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Abstract 

Försvarets materielverk- test och evaluering (FMV T&E) are using an Excel application to store test 
data for radar equipment. This storing solution has some flaws as for accessibility, the way that the 
data is handled, and the way that the data is displayed. FMV T&E would like a new solution of 
displaying, storing, and accessing the data using a web browser.  
This thesis will therefore describe how a database and its user interface can be designed and 
implemented. This thesis also describes how this can be done in the best way regarding usability. The 
new solution can be accessed from anywhere due to the fact that it is going to be placed on a server 
which then can be accessed from a web browser. This new solution will exclude the flaws that the 
Excel application currently holds.  
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1 Introduction 

 
This chapter will present a background and the purpose of the thesis and its area, limitations 
regarding the thesis area will also be presented. The thesis was done at and proposed by FMV T&E. 
 

1.1 FMV T&E 
 
FMV T&E delivers materiel and services to the Swedish Armed Forces. FMV T&E is a civil authority 
that performs services as maintenance of the vehicles that the Swedish Forces uses to carry out their 
missions. FMV T&E carries out tests and evaluate defense-material mainly to the Swedish forces but 
it also occurs that they perform assignments for foreign nations.  
 

1.2 Background 
 
FMV T&E conducts regular tests in a facility in Totalförsvarets Forskningsinstitut (FOI), in Linköping, 
called ConRad. This facility consists of an anechoic chamber (36 x 16 x 10 m), one screen cage, two 
containers and several office-like spaces provided for the staff. In the anechoic chamber, there is a 
radar mounted on a pedestal with a turntable. In the screen cage, there are coupled different 
jamming-systems up against the radar in the anechoic chamber. The purpose of the tests is to 
evaluate the duel between the radar and the jamming-system. These tests are conducted to develop 
a sturgeon protection in the radar and to develop new forms of jamming-systems. The facility 
enables the tests to be carried out in complete secure environment.  
 

 
Figure 1. Principle sketch over ConRad. 



6 
 

 
The tests are carried out in the form of campaigns where a larger number of scenarios, system 
settings and jamming-forms are prepared, tested and analyzed by the participants of a campaign. 
Before a campaign is conducted, there are several test conditions (TCs) defined. One TC describes a 
certain combination of scenario, system settings and jamming-form that are going to be tested and 
analyzed. 
 
When all TCs for a campaign are defined, one participant of the current campaign sets a running 
number for each predefined TC that is to be run for that specific campaign. This running number is 
then used to sort all the predefined TCs for that campaign and to set the order of which the TCs are 
going to be tested, the outcome of the sorted chosen TCs is called the running schedule. The running 
schedule is printed for all the participants of the campaign to see.  
During the campaigns and to be more specific during each test of TC that is conducted one of the 
participants currently present at the campaign is continuously writing down the result of the TC in a 
log. 
After completion of a campaign all the participants should have access to a TC summary for further 
analysis. The TC summary is a description of all the TCs together with the logs. FMV T&E has for this 
purpose developed an Excel application with associated Visual Basic scripts to store the TC summary 
and the predefined TCs for all the participants to be able see and if needed make changes. 
 
 

1.3 Thesis purpose 
 
The Excel application has worked relatively well so far but suffers from some flaws. The Excel 
application is a local file which creates some restrictions regarding availability such that two users 
cannot write to different Excel applications without needing to merge the two files afterwards to 
have an up-to-date version. 
The users of the Excel application must remember each attribute that is to be connected between 
each table when entering data and there are a lot of tables resulting in that it is hard to provide a 
good overview of TCs and TC summaries for the user with the current solution.  
Problems also occur when the user of the Excel application finds out that incorrect data has been 
inserted (due to human factors) in the Excel application and must find and modify the incorrect 
stored data. It is very easy for the user to make mistakes when under stress.  
 
FMV T&E would therefore like a new solution of storing all the TC summaries and the defined TCs in a 
server-based database together with an appropriate user interface, making it possible to access the 
data through a web browser. Great emphasis is placed on the usability of the database and its user 
interface.  
 
 
 
 
 
 
 
 
 
 
 
 



7 
 

 
FMV T&E has the following vision for the database and its user interface: 
 
• There should be a quick and easy way to input new data (logs, TCs, etc.). 
 
• The user should be able to redefine existing TCs in a simple way. 
 
• The user should be able to query the database for a TC containing a certain combination of system 
settings, scenario, etc. If the query returns a dataset matching the search, the dataset should be 
presented on the user interface. 
 
• The user should be able to add TCs to a set, add the running number and then generate a running 
schedule.  
 
• The user should be able to download a file containing certain chosen data from all the TCs in the 
running schedule. 
 
• The user should be able to add the log for all the currently existing TCs in the database. 
 
• The user should be able to retrieve all data of a certain TC summary. 
 
• It should be possible for several users to access the database through its user interface at the same 
time.  
 
• It should be possible to create a backup of the stored data.  
 
 

1.4 Researched question 
 
The research question that will be handled in this thesis goes as follows: 
 

• How can a database that stores and handles test data for radar equipment with its user interface 
be designed and implemented in the best way regarding usability? 

 
Regarding Usability, the aim is that the users will interact with the database and its user interface 
with satisfaction, effectiveness, and efficiency (Bevan, 2001). 
 

