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Abstract 
 

Nowadays, prolonged sitting among office workers is a widespread problem, which is highly related to 

several health problems. Many proposals have been reported and evaluated to address this issue. 

However, motivating and engaging workers to change health behavior to a healthier working life is still 

a challenge.  

In this project, a specific application has been deployed for real-time monitoring and alerting office 

workers for prolonged sitting. The proposed system consists of three distinct parts: The first one is an 

android smartwatch, which was used to collect sensor data e.g., accelerometer and gyro data, with a 

custom android wear app. The second one is an android application, which was developed to act as a 

gateway for receiving the smartwatch’s data and sending them to IBM Bluemix cloud with MQTT 

protocol. The final part is a Node-Red cloud application, which was deployed for storing, analyzing and 

processing of the sensor data for activity detection i.e., sitting or walking/standing. The main purpose 

of the last one was to return relevant feedback to the user, while combining elements from gaming 

contexts (gamification methods), for motivating and engaging office workers to a healthier behavior.  

The system was firstly tested for defining appropriate accelerometer thresholds to five participants 

(control group), and then evaluated with five different participants (treatment group), in order to analyze 

its reliability for prolonged sitting detection. The results showed a good precession for the detection. 

No confusing between sitting and walking/standing was noticed. Communication, storage and analysis 

of the data was successfully done, while the push notifications to the participants, for alerting or 

rewarding them, were always accurate and delivered on time. Every useful information was presented 

to the user to a web-based dashboard accessed through a smartphone, tablet or a PC.      

The proposed system can easily be implemented at a real-life scenario with office workers. Certainly, 

there is a lot space for improvement, considering mostly the type of data registered at the system, the 

method for sitting detection, and the user interface for presenting relevant information.  

 

Keywords: cloud computing, sedentary behavior, prolonged sitting, android wear, smartwatch, android 

mobile, IBM Bluemix, Node-RED, gamification methods, freeboard  
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Sammanfattning 
 

Numera är förlängt sittande bland kontorsarbetare ett utbrett problem som är väldigt relaterat till flera 

hälsoproblem. Många förslag har rapporterats och utvärderas för att ta itu med denna fråga. Tydligen 

är det fortfarande en utmaning att motivera och engagera arbetstagare för att förändra deras 

hälsobeteende till hälsosammare arbetsliv. 

I detta projekt har en särskild applikation använts för realtidsövervakning och varnar kontorsarbetare 

för förlängt sittande. Det föreslagna systemet består av tre olika delar: Den första är en android 

smartwatch, som användes för att samla sensordata t.ex. accelerometer och gyrodata, med en anpassad 

android wear app. Den andra är en en androidapplikation som fungerade som en gateway för att ta emot 

smartwatchens data och skickar datan till IBM Bluemix-Cloud med MQTT-protokollet. Den sista delen 

är en Node-RED Cloud-Applikation som användes för lagring, analysering och behandling av 

sensordata för aktivitetsdetektering. Detta innebär sittande eller gå/stående med det huvudsakliga 

ändamålet att returnera relevant återkoppling till användaren, samtidigt som man kombinerar element 

från spelkontekster (gamification metoder), för att motivera och engagera arbetarna till ett 

hälsosammare beteende. 

Systemet testades först för att definiera lämpliga accelerometertrösklar till fem deltagare (kontroll 

grupp) och utvärderades sedan med fem olika deltagare (behandingsgrupp) för att analysera dess 

tillförlitlighet för långvarig sittdetektering. Resultaten visade en bra precession för detektionen. Ingen 

förvirring mellan att sitta och gå / stående märktes. Kommunikation, lagring och analys av data gjordes 

framgångsrikt, medan push-meddelandena till deltagarna, för att varna eller belöna dem, var alltid 

korrekta och levererade i tid. All användbar information presenterades för användaren på en webbaserad 

dashboard som nås via en smartphone surfplatta eller en dator. 

Det föreslagna systemet kan enkelt implementeras i ett verkligt scenario med kontorsarbetare. Visst 

finns det mycket utrymme för förbättring om man tänker på majoriteten av data som registrerats i 

systemet, metoden för sittande detektion och användargränssnittet för presentering av relevant 

information. 

Nyckelord: cloud computing, stillasittande beteende, långvarigt sittande, android wear, smartwatch, 

android mobile, IBM Bluemix, Node-RED, gamifieringsmetoder, freeboard 
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3 Appendix A: Chapter C.1-C.2 
 
 

Chapter 1 

Introduction 
 

1.1 Problem description 
 

Sedentary behavior1 (SB) i.e., prolonged sitting hours (1), is a serious concern among office workers , 

who have the tendency to spend many hours sitting behind their desks while working. Sometimes their 

work can be very demanding which can lead to skip a break e.g., stand up or walk around. Having only 

a big break for lunch is not enough to eliminate the harmful effects of SB e.g., obesity (2), type 2 

diabetes (3), etc., even though in that hour someone does an excessive workout, according to (4-8). To 

deal with SB, it is proposed by (9) to have several mini breaks between working hours, lasting only few 

minutes in order to not distract workers and reduce their productivity, as mentioned by (10).  

There are two challenges trying to reduce SB. The first one is finding efficient and cheap methods. 

Certainly, SB is something that primarily workers themselves should take care of, but when talking 

about a working environment, it becomes also a concern of the company that employs the workers, 

according to (3). Measures like modifying regular workstations (and general other kinds of furniture 

that can act as barriers in facilitating workers to stand up) (11), with ones that can be adjusted in height 

are considered effective, but rather expensive to implement. It depends mainly on the culture of the 

company if they are positive to spend more money in that part, or not. The second challenge has to do 

with finding ways for immediate alerting workers for prolonged sitting, as well as motivating them for 

a lasting healthier behavior, as mentioned by (9). Giving just a speech once in a while for the bad effects 

of SB by the managers, is not enough for a consistent healthy lifestyle of the workers.  

 

1.2 Purpose 
 

The objective of this thesis was to develop an effective, simple, stable, applicable, and cheap method 

for real-time monitoring of office workers’ sitting patterns, without the need of special and sophisticated 

hardware, but rather ordinary appliances that someone can possibly has in his possession e.g., 

smartphone, smartwatch. The second step of this method was to immediately alert workers when 

extensive sitting was detected, while giving rewards for following the orders of the received 

notifications for better health patterns. The ultimate goal was to skip the need of processing power and 

memory storage by the corresponding appliance, and as a result achieve independence from the 

hardware specifications. For that purpose, the abilities of cloud computing were explored, as a way of 

transferring software and hardware demands of old and outdated appliances.  

Cloud computing2 is a very recent trend in the modern IT infrastructure which can facilitate the secure 

transmission (12), processing, analysis and storage of received data (13-15), as well as the 

communication of different kind of connected devices(13, 14) (through the Web) for sharing 

information e.g., sensor data. As a result, a diversity of smart appliances can be connected together, 

creating an ‘Internet of Things’3 world. The only demand for building up and control an app in the 

Cloud is to have internet access from whichever smart device (13) e.g., pc, laptop, smartphone.  
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1 Appendix A: Chapter B 
2 Appendix A: Chapter C.4 
3 Appendix A: Chapter C.5 
4 Appendix A: Chapter E 
 

In summary, the main research was focused in the followings: 

- Collect android smartwatch’s sensor data1. 

