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Abstract 

The aim of this project was the implementation of a software to position and obtain the 
desired measurements by a radiometer called MERITXELL. 

To satisfy the goals, this project was divided in three blocks (radiometer control, 
positioning, and graphical user interface). 

The radiometer control had the function to control the spectrum analyser of the 
radiometer backend and configure the switches to select the matched loads or the 
antennas desired and obtain the temperatures of the sensor of these elements. 

The target of the radiometer positioning was point the radiometer bore sight in the desired 
directions selected by the user and receive the information sent by the positioning system. 

The goal of the graphical user interface was to implement the previous functionalities as 
user friendly as possible and process the information received by the two previous blocks 
to show them to the user. 

Once the software is finished, many usable measurements to detect radiofrequency 
interferences are obtained.  
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Resum 

L’objectiu d’aquest projecte ha sigut implementar un software encarregat de d’orientar i 
obtenir les mesures desitjades per el radiòmetre anomenat MERITXELL. 

Per poder satisfer aquestes necessitats aquest projecte està dividit en tres blocs (control 
del radiòmetre, posicionament del mateix e interfície gràfica) 

El control del radiòmetre consisteix en control·lar l’analitzador d’espectres del radiòmetre, 
a més a més de configurar els interruptors que commuten entre les diferents càrregues 
adaptades i les antenes, també podem obtenir les temperatures dels sensors que 
mesuren la temperatura d’aquests elements. 

El posicionament del radiòmetre té la funció d’orientar el radiòmetre en les direccions 
desitjades per l’usuari, a més de rebre la informació enviada pel sistema de 
posicionament. 

L’ interfície gràfica consisteix en generar les instruccions per realitzar les funcionalitats 
anteriors de la manera més senzilla com sigui possible per l’usuari, a més de processar 
el senyal rebut pels blocs anteriors per mostrar-la a l’usuari. 

Un cop finalitzat el software, s’han pogut obtenir mesures útils per la detecció 
d’interferències de radiofreqüència.  
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Resumen 

El objetivo de este proyecto ha sido implementar un software encargado de orientar y 
obtener las medidas deseadas por el radiómetro llamado MERITXELL. 

Para poder satisfacer estas necesidades este proyecto estaba dividido en tres bloques 
(control del radiómetro, posicionamiento del mismo e interfaz gráfica). 

El control del radiómetro consiste en controlar el analizador de espectros del radiómetro, 
además de configurar los interruptores que conmutan entre las diferentes cargas 
adaptadas y las antenas y obtener la temperatura de los sensores que miden la 
temperatura de estos elementos. 

El posicionamiento del radiómetro tiene la función de ubicar el radiómetro en la 
orientación deseada por el usuario, además de recibir la información enviada por el 
sistema de posicionamiento. 

La interfaz gráfica consiste en generar las instrucciones para realizar las funcionalidades 
anteriores de la manera más sencilla para el usuario además de procesar la señal 
recibida por los dos bloques anteriores para mostrarla al usuario. 

Una vez finalizado el software, se han podido obtener medidas útiles para la detección 
de interferencias de radiofrecuencia.  



 

 IV 

Acknowledgements 

I wish to express my sincere thanks to Dr. Adriano Camps, Professor of the Signal 

Theory and Communications Department at the Universitat Politècnica de Catalunya, for 

the project purpose. 

I would like to thank to Jorge Querol, PhD candidate of the Signal Theory and 

Communications Department at Universitat Politècnica de Catalunya, for his invaluable 

support in the project monitoring. 

Thanks to my friends, for being all these years beside me (life-long friends, referees, 

“veteranos”, etc). 

Finally, thanks to my parents who have always been by my side and especially to my 

deceased brother that he would have liked see this project. 

  



 

 V 

 

Revision history and approval record 

Revision Date Purpose 

0 06/12/2016 Document  creation 

1 03/01/2017 Document  revision 

2 11/01/2017 Document revision 

   

   

 

DOCUMENT DISTRIBUTION LIST 

 Name  e-mail 

 José Javier Gómez López josegomez931994@gmail.com 

Jorge Querol Borràs jorge.querol@tsc.upc.edu 

Adriano José Camps Carmona camps@tsc.upc.edu 

  

  

  

 

Written by: Reviewed and approved by: 

Date 06/12/2016 Date 11/01/2017 

Name José Javier Gómez López Name Jorge Querol Borràs & 

Adriano José Camps Carmona 

Position Project Author  Position Project Supervisors 

  



 

 VI 

Table of contents 

Abstract ............................................................................................................................. I 

Resum .............................................................................................................................. II 

Resumen ......................................................................................................................... III 

Acknowledgements ........................................................................................................ IV 

Revision history and approval record ............................................................................... V 

Table of contents ............................................................................................................ VI 

List of Figures ............................................................................................................... VIII 

List of Tables: .................................................................................................................. X 

1. Introduction ................................................................................................................ 1 

1.1. Goals .................................................................................................................. 1 

1.2. Requirements and specifications ........................................................................ 1 

1.3. Methods and procedures .................................................................................... 2 

1.4. Work Plan ........................................................................................................... 3 

1.5. Deviations from the initial plan and incidences ................................................... 3 

2. State of the art of the technology used or applied in this thesis: ................................. 4 

2.1. MERITXELL Software ........................................................................................ 4 

2.2. Positioning Software ........................................................................................... 6 

3. MERITXELL Control: ................................................................................................. 8 

3.1. Turn ON/OFF the spectrum analyser .................................................................. 8 

3.2. Configure Switches ............................................................................................. 9 

3.3. Get temperature of the sensors .......................................................................... 9 

3.4. Acquisition of the measurements ...................................................................... 10 

4. Positioning System: ................................................................................................. 14 

4.1. Messages received ........................................................................................... 14 

4.2. Send messages ................................................................................................ 15 

4.2.1 Move to selected azimuth & elevation ................................................................ 16 

4.2.2 Move to particular positions ................................................................................ 17 

5. Graphical Interface: ................................................................................................. 18 

6. Results .................................................................................................................... 21 

7. Budget ..................................................................................................................... 28 

8. Conclusions and future development: ...................................................................... 29 

Bibliography: ................................................................................................................... 30 

Appendix 1: .................................................................................................................... 31 



 

 VII 

Appendix 2: .................................................................................................................... 33 

Appendix 3: Power measurements ................................................................................. 34 

Appendix 4: Work plan. ................................................................................................... 36 

Appendix 5: Deviations from the initial plan and incidences. ........................................... 40 

Glossary ......................................................................................................................... 42 

 

  



 

 VIII 

List of Figures 

Figure 1: Azimuth and Elevation restrictions. .................................................................... 1 

Figure 2: Positioning system & MERITXELL mounted in. ................................................. 2 

Figure 3: Work plan structure. ........................................................................................... 3 

Figure 4: Initial Gantt diagram. .......................................................................................... 3 

Figure 5: Giuseppe software MERITXELL main form. ....................................................... 5 

Figure 6: Giuseppe software PIC communication form. .................................................... 6 

Figure 7: Giuseppe software positioning software form. .................................................... 7 

Figure 8: Temperatures sensor display. .......................................................................... 10 

Figure 9: Temperature gradient vs colour box................................................................. 10 

Figure 10: I/Q procedure. ................................................................................................ 12 

Figure 11: Flags received. .............................................................................................. 14 

Figure 12: Graphical user interface. ................................................................................ 18 

Figure 13: Range mode. ................................................................................................. 19 

Figure 14: Normalized L (horizontal) band. ..................................................................... 22 

Figure 15: Normalized L (vertical) band. ......................................................................... 22 

Figure 16: Normalized S (horizontal) band. ..................................................................... 22 

Figure 17: Normalized S (vertical) band. ......................................................................... 23 

Figure 18: Normalized C (horizontal) band. .................................................................... 23 

