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Abstract 

In this project a new approach for the monitoring system of a network of laundry 

machines has been presented.  With this aim an industrial PC has been prepared with 

a personalized image. The best methods for identification by means of a two-

dimensional code (QR) and multiplatform applications have been discussed. Based 

on these findings, the existing application has been redesigned to meet new 

requirements and to be compatible with a smartphone. A part of this application has 

been developed using Xamarin.Forms for visual studio and it has proven to be a good 

choice for the solution that the company had in mind. 

Keywords: Laundry Network, Industrial PC, QR code, multi-platform applications. 
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Introduction  

This chapter introduces the project for the master thesis. The chapter starts with the 

presentation of the company for which the project has been developed and a short 

review of the history of laundry systems. It will state the problem, establish the 

objectives and give a short description of the disposition of the document. 

1.1 Company background 

This project has been carried out in collaboration with Electrolux Laundry Systems 

at Ljungby, Sweden. The company was created at the end of the 1940s under the 

brand of Wascator that refers to a front-loading washing machine for household use. 

The company was acquired by Electrolux in 1973 when the Electrolux-Wascator 

group was formed. Nowadays it works in different areas related to laundry systems: 

• Washing: Front load washers, barrier-washers and side load washers. 

• Drying: Tumble dryers and drying cabinets. 

• Ironing and finish: Ironers, ironing lane, and finishing equipment. 

• Special solutions, like lagoon wet cleaning. 

• System & Software used for example for payment systems. 

Electrolux Laundry is part of the group Electrolux professional. A Swedish 

multinational home appliance manufacturer headquartered in Stockholm. The 

company was founded in 1919 in a merger between Lux AB and Svenska Elektron 

AB, with its origins closely tied to the vacuum cleaner. Over the years, the company 

has expanded regularly through mergers and acquisitions. Today it consists of three 

main branches: commercial kitchen equipment, commercial laundry equipment and 

a chef academy. The company employs more than 55 thousand people.   

1.2 History of laundry   

Laundry systems have developed differently in different parts of the world. Washing 

clothes in the river has not been a reality in most developed countries since the 19th 

century. But it is still the normal way of doing laundry in many less-developed parts 

of the world. This chapter will take a look at the evolution from riverside washing to 

current laundry systems. 

When clothes were cleaned at the riverside it was done even if the river was frozen. 

Stains were pre-treated at home and special tools were used in order to make the work 

easier. Tools like washing bats could be used for moving clothes around and for 

beating the dirt out of them. Another example is washing boards, often replaced by 

rocks next to the water, which were used as scrubbing surfaces. Laundry was soaked 

in lye, known as bucking, in order not only to clean but also to whiten them. In order 

to get a good lye, ashes and urine were added to the mix. Soap was only meant for 

washerwoman who got it from their employers, and although this usage spread during 

the 18th century it was still only for the treatment of the finest clothing. After soaking, 

laundry needed to dry and bleach, typically by spreading them on bleaching ground 

or bushes. This was a long process that was done in intervals of weeks or even months 

and was usually a group activity [1]. 
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Laundry tools evolved during the 19th century; a tub of hot water and a washboard 

with a wooden frame containing a place to hold the soap is only part of the general 

picture. During this century the washboards evolved and the soap became available 

to more people as it became cheaper. Alternatives emerged, such as the dolly tubs, 

where large items could be stirred and beaten and water could be heated in large 

metallic boilers on stoves. The aids for washing at home increased in number and 

variety, and so did the number of times that the clothes could be cleaned. A range of 

products came out with minor variations and aiming at different kinds of people. 

Cleaning became cheaper and more people were able to afford to have their clothes 

cleaned by others. But the biggest change came when the first manual washing 

machine was patented in 1846. 

In the beginning of the next century the first electric washers were introduced to 

America. The motor was not properly isolated, which often ended in short circuits 

[2]. By 1911 it was possible to buy the first domestic machines. The improvement of 

the machines entailed some manufacturing challenges; how to transfer power from 

the motor to the mechanism, how to find a motor with sufficient starting torque and 

avoiding electrical shock while operating it. Not only that, there was also a need for 

a machine that would not shred clothes. In order to achieve that with the current 

system, different textiles had to be cleaned at different speeds; the solution of which 

was a machine that slashes water through the clothes. 

The first company to produce a vertically oriented machine, an agitator, was Beathy 

Brothers of Fergus. This design soon became the industry standard. There were some 

changes in material and there was an attempt to introduce built in gas/electric water 

heaters. This did not last long since water heaters were soon installed in many houses. 

The next development was to fit a clock which allowed to predetermine the length of 

the washing cycles, avoiding the need for constant monitoring. During the 50s came 

a feature to spin-dry, and some buttons to choose additional features were included. 

Modern washers came in 1978, with the first microchip-controlled system, and then 

in 1998 with Smart drive machines.  

Nowadays one finds a plethora of models with different features. They operate by a 

motor and an agitator connected through a transmission, similar to that of a car, and 

changes speed and direction. In one direction (agitable), it changes the rotation of the 

agitator and spin tub into a back and forth motion. In reverse (spin), the transmission 

is locked and everything spins as a unit. During the reverse a pump connected to the 

motor takes water out [3]. The current systems are aiming at better user experience 

for individuals as well as for companies in the laundry sector. 

