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ABSTRACT 

 

Technology has been making our lives a lot easier since the advent of smartphones. 

Smartphones are a remarkable feat of engineering, which when combined with small 

sensor devices provides a good opportunity to utilize the potential for real-time 

applications. Bluetooth Low Energy (BLE) beacons are small, low power devices 

which broadcast signals that can be received by any Bluetooth enabled devices in the 

vicinity. These devices can be located by combining their Received Signal Strength 

Indication (RSSI) with localization. Field trips are great opportunities for children at 

daycares to gain more knowledge and have fun. But field trips pose a risk of children 

getting lost in the crowd. Currently, the common solution to mitigate this problem is to 

provide them with high visibility vests, which completely relies on sight to locate a lost 

child. To overcome this challenge, this thesis proposes and develops ARCTIC (An IoT 

based system for child tracking in Daycare), a system to track children when they are 

out on field trips. ARCTIC is designed while keeping in mind its ease of use by the 

teachers accompanying the children. This thesis also presents Arctic prototype system 

to track children on such field trips with BLE technology. An Android app was designed 

and developed to collect the beacon distance from nearby beacons originating from 

teachers’ smartphones to compute the relative location of a child when he or she 

leaves the maximum set distance, using trilateration. Finally, a user study was 

conducted to analyze the user experience of the system developed. 
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CHAPTER 1 

 

1 Introduction 
 

This chapter discusses the background and presents the aim, objective, research 

methodology, motivation and discusses the main problem faced in daycare field trips.  

1.1 Introduction 

Gartner defines IoT as “The Internet of Things (IoT) is the network of physical objects 

that contain embedded technology to communicate and sense or interact with their 

internal states or the external environment1”. As a result of devices being connected 

to the internet, they become smart and context-aware resulting in high-performance 

real-time applications. The Internet of Things (IoT) has various fields of application 

including health care, resource management, and asset tracking [15]. IoT plays a vital 

role in bridging the physical and the digital world so that when there is a change in the 

application created in real time, there are changes in the physical layer as well. 

 

Smart cities are one of the real-time use cases for IoT. Intelligent Transportation 

System (ITS) helps in enabling services for surveillance systems in smart cities. Waste 

collection system with a Decision support system (DDS) can be used to resourcefully 

collect waste in smart cities [44].  

 

A common way to locate a user is by using Global Positioning System (GPS) enabled 

smartphones. In scenarios when the GPS satellite cannot be reached, for instance, in 

a subway or a museum, it becomes difficult to track the user. In such cases, Indoor 

Positioning Systems (IPS) such as DOLPHIN [21] - an indoor positioning system using 

ubiquitous systems, and Compass [33] - an indoor positioning system using 802.11 

and digital compass are among the few implementations used to track users. 

                                            
1 https://www.gartner.com/it-glossary/internet-of-things/4  

https://www.gartner.com/it-glossary/internet-of-things/4
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Bluetooth technology is one of the early implementations of wireless connectivity of 

devices, which operates at the band of 2.4 to 2.485 GHz [36]. Other wireless 

technologies such as Zigbee and Wi-Fi also have implementations for tracking. 

Position estimation in outdoor localization using Zigbee technology [67] and an 

automated tracking & monitoring system for construction materials [31] are a few 

implementations of wireless technology in location services. Bluetooth Low Energy 

(BLE) beacons are low power devices which were developed to control short range 

applications [24].  

 

Beacons are small Bluetooth devices which broadcast their location, which does not 

have any data on them nor does they connect to the internet. Beacon usage can vary 

from retail to museums and sometimes for indoor navigation. A beacon is a physical 

device which sends out packets to let the target device know that it exists. The 

hardware inside the beacon consists of a radio, batteries and sometimes a CPU. 

Beacons are usually deployed with small lithium chip batteries or connected via USB 

plugs. They are produced by various manufacturers and come in different forms, which 

also sometimes include accelerometers, temperature sensors or other unique add-

ons.  

 

Bluetooth plays a vital role in providing infrastructure for beacon implementation. 

Bluetooth beacons send data over a short distance. The communication protocol of 

the beacon implementation is relatively simple. The beacons send out the unique 

identifiers approximately ten times every second (this depends on the settings and the 

manufacturer). The target device which has its Bluetooth enabled picks up the signal 

and invokes the target application. The target application is designed to react in a 

particular way when the beacon signals are received [39][18]. 

 

BLE beacons constantly transmit radio signals with a unique identifier to nearby mobile 

devices. If the devices have Bluetooth capability turned on and have an application 

that can interpret the signals, the signals trigger an action that is programmed in the 

application [46]. Beacon implementation in retail and indoor positioning can be studied 

from Figure 1. 
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Figure 1: Beacon implementation in retail and indoor positioning.  

[53] 

 

Beacons connect people and machines [49]. Beacons are compatible with mobile 

devices, so a mobile application can be built and used to establish a connection with 

the beacon. Beacons are used to increase productivity and user experience and are 

the key component of the Internet of things (IoT) [35]. Beacon technology brings the 

world closer by developing countless opportunities for interaction between mobile 

devices and existing hardware using a well-established technology such as Bluetooth 

[53]. Though beacons are not as popular as a tracking device such as GPS, it is a 

good alternative for indoor navigation where the satellites are not reachable. Shopper 

mapping, beacon advertising, customer loyalty systems are some of the examples 

which use beacon technology [63].      

 

Beacon technology in location monitoring services uses the signals from the tags that 

are measured to determine the location. Like the previous methods, beacons also use 

the signal strength to estimate the distance. The Bluetooth Special Interest group (BT 

SIG) is working on two approaches for determining the angle estimation, Angle of 
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arrival and Direction of departure [5]. The Angle of Arrival (AoA) uses multiple 

antennas within the same device to detect the distance of the application. The 

accuracy of the angle of arrival is 10-20cm, which is 20 times higher than that of the 

beacon technology. The direction of departure (DoD) is similar to the angle of arrival 

but it can measure the distance of many more devices [5].   

 

1.2  Motivating scenario  

Preschools in Sweden often take children on trips to places such as museums, 

factories, geological areas, wild reserves, in order for them to gain knowledge outside 

the classrooms. Preschool field trips focus on giving the children an educational 

experience. On average, there are 15-17 children on a field trip accompanied by 3 

teachers. The children range between the ages 1 to 5. When there is a field trip, the 

teacher in charge gives out a set of instructions to the children with regards to safety 

and moving away from the group. This is quite tricky when the children are taken on a 

field trip in an urban location than in a remote area, to the forests. There is a high 

possibility for the children to get mixed with the crowd and get lost. To solve this issue, 

the children are given a vest to identify that they belong to the same group. Although 

the ratio of a number of children to the number of teachers isn’t high, there are high 

chances for the children to get lost.   

