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ABSTRACT:

The main purpose of this project is developing a GUI in PyQt that is capable of controlling and monitoring
various oscilloscopes (Anritsu MS2830A and Agilent N9020A in our case) remotely, as well as the input and
output signals of a BLAS, and that is able to establish a connection with all the records of our EPICS 10C
in order to have access to real-time data from our entire system from any device on our subnet quickly.

This Bachelor’s Thesis is approached from an ambitious perspective, since the purpose of this project as
a whole is to prepare a BLAS manufactured by the company BTESA for the educational field, that is, It is
intended to test and study this technology in addition to developing software capable of interacting with it
in order to be able to sell these devices to universities in the future, and in this way, that future students
can obtain theoretical and practical knowledge related to particle accelerators such as RF amplifiers.

Due to the great complexity involved in this project, several engineers from other areas of engineering
(telecommunications engineers and electronics engineers) who are doing their TFM share part of the project
with me. This fact allowed me to interact with experts in other areas of knowledge other than mine in a
professional way, and to face together problems that arose throughout the project, and that we have solved
as a team, thus learning new concepts, which otherwise, it would have been difficult to learn.

The result of the exposed culminates with the obtention of a complete and functional monitoring and
control system for the equipment, which complies the requirements defined in the preliminary stages, and
supposes the finalization of the Degree.
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Resonancia, Python, PyQt, IOC, THD.

RESUMEN:

El objetivo principal del presente proyecto es desarrollar una GUI en PyQt que sea capaz de controlar y
monitorizar diversos osciloscopios (Anritsu MS2830A y Agilent N9020A en nuestro caso) de forma remota,
asi como las senales de entrada y salida de un BLAS, y que sea capaz de establecer una conexién con todos
los registros de nuestro EPICS IOC para poder asi tener acceso a los datos en tiempo real de todo nuestro
sistema desde cualquier dispositivo de nuestra subred rapidamente.

Este Trabajo Fin de Grado se aborda desde una ambiciosa perspectiva, puesto que la finalidad de este
proyecto en su conjunto es preparar un BLAS fabricado por la empresa BTESA para el &mbito educacional,
es decir, se pretende probar y estudiar esta tecnologia ademés de desarrollar software capaz de interactuar
con la misma para poder asi vender estos dispositivos a universidades en un futuro, y de este modo, que
futuros estudiantes puedan obtener conocimientos tedricos y practicos relativos a aceleradores de particulas
tales como los amplificadores RF.

Debido a la gran complejidad que atane este proyecto, diversos ingenieros de otras areas de la ingenieria
(ingenieros en telecomunicaciones e ingenieros en electrénica) que estan realizando su TFM, se reparten
parte del proyecto conmigo. Este hecho, me permitié interactuar con expertos en otras areas de conocimiento
distintas a la mia de forma profesional, y afrontar juntos problemas que iban surgiendo a lo largo del proyecto,
vy que en equipo hemos resuelto aprendiendo asi nuevos conceptos, que de otra forma, hubiese sido dificil
aprender.

El resultado de todo lo expuesto culmina con la obtencién de un sistema de monitoreo y control sobre
el equipo completo y funcional, que cumple con los requisitos definidos en etapas iniciales, y con el cual se
cierra la etapa universitaria de Grado.



‘There is a driving force more powerful than steam, electricity and
atomic energy: the will.

—Albert Einstein—’
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Glossary

Adobe Acrobat DC Acrobat DC is the latest version of Acrobat subscription software. It is the most
productive and collaborative mobile PDF solution offered by Adobe; combines Acrobat desktop
software and mobile scanning app, signature app, and Acrobat Reader mobile app; enhanced with
premium mobile features and premium Document Cloud services..

API An application programming interface or API is the set of functions and procedures (or methods, in
object-oriented programming) that a certain library offers to be used by other software as an abstraction
layer. They are generally used in libraries..

ASGI (Asynchronous Server Gateway Interface). ASGI consists of two different components:

e A protocol server, which terminates sockets and translates them into connections and per
connection event messages.

e An application, which lives inside a protocol server, is called once per connection, and handles
event messages as they happen, emitting its own event messages back when necessary.

BTESA BTESA is the Spanish leading provider of TV Transmitters and high power Solid State Amplifier
systems: BTESA website..

CubeSat Miniaturized satellite normally for space research, with dimensions of 1 dm?® and mass lower than
1.33 kg per unit.

DHCP DHCP (Dynamic Host Configuration Protocol) is a protocol that provides quick, automatic, and
central management for the distribution of IP addresses within a network.

Ethernet Ethernet is the traditional technology for connecting devices on a wired local area network (LAN)
or wide area network (WAN), allowing them to communicate with each other through a protocol..

GranaSAT GranaSAT is an academic project from the University of Granada originally consisting in
designing and developing a picosatellite (CubeSat). Coordinated by the Professor Andrés Marfa Roldén
Aranda, GranaSAT is a multidisciplinary project with students from different degrees, where they can
acquire and enlarge the knowledge necessary to face an actual aerospace project.

OpenAPI OpenAPI is a standard for the description of application programming interfaces (). In
particular, OpenAPI can be used to describe, develop, test, and document REST-compliant APIs..

Switch A network switch is a small device that centralizes communications among several connected devices
in one local area network (LAN)..

Xxiv Design and implementation of a GUI to manage a particle accelerator module


https://www.btesa.com/en/
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THD Total Harmonic Distortion is a useful technique to analyze any non-linear behavior of a system..

ToolTips A ToolTip is a short description, usually just a few words, that appears when the user holds the
mouse pointer briefly over a control or another part of the user interface without clicking.
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Chapter 1

Introduction

1.1 Context

The following Bachelor’s thesis has been carried out as the culmination of my computer engineering career.
This project was offered by Professor Andrés Maria Roldan Aranda and carried out by me in Granasat’s
laboratory.

Granasat is an aerospace development group from the University of Granada (UGR), which is made up
entirely for students and under the supervision of the professor Dr. Andrés Maria Rolddn Aranda.

Figure 1.1 — Granasat logo

The Granasat project, which logo is shown in the Figure 1.1, began in 2013 as a student initiative
composed by several students who were interested in aerospace engineering, and wanted to focus their
technical studies into the aerospace scope, so they decided to participate in the BEXUS/REXUS programme,
defined as [10].

Nowadays, multiple projects of multiple branches and careers are carried out in Granasat. In my case,
my thesis project (TFG) titled: "Design and implementation of a GUI to manage a particle accelerator
module", which is part of a development and cooperation initiative between Professor Andrés Roldan and
the company BTESA [8]. This initiative consists of 2 parts, the first is to check the operation by performing
various tests on the hardware (a non-commercial BLAS prototype), this part is in charge of my colleague
Andoni, a telecommunications engineering master’s student. While the second part, which I am in charge of,
consists of the design, development and implementation of an interface (GUI) and several Python libraries
to be able to monitor, control and visualize several machines in addition to the BLAS.

Design and implementation of a GUI to manage a particle accelerator module 1



2 Chapter 1. Introduction

1.2 Motivation

The main motivation that has led me to choose this project as the TFG is that it is something totally
different from what I learned at university, since it is a case of research and development directly applicable
to real life, being able to interact directly with real machines and prototypes (BLAS) without using any
simulator.

In addition, being a job in which machines have been used, I have had the opportunity to learn
electronic concepts and technical knowledge in order to understand how to operate these machines, which
otherwise would have been impossible for me to learn.

Another reason for my motivation is the fact that my work on this project is just the beginning of a
job that will have further development after me, so I am proud to be the first computer science student in
contributing to this project and in laying the foundations to be able to continue advancing and improving
without having to deal from scratch with the control of the machines.

1.3 Project Goals

The main objectives are:

e Carry out an analysis and investigation of the machines and tools that we will use in the
project.

» Design and develop the necessary software to carry out the project (Python libraries, as
well as the GUI and integration in EPICS).

e Check if the implemented system works correctly, verifying that its purpose is fulfilled.

e« Grow as a professional facing a research project as complex as this one, showing what was
acquired during the degree, and above all, showing the knowledge acquired throughout
its development.

Salvador Jests Megias Andreu



1.4. Project Requirements

1.4 Project Requirements

The requirements that were given to me when creating the project are the following:

Ref. Formal Requirements

FoR.1 Use EPICS to share in real time the data obtained and managed in the system between the
’ different devices of the system, regardless of the operating system they have.

FoR.2 Create libraries in Python to be able to remotely control and manage Anritsu MS2830A (2.12)
" and Agilent N9020A (2.12) machines via Ethernet.

FoR.3 Create an API through OpenApi that simulates the input and output data of the BLAS to be

able to integrate this functionality in the GUI as well.

FoR.4 Create a modern and interactive GUI with QT that integrates everything created previously

Table 1.1 — Formal Requirements

1.4.1 GUI Requirements

Ref. Formal Requirements
GULTFoR 1 Must be capable of communicating with the Anritsu MS2830A (2.12) and Agilent N9020A
' ' (2.12) machines via Ethernet by using the Python developed Libraries.
GULFoR.2 Must be capable of collecting BLAS data (in our case from an APT)
Must be capable of transmitting all this information through EPICS in order to have real-
GULFoR.3 . o .
time monitoring throughout of all devices on our subnet.
GULFoR.4 Must be Responsive.
GUILFoR.5 Must be Multilanguage.
GUILFoR.6 Must use Multithreading to avoid GUI hang or freeze.
GULFoR.7 The GUI should be as interactive as possible.

Table 1.2 — Formal Requirements for GUI

Design and implementation of a GUI to manage a particle accelerator module




4 Chapter 1. Introduction

1.5 Chapter Description

Following the objectives listed above , the project was developed after planning the next structure:

e Chapter 2: Background study.
This chapter will contain all the previous knowledge needed in order to understand the work described
in the following chapters.

e Chapter 3: Project planning.
In this chapter the basis of the project management will be described. The Gantt Diagram (3.1) will
be shown with which the development of the project as a whole has been planned, and the time that
each stage of the project should last (said diagram was fulfilled).
Likewise, an estimated budget (3.2) of what would be the value of replicating said project in a company
will be shown.

e Chapter 4: System description and design.
In this chapter, an overview of the system as a whole and its operation will be made, as well as the
design and development of all the parts of the project that concern me (these parts are exposed in
previous chapters), which are : the Python libraries (4.3), the GUI (4.4), the API (4.5), and the EPICS
system (4.6).

e Chapter 5: System testing.
In this chapter, the operation of the entire GUI as a whole will be shown through various videos (5).

¢ Chapter 6: Conclusions, future work and lessons learned.
In the last chapter the conclusions obtained throughout the project will be presented(6.1), as well as
future improvements that can be applied to it (6.2).
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Chapter 2

Background study

2.1 EPICS Study

— NN

(a) Traditional EPICS logo [2] (b) Modern EPICS logo [1]
Figure 2.1 — EPICS logos

EPICS [9] is a software environment used to develop and implement distributed control systems (such
as particle accelerators, large telescopes. .. ). Said environment is conceived and designed to develop control
systems that usually contain a large network of computers.

EPICS provides control and data collection tools for the experimental physics community, currently being
used by up to 70 universities and institutions, while making contributions to the development and
evolution of the system.

The EPICS toolset enables the creation of server and client applications. Servers provide data access
(read or write) locally or over a network.

Clients can display, store, and manipulate data. Client software ranges from user interface tools to
powerful data management services.

EPICS can be installed as explained in the following annex: EPICS Installation in Linux OS

Design and implementation of a GUI to manage a particle accelerator module 5
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2.1.1 EPICS basic system structure

cws CWs CWS

I0C 10C

Figure 2.2 — EPICS Structure

Basic components:

Now we are going to make a brief description of each of the elements of the previous image:

e IOC: It is the input/output server component of EPICS. It can be any platform that can support
EPICS runtime databases along with the other software components (Examples: regular desktop,
realtime OS based systems like vk Works and even EPICS IOC can run on low cost hardware). cost as
a RaspberryPi or similar).

o« CWS (Client WorkStation): Workstation on which EPICS tools and client applications can be
used. Each CWS station is the equivalent of an EPICS system client (Examples: user interfaces tools
and the data file => server machine or similar with a “normal” OS, ie Linux, Windows or MacOS).

o LAN (Local Area Network): Standard communication network based on Ethernet that allows
communication between the IOCs and the CWS (local area network).

An EPICS control system may be made up of multiple IOCs and CWSs, all of which communicate over
a LAN. This separation of servers and clients makes it easier to set up such systems and also makes the
system more robust, since servers and clients can be removed or added without shutting down.

Salvador Jests Megias Andreu
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2.1.2 Software components of an IOC

An 10C is a process made up of the following software elements:

e« IOC database: Database containing a set of named records of various types. These registers house
the PV (Process variables).

e Record support: Each record type has an associated set of record support routines to implement
the record type’s functionality.

e Scanners: Mechanisms to process records in the IOC database.

o Device support: Device support routines link I/O data to database records.
e Device drivers: They handle access to external devices.

o Sequencer: Finite State Machine (this module is external, so it is not included in the main EPICS
software distribution)

e Channel Access or pvAccess: Interface between the outside world and the IOC to access the EPICS
database through the network.

Ethernet
'
A

Sequencer == CA/PVA (or both)

'
Y

Record support = » Database - > Scanners
i
v
Device Support = * Device Driver
4 A

Y
IO interface

Figure 2.3 - IOC Software

Design and implementation of a GUI to manage a particle accelerator module
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The reference manual for record types can be found collected by official sources in the following link
(from the latest version of EPICS => 7.0.4): EPICS Records.

2.1.3 SMALL EXAMPLE TO TEST EPICS (file: TFG_ SalvadorEPICS.txt)

1

2| record (ai, "temperature:water")

3

4 field (DESC, '"Water temperature in the fish tank")
5]}

6

7| record (aai," array:temperatures"') {

8 field (DESC," array of analog inputs")

9

10| }

Listado 2.1 — Ezample of an easy IOC definition (his records)

@ salvadorjesus@LAPTOP-THIAULG: /mnt/c/Users/salva/Docurnents,/ TFG

$ softIoc -d TFG_SalvadorEPICS

aad 4 1dafs
B e SR R S g 32 ]

ion complete

Figure 2.4 — IOC Setup

—_—
@ salvadorjesus@LAPTOR-THIJAULO: ~

(a) Changing records values in EPICS

@ salvadorjesus@LAPTOP-THIAULG: ~

(b) Monitoring changes
Figure 2.5 — EPICS I0OC example

Salvador Jestis Megias Andreu
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As we can see we have created a simple IOC and we have deployed it, making changes and obtaining
results with the basic functions of EPICS: camonitor, caget and caput:

e camonitor: Used to monitor a record in real time.
e caput: Used to modify the value or values of a record.

e caget: It is used to obtain the value of the record at the moment this request is made.

ULQ:~$% nmap -v 192.168.17.1 -p- --open -T5 -n
Starting Nmap 7.80 ( https://nmap.org ) at 2022-03-22 ©8:58 CET
Initiating Ping Scan at ©8:58
Scanning 192.168.17.1 [2 ports]
Completed Ping Scan at 08:58, ©.00s elapsed (1 total hosts)
Initiating Connect Scan at ©8:58
Scanning 192.168.17.1 [65535 ports]
Discovered open port 5064/tcp on 192.168.17.1
Completed Connect Scan at ©8:58, 1.39s elapsed (65535 total ports)
Nmap scan report for 192.168.17.1
Host is up (©.000020s latency).
Not shown: 65534 closed ports
PORT STATE SERVICE
5064/tcp open ca-1

Read data files from: /usr/bin/../share/nmap
Nmap done: 1 IP address (1 host up) scanned in 1.42 seconds

Figure 2.6 — Port used by EPICS when deploying the I0C

As we can see, EPICS uses port 5064 for its operation. EPICS searches for connections using the UDP
protocol, and once the connection is established with the device in question, EPICS proceeds to perform a
data transfer or communication with the connected device using the TCP protocol.

This is done in this way so that the connection process (using the UDP protocol) is simpler and faster, and
once the connection is established, proceed with the TCP protocol, which, although slower, is much safer in
terms of security in the data transferred or communicated.

Design and implementation of a GUI to manage a particle accelerator module
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2.1.4 Interact with EPICS using Python

Doing some research, I found a package with which we would be able to communicate with EPICS
through Python. This package is PyEpics [14]:

Figure 2.7 — PyEpics logo

The Python epics package provides several function, modules, and classes to interact with EPICS Channel
Access.

A simple way to interact with the EPICS Records of our EPICS IOC would be just to use the
caput(),caget() or camonitor() functions offered by this Python package:

Procedural Approach: caget(), caput()

To get values from PVs, you can use the caget() function:
»»> from epics import caget, caput, cainfo
3> ml = caget( X¥X:ml.VAL")

»»» print(ml)
1.2881

To set PV values, you can use the caput() function:
»3»» caput('X0C:ml.vAL", 1.98)
33 print{caget( ¥XX:ml.VAL"))

1.9888

Figure 2.8 — Normal functions in PyEpics

But, there is another more efficient way if you need to reference the same PV (Record value) more than
once throughout the program, which is to create PV objects from where we can access and modify the PV
at any point in the program by calling created object.