- Establish an MQTT2 connection for data transmission to the cloud. 

- Deploy a Node-RED3 application in the cloud for data processing and storage.  

- Return efficient feedback with gamification methods4. 

Experiments to five participants were held to set appropriate acceleration thresholds for Node-RED 

application. To analyze the reliability of the monitoring system for SB detection, experiments to five 

different participants took place. 
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Chapter 2 

Materials and Methods 
 

In this chapter, all the materials and methods used for this thesis are described. The methods applied 

are presented in chronological order, as performed during the project.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter 2: Materials and Methods 

 

4 
 

1 Full specifications of both devices are listed in the appendix B 
2 Can be downloaded for free from here: https://developer.android.com/studio/index.html 
3 Signing up for an account: https://console.ng.bluemix.net 
4 GitHub link for the code: https://github.com/Freeboard/freeboard 

  

  

2.1 Materials 
 

- For the hardware part, to perform all the operations for this project, an Android tablet and 

smartwatch were used (Figure 2.1). The specific models of the tested equipment were: a) Asus 

Google Nexus 7 (2012) tablet, running Android Lollipop 5.1.1., and b) Motorola Moto 360 (1st gen, 

2014) smartwatch1, running Android Wear 1.4.0.  

- For the software part, the following tools were used: a) Android Studio 2.3.1 (latest edition)2, which 

was used for building an integrated android application for both tablet and watch, b) IBM Bluemix3, 

which serves as a cloud computing infrastructure. More specifically, it is a Platform as a Service 

(PaaS), offering a convenient and easy to use cloud environment for deploying web or mobile 

application, without worrying about the infrastructure itself (e.g. data storage, special software 

programs, etc.). IBM Bluemix offers a pay-as-you-go model for pricing, which eliminates the costs 

and the risks of planning ahead. According to the corresponding requests of a specific application, 

services can be added at any time to facilitate the procedure of development, c) Freeboard4, which 

is a free open-source real-time dashboard builder for ‘Internet of Things’ applications. 

 

 

Figure 2.1: Android tablet and watch used for the project 

 

 

 

 

 

 

 

https://github.com/Freeboard/freeboard
https://developer.android.com/studio/index.html
https://console.ng.bluemix.net/
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1 The gyro scale ranges at ±250, ± 500, ±1000, ±2000 (º/sec) and the accelerometer at ±2, ±4, ±8, ±16 (g), which are enough 

for human movement measurements 
2 The link for the source code can be found here: http://bit.ly/AWsensorD 

  

2.2 Method Overview 
 

The proposed monitoring and alerting system for sedentary behavior contains the following parts 

(Figure 2.2): a) Sensor data collection from the smartwatch, b) Transmission of those data to the tablet 

through Bluetooth technology, c) Collection of the transmitted data on the tablet, d) Send those data 

from the tablet to IBM Bluemix through an internet connection (Wi-Fi) with a lightweight protocol 

(MQTT), e) Process, analyze and store received data at the cloud, f) Return feedback from the cloud in 

terms of push notifications to the tablet and watch, while taking advantage of gamification methods, g) 

Create REST APIs at the cloud for visualizing useful information in a ‘freeboard’ dashboard.  

 

Figure 2.2: A simplified proposed monitoring system 

 

2.3 Data collection 
 

The Moto 360 smartwatch contains a six – axis (gyro and accelerometer) MEMS motion tracking 

device1 which is convenient for measuring the acceleration of the hand movement and the angular 

velocity of the wrist. Unfortunately, there is no direct access to the measured data with the Android 

Wear application for mobile devices. For that reason, a custom android app needed to be developed2 by 

the author to collect accelerometer and gyro data, and send them to the tablet with Bluetooth. The tablet 

worked as a gateway, which again with a custom app needed to send received data with MQTT protocol 

to IBM Bluemix for further processing.   

 

 

 

 

 

http://bit.ly/AWsensorD
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1 The mobile app can be installed to Android KitKat 4.4 up to Android Nougat 7.0 versions 
2 Instructions on how to implement this library for an android app can be found here: https://eclipse.org/paho/clients/android/ 

 

2.4 Android application 
 

As mentioned earlier, the android application consists of two parts: a wear and a mobile one. It is an 

integrated app that runs two different activities in the tablet and the smartwatch. The advantage of this 

app is that it can run on the background (with screen turned off) both for the tablet and the smartwatch, 

for less battery consumption (a critical factor at the procedure of designing such an app).  

2.4.1 Wear 

 

The wear app is responsible for sensor data collection and transmission of those to the mobile part 

through Bluetooth. The user interface can be seen in Figure 2.3. It was designed to be simple in use 

with just two functionalities: start and stop. Appropriate indicative colors were used for the two buttons 

(green for the start and red for the stop). With press of the ‘START’ button six values are measured 

approximately every 200 ms, which corresponds to a frequency of 5 Hz. Those are clearly displayed in 

x, y, z fields (which also match the corresponding axis, as shown in Figure 2.4) underneath 

‘Accelerometer’ and ‘Gyroscope’ texts accordingly. If the mobile part of the app is opened, all the six 

values are transmitted through Bluetooth to the mobile device with a special API (Wearable API). The 

delay of the transmission was considered negligible for the purposes of this project (few milliseconds). 

The service can be stopped with press of the ‘STOP’ button. For the accelerometer measurements, all 

values included earth’s gravity (~9.81 m/s2) at each axis.  

                                                                                                        

Figure 2.3: User interface of Android smartwatch app                                  Figure 2.4: Three-dimensional measuring system 

 

2.4.2 Mobile 

 

The mobile app1 is even more simple than the previous one. When it is opened by the user, it 

immediately connects to the watch for receiving data. Those are displayed on the screen with the same 

concept as the one of the watch’s (Figure 2.5). If the mobile device is connected to the internet, the 

application is programmed to send received data at IBM Bluemix with MQTT protocol every 1 sec. 

Here, the ‘Eclipse Paho Android Service’2 library was used, which includes all the necessary functions 

for deploying MQTT transmissions for android applications. Another function of the mobile Android 

app was to receive push notifications, which were also extended to the watch (as being connected to

https://eclipse.org/paho/clients/android/


Chapter 2: Materials and Methods 

 

7 
 

1 Link for creating a firebase account: https://firebase.google.com 

 

each other). To achieve this, credentials from Firebase Cloud Messaging (FCM)1 were obtained to 

implement them at the app. FCM works as a gateway to deliver messages, and it is an integral part for 

sending push notification from IBM Bluemix. To stop the service the user just need to destroy its 

activity from the opened applications running on the background.    

