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Resumen 

 

La Industria de las Tecnologías de la Información y Comunicaciones (TIC) ha sido la 

que más ha evolucionado durante las últimas décadas, desde la aparición de la 

Informática y el ordenador personal en nuestra sociedad. Bien es cierto, que todos los 

diferentes sectores industriales y domésticos se han adaptado a esta evolución y han 

hecho de estas tecnologías su sustento básico, de modo que actualmente es 

prácticamente imposible pensar en la existencia de una empresa que no disponga de una 

página web en Internet o que no utilice cualquier tipo de software/hardware para sus 

tareas diarias (programas, bases de datos, controladoras hardware…). 

Pero también es cierto que muchas otras industrias no han evolucionado tan rápido 

ni han incorporado las TIC a su trabajo diaro, tanto como lo han hecho otras. Es el caso de 

la industria de la alimentación y su distribución en tiendas, supermercados y grandes 

superficies. Si bien es verdad que, hoy día, es impensable la existencia de esta industria 

sin el soporte de las TIC en ella; también es cierto que el uso de elementos informáticos 

en dicha industria se queda rápidamente obsoleto y su evolución es prácticamente 

inexistemnte. Grandes empresas de este sector actualmente siguen utilizando las mismas 

computadoras e infraestructuras informáticas que hace 30-40 años. 

El proyecto que se plantea a continuación pretende ofrecer un acercamiento de las 

TIC a este sector, centrándose en el uso de terminales modernos, elementos móviles,  

diseño y planteamiento de una solución eficiente para la industria de distribución de 

alimentos. Además, y aprovechando la constante interacción actual existente entre 

usuarios y ordenadores gracias a la aparición de smartphones, tablets y otros dispositivos 

electrónicos móviles; pretende hacer partícipe al cliente como usuario final del sistema, y 

del mismo modo, también partícipe de la propia solución. El principal objetivo del 

proyecto es ahorrar tiempo de espera, tanto a los clientes como a los trabajadores de la 

industria, mejorando de manera significativa el proceso de compra en dichos 

establecimientos. 

A lo largo de las siguientes páginas, se dará un breve repaso a las tecnologías 

utilizadas durante el desarrollo del proyecto, así como también a su evolución histórica 

desde sus inicios hasta nuestros días. Del mismo modo, también se hará hincapié en los 

requisitos para el desarrollo, análisis y diseño del mismo. 

 

 

  



 

Abstract 

 

The Information Technology and Communications Industry (ITC) has experimented 

a huge evolution during the last decades, since the appearance of modern Computing and 

the Personal Computer in our society. Is well known that all the different industrial and 

domestic sectors adapted to this evolution and they made these technologies their 

working basis, making almost impossible to think about any company which does not 

have an Internet Web page or a company which does not use any kind of 

software/hardware component for their daily work (computer programs, databases, 

hardware controllers…). 

However, it is well known that other companies, nor have evolved as fast as the ITC, 

neither have they used the TIC as much as some other companies did. The retail industry 

is a good example of this situation. It is true that, nowadays, is inconceivable the 

existence of this industry without the ITC support, but it is also true that the use of 

computers in this industry is highly outdated and its evolution is almost nonexistent. Big 

enterprises of this sector are currently using computers and infrastructures which are 

30-40 years old.   

The project shown right after tries to provide an initial approach of the ITC to this 

sector, focusing in the use of modern computers, mobile elements, design and proposal 

of an efficient solution for the retail business. Furthermore, and taking advantage of the 

current interaction between users and smartphones, tables, and other mobile devices; it 

tries to make the customers take part of the typicall solution. The main goal for this 

project is to save waiting time, for the customers and the industry workers, improving 

meaningfully the shopping process in these places. 

During the following pages, a brief review of the used technologies will be 

presented, together with its historical evolution, from its beginings up to our days. At the 

same time, the development and analysis requirements together with the system design 

will be emphasized and explained in detail. 
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Introduction 

 

 

The main purpose of this chapter is to serve as an 

introduction of the developed project and an 

explanation of its characteristics. 

The reader will find on it a general description of the 

project and its documentation, so as the motivation 

which originated this idea and document, together 

with its main purpose. The planning and the content 

sections complete this introduction first chapter.  
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1.1 Introduction 

The current project arises with the main goal and idea of proposing a solution to the 

current queue situation present in all the medium to big size supermarkets/grocery stores. 

Furthermore, it pretends to be a major improvement of these situations and moreover, a great 

saving time solution for the customers while shopping of these places. 

It is because of the huge progress and improvement of the Information Technologies during 

the past fifty years (and much more during the last decade), that this project had the 

opportunity to be developed and implemented. Nowadays the personal computers are smaller 

and smaller, their data processing is faster and better (much more efficient); and it is also much 

cheaper than it was twenty years ago. 

This personal idea (and consequently, this project); which is explained on detail during the 

subsequent chapters of this document, tries to be a major improvement on the retail business. 

The project development and implementation was realized focusing only on the grocery stores 

and the food supermarkets/butcher shops. However, this ideas and designs can be extrapolated 

too on several different sectors, such as the textile industry, entertainment business 

(videogames, music, movies…), books, toys… and whatever other industry of products that the 

retail company is selling. 

So the first step and section of this document is the explanation of the main motivations 

and situations which originated this idea, so as its analysis, design and implementation, for later 

on showing the plausible improvements which can be included in the system and the real 

implementation of the original idea.  

1.2 Motivation 

The Information Technologies have experimented a huge evolution during the past 50 years 

since the appearance of the personal computer in the mid 60’s; and on these days the evolution 

and improvement has grown exponentially since the creation of mobile phones, smartphones, 

tablets, small personal computers and even wearable computers like the Intel Edison. At the 

current moment, the computers are much more efficient, cheaper and smaller than they were 

20 years ago, and they are present (and almost indispensable) on every business sector and 

every company. Today is almost impossible to have a company which is not present on the 

Internet, or which does not have any working computer on their offices, or which information is 

not stored within a database, or which current systems are not controlled by any kind of 

computer. 

And even though most of any business sectors have included computers on their business 

and have evolved with them (like the car factories and its own produced cars, the movie and the 

videogames industry, the aviation and the military industry, the education sector and even the 

government are good examples of this evolution); some other industries/business sectors have 

not evolved so fast as the technology, or they are currently working with old and obsolete 

technology. This is the concrete case of the retail sector. Huge and important companies like 

Mercadona, Carrefour or El Corte Inglés are working with outdated systems (because it is true 

that they are highly reliable) and sometimes, they sell computers more up-to-date than the ones 

they are using on their own business.  

http://www.intel.com/content/www/us/en/do-it-yourself/edison.html
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Another drawback that arises on these supermarkets is the way of purchasing the products 

by their customers. This big selling places are designed to attract a lot of customers, but usually 

on these places, only a few cash counters are open when the customer is ready to purchase his 

shopping cart, and sometimes the amount of people purchasing products the same day is so big 

that it is inevitable that all the customers wait in a queue for paying their shopping cart. In any 

of these places the way of purchasing products is always the same: the customer is able to move 

and get by his own all the products he needs and put them within a shopping cart, but at the 

end of this process it is mandatory that the customers wait in a queue in front of the cash 

counter until they pay for the purchased products. 

This problem has been present on these places since their appearance in the main cities of 

each country, and the main solution was always to increase the number of cash counters, or 

create new cash counters for reduced number of products (maximum ten products, fifteen 

products…) and so on. However, some of these companies are introducing new improvements 

to avoid the customers for waiting in queues, for example: the automatic self-service payment 

now present on IKEA; or the unique queue implanted on some Carrefour markets where, instead 

of waiting in front of the Cash Counter where you want to pay, all the customer waits in a 

unique queue, and a person or a computer assigns the free Cash Counter when the customer 

arrives at the beginning of the queue. Even they are good approaches for reducing the waiting 

time, these solutions are not good enough for a huge number of customers (even less during the 

days when a lot of people go to the market the same day) and some of them (like the automatic 

check-out) are still limited and quite useless because they are difficult to use for the users and 

they still need the support of the workers.  

In fact, the idea which originated this project arose while waiting on a cash counter in 

Mercadona for the shopping cart payment. The main question which originated all this (and on 

which, I think the retail companies are not focusing enough), is: “why the customers have to 

wait in a queue for the payment, to give the information to the Cash Counter that it is already 

within the shopping basket?”. The only problem is that, this information (the products 

purchased, its price and the quantities…) has not been counted while the customer puts the 

products within the shopping cart, but it is there even it has not been counted! This situation is 

similar to write down on your personal shopping list the price of the products while you are 

purchasing them in the supermarket. 

At the beginning, and because now I’m living by my own and my budget is limited, I 

calculated the price of the products I purchased on the supermarket by using the calculator in 

my mobile phone. And I did this because I didn’t want to get more products that I could afford 

to pay (because, as any other independent living student, my money is really limited), and also 

because I wanted to know if the supermarket was charging me more money that they should 

(believe it or not, several times I had to go to ask for returning money because one or two extra 

products were “accidentally” scanned by the worker). 

Because of this, the possibility of having an USB laser barcode scanner, and the creation of 

the mobile computer based on Linux, the Raspberry Pi, I chose to make this project and this 

system possible of course, as an initial prototype. 
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1.3 Main Goals 

Focusing on the motivation ideas explained on the previous subchapter, we can resume and 

explain the main purpose and goals of this project and this document: 

 Time: the main purpose behind the implementation of the project is to use the system to 

make the purchasing process on any supermarket the fastest way possible for the 

customers. The main drawback when purchasing products in any supermarket is the fact 

that the customer will have to wait to pay all the products. By using this system, not only 

the number of cash counters can be reduced, but the final checkout process will be faster 

because the customer will not need to take out their products from the shopping basket 

and make the worker scan them for the payment. The products will be store within the 

trolley, without the necessity of taking them out for the payment. The customer will not 

need to wait in a queue until the previous customer finishes the payment and stores again 

all the purchased products within the trolley. 

 

 Simplicity: all the system’s user interfaces are developed to be user friendly and as ease 

of use and minimal possible. The amount of potential system users may vary from the 

youngest to the oldest, and it is necessary than the system would be really intuitive and 

easy to use. This means that only a few buttons are present in the interface, the handling 

is really simple and it shows only the important information to the customers. In fact, the 

user interfaces were designed from the customer’s point of view, not from the 

developer’s one. 

 

 Efficiency: as pointed out before, none customer wants to spend more time in the 

supermarket than it should, and it is necessary that the shopping process will be really 

efficient. The project is designed to avoid the customer to take out the products he has 

already introduced within the shopping cart and, when the checkout process is the fastest 

as it can be, we can reduce the number of cash counters opened ready to charge the 

customer, because the important thing is not to have twenty cash counters opened with 

three or four customers waiting, but having ten cash counters with no customers waiting 

for another customer to finish his payment. 

 

 Control: we tried to implement and design a reliable way of monitoring the products the 

customers are purchasing without them noticing we are controlling the stolen products. 

The shopping trolley will manage this and will communicate with the cash counters at the 

end of the shopping process, having the worker the last decision if there is any problem. 

However, it is not always possible to avoid people from steal products, but the main idea 

is to show the customers our confidence while shopping. 
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1.4 Planning 

The planning section is established because it is necessary to have an accurate way of 

measuring and estimating the time spent on each phase of the project. This estimation can be 

checked on [Table 1.1] where the estimation of the hours dedicated for each phase is shown. It 

is important to emphasize that the development of the project has been extended on time 

because of two main factors: 

 The system was built in Java from scratch: so all the system elements were hard coded (no 

beginning code was used as template, nor any development tools were used for the system 

interfaces), the entire system is programmed in Java, with the Netbeans IDE and Linux, 

using the knowledge and the skills learned during my years in the University. The user 

interface for the database of products in the server was the only element programmed 

using the Netbeans tools for automatic generation of user interface elements. 

 The main delay was created because obtaining the hardware elements was quite difficult: 

the Raspberry Pi was out of stock due to its huge demand and it was very difficult to find a 

touchscreen 100% compatible with it, while its shipment delay reached out three months. 

 

Simulations and virtualizations were not possible because of the uniqueness of the system 

so the testing cases and the implementation were not possible to execute and check until the 

system was fully assembled. Apart from these issues, the estimated planning time at the very 

beginning of the project is shown in the following table: 

 

Task Phase Estimation 
 

Initial Approach 

Project Acceptance 

Requirements First Approach 

Requirements Revision 

Requirements Acceptance 

Research and Design 

Design Acceptance 

System Building 

System Configuration 

Implementation 

Verification and Tests 

System Acceptance 

Improvements Design 

Documentation 

Project Presentation 
 

 

Analysis 

Analysis 

Analysis 

Analysis 

Analysis 

Design 

Design 

Development 

Development 

Development 

Tests 

Tests 

Improvement 

Documentation 

Presentation 
 

 

10 

3 

10 

15 

5 

125 

5 

20 

12 

1200 

100 

5 

5 

125 

20 
 

TOTAL Hours   1660 

Table 1.1 - Tasks Planning Estimation 

The estimation result can be checked on [Figure 1.1] on the next page, where an 

approximated calendar (in weeks) of the executed tasks is shown. This calendar represents an 

accurate timeline of the project’s execution, measured during its development and representing 

its same lifecycle. 
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Figure 1.1 – Week Calendar of the executed tasks 
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1.5 Content 

The content of this document is structured following the planning section explained before: 

 Chapter 1 - Introduction: the first chapter of the document contains the motivation, 

purpose and planning followed to implement the current prototype of the project. 

 

 Chapter 2 - State of the Art: shows a general view of the technologies used on the system, 

along with a general evolution during the last years, which made the system development 

possible. 

 

 Chapter 3 - Analysis: the analysis chapter is focused on the initial study of use cases and 

user/software requirements followed to design and implement the system, together with 

the traceability matrix of the requirements. 

 

 Chapter 4 - Design: the design chapter explains in detail the system architecture and 

organization, so as its main hardware and software components. An explanation of the 

system’s user interfaces it’s included too. 

 

 Chapter 5 - Implementation: explains in detail the main steps and operations executed 

during the implementation process of the system. It shows also the UML class diagrams for 

the Java programs followed during the implementation. 

 

 Chapter 6 - Tests: test cases of the system in order to check its proper behavior according 

with the requirements defined during the analysis phase. The traceability matrix of the test 

cases is included too in the last part of this chapter. 

 

 Chapter 7 – System Improvements: shows the main improvements which can be included 

in the near future to the system, in order to increase its functionality for the customers. 

 

 Appendix: this last chapter contains several explanation appendixes in order to clarify some 

of the configuration/installation aspects of several system’s elements. 

 

 

 

 



 

 

 

 

 

 

State of the Art 

 

 

In order to know where are we going, we need to 

know whence do we come. 

This chapter presents a brief description and history 

about the technologies used in this project and its 

evolution. At the same time, it also explains the 

fundamental basis of the tools used during the 

development of the system. 
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2.1 Brief Computer History 

The following brief history of computing shows small timeline of how computers evolved 

from their counting purpose beginnings to the machines of today that surf the Internet, play 

games and stream multimedia in addition to execute mathematical algorithms. 

The Early Years: a historic approximation 

The first mechanic computing machine, a natural predecessor of the digital computer, was 

invented in 1642 by the French mathematician Blaise Pascal. That device used ten tooth gears in 

where each tooth contained one number from 0 to 9. The gears were connected in a special way 

that made additions possible by going through the specific number of teeth in the gear. In 1670 

the German philosopher and mathematician Gottfried Wilhelm Leibniz improved this machine 

and invented one which also made multiplications.  

Recently, [The Writer Automaton] was discovered from being built in 1770. This “little 

robot”, called simply The Writer, was designed and built by Swiss-born watchmaker Pierre 

Jaquet-Droz with help from his son Henri-Louis, and Jean-Frédéric Leschot. This programmable 

6,000-Part drawing boy automata is considered by some people as the first computer because of 

its unique ability to draw the desired text commanded by the programmer.  

In 1801, the French inventor Joseph Marie Jacquard, by designing an automatic loom (the 

Jacquard Loom), used thin wooden punched cards to manage the crocheting used in complex 

designs. During the decade of 1880, the U.S. population had grown so large that it took more 

than seven years to tabulate the U.S. Census results, so the government needed a faster way to 

solve this problem. In 1890 the statistician Herman Hollerith conceived the same idea of using 

punch-cards for processing data, (similar to the drilled plates of Jacquard) and designed a punch 

card system to calculate the 1880 census, accomplishing the task in just three years (instead of 

the manual seven years). He establishes a company (the Computing-Tabulating-Recording 

Company, C-T-R), that would ultimately become IBM (founded in 1911). 

The Analytic Machine 

During the 19th century, in 1822, the English mathematician Charles Babbage conceives of a 

steam-driven calculating machine which was able to compute tables of numbers: the differential 

machine was designed to solve complex mathematical problems, and even today is still 

considered the world’s first computer actually built because it was a century ahead of its time. 

The technology of that time was not able to execute in practice, the theoretical concepts 

(its differential machine was an initial failure); but this analytic machine already contained a lot 

of characteristics of the modern computer: the power supply, input data in form of punch-cards, 

a memory to store the data, a processor for the mathematical calculations and a printer able to 

make permanent the registered data. 

 

 

http://www.youtube.com/watch?v=FUa7oBsSDk8
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The First Computers 

The first analog computers were built at the beginning of the 20th century. The first models 

executed the calculations using axis and rotatory gears. These machines allowed calculating 

numeric approximations of equations too difficult to be resolved using another methods. 

During the two world wars computing analogic systems were used (mechanical computers 

at first, electrical ones later on) with the main goal to predict the path of the torpedoes in the 

submarines and to remote controlling the bombs in the aviation. 

Electronic Computers 

The principle of the modern computer was first described in 1936 by computer scientist 

Alan Turing, who set out the idea in his seminal paper: On Computable Numbers. Turing 

reformulated and replaced the current universal arithmetic-based formal language with formal 

and simple hypothetical devices that became known as Turing machines. He proved that some 

such machine would be capable of performing any mathematical computation if it were 

representable as an algorithm. He also introduced the notion of a 'Universal Machine' (the 

Universal Turing Machine) with the idea that any other machine could compute anything 

computable by executing a program stored on tape, allowing the machine to be programmable. 

In 1939 the Z2, the computer created by German engineer Konrad Zuse, was one of the 

earliest examples of an electromechanical relay computer. Two years later, in 1941, Zuse 

followed his earlier machine up with the Z3, the world's first working electromechanical 

programmable, fully automatic digital computer. The Z3 was built with 2000 relays, 

implementing a 22 bit word length that operated at a clock frequency of about 5–10 Hz. 

Program code and data were stored on punched film. The Z3 was probably a complete Turing 

machine, used to encrypt the German communications during the WWII. 

And it was during the World War II when, a scientific team of mathematicians which were 

working at the North of London, they created the first totally electronic digital computer: The 

Colossus. This machine, which had 1500 vacuum tubes, was used for the team led by Alan Turing 

to decrypt the encrypted radio messages sent by the Germans. 

In the decade of 1940, J.V. Atanasoff and Clifford Berry, designed a computer which could 

solve 29 equations simultaneously. Later on that decade, on 1944, two professors of the 

University of Pennsylvania (John Mauchly and J. Presper Eckert) built the Electronic Numerical 

Integrator and Calculator (ENIAC), which is considered the grandfather of digital computers. Its 

surface of 167 m2 and 16,468 vacuum tubes allowed it to execute up to 5000 sums and 300 

multiplications per second. Two years later, on 1946 they leave the University of to build the 

UNIVAC, the first commercial computer for business and government applications. 

Early computing machines had fixed programs and changing its function required a full re-

wiring and re-structuring of the machine. In 1945 John von Neumann at the University of 

Pennsylvania also circulated his first Report on the EDVAC: Electronic Discrete Variable 

Automatic Computer, the successor of the ENIAC. With this design, the computer instructions 

were stored within a memory, allowing the computer to be free of the speed limitations of the 

tape reader during the program execution. 
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At the end of the decade of 1950’s, the use of the transistor in computers led the way for 

the creation of smaller, faster and logic elements better than the machine tubes. Because the 

transistors use less energy and they have a higher service life, they development allowed the 

birth of more efficient machines, called second generation computers. The components became 

smaller, so its fabrication became cheaper too.  

Integrated Circuits 

At the end of the 1960’s decade, the Integrated Circuit (IC/chip/microchip) appeared, which 

allowed manufacturing several transistors within the same silicon substrate, where the 

connection wires were welded. 

The IC allowed an important cost and price reduction, size and error rates. The 

microprocessor became a reality at the mid 70’s with the creation of the Large Scale Integrated 

(LSI) and, later on, with the Very Large Scale Integrated (VLSI), with several thousands of 

transistors interconnected together in the same place. 

  Current Evolution 

The Information Technology (IT) industry and the computers are evolving daily by leaps and 

bounds. One of the improvements on which the researchers are focusing is the use of 

superconductivity to improve and make more agile the electronic circuits. By using this 

technique, the electrical resistance and conductance decreases because the components freeze 

faster. 

The computer networks are more important each day in the development of the IT, and the 

current status of the Internet network is the best example of the hugest communication 

network in the world. These networks allows computers to be interconnected and exchange 

information in a reliable, fast and efficient way, allowing also the computing workload to be 

shared between several distributed system among the network. 

One of the most common and most important practices in the Computer Evolution is the 

constant development on microminiaturization, discipline which tries to compress more 

electronic elements in even a smaller and smaller chips. Nanotechnology and molecular 

computers are good examples of this evolution.   

The computer technology has made incredible progress in the roughly 60 years since the 

first general-purpose electronic computer was created. Nowadays the computers are more 

efficient, smaller and has more performance, more main memory and more disk storage than a 

computer bought ten years ago. This rapid improvement has come both from advances in the 

technology used to build computers and from innovation on computer design. Good examples 

of this are the smartphones, tablets, the lately developed Google Glass, or the Raspberry Pi used 

in this project. 

 

 

 

http://www.google.com/glass/start/
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2.2 Touchscreen Interfaces  

The user interfaces were born as a solution to allow a natural interaction between the users 

and the computers. Although they were invented and used much later than the creation of the 

first computer, they have experimented also a huge evolution since the first prototype of a 

mouse and a General User Interface (GUI) was implemented in 1964 by Douglas Engelbart. And 

its evolution has been even higher since the commercial success of the GUI on the operating 

systems of Microsoft and Apple during the decade of 1980. 

The touchscreen interfaces were also invented in the mid 60’s but its evolution has been 

slower due to its higher technical and technological requirements. It took generations and 

several major technological advancements to achieve the presence we have now: smartphones, 

tablets, personal computers, cars, restaurants… This chapter is focused on the evolution of the 

touchscreen interfaces since it’s a major and an important component of our system. 

1960s: The First Touchscreen 

In 1965 E. A. Johnson invented the first finger-driven touchscreen at the Royal Radar 

Establishment in Malvern, UK. Johnson originally described his work in an article entitled "Touch 

display: a novel input/output device for computers", which featured a diagram describing a type 

of touchscreen mechanism that many smartphones use today (known as capacitive touch). 

A capacitive touchscreen panel uses an 

insulator (like glass) which is coated with a 

transparent conductor such as indium tin oxide 

(ITO). The "conductive" part is usually a human 

finger, which makes for a fine electrical conductor. 

Johnson's initial technology could only process one 

touch at a time, and the invention was also binary 

in its interpretation of touch: the interface 

registered contact or it didn't.  

Even at this early stage, the touch interface idea had some takers and Johnson's discovery 

was eventually adopted by air traffic controllers in the UK and remained in use until the late 90s. 

1970s: Resistive Touchscreens 

Although capacitive touchscreens were designed first, they were eclipsed by the resistive 

touchscreens. American inventor Dr. G. Samuel Hurst developed resistive touchscreens almost 

accidentally when studying the atomic physics: they used electrically conductive paper to read a 

pair of x and y coordinates, and that idea led to the first touch screen for a computer.  

In 1970, Hurst experimented in his basement setting out to refine what had been 

accidentally invented and he discovered that a touchscreen on a computer monitor will be an 

excellent interaction method. The entire screen needed was a conductive cover sheet to make 

contact with the sheet that contained the X and Y axis. Pressure on the cover sheet allowed 

voltage to flow between the X wires and the Y wires, which could be measured to indicate 

coordinates. This discovery helped found what we refer today as resistive touch technology, 

because it responds purely to pressure rather than electrical conductivity. 