1.3 Problem Statement 

The current control system offered by Electrolux consists of a server/PC, a number 

of peripherals and a connection to a database. The PC is switched on continuously 

and gives the customer information about the current state of the machines as well as 

providing them with the possibility to make changes in the payment system or in 

more general configurations. The peripherals are directly connected to the machines 

and gather the necessary information for the PC server to show their status. The other 

end of the system is connected to a database where all the information is saved, not 

only the information about the machines but also the login permissions for the server. 
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The fact that the PC needs to be on, and stored in a safe space, is not a problem for 

big customers but it is not convenient for small installations. For customers who 

control 2-3 machines another system needs to be found in order to offer them the best 

service. This alternative needs to be cheap and consist of a plug and play installation 

with the existing database and client server. Ideally this user should be able to control 

everything through a smartphone application. 

The structure of the new system will be similar at one end (the connection between 

PC and laundry machines) but will be completely different in regard to the interaction 

with the user. As Figure 1 shows, the different laundry machines are still connected 

to the peripherals which send the information about their status to the new Industrial 

PC (IPC). This PC will have internet connection through Ethernet and will need an 

identifier for setup and later usage of the service. This identifier will be read by the 

mobile phone application and is the link between the laundry system status and the 

user.  

 
Figure 1 Overview of the new system. 

 

In order to avoid drastic changes to the current structure some further requirements 

have been listed for the Industrial PC.  

• Processor: Low Power Atom Processor. 

• RAM: 4 GB minimum (8 GB convenient). 

• Flash disk: 128 GB SSD, operating temperature -40ºC to +85ºC. 

• The PC needs to be Fanless. 

• 3 USB ports. 

• 1 Ethernet port. 

 

Another factor in the design is that the current application runs in win32 and therefore 

the system needs to be compatible. Electrolux also wants to focus on the Internet of 

Things (IoT) version of Windows and see what the implications regarding the use of 

this operating system are. 

1.4 Objectives 

The main objective of this project is to solve the problem stated above. Thus, to 

design and develop a system that will, based on the current system, give a better 

experience to customers. For that the project has been divided into a series of sub-

objectives which will define different phases of the project: 
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• To get started; in this phase the necessary information about the different 

aspects of the project (Operating system, box pc, etc) will be analysed and 

the best solutions in regard to the current problem selected. 

• Set the IPC; Once the IPC is selected an image will be created and the 

current system will be tested in the new computer. 

• Creating the application; during this phase, and taking the desktop 

application as a base, the new mobile phone application will be created. 

For that the new requirements will be listed and the way in which the 

application will communicate with the server established.   

• System set up; once each of the parts works, the whole system will need to 

be tested. This phase may show weaknesses or improvement areas which 

will be handled. 

1.5 Report Structure  

With an introduction to the topic, and the presentation of the anticipated problem, 

this document points out the technologies that have been used.  It explains each of 

them and their specific characteristics as well as the different reasons for which the 

technologies have been chosen. A background presentation reviews the work that has 

been done in the field. The way in which the project evolved is explained, giving 

information on how the board was set up and the implementation of the application. 

A concluding chapter summarizes the work done and gives guidance for future work 

by others. A list of relevant references and appendices is included. 
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2 Background  

This chapter is an introduction to the technologies that will be used in the project. 

The chapter includes both a short description and a definition of the technologies and 

a review of what other people have done in the field. 

2.1 Theoretical Background 

2.1.1 Windows IoT 

Before jumping into Windows IoT and its characteristics one needs a small 

introduction to the internet of things (IoT). There are different definitions of IoT [4]. 

The most widely accepted definition seems to be the one by Gartner. 

”IoT is the network of physical objects that contain embedded technology to 

communicate and sense or interact with their internal states or the external 

environment.” 

In [4]  IoT components are divided into three main groups. 

(i) Hardware: all the sensors, actuators and embedded communication 

elements. 

(ii) Middleware: on demand storage and computing tools for analysing data.  

(iii) Presentation: easy to understand visualization and interpretation, 

accessible on different platforms with designs according to applications. 

At the outset the hardware was exclusive to companies and programming for the 

platforms was complex. Open source and hardware like Arduino and Raspberry Pi 

became available and resulted in a large number of applications. Applications spread 

into different domains according to network availability, coverage, scale, 

heterogeneity, repeatability, user involvement and impact. If categorized, the 

personal and home domain, the enterprise domain, the utility domain and the mobile 

domain are mentioned as examples.  

Windows IoT is a version of Windows 10 adapted to IoT development. Reference 

[5] gives three main reasons why people who have previously worked on Windows 

should go for this option. Familiarity is the first, since IoT has the Windows format 

with the same classes, structure and so on. The second is simplicity, since it is a high-

level language (assembler is avoided) and allows remote debugging by 

communication through ports. The third reason is reusability or backward 

compatibility. If one refers to the platform overview [6] further benefits are 

mentioned.  

(i) Shorter time to market; it provides a complete platform to create secure 

and connected IoT solutions. Hundreds of samples and documentation are 

available and maintained for this purpose. 

(ii) Intelligent security; it is part of Windows 10, the most secure till now, it 

implements different intelligent security capabilities to ensure little chance 

of malware and cyberattacks.  
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(iii) Intelligent edge; optimizes IoT solutions by putting cloud intelligence 

where it is needed and allowing edge features. 

There are two different versions of windows IoT with different purposes. On the one 

hand we have Windows IoT core, an optimized version with a smaller footprint, 

connecting devices with the same security level. It is only compatible with Universal 

Windows Phone (UWP) applications or applications with low power consumption. 

It has 256 MB of RAM and 2 GB of storage.  