The objective of the thesis is to develop a system which helps in solving the above 

problem and to analyze the pros and cons of the system developed.  

 

1.3 Research motivation 

The following scenario presents how beacons can be used in building a less expensive 

user tracking application. Let us assume the scenario where 3 staff members are 

accompanying 15 children on a field trip, where every staff is responsible for five 

children each. Each child is provided with a Bluetooth BLE beacon in the form of ID 

tags. The proposed system is in form of an Android application and is installed in the 

staff mobile phones. When the Bluetooth BLE beacons are turned ON, the android 

application scans the beacons and displays them on the home page of the application. 

The staff responsible for the children will be able to see the child and the distance of 
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the child from the device. The staff will also be able to set the maximum safe distance. 

In case a child leaves the set maximum distance, the staff will be alerted via a 

notification that the child has crossed the set distance. This scenario is best explained 

in Figure 2. 

 

 

Figure 2: Motivation scenario when the child leaves the set distance. 

. 

To find the relative location of the child, trilateration is implemented. The distance of 

each child is stored in the database as the distance from all the three staffs. When a 

child crosses the maximum set distance, the location of the child is calculated using 

the trilateration algorithm and a notification is sent to the staff closer to the child and 

the location is displayed with a Map activity. This is shown in Figure 3. The staff closer 

to the child outside the maximum set distance can go and fetch the child. 
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Figure 3: Trilateration implementation in ARCTIC. 

 

In Figure 3,  

 r1, r2, and r3 signify the radius of the circle. 

d1, d2, and d3 signify the distance between the staff member and the lost kid. 

 

1.4 Aim and objectives 

The aim of this thesis is to build a system which can be useful for preschool staff taking 

the children on a field trip. It will be developed as an android user tracking application 

with beacon technology being implemented. Various tests are planned to be 

performed on the application and the quality of experience will be analyzed. 

 

In particular, the objectives of this thesis are as follows, 

1) Understand the requirements of the daycare system in Sweden. 

2) Develop an android application which can be used by the staff to track the 

children when they are in a crowded or a secluded environment. 

3) A resource limit will be developed to set the maximum distance the children can 

play without supervision.  
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4) A trigger is set to generate when the child leaves the safe zone, and the location 

of the child is displayed in the app. 

5) The application will be tested at Tieto and at LTU. 

6) User experience will be measured by the users who tested the application. 

 

1.5 Research contribution 

This thesis focuses on IoT based beacon technology being implemented in the field of 

education. Motivated by different research challenges, this thesis proposes, develops 

and validates ARCTIC, a system to track the location of a user when they leave a 

maximum set distance. The research contribution can be seen as follows, 

 This thesis analyses different types of implementation to obtain localization 

information for outdoor positioning.  

 A system called ARCTIC was proposed, developed and implemented to collect 

the distance information from the beacons and calculate the trilateration using 

the position of the mobile device. 

 ARCTIC was tested and Quality of Experience for the system was collected and 

analyzed. 

1.6 Research methodology 

The thesis aims to follow the Information System (IS) Research and Quantitative 

approach. Information system (IS) research is a system development research 

methodology which is presented from a methodological perspective [51]. IS research 

for academia is classified into five stages: 

 

Basic and applied research  

Basic research concerns understanding the hypothesis and testing theories which are 

in interest to the researcher [3]. Applied research is the application of knowledge to 

solving problems [6].  
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Scientific and engineering research 

An engineer and a researcher work towards proving the theoretical predictions. The 

approach to handle their experiments and motives differ. The engineering approach is 

more about “making something work”. [12] 

 

Evaluate and development research 

Evaluate and Development research is directed toward developing a new solution and 

evaluating the research solutions. 

 

Research and development 

Development is a methodical use of scientific data towards the production of useful 

devices and prototypes.  

 

Formulative and verificational research 

The aim of the formulative research is to identify the problem for further investigation 

and to gain insights and familiarity with the problem. Verification research is used to 

obtain the desired results to support the hypothesis [26]. 

 

ARCTIC is built on the IS research methodology. It is believed that systems 

development and empirical research are complementary to each other. Based on this 

approach, we can conclude that the results obtained via the research will be 

productive. 

 

The quantitative approach is performed to evaluate the performance of the prototype 

developed. Inputs from [45] were used to analyze and report on qualitative data and 

discuss analytic techniques and data management, levels of analysis, strategies for 

dealing with validity, reliability, and ethics. 
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1.7 Thesis outline 

This section briefly introduces the following chapters of this thesis report 

Chapter 2 provides the review of scientific literature in the field of Beacon 

Implementations, location positioning and Quality of experience to understand the 

current implementation and their challenges. 

Chapter 3 explains the proposed system design, its architecture, and its components.  

Chapter 4 gives a detailed description of the system implementation, experiments 

conducted and the analysis of the results. The limitations and complications of the 

system are elaborated.  

Chapter 5 explains the quality of experience conducted and its analysis. 

Chapter 6 concludes the thesis and discusses the future work that can be done to 

improve the proposed system.   
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CHAPTER 2 

 

2 Background and literature review 
 

The previous chapter has introduced the research motivation for this thesis. This 

chapter introduces the reader to IoT, Proximity-based technology, Beacons and Indoor 

positioning. Further, it explains the current implementation of these technologies and 

how it can be utilized for our application. 

2.1 Internet of things 

According to the Cisco Internet Business Solution Group (IBSG), IoT refers to “things 

or objects” that is connected to the Internet than people [19]. With the growing demand 

for smart devices, the number of devices connected to the internet will surpass 31 

billion [23]. Mark J. Barrenechea, CEO and CTO of enterprise information 

management specialist OpenText says, "In smart cities when everything is connected 

to the IoT grid, autonomous vehicles will eliminate car crashes caused by human error 

to save one million lives annually. In the intelligent enterprise, the IoT will connect the 

global supply chain from end-to-end, enabling pervasive visibility, proactive 

replenishment, and predictive maintenance. With the IoT, data-driven decision making 

will become standard in all industries and in our daily lives." [52]  

 

2.1.1 Characteristics of IoT 

IoT applications vary from smart home to smart logistics, smart transport, smart 

healthcare and smart agriculture [1]. As a part of being the smart application, it 

automatically collects data, shares information and automates the process without any 

human intervention [56]. The characteristics of IoT are summarized below [38] 

 

Automation: Automation is an important function of IoT devices. Automatic data 

gathering, data processing, collaborating with other devices should be supported by 

any IoT devices. 
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Intelligence: Intelligence is a key to become a smart product. Intelligence in IoT helps 

the object to operate adaptively based on different situations. 