Figure 2.1 – Capacitive Touchscreen 
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One year later, by 1971, a number of different touch-capable machines had been 

introduced, though none were pressure sensitive. One of the most widely used touch-capable 

devices at the time was the University of Illinois's PLATO IV terminal: one of the first generalized 

computer assisted instruction systems. The PLATO IV eschewed capacitive or resistive touch in 

favor of an infrared system and it was the first touchscreen computer to be used in a classroom 

that allowed students to touch the screen to answer questions (shown in [Figure 2.2]). 

 
Figure 2.2 – PLATO IV Computer 

1980s: The Touch Decade 

In 1982, the first human-controlled multitouch device was developed at the University of 

Toronto by Nimish Mehta. The Input Research Group at the university figured out that a frosted-

glass panel with a camera behind it could detect action as it recognized the different "black 

spots" showing up on-screen. Specifically, this touch surface was a translucent plastic filter 

mounted over a sheet of glass, side-lit by a fluorescent lamp. A video camera was mounted 

below the touch surface, and optically captured the shadows that appeared on the translucent 

filter. (A mirror in the housing was used to extend the optical path.) The output of the camera 

was digitized and fed into a signal processor for analysis. 

Just a year before, gestural interaction was introduced by Myron Krueger, an American 

computer artist who developed an optical system that could track hand movements. Krueger 

introduced Video Place (later called Video Desk) in 1983, and it used projectors and video 

cameras to track hands, fingers, and the people they belonged to ([Figure 2.3]). Unlike 

multitouch, it wasn't entirely aware of who or what was touching, though the software could 

react to different poses. The display depicted what looked like shadows in a simulated space. 
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Figure 2.3 – Video Place 

Although it wasn't technically touch-based system this technology led the rich gestural 

interaction. The work was more than a decade ahead of its time and was hugely influential for 

the future technologies. Krueger also pioneered virtual reality and interactive art later on. 

These improvements allowed that during this decade, touchscreens began being heavily 

commercialized. HP began the fabrication of the touchscreen HP-150 computer in 1983. This 

computer used MS-DOS and featured a 9-inch Sony CRT surrounded by infrared (IR) emitters 

and detectors that could sense where the user's finger came down on the screen. 

A year later, in 1984 multitouch technology took a step forward when Bob Boie of Bell Labs 

developed the first transparent multitouch screen overlay. This screen allowed the user to 

manipulate graphical objects with fingers with excellent response time and the discovery helped 

create the multi-touch technology that we use today in tablets and smartphones. 

1990s: Touchscreen Revolution 

In 1993, IBM and BellSouth teamed up to 

launch the Simon Personal Communicator, one 

of the first cellphones with touchscreen 

technology. It featured paging capabilities, an e-

mail and calendar application, an appointment 

schedule, an address book, a calculator, and a 

pen-based sketchpad. It also had a resistive 

touchscreen that required the use of a stylus to 

navigate through menus and to input data, as 

shown in [Figure 2.4].  

Apple, Palm and some other companies also launched during this decade touchscreen 

devices which also featured handwriting recognition software and was controlled with a stylus. 

At this time the term "PDA" (Personal Digital Assistant) was coined and suddenly the word PDA 

become synonymous with the word "business". 

Figure 2.4 – Simon Personal Communicator 
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Near the end of the decade, University of Delaware graduate student Wayne Westerman 

published a doctoral dissertation entitled "Hand Tracking, Finger Identification, and Chordic 

Manipulation on a Multi-Touch Surface." The paper detailed the mechanisms behind what we 

know today as multi-touch capacitive technology, which has gone on to become a staple 

feature in modern touchscreen-equipped devices. 

Westerman and John Elias formed a company called FingerWorks, which began producing a 

line of multi-touch gesture-based products, including a gesture-based keyboard called the 

TouchStream. That same year the iGesture Pad was also released, allowing one-hand gesturing 

and maneuvering to control the screen. FingerWorks was eventually acquired by Apple, together 

with many technologies like the multi-touch Trackpad or the iPhone's touchscreen. 

2000s: The New Millennium 

With so many different technologies accumulating in the previous decades, the 2000s were 

the time for touchscreen technologies to really flourish. During the last decade, there were 

advancements that helped bring multi-touch and gesture-based technology to the masses, and 

this were also the era when touchscreens became the favorite tool for design collaboration. 

When the new millennium arrived, companies began to dedicate more resources for the 

integration of the touchscreen technology into their daily processes. At this time, companies 

were pouring more resources into integrating touchscreen technology into their daily processes. 

3D animators and designers were especially targeted with the implementation of new products 

based on touch interactions. PortfolioWall was a good example of these new technologies. 

Allowing designers to display full-scale 3D models, it was designed as a large-format touchscreen 

meant to be a dynamic version of the boards that design studios use on their projects tracking. 

More improvements on touching technologies arose in the last decade up to our current 

days and era of the smartphones, tablets, and more other touching interactive devices. In 2002, 

Sony introduced a flat input surface that could recognize multiple hand positions and touch 

points at the same time. From this point, all the research regarding touchscreens focused on 

multi-touchscreens using the internal reflection of the light within the screen. The “Frustrated 

Total Internal Reflection” (FTIR) introduced by Jeff Han in 2006, shows a technique from the 

biometrics community used for fingerprint imaging ([Figure 2.5]). 

 
Figure 2.5 – FTIR Technology 
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FTIR works by shining light through a piece of acrylic or plexiglass. The light bounces back 

and forth between the top and bottom of the acrylic as it travels. When a finger touches down 

on the surface, the beams scatter around the edge where the finger is placed, hence the term 

"frustrated." The generated images like white blobs and are picked up by an infrared camera. 

The computer analyzes where the finger is touching to mark its placement and assign a 

coordinate. The software can then analyze the coordinates to perform a certain task, like resize 

or rotate objects. This technology was the beginning for the development, and later 

implementation, of the Microsoft Surface. 

2010s: Today and Tomorrow 

Due to the fast evolution of this technology and the huge market on smartphones and 

tablets, the future of touchscreens is difficult to guess. Currently, the smartphones/tablets and 

mainstream technology markets are focused on the improvement of the multi-touch capacitive 

screens in order to increase the user’s experience and make easier the interaction with the 

computer. This interaction is improved with the use of optical elements, which add value to the 

interaction with the screen, like the Air View functionality of Samsung and the improvement of 

the screen resolutions and pixel density. 

 

On the other hand, the professional applications are focused on the use of higher 

touchscreens which allow multi touching interaction and communication between several users. 

One good example of this case is the surface SUR40, the tabletop surface hardware developed 

together by Microsoft and Samsung, structured on several optical and light layers, specially 

focused on business sectors such as architecture and medical, for example.    

 

What we do know for sure is that the use of a capacitive multi-touch screen in this project 

tries to be an approach of the touchscreen technology to the retail business. 

 

2.3 Barcode Tags 

“In 1973, industry leaders came together to select a single standard for product 

identification: the barcode. What started as a way to speed grocery store checkout has become 

the global language of business: a common way for trading partners around the world to 

identify, capture, and share information about products, locations, and more in real-time. Now, 

more than five billion GS1 barcodes are scanned every day.” – GS1 40th anniversary. 

Where do they come from? 

More than fifty years ago, in 1952, Bernard Silver, a student of the Technological Institute 

of Drexel (Philadelphia), started to think in a faster and easier method to register and charge the 

products in the supermarkets. His first idea was the using of ultraviolet ink, but it was easily 

removed. Later on, Silver joined his friend Norman Joseph Woodland to improve this idea, which 

emerged spontaneously one day at the beach. The concept of the barcode appeared when 

Woodland drew several lines of different thickness in the sand, following the patterns of lines 

and points used in the Morse code. They came across with a reading system using a 500W lamp, 

a photomultiplier tube (PMT) and an optical recording system for audio recording, modified 

from the ones used in the movie soundtracks. 

http://www.gs1us.org/about-gs1-us/media-center/40th-anniversary
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One year later, they patented their invention and IBM hired Woodman, but the company 

rejected his patent because they thought the invention would need a complex reading 

elements. Several years before the patent ended on RCA’s hands (the Radio Corporation of 

America). At the same time, a MIT student, David Collins, began the development of a fast 

tagging system for the rails of the Pennsylvania Railroad company. Collins conceived system of 

reflective blue and yellow bars which were read by two PMTs using color filters. This system was 

named Kartrak and it was adopted as a standard for the American Railway Association (ARA). 

Years later, on 1967, Collins asked for authorization to use a similar barcode system, but in black 

and white, in order to spread out the Kartrak to other industries. However, Pennsylvania 

Railroad denied this project and he founded his own company: Computer Identics Corporation. 

The contribution of Collins and his company in the barcode history was the development of 

a new reader based on neon-helium lasers and a mirror. This new system was faster, allowed 

reading the barcodes from more different angles and it worked even when the tags were 

partially dirty or broken. This system is almost the same that it’s used nowadays. 

In 1966, the National Association of Food Chains (NAFC) organized a meeting with the RCA 

to produce a universal tagging system. The company decided to develop the original 

Woodman’s patent, but made a terrible mistake when choosing the rounded version of 

concentric lines developed at the beginning by Silver and Woodman (they thought it was better 

because it could be read from different angles [Figure 2.6]. 

 
Figure 2.6 – Round Barcode Patent  

In 1971 the RCA showed its first rounded codes, and IBM used this mistake by developing 

its own system taking advantage of Woodman still working for them. The “Big Blue” chose the 

vertical lines version creating five different versions identified by different letters according to 

the type of industry. At the end, the RCA round tags turned out to be problematic because the 

way the ink ran in the paper when printing the tags makes them illegible; so in 1973 the NAFC 

chose the IBM’s standard: The Universal Product Code (UPC). On June 26th of 1974 the first 

product with a modern barcode tag was scanned: a packet of Wrigley's Gum (which is still today 

preserved together with the receipt on the Smithsonian Institute Museum). 
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The barcode triumph did not have an immediate successful due to the haters and 

conspiracy theories about the Government using them to spy the citizens and even the 

complaints of ultra-catholic groups that believe the barcode hid the number of the beast. 

Fortunately, this technology prevailed over these retards up to our days, until it has become a 

standard as a matter of fact.  

Nowadays, every commercial product has its own identifier barcode tag, and several 

different 2D barcode systems have been developed such as the ISBN for books or, more 

recently, the BiDi or QR tags to store more information (generally containing a link to a webpage 

which is captured with a camera or a laser scanner). The RFID systems are also becoming more 

important as a wireless way of identify products without the necessity of use an optical scanner. 

How do they work? 

This chapter shows a generic and briefly explanation of how the barcode encoding works. It 

is focused on the basis, even though there are several different encodings which use their own 

encoding algorithms (EAN, UPC, ISBN…) 

The Barcode Encoding have been born in 1973 along with the UPC encoding (as we 

explained before). Barcodes are graphical, machine readable representations of the UPC, its 

variants and extensions. So, in a barcode, each digit of an encoding is represented by seven 

black or white bars of equal size. Visually, two or more adjacent black bars appear as a single 

wide bar; white bars appear as space separators (also of varying size) between the black bars. If 

we call such wide (black or white) bars generalized bars, then, as a rule, a digit's representation 

always consists of four such generalized bars, which by necessity, interlace: either white-black-

white-black or black-white-black-white. Possible variants of 7-bar representation are shown in 

the diagram below:  

 
Figure 2.7 – Barcode Representation 

By using any optical system scanner (laser, camera…) the identification of the number is 

easier, being the system identification understood by a 0/1 elements (black/white respectively), 

making the identification and codification easier and faster. It is also the most efficient way of 

representation when printing the tag in any surface (plastic, paper or carton). 
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The following [Figure 2.8] shows an example of the number codification in the barcode tag: 

 
Figure 2.8 – Barcode Codification Example 

 

Barcode Encodings 

Some of the most known and widely used barcode encodings (a lot of them are used and 

recognized in the system developed on this project) are briefly described below: 

UPC: Universal Product Code 

An UPC-A code consists of twelve digits that are split into six left and six right digits. The 

digits in the two groups are barcoded differently. To barcode the first six (left) digits we use the 

"Left side (odd parity)" representation. For the next six (right) digits, use the "Right side" 

representation. It easily to observe that the difference between the two is in exchange of colors: 

white bars in one are black in the other, and vice versa. All twelve digits are represented by 

seven bars each, although on a barcode label the first and the last digits are place outside the 

barcode whilst the "middle" 10 digits are drawn beneath the barcode. The UPC-E variant uses 

the same basis of the UPC-A, but, in practice, it stores less digits, because it is a reduced version 

of the UPC-A. 

 
Figure 2.9 – UPC-A & UPC-E Encoding 

The twelve UPC-A digits are comprised of three groups: a 6-digit company prefix (assigned 

by the Uniform Code Council –the UCC, now the GS1– to a specific manufacturer), a 5-digit 

product code (assigned by a responsible person within the company), and 1 check digit 

(calculated according to an algorithm discussed next). 
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Assuming the 12 digits are d1, d2, d3, ... d11, d12. In a valid UPC barcode, d12 is so selected 

as to make the following identity true: 

(1) 3·d1 + d2 + 3·d3 + d4 + ... + 3·d11 + d12 = 0 (mod 10). 

To put it differently, let Sodd and Seven be the sums of the digits in the odd and even 

positions, starting with 1. Then, for a valid UPC-12 code: 

(1') 3·Sodd + Seven = 0 (mod 10). 

As the common symbolism suggests, the sum in (1) equals 0 modulo 10, so it is divisible by 

10. It can't be overemphasized that the UPC-A code is a 12 digit string (often said to be a 

number) that on retail products accompanies its own barcode representation. But there are 

other encodings based or extending UPC (e.g., EAN-13) which have machine readable barcode 

representation. 

UPC-A and UPC-E each provide a theoretical maximum of 1 trillion (10^12) unique 

barcodes, though in practice the number of barcodes is limited by the standards used to create 

them: 

 UPC-A: (10 possible values per digit ^ 6 left digits) × (10 possible values per digit ^ 6 right 

digits) = 1,000,000 × 1,000,000 = 1,000,000,000,000. 

 

 UPC-E: 10 possible values per digit × 2 possible parities per digit =20 permutations per digit 

^ 6 digits = 64,000,000. 

EAN: International Article Number 

Following the success of UPC-A encoding in 1973, the EAN-13 format has been adopted in 

Europe by the International Article Numbering Association (EAN, originally European Article 

Number) in 1976. A twelve digit UPC-A is easily embedded into the 13 digit EAN-13 by 

prepending one 0 digit. The first 0 is indeed an EAN number system prefix indicating the USA (or 

Canada) as the country of origin. In general an EAN-code consists of four parts: 

 2-3 digit Number System, or country code (with industrial counties assigned 2-digit codes 

and smaller or less developed countries assigned 3-digit codes.) 
 

 5-4 digit Manufacturer (Company) Code or prefix. (The first two parts always use the first 7 

digits.) 
 

 5 digit Product Code. 
 

 1 Check Digit. 

In a barcode representation, the first of the 13 digits of an EAN code plays a peculiar role, 

whereas the remaining 12 are converted in two groups of six digits: left and right. The country 

codes are public and available on Internet. One peculiarity is worth a mention: In order to 

embed the standard ISBN-10 into EAN-13, a country without borders (but also without territory) 

has been brought into play. The ISBN Bookland has received the country code of 978 so that, for 

example, an ISBN code 0-14-200057-4 is converted into EAN-13's 9780142000571. The 

difference in the last (check) digit is due to the difference of the applied algorithms. 
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The check digit algorithm in EAN-13 works almost in the same manner as in UPC-A. 

However, the twelfth digit, i.e. the one next to the check digit, is declared odd. All other odd 

digits are obtained from this one by moving leftward and counting each other digit. This is done 

in order to smoothly incorporate UPC-A as a whole without the need to modify its check digit. 

Thus for a valid 13-digit EAN code d1d2d3...d13, we have: 

(2) d1 + 3·d2 + d3 + 3·d4 + ... + d11 + 3·d12 = 0 (mod 10). 

Which can be expressed as formulae (1’) in the previous page: 

(2') Sodd + 3·Seven = 0 (mod 10). 

ISBN: International Standard Book Number 

The ISBN is based on an ISO International Standard that was first published in 1972 as 

ISO 2108. The number is also known as IBSN-10 as it consists of 10 digits. The new standard 

ISBN-13 is in the works and is planned to be used starting 2007. The ISBN-10 consists of four 

parts which are separated by hyphen as shown in [Figure 2.10]: 

 1-4 digit country (language) indicator. 
 

 Variable length Publisher code. 
 

 Book number. 
 

 1 check digit. 

 

 
Figure 2.10 – ISBN Encoding 

Now there is where mathematics comes in. A valid ISBN d1d2...d10 is required to satisfy the 

following identity: 

(1) 1·d1 + 2·d2 + 3·d3 + ... + 10·d10 = 0 (mod 11). 

Which is equivalent to: 

(1') 10·d1 + 9·d2 + 8·d3 + ... + 1·d10 = 0 (mod 11). 

http://www.iso.org/iso/catalogue_detail?csnumber=36563
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QR: Quick Response Code 

The Quick Response Coda (QR abbreviated) is a two-

dimension matrix code originally invented in the Japanese 

automotive components corporation DENSO (Toyota 

subsidiary) for tracking vehicles during its manufacturing, with 

the aim of to allow high-speed component scanning. 

The QR codes store the information within a matrix, 

similar to the barcode codification explained before, but using 

a two-dimension grid for the codification. Each point of the 

grid is painted in black/white to create a pattern storing 

metadata and data information according to [Figure 2.12]: 

 
Figure 2.12 – QR Codification Distribution 

This codification have the capacity of storing 7089 numeric characters, 4296 alphanumeric 

characters or 2953 bytes, including an error correction system which makes them immune to 

certain image distortion. They are characterized by three squares on each corner (top left and 

right and bottom left) which allow the optical reader (a laser scanner or a camera) to detect the 

position of the code. 

The QR Code system has become popular outside the automotive industry due to its fast 

readability and greater storage capacity compared to standard UPC or EAN barcodes. 

Applications include product tracking, item identification, time tracking, document 

management, general marketing and so on. Nowadays they are used in a much broader context, 

including both commercial tracking applications and convenience-oriented applications aimed at 

mobile phone users (termed mobile tagging). QR codes may be used to display text to the user, 

to add a vCard contact to the user's device, to open an URI/URL webpage or to compose an e-

mail or text message. Users can generate and print their own QR codes for others to scan and 

use by visiting one of several QR code generating sites or apps. 

Since its creation, it has become one of the most-used types of two-dimensional barcode. 

Figure 2.11 – QR Grid 
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2.4 Raspberry Pi 

The development of this project has been possible thanks to the Raspberry Pi. This 

awesome, cheap (30-35€) and powerful microcomputer uses a custom distribution of the 

GNU/Linux O.S. (Raspbian, based on Debian) and it is the main component of the Barcode 

Reader System. This chapter contains a brief description of its history, as described on the 

Raspberry Pi Project Webpage. Its hardware description can be found on detail in [Appendix D].  

The Raspberry Pi emerged behind the idea of create a tiny and cheap computer for kids. In 

2006, Eben Upton, Rob Mullins, Jack Lang and Alan Mycroft, based at the University of 

Cambridge’s Computer Laboratory, became concerned about the decline in the numbers and 

skills levels of the students applying to read Computer Science. From a situation in the 1990s 

where most of the students programmed as a hobby, the landscape in the 2000s was limited to 

students who only have done a little web design. 

For these guys, the way kids were interacting with computers changed a lot in just one 

decade: during the 90s the rise of the home PC and gaming consoles to replace the 80s Amigas, 

BBC Micros, Spectrums ZX and Commodores 64 machines made the end-users of these 

computers to forget about the essence of computer programming and move away from these 

concepts. Furthermore, they wanted to solve the situation where computers had become so 

expensive that programming experimentation had to be forbidden by parents; and to create a 

platform like that 80s computers which could boot into a programming environment. 

In 2006 they designed several versions of what has now become the Raspberry Pi, and by 

2008, processors designed for mobile devices were becoming more affordable, and powerful 

enough to provide excellent multimedia. This feature was great because it would make the 

board desirable to kids who wouldn’t initially be interested in a programming-oriented device. 

The project started to look very feasible, so they gather together to form the Raspberry Pi 

Foundation and make it a reality. Three years later, in 2011 the Raspberry Pi Model B,  

[Figure 2.13], entered mass production and within a year it had sold over one million units: 

 
Figure 2.13 – Raspberry Pi Model B Diagram Components 

http://www.raspberrypi.org/
http://www.raspberrypi.org/
http://www.raspberrypi.org/
http://www.raspberrypi.org/
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Since then, they have gained enormous interest, support and help from the educational 

community, and their project have arisen exponentially. Developing countries are interested in 

the Raspberry Pi as productivity devices in areas that can’t afford the power and hardware of a 

traditional desktop; hospitals and museums use the Raspi as main multimedia computer to drive 

display devices; and there are millions of people out there developing their own robots. 

As they explained in their webpage: “We don’t claim to have all the answers. We don’t think 

that the Raspberry Pi is a fix to the entire world’s computing issues; we do believe that we can be 

a catalyst. We want to see cheap, accessible, programmable computers everywhere; we actively 

encourage other companies to clone what we’re doing. We want to break the paradigm where 

without spending hundreds of pounds on a PC, families can’t use the internet. We want owning a 

truly personal computer to be normal for children, and we’re looking forward to what the future 

has in store.” And it is thank to the work of these great authors that this project has been 

possible and it is a reality, something tangible. For these reasons, this project is also dedicated 

to them and their incredible job developing this amazing credit-card size machine. 

2.5 Retail Business: Present Situation 

The retail business has been using the barcode scanners since the creation and 

implantation of the barcode tags, but in a different way this project approaches the problem. 

However it is true that several important companies had their own products for retail 

improvement and are currently working in the institution of mobile and automatic barcode 

readers. In fact similar systems are currently being used in retail business like Mercadona, where 

the workers receive the orders via internet/telephone and they scan the products with their 

own PDA to send the shopping cart to the customer’s house. And in almost every department 

stores there exist the cash counters and some fixed automatic barcode stands where the 

customers are able to scan the product and check its price and information. 

However, this systems is not focused on being used by the own customers, because the 

main drawback of this idea is the possibility that the customer stole products. For this reason 

the monitor and product management used has to be highly reliable. 

Although it is true that big companies like Motorola, have been working and developing 

similar self-service scanning methods for the retail sector for years. Good examples of these 

systems are the Motorola MC17 PSS implementation at the StopAndShop stores in the United 

States where a hands-on barcode scanner is given to the customers at the beginning of the 

shopping and the customers scan the products by their own. The end of the shopping process is 

done in automatic cash counters, with no presence at all of any worker. 

In Australia, a company called VIP Retail has also developed an intelligent shopping system 

by the use of a screen, GPS and a tactile panel with an infrared scanner for self-scanning the 

products by the customers. They also use a “loyalty card” to show personal information about 

the customers and their shopping lists. 

Other companies like Honeywell or Wincor-Nixdorf have been working on mobile and 

intelligent solutions for the retail business for years, but they have more presence on the 

international business. Spain still has a market to be discovered on these intelligent shopping 

methods and maybe this project could begin the implementation of these new ideas. 

http://www.youtube.com/watch?v=h8yAsgaYXm0
http://www.vipretail.com.au/
http://www.youtube.com/watch?v=yUt-fL2W2m0


 

 

 

 

 

 

Analysis 

 

 

This Analysis chapter represents the User and 

Software Requirements Specification documents, 

included in any software project. 

In this chapter there is an explanation of the main 

steps followed to make a first approach of what the 

system will be. The following sections show general 

descriptions and features of the system, as well as 

explanations of its users, requirements and 

scenarios (use cases) with more detail. 

  

Chapter 3
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3.1 General Description 

This chapter is split in two main sections: User Requirements and Software Requirements. 

Typically for big projects, these two sections are included in two different documents, the User 

Requirements Specification (URS) and the Software Requirements Specification (SRS). But 

because this project is a small one, we will include both specifications within this analysis 

chapter. The main sections of this chapter are: 

User Requirements 

High-level and abstract requirements, focused on what services the system is expected to 

provide to the users and the constraints under which it must operate. A requirement is a 

condition or capability needed by a user to solve a problem or achieve an objective. This 

definition leads to two principal categories of user requirements:  

o Capability Requirements (URC): these capabilities describe, in natural language, the 

system’s services offered to the users. Simply stated, they describe WHAT the users want 

to do. It defines an operation, or sequence of related operations, that the software will be 

able to perform. These capabilities are related with system’s features such as: capacity, 

speed and accuracy.  

 

o Restriction Requirements (URR): represent the system’s limitations regarding its 

capabilities and it places restrictions on how the user requirements are to be met. The 

user may place constraints on the software related to interfaces, quality, resources and 

timescales, but also related to how communication is done with other systems, what 

hardware is to be used, what software it has to be compatible with, and how it must 

interact with human operators.  