Creating and Using PV Objects

If you are repeatedly referencing the same PV, you

»»>» from epics import PV
333 pvl = PV{000:ml.VAL")

Figure 2.9 — Creating a PV object

Salvador Jests Megias Andreu
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With these PV objects, the task of interacting with the PVs by accessing or
becomes an easier task:

To set a PV's value, you can either use
»»» pvl.put(1.9)
or assign the value attribute

»»>» pvl.value = 1.9

Figure 2.10 — Functions that we will use to set PVs values

»»» print(pvl.get())
1.99

or

»»» print(pvl.value)
1.99

Figure 2.11 — Functions that we will use to get PVs values

modifying their content

Design and implementation of a GUI to manage a particle accelerator module
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2.2 Python Libraries via Ethernet

One of the requirements of the project was to create 2 libraries in Python to be able to control the
following machines via Ethernet:

o @06 ECC P

wersnce -
(a) Agilent N9020A machine [5]

e
[ |
[=]
=]
[=]
[+ ]
[=]
[= ]
a
=3 {

(b) Anritsu MS2830A machine [7]
Figure 2.12 — Machines

First of all, say that the only thing these machines understand are the SCPI commands.

SCPI defines a standard intended for instrumentation control. The SCPI describes a language that is
useful for controlling test instruments. SCPI offers a standard syntax, data interchange format and
command structure.

The key objective of SCPI is to minimize the development time of an ATE program. The objective is
accomplished through providing a reliable programming environment for data usage and instrument
control. This reliable programming environment is gained using defined data formats, program messages
and instrument responses across every SCPI equipment irrespective of the designer.

So we have to find a Python package with which we can send SCPI commands to the machines,
although the SCPI commands used in both machines are similar, there are some changes from one machine
to another, so we will have to look in the respective manuals [1][6] of each machine the SCPI commands
recognized by each of said machines.
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Investigating, I found a package with which I could perform this task, PyVISA [15]:

PyVISA

Figure 2.13 — Python package to communicate

Pyvisa is the package that I am going to use to communicate with machines, since it is a simple library
to use in Python that allows Ethernet communication (which is what interests me) with devices through.

2l import pyvisa as visa

import numpy as np

from struct import unpack

s| import pylab

import time

import math

s| from matplotlib import pyplot as plot

# Establish Connection

u|rm = visa.ResourceManager('@Qpy') # Calling PyVisaPy library

#scope = rm.open_resource ('USB0::0x0699::0x0409:: C010730::INSTR ') #
Connecting via USB

# 192.168.1.200 => IP de la maquina Agilent en la subred

scope = rm.open_resource( 'TCPIP::192.168.1.200::INSTR') # Connecting
via LAN

print (scope)

Listado 2.2 — Agilent connection example via Ethernet

14
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Pyvisa consists of two main functions once we have established a connection:

o write(): Is a function with which we can send the SCPI commands (the commands or language that
the machine understands) to the machine, this function is used to change parameters in the machine,
that is, when you use this function it is to modify something, not to wait for a response from the
machine, since this function does not collect any data from the machine except for the successful
status of sending the command.

o query(): This function is the one we will use to request data or information from the machine, through
this function we can request data from the machine and most importantly, the machine returns this
data, so when we use this function it will be to collect the information that we Give the machine in a
variable or print it directly, since all the machine returns are strings.

Salvador Jests Megias Andreu
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2.3 Python QT

Qt

Figure 2.14 — PyQT logo

PyQt [3] connects the Qt C++ cross-platform framework with the Python language, it is a GUI
module.

The principle on which a Qt class functions is related to a slot mechanism responsible for offering
communication between items with the purpose of designing re-usable software components with ease.

Also, Qt comes with Qt Designer, a tool that acts as a graphical user interface. PyQt can design
Python code from Qt Designer, while adding new GUI controls when both Qt Designer and Python
programming language are used.

I will use QT designer to create the GUI we talked about in the project requirements. Now I am going
to describe part of the study that I carried out to achieve certain functionalities in the GUI that we are
going to develop.

Now I am going to describe part of the study that I carried out to achieve certain functionalities in the
GUI that we are going to develop.

Design and implementation of a GUI to manage a particle accelerator module
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2.3.1 MultiThreading in PyQt

Multithreading can be useful in case you need your QT GUI to hold Widgets or elements that use
functions with infinite loops or conditional loops, of which you don’t know when they are going to end.
In those cases, Multithreading would need to be implemented to prevent the GUI from freezing and
inoperative.

Here we can find an easy code to find out how multithreading works in Python QT: Example to show
Multithreading in PyQt

o run(): The starting point for the thread. After calling start(), the newly created thread calls this
function.

o super(): The idea of super() is that you don’t have to bother calling both superclasses " init__ ()
methods separately — super() will take care of it.

o« We will use "Qtcore.pyqtSignal()" so that the threads can communicate with our class
sharing data through these signals declared with Python QT, we can define the type of
signals that we want to treat and handle as ints, floats, lists...

This is how looks like the example to explain Multithreading in PythonQT, and it is the one in which
I noticed and studied to be able to extrapolate Multithreading to the elements or widgets of my GUI that
needed it.

B ' MainWindow = [} >
Testing threads

soted || sopweads] | %
Start Thread 3| - - 7%

m= IR TS

Figure 2.15 - Multithreading example
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2.3.2 Multilanguage GUI

We are going to see two ways to get multi-language support in Python:

o One of the ways is going to be using the Google translator (ONLINE):

— Advantages:
x It’s fast
x It is versatile (supports many languages)
x It is robust

*

It’s simple to manage
— Disadvantages

* Depends on internet connection
o The other way will be using Python’s argostranslate module (OFFLINE):

— Advantages:

It is robust
It is very simple

* X ¥

It’s reasonably fast
* Does not depend on the internet to work

— Disadvantages

* You need to download dictionary files for it to work (takes up memory)

Design and implementation of a GUI to manage a particle accelerator module
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2.3.2.1 Google Translate in Python

from googletrans import Translator, constants
from pprint import pprint

3

translator = Translator ()
6|# Vamos a realizar la traduccién al chino:

translation = translator.translate ("Hola Mundo', dest="zh—cn")
ol prueba = translation.text

print (prueba)
print (type (prueba))

12

# Ahora en alemén:

translation = translator.translate("Hola Mundo", dest="de")
15

prueba = translation.text

print (prueba)
Listado 2.3 — Translation OFFLINE in Python with Google Translator

from googletrans import Translator, constants
from pprint import pprint

translator = Translator()

# Vamos a realizar Lo traduccidn al chino:

translation = translator.translate("Hola Mundo", dest="zh-cn")

prueba = tranzlation.text
print(prueba)
print(type(prueba))

# Ahora en glemdn:

translation = translator.translate{"Hola Mundo”, dest="de")

prueba = translation.text
print(prueba)

{FRFHTR
<class "str'»
Hallo Welt
Figure 2.16 — Google translator in Python example

As we can see, it returns the translation in a string, so it is very easy to handle.
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2.3.2.2 ArgosTranslate in Python

We must download the dictionary file that we want to use, specifically I am going to download the file:
en_ es.argosmodel

Which is a file with which we will be able to translate OFFLINE from English to Spanish (there are
more languages available: from Spanish to English, from English to German, from English to Italian, from
English to French... etc. )

Link where to download the dictionary files: Dictionary Files for argostranslate

Once we have the file downloaded, we are going to carry out an EXAMPLE OF USE:

[

from argostranslate import package, translate
package.install from_ path('en es.argosmodel') # Direccién donde se
encuentre el fichero diccionario (IMPORTANTE)

installed languages = translate.get_installed languages()
4

# installed languages[0] = inglés

# installed languages[1l] = espanol
;

translation_en_es = installed languages [0]. get_translation (

installed__languages[1])
translate=translation_en_es.translate("Initial Frequency") #
recogemos el resultado de la traduccién

10
print (translate)

print (type(translate))

Listado 2.4 — Translation OFFLINE in Python with argostranslate

from argostranslate import package, translate
package.install from_path('en_es.argosmodel') # Direccidn donde se encuentre el fichero diccionario (IMPORTANTE)
installed_languages = translate.get_installed_languages()

inglés
] = espanol

# instaolled lLanguages[@]
# installed Languages[1]

translation_en_es = installed languapes[@].get_translation({installed_languages[1]}
translate=translation_en_es.translate{"Initial Freguency™) # recogemos el resultodo de la troduccion

print(translate)
print(type(translate)})
Frecuencia inicial
<class "str'>

Figure 2.17 — Argostranslate translator in Python example

As we can see, it returns the translation in a string, so it is very easy to handle.

Design and implementation of a GUI to manage a particle accelerator module
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2.3.2.3 Proposal => Why not?

What if we make a hybrid system so that when we have access to the internet, Google’s translator is
used (to take advantage of its enormous versatility), and if not, argostranslate is used?

from googletrans import Translator, constants
from argostranslate import package, translate
3
try:
translator = Translator ()
6
# Vamos a realizar la traduccién al espanol:
translation = translator.translate("This is an online traduction
made by Google translator', dest="es")
9
prueba = translation . text
print (prueba)
12 print (type (prueba))
15
except:
from argostranslate import package, translate
18 package.install from_ path('en es.argosmodel') # Direccién donde
se encuentre el fichero diccionario (IMPORTANTE)
installed__languages = translate.get_installed_languages ()
21 # installed languages [0] = inglés
# installed languages[1] = espanol
24 translation_en_es = installed_languages [0]. get_translation (
installed__languages[1])
translate=translation_en_es.translate('This is an offline
traduction made by Argostranslate translator') # recogemos el
resultado de la traduccioén
27 print (translate)
print (type(translate))

Listado 2.5 — Translation OFFLINE in Python with Google Translator
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from googletrans import Translator, constants
from argostranslate import package, translate

try:
translator = Translator()

# Vamos a realizar Lo traduccidn al espaofiol:
translation = translator.translate("This is an online traduction made by Google translator”, dest="es")}

prueba = translation.text
print{prueba)
print(type({prueba})

except:
from argostranslate import packsge, translate
package.install_from path('en_es.argosmodel’) # Direccidn donde se encuentre el fichero diccionario {(IMPORTANTE)
installed_languages = translate.get_installed_languages()

olled Longugges[8] = inglés
nstalled Languages{1] = espariol

O
o e

translation_en_es = installed_languages[@].get_translation{installed_languages[1])
translate=translation_en_es.translate{"This is an offline traduction made by Argostranslate translator") # recogemos el resultado de Lo traduccicn

print({translate)
print(type(translate))

Esta es una traduccion offline hecha por el traductor Argostranslate

<class "str'>

Figure 2.18 — hibrid translator in Python example (online and offline)

This is the idea that we are going to apply to our project to create a multilanguage GUI.
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2.3.3 Responsive GUI

The key elements to make our GUI responsive are the Layouts. Layouts are, so to speak, containers
built into QT Designer with intrinsic responsive properties. In such a way that if you place a widget (such
as a Dial, a Label...etc) inside a layout, it will acquire the responsive properties of the container (layout) in
which it is contained.

2.3.3.1 Easy Example of responsive GUI

We are going to make a simple example to put the aforementioned into practice, in order to get an idea
of how it works and as a result of that example you will be able to extrapolate this base to a larger and
more complex responsive GUI project.

First of all I am going to create a MainWindow in QT Designer,then we will insert a Grid Layout into
the MainWindow and next we will insert a Tab widget (When you drop the Tab on the Grid Layout, the
Tab automatically adjusts to the size of the window):

(111 MainWindow - untitied 2* = o)
Type Here
o L 3 a
Tabl  Tab2
L] L]
o - a

Figure 2.19 — Tab Widget into an Grid Layout
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Then we put a Grid Layout in the Tab, select the Tab with the right mouse button and go to: -> Lay
out -> Lay Out in a Grid. Obtaining as a result a Layout integrated in the complete Tab. With this we
get that all the widgets that we put in the Tab are totally responsive with respect to the size of the GUI

window.

Change abjectName...

Marph into
Change toolTip—
Change whatsThis...
Change styleSheet...
Size Constraints
Layout Alignment
Promote to ...
Page 1af 2
Insert Page

[F] Send to Back

@ Bring to Front

Ctrl+K
Cirl+l

Ctrl+X
Crl+C
Cirl+¥

Cirl+A

O U st i Ctrl+)

(] Lay Cut Herizantally Ctrl+1
Lay Out Vertically Cirle2
[ Lay Out Horizontally in Splitter Cirl+3
& Lay Out Vertically in Splitter Ctrl+d
ey OutinaGad G5
8 Lay Outin a Form Layout Ctr+6

Figure 2.20 — Insert a Grid Layout in a Tab Widget
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Result of the previous step:

'3 MainWindow - untitled 2%
Type Here

Tab 1 Tab 2

(e S
(i

Figure 2.21 — Result of the last step
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Then we are going to incorporate elements or widgets to the Tab Layout (Dials, calendar....

& Ot Designer

File Edit Form View Settings Window Help

DB HE

Widget Box

%

#ole Widge!
Containers

Group Box

Serall Area

Toal Bax

Tab Widget

Stacked Widget

[Denma-

Frame

Widget

MDI Area

Dock Widget
Input Wi‘c‘igeu

Cambo Box

Font Cembo Box

Line Edit

Text Edit

Plain Text Edrt

Spin Box

Double Spin Box

Tirne Edit

Date Edit

Date/Time Edit

Dial

Horizontal Serell Bar

=( ¢lECEDEER HE D!

Vertical Scroll Bar

ete):

[+ -1 == 1
L] 1 " Gdo G
FEYTHIETTES R 1
(11 MainWindow - untitied*
Type Here
Tobl  Tab2
o -
o e -
5 /
i -
\ { .|
\ ! L5
\ 9
L // -
o ==
o u
' g
L =
| "\___
. ma. mi. ju Vi 54, do. !
|
17 1 4
\\
18 2 3 4 5 [ 7 g ="
19 ] 10 n 12 12 14 5 =
/
20 16 17 18 9 20 2 22 7
21 23 24 25 26 27 26 29 \
2 30 3 4 5 N

Figure 2.22 — Final responsive GUI result example

L

You can also make use of other types of Layouts (vertical, horizontal...) I recommend that you use
them within a Grid Layout for less hassle, these are used when placing widgets, which are placed vertically
or horizontally, and play around with all this so that the elements that are in the GUI are placed more or
less where you want them to be placed and that it is in a responsive way.
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2.4 BLAS simulation with API

Figure 2.23 — BLAS input and output Signals

Due to the fact that my project partner (Andoni) did not finish the part of the BLAS signals by the
time I am doing my TFG, it has not been possible to connect the raspberry tablet with the BLAS input
and output signals.

So instead of doing that, my Project tutor (Andrés Roldén) told me to create a simple API to simulate the
values of the BLAS input and output signals under normal conditions.
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I will use OpenAPI Standard [13]. OpenAPI [17] is a standard for the description of programming
interfaces, or API. The OpenAPI specification defines an open and vendor-neutral description format for
API services. In particular, OpenAPI can be used to describe, develop, test, and document REST-compliant
APIs.

OPENAPI

INITIATIVE

Figure 2.24 — OpenAPI logo

Researching long and hard, I found two Python modules that allowed me to create an API according to
the OpenAPI standard and deploy said API to be able to make requests to it:

o FastApi: FastAPI is a modern and fast (high performance) web framework for building APIs with
Python 3.6+ based on the standard Python type annotations.

e Uvicorn: Uvicorn is an ASGI web server implementation for Python.

&

O FastAPI 3

(a) FastAPI logo (b) Uvicorn logo
Figure 2.25 — Tools used for API creation in Python

FastAPI [12] provides automatic documentation that follows the OpenAPI specification, we can just
access it as soon as our API has been deployed by accessing the "addresAPI/docs" address of the APIL.

we need Uvicorn to deploy our API created using FastApi.
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2.4.1 API example to understand tools operation

o

0

11

14

17

20

23

# AUTOR: Salvador Jestus Megias Andreu
# file name = apiExample.py
# HOW TO USE TO EXECUTE AND LAUNCH: uvicorn apiExample:api —reload

# If you don't find the uvicorn module installed , use the following:
# HOW TO USE TO EXECUTE AND LAUNCH: python —m uvicorn apiExample:api
—reload

# The OPENAPI documentation generated by FastAPI can be accessed
directly

# at the following link (as long as you have launched uvicorn with
the command above): http://127.0.0.1:8000/ docs

from fastapi import FastAPI
import random

api = FastAPI(title= "TFG Salvador Jesis Megias Andreu")

@api.get("/getTemperature")
async def getTemperature():
return float (random.randint (22%10,50%10) /10)

@api.get("/getFlow")
async def getFlow():
return float (random.randint (1%x10,7%10) /10)

Listado 2.6 — Ezample of API to prove Tools (FastApi and Uvicorn)
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E¥ Simbelo del sistema - python -m uvicorn apiExample:api --reload

mmmImIm

5
5
5
5

Figure 2.26 — sample API Deployment

Once we have deployed the API, we review the API documentation automatically created by FastApi
(with the OpenAPi standard) in our browser and verify that the API works correctly:

In the part rounded with a red circle, you can download the .json file that describes our API:

5 TFG Sabador EPICS Informética = X | 1) (168) Avicii - The Nights (B« 41 X TFG Salvador Jesiis Meglas Andr. X | =+

€ > C @ 12700.1:8000/docs

Salvador JesUs Megias Andreu @@

default

W ciberseguridad

~

[ /getTemperature Gettemperature /\I

No parameters

Responses

Code Description Links

200 No links
Successful Response

Media type

application/json v
Figure 2.27 — OpenApi documentation of our API
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Figure 2.28 — API function check

As we can see, the API works properly.
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Project planning

G
-----------------------------------

Figure 3.1 — Project Planning image

Once known the background study [2] of the project and before to start it, it’s necessary to identify and set
at what parts of the system are going to work and for how long we can do it.

To know these details will help us to manage efficiently our work during the design phase of the
Communication System, its implementation and the test phase.