1.5 Scope 
 
The task is to develop the database including its user interface, this will not be implemented in FMV 
T&Es internal server environment. Instead the code for the final product will be handed in to FMV 
T&E which then will decide if they want to implement it on their servers or not since the access to 
their servers are limited.  
Furthermore, the security aspects of the web application will not be focused on since the time of the 
thesis work is limited and because the final product will be stored on FMV T&Es private server 
located on a closed network the application will most certainly not be reachable by malicious 
persons.  
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In additional the final product can be used by multiple users at the same time if one is reading data 
from the database. If data is to be written to the database it is suggested that only one user is writing 
to the database at the same time, otherwise irregularities in the database might occur.  
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2 Theory and related work 

 
This chapter addresses the most important concepts regarding the thesis. The researched question 
brings a lot of focus on usability of the database and its user interface, it is therefore necessary to 
study in a more detailed way how such usability can be achieved and evaluated. To understand how 
to design the structure of the database there will also be a description of what a database is and 
techniques used in the process of designing a database.  
 
 

2.1 Usability 
 
A part of the thesis is to create the user interface for the server-based database. Regarding to the 
researched question adequate studies regarding how to implement the interface in the best possible 
way regarding usability must therefore be made.  
 
According to (Chen, Germain, Rorissa, 2011) the definition of usability is: 
“That a system has visible working functionality familiar to its users, maximum reliability, and useful 
content that is supported by its environment and aligned with context of use. In addition, a usable 
system accommodates the cognitive capacity and various needs of its users, so that they can easily 
understand, effortlessly learn, and dynamically interact with the system as well as its content, 
resulting in a satisfactory experience with a high level of productivity. “ 
 
The usability puts demands on the interface. A user should be able to interact with the interface and 
accomplish tasks/goals with satisfaction, effectiveness and efficiency. This can be put into context in 
the way that users should be able to accomplish their goals which refers to effectiveness, in a 
reasonable amount of time which refers to efficiency and that the interaction satisfies the user 
(Bevan, 2001). 
 
 

2.2 Usability evaluation 
 
In order to evaluate the usability of the user interface there are different techniques that can be 
used. According to (Hasan, Morris, Probets, 2012), there are some techniques that are more effective 
than others. The conclusion of the research (Hasan, Morris, Probets, 2012) was partly that either 
usability testing or heuristic evaluation are useful techniques to identify usability problems. However, 
it is mentioned by (Hasan, Morris, Probets, 2012) that both techniques missed detection of different 
problems and it is therefore proposed to use these techniques together. 
  
Before choosing which evaluation technique to use one must evaluate what each technique requires.  
According to (Holzinger, 2005), different techniques vary in the amount of time needed, how many 
users that are needed, evaluators needed, required equipment, required expertise, and in which 
phase of the development the specific technique can be used. The following techniques are 
presented based on that each of them can be used in every phase of the development (Holzinger, 
2005). 
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2.2.1 Heuristic evaluation 
 
The heuristic evaluation technique involves having evaluators examining the interface in question 
and judging its compliance according to usability principles (Nielsen, 1992).  
The interface is examined several times and compared to earlier identified usability principles. The 
heuristic evaluation method requires at least 3-5 evaluators to obtain a good result. Since there are 
no such guidelines that ensure that the whole design is evaluated, evaluators can sometimes focus 
more on a certain section of the interface than another which must be taken into consideration when 
evaluating the conclusions made by each evaluator. 
The evaluators that are examining the interface should only be allowed to communicate after the 
examination is done since this excludes evaluators being influenced by each other (Holzinger, 2005). 
 
According to (Nielsen, Molich, 1990), heuristic evaluation is good in the way that it is cheap, easy to 
persuade people into doing, requires no advanced planning, and that it can be used in early 
development stages. However, (Nielsen, Molich, 1990) considers that the results of the method 
should not be relied on when only a single person looks at the interface. The best results of the 
technique are achieved when the evaluation/examination is conducted by several persons (Nielsen, 
Molich, 1990).  
 
 

2.2.2 Usability testing 
 
Usability testing is a method that involves participants(users) performing some specific tasks while 
being observed and analyzed by the staff. The advantages of this method are that possible problems 
can be identified and fixed in early stages. A typical usability test observance could involve analyzing 
how long it takes for the participants to complete a task, if they are capable to complete a task, how 
satisfied they are with the interface, identifying flaws of the interface, and finding out if the 
performance meets the requirements of the interface1. The disadvantage of this method can be that 
the user interface is not fully explored with the tasks that the participants are performing, and 
therefore parts of the user interface might be left unevaluated.  
 
 

2.2.3 Cognitive walkthrough 
 
The cognitive walkthrough technique involves having evaluators examining some common user tasks 
on the interface step by step. On each step the evaluators use a set of questions that they take into 
consideration. Based on each answer on the steps the evaluators will determine if a user is able to 
complete the tasks and with this information evaluate the usability of the user interface2. This 
method requires more time and a higher degree of expertise than the heuristic evaluation technique 
(Holzinger, 2005). 
 