 

Dynamicity: IoT devices may have the capability to dynamically adapt and change 

based on their conditions. 

 

Zero configuration: It supports and encourages an easy and decentralized growth in 

the IoT systems [30]. IoT may also have a self-configuration feature which allows the 

devices to be a plug and play based on their operating conditions. 

 

2.1.2 IoT in cloud  

Cloud computing offers the capacity to access the shared resources and common 

infrastructure in a transparent and ubiquitous way. IoT in the cloud also offers services 

on demand, over the network, and performing operations that meet the changing 

needs [15]. Cloud computing resources are inexpensive in terms of availability; can 

perform tasks quicker and are quite flexible [54]. The advantages of using cloud 

servers are the ease of maintenance, expandable storage space, the possibility of 

remote data storage and its accessibility wherever internet is available. The 

disadvantage of having the cloud server is the need to be connected to the internet all 

the time to access the server and the data cannot be transferred out of the cloud [13].     

2.2 Proximity-based technology 

Proximity-based technology is defined as the reactive changes in the location when 

an IoT enabled device is enabled. For instance, the system can be trained to react in 

a certain way when the preferences are altered. This can be achieved by adding 

another layer of contextual information to the IoT enabled devices. Proximity-based 

technology is a technology which has been in practice for a while. There are several 

solutions like Geofencing, NFC and QR codes which have been a solution for many 

years. The system we develop requires a transmitter and a receiver to solve the 

problem at daycare. Hence, we discuss the three closely related technologies which 

can be used to implement the system.  
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2.2.1 RFID 

RFID [64]  is a flexible technology. It stands for Radio Frequency Identification. RF IDs 

are tags which are used to transmit radio waves to read and capture the information 

from an object. Most of the time, the RF-ID tags are not required to be in the same line 

of sight to capture the data [60].     

 

An RF ID system is built with two parts, a transmitter, and a receiver. The data stored 

in the tag can be read with an interrogator, it then transmits the data which was read 

to an RFID computer program. RF ID tags are developed in two types, active RFID 

and passive RFID. Passive RFID has no battery and has a single antenna, whereas 

the active RFID has a battery and has a dual antenna. Passive RFIDs can transfer 

data only on a low-frequency network.  

 

Active RFID tags are deployed to track expensive non-Wi-Fi devices. Some of the 

implementations of active RFID are: 

 Expensive objects that do not require to move 

 Medical equipment which requires periodic sensing 

 Fire Evacuations 

Passive RFID tags are typically deployed to trade inexpensive non-Wi-Fi devices. 

Examples of Passive RFID tags are: 

 Pallets in large quantities to be inventoried rapidly  

 

2.2.2 NFC technology 

NFC [11]   was initially invented for door access; however, the technology has brought 

in a lot of enhancements. NFC operates at 6 Mhz frequency channel. It prominently 

works on the technology of proximity sensors. It is also used as a proximity reader. 

NFC technology is deployed to enable cashless payments.  Examples of NFC include 

proximity badge readers and Apple wallet. 

 

NFC can be used as an alternative to beacons by placing them in proximity to the 

objects and to determine the position of the user. NFC technology is better used when 

it is necessary to transfer a large amount of data. NFC can establish a Bluetooth [7]   
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connection between the transmitter and the receiver and transfer the data in a rapid 

manner.  

 

2.2.3 BLE beacon  

Bluetooth beacons [25]   are the future of IoT and proximity-based technology. They 

are small low powered devices which broadcast their identification using the Bluetooth 

technology. Bluetooth functions at 2.4 GHz frequency range and it does not inverse 

the 802.11 channel.  The major advantages of the Bluetooth beacons are: 

 They have a high penetration rate - most of the smart devices have functional 

Bluetooth embedded in them. 

 High coverage and range - Bluetooth’s broadcasting range is up to 100m 

 Energy efficient - the hardware lasts longer depending on the usage of the 

transmission power and battery life. 

 Waterproof beacons are available. 

 These advantages play a vital role in selecting beacon implementation for the 

proposed system.   

Beacons interact with an application using the ranging and monitoring functionality. 

 

Ranging 

Ranging works only when the screen is active, i.e., it is functional only when the 

application is running in the foreground. During ranging, the application scans all the 

beacons which are in close proximity to the smart device and displays an array of the 

beacons along with the relative distance. It is noted that ranging can work with Android 

applications, except in iBeacons and HTML/JavaScript applications. However, it is not 

recommended as it drains the battery life. 

 

Monitoring 

Monitoring functionality is used to determine if the smart device having the application 

has entered or exited the beacon location. Monitoring happens in the foreground and 

background of the application. This functionality is used to let the user know that the 

beacons are in the proximity to the device. 
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2.2.4 iBeacon 

Beacon technology began with Apple’s introduction of iBeacon [48].    It was created 

to provide location-based information and services to iPhones and other iOS devices.  

iBeacons signal consists of the following four pieces of information 

Unique Universal Identifier (UUID): This is the most generic piece of information of a 

beacon. It is a universally unique ID which determines that the signal transmitted 

belongs to the specific beacon. 

 

Major: It is the beacon’s general information about where it is located.  

Minor: The minor is very detailed information about the major. It points to the exact 

location.  

Transmission power: To determine the proximity the beacon can transmit. 

 

2.2.5 Eddystone 

Google came out with its own beacon profile named Eddystone [17].    Eddystone is 

very similar to Apple’s iBeacon, however, the real difference is that it is open source 

and cross-platform. Eddystone is both Android and iOS compatible. The Eddystone 

frame types are [32],    

Eddystone URL – This field determines the length of the URL  

Eddystone UID – It is similar to the UUID in iBeacons, containing the unique identifier 

of the beacon. 

Eddystone TLM – Eddystone telemetry packet is used for fleet management 

Eddystone EID – Used to make the proximity and the beacon technology more secure.  

Alt beacon was developed by Radius networks as a competition to proximity beacon 

implementations. The UUID in alt beacon technology is application specific rather than 

company specific. The major advantage of the Alt beacon is that it lets the developers 

unleash its full potential across various platforms such as iOS, Android and Windows. 

Alt beacons have a robust specification in terms of device transmission. It has 

developed its own set of libraries which helps the developer to develop the desired 

application.  
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2.2.6 Alt beacon protocol  

Alt beacon protocol advertisements are transmitted to the nearby receivers. The 

transmitted advertisements contain the information for the target device to compute its 

distance from the beacon. The target device obtains this information and uses it as a 

contextual trigger to implement the relevant application. Alt beacon advertisements 

are encapsulated as payload advertising PDU (ADV_NONCONN_IND) as defined in 

Bluetooth Specification Version 4.0, Volume 6, Part B, Section 2.3 Advertising 

Channel PDU [27]. The device that transmits the beacon advertisements is called the 

advertiser whereas the device that receives the beacon advertisements is referred to 

as the scanner.  