To carry out this planning task, we will use the Gantt Diagram to divide the design, development and
test time in the most efficient and orderly way possible. We will also make a realistic budget for the total
preparation of this project.
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3.1 Gantt Diagram

February March April May June July

WEEKS: 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

1 Libraries in Python — 100% complete
1.1 Library for Anritsu Machine _ 100% complete

FINISH-TO-FINISH
1.2 Library for Agilent Machine _ 100% complete

FINISH—TO—STARTl

2 Python QT GUI Development — 100% complete

2.1 Hibrid Multilanguage - 100% complete

1

1

1

‘ 1

START-TO-START 1
2.2 Responsive - 100% complete FINISH-TQ‘)-FINISH

1

1

1

1

1

1

FINISH-TO-START ‘

2.3 Multithreading _ 100% completg

Y

3 BLAS simulation with API 100% complete
1

4 EPICS 100% :complete

FINISH-T®-START
1

START-TO-START

5 Testing Project 100% complete
1

- 100% complete

TODAY

6 DOCUMENTATION
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3.2 Budget

This section will analyse the investment made in terms of costs of material and manpower that has been
required in order to perform this master’s thesis. This estimation should give an idea of how much it could
cost to carry out the same project in an actual engineering company.

For each individual item in the budget, the price of the goods before taxes has been considered. In
addition, they have been rounded to the nearest ten. Moreover, manpower has been calculated based on
average salary for a junior computer engineer in Granada.

Thesis Total Budget

Ttem Total cost [€]
Raspberry Pi LCD Touch Screen 7" 75
Anritsu MS2830A machine 28.000
Agilent N9020A machine 14.250
BLAS non-commercial prototype 30.000
Switch (24 ports) 600
Ethernet cable 300
3 month junior informatic salary 3.500
used monitors and towers 1.000
BUDGET 77.725

Table 3.1 — GranaSAT — Budget expenses for Thesis
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System description and design

4.1 System overview

// B T
= N Agilent N9020A

INTERNET < IP: 192.168.1.200

)
4

Ve 4\\’/ - \\\

Anritsu MS2830A

IP: 192.168.1.139

L

Switch 24 ports

/ SSPA drawer

Resonance Cavity

GUI
EPICS Client N
(Raspbian) EPICS Client
(Windows)
IP: 192.168.1.134
IP: 192.168.1.245

Figure 4.1 — System overview
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(Linux)
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=== Input Signal Flow
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4.1.1 System Components

In the previous image (4.1) we can see the distribution of our system as a whole. As we can see, our
system is interconnected by Ethernet cables or RF cables, and consists of the following elements:

o Agilent N9020A machine (2.12): Tt contains the spectrum analyzer mode, which we will use to study
and monitor different signals.

o Anritsu MS28030A machine (2.12): It contains the spectrum analyzer mode and the signal generator
mode, which we will use respectively to study and monitor different signals and generate RF signals.

e BLAS: It is a prototype designed for learning in the area of particle accelerators and RF amplifiers,
currently not marketable, which is composed of the SSPA drawer and the resonance cavity.

— SSPA drawer: Here the initial signal introduced by the Anritsu MS2830A machine (in signal
generator mode) will be amplified, so that once amplified, said signal is conducted to the resonance
cavity through an RF cable. It can be monitored by input and output signals (2.4).

— Resonance cavity: Here the amplified RF signal in the SSPA drawer circulates in a circular
direction creating an electric field perpendicular to the magnetic field.

e port-24 Switch: It allows the creation of a sub-network that interconnects and allows all devices in the
sub-network to communicate with each other remotely via Ethernet.

o Devices (computers and raspberry tablet): The computer with the Linux operating system has EPICS
installed and will be from where we launch our IOC. All the devices have the developed GUI installed
to be able to control and monitor the system.
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4.1.2 System Behaviour

The general behavior of the system is described below in steps:

4.1.2.1 First step
Through the GUI developed using the Python library (D) (2.2) created to manage the Anritsu MS2830A

machine, we modify at will the outgoing power created by the machine in signal generator mode, which will
be directed to the SSPA drawer.

4.1.2.2 Second step

The RF signal coming into the SSPA drawer is amplified by the two amplifiers it contains.

4.1.2.3 Third step

Once the RF signal has been amplified by the SSPA drawer, we can monitor said signal with our GUI
using the Python library (C) created to manage the Agilent N9020A machine in spectrum analyzer mode
(being able to view the signal itself in our GUI).

4.1.2.4 Fourth step

Simultaneously, while analyzing the outgoing amplified signal with our developed GUI, said RF signal is
directed to the resonance cavity, where said circular magnetic field generates an electric field perpendicular
to it (this is due to the right hand rule).

* Electric
Field

Magnetic
Field

(a) Mazwell’s Right Hand Rule (b) Resonance Cavity Functioning
(corkscrew Tule) [10]
Figure 4.2 — Resonance Cavity Explanation

This generated electric field is the cause of accelerating the positive ions through the small hole located
in the central part of the resonance cavity.
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4.1.2.5 Fifth step

Finally, with the magnetic field running through the resonance cavity, we make measurements monitoring
said signal or magnetic field through our GUI, using the library created in Python (D) to control the Anritsu
MS2830A machine in spectrum analyzer mode.

41.2.6 BLASI/0

The idea to handle this was shown in the next section: 2.23

4.1.2.7 EPICS Background Functioning

EPICS Server (I0C)
(Linux)

+“—>

Changes and

IP: 192.168.1.100

Requests on EPICS
10C records

information

1

GUI

EPICS Client N
(Raspbian) EPICS Client
(Windows)

IP: 192.168.1.134
IP: 192.168.1.245

Figure 4.3 — EPICS (2.1) Flow

The main idea is that all the GUIs of the system devices are connected to the IOC of the EPICS (2.1)
server (installed on the computer with Linux as the operating system), in such a way that when there is a
change in the values of any of the GUIs, these changes in said GUI modify the records of the IOC of our
EPICS (2.1) server, and that eventually these changes in the IOC records of our EPICS (2.1) server
propagate to the rest of the GUIs of the other devices.

With all the above, I intend that the entire system developed as a whole be updated in real time and that
said information can be accessed from any part of the subnet.

Design and implementation of a GUI to manage a particle accelerator module



38 Chapter 4. System description and design

4.2 System setup problems

4.2.1 Agilent DHCP Problem

Checking the connection of the system devices to the subnet, I realized that the Agilent N9020A
machine did not have the DHCP service active, so it could not connect to our subnet and consequently
could not obtain an IP from it:

Figure 4.4 — DHCP Problem
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However, the only way to configure the DHCP service is with administrator permissions, so we would
have to restart the computer in administrator mode.

Luckily, the username and password of the machine to be able to access in administrator mode are the
ones that come by default from the factory: Password for Agilent N9020A machine in administrator mode

Log On to Windows

| Microsoft:

Windows
¥ .. Professional

Uiser name: Administrator

o p———)

Figure 4.5 — Login Administrator Mode
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Once we are as administrators in the system, we activate the DHCP service:

icreseft Windows XP [Uersion 5.1.2608081
KC> Copyright 1985-2081 Microsoft Corp.

\Decuments and i;::ings\lnstrunent)netsh int ip set address name="Local frea
)

ction™ source

SDocunents and Settings\Instrument>ipconfig /all
indows IP Configuration
A-N9820A-008673
T -
VINS Proxy Enable No
hermet adapter Local Area Connection:

Connect ion—specific DN8 Suffix
Poosription o o o o+ s 0 0 2 s » Broadcom NetLink (TM) Gigabit Ethern

088-88-58-4F-24-A4
Yes

Figure 4.6 — Enabling DHCP service

Obtaining an IP within our subnet, and thus, being able to connect to that machine remotely via
Ethernet:

Fe ER Vew Fooes Toos Advanced Heb

B
‘m

P
oy

Figure 4.7 — DHCP Problem Solved
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4.3 Python Libraries Development

As we have seen in the chapter "Background study", specifically in the section "Python Libraries via
Ethernet", we are going to use the PyVISA Python package to write and query SCPI commands to the
Agilent N9020A (2.12) and Anritsu MS2830A (2.12) machines, since these machines only understand these
SCPI commands if we want to communicate with them remotely.

4.3.1 Anritsu MS2830A Python Library

Making use of the programming manual [6] of said machine (2.12) through SCPI commands, I have
created the following library in Python capable of handling the signal generator and the spectrum analyzer
in the same: Library Code in Python to communicate with Anritsu MS2830A machine

This library in Python is pretty well commented, so any doubt that may arise from it should be
resolved with the comments made on the code.

4.3.2 Agilent N9020A Python Library

Making use of the programming manual [1] of said machine (2.12) through SCPI commands, I have
created the following library in Python capable of handling the spectrum analyzer in the same: Library
Code in Python to communicate with Agilent N9020A machine

This library in Python is pretty well commented, so any doubt that may arise from it should be resolved
with the comments made on the code.
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4.4 GUTI’s Development with PyQT

With the knowledge acquired in the section "Python QT", I have developed a GUI with all the
requirements (1.4) defined at the beginning of the project.

Due to the great extension that the final version of the development of said GUI supposes (more than
2400 lines of code), I am going to explain small sectors of code to be able to understand this project or part
of this project.

These instructions will allow you to get a working copy of the project on your local machine for
development and testing purposes: GUI’s Installation and Deployment

The entire code of my Bachelor’s Thesis can be found here => Salvador Bachelor’s Thesis

4.4.1 Multilanguage GUI Development

With the idea in mind that we saw in the section "Proposal => Why not?", I have created a hybrid
translation system that translates all the text of the GUI when changing languages.
It translates both the text and the ToolTips of the widgets, as well as the messages of the warning
windows.

# Lists where we will store the widgets and their respective
ToolTips so that we can attribute them quickly and not one by one

# This will allow the scalability of the GUI to be greater
3 self.toolTipsObjects = [self.comboBox, self.comboBox 2, self.
checkBox, self.radioButton, self.radioButton 2,self.pushButton, self
.pushButton_ 2, self.pushButton_3,self.pushButton_4,self.checkBox_2,
self.checkBox 3, self.comboBox 3,self.checkBox 4,self.radioButton_ 3,
self .pushButton_5,self.pushButton_6, self.pushButton_7]

self . toolTips = ["It changes the language of the GUI","It
changes the language of the GUI","It connects and disconnect from
the machine","It turns on generator mode","It turns on spectrum
mode" "It plots machine's data in an image","It sends Generator's
data to the machine","It sends Spectrum's data to the machine","It
plots machine's data between 100 MHz to 1.5 GHz in an image","turn
on and off the Generator"',"It connects and disconnect from BLAS" '
It changes the language of the GUI'","It connects and disconnect
from the machine","It turns on spectrum mode","It sends Spectrum's
data to the machine","It plots machine's data in an image", "It
plots machine's data between 100 MHz to 1.5 GHz in an image"]

6 # We store the widgets (labels, buttons and radioButtons)
from which we will take their text and thus be able to translate
them quickly

self.allLabels =[self.label_ 2, self.label_4,self.label_5, self
.label 6 ,self.label 7 ,self.label 8,6 self.label 9,self.label 10, self.
label 11 ,self.label 12 self.label 13, self.label 14 self.label 17,
self .label 24 ,self.label 25 ,self.label 27, self.label 28, self.
label 29 ,self.label 30, self.label 31 ,self.label 32, self.label 33,
self.label_35]

Salvador Jestis Megias Andreu


https://github.com/salvadorJMA/TFG-Design-and-implementation-of-a-GUI-to-manage-a-particle-accelerator-module

4.4. GUI’s Development with PyQT 43

self.allPushButtons= [self.pushButton, self.pushButton_ 2, self

.pushButton_ 3, self.pushButton_ 4, self.pushButton_5,self.pushButton_6
,self.pushButton_ 7]

9 self.allRadioButtons = [self.radioButton ,self.radioButton_2,
self .radioButton_ 3]

Listado 4.1 — Lists and objects used for translation

I have decided to put all the texts, tooltips and messages for popup warning windows in lists, as well as
all the widgets to assign all these texts to.
This is done to be able to assign said texts, whether in English or translated into Spanish, to the widgets in
loops more quickly.

lef getCompleteText(self):

text = []

for i in self.alllLabels:
text.append(i.text()

for i in self.allPushButtons:
text.append(i.text())

for i in self.allRadioButtons:
text.append(i.text())

return text

=f setCompleteText(self, traduccion):
trad = traduccion.copy()

for i in self.allL
tText(trad[e]
trad.pop(@)

for i in self.allPushButtons:
i.setText(trad
trad.pop(@)

for i in self.allRadioButtons:
i.setT
trad.pop(@

Figure 4.8 — Functions to get text from GUI’s widgets and put text to GUI’s widgets

With those functions I can collect all the texts of the widgets that interest me and are in the lists
previously shown and also assign new text to said widgets with the translation that can be carried out.
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=f idComb¢ 1(self):
ComboBox = 1

f.comboBox)

2(self):

ComboBox = 2

self.traduce(self.comboBox_3)

Figure 4.9 — Set the id of the ComboBozx from where the translation action was requested

Because we have 3 comboBox (widgets) in the GUI from where we can change the language of the
entire GUI, I have created these functions to set the id of the comboBox from which the request to
translate the GUI is being launched, and then call the "traduce" function, passing the id as an attribute.

) [
English W e :
e g9 A Spanish e
(a) comboBoz in English (b) comboBoz in Spanish

Figure 4.10 — GUI’s comboBox before and after translation

Salvador Jests Megias Andreu



4.4. GUI’s Development with PyQT 45

Finally, we are going to see "traduce" function. This function ensures that, if there is internet, the
translation is done online, and if there is no internet, it is done offline.
In addition to that, it is in charge of keeping the 3 comboBoxes of the GUI coordinated together with the
images of the corresponding flags, and finally it is in charge of displaying in the GUI all the translated text
along all the widgets whose text has been translated:

# Function that translates all the text of the GUI widgets (
including Tooltips and warning popup messages)
def traduce(self ,comboBox) :
traduccion =]
tooltips =]]

# If Spanish has been selected in the comboBox passed as
atribute to the function
if comboBox.currentIndex () = 1:# Let's do the translation into
Spanish :
9 # If we have internet, the translation will be done with the
Google translator
self . traducedMessagesWindows. clear ()

try:

12

translator = Translator ()
15 # the text of the GUI widgets is translated

for i in self.text:

translation = translator.translate (i, dest="es")

18 traduccion .append (translation.text)

# ToolTips are translated
21 for i in self.toolTips:

translation = translator.translate (i, dest="es")
tooltips.append(translation.text)

24
# warning popup messages are translated

for i in self.messagesWindows:

27 translation = translator.translate (i, dest="es")
self . traducedMessagesWindows .append (translation . text

30

33 # If not, it will be done offline with argosmodel
except:

36
from argostranslate import package, translate

30 package.install from_ path('./language/en_ es.argosmodel')
# Address where the dictionary file is located (IMPORTANT)
installed_languages = translate.get_installed_ languages
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42

45

48

51

54

57

60

63

66

69

72

75

78

# installed languages [0] = inglés
# installed__languages|[1] = espanol

translation_en_es = installed_languages [0].
get_translation (installed_ languages[1])

# the text of the GUI widgets is translated
for i in self.text:
translate=translation_en_es.translate (i) # we
collect the result of the translation
traduccion .append (translate)

# ToolTips are translated
for i in self.toolTips:
translate=translation_en_es.translate(i) # we
collect the result of the translation
tooltips.append(translate)

# warning popup messages are translated
for i in self.messagesWindows:
translate=translation_ en_es.translate(i) # we
collect the result of the translation
self.traducedMessagesWindows.append (translate)

# Because comboBox widgets react to "currentIndexChanged"
signals

# To keep the 3 GUI comboBoxes coordinated , we must block
the signals of the other 2 comboBoxes (in order to modify the index
of the other 2 comboBoxes)

# while modifying the index of the comboBox we are changing.
If we don't do it like this,

# the functions to which the other 2 comboBoxes are
connected will be executed, making the translation process
redundant and very slow.

