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摘  要 

本文主要研究采用近场技术（NFC）的客户端系统在健身房环境中的技术

和经济方面的可行性。该系统旨在帮助用户记录他们的锻炼信息，检索关于锻

炼信息的内容以及加强员工和用户的考勤控制。 

为了确定哪些具体的信息应该被呈现，什么是最重要的质量因素，以及哪

些功能是最被用户期望的，本文进行了相应地研究探索。研究表明，通过记录

信息反应，用户的锻炼的意愿和实际去锻炼的行为之间的存在一定的差异。大

多数人想追踪记录他们的锻炼情况了，尽管市场上有各种应用程序可以达到这

样的目的，他们却仍不会选择使用它们。人们最大的困扰在于，所期待的记录

系统应该快速和易用，而现实却不是这样，表明现有的应用程序不符合易用性

的需求。 

在本文提出的系统与健身房进行耦合，从而通过 NFC 技术实现对一次锻炼

中的相应锻炼信息同时在系统应用和日志中记录。追踪记录客户的锻炼习惯是

一种罕见的功能，同时，它也提供了多种经济利益，例如有针对性的广告，更

好的维护控制和新的客户服务。 

为了使该系统能更有效，用户需要使用该系统并记录他们的锻炼信息，因

此这也需要获得移动平台的支持。为了实现这个混合平台，本文系统使用了

PhoneGap。这使得一体的语言开发转化为本地嵌入式 Web 应用程序。然而，

由于目前苹果还没有发布为 iPhone 定制的 NFC 应用，但通过采用混合方法，

没有必要建立一个全新的应用程序。 

总之，基于 NFC 系统的技术可行性会有在新的技术标准方面的规范缺陷，

并作为早期市场上的一个新功能。这需要一些定制的解决方案，因为每个平台

采用自己的 NFC 的实现方式，但是可管理的。经济方面的影响将与该系统的使

用进行绑定，而其中使用的方便性是影响用户判断的关键因素。最终用户测试

表明，NFC 技术比传统锻炼的应用程序更有一些小的优势。 

 

 

关键词：近场连接,应用开发，PhoneGap，多平台 
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Abstract 

This report investigates the technical and economic viability of introducing a 

Near Field Communication (NFC) client system in a gym environment. The system 

aims to aid the customers with logging their workout, retrieving information 

regarding exercises as well as enhancing the attendance control for both staff and 

customers.  

To identify what information to be presented, the most important quality 

factors and what functionalities are most desired, an exploratory case study was 

conducted. The study showed that there is a discrepancy between the desire to log 

ones workout and actually doing it. Most people want to keep track of how they 

workout, but despite the wide variety of workout applications on the market, they 

choose not to use them. The main concern expressed was that the logging needs to 

be fast and easy, indicating that the existing apps do not fulfill the ease of use 

desired.  

 The system presented in this report is coupled to the gym where NFC tags 

pair an exercise to its corresponding logger and information in the application. The 

ability for the gym to track its customers’ workout habits is a rare feature that 

provides several economic benefits such as targeted advertisement, better 

maintenance control and new customer services analyzing their workout.  

For the system to be effective the customers need to use the system and log 

their workout, therefore it needs to be supported by the major mobile platforms. To 

accommodate this a hybrid platform approach using PhoneGap was used. This 

approach allows for development in one language that translates into native 

embedded web applications. At the time of writing Apple’s latest models do include 

the hardware for NFC communication. However, it is not possible to develop a 

custom NFC application for iPhone yet. By adopting the hybrid approach there is no 

need to create a whole new app when they do release the rights to do so. 

In conclusion, the technical viability of the NFC based system comes with the 

tradeoffs of dealing with the lack of standards of a new technology and being early 

on the market with a new feature. This calls for some custom solutions, since each 

platform adopts their own way of NFC implementation, but is manageable. The 

economic aspects are tied to the use of the system where the ease of use is the key 
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factor for the customers. The end user tests indicate that NFC provides that small 

advantage over traditional workout applications needed to make logging attractive.  

 

Keywords: Near Field Connection; Application Development; PhoneGap; 

Multi-platform  
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Chapter 1 Introduction to NFC-based gym mobile app 

1.1 Background 

Working out has become increasingly popular and more people than ever are 

getting serious with their training. With the introduction of applications (apps) to 

the mobile market there has been a virtual flood of different workout aids, from 

pedometers to workout loggers and virtual personal trainers. The latest Samsung S5 

even come pre-installed with a basic exercise app that tracks the number of steps 

taken and lets you log weight, food, heart rate etc. However most of these 

applications require the user to enter most of the information manually themselves 

(pedometer is one exception).  

NFC in this case functions as a method of accessing data in an easy manner, 

data that already exists and is useful but not accessed easily today. In addit ion to 

retrieving data this report will also present a way of integrating a membership card 

into an NFC enabled smartphone. 

In the paper “Young mobile users: Radical and individual – Not” the authors 

found, contrary to common perceptions, that young people do not adapt very fast to 

new technology [1] . This report will look into the possibilities of introducing NFC 

to the gym, what the possibilities are and if people working out are willing to use 

such systems. NFC is no longer a novel technology, the change of platform to the 

smartphone however is, making this an interesting topic.  

The internship takes place at Running Systems, a product company based in 

Linköping, Sweden, producing cloud based systems. The main product is a system 

aiding employees and customers at gyms with handling reservations, scheduling, 

booking, payment, entrance control etc. The company has provided an internship 

investigating and implementing the use of mobile phones’ NFC chip, both to act as 

a reader and sender to be used for entrance control. Today, MiFare Classic [2] cards 

with RFID chips are used as a token for logging entrance and attendance of the 

customers. The proposed system should be an alternative for the customer to store 

the gym card in their phone and use the NFC technology to enter and register for 

classes. The system needs to be platform independent and work cross-platform as 

well as with existing external hardware and MiFare Classic cards.  
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1.2 Purpose of the project 

NFC technology is relatively new to the mobile market and the applications are 

sparse, only 0.5% of the NFC-enabled mobile phones were used for contactless 

payment in mid-2014, which is the most common use [3] . Deliotte [4]  predicts that 

this number will increase with 1000% till the end of 2015. One of the reasons is the 

release of Apple’s iPhone 6, which is their first NFC-enabled mobile phone.   

The purpose of this report is to investigate the viability of introducing an NFC 

based client system to be used in a gym environment. The system will extend the 

business system of the gym with some functionalities that are usually found in 

applications used by customers. The report looks into two aspects of the viability: 

technical and economical. 

The main focus of this thesis is investigating the viability of introducing new 

ways of integrating the features of a modern mobile phone into a gym environment, 

using NFC technology. It will be done both theoretically and practically. 

Theoretically by identifying existing aids, presenting novel ones and investigating 

the possibilities of integrating a mobile device with them. Looking into what 

benefits could be extracted, both individually for a customer and for the company. 

Practically by developing an NFC-based client system including two applications 

with features such as: login and attendance control, connecting a logger and 

information about workout machines using NFC enabled mobile phones. This report 

will foremost be a technical investigation, but some economic aspects and market 

analysis will also be conducted. 

By the end of this study we will try to answer these questions: 

1. Should a gym invest in an NFC based system today? 

a. What business advantages are there? 

b. What uses are most interesting for staff/customers? 

c. Do the customers have the hardware to support the system? 

2. Is it technically viable to realize a multi-platform NFC based client 

system? 

a. Can the system be implemented on all platforms? 

b. What tradeoffs are there when implementing the system? 

c. What are the quality factors for a successful implementation? 
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1.3 Method 

To evaluate the technical aspects an NFC based client system is developed. 

The system consists of two applications (one for the customers and one for gym 

staff) as well as NFC tags that are paired to exercises and machines at the gym. The 

main functionalities of the system are presenting a workout logger and personal 

information about a machine to a customer when an NFC tag is read, and enabling 

the staff to take attendance using the staff application when reading membership 

cards or identifying customer applications over NFC.  

To evaluate the economical aspect a case study is conducted. The study will be 

the basis for deciding whether or not an NFC based system should be developed or 

not based on the target market. It will also provide some potential economic 

benefits for the gyms. The study will also provide the system development with 

setting the prioritized functionalities and identifying the quality factors needed to be 

met for a successful implementation.  

1.4 Technical problem description 

The technical challenges to overcome in this project are:  

 developing the system to be able to run on multiple platforms 

 designing the system to require as few customer input as possible to 

achieve an easy to use application 

 designing NFC tags so that they provide the same (or similar) behavior 

independent of mobile platform when read 

1.5 Terminology 

This section defines and explains the terms used throughout the report. 

 

Table 1-1, Terminology 

Term Description 

API Application Programming Interface 

Back end Existing system provided by the company communicated 

through Web API interface.  

(Membership) Card MIFARE Classic card (sometimes formatted in Ndef Format) 

The company The company where the internship took place 
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Table 1-1, continued table 

Term Description 

Customer End user of the system not working for the gym 

External actor An actor that is not included in the scope of this project. 

Gym A company potentially using the system 

Him/He The masculine form is used throughout the report when 

discussing potential users. This is a linguistic choice to avoid 

the tedious him/her, he/she notation. 

Id Unique identification number for the customer 

Instructor An instance of staff working at the gym 

Internal actor An actor within the scope of this project.  

JSON JavaScript Object Notation. A textual based format used for 

data exchange 

Message Ndef formatted message consisting of Ndef records 

Mobile device NFC-enabled mobile phone or tablet.  

Ndef NFC Data Exchange Format as described by NFC Forum 

NFC Near Field Communication 

Proximity The operating distance for NFC <10 cm 

Receiver Refers to either hardware NFC reader or the NFC of a mobile 

device. If only one is referred it is specified. 

Record Ndef record 

Sender Refers to either a mobile device sending Ndef message over 

NFC or an Ndef formatted MIFARE Classic card. If only one 

is referred it is specified. 

Staff End user of the system working for the gym. For example 

instructor or personal trainer 

System Can refer to the whole system or a part of it. As in chapter 

2.2.1 and 2.2.2 it refers to the application being described 

Tag More generic description of NFC-enabled hardware that 

supports Ndef formatting. Can be MIFARE card or any other 

type of hardware that supports the technology. 

Web API Server-side Web API used to communicate data to and from a 

database 
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1.6 Main content and organization of the thesis 

This report consists of a description of the data collection that was the base of 

both the analysis as well as an intricate part of the requirement elicitation.  

The scope of the implementation is limited by the APIs of the operating 

systems as well as the hardware available. The report is divided into seven chapters: 

 

Chapter 1 – Introduction: Provides the motive to why, along with how, the project 

is undertaken. NFC in mobile devices is a booming technology where it is estimated 

that the majority of new phones will be produced with support for it within a few 

years. This report looks into the current state the technology from both a technical 

viewpoint as well as looking into some prospect uses and economic gains within a 

gym environment. 

Chapter 2 – State of Art: Presents the technologies used in the project and 

provides the current state of research in the subject. This includes details on NFC 

and NFC tags and what technologies are used in the gym today. The chapter also 

introduce multi-platform development and prototyping, the methodology chosen for 

this project.  

Chapter 3 – System Requirement Analysis: This chapter presents the goal of the 

NFC based client system, the requirements of the system both functional and 

non-functional and the process used to elicitate them. The goals of the system are to 

both provide customers with an easy to use application to find information about 

and log exercises, and allow customer to use their mobile device as a membership 

card, as well as allow staff to read both existing membership cards and customer’s 

applications, lastly the system has to be easy to use, especially for the customer. 

The requirements for the system are mainly elicitated through user scenarios and by 

conductiong a case study. The case study was performed at a gym where both 

customers and staff was interviewed and polled in a survey. The results laid grounds 

for both system resuirements as well as the economic aspects of the report.  

Chapter 4 – Case Study Result: This chapter presents both how the case study was 

conducted as well as the result, analysis and conclusion from it.  The content of the 

case study is of such importance and volume it has gotten its own chapter.  In the 

chapter the selction process and results from both interviews and survey are 

presented. The core functions requested being; get information about an exercise, 
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view workout log and use the mobile phone as a membership card. The importance 

of the system being easy to use was stressed by both customers and staff.  

Chapter 5 – System Design: This chapter presents the development methodology 

and key technologies used, along with what purpose they serve in the system. 

Further the design of the system is presented with a detailed description of the core 

functionalities and the logical structure of the data. The key techniques described 

are mostly connected to NFC including the format of the messages, the logical 

structure of the NFC tags and cards used as well as PhoneGap. PhoneGap being a 

hybrid development platform, allowing for development in HTML, JavaScript and 

CSS while still having access to most of the native functionalities. The chapter also 

describes the design of both the GUI and Web API.  

Chapter 6 – System Implementation and Testing: This chapter presents flow 

charts of key functionalities, the interfaces of all communication fronts and a 

description of how the system was tested. The key functionalities of the system are; 

attendance control, create NFC tag, view information and log workout. The 

interfaces described consists of screenschots of the implemented GUI, the internal 

Web API and NFC. This chapter also presents a solution the the PhoneGap quirk of 

not allowing to remove listeners. The tests done in the poject are described here as 

well and are mainly informal functional tests together with end user tests. 

Chapter 7 – Discussion: This chapter discusses the outcome of the project. It also 

presents the advantages of adopting an NFC based system at a gym, alternative 

ways of achieving a similar functionality using another technology and a couple of 

possible future work. The gist of the discussion is that the chosen methodology and 

technology was in most part a well suited one. However due to the lack of support 

for developing custom NFC applications for Apple developing for multiple 

platforms could have been done without. However if the system should become the 

base for future development it would probably be easy to add another platform the 

the existing code base, resulting in little to no work to be done when Apple release 

the developing rights. 
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Chapter 2 State of Art of NFC-based gym mobile app 

In this chapter relevant research connected to the report are presented. This 

consists of a description of the current state of NFC technology, multi-platform 

development approaches, prototyping methodology and a short description of 

cutting edge technology at the gym today. 

2.1 Near Field Communication 

NFC technology has in the recent years become readily available with its 

introduction to the mobile phone market [3] [5] . As Dodson and Lam recognized, 

NFC provides a fast and easy way of creating micro transactions, sharing anything 

from pure text to URLs or even files and programs [6] . Even if there has been some 

standardizations in the field of NFC usage in mobile phones, the different platforms 

the units run upon are still diverse. This results in the need to write platform 

specific programs to each type of the mobile operating system (OS) the system 

intends to include.  

 

Figure 2-1, Mobile Operating Systems for 2014 
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The leading mobile phone OS producer in the world is Android with a clear 

majority of the market, Apple is in strong second place [7] [8] , the graph above, 

Figure 2-1, Mobile Operating Systems for 2014, displays this. It also shows Series 

40 as a strong third, this OS is not used in smartphones and therefore not interesting 

for this study. Symbian was the leading OS until 2010 with Nokia as their largest 

distributor, in 2011 Nokia decided to use Windows Phone’s OS instead.  

NFC or similar short range technologies (Radio Frequency Identification, 

Proximity Integrated Circuit Card and Universal Integrated Circuit Card) are being 

used today in a wide range of applications. From tagging wild life and opening 

doors to paying for products and services, bus rides being a common example in 

Sweden. The examples given here, and many more, all have in common that one or 

both sides of the transaction could be replaced by an NFC enabled mobile phone. 

