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Abstract 

The main purpose of this project to understand the Radio Frequency Interferences (RFI) 

and we will try to mitigate this problem by using some methods that will be explained later 

in this report. Before to study the proposed solutions, it will be explained RFI meaning, 

where this problem comes from and the impact to the population.  

We will introduce the Soil Moisture Oceans Salinity mission, also known as SMOS. We 

will explain what the SMOS is and the goal of this project and then we will link the RFI 

problem with the SMOS mission.  

Once we have been understood the RFI theory and the SMOS mission, we will apply 

some techniques needed to process the information acquired in order to find out the 

position of the RFI. These are the methods studied at the previous sections. After that, 

we will compare all the techniques checking the results.  

Finally, one of these techniques needs an additional contribution in order to be fitted in 

our necessities. The contribution will be a MATLAB script used to perform better the 

technique studied. By checking the results, we will find out if the script provides the 

expected results. 
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Resum 

L’objectiu principal d’aquest projecte és entendre que són les interferències en radio 

freqüència (sigles RFI en anglès) i intentarem mitigar aquest problema mitjançant 

mètodes que seran explicats més tard en aquest informe. Abans d’estudiar la solucions 

proposades, s’explicarà el significat del RFI, d’on ve aquest problema i l’impacte que té 

en la població. 

Presentarem la missió Humitat del terra i la Salinitat del Oceà (sigles SMOS en anglès). 

Explicarem que és el SMOS i l’objectiu que té aquest projecte. Després passarem a 

relacionar el problema del RFI amb la missió SMOS.  

Una vegada hem entès la teoria del RFI i la missió SMOS, aplicarem les tècniques 

necessàries per poder processar la informació adquirida a fi de trobar la posició de la 

interferència. Aquests són els mètodes que s’han estudiat en seccions anteriors. Després 

d’això, compararem totes les tècniques comparant els resultats.  

Finalment, una d’aquestes tècniques necessita una contribució addicional a fi de s’adapti 

a les nostres necessitats. Aquest contribució serà un programa escrit en MATLAB, que 

serà utilitzat per tenir un millor funcionament de la tècnica que ja s’ha estudiat. 
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Resumen 

El objetivo principal de este proyecto es entender que son las interferencias en radio 

frecuencia (siglas RFI en inglés) e intentaremos mitigar este problema mediante métodos 

que serán explicados más adelante en este informe. Antes de estudiar las soluciones 

propuestas, se explicará el significado del RFI, de dónde viene este problema y el 

impacto que tiene en la población. 

Presentaremos la misión Humedad en la tierra y la Salinidad del Océano (siglas SMOS 

en inglés). Explicaremos que es el SMOS y el objetivo que tiene este proyecto. Después 

pasaremos a relacionas el problema del RFI con la misión SMOS. 

Una vez que hayamos entendido la teoría del RFI y la misión SMOS, aplicaremos las 

técnicas necesarias para poder procesar la información adquirida con el fin de encontrar 

la posición de la interferencia. Éstos son los métodos que se han estudiado en secciones 

anteriores. Después, compararemos todas las técnicas comparando los resultados. 

Finalmente, una de dichas técnicas necesita una contribución adicional con el fin que se 

adapte a nuestras necesidades. Esta contribución será un programa escrito en MATLAB 

que será utilizado para tener un mejor funcionamiento de la técnica estudiada. 
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1. Introduction 

The minimum chapters that this thesis document should have are described below, 

nevertheless they can have different names and more chapters can be added. 

 

The purpose of this project is to understand what the RFI are and where they come from. 

In order to achieve these objectives, different techniques will be studied  

 

The project main goals are: 

 Understand what RFI is 

 How can RFI be measured 

 Techniques to find out the position of RFI source 

 

In order to go forward with this project, it is necessary the following requirements. 

-   MATLAB programming 

-   Basic Algebra understanding  

-   Telecommunications notions 

-   Array signal processing 

 

Moreover, also is necessary the following specifications 

-   RFI features 

-   Radiometer understanding 

-   MATLAB easy manipulation  

 

This project was ideated by Hyuk Park, my supervisor. The project was not started before 

and my contributions begin since to get background to understand the project, to apply 

the techniques learned during the project making.  