 

Alt Beacon Protocol advertisement is defined in Bluetooth Specification Version 4.0, 

Volume 6, Part B, Section 2.3 Advertising Channel PDU. The Alt Beacon 

advertisement is allotted with a 1-byte length field, a 1-byte type field, 2-byte for the 

company identifier and the remaining 24 bytes are for beacon advertisement. The Alt 

beacon advertisement is divided into the following Figure 4, 

 

 

Figure 4: Alt Beacon Advertisement.  

[10] 

2.2.6.1 Hardware architecture 

A hardware design model helps us understand how the components fit into the 

planned system. The hardware architecture of the planned system consists of BLE 

Beacons, a target Android handset and a few beacon tags to hold the beacons. 

The BLE Beacon which will be appropriate for our implementation is the RadBeacon 

Dot from Radius networks. Figure 5 depicts how a Radius Dot Beacon looks. 
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Figure 5: RadBeacon Dot from Radius networks. 

[11] 

 

RadBeacon Dot is a proximity beacon which can be used to implement lightweight 

applications which use iBeacon, Eddystone or Alt Beacon technologies. The 

RadBeacon was chosen for our application since it is lightweight, can be associated 

with tags and can be used in areas where power is not available.  

The RadBeacon is shipped with a CR2032 replaceable coin cell battery which has a 

battery life based on its advertising rate. The following Table 1, denotes the battery life 

and the advertising rate of the RadBeacon Dot. 

 

 

Advertising Rate Battery Life 

High – 100 ms 30 days 

Medium – 500 ms 145 days 

Low – 1000ms 285 days 

 

Table 1: Battery life vs advertising life of the RadBeacon Dot. 

 

The advertisement rate and the transmit power are the configurable parameters in the 

RadBeacon. The transmit power can be configured from +4dBm to -20dBm, whereas 

the advertisement rate can be configured between 1Hz to 10Hz. 
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2.2.6.2 Radbeacon Dot configuration  

The objective of the beacon configuration is to give a unique ID for the beacon. 

RadBeacon Dot is very simple to configure the necessary parameters to advertise low 

energy Bluetooth signals. Follow the steps below to configure the beacon. 

 Download the RadBeacon Config App  

 You should try and set the beacon to configurable mode. Scan for the beacon, 

it gets displayed in the list. 

 When the beacon shows up in the scan, click on the beacon. The screen below 

is displayed on the home page of the beacon in configurable mode. 

RadBeacon Dot configuration page can be studied using the Figure 6 as below, 

 

                  

Figure 6: RadBeacon Dot config page. 

. 

 Select the Type of Beacon you want to use. In our case, we use the Alt beacons 

to broadcast. 

 Click Generate UUID to generate a UUID. 

 Change the Advertisement rate and the Transmission Power to the 

requirements. 

 Click Apply, it will prompt for a security key. Enter the security key and save. 
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2.3 Indoor positioning method 

Indoor positioning systems have a wide variety of implementations. It is implemented 

based on three categories: beacon-based systems, pedestrian dead reckoning (PDR) 

based systems, and vision-based systems. In the beacon-based system, the smart 

device in which the application is built can be transported from one place to the other. 

These receive the signals from the beacons in fixed locations. The strength, phase 

and the time of flight are calculated to measure the location of the person. A PDR 

based system needs to know the source location and uses the orientation and distance 

traveled by the user to calculate the exact location. A vision-based system captures 

images when worn by the user and analyses them to identify the location of the user. 

An example of the vision-based system is Microsoft’s Easy living. [34].     

 

2.4  Literature review 

Bluetooth low energy beacon positioning can be broken down into three 

classifications, Checkpoint, zone and real-time tracking. Checkpoint method focuses 

on receiving a signal from the beacon passes through the data which has been 

previously recorded in the target collects the information and passes it to the RFID 

reader and a tag. Zone method is implemented in such a way that the beacons are 

distributed with a certain signal range, the beacons then record the data from the target 

object. The zone method is the widely-used positioning method among all the 

beacons. Real-time tracking method is majorly used in indoor GPS systems, the 

beacons are distributed per the signal range. A target object uses the transmit signal 

ID and the intensity from the beacons to figure the location out [29].     

 

The use of smart devices in the education sector has been forerunning since the 

concept of smart schools started evolving. In paper [2]   the authors have implemented 

an automated attendance system using BLE beacons. The proposed system triggers 

the Bluetooth 4.0 communication of the student’s handheld devices as soon as they 

enter the classroom for a lecture. The identity of the student or the professor is fed into 

the database with the help of the phone number they are using. It is characterized that 

there is no overhead for the professor who doesn’t have to spend time taking the 

attendance of the student anymore. The operation principle of the system 



32 

 

implemented comprises of a transmitter BLE beacon and a smart device. The beacon 

transmitter continuously transmits the UUID, when the receiver (smartphone) enters 

the area of the transmitter it registers the student with the help of the app already 

installed in the smart device. The characteristics of the system which is implemented 

are that the attendance is acknowledged as soon as the student enters the lecture 

hall.  

 

Beacon stuffing [9]   is a concept which allows Wi-Fi clients to communicate without 

associating to any networks.  The authors have explored the areas for improving AP 

selections, delivering location-specific advertisements and providing coupons over Wi-

Fi without having to associate with any APs. A push model was adapted to receive the 

information from all the beacons which aren’t connected to any network. The Access 

point scans the network sporadically to check the beacons at its locale. The push 

model is similar to the model which is presently being used, client establishing the 

connection leading to the transfer of information and collects the information about the 

location. An approach for enabling a low bandwidth without heavyweight process of 

application was designed to deliver location sensitive applications and coupons over 

Wi-Fi networks. 

 

A radio beacon-based location sensing approach called the Place Lab [37]   was 

implemented as an alternative to the existing high-cost location sensing applications. 

Place Lab listens to the cell IDs of the beacons and stores them in a cached database. 

The place lab architecture consists of three essentials, radio beacon, database and 

Place lab clients. The radio beacons are placed in the environment; the clients listen 

to the beacon frames periodically which is sent by the access points. The database 

stores the information of all the radio beacons placed in the wild, letting the clients 

access them when desired. The clients than in turn use the live radio transmission and 

the cached beacon location information to estimate the location. Spotters, Mappers, 

and trackers are the functionality embedded in the Place Lab clients. Spotter monitors 

the radio interference and shares the beacon ID; the mapper provides the location of 

the known beacons and the tracker uses the spotters observations and associates it 

with the mappers location to estimate the user position.  
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Privacy plays a key role in the implementation of Place Lab. Its key principle is to 

estimate the location of the user based on the passive monitoring of the environment. 