 

2.1.1 NFC tags 

An NFC tag consists of a small microchip and aerials, these tags can store a 

small amount of data, up to 4kb. The intended role of an NFC chip is not to store 

actual data but rather to provide a link to where the data is stored [2] [9] . 

There are several different hardware into which these microchips are placed, 

the most common being a credit card  

The cards used as membership cards today by the company are MIFARE 

Classic cards. These are contactless smart cards the size of a credit card and are 

used to register entrance and attendance in the system. The unique identification 

number (UID) of the card is read by a hardware RFID reader and communicated to 

the system.[2]  

The MIFARE Classic cards do adopt some security functions and are used for 

a range of functions from public transportation and toll collection to event ticketing 

and car parking [2] . The nature of the cards being used for payment has put it in the 

eye of hackers wanting to break its security. There are several papers describing the 

process and security faults of the cards from physically altering the card and 

eavesdropping [10] to being able to clone them [11] .  
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2.2 Multi-platform development 

As a reaction to the diversity of programming languages needed to produce 

multi-platform applications a number of hybrid frameworks and platforms has 

arisen. Firstly HTML5 provides support for online applications that can be run 

platform independently, these however lack the possibility to take full advantage of 

native functionalities of the mobile. Secondly, hybrid development platforms, for 

example PhoneGap[12] , allows the developer to access most of the native 

functionalities while still only working towards a single code base.  [13] [14]  

Heitkötter et al predicts hybrid application tools to eventually become obsolete 

and only functions as a transitional option while HTML5 is being further developed 

and standardized. [15]  

 

2.3 Prototyping 

In software development there has been a lot of progress and several new 

development methodologies have arisen through its history. From structured 

programming and waterfall model in the 70’s through adaptive programming and 

soft system methodologies in the 80’s, Scrum, extreme programming and other 

iterative processes in the 90’s to different agile methodologies in the last decades[16] . 

Throughout the software development history, prototyping has been a method that  

has been adopted and discussed at lengths. It can be a method of developing in most 

methodologies that adopt some form of iterative process [17] .  

Software prototyping is comparable to regular prototyping in manufacturing 

where a model is created to display the core idea of a product. The prototype does 

not need to fill all the requirements but serves to present a general idea of what is to 

become. In software prototyping the development usually follows the flow of first 

identify basic requirements, develop a prototype, review the prototype and lastly 

identify enhancements to be made based on the review, as displayed in Figure 2-2, 

Prototyping process.[17]  



 Thesis for Master’s Degree at HIT and LiU 

10 

 

Figure 2-2, Prototyping process 

 

The concept of software prototyping has two distinct goals depending on which 

type of prototype is used. One is to identify requirements, this is when the 

prototypes are not a part of the final product but are thrown away. The other is when 

the prototypes are evolved into the final product. 

Throwaway prototyping has its strengths in that it can be done fast providing 

feedback regarding user experience and usability in an early stage of the software 

development process. This can lower development costs significantly since the later 

a change has to be made the more costly it is. Throwaway prototyping is not limited 

to software prototypes, a first low fidelity paper prototype or GUI wireframe are 

also included in the method. When working with throwaways the focus can be on 

either function or design, when focusing on one the other can be disregarded. 

Meaning that creating a prototype that simulates a function the developer does not 

need to worry about how it looks, the final implementation can have a totally 

different design. Design prototypes on the other hand can for example be on paper 

with only imaginary functions. 

Evolutionary prototyping, are the methods that keep the prototypes in some 

form in the final product. There are several different approaches to how to handle 

the development, but all build on the idea that the prototype is developed based on 

existing requirements and iteratively enhanced. Incremental prototyping is an 

approach that divides the system into smaller parts that are processed in isolation to 

later be integrated into the system. Extreme prototyping is another approach mostly 

used for web application development. This process divides the system into user 
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interface, underlying services and the connection in-between starting with a static 

prototype that is presented to the end users. 

As Frederick P. Brooks Jr. famously stated, there is “No silver bullet” [17]  

when it comes to software development. Meaning that every software development 

methodology and method comes with their own strengths and weaknesses and no 

matter which ones are used there are always drawbacks. He did however recognize 

the importance of getting early feedback from the users and that prototyping is a 

promising method to accomplish this.  

2.4 Technologies in the gym today 

As technology moves forward gyms, as the rest of society, advances with it. 

Today most gyms offer online access for members to sign up for classes,  look at 

schedules, book personal trainers and much more. This interactivity does however 

seldom follow the customer into the actual gym where most, if not all, information 

is analog with posters on the wall describing exercises and manuals to machines on 

plackets next to them. What is missing is an easy link between the physical gym and 

the digital realm.  

There are some research on the field of integrating sensors and artificial 

intelligence into weight lifting machines and the results look promising. In essence 

the machines are connected to sensors that measure different variables such as 

weight, acceleration and cord tension. These data could be beneficial in providing 

help to execute the exercise correctly, which in turn reduce the risk of injuries [18] 

[19] . Being able to more accurately monitor the workout is beneficial for people who 

are getting serious with their training [20] .  

Looking at the amount of workout applications, that helps out with monitoring 

and logging workout sessions, together with browsing popular newspapers (in 

Sweden) one can assume that people in general are getting more aware of their 

health status and how they workout [21] . Turner-McGrievy et al. showed a 

correlation between people using a mobile phone to self-monitor physical activity 

and a more frequent exercise routine than those not using a mobile phone to log the 

exercise [22] . 
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2.5 Brief summary 

NFC technology is still quite new to the mobile market and lack standards that 

come along with a fully mature technology. The different mobile operating systems 

have all tried to set their own implementation to become standard, resulting in OS 

specifics that might not always be fully supported in other systems. At the cutting 

edge of gym technology today there are self-monitoring machines that automatically 

register the workout being performed. Much more common are however 

applications where the user searches for the exercise to perform and manually enters 

the data.  
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Chapter 3 System Requirement Analysis of NFC-based 

gym mobile app 

This chapter presents the goals of the system, presents a schematic overview 

over the core functionalities and a description of the requirement elicitation process. 

Further the core functional and non-functional requirements are presented as well as 

what is expected from the users. 

3.1 Goals of the system 

The goals of the system are to:  

 provide customers with an easy to use application to find information 

about and log exercises 

 allow customer to use their mobile device as a membership card 

 allow staff to read both existing membership cards and customer’s 

applications 

 be easy to use, especially for the customer 

 

These goals are to be implemented, run and tested on Android mobile devices 

with a theoretical description of a partial multi-platform support for Windows 

Phone. 

  

3.2 Main functions schematic overview 

The NFC-based client system depicted below (Figure 3-1, Main functions 

schematic overview) has two external human actors, one internal actor in form of 

NFC tags, an internal Web API with connecting database and an external gym 

system with which the staff application communicates through a Web API. The 

NFC tags are formatted in Ndef format and will function as a link to the logger and 

information view. 
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Figure 3-1, Main functions schematic overview 

 

The system contain of multiple unique NFC-tags that each guide the customer 

to specific information (for example how to use a machine) and a workout logger 

for the exercise paired with that specific tag. The customer reads an NFC-tag that in 

turn routes the customer to the corresponding exercise. The data presented to the 

customer is stored in the internal database. The communication between customer 

and staff is through the send/retrieve customer id, the id is stored in an Ndef 

message and sent via NFC. This id gets verified by the external gym system over a 

Web API.  
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3.3 Requirement elicitation process 

The requirement definition was a continuous process throughout the project. 

An initial elicitation to gather the fundamental requirements and to reinforce the 

need for the project consisted of the creation of scenarios, a case study and system 

analysis. 

The project and case study proposed in this report consist of a description of 

the hypothetical systems that will be the base of the case study, then the design and 

implementation of the entrance and attendance application. This is followed by the 

main use case diagram, functional and non-functional requirements of the 

application. 

 

3.2.1 Scenarios 

To present a clear picture of how the system works and how the end users 

interact with it, some scenarios were created. The scenarios are built up around 

fictive users using the system in a story telling manner. The stories describe 

different real life situations where the system is used. From these scenarios Figure 

3-1, Main functions schematic overview, was created. The scenarios also helps with 

building an understanding of how the different parts of the system interact.  

 

Scenario 1 – Eve holds an Aerobics class outdoors 

Eve has worked as an instructor for a couple of years and often takes her class 

outside during summer when the weather allows. Today she has found a nice park 

where she holds the first summer class of the year. When she sees the first customer 

arriving she brings out her smartphone and logs in to the application and as the 

customers arrive she greets them one by one and uses the phone to scan their 

membership cards. Some of the customers have downloaded the new application 

that allows them to use their phone instead of a card. She scans the cards and 

phones by holding them towards the back of her smartphone. When the customer 

attendance is verified she sees the name of the customer on the screen and the phone 

vibrates. 
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Scenario 2 – Adam enters the gym 

Adam has downloaded the NFC application from the homepage and registered 

his phone at the gym. He is now heading into the gym and holds his phone with its 

back to the reader terminal. He notices that the phone vibrates and beeps and the 

system registers that he has entered. 

 

Scenario 3 – Beatrice joins outdoor group exercise 

Beatrice usually attends indoor classes but the weather is nice and her friend 

has convinced her to join an outdoor workout. When she arrives the instructor uses 

her smartphone to read Beatrice’s gym card. The instructor’s phone vibrates and 

beeps when she places her card on the backside of his phone and she is registered 

for the class. 

 

Scenario 4 – Carl joins outdoor group exercise 

Carl loves to workout outdoors and has convinced his friend Beatrice to join 

him. Upon arrival Carl brings out his new smartphone, where he has installed the 

NFC application, and holds it back to back to the instructor’s phone. Both 

telephones vibrate and beep and Carl verifies that he wants to attend by tapping the 

screen of the phone. 

 

Scenario 5 – Adam works out 

Adam is a frequent gym visitor and mostly lifts weights with the goal to look 

good during the summer. He is pretty serious with his training and tries to keep 

track of his progress. Today is his chest day and he wanders off to the butterfly 

machine where he scans the NFC tag located on the machine. The gym application 

opens up and displays a logger for the machine. He instantly sees his last workout, 

noticing that he did a 1 x 1 set with 80 kg knowing that was his personal best and 

aims to beat that today. He is feeling strong and manages to pull a 1 x 1 on 85 kg 

and opens up the app again to register his workout. 

 

Scenario 6 – Beatrice tries a new machine 

Beatrice usually attends classes but today she has decided to try out weight 

lifting and heads on to the gym. At the gym she realizes that there are no gym-hosts 

working at the moment that she can ask. She has read on the gym’s website that 
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they are trying out a new system where she can use her NFC enabled smartphone to 

get more information about the machines and exercises. She finds a machine that 

she think is for working out her legs and scans the NFC tag located on the machine. 

The gym application opens up and displays the name of the machine, instructions 

for the exercise and a short video of how to use the machine.  

 

3.2.2 Case Study 

To answer the questions if NFC has any place in a gym, an exploratory case 

study [23]  was performed investigating peoples’ interest of using their smartphones 

to monitor their training, get information regarding exercises and as a membership 

card to register entrance and attendance. The case study aims to figure out how this 

system should be designed to be accepted on the market.  

 

Selection process 

In selecting gyms where to perform the survey and interviews location and 

ease of access were two key factors. The gym had to be within range so that 

travelling there, performing the interviews and coming back could be done in one 

day. Ease of access was determined by prior knowledge of and/or contacts at the 

gym to lessen the risk of rejection and thereby shorten the lead time to get started 

with the investigation. Firstly gyms using the company’s system were contacted, 

only if the total of customers did not fill the minimum of a thousand people other 

gyms were considered. 

To be able to extract as much data as possible the survey went out to all 

members at each gym. The customers were then categorized into one of the four 

categories according to Table 3-1, Gym attendee categories depending on the type 

of workout they predominantly execute and the frequency of their workout. The two 

types identified was “Weight lifter” and “Class attendee”, where the former is 

bound by not attending classes at all but might perform some cardiovascular 

exercises, and the latter is the counterpart. The frequency was based on how they 

identified themselves regarding working out, serious or regular placed them in the 

#Frequent” category, and the sporadic and basic workout placed in the “Sporadic”.    
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Table 3-1, Gym attendee categories 

Type / Frequency Frequent Sporadic 

Weight lifter Identifies oneself as 

serious or regular trainer. 

Mainly lifting weights 

(might do cardio), do not 

attend classes 

Identifies oneself as a 

sporadic trainer or do 

basic light workout. 

Mainly lifting weights 

(might do cardio), do not 

attend classes. 

Class attendee Identifies oneself as 

beginner or sporadic 

trainer. Do attend classes 

(might weight lift). 

Identifies oneself as a 

sporadic trainer or do 

basic light workout. Do 

attend classes (might 

weight lift). 

 

Other factors as age, gender, knowledge regarding training etc. were not 

factors in the selection. By disregarding them and let chance guide the fallout no 

group will be overrepresented in the selection, avoiding for example old female 

frequent weight lifters be an equal part of the selection when they most probably are 

a small part of the actual customers. There is still a risk that any of these categories 

might be overrepresented if the gym focuses on attracting a specific crowd. By only 

looking into the frequency and type of workout the customers perform, the 

categories they form can be paired with how they prefer to use their mobile phone 

while working out. 

The interviewees were in one of two categories; staff or customer. The 

customers were chosen at random on location of the gym, the staff were key 

personnel that regularly work closely with the customers such as: personal trainer, 

gym host or instructor. 

 

Survey 

The survey was constructed in Swedish to fit the target audience and sent out 

per email using the gyms own mailing lists. The questions consisted mostly of 

multiple choice variety where the participant was asked to choose the answer most 

representative to themselves. These questions were constructed to be all 

encompassing with alternatives covering all possible alternatives. Other questions 
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asked for one or more alternatives to be filled in, here the alternative to produce an 

answer outside of the predetermined was offered.  

The survey had two purposes; one, to gather requirements for the system and 

secondly to establish how the mobile phone is used at the gym today. The survey 

aimed to shed light upon following questions: 

 If the mobile phone is used at the gym today, by whom and what is it 

used for? 

 Are customers interested in using their mobile devices to: 

o Log their workout? 

o Get information regarding; workout, machines, personal settings 

etc.? 

o Have the phone replace the gym card upon entrance and for 

attendance control in classes? 

 Out of those who are interested, which workout type is interested in 

what type of functionalities? 

 Where do people get information regarding their training today? 

Lastly, from the survey I hoped to find a way of connecting the lines of 

information regarding training to the system and try to implement them.  

The survey was sent to approximately a thousand customers, a normal response 

frequency of surveys is upwards 80% at governmental investigations [24] . In this 

study however the aim was much lower at 10%. This because this survey was using 

the gyms’ own e-mail lists and there were no guarantees that the customers e-mails 

were valid, active or that they had registered one. With the lowered expected 

response frequency the study aimed to gather approximately one hundred answers. 

 

Interviews 

The interviews were divided into two target groups: customer and staff. Where 

the goal of the customer interviews was to get a deeper understanding for the 

reasoning behind the answers in the survey. While the staff interviews provides a 

broader context and a professional point of view to the system. In both cases 

semi-structured interviews were conducted one on one.  

The foundation of the customer questions were based in the survey and the 

interviewee had the chance to elaborate around the answers. This provided a 

qualitative aspect to the quantitative survey and anchoring the results . The customer 
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interviews were held short to avoid too much intrusion to their workout, the aim 

was to keep them under ten minutes. 

