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摘  要 
现今，对于处理物理访问控制有许多不同的方法。 虽然 RFID卡和标签作为

传统方法仍为主流的解决方案，但在过去几年中，各公司开始专注于利用大多数

人随时随地携带的设备来处理访问控制，如智能手机，平板电脑或智能手表。 本
论文伴随着 BRP Systems公司的项目一起进行，该公司主营业务系统的研发与销
售，其中主要方向是健身业务 。在该公司的产品套件中，有一个针对在健身房
预约健身课程的应用。 在本论文中，该预订健身课程的应用被重建为原型，并
增加了解锁健身房门和查看健身状态的功能。此程序用 Android 的 React Native
开发完成，并使用不同的技术实现了三个不同的版本，其目的都是感知用户是否

在门边 ，三个技术分别是 iBeacon，GPS 和 QR 码。 iBeacon 和 GPS 版本的应
用程序是通过判断用户的设备是否在靠近门外的位置来确定是否给予其解锁权

限。当应用程序在后台运行时，该行为会有本地推送 。 QR码版本的程序则是
通过让用户扫描门上的 QR码来解锁健身房门。当门被解锁之后，用户也可以报
到登记其注册的健身课程 。该系统的各个不同版本已被 BRP Systems公司的一
位客户测试，以评估其可用性。 作为结论，一个高可用性的程序可以使用 React 
Native 中所有已被测试的技术来进行构建 。为使系统能够实际使用，必须考虑
其他的一些因素，诸如安全性及可维护性。 使用 React Native 来构建系统有可
能有较高的风险，因为这是个由开源社区开发的库来支持的一个相对新的框架。 
 
 
 

关键词：物理访问控制，React Native，iBeacon，GPS，QR code 
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Abstract 
Today, there are many different ways to handle physical access control. RFID 

cards and tags are still a major solution but during the last years the market have been 
focusing on taking advantage of the devices that most people always carry with them, 
such as smartphones, tablets or smartwatches. 

This thesis has been carried out together with the company BRP Systems. They 
develop and deliver business systems to mainly the fitness business. In their product 
suite there is an application for booking workout sessions at these facilities. 

In this thesis their booking application has been rebuilt as a prototype and the 
functionality of unlocking the door and checking into workout sessions has been added. 
The application has been developed in React Native for Android and has been 
implemented in three versions using different techniques to sensor the users position 
at the door. The techniques are iBeacon, GPS and QR code. The iBeacon- and GPS 
versions work by allowing the user to unlock the door when standing outside it. A local 
notification will be pushed if the application is in the background. The QR code version 
allows the user to scan a QR code at the door to unlock it. When the door has been 
unlocked the users can also check into their booked workout sessions. The system and 
the different versions have been tested at one of BRP Systems customers to evaluate 
the usability. 

The conclusion is that an application with high usability can be built with all tested 
techniques in React Native. For the system to be used several other factors such as 
security and maintenance has to be considered. The choice to use React Native might 
be of high risk since it is a relatively new framework relying on community developed 
libraries. 

 
 
Keywords: Physical access control; React Native; iBeacon; GPS; QR code 
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Chapter 1 Introduction 

1.1 Background 

Today 77% of the people in Sweden have a smartphone and this is likely to 
increase [1]. We are moving into a mobile society. Having a computer at your hands 
at all times opens up for new solutions to old problems. Today there exists a wide range 
of methods for handling physical access control and identification. Access cards using 
RFID is still a major solution but with techniques such as NFC and Bluetooth the 
smartphone could act as a smart card giving the user the benefit of not having a specific 
card for each of their identification purposes. It is still not clear what the future in this 
field will look like but it is clear that there is a big demand from younger people to 
only use one device for their access and identification purposes.  

BRP Systems is a company that delivers business systems that mainly target the 
fitness business. Their product is mostly used at fitness facilities. In their product suite 
there is an application for booking workout sessions at these facilities. Today they have 
a high purchase and maintenance cost for hardware required to handle entry to the 
building and checking in to a workout session. This hardware consists of for example 
access cards, tags and readers for entry at the door and printers and computers for 
generating a receipt when checking into a session. The problem description is to find 
a solution that eliminates or minimizes the use of hardware. Most customers already 
have an application that is used to book workout sessions. This application could be 
further developed into handling the entry at the door and checking in to the workout 
session. A solution that does not require extra hardware for the users could be 
developed using iBeacon, GPS or QR code. This solution would only require the 
application and a smartphone which most users already have. A usability evaluation of 
the system based on these three different techniques could be done by testing and 
comparing the different systems in a real environment. 
 

1.2 The purpose of project 

The motivation for writing this thesis is to find a solution with high usability for 
BRP systems that do not require extra hardware for their customer’s end users when 
accessing and checking in to fitness facilities. This could lower installation and 
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maintenance costs for BRP systems. They could also offer this solution as a selling 
point or alternative to other hardware based solutions. 

The solutions that will be evaluated will be based on iBeacon, GPS and QR code. 
The implementations will be fitted into BRP systems system for booking workout 
sessions and a usability evaluation will be conducted in a real user scenario.  

BRP Systems wants to move away from native mobile application development 
because they believe they have higher skills in web development. For this reason, the 
new application will be developed with the cross-platform framework React Native. 
The thesis will investigate how React Native can be used to sensor a user’s position 
with the three different techniques. 
 

1.3 Research question 

1. How can a smartphone application for unlocking doors and checking into 
facilities be implemented with React Native giving the benefit of higher usability than 
using physical access cards? 
 

1.4 Delimitations 

The system will be implemented around an existing system that BRP systems 
provides. For example, an existing API for handling the unlocking of the doors will be 
used. The evaluation will be based on a small user group and mostly look into usability. 
A smaller evaluation about security will be done based on theory and written literature. 
The application will only be built for Android with React Native. 

 

1.5 Main content and organization of the thesis 

 The thesis will investigate how a smartphone application for unlocking doors and 
checking into fitness facilities can be implemented with React Native. A high focus 
lies on investigating the usability of such a system. The thesis starts off with giving 
some background to the project and what the purpose will be. In the next part some 
related theory is given that is necessary to make such an investigation. In the following 
chapter the method of the study is described. The method has three separate sections 
which are the pre-study, the implementation and the evaluation. Next follows the 
system requirement analysis in which the system requirements are identified based on 
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the pre-study. The requirement analysis then serves as a guide in the system design 
phase. After this the implementation of the system is described and then follows the 
evaluation of the system based on usability tests. At last the results from the evaluation 
is discussed and finally a conclusion is drawn. 
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Chapter 2 Theory 

Here the theory needed for this thesis is presented. First there is an introduction 
about physical access control trends. Secondly there is a section about the framework 
React Native which will be used to implement the application. Then follows some 
theory about iBeacon, GPS and QR code focusing on how these techniques can be used 
in this thesis. At last there is a section about usability evaluation methods and 
techniques. 
 

2.1 Access control trends 

Today there exists a lot of different ways to handle physical access control. RFID 
cards and tags are still a major solution but the last years the market have been focusing 
to on taking advantage of the devices that most people always carry with them such as 
smartphones, tablets or smartwatches. By utilizing techniques such as NFC and 
Bluetooth these devices can now act as smartcards. Since the beginning of 2000 
different solutions to unlocking doors have been made available to the public in 
different parts of the world but the transition has not been so smooth and fast as it 
could have. There are several reasons for this. Smartcards are still seen by many as a 
good enough solution. These cards can for example be seen as a personal badge at 
companies. A card with a picture may give the personnel a certain feeling of 
responsibility giving strength to corporate culture [2] [3]. Another reason is that there 
are many different devices on the market that need support. It has been hard for the 
card reader companies to bring a reader that is compatible with all devices [3] [4]. 
Another issue is that for large companies with many readers the cost of upgrading their 
readers is preventing them from doing so. The trend with mobile access control seems 
to have had a larger impact on smaller companies with few readers [4]. NFC started to 
appear in mobiles in 2009 [3]. It was long thought by many to be a leading technology 
in mobile access control but it has failed to take over because of apple not allowing 
their iPhone NFC chip to be used by outside vendors. In their new phones they use it 
only for Apple Pay [4]. 
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2.2 React Native 

Since the aim of this study is to implement an application on a smartphone using 
React Native some background theory about this framework is needed. One reason for 
this is to learn if there are any limits of what can be achieved for example when it 
comes to using Bluetooth for iBeacon, GPS and the camera for QR code scanning, and 
especially using the techniques in the context of unlocking doors. 

Today companies usually have to develop two different set of applications to 
support both the Android and iOS platforms. React Native is one of several new 
frameworks for building cross-platform applications by using the same codebase. 

React Native was developed by Facebook and released as open-source in 2015 [5]. 
It lets you build Android and iOS applications using native UI elements through the 
use of JavaScript. There are several potential benefits with this approach compared to 
writing native applications. With React Native you will be able to share the codebase 
for both applications. This way you don’t have to learn two separate programming 
languages such as Java for Android and Objective-C or Swift for iOS. Another benefit 
is that maintenance cost could be lowered by the fact that you only have to maintain 
one application instead of two. React Native could also potentially speed up the 
development by enabling instant updates of the changes instead of recompiling each 
time. 

In a recent study by Danielsson [6] comparing React Native to native Android 
development it is stated that as long as the application is not too complex, the 
development with React Native is uncomplicated and easy. Another recent study by 
Hansson el al. [7] investigates the effects on performance and usability of using React 
Native. It concludes that performance differences compared to native apps are small 
and that the look and feel of the application is close to identical. A bigger problem 
might be that there are a limited number of native components ready to use. The study 
states that the framework has an active community of developers that contribute with 
open source components. The usage of these plugins are stated as a risk since anyone 
can contribute to them. Since they are of varying quality you may be forced to 
customize and quality assure these plugins if you decide to use them.  
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2.3 iBeacon 

Beacons are devices that use Bluetooth low energy technology to broadcast 
themselves to nearby devices such as smartphones. These are often used to make 
location based applications such as indoor positioning systems. Another popular usage 
is for companies to use them in stores to push advertisements or special offers based 
on location within the store. iBeacon is a protocol developed by Apple introduced in 
2013. These beacons could possibly be used both for triggering a notification for 
unlocking the door and as a notification trigger for checking in to a workout session 
inside the building. 