Unfortunately, this becomes possible only theoretically and when it comes to actual 

implementation, the Bluetooth devices are not passive. Another privacy trade off 

happens when the mapping data is downloaded. Place labs determine the location 

with latitude and longitude components. The paper helps us understand that the 

beacon-based approach can maximize the coverage when the location information 

can be cached in a database and offers a low barrier to use the hardware, interfaces 

and the privacy awareness to the application developer.  

 

In few cases, beacon messages are produced in a compressed format and are 

included in the PDU of BLE advertising channel packet. These beacon messages can 

be formatted with a payload. One of the octets in the packet is specially designed to 

carry the advertising type of the beacon message. This data can be specific to the 

target device’s location and it can request the device to switch to silent mode or flight 

mode in the location where the beacons are generated. In a few valid cases, when the 

beacons are in sleep mode the beacon messages are processed without waking the 

mobile device to save energy. Some cases, the beacon messages display a message 

to the user as a response and yet in some cases, these beacons require a security 

access from the mobile device to process the beacon information.  Hence the patent 

[42]   summarizes about three types of classic actions in response to the beacon 

messages.  

 

The first response action when a beacon message is received that it does not require 

any input from the user, for instance when a beacon message “silence requested” is 

displayed to the user has to just turn of the mobile device or put the mobile device in 

silent mode whereas in cases like “specify the building you are in” requires an input 

from the user. The second type of response action would be that the mobile device 

can automatically trigger an action and adjust to the local settings. For instance, when 

the beacon message “silence requested” is displayed the mobile device can 

automatically turn on the silent profile in the background. The third type of response 

action describes the process that can happen when the mobile device is in a sleep 

mode. When a mobile device is configured to receive a beacon message “silence 
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requested” in sleep mode, the ability of the mobile device is that it should switch the 

device to sleep mode without waking the device from sleep. This will result in saving 

a significant amount of battery for the mobile device.  

 

The authors claim that at least one beacon message should be used to transmit the 

AdvData field of PDU. These messages comprise of advertising packets which 

indicate the location information as well as the device information. The method which 

is described claims that the first bit defines the payload, it has an octet specifically for 

extended advertising type, at least one beacon message is transmitted as undirected 

advertising event and the advertising types consists of silent, flight mode and hands-

free mode.  

 

Existing localization is comprising of two categories. Systems that are developed with 

signaling capabilities and supporting infrastructure which helps in positioning and 

tracking the application. The other category of systems is developed based on the 

existing wireless network setup. The first category systems are the application which 

is developed with the Global Positioning System (GPS) in mind, however, the second 

category is developed with the absence of dedicated devices and having a smart 

algorithm in mind. The location of a node can be estimated with various factors in 

mind, such as Angle of Arrival (AOA), Time of Arrival (TOA) and Received signal 

strength (RSS). The paper [57]   discusses implementing a directional beacon based 

positioning using a narrowband RF signal. They achieve this by developing a signal 

processing framework with fewer accuracy data built on cheap hardware to estimate 

the direction of arrival (DOA). The paper describes the method on how DOA can be 

estimated with low-cost radio transceivers at the Reference Node and Mobile Node. 

Using simple trigonometry the coordinates (x, y), is derived as  

 

 

The DOA estimation when the three Reference Nodes are aligned with the Mobile 

Node can be denoted using, 

 

𝑥 = 𝐿2 cos𝛼2*cos(𝛽2 −𝛼2) / sin𝛽    Eq (1) 

𝑦 = 𝐿2 cos𝛼2* sin(𝛽2 −𝛼2)/ sin𝛽2    Eq (2) 

𝛼𝑖 = 𝜙𝑖 + 𝜔𝑡𝑖,=1 ,2,3    Eq (3) 
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And thus, the sampling time period is derived from (𝑛)=𝑧(𝑛)𝑝(𝑛)+𝜈(𝑛), where r(n) is the 

received signal as 

 

 

 

 

The directional beacon-based algorithm location algorithm is formulated to localize 

itself. The RN transmits continuous signal and is rotated with a constant angular 

speed. The received signal r(t) stores the discrete time signal r(n) for further analysis. 

Amplitude profile z(n) and time shift (t1) which is associated with Line of sight are 

estimated. After obtaining t1, t2 and t3 the coordinates of the mobile node are 

determined. 

The prototype can be easily implemented. The proposed algorithm can be applied to 

any wireless network without any expensive radio receivers, apart from the rotational 

directional antenna. Implementing this protocol is challenging in terms of data transfer 

limitations. The data transfer to USRP is intermittent, as a result the signal 

transmission is intermittent. The presence of objects such as walls and windows, the 

received signal is forced to contain multiple copies of the transmitted signal. The 

accuracy of the algorithm depends on the width of the antenna and the rotational 

speed.  

 

GPS is a widely-used location-based positioning system now. GPS performs better 

when the location positioning is done outdoors rather indoors. Trilateration approach 

is relatively easy. Trilateration can be implemented with three base stations. When the 

coordinates and the distances are known, the coordinates for the intersection can be 

calculated. The authors of paper [40]   have carried out an outdoor location positioning 

with Wi-Fi. The possibility of receiving the line of sight from one GPS satellite is 

relatively high when the positioning happens outdoors. A two-phase fingerprinting 

approach, training, and posting have been introduced to solve location positioning. 

Data was collected from both the fixed user APs and the private user APs. The nearest 

𝑧(𝑛) = ∑ 𝑎𝑚𝑠(𝑛 − 𝜏𝑚)
𝑀

𝑚=1
          Eq (4) 
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neighbor algorithm (Bahl and Padmanabhan, 2000; Li et al., 2005) was used to 

calculate the distance since the level of accuracy in the algorithm was higher. The 

distance between the two vectors can be calculated using, 

 

 

 

 

 

 

 

The test results show that the fingerprinting approach works well for outdoor 

positioning with an error of ten meters.  

 

Trilateration can be solved using many methods, using the 2D and 3D space. The 

approaches used in solving trilateration usually requires a lot of time to execute and 

does not use simple hardware. Thomas and Ros [62]   found an alternative way to 

solve a computationally efficient trilateration problem, which doesn’t suit in real time 

implementation. The problem is solved by mapping the station coordinates with the 

specified coordinates. The XY plane can be marked as the base plane, developing 

one of the coordinate axes concur in between two base stations [55].     