# If the index of the comboBox that has been modified is 1,
the signals of the other 2 comboBoxes (2 and 3) are blocked,

# then the indexes of these comboBoxes are modified and then
the signals of these 2 comboBoxes are activated again to continue
to be pending the signals to changes.

if self.indexComboBox = 1:

self.comboBox_ 2.blockSignals (True)
self .comboBox_3.blockSignals (True)

self.comboBox_2.setCurrentIndex (1)
self.comboBox_3.setCurrentIndex (1)

self .comboBox_2.blockSignals (False)
self .comboBox_3.blockSignals (False)

Salvador Jests Megias Andreu



4.4. GUI’s Development with PyQT 47

81

84

87

90

93

96

99

102

105

108

111

114

117

# If the index of the comboBox that has been modified is 2,
the signals of the other 2 comboBoxes (1 and 3) are blocked,

# then the indexes of these comboBoxes are modified and then
the signals of these 2 comboBoxes are activated again to continue
to be pending the signals to changes.

elif self.indexComboBox = 2:

self.comboBox. blockSignals (True)
self.comboBox_3.blockSignals (True)

self .comboBox.setCurrentIndex (1)
self.comboBox_3.setCurrentIndex (1)

self .comboBox. blockSignals (False)
self.comboBox_3.blockSignals (False)

# If the index of the comboBox that has been modified is 3,
the signals of the other 2 comboBoxes (1 and 2) are blocked,

# then the indexes of these comboBoxes are modified and then
the signals of these 2 comboBoxes are activated again to continue
to be pending the signals to changes.

else:

self.comboBox. blockSignals (True)
self.comboBox_ 2.blockSignals (True)

self.comboBox.setCurrentIndex (1)
self.comboBox_2.setCurrentIndex (1)

self.comboBox. blockSignals (False)
self.comboBox_ 2.blockSignals (False)

# finally we change the flags that are located in front of
the comboBox widgets for Spanish flags

self.label.setPixmap (QtGui.QPixmap('./images/spanish.png'))

self .label 23 .setPixmap (QtGui.QPixmap('./images/spanish.png'

))
))

self.label_34.setPixmap (QtGui.QPixmap('./images/spanish.png'

# Executing these functions, all texts, Tooltips and warning
popup messages will be changed to Spanish in the GUI.

self . setCompleteText (traduccion)

self.setToolTips(tooltips)

# 1If Eglish has been selected in the comboBox passed as atribute
to the function
else:

# If the index of the comboBox that has been modified is 1,
the signals of the other 2 comboBoxes (2 and 3) are blocked,

# then the indexes of these comboBoxes are modified and then
the signals of these 2 comboBoxes are activated again to continue
to be pending the signals to changes.
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120

129

132

135

141

144

147

150

156

159

if self.indexComboBox = 1:
self.comboBox_2.blockSignals (True)
self.comboBox_3.blockSignals (True)

self .comboBox_2.setCurrentIndex (0)
self .comboBox_3.setCurrentIndex (0)

self.comboBox_ 2.blockSignals (False)
self .comboBox_3.blockSignals (False)

# If the index of the comboBox that has been modified is 2,
the signals of the other 2 comboBoxes (1 and 3) are blocked,

# then the indexes of these comboBoxes are modified and then
the signals of these 2 comboBoxes are activated again to continue
to be pending the signals to changes.

elif self.indexComboBox =— 2:

self .comboBox. blockSignals (True)
self.comboBox_3.blockSignals (True)

self .comboBox.setCurrentIndex (0)
self .comboBox_3.setCurrentIndex (0)

self .comboBox. blockSignals (False)
self.comboBox_3.blockSignals (False)

# If the index of the comboBox that has been modified is 3,
the signals of the other 2 comboBoxes (1 and 2) are blocked,

# then the indexes of these comboBoxes are modified and then
the signals of these 2 comboBoxes are activated again to continue
to be pending the signals to changes.

else:

self.comboBox. blockSignals (True)
self .comboBox_2.blockSignals (True)

self .comboBox.setCurrentIndex (0)
self.comboBox_2.setCurrentIndex (0)

self .comboBox. blockSignals (False)
self.comboBox_2.blockSignals (False)

# finally we change the flags that are located in front of
the comboBox widgets for British flags

self.label.setPixmap (QtGui.QPixmap('./images/uk.png"'))

self .label 23 .setPixmap (QtGui.QPixmap('./images/uk.png'))

self.label_34.setPixmap (QtGui.QPixmap('./images/uk.png'))

# Executing these functions, all texts, Tooltips and warning
popup messages will be changed to English in the GUI.

self.setCompleteText (self.text)

self .setToolTips(self.toolTips)

Listado 4.2 — "traduce” function (main function for GUIS’s translation)
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4.4.2 MultiThreading GUI Development

With the idea in mind that we saw in the section "MultiThreading in PyQt", I have created different
classes and functions to handle different tasks for Anritsu (2.12), Agilent (2.12), BLAS and EPICS that
require multithreading to prevent the GUI from freezing.

In this section I will explain the development of Multithreading for Agilent, to get an idea of how it works.

any_signal =

init_ (self, pare >, agilent=None):
hrea rile self).  init (parent)

is_running :
1f.agilent = agilent

.agilent.getMaxFreqPower()
sleep(@.01)
i .emit{power)

-is_running = False

self.terminate()

Figure 4.11 — Class for Multithreading management in Agilent

As we can see in this class, we import the object of the agilent class to be able to use its functions, and
what I do is that when the thread (object of this class) is created and launched, the maximum power is
calculated at that moment via the "getMaxFreqPower()" function of the Agilent class and is emitted as a
signal, performing this task in an infinite loop every 30 seconds.
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f startAgilent(self):
1f.threadAgilent nt(parent=None, agilent=self.agilent)
1f.threadAgilent.start()

.any_signal.connect(self.plotMaxFreqPowerTimeAgilent)

opﬁgilenﬂfself};
self.threadAgilent.stop()

Figure 4.12 — Functions for Multithreading management in Agilent

These are the functions with which we handle the previously seen class, these functions are defined within
the class of the GUI itself. As we can see, what is done is to create an object of the previous class and we
pass the object of the Agilent class as an argument and then we start the thread, and finally we tell it that
any signal (a float with the maximum power at each instant in our case) to be issued must be redirected to
the "plotMaxFreqPowerTimeAgilent" function as an argument.
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# Function that plots the image of the monitoring of the maximum
power in time (every 30 seconds)

# It receives the parameter of the power from the thread that is
performing said measurement in the background

def plotMaxFreqPowerTimeAgilent (self ,power):

# we modify the list of units measured so far in time (each unit
of measurement represents 30 seconds)

self .maxFreqTimeAgilent.append(self.numeroAgilent)

self .numeroAgilent += 1

# we modify the list of powers measured so far in time we modify
the list of units measured so far adding the power measured at
that instant to the end of the list

self . maxPowerTimeAgilent . append ( power)

# and we show in real time the maximum power at that moment and
the frequency where said power is located in the following labels
maxfreq=self.agilent . maxfreq

self.label 39.setText (str (maxfreq)+"MHz")

self . label 40.setText(str (power) + "dBm")

# we create an image with the information previously collected
in lists (as we saw before)

plot . clf ()
# Label for x—axis
plot.xlabel ("Time Progress (each unit is 30 seconds)")

# Label for y—axis
plot . ylabel ("Maximum power (dBm)")

# title of the plot
plot.title ("Monitoring maximun power value progress')

# we mark the points on the graph
plot2.scatter (self.maxFreqTimeAgilent , self.maxPowerTimeAgilent)

#1 generate the image with the units of time and the powers
offered by the machine

plot.plot(self.maxFreqTimeAgilent, self.maxPowerTimeAgilent)

plot.savefig('./images/graphAgilentTimeMax.jpg') # Relative
address where you want the created image to be saved

#plot .show ()

# If we are connected to EPICS server (to EPICS IOC)
if self.EPICS connected:
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46

49

52

# we modify the registers with the lists of the samples
taken (units of time and list of maximum frequencies over time)

self.Agilent_ SA_unitsTime.put(self.maxFreqTimeAgilent)

self.Agilent_ SA_MaximumPowers. put ( self . maxPowerTimeAgilent)

# And plot it into the graphicsView widget

self .
self .
self .
self .

scene = QtWidgets. QGraphicsScene ()

pixmap = QtGui.QPixmap("./images/graphAgilentTimeMax.jpg")
scene .addPixmap (self . pixmap)

graphicsView_ 4 .setScene(self.scene)

Listado 4.3 — function "plotMazFreqPowerTimeAgilent”

In this function, what I basically do is that I collect the signals that it is receiving (the maximum
powers) and I save them in a list to later create a graph with them and plot it on the screen in the GUIL.

Example of "plotMaxFreqPowerTimeAgilent" function output:

Figure 4.13 — Ezample of the result of Multithreading in the GUI
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4.4.3 GUI parts

As we saw in the "Responsive GUI" section, I have designed and developed the GUI in several parts
using a Tab, among these parts is the section of the GUI that controls the Anritsu machine (2.12) (both
the signal generator mode and the spectrum analyzer), also the section of the GUI that controls the
Agilent machine (2.12) (the spectrum analyzer mode) and the section that monitors the BLAS input and
output signals (2.23) simulated by the developed API:

W TFG_SALVADOR

Anritsu MS2830A  Anritsu Agilent MXA N9020A BLAS

Agilent

Generator power (dBm) Frequency

L

A
N
&
N

Figure 4.14 — Tab parts in GUI

Now we are going to see the part of the constructor of the main class of the GUI where the connections
of the functions developed for the control of the GUI with the different widgets that make up the GUI are
declared through signals (it is event-driven programming):

elf.idComboBox1
:self.conectarAnritsu())
1f.setGenerator
:self.setSpectrum())
elf.setParamsGenerator())
elf.setParamsSpectrumAnritsu()
.plotImageAnritsu())
self.plotLargeSpectrumAnritsu(

.currentIndexChanged.connect(la
x.clicked.connect(l
.radioButton.clicked.connec
.radioButton_2.clicked.connect(la
.pushButton_2.clicked. connect(1lamt
.pushButton_3.clicked.connect(

.pushButton.clicked.connect(la

.pushButton_4.clicked. connect(lamk

.checkBox_2.clicked.connect(la

.doubleSpinBox.valueChanged. connect(lz
.spinBox.valueChanged. connect(lambd

.connectBlas())

.checkBox_3.clicked.connect(lambda:self
ect(la elf.idComboBox

.comboBox_2.currentIndexChanged. conn

.pushButton_6.clicked. connect(la
.spinBox_2.valueChanged.connec
.radioButton_3.cl .connect(]l
.pushButton_5.clicked. connect(
.checkBox_4.cl connect(lamt
.pushButton_7.clicked.connect(la

.comboBox_3. currentIndexChanged. connect(la

Figure 4.15 — Connect widgets to functions using signals

elf.plotImageAgilent(
:self.moveSpinBoxAgilent
1f.setSpectrumAgilent
elf.setParamsSpectrumAgilent(
arfgilen
rgesp gile
elf.idComboBox3(

-conec

elf.plot
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4.4.3.1 GUI development for Anritsu

& TFG_SALVADOR - [u] b3

Anritsu MS2830A  Anritsu  Agilent MXA N9O20A  Agilent  BLAS

_—
EfE mgen v

Generator power (dBm) Frequency

5
\

i1 0@
( Generator (m] @ Send
S
0,00 ~
© spectrum Send
Initial Frequency Reference Level (dBm) Final Frequency
=
0 -
Maximum Frequency: Maximum Power from Spectrum :
Plot Image
(a) Part 1 for Anritsu in GUI
B TFG_SALVADOR - o X

Anritsu MS2830A  Anritsu  Agilent MXANOD20A  Agilent  BLAS

Progress in time of maximum frequency

Harmonics between 100 MHz and 1.5 GHz

Plot Image

THD=

(b) Part 2 for Anritsu in GUI
Figure 4.16 — part of the GUI developed for the control and management of the Anritsu machine

In this part, what has been done is to develop functions that in turn call the functions developed in the
library that we have created to remotely control the Anritsu MS2830A machine (D), and that are capable
of collecting information from the GUI widgets and modifying the state of the GUI widgets accordingly.
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An example of this could be the following function, which collects the values of the widgets related to
the Anritsu generator in the GUI and sends them to the machine, modifying its parameters remotely (if
the signal generator mode is not selected, a warning window will appear notifying it to you in the language
selected, this has been done in all functions to make the GUT as robust as possible to failures).

And if we are connected to the EPICS IOC, the values of the registers are modified.

f setParamsGenerator(self):

if self.radioButton.i ked():

self.anritsu.setParamsGenerator(self.doubleSpinBox.value(),i
if self.EPICS connected:
SG_Power.put(self.doubleSpinBo

self.Anritsu_SG_Frequency.put(int(self.dial

self.Anritsu_SomeValueChanged.put(1)

currentInd
f.traducedMess sWindows[8],self.traducedMessagesiindows[3])

elf.messagesWindows[8],self.messagesWindows[

Figure 4.17 — Example of function developed for Anritsu in the GUI
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Frequency

v

Fail 0

(a) Gauge type 1 (b) Gauge type 2
Figure 4.18 — Gauges used in the GUI

The dials or Gauges used in the GUI [11] have not been developed by me, I have only made use of them,
modifying them slightly to make my GUI as modern as possible.
The real author of these Gauges is Stefan Holstein.
The code for it can be found at the following link: Stefan Holstein Code (@KhamisiKibet)

Salvador Jests Megias Andreu


https://github.com/KhamisiKibet/QT-PyQt-PySide-Custom-Widgets/blob/main/Custom_Widgets/AnalogGaugeWidget.py

4.4. GUI’s Development with PyQT 57

4.4.3.2 (THD) Total Harmonic Distortion

In the second image of (4.16), We can see the section for harmonics between 100 MHz and 1.5 GHz (This
part is developed in Anritsu and Agilent):

Harmonics between 100 MHz and 1.5 GHz

Plot Image
THD=
Figure 4.19 — harmonics part in GUI
Here we know a relevant concept, the THD [18], which is a useful technique to analyze any non-linear

behavior of a system.

= time t

amplitude

f,

magnitude

f? rg f.
9 f, f
l A A A A io A

frequency / Hz
Figure 4.20 — THD concept

Making use of the following formulas (both are actually the same) we can calculate the THD:

TUD — 3" Potencia de los armonicos _ Po+ P4+ P+ P+ 4Py
Potencia de la frecuencia fundamental P

Figure 4.21 — THD formula in spanish

THD(w) = Zne2 Vi ()

100 4.4.1
Vi % (4.4.1)
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Basically we have to find throughout the entire signal (from 100 MHz to 1.5 GHz in our case) all the
Harmonics of it.
Once we have found all the harmonics, we must pass them from dBm to W and apply the formula seen
above.

For this we will use the following functions developed:

:f convertDbmToW(self,datos):

datosi=[]
datosMu=[]

for 1 in daf051
datosMW.append (1« 16**(if14)))

for 1 in datosMW:
datosW. append(flo

~n datosW

=f calculateTHD(self,datos):
return float(sum(datos)/max(datos))

Figure 4.22 — Functions in python to calculate the THD

Giving as a final result in the GUI if we press the "Plot Image" button the following:

#eE> Q=

Output of Spectrum Analyzer

E
£
B
H
£

TDH= 1.0000191161310874

200 400 600 800 1000 1200 1400
Frequency (MHZ)

Figure 4.23 — THD ezecuting
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4.4.3.3 GUI development for Agilent

| @ TFG_SALVADOR - =] X

Anritsu MS2830A  Anritsu  Agilent MXANO020A  Agilent  BLAS

Frecuendia inicial Nivel de referencia (dBm) Frecuendia final

I
[

e p—

Frecuencia maxima:

Imagen de la trama

Potencia méxima del espectro:

(a) Part 1 for Agilent in GUI

B TFG_SALVADOR - =] X
Anritsu M§2830A  Anritsu  Agilent MXANOD20A  Agilent  BLAS

Avance en tiempo de mixima frecuencia

Arménicos entre 100 MHzy 1,5 GHz

Imagen de la trama

THD=

(b) Part 2 for Agilent in GUI
Figure 4.24 — part of the GUI developed for the control and management of the Agilent machine

In this part, what has been done is to develop functions that in turn call the functions developed in the
library that we have created to remotely control the Agilent N9020A machine (C), and that are capable of
collecting information from the GUI widgets and modifying the state of the GUI widgets accordingly.
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An example of this could be the following function, which selects the spectrum analyzer mode of the
Agilent machine remotely (if we are not connected to the Agilent machine, a warning window will appear
notifying it to you in the language selected, this has been done in all functions to make the GUI as robust
as possible to failures).

And if we are connected to the EPICS IOC, the value of the register related to the instrument choosed
in Agilent machine is modified.

etSpectrumAgilent(self):

if self.conectadoAgilent:

self.agilent.setSpectrum()

if self.EPICS connected:
self.Agilent_Instrument_Choosed.put(

self.Agilent_SomeValueChanged.put(1)

self.radioButton

self.radioButton 3.

Figure 4.25 — Example of function developed for Agilent in the GUI
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4.4.3.4 GUI development for BLAS Simulation

BLAS

| & TFG_SALVADOR
|
Anritsu M52830A  Anritsu  Agilent MXA N9D20A  Agilent

Conectar E
N

Se conecta y desconecta de BLAS

VSEL 1

i,

VSEL 0

O -
OOC 0”5 Panel de conexiones ilock

Figure 4.26 — part of the GUI-;i_e‘veloped for BLAS Simulation
Part of the development regarding the BLAS in the GUI is explained here: API Development.