 

2.3.1 Using iBeacon to unlock doors 

A recent study by Andersson [8] evaluates the possibility of using devices with 
iBeacon technology together with a smartphone to unlock automatic doors. It explores 
several potential problems such as power consumption, latency and the possibility of 
only unlocking the door when approaching it from the outside of the building. The 
study concludes that the energy consumption is low and has sufficiently low latency. 
It investigated a solution with two beacons, one on either side of the door, to establish 
which side of the door the user is. The conclusion is that this is not easily done since 
the signal strength varies to much over time and is easily affected by the environment. 
The author has a discussion about this problem and suggest using one beacon, 
configured with a weak signal, on the outside and placing it a distance from the door 
where the signal is too weak to reach the inside. Another suggestion is to prevent the 
signal from reaching the inside by the use of shielding.  

 

2.3.2 The iBeacon advertisement format 

The iBeacon devices broadcast themselves by a package containing four 
configurable main parts together with an apple defined iBeacon prefix. In Figure 1 you 
can see it’s different parts. 
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Figure	1:	iBeacon	advertisement	format	

 
 
The four variable parts are the universally unique identifier (Proximity UUID), 

major, minor and power measurement (TX power). The UUID is usually the same for 
all beacons used by a company or at a specific location. The major and minor parts are 
used to differentiate different subsets within the same company or location. The power 
measurement is used to determine the approximate distance to the beacon. Since the 
package is sent openly it could easily be spoofed. That is, it could easily be copied and 
reproduced, for example be put into another beacon. This should not be seen as a 
security flaw in itself. Instead it leaves the security to be handled by the application 
using the beacons itself. 
 

2.3.3 Monitoring vs Ranging 

There are two different ways in which applications can interact with beacons. 
Monitoring allows you to detect when a device enters or exists a region defined by a 
set of beacons. In other words, it allows you to scan for a region composed by one or 
several beacons. With ranging you can be more specific, it allows you to see the 
proximate distance to all individual beacons in range. However, there are some 
limitations to ranging compared to monitoring. With ranging you can only detect 
beacons when the application is running, either in the foreground or background. Also, 
on iOS the application will be suspended when the user navigates out of the 
applications or hides behind the lock screen. This limits the use of ranging in a 
background application to Android. Monitoring on the other hand, will work if the 
application is suspended or even killed. The only requirement is that the application is 
installed. There are some limitations to monitoring though. It will only detect enter 
and exit events of the region. It also doesn’t give any information about which beacon 
triggered the event in the set of beacons that composes the region. It is also not as 
responsive as ranging. In some scenarios when the application has been killed for a 
long time there might be a delay of a few minutes [9] [10]. 
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2.4 GPS 

Using GPS in smartphones for location based applications is today a very well-
known feature. It is hard to find any major solutions for unlocking doors that rely on 
only GPS. Many hobby projects on smart homes exist such as using GPS location to 
make you house welcome you [11].  

A reason for not using GPS might have to do with a lack of security. The biggest 
security flaw may be that GPS is really easy to spoof today. There are many 
applications available in the appstores which can be used to spoof your position in a 
trivial way [12]. 

Another issue with GPS might be the inaccuracy of the position. GPS is not to be 
relied upon inside a building and especially if you want your location to also take 
altitude into consideration [13]. Because of this there is no way to rely upon a solution 
that would trigger a notification inside the building. The notification for checking into 
a workout session must then be triggered at the same time, that is when the user enters 
the building. 
 

2.5 QR code 

QR code (Quick response code) is a two-dimensional matrix barcode first designed 
for the automotive industry in Japan. It allows for smartphones to act as scanners by 
the use of their cameras. QR code could possibly be used both as a solution for 
unlocking the door but also to trigger a notification for a user checking into a workout 
session. A study by Kao el al [14] published in 2011 proposes a solution for an 
authentication method for physical access control using a mobile phone and QR code 
technique. The solution uses a OTP (One Time Password) to generate a QR code that 
is then sent to the user. This solution would need some sort of computer with a camera 
to scan the image at the door. This would give the user the benefit of no extra hardware 
such as an access card but a camera solution would still need to be installed at the door 
which could be expensive. Another solution would be to have a computer at the door, 
for example a raspberry pi with a screen where a new QR code is generated at a certain 
interval. Depending on security requirements the solution could take different forms. 
If low security is accepted a solution with a printed QR code, requiring no extra 
hardware, could be used. Scanning the QR code could trigger a request from the 
smartphone to the lock. This would lower the cost of the systems but be easy to misuse 
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since the QR code could easily be photographed and thus making it possible to scan it 
and unlock the door from any location. 
 

2.6 Usability 

Usability is a term that is not clearly defined in the field of software engineering. 
Many attempts have been done to reach a common definition between researchers but 
it still seems as if different researchers have different views on usability. Abran et al 
[15] has written an article on usability meanings and interpretations in ISO standards. 
They state that the term usability is often used to refer to a set of different aspects such 
as execution time, performance, user satisfaction or learnability.  

Holzinger [16] has written an article about usability engineering methods for 
software developers. He states that there are generally five different aspects that affect 
the usability of a software system and that these aspects are widely accepted. Matera 
et al [17] describe the same aspects in the following way: 
 

• Learnability – the ease of learning the functionality and behaviour of the system. 
• Efficiency – the level of attainable productivity, once the user has learned the 

system. 
• Memorability – the ease of remembering the system functionality, so that the 

casual user can return to the system after a period of non-use, without needing 
to learn again how to use it. 

• Few errors – the capability of the system to feature a low error rate, to support 
users making few errors during the use of the system, and, in case they make 
errors, to help them recover easily. 

• User’s Satisfaction – the measure in which the user finds the system pleasant 
to use 

 

2.7 Usability evaluation 

Just as there are many definitions of usability there are many usability evaluation 
techniques focusing on different aspects of usability. Holzinger [16] present several 
different evaluation techniques aiming to cover the different aspects of usability 
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qualities that he has identified. These evaluation techniques are divided into either 
inspection methods or test methods. 

 

2.7.1 Inspection methods 

Inspection methods are used to identify problems with user interfaces. The purpose 
of these inspections is to find out if the design is logical and follow common standards. 
These inspections involve experts in the field such as other developers. Holzinger 
presents three inspection methods being heuristic evaluation, cognitive walkthrough 
and action analysis.  

Heuristic evaluation is the most common method using experts to judge the user 
interface in an informal manner. An inspection is usually done by letting an expert go 
through each interactive component several times and comparing it with established 
standards. This is usually done with a minimum of three experts without them having 
any discussion before or during the inspection. One of the good things about this 
technique is that it can be used early in the development process. Nielsen has written 
an article [18] about heuristic evaluation and how to conduct one. In this article he 
states that heuristic evaluation alone is usually not enough to find problems that may 
be found by user testing. This is especially a risk if the system is highly domain-
dependent. He therefore recommends combing heuristic evaluation with a user testing 
method.  

Cognitive walkthrough is a method that focuses on the system functionalities by 
letting an expert perform tasks in a step-by-step manner. It has a focus on cognitive 
aspects such as learnability, analysing what mental processes are involved when 
performing the tasks. It tries to take the end users perspective without involving them 
in the process.  

Action analysis is a method where the focus lies on what the users do more than 
what they say they do. Compared to task analysis it is more detailed focusing on small 
actions such as moving the mouse or clicking a button. It gives detailed information 
about how a task is performed but may be very time consuming and require high 
expertise. 
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2.7.2 Test methods 

Test methods are techniques that use real end users to get the direct information 
about their usage and feelings about the system. Holzinger takes up three common test 
methods being think aloud, field observation and questionnaires.  

Think aloud is a method where end users use the system while saying aloud what 
they think and do. Holzinger states that this is the most valuable usability engineering 
method. One advantage over a retrospective report by the user is that the user does not 
have to rely on memory. It also gives the information of why a user do what they do. 
In this way misconceptions about the usage of the system can be found.  

Field observation is a method were you observe the end user in their natural 
working conditions. The main focus of observation is often to find major usability 
problems. There are different ways to do observation, common for all is that you have 
to take notes or collect the data and not interfere with the users while doing so.  

Questionnaires can be used to query the user about their subjective satisfaction 
about the system. An advantage with this method is that you can identify the users 
preferred preferences and satisfaction with the system. The questionnaires can also 
easily be used to compile statistics which can help when comparing different 
implementations. 
 

2.8 Usability evaluation using SUS – The System Usability Scale 

The System usability scale is a ten-item questionnaire designed to give a global 
view of subjective assessments of usability. It was designed to be both simple and cost 
effective. It was developed by John Brooke in 1986. It focuses on the following aspects 
of usability: 
 

• Effectiveness – The ability of users to complete tasks using the system and 
the quality of the output of those tasks. 

• Efficiency – The level of resources consumed in performing tasks. 
• Satisfaction – The user’s subjective feelings of using the system 

 
For each of the ten statements the user shall give an answer to how much they agree. 

The answer is given on a scale from 1 to 5 where 1 corresponds to “strongly disagree” 
and 5 to “strongly agree”. The questionnaire should be filled in by a user after the tasks 
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are performed and before they have had any chance to discuss it. The users shall not 
take a long time to think about each question but rather fill in their immediate feeling. 
If a user feels unsure about an answer they should choose the middle of the scale. [19] 

The answers can afterwards be calculated to a single number score for the overall 
usability of the system. This score is calculated by a formula and then multiplied by a 
scalar to give a value between 0 and 100. This score could then be used to compare 
systems also even if they are not similar to each other. The SUS score is calculated in 
the following way: 
 

• For every odd numbered question: subtract one from the score 
• For every even numbered question: subtract the score from five 
• This will give every question a score of 0-4 instead of 1-5 
• Summarize the scores for the user 
• Multiply them by 2.5. This will give a score between 1-100 instead of 1-40 

[20] 
 

It is important to note that this value is not a percentage. It is more like a scale 
reaching from negative to positive allowing relative judgements between systems. A 
SUS score of 68 is considered average. To determine how good or bad a system is 
there is an adjective-scale proposed by Bangor et al [21]. This scale can help to 
interpret what an individual SUS score means. The scale was developed by analysing 
nearly 1000 SUS scores and finding that the adjective rating was highly correlated with 
the SUS scores. In Table 1 you can see what the different SUS scores gives in an 
adjective rating. 
	