 

Figure 2.5: User interface of Android mobile app 

 

 

 

 

 

 

 

 

 

 

https://firebase.google.com/
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2.5 Cloud deployment  

 

2.5.1 IBM Bluemix 

 

After successfully registering the android device with the appropriate credentials for security reasons, 

the transmitted data from the tablet were received from IBM Bluemix. As mentioned in the introductory 

part, IBM Bluemix is a very easy and convenient platform for deploying immediately web or mobile 

applications. In the case of this thesis, a web application was created in just few steps, as can be seen in 

Figure 2.6. In order for the web app to work properly, four services were connected to it: a) The first 

one is called ‘Internet of Things Platform’, where smart devices can be registered for monitoring of 

received data e.g., android tablet. This service provided all the information for the connected devices 

e.g., data, time of last connection or disconnection, performed actions, etc., b) The second service was 

a ‘Cloudant NoSQL’ database, which was used to store historical data for afterwards processing. This 

type of database takes advantage of a flexible JSON scheme. Stored information can be easily accessed 

to perform actions, and even export them in a ‘csv’ type of file, that can be opened with Microsoft 

Excel, c) The third service is called ‘dashDB for Analytics’, which is actually an extension of Cloudant 

database for analytic purposes, and d) The fourth and last service was meant to serve the push 

notifications needs.         

 

 

Figure 2.6: IBM Bluemix dashboard 
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2.5.2 Flow diagram of the monitoring system 

 

All the steps followed for SB monitoring system are demonstrated in Figure 2.7. The main idea was to 

introduce an alert if the user was sitting for 30 min continuously without a break to stand up or walk 

around, by checking the accelerometer data.  The proposed time frame for a break was selected to be 

randomly 5 min in every 30 min of working time. If those were performed successfully, the time counter 

of the 30 min was reset and started counting again from the beginning. If the user received notice for 

taking a 5-min break and followed that order, he was awarded with 10 points. If he was already active 

without being alerted, then he was awarded 5 points. For every 100 points, the user received an upgraded 

level. This reward system is a classic example of gamification methods i.e., using game elements in 

non-gaming cases (16, 17). 

 

 

 

Figure 2.7: Flow diagram of the monitoring system 
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1 The source code can be found on the following link: http://bit.ly/vcthesis 

 

 

2.5.3 Node-RED flow 

 

The flow diagram of Figure 2.7 was implemented in a web application which was developed with 

‘Node-RED’ flow editor in IBM Bluemix. It is a browser based editor that facilitates the connection of 

different flows according to the needs. The coding was performed with JavaScript. The scheme 

designed specifically for detecting sedentary behavior is the one of Figure 2.81. The flow begins with 

the input ‘IBM IoT’, which corresponds to the registered devices. The orange boxes are functions that 

deal with specific actions. The yellowish boxes are switchers that check for a specific rule, and give a 

corresponding output depending on the result. The light blue boxes refer to the Cloudant database for 

retrieving saved data, as well as updating values. The dark blue boxes are push notification services. 

The light-yellow boxes are http requests that serve as APIs for printing out specific information. The 

ones used here are imported in ‘Freeboard’ dashboard for better visualization.   

  

 

Figure 2.8: Node-RED scheme for detecting SB 

 

 

 

 

 

http://bit.ly/vcthesis
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2.6 Freeboard dashboard  
 

Apart from sending push notifications to the corresponding users, it was considered very helpful 

(especially in the case of office workers) to display all the useful information on a PC monitor for a 

better scope. For that purpose, a Freeboard dashboard was deployed, having the APIs that were included 

in the Node-RED flow, presented at the previous section, as data sources. It was designed in such way 

in order to give efficient information to the user, that could probably motivate and engage him to a 

heathier life. It can be accessed through the internet at a specific URL (no matter the device), which can 

be secured with a password. The user interface is the one shown in Figure 2.9. The panes that were 

added in the dashboard are: a) The corresponding user, b) Current time, c) A time counter, measuring 

up to 30 min of prolonged sitting, d) A time counter for the proposed five min active time, e) A today’s 

total time measurements for sitting, walking/standing, undefined activity, f) Historical data, g) Last 

week’s total active time, h) The total points of the user, i) The level of the user, j) A mockup of a league 

table for competition purposes. 

 

 

Figure 2.9: User interface of Freeboard dashboard 
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Chapter 3 

Experiments and Results 
 

In this chapter, all the experiments that were performed to participants to define appropriate thresholds 

are presented. The purpose of this thesis was not to implement a well-known classification method for 

movement detection (of course this can be done as the most suitable solution for the best results), but 

rather use simple thresholds according to the collected accelerometer data. The results of these 

thresholds to different participants, as well as the whole performance behavior of the monitoring system 

are included in this chapter. 
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3.1 Defining thresholds      
 

To define the most appropriate thresholds for sedentary behavior detection, experiments were held on 

five participants, called ‘control group’, of different ages (24 - 27) and genders. The goal was to collect 

accelerometer data and extract features of interest from the corresponding diagrams. Two different body 

postures were examined, as shown in figures 3.1 – 3.2. The first one was just sitting at a desk, typing at 

a computer, and doing random movements with the left hand (where the watch was placed). The second 

posture was standing or walking around without doing any other moves with the left hand e.g., grabbing 

a coffee. For each posture, a 2-min measurement was recorded.  

 

 

               Figure 3.1: Sitting - Working at a desk 

 

For the control group, the results for the sitting posture can be seen in Figure 3.3, while for the 

standing/walking action in Figure 3.4, with the same order for the corresponding participant. For both 

figures, the x-axis corresponds to the real-time of the measurements and the y-axis to the corresponding 

acceleration value. The dark green line of the diagrams corresponds to the acceleration of X-axis, while 

the light green for Y-axis, and the red for the Z-axis.  

Figure 3.2: Standing - Walking 
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Figure 3.3: Accelerometer data for sitting posture - Control group (each diagram corresponds to different participant) 
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Figure 3.4: Accelerometer data for walking/standing posture - Control group (each diagram corresponds to different 

participant) 
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After carefully observing all the above diagrams, the following limits were established as appropriate 

thresholds: 

- Sitting 

−4 < 𝐴𝑐𝑐𝑒𝑙 𝑋 < 10 

−12 < 𝐴𝑐𝑐𝑒𝑙 𝑌 < 8 

−11 < 𝐴𝑐𝑐𝑒𝑙 𝑍 < 12 

- Standing/Walking 

−24 < 𝐴𝑐𝑐𝑒𝑙 𝑋 < 0 

−10 < 𝐴𝑐𝑐𝑒𝑙 𝑌 < 6 

−6 < 𝐴𝑐𝑐𝑒𝑙 𝑍 < 10 

𝐴𝑐𝑐𝑒𝑙 𝑋 < 𝐴𝑐𝑐𝑒𝑙 𝑌 𝑎𝑛𝑑 𝐴𝑐𝑐𝑒𝑙 𝑍 

 

Any different movement was declared undefined to be able to check the accuracy of the detection 

results.   
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3.2 Node-RED algorithm flow results 
 

After implementing the threshold values, the web application was deployed to check the obtained results 

of the whole monitoring and alerting system. This time, one mixed experiment (switching between 

sitting and standing/walking and vice versa) was held for five different participants, called ‘treatment 

group’, of different ages (25-30) and genders (Table 3.1). This lasted for five min of total time sitting, 

in which if the participant stayed inactive for one min then he received an alert at the tablet and on the 

smartwatch (Figure 3.5) for changing behavior. The proposed active time was set for ten sec. Points 

were given according to his actions (Figure 3.6), as well as upgrading his level after every 100 points 

that he fulfilled.  For each participant, all the variables (total points, total time sitting, total time 

walking/standing, total time of undefined measurements, and time counter for checking five min of 

activity) were reset to begin the measurements. To test the accuracy of the results, two stopwatches 

were used (one for measuring sitting and the other for standing/walking) that started measuring 

according to participant’s actions. Another measure of testing the accuracy was the total time of 

undefined movements.  