Figure 19: Normalized C (vertical) band. ......................................................................... 24 

Figure 20: Normalized X (horizontal) band. ..................................................................... 24 

Figure 21: Normalized X (vertical) band. ......................................................................... 24 

Figure 22: Normalized K' (horizontal) band. .................................................................... 25 

Figure 23: Normalized K' (vertical) band. ........................................................................ 25 

Figure 24: Normalized Ka (horizontal) band. ................................................................... 25 

Figure 25: Normalized Ka (vertical) band. ....................................................................... 26 

Figure 26: Normalized W (horizontal) band. .................................................................... 26 

Figure 27: Normalized W (vertical) band. ........................................................................ 27 

Figure 28: Check conditions state. .................................................................................. 31 

Figure 29: Move system state. ........................................................................................ 31 

Figure 30: Waiting to receive instructions state. .............................................................. 32 

Figure 31: Power L band. ............................................................................................... 34 

Figure 32: Power S band. ............................................................................................... 34 

Figure 33: Power C band. ............................................................................................... 34 



 

 IX 

Figure 34: Power X band. ............................................................................................... 34 

Figure 35: Power K' band. .............................................................................................. 35 

Figure 36: Power Ka band. ............................................................................................. 35 

Figure 37: Power W band. .............................................................................................. 35 

Figure 38: Initial WP1 Gantt diagram. ............................................................................. 38 

Figure 39: Initial WP2 Gantt diagram. ............................................................................. 39 

Figure 40: Initial WP3 & WP4 Gantt diagram. ................................................................. 39 

Figure 41: Initial WP5, WP6 & WP7 Gantt diagram. ....................................................... 39 
 

 

  



 

 X 

 

List of Tables: 

Table 1: Nominal bands covered by MERITXELL. ............................................................ 2 

Table 2: Spectrum analyser states. ................................................................................... 8 

Table 3: Configure switches message. ............................................................................. 9 

Table 4: Byte 1 values for azimuth & elevation position messages. ................................ 16 

Table 5: Particular position messages. ........................................................................... 17 

Table 6: Byte 1 & byte 2 for particular position messages. .............................................. 17 

Table 7: Measurement instructions generation. .............................................................. 19 

Table 8: Total costs. ....................................................................................................... 28 

Table 9: Instruments costs. ............................................................................................. 28 

Table 10: Electricity costs. .............................................................................................. 28 

Table 11: Personnel costs. ............................................................................................. 28 

Table 12: Serial numbers. ............................................................................................... 33 

Table 13: Work package 1. ............................................................................................. 36 

Table 14: Work package 2. ............................................................................................. 36 

Table 15: Work package 3. ............................................................................................. 36 

Table 16: Work package 4. ............................................................................................. 37 

Table 17: Work package 5. ............................................................................................. 37 

Table 18: Work package 6. ............................................................................................. 38 

Table 19: Work package 7. ............................................................................................. 38 

Table 20: Milestones. ...................................................................................................... 39 

Table 21: No necessary tasks. ........................................................................................ 40 

Table 22: Time expectation modifications. ...................................................................... 40 

Table 23: Unexpected tasks. .......................................................................................... 41 
 

 

 



 

1 
 

 

1. Introduction 

1.1. Goals 
The goal of this project is to implement a software with a user-friendly graphical interface 
in order to process and store the data captured by the Multifrequency Experimental 
Radiometer with Interference Tracking for eXpEriments over Land and Littoral 
(MERITXELL), and to control the positioning system in which the radiometer is mounted. 

1.2. Requirements and specifications 
The road map of this project was followed to satisfy requirements and specifications. 

Project requirements 

The project requirements are: 
• To be able to configure the spectrum analyzer used as a backend of the 

radiometer. 
• To be able to select between horizontal and vertical polarization and between 

Load and Antenna positions. 
• To store the measures obtained by the radiometer via spectrum analyzer. 
• To integrate the positioning of the radiometer as new input parameter. 
• To save scripts with information of sequences previously created. 
• To load scripts with information of new sequences. 
• To design a user-friendly graphical interface. 
• The code created should be clearly documented. 
• User guide of the program should be created. 
• Output measurements should be given in order to be processed. 

Project specifications 

The project specifications are: 

• Software code must be implemented using Visual Basic language. 
• Safety rules corresponding to the positioning system must be follow. 

 

Azimuth between 45º and 315º   Elevation between 0º and 150º

      

Figure 1: Azimuth and Elevation restrictions. 

 
The main objective of the azimuth restriction is to avoid positioning the 
radiometer on the top of the cab where the user is using the software. The 
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elevation restriction has been set for safety reasons due to mechanical 
constraints. 

 
Figure 2: Positioning system & MERITXELL mounted in. 

• The program should work in the bands covered by MERITXELL (see Table 1). 
Table 1: Nominal bands covered by MERITXELL. 

Band Name Minimum frequency (GHz) Maximum frequency (GHz) 

L 1.4 1.427 

S 2.69 2.70 

C 7.14 7.23 

X 10.6 10.7 

K' 18.6 18.8 

K'' 23.6 24 

Ka 36 37 

W 86 92 

1.3. Methods and procedures 
The MERITXELL venture started in 2007, and the present project is the final step needed 
to obtain the data effectively from the instrument. The project aims at merging all the 
already existing subsystems of the MERITXELL, giving a real application to detect 
interferences and retrieve geophysical parameters. 

The MERITXELL instrument was conceived in the PhD thesis of Jose Miguel Tarongí 
Bauzà [1], who made the radiofrequency part of the MERITXELL by October 2012. After 
that, in the PhD thesis of Giuseppe Francesco Forte Véliz [2], the auxiliary systems 
(temperature control, switch control, spectrum analyser control, etc.) were ready in 2014. 
Since then, two independent software programs were coded: the one that controls the 
positioning part (the house and software used to store and move the radiometer in 
azimuth and elevation is the same that the one used for the Passive Advanced Unit – 
Synthetic Aperture (PAUSA) radiometer) and the other to MERITXELL control software. 
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This project takes profit from some ideas and code contained on the software mentioned 
previously. 

This project is also part of the PhD thesis of Jorge Querol Borràs, since the MERTIXELL 
is an outstanding and unique instrument able to analyse and track Radio frequency 
interferences (RFI) at almost all the frequency bands used in passive microwave 
radiometry comprised from 1 GHz to 100 GHz. 

1.4. Work Plan 
The project has followed the work plan designed at the start of the project with a bit of 
differences between the plan and the real work. Their differences are explained in block 
1.5.  

The work plan has the following structure: 

 

Figure 3: Work plan structure. 

The Gantt diagram of the project is the following one: 

 
Figure 4: Initial Gantt diagram. 

The description of the work packages, milestones & Gantt diagram breakdown is in the 
appendix 4 (page 35). 

1.5. Deviations from the initial plan and incidences 
The initial plan has undergone a bit of changes, these changes are subdivided in three 
blocks (unnecessary tasks, modifications of the task required time and unexpected tasks). 
The description of the deviations from the initial plan are explained in appendix 5 (page 
35). 
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2. State of the art of the technology used or applied in this 
thesis: 

The software developed in this project has the function to unify and improve the features 
of the two former programs (MERITXELL software and positioning software). 

The MERITXELL software configures the spectrum analyser and obtains the required 
measurements with the parameters contained in the input boxes when the measuring 
button is pressed. 

The positioning software configures the next position state depending on the actual state 
and the message send. 

Beyond the unification of both programs into a user-friendly interface, some further 
problems detected and reported in the past are solved in this project. The challenges 
were the following: 

• Generation of an instructions list to perform sequentially the positioning, 
measurements and switches configuration instructions. 

• Configuration of the spectrum measurements and obtain the required measure 
using a single instruction.  