Table	1.	Adjective	rating	and	SUS	scores	

Adjective	 SUS	score	

Worst	imaginable	 12.5	
Awful	 20.3	
Poor	 35.7	
Ok	 50.9	

Good	 71.4	
Excellent	 85.5	

Best	imaginable	 90.9	
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2.9 Usability evaluation using UEQ - User Experience 
Questionnaire 

The User experience questionnaire is a 26 item questionnaire designed to evaluate 
the usability of a software system. The items are sorted under six scales where 
attractiveness contains 6 items and the other 4. The scales are: 

 
• Attractiveness – What is the user’s overall impression of the product 
• Perspicuity – Is it easy to learn how to use the product? 
• Efficiency – Can users solve tasks easily? 
• Dependability – Do the users feel in control? 
• Stimulation – Are the users motivated and excited about the system? 
• Novelty – Do the users feel that the system is innovative and catching an 

interest? 
 
An example of an item is annoying/enjoyable which belong to the scale 

attractiveness. Another example is slow/fast which belong to the scale efficiency. The 
26 items are to be rated by the user on a linear scale where -3 is the lowest score, 0 is 
neutral and 3 is the highest. 

It is highly suggested that when applying the UEQ as part of a usability test that 
the participants fill in the questionnaire immediately after conducting the user test. It 
is also important that there is no discussion either between the participants or between 
the participants and the person conducting the test. The UEQ is suitable for comparing 
the user experience of two different systems or versions of a system. This can be done 
fairly easy with statistical comparison. A problem might occur when comparing a new 
version of a product with an old system. If the users won’t have time to familiarize 
themselves with the new version the change in itself might influence the results in a 
negative way because the users make assumptions based on the old system. The UEQ 
could also be used to measure if a system has sufficient user experience without 
comparing it to another system. This can be done by comparing it to an offered 
benchmark established by the UEQ. This benchmark gives the system one of five 
categories being excellent, good, above average, below average and bad. The 
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benchmark was created using 163 product evaluations with a total of 4818 participants. 
[22] 
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Chapter 3 Method 

This part of the thesis describes the method used to reach the results. The method 
is divided into a pre-study which includes a literature study and system analysis, an 
implementation phase and at last the method used for the usability evaluation of the 
implemented system. 

 

3.1 Pre-Study 

The pre-study was divided into two major parts. The first part was a literature 
study were the goal was to find different techniques that could be used to minimize the 
use of hardware when using smartphones to unlock doors and access buildings. Since 
the application was to be implemented with React Native it was also of big importance 
to research if these techniques could be used and find out if there were any limitations. 
The literature study also focused on finding a good framework for conducting usability 
tests. 

The second part of the pre-study was more technical. This part focused on learning 
about the existing environment in which the application should exists. This included 
conducting informal interviews with employees at BRP systems. This phase could also 
be seen as a system analysis. 

The results from the literature study and system analysis were then used as input 
to create a set of requirements for the new system. These requirements were discussed 
and written together with BRP Systems. 

The results from the requirements and previous phases were then used as input to 
the design phase. In this phase the overall architecture was designed using common 
UML diagrams. The design was iterated several time before the implementation started. 

During the whole pre-study there was also a big focus on learning React Native. 
There was a lot of research and testing done to become comfortable with using this 
framework for the implementation. 
 

3.1.1 Literature study 

 The literature study focused on four major subjects. Physical access control, React 
Native, the three techniques to be used and usability evaluation. These subjects where 
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used as keywords when searching the internet and different portals such as Google 
Scholar for scientific papers. To complement the scientific papers other sources were 
also looked into such as blogs, newspapers and forums. 
 

3.1.2 System Analysis 

Here the current system was analysed to provide input on how to fit the new system 
into the surrounding environment. For example, this included understanding the API 
for handling the unlocking of the door. To gather information about the current system 
interviews were held with developers at BRP system. 
 

3.2 Implementation 

The implementation phase of the project consisted of developing the application 
based on the pre-study and system analysis. 
 

3.2.1 Development process 

The work was conducted within four 2-week sprints with set goals for each sprint 
keeping an agile approach. The development was done in an iterative manner where 
each phase ended with a heuristic evaluation of the current application. This was done 
to keep the usability of the system in focus, trying to stay out of blind alleys. Each 
sprint started with a sprint planning meeting. In these meetings the tasks for the sprint 
were fleshed out and placed in a feature backlog. These features were then broken 
down to smaller tasks that were put on a scrum task board. At the end of each sprint a 
sprint review meeting was held. 
 

3.2.2 Implementation conditions 

Here the different technical conditions such as frameworks and packages, and 
experimental conditions such as development tools are presented.  
 
Technical condition 

• React Native 0.37.0 [5] 
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o Watchman 4.1.0 [23] 
o Node.js 7.0.0 [24] 
o Redux 4.4.6 [25] 
o Apisauce 0.6.0 [26] 
o react-native-router-flux 3.37.0 [27] 
o react-native-camera 0.8.0 [28] 
o react-native-beacons-manager 1.0.3 [29] 
o react-native-push-notification 2.2.1 [30] 

• Java (for BRP Systems API) 
 

Experiment condition 
• Operating system: MacOS Sierra Version 10.12.3 
• Xcode Version 8.2.1 
• Atom Version 1.12.7 [31] - A free open-source cross-platform text editor 

developed by GitHub. This editor was used to write the code. 
• Chrome developer tools [32] – Chrome Developer Tools is a debugging tool 

built into Google Chrome. With React Native his can be used to debug the 
JavaScript Code in React Native applications remotely. This will be used both 
for debugging in simulators and on real devices. 

• Genymotion Version 2.8.1 [33] - An Android emulator for emulating Android 
devices on a computer. This was chosen because it’s faster than the emulator 
that comes with the Android SDK. 

o Samsung Galaxy S6 – 6.0.0 – API23 – This was the emulated device 
mostly used throughout the project 

• Huawei Honor KIW-AL10 – 6.0.1 – The physical Android phone used for 
testing 

• Estimote Proximity Beacons [34] 
 

3.3 Usability evaluation 

To determine the usability of the product a good usability evaluation framework 
is needed. It is important to introduce the usability testing early in the process as well. 
There were testing done during development and with real end users in the end.  
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To evaluate the usability of the system a combination of inspection and test 
evaluations was used. During the implementation phase of the project an inspection 
method was used that was inspired by heuristic evaluation. These inspections were 
conducted at each sprint end with developers at BRP System acting as experts. This 
method was chosen because it took a low effort compared to the value of the input 
given. Compared to methods such as cognitive walkthrough and action analysis this 
method is easier to apply and was therefore chosen given the narrow timeframe. 
When the implementation was finished a usability test evaluation was conducted using 
the System usability scale. An approach with using a questionnaire was chosen over 
for example a think aloud or observation because the interest was in the user’s 
subjective satisfaction using the system. Both think aloud and field observation might 
be better suited for finding problems with the system. The intention was to find such 
problems during the development phase using heuristic evaluation with experts. The 
system usability scale was chosen as the questionnaire over for example the UEQ 
because it contained less questions, 10 instead of 26, and because a lot of the questions 
in the UEQ cover the same aspect of usability. This was done with the assumption that 
it would keep the end users more motivated to fill in the responses in a serious and 
thoughtful manner.  
 

3.3.1 Test evaluation using SUS 

The evaluation was conducted by using SUS - The System Usability Scale 
described in the theory. The usability test was conducted with 24 users at one of BRP 
systems customers in Linköping. The users were people that previously had been using 
the older system were an access card was used to unlock the door. The users were 
given a task where they had to unlock the door and then check into a workout session. 
Directly after the tests were conducted they were asked to fill in the SUS-questionnaire 
with the 10 statements. The users were encouraged to fill it their immediate answer 
and not spend too much time to think about each question. They were also instructed 
to answer every question even though they felt insecure about the question. If the users 
would not know what to answer they were encouraged to give a response in the middle 
of the scale. 
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Chapter 4 System Requirement Analysis 

This chapter presents the system requirement analysis. 

4.1 Requirement Analysis 

The requirements will be divided into three different ambition levels. This is 
because of the hardship of estimating the implementation hours required for the 
different functionalities. The first ambition is to evaluate the usability of unlocking the 
door without any extra hardware using iBeacon or GPS. A second ambition level is to 
evaluate unlocking the door using QR code. The third ambition level is to enable the 
users to check into workout sessions.  

Since most end users of BRP Systems have a booking application for booking 
workout sessions the new functionalities for unlocking the door could ideally be 
implemented in the existing application. This will not be the case for this thesis. Instead 
the old application will be rebuilt using React Native. The reason for this is that BRP 
Systems is looking to rebuild their old application with a hybrid framework based on 
JavaScript. Since they are looking to do this in a near future they prefer to get an 
evaluation of how good React Native is for this purpose through this thesis.  

For the first and second ambition levels the old application will be rebuilt in React 
Native but with mocked data for the old functionalities. For example, the booking view 
will be rebuilt visually but you won’t be able to actually book workout sessions. The 
reason for this is to get the users that will evaluate the different techniques to recognize 
themselves in the old application that they are already familiar with. For the third 
ambition level the old applications view where you are able to see your bookings will 
be rebuilt to also support checking into workout sessions. This will require real 
interaction with BRP Systems API and data as opposed to mocked workout sessions.  