 

 

 

 

 

 

 

 

The following table presents the obtained results for each participant of the treatment group: 

 

Participant 1 2 3 4 5 

Total time sitting (sec) – Cloud 281 285 283 286 286 

Sitting – stopwatch (sec) 300 300 300 300 300 

Total time standing/walking (sec) - Cloud  0 50 54 30 59 

Standing/walking - stopwatch (sec) 0 57 56 33 63 

Total undefined time (sec) – Cloud 0 6 0 2 0 

Number of alerts 4 4 4 4 4 

Number of rewards 0 2 1 1 3 

 

Figure 3.5: Smartwatch alert 

notification 

Figure 3.6: Smartwatch reward 

notification 

Table 3.1: Results of monitoring system for five participants after 5 min measurements-treatment group 
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Chapter 4 

Discussions  
 

In this chapter, the experimental methods and results of the previous chapter, as well as a cloud 

computing and general evaluation of the monitoring/detecting and alerting system are discussed. The 

advantages of using cloud computing for processing, analyzing and storing information are presented. 

Furthermore, the limitations of this project are discussed.    
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4.1 Experimental methods 
 

The ‘treatment group’ of the experiments was not informed about the purpose of the study, rather asked 

to wear the watch and behave normally while working at a desk, as well as standing or walking around. 

That was to avoid any possible affects to their typical behavior. As for the time measurements of 

different postures with stopwatches, those were collected by a third person in order to eliminate biased 

results from the author.    

 

4.2 Obtained results 
 

From table 3.1 in Chapter 3, a general comment for the results is that there were some lost seconds that 

occurred during the measurements. More specifically, for the first participant the number of time gaps 

was 19 sec, for the second 16 sec, for the third 19 sec, for the fourth 15 sec and for the last one 18 sec. 

Taking into consideration the whole procedure (from the collection of data from the smartwatch until 

the packages arrived at IBM Bluemix), the problem was between the connection of the smartwatch and 

the tablet. There was some delay in random intervals, which can be explained by either bad wireless 

connection between the two devices or some hardware error at the smartwatch. The last one is more 

likely because the same watch used for the experiments had problem of measuring other types of 

sensors. 

Another general observation was that there was no confusion between sitting activity and 

standing/walking for the used thresholds. That was very positive as the measurements from the control 

group could be generalized. Of course, testing the thresholds only to five people is prone to errors if we 

are interested in high accuracy.  

Another thing to notice was the fact that there were some undefined seconds (six and two secs for the 

participants 2,4 respectively). Comparing these values with the ones of the stopwatches, while 

observing the participants during the experiments, the undefined movements were related to walking 

posture. That was because the participants raised their hands while they were walking for some seconds. 

These movements were not asked to the control group, so they were normally declared undefined. The 

important thing is that those undefined seconds were not assigned mistakenly to sitting posture. They 

were just omitted from detection and didn’t influence the final ‘sedentary behavior’ monitoring system. 

As for the other variables that were measured (total points, number of push alerts and number of push 

rewards), they were correctly calculated.  

Considering these positive results, it is expected that similar ones will occur if the method is expanded 

for measuring 30 min instead of five min.  
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4.3 Cloud computing evaluation 
 

The main focus of the project was to examine the potentials of cloud computing for SB detection. By 

registering one android device and using only four services in IBM Bluemix, the result was a fully 

functional secured system with the ability of running continuously on the Web. The MQTT protocol 

provided a convenient and lightweight way of transmitting data from the android tablet to the cloud. 

The received data were processed in IBM Bluemix without any delays (as comparing the logs of 

receiving and processing sensor data). As for the storage in the cloud, during all the tests, Cloudant 

database responded to all the calls without any failures in finding the registered user and updating stored 

values. Generally, the whole behavior of the cloud infrastructure was satisfactory for the purposes of 

monitoring and alerting for SB detection.      

 

4.4 General evaluation of the proposed system 
 

The proposed solution for detecting sedentary behavior among office workers by taking advantage of 

everyday hardware (e.g. smartwatches), no matter their configuration, cloud computing seems really 

promising as for the obtained results. With some improvements (they will be discussed in Chapter 5), 

it can easily be adopted in real-life working scenarios.  

4.4.1 Advantages 

 

Corresponds to real-life implementation in office-case scenarios:  As mentioned earlier, the method 

can be immediately introduced by the companies to alert their workers for prolonged sitting hours. 

It is convenient: Having to wear only the smartwatch for measurements doesn’t pose any extra effort 

for the user, as wearables have become popular for everyday use. 

It is independent from the smartwatch’s characteristics: All the processing was held at the cloud. The 

watch only needed to be connected to an android device with internet access. 

It is cheap and easy to develop:  Using cloud computing for storing and analyzing data reduces the cost 

for software development (no need to install any special software program) and for hardware 

infrastructure (all the databases, switchers, processors etc. are a concern of the corresponding cloud 

computing provider and the user pays only for what he is actually using). It is also very easy to deploy 

a code, as there are many services (cloud computing is a ‘service oriented’ platform) that can be added 

to facilitate the whole procedure. 

It measures real-time: The cloud proceeds all the collected data (which are received every sec) 

immediately, without any delays. This is very important when dealing with real-life scenarios. From all 

the experiments held for this project with IBM Bluemix, there was no time lug to notice. 

It offers distant and unceasing monitoring: The system can be accessed from everywhere for 

maintenance and for data monitoring. 

It runs smoothly: This refers mostly to the android integrated application running on both mobile and 

wear, which acts as input for the monitoring system. There weren’t any bugs to observe for the whole 
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time of testing. The app runs on the background (while having the screen turned-off) to reduce power 

consumption. Also, the notifications were delivered always on time.  

 It is safe and reliable: All data that are send from the tablet to the cloud (through MQTT protocol) and 

vice-versa, are fully encrypted from IBM Bluemix. As a result, the user doesn’t need to be concerned 

with further security steps. 

It offers diversity:  Diverse kinds of smart devices (e.g. smartphones, smartwatches, Fitbit, IOS devices, 

etc.) can be connected at the same ‘IoT’ network for sharing the same deployed code for the web 

application. They just need to be registered into the ‘IoT’ system. 

It offers access to historical data: All the collected and processed data are stored in a Cloudant NoSQL 

database for later access and analysis.   

It is accompanied with gamification methods: Points and levels were introduced for motivating the 

corresponding user for a healthier life. 