When we would study the different techniques to find out the different RFI positions, the 

scripts and data used were provided by my supervisor, Hyuk Park and tested and 

graduated by myself. 
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Project: RFI Source Detection using Array Beamforming 

Technique 

WP ref: 1 

Major constituent: Self-learning Sheet 1 of 2 

Short description: 

Understand what RFI is, the RFI sources and the impact 

on the society 

Planned start date: 18/02 

Planned end date: 10/03 

Start event: 18/02 

End event: 10/03 

Internal task T1:Research information about RFI 

definition 

Internal task T2: Different RFI sources 

Internal task T3: Explain the main RFI source 

Internal task T4: Explain the RFI impact to the society 

Deliverables: 

Introduction 

about learned 

background 

Dates: 10/03 

 

Project: RFI Source Detection using Array Beamforming 

Technique 

WP ref: WP2 

Major constituent: Self-learning Sheet 2 of 3 

Short description: 

Collect information about the SMOS mission. Understand 

what it is and the impact. 

Planned start date: 10/03 

Planned end date: 30/03 

Start event: 10/03 

End event: 08/04 

Internal task T1:Research information about SMOS 

mission 

Internal task T2: A brief explanation how SMOS acquires 

information 

Internal task T3: Why is SMOS relevant 

Deliverables: 

Introduction 

about learned 

background 

Dates:  

16/03 
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Project: RFI Source Detection using Array Beamforming 

Technique 

WP ref: WP3 

Major constituent: MATLAB simulation Sheet 2 of 3 

Short description: 

 

Different techniques have been studied and they will be 

applied on MATLAB as a simulation. 

 

 

 

Planned start date:25/03 

Planned end date:14/04 

Start event:22/04 

End event:06/09 

Internal task T1: Apply techniques such as Beamforming, 

Capon, MUSIC  

Internal task T2: SMOS simulations using new scenarios 

Internal task T3: Type a new script to detect the number 

of sources in order to be used in MUSIC method 

Internal task T4: Simulate again the SMOS code using 

my own source detection script   

Deliverables: 

My own typed 

script 

Dates:  

Weekly 
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The whole project was delayed in order to study more precisely the simulations we were 
doing. Besides, during the simulation process we found a trouble that made us go slowly 
because of we did not know where that issue came from. Once we found it, we realise we 
could do another simulations since we had more time to spend it with.  
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2. State-of-the-art technology used or applied in this thesis: 

2.1. RFI 

2.1.1. Definition 

Radio Frequency Interference is defined as the radiation or conduction of radio frequency 

energy. Also, RFI could be defined as electronic noise produced by electrical and 

electronic devices at levels that interfere with the operation of adjacent equipment. The 

most sensitive frequency ranges are 10 kHz to 30 MHz (conducted) and 30 MHz to 1 

GHz (radiated). 

2.1.2. Sources 

RFI could come from different sources but the most common device that produces this 

kind of interference is the electronic equipment. The most common sources include 

components such as switching power supplies, relays, motors and triacs, and equipment 

such as business computing devices, work processors, electronic printers, medical 

instrumentation, industrial controls, personal computers and electronic games. 

Once we observed the source of RFI, we have to explain why all these devices produce 

interference. In this case, the electronic components emit RFI in two ways. 

 Radiated RFI is emitted directly into the environment from the equipment itself. 

 Conducted RFI is released from components and equipment through the power 

line cord into the AC power line network of the building. This conducted RFI can 

affect the performance of other devices on the same network.   

The whole thing explained before is assuming that the source comes from the radiation of 

electronic devices, but there are other sources we have to take into account. One of the 

sources we are talking about is the Sun. The electronic devices produce radio frequency 

interference by conducting energy, is to say electricity, through their wires and circuits. 

This product generates electromagnetic fields that may affect to other installations. 

Keeping in mind all these features, the Sun is a very powerful RFI source. The Sun emits 

a large amount of energy and is very known its capacity of emit an electromagnetic field. 

In our current days, there are many solar storms that could affect to the electronic 

devices around the world, but the conditions are not the worst. This is why, until 

nowadays, the Sun is a source we might take into account but is not the most important 

to considerate.   

Finally, another source is any object around. Any object which its own temperature is 

higher than 0º Kelvin (absolute zero) emits radiation. Of course, these entire sources 

should be taken into account, but they do not represent the main problems when we 

detect interference. Nevertheless, it will be explained deeper later. 

2.1.2.1. Electrical sources 

Note we explained different types of RFI source. Now we are going to concentrate on the 

main RFI sources, caused by the human devices in overall. As we know, many wireless 

systems operate in the frequency bands used for TV retransmissions. So this kind of 

systems might interfere with wireless receivers at very considerable distances. Wireless 
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systems using operating frequencies or near frequencies used for TV broadcasting can 

expect moderate to severe interference. 