To speed up development the focus will be to write a working Android application 
in favour of one for iOS. This is because of the priority to evaluate the usability of the 
different techniques compared to evaluate the framework in itself. 
 

4.2 The functional requirements 
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First ambition 
FR1: The user shall be able to unlock the door from the outside with the application 
FR2: The door shall be able to unlock when the user is within a certain region from 
an iBeacon 
FR3: The door shall be able to unlock when the user is within a certain region based 
on GPS 
FR4: The application shall trigger a local notification when the user approaches the 
door and the application is in the background 

 
Second ambition 

FR6: The user shall be able to scan a QR code to unlock the door 
 
Third ambition 

FR7: The user shall be able to check into their booked workout session after 
unlocking the door 

 

4.3 The non-functional requirements 

NFR1: The application shall be implemented in React Native 
NFR2: BRP Systems booking application shall be copied by looks 
NFR3: The door shall be able to be unlocked within 2 seconds when stepping into 
the defined region for iBeacon and GPS. 
NFR4: The QR code shall be able to be scanned within 2 seconds 
NFR5: The notification shall not be triggered unnecessarily for example when the 

user approaches the door from the inside after a workout session 
 

4.4 Use cases 

In Figure 2, four use cases pertaining to the existing booking application have been 
identified. 
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Figure	2:	Use	case	diagram	of	the	bookings	application	with	two	new	use	cases	

 
These use cases are then complemented with two new ones to create the wanted 

system. The old use cases all reflect their own view in the old application and are 
described here: 

 
• Book workout sessions – A user filters a list of workout session by different 

centers and different dates. The workout sessions are listed with their name 
and contains information about time, description of the workout sessions 
and the number of slots available. The user then makes a booking of an 
upcoming workout session. 
 

• Show user bookings – A user’s bookings are shown, that is a user’s current 
bookings with workout sessions that are to be joined. 

 



 Thesis for Master’s Degree at HIT and LiU 

25 

• Show info about centers – Info about a center is shown. This info is 
supposed to be written by the centers themselves and gives them a chance 
to give specific information to their customers. 

 
• Show booking history – A users booking history is shown. Here the users 

can see their old bookings, that is workout sessions that has already been 
attended. 

 
The new use cases are divided into different ambition levels and are described 

more thoroughly here: 
 

• Unlock Door – A user approaches a locked door from the outside. For 
iBeacon and GPS, if the application is in the background a local notification 
is triggered. The notification asks if the user wants to unlock the door or 
takes the user into the application where the option to unlock the door is 
given. If the application is active an unlock-door selection is made 
available in a designated view for unlocking doors. For QR code there is 
no notification since there is no way to know if the user approaches the 
door. Instead of a screen with an option to unlock the door there is a screen 
with a QR scanner which allows the user to scan a QR code. When the code 
is scanned the door is unlocked. 

 
• Check into workout session – A user that has a booked workout session 

unlocks the door with the application. After unlocking the door, the user 
gets the option to check into the workout session. This is the same for all 
three techniques to unlock the door. 

 

4.5 Brief summary 

This chapter has described the system requirements for the application to be 
implemented. Three different ambition levels have been identified and explained. All 
functional and non-functional requirements for the application have been listed. The 
use cases of the old system have been identified and two new use cases have been 
created. 
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Chapter 5 System Design 

This chapter presents the design of the system. First there is a section about the 
mobile application that will be built. Secondly there is a section about the BRP REST-
API which will be used. Then follows the systems design of the three different 
ambition levels. 
 

5.1 Mobile application 

The mobile application will be built with the framework React Native. To 
speed up the development process and initial setup the starter kit Ignite [35] will 
be used. This is a popular boilerplate for building applications with React Native. 
It uses many common libraries such as Redux [25]. It contains best-practices and 
examples of components and containers. Ignite will be used for the new application 
to give it a starting structure with best practices. Redundant code that is not used 
will be removed. Redux is a state container for JavaScript Applications. It’s a 
popular library for handling the state in React and React Native applications. It 
will be used for this purpose. 

 

5.2 BRP REST-API 

To unlock a door at a facility the already existing REST-API provided by BRP 
Systems will be used. This API supports unlocking doors by sending a POST 
request given an API-key and a card number ID. This API will also have to be 
extended in different ways depending on the different techniques. For example, to 
be able to use beacons as a way of determining that a user is at a door the API may 
have to be extended to include information about the beacon identifier. The API 
will also have to be extended to support checking into workout sessions. 

Note that the security of the application relies on the user needing an access 
key to call the API. 
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5.3 First ambition 

The first ambition is to evaluate the usability of unlocking the door without 
any extra hardware using iBeacon or GPS. For this ambition a React Native 
application will be built. To support the two different techniques a configuration 
file will set which location module to use. In Figure 3 there is a description of how 
the system will be set up.  

 

 
Figure	3:	The	system	setup	of	the	iBeacon	version	of	the	system	

 
 
The user approaches the door with a phone with the application either started 

or in the background. When the phone is within a certain region of the beacon the 
door can be unlocked. If the application is in the background the user gets a local 
notification with the action to unlock the door directly in the application or the 
option to open the application. When the user chooses to unlock the door a HTTP 
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Post request is sent to the BRP REST-API asking to unlock the door. From there a 
request is sent to the corresponding card reader/lock to unlock the door.  

For the GPS version, the beacon in Figure 3 is replaced with the inbuilt GPS in 
the phone. This time the HTTP request to unlock the door will be sent when the 
user is within a certain region of the door. For this to work we need to associate 
each center with a region for GPS and an iBeacon identifier. This will be done by 
modifying the existing API. The location and iBeacon identifiers should be able to 
be fetched by sending in a specific center. This could be done by either adding 
parameters to an already existing request to get centers or by creating a new 
specific request.  

We only want the users to be able to unlock the door from the outside. We also 
do not want the notification to trigger more than once for each visit. The users 
would probably find it irritating if the notification triggers when the user steps out 
of the building. This could be handled by temporally disallowing the notifications 
to trigger by, for example, setting a fixed timeout for example to the time of an 
average person’s visit to a center plus some extra margin. Another option is to fetch 
the person’s workout session and set the timeout to when the session ends plus 
some extra margin. If the user for some reason leave the building and come back 
within the set timeout the user can still open the door by opening the application. 

Another unwanted behaviour is that users are able to unlock the door from 
inside the building. This may be the case if the GPS positioning is wrong or the 
iBeacon region goes into the building. For the iBeacon it could possibly be placed 
in such a manner that the region does not reach inside.  

The program will have a loop where it checks if the user is within the correct 
region. This check will probably occur with a frequency of a few seconds. If we 
only allow to unlock the door when inside the region we will have a jumpy effect 
when the user is at the regions edges. To avoid this, we set can set a timer on how 
long the door shall be able to be unlocked after stepping out of the region. This 
time could probably be within the range of 10-20 seconds to avoid the jumpy 
behaviour.  

In Figure 4 a flowchart describes the basic flow of the program. This is a 
somewhat simplified chart showing the principles of the program. This flow will 
probably not reside in a single thread loop in the program. 
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Figure	4:	Flowchart	describing	the	application	
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First there is a check if the user is within the right region or if the user is 

allowed to unlock the door and not still inside the building. If so the 
unlockDoorAllowed state is set to true to allow the user to unlock the door. This is 
set to true with a timeout. This is because of the uncertainty of the region 
previously mentioned. If the user is within the region and the application is in the 
background the notification will trigger. It will only trigger if it already has not 
been triggered. When the notification is triggered a state called 
triggeredNotification is set to true to handle this. It is set with a timeout to allow 
the notification to be triggered again after a certain time as previously explained. 
If the application is active an option to unlock the door will be shown. If the user 
chooses to unlock the door a state called isInside is set to true. This will prevent 
the user from unlocking the door for a certain set time. 

All these timers and states will also have to be reset when the user chooses to 
go to the screen pertaining to the unlocking of the door. In this way we can avoid 
that a user is locked out if the user would fail to enter the building when first 
unlocking the door. 

 

5.4 Second ambition 

The second ambition is to evaluate unlocking the door using QR code. In Figure 
5 the setup is described. Instead of allowing the user to unlock the door when within 
a certain region the user scans a QR code placed at the door.  
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Figure	5:	The	system	setup	of	the	QR	code	version	of	the	system	

 
For this solution the API will have to be extended to associate a center with a 

QR code. A key could be stored in the QR code and the API. To unlock the door, 
the keys has to correspond to each other. This is a very simple solution focusing 
on evaluating the usability of QR code. 
 

5.5 Third ambition 

For the third ambition the user shall be able to check into their booked workout 
sessions. For this to work the BRP Systems API has to be further developed to 
support checking into workout sessions.  
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5.6 Brief summary 

In this chapter the system design has been presented. First there were two section 
about how the mobile application will be built and how the BRP System REST-API 
will have to be modified. Then followed the system design for the three different 
ambition levels established in the requirement analysis. The design was presented 
with a flowchart and use case diagrams. 
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Chapter 6 System Implementation 

This chapter presents the system implementation of the application. First the 
general structure of the application is presented. Secondly the old application and 
its different screens are explained. After that the implementation of the different 
techniques to sensor the users position to unlock the door are explained in more 
detail. There is also a more detailed explanation of important components and 
techniques used. After this follows the implementation of checking into workout 
sessions. Then follows a section of how the files that handle the API calls are 
structured and implemented. Lastly there is an explanation of how the states are 
handled. 
 

6.1 General architecture of the application 

To get a good structure for the application the starter kit ignite was used. This 
helps to set up boilerplate code for React Native applications. In Figure 6 you can 
see the general structure of the application. This is somewhat simplified to only 
show the most important files. Three green classes are containers and wrappers. 
The blue ones are screens. The yellow ones are different handlers. The orange ones 
handle API calls. The purple ones are packages. The grey ones are redux reducers. 