 

Use Cases 

The final part of this chapter is focused on the system’s use cases. Use cases are a 

requirement technique which is a fundamental feature in the requirements specifications. It will 

explain, step by step, the different system’s actions taking place on several scenarios, besides 

showing diagrams of these actions for better understanding of the system’s behavior. 

 

Use cases are descriptions of the interactions between the system and its external actors, 

related to a particular goal. A use case identifies the actors involved in an interaction and names 

the type of interaction. This is then supplemented by additional information describing the 

interaction with the system. The set of use cases represents all of the possible interactions that 

will be described in the system requirements, during the design process of the system. The 

actors in the processes may be human or other systems and each use case shows the 

interactions of each actor with the different processes of the system. 
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Software Requirements 

Detailed descriptions of what the system should do: its functions, services and operational 

constraints. This part will define exactly what is going to be implemented. 

o Functional Requirements (SRF): define WHAT the system is supposed to DO, explaining a 

specific behavior or function of the system or its components. They may be calculations, 

technical details, data processing/manipulation and other functionality that define what 

the system is supposed to do. These software requirements specify particular results of a 

system and drive the system’s application architecture. 

 

o Non-Functional Requirements (SRN): the SRN defines HOW a system is supposed to BE, 

and they are often called qualities of the system. These requirements impose constraints 

on the design/implementation and they also specify criteria that can be used to judge the 

operation of a system. Typically SRN are focused on execution qualities (such as security 

and usability, which are observable at run time), and evolution qualities (such as 

testability maintainability, extensibility and scalability, which are specific of the structure 

of the software system). 

3.2 Main Users of the System 

The system is designed to be used by three main different users: customer, worker and 

administrator; and each one will have different roles over the system. However, the workers and 

the customer may have the same behavior from time to time: 

 Administrator: this will be the user in charge of managing the database of products. This 

user will have to modify all the attributes of the products and also create new products 

and delete old ones. It’s also in charge of the maintenance of the database. 
 

 Worker: is the user in charge of the final check out of the shopping cart and also of the 

charging process to the costumer. This user will finalize the shopping process by allowing 

the final communication between the system and the main server in order to print the 

ticket containing the list of all the products the customer have purchased. 

 

 Customer: the user who has to scan all the products during the shopping process. This 

user will be able to add products to the shopping cart by scanning them and also the 

system will allow this user to remove items from the shopping cart. Customers will see 

anytime the list of products and the subtotal price of their cart. 
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3.3 User Requirements 

3.4.1 Capability Requirements 

Barcode Scanner 

ID URC-1 PRIORITY High 

SOURCE Customer NECESSITY Essential 

DESCRIPTION 

The system will show any product’s information by scanning its barcode. 

 

Product Addition 

ID URC-2 PRIORITY High 

SOURCE Customer NECESSITY Essential 

DESCRIPTION 

Any product scanned by the barcode will be added to the shopping cart. 

 

Total Price 

ID URC-3 PRIORITY High 

SOURCE Customer NECESSITY Essential 

DESCRIPTION 

The system will show the total price of all the products within the shopping cart. 

 

Products in the Trolley 

ID URC-4 PRIORITY Medium 

SOURCE Customer NECESSITY Essential 

DESCRIPTION 

The system will show the list of items, including a brief description, its price and quantity. 

 

Product Quantity Selection 

ID URC-5 PRIORITY Low 

SOURCE Customer NECESSITY Optional 

DESCRIPTION 

The user will be able to select the item on the cart to check its information. 

 

Product Deletion 

ID URC-6 PRIORITY High 

SOURCE Customer NECESSITY Essential 

DESCRIPTION 

The user will be able to delete any product of the list of products. 
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User Interface Access 

ID URC-7 PRIORITY High 

SOURCE Customer NECESSITY Essential 

DESCRIPTION 

The users shall access only to the main system’s interface. 

 

User Interaction 

ID URC-8 PRIORITY High 

SOURCE Customer NECESSITY Essential 

DESCRIPTION 

The user shall interact with the system using a touch screen. 

 

Product’s Image 

ID URC-9 PRIORITY High 

SOURCE Customer NECESSITY Essential 

DESCRIPTION 

The user shall see an image of the item when it is scanned. 

 

3.4.2 Restriction Requirements 

Product List Showing 

ID URR-1 PRIORITY Medium 

SOURCE Customer NECESSITY Essential 

DESCRIPTION 

The item’s list will be shown from the tail, fitting within the screen. 

 
 

Interaction Buttons 

ID URR-2 PRIORITY High 

SOURCE Customer NECESSITY Essential 

DESCRIPTION 

The touchscreen will show only five interaction buttons, as maximum. 
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User Interface 

ID URR-3 PRIORITY High 

SOURCE Customer NECESSITY Essential 

DESCRIPTION 

Only one user interface will be shown during the execution of the program. 

 

Error Handling 

ID URR-4 PRIORITY High 

SOURCE Customer NECESSITY Essential 

DESCRIPTION 

The system should handle all the possible errors without the users noticing them. 

 

 

 

Database Privileges Modification 

ID URR-7 PRIORITY High 

SOURCE Administrator NECESSITY Essential 

DESCRIPTION 

Only the database administrator will be able to modify products from the database. 

 

  

Database Privileges Creation 

ID URR-5 PRIORITY High 

SOURCE Administrator NECESSITY Essential 

DESCRIPTION 

Only the database administrator will be able to create new products. 

Database Privileges Deletion 

ID URR-6 PRIORITY High 

SOURCE Administrator NECESSITY Essential 

DESCRIPTION 

Only the database administrator will be able to remove products from the database. 
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3.4 Use Cases 

In this section, we will explain the main use cases in order to show the responsibilities and 

behavior of our system, allowing the reader to have a better understanding of the system’s 

requirements specification. 

UC-1: Product Addition to Database 

Description 

The database administrator adds products to the database. 

Actors 

· Administrator. 

Pre-Conditions 

· Database of products already created. 

· The new product shall not exist in the database. 

· Proper permissions to execute queries and insert products. 

Post-Conditions 

· The updated information has to be sent to all the barcode readers. 

· Each product is unique within the database. 

Main Scenario 

1. Administrator logs into the database. 

2. Administrator creates a new product. 

3. System waits for another product to be added. 

4. System sends the updates to all the barcode readers at the end of the process. 
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UC-2: Product Deletion from Database 

Description 

The database administrator removes products from the database. 

Actors 

· Administrator. 

Pre-Conditions 

· Database of products already created. 

· The product shall exist in the database. 

· Proper permissions to execute queries and remove products. 

Post-Conditions 

· The updated information has to be sent to all the barcode readers. 

Main Scenario 

1. Administrator logs into the database. 

2. Administrator deletes an existing product. 

3. System waits for another product to be removed. 

4. System sends the updates to all the barcode readers at the end of the process. 

Alternative Scenario 

1. Administrator logs into the database. 

2. Administrator updates any attributes of an existing product 

3. System waits for another product to be modified. 

4. Send modification to all the barcode readers. 
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UC-3: Product Modification from Database 

Description 

The database administrator updates any product’s information from the database. 

Actors 

· Administrator. 

Pre-Conditions 

· Database of products already created. 

· The product already exists in the database. 

· Proper permissions to execute queries and modify information. 

Post-Conditions 

· The updated information has to be sent to all the barcode readers. 

Main Scenario 

1. Administrator logs into the database. 

2. Administrator updates any attribute of any existing product. 

3. System waits for another product to be modified. 

4. System sends the updates to all the barcode readers at the end of the process. 
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UC-4: Scanning products 

Description 

The user scans any product with the barcode reader, adding the product to the 

shopping cart. 

Actors 

· Customers, workers. 

Pre-Conditions 

· All the products are registered within the database. 

· System locally stores a copy of the database of products. 

· The main program is loaded in memory and ready to work. 

Post-Conditions 

· System is waiting for user interaction: scanning a new product. 

Main Scenario 

1. System displays a main welcome screen. 

2. System waits for a product to be scanned. 

3. User scans the barcode of a product. 

4. System checks the scanned barcode with the one stored in the database. 

a. System displays the price of the product. 

b. System displays an image of the product. 

5. Price of the shopping cart total is updated. 

6. System shows the main list of the products and the total price of the cart. 

7. System waits for the next product to be scanned. 
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UC-5: Removing products 

Description 

The user removes any products from the shopping cart using the system interface. 

Actors 

· Customers, workers. 

Pre-Conditions 

· All the products are registered within the database. 

· System locally stores a copy of the database of products. 

· The main program is loaded in memory and ready to work. 

· The remove product option has been selected. 

Post-Conditions 

· System waits for user interaction for removing a product. 

· System waits for new product to be scanned. 

Main Scenario 

1. System displays the main screen with the list of products. 

2. System waits for user interaction to remove a product. 

3. User selects the “remove item” option. 

4. User selects the product to be removed from the list. 

5. System asks for confirmation. 

a. User confirms operation. 

i. Product removed from the cart. 

ii. System updates the list of products. 

iii. System updates the total price of the shopping cart. 

b. User cancels operation 

6. System shows the main list of the products and the total price of the cart. 

7. System waits for the next product to be scanned 
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UC-6: Finish Shopping 

Description 

End of the shopping process: final checkout of the shopping cart. 

Actors 

· Customers, workers. 

Pre-Conditions 

· There is a communication between the cash counter and the main server. 

· The main server shares a unique identification ID with the barcode system.  

Post-Conditions 

· System shows the welcome screen. 

· System turns down to idle state. 

Main Scenario 

1. User begins the checking out process of the shopping cart. 

2. Worker scans a code with the ID of the barcode reader. 

3. Cash counter sends its ID to the main server. 

4. Barcode reader sends the complete list of products and subtotal to the main server. 

5. Cash counter calculates the VAT taxes. 

6. Cash counter returns the full list of products. 

7. Cash counter updates the database of products of the main server. 

8. Worker charges the costumer. 

9. Cash counter prints the list of products and the total charges. 

10. Cash counter sends the end of transaction to barcode system. 

11. Barcode system cleans the list of products. 

12. Barcode system turns down to idle state.   
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Figure 3.1 - Database Modification Use Case 

 
Figure 3.2 - Shopping Cart Use Case 

 
Figure 3.3 - Checkout Use Case 
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3.5 Software Requirements 

3.5.1 Functional Requirements 

Barcode Laser Scanning 

ID SRF-1 PRIORITY High 

SOURCE URC-1, URC-2, Designer NECESSITY Essential 

DESCRIPTION 

The system shall scan any barcode using a laser scanner 

(Barcode Readers and Cash Counters). 

 

Barcode Webcam Scanning 

ID SRF-2 PRIORITY High 

SOURCE URC-1, URC-2, Designer NECESSITY Essential 

DESCRIPTION 

If the laser scanner is not present, the system shall support the barcode product scanning 

using a USB webcam (Barcode Readers and Cash Counters). 

 

Database Information 

ID SRF-3 PRIORITY Medium 

SOURCE Designer, Admin NECESSITY Essential 

DESCRIPTION 

The system shall store a local copy of the product’s database. 

 

Database Info Update 

ID SRF-4 PRIORITY Medium 

SOURCE Designer, Admin NECESSITY Essential 

DESCRIPTION 

The system shall update the database information automatically at boot. 

 

Final Checkout 

ID SRF-5 PRIORITY High 

SOURCE URC-4, Worker NECESSITY Essential 

DESCRIPTION 

The system shall send the list of products to the cash counter for the final checkout.  
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Program Execution 

ID SRF-6 PRIORITY High 

SOURCE URC-7, Designer, Customer NECESSITY Essential 

DESCRIPTION 

The system shall execute the program always on top, with the highest CPU priority. 

 

Product Quantities 

ID SRF-7 PRIORITY High 

SOURCE URR-5, URR6, URR-7 NECESSITY Essential 

DESCRIPTION 

The system shall contrast the quantities of the products, 

assuring coherence with the its stock (real and in the database).  

 

Product Monitoring 

ID SRF-8 PRIORITY High 

SOURCE Designer, Worker, Customer NECESSITY Essential 

DESCRIPTION 

The system shall check and monitor all the products within the trolley.  

 

Product Weight 

ID SRF-9 PRIORITY High 

SOURCE 
SRF-7, SRF-8, 

Designer, Admin, Worker 
NECESSITY Essential 

DESCRIPTION 

The system shall check the weight of all the products within shopping cart. 

 

Final Checkout Update 

ID SRF-10 PRIORITY High 

SOURCE Designer, Admin, Worker NECESSITY Essential 

DESCRIPTION 

The system shall update the information in the server database once 

the shopping process is finished. 

 

Security Control 

ID SRF-11 PRIORITY High 

SOURCE SRF-9, Designer, Worker NECESSITY Essential 

DESCRIPTION 

The system shall manage the registration of the products inserted within the trolley. 
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Auto Startup at Boot 

ID SRF-12 PRIORITY High 

SOURCE SRF-6, Designer NECESSITY Essential 

DESCRIPTION 

The system shall execute the main programs as startup programs, 

automatically during the system boot. 

 

3.5.2 Non-Functional Requirements 

Physical Situation 

ID SRN-1 PRIORITY High 

SOURCE Designer, Customer NECESSITY Essential 

DESCRIPTION 

The system shall be fitting on the trolley handler, like the coin-lock mechanism. 

 

Battery Performance 

ID SRN-2 PRIORITY High 

SOURCE Designer, Worker, Customer NECESSITY Essential 

DESCRIPTION 

The system’s battery unit shall have, at least, 12 hour of autonomy. 

 

Battery Charge 

ID SRN-3 PRIORITY Medium 

SOURCE 
SRN-2, Designer, 

Worker, Customer 
NECESSITY Essential 

DESCRIPTION 

The system’s battery shall recharge during the trolley’s movement. 

 

Database Update 

ID SRN-4 PRIORITY Medium 

SOURCE 
SRF-4, SRF-10, 

Admin, Worker, Customer 
NECESSITY Essential 

DESCRIPTION 

The system shall update the local copy of the database every morning, 

before the supermarket opens. 
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Trolley Identification 

ID SRN-5 PRIORITY Medium 

SOURCE Admin, Worker NECESSITY Essential 

DESCRIPTION 

Each trolley shall have a unique identification number. 

 

Database Connection 

ID SRN-6 PRIORITY Medium 

SOURCE 
SRF-4, SRN-4, 

Designer, Admin 
NECESSITY Essential 

DESCRIPTION 

The daily database update shall be using a wireless connection to the main server.  

 

Error Handling 

ID SRN-7 PRIORITY Medium 

SOURCE 
URR-4, Designer, Admin, 

Worker, Customer 
NECESSITY Essential 

DESCRIPTION 

The system shall be error proof: it shall work continuously during all the shopping process.  

 

Product’s Image Size 

ID SRN-8 PRIORITY Medium 

SOURCE URC-9, Designer, Customer NECESSITY Essential 

DESCRIPTION 

The image’s maximum size of each product is 320x200 px. 

 

Product’s Image Filename 

ID SRN-9 PRIORITY Medium 

SOURCE URC-9, Designer, Admin NECESSITY Essential 

DESCRIPTION 

The filename of each product’s image shall be: XXXXXXX.jpg;  

meaning XXXXXXX the product’s barcode.  

 

Product’s Image Format 

ID SRN-10 PRIORITY Medium 

SOURCE SRN-9, Designer, Admin NECESSITY Essential 

DESCRIPTION 

The system shall store all the products’ images in .jpg format. 
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Product’s Image Storage 

ID SRN-11 PRIORITY Medium 

SOURCE 
URC-9, SRN-9, 

Designer, Admin 
NECESSITY Essential 

DESCRIPTION 

The system shall store all the products’ images in /barcode/img folder. 

 

Product’s Price 

ID SRN-12 PRIORITY Medium 

SOURCE Designer, Admin NECESSITY Essential 

DESCRIPTION 

The maximum price allowed for any product is 9999.99 €. 

 

Main Folder 

ID SRN-13 PRIORITY Medium 

SOURCE SRN-11, Designer, Admin NECESSITY Essential 

DESCRIPTION 

The system’s main folder is on /barcode. 

All the subfolders are stored within this path. 

 

Available Image Formats 

ID SRN-14 PRIORITY Medium 

SOURCE Designer NECESSITY Essential 

DESCRIPTION 

The system shall store all the system images in .jpg and/or .png formats. 

 

Java Program Folder 

ID SRN-15 PRIORITY Medium 

SOURCE Designer, SRN-13 NECESSITY Essential 

DESCRIPTION 

The system main folder for the jar executables is /barcode/java. 

 

 

Ticket Folder 

ID SRN-16 PRIORITY Medium 

SOURCE Designer NECESSITY Essential 

DESCRIPTION 

The system’s ticket folder is on /barcode/ticket 
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Java Version 

ID SRN-17 PRIORITY Medium 

SOURCE Developer NECESSITY Essential 

DESCRIPTION 

The system uses the Java version Java SE 7u21. 

 

Image Button Icons 

ID SRN-18 PRIORITY High 

SOURCE Developer, SRN-14 NECESSITY Essential 

DESCRIPTION 

The image name of the pressed button icons will be the original image  

with its colors inverted and with its name the same as the original,  

but including a letter “i” at the end of the name. 

 

Network IP Addresses 

ID SRN-19 PRIORITY High 

SOURCE Developer, Admin NECESSITY Essential 

DESCRIPTION 

The network IP addresses will be distributed as follows for the network elements: 

 The first 10 addresses (from x.x.x.1 to x.x.x.10) will be assigned to the network 

communication elements: routers, switches… 

 The next 10 addresses (from x.x.x.11 to x.x.x.20) will be assigned to the necessary 

servers. 

 The next 30 addresses (from x.x.x.21 to x.x.x.50) will be assigned to the Cash 

Counters. 

 The next 200 addresses (from x.x.x.51 to x.x.x.250) for the Barcode Readers. 

 The last 4 addresses (from x.x.x.251 to x.x.x.254) for padding purposes/no use. 
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3.6 Traceability Matrix 

The requirements traceability shows the relationship between each Software Requirement 

and one or more User Requirement. The main objective of the traceability matrix is to show the 

connection between the system requirements and make the system analysis process easier, 

more efficient for the developers when making any change during the implementation and for 

the implementation itself. It also makes the system maintenance more clear together with a 

clearer requirements document, the test cases and the validation processes.  

 

The traceability matrix of the Software requirements vs. the User Requirements is 

illustrated on [Table 3.6.1] below: 
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Table 3.6.1 – Traceability Matrix Software Requirements vs. User Requirements



 

 

 

 

 

 

Design 

 

 

The Design section is a small representation of the 

Software Architecture Document and it will provide 

useful information complementary to the code. 

This chapter explains in detail the design process of 

the system: its structure and the implementation of 

the requirements explained during the Analysis 

process. The following sections show the main 

architecture of the system, focusing on descriptions 

of the hardware and software platforms on which 

the system is built and deployed.    

Chapter 4
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4.1 System Architecture 

After the analysis process, the design process describes the architecture of the system in 

order to complement the code and describe it with more detail, making easier the 

implementation process of the project. 

This system is integrated by three main parts, which interact with each other in different 

ways. Typically, each actor has a role for each part of the system, but this role may change from 

time to time (in the case of the barcode reader).  According to the architecture diagram, 

[Figure 4.1] on the next page, the system’s components include: 

Barcode Reader  

Is the mobile part of the system, embedded within the trolley and controlled by the 

customers and/or workers. The customer will scan each product and the system will show all the 

products the customer has within the trolley. The customer is able to manage all the products, 

adding new products or deleting others. It includes a database with all the products in the store 

and has to communicate with the server of products in order to update any changes in the items 

of the market. At the same time, it has to communicate with the cash counter once the 

shopping process is finished, so the customer can pay for all the items included in the shopping 

cart. The communication process with the server shall be using a wireless connection and the 

communication with the cash counter shall be using the ID of the barcode reader, barcodes and 

laser readers. 

The scanner is able to read barcodes by using a laser reader (for QR and other codes). It 

also includes a control system to monitor the products within the trolley and it has a battery unit 

which recharges itself taking advantage of the movement of the trolley. 

Main Server 

This server stores the database with all the products of the supermarket. The main function 

of the server is to communicate with the barcode readers and the cash counters. The server will 

send copies of the database of products to all the barcode readers and it will receive from the 

cash counters all the modifications made in the products once the shopping process is finished. 

The server and the cash counters are constantly connected using a wired connection. 

Only the database administrator has access to this database. The administrator manages all 

the products, being able to add, update and remove products to/from the database. 

Cash Counter 

The workers use the cash counters to charge the customers when they finish shopping. It 

recovers the list of items bought by the customers, printing it, calculating the VAT and finishing 

the shopping process. Only the workers shall handle the cash counters 

The cash counters shall communicate with the barcode readers and the server. Once the 

shopping process is finished, the cash counter shall update the database information, modifying 

the existence of products and it shall send a signal of finished process to the barcode reader. 
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Figure 4.1 - Architecture diagram 

[Figure 4.2] shows the life cycle of the products and its route along the system, beginning 

and finishing in the main server database.  

 

Figure 4.2 - Product’s Life Cycle 
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4.2 Hardware Components 

The system architecture shall be built using the following components, and according the 

UML deployment diagram illustrated on [Figure 4.3]. More detailed information about the 

hardware components of the Barcode Readers is explained on [Appendix C] of this document. 

Barcode Reader  

 Raspberry Pi Model B – Raspbian OS 

 Motorola Symbol MS-4404 Laser Scanner 

 7” LCD HDMI touchscreen panel 

 Wi-Fi connection 

 USB rechargeable battery pack 

 USB Scale 

 RFID tags (products) 

 RFID sensor module 

 

Cash Counter 

 Linux Debian based (Lubuntu) Workstation (x32/x64) 

 Laser Scanner 

 Touchscreen (or VGA screen + Keyboard + mouse) 

 Credit/Debit Card Reader 

 Wi-Fi connection  

 

Main Server 

 Linux Debian based (Lubuntu) Server (x64) 

 Wired connection 
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Figure 4.3 - Deployment Diagram 
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4.3 Software Components 

Once the system architecture and the hardware components are determined, the software 

components are defined according to the Software Requirements phase. This section explains 

with more detail the main components of each part of the system, as well as its inputs, outputs 

and the operations to be performed with the data.  

The structure of the system is structured on the three main components explained before, 

and each element is described in the following subsections, showing at the same time the 

relationships between them.  

All the components are designed to work on GNU/Linux environments, and they shall be 

implemented using JAVA programming language. 

4.3.1 Main Server  

The main server monitors all the elements of the system, establishing a communication 

with them. It also stores and manages a database with all the information necessary for the 

shopping process. As the other elements of the system, the server is running over a Linux 

Debian O.S. distribution, executing in JAVA all its communication services.  

The main server includes the following components: 

Database   

The database is built using MySQL platform, being the administrator the one in charge of 

managing all the tables and updating any information. Addition of new products, deletion of 

old ones, or modifications of any element of the system may be necessary within the database. 

[Figure 4.4] illustrates the tables and contents of the database as well as the relationships 

between them. 
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Figure 4.4 - Main Database 

All the tables are stored in the same database, being the main purpose of the server to 

manage this information and communicate with the other components of the system. The 

database is composed by six different tables, and [Figure 4.5] shows the Entity-Relationship (E-

R) diagram for this database.  

The database shall have defined two different accesses roles: 

 Administrator: this user has privileges over all the tables, and is able to perform any 

request, modification, deletion or addition over the database. 

 CashCounter: this user has read access privileges only over the products table. The 

unique operation allowed for this user is SELECT over the products table. This access is 

performed when any worker needs to add any product to the client’s shopping cart. 
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 Figure 4.5 - E-R Diagram 

 

 Products: containing all the information related to the products. Each product is defined by 

its identification code (barcode), short name, price (with and without taxes), weight, stock, 

description and manufacturer. A copy of this database shall be sent to the barcode readers 

in each trolley. The primary key of this table shall be the barcode of the product. 

[Figure 4.6] shows the main attributes of this table: 
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Figure 4.6 - Table of products 

The primary key of this database (like the primary key of the other databases) shall be an 

integer value, beginning in 1 up to N. This key has nothing to be with the barcode of the 

product and it is easier to work with and for sending it among the different components of 

the system. 

Within this table, the data type DECIMAL(M,D) is used to represent the prices of the 

products, meaning the M the maximum number of digits (the precision); while D represents 

the number of digits to the right of the decimal point (the scale). With this data type, the 

format of any price will be 1234.56 €.  The weight of the products is measured in grams. 