 
 
 
 

                                                           
1 https://www.usability.gov/how-to-and-tools/methods/usability-testing.html 
2 http://www.usabilityfirst.com/usability-methods/cognitive-walkthroughs/ 
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2.2.4 Questionnaires 
 
This method involves a set of questions that are answered by respondents. The questions are used to 
understand how users would use a system and which features they prefer. This method requires a 
specific amount of people and it is recommended that there are at least thirty or more people in 
order to collect useful information regarding the usability of the system. Since this method collects 
users’ opinions regarding the interface and not studying the concrete interface, this method is an 
indirect method and this also imposes a disadvantage of this method which is the validity. The 
validity is a disadvantage since this method has a subjective way of evaluating the user interface. It is 
also said that this method compared to other methods identifies fewer problems (Holzinger, 2005). 
 
 

2.3 Database 
 
The user interface is a large part to achieve usability but the underlying database architecture is also 
important to think about. It requires a lot of expertise to design and implement the structure of a 
database.  
There are many challenges regarding the development of the database system that must be 
overcome to create a database that the users can use in an effective, efficient, and satisfactory way, 
which entails usability. A careful thought-out design of the database must be made and one must 
visualize a clear picture of how the final structure should be (Jagadish et al., 2007). 
 
According to (Berrington, 2007), the definition of a database is the following: 
“A database is a structured collection of records or data that is stored in a computer so that it can be 
consulted by a program to answer queries. Records retrieved through queries become information 
that can be used to make decisions.” 
 
One or more tables is what defines a database. These tables then consist of rows and columns that 
contain the stored data. Each column contains data of the same attribute. A row contains data of the 
different attributes defined by each column which then represent a single entity.  
A database is not only used to store data in an organized way, it is also used to retrieve, update and 
perform calculations of multiple data which makes it useful when storing data of complex structure. 
Creating the structure of a database and the relationship between each table (columns that connect 
tables) is an important aspect and this can be done with two methods, Object Modelling and 
Normalization (Berrington, 2007). 
 
Object modelling is used to create a description of what the database is representing. The process of 
creating this description requires that the creator understands the real-world system that the 
database should represent. 
Creating an entity relationship (ER) diagram helps in terms of getting a clearer picture of the world 
that the database is going to represent. As mentioned before, database tables contain entities with 
different attributes, and in a ER-diagram the relationship between types of entities are defined. An 
ER-diagram is a high-level conceptual data model which will work as an overview of the database 
seen in Figure 2. The relationships between entities can vary between one to one, one to many, and 
many to many.   
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Figure 2. Basic concept of an ER-diagram representing the conceptual structure of a database. 1-N  
(one to many) and N-M (many to many) representing the relationship between the entities.  
 
When an ER-diagram has been established, a relational schema can be created using an algorithm. 
This algorithm consists of seven steps that will translate an ER-diagrams attributes, entity types, and 
relationships into a relational schema.  
A relational schema is an actual representation of the database. The relational schema contains all 
the tables including their attributes and their foreign keys that are connecting the tables as seen in 
figure 3. A relationship table, such as Student_Takes_Courses in Figure 3, is a table that connects 
several tables by referring to the primary key of each table, this is a way of solving a many to many 
relationship between tables. The relational schema can change while applying the process of 
normalization (Elmasri, Navathe, 2011). 
 

 
Figure 3. Basic concept of a relational schema representing the structure of a database. 
 
Normalization requires that the creator has understanding about functional dependency between 
the attributes that constitutes the tables in a database. Normalization is a process that is used to 
organize the structure of the data in the database and by that removing data redundancy and 
update-, insertion-, deletion-anomalies. To identify the functional dependencies between attributes, 
the attributes are said to belong to a specific set of keys. There are many sorts of keys but the ones 
used in the normalization process are candidate keys, primary keys and none primary keys. A 
candidate key is one or more columns in a table that can identify a unique row, a table can contain 
multiple candidate keys. The candidate keys attributes are called prime attributes and the other ones 
are called non-prime attributes. One candidate key is chosen as a primary key for a table. When 
choosing a primary key from the candidate keys, it is recommended to choose the one with the least 
amount of attributes.   
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Data in a database is said to be in a specific normal form depending on how well the database is 
organized. There are different normal forms first-, second-, third normal form or BCNF (Boyce-Codd 
normal form). Depending in which normal form the tables are in, the database gradually improves in 
structure organization level from first normal form to BCNF. BCNF being the most structured one 
(Berrington, 2007). A table must fulfill all the requirements of the lower demanding normal forms in 
order for it to be in a higher one.  
 
Tables in a database are said to be in first normal form if the table does not contain non-atomic 
values. Non-atomic values are values that can be divided. For tables to be in the second normal form, 
non-prime attributes should be functional dependent on candidate keys and not a part of a candidate 
key. The third normal form requires the tables to not have any functional dependencies between 
non-prime attributes and other non-prime attributes. For the tables to be in the BCNF it requires that 
all attributes must only be functional dependent on whole candidate key (Elmasri, Navathe, 2011). 
 
In the database structure of figure 4 it is shown that multiple rows in the course table are naming the 
same TeacherID together with the teachers’ other attributes repeatedly which is an example of data 
redundancy. This can cause anomalies when one is modifying, updating, or adding data to the 
database. If changes would be made or additional teacher attributes would be added one must go 
through the course table and separately updating each row. 
Therefore, it would be a good idea to separate the teacher attributes from the course table and 
instead create a separate teacher table, then only referring to the correct teacher id from the course 
table. 
 