On the other hand, Windows IoT enterprise edition; a full version of Windows 10 

with Enterprise-grade security and advanced lockdown. Enterprise-grade security 

protects the system from unauthorized access and provides advanced malware 

resistance by only allowing certified apps to run on the device. This version of 

Windows 10 allows Original Equipment Manufacturers (OEMs) to lock devices 

down with specific applications and ensure that the device functions as intended. It 

offers a richer user experience allowing both UWP and win32 applications. It also 

has greater RAM and storage, 2 GB and 16 GB respectively. For more detailed 

information about the differences the reader is forwarded to [6] where a comparison 

table with the most important features can be found.  

With the requirements listed in the previous section, Windows IoT has proven to be 

a good solution. The core version is incompatible with this project since the current 

system consist of a win32 application and therefore the enterprise edition will be 

used.  

2.1.2 Industrial PC (IPC) 

An industrial PC is comparable to a commercial PC. Both share hardware 

components as the motherboard, CPU, RAM, expansion slots or storage media. They 

both perform operations based on the instructions of a program or software. 

However, an industrial PC differs greatly from the average home computer when it 

comes to the work site. Some of those differences [7] will be summarized below.  

Made to last; unlike commercial PCs which are built under the assumption that they 

will be disposed of, IPCs are built to last an extended period. The structure is 

reinforced with steel or aluminium instead of plastic or other low weight material. In 

the same way the components of the IPC are generally of a higher quality.  

Usable in harsh environments; an industrial PC is customizable for each use. This 

gives the adaptability to environments in which a regular PC cannot work. Making it 

possible to work in water, extreme temperatures, and dusty areas or even withstand 

being dropped or handled roughly. A comparison between different factors is shown 

in [8][9]. The units can be fanless and wireless. In environments with a lot of 

vibration or shock the lack of wires or plastic fans is beneficial. A fanless PC can be 

completely enclosed which prevents dust from getting into it.   

These quality factors cost, but even though the price of an IPC is higher than the one 

of a commercial PC, the investment provides a lower cost of ownership. The 

industrial unit will require less repair and any changes needed during operation are 

easier since it was built for durability. Also, in terms of power consumption you can 

easily find IPCs which will consume far less [7].  
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An IPC therefore seems to be a good solution for this project, but it is necessary to 

be able to identify an industrial PC that will fulfil all the requirements and will be a 

good long-term option for the company. A comparison has been done among 

different boards regarding processor, RAM and storage capacity and number of 

COM, USB and LAN ports. Table 1 Comparison of the IPCs taken into 

consideratioTable 1 summarizes the boards that have been considered before the final 

decision was made: 

 

Board Processor RAM 

(GB) 

Storage COM USB LAN 

IPC 1 Intel Atom 

E3845 

2 Micro SD (UART) 2 1 

IPC 2 Intel Core 

i3/i5/i7 

4/8/16 256 GB 

mSATA SSD 

4 6 2 

IPC 3 Intel Celeron 

N3160 

4/8 256 GB SSD 4 6 1 

IPC 4 

 

Intel Celeron 

J1900 

8 128 GB SSD 1 4 2 

IPC 5 

 

Intel Atom 

x5-Z8350 

4 128 GB SSD no 5 1 

IPC 6 

 

Intel Celeron 

J1900 

8 128 eMMC 1 3 4 

 

Table 1 Comparison of the IPCs taken into consideration. 

 

Most of the boards meet all the requirements and after additional contacts with 

the suppliers IPC 4 was chosen. 

2.1.3 Two-dimensional identification code 

Simple barcodes were a response to a need in Japanese supermarkets in the early 

1960s [10]. The markets realized that entering prices by hand was not a cost-effective 

method. The first UPC symbols could encode 12 numeric digits. These codes were 

one-dimensional and could only be read in a specific direction. The symbols evolved 

during the next two decades, not only increasing the elements that can be encoded in 

one line, but creating a multi-row barcode system. This enabled the encoding of 100 

alphanumeric characters but still the Japanese Kanji and Kana characters and 

symbols could not be encoded. The history of barcodes codes is summarized in 

Figure 2 [11]. 
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Figure 2 The history of barcodes. 

The Quick Response (QR) code provided a solution to this issue in 1994. A QR code 

is a two-dimensional matrix type code. It is formed by black modules arranged in a 

square pattern with a white background and contains encoded information as text or 

URLs. The elements of a QR code can be divided into three main groups: the function 

patterns, the encoding region and the quiet zone. The patterns include a finder pattern 

to detect the position of the code, and one or more alignment patterns to correct the 

distortion of the QR. There are also timing patterns which determine the central 

coordinate and are helpful to determine the position of other information and 

separators, such as areas of whitespace between the finders and the encoding region. 

This region consists of format and version information and the area with data and 

error correction code. Finally, the quiet zone is the margin outside the QR code 

necessary for proper reading. A graphical representation of the structure can be seen 

in Figure 3 [12]. 

 
Figure 3 QR code Structure.  

 
 

The information capacity has varied since the first version of the code that had 21x21 

modules. Different versions have different module numbers and configurations. The 

maximum data capacity depends on the amount of data, the character type and the 

error correction level that is needed. The data capacity of the latest version (V40) 

with 177x177 modules is summarized in Table 2. 
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Version Modules ECC level Data bits Numeric 
Alpha-

numeric 
Binary Kanji 

40 177x177 

L 23648 7089 4296 2953 1817 

M 18672 5596 3391 2331 1435 

Q 13328 3993 2420 1663 1024 

H 10208 3057 1852 1273 784 
 

Table 2 Data capacity of QR code version 40. 