• Movement of the radiometer in the position required using a single instruction. 
• Switching between load and antenna and vertical and horizontal polarizations with 

a single instruction. 
• Implementation of the interface to create the instructions in order to obtain the 

required measure (position, switches configuration and spectrum analyser 
configuration needed) as user-friendly as possible. 

Subsequent sections describe in detail the two programs that are considered the main 
state of the art for this project. 

2.1. MERITXELL Software 
The main function of this software is to configure the spectrum analyser to obtain power 
and I/Q measures, but also communicate with the PICs contained in the MERITXELL. To 
realize them it contains two different forms, the spectrum analyser form who has the 
function to configure the spectrum analyser contained in the radiometer, and the PIC 
communication form, used to communicate with the PICs contained in the radiometer. 

Spectrum analyser form 

The MERITXELL radiometer contains a spectrum analyser (model FSP40 of the 
company Rohde & Schwarz), this spectrum analyser is used as a back-end for the 
radiometer and it processes and send the data via Ethernet to the control program. 
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Figure 5: Giuseppe software MERITXELL main form. 

The goal of this window is to generate files with the power and I/Q measures obtained.  

Some of inconvenients to solve in this block are the following: 

• In the power part: 
o Error when Resolution Bandwidth is not one of this values:  

10 Hz, 30 Hz, 100 Hz, 300Hz, 1 kHz, 3 kHz,…., 3 MHz, 10 MHz 
o Error when Video Bandwidth is not one of this values:  

1Hz, 3 Hz, 10 Hz, 30 Hz, 100 Hz, 300Hz,…., 3 MHz, 10 MHz 
o Error when Sweep time is out of the interval between 1 µs and 16000s  
o It is impossible to configure SPAN, Resolution Bandwidth, Video 

Bandwidth and Sweep time independently since their values a bounded. 
With this software the coupling values of the spectrum analyser are 
configured automatically depending on the sweep time and the span if the 
other values are not consistent. 

o Does not have a shortcut to configure automatically the predetermined 
radiometry bands targeted by the MERITXELL. 

• In the I/Q part: 
o The frequencies selected to measure are not user friendly, the 

measuresments to obtain are in the following frequencies: 
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 + 𝑁𝑁 ∗ 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐹𝐹𝐶𝐶𝐶𝐶𝐹𝐹;     𝑁𝑁 = 0,1, …𝑅𝑅𝐶𝐶𝐹𝐹𝐶𝐶𝑅𝑅𝐶𝐶𝑅𝑅𝑅𝑅𝑅𝑅𝐶𝐶𝑅𝑅 

PIC communication form 

The MERITXELL radiometer contains three PICs which different functionalities, the goal 
of this form is communicate with this PICs. 
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Figure 6: Giuseppe software PIC communication form. 

The functionalities of this window are the following: 

• Configuration of the polarization of the switches between horizontal and vertical. 
• Configuration of the direction of the switches between load and antenna. 
• To turn on and off the spectrum analyser. 
• To obtain the measurements of the temperature sensors of the radiometer. 

Some problems found in this block are the following: 

• Need to display if the spectrum analyser is on or off. 
• With the previous Giuseppe’s software it is possible obtain values of the physical 

temperatures measures, of the sensors located in the antennas and loads, every 
click of the Start button, the new software should display and refresh the 
temperature values automatically. 

• The criterion used to say if the temperature values are stabilized is using a 
graphic and estimate manually if the values of the sensors are stabilized or not, a 
method to say if the sensors values are stabilized or not is necessary. 

2.2. Positioning Software 
To positioning the radiometer, it is necessary to send and receive some information to the 
Programmable Logic Controller (PLC) contained in the positioning system with the main 
goal of moving it, with or without the attached radiometer. 

To perform these functionalities, this software has been created. 
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Figure 7: Giuseppe software positioning software form. 

With this software, it is possible to perform the following functionalities: 

• Obtain information from the anemometer. 
• Get the current pitch and roll of the positioning platform. 
• Take the last state of the positioning system. 
• Provide the current value of the radiometer angle. 
• Obtain the current value of the arm angle. 
• Send a 10 bytes control message to the PLC. 

The function of this software is to move the positioning system, with or without the 
attached radiometer, to interpret the message received by the positioning system, and to 
display it to the user. 

Some problems to solve are the following: 

• To move to a position to other position, the user should send three different 
messages with the positions and the specific flags necessary. The new software 
should send the flags automatically and the input should only contains the position 
selected. 

• The information of the value of the program position, roll, pitch, wind speed, 
radiometer angle and arm angle can’t be displayed at the same time. 

• The value of the program position received is not accompanied with a short text 
interpreting the value of this message.  
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3. MERITXELL Control:  

This block of the software has the function to interact with the spectrum analyser and the 
PICs of the MERITXELL system, the MERITXELL system has two PICs, one of them to 
configure the switches and the other to get the temperature values of the sensors and to 
activate the system to turn on/off the spectrum analyser. 

Once the program is started, and in order to check if the computer is connected to the 
MERITXELL system, the program sends a ping to the direction of one of the PICs, 
located at the IP direction 147.83.38.250. 

If the computer is connected to the spectrum analyser, it is possible do the following 
functions. 

3.1. Turn ON/OFF the spectrum analyser 
Once the software is launched and connected to the MERITXELL, the program is 
configured to turn on the spectrum analyser automatically if a connection to the PIC 
exists. 

When the software is launched, the computer sends a ping to the spectrum analyser, it 
can be in four possible states. Regarding the current state of the analyser, it should do 
the following things: 

Table 2: Spectrum analyser states. 

State What software does? 

On To create a new instrument driver session and open a session to the 
specified device. 

Off A message to turn ON the analyser is sent, then, after waiting 70 
seconds (time to turn ON the analyser), it creates a new instrument 
driver session and opens a session to the specified device. 

Turning On The software assumes that the spectrum analyser is off because it 
does not reply the ping message, and therefore, the spectrum analyser 
is shut down automatically. 

Turning Off The software assumes that the spectrum analyser is on because it 
reply the ping message, and therefore, the spectrum analyser won’t be 
turned on automatically. 

To show the actual state of the spectrum analyser a box is created, this box contains the 
text “On” and green colour if the spectrum analyser reply the pings, else contains the text 
“Off” and should be red. 

To turn on and off the analyser automatically and create the instrument driver session 
when change the state off to on, a button is created. 

Internally, to change the state of the analyser, two messages of 4 bytes will be send to 
the PIC located in the IP direction 147.83.38.222, the first one with the value in decimal 
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{170,0,0,113} and the other message, will be sent after 1500 ms of the first message with 
the value {170,0,0,112}.  

With these messages, the PIC realize the functions to activate the mechanical part to 
push the button of the analyser. 

3.2. Configure Switches 
Once the software reads an instruction that contains the words “Configure_Switches” the 
following message is sent to the PIC located at the IP direction 147.83.38.250. 

Depending on the value of the less significant bit of the last two bytes, the switches will 
be configured in one position or in the other position. 

The message to configure the switches should have the following format: 
Table 3: Configure switches message. 

A A 0 0 0 0 4 2 0 Dir 0 Pol 

1010 1010 0000 0000 0000 0000 0100 0010 0000 000X 0000 000Y 
When the message is correctly sent:  

• If the value of the less significant bit it is zero (Y = 0), the polarization switch 
selects the horizontal position, if is one selects the vertical position (Y = 1). 

• If the value of the less significant bit of the byte preceding the final byte is zero  
(X = 0), the polarization switch selects the horizontal position, if is one it selects 
the vertical position (Y = 1). 

If the switches are configured correctly, the PIC send to the computer 4 bytes with the 
message {170,0,0,119}, if this message is received, the following instruction can be read. 