 
Figure 4. Illustrating an example of data redundancy, a simple but badly organized structure of a 
database. 
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3 Method 

 
This chapter describes the method of how the aforementioned researched question (see section 1.4) 
will be answered. 
In order to study this question and try to answer it, deeper research of the all areas regarding the 
thesis must be done which will represent the pre-study. 
Once an adequate pre-study has been done, the next step will be to implement the database and its 
user interface regarding usability with a usability evaluation method that were presented in the 
theory. When the implementation part is done and a final product has been developed there will be 
an evaluation.  
 
 

3.1 Pre-study 
 
Before implementing anything, there are some parts that must be made clear. Great emphasis must 
be put in studying the design of the user interface and the database structure using a diagram 
provided by FMV T&E which represents how the current Excel application stored data is structured. 
Since the final product will be handed in to FMV T&E, it is important that the design of the user 
interface and the database satisfies their requirements.  
It is therefore a good idea to make a visual prototype/sketch of how the final user interface will look 
like as well as the structure of the database. This visual design will then be used as a template to 
implement the final product.  
This is done since I want to avoid misunderstandings between me and FMV T&E. The visual design 
will also be used to identify necessary components needed for the implementation part. 
 
 

3.2 Implementation 
 
When enough study has been done regarding the thesis area, the implementation will take place. 
The implementation consists of two parts, implementing the database and the user interface. The 
researched question involved implementing the database and its user interface in the best way 
regarding usability. Therefore, the heuristic evaluation technique described in the theory will be 
applied during the implementation. 
According to (Holzinger, 2005), heuristic evaluation is a one of the most commonly known informal 
methods.  
 
Its popularity can be attributed to the following reasons. The method requires medium amount of 
expertise, minimal amount of equipment, three or more evaluators, minimal amount of time, and, 
most importantly the method is applicable in all phases of the development (Holzinger, 2005). The 
benefits of the heuristic evaluation method formed the basis of my decision of using this method 
over the other methods that were presented in the theory. The implementation is an ongoing phase 
and by using the heuristic evaluation method (with the help of the staff at FMV T&E that will be 
evaluating the use interface) the implementation phase will be done in an iterative way. This means 
that the heuristic evaluation method will be applied throughout the whole implementation part. 
 
During the implementation phase, the usability evaluation is an important part since it will be used to 
find usability flaws. These flaws will continuously be solved/corrected and this is how the 
implementation phase will be structured to develop the final product.  
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During the iterative implementation of the product, it is important to weekly check with my 
supervisor on FMV T&E and always have the predefined envisioned product in mind so that the 
development is on the right track.  
 
To create the database and its interface previously described, necessary components are needed. 
The following categories for the implementation phase have been chosen based on the database and 
the user interface functionalities and which goals that are set for the final product: 
 

1. Server 
2. Database 
3. User interface and its functionalities 

 

3.2.1 Server 
 
The database must be server-based and it should be possible to access the database via a web 
browser. The database and the interface needs therefore to be hosted on a server. Since FMV T&E 
partially perform operations for the armed forces, there are some restrictions to the access of the 
server which I do not have access to during the development. A need for the creation of a local server 
environment to simulate the actual situation is necessary during the implementation part.  
 
To simulate and test the database and the user interface a local server environment needs to be set 
up on a computer which will be used during the implementation phase. To do this a program named 
MAMP can be used. 
MAMP stands for "Macintosh Apache MySQL PHP". Along with MAMP there also comes a MySQL 
database system which allows one to create a database out of SQL code and access it locally on one’s 
computer via the server. MAMP also has two versions of PHP installed. 
MAMP does not change any local files on the computer that is used, which means that one does not 
have to make any further configurations on the computer that has MAMP installed to access the 
functionalities of MAMP3.  
 
 

3.2.2 Database 
 
Many web applications that store any kind of information are using a database management system 
(DBMS). The web application Facebook stores all the data needed to continue providing clients a 
good experience in multiple DBMS. Large amounts of data are no problem for a DBMS to organize if 
the database has a good structure.  
As presented earlier, the structure level is dependent on which normal form the tables in the 
database are in and the aim is to make every table being in the BCNF since it is the most structured 
normal form. This must be done by closely studying the structure of the tables in the Excel 
application file that FMV T&E currently uses. Without a structured database, there is a big risk that 
the database will not work as intended and instead suffer from flaws (Jagadish et al., 2007).  
Normalization is used to remove redundant data and exclude risks of data loss in the database 
(Berrington, 2007).  

                                                           
3 https://www.mamp.info/en/ 
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The database to be developed will store the TC summary where each row describes what 
combination of scenario, system setup, interference form and log a TC has. This means that the 
database will be storing strings/integers. Great emphasis must be put in studying the structure of the 
database for it to work in an optimal way regarding the usability as described in the theory.  
 
SQL stands for "Structured Query Language" and it is a programming language that allows the user to 
enter, edit, and retrieve data from a database. SQL is used to create the database structure and set 
the type of the data it will store as well as handling the data. Since the database is going to be placed 
on a server, the web application must be able to communicate with the database and this is partly 
done with the SQL code4. 
 
 

3.2.3 User interface and its functionality 
 
Since the database should be server-based and one should be able to access the database through a 
browser, a web application should be created. The web application should be applied after the 
usability definition and the data presented on the website should be presented in a clear manner. 
Based on my earlier experiences on how to develop a web application, there are some crucial 
components that are needed, namely HTML, CSS, and Javascript.  
 