Now, we will see the main function associated with BLAS in the GUI:

3
# Function that receives the information (monitored by the created
thread) of the simulated BLAS input and output signals through an

information
so we show

APT.
def setBlas(self ,datos):
list that we

of the
it has not connected with the API,

receive with the

# If the length
is 0, it means that

a warning popup
— 1:

if len(datos)==0:
if self.comboBox.currentIndex () =

9
QtWidgets . QMessageBox . warning (None, self .
traducedMessagesWindows [0] , self . traducedMessagesWindows [5])

else:
QtWidgets . QMessageBox . warning (None, self . messagesWindows

12
[0], self.messagesWindows [5])
# we stop the thread that should be monitoring the API
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15

18

21

24

27

30

33

36

39

42

45

48

51

54

57

60

self.stopBlas ()
# we uncheck the checkBox
self.checkBox_3.setChecked (False)

# and we change the icon back to OFF
self.checkBox_3.setIcon (QtGui.QIcon("./images/switch—off.png

"))

# if we have successfully connected to the API and received
information
else:

# we transform the received information to the corresponding
data types

temp = float (datos[0])
#flujo = float (datos[1])
ilockFlow= float (datos[2])
failo= float (datos[3])
faill= float (datos[4])
pd_mi= float (datos[5])
ilockPatchPanel=float (datos [6])

vsel0 = float (datos|[7])

vsell = float (datos[8])

# and we send this information to the GUI by modifying the
value and state of the GUI widgets

self.progressBar.setValue (int (float (datos[0])))
self.label_3.setText(str(datos[0])+" Celsius Degrees")
self.progressBar_2.setValue(int (float (datos[1])))
self.label 16.setText (str(datos[1])+"1/s")
self.dial_4.updateValue (ilockFlow)
self.dial_5.updateValue(fail0)
self.dial_6.updateValue(faill)

self.dial 7.updateValue(pd mi)
self.dial_10.updateValue (ilockPatchPanel)
self.dial_9.updateValue(vsel0)
self.dial_8.updateValue(vsell)

# If we are connected to EPICS server (to EPICS I0C)
if self.EPICS_ connected:

# # we modify the registers referring to the values
offered by the BLAS API

self .BLAS_ waterTemperature. put (temp)

self .BLAS_waterFlow.put(float (datos[1]))

self .BLAS_TlockFlow.put (ilockFlow)

self .BLAS_Fail0.put(fail0)

self .BLAS_Faill.put(faill)

self .BLAS PD_MI. put (pd_mi)

self .BLAS TIlockPatchPanel.put(ilockPatchPanel)

self .BLAS_VSELO. put (vsel0)
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63 self .BLAS VSELL.put(vsell)

66

# HERE 1 DEFINE DIFFERENT SITUATIONS THAT MAY OCCUR
DEPENDING ON THE VALUES OF THE INFORMATION RECEIVED, SHOWING POP-UP
WARNING WINDOWS IF THERE IS ANY PROBLEM IN THE BLAS
69

if temp< 65 and ilockFlow=—= 12 and fail0==0 and faill==0 and
pd_mi==7.6 and ilockPatchPanel==12 and vsel0) >= 0 and vsel0 <=5
and vsell >= 0 and vsell <= 5:

self .lecdNumber_3.display (12)

72 self .lcdNumber_ 4. display (12)
self .lcdNumber 5. display (12)

75 elif temp< 65 and ilockFlow=— 12 and fail0==5 and faill==
and pd_mi==0 and ilockPatchPanel==0 and vsel0) >= 0 and vsel0 <=5
and vsell >= 0 and vsell <= 5:

self.ledNumber_3.display (12)

self .lcdNumber 4.display (0)

78 self .lecdNumber_5. display (12)
if self.comboBox.currentIndex () = 1:
81 QtWidgets . QMessageBox . warning (None, self .

traducedMessagesWindows [0] , self . traducedMessagesWindows [6])

else:

QtWidgets . QMessageBox . warning (None, self .
messagesWindows [0] , self . messagesWindows [6])
84
elif temp< 65 and ilockFlow=—= 0 and fail0==5 and faill==

and pd_mi==7.6 and ilockPatchPanel==12 and vsel0 >= 0 and vsel0 <=
5 and vsell >= 0 and vsell <= 5:

self.lecdNumber_3.display (12)
87 self .lcdNumber_4.display (12)
self.ledNumber_5. display (0)

90 if self.comboBox.currentIndex () = 1:
QtWidgets . QMessageBox . warning (None, self .
traducedMessagesWindows [0] , self . traducedMessagesWindows [7])
else:
93 QtWidgets . QMessageBox . warning (None, self .
messagesWindows [0] , self . messagesWindows [7])

elif temp< 65 and ilockFlow=—= 12 and fail0==5 and faill==5

and pd_mi==0 and ilockPatchPanel==12 and vsel0 >= 0 and vsel0 <= 5
and vsell >= 0 and vsell <= 5:
96 self.lecdNumber_3.display (12)
self.lecdNumber_4.display (12)
self .lecdNumber_5.display (12)
99
if self.comboBox.currentIndex () = 1:

QtWidgets . QMessageBox . warning (None, self .

Design and implementation of a GUI to manage a particle accelerator module



64 Chapter 4. System description and design

traducedMessagesWindows [0] , self . traducedMessagesWindows [8])
102 else:

QtWidgets . QMessageBox . warning (None, self .
messagesWindows [0] , self . messagesWindows [8])

105 elif temp > 65 and ilockFlow=—= 12 and fail0==0 and faill==
and pd_mi==7.6 and ilockPatchPanel==12 and vsel0 >= 0 and vsel0 <=
5 and vsell >= 0 and vsell <= 5:

self .lecdNumber_ 3. display (12)

self .ledNumber_4.display (12)

108 self .ledNumber_5. display (12)
if self.comboBox.currentIndex () = 1:
111 QtWidgets . QMessageBox . warning (None, self .

traducedMessagesWindows [0] , self . traducedMessagesWindows [9])
else:
QtWidgets . QMessageBox . warning (None, self .
messagesWindows [0] , self . messagesWindows [9])

Listado 4.4 — Function that receives the data from the API and modifies the state of the GUI widgets
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4.5 API Development

As we saw in the section "BLAS simulation with API", I have used the OpenAPI standard to develop
through the Python FastApi package, the API with which I will simulate the values offered by the BLAS
under normal conditions.

Code: API developed to simulate BLAS data under normal conditions.

o EPICS Informética © X | (@ Swagger Editor

C @ editorswaggerio

erseguridad

@ sweggerEditor  Fey Edte msety GenerateSeners Generate Client v

(ERGRT ISR R R ORRll TG Salvador Jesus Megias Andreu @ ¢

module is

ignal to m the direct power of the amplifier module default ~
esponds inal power of 2000W. In our case, with an input
4 be thought that more than 2000 are being obt. SS90 /getTemperature Retums BLAS temperature v
the amplifier.
PdMi_getPaMi_get
SN /getFlow Retums BLAS water flow i
o ful
a1 [ GE /getTlockFlow Returns BLAS Water flow control loop vl o
82
8
2 Indicates fault on pallet 0
2 ot v e . o o S /getraile Indicates fault on palie v
86
87 the information from the 5 switches. feeds th er Start input
end of this document, the BLA ol t : n see, in the S5 /getraill indicates fault on pallet 1 v
fety Interlock part, how the Ilock Patch Panel s: start
ignal with as long is a path with the that 12V of the 12v
nal to come back. ; e
e e etmiockrateneariigee /getPditi Retums a signal to measure the direct power of the amplffer module v
1 ful /getIlockPatchPanel This il supply 12V to the Driver Start signal as long as there is a path with the switches v
- S= /getvselo Second check bit >
3
7
& GE /getVsell First check bit %

sltage of the internal source of the amplifier modu

Successful se

Figure 4.27 — API defined with OpenAPI standard in Swagger "openapi.yaml"
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And T have developed a class that uses multithreading (4.4.2) to make requests to the API every 5
seconds, and the values of the widgets referring to the BLAS are updated:

# class that is responsible for creating the threads for managing
and monitoring the values offered by the API that simulates the
input and output signals of the BLAS

'S

class ThreadClassBlas (QtCore.QThread) :

T
# we define a signal that will handle a list (with the values of
the BLAS)
any_signal = QtCore.pyqtSignal (list)
10
# in the constructor we are going to define the addresses where
we can extract each of the BLAS values from the API
def __init__ (self , parent=None):
13 super (ThreadClassBlas, self).__ init__ (parent)
self.is_running = True
self.apiURL = "http://127.0.0.1:8000/"
16 self .temperature = self.apiURL + "getTemperature"

self.flow = self.apiURL 4+ "getFlow"

self .iLockFlow = self.apiURL + "getllockFlow"

19 self.fail0 = self.apiURL 4+ "getFailQ"

self.faill = self.apiURL + "getFaill"

self .PdMi = self.apiURL + "getPdMi"

22 self.ilockPatchPanel = self.apiURL + "getllockPatchPanel"
self.vsel0 = self.apiURL + "getVselQ"

self.vsell = self.apiURL 4+ "getVsell"

25

#

S g L) gy ) gy ) gy g g gy gy g gy ) g g g ) g g g g g ) ) ) ) g ) g g g g g ) g ) ) g ) g ) g g ) g g ) g ) g g ) ) ) ) g g g g g ) ) ) ) ) ) ) ) )

28 # Function that is responsible, through the Python REQUESTS
package, for taking the values directly from the API and saving
them in a list ,

# to finally emit said list through the signal defined at the
beginning of the class.

# all this is done indefinitely every 5 seconds
a1 def run(self):
while (True):

datosBlas =[]

34 try:
r = requests.get(self.temperature)
datosBlas.append(r.text)

37
r = requests.get(self.flow)
datosBlas.append(r. text)

40
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r = requests.get(self.iLockFlow)
datosBlas.append(r.text)
43
r = requests.get(self.fail0)
datosBlas.append(r.text)
46
r = requests.get(self.faill)
datosBlas.append(r.text)
49
r = requests.get(self .PdMi)
datosBlas.append(r.text)
52
r = requests.get(self.ilockPatchPanel)
datosBlas.append(r.text)
r = requests.get(self.vsel0)
datosBlas.append(r.text)
58
r = requests.get(self.vsell)
datosBlas.append(r.text)
61
64 time.sleep (0.01)
self.any_signal.emit(datosBlas)
time . sleep (5)
67
# in case of any failure , an empty list is issued
except:
70 self.any_signal.emit(datosBlas)
time . sleep (5)
73|
Ul L L L L Ll H L L
T rTrTT U T Tl 7 T eIl
# Function that is responsible for stopping the thread of the
class
76 def stop(self):
self.is_running = False
#print ('Stopping thread...', self.index)
79 self.terminate ()

Listado 4.5 — Class that handles BLAS Multithreading
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1f.threadBlas = Thre 31as(parent=Nc
1f.threadBlas. start()

self.threadBlas.any_signal.connect(self.setBlas)

st 15
self.threadBlas. stop()

Figure 4.28 — Functions that handle the class that handles BLAS Multithreading
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4.6 EPICS Development

With the knowledge acquired in the section EPICS Study, I have created an EPICS IOC that when
deployed on the EPICS server, will contain all the records (with a little description of each one) used in the
project and those records that may be useful or interesting to use in future versions of the project carried
out by other students in Granasat: Final EPICS IOC Records.

Once we have the EPICS server deploying the EPICS IOC seen above, we can make use of all the
EPICS IOC registers through Python, being able to modify or consult the register values from anywhere in
the subnet, which we are going to take advantage of to ensure that all the GUIs that are running from any
device from any point of the subnet are synchronized in real time by using the updated values of the
EPICS I0C registers.

From the GUI as soon as it is displayed, it tries to connect through Python to all the EPICS 10C
Records seen above, if it is successful, the variable "self. EPICS_connected" will be True and we can
continue to keep the GUI synchronized with EPICS, if not, the GUI will function normally as a single
individual out of sync with EPICS:

#Function that is responsible for connecting to all the PVs (process
variables), that is, to all the records of our EPICS I0C
3| def connectEPICS(self):

#try to connect to them
try:

o

# connects with the EPICS IOC records referring to the
Anritsu MS2830A machine in the GUI
9 self . Anritsu_SomeValueChanged = epics.PV('"Anritsu:
SomeValueChanged ')

self . Anritsu_ SPECT_ InitialFrequency = epics.PV('Anritsu:
SPECT_InitialFrequency ')
12 self . Anritsu_ SPECT_ FinalFrequency= epics .PV('Anritsu:
SPECT _FinalFrequency ')

self . Anritsu_ SPECT_ ReferenceLevel= epics .PV('Anritsu:
SPECT_ReferenceLevel ')

self . Anritsu_ SPECT_MaximumFrequency = epics .PV('Anritsu:
SPECT MaximumFrequency ')
15 self . Anritsu_ SPECT_MaximumPower = epics .PV('Anritsu:
SPECT _MaximumPower ')

self .Anritsu_ SPECT_THD = epics .PV('Anritsu:SPECT _THD')

self . Anritsu_ SPECT_ Frequencies = epics .PV('"Anritsu:
SPECT_ Frequencies ')
18 self.Anritsu_ SPECT_Powers = epics .PV('Anritsu:SPECT Powers')

self . Anritsu_ SPECT__unitsTime = epics .PV('Anritsu:
SPECT_unitsTime ")

self . Anritsu_ SPECT_ MaximumPowers = epics .PV('Anritsu:
SPECT_MaximumPowers ')
21 self . Anritsu_SG_Power = epics.PV('Anritsu:SG_Power')
self . Anritsu_SG_ Frequency = epics .PV('Anritsu:SG_Frequency')
self . Anritsu_SG_ State = epics.PV('Anritsu:SG_State')

Design and implementation of a GUI to manage a particle accelerator module




70 Chapter 4. System description and design

24 self . Anritsu_Instrument_Choosed = epics.PV('Anritsu:
Instrument_Choosed ")

27
# connects with the EPICS IOC records referring to the
Agilent N9020A machine in the GUI
self . Agilent_SomeValueChanged = epics.PV('Agilent:
SomeValueChanged ')
30
self . Agilent_InitialFrequency = epics.PV('"Agilent:
InitialFrequency ")
self . Agilent_FinalFrequency = epics .PV('Agilent:
FinalFrequency ')
33 self.Agilent__ReferenceLevel = epics.PV('Agilent:
ReferenceLevel ')
self.Agilent_ MaximumFrequency = epics.PV('"Agilent:
MaximumFrequency ")
self . Agilent_ MaximumPower = epics .PV('Agilent : MaximumPower ')
36 self.Agilent_ THD = epics .PV('Agilent:THD")
self.Agilent_SA_Frequencies = epics.PV('Agilent:
SA_Frequencies ')
self . Agilent_ SA_ Powers = epics .PV('Agilent:SA_ Powers')
39 self . Agilent_ SA_ unitsTime = epics .PV('Agilent:SA unitsTime')
self.Agilent_ SA_MaximumPowers = epics .PV('Agilent:
SA_ MaximumPowers ')
self.Agilent_Instrument_Choosed = epics.PV('Agilent:
Instrument_Choosed ')

42

# connects with the EPICS I0OC records referring to the BLAS
simulated values in the GUI

a5 self .BLAS_SomeValueChanged = epics .PV( 'BLAS: SomeValueChanged
")
self .BLAS_waterTemperature = epics .PV( 'BLAS: waterTemperature
!
)
a8 self .BLAS_waterFlow = epics .PV('BLAS: waterFlow ")
self .BLAS_TlockFlow = epics .PV('BLAS:IlockFlow ")
self .BLAS Fail0 = epics .PV('BLAS: Fail0 ")
51 self .BLAS_Faill = epics .PV('BLAS: Faill")
self .BLAS PD_MI = epics .PV('BLAS:PD_MI")
self .BLAS_TlockPatchPanel = epics .PV('BLAS: IlockPatchPanel ')
54 self .BLAS VSELO = epics .PV('BLAS:VSEL0O')
self .BLAS VSELl = epics .PV('BLAS:VSEL1")
self .BLAS 12V_DC = epics .PV('BLAS:12V_DC")
57 self .BLAS_DriverStart = epics.PV('BLAS: DriverStart ")
self .BLAS__AmplifierStart = epics .PV('BLAS: AmplifierStart ')

60 # we initialize the records that monitor changes in all
records to 0
# 0 = there are no changes in IOC records
# 1 = there are changes in IOC records
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63 self . Anritsu_SomeValueChanged . put (0)
self . Agilent_SomeValueChanged . put (0)
self .BLAS_SomeValueChanged . put (0)

66
# EPICS has been correctly connected
self . EPICS_ connected = True

69

# If those record has value None, it means that we have not
connected with the EPICS I0C
72 # so we generate an exception so that the code of the
exception is executed
if self.Anritsu_SomeValueChanged.value = None or self.
Agilent__SomeValueChanged . value = None:
raise
75
# if there are any exceptions or errors, nothing is done and the
GUI is run by itself , without connecting to any EPICS server. This
is done so that it can work anyway.
except:
78 self . EPICS_ connected = False

Listado 4.6 — Connecting from the GUI to EPICS I0C Records
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Once connected to EPICS, I have developed classes and functions that use Multithreading (4.4.2) to keep
the following registers monitored at all times:

e self.Anritsu_ SomeValueChanged

o self.Agilent_ SomeValueChanged

e self. BLAS_SomeValueChanged

ne, Agilent SomeValueChanged=None
nt, self)._ init_ (parent)

1f.Agilent_SomevalueChanged = Agilent SomeValueChanged

t(self.Agilent_SomeValueChanged.value) == 1:
recordAgilentChanged=1
self.any signal.emit(recordAgilentChanged)

f stop(self):
self.is_running

self.terminate()

Figure 4.29 — Class that controls Agilent Multithreading with EPICS

, Agilent_SomeValueChanged=self.Agilent_SomeValueChanged)

f.threadEPICS_Agilent.any_signal.connect(self.setEpicsAgilent)

stopEPICS_Agilent(self):
self.threadEPICS_Agilent.stop()

Figure 4.30 — Functions that handle the class that handles Agilent Multithreading with EPICS
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If, for example, the register self.Agilent_ SomeValueChanged changes to 1, it will mean that there have
been changes in the values of the registers referring to Agilent in the GUI (for example, the value of the
final frequency has changed), and therefore after this, the values of the registers referring to Agilent from
the EPICS IOC will be taken and they will be assumed as their own in the GUI in the part referring to
Agilent, thus ensuring that the GUI is always synchronized with EPICS (all this will be done by the thread
created through the class developed and assigned to this mission to prevent the GUI from freezing).

F setEpicsAgilent(self,changed):

if changed ==

f int(self.Agilent InitialFrequency.value) != int(self.agilent.inicialFreq)
nt.inicialFreq f.Agilent_InitialFrequency.value)
self.dial 11.value = se t.inicialFreq

ilent_FinalFr alue) !=1i 1f.agilent.finalFreq):

nt.finalFreq elf.Agilent_FinalFrequency
t.finalFreq

elf.Agilent_Referencel e 1f.agilent.referencelevel)
t.referencel ( ile ReferencelLevel.value)
self.spinBox_2.setValue(self.agilent.referen
(self.agilent.instAgilent) not in self.Agilent_Instrument_Choosed.value)
1f.Agilent_Instrument_Choosed.value):

ilent =
self.radioButton_:

self.agilent SomeValueChang

Figure 4.31 — Function that is executed when the value emitted by the thread is 1 (that is, there were values that
changed in EPICS)

And just like this part explained about EPICS with Agilent, the rest of the GUI works to achieve the
goal of being in sync with other GUIs deployed on other devices on the same subnet through EPICS.
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Chapter 5
System testing

This chapter shows various videos showing the operation, as a whole, of all the parts of the GUI developed
throughout the project, including a video of the GUI running on a Raspberry tablet.