The staff questions were guided towards the role the interviewee had at the 

gym; personal trainer, class instructor and gym host. Each staff member can 

incorporate one or more of each role. The purpose of interviewing the staff were to 

both triangulate the survey data with the staffs’ observations of customers’ behavior 

as well as identifying the work process at the gym today and exploring how the 

system might improve upon it. The staff interviews lasted on average about half an 

hour and ended when the interviewee felt the subject was exhausted and all relevant 

questions asked.   

Both customers and staff were introduced to a simple NFC prototype 

displaying the basic idea of the application and were asked for a first reaction and 

what uses they could think of initially. Then some potential uses were presented and 

the interviewee was asked again which of these would be of most value to them. 

Lastly they were asked to identify the vital aspects that would make or break the 

usage of the system, what the key quality factors are. 

 

3.3 The functional requirements 

The requirements follow the MoSCoW method of grading their importance, 

where “Must” describes the core requirements that must be implemented in the final 

product, “Should” has a high priority and is highly likely to be implemented, 

“Could” represents a requirement that is desirable but not of outmost importance, 

“Won’t” describes requirements that will not be implemented.[25]   

The requirements are divided into three categories for better overview of the 

system: 

 General – Requirements for both applications and the system as a 

whole 

 Customer/Sender – Requirements specified for the customer 

application 

 Staff/Reader – Requirements specified for the staff application 
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Table 3-2, Requirements 

Id Description 

1 General 

1.1 The application must be connected to the internet 

1.2 The mobile devices running the applications must support NFC 

1.3 Only staff must read senders using a mobile device 

1.4 Only customers must have senders 

1.5 All receivers must be able to read by all senders 

1.6 A message must contain a unique identifier that can be paired to a 

membership or exercise 

1.7 Receivers and mobile senders must detect when a counterpart is within 

proximity range 

1.8 The application should run on all major NFC enabled platforms in Sweden, if 

support for NFC exist 

1.9 The project could be well documented for future integration and maintenance 

1.10 The code could follow the company’s standards for easier integration, if 

desired 

2 Customer/Sender 

2.1 All customers must have unique identifier(s) 

2.2 A mobile sender must detect when a receiver is in proximity  

2.3 Customers must verify that they want to send their id 

2.4 The success of sending a message from a mobile device should be indicated 

by sound and vibration 

3 Staff/Receiver 

3.1 Staff must login before reading tags 

3.2 Login must be verified via external Web API 

3.3 Staff must be able to log out 

3.4 The mobile receiver must be able to function regardless of location as long 

as there is an internet connection 

3.5 The application should be launched when a sender is within proximity 

3.6 The number of senders that can be read simultaneously must be no more than 

one 

3.7 A receiver must send the customers id to the back end as an “Entry”  

3.8 The success of reading a tag should be notified by sound and vibration 
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3.4 The non-functional requirements 

The physical device to be used will be determined by the limitations set by 

development capabilities of NFC in mobile devices. The applications will be run on 

mobile devices with at least 3G internet capability. The characteristics of the system 

will be determined by the speed of the internet connection and the properties of 

NFC. 

The staff application will contain access to the external gym system through a 

Web API. A session cookie will be provided by the external back end and be 

checked via the Web API. The staff application has to be in a logged in state to be 

able to register customer attendance.  

General and personalized data for logger and machine information will be 

stored in an SQL database connected through Web API. The logger part of the 

application will not include a fully developed workout logger but a small 

implementation to display the concept. The functionalities to enter and store new 

data will be limited. The same requirements are set for the informational part of the 

application.  

 

I. The application must be able to run on the major NFC enabled 

platforms existing in Sweden where support from the operating system 

exists 

II. The reader must be able to read NFC signals independent on 

platforms. The reader and sender must not need to be of the same type, i.e. 

Android 

III. The staff application must be able to register customer entries. 

IV. The applications must be connected to the external gym’s 

database to verify customer entries 

V. To be able to read a card or phone the staff application must be in 

a logged in state 

VI. The sending (customer) should not need any interaction aside 

from tapping the phone to a reader to register 

VII. The applications (staff and customer) phone should be able to 

launch the correct application when a tag, card or phone is read   

VIII. The receiving (staff) application’s functions should only be 

accessible by staff and be protected with a log in 

IX. The customer application must be easy to use and must not require 

more than three clicks to navigate to any menu 
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X. The receiving (staff) application must be able to read no more 

than one sender at the time 

XI. The time from tapping a card or a phone until registration should 

not be perceived as sluggish by the user. Response time should be less 

than 1 second but is allowed on rare occasions >3% to be higher 

XII. The project could be well documented for future integration and 

maintenance 

XIII. The code could follow the company’s code standards to easier be 

integrated if desired 

 

3.5 User characteristics 

The users of the system are expected to have the technical knowledge to be 

able to install and operate an application on a mobile device with ease. They are 

also expected to have basic knowledge of how to operate NFC technology.  

The members of staff are expected to be aware of how the external system 

handles entrance and attendance control.  

The customers are expected to have basic knowledge regarding logging 

workouts. They are also expected to, by themselves, figure out how to use a 

machine from a short video and/or written instructions.  

 

3.5 Brief summary 

The goals of the system are to provide easy to use applications for finding 

information and an easy way to log ones exercise. It should also relieve the 

customer of carrying a membership card by including it into the application as well 

as providing staff with a mobile way of taking attendance. 

The requirements are elicitated from user scenarios describing the 

functionalities of the system as well as from an exploratory case study. The case 

study aims to detail the non-functional requirements and at the same time assess the 

market to explore the desire for such a product.  
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Chapter 4 Case Study Result of NFC-based gym mobile 

app 

This chapter presents how the case study was conducted together with the 

result and conclusions drawn from it. 

4.1 Selection of gyms 

When selecting gyms the goal was to find gyms so that the total of their 

customers added up to a thousand persons and that the majority of them had the 

option to attend classes. Five gyms were initially contacted, two using the 

company’s system and three that did not. Three of them were interested  to know 

more and maybe participate in the study, both of the gyms using the company’s 

system and one other. The latter of the gyms was not selected due to time restraints 

and late response, leaving two gyms with a total of almost 1300 customers. 

 

Gym 1 – A larger gym with approximately 1000 customers. The gym offers 

both weight lifting, different group training activities as well as personal trainers. It 

is located in a smaller town with 11 500 inhabitants [26] . With a rough estimation of 

50% of them being gym attendee prospects, the gym activates 17% of the 

inhabitants. Being the only gym in the area the assumption that the customers are 

diverse and span the entire spectra of gym customers is made. When sending 

e-mails to Gym 1’s customers a check that they are active and had entered the gym 

the last 12 months was set. 

 

Gym 2 – A smaller gym with 275 customers. The gym offers weight lifting and 

cardio machines as well as known bodybuilders as instructors and personal trainers. 

It is located in a city with more than 200 000 inhabitants [27] . There are several 

other gyms in the city. From the way the gym market themselves on their website, 

with bodybuilding instructors etc., the assumption that the gym mainly attracts 

people who are serious with their workout and has clear goals was made. When 

sending e-mails to Gym 2’s customers a check that they had a membership card was 

done.   
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The difference in type of gym, where only Gym 1 offers group exercises will 

skew the data towards weight lifters. The bodybuilders working at Gym 2 will most 

probably attract likeminded people skewing the data towards customers being 

frequent attendees. 

 

4.2 Survey results 

The goal of sending the survey to a thousand people could not be accomplished 

due to the lack of e-mails stored at Gym 1. In total 866 surveys were sent (590 at 

Gym 1 and 276 at Gym 2), a week later a total of 63 responses was received. The 

total response frequency of 7% was a little lower than the 10% initially set and a lot 

lower than the regular 30-60%. The low response rate can in part be explained by 

Gym 1’s lack of updated e-mails, this low response rate lowers the assurance of the 

answers to be representative of the whole group.  

To strengthen the certainty that the answers are representative, the age of the 

participants were cross examined with the actual distribution of the member’s age at 

the gyms. In the graph below (Figure 4-1, Age comparison) the survey answers have 

been scaled up based on the response frequency and total number of gym members. 

We can see that the participants of the survey corresponds well to the actual gym 

member’s age distribution.  

 

 

Figure 4-1, Age comparison 
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The major discrepancy is within the 23-30 years of age category, this can be 

explained by the relative higher response rate from gym 2 where the age distribution 

peaks at 23-30. Another explanation could be that this age range are more likely to 

be interested in novel technology and hence more likely to answer a survey in such 

a field.  

 

Figure 4-2, Gym representation 

 

The question of what gym the customer attends was phrased as “Enter the  gym 

you most frequently visit” which implies that another gym than the one of the two 

the survey was based upon could be entered. This becomes apparent when studying 

the answers presented in Figure 4-2, Gym representation, where a whole 17% 

answered another gym than the two focused in the study. The graph also shows that 

Gym 1 is heavily under-represented with only 18% verified answers whilst being 

68% of the asked population. This lack of answers from Gym 1 most likely depends 

on the fact that they do not require their customers to enter a valid e-mail when 

becoming a member nor use the e-mail to any larger extent to reach their customers.   
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To further strengthen the assurance that the answers are representative, a 

comparison of the customers mobile phone OS to how the market in Sweden in 

general looks was done. Out of the survey group it was pretty even between the 

usage of iPhone (55.6%) and Android (42.9%) smartphones, which accurately 

reflects on the overall distribution in Sweden; iPhone (55.3%) and Android (43.6%) 

[28] .  

 

 

Figure 4-3, NFC support 

 

As seen in Figure 4-3, NFC support, when asked if their smartphone support 

NFC technology, half knew whether their phone support it or not (49.2%), 

indicating that the technology is still not common knowledge. Out of the ones 

recognizing the technology the majority uses Android based phones, this is not 

surprising since Android has plenty of models that have supported the technology 

for years while iPhone is new to the market with only two models.  
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4.2.1 Category distribution 

The customers at the gyms are categorized into one of the categories stated in 

Table 3-1, Gym attendee categories 

 Frequent weight lifter (FW) 

 Sporadic weight lifter (SW) 

 Frequent class attendee (FC) 

 Sporadic class attendee (SC) 

As Figure 4-4, Category distribution shows the vast majority of the asked 

customers consider themselves as “Very serious” or workout “Regularly” landing 

them in the “Frequent” category. Most of the customers fits into the weight lifting 

category over the class attendee. As mentioned earlier this data might not represent 

an average gym but one focusing more towards weight lifters and people who are a 

bit more serious with their workout.  

 

 

Figure 4-4, Category distribution 

Due to the question allowing for multiple categories the categorization creates 

some subgroups that might be valuable to investigate separately. For example the 

class attendees that also lift weights are categorized into the class attendee 

categories, since there is no way of knowing whether these customers 

predominately lift weights or not there is a risk of them being in the “wrong” 

category. 
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4.2.2 Mobile phone usage 

It is common today to bring the mobile phone when working out. The study 

showed that only 19% refrain from bringing their phones at all, this is true for all 

four categories, and about a ninth bring the phone but do not use it. Looking in 

Figure 4-5, Uses of mobile phone in the gym, the most common use is listening to 

music while almost a third of the customers log their workout using their mobile 

phone in some way. 

 

 

Figure 4-5, Uses of mobile phone in the gym 

 

In the graph above the “Other” category has been analyzed and where it 

described for instance “Don’t want to carry around on pen and paper so I write in 

my phone instead” they have been assigned to “Log the workout” category if that 

answer was not filled in.  

As the graph in Figure 4-6, Percent logging their workout, shows that almost 

half of the customers log their workout in some form today. 35% use some form of 

digital media to log, this fits well with the 30% that use their phone to log their 

workout and 16% using a workout app. 
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Figure 4-6, Percent logging their workout 

 

Looking at the separate groups in Table 4-1, Workout logging, we can read that 

weight lifters, as a total, are close to the overall average of 46%. However the 

subgroup in FC that both attends classes and lift weights that also log their workout 

might want to be counted towards weight lifters to get a better picture of how 

people who lift weights workout. Placing them in the weight lifter category adjusts 

the numbers to about 50% for all weight lifters and about 30% for class attendees. 

That side-effect of the overlapping categorization and the small sample sizes, 

especially for SW and SC, creates some unreliability to the numbers.   

 

Table 4-1, Workout logging per category 

Category Percent that log their workout 

Frequent weight lifter 42.5% 

Sporadic weight lifter 50.0% 

Frequent class attendee 63.6% 

Sporadic class attendee 33.3% 
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4.2.3 Workout knowledge 

The study had an aim to find out where and how people find information 

regarding working out to find ways of adopting this into the system design. The 

survey asked both to what extent their knowledge stretches as well as where they 

find the information. The questions were of multiple choice where only one answer 

was accepted. The alternatives presented in the survey to the question “How 

knowledgeable do you consider yourself regarding working out?” was:  

 Expert – Expert, at the same level as a personal trainer. 

 Well-read – Very knowledgeable, know how to workout to achieve 

different goals. 

 Own goal – Know how to workout to achieve my own goals. 

 Common exercises – Know the common exercises and which muscle 

groups they train. 

 Novice, workout mostly to move my body without any deeper 

knowledge of the exercises. (Novice) 

 

In Figure 4-7, Workout knowledge per category, each category has been 

normalized to portray the correlation between them. The graph clearly indicate that 

frequent customers (blue and green bars) tends towards the left, higher knowledge, 

while sporadic workout behavior (yellow and red bars) tends towards the right, 

lesser knowledge.  
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Figure 4-7, Workout knowledge per category 

 

This is not surprising since performing a task often and regularly usually goes 

along with learning the task, at least one’s own perceived knowledge which is what 

the study investigates. Once again SW and SC contain small sample sizes which 

cause potential misleading numbers. The one person in SW that consider his 

knowledge to be of expert level represents a higher percentage in his group 

compared to the four times as many in FW. 

When asked where they gather their information, the majority answered that 

they get it from friends and/or by searching the internet. The values in Figure 4-8, 

Source of information, presents the distribution of frequency per source category. It 

can be read that there are four sources that are never used by approximately half of 

the respondents: Lectures and courses, Personal trainer, Posters at the gym, 

Newspapers. The former two are mainly used by people who consider themselves 

serious and knowledgeable regarding working out.  
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Figure 4-8, Source of information 

 

Worth noticing is that even if personal trainers are the source of information 

that most people never use, there are still about a quarter of the customers that often 

or regularly see a personal trainer. Compared to the other three bottom categories 

that more than 90% never or seldom use. 

4.2.4 Desired functionalities 

In the survey the customers were presented with the idea of using a mobile 

phone as a membership card to find out if this is a desired feature. The survey also 

asked under what conditions they would consider using a mobile phone to log their 

workout. Lastly, customers were posed with a questions about what they would 

want out of a system that “with one click” could present information to them.  
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Overall there seems to be positive attitude towards using the phone at the gym 

with 86% interested in using the phone as membership card and 84% either using 

their phones today or showed interest in using their phones to log their workout.  

The main reasons for not wanting to use a mobile phone as membership card was 

the additional problems caused if the phone breaks or get lost and not wanting to 

bring the phone to the gym. A few felt it seemed hard and complicated and one had 

issues with the potential security risks. 