HTML stands for "Hypertext Markup Language". Each web page on the World Wide Web (www) is 
made of one or a set of HTML documents linked to each other.   
With HTML one can create pictures, text, links and other items that are used by web pages daily on 
the www. The HTML code is interpreted by the browser that presents the content to the user5.  
 
CSS stands for "Cascading Style Sheets". As mentioned earlier, the HTML code improves the content 
of a web page. How the HTML objects are presented to the users can then be modified with the help 
of CSS code6. This is good because it separates the web page content (HTML) and how it visually be 
presented to the client (CSS). 
Using different files for the CSS code and HTML code also affects the client browser's ability to 
download websites content faster since the CSS code (even Javascript code) is cached by the 
browser7.  
 
Previously, I mention how the contents of a web application is created (HTML) and how to customize 
it in a visually way (CSS). To create the functionality of the web application one can choose to use the 
programming language Javascript.  
Javascript is for example used to validate different information before it is sent to the server. The 
web application that is to be developed needs some functionality, such as navigating between tabs 
and set functionalities for different buttons, this could be done with Javascript8. 
 
 
The web application will display data according to what the database currently stores. In order for a 
web application to display data that is retrieved from a database on a server one can use the server 
scripting language PHP together with SQL. PHP stands for “Hypertext Preprocessor” and can amongst 
other things be used to make a web application/website dynamic and interactive. This enables me to 

                                                           
4 http://www.w3schools.com/sql/sql_intro.asp 
5 http://www.w3schools.com/html/html_intro.asp 
6 http://www.w3schools.com/css/css_intro.asp 
7 http://www.webdesignskolan.se/css/css.php 
8 http://javascript.about.com/od/reference/a/javascriptpurpose.htm 
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create my dynamic web application that is going to change its content depending on what the user 
wants to display from the database (Powers,2014). 
 
 

3.3 Evaluation 
 
When the final product has been developed, it is time to evaluate the database and its interface as a 
whole. It is therefore important to recall how FMV T&E envisioned the final product and check that it 
fulfils the requirements that were initially set. It is important to test the product at this stage to see 
that all the functionalities are fulfilled and that the product works without any huge flaws regarding 
the usability points: satisfaction, effectiveness, and efficiency. 
This can be tested with fictive data that is inserted, queried, manipulated, and removed to the 
database through the web application to see that the product works as intended in all aspects.  
 
To see how the product works in a real situation and to find possible flaws the best way would be for 
FMV T&E to test the product alongside with FMV T&Es current solution (the Excel application) when 
a campaign is conducted and evaluate it using the questionnaire method or the usability testing 
method. The gathered information of how the product worked could then be studied and corrections 
of the product could be made. This real situation test could be done as fast as a working prototype 
has been developed. 
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4 Result 

The work was essentially split into two larger parts, the database and the user interface. The result 
chapter will therefore be split likewise.  
 

4.1 Database 
 
The structure of FMV T&Es current Excel application was studied and thereafter an ER-diagram and a 
relational schema was created (see figure 6 and figure 7). Some additional tables that the supervisor 
at FMV T&E asked for were added to the database structure that the Excel application structure did 
not have and some tables were modified during the implementation phase. 
 
All the tables in the database (see figure 7) are in BCNF. These are the functional dependencies of all 
the tables in the database: 
 
Run 
Run (ID, Nr, OKBAD, Tidpunkt, SABetyg, FoljeBetyg, EWBetyg, Kommentar, TCID) 
ID -> Nr, OKBAD, Tidpunk, SABetyg, FoljeBetyg, EWBetyg, Kommentar, TCID 
Nr ->ID, OKBAD, Tidpunk, SABetyg, FoljeBetyg, EWBetyg, Kommentar, TCID 
Candidate key: (ID), (Nr) 
Primary key: ID 
Satisfies BCNF 
 
TC 
TC (ID, Nr, Systemfokus, ECMID, RRSWID, EWSWID, UtforandeID, RRStyrningID) 
ID -> Nr, Systemfokus, ECMID, RRSWID, EWSWID, UtforandeID, RRStyrningID 
Nr -> ID, Systemfokus, ECMID, RRSWID, EWSWID, UtforandeID, RRStyrningID 
Candidate key: (ID), (Nr) 
Primary Key: ID 
Satisfies BCNF 
 
ECM 
ECM (ID, Namn, Beskrivning) 
ID-> Namn, Beskrivning 
Namn -> ID, Beskrivning 
Candidate key: (ID), (Namn) 
Primary key: ID 
Satisfies BCNF 
 
RRSW 
RRSW (ID, Namn, Beskrivning) 
ID-> Namn, Beskrivning 
Namn -> ID, Beskrivning 
Candidate key: (ID), (Namn) 
Primary key: ID 
Satisfies BCNF 
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EWSW 
EWSW (ID, Namn, Beskrivning) 
ID-> Namn, Beskrivning 
Namn -> ID, Beskrivning 
Candidate key: (ID), (Namn) 
Primary key: ID 
Satisfies BCNF 
 
Utforande 
Utforande (ID, Beskrivning) 
ID -> Beskrivning 
Candidate key: ID 
Primary key: ID 
Satisfies BCNF 
 