Another source of interference is harmonics from FM radio stations and communications 

transmitters. Powerful FM station transmitters usually have a small amount of output at 

twice their operating frequency, also named the "second harmonic", and this could be a 

source of interference to wireless systems. Unless the FM transmitter power is high and 

the transmitter nearby, interference from this source is rare. Still, it is best to avoid 

wireless frequencies that are near harmonics of local FM radio stations. 

Communications transmitters also have harmonic outputs that can potentially interfere 

with wireless systems. Generally, when interference from communications transmitters 

happens, it is a result of intermodulation or defective equipment. Poorly maintained 

communications transmitters can have excessive harmonic or spurious output. 

Interference from this source appears only when the communications transmitter is 

nearby.  

Antennas for communications transmitters are often located on the top of the buildings. If 

the transmitter is powerful and the antenna nearby, wireless interference becomes a 

possibility. In this situation, spurious signals from a misadjusted or defective transmitter 

can cause interference. In some cases, the strong transmitter signal can overload the 

wireless receiver and cause interference due to intermodulation. 

Spurious outputs from various kinds of RF equipment are an occasional source of 

interference. Cable television systems, communications receivers, garage door openers 

and even home TV and FM receivers may cause interference in some cases.  

AM radio stations are sometimes a source of interference. However, normally this 

problem is not due to direct interference by the AM station. Wireless systems operate at 

frequencies far above that of AM transmitters and it is extremely unlikely that a 

transmitter harmonic or spurious output will affect a wireless receiver. AM radio 

transmitters sometimes interfere with many types of audio equipment such as mixers, 

power amplifiers, processors and other non RF devices. 

2.1.3. Impact 

Until now, we have explained what the RFI is and where it come from. However, the 

study of RFI and its mitigation is motivated by the impact to the society. Interference 

tends to be more troublesome with older radio technologies such as analogue amplitude 

modulation, which have no way of distinguishing unwanted in-band signals from the 

intended signal, and the omnidirectional antennas used with broadcast systems. Newer 

radio systems incorporate several improvements that enhance the selectivity. 

Furthermore, the detection of these RFI sources is very important for one technology very 

used nowadays, the GPS. Theoretically, GPS uses the radio magnetic waves to transmit 

signals from their satellite antenna to various types of receivers which can accept these 

signals.  The effect of RFI on the GPS signals is recently becoming more prevalent for 

both civil and military users throughout the world. Both of them have resulted in 

degradation of performance in GPS observations although carried out in a good 

environment. 

As we shown, the study of RFI is very important for telecommunications use. Very known 

applications such as GPS, TV, radio, phones connection and etcetera needs a very good 
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connection in order to provide well service for the users. This is why RFI must be studied 

and must be located where is the source. For this purpose, different techniques will be 

studied and used in this report.  

 

2.1.4. Why is important the RFI detection 

Even though we have explained the most remarkable definitions and properties on RFI, 

we need to understand why so important this field is. As we already know, most of the 

electronic devices that are used in our current days generate an interference which can 

damage or affect negatively other devices. Today, our world is increasing talking about 

electronic usage. Therefore, there are millions of signals through the air and they must 

take into account to design an electronic device immune to all signals. 

Since our world is interconnecting by millions of signal, some of them could be 

interference for some devices. For example, the GPS usage is much extended around 

the world in ship navigation, cars and trucks drivers. All the services mentioned 

previously are oriented to send products or people around the world, and a good service 

goes through a correct arriving of the product or people. Therefore, it must takes care the 

good functionality of GPS since an interference could give a fatal situation. 

Apart of the GPS example mentioned above, this problem is extended in the 

telecommunications field. In the mobile telephones field, could happen an interference 

provided by a given operator and they do not know they are an interference source. Here 

we can observe the usage of RFI detection. By using the techniques explained in the part 

of Methodology,  the detection of these sources may detects the position of the 

interference and then, the affected people might contact with the interference and try to 

fix the problem found. 

Finally, another field affected by the problem of interference is the radio communications. 

The interference produced is very sensitive in this technology because of its wide usage 

for all the people. Therefore the RFI detection is very important to prevent the wrong 

working way of all the devices that use the radio for their communication way. 

 

2.2. Radiometer 

We need to know how the measure is achieved by ourselves. Now we are going to 

explain how to get these signals. First of all, the radiometer will be explained. In order to 

detect the RFI, a radiometer is used to obtain a precision position of the source 

 

2.2.1. What is a radiometer 

We want to measure the brightness temperature of a given object. The main idea is to get 

an idealized antenna pointed toward the desired object, and the emitted power is 

collected by the antenna 
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Now we are going to assume a lossless antenna. The output terminal will be able to 

deliver an output power, called TA, which can be related with the brightness temperature 

of the object. The mainly task of the microwave radiometer is to measure the antenna 

brightness temperature TB with a sufficient precision and resolution. Basically, a 

radiometer is a calibrated microwave receiver. 