 

 

Figure 4-9, Desire to log the workout 

 

When posed with the question “Are you interested in logging your workout 

with your mobile phone?“ the participants had the choice of choosing one of the 

answers: 

 Do it already 

 Yes, but only if it done automatically 

 Yes, if it is fast and easy 

 No, I don't mind logging but not using the phone 

 No, I am not interested in logging my workout 

 Do not know 
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Looking into the details of the conditions under which the customer would 

consider logging their workout it can be seen in Figure 4-9, Desire to log the 

workout, that the overwhelming condition is for it to be fast and easy.  

Furthermore it can be seen that the majority of the ones who want it to be done 

automatically are the people who do not visit the gym for weight lifting frequently. 

The survey also shows that weight lifters are more prone to want log their workout 

which coincides with the ones who do log their workout in some form, as presented 

earlier. 

Lastly the survey presented the notion of using the mobile phone for retrieving 

information at the gym. The participants was asked what information they would 

like to see and to rate how often they believe they would use that function. The type 

information they were and asked to rate was: 

 Personal workout history 

 Personal settings (on a machine) 

 Alternative exercises (to the one being executed) 

 Tips from personal trainer 

 Workout program 

 Machine information (general information, how to handle the machine 

etc.) 

 Friends’ workout (to see their workout history) 

 

 

Figure 4-10, Desired Information 
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Figure 4-10, Desired Information, presents the frequency at which the 

participants of the survey potentially would use each function. The information that 

are most desired to retrieve often or regularly are; Personal workout history, 

Personal settings, Alternative exercises and Tips from personal trainer. Reading 

general information about a machine is divided into two camps, often and 

sometimes. Since the FW group dominates the survey participants, the totals 

presented in the graph are slanted towards their answers. At further analysis, 

investigating each of the four categories individually, it becomes clear that the two 

groups consists of FW and FC reading general information about machines 

sometimes and SW and SC often.   

 

4.3 Interview results 

All the interview was conducted at Gym 1 during a Monday, recommended by 

the gym as being one of the busier days and a large part of the staff present. The 

staff was first introduced to the ongoing study at a morning meeting, and was then 

asked to participate by the interviewer. The staff interviews were performed in an 

isolated office with the interviewer and interviewee. In total four interviews were 

conducted with staff members and each lasted approximately half an hour.  

The customers was asked at random while working out at the gym. Out of the 

approximately 15-20 people in the facility about half were asked to participate and 

five voluntered. 

4.3.1 Customer interviews 

Due to the time of day the interviews took place (during working hours) the 

customers frequenting the facility were mostly younger and older people in the 

16-22 and 45-60 years of age categories. The older crowd categorically turn down 

the offer to participate in the study due to various reasons, mostly wanting to focus 

on their workout but also the feeling they had nothing to contribute was expressed. 

The younger crowd were more susceptible and out of the five interviews, four of 

them were with people in the 16-22 range and the last one 31-45. Four of them 

falling under the frequent weight lifter category where they mostly lift weights and 

categorize themselves as being serious with their workout, and one under the 
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frequent class attendee category. In Table 4-2, Customer interviews summary the 

base questions are summarized. Compared to the survey results, the interviewees 

could be classified as being representative for the typical survey participant.  

 

Table 4-2, Customer interviews summary 

Question Answers 

Type of mobile phone 80% Android, 20% iPhone 

Supports NFC 80% Do not know, 20% Yes 

Bring phone when working out 80% Yes, 20% No 

Log workout 60% Yes, 40% No 

 

When presented with the NFC prototype the initial reaction can be summarized 

as very positive with exclamations as: Cool!, Nice, Effective, Convenient. They all 

seemed excited about the potential and ease of use the prototype displayed. The 

demonstration was of a MiFare card coded to open the company’s home page in a 

web browser on a mobile phone when scanned. The explanation that any web site or 

program can be opened in this manner was given, and that the idea is to pair them 

with a machine to display information or a logger. 

 

The initial uses instantly identified by the interviewees was mostly about 

keeping track of workout history and viewing detailed information about the 

exercise. After being presented to some additional ideas such as: 

 alternative exercises, 

 personal machine settings, 

 tips from personal trainer, 

 friends’ workouts, 

the interviewee was asked to identify the functions they found most intriguing. The 

answers was as wide spread as the number of interviews, each having their own use 

they would like to see. A couple found that viewing workout history being the most 

useful feature while some wanted more detailed information about the execution of 

the exercise, what muscle group that was being used and what purpose the exercise 

have. Overall, the interest for using a system similar to the one described was 

unequivocally positive with only one resistant to bring the phone at all , but could 

reconsider if the system was good enough.  
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Lastly the customers were introduced to the concept of exchanging their 

membership cards with an application in their phone and use that in the same 

instances they use the card today. Once again the initial reaction was 

overwhelmingly positive where every single one found the idea alluring. The 

general conception was that it was easy to forget the membership card but never the 

phone as it is such an intricate part of everyday life. When asked what could make 

them change their mind, the main concern was if there was a choice between either 

a card or the application and the phone breaks or get lost alternatively if the system 

is unresponsive and the technology itself is slow. Some of the customers was asked 

if they would change their mind if they had to open up the application before being 

able to use it. Some showed signs of being hesitant but all found the benefits 

overcome the extra hassle.  

4.3.2 Staff interviews 

The questions asked to the staff were based on the role they filled at the gym. 

Three different categories was identified that would either work closely with the 

system or fill some functions that could be replaced by the system. Each person 

interviewed filled at least two of the roles: 

 

Personal trainer: A fitness professional aiding and motivating customers in 

working out. They work with the customer, identifying strengths and weaknesses 

and help those setting goals. The personal trainer usually set up a workout program 

for the customer and provide feedback at checkups.  

 

Instructor: An instructor is the person leading group exercises such as 

Aerobics, Yoga, and Body Pump etc. It is the instructor’s job is to take attendance 

of the customers that has signed up for the class.  

 

Gym host: A gym host is a workout expert housing in the gym helping 

customers perform exercises correctly and answer any questions they might have. 

The gym host usually also tries to guide customers towards other functions at the 

gym such as personal trainers, group classes and massages. It is important that the 

gym host is social and approachable for customers to initiate contact.  
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In total two personal trainers, three instructors and four gym hosts were 

interviewed. Overall, the interviewed staff were positive towards the idea of 

customers using their mobile phones to find information about and log exercises as 

well as a membership card. They all has noticed that most customers bring their 

phones today anyway and taking advantage of that was perceived as a good idea. 

From the staffs point of view they expressed several advantages with adopting an 

NFC based system, like the one presented in this report, compared to how they work 

today.  

The personal trainers saw most potential in the possibility to provide the 

customers with workout instructions and programs directly to their phones instead 

of either printing out a paper or sending by e-mail. By keeping the log in the same 

system it would also be easier to adopt the current program based on how the 

customer is performing. They also expressed a desire to be able to have a two-way 

communication with the client, to get feedback on how they perceive the workout 

and maybe answer questions. Another advantage the personal trainers found with 

using mobile phones was the possibility to take the workout outside of the gym and 

into everyday life and still being able to push and influence the clients even when 

they are not physically at the gym. 

For the interviews with the instructors the attendance control function was the 

one in focus. Today the customers sign up for a class in advance to secure a spot. 

Before the class starts they go to the counter where they swipe their membership 

cards to register their attendance. For outdoor classes an application is used where 

the instructor checks of the signed up customers manually. They all found that 

taking attendance in person at the beginning of the class would improve for the 

customers who did not have time to register at the counter in beforehand. The 

instructors also felt that it would provide a chance to greet the customers as they 

enter and thereby get a more familiar touch to the class. The main concerns 

expressed was the need to bring either the membership card or mobile phone to the 

class and if the system is hard to operate or non-responsive it could be more of a 

hassle than help.  

All of the interviewees filled the role of gym host and they all agree on the 

most commonly asked questions at the gym being: “How should I workout to lose 

weight?”, “How do I perform this exercise correctly?”, as well as getting tips to 

alternative exercises. They felt that if the exercises had an instructional video this 



 Thesis for Master’s Degree at HIT and LiU 

40 

would help not only those that ask the question but also the ones that might be too 

shy to approach them. Additional information that the gym hosts believe to be 

useful for the customers are workout history, personal settings and alternative 

exercises. There are posters connected to the machines with a picture and 

instructions to how to use it but they are rarely used. According to the gym hosts the 

reasons for that are due to the instructions being poorly phrased, in English and 

might be hard to spot. The need for the instructions to be in the native tongue of the 

customers was stressed, especially for older customers. The gym hosts believe that, 

if the system was as easy to use as it seems, most customers would use it to some 

degree. 

The general opinion expressed ranged from positive to extremely positive to 

the potential of a system that can present information in an easy way for the 

customers. It was stated that it is common that some customers do not advance their 

workout and get stuck in old habits. This often leads to a loss of interest and 

customers stop working out. With access to the log of the customers’ workout this 

could be prevented. Other functions that also was mentioned during the interviews 

were being able to set up competitions at the gym with scoreboards for each 

machine, asking questions to the gym hosts online and recommendation of classes 

based on workout history. 

 

4.4 Conclusive remarks 

Looking at the top three most desired functions workout history, personal 

settings and alternative exercises they are all easy for a customer to get today. 

Logging the workout only takes a few seconds with a pen and paper or workout 

application, personal setting the same and finding alternative exercises is only one 

search on the internet away. The reason it is not being done today can be seen in 

Figure 4-9, Desire to log the workout, were the prime reason to start using a mobile 

phone to log their exercise is it to be fast and easy. This indicates that the system 

needs to be faster and easier than searching the internet and using pen and paper or 

a workout application. The functionalities most desired by the customers that the 

staff believe would be of most use for them are: 

 Get information about an exercise. Several of the customers search the 

internet for information and it is one of the most asked questions at the 
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gym. Preferably a short video instruction in addition to a written 

description. 

 View the workout history. The desire to log their workout is high 

amongst the customers and is also one of the functions that the staff 

think could be beneficial for them.  

 Using mobile phone as membership card. 86% of the customers showed 

interest in the prospect of replacing their membership cards with an 

application. The instructors also saw some real benefits with being 

able to log the attendance in person at the start of the class.  

 These three functions comprise the core functionality of the system. It was 

expressed the importance of these being as easy to use as possible indicating the 

need for few user interactions. For the proof of concept being developed in this 

thesis these will be the functionalities being focused. Additionally to these core 

functions a future implementations would include extracting and analyzing 

customers’ workout logs to both help them advance their workout as well as 

identifying workout types to target for niched information and suggestions. Connect 

workout blogs and magazine articles, external or written by the staff or customers. 

Include a two-way communication system between staff and customers where 

personal trainers can get and give feedback and customers ask questions.  

The challenge with the system is to change the behavior of the customers to 

start logging their workout and using NFC to find information. Since posters at the 

gym are ignored to large extent, it poses a tough task to make the NFC tags visible 

and welcoming to use. Implementing entrance and attendance control with NFC is 

probably less taxing due to the similarities with the system used on buses. Using the 

mobile phone in a familiar way as membership card might be a catalyst for using the 

phone in other ways in the gym. 
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4.5 Brief summary 

The case study set out to identify the functional and non-functional 

requirements of the NFC based client system being developed as a proof of concept 

in this thesis. By conducting a quantitative survey the most desired functions by the 

customers could be extracted. Pairing the survey results with qualitative interviews, 

with both customers and staff at a gym, the functions to be included in the system 

was identified as: provide general information about an exercise, view workout 

history and to allow the customer to use the application as a membership card. The 

main non-functional requirements required for the system to be used are for the 

system to be fast and easy to use with few user interactions.  
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Chapter 5 System Design of NFC-based gym mobile 

app 

In this chapter the methodology undertaken for this project is described. 

Further, the main architecture, logical structure of the database and design of both 

graphical user interface (GUI) and web API is presented. The key techniques used 

to fulfill the technical aspects of the project is also described.  

5.1 System development methodology 

The implementation project presented in this report was realized following the 

software development life cycle. The method of choice while developing was a 

combination of throwaway and evolutionary prototyping. Each function was 

constructed in isolation in a small program to verify functionality and then thrown 

away, then a small application based on the program was created and tested. This 

application prototype was partially evolved into what became the final system.  

This approach was adopted since the technical aspects of NFC was new to the 

author and because it is easier to identify problems in a small system. When all 

prototypes were working by themselves a user interface was created and the 

different functions integrated one at the time. The order of the main NFC 

functionalities that was prototyped: 

 Read NFC tag id (and Ndef message) 

 Share Ndef message 

 Write Ndef message to tag 

In addition to these prototypes, setting up connections to both the internal and 

external APIs was built into individual smaller applications and tested before being 

integrated.  
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5.2 Main architecture 

The overlaying architecture of the whole system can be seen below in Figure 

5-1, Main Architecture, and consists of:  

 two applications for the mobile devices,  

 membership cards in the form of a MiFare cards for the customers,  

 NFC tags and  

 an internal database with a Web API, 

 an external terminal, with an NFC reader 

 an external system connected via a Web API 

 

Figure 5-1, Main Architecture 

 

The NFC-based client system is developed to be introduced into a gym 

environment where there are two main actors, customers and staff. As Figure 5-1, 

Main Architecture, depicts, the system provides each of the actors with an 

application to be run on NFC enabled mobile devices. The system also contains 

NFC tags that are placed at strategic locations in the gym, on workout machines or 

areas. The internal database is hosted on a web hotel [29]  and is accessed via a web 

interface from the applications.  
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The two applications communicate with each other via NFC’s share function, 

the customer share data to the staff application. The staff application is in charge of 

encoding the NFC tags to be paired with a machine or exercise. These tags can then 

be read by the customer application. 

Outside of the NFC-based client system there is one key actor, the Gym system 

provided by the company. The two systems communicate over two different 

channels, via NFC where the customer application or MiFare card is read by a 

hardware NFC reader (Terminal) and via a Web API where the staff application 

communicates data to the gym system over the internet.  

 

5.3 Key techniques  

This sub-chapter presents the key techniques used in this projects in more 

detail. The core of this thesis is NFC and hence do most techniques revolve around 

this, such as the technology itself, the communication protocol, logical structure of 

the tags used. Lastly the multi-platform development tool PhoneGap is presented. 

5.3.1 Near Field Communication 

Near Field Communication is based on one of the standards of Radio 

Frequency Identifications (RFID) protocols, namely ISO/IEC 14443, FeliCa and 

ISO/IEC 18092. These protocols state NFC to operate at the 13.56 MHz frequency, 

making it possible to identify some High Frequency (HF) RFID tags operating at the 

same frequency such as the MiFare Classic cards. There are some differences in 

how NFC is implemented compared to HF RFID;  

 NFC allow for two way communication  

 NFC is restricted to a shorter range (a few cm) 

 NFC do not allow to read multiple tags simultaneously 

 NFC can communicate via NFC Data Exchange Format (Ndef) messages  

The NFC Forum™* was formed in 2004 to advance the use of NFC technology 

and with goals to develop standards and educate consumers and enterprises globally 

[30] . One of the standards they have produced is the NFC Data Exchange Format 

(Ndef). Along with Ndef an exchange protocol (Simple Ndef Exchange Protocol, 

SNEP) to enable two way communication between NFC-enabled devices was 

formed.  