The update column of this table is used to manage which products have changed and shall 

be updated, being sent to the trolley. Any modification of a product’s information shall be 

indicated by changing the value of this column, meaning: ‘0’ when the product has not 

been modified since the last access; and ‘1’ when any attribute of the product has changed 

and this product shall be updated and sent to all the trolleys.  

The [Daily Update Service] subsection within this subchapter contains more information 

about this attribute. 

According to the Non-Functional Requirements ([URC-9], [SRN-11]), each product shall 

include a descriptive image stored within the server and within each barcode reader. In 

order to make the accesses to the database much faster and reduce its size, all the images 

shall be stored outside the database, in the proper folder, so the system will be able to 

access to the image only by the product’s barcode. This is explained with more detail in the 

[Shopping Service] subsection of the barcode reader software components. 

 Receipt: contains all the information related to the shopping process and it will be printed 

when the customer finishes. This table stores the operation number, the date and time 

when the operation took place, the ID and name of the worker who charged the customer, 

ID of the cash counter, the pay method and the total price of the order. 

The operation number is represented by the timestamp of the operation using the 

following codification: MMDD-HHmmSS (for MonthDay-HourMinuteSecs).  
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The pay form column is represented by an enumerate data type with only two possible 

values: CASH and CARD. This enumerate shows how the customer paid the order. 

The operation number shall be the primary key of this table; however, it has three foreign 

keys: the worker identification, the cash counter’s ID and the ID of the trolley. 

[Figure 4.7] shows the content of this table: 

 
Figure 4.7 - Table of Receipts 

 Products_Receipt: the relationship between products and receipts is a many-to-many (N to 

M) relationship, because one ticket may have many products, and one product may be part 

of many different tickets. The order table relates all the products with the ticket they 

belong to, so this table stores together the products ID (barcode) and the ticket ID 

(operation number). It only contains foreign keys, as shown in [Figure 4.8]: 

 
Figure 4.8 - Relationship table of receipts-products 

 

 Workers: including the personal information of each worker, meaning: the ID card number, 

name, surname, phone and address. Any worker shall finish the shopping process by 

charging the customer, using the cash counter. This table has the worker’s ID card number 

as primary key, as shown in [Figure 4.9]:  
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Figure 4.9 - Worker’s table 

 Trolley: this table is needed to store the ID (primary key) of each barcode reader and its 

status. The status column is updated daily, and it is used by the server in order to know if 

the communication with the trolley is possible. If the connection with the trolley is 

successful, the server will be able to send all the updates of the products’ database to each 

barcode reader. On the other hand, if any barcode reader is offline, the server will skip 

updating the trolley’s information because the communication is not possible. 

The enumerate data type allows only two possible values: ‘0’ meaning that the trolley is 

offline, and ‘1’ meaning that the trolley is online.  

 
Figure 4.10 - Table of trolleys 

 Cash Counter: similar to the trolley table, it stores the ID of each cash counter and its 

status. The status column works in the same way than in the trolley table, so each inactive 

cash counter will show the value ‘0’ on the status column. The value ‘1’ of this attribute 

means that the cash counter is active and the communication with the main server is 

available, as stated in the trolley table. 

 
Figure 4.11 - Table of Cash Counters 
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Connection Service   

This service has to communicate with all the elements of the system, so its main purpose 

is to establish connection with the barcode readers and the cash counters. 

One of the first actions executed by this service is to connect each cash counter with the 

main server, because the communication between these two elements is constant during the 

day. Besides this initial connection, the connection with each barcode reader is done before 

the supermarket opens and this first step is necessary to update all the products within the 

database of each barcode reader. 

[Figure 4.12] shows the main steps followed by the clients (the barcode readers and/or 

the cash counters), and the server in order to establish a communication. The server will close 

the connection with the barcode readers when the database update process is finished. On the 

other hand, the communication between the server and the cash counters is permanent, and 

it’s finished only when the grocery store it’s closed. The connection with one cash counter 

shall be closed when the cash counter closes). 

 
Figure 4.12 - Connection Service 

The main steps of the connection process are: 

1. Create the socket: this network pipe will make the communication possible.  

2. Bind (only the server): identify the socket to make visible for all the clients 

3. Listen (only the server):  listen on the socket to accept future requests. 

4. Accept the connection request sent by the client, if everything is ok. 

5. Send and receive data. 

6. Close the connection when the communication is finished. 

In order to avoid fake and unauthorized connections to our server, each barcode reader 

and cash counter shall be identified, and this identifier is only known by the server. At the 

same time, a status attribute allows the server to know the current state of each element of 

the system, making the communication process faster and easier. 
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Product’s Update   

The connection between the main server and the cash counters is continuous during all 

the day because they send to the server the products acquired by the customers, and the 

server shall update the information received into the product’s database.  

When the shopping process finishes and the [Update Service] of the cash counter has sent 

the product’s information, the main server shall monitor the update of the database 

information by creating a pool of updates. This updates will be stored in the pool and executed 

sequentially, in order to assure the coherence in the product’s stock of the supermarket. This 

process is explained in [Figure 4.13]: 

 

 Figure 4.13 - Products update 

1. Server receives the update from the cash counter. 

2. Server sends back an OK message when the update is received 

3. Server adds the update to the pool of updates 

4. Server updates the database. 

The activity diagram of this service is illustrated on [Figure 4.14]. 
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Figure 4.14 - Update Activity Diagram 
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Daily Update 

Is the main service in charge of sending the daily updates to all the barcode readers. To 

assure the information coherence of the products in all the databases, this service has to 

modify all the changes made in the database of products and send them to all the barcode 

readers, so they can update the local copy of its database. The price of the products and its 

weight are critical attributes of the products and it shall exist coherence between the 

databases: the attributes of every product are the same in the main server database than in 

the local copy of the barcode reader.  

After the connection is established between the server and the barcode reader, this 

service shall send the updated products to the barcode readers so they can update the local 

copy of their database with the new information, if necessary: only the products with the 

attribute UPDATE set to ‘1’, in the server database, will be updated. Any product shall be 

updated if its attribute changed after the last access. This service shall not send the complete 

table of products to the barcode readers, only the essential attributes for the customers, 

included in the trolley’s local copy of the database, meaning: ID code, name, price, price with 

taxes, weight and description. This selective update makes the update process faster and more 

efficient.  

When the update process is finished, the barcode reader sends an OK to the main server 

and the connection and update services are finished, as showed on the activity diagram on 

[Figure 4.15] in the next page. 

Main steps of the update service: 

1. Update any product’s information in the main server database. This step is managed 

by the database administrator. 

2. Establish connection between the main server and the barcode readers:  every day, 

when the shopping market opens, the barcode readers shall connect to the server 

asking for the product’s update. 

3. The server executes a SELECT operation over the database, getting all the product’s 

which attribute update is set to ‘1’. 

4. Send the updated products to all the barcode readers. 

5. The barcode reader executes the update in its local database of products, while the 

server continues working in other issues. 

6. The server receives the OK message from the barcode readers. 

7. The server closes the connection with the barcode reader. 
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Figure 4.15 - Update Activity Diagram  
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4.3.2 Barcode Reader 

Each trolley has a barcode reader which will be used by the customers/workers. This mobile 

part of the system is an embedded computer using the Raspberry Pi hardware and running over 

the Raspbian O.S. (distribution based on Debian GNU/Linux). The system is integrated by several 

input devices (see section [4.2 Hardware Components]), which interact and communicate among 

them and with the users during the shopping process, through the main program of the system, 

built in JAVA. This program shows the current content of the shopping cart and it allows the 

users to manage the products within it, making easier and faster the shopping process. 

All the readers contain a small copy of the database of products, including only the 

essential information needed by the clients. This database is developed in SQLite, making the 

access and management to the local copies more efficient for the cash counters and for showing 

the products to the clients.  

This mobile part of the system communicates in different ways with the other two parts 

during the shopping phase. In the first place, the communication between the barcode readers 

and the main server is made each morning, before the store opens, using a wireless connection. 

This is done for the update process as pointed out in section [4.3.1 - Update Service]. On the 

other hand, the communication between the barcode reader and the cash counter is made 

using the laser scanner, at the end of the shopping process, as is explained in the following 

subsection. 

Products Database 

This SQLite database is a tiny, self-contained, zero-configuration, transactional SQL 

database engine. It is implemented in each barcode reader and contains a small copy of the 

products database of the main server. 

It contains a unique table, with the essential attributes of each product needed by the 

customers during the shopping process: barcode, name, price, price with taxes, weight and 

description. The structure and attributes of this table are shown in [Figure 4.16]. 

This design avoids the necessity for maintaining a continuous connection between the 

barcode readers and the server, giving the customer a complete autonomy during the 

shopping process. 

The information in this table shall be updated daily, and its content shall be updated 

depending on the UPDATE value, when any product’s information is modified, as pointed out 

in previous sections.  
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Figure 4.16 - Database of products in each trolley 

This database communicates with the shopping and control services, during all the 

shopping process. It provides the users all the information related to the products they are 

buying, and also its attributes allows the management of the shopping cart in order to avoid 

product theft. 

Shopping Service   

It is the main service of the barcode reader system. It has to manage all the products the 

customers acquire during the shopping process, so that each product added to the shopping 

cart will be shown within a list of all the products acquired. This service provides a simple 

interface where the customers are able to see a list with all the information related to the 

products they bought, and also it allows the users to choose which quantity of products they 

want to buy. At the same time, the customers can modify or delete the products included in 

the shopping cart. 

This is the main software program of the system and it communicates with the database 

of products, with the control service and also with the checkout service at the end of the 

shopping process. 

The main purpose of this program is to receive the ID code of the product scanned with 

the laser reader, and check that code in the local copy of the database. After checking the 

product, this one is added to the shopping cart and its included to the current list of bought 

items, showing the customer all the current items included purchased so far. 

At the end of the shopping process, when the customer has to pay the order, the barcode 

scanner communicates with the cash counter and sends it the list of products acquired to 

proceed to checkout and finish the shopping process. This process is executed by the cash 

counter and it is explained in the [Checkout Service] section. 

The main functionality of this service is illustrated in [Figure 4.17] on the next page:  
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Figure 4.17 - Barcode Reader Activity Diagram 
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Control Service   

Service which manages all the products included within the shopping cart. It shall monitor 

the total weight of the shopping cart and compare it to the total weight of the bought items. It 

also manages the monitoring of the security tags to avoid stolen products, so each time any 

product is inserted within the trolley the RFID sensor shall scan the RFID tag included in each 

product and register it in the system. The weight and RFID checks are two security measures 

working together in order to avoid stolen products. It is necessary the monitoring of both 

security elements together. 

On the one hand, the weight control begins with USB scale installed at the bottom of the 

trolley, fitting at the end of the basket. This allows measuring the weight of the products inside 

the trolley. By doing this, the Raspberry Pi is able to check the total weight of all the items 

within the trolley and compare it with the theoretical weight it should exist in it, by checking 

the weight column of the product’s database for all the items. At the end of the shopping 

process, if the weight measured by the scale doesn’t match with the one calculated by the 

Raspberry Pi (it adds all the weights of the product’s database for the purchased products), an 

information message will be sent to the cash counter, so the worker will manage to include the 

missing products in the shopping cart. 

 
Figure 4.18 - Scale situation in the trolley 

 

On the other hand, the RFID tags checking is done by the RFID sensor installed near the 

barcode scanner, also within the trolley, at the top of it, as shown in the following figure (the 

red lines represent the scope of the sensor in order to register RFID tags): 

 
Figure 4.19 - RFID Sensor Scope 
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Each product includes a RFID tag within the envelope, so the barcode scanner is able to 

know if the product has been included within the trolley. This sensor system works as a 

counter of products: the Raspberry Pi knows how many products are within the trolley and it 

can compare the scanned products by the laser scanner with the ones scanned by the RFID 

sensor. If this number is different, the barcode reader will send an information message to the 

cash counter, so the worker shall add the unscanned products when the customer is ready to 

pay the order. 

Next [Figure 4.20] shows the activity diagram of this service executed by the Raspberry Pi: 

 
Figure 4.20 - Control Service Activity Diagram 
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Finally, this service shall manage the good performance of the system’s battery unit. The 

battery pack shall be auto-rechargeable: by taking advantage of the solar and artificial light, 

when the customer is shopping and moving the trolley along the shopping center, the battery 

recharges due to the light, similar to the behavior  of a solar calculator. 

Several improvements to this control and management system are defined as prototypes 

on [Chapter 7 - System Improvements], subchapter [7.1 – Control Service].  

In order to save the maximum amount possible of energy, the control service manages 

when the barcode reader returns to idle state when the shopping process is finished, and also 

turning off the screen after some minutes without interaction. This service works as a 

screensaver: the system shall turn off the screen after 5 minutes without any interaction and 

the control service shall suspend the system when there is no interaction after 10 minutes (idle 

state). The system will return to the normal working state when any user touches the screen or 

the trolley is moved (so the battery begins to charge). [Figure 4.21] shows the different energy 

states of the system: 

 
Figure 4.21 - System Energy States 
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4.3.3 Cash Counter 

It is the final component of the shopping process. It has to recover all the list of acquired 

products and charge the customers at the end of the shopping process. It also includes two main 

services designed for the final checkout process and also for the update process of the products’ 

database in the main server. For this reason it has to communicate with the barcode readers: 

when the customer pays the order; and with the main server: the database information of the 

server has to be updated with the new stock situation of the products after the payment. 

Before the final payment, the workers may change any product or item’s quantity, 

according to the wishes of the customer. At the same time, the workers shall be able to modify 

mistaken prices of the products, as well as they may delete products from the cart or also add 

new products which could not be added by the customers during the shopping process.  

Checkout Service   

This service is composed by several processes executed in the following order: 

1. Waiting to receive a connection from a barcode reader. 

2. Establish connection with the barcode reader and receive the list of products     

using Wi-Fi. 

3. Add, delete or modify any product according to the customer requirements. This 

process is managed by the workers. 

4. Charge the customer (credit or cash). 

5. Print the ticket with all the purchased products. 

6. Send update to the main server. 

7. End of the shopping process. 

The checkout service is in charge of finishing the shopping process. As any other cash 

counter, this service is waiting to receive as input the list of items purchased by the customers. 

However, it may also receive more information as input data, due to modifications made by 

the workers. These modifications may include: new ID codes of products which the customers 

could not scan using the barcode reader, modification of prices or quantities, deletion of 

products or new ID codes added using the keyboard of the checkout service. The checkout 

service receives all these inputs by a barcode scanner or a keyboard. 

When the customer has finished shopping, the communication between the barcode 

reader and the cash counter begins. The barcode reader will send the list of products to the 

cash counter to proceed to the checkout. The process is similar to the connection to the 

database: 
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                           Figure 4.22 - Barcode Reader-Cash counter connection 

1. The cash counter is waiting, listening for the next incoming connection. 

2. The customer/worker presses the “Finish” button on the barcode reader UI, initiating 

the wireless communication with the cash counter. 

3. The barcode reader sends all the list of purchased items to the cash counter. 

4. The worker may add, delete or modify any product within the list. 

4a.  If the worker needs to add a new product, after scanning its barcode, the cash 

counter requests the product to the main server database. 

4b. The new product is added to the list of products. 

5. Proceed to charge and print the order. 

6. Close the connection with the barcode reader. 

7. Send updated data to the main database. 

Before sending the list of products to the main database, this main output is printed on a 

shopping order including all the purchased items. By doing this, when the customer finishes 

the shopping and payment processes, the checkout service shall print a receipt with all the 

information related to the items and the grocery store. Finally, the total amount of the order 

shall be shown in a screen panel, so the customer is able to pay the amount of money 

requested.  

The receipt shall include the following information: 

 Name of the grocery store/supermarket/company 

 Tax address, identification number and official information of the company. 

 ID of the seller, operation number, date and time. 

 List of all the items purchased by the customer, including: number of items, 

description of the item, unit price, and total price (included the taxes). 

 Total price of the shopping cart. 

 Percentage of taxes applied and the total tax amount. 

 Name of the worker who charged the receipt. 
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Figure 4.23 - Receipt example 

When the checkout service is completed, the cash counter sends a message to finish the 

shopping process. This message is sent to the barcode reader, allowing it to change its state to 

idle and making it ready for the next customer. At this point, the update service begins its 

communication with the main server, sending all the information to the products database in 

order to update its information.  

[Figure 4.24] in the following page shows the activity diagram for this process. 
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Figure 4.24 - Checkout Activity Diagram 
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Update Service   

This service is executed when the shopping process finishes. When the final checkout 

ends, the service sends all the updated information related to the purchase to the main 

database of the system, delegating the main server the update process of the information in 

the different tables of the main database. In the purchase is encapsulated all the information 

related to the shopping process: the list of products, the operation number, timestamp, 

worker… and all the other information included in the server’s main database. By doing this, 

the cash counter is ready to accept the next connection from the next barcode reader and it 

will continue working without any customer waiting for the main database update.  

The main steps executed by this service are: 

1. Receive, as input data, the end of shopping process message from the checkout 

service. 

2. Send to the server, as output data, the items acquired by the customers. 

3. Receive the OK message from the server, meaning that the server received correctly 

the updated database information. 

 
 Figure 4.25 - Update Service Activity Diagram 
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4.4 UML Class Diagrams 

The following shows the UML class diagrams designed for the system’s implementation. 

This chapter is divided according to each element of the whole system (Barcode Readers, Cash 

Counters and Main Server) and each figure represents the package structure on which the 

system was programmed. Further information about the structure, packages, libraries used and 

implementation details can be found on [Chapter 5 - Implementation].   

Barcode Readers 

The structure of the Barcode Reader’s implementation consists of six packages: <cashcon>, 

<localcon>, <main>, <servercon>, <trolley>, <userinterface>, which are illustrated on the 

following figures: 

 

  
Figure UML1 - cashcon Java Package 
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Figure UML2 - localcon Java Package 

 

 
Figure UML3 - main Java Package 
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Figure UML4 - servercon Java Package 
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 Figure UML5 - trolley Java Package 
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Figure UML6 - userInterface Java Package 
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Cash Counters 

The structure of the Cash Counter’s implementation is quite similar to the Barcode’s: 

<checkout>, <main>, <servercon>, <serverdb>, <trolley>, <userInterfaces>, which are illustrated 

on the following figures: 

 Figure UML7 - checkout Java Package 

 

 

Figure UML8 - main Java Package 
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Figure UML9 - servercon Java Package 

 

 
Figure UML10 - serverdb Java Package 
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Figure UML11 - trolley Java Package 
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Figure UML12 - userInterfaces Java Package 
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Main Server 

Finally, the Main Server’s structure contains the following java packages: <barcon>, 

<cashcon>, <dbcon>, <main>, <trolley>, <userInterface>, illustrated as follows: 

 

 
Figure UML13 - barcon Java Package 

 

 
 Figure UML14 - cashcon Java Package 
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Figure UML15 - dbcon Java Package 

 

 
Figure UML16 - main Java Package 
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Figure UML17 - trolley Java Package 
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 Figure UML18 - userInterface Java Package 
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4.5 User Interfaces 

The following section explains the interfaces of two of the system’s components: the 

barcode scanner and the cash counter. The images represent the navigation diagrams of the 

system interface and they are not representative of the user interfaces of the final products. The 

users shall interact with the barcode scanner interface by using a touchscreen panel, while the 

interaction with the cash counter workstation shall be using a keyboard and mouse. 

This section includes the Navigation Diagrams of the Barcode Scanner and the Cash 

Counter. It also includes real examples of the implemented User Interfaces of each elements of 

the system: The Barcode Scanner, the Cash Counter, and the Main Server (which shows the 

database screen for the process of adding/deleting any product to/from the database). 

4.5.1 Barcode Scanner 

The barcode scanner waits on idle state for a touch interaction, showing the welcome 

screen. This welcome screen is the first screen and the beginning of the navigation process. 

When the user touches the welcome screen, an instructions screen shall appear briefly 

explaining how to use the system in order to purchase products. When the user touches this 

screen, the system shall show the main screen of the system: the product’s basket. 

This main screen shows the user all the information related to the state of the basket: 

 List of products: including the number of acquired units of a product, the description of 

the product and its price (including taxes). 

 Total price of the shopping cart. 

 Image of the last product added to the shopping cart/the current selected product.  

 Delete button: the user shall delete a product of the shopping cart by selecting it in the 

product’s list and pressing the red X button, on the top upper corner of the product’s 

image. One single product is deleted from the shopping cart each time the delete button 

is pressed. 

 Checkout button: represents the end of the shopping process. The user shall press this 

button when is near the cash counter, ready to pay the order. After selecting the cash 

counter number where paying (and confirming the operation by clicking the “YES” 

button), the barcode reader will connect with the cash counter and the list of products 

will be sent to the cash counter to proceed to checkout. When the customer pays, the 

barcode reader returns to the welcome screen and the idle state, waiting for a new 

customer. 

 Barcode ID: is the yellow number on the top right corner on the screen, within the green 

bubble. 

The customer shall add any product to the basket by scanning its barcode, so after the 

scanning, the list of products will be updated with the new added product, showing the image of 

the last product. At the same time the total price of the basket is updated. If the product already 

exists in the shopping cart, the quantity of that product will be updated one by one. 
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The main screen is showed in full screen, on top of any program, and being the only graphic 

interface the user is able to interact with, according to the [Capability Requirements]. 

[Figure 4.26] shows the navigation diagram for this interface. 

 

Figure 4.26 - Barcode Scanner Navigation Diagram 

 

 

The following figures shows the user interfaces implemented for the Barcode Reader. They 

are shown in logical order, as they may be shown to the user during the shopping process. The 

following guide shows the main steps of the shopping process, together with the user interfaces 

shown to the customers: 

1. The customer touches the touchscreen and the Welcome interface is shown [Figure 4.27]. 

When touching the welcome screen again, the instructions screen is shown, summing up 

and explaining the shopping process [Figure 4.28]. The first empty basket screen is shown in 

[Figure 4.29]. 
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Figure 4.27 - Welcome Screen 

 

 

 

 

 
Figure 4.28 - Instructions Screen 



Self-Service Barcode Scanner 
 

Félix Aguilar Sánchez 105 

 
Figure 4.29 - Empty Basket Screen 

 

2. The next step is to begin the shopping process by scanning each product’s barcode. 

[Figure 4.30] shows an example of a shopping cart filled with several products. At this point, 

the user is able to add more products and/or delete any of the purchased ones. This 

process of delete any product is shown in [Figure 4.31], where the user has to confirm the 

deletion process and the product’s information is shown in the deletion popup. If any 

scanned product does not exist or its photo is not stored within the image folder, then an 

error image is shown, as shown on [Figure 4.32]. Note that this image is shown in both 

cases (image not found and product does not found on the local database), however, if the 

product exists within the database, it will be added to the shopping cart, but its image will 

not be shown. 

 

 
Figure 4.30 - Filled shopping cart 
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 Figure 4.31 - Deletion Confirmation Popup 

 

 

 
Figure 4.32 - Barcode Error Image 

 

 

3. The final step of the shopping process will be the checkout process. When the customer is 

ready to pay, near the cash counter, the customer has to press the “CHECKOUT” button and 

a popup asking the cash number will appear. [Figure 4.33] sums up this process where, if 

the introduced cash number is incorrect, a red message will appear in the screen as shown 

in [Figure 4.34]. 
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 Figure 4.33 - Checkout Popup 

 

 Figure 4.34 - Cash Counter wrong number 

 

4. Finally, and when the “YES” button is pressed for the checkout confirmation, the list of 

products is send to the cash counter (the “NO” button goes back to the basket screen).  At 

this point, two possibilities arise: [Figure 4.35], where the products are sent successfully to 

the cash counter, or [Figure 4.36], where there was an error while sending the shopping 

cart to the cash counter. In both cases, an information popup will appear showing up the 

success/error result of the sending process.  
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 Figure 4.35 - Sending products process success 

 

 

 

 Figure 4.36 - Sending products process error 

 

 

5. If the send process is successful, hitting the “OK” green button will make the Barcode 

Reader return to the main screen; while, on error, hitting the “OK” red button will make the 

system return to the main basket screen. 
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4.5.2 Cash Counter 

As the barcode reader, the cash counter is waiting in idle state, showing the welcome 

screen, until the barcode reader connects to send the list of products. Once the connection 

between the barcode reader and the cash counter is established, the main screen of the 

products basket is showed, containing the following elements: 

 Back button: allows the worker to return to the main screen of the system, deleting all 

the products and cancelling the current operation. 

 Delete button: when pressed, the worker shall select the item/items to delete from the 

basket. The items may be selected in the list or scanned using the laser, and one item at 

a time, after the delete button is pressed. 

 List of products: as in the barcode scanner, shows the list of acquired products, showing 

the number of units, its description and price. 