RRStyrning 
RRstyrning (ID, Nr, RCSID, CSSID, ScenarioID) 
ID -> Nr, RCSID, CSSID, ScenarioID 
Nr -> ID, RCSID, CSSID, ScenarioID 
Candidate key: (ID), (Nr) 
Primary key: ID 
Satisfies BCNF 
 
ECMSetup 
ECMSetup (ID, Namn, Beskrivning) 
ID -> Namn, Beskrivning 
Namn -> ID, Beskrivning 
Candidate key: (ID), (Namn) 
Primary key: ID 
Satisfies BCNF 
 
RRECMSetup 
RRECMSetup (RRStyrningID, ECMSetupID) 
Candidate key: (RRStyrningID, ECMSetupID) 
Primary key: (RRStyrningID, ECMSetupID) 
Satisfies BCNF 
 
UTP 
UTP (ID, Namn, Beskrivning) 
ID -> Namn, Beskrivning 
Namn -> ID, Beskrivning 
Candidate key: (ID), (Namn) 
Primary key: ID 
Satisfies BCNF 
 
RRUTP 
RRUTP (RRStyrningID, UTPID) 
Candidate key: (RRStyrningID, UTPID) 
Primary key: (RRStyrningID, UTPID) 
Satisfies BCNF 
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Scenario 
UTP (ID, Namn, Beskrivning, Lanktillbeskrivning) 
ID -> Namn, Beskrivning, Lanktillbeskrivning 
Namn -> ID, Beskrivning, Lanktillbeskrivning 
Candidate key: (ID), (Namn) 
Primary key: ID 
Satisfies BCNF 
 
CSS 
CSS (ID, Sokprogram, Hojdvinkel, Avstandsomrade, Frekvensvred, Spaningsmod, Foljemod, ECCM) 
ID -> Sokprogram, Hojdvinkel, Avstandsomrade, Frekvensvred, Spaningsmod, Foljemod, ECCM 
Candidate key: ID 
Primary key: ID 
Satisfies BCNF 
 
RCS 
RCS (ID, Namn, Beskrivning) 
ID -> Namn, Beskrivning 
Namn -> ID, Beskrivning 
Candidate key: (ID), (Namn) 
Primary key: ID 
Satisfies BCNF 
 
 
As mentioned in the introduction chapter, a TC is a certain combination of scenario, system settings, 
and jamming-form. A TC and its scenario, system settings and jamming-form consists of all the tables 
and their attributes seen in figure 7 from the TC table and the tables linked from the TC table. Several 
TCs is what the staff of FMV T&E will predefine before a campaign. It is not until a TC has been run as 
a Run will be inserted and connected to the specific TC. It is when a Run row has been linked to a TC 
that the chain is complete and that a TC has a first result. As seen in figure 7 a single TC can have 
several Run linked to it. This is because a TC with its certain scenario, system settings and jamming-
form can produce different result from time to time mainly because of human factors and because of 
the timing between certain equipment in the facility in FOI.  
 
The ER-diagram (see figure 6) and the relational schema (see figure 7) would work as a template for 
the development and the creation of the database that was done in the program MAMP. With 
MAMP I could set up a local server environment and start to implement my database structure into 
the online interface of MAMP called PhpMyAdmin which lets me create a reachable database on my 
local server environment. I created a database according to the structure of the ER-diagram and the 
relational schema.  
In PhpMyAdmin I could set all the settings for the database such as the foreign keys between each 
table and which type that should be stored in each attribute for each table. The setup of the 
database could either be done by navigating through the PhpMyAdmin interface or by using SQL 
code. 
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Figure 6. ER-diagram of the database 
 

 
Figure 7. Relational schema of the database. 
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After the database was created and all the tables were complete, a user was configured in 
PhpMyAdmin so that I would be able to correctly authenticate and connect myself towards the 
database on the local server environment and to write queries to it. The connection to the database 
is established by using PHP code, a connection is established before a query to the database is made 
and it is thereafter closed. Several connections can be made at the same time, enabling several users 
to access the database through the web application at the same time. If one wants to download a 
backup of the stored information in the database, one can do so in the PHPMyAdmin interface. The 
PHPMyAdmin interface could also be used to reset the whole database. 
 
 

4.2 User interface 
 
The programming languages that were used to create the web application and to quire the database 
were HTML, CSS, Javascript, SQL, and PHP. The Javascript library JQuery AJAX was used to create a 
dynamic web application without reloading the browser each time data exchange between the 
server was made.   
The layout of the web applications was split into eight tabs. Each tab displays information and most 
of the tabs has functionality to it which lets the user interact with the web application.  
 
 
The web application has the following tabs: 

• Welcome 

• UserSearch 

• AdminSearch 

• GenerateRunningSchedule 

• RunningScheduleTable 

• CurrentRunningSchedule 

• CurrentRunningScheduleAdmin 

• Runlog 
 
The Welcome tab is used for instructional purposes. This tab contains instruction information 
regarding all the other tabs. The Welcome tab will be helpful in the way that a user can read the 
instructions before navigating to other tabs and by that help the users to use the web application as 
intended. Certain users should not be navigating to certain tabs. Therefore, restrictions will be 
mentioned in this tab as well.   
 