(*) NFC Forum and the NFC Forum logo are trademarks of the Near Field Communication Forum.  
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5.3.2 NFC Data Exchange Format 

NFC Data Exchange Format (Ndef) allows for storing and transferring a wide 

range of information, from plain text and URIs (Uniform Resource Identifiers) to 

AAR (Android Application Record) or MIME objects (Multi-Purpose Internet Mail 

Extensions). It is the most commonly used format for storing information on 

smartcards as well as transferring data between NFC-enabled mobile phones [31] . To 

be able to fulfill the requirement of being able to read a customer’s mobile device 

with another mobile device the use of Ndef is a necessity.  

The NFC Data Exchange Format defines Ndef Messages to be consisting of 

Ndef Records in an array, where the size of the storage space is the limit. Each 

record in turn got a header and a payload. The header defines the type and length of 

the payload as well as an identifier. A schematic overview of how the Ndef 

messages relate to records can be seen in Figure 5-2, Ndef message architecture 

 

Figure 5-2, Ndef message architecture 
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The type of the Ndef record indicates the type of data the payload consists of. 

It is recommended to let the first record provide the processing context for the entire 

Ndef Message [32] . Since this is not regulated, it is only a guideline for building 

Ndef Messages in a somewhat standardized way. The preset types provided by 

chariotsolutions’ NFC plugin for PhoneGap are; empty, text, URI, MIME and AAR, 

these all come with their own constructors [33] . It is however possible to create any 

type of Ndef Record within the plugin. Without deeper knowledge of the Ndef 

Format it is not recommended since the control for creating a message that do not 

conform to the format is sparse [34] . 

 

5.3.3 MIFARE Classic 

The company uses MiFare Classic cards as membership cards at some of the 

locations, therefore this was the outset for the NFC tag development. The cards 

comes in two different memory sizes, 1kB and 4kB, and two different id types, 4 

byte non unique or 7 byte unique, the cards used in this project are the smaller ones 

with unique id[2] [10] .  

The memory is divided into 16 sections, each containing 4 blocks of 16 bytes 

of data. The first block contains the unique id together with some manufacture 

information. The card follows the ISO 14443[35]  standard which defines the 

physical environment, communication between card and reader, initialization, 

anti-collision protocol and how commands are sent. MIFARE Classic cards does 

however diverge from the standard on the last part and instead use a proprietary 

protocol [10] .  

The card has a limited scope of commands, where read and write are the two 

core functions. Decrement, Increment, Restore and Transfer are other commands 

that can be performed on data stored on the card, these are not used in this report. 
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5.3.4 PhoneGap 

To be able to address the requirement of being adoptable to multiple platforms a 

hybrid platform, PhoneGap, will be used. This is an application container 

technology, meaning that applications for mobile devices are created using HTML, 

CSS and JavaScript which PhoneGap then encapsulates with a platform specific 

container. In essence the encapsulation is an extended web browser where plugins 

allow the developer to access native functionalities.[12] [36]  Figure 5-3, PhoneGap’s 

User Interface shows how this is presented in a mobile phone. 

 

 

Figure 5-3, PhoneGap’s User Interface 

 

HTML along with CSS builds the UI of the application and JavaScript the 

functionality and communication with the native operating system. PhoneGap uses 

the same web view as the native OS (UIWebView class on iOS and 

android.webkit.WebView on Android), this view renders the HTML content in full 

screen without any of the menus, bars or navigational buttons. All of these elements 

are free to implement as each application needs. Since the web views differs with 

the different operating systems some adaptations to fit each OS has to be made. [12] 

[36]  
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PhoneGap’s API has support for adding plugins to get access to native 

functionalities using JavaScript, this API however do not support every single 

function but most of the basics like camera, contacts, device, file etc. To get access 

to additional functions PhoneGap allows for custom plugins to be created and 

integrated. Figure 5-4, Overview: PhoneGap's components displays the correlation 

between PhoneGap, PhoneGap and 3rd party plugins and platform SDK. 

 

 

Figure 5-4, Overview: PhoneGap's components 

 

The use of NFC is such a function that is not natively supported by PhoneGap 

but an external plugin is needed. Chariot Solutions has developed such a plugin 

with support for both Android, Windows Phone 8 and BlackBerry 7 & 10, iPhone 

with iOS is not supported for the reasons mentioned earlier [33] [37] . However due to 

the differences in NFC implementation in the different platforms, the plugin does 

not provide the same support for all three operating systems. The plugin started out 

focusing towards Android development and has expanded from there. Compatibility 

exist with the other platforms where BlackBerry shares most functions and 

Windows Phone the essentials; detect, write and share. 
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5.4 Logical structure of the database 

The logical structure of the data to be stored in the internal database is given 

below in Figure 5-5, Logical Structure of the Internal Database. 

 

Figure 5-5, Logical Structure of the Internal Database 

The data descriptions of each of these data entities are as follows: 

Table 5-1, Customer Data Entity 

Data Item Type Description Comment 

id Integer Primary Key Foreign key in 

CUS_perform_EXE 

card String Unique id from the app  

Table 5-1, Customer Data Entity, consists of a primary key to identify the 

customer within the internal system. This id is not the same id as used in the 

company’s system to mitigate the effects of a security breach. The card number is 

the unique id of the device that has installed the application.  

Table 5-2, Machine Data Entity 

Data Item Type Description Comment 

id Integer Primary Key Foreign key in Exercise. 

Used as id in NFC tag 

name  String Name of the machine Can be name of machine or 

location in the gym.  

instruction String General instructions on 

how to use the machine 

optional 

picture String Link to a picture of the 

machine 

optional 
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Table 5-2, Machine Data Entity, consists of an id that is used in pairing a 

machine to an exercise. The name represents either the name of an actual machine 

but could also be a location at the gym, for instance if there is a designated wall to 

bounce medicine balls towards. The instruction is optional and should describe how 

to change settings or special considerations. The picture will be stored elsewhere 

and the reference will be stored in the database. 

 

Table 5-3, Muscle_group Data Entity 

Data Item Type Description Comment 

id Integer Primary Key Foreign key in Exercise.  

name  String Name of the muscle group  

Table 5-3, Muscle_group Data Entity, consists of an id that is used in pairing 

the exercise to which muscle group being worked out. The name should be the 

common name of the muscle for easy recognition, and not the Latin name. 

 

Table 5-4, Exercise Data Entity 

Data Item Type Description Comment 

id Integer Primary Key Foreign key in 

CUS_perform_EXE 

MAC_id Integer Foreign Key Machine id 

MUS_id Integer Foreign Key Muscle group id 

name  String Name of the exercise  

instruction  String Instructions how to 

perform the exercise 

 

video String Link to a video showing 

the exercise 

optional 

Table 5-4, Exercise Data Entity, consists of an id that uniquely identifies the 

exercise. This id will be stored on NFC tags to be paired with the exercise. The 

exercise is performed on a machine, MAC_id, and workout a muscle group, 

MUS_id. The name of the exercise should contain enough information to be easily 

recognized. The instruction should be clear and concise and kept short if possible. 

The video should be a short video instruction displaying the key techniques for the 

exercise. The video will be stored elsewhere and the reference will be stored in the 

database. 
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Table 5-5, CUS_perform_EXE Data Entity 

Data Item Type Description Comment 

id Integer Primary Key  

CUS_id String Foreign Key  

EXE_id Integer Foreign Key  

date  Date Date of the workout yyyy-mm-dd format 

weight Integer Weight in kilograms  

reps  Integer Number of repetitions  

sets  Integer Number of sets  

Table 5-5, CUS_perform_EXE Data Entity, stores the workout details for a 

customer’s, CUS_id, workout on an exercise, EXE_id. The date is stored in SQL 

date format of yyyy-mm-dd. The only data being logger in this proof of concept 

implementation are the weight, reps and sets. In an actual installation there would 

be several other means of logging such as reps per time unit, time to finish number 

of reps and alternate number of reps per set etc.  

The vital interfaces to the NFC based client system consists of the graphical 

user interface presented to the user. An internal Web API reached via internet to 

retrieve personal workout history and general exercise information. The company’s 

Web API to verify staff and register customer’s entry and attendance. Lastly the 

NFC interface between both application to application, and NFC tag or membership 

card to application. These interfaces are described in detail, except the company’s 

on behalf of company policies. 

5.5 Interface Design 

In this sub-chapter the design of the GUI as well as the web API are described. 

Both have been developed following the prototyting methodology, the details for 

each interface design are given below. 

5.5.1 Graphical User Interface Design 

The GUI of the two applications was prototyped in a similar way as the system. 

This chapter shows the earlier steps of the prototypes that laid grounds for the 

implementation of the GUI. Testing the interface is of utmost importance to get a 

user friendly system. Since it is a lot easier and faster to alter a sketch on paper than 

to re-code a program the small paper prototypes sketches was created. The sketches 
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was improved iteratively after testing and evaluating them. Finally they were 

concepted digitally as presented here in this chapter.[38] [39]   

 

Customer application 

The customer application consists of three different views as presented in 

Figure 5-6, Customer application GUI:  

1. Choose exercise (left) 

2. Exercise information and logger (middle) 

3. A video player (right) 

 

 

Figure 5-6, Customer application GUI 

 

The choose exercise menu is a list of all the exercises available at the gym and 

when clicked the user is presented with view 2). Clicking the “See video” button 

launches a video player with a short instructional video for that exercise. When the 

application is opened the regular way the user is presented with the first view and 

lets the user to manually choose what exercise to log or find out more about. When 

an NFC tag is scanned the application is opened automatically and open the 

corresponding exercise view for the exercise. The information displayed consists of 

name of the exercise, name of the machine, what muscle group is being workout, 
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general instructions to how to perform the exercise as well as a description of how 

the machine works. The workout history is also displayed with the last 5 records in 

chronological order. To enter a new log record the data are entered into the input 

fields and then press the “Log Workout” button. 

 

Staff application 

The staff application adopts two different processes, attendance control and 

create tag, both of which require the user to be logged in. In Figure 5-7, Staff 

application GUI – Login & Attendance, the login screen and attendance control are 

displayed.  

 

 

Figure 5-7, Staff application GUI – Login & Attendance 

 

The login screen contains two input fields for username and password. Once 

the credentials are entered and the “Log in” button is pressed the attendance view is 

displayed. When a customers’ membership card or application is scanned the name 

of the customer is displayed and whether the attendance was ok. Clicking the 

“Create tag” button opens the view presented on the left in Figure 5-8, Staff 

application GUI – Create tag. 
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Figure 5-8, Staff application GUI – Create tag 

 

The leftwards view presents all the exercises available to perform at the gym, 

upon selecting an exercise the middle view is launched with the name of the 

selected exercise in the middle and a toast asking the user to “Place a tag in 

proximity to write”. After a tag has been placed in proximity and the tag been 

successfully paired to an exercise another toast is presented: “Exercise 3 tag 

created”. 

 

5.5.2 Internal Web API Design 

When designing the API for retrieving the data located on the internal database 

once again a prototype methodology was conducted. After identifying what data 

needed to be extracted, SQL calls was made to the database directly in a browser to 

verify that the return values was correct. The API was kept minimalistic with only 

the core functionalities, as the Principal Engineer at Google, Joshua Bloch states in 

his talk: “You can always add but never remove” [40] [40] . 
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5.6 Brief summary 

The system being developed in this project will first be prototyped in smaller 

parts where each core functionality is tested in isolation. When the prototypes are 

verified they are integrated into one system that is beta tested by end users.  

The system will be developed using PhoneGap, a hybrid platform, to ensure 

the system to be supported by multiple mobile platforms. PhoneGap allows the 

developer to code in HTML, CSS and JavaScript. To easily ensure a MVC design 

pattern AngularJS is used. The core of the system is NFC technology and the Ndef 

message it communicates with. The system consists of two applications that 

communicates via NFC, membership cards of MiFare Classic type and NFC tags 

that are paired with exercises at the gym. Aside from NFC the system also 

communicates with an internal and external web API over the internet. The APIs 

connects the applications to databases.  
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Chapter 6 System Implementation and Testing of 

NFC-based gym mobile app 

In this chapter the environment in which the system resides is presented. This 

together with a description of the key interfaces, internal and towards the company, 

provides an overall view of how the system fits into its milieu and how it 

communicates both internally and with an external system. 

6.1 The environment of system implementation 

The systems key parts consists two mobile applications, MiFare cards, NFC 

tags and a database with a Web API.  

 

Table 6-1, System environment 

System part Key technology Description 

Mobile applications JavaScript, HTML, 

CSS 

In this thesis implementation the 

applications will be run on a 

Samsung S5 mobile phone running 

Android version 5.0.   

MiFare cards Ndef format Ndef formatted cards function as 

membership cards. 

NFC tags Ndef format The NFC tags in this implementation 

are represented by MiFare cards. In 

an implementation these would be 

exchanged for other NFC tags, e.g. 

NFC stickers 

Internal database SQL The database is hosted on a free web 

hotel [29]  

Web API PHP The Web API is hosed on a free web 

hotel [29]  

  

As described in Table 6-1, System environment, the mobile applications are 

run on an Android mobile phone developed using JavaScript, HTML and CSS in 

PhoneGap. To test phone to phone communication another Android mobile phone 
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was used running Android 4.4, this other unit was only used occasionally and was 

not part of the standard set up during development. In total six MiFare cards was  

used to represent both membership cards and NFC tags paired to exercises. At least 

one of the cards was kept unformatted for reference and to investigate the 

possibility to use the cards out-of-the-box. For the internal database and Web API a 

web hotel was found that allowed for setting up an SQL database using 

phpMyAdmin and a PHP based Web API. 

6.2 Key program flow charts 

The core functionalities of the system are detailed with state transition flow 

charts and a short description of the process. These flow charts are the basis of 

system testing to verify the correctness of the functionalities.  

 

6.2.1 Attendance control process 

The attendance control process resides in the staff application and describes 

the registration of a membership card or customer application.   

 

Figure 6-1, Attendance control process 

 

Figure 6-1, Attendance control process state-transition diagram above depicts 

the staff use cases: login, retrieve customer id and send customer entry, presented in 

Figure 3-1, Main functions schematic overview. An instructor logs in and is verified 

through the Web API, upon success the application is set in idle waiting to detect 
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another NFC entity (tag or application). When an entity is detected the Ndef 

message is read and if it is of correct type and contains an id the id is checked 

through the Web API. The result is prompted to the instructor. 

 

6.2.2 Create NFC tag process 

The create NFC tag process resides in the staff application and describes the 

process of pairing an exercise with an NFC tag. 

 

Figure 6-2, Create NFC tag process 

 

Figure 6-2, Create NFC tag process state-transitioning diagram above depicts 

the staff use case: create NFC tag. A member of staff is logged in and traverse to the 

“Create Tag” page and selects the exercise to be paired with a tag and clicks the 

button “Write Tag”. The staff member is prompted to place a writable NFC tag in 

proximity. When the tag is created the staff member is prompted with the success.  
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6.2.3 View information and logger process 

Figure 6-3, View information and logger process state-transition diagram 

below depicts the customer use cases: Read NFC tag, View information and logger. 

There are two routes to go to view information and the logger, either by reading an 

NFC tag or by opening the application and chose the exercise manually.  

 

 

Figure 6-3, View information and logger process 

 

These two different routes are visible in the flow chart, both results in the 

retrieval of the exercise id (eid). Together with the unique id of the customer (cid) 

the personal workout history and general information about the exercise are 

presented 
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6.2.4 Log workout process 

Figure 6-4, Log workout process state-transition diagram below depicts the 

customer use case: Log workout. Pre-requisite to this is the view information and 

logger process being run till the end where the logger successfully is presented to 

the customer. The customer then enters the statistics of the workout and presses the 

“Log Workout” button. The system sends the data to the internal Web API which 

updates the internal database. If the update is successful the data is updated in the 

application and the input fields are cleared, if not the user is prompted. 