 Total price of the shopping basket. 

 Cash button: represents the cash pay method. When pressed, a pop-up will appear 

showing the amount of money to pay, the change and a numeric, and two confirmation 

buttons. The worker is able to introduce, using the keyboard, the amount of cash paid 

by the customer and finish the operation. If the operation is cancelled, the system will 

redirect the user to the main screen.  

 Card button: allowing the customer to pay using a credit/debit card. After this button is 

pressed, the system shall show a pop-up screen showing the total price to pay and 

asking the user to insert the credit card. It is possible to stop this operation by pressing 

the cancel button. When the credit card is inserted, the payment process begins, 

executed by the credit card reader. If an error is produced during the payment process, 

the system will show again the main screen. 

 CashCounter ID: is the white number on the top right corner on the screen, within the 

green bubble. 

When the customer pays the order, the system shall print a receipt of the products, as 

showed before on [Figure 4.23]. Finally, the cash counter sends the updated information to the 

database of products within the main server and closes the connection with the barcode reader. 

After that, the welcome screen shall be shown and the cash counter shall return to idle state, 

waiting for the next incoming connection. The following [Figure 4.37] illustrates the navigation 

diagram for this interface. 
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Figure 4.37 - Cash Counter Navigation Diagram 

 

With the aim of illustrate the navigation process defined in the above diagram, the next 

section will describe the logical process followed by any worker during the checkout process, 

using real system interfaces as examples. It is important to remark that, at this point, the 

customer is still available to add/delete/modify any product, just before the payment is realized. 

The main steps for the checkout process are explained below: 

1. The cash counters are waiting for the incoming connections of any barcode reader. At this 

point, the workers are waiting to receive the products from the customers while the 

welcome screen is shown [Figure 4.38]. When hitting any point of the screen, the main 

basket screen is shown, where the workers are able to operate with the system and 

communicate with the customers. [Figure 4.39] shows an example of this screen. 
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Figure 4.38 - Cash Counter idle screen 

 
Figure 4.39 - Cash Counter Main Screen 

 

2. The next step, and when the shopping cart is received from the customer, the list of 

purchased products is shown and the total price of the shopping cart is updated. But 

previous to this step, the cash counter has checked the number of items scanned by the 

customer and the number of products measured by the sensors on the trolley. 
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As shown in [Figure 4.40], a warning popup will be shown in order to alert the worker that 

something is wrong with the products the customer has purchased. After hitting the “OK” 

button, the list of products is shown on the screen and now the worker is able to select 

what is the next step to continue the shopping process [Figure 4.41]. This popup will not be 

shown if everything is ok with the product’s units. 

 

 
Figure 4.40 - Cash Counter Warning Popup 

 

 
Figure 4.41 - Cash Counter Main Screen 
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At this point, the worker may select one of the different buttons of the main screen. The 

selections will be presented in order: from the top to the bottom of the screen: 

 

3. When hitting the “Go back” button, the system will show a confirmation popup with two 

options [Figure 4.42]: hitting “YES” cancels the current operation, empties the shopping 

cart and returns the main screen. Hitting “NO” returns to the main basket screen: 

 

 
Figure 4.42 - Go back button 

 

4. Other possibility is to hit the “EMPTY CART” button, where another confirmation popup will 

emerge. Hitting any of the two buttons will make the system return to the main basket 

screen, but by confirming the operation clicking the “YES” button, the shopping cart 

becomes empty [Figure 4.43]: 
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Figure 4.43 - “EMPTY CART” Button 

5. If the customer wants to delete any product, it is necessary to hit the “DELETE PRODUCT” 

button, where a confirmation popup will be shown, allowing the user to delete all the same 

products that the shopping cart includes, as shown in [Figure 4.44]. Hitting any button 

returns to the main basket screen: 

 
Figure 4.44 - “DELETE PRODUCT” Button 
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6. Finally, the “CASH” and “CARD” buttons. These two buttons finish the shopping process, 

they use similar processing logic, the interfaces are quite similar but containing small 

differences. [Figure 4.45] shows the “CARD” button, where a popup is shown in order to 

introduce the amount of cash the customer paid and the money change. This interface will 

show the “Paid” price label in red while the amount introduced is less than the amount 

total of the shopping cart. On the other hand, [Figure 4.46] shows the “CARD” interface, 

where the label will be red while the amount of money is different than the amount of the 

shopping card (paying with card doesn’t give back money to the customer as change). After 

confirming the amount in both cases (by hitting the “OK” button), the shopping receipt is 

printed and the system returns to the welcome screen. Hitting the “BACK” button, will 

return to the main basket screen. 

 

 
Figure 4.45 - “CASH” Button 
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Figure 4.46 - “CARD” Button 

4.5.3 Server 

Unlike the Barcode Reader and the Cash Counters, the main server only shows user 

interfaces for database operations, that is: adding products to the database, deleting products 

from the database and show the information related to the products. These three operations 

are contained within the same window, under three different tabs, and the user interfaces 

include all the processing logic necessary to make the MySQL INSERT, DELETE and SELECT 

operations follow the proper format of the product’s attributes defined in the [database design]. 

This section shows the main screens of the database user interface management. It 

includes some examples and all the possible errors shown when any product INSERT/DELETE 

does not satisfy the format requirements of its attributes. 

The main window showing all the operations in each tab is shown in [Figure 4.47]: 

  



Self-Service Barcode Scanner 
 

Félix Aguilar Sánchez 117 

 
Figure 4.47 - Main Server Database Interface – Add Screen 

This exact database contains all the elements for a proper insertion of any product within 

the [Products Database], and also the proper format manager for each product attribute (the 

correct values are indicated on the labels at the right side of each field form). When the user 

wants to add any product to the database, all the fields must be filled with information, 

otherwise, a popup will emerge when hitting the “Add Product” button and the incorrect fields 

will be painted in red as is shown in [Figure 4.48] and [Figure 4.49]: 

 
Figure 4.48 - Main Server Database Interface – Add Screen error Popup 
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Figure 4.49 - Main Server Database Interface – Add Screen error Popup 

 

At the same time, the user will be prompted before adding a product into the database 

with a confirmation popup and an information popup in case the INSERT process was successful, 

as shown in [Figure 4.50] and [Figure 4.51]: 

 
Figure 4.50 - Main Server Database Interface – Confirmation Popup 
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Figure 4.51 - Main Server Database Interface – INSERT Info Popup 

 

The same situations happen with the DELETE operations, executed in the Delete Product 

tab, as shown in the figures: [Figure 4.52], [Figure 4.53], [Figure 4.54], and [Figure 4.55]. There 

are a confirmation popup for each button (“Delete” and “Delete All”): 

 
Figure 4.52 - Main Server Database Interface – DELETE Confirmation Popup 
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Figure 4.53 - Main Server Database Interface – DELETE ALL Confirmation Popup 

 

 
Figure 4.54 - Main Server Database Interface – DELETE Info Popup 
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Figure 4.55 - Main Server Database Interface – DELETE Error Popup 

 

The Show Products tab will show always the same information popup, because that 

functionality is not implemented but designed as a prototype: 

 
Figure 4.56 - Main Server Database Interface – SHOW Info Popup 



 

 

 

 

 

 

 

Implementation 

 

 

The implementation chapter focuses on the most 

interesting details of the implementation process. 

It shows in detail the UML class diagrams followed 

during the programming process of the system, 

explaining, package by package, the main 

characteristics for each Java package of the System.    

Chapter 5
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5.1 General Description 

This chapter is structured in three subchapters, each one dedicated to one element of the 

system. First, the Barcode Reader implementation will be presented, followed by the Cash 

Counter and the main server. 

The structure of the programming process was divided in Java packages, where each 

package contains all the classes (or Java Objects) according to its functionality within the system. 

Usually, there is a package focused on connections with the other system elements, another 

package for the user interfaces of the system, the main package, package for the central 

elements of the system (products, basket…) and so on. 

As pointed out before, all the system was developed using JAVA programming language, 

and over a Linux based Operating Systems. It is important to stand out that several external 

libraries were used during the programming process. These libraries are: 

 SQLite 3.7.2: for the Barcode Reader, it is necessary in order to connect the Java program 

to the local database of products in the Barcode Reader (and the Raspberry Pi SQLite local 

database of products). This library contains all the code necessary to communicate with the 

database and execute SQLite queries in order to obtain the desired products of the market. 

More information it can be obtained on the project webpage: 

http://www.sqlite.org/index.html, where the library can be downloaded too. 

 

 MySQL JDBC Driver 5.1.23: used on the implementation of the Cash Counter and the main 

server, it is necessary in order to obtain the products from the main database stored in the 

main server. As the SQLite database, it contains all the implemented code necessary to 

access and execute queries over the main products database, this time, these operations 

are done remotely from the cash counter, over a network connection. The same operations 

are executed locally, on the main server. More information and downloads are available on 

the MySQL project webpage: http://dev.mysql.com.  

 

 Absolute Layout: this concrete library is used in the implementation of the database user 

interface database of the main server. This library is necessary in order to draw all the 

elements of the database queries interface (labels, buttons, text areas…). Examples of these 

user interfaces were shown on chapter 4.4.3 Server of this manual. 

The following figures over the next subchapters of each element of the system shows the 

UML class diagram followed during the implementation of the system together with accurate 

explanations of the programming and design decisions followed during the implementation 

process. Each figure includes all the Java classes of each package and the package which they 

belong to. 

For further information related to each attribute/operation or their behaviour, the reader 

may want to check the commented lines of code included during the implementation process, 

together along with the Java code contained in the .java files attached with this document. 

http://www.sqlite.org/index.html
http://dev.mysql.com/
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5.2 Barcode Readers - Raspberry Pi 

The Barcode Reader implementation is structured in six packages, each one containing the 

Java objects which perform the same set of tasks. These packages include: 

cashcon 

The cashcon Java package contains an unique Java class, focused on the connection 

establishment between the Barcode Readers and the Cash Counters. This class, 

<CashConnection>, establishes the connection with the Cash Counter by creating a network 

Socket, and the necessary streams to send the list of products over the network. For this 

connection, it is necessary to get the Cash Counter IP address (which is selected by the 

customer) and the destination port (which is always the same for this connection, port 1234). 

At the same time, this class includes all the operations to create the connection elements 

(Socket and data Streams), and also the operations to establish and get information about the 

connection: connect(), isConnected() and closeConnection(). This class is responsible of sending 

the list of products to the Cash Counters and also the control information of each list of 

products, that is, the number of products purchased by the client and its weight, and the 

number of products and weight measured by the trolley sensors. This operation is made by the 

methods send() and sendInfo(). 

All the operations include the proper try-catch sections for handling and exception 

management.  

localcon 

The package localcon is designed to store the Java objects which main purpose is to 

communicate with the SQLite local database of products stored within each Barcode Reader. 

In the same way as the cashcon package, these two classes contains all the management 

operations in order to handle the possible exceptions which may be thrown during the 

program execution: typically, mostly SQLExceptions may arise while the program is being 

executed.  This Java package contains two main classes: 

o <SQLiteSelect>: Manages the SELECT operations over the database, getting the scanned 

products during the shopping process. Accesses the local database to retrieve the 

information of any product to the customers. The reader is able to see all the SELECT 

operations that this class executes over the local database. While the SQLiteConnection 

connects the Java program with the local database, the object PreparedStatement allows 

the execution of queries over the database (all SELECT queries for this class). The results of 

those queries, usually a list of products or just a single product, are stored within a 

ResultSet object, which is the main implementation for set of queries over a database used 

in Java. 

This class contains a known issue in the sqlite-jdbc Library. This method throws a 

java.lang.AbstractMethodError when invoking the method 

org.sqlite.PreparedStatement.isClosed(), so the operation isClosed() won’t be executed until 

this issue is fixed, and the method isClosed() returns always false. 
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o <SQLiteConnection>: Represents a connection to the database. This class manages the 

connection establishment and disconnection to the local database of products, using the 

Singleton Design Pattern. Apart from the connection/disconnection and checks over the 

database connection, this class also allows the program to execute operations over the 

database, such as commit() and rollback() when is necessary to execute the  

This class contains three static attributes, which are: the Database Driver(“org.sqlite.JDBC”), 

the Database URL (“jdbc:sqlite:/barcode/db/”) and the Database Name (“basket.db”). This 

information won’t change and will be the same. 

During the design phase, it was determined that only one instance of a SQLiteConnection 

object will be allowed. For this reason the Singleton Design Pattern was chosen during the 

implementation of this class. This patterns allows the creation of an unique instance of this 

class, by calling the static method getInstance() instead of the normal Java constructor 

invocation. By doing this, the method check if there was already defined an instance of the 

class SQLiteConnection, and it returns this previously created instance instead of creating a 

new one, so only one single connection to the local SQLite Database is allowed each time 

the customer uses the system. Furthermore, in order to assure the rules of the singleton 

pattern, the clone() method is overridden in this class, making totally unavailable the 

possibility of create a second instance of the connection. The clone() method will throw a 

new CloneNotSupportedException when invoked. 

main 

This is the main package of each Barcode Reader and where the program begins its 

execution. The processing logic of the main class of the system is executed as follows: 

1. The first step is to get the barcode identification number. The ID of each Barcode Reader 

will be the last byte of its IPv4 network address. For example, the Barcode Reader with 

the IP address 192.168.1.77 will have the number 77 as its unique identification number. 

This operation is done by the method getID() which checks the Barcode’s IP and gets its 

last byte to represent, and draw later on, the barcode ID (is drawn at the top right 

corner of the screen, the yellow number within the green bubble). This number is 

unique, as the IP address, and it cannot be changed (so the attribute is a Java constant). 

 

2.  After that, the main class creates the updater object (ServerUpdate) which is in charge 

of the daily updates of all the products within the local database of each barcode reader. 

This updater will be listening for incoming connections from the server, and when 

received the update connection from the server, it begins the update of the local 

database, inserting all the new products and showing the result of the insertions on the 

main system output screen (typically, the system terminal). If, after fifteen seconds none 

connection update is received, the local database of products will not be updated, and 

the system will stop listening for incoming connections. 

 

3. Once the update is finished and the success/fail result is shown, the updater closes all 

the connections (if any) and the main system creates the three new user interfaces: 

<WelcomeUI>, <InstructionsUI> and <BasketUI>. 
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4. When all the user interfaces has been created, the next step is make them visible, using 

the following order: first, the basket user interface is made visible, because it will be 

always load on memory. After that the instructions interface and finally the welcome 

interface. By doing this, the system will show the interfaces in the proper order 

(welcome, instructions, basket), and the proper user interface will be shown when the 

user touches the touchscreen. 

 

5. When the shopping process is finished, the system returns to the main screen, drawing 

again at the beginning the instructions screen and finally, on top of all, the welcome 

screen. Each screen (but the basket screen) will hide any touch interaction of the 

customer. 

servercon 

Within this package are included the Java classes in charge of make the update process 

from the main server of products. This package contains two main classes: <ServerUpdate> 

and <SQLiteStatement> which are represented and explained in the following subsections: 

o <ServerUpdate>:  Java object in charge of connect to the main server to get the list of 

updated products and update the local database of products (in the Barcode Reader).  

Creates a Socket to connect the server, asks for the updated database, receives the 

updated products and updates the local copy of the database.  

As pointed out in the cashcon package, this class contains all the necessary elements to 

connect the Server with the Barcode Readers, but in this case, is the Barcode Reader who is 

listening for the incoming updates sent by the main server. 

In the same way, the class includes a socket and a fixed port for the network 

communication and input streams for of data (DataInputStream and ObjectInputStream 

objects) receiving the input list of products sent by the server. The main operations include 

the processing logic to create all the elements necessary for the connection, receive the list 

of products, finish the update process and execute the updates over the local database of 

the received products. 

 

o <SQLiteStatement>: meanwhile, all this update process is possible due to the execution of 

this class, which is in charge of make all the INSERT and UPDATE queries over the local 

SQLite database of products, according and using the list of products received from the 

server and obtained from the previous class <ServerUpdate>. In order to make the INSERT, 

UPDATE and DELETE processes transparent to the updater, this class defines and 

implements all the operations necessary to make these queries over the database. And it 

also allows making the queries in several ways, by overloading the same method to execute 

any query of any product just by defining its barcode, or its id.  

And of course, this class implements all the exception handlers for any possible 

SQLException thrown by the program during its execution. Each INSERT/UPDATE/DELETE 

operation contains the try-catch block necessary to manage those exceptions. 
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trolley 

The trolley package contains the main business objects of the system, representing the 

most important system elements: the Products, the List of Products and the Basket of 

purchased products. Apart from that, this package also includes a checker, used manage and 

control the products the customer are purchasing and compare them to the products 

measured by the trolley sensors, in order to avoid possible thefts. The following elements of 

this package are described with more detail: 

o <Product>: the system’s main business object, represents a purchased product from the 

store. Each product in the shopping trolley is defined by its ID, barcode, name, price, price 

with taxes (priceTAX) description, weight, quantity purchased and description. Apart from 

these attributes, the Product Instance contains an static attribute called serialVersionUID. 

This attribute is needed in Java in order to make any Java object available to be sent over 

the network. For this same reason the Product class implements the Java interface 

<Serializable>, because this interface, along with the unique object ID (serialVersionUID) 

and the hashCode() method makes the Java object available to be sent over the network. At 

the same time, it is necessary that the same object and the same package exist in the 

receiver part (Cash Counters and the main Server), so this identification is unique for any 

object being sent. 

This class also contains two methods for increase and decrease the quantity of purchased 

products (incrementQty() and decrementQty())and overrides the method equals() from the 

Java parent class <Object>, so we can compare two different products by checking its 

barcode. Since the barcode is an unique identification of each product, two products will be 

the same if their barcode numbers are equals. 

 

o <ProductList>: contains a list of purchased products, defined as a Java ArrayList of Products. 

As any other Java list, it includes all the necessary operations to navigate across the list and 

manage all the elements of the list (methods add(), remove(), clear(), isEmpty(), contains(), 

get(), iterator()… are some examples of all these elements. 

It is important to point out that this class inherits from the Java class <AbstracListModel> 

(with the generic type <Product>), so the list will be easier to draw in the shopping basket 

user interface, because this abstract list creates a model to be drawn in the added JList 

when drawn (check the descriptions on package userInterface below for more information 

and detailed explanation). 

 

o <Basket>:  represents the Basket of the purchased products, including the list of products 

and the total amount of money the customer has to pay for it, (total and totalTAX, 

representing the price of the basket with and without taxes). This class also manages all the 

information related to the shopping process: connection to the local database of products, 

connection and send the list of products and its control information to the cash counter, 

the shopping finish process, products quantity/weight control and monitoring and 

managing the update process of the products quantities and totals. 
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o <BasketChecker>: Represents the Agent which checks that all the Products within the 

shopping trolley (the number of units scanned with the RFID sensor and the weight 

measured by the scale) correspond with the Products inserted in the trolley and scanned by 

the customers. The main purpose of this class is monitor all the products in order to avoid 

products for being stolen by the customers, and this operations are done by comparing the 

products the customer has scanned with the ones measured by the trolley sensors.  

This information will be sent later on to the Cash Counter, so the worker will be able to 

check the products and rescan the shopping basket again, if there was any problem, before 

proceed to the final checkout. 

userInterface 

The userInterface package contains all the classes in charge of drawing, managing and 

showing the user interfaces of the system. This package contains the frames, pop-ups, dialogs 

and other Java graphical elements necessary to create the interfaces for the interaction 

between the system and the user. The package is structured using the following elements: 

o <Background>: this class is used to draw the desired background in the chosen JFrame. It 

creates a new JLabel as background with the desired custom image read from file, stored ad 

a Java ImageIcon within the label. It is used for all the user interfaces to draw the custom 

background for the basket user interfaces. 

 

o <BasketUI>: the central class of this package. Contains all the elements to show the list of 

purchased products to the customer and it also allows the communication with the other 

elements of the system. When created, it is necessary to indicate the Basket object which 

will be referenced by this class, so it is possible to show, in real time, the products added to 

the shopping basket when any barcode its scanned. This class is also in charge of draw all 

the elements of the interface: it reads the product’s image from the file and shows it to the 

customer when the barcode is scanned (showing an error in case the product doesn’t exist 

on the database). It’s always listening for receiving the barcode number scanned by the 

barcode scanner. It draws the total label, updating its information when a new product is 

added/deleted, and it also draws and manages the CButtons in charge of execute the 

desired operations (the “delete” button and the “checkout” button). 

As the other screens of the trolley Barcode Reader, its size is fixed and adjusted to the 

portable touchscreen, and it also shows the information and checkout popups when any of 

the buttons is pressed. It inherits from the class <FrameModel> which is explained below. 

 

o <BlinkText>: in order to focus the attention of the customer during the first stages and 

interfaces of the system, this class is in charge of create a blinking effect over the text 

“[Touch the screen to begin]”, showing up the customer the instructions to begin the 

shopping process. Because the blinker text was designed and implemented as an 

independent Java Thread (which execution is concurrent with the logical execution of the 

main program), this class implements the Java interface <Runnable>, overriding the method 

run() for the beginning of the Thread execution. It also contains the operations start(), to 

create and initialize the new Thread (for later execution with the run() method); and stop() 

which destroys the Thread and stops its execution. 

Both classes, <WelcomeUI> and <InstructionsUI> use this class for showing the “Thouch 

screen…” blinking text. 
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o <CButton>: represents a custom JButton with a custom image read from file, so it was 

necessary for this class to inherit from the Java class JButton. This class contains its own 

Java ImageIcon representing the custom image to draw in the button and its options. 

Typically, any button will have a yes/no meaning, implemented using a true/false Boolean 

attribute. It also includes two integer attributes (width and weight) representing the width 

and height of the icon of the image. At the same time, it implements the method necessary 

to draw the desired custom image when the button is pressed. For all the CButtons of the 

system, the pressed button icon is the same as the ImageIcon but with the inverted colours. 

This means that, for example, in the custom delete button (which is a white cross over a red 

background), the pressed icon will be a black cross over a blue background. The name of 

the inverted colors file for the clicked button will be the same as the original one, with an 

“I” at the end; i.e. (delete button): del.jpg => deli.jpg (as defined on [SRN-18]). 

 

o <CScrollBar>: as the class <CButton>, represents the custom scrollbar created when 

showing the list of products on the basket user interface. This custom scrollbar, is a simple 

one, on yellow color, showing no up/down arrows and drawn over a grey background. It 

inherits from the Java class <BasicScrollBarUI> in order to make this possible, and the class 

<BasketUI> creates a new custom scroll bar when drawing the list of products. However, 

this bar will be shown only when the current list of purchased products doesn’t fit within 

the bounds defined on the product list drawn list.  

 

o <CaribbeanColor>: it’s a Java interface defining, as public static constants, the custom 

colors used in the system interfaces. 

 

o <CaribbeanFont>: as the <CaribbeanColor> interface, defines the public static constants of 

the custom text fonts used in the system interfaces. 

 

o <CartRenderer>: this is a supporting class for the JList drawn by the <BasketUI> containing 

the list of purchased products. By implementing the Java interface 

ListCellRenderer<Product>  and overriding its method getListCellRendererComponent(),  it 

allows the system to show the list of products following the format 

Quantity|ProductName|TotalPrice, with examples of the user interfaces for the shopping 

basket interface. 

 

o <CheckoutPopup>: represents a confirmation popup for finishing the shopping process. 

Allows the user to confirm the end of the shopping process and select the Cash Counter 

when he wants to pay by showing a numeric keyboard and a yes/no option. When selecting 

“yes”, the list of products is send to the Cash Counter, showing a <InfoPopup> with the 

result of the sent operation.  

 

o <ClickListener>: inheriting from the Java Interface <MouseListener>, this class is basically a 

custom MouseListener implemented to handle and execute the required actions when the 

mouse click is pressed. This action is similar to hit the system screen, making a new frame 

and disposing the previous one. It only handles the click action of the mouse, ignoring the 

other event handlers for the interface <MouseListener>. 
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o <DeletePopup>: represents a confirmation Popup shown when a user wants to delete a 

product from the shopping basket. It extends the <Popup> class of this same package in 

order to have the same CButtons and options, and it shows the products description when 

the popup is shown. 

 

o <FrameModel>:  abstract Java class (no objects of this class are allowed) which establishes 

the default configuration for all the windows of the system: its size, closing window action 

and frame decoration. The size of the screen is optimized for a resolution of 848x480 pixels, 

the maximum resolution of the trolley screen. Eliminates the window frame border and the 

“closing window” option, setting the frame always on top of any other process. Both 

<InstructionsUI> and <BasketUI> inherits the configuration from this abstract class. 