To be able to display the videos in this PDF, please use Adobe Acrobat DC and click the images of this
chapter.
Another option to display the videos is visiting my github: Project Material.

5.1 Testing GUI’s translation

It can be found also in YouTube: GUI’s translation video

® TFG_SALVADOR — jm] X

Anritsu MS2830A  Anritsu  Agilent MXA N9020A  Agilent  BLAS

S english

Generator power (dBm) Frequency

u @

O Generator 0 @ Send

0,00 =
O Spectrum Send
Initial Fraquency Reference Level (dBm) Final Frequency
i o
a
0 .
Maximum Frequency: Maximum Power from Spectrum :
Plot Image

Video 5.1 — Video testing GUI’s translation
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https://github.com/salvadorJMA/TFG-Design-and-implementation-of-a-GUI-to-manage-a-particle-accelerator-module
https://youtu.be/pacES_BvcD0

5.2. Testing Anritsu in the GUI

7

5.2 Testing Anritsu in the GUI

It can be found also in YouTube: Anritsu Working in the GUI

W TFG_SALVADOR
Anritsu MS2830A  Anritsu  Agilent MXA N9020A  Agilent  BLAS

Generator power (dBm) Frequency

I
L

O Generator

0,00

O Spectrum

\' I englsh

Connect

5 @ Send

Send

Reference Level (dBm)

I
[N

a

v

Maximum Frequency: Maximum Power from Spectrum :

Video 5.2 — Video testing Anritsu in the GUI

It can be found also in YouTube: Anritsu machine working remotely

Plot Image

Video 5.3 — Video showing the Anritsu machine being remotely controlled
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76 Chapter 5. System testing

5.3 Testing Agilent in the GUI

It can be found also in YouTube: Agilent Working in the GUI

| & TFG_SALVADOR — a x
|
Anritsu MS2830A  Anritsu  Agilent MXA N9020A  Agilent  BLAS

Frecuendia inicial Nivel de referencia (dBm) Frecuendia final

I
L

L

. Conectar

) Espectro Enviar

Frecuencia maxima:

Imagen de la trama

Potencia maxima del espectro:

Video 5.4 — Video testing Agilent in the GUI

5.4 Testing BLAS simulation in the GUI

It can be found also in YouTube: BLAS Simulation Working in the GUI

| & TFG_SALVADOR — [m] x
|

Anritsu MS2830A  Anritsu  Agilent MXA N9020A  Agilent  BLAS
Conectar

D)

Se conecta y desconecta de BLAS |

S Spanish

12vDC

r
I|

Inicio del controlador

o0°cC 0Ils Panel de conexiones ilock VSEL 0 VSEL 1

Video 5.5 — Video testing BLAS simulation in the GUI
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https://youtu.be/F3Cda97Ct-Y
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5.5 Testing the GUI in Raspberry Tablet

It can be found also in YouTube: GUI working in Tablet Raspberry

ideo 5.6 — Video testing the GUI in Raspberry Tablet
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Chapter 6

Conclusions and future work

6.1 Conclusions

Once we have finished the entire process and design of the system and we have verified that it really
works, we can conclude that the expectations and requirements imposed from the beginning of the project
are met, and we can conclude that the result obtained is an intuitive and functional system, capable of to
communicate with various machines in the system and able to be synchronized through EPICS with other
GUIs deployed in the system (on the same subnet).

Now I will give a personal conclusion or assessment of the project, from the perspective of a student.

This project is a project that has required a lot of time and effort and a great breadth of knowledge
acquired to carry it out. Much of this knowledge has been acquired throughout the development of the
project, and this fact is a factor that I value very much, since I love to learn, and above all, I love to learn
useful things, and I consider that these concepts are useful in face my future.

The fact that it was a project that has a real and marketable projection for the future is and was
undoubtedly an incentive to put all my enthusiasm and commitment into its correct development.
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6.2 Future work

This project was born already bearing in mind that it would not be possible to finish it completely due
to the high complexity of the project as a whole, of which mine is a part of it. The nature of the remaining
work is varied, because it requires, apart from computer science, from other areas of engineering different
from mine.

So I will try to list things that, in my opinion, could be done or should be done to improve the system:

e The multilanguage factor of the GUI could be improved, since the offline translation depends on the
system architecture being 64 bits (it is a requirement for the installation of the Python translation
package argostranslate).

o As soon as the study on the input and output signals of the BLAS (2.23) is definitively finished by my
colleagues in the laboratory, they should be connected by wiring to the Raspberry tablet (5.6) in order
to monitor the signals of the BLAS itself, and thus not have to simulate these signals through an API
as if has had to be done in the present project

e Improve the EPICS system to take into account the signals collected directly from the BLAS, the code
referring to this task would have to be modified.

e It could be tried to put this entire system in a Docker or Kubernete to avoid the heavy task of
solving possible version incompatibilities when downloading dependencies and forgetting what
operating system we are using. It would simply be to download the Docker or Kubernete with this
system developed and deploy it.
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Appendix A

EPICS Installation in Linux OS

In order to install EPICS you need to install make, c++ and libreadline on the machine. With sudo
apt-get install you can install all these packages very quickly:

e sudo apt-get install make

o sudo apt-get install g++

e sudo apt-get install libreadline-dev

We create the EPICS folder, where our program will be installed, and execute the following git

command to start the installation. This will download the necessary installation files from the EPICS
GitHub account. Initially, the version 7.0 files are downloaded:

o mkdir SHOME/EPICS
» c¢d SHOME/EPICS

o git clone —recursive https://github.com/epics-base/epics-base.git

anasat-epics:~/EPICS$ git clone --recursive https://github.com/epics-base/epic

Figure A.1 — EPICS installation

The downloaded files are saved in a folder called epics_base. Inside it, you have to execute the make
command, so that the installation begins using the Makefile file that is downloaded in the previous step:

e cd epics-base

¢ make
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(Make is a Unix utility that is designed to start execution of a makefile. A makefile is a special file,
containing shell commands, that you create and name makefile (or Makefile depending upon the system).
While in the directory containing this makefile, you will type make and the commands in the makefile will
be executed.)

Next, you have to enter the following text in one of the two indicated files (.profile and .bashrc). I have
introduced it in both:

After compiling you should put the path into sHoMe/.profile orinto gHoMes.sashrc by adding the

following to either one of those files:

export EPICS_BASE=$%{HOME}/EPICS/epics-base
export EPICS_HOST_ARCH=%(%{EPICS_BASE}/startup/EpicsHostArch)
export PATH=${EPICS_BASE}/bin/${EPICS_HOST_ARCH}:%{PATH}

Figure A.2 — Environment Variables

These environment variables are absolutely necessary for EPICS to work correctly, declaring where the
previously downloaded program is located, the host and the path.

After this, we put in terminal one of the following commands, depending on the file that you have
modified (those commands are to reload the changes in said files and that the environment variables
defined in said files take effect):

o source SHOME/ .profile
o source SHOME/ .bashrc
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From here EPICS is already installed. To verify that it actually works, we will put the following
command:

granasat@granasat-epics: ~

:~$ softloc

Figure A.3 — EPICS Terminal

If the EPICS terminal is displayed, it means that it is installed and working.

84 Design and implementation of a GUI to manage a particle accelerator module



Appendix B

GUI’s Installation and Deployment

Because Python is an interpreted language, the code written for this project will work on any machine that
already has the Python interpreter installed.

We will use pip (which is Python’s package management system) to install all the necessary software for
the proper functioning of the project.

N

11

14

17

20

23

26

# Author: Salvador Jesus Megias Andreu
# Possible modes of use depending on the version of pip you have

# HOW TO USE: pip install —r requirements. txt
# HOW TO USE: pip3 install —r requirements.txt

# Versions used on my computer (to avoid version conflict issues)
# Python version used during development : 3.9.13
# Version of pip used during development: 22.1.2

PyVISA==1.11.3 # to communicate with hosts via ethernet
PyVISA—py==0.5.2 # to communicate with hosts over ethernet
matplotlib==3.5.0 # to generate plots with data
PyQtb==5.15.4 # to create the GUI

PyQt5—Qtb==5.15.2 # to create the GUI

pyqtbh—tools ==5.15.4.3.2 # to create the GUI
googletrans==3.1.0a0 # to translate the online GUI
argostranslate==1.6.1 # to translate the offline GUI
requests ==2.23.0 # to make requests to the api

numpy==1.21.4 # to handle arrays more efficiently when searching
for maxima

scipy==1.8.1 # to perform maxima calculations on dot plots

pyepics==3.5.1 # to communicate with epics

fastapi==0.78.0 # to create an openapi api

uvicorn==0.17.6 # to launch the created api openapi

Listado B.1 — requirements.tzt file
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For Project Deployment:

e API Deployment: python -m uvicorn api:api —reload
e EPICS IOC Deployment: softloc -d TFG_EPICS_IOC.txt
e python TFG_SALVADOR.py

86
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Appendix C

Library Code in Python to communicate with

Agilent N9020A machine
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U

CLASS AGILENT_N9020A

s a importar

S necesario

t unpack

impor

t pylab

import time

LY Ly g gy ) gy g g gy g g g g g g g g g g g g ) g g g g ) g ) ) ) g g ) g g ) ) ) g ) ) g ) g g g ) ) ) ) ) ) ) ) ) ) L)

from matplotlib import pyplot as plot

# Librerias o Modulo
import numpy as np

from struct

J) L L) g ) g gy g gy ) g gy g ) ) g g ) ) ) ) g ) ) L) )
U

LUJ) ) ) ) ) ) ) ) ) ]
T IrTT

BY ETHERNET CONTROL

LY ) ) g g ) ) g ) g g ) ) f g ) ) ) ) ) ) ) ) ]
T T Ty

='MHZ'

medida

# La medida con la que vamos a trabajar van a ser los MHz

T A A A A A A A A A A A A A A i

J) J ) ) ) g gy g g g g g g ) g g g g ) g g ) g g g g g g g g ) g g g g g ) ) ) g g g g ) g ) g g g g g g g g ) g ) ) ) ) )

class Agilent_ MXA__N9020A

NIRRT IN N InTan
T T

19| import pyvisa as visa

22| 1M por

16
25

37

taremos el setup()

ejecu

,

maquina

int (self.scope.query ('SWE:POIN? "))

(self)

CONSTRUCTOR

J g ) gy gy g g gy g g ) ) g g g g g g g g ) g ) ) g g ) g g ) g g ) g g g g g gy ) ) ) g g ) g ) ) ) ) ) ) ) ]
U

t

ini

self.scope= self.setup ()

#sel .nPoints

def

# Cuando creemos un objeto de la clase,

# mediante conexion TCP
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55

58

61

64

67

70

73

76

85

88

Wy TDENTITY & SETUP

T T T T T T ey

# Muestra la informacién propia ofrecida por la maquina

def identity (self):
info= self.scope.query('«xIDN?")
info = info.split(",")
print ("Fabricante: ",info [0])
print ("Modelo: " info[1])
print ("Nimero de serie: ",info[2])
print ("Firmware: " info [3])

# Establece una conexién TCP con la midquina mediante su IP
devolviendo el objeto conectado para poder manejarlo

def setup(self):
# 192.168.1.200 IP AGILENT MACHINE
rm = visa.ResourceManager( '@Qpy') # Calling PyVisaPy library
scope = rm.open_resource( 'TCPIP::192.168.1.200::INSTR") #
Connecting via LAN
return scope

# Finaliza la conexién con la maquina
def disconnect(self):
self.scope.close ()

# AL CONTRARIO QUE LA MAQUINA ANRITSU, AGILENT SOLO TIENE MODO
SPECTRUM ANALYZER, POR LO QUE NO ES NECESARIO ACTIVAR NINGUN MODO
# EL MODO SPECTRUM ANALYZER VIENE POR DEFECTO

i

JL Y L)y g gy g gy g g g ) ) g g g g g g ) g g g g g g g g ) g g g g g g g g g g ) g g ) g g g g g ) ) ) g g ) g ) g ) ) ) ) ) ) ) )

R e

# Activa el modo Spectrum en la midquina (por si acaso)

def setSpectrum (self):
self.scope.write('INST SA')
self.instAgilent = 'SA'
#print ("Ha seleccionado el Spectrum Analyzer")

# Funciéon con la que recogemos todos los datos de la maquina una
vez nos conectamos a esta (para tener los datos y no tener que
reescribirlos si no es necesario)
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91

94

97

100

103

106

112

115

118

121

# Dejamos la maquina finalmente en el modo en el que estaba
cuando nos conectamos, no modificando asi nada
def getInitialParamsAgilent (self):

self .instAgilent= str(self.scope.query('INST?'))

# Seleccionamos el spectrum para poder recoger los datos del
spectrum

self .setSpectrum ()

self .inicialFreq= float (self.scope.query( 'FREQ:START?'))/le6

self.finalFreq= float (self.scope.query( 'FREQ:STOP?"'))/1le6

self.centralFreq= float (self.scope.query( 'FREQ:CENT?"'))/1le6

self . referenceLevel = float (self.scope.query('DISP:WIND:TRAC
:Y:RLEV?'))

self .nPoints = int (self.scope.query( 'SWE:POIN?'))

self .span = float (self.scope.query( 'FREQ:SPAN?'))/1le6

self .scope.write ('INST '+ self.instAgilent)

#

Jp Ly )y ) ) g ) ) g ) g g ) ) ) ) ) ) g g ) g g g ) ) g g ) g ) ) ) ) ) ) ) ) ) ) g ) g g ) ) ) ) ) ) ) ) ) ) ) )

U

# Muestra todos los parametros del Espectro en ese momento

def getParamsSpectrum (self):
print ("Frecuencia central:
Muestra la frecuencia central

n

,self.centralFreq ,"MHz") #

print ("Frecuencia inicial: " self.inicialFreq ,"MHz") #
Muestra la frecuencia inicial

print ("Frecuencia final: ", self.finalFreq, "MHz") # Muestra
la frecuencia final

print ("Nivel de referencia: ", self.referencelLevel ,"dBm") #

Muestra el nivel de referencia

# Modifica todos los pardmetros del Spectrum Analyzer (la medida
de las frecuencias estd en MHz)

def setParamsSpectrum (self ;inicialFreq , finalFreq ,
referenceLevel):
# Guarda todos los datos en variables del objeto de la clase
self.inicialFreq = float (inicialFreq)
self.finalFreq = float (finalFreq)
self . referenceLevel = float (referenceLevel)
self.centralFreq = (self.finalFreq + self.inicialFreq) /2.0

self.scope.write ('FREQ:START '+ str(inicialFreq) + self.
medida) # Modifica la frecuencia inicial
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133

136

139

145

151

157

160

163

self.scope.write ('FREQ:STOP '+ str(finalFreq) + self.medida)

# Modifica la frecuencia final

self .scope.write ('FREQ:CENT '+ str(self.centralFreq)+ self.
medida) # Modifica la frecuencia central

self.scope.write ('DISP:WIND:TRAC:Y:RLEV '+ str (
referenceLevel)) # Modifica el nivel de referencia

# Se define el ntmero de puntos observables y medibles al
valor que tenga la miquina en ese momento (por defecto son 10001)

self .nPoints = int(self.scope.query('SWE:POIN?'))