QR codes generate a series of error correction code words (ECC) that are added to 

the symbol. As the table shows there are four levels of correction (L, M, Q and H), 

that can restore part of the symbol area (7%, 15%, 25% and 30%). The two with the 

highest capacity are used in places where the code is likely to become dirty or 

damaged. The first two are used in clean environments or when the amount of data 

that needs to be encoded is large. The most used error correction level is M, since it 

gives a good correction level without a big reduction of the data capacity [12]. 

Like other 2D codes, Quick Response codes can handle a large amount of data, high 

density encoding and high-speed reading. But they also provide other superior 

performances and functionalities [10] that are summarised below: 

a) 360º reading: this type of code can be read in all directions. For this the data 

is first stored and then analysed through software. There are three main steps 

in this analysis: identifying finder parameters, detecting position, size and 

angle and decoding. Traditional 2D codes took too much time in the second 

step and lost accuracy in comparison with linear methods. The finder patterns 

located in the three corners of the QR code solved this and made the process 

20 times faster. 

b) Resistant to distorted symbols: symbols which are printed on a curved 

surface, a tilted reader or the difference in angle between the code and the 

reader are no longer a problem. Using the alignment patterns for different 

estimations, the centre position can be found and a correct mapping makes 

the code readable. 

c) Data restoration functionality: as mentioned before there are several 

correction levels configurable by the user. The QR codes use Reed-Solomon 

code which is resistant to burst errors in the data area. This enables correct 

reading even when the code is damaged. 

d) Kanji and Kana characters: based on the conditions of use in Japan the code 

encodes these characters 20% more efficiently than other codes. 

The reader is directed to reference [10] for more information on additional features 

like: linking functionality, masking process, confidentiality of the code and direct 

marking.  

Among the demerits of the code is the need for a scanner and the fact that one cannot 

be sure of the content that is being scanned until it is done [12]. Many people are 

unaware of the QR code but on balance it seems to be the best solution. 
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2.1.4 Methods for multiplatform applications 

The use of smartphones has evolved during the last decade, making applications more 

important than ever before. But the existence of multiple platforms has caused 

problem among developers [13]. There are five main reasons: 

(i) To give the best user interface and experience possible on all platforms. 

(ii) To make exactly the same application with the same level of scalability. 

(iii) To ensure the same behaviour on all platforms. 

(iv) The need to fix the same error individually in each platform. 

(v) Individualized maintenance.  

For experienced developers the issues are different: 

(i) As all platforms do not have the same application program interfaces (APIs) 

missing performance layers need to be implemented by the developers.  

(ii) The fact that clients, managers and UI designers are not educated on the 

diversity of platforms. 

(iii) Clients want exactly the same app for all platforms.  

When asked about the best approach for multiplatform application they agree on 

the fact that it is application dependant. If one goes back to other references [14], 

one finds that the problem and the remedies have been similar over the last years. 

In [15] one divides these approaches into four main groups and [16] adds a fifth 

approach to the list. This five groups are presented below. 

 

• Mobile Web Applications: these applications run in a browser and are 

developed with web technology. They are adaptable to different 

environments and easy to launch. A drawback is the lack of features like 

camera, microphone and so on. 

• Hybrid Applications: this type benefits from the reuse of code among 

different platforms but it is not run by a browser. A web container, which 

is the component of the web server that interacts with the programs server 

capabilities, runs the application. This gives greater access to device-

specific features through the use of APIs. Still the user does not get the 

same results as with native components and the execution is slower.  

• Interpreted Applications: can be programmed in different languages 

(Java, Ruby, XML…). They consist of a main project which is mostly 

translated to native code and parts of the code which would be interpreted 

at runtime. These apps offer a platform independent implementation 

which obtains native interface. But one depends totally on the 

development environment in which the application is compiled. 
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• Cross-Compiled Applications: this type is compiled natively and 

therefore creates high-performance versions for each platform. When 

developing these applications there is usually one home platform and one 

or more target platforms. The translations between API calls from the 

SDK of the native platform and corresponding target SDK are complex 

and can create bugs which need to be solved for each platform.  

• Model Driven Architecture (MDA): involves three different models; 

computation independent models (CIM), platform independent models 

(PIM) and Platforms specific models (PSM). The basic idea is that every 

CIM can be mapped to a PIM which can be mapped to a PSM. But other 

combinations are also possible and one may even jump steps. 

Nowadays there is still no best way to approach the problem; one may choose the 

best option depending on the purpose. Two things should be highlighted. Hybrid apps 

which seem to be the best for simple apps. Cross-compiled applications, with some 

platform specific code, give high performance and best expressiveness results. This 

second approach being a priority for the application that we are trying to build the 

document will now focus on the different environments available for multi-platform 

application development. Three main names seem to appear in different references 

[15][5]. 

• Code Name One: is a Java based environment. It takes advantage of open 

source and light weight technologies. It has a hierarchy of components 

and allows native widgets for specific requirements. With simple Java 

APIs it facilitates the access to different platforms. It is an environment 

still in development and even if it needs to be considered it is not 

convenient for the current situation. 

• Embarcadero Delphi: is a proprietary non-free software which uses the 

Pascal language coupled with native compilers and component libraries. 

It offers an intuitive visual environment and the possibility to compile 

applications for Windows, Mac, Android and iOS. Applications are fully 

native and the code is 100% reusable [15]. 

• Xamarin: owned by Microsoft and started as a non-free platform; it now 

has a free version. The programming language is C Sharp.  Applications 

can be developed for Android, iOS and Windows sharing the same base 

code. The architecture (Figure 4) is divided in shared elements (business 

logic, data layer and service layer) and platform specific elements (UI 

elements, application layer, metadata and specific features). This 

architecture enables a code reutilisation of about 85% depending on the 

application that one needs to build. It has its own development 

environment, but it can also be integrated in Visual Studio.  
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Figure 4 Architecture of Xamarin applications. 