The UserSeach tab (see figure 8) is used to search for existing TCs and those TCs that have been 
tested (i.e. the TCs that have a Run linked to them) and display them for the user.  
This tab contains a search table that contains often searched-for attributes of the tables in the 
database (except from the RRStyrning table attributes) and this table is used to input data and to 
search through the database. The inputted values in the search table are used to filter the search and 
by that the result will contain certain information based on the inputted values. There are two 
buttons, one for searching and one for clearing the search table to input new search values. The 
result of the search is shown as tables underneath the search table. The search result will of course 
vary in length depending on the amount of hits the search had. The search result is divided into two 
pieces, one showing all the TCs hits in the database that have a Run and the other showing the 
remaining TC hits that does not have any Run yet. 
To be able to distinguish between different Runs and TCs, the TCs with a Run varies between two 
colors in the search result and the TCs without a Run varies between two other colors.   
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Figure 8. UserSearch tab content. All data in the tables are fictive. 
 
The AdminSearch tab (see figure 9) allows the user to add TCs to the database and to modify existing 
ones. This tab contains a table that contains all the tables of the database and their attributes. This 
table is similar to the search table in the UserSearch tab except from some added functionality. 
In the search table of the AdminSearch tab a user can insert new TCs to the database, insert new 
separate rows of some tables and displaying currently inserted rows of some tables and add them to 
the search/insert table.  
The AdminSearch tab has similar to the UserSearch result tables for the search. The result tables 
display the TCs that matched the search according to the attributes in the search/insert table.  
If a TC in the result table has a Run linked to it, the TC will be displayed with a green background. 
The TCs that does not have a Run linked to them can be updated/removed which means that each 
attribute of the TC and its certain combination of scenario, system settings and jamming-form tables 
can be updated/removed.  
All TC rows (even those with a Run) have a checkbox, when this checkbox is checked and the 
CopyInsert button at the top of the tab is pressed, a copy of each marked TC will be added to the 
database. The user can also add the number of copies that the user wants to insert of each TC at the 
textboxt next to the CopyInsert button. 
The background color of each newly inserted copy of the marked TCs will appear yellow in the result 
field until the user updates this row, it will then be gray as the other ones. This function is added so 
that a user fast can create copies of several TCs at once and then later change some attributes for 
each copied TC. 
The user can also use the checkbox in order to use the ChangeInsert button. This will insert a similar 
TC that has been checked except that the filled in attributes in the search table will replace the 
checked TCs corresponding attributes.  
A TC that has a Run linked to it, cannot be updated or removed and therefore appears green in the 
result field. The AdminSearch view has four buttons at the top used to search for data, insert data, 
insert multiple copies of marked TCs, insert multiple similar TCs of the marked TCs, and to remove 
the inputted data in the search/insert table.  
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Figure 9. AdminSearch tab content. All data in the tables are fictive. 
 
The GenerateRunningSchedule tab (see figure 10) allows the user to add existing TCs to a set called 
the running schedule, these are the TCs that are going to be run on a campaign. 
This tab contains a similar search table as the UserSearch tab. The GenerateRunningSchedule has a 
search result which contains tables of the TCs that matched the search. Each row of matched TC can 
then be added to the running schedule, this can be done using a button. When a TC is added to the 
running schedule the added TCs background becomes green, a TC can only be added once to the 
running schedule. There are also buttons to clear the inputted data in the search table and to remove 
all the added TCs from the running schedule.  
 

 
Figure 10. GenerateRuningSchedule tab content. All data in the tables are fictive. 
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The RunningScheduleTable tab (see figure 11) is used to manage the running schedule. In this tab, a 
user can change one or multiple TCs positions in the running schedule or remove them completely 
from the running schedule. This tab displays all the added TCs, some of each TCs attributes, and each 
TCs current running order in the running schedule.  
The user can also download a text file that contains information in a specific format of each row of TC 
that is added to the running schedule, this can be done by clicking a button. This file is called the 
Gratest-Input and it is used by one of the staff to program one of their radars during a campaign. 
Instead of simply writing down the displayed data of each TC the user can simply download the 
Gratest-Input file and it is managed by itself.   
 

 
Figure 11. RuningScheduleTable tab content. All data in the tables are fictive. 
 
The CurrentRunningSchedule tab (see figure 12) is simply used to display an overview of all the TCs 
and some of their attributes in the order of the running schedule. This tab is just going to be used as 
a print-out tab so that the staff currently present on a campaign can browse through the TCs that are 
going to be run.  
 

 
Figure 12. CurrentRuningSchedule tab content. All data in the tables are fictive. 
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The CurrentRunningScheduleAdmin tab (see figure 13) is used to add Run rows to currently existing 
TCs that are added to the running schedule. This tab displays all the TCs currently added to the 
running schedule and according to its defined order. Each two rows that represent a TC also has an 
empty column named Run and a function column. The function column is used to start a test and to 
add the Run to the database. The start of a test sets the time/data to the “Tidpunkt” attribute in the 
Run column and to add the Run to the database the user must fill in all the attributes of the Run 
column (except for the “Tidpunkt” attribute which is set by itself when start button is pressed) before 
pressing the add button which inserts the Run attributes to the database and links it to the correct 
TC. When a Run row has been inserted to the database the rows background with the tested TC 
becomes green to inform the user that the specific TC already has been run/tested. The user can 
then decide if he/she wants to run the same TC again or to run another TC that is currently added to 
the running schedule. If the user wants to add another TC to the running schedule he/she must 
navigate to the GenerateRunningSchedule tab and add it to the running schedule.  
 