# Modifica todos los pardmetros del Spectrum Analyzer mediante
el uso de span (la medida de las frecuencias estd en MHz)

def setParamsSpectrumSpan(self , centralFreq , span
referenceLevel):
self .setCentralFreqMHz (centralFreq) # Modifica la
frecuencia central y su atributo de la clase
self .setSpanMHz (span) # llama a la funcién modificando
el valor de span inicialFreq y finalFreq y los atributos de la
clase

)

self .setReferenceLevelDBM (referenceLevel) # llama a la
funcién modificando el valor de referencelevel y el atributo de la
clase

# Se define el namero de puntos observables y medibles
al valor que tenga la midquina en ese momento (por defecto son
10001)

self .nPoints = int(self.scope.query('SWE:POIN? "))

# Modifica el valor del span, inicialFreq y finalFreq y aparte
los atributos de la clase correspondientes a la frecuencia inicial
y final y el span

# (Hace falta haber definido la frecuencia central)

def setSpanMHz(self , span):
self .span = float (span)
mitad = self.span / 2.0
self.scope.write ('FREQ:SPAN '+ str (span)+ self.medida)

self.inicialFreq = self.centralFreq — mitad

self .scope.write ('FREQ:START '+ str(self.inicialFreq) + self

.medida)

self.finalFreq = self.centralFreq 4+ mitad

self.scope.write ('FREQ:STOP '+ str(self.finalFreq) + self.
medida)

# Muestra el Span en ese momento

def getSpanMHz(self):
print ("Span: ", self.span , " MHz")
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169

172

178

181

184

187

190

193

196

199

202

205

# Modifica el valor de la frecuencia central y el atributo del
objeto de la clase correspondiente

def setCentralFreqMHz (self ,centralFreq):
self.centralFreq = float (centralFreq)
self .scope.write ('FREQ:CENT '+ str(centralFreq)+ self.medida

# Muestra la frecuencia central en ese momento

def getCentralFreqMHz (self):
print ("Frecuencia central: " self.centralFreq," MHz")

# Modifica la frecuencia incial y el atributo del objeto de la
clase correspondiente

def setlnicialFreqMHz (self inicialFreq):
self.inicialFreq = float (inicialFreq)
self.scope.write ('FREQ:START '+ str(inicialFreq) + self.
medida)
self.centralFreq = (self.inicialFreq + self.finalFreq) /2.0

# Muestra la frecuencia inicial en ese momento

def getlnicialFreqMHz (self):
print ("Frecuencia inicial: " self.inicialFreq ," MHz")

# Modifica la frecuencia final y el atributo del objeto de la
clase correspondiente

def setFinalFreqMHz (self ,finalFreq):
self.finalFreq = float (finalFreq)
self .scope.write ('FREQ:STOP '+ str(finalFreq) + self.medida)
self.centralFreq = (self.inicialFreq + self.finalFreq) /2.0

# Muestra la frecuencia final en ese momento

def getFinalFreqMHz (self):
print ("Frecuencia final: ", self.finalFreq," MHz")

# Modifica el nivel de referencia y el atributo del objeto de la
clase correspondiente

def setReferenceLevelDBM (self ,referenceLevel):
self .referenceLevel = float (referenceLevel)
self .scope.write ('DISP:WIND:TRAC:Y:RLEV '+ str(
referenceLevel))

# Muestra el nivel de referencia en ese momento

def getReferenceLevelDBM (self):
print ("Nivel de referencia:

n

,self .referenceLevel ," dBm")
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211

220

223

226

229

232

235

238

247

# Muestra y devuelve el nimero de puntos observables y medibles
en ese momento

def getNumPoints(self):
puntos = int (self.scope.query('SWE:POIN? "))
#print ("Nimero de puntos: ",puntos)
return puntos

# Modifica el numero de puntos observables y medibles y el
atributo del objeto de la clase correspondiente

def setNumPoints(self ,npoints):
self .nPoints = int (npoints)
self.scope.write ('SWE:POIN '+ str(npoints))

# Muestra y devuelve la frecuencia donde se encuentra la
potencia maquina y la potencia maxima

def getMaxFreqPower (self):

self .scope.write ('CALC:MARK:MAX')

#print ("Frecuencia donde se encuentra la potencia mdxima:
self .scope.query ('CALC:MARK:X?"') ," MHz")

#print ("Potencia mixima: ",self.scope.query ('CALC:MARK:Y?")
7" dBm")

self . maxfreq = float (self.scope.query('CALC:MARK:X?'))/1e6

power = float (self.scope.query( 'CALC:MARK:Y? "))

return power

n
)

# Funciéon que devuelve la potencia referente a una frecuencia
dada

def getPowerDBM (self , freq):
self .scope.write ('CALC:MARK:X '+ str(freq)+ self.medida)

print ("Potencia asociada a la frecuencia dada:
query ( 'CALC:MARK:Y? '), " dBm")

n

,self.scope.

# Funcién que guarda una imagen png y la muestra en pantalla de
la senal del Spectrum completa en ese momento

def plotInfoAgilent (self):

puntos = self.getNumPoints() # guardamos el ntimero de puntos
a representar con plot
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253

259

265

268

271

274

277

283

286

self .scope.write( 'FORM ASC') # Pide a la midquina que lo que
se le pide lo devuelva en formato ASCII

datos = self.scope.query('TRAC? TRACEl') # Pide a la miquina
los datos del Spectrum (los datos son las potencias de los 10001
puntos observables y medibles)

datosManipulables = datos.split(",") # separa todos los
datos separados por comas y los guarda en una lista

datosManipulables = [float (i) for i in datosManipulables| #
transformo los datos de string a float para poder trabajar con
ellos

self.datosCapturados = datosManipulables.copy () # Para poder
hacer uso de ellos en caso de querer buscar maximos, minimos...

freq = self.finalFreq — self.inicialFreq # definimos la
amplitud del intervalo de frecuencias a representar

pointWidth = freq / float (puntos) # defino la anchura que
debe ocupar cada punto en la imagen (para saber donde colocar cada
frecuencia en la imagen)

# Creo una lista de todas las frecuencias a representar
frequencies = |[]
count = 0
while len(frequencies) != puntos:
frequencies .append(self.inicialFreq+(pointWidth*count))
count+=1

plot.clf ()

# Label for x—axis
plot.xlabel ("Frequency (MHz)")

# Label for y—axis
plot.ylabel ("Power (dBm)")

# title of the plot
plot.title ("Output of Spectrum Amnalyzer")

# Add grid lines
plot.grid ()

#Genero la imagen con las frecuencias calculadas y las
potencias ofrecidas por la miquina

plot.plot (frequencies ,datosManipulables)

plot.savefig('./images/graphAgilent.png') # Direccién
relativa donde se quiere que se guarde la imagen creada

plot .show ()

Listado C.1 — Agilent N9020A Library in Python
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Appendix D

Library Code in Python to communicate with

Anritsu MS2830A machine
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s a importar

S necesario

# Librerias o Modulo

import pyvisa as visa

t unpack

impor

from struct

t pylab

impor

from matplotlib import pyplot as plot

LY Ly g gy ) gy g g gy g g g g g g g g g g g g ) g g g g ) g ) ) ) g g ) g g ) ) ) g ) ) g ) g g g ) ) ) ) ) ) ) ) ) ) L)

U

7

CLASS ANRITSUMS2830A

SPECTRUM ANALYZER CONTROLLED

J) L L) g ) g gy g gy ) g gy g ) ) g g ) ) ) ) g ) ) L) )
U

NIRRT IN N InTan
T T
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T IrTT

AND SIGNAL GENERATOR CONTROLLED
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class AnritsuMS2830A

los MHz

# La medida con la que vamos a trabajar van a ser

'MHZ'

medida
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CONSTRUCTOR
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# Cuando creemos un objeto de la clase, ejecutaremos el setup()

7

maquina

conectandose automaticamente a la

# mediante conexién TCP

(self)

t

ini

def

self.scope= self.setup ()

int (self.scope.query ('SWE:POIN? ") )# reogemos

#self .nPoints =

el ntmero

s

maquina

de puntos de la

17

20/ import numpy as np

23/ import time

26

29

32

35

38

47
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0:

#self .setSignalGen ()

#else:
#self .setSpectrum ()

#if int (mode)

maquina
diante su IP

,

maquina

s

maquina me
:192.168.1.139::INSTR ') #

' info [2])

",info [3])

T A i i i i i i i i1t

-

# 192.168.1.139 1P MAQUINA ANRITSU

",info [0])

informacién propia ofrecida por la
",info [1])

rm.open_resource ( 'TCPIP:

info.split(",")

Firmware:

GETTERS & SETTERS
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"Fabricante:
visa .ResourceManager ( '@Qpy') # Calling PyVisaPy library

info= self.scope.query('«IDN?")
#scope . write ("*RST;*CLS"') # resetea la

# Finaliza la conexién con la maquina

# Establece una conexién TCP con la
devolviendo el objeto conectado para poder manejarlo

B
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53
56

5
62
65
68
71
7
7
80
8
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,

maquina

'SPECT"

self.scope.write('INST SPECT')
.instAnritsu

self
#print ("Ha seleccionado el Spectrum Analyzer")

# Activa el modo Spectrum en la

def setSpectrum (self):

B

T T T T T e T e e T e iy
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95

98

101

104

110

113

116

119

128

# Activa el modo Generador en la mAdquina

def setSignalGen (self):
self.scope.write ('INST SG')
self.instAnritsu = 'SG'
#print ("Ha seleccionado el Signal Generator")

# Funcién con la que recogemos todos los datos de la madquina una
vez nos conectamos a esta (para tener los datos y no tener que
reescribirlos si no es necesario)

# Dejamos la maquina finalmente en el modo en el que estaba
cuando nos conectamos, no modificando asi nada

def getInitialParamsAnritsu(self):

self.instAnritsu= str(self.scope.query('INST?'"))

# Seleccionamos el generador para poder obtener los datos
del generador

self . setSignalGen ()

self.frequency = float (self.scope.query( 'FREQ?'))

self.state = int(self.scope.query('OUTP? "))

self .power = float (self.scope.query( POW? "))

# Seleccionamos el spectrum para poder recoger los datos del
spectrum

self.setSpectrum ()

self.inicialFreq= float (self.scope.query( 'FREQ:START?"'))/le6

self.finalFreq= float (self.scope.query( 'FREQ:STOP?"'))/1le6

self.centralFreq= float (self.scope.query( 'FREQ:CENT?'))/1le6

self .referenceLevel = float (self.scope.query( 'DISP:WIND:TRAC
:Y:RLEV?'))

self .nPoints = int(self.scope.query( 'SWE:POIN?'))

self .span = float (self.scope.query( 'FREQ:SPAN?'))/1le6

self .scope.write ('INST '+ self.instAnritsu)

sy FUNCTIONS FOR SIGNAL GENERATOR

S ) ) ) ) L L)
T T T iy

# Muestra en terminal la informacién relativa al generador: la
frecuencia , la potencia y si estd o no encendido

def getParamsGenerator(self):
print ("Frecuencia del generador: ", self.frequency , "MHz")
print ("Potencia del generador: ",self.power,"dBm")
if self.state = 1:
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134

137

140

143

146

152

155

161

164

167

176

179

print ("Estado del generador: Activado")
else:
print ("Estado del generador: Desactivado")

# Modifica todos los pardmetros del generador de una sola vez

def setParamsGenerator(self , frequency , power):
self .scope.write ( 'FREQ '+ str(frequency) + self.medida) #
Modifica la frecuencia
self .scope.write ('UNIT.POW DBM') # Modifica las unidades de
la potencia DBM
self.scope.write('POW ' + str(power)) # Modifica la potencia
self.scope.write('OUTP 1') # Enciende el Generador
# Guarda todos los datos en variables del objeto de la clase
self.frequency = float (frequency)
self .power = float (power)
self .state =1

# Modifica la frecuencia y el atributo del objeto de la clase
correspondiente

def setFrequencyMHz(self , frequency):
self.scope.write('FREQ '+ str(frequency) + self.medida)
self . frequency = float (frequency)

# Muestra la frecuencia en ese instante

def getFrequencyMHz(self):
print ("Frecuencia del generador: ", self.frequency," MHz")

# Modifica la potencia y el atributo del objeto de la clase
correspondiente

def setPowerGeneratordBm (self ,power):
self .scope.write('POW ' + str (power))
self .power = float (power)

# Muestra la potencia en ese instante
def getPowerGeneratordBm (self):
print ("Potencia del generador:

,self .power," dBm")

# Funcién capaz de encender o apagar el generador (1 enciende, 0
apaga) y guarda el estado en un atributo del objeto de la clase
correspondiente

def setStateGenerator (self  state):
self.scope.write('OUTP '+str (state))
self.state = int(state)

# Muestra el estado del generador (1 => encendido , cualquier
otro => apagado (0))

def getStateGenerator(self):

Design and implementation of a GUI to manage a particle accelerator module 99



191

194

197

200

203

206

209

212

if self.state = 1:
print ("El Generador estd activado | estado: ", self.
state)
else:
print ("El Generador estd desactivado | estado: ", self.

state)

s FUNCTIONS FOR SPECTRUM ANALYZER

S ) ) ) )LL)
T T I e iriyuy

# Muestra todos los parametros del Espectro en ese momento

def getParamsSpectrum (self):
print ("Frecuencia central:
Muestra la frecuencia central

",self.centralFreq ,"MHz") #

print ("Frecuencia inicial: ", self.inicialFreq ,"MHz") #
Muestra la frecuencia inicial

print ("Frecuencia final: ", self.finalFreq, "MHz") # Muestra
la frecuencia final

print ("Nivel de referencia: ", self.referencelLevel ,"dBm") #

Muestra el nivel de referencia

# Modifica todos los pardmetros del Spectrum Analyzer (la medida
de las frecuencias estd en MHz)

def setParamsSpectrum (self ;inicialFreq , finalFreq |,
referencelLevel):
# Guarda todos los datos en variables del objeto de la clase
self.inicialFreq = float (inicialFreq)
self . finalFreq = float (finalFreq)
self .referenceLevel = float (referenceLevel)
self . centralFreq = (self.finalFreq 4+ self.inicialFreq)/2.0

self.scope.write ('FREQ:START '+ str(inicialFreq) + self.
medida) # Modifica la frecuencia inicial

self .scope.write ('FREQ:STOP '+ str(finalFreq) + self.medida)
# Modifica la frecuencia final

self.scope.write ('FREQ:CENT '+ str(self.centralFreq)+ self.
medida) # Modifica la frecuencia central

self.scope.write ('DISP:WIND:TRAC:Y:RLEV '+ str(
referenceLevel)) # Modifica el nivel de referencia

# Se define el numero de puntos observables y medibles al

valor que tenga la mdquina en ese momento (por defecto son 10001)
self .nPoints = int (self.scope.query( 'SWE:POIN?'))
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218

221

224

227

230

233

236

239

245

248

# Modifica todos los pardametros del Spectrum Analyzer mediante
el uso de span (la medida de las frecuencias estd en MHz)

def setParamsSpectrumSpan(self , centralFreq , span |,

referenceLevel):

self .setCentralFreqMHz (centralFreq) # Modifica la
frecuencia central y su atributo de la clase

self .setSpanMHz (span) # llama a la funcién modificando
el valor de span inicialFreq y finalFreq y los atributos de la
clase

self .setReferenceLevel DBM (referenceLevel) # llama a la
funcién modificando el valor de referencelevel y el atributo de la
clase

# Se define el ntmero de puntos observables y medibles
al valor que tenga la midquina en ese momento (por defecto son
10001)

self .nPoints = int(self.scope.query( 'SWE:POIN?'))

# Modifica el valor del span, inicialFreq y finalFreq y aparte
los atributos de la clase correspondientes a la frecuencia inicial
y final y el span

# (Hace falta haber definido la frecuencia central)

def setSpanMHz(self , span):
self.span = float (span)
mitad = self.span / 2.0
self.scope.write ('FREQ:SPAN '+ str (span)+ self.medida)

self .inicialFreq = self.centralFreq — mitad
self .scope.write ('FREQ:START '+ str(self.inicialFreq) + self
.medida)

self.finalFreq = self.centralFreq 4+ mitad
self.scope.write ('FREQ:STOP '+ str(self.finalFreq) + self.
medida)

# Muestra el Span en ese momento

def getSpanMHz(self):

print ("Span: ", self.span , " MHz")

# Modifica el valor de la frecuencia central y el atributo del
objeto de la clase correspondiente

def setCentralFreqMHz (self | centralFreq):
self.centralFreq = float (centralFreq)
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257

260

266

269

272

275

278

281

284

290

293

self .scope.write ( 'FREQ:CENT '+ str(centralFreq)+ self.medida

# Muestra la frecuencia central en ese momento

def getCentralFreqMHz (self):
print ("Frecuencia central: " self.centralFreq," MHz")

# Modifica la frecuencia incial y el atributo del objeto de la
clase correspondiente

def setlnicialFreqMHz (self inicialFreq):
self.inicialFreq = float (inicialFreq)
self.scope.write ('FREQ:START '+ str(inicialFreq) + self.
medida)

# Muestra la frecuencia inicial en ese momento

def getlnicialFreqMHz (self):
print ("Frecuencia inicial: ", self.inicialFreq ," MHz")

# Modifica la frecuencia final y el atributo del objeto de la
clase correspondiente

def setFinalFreqMHz (self | finalFreq):
self.finalFreq = float (finalFreq)
self.scope.write ('FREQ:STOP '+ str(finalFreq) + self.medida)

# Muestra la frecuencia final en ese momento

def getFinalFreqMHz (self):
print ("Frecuencia final: ",self.finalFreq," MHz")

# Modifica el nivel de referencia y el atributo del objeto de la
clase correspondiente

def setReferenceLeveldBm (self ,referenceLevel):
self . referenceLevel = float (referencelLevel)
self.scope.write ('DISP:WIND:TRAC:Y:RLEV '+ str (
referenceLevel))

# Muestra el nivel de referencia en ese momento

def getReferenceLeveldBm (self):
print ("Nivel de referencia:

"

,self .referenceLevel ," dBm")

# Muestra y devuelve el nimero de puntos observables y medibles
en ese momento

def getNumPoints(self):
puntos = int (self.scope.query('SWE:POIN? "))
#print ("Numero de puntos: ",puntos)
return puntos
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299

302

308

311

314

317

320

323

329

332

335

# Modifica el nimero de puntos observables y medibles y el
atributo del objeto de la clase correspondiente

def setNumPoints(self ,npoints):
self .nPoints = int (npoints)
self.scope.write('SWE:POIN '+ str(npoints))
# Muestra y devuelve la frecuencia donde se encuentra la
potencia maquina y la potencia maxima
def getMaxFreqPower(self):
self .scope.write ( 'CALC:MARK:ACT ON; CALC:MARK:RES PEAK; CALC
:MARK:MAX" )
#print ("Frecuencia donde se encuentra la potencia mixima: ",
self.scope.query ('CALC:MARK:X? '), " MHz")
#print ("Potencia mixima: ", self.scope.query ('CALC:MARK:Y?") ,
n dBIn")
self . maxfreq = float (self.scope.query('CALC:MARK:X?'))/1e6
power = float (self.scope.query('CALC:MARK:Y? "))
return power
# Funcion que devuelve la potencia referente a una frecuencia
dada
def getPowerdBm (self , freq):
self.scope.write ('CALC:MARK:ACT OFF; CALC:MARK:ACT ON; CALC:
MARK:X '+ str(freq)+ self.medida)
power = self.scope.query( 'CALC:MARK:Y? ')
print ("Potencia asociada a la frecuencia dada: ", power, '
dBm")
return power
#