 

o <ImageLabel>: represents a JLabel with a custom image read from file.  It is used for 

showing the product's image on the basket user interface. 

 

o <InfoPopup>: as pointed out before, this class represents an information JDialog, used by 

the <CheckoutPopup> class in order to show the result of the sending process of the list of 

products to the Cash Counter. Contains an inner class (<ButtonListener> which implements 

the Java interface <ActionListener>), which overrides the actionPerformed() method for the 

“OK” shown button in this dialog, so, when the button is pressed, the dialog disappears. 

 

o <InstructionsUI>: shows the shopping instructions to the customers. When the screen is 

pressed, the shopping process begins, showing the main basket interface. It is shown after 

the customer presses the welcome user interface screen, and disappears when this 

interface is pressed again. As pointed out before, it shows a blink text to tell the customers 

to press the screen to begin the shopping process. It also inherits from the class 

<FrameModel>. 

 

o <Popup>: Java custom JDialog representing a confirmation popup for finishing the 

shoppping process. It contains two custom buttons, for the yes/no option. As the class 

<InfoPopup>  this one also contains an inner class (<ButtonListener> which implements the 

Java interface <ActionListener>), which overrides the actionPerformed() for the yes/no 

option, confirming or cancelling the operation. 

 

o <WelcomeUI>: it is the first user interface of the barcode scanner shown to the customers. 

Is the welcome screen waiting for the user interaction to begin the shopping process, while 

showing the blinking text to indicate the customer it has to hit the screen to continue. 

When pressed the screen, the instructions screen is shown, hiding this frame. As the basket 

screen and the instructions screen, it also inherits from the <FrameModel> abstract class 

for the common options and frame characteristics definition and implementation. 
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5.3 Cash Counters 

The package structure of the Cash Counter is quite similar as de structure described and 

implemented in the Barcode Readers. In essence, the cash counter will have to deal with 

basically the same operations over the list of products. The main purpose of each Cash Counter 

is to receive the list of products sent by the Barcode Reader, send that list of products to the 

main server when the shopping process finishes, check the information of the shopping cart, 

modify the products and quantities according to the customer’s needs and proceed to the final 

checkout process. This section describes the structure, classes and content of each package 

implemented for the system. 

checkout 

This package is in charge of the communication with the two other elements of the system: 

the barcode readers and the main server. Its main purpose is to receive the shopping cart sent 

by the barcode readers, execute the checkout process (products control, payment and receipt 

printing) once the customer is satisfied with his purchase, and finally, send the information 

related with the shopping cart to the main server for the products database update. Its main 

components are described on this package which includes the following classes: 

o <BasketChecker>: Represents the Agent which checks that all the products within the 

shopping trolley (the number of units scanned with the RFID sensor and the weight 

measured by the scale) correspond with the products inserted in the trolley and purchased 

by the customers. The main purpose of this class is monitoring all the products in order to 

avoid products for being stolen by the customers, so the workers will receive this shopping 

basket information when the cash counter receives the list of products from the barcode 

reader. An information warning popup will be shown to the worker in case the number of 

units and the weight measured by the sensors does not match with the information 

provided by the customers. 

 

o <CashListener>: this class represents a Java ServerSocket listener, executed as a Java 

independent Thread, which is continuously waiting and listening for incoming connections 

in order to receive the shopping cart from the Barcode Readers. It contains all the 

necessary Java elements for receiving the shopping cart over the network: a Socket for the 

connection establishment and communication, two Input Stream objects (DataInputStream 

and ObjectInputStream), and, of course, the port for necessary for any network 

communication. The overridden operations start() and run() inherited in this class from the 

parent class Thread allows, respectively, the creation and the execution beginning the 

execution of this thread. The operation getProducts(), reads the information received in the 

network pipe, the ObjectInputStream¸ and stores this information in a new ProductList, 

together with the shopping cart information, for being shown on the main screen user 

interface later on. 

  



Chapter 5: Implementation 
 
 

Félix Aguilar Sánchez 132 

o <Checkout>: Represents the final checkout of the shopping process. It manages the three 

main steps of any Cash Counter: finish the shopping process once the payment is done, 

print the shopping receipt containing all the shopping information (method printCart()) and, 

finally, send the information to the main server, so it can update the information in the 

products database (method updateServer()). When a new ticket is created, it’s is stored as a 

.txt file under the folder /barcode/ticket, with the operation number as the file name. 

main 

Contains a unique Java class, the <main> class of the Cash Counter system. As similar than 

the main package in the Barcode Readers, this class will execute the following steps during the 

instantialization and execution of the Cash Counter program: 

1. At first, the system gets the Cash Counter number. As similar than what happened with 

the Barcode Reader, this operation is made by the method cashNumber(), at the 

beginning of the execution of the main program. This method also gets the last byte of 

the IPv4 network address of the Cash Counter, but with the singularity that the cash 

number will be the last byte minus 20. This has to be done because the design decision 

which established that the first 20 IP addresses of the network are reserved for the main 

server/s and the network connection elements (check the [SRN-19] for further 

information). So, for example, the Cash Counter with the IP address 192.168.1.30, will 

be, in reality, the cash counter number 10. This is the number shown on the user screen. 

 

2. The next step is to create the user interfaces: the welcome user interface and the basket 

user interface, creating together the new reference to the new products basket with the 

creation of the basket user interface. 

 

3. Once both user interfaces are created, the next step is to make them visible, in order: 

first the basket interface and after that the welcome interface. By doing this, the 

welcome interface will be shown on top of the basket interface, and when the worker 

touches the main welcome screen, the basket screen will appear, hiding the welcome 

screen. 

 

4. Finally, the system is running and the Cash Counter is ready to receive any incoming list 

of products. Now the worker just has to wait for the customer arrival to proceed the 

checkout process. 
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servercon 

As the main package, this one also contains a unique class in charge of make a permanent 

connection between the Cash Counters and the server. This is necessary because, apart from 

sending the list of products, each Cash Counter needs to access the main database of products 

in order to be able to scan any desired products the customer wants to add to his purchase 

during the checkout process. The content of this package is explained below: 

o <ServerConnection>: as pointed out before, this Java class connects the Cash Counter to 

the Server, so the Shopping Cart can be sent to the server in order to update the main 

products database and each Cash Counter is able to get any of the products from the main 

database. It contains all the necessary elements for a network connection: attributes 

(socket, port, data streams and the server IP address) and methods (to connect, close a 

connection, attribute creation, and for sending the list of products).  

serverdb 

Package containing the necessary classes to connect the Cash Counter with the main 

database of products. In order to make this connection possible, the connection will be 

established remotely, over the system network, so every Cash Counter will be able to access 

the remote database of products on the server, without maintaining a local copy of this 

database. The two main classes of this package contain the following attributes and methods:  

o <DBProdConnection>: as pointed out before with the other database connection classes, 

this class also implements the Singleton design pattern in order to allow a unique instance 

of the connection for each Cash Counter. Representing the connection to the product's 

database in the main server, it manages the connection establishment and disconnection to 

the remote database of products, since each Cash Counter gets the scanned products from 

the main product database on the Server. 

The <DBProdConnection> contains explicit declarations of the IP address of the main server, 

the communication port and the URL for the remote access to the database. It also includes 

all the necessary methods to access and execute operations over the database and the 

definition of the unique instance of this class, which will be returned if the singleton pattern 

has already created an object of this class. This operation is done by the static method 

getInstance(), because copying this object is not supported (the clone() method throws and 

exception) and the default constructor of this class is empty. 

 

o <ProductSelect>: is the class in charge of executing the SELECT queries over the database of 

products. It manages the creation of the SQL query (using the Java PreparedStatement 

object) and the ResultSet object to store the results of the SELECT queries execution over 

the database. The Cash Counters only have allowed the execution of SELECT operations 

over the main database of products. 
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trolley 

The trolley package contains the same components that the ones defined and described on 

the [trolley package], so it will not be explained here again in order to avoid redundant 

information. In order to make possible sending the list of products over the network to the 

different elements of the system, each element of the system must have and define the trolley 

package, and the Cash Counter will need to use all the objects of this package. The only class 

which is not implemented within this package but in the trolley package of the Barcode Reader 

is the <BasketChecker> class: 

userInterfaces 

As the trolley package, this package contains quite the same system elements and 

functionality than the [userInterface package] of the Barcode Reader, but with several 

differences on the size and drawing of the users interfaces. The Cash Counters shows only two 

user interfaces (welcome and basket) unlike the three interfaces shown by the barcode 

readers for this package. In this section are defined and explained only those Java classes 

which are different than the ones explained before in the Barcode Reader, and those ones 

which are not present on that package, because there was some functionality added to the 

Cash Counter: 

o <Background>: same functionality as in the [Barcode Reader]. 

 

o <BasketUI>: same functionality as in the [Barcode Reader]. 

 

o <CButton>: same functionality as in the [Barcode Reader]. 

 

o <CScrollBar>: same functionality as in the [Barcode Reader]. 

 

o <CaribbeanColor>: same functionality as in the [Barcode Reader]. 

 

o <CaribbeanFont>: same functionality as in the [Barcode Reader]. 

 

o <CartRenderer>: same functionality as in the [Barcode Reader]. 

 

o <FrameModel>:  same functionality as in the [Barcode Reader]. 

 

o <WelcomeUI>: same functionality as in the [Barcode Reader]. 

 

o <Popup>: represents a Java JDialog for a confirmation popup. It is an abstract class which 

contains two custom buttons (CButton) representing the YES/NO option and defines the 

position, colors and structure of the popups of the Cash Counter. From this class will inherit 

the classes <DeletePopup>, <CheckoutPopup> and <ConfirmationPopup>. This class 

contains its own ButtonListener (defined as an inner class), in order to store the option 

pulsed by the user. If the YES button was pressed, the option stored will be true. Otherwise, 

the option stored will be false when hitting the NO button. 

Any Popup dialog will be shown by calling the static method createPopup(), and all of its 

components will be created on the method addComponents() defined on each Popup. 
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o <InfoPopup>: at the same level of the <Popup> class and inheriting also from JDialog, it 

represents the information popup shown when the customer sends the list of products to 

the cash counter. This popup will be shown in case the product’s quantities and weight 

doesn’t match (sensors against customers), just to inform the workers that any possible 

product may be stolen. This class contains its own ButtonListener (defined as an inner 

class), so the dialog will be disposed when the user presses the “OK” button. 

 

o <DeletePopup>: inherits from the <Popup> class, and it is drawn when the worker presses 

the “DELETE” button. The delete confirmation popup in the cash counter includes the same 

elements as the ones defined in the Barcode Reader, and also includes an “ALL” button, 

which allows the workers to delete all the same products of the shopping basket. So this 

class includes a custom button more for all units of one same product. 

 

o <ConfirmationPopup>: the confirmation popup is used to show a confirmation message 

when the worker presses any of the “DELETE ALL” or “Go Back” buttons. This class inherits 

from <Popup> and shows two custom buttons and title plus an information message, 

depending on the button pressed. 

 

o <CheckoutPopup>: represents the popup dialog shown when any of the “CHECKOUT” 

buttons is pressed (“CASH” or “CARD” buttons). It allows confirming the end of the 

shopping process and introducing the amount of money the customer has to pay for 

finishing the shopping process. This class is abstract, so only one of his lower classes will be 

instantialized; and it defines the money labels for the amount of money paid and the 

change, and also the numeric keypad to introduce the money amount.   

 

o <CheckoutCardPopup>: creates a checkout popup for the card pay form, shown when the 

“CARD” button is pressed on the main screen. It shows the amount of money paid, so it has 

to match the total amount of the shopping cart. Nothing less, nothing more. 

 

o <CheckoutCashPopup>: creates a checkout popup for the cash pay form, shown when the 

“CASH” button is pressed on the main screen. It shows the amount of money paid and the 

change, so it has to be higher or equals to the total amount of the shopping cart. 

 

For further info and visual examples of these classes, the reader may want to check the 

subsection [4.4.2 – Cash Counter], under the section [4.4 – User Interfaces] of this document. 
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5.4 Main Server 

The main server is in charge of store the database of products, update the local database of 

all the Barcode Readers and also receive the updated information from the Cash Counter, 

communicating with them and allowing their connection to the main database of products. It 

also allows the database administrators to manage the database queries by executing any 

INSERT, DELETE and SELECT using the database interfaces implemented for this purpose. 

The main packages of the server include: 

barcon 

Containing a single Java class, <BarcodeConnection>, it allows the main server to connect to 

any of the Barcode Readers in order to send the updated list of products. As any other element 

of the system, contains all the necessary Java elements to make possible the connection 

between the Server and the Barcode Readers. 

cashcon 

As some other elements of the system, the Server is always listening for receive the 

incoming connections to update the main database of products with the information received 

from the Cash Counters. In order to achieve this operation, the main server creates an 

independent Java Thread, defined in the single class of this package, the Object 

<UpdateDBListener>.  

When the system begins its execution, a new update listener is created, so it can receive 

the information from the Cash Counter and send this information to the database updater 

(class <DBUpdater>), which will update the database of products with the received information 

sent by the Cash Counters. This class contains all the network elements for the connection and 

the overridden methods from the Thread Java class to execute concurrent threads. 

dbcon 

It is the main package in charge of managing the connections of the main server to the 

product’s database. It contains the necessary Java classes for the connection establishment to 

the database, the products update and the execution of database queries. The main classes of 

this package are: 

o <DBProdConnection>: represents the connection to the product's database in the main 

server. This class manages the connection establishment and disconnection to the local 

database of products, using the Singleton design pattern, as defined in the connections of 

the other system’s elements (Barcode Readers and Cash Counters). As any singleton 

pattern, contains an object definition of its own class, which will be returned and created 

by the static method getInstance() in case the instance already exists. It also defines the 

database driver for the connection (in this case the “com.mysql.jdbc.Driver”) and the IP 

address where the database is stored (localhost, because it is stored within the server). 
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o <DBUpdater>: it is the class in charge of get the information received by the Cash Counters 

and updates the product’s information within the main database. It has to get the 

purchased products by the customers sent by the Cash Counters and update the stock 

column on the products database. 

 

o <ProductQuery>: represents the Java class to execute MySQL queries over the database of 

products. It manages the SELECT, INSERT, UPDATE and DELETE operations over the 

database, getting the scanned products during the shopping process. It also accesses the 

local database to retrieve the Cash Counters the information of any product purchased by 

the customers during the final checkout process. As shown on the UML class diagram, there 

are defined several methods to select/insert the products from/to the database, depending 

on the parameters indicated during the operation. 

 

main 

The main package contains all the necessary elements for the system elements 

management: connection and update of the barcode Readers, connection with the Cash 

Counters, main database of products update and so on. The main components of this package 

and its processing logic is explained with the following steps: 

1. First of all, the main server creates the connection to the local database of products and 

opens a new connection. After that, a new connection with the barcode readers is created 

and initialized in order to prepare sending the list of updated products. 

 

2. The second step after the connection initialization is to get all the updated products from 

the main database, and store them in a new list of products. So, when a successful 

connection is established with the Barcode Readers, the updated list of products can be 

sent. Now it is time for each Barcode Reader to update its own local database of products 

with the received ones from the server. 

3. When this process is completed, a new database updater listener is created, so now the 

server is ready to accept and receive the incoming connections for all the database updates 

sent by the Cash Counters. Each listener represents an independent Java Thread, having 

one concurrent thread for each Cash Counter connection request. 

 

4. Finally, the system is ready to complete the shopping process and manage and process the 

product’s life cycle and the requests of all the other elements of the system, so the 

customer is able to complete his shopping process. 
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trolley 

As explained before, any element of the system needs to implement the trolley package in 

order to make possible sending and receiving the list of products among all the elements. In 

this case, the main server implements this package, but containing only the <Product> Java 

class and the <ProductList> class. The implementation of these two classes is exactly the same 

as the implementation in previous package, with the only difference that the <Product> class 

implementation contains an extra attribute: manufacturer, so this information can be stored 

within the main database of products. The constructor of the class and the access methods 

were updated according to this new attribute as shown on the UML class diagram for this 

package. 

userInterface 

The last package of the system, it contains only one user interface: <ProductDBInterface>. 

This interface was implemented to support the database administrators for the INSERT and 

DELETE operations executed over the database, in order to make these operations easier and 

transparent to the users. As explained and shown on the section [4.4.3 – Server], this user 

interface shows a Java TabbedPane, showing a different tab for each database query 

(Add/Update Product tab for INSERT, Delete Product for DELETE and Show Product for SELECT), 

and these tabs contains several fields which has to be filled with the product’s information in 

order to execute any query. The content of these fields is checked by the support class 

<ProductCheck>, so anytime the user inserts information within the text boxes, the product 

checker checks the content of the fields, in order to assure that the format and content of all 

the elements is the correct and the one defined during the design and implementation of the 

product’s database. In case any of the fields is wrong, the database query is not allowed and 

the incorrect fields will be painted in red, showing an error popup when the user presses the 

action button defined on every user interface tab.  

 

 

   



 

 

 

 

 

 

Tests 

 

 

The verification system tests are a very important 

part of any software development. So important, 

the system tests have its own chapter and also its 

own software requirements definition. 

This chapter includes the most important tests 

developed for the good behavior of the system and 

the proper functionality of its implementation, 

according to the user and software requirements 

defined by the customers. 
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6.1 General Description 

The main tests of the system are described on this chapter. It defines all the test cases 

executed during the design and implementation processes, together with the tests executed 

once the system prototype was completely implemented. The chapter structures the tests by 

the part of the system tested: barcode readers, cash counters and the main server; and each 

subchapter contains several tables defining the test number, the type of test executed, the 

results, the description and the system’s action/response to the test execution. 

These tests were carried by the system designer/programmer together with the help of 

several final users, which simulated the process of a customer purchasing several products in 

the supermarket. 

The test box on each table contains all the information related to each test case: ID for the 

test identification number; RESULT, for the result of the test case; DESCRIPTION, for the 

description of the test case; ACTIONS executed to create the test case and SYSTEM RESPONSE 

when the error occurs. The valid values for the TYPE box include several different configurations 

and test type for each test case, which are: 

 FV - Functional Verification: measures if the test case satisfies any of the functional 

requirements defined during the analysis phase of the project. 

 ER - Error Recovery: includes the test cases which measure the system’s response 

against errors and how the system handles them when they are produced. 

 ST - Stress Test: which measures the behavior of the system against stress tests, when 

executed over any of the hardware/software system components. 

 SP - System Performance: expected system performance obtained according to meet 

the defined system requirements during the analysis process. 

The last subchapter of this test sections shows up and explains the traceability matrix of the 

User Requirements vs. Software Requirements and the Software Requirements vs. the Test 

Cases executed on the following subchapters. 
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6.2 Barcode Readers 

The following tables contain all the test executed over the Barcode Readers/Raspberry Pi 

mobile part of the system. These tests were executed over its hardware and software 

components. 

 

Test 1 

ID BRT-01 TYPE FV RESULT Successful 

DESCRIPTION 

The product is not present in the local database. 

ACTIONS 

Scanning any product which is not present in the local database of products. 

The product is not registered in the database because the local database of products 

was not updated during the daily update process. 

SYSTEM RESPONSE 

Product not inserted in the list of purchased products. The system shows an error image 

on the image product, with the text “Sorry… No image”. 

Table 6.2.1 – Barcode Test Number 1 

 

Test 2 

ID BRT-02 TYPE ER RESULT Successful 

DESCRIPTION 

Connection to the main server failed.  

ACTIONS 

During the Daily Update process, the Barcode Reader has to connect to the main 

database to receive the list of updated products.  

During the system initialization, the Barcode Readers will listen to the incoming 

connections to receive the list of products sent by the main server. 

SYSTEM RESPONSE 

When listening for incoming connections from the main server, a connection timeout of 

15 seconds is set. After this time, if there is not any incoming connection, the Barcode 

Reader shows an error description on the terminal (including the SocketTimeout 

Exception) and continues its execution without updating the database of products. 

Table 6.2.2 – Barcode Test Number 2 
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Test 3 

ID BRT-03 TYPE FV, ER RESULT Failed 

DESCRIPTION 

Barcode Scanner frozen/does not work or is not responding. 

ACTIONS 

The barcode scanner is not working properly: does not scan any barcode, due to 

configuration or system’s USB power loss.   

SYSTEM RESPONSE 

When frozen, the barcode reader will not be able to read barcodes and the user will not 

be able to purchase any product. The system must be rebooted 

and the barcode scanner repaired. 

Table 6.2.3 – Barcode Test Number 3 

 

 

 

Test 4 

ID BRT-04 TYPE ER, SP RESULT Failed 

DESCRIPTION 

System frozen and not responding. 

ACTIONS 

There was not any test which made the system frozen and unusable for the user.  

Table 6.2.4 – Barcode Test Number 4 

 

 

 

Test 5 

ID BRT-05 TYPE FV, ER RESULT Successful 

DESCRIPTION 

Wrong cash number inserted in the user interface 

ACTIONS 

Wrong cash number inserted in the user interface. 

SYSTEM RESPONSE 

A red error message is shown to the customer and the Cash Counter number is cleared, 

so only a correct Cash Counter number can be inserted. 

Table 6.2.5 – Barcode Test Number 5 
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Test 6 

ID BRT-06 TYPE ER RESULT Successful 

DESCRIPTION 

Connection not established properly with the Cash Counter, checkout process in not executed 

ACTIONS 

The user selects un the Barcode Reader interface the Cash Counter where to proceed to 

checkout and the connection between them fails, and the shopping cart cannot be send.  

SYSTEM RESPONSE 

An error popup is shown to the user, and the shopping cart is maintaining on the 

Barcode Reader, until the connection is available. 

Table 6.2.6 – Barcode Test Number 6 

 

 

Test 7 

ID BRT-07 TYPE FV RESULT Successful 

DESCRIPTION 

Pressing any button when the cart is empty. 

ACTIONS 

The user interacts with the user interface when the shopping cart is empty. 

SYSTEM RESPONSE 

The system ignores the interaction until one product is purchased by the customer. 

Table 6.2.7 – Barcode Test Number 7 

 

 

Test 8 

ID BRT-08 TYPE ST RESULT Successful 

DESCRIPTION 

Continuously and repeatedly fast pressing the touchscreen. 

ACTIONS 

The user presses the touchscreen continuously, during small time intervals, a lot of times. 

SYSTEM RESPONSE 

The system ignores the interactions if does not execute any useful action. 

Table 6.2.8 – Barcode Test Number 8 
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Test 9 

ID BRT-09 TYPE FV RESULT Failed 

DESCRIPTION 

Any system’s user interface shall be always on top. 

ACTIONS 

There was not any test which made the system interfaces not executed always on top. 

Table 6.2.9 – Barcode Test Number 9 

 

 

Test 10 

ID BRT-10 TYPE FV, ER RESULT Successful 

DESCRIPTION 

Local database connection/update failed. 

ACTIONS 

The system is not able to connect to the local database and/or update 

the database of products, due to a Java driver error on load 

or the SQL database file “basket.db” is not present or is corrupted. 

SYSTEM RESPONSE 

The system show an access/connection error on the terminal, and the main user 

interfaces are shown, but there is not any visual response of the system. 

Table 6.2.10 – Barcode Test Number 10 

 

 

Test 11 

ID BRT-11 TYPE FV RESULT Successful 

DESCRIPTION 

System auto-startup. 

ACTIONS 

When the system starts, after the Raspbian OS is loaded, an empty black screen is 

shown and the system loads automatically the main program 

SYSTEM RESPONSE 

When the system does not start automatically the program script /etc/init.d/initbar.sh, 

an empty black screen is shown. It is necessary to connect the Barcode Reader over ssh 

and reboot the system with the command sudo reboot. 

Table 6.2.11 – Barcode Test Number 11 
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Test 12 

ID BRT-12 TYPE ER RESULT Successful 

DESCRIPTION 

Getting the Barcode ID number from its IPv4 address. 

ACTIONS 

When executed, the system gets the ID number of the code for the last byte of its IP 

address, configured on the network interface “eth0” on the OS.  

SYSTEM RESPONSE 

If eth0 is not present of the IP address is not configured, the system shows an error and 

the ID number as three dots (“…”) on the user interface. The connection with the other 

system elements is not available, but the user interface will be shown. 

Table 6.2.12 – Cash Counter Test Number 12 

6.3 Cash Counters 

Test cases executed over the Cash Counter element of the system: 

Test 1 

ID CCT-01 TYPE FV, ER RESULT Successful 

DESCRIPTION 

The Cash Counters fails on receiving the list of products from the Barcode Readers. 

ACTIONS 

When the Cash Counter starts, it creates a listener in order to receive the list of products 

sent by the Barcode Reader. The connection may fail between these two elements. 