3.3. Get temperature of the sensors 
If the connection between MERITXELL and the computer exists, the computer requests 
periodically to the PIC located at the IP 147.83.38.222 the temperature of the 
MERITXELL temperature sensors. 

To request to the PIC the temperature, a message of 12 bytes is send with the following 
structure: 

• 4 most significant bytes: Contains the information of the message is a 
temperature request, the value of this messages are: {170,0,0,1} or {170,0,0,2} 
depending the sensor to evaluate. 

• 8 less significant: Contains the information of the serial number of each sensor 
(Serial numbers in appendix 2). 

Once the message is correctly received, the PIC send to the computer two bytes with 
information of the temperature of the sensor requested. 

The value of the temperature in ºC is the result of the following operation: 

𝑅𝑅(°𝐶𝐶) = 𝐻𝐻𝑅𝑅𝐻𝐻ℎ𝐵𝐵𝐶𝐶𝐶𝐶𝐶𝐶 ∗ 16 + 𝐿𝐿𝐿𝐿𝐿𝐿𝐵𝐵𝐶𝐶𝐶𝐶𝐶𝐶/16    (1) 

If the most significant bit is 1, the temperature is negative, and it is calculated as: 

𝑅𝑅(°𝐶𝐶) = 𝐻𝐻𝑅𝑅𝐻𝐻ℎ𝐵𝐵𝐶𝐶𝐶𝐶𝐶𝐶 ∗ 16 + 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿
16

)− 65536   (2) 
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The average of the current temperature (the average is calculated as the average of the 
last 10 temperature measures) of every sensor show be displayed in the form as we can 
see in the following figure. 

The time required to get and process the information of the 32 temperature sensors is 
between 2 and 2.5 seconds, the value displayed not will be refreshed until the 
temperature values of all sensors are received.  

If the temperatures received by the PIC are not valid values, the display shows the 
message “Err” and the colour of the box changes to red. 

 
Figure 8: Temperatures sensor display. 

Depending on the temperature gradient the box change the colour. The temperature 
gradient is calculated as the average of last ten temperatures values minus the average 
of eleventh to thirtieth last temperature values. 

The temperature gradient are represented using different colors. The colours used are 
the following: 

• Red: Temperature gradient greater than 0.1 ºC. 
• Yellow: Temperature gradient between 0.05ºC and 0.1ºC. 
• Green: Temperature gradient between -0.05ºC and +0.05ºC. 
• Blue: Temperature gradient lower than -0.05 ºC. 

 
Figure 9: Temperature gradient vs colour box. 

3.4. Acquisition of the measurements 
This part of the software consists of the configuration of the spectrum analyser contained 
in the radiometer (model FSP40 by Rohde & Schwarz) to get the measurements and 
generate the files with the measures obtained. 

Once the software reads an instruction that contains the words “Power” or “IQ” the 
software sends messages to the spectrum analyser to obtain the desired measurements. 

To configure the FSP40, the manufacturer provides the drivers, the dll and the class to 
invoke the dll functions. To invoke the dll functions it is necessary to generate in the 
software an object of the class given by the manufacturer in order to call the methods to 
configure the spectrum analyser.  

The software is implemented to obtain two kinds of measurements. 
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3.4.1  Power measurements 

In this kind of measurements the software configures the spectrum analyser with the 
desired inputs to get the desired POWER measurements. 

To obtain power measurements, some of the parameters are configured by the user and 
the other settings are configured automatically. The parameters to be configured are the 
following:  

• Center frequency: this parameter is used to configure the frequency of the local 
oscillator or the frequency of the external mixer (to measures frequency values up 
to 40 GHz). This parameter is configured together with the Span using the 
function given by the manufacturer called “ConfigureFrequencyStartStop 

• Span: this parameter configures the difference between the frequency start and 
stop to be analysed, this parameter is configured together with the center 
frequency using the function given by the manufacturer called 
“ConfigureFrequencyStartStop”. 

• Resolution Bandwidth: this parameter is used to set the bandpass filter in the IF 
path, this parameter is configured  using the method “ConfigureSweepCoupling” 
(this function configures the RBW, the VBW or the sweep time depending if one of 
the inputs is 0, 1 or 2 respectively).The available values to be configured are: 

o 10 MHz 
o 3 MHz 
o 1 MHz 
o 300 kHz 
o 100 kHz 

o 30 kHz 
o 10 kHz 
o 3 kHz 
o 1 kHz 
o 300 Hz 

o 100 Hz 
o 30 Hz 
o 10 Hz 

• Video Bandwidth: this parameter is configured automatically and sets the 
bandwidth of the low-pass filter directly after the envelope detector, it is configured 
using the method “ConfigureSweepCouplingAuto” (this function configures 
automatically the RBW, the VBW or the sweep time depending if one of his inputs 
is 0, 1 or 2 respectively). The value configured automatically is the immediately 
value larger than the Resolution Bandwidth. The available values to be configured 
are: 

o 10 MHz 
o 3 MHz 
o 1 MHz 
o 300 kHz 

o 100 kHz 
o 30 kHz 
o 10 kHz 
o 3 kHz 

o 1 kHz 
o 300 Hz 
o 100 Hz 
o 30 Hz 

• Sweep time: this parameter is set automatically and set the time to cover the span 
required, it is configured using the method “ConfigureSweepCouplingAuto” (this 
function configure automatically the RBW, the VBW or the sweep time depending 
if one of his inputs is 0, 1 or 2 respectively). The value configured automatically is 
approximately close than the result of the relation between the span and the 
square of the resolution bandwidth. 

𝐹𝐹𝑅𝑅 = 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆
𝑅𝑅𝐿𝐿𝑅𝑅2    (3) 

• Number of averages: to obtain measurements with a given number of averages to, 
for example, reduce the effects of white Gaussian noise. To configure the number 
of averages two methods are called “ConfigureAveraging” to switch on the 
average calculation for the selected trace and “ConfigureAveragingCount” to 
configure the averaging count. 
The number of averages increases proportionally to the integration time. 
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𝜏𝜏𝑖𝑖 =  𝑆𝑆𝑆𝑆
𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝐿𝐿𝑁𝑁 𝑠𝑠𝐿𝐿𝐿𝐿𝐿𝐿𝑆𝑆 𝑆𝑆𝐿𝐿𝑖𝑖𝑆𝑆𝐿𝐿𝑠𝑠

∗ 𝑁𝑁𝐶𝐶𝑅𝑅𝑁𝑁𝐶𝐶𝐶𝐶 𝐿𝐿𝑜𝑜 𝑅𝑅𝑎𝑎𝐶𝐶𝐶𝐶𝑅𝑅𝐻𝐻𝐶𝐶𝑅𝑅  (4) 

• Number of sweep points: this parameter is configured automatically and it 
configures the number of measurement points per sweep, the function to 
configure it is called “ConfigureSweepPoints”. The value configured automatically 
is the lower available value that satisfy this inequation: 

𝑁𝑁𝐶𝐶𝑅𝑅𝑁𝑁𝐶𝐶𝐶𝐶 𝑅𝑅𝐿𝐿𝐶𝐶𝐶𝐶𝐹𝐹 𝐹𝐹𝐿𝐿𝑅𝑅𝐶𝐶𝐶𝐶𝑅𝑅 > 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆
𝑅𝑅𝐿𝐿𝑅𝑅

  (5) 
The available values to be configured are: 
 

o 8001 
o 4001 
o 2001 
o 1001 

o 501 
o 251 
o 125 

The radiometric resolution is proportionally with 1
�𝜏𝜏𝑖𝑖

, therefore, the radiometric 

resolution increases proportionally with �𝑁𝑁𝐶𝐶𝑅𝑅𝑁𝑁𝐶𝐶𝐶𝐶 𝐿𝐿𝑜𝑜 𝑅𝑅𝐿𝐿𝐶𝐶𝐶𝐶𝐹𝐹 𝐹𝐹𝐿𝐿𝑅𝑅𝐶𝐶𝐶𝐶𝑅𝑅. 
• Trace detector: it select the algorithm to capture the value of the samples. The 

method to configure it is called “ConfigureTraceDetector”. The available trace 
detector that can be configured in this software are: 

o RMS: Square root of mean square value of samples taken within the bin 
for a dedicated point of the display 

o Average: Average value of the samples taken within the bin for a 
dedicated point on the display. 

o Max. Peak: Obtains the maximum video signal between the last display 
point and the present display point. 

o Min. Peak: Obtains the minimum video signal between the last display 
point and the present display point. 

o Sample: Pick one point within a bin. 