The code is structured into folders. The most relevant ones are containers, 
components, handlers, navigation, services and redux. There are also separate 
folders to handle different themes and styling. Containers are components that 
represent a screen or containers for other screens. Smaller components such as 
buttons, lists or things like a datepicker are placed in the components folder. The 
handlers folder contains functions related to unlocking the door, handling beacons, 
GPS and notifications. The navigation folder contains all things related to 
navigation. This is for example the navigation router, the navigation drawer, the 
navigation bar and navigation items. The services folder contains the APIs, in this 
case it’s the BRP Systems API and the Google Maps Geolocation API. The redux 
folder contains all things related to handle the state with redux. We separate the 
reducers for handling the state. In Figure 6 you can see that states handling the 
beacons and states handling the door are separated into separate files.  
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Figure	6:	General	structure	of	the	application	

 
The entry point to the application is the App component. This is called from 

both index.ios.js and index.android.js. This is a common pattern with React Native 
allowing us to share the same codebase for both platforms. If we want to write 
different code for iOS and Android we can do this by importing the provided 
platform module from React Native. With this module we can detect which 
platform that is used and separate code by with if-statements. We are still able to 
split the code into separate files giving them .ios. or .android. extensions [36]. Note 
that this thesis we will only support Android. In the App component the redux store 
is created and put into a provider and our configurations are applied. We also render 
our RootContainer component.  

The RootContainer acts as a wrapper for the StatusBar and NavigationRouter. 
This is also where the ranging of beacons or watching of GPS position will be 
initiated depending on which configuration that is set. The actions for the 
notification is also registered. 
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 The react native standard StatusBar component is used to control the app 
status bar. This status bar is kept simple and barely modified. 

The NavigationRouter component handles the navigation and routing of the 
different screens of the application. It does so by using the package react-native-
router-flux which is based on the React Native Navigation API [27]. This allows 
us to define all transitions in one file and call on transitions from anywhere in the 
code. The component renders a router with the different screens. Depending on 
which technique that is to be used, different screens for unlocking the door will be 
rendered. For iBeacon and GPS, the UnlockDoorScreen will be used. For QR code 
the QrScanScreen will be used. 

The functionally of logging into the application has been left in the background. 
When conducting the user tests a user will be authenticated in the background when 
starting the application. 

 

6.2 Copying the old application by looks 

In BRP Systems suit of systems there is a booking application where users can 
book workout sessions at different fitness facilities. To be able to add the new 
functionality of unlocking the door and be able to evaluate it, the old application 
was rebuilt by looks. The reason for this was that end users should feel familiar 
with the application. Another reason was to see how the new functionality could 
be merged with the old system. The old application has four different major screens: 
BookScreen, MyBookingsScreen, InfoScreen and HistoryScreen. There is also a 
navigationDrawer that allows the user to navigate between the different screens.  

The BookScreen allows the user to book workout sessions. The user can filter 
the sessions by centers and date. The BookScreen is only rebuilt by looks. The data, 
for example the workout sessions are mocked and can’t really be booked. In Figure 
7 you can see the BookScreen with some workout sessions. The workout sessions 
are displayed with their time, description and location. You can also see how many 
slots there are left for each session. 
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Figure	7:	The	BookScreen	

 
The arrow in the navigation bar lets you filter the workout sessions by centers. 

In Figure 8 you can see that the bookings are filtered by only showing centers in 
Linköping.  
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Figure	8:	The	BookScreen	with	the	center	filter	set	to	Linköping	

 
You can set this filter by clicking the expanded center bar. This shows a modal 

where you can choose which centers that you want to show workout sessions for. 
This modal can be seen in Figure 9.  
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Figure	9:	The	modal	showing	the	filter	option	for	centers	

 
 
The workout sessions can also be filtered by date. In Figure 10 you can see the 

datepicker which is a standard React Native component using the standard Android 
date picker dialog.  
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Figure	10:	The	DatePicker	used	to	filter	workout	sessions	by	date	

 
The MyBookingsScreen of the application is where the user can see their 

booked workout sessions. In the user evaluation this screen will contain real 
booked workout sessions. This is also where the new functionality of checking into 
the workout sessions will be added.  

The InfoScreen of the application allows the different centers to provide 
information to their customers. It’s simply a screen with info text. The 
HistoryScreen shows the users old bookings. 
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The navigationDrawer allows the user to navigate between the different 
screens and can be seen in Figure 11. 

 

 

Figure	11:	The	navigation	drawer	

 

6.3 iBeacon 

Here the implementation of the iBeacon version of the system is described. The 
user shall be able to unlock the door when approaching an iBeacon device placed 
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outside the door of a facility. If the application is in the background a local 
notification should be pushed, asking if the user wants to unlock the door. 
 

6.3.1 Estimote proximity beacons 

There are several different manufacturers of beacons. Some of these are 
Estimote, Kontakt or Sensoro. The beacons used in this thesis are the Estimote 
proximity beacons [34] and can be seen in Figure 12. 

 

 
Figure	12:	An	Estimote	proximity	beacon	

 
Estimotes support the iBeacon protocol, have a range of 70 meters and a battery 

lifetime of approximately 2 years. An Estimote beacon is really a small computer 
with a 32-bit Arm Cortex CPU. It has an accelerometer and temperature sensor 
built in and most importantly a 2.4 GHz radio using Bluetooth low energy. Estimote 
beacons are shipped with an access to their cloud service which together with an 
Estimote application lets you configure your beacons. With the beacons in range 
you can configure your beacons through the application. This allows you to change 
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for example the IDs and transmit power. You can also get information about for 
example battery level. 

6.3.2 Monitoring or ranging 

There are some different aspects to take into consideration when choosing to 
use monitoring or ranging. These aspects are covered in the theory section. The 
advantage of using monitoring is that the beacons can be detected even if the 
application is suspended or killed. This would allow us to push a notification asking 
if the user wants to unlock the door. The drawback is that monitoring is not as 
responsive as ranging. There might be a delay of several minutes and this does not 
fulfil the requirements. Because of this drawback the chosen approach is ranging. 
With ranging you can still push the notification when the application is in the 
background. We can also assume that the user will have the application active when 
approaching the door most of the time. Ranging is also much more responsive than 
monitoring. To use ranging is also more natural since it allows us to interact with 
individual beacons. With monitoring the intended use is to define a region 
composed by several beacons. 

 

6.3.3 Implementation 

There are a few open-source libraries on GitHub that can be used to detect 
beacons. The one chosen for this project is the library react-native-beacons-
manager [29]. This library aims to support both ranging and monitoring of beacons 
for both Android and iOS devices. In this implementation we will only consider 
Android devices.  

The ranging of beacons is implemented in a separate handler named 
BeaconHandler. A configuration file is used to store the UUID of the beacon and 
the radius of the region where the door should be allowed to be unlocked. The 
library has a function that can be used to start ranging beacons. In Figure 13 there 
is an example of this code.  
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Figure	13:	Ranging	of	beacons	

 
The event beaconsDidRange is registered by adding a listener to the 

DeviceEventEmitter. In this listener we add the logic of allowing the door to be 
unlocked when the user is within range of the beacon. We also add logic to push a 
notification if the application is in the background. In Figure 14 there is an example 
of this code.  
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Figure	14:	Registering	the	detection	of	beacons	

 
It is common practice to set the UUID of all beacons within a region the same 

and then identify single beacons by their major and minor identifiers. In this case 
we can see all iBeacon devices within BRP Systems as a region with the same 
UUID for all beacons. To generate a UUID and increase the probability that it is 
truly unique the website openuuid.net1 was used. With a strong random UUID 
generator the probability of generating a unique UUID is close to zero. The benefit 
of using this site is that it also avoids collisions with users of the same generator 
and that you can keep track of your generated UUID:s [37].  
With the major and minor identifiers, we can identify individual beacons. These 
are generally chosen to be unique for every single iBeacon device. A solution for 
making this happen could be to store a unique ID for every iBeacon device in the 
database and relate it to a door. The chosen approach is to use the same ID as the 
cardreader. This way we can save space in the database and lower the 
communication between the application and server. With this approach you will 
need to configure the device to have the same ID as the cardreader. In the 

                                                
1 http://openuuid.net/ (visited: 12-Apr-2017) 
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implementation we start ranging for all beacons in the region and when one is 
detected we parse the major parts giving us the ID of the cardreader to make a 
passagetry. We store the cardreader ID in the major part and leave the minor part 
undefined. Since the major part can store two bytes it gives us the opportunity to 
store IDs from 0-65535 which is well within of range of the number of cardreaders. 
Note though that Estimotes does not allow 0 as an ID. 

The door is unlocked from the unlockDoorScreen. If the user is out of range 
from the beacon the user is urged to move closer to the door. This information can 
be seen in Figure 15.  
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Figure	15:	The	unlockDoorScreen	for	iBeacon	and	GPS	as	seen	when	the	user	is	out	of	range	

of	the	door	

 
If the user is within range to unlock the door a question and button asking if 

the user wants to unlock the door is shown. This can be seen in Figure 16. Note that 
this is the same for the GPS version of the system. 
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Figure	16:	The	unlockDoorScreen	as	seen	when	the	user	is	within	range	to	unlock	the	door	

 

6.4 GPS 

Here the implementation of the GPS version of the application is described. Just 
as for the iBeacon version of the system the user shall be able to unlock the door when 
approaching it. A notification shall also be pushed if the application is in the 
background. 
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6.4.1 Implementation 

When wanting to use GPS with React Native you are encouraged to use the 
Geolocation API which is available through a global variable that you do not even 
have to import [38]. It is a browser polyfill that extends the Geolocation Web API 
from Mozilla [39]. The GPS implementation is put into a separate handler called 
GeolocationHandler. The Geolocation API provides a function called 
watchPosition. With this function you can get the position from the device. You 
are also able to set a configuration. For example, you can set the distanceFilter 
which tells the function at what distance difference you should update the position. 
In this implementation it is set to one meter. In Figure 17 you can see the 
watchPosition function implemented in the GeolocationHandler. 