2.2.2. The sensitivity of the radiometer 

The radiometer has a certain bandwidth B around a center frequency. This is the 

translation that the radiometer has to select a portion of the available output power from 

the antenna. This power is amplified by a factor G and then put at the output. The power 

of the output is as follows: 

                   

K is the Boltzmann’s constant, which value is 1.38·10-23 J/K. Next picture shows a 

radiometer closer to real life 

 

 

 

 

 

 

 

 

Furthermore, the antenna is a noise signal generator. The two signals are independent, 

so they will add and cannot be separated later. Now, the measure is: 

                       

In order to sow the sensitivity problem, let’s consider a typical case. Typical values for 

temperature antenna (TA) could be 200K and for temperature noise is 800K. We want to 

measure the value of 200k with 1K of resolution. The problem lies on finding 1K signal on 

top of a total signal of 1000 K. Therefore, we want to see the difference between 1000K 

and 1001 K. In order to observe that, the formula for the sensitivity is: 

   
     

√   
          

OBJECT 

TB ANTENNA T
A
= POWER TO 

BE MEASURED 

B, G 

RADIOMETER 

T
A
 

T
N
= 800 K 

P  k  B  G   TA  TN   watts  

Figure 1: Power detection in the radiometer 

Figure 2: Radiometer sensitivity 
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Where: 

 TA is the input temperature to the radiometer 

 TN is the noise temperature 

 B its bandwidth 

 τ its integration time 

By using the example explained above and applying B=100MHz and τ =10ms, the 

resolution will be: 

   
       

√        
    

 

2.2.3. Absolute accuracy  

Another problem to consider is absolute accuracy. Let’s remind one of the previous 

formulas: 

                       

Here we are considering that k, B, G and TN are constants. Therefore we have no 

accuracy problems since given a temperature TA, the output power P will change in the 

same amount as TA. This would be the ideal scenario but is not the real case. In the real 

case we consider the bandwidth and k constant as a good value to use in a real case. On 

the other hand, TN depends on how antenna is made and is not perfectly built, as same 

as gain. As we saw, in the real case we have to assume an error to carry out our purpose. 

On the next lines we are going to describe possible cases of accuracy loss. First one is 

lossy signal path witch it means that the output temperature is different than the input.  

 

 

 

 

 

                 

The symbol   denotes the fractional loss and the TO is the physical temperature where the 

antenna is situated. The difference between the input temperature and output 

temperature is denoted by the following expression: 

             

If the case is that input temperature T1 is 100 K and TO is 300K and we consider an small 

loss as 0.01dB, the difference at the output will be 0.5K. 

On the other hand is the mismatch input as the other accuracy loss case. Here we 

consider a reflection coefficient rho that represents the mismatch and is used on the next 

formulas: 

                   

T
1
 T

2
 

T
0
 

𝑙 

Figure 3: Radiometer losses 
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We observe in the formulas TRAD is the microwave temperature as seen from the point of 

reflection into the radiometer. 

Another example to show how is affected the accuracy is as follows: TRAD is 300K and 

T1 is 100K, ρ is -26dB. The temperature difference is 0.5K. 

 

2.2.4. Radiometer principles 

Finally, we are going to finish the radiometer explanation by describing how the 

radiometer works. First step is to check next block diagram, which is a very simplified 

diagram: 

 

 

Figure 4: Radiometer stages 

 

As it is showed above, the block diagram is the same diagram explained before but it is 

expanded. As we can see, the gain has been symbolized by an amplifier with gain G and 

the frequency selectivity has been symbolized by a filter with a bandwidth B. The next 

block means that this kind of radiometer uses the square-law detector. By using this 

technique, the output voltage will be proportional to the input voltage. Therefore, the 

output voltage will be proportional to the input temperature. Finally, the integration block 

causes a reduction of the output fluctuations. The output voltage is expressed by: 

                 

Where c is a constant. As we discussed on previous paragraphs, the formula does not 

reflect perfectly how would be the output voltage since is not stable enough to satisfy 

reasonable requirements of absolute accuracy.  

The whole previous concepts were a very brief explanation of principles of the radiometer. 