 

 

Figure 6-4, Log workout process 
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6.3 Key Interfaces of the software system 

6.3.1 Graphical User Interface 

From the design presented in 5.5.1 Graphical User Interface Design, the 

interface presented in this sub-chapter was created. A few small alterations from the 

original design was made, these are described at respective screenshot here. The 

phrasing of the customer application is in Swedish as per the requirement.  

 

Customer application screenshots 

The exercise selection and the exercise information & logger screens are 

presented in Figure 6-5, Customer application screenshots. The view video button 

that was first presented in the design was replaced with a clickable thumbnail video 

that can be played both in the small portion of the screen as displayed or in full 

screen.  

 

  

Figure 6-5, Customer application screenshots 
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Staff application screenshots 

The login screen and the attendance control screen of the staff application are 

presented in Figure 6-6, Staff application screenshot – Login & Attendance, below. 

The implementation of the attendance screen alter slightly in that when a valid 

membership card or application is read it presents the picture, membership number 

and name of the customer as apart from the “ok” that was presented in the design.  

 

   

Figure 6-6, Staff application screenshot – Login & Attendance  

 

Looking at the screen on the right we can identify the components on the 

screen as first the name of the internship company system “Gymsystem”. Below is 

the name of the customer, in this case “test tre”, if an invalid membership card is 

registered the application will show the message “Not a member” instead. After the 

name the membership number is shown and lastly a picture of the member if a 

picture is available. 
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The exercise selection and tag creation screens are presented in Figure 6-7, 

Staff application screenshot– Create tag. The selection screen is the same as the one 

in the customer application with the small difference of a toast presenting 

instructions to “Select an exercise to be paired with a tag”. The third screen 

presented in the design showing a toast notifying the success of a tag creation exists 

within the application but is not presented here.  

 

 

Figure 6-7, Staff application screenshot– Create tag 

6.3.2 Internal Web API 

The internal Web API is a PHP based API and is housed on the same web hotel 

as the database. All calls to the internal API are HTTP calls and are made to the 

base URI with an URI extension for each of the function calls. The base URI used is: 

exjobb.esy.es/thesisAPI.php.  

Parameters are passed to the API through the URI using slash separators as:  

baseURI?URIextension/parameter1/parameter2 
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The system uses the standard http status codes presented in Table 6-1, Status 

Codes. 

Table 6-1, Status Codes 

Status Status message Description 

200 “OK” Successful transaction, and data set return 

200 “NO CONTENT” Successful transaction, with empty data set return 

200 “INSERT OK” Successful insertion of data 

404 “NOT FOUND” URI extension not used 

500 “INTERNAL ERROR” Failed to connect to the database 

 

The Web API returns a JSON-object with information on the format: 

                 {status, status_message, data}  

where the status is an integer, status_message a string and the data a JSON-object.  

 

API 6-1, retrieve exercises 

API 6-1: retrieve exercises 

URI extension ?exercises 

Method GET 

Parameters - 

Returns 200 “OK”, 200 “NO CONTENT” 

Data {‘exercises’:{‘id’:exercise.id,  

           ‘name’: exercise.name}} 

The above API 6-1, retrieve exercises, returns the name and id of all the 

exercises in the database. The data is used in the choose exercise views in both 

customer and staff application. 
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API 6-2, retrieve personal data about exercise 

API 6-2: retrieve personal data about exercise 

URI extension ?customer_exercise/cid/eid 

Method GET 

Parameters cid: Customer unique identification from application, customer.card 

eid: Exercise identification, exercise.id 

Returns 200 “OK”, 200 “NO CONTENT” 

Data {‘customer_exercise’:{‘date’: CUS_perform_EXE.date,  

                   ‘weight’: CUS_perform_EXE.weight,  

                   ‘reps’: CUS_perform_EXE.reps,  

                   ‘sets’: CUS_perform_EXE.sets, 

                   ‘cid’: customer.id}} 

The above API 6-2, retrieve personal data about exercise, returns the personal 

workout history on an exercise for a customer. The API takes two parameters, cid, 

the customer’s unique identifier and eid, the id of exercise. The data populates the 

workout history in the customer application’s exercise information view. 

 

API 6-3, general exercise information 

API 6-3: retrieve general information about the exercise 

URI extension ?exercise_info/eid 

Method GET 

Parameters eid: Exercise identification, exercise.id 

Returns 200 “OK”, 200 “NO CONTENT” 

Data {‘exercise_info’:{‘eName’:exercise.name,  

               ‘instruction’: exercise.instruction, 

               ‘description’: machine.instruction, 

               ‘muscle’: muscle_group.name}} 

The above API 6-3, general exercise information, returns the name and 

instructions of an exercise along with a description of how to use the machine and 

the muscle group being exercised. The API takes one parameter, eid, the identifier 

of the exercise. The data populates the customer application’s exercise information 

view. 
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API 6-4, log workout 

API 6-4: log details of a workout 

URI extension ?log_workout 

Method POST 

Parameters cid: Customer id, customer.id 

eid: Exercise id, exercise.id 

date: Date the exercise was performed, CUS_perform_EXE.date,  

weight: Weights used in kg, CUS_perform_EXE.weight,  

reps: Number of repetitions, CUS_perform_EXE.reps,  

sets: Number of sets, CUS_perform_EXE.sets 

Returns 200 “INSERT OK” 

Data  

The above API 6-4, log workout, updates the personal workout log for an 

exercise. The API takes the details of the workout (date, weight, reps and sets) 

together with the customer and exercise id into the POST data parameters. If the 

update is successful the system will call upon  

6.3.3 Company Web API 

The Web API provided by the company allows for staff to login and out. The 

server side keeps track of which staff is logged in where in a cookie. By taking 

advantage of this the staff application can adopt a log in once methodology, the 

cookie runs out after about a month. Once logged in, staff can send customer’s 

membership card number to register them for entrance and if they are signed up for 

an upcoming class, attendance for that class.  

6.3.4 NFC 

To get an application to launch when an NFC tag is read, there are a few 

different approaches depending on mobile platform.  

 

Android 

For Android there are two main ways to launch an application, either by 

invoking an Android Application Record (AAR) or by setting an intent filter in the 

AndroidManifest.xml file.  
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When using AAR the system calls the application by its package name on an 

application level. If the application is not installed Google Play is launched for easy 

installation. The AAR will only open the application, any data needs to be added in 

another Ndef record. 

The other way to launch the application automatically is by letting the 

application register to listen for an intent. The intent is handled on the activity level 

making it possible for multiple applications to listen to the same intent, while the 

package name used in AARs is program unique. By defining the MIME type to a 

non-standardized type the risk of having multiple applications launching is 

minimized. The MIME type is set in the header of the record allowing for data to be 

passed in the same record. 

Both of these methods can be used simultaneously for a deeper connection 

between the tag and the application.  

 

 

Code 6-1, Android intent filter 

 

In the implementation, MIME type “text/thesis” was used to guide the data to 

the correct application. The code to set the filter can be seen in Code 6-1, Android 

intent filter. 

 

Windows phone 

Windows functions in a similar way as Android but using a LaunchApp record 

and WindowsMIME. One difference from the AAR is that LaunchApp records can 

be created with launch parameters that are passed upon launch. The Windows 

versions are intended to be generic so that other platforms could use the same 

records but no other operating system supports them for time being.  The launch 

parameters however can be parsed from other platforms if the application is 

installed and running. 
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Ndef Message 

To create a tag to be able to launch an application regardless of platform the 

order of the records matters. Android will find the AAR anywhere in an Ndef 

message and launch the application. Windows LaunchApp records has to be written 

before its parameters and needs to be the first record in the message for Windows to 

recognize it. Since the launch parameters can be parsed from any platform there is 

no need for duplicating the data record.  

The PhoneGap plugin for NFC comes with some help functions to ease the 

creation of standard Ndef records. In Code 6-2, AAR creation comparison, the first 

example is the generic way of creating an AAR and the following the simplified 

version provided by the add-on.  

 

 

Code 6-2, AAR creation comparison 

 

6.4 Prototype implementation and testing 

From the viewpoint of the company the viability of an NFC based client 

system was the main focus, this could be divided into four parts: 

 using NFC to read a customer id from a membership card,  

 using NFC to read/send a customer id to another mobile device 

 pairing an NFC tag with an exercise to be read by a mobile device 

 reading the NFC tag presents a logger and information about the 

exercise 

To test these functionalities small prototypes was first created to test each 

function in isolation. After each prototype had been verified to function they were 

integrated into one full system. The testing of the system was based on the flow 

charts presented in, together with re-enacting the scenarios in 3.2.1 Scenarios. The 

systems functionalities was tested and verified by the developer, first in prototypes 

and then integration tested. After the system was assembled and verified it was 

tested by end users.  
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The only mobile device available for testing and developing was an Android 

based Samsung 5 phone, leaving other platforms untested.  

The implementation described here focuses towards how the NFC parts of the 

system was constructed. GUI and back end connections are not described at an 

extraction level of the same degree. 

 

6.4.1 Attendance control 

To verify that the system handles attendance control, as in Figure 6-1, 

Attendance control process, a prototype application reading MiFare cards was 

created. The application registers Ndef and TagDiscovered listeners (see code 

example Code 6-3, Register listeners).   

 

 

Code 6-3, Register listeners 

  

The callback functions onNdef launches depending on if the MiFare card is 

Ndef formatted or not. If it is formatted onNdef is called otherwise onNfc. In both 

cases the id of the card is extracted and sent to the external API using the enter(id) 

function (see Code 6-4, Membership card discovered callback).  

 

 

Code 6-4, Membership card discovered callback 

 

The functionality is verified both in the external gym system where an entry is 

registered as well as in the application where the name of the customer is displayed 

on the screen.  

Reading MiFare cards is one of the ways to register a customer attendance. The 

other is by sharing the customer’s id from a mobile device. The id in this case 

consists of the unique unit identifier (uuid) of the mobile device. The uuid is 

packaged into an Ndef record along with an AAR these two create the Ndef 
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message to be shared (see Code 6-5, NFC share message). The nfc.share function is 

a function provided by the PhoneGap plugin for NFC, it broadcasts until another 

NFC device is detected and is then shared. 

 

 

Code 6-5, NFC share message 

 

When a sharing unit is placed in proximity to another NFC device the system 

identifies the message of being of AAR type and launches the application. The 

NdefListener fires its callback function, onNdef and the text record containing the 

customer’s unique identifier can be read. 

 

6.4.2 Create NFC tag 

While developing the other prototypes, the NFC tags and membership cards 

were created by using a third party application [41] . This application lack the 

possibility to create multi-platform tags, but for prototyping and testing for Android 

alone it is sufficient.  

To verify that an exercise can be paired with an NFC tag and operate according 

to Figure 6-2, Create NFC tag process, a prototype was created. Since the only 

available mobile unit runs on Android the tags created was not tested for 

cross-platform support. The way of implementing the function was to create a mime 

type record and store an integer in the payload, similar to Code 6-5, NFC share 

message, but with nfc.write(message) function instead of share. To verify the data 

the third party application was used to read the tag.  

6.4.3 View information and logger 

To verify that the system operates according to Figure 6-3, View information 

and logger process, to present information and logger paired with an NFC tag a 
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prototype was created. There are two ways of arriving at the customer GUI view 

presenting the logger and exercise information. Either by starting the application 

manually and selecting the exercise or by scanning an NFC tag. Presenting the 

exercises was used by adopting AngularJS ng-repeat in a list. Clicking the chosen 

exercise routes the user to the workout page with the exercise id as route parameter. 

The system grabs the parameter and retrieves the information and workout history 

from the internal database and present them to the user. 

To open the correct side directly when an NFC tag was read, the prototype was 

designed to listen for the custom MIME type “text/thesis” (Code 6-6, register 

MIME listener).  

 

 

Code 6-6, register MIME listener 

 

 When the tag is read the system recognizes the MIME type and launches the 

application. Once the system is launched and the MIME listener called its callback 

function onNdef the system extracts the exercise id and send it as route parameter 

(Code 6-7, NFC tag discovered callback). 

 

 

Code 6-7, NFC tag discovered callback 

 

The way of testing was to follow the process step by step and verifying each 

step by logging vital variables, both by scanning an NFC tag as well as opening the 

application and traversing to the workout page.  
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6.5 Implementation difficulties 

After the prototypes had been created and tested in isolation they were 

integrated into one system and tested by both developer and end users. A few 

problems when integrating the prototypes arose, these are presented here together 

with how they were solved. Lastly the result from the end user tests are presented in 

short. 

6.5.1 NFC listener callback  

One of the main problems found developing in PhoneGap with the NFC add-on 

was the inability to remove listeners. The NFC add-on do have a function to remove 

them but that does not work as intended. Since the listeners are set in Android and 

not within the PhoneGap application, adding multiple listeners with different 

callback functions results in all of them launching when NFC is detected. The way 

Android has implemented the core functionalities read, write and share, they have to 

be launched within the callback function from the listener. Letting an application 

both read and write NFC tags creates some clashes.  

The way of working around this was to only add the listeners once at the start 

and then use states. In the callback function of the NFC detected listener identify 

the state the system is in and perform the desired function.  

 

6.6 Testing 

Throughout the implementation a crucial part of the prototyping methodology 

has been to identify the positive and negative aspects of each prototype. This has 

been done through testing and verifying functionality continuously while 

developing.   

6.6.1 Informal functional testing 

Due to the rather few and easily verifiable core functionalities of the system an 

informal approach of testing was adopted during the development. The tests focused 

on verifying the functions of the system and prototypes with the functional and 

non-functional requirements in mind [42] . Due to time restraints, and the fact that the 

system is a proof of concept, no formal test coverage matrix was produced. The 
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fulfillment of the requirements was left to the developer’s discretion and through 

end user testing. 

 

6.6.2 End user testing 

The goal of the end user testing is to assess the system on the basis of user 

scenarios. And to provide insight on whether the system functions correctly and if it 

is perceived as easy to use. 

The testing was a re-enactment of the scenarios where the end users were given 

a task to perform. The users was inspected by the test leader who took notes and 

investigated if the users manage to solve the task and if they follow the intended 

routes. Afterwards the subjects was asked to share their experiences and explain 

their behavior where it averts from the intended. 

 

Scenario re-enactment 

In total 6 potential end-users were selected to re-enact the scenarios given in 

3.2.1 Scenarios. Each person was given a short introduction to how NFC works and 

after reading the scenarios got to re-enact them without help from the test leader. 

The test where two people interacted was performed in pairs where one 

impersonated the customer and one the staff, the rest was performed solo. The 

testers had the option to ask the test leader for help or to clarify if needed.  

The tests was not performed in a gym environment so fictive locations 

representing exercise machines was used. The test that did not require any 

cooperation was conducted first (Scenario 5 & 6), then the ones in pairs, each 

person got to take on both roles. This meant that Scenario 1 was executed twice per 

person while Scenario 5 & 6 were done simultaneously. 

