of 

hardware systems which can be seen in Fig. 2. 

 

Figure 2. Adaptive beam forming scheme [14]. 

Another method is the use of high gain antenna that has a 

deeper null and more interference cancelling (Fig. 3), but it is 

impossible to build an antenna with high gain in low 

frequencies [15]. 

 

Figure 3. A typical pattern of high gain antenna [16]. 

In particular statuses, an antenna with polarization 

perpendicular to the polarization signal transmitter (Fig. 4) can 

be used to mitigate DPI for some extent. But this method is not 

that effective and can’t have much impact on clutters [17]. 

 

Figure 4. One of the Disk on rod antennas. 

Another hardware that can be seen in Fig. 5 is based on the 

difference between the reference signals from target in analog 

domain [18]. The reference signal and the received direct path 

interference are coherent, but time of arrival (TOA) and 

amplitude of two signals are different. Since the base of 

interference cancellation in this method is subtraction between 

the target channel and the reference channel, therefore, the 

reference signal and DPI in target channel must be matched in 

amplitude and TOA. 

In [17] with using this hardware method which is placed 

before A/D converter, 35 dB mitigation is achieved, which is 

not enough. In order to improve the amount of mitigation in 

the proposed method, by staging cancelation of different 

components, totally, more mitigation can be achieved. 

 

Figure 5. DPI cancellation with conventional analog method [17]. 

According to previous studies, multi-step nulling and in 

accordance with a specific component seems to be effective. 

Therefore, this paper tried to provide a method based on this 

structure. Details of the proposed method will be described in 

the next section. 
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Figure 6. Applicable signals state and interference signals in passive radar. 

3. RFIA Method 

In passive radar, as seen in Fig. 6, the reference signal that 

carry out the process of passive radar, other interference signal 

unintentionally and simultaneously are received. This 

problem also occurs in the target antenna, where in addition to 

the target echo, strong interference such as DPI and returning 

interference are received from fixed objects placed in different 

distance from transmitter and receiver and have different 

amplitude and delays [20, 21].  

All these are in situation that the radar cross section is much 

smaller than the DPI and multipath interference, For example, 

mountain ranges that make the interferences have a length of 

several kilometers and are distributed near the antennas. The 

difference between target signal power and interference 

signals sometimes reaches to 100 dB, have other several issues 

that in first step needs using the A/D converter with many bits. 

In a typical example to cover the dynamic range of received 

signals about 100 dB need A/D converter with at least 17 bits, 

and this estimate is in the absence of noise, because in the 

noise presence, the number of required bits increases [22]. 

In proposed method for better attenuation of a desired 

component in each step, it is necessary to dominate the desired 

component in reference antenna signal with an appropriate 

method. So a new reference signal is produced and gathered 

by received signal from the target antenna. The result of this 

addition is attenuation of direct path components in the 

received signal from the target antenna, this process is called 

nulling. But, if over time and under environmental conditions, 

the received signal changed a little, the nulling is not done 

properly, and even can worsen the result. But in case of proper 

functioning after the first step of nulling, reduction 

interference about 20 to 30 dB is expected. And further 

reduction in one step is impossible due to existing more 

interference components with different delay, amplitude and 

phase. 

In fact the nulling process performs in several steps on 

received signals; and one of the interference components in 

each step of attenuation is considered. In order to have a 

proper process in the second step, it is needed to mitigate DPI 

simultaneously in the path of received signal from the 

reference antenna. 
To simplify analysis, information signal x(t) in (1), is 

supposed as a sine wave with f� frequency (ω� � 2πf��. 

Equation (2) expresses carrier signal that frequency 

modulated by x(t) and f�  is maximum instantaneous 

frequency deviation around central frequency (ω	 � 2πf	). 


��� � �����                     (1) 

���� � sin ��� � 2����� �������      (2) 

Signal z(t) with amplitude α and delay t!" as DPS 

accompany with  two interference signal with β and #  

values as amplitude and delays t!$ and t!%, namely R(t) in (3) 

where α is greater than β and # and t!"is less than t!$and t!%. 

&��� � '�� ���� � 2��������� ( �)"���� ( �)"�� 

�*�� ���� � 2��������� ( �)$���� ( �)$�� 

�#�� ���� � 2��������� ( �)%���� ( �)%��    (3) 

In (4), the signal R(t) with nr(t) noise enters to the reference 

antenna (Ref (t)). 

