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1.1 Introduction 

 
“SOFTWARE TOOL FOR DESIGNING AERONAUTICAL COMMUNICATION 
SYSTEMS” is an application for teaching and designing purposes, carried out in 
Matlab, which presents the user the choice to configure and design an aeronautical 
communications system in an equipment layer and see the results that it provides from 
the standpoint of telecommunications. 
 
Through a graphical tool, the user can interact with the system asking or inserting 
design parameters and settings based on the required needs. The tool consists basically 
of two main parts, 
 

• A communications system simulator aircraft. 
• A tool for inserting and editing aeronautical communications equipment. 

 
Through the communications system simulator aircraft, it may define a block 
transmitter and receiver block, giving the user the possibility to choose from a varied 
list of actual aviation communications equipment. In addition to the set of system 
equipment, you can set various parameters defining communication: distance between 
transmitter and receiver, heights to which they are, technology used and types of data to 
be transmitted. 
 
With the collection of the equipment defined and system configuration selected, the tool 
can analyze the various output parameters of the system, which can be studied and if the 
set of selected equipment provides parameters expected / desired or else the results are 
not favorable and need to modify the equipment making up the system in order to affect 
these results. 
 
In addition to the configuration of the communication system, a possibility of 
introducing new equipment and features to the system is allowed, using an insertion tool 
and editing aeronautical communications equipment that is designed exclusively for this 
project. The introduction of the parameters of the new equipment will not be a problem, 
because the tool is responsible for calculating the missing data of the specifications 
provided in the data sheet of the manufacturer, regardless of the format in coming given. 
When all the parameters of the computer have been introduced, the tool analyzes the 
data and provides specifications that do not appear on the sheets or those wich have 
been provided indirectly. 
 
The main aim of this project is to provide the user the experience of interacting with an 
aeronautical communications system, configuring a set of parameters of it, and inserting 
and selecting equipment that will form the system without hassle of having to decipher 
the various formats specified in the data sheets of equipment. From these settings, you 
can see the results it provides and to deduce which parts of the system must be modified 
to improve its performance, or which teams are best suited for a set of desired 
parameters. 
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This project is the design and development of software that allows the design of 

aeronautical communications systems at the level of equipment, setting the basic 
parameters of the same and allowing the user to choose the teams to form the 
communications system. 

 
The theme aims to solve is to help students whose studies have any matter related 

to the field of telecommunications in aeronautics. Telecommunications Degrees, Degree 
in Aerospace Engineering, Graduate School (Master in Aircraft Systems Integration) 
MASI, other degrees with a choice of aircraft as an optional subject and trained 
engineers and who wish to design a system of aeronautical communications without 
worry about the format that will come due to the equipment specifications. 

 
The tool presents to the user graphically using a simulator, the structure of 

equipment making up the system and a set of configuration parameters thereof, which 
can be varied. Using a set of computers defined and varying system parameters can be 
dynamically observe the effects that occur in the variables that define the quality of 
communications. 

 
Thus provides an overview of the whole system and allow the opportunity to 

observe and learn how the results fluctuate depending on the different input variables. It 
is important, because this way you can get results quickly and easily, thus freeing the 
user from having to perform for himself all the calculations to obtain the system 
performance, or even to check their own results visualizing the system using the 
simulation tool provided in the application. 

 
Besides the simulator, the software provides a tool for the introduction of new 

aeronautical communications equipment. Using this tool allows the introduction of new 
devices to the system including data extracted from the data sheets provided by the 
manufacturer. Once entered, the tool analyzes the data and depending on the input 
parameters, provides the specifications have not been given in the leaves or have been 
provided indirectly. 

 
Currently there is a problem when working with aircraft equipment, which is that 

the various aeronautical equipment manufacturers specifications presented in different 
formats. This tool solves this problem and frees the user from having to seek 
compatibility between parameters. Once entered into the computer system data to be 
inserted, the application analyzes them and depending on the type of equipment, 
calculates the parameters required to show results in a common format to be used later 
by the system. 

 

1.2 Goals 

The main goal of this project is to provide the user the ability to design a system of 
aeronautical communications, setting various parameters of the same, choosing which 
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teams will be composed as well as giving the option of introducing new equipment 
without worrying about the format given in the specifications come. 

 
Based on this objective, we propose the following partial objectives: 
 
• Design goals: 

 
o Analyze the specifications of the data sheets provided by manufacturers and 

extract information in a unified way so that it can be used in subsequent 
calculations. 

o Provide information on different quality parameters used in aeronautical 
communications 

o Calculate the results and provides a set of specific communications 
equipment. 

o Allow to analyze the results and vary depending on system equipment needs. 
 