 

 
Figure	17:	The	watchPosition	function	in	the	GeolocationHandler	

 
To get the right region where unlocking the door should be allowed you could 

go for some different approaches. An initial thought was to store the region in the 
database and make it available through the BRP Systems API. In this case you 
would need to define the region with coordinates and store it in the database for 
every door. With this solution you would need someone to create the region data 
and maybe provide a simple tool to configure the data. A solution would be to use 
some drawing tool on the internet where you can draw a region and get it as a 
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formatted polygon. This solution would mean that a person would need to define 
the region at the facilities. It could mean that it would take a lot of time. The chosen 
approach is instead to use the Google Maps Geocoding API [40]. With this API 
you are able to get a location by providing the address to the facility. This address 
is already defined for every facility in the BRP Systems API. This way you won’t 
add the extra labour of having to create the region. The drawback of using this 
solution is that the region cannot be as precise as if you would have drawn the 
region yourself. For the region to cover the door we can assume that the region 
must have at least a 100-meter radius.  

In Figure 18 you can see the function withinRegion which is used to determine 
if the user is within the region where unlocking of the door should be allowed. 

 

 
Figure	18:	The	function	withinRegion	which	is	used	to	determine	if	the	user	is	allowed	to	

unlock	the	door	for	the	GPS	version	of	the	system	

 
Note that the unlockDoorScreen is the same one used as for the iBeacon version 

of the program. The screen can be seen in Figure 15 and Figure 16. 
 

6.5 QR code 

Here the QR code version of the application is described. The user shall be able 
to unlock the door by scanning a QR code placed outside the facility door. 
 

6.5.1 Implementation 

Just as for beacons there are a few open source libraries for QR code scanning 
available on GitHub. The one chosen for this implementation is the library react-
native-camera [28]. This is in its core a camera component but it also has support 
for barcode scanning. The component is directly imported into the QrScanScreen. 
The component provides several properties. The property barCodeTypes is used to 
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set the right barcode type, in this case QR. The property onBarCodeRead can be 
used to call a method when a barcode is detected. From this event you can read the 
data in the barcode. In Figure 19 you can see an example of how the camera 
component is used and how the properties are set. 

 

 

Figure	19:	The	camera	component	for	scanning	the	QR	code	

 
In this implementation the QR code data consists of a simple key. The data 

contains the ID of the cardreader. This way the door can be unlocked by parsing 
the data and making the request directly. When the QR code is generated we do so 
by adding the cardreader ID to the key. In Figure 20 you can see an example of how 
the key is parsed and the door is unlocked with the cardreader specified.  
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Figure	20:	The	method	that	is	triggered	when	a	QR	code	is	scanned	

 
The QrScanScreen can be seen in Figure 21. A green bounding box and a text 

inviting the user to scan the QR code has been added for higher user experience. 
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Figure	21:	The	QrScanScreen	

6.6 Unlocking the door 

The door is unlocked by making a passagetry for a specific cardreader. This 
functionality is implemented in the DoorHandler. This handler exports the function 
unlockDoor. This function calls the BRP Systems API with a passagetry request. 
If the call is successful, the door is unlocked and the door states are set. We also 
set timeouts for the states handling when the door should be able to be unlocked 
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again. A toast is also presented when the door is unlocked. We also navigate to the 
myBookingsScreen where the user’s current bookings are shown. In Figure 22 you 
can see the toast that is shown when the door is successfully unlocked. Note also 
that the user has been navigated to the myBookingsScreen. 

 

 

Figure	22:	The	toast	that	is	shown	when	the	door	is	unlocked	
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6.7 Door Notification 

A local notification should trigger when the user approaches the door for both 
the iBeacon and GPS solution. This notification is implemented by using the open 
source library react-native-push-notification [30]. This library aims to support 
local and remote notifications for both Android and iOS.  

All functions handling the local notifications are implemented in the 
NotificationHandler. The notificationActions are registered when the 
RootContainer component is mounted. In this case we register the actions yes or 
no for unlocking the door. The notification provides an event which is registered 
by adding a listener to the DeviceEventEmitter. The event passes an object which 
contains the action. If the yes action is triggered, we unlock the door. In Figure 23 
you can see the function registerNotifications which registers and handles the 
notification actions. 

 
Figure	23:	The	function	registerNotifications	in	the	notificationHandler	

 
The notification will only trigger when the application is in the background. 

This is done by importing AppState [41] from React Native. In Figure 24 you can 
see how AppState.currentState is used to determine if the application is in the 
background. Note that the notification will only trigger is the state 
triggeredNotification is false and that this state is set when the notification is 
triggered.  
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Figure	24:	The	notification	is	triggered	is	the	application	is	in	the	background	and	if	the	

state	triggeredNotification	is	false	

 

6.8 Checking into workout sessions 

This feature was implemented by modifying the old myBookingsScreen. 
Instead of only showing the booked sessions the ability to check into the sessions 
were added. To support this the BRP Systems API had to be modified. The user 
can navigate to the myBookingsScreen directly from the navigationDrawer. The 
user can also reach the myBookingsScreen when unlocking the door with the 
application. After unlocking the door, the user is directly redirected to this screen. 
A toast is also shown that the user has unlocked the door successfully.  

In Figure 25 you can see the new myBookingsScreen were the user is able to 
check into their booked workout sessions. Note that there are two upcoming 
workout sessions for this user and that the user has checked in to one of them. 
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Figure	25:	Checking	into	workout	sessions	on	the	myBookingsScreen	

 

6.9 APIs 

The application uses two different APIs, the BRPSystemsAPI and the 
GoogleMapsGeolocationAPI. The APIs are implemented by using the package 
Apisauce [26]. This package helps to structure you API calls by wrapping the package 
axios [42] which is a promise based HTTP client. It also adds support for standardized 
errors and request and response transforms. Apisauce is the standard package used 
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when using Ignite as a boilerplate for React Native applications. With Apisauce you 
can create an API with a base URL and default headers. You are then able to define 
API functions. In Figure 26 you can see the login and setHeader functions defined in 
BRPSystemsAPI. Note that all other functions have been removed to just show an 
example of how this file is structured. 

 

 
Figure	26:	A	simplified	version	of	BRPSystemsAPI	with	only	the	login	and	setHeader	

functions	

 
When using the application for evaluating the usability the users are not able to 

login to the application themselves. Instead the user that is used is hardcoded and the 
login request is sent to BRPSystemsAPI when first starting the application. When 
logging in the API returns an access token which is then set as a header with the 
setHeader function for all requests. The API is then used to unlock the door, getting 
the different businessUnits/centers, getting the users workout session and checking 
into them. 

The GoogleMapsGeolocationAPI lets you get a coordinate from an address which 
in turn is provided by the BRPSystemsAPI. All you need is a key that can be generated 
with the Google API Console. 
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6.10 Handling states 

Redux is used to handle the applications states. In Figure 27 you can see how the 
DoorRedux file is implemented. Note that only two states are shown here to keep the 
example shorter.  

 

 

Figure	27:	DoorRedux	handles	the	states	for	the	door	

 
The state unlockDoorAllowed handles the issue with the user stepping out and in 

of the region and decides if the door should be allowed to be unlocked. The state 
isInside handles the user being inside the building. Both these states are set with timers 
for how long they shall be set. For example, unlockDoorAllowed is set with a timer 
that can be configurable. If we set it to 10 seconds, the user will be able to unlock the 
door for 10 seconds even if the user steps outside of the region. In Figure 28 you can 
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see how this timer is set with the function setUnlockDoorNotAllowed in the 
DoorHandler. 

 

 
Figure	28:	The	function	setting	the	door	to	not	being	able	to	be	unlocked	

 
When the user is in range the function setUnlockDoorAllowed will be triggered. 

This function can be seen in Figure 29. 
 

 

Figure	29:	The	function	setUnlockDoorAllowed	setting	the	state	to	allow	the	door	to	be	

unlocked	

 

6.11 Brief summary 

In this chapter the system implementation has been described. First the general 
architecture of the application was described. Secondly the way the application was 
rebuilt by looks to look like the BRP systems old booking application was described. 
After this the implementation of the system for the three different techniques iBeacon, 
GPS and QR code were explained. After this the implementation of the handler 
responsible for unlocking the door was described. Then followed an explanation of 
how checking into workout sessions has been implemented. There is also a section 
about how the states are handled with a focus on the unlocking of the door. At last the 
implementation of the files handling the API calls were explained.
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Chapter 7 System Evaluation 

This chapter presents the system evaluation. First the different setups and 
configurations are explained. After that there is an explanation of how the tests 
were carried out. The results from the user tests are then presented with the SUS 
scores for each technique. 
 

7.1 System setup and configurations 

Here the setup of the tests is explained. This includes how the different versions 
of the application was configured and how the physical setup was made. 

 

7.1.1 iBeacon 

To test the iBeacon version of the system the Estimote beacon was placed on 
the inside of the building just over the door. The transmit power was configured to 
reach approximately 15 meters. This reach was then lowered to about 10 meters 
because of the placement inside the building. The Estimote beacons was then 
configured to have the correct major part which is the same value as the cardreader 
ID. Note that this configuration together with setting the UUID of the Estimote 
will have to be done at every door where the system is to be implemented. 
 

7.1.2 GPS 

To test the GPS version of the system the allowed region was set to 20 meters 
from the door. This setup was decided after some initial testing where 20 meters 
were the absolute minimum for the application to act reliable. When set to a lower 
value, the unlocking of the door would not always trigger because of uncertainties 
in position. 
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7.1.3 QR code 

 To test the QR code version of the system a printed QR code was placed 
on the glass-inside of the door. This allows the user to scan the QR code through 
the glass. The QR code was generated with the corresponding cardreader ID. 
 

7.2 User test design 

The test was carried out at one of BRP Systems customers in Linköping. An 
initial pilot test was done to find errors of the system or improvement opportunities.  

The users were given a phone with the mobile application installed. They were 
given the application with the bookScreen showing which is the initial screen of 
the application. They were asked if they had been using the booking application 
before or not. If not a simple explanation if the system was given and the other 
screens were briefly explained. They were then informed that there was a new 
screen which could be used to unlock the door. They were also informed that there 
was a booked session already done and that they should check into this session 
after entering the door.  