 

3.4.2  I/Q measurements 

The procedure to obtain the I/Q measurements is divided in three blocks (the mixer, the 
low-pass filter and the A/D converter) 

 
Figure 10: I/Q procedure. 

To get the desired I/Q measure some of the parameters are configured by the user and 
the otherness are configured automatically, before configuring the parameters to obtain 
the I/Q measures is mandatory call the method “ConfigureTraceIQDataAcquisition” to 
switch the I/Q data acquisition on. 

Finally, to obtain the measurements, the function to get them is called “ReadTraceIQData” 



 

 13 

The parameters to be configured are the following:  

• Central frequency: This parameter configures the frequency of the local oscillator 
or the frequency of the external mixer used in the mixer. To configure this 
frequency the method used is called “ConfigureFrequencyCenter” 

• Reference Level: This parameter configures the vertical position of the captured 
data used as a reference for amplitude measurements. The reference level is 
established by the function “ConfigureReferenceLevel” 

• Sampling Rate: This parameter has the function to configure the number of 
measurements acquired per second in the A/D, this parameter can be configured 
with one of the inputs of the method “TraceIQSet”. 
The available values to be configured are: 

o 32 MHz 
o 16 MHz 
o 8 MHz 
o 4 MHz 
o 2 MHz 
o 1 MHz 

o 500 kHz 
o 250 kHz 
o 125 kHz 
o 62.5 kHz 
o 31.25 kHz 
o 15.625 kHz 

• A/D Filter: This parameter configures the cut-off frequency of the A/D filter, this 
parameter can be set with one of the inputs of the method “TraceIQSet”. 
The available values to be configured are: 

o 10 MHz 
o 3 MHz 

o 1 MHz 
o 300 kHz 

• Number of samples: This parameter configures the number of samples to obtain, 
and can be configured with one of the inputs of the “TraceIQSet” method. The 
maximum number of measures to be obtained should be lower than 130,550
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4. Positioning System:  

This block of the software has the function to interact with the PLC that controls the 
positioning system in order to move the radiometer in the desired position. 

The positioning system is a sequential state machine with an identifier called program 
position. Depending on this program position value the PLC modifies the message to 
send and the valid expected messages to receive.  

The software considers that the connection with the PLC exists if any serial port is 
connected to the computer. Is possible to send and receive messages when the serial 
port is connected. 

4.1. Messages received  
The positioning system sends periodically information about the actual state and the 
sensors contained in it. 

The information contained in ten of the bytes sent by the positioning system are the 
following: 

• Flags: The first and second byte received contain information about the state of 
the machine and about other elements (state of door, emergency stop button 
press or not, button stop active or not, etc.), each bit of these bytes contains 
specific information about the positioning system. 
The flags displayed in the software are the following: 

 
Figure 11: Flags received. 

These flags contain the following information when enabled: 
1. RdL: Indicates that the positioning system is in the desired position. 
2. RdC1: Indicates that the positioning system is in the calibration position of 

the MERITXELL radiometer 
3. RdC2: Indicates that the positioning system is in the calibration position of 

the PAUSA radiometer. 
4. RdS: Not implemented yet. 
5. 3M1: Elevation movement has finished 
6. 3M11: Azimuth movement has finished. 
7. ProcReady: The system is ready to receive a new position to scan. 
8. Sismov: The mast or the arm of the positioning system is moving. 
9. Cancel: The system is performing the operations to store the radiometer in 

his HOME position and to close the ceiling. 
10. Estop: The emergency button is pressed. 
11. Door: The door is opened. 
12. Fault: The stop button is pressed or the switch is not in the automatic 

position. 
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• Arm angle: The third and fourth byte received contains information of the actual 
arm angle once the positioning system is calibrated. This arm angle is calculated 
as: 

𝐴𝐴𝐶𝐶𝑅𝑅 𝐴𝐴𝐶𝐶𝐻𝐻𝐴𝐴𝐶𝐶 = 𝑁𝑁𝐿𝐿𝐿𝐿𝐿𝐿(3)∗256+𝑁𝑁𝐿𝐿𝐿𝐿𝐿𝐿(4)
10

− 80.  (6) 

• Radiometer angle: The fifth and sixth byte received contains information of the 
actual angular position of the radiometer once the positioning system is calibrated. 
This angle is calculated as: 

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝐿𝐿𝑅𝑅𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑅𝑅𝐶𝐶𝐻𝐻𝐴𝐴𝐶𝐶 = 𝑁𝑁𝐿𝐿𝐿𝐿𝐿𝐿(4)∗256+𝑁𝑁𝐿𝐿𝐿𝐿𝐿𝐿(5)
10

.  (7) 

• Wind Speed: the seventh byte has the value 0 and the eighth byte has the value 1, 
the ninth and tenth bytes contain information of the anemometer. This wind speed 
value in meters per second is calculated as: 

𝑊𝑊𝑅𝑅𝐶𝐶𝑅𝑅 𝐹𝐹𝐹𝐹𝐶𝐶𝐶𝐶𝑅𝑅 = 𝑁𝑁𝐿𝐿𝐿𝐿𝐿𝐿(9)∗256+𝑁𝑁𝐿𝐿𝐿𝐿𝐿𝐿(10)
655.34

.   (8) 

• Roll: When the seventh byte has the value 0 and the eighth byte has the value 2, 
the ninth and tenth bytes contain information of the roll sensor. This roll value in 
degrees is calculated as: 

𝑅𝑅𝐿𝐿𝐴𝐴𝐴𝐴 = 𝑁𝑁𝐿𝐿𝐿𝐿𝐿𝐿(9)∗256+𝑁𝑁𝐿𝐿𝐿𝐿𝐿𝐿(10)
1638.35

− 10.   (9) 

• Pitch: When the seventh byte has the value 0 and the eighth byte has the value 3, 
the ninth and tenth bytes contain information of the pitch sensor. This pitch value 
in degrees is calculated as: 

𝑃𝑃𝑅𝑅𝐶𝐶𝐶𝐶ℎ = 𝑁𝑁𝐿𝐿𝐿𝐿𝐿𝐿(9)∗256+𝑁𝑁𝐿𝐿𝐿𝐿𝐿𝐿(10)
1638.35

− 10.   (10) 

• Program Position: When the seventh byte has the value 0 and the eighth byte has 
the value 4, the ninth and tenth bytes contain information about the program 
position. This program position contains information about the state of the 
positioning system, the value of the program position is calculated as: 

𝑃𝑃𝐶𝐶𝐿𝐿𝐻𝐻𝐶𝐶𝑅𝑅𝑅𝑅 𝑃𝑃𝐿𝐿𝑅𝑅𝑅𝑅𝐶𝐶𝑅𝑅𝐿𝐿𝐶𝐶 = 𝑁𝑁𝐶𝐶𝐶𝐶𝐶𝐶(9) ∗ 256 + 𝑁𝑁𝐶𝐶𝐶𝐶𝐶𝐶(10).  (11) 

4.2. Send messages 
Some of the states of the positioning systems require to receive a message to change the 
state of the machine. 

In this application, the last messages sent by the computer to the positioning system are 
resend periodically. 