There are many different kind of radiometer and everyone provides different solutions for 

many problems. For example, Dickie Radiometer solves the stability problems and then, 

it can be used for the noise injection radiometer, which main feature is a very large 

absolute accuracy. These ones are the most common radiometers. However, there are 

many different radiometers with different working way for different situations. 
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2.3. SMOS 

Soil Moisture and Ocean Salinity, European Space Agency, is the first satellite mission 
addressing the challenge of measuring sea surface salinity from space. In order to 
measure the temperature brightness of different places in the Earth, it is used an L-band 
microwave interferometric radiometer with aperture synthesis (MIRAS). 

 

Until very recently, the knowledge of the global salinity distribution, and in particular its 
spatial and temporal variability at many scales, was really sparse. The information about 
salinity data are not adequate to analyze due to this variability. The information achieved 
by this mission can be used for study the climate around the world. 

 

SMOS was launched on November 2, 2009, and it is the first satellite mission addressing 
the salinity measurement from space. The information that we can obtain from the sea 
surface reflects dielectric properties whose are related to salinity. This information is 
contained in the microwave emission captured by the SMOS instrument MIRAS, a new 
technological concept implemented by the European Space Agency and operating at L-
band (1413 MHz). 

 

2.3.1. How does SMOS work? 

At 50’s decade, the synthetic aperture radiometry was developed to obtain high-
resolution radio images of celestial bodies. After that, at 80’s decade LeVine and Good 
proposed its use for Earth observation as a way to increase the angular resolution of 
individual antennas. As compared to real aperture radiometers, in which TB maps are 
obtained by a mechanical scan of a large antenna, in aperture synthesis radiometers, a 
TB image is formed through Fourier synthesis in a snapshot basis. 

 

In order to measure the TB, a synthetic aperture is used. The radiometer measure all 
cross-correlation products between the signal and pairs collected by the array elements 
(labeled m and n) at p and q polarizations respectively. Furthermore, a real aperture 
radiometer is used to measure the total power of the scene. 

 

The samples of the visibility function are given by the next formula: 

 

 

Coming up next, we are going to explain every term of the formula in order to understand 
better what we are trying to explaining. 
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kB is the Boltzman constant; Bm,n and Gm,n are the receiver’s noise bandwidth and the 

power gain respectively; Ωm,n is the solid angle of the antennas;   
  

(ζ,η) is the TB of being 

the electric fields at p and q polarizations; Trec is the physical temperature of the receiver; 
δpq=1 if p=q and 0 if Fp,qm,n (ζ,η) ; Fp,qm,n (ζ,η) are the normalized antenna copular voltage 

patterns at p and q polarizations;  ̃m.n(-(umnζ+vmnη)/f0) is the fringe-washing function that 

represents the spatial decorrelation effects; (umn ,vmn)  ̂ (xn-xm,yn-ym)/f0 is the spatial 
frequency that depends on the antenna position difference normalized to wavelength 
λ0=c/ f0; f0 is the center frequency of the receivers and the direction cosines 
(ζ,η)=(sinθcosϕ,sinθsinϕ) are defined with the respect to the X and Y receivers. 

 

The antennas placed at the MIRAS instrument, are dual polarization patch antennas, 
distributed along three arms. The antennas are positioned as it is explained because a  
Y-shaped antenna (three arms spaced 120º) provides the best angular resolution.  

 

The receivers have a switch to select the antenna output. After that, the signal is 
amplified, down-converted in phase and quadrature, sampled and converted into an 
optical signal that is transmitted to a matrix of correlators. If all the antenna patterns are 
equals and the spatial decorrelation effects are negligible, the relationship between the 
TB and the visibility samples reduces to Fourier transform: 

 

 

 

 

 

As we know, the visibility function is positioned in a unit circle. It can be demonstrated 
that the optimum sampling strategy of the (u,v) plane is on an hexagonal grid. The 
strategy allows having maximum antenna spacing between λ/2 and λ/3. By checking the 
angular resolution and the range of incidence angles over the Earth being imaged, the 
antenna spacing was imposed 0.875λ. 

 

Since d>max, the Nyquist criteria is not satisfied, so we have to select the zone we are 
sure to process the image position where no aliasing is produced, also known as alias-
free of view. In order to achieve the alias-free FOV, we have to subtract different terms 
corresponding to known TB terms, such as: 

 

   
  

(u,v): Trec in    
  

          

      
  

: visibilities coming from the back lobes of the antennas 

     
  

: integration of    
  

         in the region occupied by the L-band sky map 

  ̅                  
  

: normalized visibilities from the direct and scattered contribution 

of the sun and the moon 

  ̅    
  

: normalized visibility samples from the land and iced sea 
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: normalized visibility samples from a reference sea 

 

 

With the appropriate V value, it could be minimized the contrast of the reconstructed TB 
image. After that, we have to relate the visibility function with the TB as following: 

 

  ̅    ̿     ̅ 
  

 

 

Which G is a matrix which is a discretization of    
  

         . The equation can be 

solved by the Moore-Penrose pseudoinverse.  