 

4.4.2 Limitations 

 

The quality of data: The accelerometer and gyro data were not filtered, and as a result they may contain 

noise. However, this was not that much of a problem for this project, as there was no focus on measuring 

the perfect values, but rather stay with the relative ones obtained directly from the smartwatch. 

The type of data: Only the accelerometer data were successfully collected from the watch. Other types 

that were tried to register for better detection results (e.g. heart rate, etc.) were faulty and caused the 

breakdown of the watch. This was mainly to blame the smartwatch itself, as there were many different 

codes tested for that purpose, and all resulted in the same outcome. 

The selection of the thresholds: It was rather simplified and was prone to faulty measurements. Again, 

the focus of this project was not to explore different ways of standard classification methods, but just 

reveal the possibilities of cloud computing in real-life health problems.     

The number of participants for the experiments: The obtained results came only from five people 

which cannot be considered a reliable sample. 

The number of gamification methods: Only points and levels were introduced. Because of lack of more 

android smartwatches, no competitions between users could occur for better engaging with the app. In 

Figure 2.9, the ‘LEAGUE’ window is just a mockup of how it could be implemented in case of more 

users.  

The battery consumption: No tests were conducted to check the battery drain of the smartwatch. 

Transmitting data with 5 Hz frequency certainly will have a great impact on battery’s life. 

Transmit directly from the smartwatch to the cloud: Moto 360 comes with Wi-Fi access. As a result, 

it can directly send data to the cloud. However, this was not tested as the idea was not that realistic 

because the power consumption of the watch would have been significant.   

Different postures: Only sitting, standing and walking were examined. Different postures need better 

classification methods.  
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Sensitivity of hand movements: The smartwatch senses all the acceleration movements of the hand that 

it is placed. If the user makes sudden and complicated hand movements then the proposed system will 

not realize their type.   
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Chapter 5 

Conclusions and future works 
 

Sedentary behavior is something inevitable if it is not taken into consideration while working in an 

office. Workers, even if they are informed for the related health risks that come with SB, they seem to 

forget taking breaks. In this project, a cheap, accurate, engaging and easy to implement monitoring and 

alerting system for sedentary behavior detection was presented. The biggest advantage of this system 

was the fact that there was no need for special and advanced equipment usage. Wearables are very 

popular nowadays and they are increasingly used in our daily lives. Combining those with cloud 

computing technology, the barriers of processing power, memory and storage can be overcomed.  

Certainly, there are several ways to improve the proposed system in the future. To increase the accuracy, 

more sensor data can be added. For example, heart rate data can give more information about heart 

health and cardiovascular fitness. Also, GPS data can provide evidence about the location of the 

wearable user, in order to declare with more accuracy if he is sitting or not next to his desk.  

Furthermore, the proposed system used simplified thresholds for detecting SB. To improve this 

procedure, more automatic classification methods can be introduced. By teaching the system of specific 

hand movements, more activities could be possibly detected e.g., running, walking up and down the 

stairs. 

One more improvement for the system can be the ability of storing temporarily the sensor data at the 

smartwatch or the mobile device while there is no internet connection. When it comes back, the stored 

data will immediately be uploaded to the cloud and eventually be deleted from the android devices 

memory.  

Moreover, it should be wise to expand the research to more participants, in real working conditions for 

longer period of time than five minutes. In such way, the effects of gamification methods for motivating 

and engaging users can also be tested. This means that more experiments are needed for the 

effectiveness of the entire system. Also, diverse kinds of wearables can be implemented at the system 

(not only android watch, but also e.g. fitbit, xiaomi, etc.) to examine its responsiveness. 
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A. Sedentary behavior and office workers 
 

A.1 The problem 
 

One of the main concerns that appears among office workers is the prolonged hours of sitting during 

their daily work. According to several studies (1-3, 18), in the case of office workers, two thirds (2/3) 

of work time is spent sitting. This can be considered as high amount of time, and the reason for this 

tendency lies mostly at the computer-based tasks needed for the job, which implies that there is no need 

to stand up to accomplish a special duty (3). This reliance at the computers, apart from prolonged sitting 

hours, may probably cause an isolation to the workers that forget to take breaks and meet the other 

colleagues. As a result, psychological effects may occur to the workers with bad impact to themselves 

(e.g. stress, bad mood, nervousness, etc.) (19), as well as to the company (e.g. reduced productivity, 

etc.) (10).  

 

A.2 Definition of sedentary behavior 
 

The case of prolonged hours sitting can better be described as sedentary behavior (SB). There are several 

definitions given in literature for SB. Kirk et al. (1) gave a well described definition on SB. According 

to it, SB is the behavior that includes waking activities (i.e. activities that exclude sleeping), such as 

sitting or being at a reclined posture, with energy consumption of less than 1.5 metabolic equivalents 

(METs). MET refers to the amount of consumed oxygen while performing a specific activity. It is a 

measure that depends on the kilograms of the human body and the duration of the activity (20). Here, 

it is important to notice that SB is independent from the overall physical activity that take place during 

a day or week (4-8). This means that, even if office workers have a very active life (e.g. gym, cycling, 

walking, etc.), the possible health risks of SB during their working time at the office are still high. As a 

result, SB can be considered as prolonged sitting rather than physical inactivity (7). 

 

A.3 Health risks 

 

Talking about health risks, there are mentions in literature about a positive association of SB with 

obesity-increased Body Mass Index (BMI) (2, 5, 7, 8, 10, 18, 19, 21), metabolic syndrome (2, 5, 7-10, 

21, 22), cardiovascular disease (2, 3, 7-10, 19, 21, 23), premature mortality (2-4, 7, 8, 10, 18, 19, 24, 

25), type 2 diabetes (2-4, 7-9, 19, 24), cancer (e.g. breast cancer (21), endometrial, colon, rectal, renal 

cell, lung cancer (7)), stroke (24), and other chronic diseases (3, 8, 18, 19, 24). All the above health 

issues are just correlated with an increased SB. It seems that there is no specific causal relationship 

between them according to (7). There is only a positive tendency to be noticed from the research studies. 

In any case, in order to avoid possible negative impact on office workers’ health, it is critical as a first 

step to address all possible barriers in the process of reducing SB. The next step will be to find 

appropriate solutions with proven results in the office case study.  
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A.4 Barriers for reducing sedentary behavior 
 

Apart from the job scope of office workers (e.g. working close with computers, having all the necessary 

tools close-by, etc.) mentioned earlier, another barrier for reducing SB is mainly found on the furniture 

used in the office, and generally the office infrastructure (18) or occupational environment (4). Fixed 

desks don’t help workers to reduce their sitting habits. One more barrier is the way the company is 

organized, mentioned in (3, 18, 22). With the technological assistance, there is no need for the workers 

to leave their desks to communicate with their colleagues, but rather send a direct email or notice from 

the computer in front of them. Also, the way the meetings are held (i.e. sitting at the whole duration of 

them) is another contributing organizational factor affecting the SB. An additional barrier is the high 

workload of the workers, that results in forgetting to take some time-off to have a break and relax with 

the other colleagues (3). One last obstacle is the unawareness of the workers for the possible health risks 

of SB (3). That is a matter of company’s culture, which is mainly a responsibility of the leadership. 