• Learning objectives: 
 
o Learning the structure or systems used in aviation communications. 
o Review the performance of aeronautical communications system. 
o Knowledge of current legislation or relating to aeronautical communications, 

with particular emphasis on technologies used frequencies for it and path 
loss. 

o Design a system or aeronautical communications. 
o Link budget calculations. 
o Manage the various technologies used in aeronautical communications. 
o Analysis of the performance of aircraft communications equipment. 
o Familiarize the user with the appliances and their different specifications. 

 

1.3 Statements of the problem 

 
The problem we are trying to address arises from the specification sheets, in which 

due to the large number of manufacturers of aeronautical communications equipment 
(although it would apply to any field of electronics), each of which presents data in a 
different way, or with respect to different measurement parameters. 

 
This adversity causes that often are not clearly know the specifications you need to 

take into account when using a computer or how you should take them into account. 
The case is that there is a common code which gives the specifications and therefore 
always difficult task. 

1.4 Decision making 
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DECISION MAKING: 
 
The main problem in dealing with this project focuses primarily on the need for 

selecting the right programming language for it. This is vital because a language that 
does not fit with the characteristics of the project, may seriously hamper its 
development. 

 
What methodology to use when programming the software, ie it is necessary to 

consider whether to use a graphical interface for interaction with the application or if 
they will directly enter data by command line and get the results the same way . Also 
taken into account if the communication system to be programmed in an object oriented 
or otherwise. 

 
With regard to the knowledge needed to carry out this project, it is important to 

note that even if you have the skills to design a communications system, this project 
integrates two different branches of knowledge such as telecommunications and 
aviation. It is therefore necessary to delve into these topics, to acquire the knowledge 
necessary to understand the operation and characteristics of communication systems 
used in aeronautics. 

 
This project seeks to provide the user with the introduction of real 

communications equipment used in aviation, so we must develop a method by which 
this can be performed easily and intuitively. 

 
Last but not least, for this project, we have to deal with data sheet of actual 

communications equipment used in aeronautics, which means that depending on the 
manufacturer we will find the information referred to in one way or another. 

 
Programming language  MATLAB ® 
Having analyzed various programming languages that could fit with this project, 

due to the orientation towards engineering that you want to give to it, has chosen to use 
MATLAB ® 

 
MATLAB ® is a mathematical software programmed in C and Java, which 

combines the features of both languages making it a very powerful software. In the 
world of engineering is a popular language, which fits perfectly within the scope of this 
project both at present and for future use. 

In addition, another advantage of MATLAB ®, which is a cross-platform language 
so they will not be problems when using an operating system (OS) or the other? Allows 
creation of user interfaces and interaction with other programs in other programming 
languages. 

MATLAB ® provides two useful tools such as Simulink ® is a simulation platform 
and GUIDE ® is a publisher of graphical user interfaces (GUI) 

 
Programming style  Object-Oriented Programming + GUI 
After studying various options, the option chosen has been to perform an object-

oriented programming and put this together with an intuitive graphical user interface. 
The object-oriented programming (OOP) will be distributed to allow the 

communication system in different parts of which consists of an organized and clear. 
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Each communications equipment that is part of the system will be an object with 
attributes previously defined as a template as well as the different parts of the 
communications system. It details the structure of the communications system and its 
distribution in the form of objects. 

 
 
CONSIDERATIONS TO KEEP IN MIND: 
 
• Because the application runs under the MATLAB GUIDE, it must be executed in 

a MATLAB version of R8 or higher, because otherwise there may be problems with the 
libraries and implementations that do not exist. 

 
Parallel to this, we find the situation where there is an educational tool, which 

allows to study the operation of aeronautical communications systems and equipment 
level to permit observation of the results it provides. 

 
A simple change in one of the input parameters of a system such as a change of 

equipment because of design factors, can cause the need of having to perform a large 
amount of calculation for this snaps into the system. In addition to incompatibilities that 
may arise in the redesign, you lose a lot of time on it. 

 
 

1.5 GUI (Graphic User Interface) 

The GUI of this project has been developed suing GUIDE ®  
GUIDE ® is a publisher of graphical user interfaces (GUI) that provides Matlab ®. 

This enables the desired GUI unite with features designed in MATLAB. If you select 
File  New  GUI you can design a graphical interface. With this tool has made the 
graphical interface of this project.  

The GUI has 2 branches: 
 

• Simulator 
• Equipment 

 
SIMULATOR 
  
The simulator has different areas: 
 
• System Configuration area. Where the parameters are selected 

communications system design. 
 

o Technology: Defines the communications system technology desired. 
Selecting a radiobutton or other technology is changed and hence the 
frequency band. 

o Link: Defines the layout of the transmitter and receiver. Tx >>Rx  
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o Heightsbetweenparts: Defines the spatial arrangement of both the 
transmitter and receiver with respect to the surface. 

o CommunicationType: Defines the type of information to be transmitted, 
data or voice. 

o Distancebetweenparts: Sets the distance in miles between the transmitter 
and receiver. 