The PLC will interpret the messages received by the computer, the information of the 
message should have ten bytes with the following structure: 

• First & second byte: Contain information of some flags to send. 
• Third & Fourth byte: Contain information of the azimuth desired to move, only 

valid for messages related to move the positioning system to a position to scan. 
• Fifth & Sixth byte: Contain information of the elevation desired to move, only valid 

for messages related to move the positioning system to a position to scan. 
• Seventh, eighth, ninth & tenth byte: These fourth bytes should have always the 

values {13,10,13,10}  
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It is possible to divide the necessary messages used to change the state of the 
positioning systems in two blocks explained in the following pages. 

 

4.2.1 Move to selected azimuth & elevation 
In this kind of message, the values of the third, fourth, fifth and sixth bytes contains 
information of the desired position to go and the value of the second byte should have the 
value 128. 

To code the azimuth information: 

The fourth byte has the value:   The third byte has the value:

• Azimuth  If azimuth < 256 
• Azimuth-256  If azimuth > 256

   

• 0  If azimuth < 256  
• 1 If azimuth > 256

The sixth byte has the value:    The fifth byte has the value:

• 0 always • Elevation
To perform scan movements it is necessary send three kind of messages in the correct 
order, with the required information (azimuth and elevation), the information of the kind of 
message is contained in the first byte. 

As a result, the positioning messages should have the following format 
Table 3: Azimuth & elevation position messages. 

Byte1 128 Azimuth or Azimuth-
256  

0 or 1 Elevation  0 13 10 13 10 

To move the system is mandatory send the previous message, the value that should 
have the Byte1 should have the following values:  

Table 4: Byte 1 values for azimuth & elevation position messages. 

Byte1 Description of the functionality of this message 

17 When the program position is 127, 180 or 181 the system deploy the mast (if is not 
up) and positioning the system in the required azimuth and elevation. 

When the system is in the required position, the program state changes to the 
state 142 

1 When the program position is 142, the system requires a confirmation message 
that the system arrived to the required position. After the confirmation message is 
read, the program state changes to 143. 

3 When the program position is 143, the system sends to the computer the flag RdL, 
the system requires read a confirmation that the flag is read correctly. After this 
message is sent, the program state changes to 180. 
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4.2.2 Move to particular positions 
In this kind of message, the values of the third, fourth, fifth and sixth bytes are ignored 
and only are considered to interpret the first and second byte. 

The positioning messages to particular positions should have the following format: 
Table 5: Particular position messages. 

Byte1 Byte2 X Y W Z 13 10 13 10 

To move the system is mandatory to send the previous message, the value that should 
have the Byte1 and the Byte2 are: 

Table 6: Byte 1 & byte 2 for particular position messages. 

Byte1 Byte2 Description of the functionality of this message 

65 130 When no radiometer is charged, it moves the positioning system to the 
position to load the MERITXELL radiometer. 

When radiometer MERITXELL is charged, it moves the positioning 
system to the position of MERITXELL calibration. 

129 130 When no radiometer is charged, it moves the positioning system to the 
position to load the PAUSA radiometer. 

When radiometer PAUSA is charged, it moves the positioning system 
to the position of PAUSA calibration. 

33 128 When no radiometer is charged, it moves the positioning system to the 
home position and close the sealing. 

When a radiometer is charged, it moves the positioning system to the 
position to discharge the radiometer and closes the ceiling. 

3 128 When the radiometer is in the calibration position, it moves the 
radiometer to “treball” (operational) position. 
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5. Graphical Interface:  

To display the information received by the PLC of the positioning system or by the 
elements of the MERITXELL and to generate the instructions to be send to the 
positioning system or to the radiometer a user-friendly is necessary. 

The graphical interface created is divided in 6 blocks and is the next one: 

 
Figure 12: Graphical user interface. 

Block 1 

This block contains the buttons to implement the operations to move the positioning 
systems to specific positions or to generate the positioning instructions in the command 
list contained in the block 5. 

To generate scan positions there are two modes: 

• Single position: After press “Scan” button generate to the box contained in the 
block 5 the instruction to positioning the system in the selected position. 

• Range position: After press “Scan” button generate to the box contained in the 
block 5 the instructions to positioning the system in the range of position selected. 
An algorithm to generate the instructions efficiently is applied, generating the 
instructions following this concept:  

o Move to the azimuth position. 
o Scan all the elevations positions to this azimuth position. 
o Move to the next azimuth position. 
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Figure 13: Range mode. 

To satisfy the security restrictions explained in the project specifications, the software 
does not allow to generate position values of azimuth lower than 45º or greater than 315º 
and elevation values higher than 150º. 

The azimuth 0º corresponds to locate the arm of the positioning system up to the cabin, 
and the values increase in anti-clockwise direction. 

The elevation 0º corresponds to orientate the radiometer to the zenith, and the elevation 
90º corresponds to orient the horizon. 

Block 2 

This part consists of displaying the information received by the PLC (explained in the 
Section 4.1). 

Block 3 

This block consists of the generation of the instructions to obtain the measurements 
required and also to give the capacity to the user to generate the instructions in all the 
positions to scan or maybe selecting specific positions to acquire the measurements. 
Depending on the instructions of the box of the block 5 and the inputs selected (position 
selected and switches configuration selected), the instructions generated after press the 
button to generate them can vary.  

Table 7: Measurement instructions generation. 

Condition Operation 

No messages in the 
textbox 

1- Generate the switches instructions and the 
measurement instructions down to each switch 
instruction. 

No positions in the textbox 
but contains switches 
instructions 

2- If the switch instruction selected corresponds to one of 
the instructions of the box, generate the instructions down 
to his switch instruction. If not, generate the switches 
instructions and the measurement instructions. 

Positions in the textbox 
and option selected: “all 
positions” 

3- Perform the operation 1 or 2 down to every position 
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Positions in the textbox 
and any position selected. 

3- Perform the operation 1 or 2 down to position selected 

 

 

Block 4 

This part consists of the display of the information on the actual state of the analyser 
(explained in the part 3.1 of this thesis) and the temperature sensors (explained in the 
part 3.3) 

Block 5 

This box contains the instructions to configure the switches, move the positioning system 
and obtain the desired measurements. 

The first instructions will be processed after pressing the start button, and the next 
instruction will be read sequentially after finishing the previous instruction. 

The store button is used to store all the instructions contained in the box. 

The open button is used to open and write into the box the instructions saved previously. 

The rubbish button has the function to clear the box. 

Block 6 

This textbox is used to help the user to debug possible errors.  

This box contains information about: 

• Available connections when the software is launched 
• Messages sent to the PLC. 
• Information about the switches are configured correctly or not. 
• Messages sent to turn on/off the spectrum analyser. 
• Step of the procedure to obtain the desired measurements. 
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6. Results 

At the end of the project, the positioning system and the MERITXELL control is working 
as expected, obtaining the capacity to positioning the radiometer in the desired place and 
obtaining information of the signal received in dBm. 

 
 

 

 

 

 

 

 

 
Video 1: Positioning system scanning certain positions. 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Video 2: Test Video. 

One of the applications that provides the MERITXELL is the ability to detect RFI. In the 
following figures we can see the signal received by the antenna in the polarization 
selected (vertical or horizontal) relative to the signal measured by the matched load of the 
respective polarization. The goal of this operation is to compare the noise introduced by 
the receiving chain. 
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Spectrograms results. 

The following images are the relative spectrograms of the signal captured by the 
radiometer. 

Figure 14: Normalized L – band (horizontal polarization). 

The measurement at L band (horizontal polarization) does not contain interferences 
signals. 

Figure 15: Normalized L – band (vertical polarization). 

The measurement at L band (vertical polarization) contains two kind of interferences. 