 

A.5 Measures 

 

To address all the above barriers, some specific measures with proven results for reducing SB can be 

found in several scientific articles. More specifically, it is proposed a workstation which can be adjusted 

in height, in order to make it easier for the workers to stand up and take a walk or just stretch (3, 4, 11, 

18, 19). It is even proposed an activity-permissive workstation with pedals for cycling or treadmill for 

walking (19, 22). The main disadvantage of those solutions is the cost. It is difficult for managing levels 

to adopt something with an extra cost for the company. Another measure for SB is the standing 

meetings, as well as making impossible to send internal messages through the computer between 

colleagues, to increase the in-person communication (3). Considering the management, they should 

inform their workers about the health risks of SB, and should engage at finding reducing measures 

without affecting productivity, according to (3, 10, 22).  

 

A.6 Technology as a motivating factor 
 

Taking advantage of technology, computer prompts can be adopted to remind workers to take frequent 

brakes at specific intervals, as discussed in (10) (a special software installed at the computer can detect 

mouse movement or keyboard strokes; additional equipment, like ultrasonic appliances, can detect if a 

person is sitting for a long time). However, those prompts should be distinctive, not to affect the 

attention of workers when they have to deal with important work at their computers. Furthermore, 

smartphones and other wearable activity trackers can be used as a way of detecting movements and 

returning corresponding alerts to users (e.g. detect sitting hours and step counts with a pedometer (2),  

activity trackers and smartphone apps as a suggestion for motivating people to be more active (3), 

DigiWalker SW200 pedometers were used to detect physical activity and to understand the impact of a 

suggested improvement program (10), wearable devices can vibrate every 15 min to 1 h if prolonged 

sitting is detected (8), ActiGraph GT3X accelerometer was used to detect SB, breaks from prolonged 

sitting, and other kinds of activities during working hours, before and after interventions (22), a mobile 

app named ‘SitCoach’ was used to detect SB from the phone’s accelerometer, and to return motivating 

messages to avoid SB (9)). In such way, possible competitions between colleagues can take place to 

give an extra motivation for active life. If those competitions are combined with descriptive norm 

messages (6) (i.e. messages that inform about others’ behavior), then the reduction of SB is proved to 

become even higher.  
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B. Sensor data from wearable devices 
 

B.1 Introduction to sensors 
 

In order to automatically identify activity patterns of individuals, and consequently sedentary behavior, 

diverse types of sensors can be placed at the human body. Sensors are sophisticated devices that convert 

physical parameters (e.g. motion, temperature, noise, etc.) to electrical signals for further processing 

(26). The most popular ones are the 3-axis accelerometer and gyroscope sensors, because of their 

accuracy and of course their low cost (27, 28). They can detect the acceleration and the angular velocity 

on each orthogonal axis (i.e. X, Y, Z) respectively (28). This implies that the accelerometer sensor can 

sense movements in all directions (29), and the gyroscope sensor can detect different human postures 

(27). The different axes represent the directions of forward/backward, up/down, left/right, according to 

the corresponding configuration of the sensors (30). Figure B.1 shows an example of such sensors with 

their axes.  

 

Figure B.7: Angular and linear motion detection with gyroscope and accelerometer sensors (31) 

Both accelerometer and gyroscope sensors are regularly combined in a single MEMS inertial sensor, 

which is as small as 10x10x4 mm size (28). MEMS refers to a microelectromechanical system with 

electrical and mechanical parts that are combined together in a single structure with a micrometer scale 

(31). This system can be embedded to many different mobile structures for convenient activity 

monitoring of human body. Such examples are: smartphones, smartwatches and smartbands (which all 

have enough precision for non-medical aims (29)), as well as other more specialized appliances for 

medical purposes. For the last ones, it is possible to place them in different parts of the body. The most 

common choices are the wrist, hip, thigh, upper arm and ankle (32). The position and the number of the 

sensors varies accordingly with the desire activity recognition. For example, trying to detect a bicycle 

activity with a hip sensor will be prone to many errors, as hip movement is not relative to the limb 

movement (32). Using more sensors in that case will give a better accuracy of the results. 

 

B.2 Wearable sensors 

 

The most interesting devices to study for activity recognition are the smartphones and the wrist 

wearables. That is because of their frequent usage in people’s daily life. Going a bit further, wearables 

are considered even better than smartphones for tracking activity patters, as they are generally 

considered more practical (because of their size and weight (33)) and accurate enough to wear them all 

day for continuous monitoring (34). They also enclose several other sensors apart from accelerometer 

and gyroscope (Figure B.2). Smartphones have some limitations due to their position placement (e.g. 

hand palm, pocket, bag, etc.)  and orientation (34, 35).  
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Figure B.8: Sensors in wearables (29) 

 

B.3 Access to wearables’ sensor data 
 

To gain access to the sensor data from wearables (i.e. smartwatches and smartbands) so that to store 

them and proceed with further analytics, there are four different configurations to distinguish according 

to de Arriba-Perez (29). The first one is called ‘Wearable Data Transfer – Indirect Access’ (Figure B.3 

a). In this configuration, the wearable sends the data to a third-party (e.g. warehouse server) through a 

smartphone or tablet (with the appropriate app installed for collecting and sending data) that works as 

a gateway. The connection between wearables and smartphones/tablets can be achieved with Bluetooth 

technology (i.e. wireless transmission in short ranges).  

 

Figure B.9: a) Wearable Data Transfer - Indirect Access, b) Warehouse Data Transfer - Direct Access, c) Warehouse Data 

Transfer - Indirect Access, d) Wearable Data Transfer - Direct Access 

At that point, it is very important to notice that in the case of Android smartwatches that operate with 

the Android Wear OS, in order to connect them with a smartphone (either it runs Android or iOS), a 

specific app must be installed on the phone, called ‘Android Wear’. Going one step further, to gain 

access to accelerometer and gyroscope data, a custom app should be installed both to the smartwatch, 

as well as to the smartphone, as the Google Fit SDK (i.e. Software Developer Kit) does not retrieve 

such data (29). For the sampling rate of the sensors, this must be chosen in order to fulfil the Nyquist 

criterion (36). 

The second configuration is called ‘Warehouse Data Transfer – Direct Access’ (Figure B.3 b). Here, 

the wearable sends again the data to a smartphone/tablet/pc for storage. The data collected will be 

uploaded to the wearable’s cloud services (e.g. Google Fitness Store in case of Android smartwatch) 

when there is internet connection. The third party will request access to the data stored to the cloud 

through the REST API (i.e. a programming interface that allows one software to talk to another through 

web). The wearable’s cloud will respond to that request accordingly.  
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The third configuration is called ‘Warehouse Data Transfer – Indirect Access’ (Figure B.3 c). It works 

similarly as previously, with the only difference an intermediate smartphone/tablet that works as a 

gateway between wearable’s cloud services and third-party, when the first one doesn’t support a REST 

API. 