 
• Area of system parameters. Where are the parameters that must be met for 

there to be communication between the sender and receiver. These parameters 
will vary depending on the selected computers. 

 
o SNRobj: Defines the value of signal to noise ratio objective to be 

achieved in the receiver so that there is communication. 
o EbN0obj: Defines the value of bit energy to noise power goal to be 

achieved in the receiver so that there is communication. 
o BERobj: Defines the value of Bit Error Rate minimum target to be 

achieved in the receiver so that there is communication. 
 
 
• Results area. Showing the data calculated by the application, which provides 

the communication system 
 

o EIRP: Defines the value of Equivalent Isotropic Radiated Power 
provided by the system transmitter. 

o Pathlosses: Defines value of signal power loss due to wave propagation 
through space. 

o RxSignalPower: Defines the value of the received signal power at the 
receiving antenna. 

o RxNoisePower: Defines the value of noise figure obtained from the set 
of equipment of the receiving system. 

o Tolerance: Sets the tolerance value measured in decibels that exists in the 
communication system due to the tolerance of the computers in that 
group. 

o SNR: Defines the value of signal to noise ratio obtained in the receiving 
system. 

o EbN0: Defines the value of bit energy to noise power obtained in the 
receiving system. 

o BER: Defines the value of Bit Error Rate obtained in the receiving 
system. 

o Link Margin: Sets the link margin value measured in dB. This value 
represents the number of dB above or below the target EbN0. 

 
• Area of the system structure. Where computers are selected communications 

system and which represent both the system transmitter and receiver system. 
After entering the equipment can check the parameters that characterize the 
system. 

 
o Systemstructure: Covers the system transmitter, receiver and channel 

system. 
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o TxSystem: Covers the whole transmitter system equipment and the basic 
parameters that define it. 
 Wire: Select a type of cable from the database and the distance of 

the same system used in the transmitter. 
 Transmitter: Selects a transmitter of the database. 
 HPA: HPA Select a team from the database, as well as activate 

and deactivate as needed. 
 LNA / Duplexer: Duplexer Select a team from the database. 
 Antenna: Selects an antenna of the database. 
 Tx Total Weight: Indicates the value of the total weight of the 

complete transmitter system. 
 MTBF: Indicates the average time between failures of the system 

transmitter. 
 
 

o RxSystem: Covers all teams receiving system and the basic parameters 
that define it. 
 Wire: Select a type of cable from the database and the distance of 

the same system used in the transmitter. 
 Receiver: Selects the receiving equipment database. 
 HPA: HPA Select a team from the database, as well as activate 

and deactivate as needed. 
 LNA / Duplexer: Duplexer Select a team from the database. 
 Antenna: Selects an antenna of the database. 
 Rx Total Weight: Indicates the value of the total weight of the 

complete receiver system. 
 MTBF: Indicates the average time between failures of the 

receiving system. 
 Ta: Indicates the noise temperature of the receiving antenna. 
 Noise Figure: Indicates the noise figure of the entire receiver 

system. 
 

• "Calculate" button. The tool analyzes parameters that provide the selected 
teams and calculates the corresponding results. 

 
Once all the configuration parameters of the system and introduced all the teams, just 
press the CALCULATE button, to see the results you get. 

 
  
When pressed, we analyze all the data entered and calculated all the parameters that 

provide the selected teams. 
 

• System parameters 
• Results 
• System parameters transmitter 
• Parameters of the receiving system 
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1.6 User Guide 

 
The operation of the application is based on object-oriented programming, since the 

communication system is designed as an object itself which is itself composed of other 
objects. This type of design allows for structured and separate the problem into 
independent parts. This is achieved by programming easier and orderly, as well as being 
flexible in making changes to the code. 

 
Below is a figure showing the structure of objects in the communications system. 
 
 
Due to the dimension in this report cover a full explanation of the use of the 

application, provides a complete user guide in detail along with memory and other 
project information. In the user guide details the following information: 

 
• Start the application 
• Insert a new team 
• Edit an existing team 
• Interfaces of equipment 

o Transceiver, HPA, duplexer, antenna, cable 
• Simulator 

o System Configuration 
o System Parameters 
o Results 
o System Structure 
o LOS 
o Analysis and calculation of parameters 
o Select equipment 
o "Example" button 

 
For now access the user guide, please open the document called "USER GUIDE" 

located in the project folder. 
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