1. Interferences at specific frequencies during all the measurement time.
2. Pulsed interferences in a part of the span captured.

Figure 16: Normalized S – band (horizontal polarization). 
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The measurement at S band (horizontal polarization) contains two kind of interferences. 

1. Interferences at specific frequencies during all the measurement time.
2. Pulsed interferences at all the span captured.

Figure 17: Normalized S – band (vertical polarization). 

The measurement at S band (vertical polarization) contains three kind of interferences. 

1. Interferences at specific frequencies during all the measurement time.
2. Pulsed interferences in all the span captured.
3. Interferences in all the span captured and all the measurement time.

Figure 18: Normalized C– band (horizontal polarization). 

The measurement at C band (horizontal polarization) contains interferences in all the 
span and during all the measurement. 
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Figure 19: Normalized C – band (vertical polarization). 

The measurement at C band (vertical polarization) contains interferences in all the span 
and during all the measurement  

Figure 20: Normalized X – band (horizontal polarization). 

The measurement at X band (horizontal polarization) contains interferences in specific 
frequencies during all the measurement time. 

Figure 21: Normalized X – band (vertical polarization). 

The measurement at X band (horizontal polarization) contains interferences in specific 
frequencies during all the measurement time. 
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Figure 22: Normalized K’ – band (horizontal polarization). 

The measurement at K’ band (horizontal polarization) contains two kind of interferences. 

1. Interferences at specific frequencies during all the measurement time. 
2. Pulsed interferences at all the span captured. 

 
Figure 23: Normalized K’ – band (vertical polarization). 

The measurement at K’ band (polarization vertical) contains more interferences (of the 
same kind) than the horizontal polarization. 

 
Figure 24: Normalized Ka– band (horizontal polarization). 
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The measurement at Ka band (horizontal polarization) contains interferences in specific 
frequencies during all the measurement time. 

Figure 25: Normalized Ka – band (vertical polarization). 

The measurement at Ka band (vertical polarization) contains interferences in specific 
frequencies during all the measurement time. 

Figure 26: Normalized W – band (horizontal polarization). 

The measurement at W band (horizontal polarization) contains interferences in specific 
frequencies during all the measurement time. 
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Figure 27: Normalized W – band (vertical polarization). 

The measurement at W band (vertical polarization) contains three kind of interferences. 

1. Interferences at specific frequencies during all the measurement time. 
2. Pulsed interferences in all the span captured. 
3. Localized interferences in time and frequency.  
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7. Budget

The total budget of this project is: 
Table 1: Total costs. 

Cost 
Electricity 288 
Instruments 4794,52 
Personnel 6060 
Total 11142,52 

The cost of the project is divided in three blocks, electricity consumption, instruments 
amortization and personnel: 

Instruments amortization 
Table 2: Instruments costs. 

Instrument Price Years Amortization/day (€) Days used Cost 
Positioning system 500000 20 68,49315068 20 1369,86 
MERITXELL 500000 20 68,49315068 50 3424,66 

 
Total 4794,52 

Electricity consumption 
Table 3: Electricity costs. 

Nominal Power (kW) total hours Consumption (kWh) Cost/kWh (€) Electricity cost (€) 
8 300 2400 0,12 288 

Personnel 
Table 4: Personnel costs. 

Name Rank € hour/pers Total hours Cost 
Adriano Camps Project Codirector 30 7 210 
Jorge Querol Project Codirector 30 35 1050 
José Javier Gomez Junior Engineer 8 600 4800 

Total 6060 
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8. Conclusions and future development:

Summarizing, the goals of this project have been completely satisfied giving to the 
MERITXELL project the capability to acquire measurements and orient the radiometer in 
the direction selected to acquire the measurements, therefore, giving features to measure 
geophysical parameters and to detect radio frequency interferences (RFI). 

Future work has to be focused in two parts. 

The first part consists of improving the comfort of the user adding the following elements 
to allow the user control the system remotely, to allow this is necessary: 

• Add cameras to control the movements of the radiometer and the outside of the
place where the radiometer is located.

• Create a system to push the emergency stop with the software.
• Create a system to push the elements contained in the control box with the

software (Start and stop button, manual and automatic switch, ream button, load
radiometer confirmation button, etc.).

• Create a system to modify the actual value of the program position of the
positioning system with the software.

The second block consists of giving functionality to the infrared (IR) cameras, visible and 
the thermic camera contained in the MERITXELL. 
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Appendix 1: 

States of the positioning systems 

Depending the state of the positioning system is possible divide the states of the machine 
in three blocks: 

Check conditions 

In this kind of state, the machine checks certain conditions. 

• If the conditions are satisfied the state of the machine changes to another state.
• If the conditions are not satisfied, the state of the machine does not change until

the conditions are satisfied.

Figure 28: Check conditions state. 

Move system. 

In this kind of state, the machine checks certain conditions. 

• If the conditions are satisfied the state of the machine performs the operation.
When this operation has finished, it checks the conditions again before it changes
to another state.

• If the conditions are not satisfied, the operation of the machine is not performed
until the conditions are met.

Figure 29: Move system state. 



 

 32 

Waiting to receive instructions 

In this kind of state, the machine waits certain messages 

• If the message received is not a valid message, the system waits to receive a 
valid message. 

• If the message received is a valid message, the state of the machine changes to 
other state depending the previous state and the message received and stores 
the information contained in the message received. 

 
Figure 30: Waiting to receive instructions state. 
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Appendix 2: 

Serial numbers of temperature sensors 

To request to the PIC the temperature is necessary include the Serial Number of the 
temperature sensor selected in the message sent. 

Table 5: Serial numbers. 

Sensor information 
Band Amplfier/load Polarization Serial Number 
L Amplifier H 19 65 217 2 0 0 229 29 
L Amplifier V 28 71 60 2 0 0 149 30 
L Load H 188 81 60 2 0 0 41 31 
L Load V 204 36 217 2 0 0 198 28 
S Amplifier H 130 17 217 2 0 0 246 15 
S Amplifier V 157 13 217 2 0 0 212 14 
S Load H 141 18 217 2 0 0 156 13 
S Load V 135 36 217 2 0 0 75 12 
C Amplifier H 22 4 217 2 0 0 53 3 
C Amplifier V 83 18 217 2 0 0 75 1 
C Load H 253 74 217 2 0 0 175 0 
C Load V 8 74 217 2 0 0 54 2 
X Amplifier H 30 62 217 2 0 0 173 16 
X Amplifier V 120 28 217 2 0 0 167 17 
X Load H 159 5 217 2 0 0 132 18 
X Load V 43 254 216 2 0 0 6 19 
K' Amplifier H 143 38 217 2 0 0 105 21 
K' Amplifier V 43 22 217 2 0 0 109 20 
K' Load H 103 2 217 2 0 0 6 22 
K' Load V 64 41 217 2 0 0 189 23 
K'' Amplifier H 37 46 217 2 0 0 196 8 
K'' Amplifier V 135 46 217 2 0 0 210 11 
K'' Load H 235 65 217 2 0 0 54 10 
K'' Load V 75 77 217 2 0 0 75 9 
Ka Amplifier H 49 58 217 2 0 0 32 5 
Ka Amplifier V 50 219 207 1 0 0 187 4 
Ka Load H 165 44 217 2 0 0 173 6 
Ka Load V 9 2 217 2 0 0 214 7 
W Amplifier H 110 46 217 2 0 0 73 26 
W Amplifier V 73 57 217 2 0 0 87 24 
W Load H 98 21 217 2 0 0 192 27 
W Load V 183 47 217 2 0 0 214 25 
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Appendix 3: Power measurements 

The measures obtained in the section 6 are obtained after divide the measurement 
obtained in the antenna by the measurement in the load, the following figures are the 
measurement obtained (in dBm units) in the antenna to obtain the figures of the section 6. 