 

A localization algorithm [4]   using mobile sensors to determine the distance between 

the mobile device and the fixed sensors is developed. The algorithm uses a 

propagation model to transform the RSSI measurements into the distance, to estimate 

the position of the IoT devices. The authors have discussed the benefits of using the 

mean square algorithm to achieve a high accuracy.  The localization algorithm consists 

of two phases, the training phase, and the localization phase. The localization model 

consists of anchors, a mobile and a localization server. The known positions of the 

map are identified as (x1, y1). In the localization phase, the anchor discharges a 

beacon packet with an identifier at regular intervals. The mobile node obtains the 

beacon from the anchor, calculates the RSSI value and sends it to the localization 

server. The server gathers all the values and determines the distance between the 

mobile node and the beacons. The training phase involves a virtual calibration 

  Eq (5) 
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procedure without any human interaction. The anchors exchange the beacon 

information to compute the RSSI value and the localization server uses this 

information to configure the propagation model. The authors had discussed the 

experimental setup which was deployed to improve the performance of virtual 

calibration to have a better accuracy of the distance. They have argued that this 

algorithm is better than the commonly used LMS algorithm. 

 

The project [22]   the authors implemented two indoor positioning systems. The first 

method used beacon selection and pseudo-interaction which used triangulation and 

fingerprinting as the algorithms, whereas the second method used the proximity 

algorithm. The authors could achieve an accuracy of 1.83 meters. They also 

successfully developed a UI for BVI users for the two methods. Performance tests 

were carried out and the quality of the experience was evaluated by users. Although 

the accuracy of the indoor positioning (1.83 m) is better compared to the most existing 

technologies, it wasn’t sufficient for potential navigation for visually impaired. With 

further research, the authors found that placing the beacons at the right location, in 

this case at braille signs makes it much easier to use the signs by the visually impaired 

and the quality of experience is better when placed them randomly.  

 

2.5 Chapter summary 

In this chapter, we reviewed the background work about IoT implementation with 

Beacons, IoT in the cloud and indoor localization. We also analysed different kinds of 

beacons available and the studied the one most suited for our implementation. The 

need for IoT beacon implementation in our proposed system was highlighted. The first 

section of the chapter discusses IoT and cloud definitions. The second section 

discusses the different kinds of proximity-based technology and elaborates on the 

different kinds of beacons available. The third section explains in detail about indoor 

positioning and the final section explains in detail about the implementation of beacons 

in location positioning and monitoring.  

 

  



38 

 

  



39 

 

 
CHAPTER 3 

 

3 ARCTIC:  An IoT based system for child 

tracking in day-care 
 

The proposed day-care system architecture is inspired by the concepts of trilateration, 

distance estimation using Bluetooth BLE beacons and GPS trackers. This chapter 

discusses the design and architecture of the ARCTIC application and explains the 

sequence flow. 

3.1 Distance estimation using bluetooth ble beacons 

The distance is calculated using a rough estimate of the signal strength of the 

Bluetooth signal received at the device. The accuracy of the distance is based on how 

close the beacons are. If the proximity of the beacon is 1 meter, the accuracy is 

between 0.5 to 2 m. As the distance increases, the accuracy of the beacons 

decreases. For instance, if the distance of the beacon is 20m, the estimated distance 

may vary from 10-40 meters. This variation is the effect of noise in the signal 

measurement, signal reflections, and obstruction. The update in the variation of time 

for these devices differs with 20 seconds. To elaborate, the distance estimates are 

based on the previous 20 seconds in time. In the time of movement, the time lag will 

become stable only after the device has been stationary after 20 seconds. The 

distance is calculated based on the signal strength (RSSI). 

 

 

 

 

where d is the distance in meters, r is the RSSI measured by the device and t is the 

reference RSSI at 1 meter. A, B, and C are constants. 

 

d=A*(r/t)^B+C    Eq (6) 
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3.1.1 Measurements for localization  

To estimate the distance of the source or an estimated angle of the received signal. 

Localization can be determined with the help of a communication technology, which 

transmits and receives signals. 

3.1.2 Angle of arrival 

The direction of radio frequency waves when it encounters multiple antennas is 

measured as the angle of arrival. Measuring the difference in time of the individual 

antenna was termed as Time difference of Arrival.  

 

The angle of arrival is calculated due to the delay between the receiving of the radio 

wave with:  

 

 

 

Δ𝑡 is the Time Difference of Arrival  

𝑐 is the Speed of light in air  

𝐷 is the distance between the receivers  

The angle 𝜃 can be derived as  

To use this method, time should be measured. This is usually done by synchronizing 

the transmitter and the receiver clock [14].    

 

3.1.3 Time difference of arrival 

When there are multiple sensors, the radio waves are obtained by multiple receivers. 

This method relies on synchronized receivers measuring the time difference between 

each antenna receives the signal, in contrast to TOA which needs the transmitter to 

be in sync with the receivers [14].    

The location of the transmitter is estimated with the following equation  

where 𝐸 is the device  

𝑃𝑚 are the receivers  

𝑥𝑚, 𝑦𝑚 and 𝑧𝑚 are coordinates of the receiver 

𝑃𝑚 the distance 𝑅𝑚 between the transmitter and receiver is determined by:  

𝜃 = sin−1 𝑐Δ𝑡 /𝐷     Eq (7) 
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The equation system consists of three equations provided by three different receivers. 

The device’s coordinates are the solution to the equation system. 

 

3.1.4 Received signal strength  

Received signal strength defines as the signal present when the radio wave is 

received. It is also termed as the remaining energy of the radio wave. The signal 

strength is measured in dBm, however, there is no standard to measure a radio wave 

[20]. The power of the signal decreases with the propagation time, interference and 

changes of the medium of the pathway, such as when the signal propagates through 

a wall. This makes the signal strength behave inconsequently and could in a histogram 

be described with a normal distribution. It is possible to smoothen this error by using 

propagation models adapted to the environment that is used [15]. There are many 

estimation techniques to find the distance, we use the trilateration process and can 

read about them in the following chapters. 

 

3.1.5 RSSI fingerprinting method 

RSSI fingerprinting is a method generally used for indoor positioning. Experimental 

data shows that the RSSI fingerprinting method causes large distance error when 

RSSI is fitted to a distance or the access points are not stable. Localization based on 

RSSI technology uses the radio frequency signal to estimate the distance. The position 

of the mobile devices is then received using the trilateration algorithm [58].    

Localization algorithm is divided into two types, ranging and non-ranging algorithm. 

Ranging algorithm uses techniques such as trilateration, triangulation and the angles 

measured of transmitters and receivers. However, the non-ranging algorithm is 

implemented with the connectivity of different devices and has no information about 

angles and distances. The distances calculated in RSSI does not increase the cost of 

𝑅𝑚 = |𝑃𝑚 − 𝐸| = √(𝑥𝑚 − 𝑥) 2 + (𝑦𝑚 − 𝑦) 2 + (𝑧𝑚 − 𝑧) 2   Eq (8) 
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hardware and is very common implementation in wireless sensor networks. [58, 69, 

68, 10, 70, 61, 41, 43]. 