The last configuration is called ‘Warehouse Data Transfer – Direct Access’ (Figure B.3 d). The 

wearable and the third-party are directly connected without any gateway. The connection is achieved 

through internet if the wearable supports Wi-Fi or 3G/4G. This configuration is rather impractical as 

wearables have a very small battery (e.g. 300 mAh) which won’t last in case of continuous transmission 

of data. 

 

B.4 Activity recognition 
 

The next step after the acquisition of the data is the activity recognition. However, the data collected 

are in a raw time series format which may contain noise that should be eliminated before the final 

recognition. This is achieved in two steps: a) feature extraction and b) classification (Figure B.4).  

 

Figure B.4: Procedure for activity recognition  

Feature extraction involves the calculation of some specific characteristics of collected data, such as the 

mean value (eq. B.1), the standard deviation (eq. B.2), the Root Mean Square value or Signal Magnitude 

Area (eq. B.3), the energy (from Fast Fourier Transformation (FFT), eq. B.4), etc. (37) for a specific 

time window. The last one refers to the seconds of observing a specific activity in order to declare its 

type, and is chosen according to the desired application. It can take values of 1 sec (38), 1.28 sec (36), 

5 sec (34), 10 sec (27, 35), 12.8 sec (32), 15 sec (37). Sometimes, before proceeding with the above 

features, a filtering on the acquired data must take place. An average filter is used by Sharma et al. (36) 

to smoother the collected accelerometer data and a low pass filter is used by Mannini et al. (32) to cut 

the high frequencies due to noise.  
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After feature extraction, these light-weight features are given to a classification algorithm, which is 

built according to previous training data, to classify the specific time window movement. In order to 

build a classifier (i.e. the algorithm that will detect types of movements) there is a machine learning 

toolkit called WEKA (34, 35), which includes several different algorithms depending on the needs. 

Some examples of classification algorithms used in literature for activity recognition are the Naïve 

Bayes (35, 40), the Random Forest (34, 38, 40), the k-Nearest-Neighbor (37, 40, 41), the Support Vector 

Machine (34, 39, 41), etc.  
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C. Internet of Things 
 

C.1 Introduction to Internet of Things 
 

It is a common trend that all distinct types of sensors are connected to the Internet (directly or indirectly 

through a gateway, e.g. smartphone) and communicate with each other (no matter their location), in 

order to share and exchange measured data and information, to be used in applications and services (42-

46). They are integrated to form the concept of what is called an ‘Internet of Things’ (IoT) world.  The 

term ‘Things’ refers to whichever ‘smart’ physical object (e.g. sensor, actuator, RFID tag, NFC tag, bar 

code, smartphone, laptop, TV, etc.) which has the ability of sending data through the Internet (42, 43) 

(Figure C.1). The IoT devices can be small, simple and low in cost as shown by (47). They do not need 

to implement great computational components. As a result, they may luck of memory capacity and 

enough battery power, which must be taken into consideration in the development of a business scenario 

(46).  

 

Figure C.1: Internet of Things - Interconnected devices through the Internet  

 

C.2 IoT architecture 
 

The typical IoT architecture can be divided into either five (42, 45) or three layers (45). The five-layer 

scenario (Figure C.2) consists of the: a) Perception layer, which corresponds to all real-world devices 

that collect data and transmit them to the Network layer (i.e. the next layer), b) Network layer, which 

deals with the secure transmission (through Wi-Fi, 3G/4G networks, etc.) of collected data from the 

previous layer to the central processing system, c) Middleware layer, which is the layer for storing, 

retrieving, processing and analyzing data from previous layers, and finally take decisions according to 

the processed results, d) Application layer, which is responsible for application management of the 

processed data from Middleware layer, and e) Business layer, which is responsible for the management 

of all the previous layers. The three-layer scenario is the same as the previous illustrated, with the only 

difference being omitting the middleware and business layers. The analysis, processing, and decision 

making are included at the application layer. 

 

Figure C.2: IoT architecture -  five layers  



 
 

VIII 
 

C.3 Security in IoT 
 

The biggest concerns of IoT are security and privacy issues (42, 45, 48). These are mostly occurring at 

the transmission of data (i.e. network layer) and the application layer (48). Concerning the first one, the 

security is highly dependent on the protocol to be used for the transmission. Protocol is the set of rules 

and regulations for the communication between applications/services in the same or different network 

(42). The most typical IoT protocols are the MQTT (i.e. Message Queue Telemetry Transport) and the 

CoAP (i.e. Constraint Application Protocol) (49). In MQTT, the encryption of data is based on the TLS 

(i.e. Transport Layer Security) and the SSL (i.e. Secure Sockets Layer), which are both security 

protocols (49). In CoAP, the security is based on DTLS (Datagram Transport Layer Security) protocol, 

which uses the Advanced Encryption Standard (AES) for data encryption (48).  

 

C.4 MQTT protocol 
 

Regarding MQTT, it is a publish/subscribe messaging protocol that runs on top of TCP/IP (i.e. 

Transmission Control Protocol and Internet Protocol, that are standards defining the Internet as it is 

currently perceived) (49). It is characterized as a lightweight, fast and simple IoT protocol, that can run 

on large networks with interconnected devices (42, 44) with low bandwidth and latency for real-time 

transmission of data (49). According to Grgić et al. (49), the MQTT model consists of a publisher (e.g. 

a sensor device), who sends the data, a subscriber (e.g. a web application or service) who receives the 

data, and a broker which is responsible for management of the messaging distribution (Figure C.3). 

When a publisher sends a package with a specific topic, the broker manages to find all the clients that 

are subscribed to this topic and finally send it to them. All the security protocols mentioned in the 

previous paragraphs are handled by the broker. The MQTT message, as seen in Table C.1, consists of 

2 bytes (Figure C.4). At the first byte: a) 4 bits are assigned for the type of message (e.g. PUBLISH, 

SUBSCRIBE, CONNECT, etc.), b) 1 bit corresponds to the DUP flag, which is set if the client or server 

tries to re-deliver a message, c) 2 bits for QoS (i.e. Quality of Service), which takes the value 0, if the 

publisher sends a message at most once, without checking for the status of delivery, the value 1, if the 

message is delivered without doubt at least once to the receiver (now the publisher checks for the 

delivery status), and the value 2 if the message is delivered exactly once without data loss (this means 

more delay for the process), d) 1 bit for RETAIN flag, which, if it is true, then the MQTT message will 

be retained (49). The second byte declares the remaining number of bytes of the message, as well as 

contains the payload of it (49). 