Since the internship company did not have hardware supporting NFC and Ndef 

messages scenario 3 was not possible to execute. At the end of the internship a 

reader was purchased. It did register NFC connection, however without supporting 

software it was not possible to find out if the correct data was transferred. 
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Table 6-2, End-user testing result 

Scenario Core function Persons Success Comment 

1 Application read: Card 

& Application 

2 100%  

2 Hardware read: 

Application 

1 0% No access to compatible 

hardware 

3 Card being read 2 100%  

4 Application share 2 83% One person had to ask how 

to share from the customer 

application 

5 Application read: Tag, 

Workout logger 

1 100% Overall positive reactions. 

5 of the 6 exclaimed 

excitement 

6 Application read: Tag, 

Exercise information 

1 100% Positive reactions to video 

instructions 

 

In Table 6-2, End-user testing result, the success of a test was based on if the 

end-users managed to perform the scenario without questions and help. The 

comments are the reactions and reasons for failure the test leader picked up.  

The handful of end-users that was introduced to the system expressed an 

overall opinion was that it was really easy to use. Most saw potential and would 

probably use it if it was introduced at their gym. The most appreciated aspect was 

the easy connection to a logger, some of the test subjects log their workout today 

and found that not having to find the exercise in a list was an advantage to the 

applications they use. 
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6.6 Brief summary 

The system was implemented and tested on a Samsung S5 mobile phone 

running Android v5.0. The core functionalities listed below was prototyped and 

tested in isolation: 

 using NFC to read a customer id from a membership card,  

 using NFC to read/send a customer id to another mobile device 

 pairing an NFC tag with an exercise to be read by a mobile device 

 reading the NFC tag presents a logger and information about the 

exercise 

Once each prototype was verified they were integrated into the two 

applications of the system. These applications was then beta tested by end-users 

following user scenarios to assess the systems ease of use and functionality. The 

assessment was positive overall with the ease of use in focus. 
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Chapter 7 Discussion of NFC-based gym mobile app 

As presented in this report people today take their working out rather seriously. 

Some log their workout today and the majority would like to if it could be done in 

an easy manner. There are plenty of applications on the market that can help in 

logging the workout in various ways but they are mostly stand alone and are not 

integrated into the business system the gyms incorporate. The potential uses and 

advantages presented here are based on the assumption that the system presented in 

this report is user friendly and easy to use, with the majority of a gym’s customer 

using the system. It is also assumed that the key technology for making it user 

friendly is NFC, alternative technologies that fill the same purpose are also 

discussed.  

 

7.1 Viability of NFC in the gym 

The technology itself is still under evolvement and lack standardizations for 

some of the cross-platform communication that could be the technology’s strong 

points. Creating tags that work uniformly across platform is one example. The 

differences in how the platforms implement NFC into their operating system is 

another. The latter can be circumvented to some extent by using a multi-platform 

development platform as PhoneGap, this however comes with its own problems and 

relying on third party plugins might not be desirable.  

For the Swedish market one might want to wait for Apple to release the 

developer rights for NFC before launching a full scale system built on NFC. Since 

more than half of the mobile users in Sweden has iPhones, and out of all the models 

only the very latest has support for NFC the potential users are limited. On the other 

hand if the market get flooded with Android applications using NFC, Apple might 

be pressed to follow suite and make it possible for their application developers to 

enjoy the same possibilities as Android developers.  

The lack of standardizations and lack of market share aside, the technology 

provides an easy way for the user to retrieve information as well as guiding them to 

a logger for an exercise. The technology also provides the user to integrate their 

membership cards with their mobile device freeing them of carrying one card less in 
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their wallet. As the study showed the customers often expressed that one always 

keep track of one’s mobile phone but it is easy to forget to bring the membership 

card. 

7.2 Advantages 

As stated earlier I have had a hard time finding a business system for gyms that 

incorporate both the regular functions of registering customers’ entrances and class 

attendance as well as a workout logger available for the customer. A system with 

both functionalities could offer a whole variety of personalized functionalities for 

the customer as well as business advantages for the gym.  

7.2.1 Business edge 

If the gym can identify how their customers workout they can focus their 

efforts of selling products and services to people fitting the correct workout profile. 

For example, a weight lifter who works out regularly five times a week lifting 

heavily is probably more likely to be interested in buying lifting straps and nutrition 

supplements providing high energy than a sporadic class attendee. A customer who 

has not changed their workout routine in a months might be more receptive to 

buying a few sessions of personal training to continue progressing.  

The gym will also see which exercises and machines are popular and can 

service the machines accordingly, saving money. It will also give a hint if a 

machine is superfluous and should be replaced all together, freeing up space for 

more popular machines.  

With the customers’ workout logs at hand the gym could offer the customers to 

have a personal trainer analyze them and hand out tips for improvement. This would 

be a service for people who already feel they have knowledge about how to perform 

the exercises, feeling no need to hire a personal trainer for that purpose, but might 

want someone that continuously follow up on the progress. The personal trainer 

could manage more customers simultaneously and with an analyzing tool some of 

the work could be automated.  

If the system provides most of the information the customers need, with video 

instructions and exercise suggestions etc. The role of gym host could be reduced 

and thereby saving money for the gym and freeing up overqualified staff to focus on 

their specialties.  
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7.2.2 Customer points 

Aside from the obvious advantages of easy way of logging the workout, 

finding information about machines and relieving a card from the wallet the system 

could present some other benefits. The system could easily be modified to allow 

exercises to be grouped and categorized where they are complement exercises that 

train the same muscle but using different exercises. With this small modification the 

customer could be presented with alternatives to the scanned exercise to bring 

variety to the workout. 

With a tight connection where the customer is integrated into the business 

system more direct feedback from the gym or personal trainers can be given. The 

customer could get feedback in real-time as they workout, congratulating when 

personal records are set, and encouragement when personal goals are met. 

The system can keep track of customers that have become monotone in their 

workout and send an alert to the staff when they enter. Presenting an opportunity for 

the customer to be presented with alternatives to their workout, personalized advice 

and class suggestions based on their log and training history etc. This could make 

the customer feel seen and motivate them to stay true to the gym. 

7.3 Alternative technology 

NFC being the key technology in this system present one way of integrating 

customers into a gym’s business system. There are other technologies that might fill 

a similar role. This report has not investigated these to any depths but a general 

know how is used to speculate pros and cons of them. The technologies presented 

here only fill the role of pairing an exercise to information and logger and not the 

additional entrance and attendance control provided by the system. 

7.3.1 QR codes 

Quick Response (QR) code is an evolution of the standard EAN barcode seen 

on most merchandise all over the world. For a mobile device to read a QR code it 

needs to have access to a camera to take a picture of the checkered code. The QR 

code can be programmed to contain both an URI and parameters making i t a viable 

alternative to NFC. The advantage with implementing the system with QR codes is 

that it is a well-known technology and all platforms support it. The drawback could 

be the extra moment of focusing the camera on the code and taking a picture needed 
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for QR codes compared to scanning an NFC tag. This small addition might be the 

straw that breaks the camel’s back regards to the ease of use for the customer. 

7.3.2 Wi-Fi, without NFC 

The system presented in the report require that the customer is connected to the 

internet in some way, via Wi-Fi, 3G or 4G. Setting up a Wi-Fi in the gym for the 

customers to use would indeed be beneficial for the customers and setting up the 

system without the NFC pairing of the exercises is a valid possibility. The benefit s 

are the same from a business point of view where the logs of their customers 

provide new business opportunities. For the customer on the other hand the ease of 

finding the correct exercise without searching or scrolling through a list is lost. I 

would argue that this fast and simple way of locating the exercise to log is the major 

strength in the system presented in the report. However nothing stops from 

implementing the system with both a GUI for the customer to search for exercises if 

they so choose, as well as the NFC tags to provide the fast access.  

7.3.3 Bluetooth 

Bluetooth is short-wave technology for transferring wireless data. The 

strengths of using Bluetooth instead of NFC is that the mobile device do not need to 

be connected to the internet but all the necessary data could be sent via the 

connection. That would on the other hand need all the machines to have their own 

Bluetooth unit that is connected to the gym system creating a larger cost for the gym. 

With the same logics as with QR codes, the pairing to an exercise requires the user 

to search for Bluetooth devises and pair with the correct one. With a multitude of 

exercises with their own sender going through the list to find the correct exercise 

ends up being the same, or worse, than using a regular workout logger over Wi-Fi.  

It is however possible to let the initial Bluetooth pairing be set up by an NFC 

tag, so that reading a tag connects the machines Bluetooth with the mobile device. 

This would eliminate the excess work of finding the exercise and all the advantages 

of Bluetooth could be implemented with a direct two way link between the user and 

the machine. 
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7.4 Choice of method 

The methods chosen for this thesis was, for investigating the technical and 

economic viability of an NFC based system at a gym a prototyping development 

process and an exploratory case study.  

7.4.1 Prototyping 

For the development part the choice of going for a prototyping approach was 

perceived as a successful one. It was easy to isolate each function and weed out the 

major problems and challenges for each part before starting to assemble them. I 

believe that if I have had access to different types of platforms, prototyping would 

have been even more fitting due to the differences in implementation between the 

mobile phones. Since both the NFC technology and the way of developing using a 

hybrid tool was new to me, there was a lot of trial and error and starting over. 

Working with smaller sets of code made this a lot easier.  

The decision to go with a hybrid tool to provide multi-platform support might 

have been a poor choice, especially since custom NFC development only is 

supported by Android and Windows Phone. Adding to that, Windows 10 for mobile 

devices will come with support for running Android applications [43] . If I would do 

it all over again I would probably had gone with Android native development 

instead.  

7.4.2 Case study 

The choice of going with an exploratory case study I believe was the correct 

one. However there was some details I did not anticipate. Selecting the gyms to 

explore became a little rushed which led to a rather sparse and niched response rate. 

The correspondence leading up to an approval to investigate a gym took a lot longer 

than I had thought, sometimes up to three weeks before a first response. Sending out 

an initial mail earlier could have been a solution, but then again, some gyms needed 

a rather detailed description of the process before deciding, and not being prepared 

could have killed the project before it started. 

The other major thing I would have done differently is to perform a 

pre-analysis of the survey and interviews. Setting up all the diagrams that will be 

used with mock data before the data gathering started would have revealed the 

problems with the survey and interview questions. By doing this questions and 
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alternatives could have been altered to better fit the information of interest and the 

analysis would have been less painful.      

7.5 Future work 

This report present a simple proof of concept of how an NFC based client 

system for a gym could look like. The system developed is only tested on Android 

and the multi-platform support that would be needed in a real environment is only 

touched upon theoretically. 

7.5.1 Multi-platform 

One continuance of the work presented in this report could be to test it towards 

other platforms. As of today the only larger platforms that supports NFC are 

Windows Phone and BlackBerry. These are not widespread in Sweden but that 

could change and other countries might be larger markets for these companies. 

Apple with their iPhone is however a large player on the Swedish market and when 

they release the developer rights for building custom NFC applications expanding 

the report to include them would be an interesting extension.  

7.5.2 Automatic logger 

Another interesting part of the system to develop would be to automate the 

logger by attaching sensors to the machines. Sensors like gyroscope to measure the 

acceleration could count the number of repetitions and enter them directly into the 

system. The customer would only have to pair with the machine and workout and 

the rest is automated.  

Using gyroscopes would also provide additional interesting information 

regarding how the exercise was performed, if it was explosive and fast or slow and 

controlled. This information would be very interesting for a personal trainer when 

guiding their customers in how to workout to reach their goals. If the user follows a 

workout plan, own or set by personal trainer, the system could send out indications 

to the customer if they do not perform the exercise as planned. 

Implementing this would require some way of sending data from the machine 

to the system. This could be done by either networking the machine via Wi-Fi or 

cable, or transferring the data to the customer directly over either an active NFC tag 

or via Bluetooth.  
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7.5 Ethics and Environmental impact 

The system provides customers a way to incorporate their gym cards into 

technology they already have. This reduces the need for a plastic gymcard and 

therefore less impact on the environment. The system also provides a way to log 

ones workout digitally. This data can be used both personally, but also in an 

extended version, sent to a personal trainer. Both these are today commonly done by 

traditional physical media, i.e pen and paper. A digitalization would also here 

reduce the bulk of materia in the eco system. 

Within this system the gym will be able to keep track of their customer’s 

workout, how often and what they do. This could be information third party actors 

might be interested in, such as insurance companies. It is paramount that the data is 

not released without explicit confirmation of the customers, if at all.  
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Conclusion 

The initial problem set out at the start of this thesis was to investigate if NFC is 

viable as a technology in a gym environment. To answer the economic aspects of 

the problem a case study was performed identifying the behaviors of gym customers 

and their mobile uses. Finding out if there is a place for an NFC product on the 

market. The study also set out to identify the platforms used and what 

functionalities would be most desired by the customers. To answer the technical 

aspects a proof of concept was developed based on the desires of the customers and 

staff at a gym. The system developed contains of two applications, one for 

customers and one for staff, and NFC tags that are paired to an exercise.  

Economic viability 

From the customers view point, the desire to log their workout is widespread, 

if it is fast and easy. From the interviews, where the concept was presented for 

customers, the overwhelming reaction was that is seems simple, easy and fast. 

Based on that feedback it is assumed that the system would provide the desired ease 

of use for the customers needed to provide a high usage rate. 

From a business point of view the study has presented several potential 

economic gains. From identifying machine usage to lower service costs to niched 

marketing towards specific workout types. Being able to provide a custom-made 

workout logger for the machines and exercises at the gym is rare and hence a strong 

standpoint to lure new customers to the gym. 

Technical viability 

To verify the technical viability a proof of concept was developed. The 

development of the system provided insight to the existing problems with NFC. 

NFC technology still lack standards and each of the mobile operating systems has 

their own way of implementing the technology, providing different possibilities 

depending on towards which platform the system reaches. Even if multi-platform 

development tools, such as PhoneGap, try to provide a unified interface towards the 

developer there are still some platform specific code needed.  
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The main point that talks against developing the system with NFC support 

today is the total lack of developer rights for custom NFC applications for iPhones , 

this is highly likely to change in the future.  

There are some security issues with MIFARE Classic cards being cloneable, as 

long as the membership cards do not adopt some kind of payment service this is no 

different than lending a card to a friend. The gym need to implement a way of 

verifying that the correct person is using the card. The system in this report shows a 

picture of the customer when a membership card is registered. For the NFC tags 

connected to exercises and machines there are other formats than credit cards that 

are preferable, for example stickers. The tags should also be based on some other 

technology than MIFARE Classic due to compatibility issues. Not all phones can 

read those cards, an investigation finding a more suitable version is needed.  

Quality factors and tradeoffs 

As an end-user of the system the most important quality factors identified in 

the case study was that the system is fast and easy to use. It should also “always 

work” and not add to existing problems.  

As implemented in this report the internet speed is a limiting factor for the 

responsiveness of the system. Storing more of the data locally in the mobile devices 

makes for faster system. Since the exercises are rather static and not change too 

often this could be advantageous. It does however make the application larger 

occupying more space on the end-users devices. 