By windowing the visibility function, it is reduced the level of the side lobes of the 
synthetic beam. The snapshot alias-free TB image is reconstructed in the director cosines 
domain is then projected into the Earth’s surface. 

 

 
Figure 5: SMOS Snapshot 
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2.3.2. Why is important SMOS in RFI detection? 

When the SMOS mission began, at the first moment the problem of the RFI happened, 

being the RFI a trouble for the SMOS data collection. As we already know, the MIRAS 

radiometer can detect a very small power level at L-band. A RFI pollutes the data 

collected from the desired place. In this case, contaminated SMOS data is useless, since 

it cannot be studied for the SMOS mission.  

The experience obtained during the operations of SMOS satellite is also showing that the 

presence of radio-links in nearby bands and unauthorized transmissions within passive 

band are also a common source of interference for the radiometer. 

The RFI problem is not due to inadequate filtering in the SMOS receiver but is due to two 
specific problems: 

 

- Unauthorized emissions within the protected passive band coming from active sources. 

- Unwanted emissions from active services operating in neighboring bands 

 

These reasons make the RFI detection for the SMOS mission very important due to the 
importance to have a not contaminated data, since this one will be used for climatology 
studies, very used to prevent the climate change. 
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3. Methodology / project development:  

3.1. Brief signal achieving 

 

As we explained before, there are several techniques to study the detection of RFI source. 

First of all, we will consider a so far source, then we do not care the distance between the 

source and the antennas.   

In the real case, we consider two dimensions:  (ζ,η)ϵ[-1,1] and the received signal at the 

antenna arrays is the same but delayed among them. Furthermore, the distance between 

every antenna should accomplish the Shannon theorem. If it is not accomplished, we 

have to consider a determinate area to do not note aliasing. 

Finally, all of these considerations we should reflect it on mathematics. The delay 

between the antennas is exp(−𝑗2𝜋𝑑·sin(𝜃)/λ) and the output of the system would be as 

follow: 

 

     [  𝜃      𝜃  ] [
     

 
     

]                  

 

𝜃                                                   

 

                          𝑑                      

 

                  𝑑       

 

  𝜃  [                  ]  

 

Considering all the considerations above, we can analyze the next methods. 

 

3.1.1. Beamforming 

This method is the simplest one. By knowing the output of each antenna, we just 

calculate the covariance matrix at the output of the system. The next formula provides the 

power of the source detected: 

     𝜃  ̂  𝜃  

 

When a source is detected by using the beamforming method, the result from P becomes 

a very high number, being this point the RFI source. 

This method gives us a very approximate position of the source. 
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3.1.2. Capon 

Capon method is very similar to Beamforming. The only difference is the covariance 

matrix calculation. In this case, we need the inverse one. The next formula provides the 

detection of the source. 

  
 

   𝜃  ̂    𝜃 
 

 

In this case, when the RFI source is detected, the dominator becomes a very small 

number. Then the division will be a very high number, being this point the position of the 

RFI source. Although it is a very similar method, it provides a more accurate position of 

the RFI source than beamforming method. 

 

3.1.3. MUSIC 

MUSIC method (Multiple Signal Classification) needs to assume noise in our source 

detection. Actually the noise is present in all the cases, but in this case is essential.  

As in the other methods we did, this technique is not different and we have to calculate 

the covariance matrix at the output of the system. Once we obtained the covariance 

matrix, we have to handle to find the elements needed to carry out the current method. 

The covariance matrix has much information that can be used to distinguish the signal 

from the noise. For this purpose, we calculate the Eigen values from the covariance 

matrix. Then, we are able to differentiate the signal of the noise by just checking the 

values of the given diagonal matrix. The highest values will be the sources, while the 

remaining ones will be noise sources. At the next picture we can differentiate this issue: 

 

Figure 6: Example of Eigen Values detection 

As we can see above, the highest values can be distinguished from the noise values, 

since they are the highest ones. When the samples seem have a very similar values 

among them, as we see from the sample 3 at the picture, we considerate they are the 

noise sources. 

Finally, we create a matrix by using the Eigen vectors from the Eigen values belong to 

noise space. By using the next formula, we find the RFI position. 
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   𝜃  ̂ ̂   𝜃 
 

 

  [ 𝜋 𝜋] 

As the same way that Capon method, when the denominator from the power equation of 

MUSIC method becomes a very small value, the whole division becomes a very high 

number. This means that a source has been detected. 