SYSTEM RESPONSE 

When a connection error occurs, the system will show the error on the screen and the 

list of products will be stored on the Barcode Reader 

until the sending process is available. 

Table 6.3.1 – Cash Counter Test Number 1 

 

Test 2 

ID CCT-02 TYPE FV, ER RESULT Successful 

DESCRIPTION 

Access to the main database of products from the Cash Counter. 

ACTIONS 

The first step when the Cash Counter begins its execution is to connect to the main 

database of products in the server. 

SYSTEM RESPONSE 

When this connection fails, the system registers the error and creates the listener for 

the shopping cart. After that the user interface is created and the system is able to 

continue its execution, but none product can be scanned in the Cash Counter. 

Table 6.3.2 – Cash Counter Test Number 2 
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Test 3 

ID CCT-03 TYPE FV RESULT Successful 

DESCRIPTION 

Receive the shopping cart and modify new products in the Cash Counter. 

ACTIONS 

After receiving the shopping cart in the Cash Counter, the customer may want to modify 

(add/delete/update) any product on the shopping cart. The worker will modify any 

product according to the customer’s requirements. 

SYSTEM RESPONSE 

The system updates the shopping cart and the information within it: product’s quantity, 

prices and total price of the shopping cart.  

Table 6.3.3 – Cash Counter Test Number 3 

 

Test 4 

ID CCT-04 TYPE FV RESULT Successful 

DESCRIPTION 

Add products to the shopping cart in the Cash Counter and 

receive the shopping cart from the Barcode Reader. 

ACTIONS 

Before receiving the shopping cart in the Cash Counter, the customer may want to 

purchase any product. The Barcode Reader will send later on the list of purchased 

products by the customer. 

SYSTEM RESPONSE 

The system updates the shopping cart and the information within it: product’s quantity, 

prices and total price of the shopping cart.  

Table 6.3.4 – Cash Counter Test Number 4 

 

Test 5 

ID CCT-05 TYPE FV RESULT Failed 

DESCRIPTION 

Shopping receipt creation. 

ACTIONS 

When the shopping process finishes and the payment is realized, 

the shopping receipt is printed and given to the customer. 

SYSTEM RESPONSE 

The shopping receipt could not be printed on paper. Instead of that, a text file is 

created, containing the shopping cart information and using the same format as the one 

defined for the paper receipts. 

Table 6.3.5 – Cash Counter Test Number 5 
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Test 6 

ID CCT-06 TYPE FV, ER RESULT Successful 

DESCRIPTION 

Money cash inserted in the user interface. 

ACTIONS 

The payment in cash will only be accepted if the amount of money paid is equals or 

higher than the total amount of the shopping cart. 

SYSTEM RESPONSE 

The system will paint in red color the “Paid” label of the user interface while the amount 

of money paid by the customer is not enough. The user cannot continue the system 

execution while the paid money is not enough. 

Table 6.3.6 – Cash Counter Test Number 6 

 

Test 7 

ID CCT-07 TYPE FV, ER RESULT Successful 

DESCRIPTION 

Credit/Debit card payment in the user interface. 

ACTIONS 

The payment with card will only be accepted if the amount of money paid 

is exactly the same than the total amount of the shopping cart 

(money change is not allowed for card payment). 

SYSTEM RESPONSE 

The system will paint in red color the “Paid” label of the user interface while the amount 

of money paid by the customer is not the same as the “Total” label. The user cannot 

continue the system execution while the paid money is not the same. 

Table 6.3.7 – Cash Counter Test Number 7 

 

Test 8 

ID CCT-08 TYPE FV RESULT Successful 

DESCRIPTION 

Empty shopping cart on the Cash Counter. 

ACTIONS 

The worker might choose to empty the shopping cart by pressing the “EMPTY CART” 

button or the “Go back” button (this button returns to the main welcome screen). 

The shopping cart is empty and the total price updated to 0. 

SYSTEM RESPONSE 

The system shows a confirmation popup for this operation. 

These operations can’t be undone, so an information message is shown to the user. 

Table 6.3.8 – Cash Counter Test Number 8 
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Test 9 

ID CCT-09 TYPE FV RESULT Successful 

DESCRIPTION 

Delete a product from the shopping cart by pressing the “DELETE” button. 

ACTIONS 

The worker may want to delete any product of the shopping cart. When selected the 

“DELETE” button, a confirmation popup is shown for delete one unit, no units, or all the 

units of the same product in the shopping cart. 

SYSTEM RESPONSE 

The system shows a confirmation popup for this operation. 

This operation can’t be undone, so an information message is shown to the user. 

Table 6.3.9 – Cash Counter Test Number 9 

 

Test 10 

ID CCT-10 TYPE FV, ER RESULT Successful 

DESCRIPTION 

The Cash Counter checks the information received from the Barcode Reader. 

ACTIONS 

The Barcode Reader checks the information related to the shopping cart in order to 

avoid stolen products, and sends this information to the Cash Counter together with the 

list of purchased products. 

SYSTEM RESPONSE 

The Cash Counter shows a warning information popup to the worker when the list of 

products is received if the information of the purchased products by customers does not 

match with the sensors’ information, the popup is shown in the cash counter, alerting 

the workers of possible stolen products. 

Table 6.3.10 – Cash Counter Test Number 10 

 

Test 11 

ID CCT-11 TYPE ER RESULT Successful 

DESCRIPTION 

Getting the Cash Counter ID number from its IPv4 address. 

ACTIONS 

When executed, the system gets the ID number of the cash counter for the last byte of 

its IP address, configured on the network interface “eth0” on the OS.  

SYSTEM RESPONSE 

If eth0 is not present of the IP address is not configured, the system shows an error and 

the ID number as three dots (“…”) on the user interface. The connection with the other 

system elements is not available, but the user interface will be shown. 

Table 6.3.11 – Cash Counter Test Number 11 
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Test 12 

ID CCT-12 TYPE ST RESULT Successful 

DESCRIPTION 

Continuously and repeatedly fast pressing the touchscreen buttons. 

ACTIONS 

The user presses the touchscreen buttons continuously, during small time intervals, 

a lot of times, when the shopping cart is empty. 

SYSTEM RESPONSE 

The system ignores the interactions if does not execute any useful action when the 

shopping cart is empty. 

Table 6.3.12 – Cash Counter Test Number 12 

 

Test 13 

ID CCT-13 TYPE SP RESULT Failed 

DESCRIPTION 

System automatically starts up the Java program. 

ACTIONS 

The execution of the Java program is executed automatically 

during the Operating System boot. 

SYSTEM RESPONSE 

The system configuration does not allow executing this test. 

The automatic boot startup was executed successfully.  

Table 6.3.13 – Cash Counter Test Number 13 

6.4 Main Server 

This subchapter explains all the test cases executed over the main database of products: 

connections to the local database of products, connections with the other main elements of the 

system, server database user interface and server performance. 

Test 1 

ID MST-01 TYPE ER, SP RESULT Successful 

DESCRIPTION 

Connection to the Barcode Readers failed during the daily update process. 

ACTIONS 

When the system starts, it creates a connection with all the Barcode Readers, 

in order to execute the daily update process for the database of products. 

SYSTEM RESPONSE 

After 20 seconds, if the connection is not successful, the server closes ends the 

connection attempt and finishes it, beginning the listening process for the incoming 

connections of the Cash Counters.  

Table 6.4.1 – Server Test Number 1 
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Test 2 

ID MST-02 TYPE ER RESULT Successful 

DESCRIPTION 

The connection with the main database of products is not established and 

the system executes queries over the database. 

ACTIONS 

When executing the user interface product’s database manager, the system could not 

connect to the database, or the MySQL service was not initialized. 

SYSTEM RESPONSE 

The system handles any possible exception created on this situation (Java SQLException, 

NullPointerException, IOException…) and shows the error message result on the 

terminal. The query is not executed and the user is informed. 

Table 6.4.2 – Server Test Number 2 

 

 

Test 3 

ID MST-03 TYPE SP RESULT Failed 

DESCRIPTION 

The main server breaks or does not start. 

ACTIONS 

During its execution, the main server stops running, or it freezes, or it cannot start. 

SYSTEM RESPONSE 

There was not any test which made the system break or stop running. 

Table 6.4.3 – Server Test Number 3 

 

 

Test 4 

ID MST-04 TYPE FV RESULT Successful 

DESCRIPTION 

Insert products on the database using incorrect attributes.  

ACTIONS 

The user tries to insert any product by filling the Add Product user interface form with 

invalid values of the products attributes: letters on the barcode, letters on the 

price/stock/weight, negative values in the price… 

SYSTEM RESPONSE 

The system interface draws in red the labels indicator of the incorrect fields, clears the 

incorrect form boxes and shows an error popup when hitting the “add” button. 

Table 6.4.4 – Server Test Number 4 
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Test 5 

ID MST-05 TYPE FV RESULT Successful 

DESCRIPTION 

Delete products from the database using incorrect attributes. 

ACTIONS 

The user fills the barcode text field with incorrect values: 

any character different from a number. 

SYSTEM RESPONSE 

The system interface draws in red the barcode label indicator, clears the barcode form 

box and shows an error popup when hitting the “delete” button. 

Table 6.4.5 – Server Test Number 5 

 

 

Test 6 

ID MST-06 TYPE FV RESULT Successful 

DESCRIPTION 

Show the products of the database using incorrect attributes. 

ACTIONS 

The user inserts non-numeric fields on the barcode text field. 

SYSTEM RESPONSE 

The system interface draws in red the barcode label indicator 

and clears the barcode form box. 

Table 6.4.6 – Server Test Number 6 

 

 

Test 7 

ID MST-07 TYPE ST, SP RESULT Failed 

DESCRIPTION 

The main server receives a lot of incoming connections, 

for all the Cash Counters at the same time.  

ACTIONS 

When listening for incoming connections to receive the updates from the Cash Counters, 

the main server receives all the updated information for all the Cash Counters at the 

same time. 

SYSTEM RESPONSE 

None test executed for several Cash Counters connections at the same time. 

Table 6.4.7 – Server Test Number 7 
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6.5 Traceability Matrix 

This chapter shows the traceability matrix for the Software Requirements vs. Test Cases 

explained before. This matrix will allow the user to check which of the software requirements 

were tested on which test cases. In order to make the identification of each test case easier, 

each traceability matrix for the test case is stored within the proper subchapter of the system, 

as defined on each of the subchapters of the elements of the system.  

The Software Functional Requirements and the Non-Functional requirements can be 

distinguished on the tables by its unique ID and the background color of the table, while the 

green/red background shows the test result: successful/failed respectively. 

Barcode Readers  

Software Requiremets/Test Cases 
B

R
T-

0
1

 

B
R

T-
0

2
 

B
R

T-
0

3
 

B
R

T-
0

4
 

B
R

T-
0

5
 

B
R

T-
0

6
 

B
R

T-
0

7
 

B
R

T-
0

8
 

B
R

T-
0

9
 

B
R

T-
1

0
 

B
R

T-
1

1
 

B
R

T-
1

2
 

SRF-1: Barcode Laser Scanning X  X          

SRF-2: Barcode Webcam Scanning  X            

SRF-3: Database Information  X         X   

SRF-4: Database Info Update   X        X   

SRF-5: Final Checkout     X X       

SRF-6: Program Execution     X     X  X  

SRF-7: Product Quantities             

SRF-8: Product Monitoring             

SRF-9: Product Weight             

SRF-10: Final Checkout Update      X       

SRF-11: Security Control              

SRF-12: Auto Startup at Boot           X  

SRN-1: Physical Situation             

SRN-2: Battery Performance              

SRN-3: Battery Charge              

SRN-4: Database Update   X        X   

SRN-5: Trolley Identification             X 

SRN-6: Database Connection   X        X   

SRN-7: Error Handling    X      X   

SRN-8: Product’s Image Size              

SRN-9: Product’s Image Filename              

SRN-10: Product’s Image Format              

SRN-11: Product’s Image Storage             

SRN-12: Product’s Price             

SRN-13: Main Folder             X  

SRN-14: Available Image Formats              

SRN-15: Java Program Folder             X  

SRN-16: Ticket Folder              

SRN-18: Image Button Icons        X     X 

Table 6.5.1 – Barcode Readers Traceability Matrix 
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Cash Counters 

Software Requiremets/Test Cases 
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SRF-1: Barcode Laser Scanning 
 

X X X 
       

  

SRF-2: Barcode Webcam Scanning  
 X X X        

  

SRF-3: Database Information  
           

  

SRF-4: Database Info Update  
           

  

SRF-5: Final Checkout X 
 

X X 
       

  

SRF-6: Program Execution  
           

  

SRF-7: Product Quantities 
           

  

SRF-8: Product Monitoring 
  X X      X  

  

SRF-9: Product Weight 
  

X X 
     

X 
 

  

SRF-10: Final Checkout Update 
           

  

SRF-11: Security Control  
  

X X 
       

  

SRF-12: Auto Startup at Boot             X 

SRN-1: Physical Situation 
           

  

SRN-2: Battery Performance  
           

  

SRN-3: Battery Charge  
           

  

SRN-4: Database Update  
           

  

SRN-5: Trolley Identification  
           

  

SRN-6: Database Connection  
           

  

SRN-7: Error Handling 
     

X X 
    

  

SRN-8: Product’s Image Size  
           

  

SRN-9: Product’s Image Filename  
           

  

SRN-10: Product’s Image Format  
           

  

SRN-11: Product’s Image Storage 
           

  

SRN-12: Product’s Price 
           

  

SRN-13: Main Folder  
           

  

SRN-14: Available Image Formats  
           

  

SRN-15: Java Program Folder  
           

 X 

SRN-16: Ticket Folder  
    X       

  

SRN-17: Java Version  
           

 X 

SRN-18: Image Button Icons  
       X X   X  

SRN-19: Network IP Addresses  
          

X   

Table 6.5.2 – Cash Counters Traceability Matrix 
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SRF-1: Barcode Laser Scanning               

SRF-2: Barcode Webcam Scanning               

SRF-3: Database Information               

SRF-4: Database Info Update X             

SRF-5: Final Checkout               

SRF-6: Program Execution               

SRF-7: Product Quantities               

SRF-8: Product Monitoring               

SRF-9: Product Weight               

SRF-10: Final Checkout Update             X 

SRF-11: Security Control               

SRF-12: Auto Startup at Boot        

SRN-1: Physical Situation               

SRN-2: Battery Performance               

SRN-3: Battery Charge               

SRN-4: Database Update               

SRN-5: Trolley Identification               

SRN-6: Database Connection X             

SRN-7: Error Handling X X           

SRN-8: Product’s Image Size               

SRN-9: Product’s Image Filename       X     

SRN-10: Product’s Image Format               

SRN-11: Product’s Image Storage               

SRN-12: Product’s Price       X X X   

SRN-13: Main Folder               

SRN-14: Available Image Formats               

SRN-15: Java Program Folder               

SRN-16: Ticket Folder               

SRN-17: Java Version               

SRN-18: Image Button Icons               

SRN-19: Network IP Addresses               

Table 6.5.3 – Main Server Traceability Matrix 

 

 

 

 



 

 

 

 

 

 

Conclusions 

 

 

Personal conclusions of the project development, 

structured according the achievements related to 

the project, the personal goals and the system 

improvements in the near future. 

 

“We are humans because we learn 

and overcome the adversities" 
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7.1 Project 

In the constantly changing and evolving world of the IT environments, developing and 

implementing any idea or system which survives and evolve together with the current 

technology, and according to the customer requirements, is quite a difficult task. And even more 

if in the same system, different user profiles meet together during its execution for a long time. 

Managing administrators, end advanced and beginner users (of different age ranges) is a 

complicated task for the developers (and the system itself) because of the user requirements, 

their different needs and ways of using the system. 

  With this prototype, all the expectations of a real IT project development have been 

settled and I have been able to implement all the knowledge acquired during my studies: I 

confronted a real problem, in a real situation present in several companies of our days, and I 

could implement a real and tangible solution built with my own hands. I could learn and practice 

how the development of a small IT project is organized, and realize how important are the user 

requirements: from the initial analysis up to the final tests of the system, all the development of 

the project will be influenced by their requirements, and a good analysis and design will be 

essential for the development of a quality product. 

All the expectations have been covered with the development of this project, emphasizing 

in the importance of having a solid planning since the beginning. I hope this project and this idea 

will be used as inspiration and starting point for other projects and ideas, in order to continue 

the constant motion and improvement of the IT. And I hope that this project becomes useful in 

the retail business, helping us together to save the most precious treasure of our lives: our time. 

7.2 Personal Career 

Software Engineering, Programming or Computer Architecture and Networking are some of 

the main branches studied during my Computer Science Degree at the University. And the 

application of these practices learned for all these years (analysis, design, development 

techniques, project management…), together with the practical knowledge acquired in several 

different areas of Computer Engineering (programming, networking, security…), allowed me to 

successfully perform the development of this project. 

One of the main goals achieved during this final stage of my career, was to find a solution 

for a daily problem; and be able to apply my knowledge and skills to solve it in the best and most 

efficient way possible. This situation was originated while purchasing products in a supermarket 

and a good idea to solve the waiting problem suddenly appeared. 

In addition, from the developer and programmer point of view, my programming skills have 

been improved substantially, increasing my Java knowledge in user interfaces, database 

management, program execution and object oriented programming. I also developed my skills 

on Linux OS management and configuration, together with the ability of the creation of my own 

distributed system, assembling different hardware parts such as: the Raspberry Pi computer, the 

touchscreen monitor and the controller board, the laser scanner and the battery pack are 

assembled together to create a new functional system. 
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7.3 Future Situation 

As we stated before, it is quite difficult to develop any Software Project (or application) 

which prevails in time due to the highly evolving nature of the IT world. According to Moore’s 

Law, approximately every two years the number of transistors on integrated circuits doubles, so 

its computing capacity increases. Hardware components devaluate its price really fast due to its 

huge evolution and improvement to better products. 

For this reason it is important to design a project which remains reliable and usable in time. 

The design and planning of this project tries to satisfy this requirement, but several 

improvements can be implemented and included in the project to increase its functionality: the 

security system, the product’s monitoring system, the communication or the product’s location 

are some of the major improvements to include in this system. All of them are explained on the 

last appendix of this document [Appendix D: System Improvements] and its design allows its 

system integration them without the necessity of modify the entire system’s design and 

implementation. The system’s Modularity allows these new elements to become a new and 

important part of the system. 

 

 

Madrid, 11 of February, 2014    

 

 

Félix Aguilar Sánchez 

 



 

 

 

 

 

 

Budget Estimation 

 

 

The main part of the budget estimation for this 

project is focused on the hardware components of 

the system (especially on the Barcode Readers), and 

the machines used for the Main Server and the Cash 

Counters installation. 

Due to the use of Linux and its Open Source licenses, 

the software budget is assigned only for the 

development phase, together with the system 

installation and the maintenance. 

All the prices documented on this appendix 

date from February, 2014. 
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A1. Development Budget 

The following chapters show the budget estimation for the implementation of this project. 

This estimation is broken down to include the cost labor of the programmers, the hardware 

components of each element of the system, the installation engineers for the components 

physical installation, and the system maintenance and repair for any of the system elements. 

All the calculated prices include the 20% profit expected for the system’s profitability. 

Labor Cost 

According to the hours estimation established on [Table 1.1] in the introduction chapter 

(1660 hours in total), and the general income of a Computer Engineer in Madrid, the labor cost 

is calculated according to the detailed work executed during the development of this project. 

The price of each task is calculated and shown on [Table A1] according to the amount of hours 

dedicated to the task and the price per hour of each task:  

 Information Research: this initial phase includes a research for the elements used on the 

project, the current technology in the market and a viability study of the implementation of 

the system. 
 

 System Analysis: documentation, structure and analysis of the elements that will be 

implemented in the system. 
 

 Requirements Engineering:  focused on the user requirements gathering, corrections and 

meeting with the client in order to design the best use cases according to the client’s needs. 
 

 System Design: organization and determination of the Hardware and Software components 

of the system. It also includes de design of the UML Class Diagrams which will be used 

during the implementation process, and the design of the system user interfaces. 
 

 System Building: assembling the system using all the hardware components. 
 

 System Configuration: hardware and software configuration of all the system components 

(Operating System, Raspberry Pi configuration, touchscreen, barcode reader, cash counters, 

servers, network components and so on). 
 

 Implementation: java programming of the system according to the design phase. 
 

 System Verification and Tests: test executed to verify the system’s reliability and its 

behavior when any error/fail is produced. 
 

 System Acceptance: system depuration after the verification and tests phase to improve 

some small issues discovered after that phase. 
 

 Improvements Design: design of future improvements which can be implemented in the 

near future. 
 

 Documentation: documentation phase of the system development. 
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Element Hours €/hr Amount 
 

Information Research 

System Analysis 

Requirements Engineering 

System Design 

System Building 

System Configuration 

Implementation 

System Verification and Tests 

System Acceptance 

Improvements Design 

Documentation 
 

 

5 

8 

30 

130 

20 

12 

1200 

100 

5 

5 

145 

 

 

 

 

 

 

25 € 

 

 

 

 

 

125,00  € 

200,00  € 

750,00  € 

3.250,00  € 

500,00  € 

300,00  € 

30.000,00  € 

2.500,00  € 

125,00  € 

125,00  € 

3.625,00  € 

Total 1660h 41.500,00 € 

21% VAT 8.715,00 € 

Invoice Total 50.215,00 € 

Table A1 - Labor Cost 

Development Cost 

This budget includes all the costs calculations of the project development. This includes the 

price of the materials used during the development and its approximated usage cost, as an 

estimation for depreciating the costs:   

Element Amount 
 

Primary Server 

Notebook Computer 

PC Workstation 

Barcode Reader System 

Windows 7 Professional OS 

Raspbian OS 

Linux Debian OS 

Linux XUbuntu OS 

Netbeans IDE 7.3.1 

MySQL Database 

SQLite Database 

Oracle VM VirtualBox  

USB Solar Charger Battery Pack 

Motorola Symbol MS4407 Scanner 

TouchScreen Panel 

 

180,00  € 

120,00  € 

150,00  € 

100,00  € 

0,00  € 

0,00  € 

0,00  € 

0,00  € 

0,00  € 

0,00  € 

0,00  € 

0,00  € 

0,00  € 

20,00  € 

30,00  €  
 

Total 600,00 € 

21% VAT 126,00 € 

Invoice Total 726,00 € 

Table A2 – Development Cost 
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Hardware components 

The hardware components of the system are split up according to the system element: 

Barcode Reader 

Barcode Readers hardware, including the shopping trolley price and integration (the RFID 

sensor is not included):  

Element Amount 
 

Raspberry Pi model B 

Raspbian OS 

SQLite Database 

Scanner MS4407 

Touchscreen Panel (Screen + Controller Board) 

Battery Pack 

USB Wires 

Wi-Fi USB adapter 

USB Scale 

USB hub 4 ports 

Portable Case 

Shopping Trolley 

Installation and Configuration 

 

35,00  € 

0,00  € 

0,00  € 

100,00  € 

65,00  € 

28,00  € 

3,50  € 

30,00  € 

29,00  € 

19,00  € 

20,00  € 

30,00  € 

125,00  €  
 

Total 484,50 € 

21% VAT 101,75 € 

Invoice Total 586,25 € 

Table A3 - Barcode Reader Cost 

Cash Counter 

Element Amount 
 

Barebone Workstation  

Linux Debian OS 

Touchscreen 15” 

Scanner MS4407 

Credit/Debit Card Reader 

Receipt Printer 

Installation and Configuration 

 

120,00  € 

0,00  € 

200,00  € 

100,00  € 

60,00  € 

120,00  € 

100,00  € 

Total 700,00 € 

21% VAT 147,00 € 

Invoice Total 847,00 € 

Table A4 – Cash Counter Cost 
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Main Server 

Element Amount 
 

Server Workstation 

Linux Debian Server OS 

MySQL Server Database 

Installation and Configuration 

 

1200,00  € 

0,00  € 

0,00  € 

175,00  € 

Total 1.375,00 € 

21% VAT 288,75 € 

Invoice Total 1.663,75 € 

Table A5 – Main Server Cost 

 

Network Elements 

This is the budget for all the network communication elements. The Wireless access 

points/repeaters installation will depend on the size of the supermarket. The installation of 

the switches will also depend on the network configuration:  

Element Amount 
 

Wireless Router 

Wireless Access Point/Repeater 

Network Switch 

Installation and Configuration 

 

85,00  € 

49,00  € 

67,00  € 

100,00  €  
 

Total 301,00 € 

21% VAT 63,21 € 

Invoice Total 364,21 € 

Table A6 – Network Elements Cost 
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A2. Total Amount 

The total amount budget chapter includes the fixed costs of the project development and 

the total costs of the system elements, together with an example of the costs of an example 

implementation. All the prices include VAT. 