&+���� � &��� �  �,            (4) 

On the other hand, transmitter signal goes to target antenna 

with as amplitude after hitting the moving target produces 

Doppler frequency fd. Finally information signal enters to 

target antenna with a coefficient (k) of the reference signal and 

ns (t) noise, as S(t), that is expressed by (5). 

-��� � .&��� � /��� �  �0���         (5) 
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Figure 7. Frequency spectrum of target antenna signal. a. Before nulling. b. After first step attenuation. c. after second step attenuation.

4. Evaluation 

Simulation of the RFIA method and also producing required 

signal for evaluation are done in MATLAB software. The 

RFIA method is implemented in two steps. In this simulation, 

the intended transmitter is considered from the FM type with 

carrier frequency of 100 MHz and the speed target is about 0.9 

Mach and Doppler frequency (fd) is about 300 Hz. Evaluation 

Target signal frequency spectrum with the interference 

components entered target antenna before nulling operations; 

is shown in Fig. 7.a. The target signal are placed at a frequency 

of 300 kHz from the carrier. 

Conventional analog method that described in literature 

work, is based on subtracting between reference and target 
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antenna signal with appropriate phase and amplitude. With 

this method, 54 dB attenuation achieved.  

Spectrum of target signal after maximum attenuation by 

first step of RFIA method is shown in Fig. 7.b. Prior to nulling, 

the target component power difference with the strongest 

component of interference components, is about 53 dB. But 

after nulling this difference reached to 1.577. This amount of 

mitigation, is almost the highest weakening in one step. 

Because of presence of the next interference component that 

requires a separate setting of amplitude and phase shift, 

mitigating in this step is limited up to this rate. For further 

mitigations, the next steps should be passed. Frequency 

spectrum of target antenna signal after second step attenuation 

is depicted in Fig. 7.c. 

The spectrum is related to the optimum gain and phase, so 

the amount of overall attenuation is about 73 dB. By 

comparing the conventional method attenuation (54 dB) and 

the attenuation of RFIA method (73 dB) an improvement 

about 20 dB is obtained as shown in Fig. 8. 

 

Figure 8. Comparison between conventional and RFIA method. 

In RFIA method, About 51 dB Attenuation in one step 

obtained. However in the conventional analog method, the 

maximum attenuation was about 54 dB. The reason behind 

this discrepancy is that in the multi-step method, due to 

dominating process, in each step the strongest component 

itself attenuates with the highest possible amount and the 

power of other components does not change. But in the 

conventional method, with attenuating first component, the 

other components also slightly attenuates. But, finally, in the 

two step method after accomplishment of the second step, 

other interference component are also attenuate and generally 

better outcome is obtained compared to its conventional 

analog method. 

Totally by RFIA method, the dynamic range from the target 

antenna dropped at least about 20 dB more than the 

conventional analog method, which means approximately 3 

bits fewer for A/D converter input. 

The distance between receiver antennas can play a major 

rule in the maximum limit for interference attenuation. So, the 

effect of delay between signals which arrives two antennas is 

not negligible and must be considered. The result of 

conventional analog method with effect of distances between 

receiver antennas show the maximum attenuation 39dB. With 

completion of the proposed method and after second step, the 

amount of the overall attenuation is 50 dB which is about 11 

dB higher than the conventional analog method. These results 

show the proposed method is successful in more attenuation of 

interferences. 

5. Conclusion 

This paper presented a multi-step structural method to 

weaken the direct path and multipath interference components 

in passive radars. In the first step of RFIA method, DPI (the 

strongest interference component) and in further step, the 

other components are attenuated. To enter the next step, 

mitigation first of the interference component is applied in the 

reference antenna in addition to the target antenna. Indeed, for 

each step a new reference signal generated. 

In comparison with earlier works, the mitigation ability of 

this method is about 11 dB more; and at the same time it 

should be taken in to account that, this interference 

components mitigation is done before A/D converter. For 

more cancelation of the remained interference components, 

still software methods can be used. 

The success of the RFIA method depends on this proper 

amplitude and phase shift proportionate for any components. 

Thus offering an alternative for its automatic determining for 

various issues is needed. 
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