 

3.1.3.1. Importance to have an accurate number of source 

MUSIC method is necessary to count the number of sources before to start placing the 

sources in our snapshot. Therefore, we are going to explain the algorithm used for detect 

the number of signal source. 

First, we have to take into account is to ask why is necessary this section. As we 

explained, we need to distinguish the signal sources from the noise sources. We could 

think we can put the number of sources randomly, a very large number, since if there are 

fewer sources than really are; we think at least the sources detected are well detected. 

Let’s check what happens in this situation. 

By using a script that prints where the sources in given data are, we are going to check 

what happen when we put correctly the number of sources and when it does not. 

Next picture shows when the number of sources is well detected. 

 

 

 

 

 

Figure 7: Well source detection 
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As we can observe, if we compare the MUSIC image with the beamforming method and 

Capon method, we can see that is a good detection since the results are very closer with 

the other methods and the results are also more accurate.  In this case, the number of 

sources is approximately 5. Let’s check if we put 20. 

 

Figure 8: Bad source detection 

We observe that if we put too much sources that really are there, the method detects the 

sources but the resolution get worse.  

In conclusion, we have to find a way to detect automatically the number of the sources. 

 

3.1.3.2. Algorithm idea 

The way followed to achieve satisfactory results is to obtain, first of all, a threshold. In 

order to have this number, we have been checking many snapshots from our data base 

that shows the total number of sources. 

As we have explained at MUSIC section, if we sort the values from the Eigen values 

array, it can be distinguished the number of signal sources from the noise signals by 

checking the values itself, the highest ones will be the signal sources and the remaining 

ones are the noise sources. At the next picture, very similar to last ones, we can analyze 

how many sources are at the current snapshot. 
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Figure 9: Analyzing Eigen Values Snapshot 

 As we can see, the first 5 samples are very stronger than the remaining ones. At the 

sixth sample we observe that the values vary fairly and the tendency is to have very 

closer values until the end of the samples. 

Therefore, our algorithm will follow the steps explained: detect the highest values at the 

beginning and when the values tendency would to vary fairly, stop counting.    

In our case, we want to detect the number of signal sources that is to say to find the 

threshold. In order to do the detection we did the geometric mean of all the samples. We 

chose this method because the geometric mean suits better at the strongest changes in 

our values. Once we obtained the geometric mean value, this will be our threshold. Since 

we want to save the highest values, we will save the values above the threshold obtained. 

3.1.3.3. Algorithm  

The algorithm that follows all the steps explained previously is the next one, which is a 

MATLAB function: 

function [ number_of_sources ] = sources( Eigen_Values ) 

  

    elements=length(Eigen_Values); 

    ev=Eigen_Values; %Just to handler easier the eigen Values 

  

    number_of_sources=0; 

  

    oldValue(1,1)=0; %Need to set the first paramater of the array 

  

    %Compute the new threshold value 

        for i=2:elements 

             currentValue=(ev(i-1)-ev(i)); %We start at the second value, 

since the first one will be the highest one 

             oldValue(i)=currentValue; %Addition of every value into an 

array 

        end 

         

    threshold=geomean(oldValue(2:elements)); 
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        for i=3:elements 

            actualValue=(ev(i-1)-ev(i)); 

               if actualValue > threshold 

                  number_of_sources=number_of_sources+1; 

               else 

                   break %When the sample is lower than the threshold, 

stop counting 

               end 

        end 

end 
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4. Results 

Once we found the best way to count the number of sources, it is time to apply the 

methods studied before. By using a script that uses real data provided by the SMOS, it is 

possible to test how well work all the methods studied by setting parameters in the script, 

such as the number of antenna per arms, the distance between the antennas, the range 

to observe the samples to avoid aliasing, how to review the data to use the methods 

studied, etc. The script will be added at the appendix. 

The data used was recollected by the SMOS mission and it is the data from Asia and 

Europe. We use the program the data that shows part of East Asia and Southeast Europe. 

The results reflect how accurate the methods and the position changing for every 

snapshot are.  

Also, will be displayed the Eigen Value results from the algorithm. All the results are 

shown on the next figures. 