Deployment Costs 

Getting the system’s elements costs calculated before and assuming a complete system of 

one Barcode Reader, one Cash Counter and one server (the exact same system using during the 

development of this project), the fixed costs are shown in [Table A7], VAT included:  

Element €/hr Amount 
 

Labor Cost 

Development Cost 

Barcode Reader Cost 

Cash Counter Cost 

Main Server Cost 

Communication Elements Cost 

 25 € 
 

 

50.215,00  € 

726,00  € 

586,25  € 

847,00  € 

1663,75  € 

364,21  € 
 

Invoice Total 54.402,21 €  

Table A7 – Development Total Cost 

 

Installation Costs: Example 

The total amount of the system will depend on the system elements purchased by the 

client. The following table [Table A8] shows an example of a real system with ten barcode 

Readers, two Cash Counters, one server and one communication elements. [Table A9] can be 

used as template to calculate the total cost of any system. All the prices are VAT included.  

Units Element Unit Price Total Amount 
 

10 

2 

1 

1 
 

 

Barcode Readers 

Cash Counters  

Server  

Network Elements 

 

586,25  € 

847,00  € 

1663,75  € 

364,21  € 
 

 

5.862,50  € 

1.694,00  € 

1.663,75  € 

364,21  € 
 

Invoice Total 9.584,46 € 

Table A8 – Total Cost Example 
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Units Element Unit Price Total Amount 
 

B 

C 

S 

N 
 

 

Barcode Readers 

Cash Counters  

Server  

Network Elements 

 

586,25  € 

847,00  € 

1663,75  € 

364,21  € 
 

 

586,25 ·B  € 

847,00 ·C  € 

1663,75 ·S  € 

364,21 ·N  € 
 

Invoice Total ∑TotalAmount € 

Table A9 – Total Cost Template 

 

The total amount of the system will vary according to the number of system elements 

(chosen by the customer) and it can be calculated using the formula shown on [Table A9] and is 

resumed as follows: 

TotalAmount = ∑ (BarcodeReaders, CashCounters, Servers, NetworkElements)  
 

 TotalAmount = Price·BarcodeReaders + Price·CashCounters + 

 Price·Servers + Price·NetworkElements 

Which means: 

TotalAmount = 586,25·B + 847,00·C + 1663,75·S + 364,21·N 

Having: 

B: number of Barcode Readers. 

C: number of Cash Counters. 

S: number of Servers. 

N: number of Network Components. 



 

 

 

 

 

 

System Configuration 

 

 

Appendix B contains general information and 

explanations about the configuration of the 

hardware elements in order to make them work 

together as a unique system: The Barcode Reader.  
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B1. Raspberry Pi Configuration 

The following section explains the steps followed in order to configure the Raspberry Pi for 

working using Java and the touchscreen module: 

1. Download the latest Raspbian image from http://www.raspberrypi.org/downloads. The 

image used for this project was the 2013-05-29-wheezy-armel. This image uses the slower 

soft-float ABI, intended for use with software such as the Oracle JVM which does not yet 

support the hard-float ABI used by Raspbian (at the time the system was configured). 

 

2. Raspbian O.S. installation: after unzipping the file, it is necessary to burn the image in a SD 

card, using the program Win32DiskImager. This program creates a bootable image of the 

Raspbian O.S. in the SD card: 

 

 
Figure B1. Win32 Disk Imager 

 

3. After the burning the Raspbian Operating System in the SD card, we need to build the 

Linux kernel with eGalax touchscreen support (for the touchscreen panel). Based on 

Andrei Istodorescu’s CarPC project (http://www.engineering-diy.blogspot.ro/), we used 

his kernel to configure the Raspberry Pi touchscreen module, by modifying the kernel.img 

file and the folders /lib/modules and /lib/firmware on the SD card. 

 

4. When the system is booted for the first time, the Raspberry Pi Configuration Manager 

screen (raspi-config) is shown. In this screen, we will change some system options 

(Internationalization Options) such as: locale language and charset codification, time zone 

and keyboard layout. We also expand the filesystem, so the Operating System will be able 

to use the full capacity of the SD storage card. 

http://www.raspberrypi.org/downloads
http://sourceforge.net/projects/win32diskimager/
http://www.engineering-diy.blogspot.ro/
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Figure B2. Raspi Configuration Menu 
 

5. We need to install the following libraries in order to install and configure the touchscreen: 

libx11-dev, libxext-dev, libxi-dev, x11proto-input-dev and the xinput_calibrator for the 

calibration. By executing the command sudo apt-get install libx11-dev libxext-dev libxi-dev 

x11proto-input-dev we will be able to install all the necessary libraries. If the command 

apt-get fails, we will install the libraries using the package repository of the Raspbian: 

aptitude-curses, like in the following picture: 

 

Figure B3. Package Manager 
 

6. When all the needed libraries are installed, we need to configure the resolution of the 

screen and the calibration of the touchscreen. First of all, we need to modify some 

options in the file /boot/config.txt for the screen configuration. We will uncomment the 

line disable_oversca n=1 in order to disable the black border at the edges of the screen 

and show the content in fullscreen. We will also change the resolution of the screen to be 

adapted perfectly to a 7” touchscreen. By modifying the lines framebuffer_width=848 and 

framebuffer_height=480  te screen resolution is fixed to 848x480 pixels, without any black 

padding at the borders. 
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7. After rebooting the system and the screen configuration, it is necessary to connect the 

touchscreen to the Raspberry Pi, configure it and calibrate it. For this step, we need to 

install the xinput_calibrator. It can be downloaded with the command:  
wget htttp://github.com/downloads/tias/xinput_calibrator/ 

xinput_calibrator-0.7.5.tar.gz 

and then uncompress it using the command: 

tar –xvf xinput_calibrator-0.7.5.tar.gz. 

For the installation, we need to execute ./configure, make and make install 

in order to configure the installation, compile the files and install the program. 

 

8. When the installation finishes, we can calibrate the touchscreen, by executing the 

program xinput_calibrator. By touching the four crosses in the screen, the screen will be 

calibrated properly:  

 

Figure B4. Touchscreen Calibration 
 

9. The final step for the touchscreen configuration is to make the calibration of the screen 

permanent, so we don’t need to recalibrate it every time the system is rebooted or shut 

down. To achieve this, we can follow the instructions showed in the terminal when the 

graphic interface calibration is finished. 

 

We need to create a configuration file in /usr/share/X11/xorg.conf.d/99-input.conf, and 

add the lines shown on [Figure B5]. After rebooting the system, this configuration file will 

be loaded and we won’t need to calibrate the touchscreen again. 
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Figure B5. Touchscreen Permanent Calibration 

 

B2. Java Installation on the Raspberry Pi 

1. First of all, we will download the latest Java SE JDK from the webpage of Oracle 

(http://www.oracle.com/technetwork/java/javase/downloads/jdk7-downloads-

1880260.html?ssSourceSiteId=otnes). For this project, we installed the Java SE 

Development Kit 7u21, and the Linux ARM v6/v7 Soft Float ABI version for the Raspberry Pi. 

2. We have to create a new directory where we will install the JDK files to.  

sudo mkdir -p -v /opt/java 

 

3. Next, we need to unpack the Oracle JDK .gz file using this command: 

tar xvzf jdk-7u21-linux-arm-sfp.gz 

 

4. After the unpack process is complete, all the contents of the Oracle JDK tar will be 

uncompressed into a new directory named jdk1.7.0_21 located in the home directory. The 

next step is to move the new unpacked directory to the Java install location that we created 

earlier under opt/java, with the command:   

sudo mv -v ~/jdk1.7.0_21 /opt/java 

 

5. To complete the JDK installation we need to let the system know there is a new JVM 

installed and where it is located. This operation was performed with the command: 

sudo update-alternatives --install "/usr/bin/java" "java" 

"/opt/java/jdk1.7.0_21/bin/java" 1 

 

6. And finally we also need to tell the system that we want this JDK to be the default Java 

runtime for the system. The following command will perform this action. 

sudo update-alternatives --set java /opt/java/jdk1.7.0_21/bin/java 

 

 

http://www.oracle.com/technetwork/java/javase/downloads/jdk7-downloads-1880260.html?ssSourceSiteId=otnes
http://www.oracle.com/technetwork/java/javase/downloads/jdk7-downloads-1880260.html?ssSourceSiteId=otnes
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7. We can execute the steps 5 and 6 to configure the location of the java compiler (javac) with 

the commands: 

sudo update-alternatives --install "/usr/bin/javac" "javac" 

"/opt/java/jdk1.7.0_21/bin/javac" 1 

sudo update-alternatives --set javac /opt/java/jdk1.7.0_21/bin/javac 

 
Now java is installed.  We can test and verify we can execute the java command using the 

version argument:  java –version, obtaining the response as showed in [Figure A6]. This 

figure shows that the Oracle JDK is installed and ready for use: 

 

Figure B6. Java Version 

 

B3. Motorola Symbol 4407 Laser Scanner Configuration 

The following section explains the steps followed in order to configure the Motorola 

Symbol 4407 Laser Scanner to scan the products barcodes. It is important to take into account 

that this barcode reader works as a USB keyboard, which main purpose is to scan the barcode 

tag of the product and send the INTRO command at the end of the scanning process. 

The Integration Guide Manual for the Motorola MS4407 laser scanner can be found on the 

following [link], and within its pages, there is the configuration used to make the scanner usable 

for out project. The main steps followed for the configuration were: 

1. Set scanner to HID Keyboard emulation, by scanning this barcode (page 139 of the manual):  

 

2. Set the  data transmission format for the scanner with the following format  

<DATA><SUFFIX 1> (page 243 of the manual): 

 

  

http://www.motorolasolutions.com/web/Business/Products/Bar%20Code%20Scanning/Bar%20Code%20Scanners/Fixed%20Mount%20Scanners/MiniScan%204400/_Documents/Static%20Files/7985102a.pdf
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3. Scan the <SUFFIX 1>, in order to create a key for the suffix send at the end of the scanning 

process. In our case, the suffix will the INTRO key as pointed out before; and the first step is 

to tell the barcode scanner that the next barcode we are going to scan is the <SUFFIX 1> 

using the following barcode (page 242 of the manual): 
 

 

4. Now the barcode scanner is ready to receive the INTRO button as input. For this task, the 

barcode scanner uses its own codification of characters for each configuration of the 

scanner. For our configuration, because we are using the scanner as a numeric USB 

keyboard, the character set codification is configured on page 156 of the Motorola’s 

manual, and it is also shown on the following table: 

 

  

 

5. So, we need to scan the values 6-0-5-8 to insert the INTRO button as <SUFFIX 1>. On the 

page 273 of the manual are sown the numbered barcodes to scan for each parameter. So 

we scanned the numbers 6-0-5-8 as shown above in the images at the right side of the 

table. 

 

6. From now on, each time the customer scans any barcode, the barcode scanner will send 

the barcode number plus the INTRO keyboard button. The system will recognize this INTRO 

action and add the product to the shopping cart. 

 



 

 

 

 

 

 

Hardware Specifications 

 

 

This Appendix contains tables including the 

particular hardware specifications of the Barcode 

Reader. All of the system components for this 

mobile part of the system are shown on detail 

  

Appendix C
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C1. Barcode Reader Hardware Specifications 

The following section shows a detailed explanation of the hardware components and 

specifications of the Barcode Reader System. As explained before on the [Design Chapter], each 

barcode reader is set up by the main following hardware components: 

 Raspberri Pi: the main element of the Barcode Reader. Is the brain, the main computer 

of the system. 

 Laser Scanner: the element in charge of scanning all the barcode tags of the products. 

From the Raspi point of view, it acts just like an USB keyboard. 

 Touchscreen: the interface communication component between the system and the 

users. Includes the screen panel, the touch panel and the LCD controller board. 

 USB Battery Pack: provides the power to the system so each Barcode Reader can be 

autonomous within the shopping trolley. 

Raspberry Pi Model B 

System-on-a-chip (SoC)  Broadcom BCM2835 (CPU + GPU) 

CPU 700 MHz ARM11 ARM1176JZF-S core 

GPU 
Broadcom VideoCore IV, OpenGL ES 2.0, OpenVG 1080p 

H.264 high-profile encode/decode 

Memory 512 MB (SDRAM) 

USB 2.0 ports 2 

Video outputs Composite video | Composite RCA, HDMI 

Audio outputs TRS connector | 3.5 mm jack, HDMI 

Onboard Storage Secure Digital | SD / MMC / SDIO card slot 

Onboard Network 10/100 wired Ethernet RJ45 

Low-level peripherals 

General Purpose Input/Output (GPIO) pins, Serial Peripheral 

Interface Bus (SPI), Universal asynchronous 

receiver/transmitter (UART) 

Power input 700 mA, 5 V (DC) via Micro USB type B 

Size 85.0 x 56.0 mm 

RoHS   

Table C1 – Raspberry Pi Specification 
 

 

Motorola Symbol MS-4407 Laser Scanner 

Power input 245 mA, 4.5V to 5.5V 

Supported Symbologies 

UPC/EAN, Code 128, UCC.EAN128, ISBT 128, Code 39, Trioptic 

Code 39,Code 93, Code 11, PDF417, MicroPDF417, 

DataMatrix, Maxicode, QRCode, Aztec… among others. 

Interface RS-232, 9-pin female D-sub 

Connection 9-pin Male D-sub to USB 

Size 25.2 x 30.2 x 55.4 mm 

RoHS   

Table C2 – Motorola Symbol MS4407 Specification 
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Screen Panel 

Brand  INNOLUX 

Model AT070TN92 

Panel Type a-Si TFT-LCD Panel 

Size 7.0 inches 

Resolution 800x480 (RGBxWVGA) 

Brightness 250 cd/m2 

Contrast Ratio 500:1 (Transmissive) 

Display Colors 262K/16.7M (6-bit/6-bit + Dithering) 

Response Time 10/15 ms 

Viewing Angle 70/70/50/70 (L/R/U/D) 

Frequency 60Hz 

Lamp Type WLED 

Signal Interface Parallel RGB 

Input Voltage 3.3/10.4/16.0/-7.0V (VCC/AVDD/VGH/VGL) 

Touchscreen Interface USB 

RoHS   

Table C3 – Screen Panel Specification 

 

Touch Panel 

Brand  VSLCD 

Model VS-TY2662-V1  

Chipset RTD2662 

OSD Language 
Simplified Chinese, Traditional Chinese, English, French, 

German, Italian, Spanish, Japanese and Korean 

Panel Interface 50PIN TTL/6Bit 8it Dual/Single LVDS interface 

Panel Resolution Up to 1920x1080 max 

H-Frequency 30~80KHz 

V-Frequency 65~85KHz 

Video Input Power  12V 

Video Input Interfaces HDMI1.1+VGA+2AV 

Panel Input Power 3.3V, 5V, 12V 

Power Management Low power consumption mode; standby < 1W 

Key Functions Auto, Menu, Vol-, Vol+, Power 

Size 90.57 x 65.60 x 12.0mm   

Interfaces Keyboard, 30P LVDS, 50P TTL 

RoHS   

Table C4 – Touch Panel Specification 
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LCD Controller Board 

Components  LCD Screen + LCD Controller Board 

Brand  VSLCD 

Model VS070TP-A1  

Size 7 inch, 163.5 x 99.0mm   

Input Voltage 5V DC 

Panel Type ITO Film/ITO Glass 

ITO Film Type Clear hard and anti-newton ring coating 

Response Time <10 ms 

Operate Press 60-100g 

Connector Type FPC Connect to USB Controller 

RoHS   

Table C5 – LCD Controller Board Specification 

 

USB Portable Rechargeable Battery Pack 

Power input  Dual: USB + Solar Panel 

USB Power Input 5V 

Solar Panel Power 1.5W 

Output Interfaces USB x2 (Dual USB) 

Power Output 1 5.0V, 1.0A (max) 

Power Output 2 5.0V, 2.1A (max) 

Battery Capacity 10000mAh 

Size 132 x 77 x 15 mm 

Weight 224 grams 

Power Level 4 LED indicators 

Connection Plug & Play (PnP) 

RoHS   

Table C6 – USB Battery Specification 

 



 

 

 

 

 

 

System Improvements 

 

 

This appendix is focused on descriptions of several 

system improvements which could not be included 

during the first implementation phase of the system. 

It contains explanations of better features to 

improve the system, which were not implemented 

due to the lack of the physical elements to integrate 

them to the system prototype implemented and 

presented together with this document. 

Each subchapter of this chapter is focused on a 

different improvement for the system. 

Appendix D
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D1. Control Service 

One of the most important improvements to include in the system is related to the Control 

Service of each Raspberry Pi. As explained on the [Design Chapter], each Barcode Reader will 

have to check the products purchased by the customers in order to avoid any product from 

being stolen. 

To achieve this purpose, each trolley will have an RFID sensor to count the number of 

products inserted within the trolley and also a scale to measure the total weight of the shopping 

cart. These two elements are connected to each Raspberry Pi, and they send it all the 

information they are registering, in real time. By doing this, each Raspberry Pi is able to compare 

these information sent by the sensors and check it with the information of the all the products 

purchased by the customers: each time a customer scans a product using the barcode scanner, 

the Raspberry Pi will store that information, as “customer purchased units and weight” for 

future comparison with the sensor information, and for sending this information to the Cash 

Counter during the final checkout process. 

This shopping control method to avoid stolen products is quite effective, but it can present 

some problems if any product is not heavy enough, or the scale is not accurate enough, or the 

RFID sensor is not quite good calibrated, or when the customer removes on purpose the RFID 

tag from the product, avoiding it from being scanned by the RFID sensor. 

Several improvements can be implemented for this monitoring system. But the main 

drawback and delay is related to the RFID sensor, because the RFID technology is beginning to 

emerge in the commercial technology markets, and now is quite far to have a real 

implementation and integration within the Raspberry Pi over USB. In the near future, a good 

approximation for this communication will be to create an RFID tag reader using an Arduino 

board, because the integration between this board and any Raspberry Pi is possible and quite 

perfect. Anyhow, some of the possible improvements for this Service might be: 

Customer Registration 

One of the possible improvements to implement over the control service is to include a 

customer registration on the system. By doing this, only the previously registered customers 

will be able to use the self-service barcode system to purchase the products. 

This improvement has the main advantage that the entire customer’s information is 

registered on the system, and registering his personal information should make the customer 

less sensitive from stealing products. Another good advantage of this approach is that, we can 

“force” the customers to register by offering them special offers for registering and using the 

system. It can be focused on having VIP customers which will have special discounts for using 

the self-service system, and they can select which trolley they will be using just by scanning a 

special identification card at the supermarket entrance, and a personal welcome message can 

be shown to each customer. This method rewards the customer’s fidelity, and makes them 

forget the idea of steal any product because their personal information is registered by the 

supermarket company. Furthermore, by being a registered customer, the system can register 

the customer preferences, more purchased and favorite products, the system can create 

custom shopping lists according to the customer’s shopping preferences and history.  

http://arduino.cc/
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And for this last advantage, a new one arises: the focused advertising. By having the 

customer preferences and shopping history, the system can offer them the best discounts, last 

deal offers, recommended products, etc. The customer can have a personal and mobile 

shopping portal like Ebay or Amazon on the shopping trolley, while he is shopping in the 

supermarket. 

However, on the other hand, that same improvement which, a priori is an advantage, 

could be a drawback too. Because not all the customers will be able to give their personal 

information just to buy some products in a supermarket, and storing personal information 

within a database is a very sensitive operation, due to the privacy laws and personal 

information treatment of several laws. The owner company shall be very careful with storing 

its customer’s information in its internal files.  

So, in essence, the main benefits and drawbacks of this improvement approach include: 

 Customer personal information registration: makes the customer forget the idea of 

steal any product. 

  Special offers and discounts to registered customers: VIP customers rewarded for 

using the system 

 Personal treatment during the shopping process: custom welcome/goodbye 

messages, custom preferences… 

 Preferences registration: favorite products, custom shopping lists, list of more 

purchased products… 

 Focused advertising: best discounts, last deal offers, recommended products, etc.  

 

 Personal information registration: from the customer’s point of view, this can be a 

important drawback. 

 Personal information treatment: privacy/personal information laws. 

 Data processing: higher and huge data processing and storage requirements. 

 

RFID Improvement 

As the RFID technology is still on development, several improvements can be 

implemented in the near future, when this technology will be further developed. Up to now, 

the system prototype is designed and implemented to work with a RFID sensor, but this sensor 

will only register the number of units the customer inserts within the shopping cart. 

One major improvement to this approach is to design the RFID to scan the barcode 

number of each product instead of its quantity. By doing this, the system is able to know at any 

time, which exact products have been scanned and which products are not, because each 

barcode number is a unique identification number for each product. This approach uses the 

RFID scanner as a monitoring and anti-theft device, but it can be also used to scan each 

purchased products, doing the same function that now is doing the barcode scanner. This 

means the system will have less devices and the monitoring system is much more accurate. 
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The main drawback for this improvement is the technology. As pointed out before, the 

RFID technology is still in development and only near prototypes are being tested; and it is 

important to have a RFID sensor accurate enough to measure and check what products are 

physically inserted within the shopping trolley and what are not. In essence: 

 Accurate checking: best sensor accuracy for monitoring products. 

 Precision on scanning products: better way of scanning products. 

 Fewer devices: less system devices which means a cheaper system, when the RFID 

will be a more affordable technology.  

 

 RFID Technology: is still in development and on his very early days. 

 Trolleys stealing risk: the trolley can be more sensitive to be stolen, due to the good 

technology used on it. 

D2. User Interface 

One main improvement which could be implemented in the near future for improving the 

system, was the one defined by several test users during the testing process of the system. 

These test users defined the necessity of inserting any product barcode number by using a 

screen numeric pad. And this improvement made sense in order to still have a usable system 

even if the barcode reader scanner fails. 

One of the approaches and prototypes for this user improvement is shown on [Figure 7.1] 

where the prototype screen is illustrated according to the user needs. This image shows the 

numeric keypad below the product’s image and under the small label, which will be 

automatically updated and including the number inserted by the customer. This label allows 

the user to see which number is inserting for the barcode reader to add the product to the 

shopping cart. As some other numeric keypads, the “OK” button inserts the barcode in the 

shopping cart, and the “Clear” button allows deleting the barcode number inserted. 

Another major improvement proposed by the test users for this user interface was 

allowing the possibility of modify the quantity of products on the shopping list, when 

adding/deleting any product, just by clicking the quantity of the product, in order to 

increase/decrease the quantity of products purchased, without the necessity of rescan again 

the barcode number of the product as is designed actually.  
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 Figure D1 – Basket Interface Improvement 

 Alternate way of inserting the barcode number: in case the barcode laser scanner 

breaks up.  

 Usable feature supporting real time hardware failures: the system will still be usable 

even if one of its components breaks during the use of the system.  

 

 Slow and tedious method: of inserting any product’s barcode due to the length of 

any barcode number (at least ten numbers). 

 Different formats: the user will not be able to scan an QR code if the barcode 

scanner breaks, even with the inclusion of the numeric keypad. 
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D3. Advanced Services 

Several advanced improvements can be included in the near future in the system, in order 

to improve the customer experience during the shopping process. Some of these advanced 

services include: 

 Product search and GPS location: the inclusion of a GPS location may be useful for the 

users and for the product’s location. The customer may want to search for a product in 

the supermarket but he does not know its location due to the big size of this places. By 

inserting the product’s name, the system will show him the products with that name 

and, when selecting the desired product, the system will show the user the location of 

the product and a simple way to get to it. However, this improvement has the main 

drawback of higher power consumption for the system and it will make the shopping 

trolleys more expensive to produce. 

 

 Intelligent queue ticketing: waiting in queues is inevitable in any supermarket. When 

the user wants to buy some fish, fresh meat or some other fresh products, he will need 

to go to the desired section within the supermarket, take the queue ticket, and wait 

until the salesperson gives them the product. This improvement is designed with the 

main goal of reduce this waiting time and take advantage of this time and using it for 

other purposes. For this approach, the customer will have to go to the ticket dispenser 

and take one ticket, and by scanning the barcode on the ticket, the system will show 

how many persons are waiting before the customer. If there are a lot of customers, he 

can choose the system to alert him when there are only one or two persons before him, 

and go to buy other products in the supermarket. When his turn is near to be served, 

the system will notify the customer, so he can go to the proper department where he 

took the ticket and ask for the fresh products he may need. 

And all this communication will be made via Wi-Fi, and it will allow the customer to 

improve his shopping time, making it much more efficient. 
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