The two options that are developed both offer big benefits for multi-platform 

development; both could be suitable environments for our application. Even if the 

100% code reutilization will be a big benefit during application development, as 

visual studio is a known environment, and considering that there is a free version, the 

first approach to develop the app will be using Xamarin. 

Xamarin.Forms is the framework from Xamarin for multiplatform application, it 

allows a rapid prototyping of applications. As mentioned previously the applications 

are native which avoids limitations such as: browser sandboxing, limited APIs or 

poor performance. The applications can utilize any of the API’s or features of the 

underlying platforms. Moreover, it gives the possibility to create parts of the 

applications using the native UI toolkit. The most common approaches when using 

Xamarin.Forms are Portable Class Libraries (PCL) or Shared Projects. 

• Portable Libraries: these libraries handle the restriction of the DLLs that are 

only able to work on specific platforms. This is done by choosing the 

compatible platforms when creating the project, these are translated into a 

“profile” identifier which describes the supported platforms.  

Benefits: centralized code sharing, refactoring operations will affect all code 

loaded in the solution and are easily referenced by other projects or the output 

assembly can be shared to be referenced by other solutions.  

Disadvantages: platform specific libraries cannot be referenced and they may 

not include some classes available for MonoTouch and Mono for Android. 

These disadvantages can be circumvented using the Provider pattern or 

Dependency Injection to code the implementation in the platform projects 

against an interface or base class defined in the PCL. The following Figure 5 

from [17] shows the architecture of the cross-platform application with the 

use of Dependency Injection to minimize the disadvantages. Another 

disadvantage when using PCL is that one cannot use compiler directives. 
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Figure 5 Architecture of a cross-platform application using PCL. 

• Shared projects: also referred to as Shared Asset Projects, it gives the 

opportunity to write code that is shared between multiple target projects. 

Unlike most other projects they do not have any DLL output, the code is 

compiled into each referenced project.  The structure of the project is shown 

in the Figure 6 from [17], which illustrates how the contents of the Shared 

Project are copied for each referencing project and compiled as part of them. 

This code can contain sections in which specific features are coded for each 

platform (different colours are used to represent this in the figure). It is 

important to underline also that the shared projects cannot get compiled on 

their own, they exist as a grouping of source code files that can be included 

in other projects.  

   
Figure 6 Structure of a shared project. 

  

Given the disadvantages of the portable class libraries and considering that the code 

of the application is only intended to be shared within the app, the code sharing 

among the different platforms will be done by the use of a shared project. 

2.2 Motivation 

2.2.1 IoT applications 

 

IoT has grown during the last years not only in popularity but also in the number of 

applications for which it can be used. Different categorizations can be made if one 

considers different aspects; examples of those categories can be found in the 

literature [18][19]. In this section some examples of these applications will be 
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summarized starting from a more general perspective with the aviation and 

automotive industries. 

 

The first example is automotive [20]. It makes an analysis about the impact of the 

internet of things in the automotive industry and lists related content in order to 

promote computerization in the sector. The paper from 2012, when the technology 

was still new, concludes with a little scepticism that IoT will guarantee a rapid 

development and a solid foundation for the industry.  

 

In the aviation industry one can find examples as [21]. This paper presents a solution 

to a problem created by the increasing number of flights and the corresponding 

amount of luggage in airports. The barcode system does not seem to be good enough 

for handling large amounts of luggage. A new system consisting of Radio Frequency 

Identification (RFID) and IoT appears to be the ideal solution for the aviation luggage 

supply chain. A previous paper [22] had already worked on non-ID based IoT 

applications and outlined how the non-ID concept could widen IoT applications in 

aviation.  

 

IoT has also proven to be a key trend for the electric supply chain. That is the 

conclusion of a review [23]  of the position of IoT in the electric supply chain. It does 

so in both the industrial and consumer part of the chain. The paper also presents 

different use cases such as scheduling home appliances with high power in order to 

optimize electricity costs or controlling appliances that can be dangerous (stoves, 

coffee machines...) from a distance. Regarding home applications [24] presents a 

robot to prevent laundry from sudden rain and also reduce power consumption 

remotely. 

 

If the focus is set on the monitoring applications there is still a wide range of 

possibilities. IoT can be used for monitoring the quality of water [25]. With the 

traditional way of testing the water, the samples need to be taken manually and 

afterwards tested in labs, which is time consuming and not economical. With the 

method proposed in the paper, sensors are used to measure the level of pH, 

conductivity, temperature and turbidity of the water. The data collected is transferred 

from the microcontroller to the phones of users.  

 

IoT used for animal health monitoring has proven to enhance productivity and save 

time and effort for farmers [26]. This conclusion came after applying data mining 

techniques to an animal database to establish relationships to see how farmers benefit 

from the use of wireless sensor networks.  

 

An example of a monitoring framework for a mobile network is given in [27]. It 

presents a new approach for comprehensive monitoring of software defined 5G by 

using a framework based on the internet of things. This framework gives an easier 

implementation of the monitoring system, it also provides a unified IoT protocol for 

telemetry which is light, data-agnostic and interoperable. It shows new opportunities 

to mobile operators; the statistics from the collected data can predict network 

behaviour and prevent overloads while providing same quality of user experience. 

 

The last IoT monitoring system aims to raise awareness on current status of 

manufacturing resources [28]. It consists of a data acquisition device to get data from 

the machine and transmits the data via wireless sensor topology to a cloud gateway. 
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The data is further processed and visualized on the cloud server. It connects the 

physical and cyber world and offers integration capabilities with existing industrial 

systems. 