For the iBeacon- and GPS version there are two different use cases. One where 
the users approach the door with the phone in hand with the unlockDoorScreen 
already unlocked and one with the application in the background in their pocket. 
Both scenarios were tested to give a full evaluation. For the iBeacon- and GPS 
versions of the application the users were first instructed to go outside of the 
respective regions. They were also told that the door could be unlocked when they 
approached it. For the QR code version they were told to scan the QR code to 
unlock the door. 

Note that each user only did one test of the system, in other words one user 
only tested one version of the system. 

 

7.3 Evaluation method 

The evaluation was conducted by using SUS - The System Usability Scale 
described in the theory. The usability test was conducted with 24 users at one of 
BRP systems customers. The users were people that previously had been using the 
older system where an access card was used to unlock the door. The users were 
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given a task where they had to unlock the door and check into an already booked 
workout session. Directly after the tests were conducted they were asked to fill in 
the SUS-questionnaire with the 10 statements. The users were encouraged to fill it 
their immediate answer and not spend too much time to think about each question. 
They were also instructed to answer every question even though they felt insecure 
about the question. If the users would not know what to answer they were encouraged 
to give a response in the middle of the scale. In addition to the SUS-questionnaire 
statements the question "Would you prefer this system over the old system?" was 
asked. This question was asked after the SUS questionnaire was filled in to give 
the users a chance to give a comment about why or why not they would like to use 
the system.  

In Appendix B – Swedish SUS questionnaire the SUS questionnaire that was 
used in the usability evaluation is presented. This is a Swedish version with the 
statements translated to Swedish. The statements have been freely translated by me 
with the translation in a study by Ahlgren [43] used as inspiration. In Appendix A 
– English SUS questionnaire you can see the original statements in English. The 
instructions are written by me and was also complemented with a verbal instruction. 
 

7.4 Evaluation results 

The three different techniques reached different SUS scores. In Table 2 you can 
see a frequency diagram of how the users answered the different SUS statements 
for every separate technique. Note that the mean value is shown for every statement 
and technique and that the value has been rounded to one decimal. Also see 
Appendix A – English SUS questionnaire for the different SUS statements. 

 
Table	2:	Mean	values	for	each	SUS	statement	for	the	techniques	iBeacon,	QR	code	and	GPS.	

Technique/Statement	 1	 2	 3	 4	 5	 6	 7	 8	 9	 10	

iBeacon	 5.0	 1.3	 4.8	 1.3	 4.5	 1.3	 4.7	 1.7	 4.7	 1.2	

QR	code	 4.2	 1.7	 4.5	 1.8	 3.5	 1.7	 4.8	 1.7	 4.3	 1.7	

GPS	 4.2	 2.3	 4.2	 1.2	 4.0	 2.3	 3.7	 2.7	 4.3	 1.3	
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The GPS version of the system received a SUS score of 76 points with a 
standard deviation of 14 points. This gives the rating excellent on the adjective 
scale. The QR code version of the system received a SUS score of 82 points with 
a standard deviation of 11 points. This also gives it the rating excellent. The 
iBeacon version received the best SUS score with 91 points and a standard 
deviation of 6 points. This gives it the rating best imaginable. In Figure 30 you can 
see how the three different techniques compare to each other on the adjective scale 
rating. Note that the boxes corresponding to each technique show the standard 
deviation of the scores. 

 

Figure	30:	The	SUS	score	for	the	three	techniques	

 
 
In addition to the SUS score the question "Would you prefer this system over 

the old system?" was asked. The results in Figure 31 show that this question also 
correlates to the SUS score. 
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Figure	31:	The	answers	to	the	question:	"Would	you	prefer	this	system	over	the	old	

system?"	

 
Some comments, good and bad, about the system were also given, both written 

and verbally.  
One user testing the iBeacon version gave the comment that unlocking the door 

with the application gave the feeling of being important or “VIP” to use the words of 
the user. You can say that it gave a feeling of luxury to the user. 

Other general comments were that the application responded fast and that it was 
easy to use. Another typical comment was that it felt good only needing your phone to 
be able to unlock the door.  

The bad comments mostly had to do with the user not wanting to use the phone to 
unlock the door. They felt that it only added an extra job to open the phone instead of 
using their cards. There were also some feelings of the application not behaving 
correctly. This was especially the case with the GPS version where the ability to unlock 
the door was sometimes delayed a bit when stepping up to the door. 
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Chapter 8 Discussion 

This section contains a discussion about the method used and the 
implementation of the system. At last there is a part about how the work fits into a 
wider context. 

 

8.1 Method discussion 

The methods discussion first focus on the pre-study which essentially is a 
literature study and a system analysis focusing on the different technologies to be 
used. Then there is a section about the design phase of the project. After this there 
is a section about the development process and how this been applied. At last the 
usability evaluation and tests are discussed. 
 

8.1.1 Literature study 

The literature study focused on four major subjects: Access control systems 
and trends, React Native as a framework for developing applications, the three 
different techniques iBeacon, GPS and QR code and, at last, usability evaluation. 

 
Access control system and trends 

The goal with this part of the literature study was first to find scientific 
literature about access control using the techniques iBeacon, GPS and QR code. 
When finding that these sources were hard to locate the focus was shifted to read 
more into different access control trends. These sources were not very scientific. 
Instead the situation was analysed by reading blogs and newsletters related to 
physical access control trends. A lot of focus lay on understanding why the market 
has been slow to adapt to using smartphones for access control. There is an 
uncertainty when using these kind of sources and the reliability of them might not 
be the best since you do not really know if there are personal agendas behind them. 
To moderate this the goal has been to use a wide mix of sources. 
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React Native 
To find information about React Native a lot has been taken from the creator 

Facebook themselves. To complement this some studies evaluating the difference 
between React Native and native built applications has been taken into 
consideration. After the pre-study when doing the actual implementation, a lot of 
information has been found on different forums and blog posts. A lot of information 
also comes from code examples when using community developed libraries. 
 
iBeacon, GPS and QR code 

For these three techniques there have been a variety of sources. As previously 
mentioned it was hard to find scientific papers about the use of GPS and QR code 
as a means of unlocking doors. The focus then instead was to find how these 
techniques work and how well they can be used in React Native. It was easier to 
find research on iBeacon, for example, a scientific paper on using iBeacon to 
unlocking doors. A lot of information about how iBeacon work has also been taken 
from blogs and beacon manufacturers. 
 
Usability evaluation 

There is a lot of written literature about usability and usability evaluations. The 
literature study first focused on getting a broad perspective on usability and then 
to find a good method to use. The choice of using SUS came from this study and 
from discussions with a professor with good knowledge about usability.  
 

8.1.2 System analysis and design phase 

The system analysis was conducted by getting a general description of the 
surrounding applications in BRP Systems product suite. Meetings with different 
experts on for example cardreaders and the BRP Systems API was held to get a 
grip of how to fit the system into place. These meetings could be seen as informal 
interviews and were not very structured. The information was gathered and stored 
in a structured manner in a sort of database. The system analysis was then followed 
by a design phase. These two phases were then iterated after presenting the design 
and getting feedback from the experts. 
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8.1.3 Development process 

The development process was designed to have an agile approach. Four two-
week sprints were held with some slight moderation from the original plan. This 
was expected and was just what the agile approach was supposed to handle. In the 
beginning of each sprint tasks were written and placed in a feature backlog. At the 
end of each sprint a review meeting was held and a small demonstration performed. 
There was also heuristic evaluation at each sprint end. These evaluations were good 
to find problems with usability in an early stage and were a good complement for 
the users tests in the end. The heuristic evaluations were done with different experts 
within BRP Systems. With different people different problems were identified and 
a diversity of experts were used to keep it this way. To keep track of the 
development a diary was also kept. This diary helped to keep track of what had 
been done in the project so far. 
 

8.1.4 Usability evaluation 

The choice of method for the usability study was to use SUS. The users were 
people that had already visited the fitness center before. About half of the users 
had been using the booking application before. There was no measurable effect 
between users that had previously been using the system and users that were new 
to the system.  

The results from the usability evaluation using SUS gave a very good result. 
Most users seemed to like the idea of using their phone to unlock the door. A SUS 
score above 68 is considered above average. To get a better understanding of how 
usable the new functionality is, we can compare the score to another average in a 
study by Kortum and Sorber [44]. In this study conducted in 2015 the authors try 
to measure the usability of mobile applications for phones and tablets. They 
conclude that the average SUS score for the top 10 applications across all platforms 
was 77.7. This combined with the adjective scale rating all points to that the 
techniques were given very high scores. 

The users that were giving the application low scores mostly did so because 
they still would prefer using an access card instead of their phones. They thought 
that picking up their phone was more cumbersome than using their access cards. 
Some users also thought the idea of using the phone was good but the application 
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had some drawbacks. One user wanted the door to unlock automatically with the 
phone in the pocket. Some users also thought that the GPS version of the system 
was a bit unresponsive. This could explain the lower score in the SUS if you 
compare it with iBeacon. Another reason for iBeacon being scored higher could be 
that it seems to give a more secure feeling. There might also be an effect that they 
think that the technology seems newer and more interesting than GPS.  

The validity of high SUS scores could be questioned. One risk with conducting 
the usability evaluation myself might be that the users were not honest with their 
answers. There is always the risk that some users might have been to positive about 
their answers just to keep the test leader happy. The tests were conducted with this 
in mind and the users were prompted to give their honest opinions. The usage of 
the SUS questionnaire as a means of measuring the usability of the system might 
also be questioned. The functionally of unlocking the door and checking into the 
workout sessions might be a bit small. The SUS questionnaire have a broad usage 
but may be best suited to test a whole system. This may have been extra true for 
some of the statements. To handle that some questions might not suit the 
application the users were encouraged to fill in an answer in the middle. 

It is also important to be aware of what aspects of usability that the SUS focus 
on. It is very good to measure effectiveness, efficiency and satisfaction. What 
might not have been measured are aspects such as memorability and learnability.  