 

Figure C.3: MQTT messaging model for a temperature sensor scenario (redrawn from (49)) 
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Bit 7 6 5 4 3 2 1 0 

Byte 1 Type of message DUP QoS RETAIN 

Byte 2 Remaining length 

Table C.1: MQTT message (49) 

 

C.5 Node-RED workflow editor 

 

Having discussed the devices that comprise the IoT world and their secure communication over the 

Internet through specific protocols, the next step is to understand how to design such a system in a 

simple and efficient way. A very convenient tool for that purpose is Node-RED, as analyzed by Doukas 

et al. and Cieplak et al. (43, 50). More specifically, it is a workflow editor for connecting devices (e.g. 

sensors) and services (e.g. APIs, etc.) in a ‘drag-and-drop’ way of specific representative nodes. It is 

based on Node.js platform, which corresponds to JavaScript programming language. Node-RED 

implements a substantial number of extensions in its library. This results in a better convenience and 

flexibility to deploy a business scenario. The main structure of Node-RED consists of the input, output 

and functional nodes. The output streams are in a JSON format which can easily be used for further 

processing according to the corresponding application. 
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D. Cloud Computing 
 

D.1 Introduction to cloud computing 
 

Unfortunately, the IoT concept has some limitations. Connecting many heterogeneous devices together 

leads to a huge amount of collected data (a good example of the Big Data issue), which need to be 

transmitted, stored and processed for further analysis (12, 13, 46). However, these devices are unable 

to support the increasing data processing requirements because of, for instance, lack of memory 

capacity, processing power, transmission bandwidth, etc. (46, 51). To address the challenge of big data, 

a new model comes on the surface called ‘Cloud Computing’ (just the term ‘cloud’ will be used from 

now on as representation of this model).  

 

D.2 Definition of cloud computing 
According to the National Institute of Standards and Technology (NIST), cloud is defined as a model 

that offers a convenient, ubiquitous and on-demand access to several shared computing resources (e.g. 

servers, storage, services, etc.) which can be rapidly added or dismissed from the corresponding 

implementation with minimal effort (14, 52, 53).  It is not a new technology, but rather a combination 

of existing technologies combined to serve the above context (14). It borrows characteristics of Grid 

Computing (i.e. many computing resources connected to solve a big computational problem 

simultaneously) (12, 14, 15), Utility Computing (i.e. pay for the resources according to the usage 

without flat rates) (12, 14, 54), Autonomic Computing (i.e. automatic adaptation of resources in 

unpredictable situations) (14) and Virtualization (i.e. technology that virtualizes physical characteristics 

of computing resources to be available for sharing among many end users) (12, 14, 15).  

 

D.3 Cloud computing advantages 

 

The most important advantages of the cloud can be summarized as follows: a) cost efficient model, 

which includes a pay-as-you-go pricing for resources according to the needs (13-15, 53); there is no 

need to own any software or hardware infrastructure, as well as care for electricity consumption and 

cooling systems (15), b) highly scalable model, in terms of data storage and processing power (13-15); 

no need for initial configuration of IT infrastructure, c) global access with every device that has internet 

connectivity (13, 14), d) real-time data processing (54), e) data security and privacy (12), which are 

accomplished with appropriate authentication and data encryption techniques (55).  

 

D.4 Cloud computing architecture 

 

According to Zhang et al. (14), the cloud architecture consists of four layers (Figure D.1): a) the 

hardware layer, which includes all the physical resources (e.g. servers, switches, etc.) that are held 

inside the ‘data centers’, b) the infrastructure layer, which virtualizes the physical resources for 

appropriate partitioning and sharing, c) the platform layer, which includes the operating systems for 

easily deployment of applications, and d) the application layer, which corresponds to the cloud 

application.  
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Figure D.1: Cloud Computing architecture and services  

 

D.5 Cloud computing services 
 

The cloud has a service oriented character. The services provided are three (56) (Figure D.1): a) the 

Infrastructure as a Service (IaaS), in which the cloud user takes full advantage of the physical resources 

of the cloud, in order to support his needs, b) the Platform as a Service (PaaS), in which all the 

development tools are available to the cloud user for application deployment, without the need of 

installing special and expensive software; some examples of platforms providing such services are 

Microsoft Azure, Google Cloud and IBM Bluemix (more details about them can be found in the paper 

of Kumar (57)), and c) the Software as a Service (SaaS), in which the applications are hosted to the 

cloud and are available to the cloud users over the Internet.   

D.6 Business model of cloud computing 
 

Considering the business model of the cloud, there are four cloud models to be listed according to NIST 

(52) (Figure D.2): a) public cloud, in which service providers offer their services and resources to the 

general public, b) private cloud, in which the cloud is available only to a specific organization (it is 

either maintained by the organization for security reasons or the service provider), c) community cloud, 

in which the resources are available to a specific group of organizations with similar concerns, and d) 

hybrid cloud, in which there is a combination between two or more of the previous mentioned clouds 

for better flexibility. 

 

Figure D.2: Cloud models (redrawn from (56)) 
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E. Gamification 
 

E.1 Introduction to Gamification 
 

One of the positive aspects of the cloud is the possibility to send back to the sensors or to other ‘smart’ 

devices, processed data as feedback. Thinking of healthcare applications, this feedback should be 

presented in a simple and straightforward way, with enough details to extract key features. When 

dealing with non-medical purposes (e.g. changing health patterns of end users), the feedback should be 

motivating and engaging, to increase the interest and influence the people for a healthier life. That is 

the point where gamification methods come on the surface. According to Wen et al. (58), the origin of 

that word dates back to 2008. 

Gamification is the process of using gaming elements in non-game contexts, in order to motivate, attract 

human’s interest, increase enjoyable and cause further behavioral changes (16, 17, 59, 60). To make 

these happen, there are some specific gamification elements used in practice. The most popular ones 

are: a) earning points, for completion of a certain task (16, 58, 59, 61), b) levels, when certain amount 

of points is reached (58, 59, 61), c) earn badges, as rewards of engagement (58, 59, 61), and c) ranking, 

in order to compete among other users (17, 58). These elements should be used wisely and according 

to the corresponding application, taking into consideration the needs and interests of the users according 

to (59). 

 

E.2 Theories related to Gamification 
 

There are not much empirical evidence about how and why game elements influence people’s 

engagement, as mentioned in (61). According to Suh et al. (61), there are two theories addressing that 

issue. The following paragraph closely follows his study. 

The first theory is called ‘Basic Psychological Needs Theory’ (BPNT). It describes why people engage 

with activities that cause an enjoyable feeling. According to this theory, that is because in such activities, 

people are intrinsically motivated (i.e. motivation that comes from inside the person, rather than external 

rewards). The factors that increase intrinsically motivation are the autonomy, the competence and the 

relatedness with the specific context. The second theory is called ‘Mechanics Dynamics Aesthetics 

Theory’ (MDAT). It explains why game elements cause amusement to people. It consists of three parts 

that are linked to each other: a) game mechanics (i.e. the tools and techniques for creating a game, such 

as points, levels, etc.), b) game dynamics (i.e. the run-time of a game), and c) game aesthetics (i.e. 

people’s behavior while playing the game), which is related with enjoyment, while the user tries to 

accomplish tasks, earn points and compete with others.  
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Appendix B 

Hardware specifications 
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Asus Google Nexus 7 (2012) 
 

 

Figure H.1: Asus Google Nexus 7 specifications (62) 
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Motorola Moto 360 (1st gen) 
 

 

Figure H.2: Motorola Moto 360 (1st gen) - General specifications (63) 
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Figure H.3: Motorola Moto 360 (1st gen) – Specific hardware components (64) 
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