 

The different applications of the IoT concept over the years has demonstrated to be 

a good solution for a great variety of applications. Applications that are related to the 

monitoring systems seem to have gained popularity during the last years. They have 

also proven to be beneficial for the ones who introduced the internet of thing in their 

projects. 

2.2.2 Use of QR codes 

As mentioned before, with the introduction of QR codes the number of elements that 

could be encoded and the quantity of characters encoded has increased. So did the 

number of applications for which symbols could be used. Here, a number of really 

different applications are presented. 

 

The first example shows a method for the calibration of Autonomous Industrial 

Mobile Manipulators (AIMMs) [29]. These robots can move around to perform 

different tasks and are easy to configure and program. When an AIMM changes work 

station it needs to be calibrated to the new location. This paper presents a way of 

using QR codes for a 3D calibration in less than one second and with an accuracy of 

about 4 millimetres. Accuracy is better if the third dimension can be dismissed. 

 

A second example shows a navigation system for blind people using QR codes [30]. 

It is an accessibility application for indoor navigation using smartphones. With this 

aim QR codes are situated on the floor in specific intervals which contain information 

about the current location. When one code is read the user is asked about the 

destination and the optimal way is offered via audio instructions. 

 

An application in the same field is a QR based system to help visually impaired and 

blind people to identify objects within an environment [31]. These objects are marked 

with a QR code and again by the use of a smartphone application and audio 

instructions the user gets the information. 

 

QR codes have also been used as a one-time password [32]. A one-time password 

makes it more difficult to gain unauthorized access to restricted resources. The 

infrastructure requirements and the fact that the hardware is not widespread make the 

current schemes impractical. This paper and its new scheme introducing QR codes 

eliminates the need for a password verification table. And since most of the internet 

users already have a smartphone it is a cost-effective solution to the problem.  

 

Another application for QR can be augmented reality (AR) [33]. Traditional AR uses 

particularly designed patterns (markers) which only include tracking and 

identification information; this limits its applications. The application will therefore 

take advantage of QRs information capacity and it will not change much in 

appearance since the codes are similar to the traditional markers. The combination of 

both technologies and a demo product, a way of visualizing products inside boxes in 

3D, are presented in the referenced article. 

 

The last example that will be analysed is a system for online banking authentication 

by the use of mobile-OTP and QR code [34]. The existing internet banking system is 
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exposed to hacking. Personal information can be leaked by Phishing or Pharming; 

among the appropriated information one can find IDs or passwords that must be 

protected. This paper proposes a new online authentication method which combines 

mobile OTP and QR code and provides a greater security and a more convenient user 

interaction.  

 

The different examples listed above not only show the wide range of applications of 

QR but reassures the use of this code in our application. QR has proven to be a good 

option when a secure solution is needed and if one considers example five [33] it is 

also a good way to get information out of a closed box, which is in essence what we 

are trying to do. 
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3 Project development 

This chapter is divided in two main parts; the setting up of the selected board and the 

image creation with the design and implementation of the application. 

3.1 Setting up the board 

As mentioned in previous chapters, the first thing to do in the project was to find a 

proper industrial PC that would fulfil the needs of the actual system and would be 

able to adapt to the new features about to be added. IPC 4 was selected with all this 

considered, an example of a box PC is shown in Figure 7.  

 
Figure 7 The exterior of a box PC. 

 

The next step was to create an image for the IPC, not only including the drivers 

needed for the board itself, but with Windows IoT installed and in which the laundry 

management server will launch on start-up. The image capture and creation of the 

bootable USB drive was done using the Symantec Ghost 12.0.0.8019 corporate 

edition. For that a base image provided by the supplier was used as the base image to 

which the LMIS server drivers and the server itself were added. The step by step 

procedure is explained in Appendix A. 

Once the new image was installed on the PC, the current system was executed and 

different machines were connected in order to see if the new system was able to detect 

different machines and if the application worked properly. Different tries and tests 

were carried out to verify this; connecting the system with no devices, adding devices 

that were, or were not, working or cutting the power to measure the recovery time. 

The board responded properly to the system set up, and recovery time after electricity 

break down was estimated to less than 40 seconds, which was a big step forward 

compared to the actual systems. 

3.2 Application 

When it comes to the application there is already an existing desktop application 

which will be taken as a basis for the new one. Since the application will run on 

smartphones with smaller screens some design changes need to be done. These 

changes are also important when considering the initial connection to the application. 

Since the new IPC will be equipped with a QR code, the logging system will no 

longer work as before.  

3.2.1 Design 

The main difference regarding the new features is the first connexion to the 

application, the logging system, getting the information from the user and making 
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the connection to the database. Once the system is set up the features of the 

application will be the same as before. 

 

Before starting with the design of the application some things need to be considered. 

The application will have two different types of users. The technicians from 

Electrolux who will know how everything works and should have full rights and 

access to all features of the applications and then the end users. The current 

application makes another differentiation among the end users, making it possible for 

them to create two more levels. When designing the new application this needs to be 

considered as a future feature and it will not be included in the first application.  

 

The main page of the app will be one with an Electrolux identification and a button 

for scanning the QR; this will open the reader and after verifying the information a 

screen for user information will be presented. The design of those screens can be seen 

in Figure 8. 

 

 
Figure 8 Design of the three first screens. 