JL L) gy ) gy g gy gy g ) g g g g g g g g g g g g g g g ) g ) g ) ) g g g ) ) g g ) ) g ) g g ) g ) g g ) g ) g gy ) g ) ) ) ) ) ]

T L A L L O O O O O O O O T e

L L L L A A A O A O O O O O O O O O O O R

# Funciéon que guarda una imagen png y la muestra en pantalla de
la senal del Spectrum completa en ese momento

def plotInfoAnritsu(self):

puntos = self.getNumPoints() # guardamos el nimero de puntos
a representar con plot

self.scope.write ('FORM ASC') # Pide a la mdquina que lo que
se le pide lo devuelva en formato ASCII
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338

341

347

350

353

356

359

365

368

datos = self.scope.query ('TRAC? TRACL') # Pide a la mdquina
los datos del Spectrum (los datos son las potencias de los 10001
puntos observables y medibles)

datosManipulables = datos.split(",") # separa todos los
datos separados por comas y los guarda en una lista

datosManipulables = [float (i) for i in datosManipulables]| #
transformo los datos de string a float para poder trabajar con
ellos

self.datosCapturados = datosManipulables.copy() # Para poder
hacer uso de ellos en caso de querer buscar maximos, minimos...

freq = self.finalFreq — self.inicialFreq # definimos la
amplitud del intervalo de frecuencias a representar

pointWidth = freq / float (puntos) # defino la anchura que
debe ocupar cada punto en la imagen (para saber donde colocar cada
frecuencia en la imagen)

# Creo una lista de todas las frecuencias a representar

frequencies = |[]

count = 0

while len(frequencies) != puntos:
frequencies .append(self.inicialFreq+(pointWidth*count))
count+=1

plot. clf ()

# Label for x—axis
plot.xlabel ("Frequency (MHz)")

# Label for y—axis
plot.ylabel ("Power (dBm)")

# title of the plot
plot.title ("Output of Spectrum Amnalyzer")

# Add grid lines
plot . grid ()

#Genero la imagen con las frecuencias calculadas y las
potencias ofrecidas por la miquina

plot.plot (frequencies ,datosManipulables)

plot.savefig('./images/graphAnritsu.png') # Direccién
relativa donde se quiere que se guarde la imagen creada

plot .show ()

Listado D.1 — Anritsu MS2830A Library in Python
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Appendix E

Example to show Multithreading in PyQt

This example was taken and modified from the following website: Multithreading example base

from PyQts import QtCore, QtWidgets, QtGui
from PyQt5s import uic
import sys, time

S

# Clase de la GUI

class PyShine THREADS APP(QtWidgets.QMainWindow) :
def __init__ (self):

10 QtWidgets . QMainWindow. ___init__ (self)

self.ui = uic.loadUi('threads.ui',self) # Cargamos la GUI
directamente del archivo .ui

self.resize (888, 200)
13 # Esto de abajo no harda nada puesto que no tenemos la imagen

del logo dle ejemplo

icon = QtGui. QIcon ()

icon .addPixmap (QtGui.QPixmap (" PyShine.png"), QtGui.QIcon.
Normal, QtGui.QIcon.Off)
16 self.setWindowlcon (icon)

# Deshabilito los botones de Stop inicialmente para evitar
fallas en el programa
19 self .pushButton_4.setEnabled (False)
self.pushButton 5.setEnabled (False)
self.pushButton 6.setEnabled (False)
22
# Se define un conjunto vacio donde guardaremos los threads
que se vayan a crear a lo largo del programa para manejarlos
facilmente
self . thread={}
25
# Se conectan todos los botones a las funciones
correspondientes para que estas se ejecuten al pulsar el botdén en
la GUI (programacién de eventos)
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28

31

34

37

40

43

46

49

52

55

self . pushButton. clicked .connect(self.start_worker_ 1)
self .pushButton_2.clicked.connect(self.start_worker_ 2)
self.pushButton_3.clicked.connect(self.start_worker_3)
self .pushButton_4.clicked.connect(self.stop_worker_1)
self.pushButton_5.clicked.connect(self.stop_worker_2)
self .pushButton_ 6.clicked.connect(self.stop_worker_ 3)

# Funciones encargadas de iniciar los threads

def start_worker_1(self):

self .thread [1] = ThreadClass(parent=None, index=1) # Creamos
en la posicién 1 del conjunto thread un objeto de la clase
ThreadClass para poder manejar dicho objeto facilmente (otorgédndole
al thread creado el id=1)

self.thread [1].start () # Llamamos a la funcién run() de la
clase ThreadClass para iniciar el Thread 1 (por defecto start()
llama a la funcién run()) VER CAP DESPUES DEL CODIGO

self.thread [1].any_signal.connect(self.my_function) #
conforme van llegando las senales (datos del 0 al 99) se conecta
con la funcién my_function, la cual ird actualizando el progressBar

self.pushButton.setEnabled (False) # Cuando le doy al botdén
de start del Thread 1, deshabilito el botém de start del Thread 1

self .pushButton 4.setEnabled (True) # Cuando le doy al botén
de start del Thread 1, habilito el botén de stop del Thread 1

def start_worker_2(self):

self.thread [2] = ThreadClass(parent=None,index=2) # Creamos
en la posicién 2 del conjunto thread un objeto de la clase
ThreadClass para poder manejar dicho objeto facilmente (otorgandole
al thread creado el id=2)

self.thread [2].start () # Llamamos a la funcién run() de la
clase ThreadClass para iniciar el Thread 2 (por defecto start ()
llama a la funcién run()) VER CAP DESPUES DEL CODIGO

self.thread [2].any_signal.connect(self.my_function) #
conforme van llegando las sefiales (datos del 0 al 99) se conecta
con la funcién my_ function, la cual ird actualizando el progressBar

self.pushButton_2.setEnabled (False) # Cuando le doy al botdén
de start del Thread 2, deshabilito el botén de start del Thread 2

self .pushButton_5.setEnabled (True) # Cuando le doy al botdén
de start del Thread 2, habilito el botén de stop del Thread 2

def start_worker_ 3(self):

self . thread [3] = ThreadClass(parent=None, index=3) # Creamos
en la posicién 3 del conjunto thread un objeto de la clase
ThreadClass para poder manejar dicho objeto facilmente (otorgdandole
al thread creado el id=3)

self . thread [3].start () # Llamamos a la funcién run() de la
clase ThreadClass para iniciar el Thread 3 (por defecto start ()
llama a la funcién run()) VER CAP DESPUES DEL CODIGO

self . thread [3].any_ signal.connect(self.my function) #
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79

82
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91

94

conforme van llegando las sefiales (datos del 0 al 99) se conecta
con la funcién my_ function, la cual ird actualizando el progressBar
self.pushButton_3.setEnabled (False) # Cuando le doy al botdén
de start del Thread 3, deshabilito el botén de start del Thread 3
self.pushButton_6.setEnabled (True) # Cuando le doy al botdén
de start del Thread 3, habilito el botén de stop del Thread 3

# Funciones encargadas de para los threads

def stop worker 1(self):
self .thread [1].stop () # Llamamos a la funcién stop() de la
clase ThreadClass para parar el Thread 1
self . pushButton.setEnabled (True) # Cuando le doy al botén de
stop del Thread 1, habilito el botén de start del Thread 1
self.pushButton_4.setEnabled (False) # Cuando le doy al botdén
de stop del Thread 1, deshabilito el botén de stop del Thread 1

def stop_worker_ 2(self):
self.thread [2].stop() # Llamamos a la funcién stop() de la
clase ThreadClass para parar el Thread 2
self.pushButton_2.setEnabled (True) # Cuando le doy al botdén
de stop del Thread 2, habilito el botén de start del Thread 2
self .pushButton_ 5.setEnabled (False) # Cuando le doy al botén
de stop del Thread 2, deshabilito el botén de stop del Thread 2

def stop worker 3(self):
self.thread [3].stop() # Llamamos a la funcién stop() de la
clase ThreadClass para parar el Thread 3
self .pushButton_3.setEnabled (True) # Cuando le doy al botén
de stop del Thread 3, habilito el botén de start del Thread 3
self.pushButton_6.setEnabled (False) # Cuando le doy al botén
de stop del Thread 3, deshabilito el botén de stop del Thread 3

# Funciéon que va modificando el valor del progressBar
correspondiente al id del thread asociado a dicho progressBar

def my_ function(self ,counter):

#cnt=counter
index = self.sender().index
if index==1:
self .progressBar.setValue (counter)

if index==2:
self .progressBar_2.setValue(counter)
if index==3:

self .progressBar_3.setValue(counter)

# Clase para el control del Multithreading en la GUI

class ThreadClass (QtCore.QThread) :

Design and implementation of a GUI to manage a particle accelerator module 107



97

100

103

106

109

112

115

121

124

127

any_signal = QtCore.pyqtSignal(int) # Creamos un Objeto de
pyqtSignal el cual va a manejar enteros

# Constructor para definir la variable index e is_running
def __init__ (self ,parent=None,index=0):
#super (ThreadClass, self). init_ (parent) # Carga el
constructor del padre que en nuestro caso es QThread
super (QtCore.QThread, self). init  (parent) # la declaracidn
de arriba y esta hacen exactamente lo mismo
self .index=index
self.is_running = True

# Funcién (a la que recurre start()) con bucle infinito que va
emitiendo los datos (del 0 al 99) una y otra vez mediante el objeto
creado any_signal de pyqtSignal

def run(self):
print ('Starting thread ... ',self.index) # Se muestra el index
del Thread que llama a esta funcién

!

cnt=0
while (True):
cnt+=1

if cnt==99: cnt=0 # Si el valor de cnt a llegado a 99,
se inicializa a 0 de nuevo

time.sleep (0.01)

self.any_signal.emit(cnt) # emit () ==> funcién que emite
los datos

# Funcién que se encarga de parar o finalizar el proceso del
thread que llama esta funcidén

def stop(self):

self .is_running = False

print ('Stopping thread ... ' ,self.index) # Se muestra el index
del Thread que llama a esta funcién

self.terminate () # terminate() == funcién que finaliza el

proceso

app = QtWidgets. QApplication(sys.argv)
mainWindow = PyShine. THREADS_APP ()
mainWindow . show ()
sys.exit (app.exec_ ())
Listado E.1 — Multithreading example in PyQt
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Appendix F

Final EPICS IOC Records

Below we can see all the records of our EPICS IOC used in the project or that could be useful and

interesting for future developments and evolutions of the project:

The field called "NELM" (Number of Elements) in the records is to declare, when displaying the I0C,
the number of elements that these records can contain, that is, we declare that they are arrays or lists and

the number of elements that they can have.

Otherwise, the Python EPICS Client will only fetch an element from the list or array on request for the

value of the list or array.

record (ai, "Anritsu:SPECT_ InitialFrequency")

{
}

record (ai, "Anritsu:SPECT_FinalFrequency")

{
}

record (ai, "Anritsu:SPECT_ReferenceLevel")
{

w

)

©

12

}

18| record (ai, "Anritsu:SPECT_MaximumFrequency")

{
21}

record (ai, "Anritsu:SPECT_MaximumPower")

24{
¥

field (DESC, "Maximum Power in Anritsu (dBm)")

field (DESC, "Initial Frequency in Anritsu (MHz)")

field (DESC, "Final Frequency in Anritsu (MHz)")

15 field (DESC, "Reference Level in Anritsu (dBm)")

field (DESC, "Maximum Frequency in Anritsu (MHz)")
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27

30

33

36

39

42

45

48

51

54

57

60

63

66

69

72

75

78

record (ai, "Anritsu:SPECT THD")

field (DESC, '"THD in Anritsu (100 MHz — 1.5 GHz)")

record (aai," Anritsu:SPECT_Frequencies") {

}

field (DESC," Frequencies in Anritsu (MHz)")
field (NELM,"30000")

record (aai," Anritsu:SPECT Powers") {

}

field (DESC," Powers in Anritsu (dBm)")
field (NEIM,"30000")

record (aai," Anritsu:SPECT_ unitsTime") {

}

field (DESC," units time in Anritsu (30s)")
field (NELM,"30000")

record (aai," Anritsu:SPECT_MaximumPowers") {

field (DESC, "Maximum Powers in Anritsu (dBm)")
field (NELM,"30000")

record (ai, "Anritsu:SG_Power")

{
}

field (DESC, "Power in Anritsu SG (dBm)")

record (ai, "Anritsu:SG_Frequency")

{
}

field (DESC, "Frequency in Anritsu SG (MHz)")

record (ai, "Anritsu:SG_ State")

{
}

field (DESC, "State of Generator in Anritsu (1 or 0)")

record (ai, "Anritsu:Instrument_Choosed")

{
}

field (DESC, "Instrument choosed")
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84

87

90

93

96

99

108

111

114

123

126

129

132

record (ai, "Anritsu:SomeValueChanged")

{
}

field (DESC, "Value changed (1 or 0)")

record (ai, "Agilent:InitialFrequency")

field (DESC, "Initial Frequency in Agilent SA (MHz)")
}

record (ai, "Agilent:FinalFrequency")

field (DESC, "Final Frequency in Agilent SA (MHz)")
}

record (ai, "Agilent:ReferenceLevel")

field (DESC, "Reference Level in Agilent SA (dBm)")
}

record (ai, "Agilent:MaximumFrequency")

field (DESC, "Maximum Frequency in Agilent SA (MHz)")
}

record (ai, "Agilent:MaximumPower")

field (DESC, "Maximum Power in Agilent SA (dBm)")
}

record (ai, "Agilent:THD")

field (DESC, '"THD in Agilent SA (100 MHz — 1.5 GHz)")

record (aai," Agilent:SA_Frequencies") {
field (DESC," Frequencies in Agilent SA (MHz)")
field (NELM,"30000")
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138

141

144

156

159

162

171

174

180

183

record (aai," Agilent :SA_Powers") {

}

field (DESC, " Powers in Agilent SA (dBm)")
field (NELM,"30000")

record (aai," Agilent:SA_unitsTime") {

}

field (DESC," units time in Agilent SA (30s)")
field (NELM,'30000")

record (aai," Agilent : SA_ MaximumPowers") {

field (DESC, "Maximum Powers in Agilent SA (dBm)")
field (NELM,"30000")

}

record (ai, "Agilent:Instrument Choosed")
field (DESC, "Instrument choosed")

}

record (ai, "Agilent:SomeValueChanged")

field (DESC, "Value changed (1 or 0)")

record (ai, "BLAS:waterTemperature")

{

}

field (DESC, "Water temperature in the circuit (Celsius degrees)

")

record (ai, "BLAS:waterFlow")

}

field (DESC, "Water Flow in the circuit (1/s)")

record (ai, "BLAS:IlockFlow")

}

field (DESC, "IlockFlow output signal (V)")

record (ai, "BLAS:Fail0")

{

112

Design and implementation of a GUI to manage a particle accelerator module



186

189

195

198

201

204

210

213

216

219

228

231

field (DESC, "Fail0 output signal (V)")
}

record (ai, "BLAS:Faill")

field (DESC, "Faill output signal (V)")
}

record (ai, "BLAS:PD_MI")

field (DESC, "PD_MI output signal (V)")
¥

record (ai, "BLAS:IlockPatchPanel")

field (DESC, 'IlockPatchPanel output signal (V)")
}

record (ai, "BLAS:VSEL0")

field (DESC, "VSELO output signal (V)")
}

record (ai, "BLAS:VSEL1")

field (DESC, "VSEL1 output signal (V)")

}
record (ai, "BLAS:12V_DC")
{
field (DESC, "12V_DC input signal (V)")
}
record (ai, "BLAS:DriverStart")
{
field (DESC, "DriverStart input signal (V)")
}
record (ai, "BLAS: AmplifierStart")
{
field (DESC, "AmplifierStart input signal (V)")
}
record (ai, "BLAS:SomeValueChanged")
{
field (DESC, "Value changed (1 or 0)")
}

Listado F.1 — Records that make up our EPICS IOC "TFG_EPICS_I10C.txt File"
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Appendix G

API developed to simulate BLAS data under

normal conditions
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20

23

26

29

32

35

38

41

44

47

50

53

56

59

62

# HOW TO USE TO EXECUTE AND LAUNCH: uvicorn api:api —reload

# If you don't find the uvicorn module installed , use the following:
# HOW TO USE TO EXECUTE AND LAUNCH: python —m uvicorn api:api —
reload

# The OPENAPI documentation generated by FastAPI can be accessed
directly

# automatically at the following link (provided you have launched
uvicorn with the command above): http://127.0.0.1:8000/ docs

from fastapi import FastAPI
import random

api = FastAPI(title= "TFG Salvador Jesis Megias Andreu")

@api.get ("/getTemperature")
async def getTemperature():
return float (random.randint (22x10,50%10)/10)

@api.get("/getFlow")
async def getFlow():
return float (random.randint (1%10,7%10) /10)

@api.get ("/getIlockFlow")
async def getIlockFlow ():
return int (12)

Q@api.get("/getFail0")
async def getFail0():
return int (0)

@api.get("/getFaill")
async def getFaill():
return int (0)

@api.get (" /getPdMi")
async def getPdMi():
return float (7.6)

@api.get("/getIlockPatchPanel")
async def getIlockPatchPanel():
return int (12)

@api.get("/getVseld")
async def getVselO():
return float (random. choice ([5.0,0.0]))
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65| Qapi.get ("/getVsell")
async def getVsell():
return float (random. choice ([5.0,0.0]))

Listado G.1 — API developed to simulate BLAS data under normal conditions
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