 
Figure 13. CurrentRuningScheduleAdmin tab content. All data in the tables are fictive. 
 
The Runlog tab (see figure 14) allows users to search for existing TCs that have a Run linked to them 
and to update the “Kommentar” attribute of each Run.  
This tab has one column as a search table which lets the user filter through all the currently existing 
TCs that has a Run connected to them. The result will contain the TCs and their Run. The user is also 
able to check the AutoUpdate checkbox. This enables an auto update function which makes a search 
every five seconds according to the filled in parameters in the search table. This makes it easier for 
the user to get informed every time a Run is added (which will be displayed at the bottom of the 
result field) to the database instead of spamming the search button. The user can update the 
“Kommentar” attribute of each Run row by editing it and then pressing the update button. 
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Figure 14. Runlog tab content. All data in the tables are fictive. 
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5 Discussion 

This chapter will be discussing the final product that was developed and the method that was used to 
develop it.  
 
 

5.1 Method 
 
The visual design that was created in early stages of the thesis work should have been focused on 
more. The visual design that originally was set changed as the iterative implementation of the web 
application took place. The visual designed changed as my experience of how the components CSS, 
HTML, Javascript, and PHP worked together grew and as new ideas of additional features were 
brought up during the implementation phase. 
It would have been a better strategy to clearly point out each tabs feature before starting to code, 
this would have saved time and a clear vision of how the final product would look like would have 
been established in early stages. It can be hard to point out each feature that a web application 
should have before the actual implementation takes place since many ideas are brought up as the 
product takes shape.  
 
The structure of the database changed during the implementation phase. This also resulted that the 
functional dependencies between attributes in the tables also changed. This was due to fact that I 
concluded that some tables and some attributes within some tables were unnecessary and were 
therefore removed from the original database structure. Therefore, it would have been a good idea 
to focus more on what the database should contain and whether there are any parts of it that are 
unnecessary before starting to implement it. 
 
 

5.2 Result 
 
The functionalities that FMV T&E envisioned for their final product had to be divided, that is why 
there were several tabs with different functionalities in the web application. This was since one 
view/tab simply would not be enough to hold all the features that the final product has. 
 
I noticed in early stages that the way I implemented the first prototype was bad. The browser 
reloaded each time a server query was made. This would mean that it would be hard to implement a 
dynamical web application. All filled-in information and dynamically created tables were to be reset 
when the browser reloads. Therefore, the Javascript library JQuery AJAX would prove to be very 
suitable for my dynamic web application as it entails that the web application can query the database 
and update its content without reloading the actual page.  
 
The heuristic evaluation technique would turn out to help me improve certain aspects of the web 
application which I alone probably would not have thought of. The technique resulted in that 
features were added and that interface design changed which resulted in that the user would use the 
web application in a more satisfactory, effective, and efficient way. 
 
Most of the tables have an attribute named ID as an identifier (see section 4.1) even though most of 
the tables already have another attribute that could serve as an identifier instead of the ID attribute. 
This was discussed with my supervisor and we concluded that the staff at FMV T&E would like to 
work with an ID as an identifier for each table. The reason for this was that an ID (stored as an 
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integer) is simple to handle and that the staff of FMV T&E possibly sometime would like to modify 
some tables and therefore we choose to keep the ID in all the tables and to keep it as the identifier.  
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6 Conclusion and future work 

 
FMV T&E are using an Excel application to store TCs and Runs. A TC describes a certain combination 
of scenario, system settings and jamming-form that are going to be tested and analyzed. When a TC 
has been tested, the result will be linked to that specific TC, the result is called a Run. FMV T&Es Excel 
application has some flaws as for accessibility, data management, and data presentation. Therefore, 
they would like a new solution of storing, handling and presenting the stored data. This new solution 
involves storing the data on a server based data base and accessing it through a user interface as in a 
web application. This would mean that the new solution would have better accessibility, a better way 
of handling the data, and a better way of presenting the data. Therefore, this thesis has summarized 
the problem into a research question (see section 1.4). 
This work explains how one can design and implement a server based database that stores test data 
for radar equipment with its user interface in the best way regarding usability.  
A server based database and a web application has been development according to FMV T&Es vision 
(see section 1.3).  
Since the research question involved usability a method called heuristic evaluation was applied 
during the implementation part of the thesis. This was done to evaluate the user interface regarding 
to its usability. The evaluation method was applied successfully since functionalities were added and 
changed during the implementation part which resulted in that the user can use the final product in a 
more satisfactory, effective, and efficient way, which is what usability entails. With all of this said the 
research question can be considered as answered.  
 
The next step for FMV T&E would be to test the web application in a real campaign and to implement 
the web application and the database onto their own servers. The appearance of the interface and 
how it presents data could also be changed as the real data may differ from the fictional data that 
was inserted into the database during this thesis. The security aspect of the web application has not 
been focused on since the time of the thesis is limited. The web application could also now possibly 
be vulnerable against SQL injection attacks by malicious intruders. Security measures of the web 
application could therefore be added to the web application in future work. As stated in section 1.5 
the web application can be used by multiple users to read data but may cause irregularities if 
multiple users are writing data at the same time. This has not been tested but it might be good to 
keep this in mind when using the web application. Therefore, further work could involve testing 
simultaneous writings to the database through the web application and applying a solution to this if it 
proves to be a problem for the web application to handle.   
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