 

The verification of the QR will be done in two steps. The first will consider the 

structure of the information obtained, making a difference between QR codes that are 

generated with the application in mind and any other code. The second step will not 

only differentiate users so that they do not have access to each other’s PCs but gives 

and extra security measure. For this the QR code printed on the PC will include the 

MAC address of the PC that it gives access to and a verification code based on this 

address. This is similar to the parity bit in data transmission that considers the number 

of the set bits on the transmitted data to set the parity bit to 1 or 0.  

 

After the necessary verifications the application will connect to the database. The 

most common way to make the connection is via a representational estate transfer 

(REST) based API [35]. There are different reasons for doing it in this way instead 

of as a direct connection: 

• Security: an API gives the opportunity to implement additional security 

checks and authentications. This can be used to restrict the access that a 

user has to the database. Unlike in the direct connection even in read only 

permissions one can choose what data the user can see. 
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• Performance: since database connections are likely to drop and force you 

to reconnect each time. 

 

• Control: not only about the flow of data both to and from the database. It 

also gives you the option to change the database or resources that are used 

via the API without redeploying the application. 

 

• Resources: it reduces the need for server resources and make future 

scalabilities easier. 

The REST API allows HTTP calls to get data from it. The returned data is in most 

cases in JSON format [36]. Examples of how to create a REST API can be found in 

[37] [38]. Once there is an API, a http client is needed; this can be done in Xamarin 

with HttpClient [39]. This gives the option to get and post from or to the database 

with the possibility of adding authentication headers. Another useful tool when 

receiving the data from the database is JSON.NET, which allows conversion of the 

received JSON response into an object inside the project [40].  

The first thing that the application needs to know from the database is if that 

connection is the first made and if the PC needs to be register or on the contrary if 

this step can be skipped. The first case will be directed to a screen similar to the third 

in Figure 8 where the company name, telephone number and address will need to be 

introduced. The screen will also include a button for getting the GPS location and a 

second button to save all the data and continue to the application.  

Once the registration is done the application will work similarly to the existing 

desktop application, navigating among tabs the user will have the opportunity to 

configure different features. The first tab will allow the user to visualize previously 

introduced data, and add a company logo and business hours. The second tab will 

manage the networks, giving the opportunity to see the status of the complete 

network or individual machines. Thus giving the possibility to activate, deactivate or 

update individual machines. The next tab will be used for email and SMS settings. 

The user will need its own email address but will be able to obtain SMS support for 

creating an account through the application. Another tab will allow the backup 

settings. The user will be able to choose manual or automatic updates to the database 

and in the latter case how often the updates are done. As mentioned previously, when 

the general system is working, user accounts also need to be configured and this will 

be done by adding an additional tab. 

3.2.2 Implementation 

After designing the application, an attempt to create the app has been done, but due 

to the limited time frame of the project not all the features have been implemented. 

The focus has been set on specific features; introducing images, scanning QR codes, 

reading information from screen, getting GPS location and navigating through 

different pages. The present application will therefore implement the features 

presented in Figure 8. 

The first step when developing the application is to create a new project considering 

the decisions made during the analysis of the background. In this case this means a 

blank application using Xamarin.Forms and selecting the shared projects as a tool for 

code sharing. This creates a solution with 4 projects, one general shared project and 
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one for each of the cosen platforms. The different pages of the app consist of two 

files. A xaml file that will define the appearance of the page and a xaml.cs file where 

the code for the needed action will be implemented.  

The main application initializes the app and gives the opportunity to add features for 

special cases as the start-up, when the app is on sleep or for resuming. After that the 

navigation page is directed to the main page which will consist of the Electrolux logo 

and a button. In order to properly add the image to the project the instance is done in 

the xaml file but the image file has to be included for each of the platforms: 

• Android: the image needs to be included inside the resources folder, different 

quality levels for the picture can be added in different drawable folders. In 

this case the image was introduced in the basic folder. 

• iOS and UWP: the image can be directly copied into the subproject.  

For the button one needs to specify the text that will be included in the screen and 

also give a name to the function that will be run when it is clicked (Figure 9). This 

function will afterwards be implemented in the xaml.cs file. 

 

Figure 9 Example of a button in XAML. 

In the case of this button the action required is to open the QR scanner. For this a 

NuGet, a package manager for .NET that allows to produce and consume packages, 

has been used. The Zxing.Net.Mobile.Forms NuGet based on the open source 

Barcode Library: Zxing (Zebra Crossing). This makes scanning barcodes as easy as 

possible for developers. In order for the package to work properly one needs to give 

camera permissions to each of the platforms: 

• Android: open the properties in the tab Android Manifest in the list of the 

required permissions; check the boxes CAMERA and FLASHLIGHT. In the 

case of Android, one also needs to add additional code in the MainActivity.cs 

and under On create one needs to add: 

 

And under OnRequestpermissionResult: 

 

• iOS : add the following key in the Info.plist (open the file with a xml editor): 

 

• UWP: in the package.appxmanifest under the Capabilities tab select 

Webcam. 

Once the QR is read a simple verification will be done; it will just make sure that the 

read data contains a specific string. If this is not the case a dialogue box will inform 
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the user about it. If the code is correct the application will navigate to the next screen. 

For this it is necessary to invoke the change of navigation page in the main thread. 

The new page will contain the boxes to enter the user information and a button to 

save this information.  

The next necessary step is to get the GPS location. Although it is not completely sure 

if a button will be needed or if the app will have to do it in start-up. At the moment a 

button will be added to the screen to get the user location and the result will also be 

shown in this screen. The GPS location will require the installation of a second 

NuGet; Geolocator [41]. It is a simple cross platform plugin to get GPS location. In 

order to use it in different platforms permissions and additional setup need to be 

considered: 

• Android: as with the previous NuGet the permissions need to be given 

through the android manifest inside the project properties 

(ACCESS_COARSE_LOCATION and ACCESS_FINE_LOCATION) and 

code needs to be added to the MainActivity.cs file, inside the method 

OnCreate: 

 

Inside OnRequestPermissionsResult: 

 

• iOS: the app requires another key in the info.plist: 

 

In the case that the app needs to support iOS 10 or earlier more code may be 

needed which can be found in [41]. 