 

3.1.6 Triangulation 

Triangulation is a process of determining the location of a user or an asset using other 

location information. Triangulation uses angles to determine the distance or the 

position of an object. Two-dimensional angulation requires two angle measurements 

and one length measurement as shown in Figure 7, 

 

  

Figure 7: Triangulation scheme using two directional antennas. 

[65]. 

 

In a three-dimensional angulation, one length measurement, one azimuth 

measurement and two angle measurement which requires to provide exact positions. 

Triangulation implementation chooses to have a constant reference vector as 0° [28].     
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3.1.7 Trilateration  

Trilateration is a process of finding the relative measurements of distance in geometry. 

Trilateration is widely used in the field of surveying and navigation. It is assumed that 

the location we are going to calculate is in the middle of the three circles. Solving the 

trilateration problem can be understood from the below Figure 8. 

 

 

Figure 8: Solving the trilateration problem.  

[66]. 

 

To solve the unknown values of x, y and z we assume the center of the spheres is 

assumed to be in the z=0 plane. The Cartesian plane lies on the circle of radius r,  

 

 

 

 

x2+y2 + z2=r12     Eq (9) 

(x−d)2+y2 + z2 =r22     Eq (10) 

(x−i)2+(y−j)2 + z2 =r32   Eq(11) 
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Assuming that the first two spheres intersect in more than one point, that is that 

 

 

 

we find the x and y coordinates to be, 

 

 

 

3.2 GPS tracking  

GPS tracking is a concept where a mobile device is tracked using a Global positioning 

system [16].   Our system is built on the concept of battery powered asset tracking. 

GPS tracking is a common method to get location information of a user or an asset in 

real-time planning. GPS tracking system is an open source software and easy to 

manage user interface via a web server with google maps [8].   ARCTIC system is 

implemented with a GPS module, which acquires the location information of the user 

and stores it to the database.  

 

3.3 System architecture  

The overall system architecture of ARCTIC contains sensing, processing the data in 

the cloud using a server and a database, calculating the location information using the 

retrieved information from the cloud and displaying the distance locally. The system 

architecture diagram for ARCTIC is as the below Figure 9. 

 

z= ±±√𝑟12-x2-y2    Eq (13) 

 

d-r1<r2<d+r1           Eq (12)  
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Figure 9: System architecture diagram of ARCTIC. 

. 

 

In our scenario, a child in a local daycare wears a BLE beacon tag which gets paired 

with the mobile device the staff member has. The distance information of the child is 

displayed at the home page of the application. The distance information is calculated 

by using the RSSI values of alt beacon android library. The android alt beacon library 

is used to display when the beacon appears and disappear, which also gets a ranging 

update from the beacon at a frequency of 1Hz. This information is sent to the server 

and stored in the database. A threshold distance is set in the ARCTIC’s front-end 

application to trigger notifications based on the distance displayed in the application. 

The distance and the location information of the mobile devices are updated in the 

database every second.  When the child leaves the maximum set distance, a 

notification is triggered, and the front-end application retrieves the location and 

distance information from the database to calculate the current location of the lost 

child. The global positioning system is used to display the current position of the child 

and the path to reach him/her. The server and the database are stored in the cloud for 

seamless connectivity to the server.  
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3.4  Sequence diagram 

The sequence diagram explains the sequence of events that occur when the ARCTIC 

system is implemented. ARCTIC system is implemented using BLE Bluetooth beacons 

and as an android application.  The sequence diagram for ARTIC as is the following 

Figure 10. 

  

Figure 10: Sequence diagram of ARCTIC. 

 

The login information is stored in the database, incorrect login information does not 

allow the user to login to the application. When the correct login information is entered, 

the database checks the input and lets the user to login to the application. This lands 

in the home page of the ARCTIC application. The homepage is designed with a scan 

toggle button when the user toggles the button to ON the distance between the 

beacons is displayed in the Home Page. This distance information is sent to the server 

and stored in the database. When the notified service is triggered every second 

sending the distance and the location information to the server and storing it in the 

database. When the maximum distance is attained, the distance and location 
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information is sent to the front-end application to calculate the distance value to the 

beacon signal which has reached its resource limit. The calculated value is then 

displayed in the form of GPS in the ARCTIC application. 

 

3.5 Chapter summary 

In this chapter, we reviewed the available design implementations to estimate the 

distance calculation for our proposed system, its overall system architecture and its 

proposed sequence of events. Section one explains in detail about all the different 

implementations of distance calculation in localization. Section two introduces us to 

GPS tracking system and how it can be integrated into our proposed system. Section 

three and four explains in detail about the system architecture and the sequence 

diagram of the proposed system.  
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CHAPTER 4 

 

4 ARCTIC Implementation  
 

ARCTIC is implemented as an android app which is easily accessible in the day to day 

life. The major reason to develop the system in the form of an android app is that 

smartphones have become a regular part of our daily routines. The implementation is 

explained in the section below. 

 

4.1 Prototype implementation 

The prototype was designed to be implemented in daycare for user tracking purposes. 

This prototype is an implementation of a system in a real-life scenario. Firstly, we are 

going to set up a testbed which describe the hardware setup of the ARCTIC system. 

Later, the assumptions and limitations are explained. 

 

4.1.1 Testbed setup 

The hardware we use for the implementation of our system is Bluetooth BLE beacons 

from Radius networks, three mobile devices, and an EC2 cloud instance. The 

hardware speciation for ARCTIC is as the following Table 2, 

 

Device Name Number of Devices Architecture 
Technical 

Specifications 

Radius Dot 

Bluetooth Beacons 
4 Sensing 

Bluetooth Version 

4.0 

Frequency 2.4GHz 

Advertisement rate 

1Hz - 10Hz 

Transmit Power 

+4dBm to -20dBm 
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Moto Xplay Mobile 

Device 

1 

 

Communication 

Hardware 

OS: Android 

Qualcomm 

Snapdragon 615 

octa-core 

Memory: 32GB 

RAM: 2GB 

Bluetooth 4.0 

Google Asus Tablet 1 
Communication 

Hardware 

OS: Android 

Quad-core 1.2 GHz 

Cortex-A9 

Bluetooth 3.0 

Memory: 1GB 

Sony Xperia D5803 1 
Communication 

Hardware 

OS: Android 

Qualcomm 

MSM8974AC 

Snapdragon 801 

Memory: 16GB 

RAM: 2GB 

Bluetooth 4.0 

Cloud Storage 

Amazon EC2 
1 Database 

OS: Ubuntu 

Memory : 8GB 

RAM : 2GB 

 

Table 2: Hardware configuration of ARCTIC. 