A big benefit with using the SUS scale there is an opportunity to do future 
comparisons to the system. This also gives a higher replicability of the thesis. 

The choice to translate the SUS questionnaire to Swedish was because of the 
users having this as their native language. The questionnaire was freely translated 
by me with an another Swedish translation also in mind. This hopefully leads to 
that less information is lost in translation than if the users would use the English 
version and make their own interpretations of the English statements.  

 

8.2 Implementation discussion 

Here the system implementation is discussed. First there is a discussion about 
using React Native as a framework for building the application. Then follows a 
discussion about the system design and implementation choices. At last there is a 
discussion about the security of the application. 
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8.2.1 React Native 

Since React Native is a relatively new framework that relies a lot on its 
community there are some risks when deciding to develop your application with 
this framework. Some major parts of the system rely on open-source projects driven 
by separate individuals. This means that it is important to be aware that the 
publisher can stop maintaining and updating the open-source project at any time. 
During the implementation there have been some smaller problems when using 
these open-source projects. One has been a lack of documentation. In these cases, 
information has been found in the related issues-forum on GitHub.  

Due to a lack of time the application was only developed to work for Android. 
For future work it would be interesting to see if it could be developed for iOS. The 
general feeling is that there is more support for iOS than for Android and that it 
would actually be easier. The reason for this could be the fact that React Native 
first only supported iOS and that it has had a longer time to develop [6]. 

 

8.2.2 Design choices 

The three different techniques have had different kinds of implementation 
options. One of the bigger design options was whether or not to use monitoring or 
ranging for the iBeacon version of the system. The choice fell on the ranging 
method since it was the most responsive one. With monitoring it seems that you 
can’t be sure if the event that should trigger when the region is entered does so 
immodesty. The drawback of using ranging is that you can’t develop an application 
that will trigger the event when the application is not running. It might be 
interesting to do further research on how this can be solved by utilizing both 
techniques. Right know this does not seem possible out of the box with React 
Native, but in the future this might be supported by some open source library.  

Another interesting thing for further research would be to look at another 
protocol than iBeacon. The most natural one to look at would be Eddystone [45] 
developed by Google. There are open source libraries on GitHub for using 
Eddystone in your React Native application but it seems a little less mature than 
iBeacon. 



 Thesis for Master’s Degree at HIT and LiU 

70 

For the GPS version the choice of using the Google Maps Geolocation API felt 
like the best choice in the context BRP Systems since they already store the address 
in their database and provide it through their API. Another choice would be to store 
the location in database as coordinate or polygon and provide it with the API. This 
would require some more work when drawing the region then just providing the 
address. The benefit would be a more accurate region. 

For the QR code version of the application you can discuss if it is reasonable 
to have a printed QR code. This is the version that would be easiest for a user to 
exploit. Even a non-technical person would easily be able to photograph the picture 
and scan it from another location. A more secure but more expensive solution 
would be to have a computer regenerate the code at certain intervals and show the 
code on a screen at the door. 

 

8.2.3 Security 

The thesis has focused on evaluating the usability of the system from a user 
perspective, leaving aside many of the security considerations. The 
implementations have had a low security requirement. Depending on the security 
requirements these systems might not suit all businesses. The QR code could be 
exploited by taking a photo of the QR code making it available to unlock the door 
from any location. The GPS version of the system could also be exploited by 
spoofing your phones GPS signal. The iBeacon version could be exploited by 
copying the UUID, major and minor part of a beacon device and configure your 
own beacon with the same information. This would allow you to unlock the door 
when within range of your own beacon. These security flaws all risk users 
exploiting the system by unlocking the door from any location. This could for 
example be used to unlock the door for a friend from your home. A similar risk 
already exists with physical access devices. An access device could easily be given 
to a friend giving them access.  

For better security the techniques could be combined. An example would be to 
use all techniques at once. Such a system could be that the user has to be in range 
based on iBeacon and GPS when scanning the QR code for the door to unlock. The 
security would be higher based on that it would require a user to exploit all three 
techniques. It would still not be a flawless solution.  
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Even though the door could be unlocked from a distance, in BRP Systems 
application the user is still logged. If a malicious user writes a script to unlock the 
door all the time from a home computer, the user could easily be identified in the 
logs. The application also will not be able to be used by a person not registered as 
a user at one of the fitness centers. The security is kept by the user logging in to 
the application and using an access token to call the API. 
 

8.3 The work in a wider context 

The solutions with the three different techniques have been shown usable in 
the context of the thesis. To use these implementations in the real world a few more 
factors have to be taken into consideration. Depending on the security requirements, 
these solutions might not suit all businesses. Businesses will have to consider if 
they want to develop their own solution or go for an existing one in the market. 
These solutions would probably fit a business that trust the users to not exploit the 
system.  

Another aspect to think about is if the businesses already have support for 
remote unlocking through the internet. Otherwise that would come as an extra cost. 

In BRP Systems case the security lies in the calls to the API. By spoofing your 
location as previously discussed the users might use the system in a malicious way. 
This is still the case with access cards and so the systems have an equal weak point 
in keeping unauthorized persons out of the building. 

The strongest benefit with the system will be low installation cost. The 
cheapest being GPS requiring no extra hardware. The secondly cheapest will be 
QR code. This only requires a print of the QR code and the labour of generating it 
and setting it up. The most expensive will be iBeacon which requires beacons to 
be bought, configured and maintained when the battery dies. This is still relatively 
cheap comparing it to buying cardreaders on the market with support for unlocking 
doors with the smartphone. There is also a reduced cost for not having to issue 
access cards to users. It would be interesting for further research to see how the 
different solutions compare to each other from a sustainable perspective. One could 
argue that it is more sustainable to use your smartphone instead of having a lot of 
access cards. On the other hand, the power usage of the phone and the surrounding 
system might be a bigger issue.  
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Conclusion 

This thesis has shown how an Android smartphone application can be 
developed for unlocking doors and checking into fitness facilities. It is possible to 
implement an application for unlocking doors with React Native with the three 
techniques iBeacon, GPS and QR code. From the usability evaluation the 
conclusion is drawn that these systems all have good usability. The iBeacon version 
has the highest usability and received the SUS score 91 points which translates to 
best imaginable on the adjective scale rating. Then follows QR Code with 82 points 
and GPS with 76 points. These two scores correspond to the adjective rating 
excellent. 

 It also seems that users would prefer this way of unlocking doors instead of 
using physical access cards. From the user’s perspective these implementations 
seem to be wanted. Even though the users want the system and find it usable, it 
may not fit every real world application. The implementations have low security 
requirements and may be exploited. These exploits might lead to users unlocking 
the door from another location than the door. In this context users that are not 
logged in are still not able to unlock the door due to the security of the API. The 
biggest issue might be users unlocking the door for other people from their home 
which can be seen as an equal risk as having people lending their cards to other 
people. 

The thesis shows that the implementation proposed would be usable from a 
user’s perspective. Other factors have to be taken into consideration if choosing 
this approach for a business. Factors such as security, maintenance cost and 
scalability will also have to be considered. Another important aspect is if the 
system fits in with the hardware of the business. This kind of system requires a 
backend and cardreaders which support communication between the two. 

React Native is still a relatively new framework and there is a risk involved 
with relying on community developed libraries. Some packages used are seldom 
updated and might lack documentation. One benefit of using React Native is that 
you only need one set of programming language skill and that you can use the same 
code base for both Android and iOS. 
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Appendix A – English SUS questionnaire  

Instructions: For every statement, mark one of the checkboxes that best 
describe your opinions about the system. Do not take too much time, fill 
in your spontaneous feeling. Answer all statements even if you are 
unsure. 
 
 

 STRONGLY 

DISAGREE 

 STRONGLY 

       AGREE 

1. I think that I would like to use this 
system frequently 

£ £ £ £ £ 

2. I found the system unnecessarily 
complex 

£ £ £ £ £ 

3. I thought the system was easy to use £ £ £ £ £ 

4. I think that I would need the support 
of a technical person to be able to 
use this system 

£ £ £ £ £ 

5. I found the various functions in this 
system were well integrated 

£ £ £ £ £ 

6. I thought there was too much 
inconsistency in this system 

£ £ £ £ £ 

7. I would imagine that most people 
would learn to use this system very 
quickly 

£ £ £ £ £ 

8. I found the system very cumbersome 
to use 

£ £ £ £ £ 

9. I felt very confident using the system £ £ £ £ £ 

10. I needed to learn a lot of things 
before I could get going with this 
system 

£ £ £ £ £ 

 
Other comments/opinions: 
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Appendix B – Swedish SUS questionnaire  

Instruktioner: För varje påstående, markera en av de rutor som bäst 
beskriver dina åsikter om systemet. Ta inte för lång tid på dig, fyll i din 
spontana känsla. Svara på alla påståenden även om du är osäker.  
 
  HÅLLER 

ABSOLUT INTE       

MED 

     HÅLLER      

ABSOLUT MED 

1. Jag tror att jag skulle vilja använda 
systemet ofta 

£ £ £ £ £ 

2. Jag finner systemet onödigt krångligt £ £ £ £ £ 

3. Jag tycker systemet var lätt att 
använda 

£ £ £ £ £ 

4. Jag tror att jag skulle behöva teknisk 
support för att kunna använda 
systemet 

£ £ £ £ £ 

5. Jag tycker att de olika funktionerna 
var samordnade 

£ £ £ £ £ 

6. Jag tycker att det fanns för mycket 
inkonsekvens I systemet 

£ £ £ £ £ 

7. Jag tror att de flesta skulle kunna 
lära sig använda systemet mycket 
snabbt 

£ £ £ £ £ 

8. Jag tycker systemet var omständigt 
att använda 

£ £ £ £ £ 

9. Jag kände mig trygg att använda 
systemet 

£ £ £ £ £ 

10. Jag behövde lära mig mycket innan 
jag kunde använda systemet 

£ £ £ £ £ 

 
Övriga kommentarer/synpunkter: 
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