• UWP: in the package.appxmanifest under the Capabilities tab select 

Location. 

As the computer used to build the project is a Windows PC the iOS part of the code 

has not been built or tried yet. The Android project has been successfully built but 

again the limitations of the laptop in use have made it impossible to properly execute 

the code in the Android emulator and although it does not seem to have any mayor 

issue when building the project, its proper behaviour and how the different pages will 

look in android have not been concluded yet.  

Unlike for the other two platforms the implemented parts have been build and tried 

on the windows emulator; the different screens of the app can be seen below: 
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Figure 10 Main screen of the aplication. 

 
Figure 11 QR reader blank screen. 

 
Figure 12 QR reader about to read the code. 

 
Figure 13 Screen for getting user information. 

 

The QR reader differentiates a valid code from one that is not and when saving the 

user information, the collected data can be shown in screen (or when the real features 

are implemented written down in the database). Moreover, the GPS location is 

correctly identified by the application. 

  



23 
 

4 Conclusions 

This section summarizes the conclusions that have been drawn during the 

development of this project.  

• The selected board and operating system fulfil the requirements and have 

proven to be good choices for the project. However, more research needs to 

be done in order to establish if a cheaper board can be found that still gives 

the same performance. 

• The image created works as expected when installing it on the board; the 

LMIS server starts on start-up and recognizes the connected devices.  

• Xamarin.Forms has proven to be a good way for multiplatform application 

and the Shared Project solution to share code among different platforms has 

been a good solution for this project. 

• The implemented features work as expected for Universal Windows 

Applications and the project builds properly for Android. 

Although some of the features have not been implemented and future work will be 

needed before setting up the final system, this project is a substantial first step 

towards the desired board, connections and application.  
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5 Future Work  

As mentioned in the conclusions, this was only the first step for the system setup. 

Among the improvements that can be carried out in the future provided that there are 

more resources and time, are: 

• Changing the board: The selected board fulfils the requirements and the 

company providing it gives a long-term guarantee for it but if the board needs 

to be commercialized a cheaper option would be convenient. 

 

• The image created is a basic image with the necessary features to make the 

current system work. In order to have a final image that can be run in different 

PCs, but will have unique identifiers regarding the LMIS server, the site ID 

needs to be deleted from the windows registry before creating the flash drive. 

 

• The application does not only need to be finished by adding the lacking 

features, but it also has to be tested for all the targeted platforms. The 

verification system of the QR codes needs to be improved in order to improve 

security. 
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Appendix A 

Creating an image for the box PC 

As mentioned in the document the tool used for the image creation has been Symantec Ghost. 

A tool that allows both to create and image of a current system or load an image to a particular 

device. The board had a basic image with the drivers and Windows IoT enterprise included 

on it. So, the first step before creating the bootable drive was to modify the system to the 

wanted configuration. For that the LMIS server was installed with all the drivers and the 

service was set to start on start-up. Once the required configuration was achieved the Ghost 

application needs to be run. In the screen that pops up one chooses in the menu Local, Disk, 

To Image (Figure_ 1). 

 

 

Figure_ 1 Step one to create bootable drive. 

This will open a new dialog box with the different drives currently available Figure_ 

2. After selecting the drive the saving dialogue will appear and the location where 

the image will be stored and the name can be chosen Figure_ 3. 

 

 

Figure_ 2 Step two to create bootable drive. 
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Figure_ 3 Step three to create bootable drive. 

At this stage the bootable drive is ready for use in other boards. In order to get access 

to the USB flash the BIOS settings need to be changed to running from the external 

drive. In this case the computer will automatically load the initial dialogue. From this 

dialogue one chooses Local, Disk and in this case From Image (Figure_ 4).  

 

Figure_ 4 First step to load the image. 

After this step the drive to which the file has to be copied is selected and the details 

of the destination drive are shown in screen. To finish, the image is loaded and the 

user will get a board with exactly the same features as the one in the drive. 
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Figure_ 5 Select the destination drive. 

 

Figure_ 6 Details of the destination drive. 
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Appendix B 

Shared project of the application 

 

This appendix consists of the code of the implemented application. It shows the code of each 

of the screens both in xaml (where the layout is defined in this case) and the xaml.cs (where 

the methods are implemented). At this stage, the first page (Figure_ 7 and Figure_ 8) is 

only used to initialize the component and make the transition to the first screen.  

 

Figure_ 7 app.xaml.cs. 

 

Figure_ 8 app.xaml. 

The second page, will be the main screen for the user, consisting of the logo and the 

button (Figure_ 9, Figure_ 10 and Figure_ 11). 
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Figure_ 9 MainPage.xaml.cs 1. 

 
Figure_ 10 MainPage.xaml.cs 2. 

 

 
Figure_ 11 MainPage.xaml. 
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The third and last implemented page will be responsible for geting user information 

and location. 

 

 
Figure_ 12 GetUserData.xaml.cs 1. 

 

 
Figure_ 13 GetUserData.xaml.cs 2. 
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Figure_ 14 GetUserData.xaml 1. 

 
Figure_ 15 GetUserData.xaml 2. 

 
Figure_ 16 GetUserData.xaml 3. 