 

 
Figure 31: Power L band. 

 
Figure 32: Power S band. 

 
Figure 33: Power C band. 

 
Figure 34: Power X band. 
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Figure 35: Power K' band. 

Figure 36: Power Ka band. 

Figure 37: Power W band. 
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Appendix 4: Work plan. 

The initial work packages at the starts of the project are the following: 
Table 6: Work package 1. 

Project: MERITXELL Control WP ref: WP1 

Major constituent: SW 

Short description: 

This part consist on learn how to program with Visual Basic, and 
do a graphical interface that can communicate using TCP/IP 
protocol 

Start event: Early 
March 

End event: End May 

Internal task T1: Learn Visual Basic. 

Internal task T2: Create and check a program that can 
communicate using TCP/IP protocol with other computer. 

VB Program done at 
the end of May 

Table 7: Work package 2. 

Project: MERITXELL Control WP ref: WP2 

Major constituent: SW 

Short description: 

Read the code of previous version of the programs (Positioning 
and Radiometer) and learn and documented how they works 

Start event: Early June 

End event: End August 

Internal task T1: Read and document MERITXELL program. 

Internal task T2: Read and document positioning program. 

Documented how 
works both of the 
programs. 

Table 8: Work package 3. 

Project: MERITXELL Control WP ref: WP3 

Major constituent: SW 

Short description: 

Create and check the code to configure the parameters 
needed to configure MERITXELL and to receive and store the 
outputs needed by the user. 

Start event: 01/09/2016 

End event: End of October 

Internal task T1: Create and check the code to configure the 
switches of MERITXELL and communicate to the user if they 
are configured correctly or not. 

Internal task T2: Create and check the code to request to 
the peripheral interface controller (PIC) the temperatures of 

The program should do all 
the requirements described 
in this part, and the 
variables to configure the 
instrument will be changed 
in the WP5 by an interaction 
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the different sensors, and convert the message received to 
temperature values and show it to user. 

Internal task T3: Create and check the code to automatically 
turn on the spectrum analyzer if it’s off and do nothing if it’s 
on. 

Internal task T4: Create and check the code to configure the 
instrument and to obtain the power spectrum desired and 
store it in a file. 

Internal task T5: Create and check the code to obtain the In-
phase & Quadrature (I/Q) data desired and store it in a file 

using a graphical interface. 

Document with all the 
classes and the functions 
needed to do the 
requirements. 

Comment all of the parts of 
the code to take into 
account possible 
modifications in the future. 

Table 9: Work package 4. 

Project: MERITXELL 
Control 

WP ref: WP4 

Major constituent: SW 

Short description: 

Create and check the 
code to positioning the 
MERITXELL. 

Start event: End of October 

End event: End November 

Internal task T1: 
Create and check the 
instructions to do the 
positioning instructions 

Internal task T2: 
Document the code. 

 

The program should do all the requirements described in this part, 
and the variables to positioning the radiometer will be changed in 
the WP5 by an interaction using a graphical interface. 

Document with all the classes and the functions needed to do the 
requirements. 

Comment all of the parts of the code to take into account possible 
modifications in the future. 

Table 10: Work package 5. 

Project: MERITXELL Control WP ref: WP5 

Major constituent: SW 

Short description: 

Create and check the code to unify the positioning part and the 
radiometer part 

Start event: End of 
November 

End event: Middle 
December 

Internal task T1: Create variables used to read when the 
positioning part has finished or the measurements has stored 
correctly. 

Internal task T2: Create variables used the measurements has 
stored correctly. 

Document with all the 
functions needed to 
do the requirements. 

Comment all of the 
parts of the code to 
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Internal task T3: Create, use and check the variables that raise 
the radiometer or the positioning part, depending the variables 
obtained in task T1 or T2 

take into account 
possible modifications 
in the future. 

Table 11: Work package 6. 

Project: MERITXELL Control WP ref: WP6 

Major constituent: SW 

Short description: 

This WP consist on positioning the radiometer, configure 
the radiometer and store the measurements, with the 
parameters and the sequence selected by the user  

Start event: End of November 

 

End event: End of December 

Internal task T1: Create the interface necessary to obtain 
power spectrum measures. 

Internal task T2: Create the interface necessary to obtain 
I/Q measures. 

Internal task T3: Create the interface necessary to move 
the radiometer. 

Internal task T4: Create the methods to store and load 
commands lists 

Program finished version. 

Create a user guide. 

Document with all the 
functions needed to do the 
requirements. 

Comment all of the parts of the 
code to take into account 
possible modifications in the 
future. 

Table 12: Work package 7. 

Project: MERITXELL Control WP ref: WP7 

Major constituent: SW 

Short description: 

Make the memory and prepare the exposition of the work 

Start event: Early January 

End event: End of Project 

Internal task T1: Create the memory of the project 

Internal task T2: Prepare the power point to do the 
presentation 

Internal task T3: Prepare the exposition. 

Memory finished. 

Power point created. 

 

The work packages of the initial Gantt diagram can be broken down in the following tasks 

 
Figure 38: Initial WP1 Gantt diagram. 
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Figure 39: Initial WP2 Gantt diagram. 

 
Figure 40: Initial WP3 & WP4 Gantt diagram. 

 
Figure 41: Initial WP5, WP6 & WP7 Gantt diagram. 

The milestones of the project are the following: 
Table 13: Milestones. 

WP# Short title Milestone / deliverable Date (week) 

1&2 Prerequisites acquired. Project Proposal and Work Plan 05/10/2016 

3 Radiometer part finished. Spectrum Analyzer Configuration 

Critical Review 

4/11/2016 

20/11/2016 

4 Positioning part finished. Positioning Configuration  30/11/2016 

6 GUI finished. GUI. 12/12/2016 

7 Program documentation done. Final Report 13/1/2017 
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Appendix 5: Deviations from the initial plan and incidences. 

The deviations of the initial plan can be organized in three blocks: 

A) No necessary tasks 
Table 14: Unnecessary tasks. 

Task Reason not necessary Time 
expected 

Detection finish 
get measures 

The method to obtain the I/Q and power measures 
does not execute the next code line until obtain all 
the measurements, therefore, this task was not 
necessary 

4 days 

 

B) Time required to do the following tasks modified: 
Table 15: Time expectation modifications. 

Task Time expected Time spent 

Create the code to turn ON the spectral analyzer 
when the software is executed 

1 day 2 days 

Get temperatures 9 days 10 days 

Get power Spectrum 24 days 16 days 

Get I/Q data 24 days 16 days 

Positioning instructions 19 days 20 days 

Document code positioning part 3 days 1 day 

Detect finish position 4 days 2 days 

Wake up functions 3 days 1 day 

Power spectrum form 5 days 2 days 

I/Q form 4.5 days 1 day 

Radiometer positioning 5.5 days 1 day 

Save and store methods 2 days 1 day 

Create memory 10 days 17 days 

Prepare exposition 3 days 6 days 
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C) Unexpected tasks 
Table 16: Unexpected tasks. 

Task Time spent 

Command box tasks 10 days 

Debug box to detect and notify possible errors during the execution 
of the program 

1 day 

Store and load instructions buttons 1 day 

WebCam automatic ON 1 day 

Reorganize menu 3 days 

Spectrogram functions 1 day 
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Glossary 

MERITXELL: Multifrequency experimental radiometer with interference tracking for 
experiments over land and littoral 

PAUSA: Passive Advanced Unit – Synthetic Aperture 

I/Q: In-phase & Quadrature 

PIC: Peripheral Interface Controller 

PLC: Programmable Logic Controller 

RBW: Resolution Bandwidth. 

VBW: Video Bandwidth. 

ST: Sweep Time 

A/D: Analogic to digital converter 

RFI: Radio frequency interferences 

IR: Infrared 
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