 

Results from Europe: 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10: Snapshot Europe 1 

Figure 11: Snapshot Europe 2 

Figure 12: Snapshot Europe 3 
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Figure 14: Snapshot Europe 5 

Figure 13: Snapshot Europe 4 

Figure 15: Eigen Values Europe Snapshot 3 

Figure 17: Eigen Values Europe Snapshot 2 Figure 16: Eigen Values Europe Snapshot 1 

Figure 18: Eigen Values Europe Snapshot 4 
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Results from Asia: 

 

     Figure 20: Snapshot Asia 1 

 

 

 

  

Figure 19: Eigen Values Europe Snapshot 5 

Figure 21: Snapshot Asia 2 

Figure 22: Snapshot Asia 3 
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Figure 23: Eigen Value Asia Snapshot 3 Figure 24: Eigen Value Asia Snapshot 4 

Figure 25: Eigen Value Asia Snapshot 1 Figure 26: Eigen Value Asia Snapshot 2 

Figure 27: Snapshot Asia 5 

Figure 28: Snapshot Asia 4 
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We can observe in the results from both data source general consequences. First of all, 
we can check the comparison of the all the methods studied in this project. 

We observed the beamforming method is the simplest way to apply and display good 
results in overall. Because of its simplicity, also the results the peaks detected 
corresponding to the sources, are the sparsest ones. Then, the Capon method provides 
more accurate results, since it can be observed more peaks on the snapshots. This effect 
is due to the way power processing, since this factor becomes very high when the source 
is detected (keeping in mind the Capon’s formula). Finally, MUSIC method is the most 
precise method studied until this point. Due to the characteristic of MUSIC method, by 
separating signal and noise subspaces, makes this method the most sensitive one, since 
even the smaller sources could be observed with a good resolution. This method 
provides the most accurate methods as always the number of source are well detected. 

The other results displayed are the number of sources detection used the algorithm 
explained at the section 3.1.3. As we can see, the algorithm can put a threshold between 
the signal subspace and the noise subspace. All the pictures reflects a quite well 
separation between the two subspaces. That’s why in our case, the MUSIC method is 
what performs better in our case.  

Figure 29: Eigen Value Asia Snapshot 5 
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5. Budget 

If the object of the thesis is not a prototype at least you should include in this section an 
estimation of the number of hours you have dedicated to the thesis, evaluated at cost of 
junior engineer. 

If you have used a specific software you should also include the license and amortization 
costs. 

 

The components listed used to carry out this project are: 

 Laptop (at least, IntelCore i5 needed): 600 € 

 

The software used is MATLAB: 

 MATLAB student version: 70 € 

 

 Finally, it should be included the estimation of the cost of a junior engineer. Assuming 
that we have been working since February 2015 until October 2015 five days per week, 4 
hours and the junior engineer cost is 8€/hours, the cost of the engineer is 5760 €. 

 

The total cost of the project is 6430 €. 
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6. Conclusions and future development:  

The main goal was to study the RFI and its detection. We had studied the basic of the 

RFI, how it can be detected by using a radiometer and how can a radiometer achieve 

some large information, such as the SMOS mission.  

In order to accurately and precisely detect the RFI source geolocation, we apply Direction 

of Arrival estimation methods such as beamforming, Capon and MUSIC. They provided 

the RFI sources and their location on the snapshots. Using real SMOS data, we have 

compared among these methods. Especially for MUSIC method, we have proposed the 

method to estimate the number of sources. 

Now we have finished this project, it can be said that all the requirements we took into 

account at the beginning of the project, they had been fulfilled as we expected. We had 

problems when we tried to have well MATLAB simulations, but once that problems would 

solved, we could go forward with this project. 

From my personal point of view, this project was very rewarding because of its wide 

usage of many topics to carry out this project, namely, linear algebra, random process, 

signal theory, array processing and MATLAB programming. This project had been, in this 

aspect, the biggest one what I have been involved. 

Of course, the project is too big to finish whole it. There are more techniques to apply in 

order to obtain the RFI source position, such as ESPIRIT or root MUSIC. Furthermore, it 

is possible to do simulation by setting the sources position, their power and the 

background power. After the setup, it can be studied how well work every technique 

according the power emitted by every source or the distance between the sources. These 

tasks have been into account for the next years in order to study the accuracy of these 

techniques. 
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Glossary 

1. RFI: Radio Frequency Interference 

2. SMOS: Soil Moisture Ocean’s Salinity 

3. MIRAS: Microwave Interferometric Radiometer with Aperture Synthesis 

4. TB: Temperature Brightness 

5. DOA: Direction Of Arrival  

6. MUSIC: Multiple Signal Classification 

7. FOV: Field Of View 

8. AC: Alternative Current 

9. RF: Radio Frequency 

10. FM: Frequency Modulation 

11. AM: Amplitude Modulation 

12. GPS: Geo Positioning System  

 

 