In this implementation the goal was to make the customer application need as 

few inputs as possible. This called for avoiding a regular login and using the mobile 

device’s unique id to represent the customer instead. To be able to use the 

application to present personalized information and as membership card the 

customer needs to register the phone in the system and thereby connect it to their 

account. This would be done once when acquiring a membership. Implementing a 

login or using the mobile’s id provides the tradeoff of pairing only one customer to 

each application, simulating a membership card, and allowing a customer to use any 

mobile device. The latter would allow a customer to use a friend’s mobile phone 

and log in, this is easier to abuse handing out the credentials to multiple people 

using the same membership. It would however also provide the option to be able to 

use the system even if one’s own phone is out of batteries, broken or lost.  
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Final conclusion 

Taking both economic and technical aspects in account to analyze the viability 

of NFC in a gym environment I conclude that the time is right if one wants to 

pioneer and have the advantage of being among the first on the market. The 

technology is mature enough to provide the necessary functionalities across all 

platforms (iPhone aside) and the platform specific differences are minor and there 

are ways to work around them. The system presented in the report could be 

continued to a full scale system where the NFC part is optional for the customers 

that have supporting devices. Using QR codes side by side of the NFC tag is an 

option for those without NFC devices. 

Deciding to use a multi-platform tool or develop natively is a matter of 

preference. For a Swedish market developing an Android based system would reach 

almost the same target audience as a system with support for multiple platforms. 

Going with a multi-platform tool however might hasten the application to market 

once Apple release the developer rights. Depending on how they decide to 

implement the technology it could be as easy as to add a platform in PhoneGap and 

build the system without any modifications. 
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Appendix A – Survey questionnaire 

The survey was given in Swedish, in this appendix a translated version of the survey 

is presented. The translation is performed by a layman and there might be some intricate 

connotations that got lost in translation. Performing the survey in English might have 

produced a slightly different result due to these differences. The data was analyzed in 

Swedish and the result and conclusion later translated. 

The survey is presented as close to the original as possible in form of layout and 

color. A horizontal line represent a new page in the survey, all buttons are missing. 

 

Mobile use and working out 
This study is a part of a thesis project that aims to find out how people use their 

mobile phones when they workout. The purpose of the study is to create an understanding 

of how it is used today, to, based on that, present new alternative areas of use. 

 

The survey only takes a few minutes and is anonymous.  

 

 

 

Thank you for your participation!  

 

 

Mobile use and working out 

Mobile and mobile use 

What gym do you attend? 

If you attend several gyms, write the one you spend most time on.  

 

Age? 

o  under 15 years 

o  16-22 years 

o  23-30 years 

o  31-45 years 

o  45-60 years 

o  Over 61 years 

o  Do not want to share 

 

 

What type of mobile phone do you use? 

o  iPhone 



 

 

o  Android 

o  Windows Phone 

o  Other 

o  Do not know 

 

Does your mobile support NFC? 

NFC (Near Field Communication) is the technology that lets you transfer 

data by holding the phone against e.g another phone. (Android Beam is one 

sort, bus cards often use the same technology) 

o  Yes 

o  No 

o  Do not know 

 

For what do you use your phone when you work out? 

Fill in the uses you use regularly. 

o  Listen to music 

o  Log the workout 

o  Search for tips and exercise suggestions 

o  Workout application 

o  Bring the phone but do not use it 

o  Do not bring the phone when I workout 

o  Other: ______________  



 

 

 

Mobile use and working out 

What workout type are you? 

What workout type do you consider yourself? 

Fill the alternative that fits best. 

o  Very serious 

o  Regulary 

o  Basic light workout 

o  Sporadic 

 

What kind of workout do you exercise? 

Fill in the alternatives you exercise more or less regularyl (more than tried 

once) 

o  Weight lifting 

o  Cardio (Running, Cycle, Sking, etc.) 

o  Gruop training (Aerobics, Dance, Body-Pump, Yoga etc.) 

o  Crossfit 

o  Other: ____________  

 

Do you log your workout? 

Note what exercise and result. 

o  Yes, with a workout application 

o  Yes, I keep a log in my phone or computer (i.e. in Excel) 

o  Yes, workout diary on the internet 

o  Yes, I keep a log using pen and paper 

o  No 

 

Mobile use and working out 

Knowledge regarding working out 

How knowledgeable do you consider yourself regadring working out? 

o  Expert, at the same level as a personal trainer  

o  Very knowledgeable, know how to workout to achive different goals  

o  Know how to workout to achieve my own goals  

o  Know the common exercises and which muscle groups they train 

o  Novice, workout mostly to move my body without any deeper 

knowledge of the exercises  

 

Where do you gather your knowledge? 



 

 

Fill in the alternative that fits best. 

 
Often Regularly It happens Never 

Friends     

Personal 

trainer 
    

Workout 

blogs 
    

Signs and 

posters on 

the gym 

    

Workout 

magazines 
    

Newspapers 

and 

magazines 

    

Lectures 

and courses 
    

Search the 

internet 
    

 

Mobile use and working out  

The phone as gym card 

If you could use your mobile phone as a gym card, would you be 

interested in that? 

You would use the mobile to register when you enter and attending classes. 

o  Yes 

o  No 

 

If you answered No, what are the foremost reasons? 

Fill in the resons that weigh in the most. 

o  Does not feel secure 

o  Do not want to bring my phone when I work out  

o  Irritating if the phone get lost / breaks 

o  I am not so tech savvy, do not know how it would work 

o  Seems troublesome 

o  Other: __________ 

Mobile use and working out 

The phone for handeling information on the gym 

Are you interested of logging your workout in your mobile phone? 



 

 

To log the workout means register what exercise being performed and the 

result. 

o  Do it already 

o  Yes, but only if it done automatically 

o  Yes, if it is fast and easy  

o  No, can log my workout but not using the phone 

o  No, I am not interested in logging my workout 

o  Do not know 

 

If you could with a click on your mobile phone get information to your screen. 

What information would you be interested in and how often do you think you 

would use it? 

With a “click” means holding the phone towards a sensor (like on the bus or 

at an entrance) and the information displays on the screen. 

 
Often On a regular basis Sometimes Never Do not know 

Regular information 

regaring a machine 
     

Personal settings to 

a machine 
     

Personal workout 

history on a 

machine 

     

Personal tips and 

advice from a 

personal trainer 

     

Follow a workout 

program connected 

to the machine 

     

Advice on 

alternative exercises 

to a machine 

     

Friends workouts      

 



 

 

 

Mobile use and working out 

Thank you for your participation! 

If you have any questions regarding the survey or is interested of the result 

contact:  

 

Mikael Malmström  

mikma949@student.liu.se  

Linköpings University,  

Informationstechnilogy program, year 5. 

 

 
 



 

 

Appendix B – Interview questions 

The interviews were conducted in Swedish, in this appendix a translated version of 

the questions are presented. The translation is performed by a layman and there might be 

some intricate connotations that got lost in translation. Performing the survey in English 

might have produced a slightly different result due to these differences. The data was 

analyzed in Swedish and the result and conclusion later translated. 

The interviews were of semi-structured format where the following base questioned 

the core of the interview. The interviewer was free to expand and rephrase the questions 

where needed. The interviews could be classified into two categories; customer and staff, 

where the latter had the position of one or more of the following tasks: personal trainer, 

instructor or gym host.  

 

Personal trainer: A fitness professional aiding and motivating customers in 

working out. They work with the customer, identifying strengths and weaknesses and 

help them setting goals. The personal trainer usually set up a workout program for the 

customer and provides feedback at checkups. 

Instructor: An instructor is the person leading group exercises such as Aerobics, 

Yoga, Body Pump etc. It is the instructor’s job is to take attendance of the customers that 

has signed up for the class.  

Gym host: A gym host is a workout expert housing in the gym helping customers 

perform exercises correctly and answer any questions they might have. The gym host 

usually also tries to guide customers towards other functions at the gym such as personal 

trainers, group classes and massages. It is important that the gym host is social and 

approachable for customers to initiate contact. 

 

The interviewer used a form with the questions written down, some answers where 

listed to ease the stress of interviewing and taking notes at the same time. The forms also 

included some instructions when to explain certain aspects of the interview to avoid 

going of script or steering too far of track. The customer interviews were shorter at 

approximately 10 minutes while the staff interview more detailed longing 30-50 minutes. 

The interview forms are listed below in their translated form.  



 

 

First I will ask some “base questions” about how you workout and use your mobile 
phone. Then I will describe a few different apps and I would like you to tell me your 
thought about them. 

 

Customer-interview 

Gym___________________       Date: yy:         mm :          dd:       . 

 

Base questions 

 
Age :  
-15  16-22  23-30  31-45  45-60  61+ 

 
Gender: 
   female    male 

 
Have you answered the survey that was sent out? yes / no, has not been sent 

 
What type of mobile phone do you use? 
 
 iPhone   Android  Windows  Other 

 
Do you know what NFC thechnology is?   yes  /  no      
[short description of knowledge] 
 

_______________________________________________________________ 

 
Do you know if your phone supports NFC  yes  /  no      

 
Do you bring your phone when you work out? yes  /  no     
If yes, what do you use it for? If not, why? 
 
 Music  Log workout Workout app  Do not use 
 

Other:__________________________________________________________ 
 

_______________________________________________________________ 

 
 



 

 

Describe what and how often you work out.  
 

1. Serious  2. Regularly 3. Basic   4. Sporadic 
 
Weight lift___  Classes___      Crossfit_____    Cardio_____        
 

Comment:_______________________________________________________ 

 
Where do you get your information regaring training?  
 

_______________________________________________________________ 
 

_______________________________________________________________ 
 

_______________________________________________________________ 
 

_______________________________________________________________ 

 
How knowlegeable do you concider yourself? (5 - personal trainer, 1 - novice). 
 
 1  2  3  4  5 
 
______________________________________________________________ 
 

_______________________________________________________________ 

 
Do you log your workout today? How? 
 

_______________________________________________________________ 
 

_______________________________________________________________ 
 

_______________________________________________________________ 

 
 



 

 

Description of system 

Smart Poster 

[describe “smart posters” and how they could be implemented in gyms] 
 
Display by reading a card that directs you to the company’s website. Explain that 

instead of that specific page, any page can be routed to. The idea is for a tag 
represents a machine or exercise. For example a page with user instruction for the 
machine, your last settings, a personal logger for that machine etc. 

 

First impression. What do you think? 
 

_______________________________________________________________ 
 

_______________________________________________________________ 
 

_______________________________________________________________ 
 

_______________________________________________________________ 

 
Would you use it? Why/why not? 
 

_______________________________________________________________ 
 

_______________________________________________________________ 
 

_______________________________________________________________ 

 
What could make you change your mind? 
 

_______________________________________________________________ 
 

_______________________________________________________________ 
 

_______________________________________________________________ 

 



 

 

What functions seems most interesting? What would you like to get out of the 
system?  

 

_______________________________________________________________ 
 

_______________________________________________________________ 
 

_______________________________________________________________ 

 
What information would you like to see?  
 

_______________________________________________________________ 
 

_______________________________________________________________ 
 

_______________________________________________________________ 

 

Login, entrance with the mobile phone 
With this techonology I just showed you, the phone can act as a gym card. I.e 

you would use the phone everywhere you use your gym card today. 
 

First impression. What do you think? 
 
_______________________________________________________________ 
 

_______________________________________________________________ 
 

_______________________________________________________________ 

 
 

Would you use it? Why/why not? 
 

_______________________________________________________________ 
 

_______________________________________________________________ 
 

_______________________________________________________________

 



 

 

What could make you change your mind? 
 

_______________________________________________________________ 
 

_______________________________________________________________ 
 

What are the (three) most important aspects of the system for you to want to use it? 
 

 

 

 

 Staff-interview 

Gym__________________          Date: yy:         mm :          dd:       . 

Present yourself and the thesis  
 

I am performing a master thesis where I am researching the development of a 
system that helps to spread information on a gym. The system concists of three parts 
which I will describe in short. Then I would like you to tell me how you think such a 
system should work. Feel free to “think outside the box” everything is possible, so 
don’t limit yourself to what you believe what can be done. But first we start with a few 
questions about how you work today. 

 

Personal trainer 

Describe the system you use today (in the context of personal training)? As PT 
and as customer. 

 

_______________________________________________________________ 
 

_______________________________________________________________ 
 

_______________________________________________________________ 
 

_______________________________________________________________ 

 
How do you share information with the customer? (paper / digitally / web page 

/app) 
 

_______________________________________________________________ 
 

_______________________________________________________________ 



 

 

 

_______________________________________________________________ 

 
 

How does the customer find ”right” information? 
 

_______________________________________________________________ 
 

_______________________________________________________________ 
 

_______________________________________________________________ 

 
// think outside the box // 
If there was no limits what so ever: 
What would you like to change in the system you use today?  
 

_______________________________________________________________ 
 

_______________________________________________________________ 
 

_______________________________________________________________ 
 
Aside from how you work today. What information would you like to share with 

your customers?  
 

_______________________________________________________________ 
 

_______________________________________________________________ 
 

_______________________________________________________________ 
 

_______________________________________________________________ 
 

_______________________________________________________________ 

 



 

 

 
// Demonstrate the smart poster app // 
If the customer could retrieve personal information connected to different 

machines / locations, what info would you like to share? 
 

_______________________________________________________________ 
 

_______________________________________________________________ 
 

_______________________________________________________________ 
 

_______________________________________________________________ 

 

Instructor 
How does it work when the customer registers for a class today? Outdoor 

classses? 
 

_______________________________________________________________ 
 

_______________________________________________________________ 
 

_______________________________________________________________ 
 

_______________________________________________________________ 

 
If a customer could register when they arrive at the actual class. What pros and 

cons can you think of with such a system?  
 

_______________________________________________________________ 
 

_______________________________________________________________ 
 

_______________________________________________________________ 
 

_______________________________________________________________ 



 

 

 
// demonstrate entrance attendance app // 
Do you have any interest in taking attendance of the customers with a hand-held 

device, i.e. a mobile phone? What pros and cons can you think of?  
 

_______________________________________________________________ 
 

_______________________________________________________________ 
 

_______________________________________________________________ 
 

_______________________________________________________________ 

 
What is most important with such a system? 
 

_______________________________________________________________ 
 

_______________________________________________________________ 
 

_______________________________________________________________ 
 

_______________________________________________________________ 

 

Gym host 
Describe your tasks as a gym host and how a typical day looks. 
 

_______________________________________________________________ 
 

_______________________________________________________________ 
 

_______________________________________________________________ 
 

_______________________________________________________________ 

 



 

 

At the gym, what are the most common questions you get?  
 

_______________________________________________________________ 
 

_______________________________________________________________ 
 

_______________________________________________________________ 
 

_______________________________________________________________ 

 
Could the information be shared in any other way?  
 

_______________________________________________________________ 
 

_______________________________________________________________ 
 

_______________________________________________________________ 
 

_______________________________________________________________ 

 
According to you, do you belive that the customers use the signs and poster on 

the walls of the gym? Do you see any advantage of digitalizing the information? 
What? 

 

_______________________________________________________________ 
 

_______________________________________________________________ 
 

_______________________________________________________________ 
 

_______________________________________________________________ 
 

_______________________________________________________________ 
 
// demonstrate smart poster app // 
What information do believe would be of most use for the customer? 
 

_______________________________________________________________ 
 



 

 

_______________________________________________________________ 
 

_______________________________________________________________ 
 

_______________________________________________________________ 
 

_______________________________________________________________ 
 

_______________________________________________________________ 

 
Do you believe the customers would use the system? Why / why not? 
 

_______________________________________________________________ 
 

_______________________________________________________________ 
 

_______________________________________________________________ 
 

_______________________________________________________________ 

 
What would make them change their opinion? 
 
_______________________________________________________________ 
 

_______________________________________________________________ 
 

_______________________________________________________________ 
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