 

4.1.2 Assumptions  

We assume that only one child can leave the set maximum distance at a time. The 

beacons take 20 seconds to update the previous location data, hence we assume the 

notification trigger has a 20-40 seconds’ lag in updating the right location. We assume 

that Wi-Fi is readily available since the backend server is located in the cloud and then 

to use the mobile devices’ location services.  
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4.1.3 Login screen 

The login information of the staff responsible for the children is stored in the MySQL 

database. If the user is not stored in the MySQL database, the login fails with an error 

message “Error Occurred”. Our system is developed having at least three staff 

accompanying the children on the field trip. Hence our database looks as the below 

Figure 11, 

 

 

Figure 11: Database table where the login information is fetched. 

 

The pseudo code for the login screen is as below, 

 

When login information is received 

      If the Login is not equaled to null 

           Fetch the login data from beaconreferenceapplication class 

           And link it to main activity to open and land in the Home Fragment 

           Else Print information “Error Occurred” 

      Endif 

 

 

The code snipped for the login screen is as the below Figure 12. 

 

Figure 12: Code snippet of the login screen. 
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The UI of the login page looks like below Figure 13, it has the Name field and the 

password input field. 

 

 

Figure 13: Login screen of ARCTIC. 

 

When the user logins to the app for the first time the user receives a location access 

message. This message is displayed as a pop-up window for the user to accept the 

terms that the app uses location services. The pseudo code for location services is as 

follows, 

 

 

Switch case request code for location services 

     If permission granted 

             The app gets the full location permission. Can detect beacons 

in background 

                 Else the beacons can only be detected in the foreground. 

Return 

 

The code snippet for requesting location permission is as the below Figure 14, 
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Figure 14: Code snippet for requesting location permission. 

The UI in the app looks like the below Figure 15 and Figure 16, 

 

 

Figure 15: Location access. 
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Figure 16: Location access to ARCTIC. 

4.2 Front end application implementation 

The front-end application is implemented using an android app UI with various screens 

and fragments. It consists of a login screen; a home page an About page and a 

Navigation Drawer. The Navigation Drawer is implemented with fragments such as 

Home Fragment, Set Distance Fragment, Profile Fragment, Notification Fragment, 

Help Fragment, and the Logout Fragment. 

4.2.1 Home fragment 

The home fragment is the main screen in the ARCTIC app. It is where the beacons 

are scanned, the distance and the trilateration are calculated. The home fragment is 

designed with a toggle button to scan the beacons. The beacons are scanned and 

displayed with their respective children names and their distances from the mobile 

device. The mobile device is considered as the centre point from where the distances 

are calculated. The pseudo code for the home fragment is as follows, 
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Function onBeaconServiceConnect 

      Beaconmanager scans the number of beacons available 

           If the beacon size is greater than zero 

                 Display the beacons in the form of an array 

                      For beacon distance calculation 

                          Print the distance of the beacon that is calculated 

and stored in BeaconRefernceApplication.maxdistance 

                               If the maxdistance is greater than zero 

                                    Store the value in the database 

 

The code snippet for calculating the distance value is as the below Figure 17. 

 

 

Figure 17: Code snippet of calculating the distance value. 

 

Trilateration is calculated in the home fragment. The latitude and the longitude values 

are invoked with the help of the Maps API. These values are then stored in a 2D format 

and used in the calculation of the latitude and longitude values of the beacons with the 

help of the distances calculated from each user. The position of the beacons is 

calculated as below code from Figure 18. 
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Figure 18: Code snippet of trilateration calculation at the home fragment. 

 

 

 

 

The UI of the Home fragment looks like the below Figure 19. 

 

 

Figure 19: Home page of ARCTIC. 
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4.2.2 Navigation drawer 

The Navigation drawer is the toolbar which is used to split the functionalities and store 

them as fragments. The navigation drawer consists of six fragments which include, 

Home, Set Distance, Profile, Help, Notification and Logout. The Navigation drawer can 

be accessed by clicking the toolbar icon on the top left corner of the app. The 

navigation drawer is implemented as a sliding toolbar. The pseudo code for navigation 

drawer is as follows, 

 

Create a navigation drawer from the resource layout file 

Create new actions from the toolbar 

       Slide to open and close the toolbar 

Create a navigation view from the resource view 

Display the menu listed from the resource menu 

 

Linking the created navigation drawer to the respective fragments 

 

Create a null fragment 

       Switch  

          Case menu1: initialize a new Home fragment 

          Case menu2: initialize a new SetDistance fragment 

          Case menu3: initialize a new Profile fragment 

          Case menu4: initialize a new Help fragment 

          Case menu5: initialize a new Notification fragment 

          Case menu6: create new intent for logout activity 

 

The code snippet for creating a navigation drawer is depicted in Figure 20 and Figure 

21. 

 

Figure 20: Code snippet for creating a navigation drawer. 
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Figure 21: Code snippet for initializing the fragments in the navigation drawer. 

 

The UI of the Navigation drawer in the ARCTIC app looks like the following Figure 22. 
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Figure 22: Navigation drawer of ARCTIC. 

 

4.2.3 Profile fragment 

The profile fragment displays the user logged in data. This data is retrieved from the 

MySQL database and displayed in the app. The profile page helps us to identify the 

user who has logged in to the application. The pseudo code for profile fragment is as 

follows, 

 

Function onActivityCreate 

      Create TextView for firstname, lastname, email address and mobilenumber 

            If login data is not equals to zero 

                  Set the firstname, email address and mobile number from 

the logindata 

Exit  

 

 

The code snippet for the Profile fragment can be seen in Figure 23. 
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Figure 23:  Code snippet for profile fragment. 

 

The UI for the profile page is displayed as the following Figure 24, 

 

 

Figure 24: Profile fragment in ARCTIC. 
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4.2.4 Set distance fragment 

The set distance fragment is used to set the threshold distance to which the notification 

service doesn’t need to be triggered. The set distance fragment is deployed as a 

resource limit for sending a notification to the user. The pseudo code for set distance 

fragment is as follows, 

 

Creating the string values to be stored in a spinner 

Initialize the spinner  

Create a submit button 

Store the spinner values as an array 

       If spinner value does not equal to zero 

            Set the spinner value on clicking the submit button 

                    If the spinner value is: Select Distance 

                         Unset the spinner value, do not trigger the notify 

service 

                             Else set the spinner value to x distance 

 

 

The code snippet for setting the distance fragment is depicted in Figure 25. 

 

Figure 25: Code snippet for set distance fragment. 
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The UI of the Set Distance Fragment is displayed in the Figure 26, 

 

 

Figure 26: Set distance fragment of ARCTIC. 

4.2.5  Help fragment 

As the name indicates, the help fragment educates the user on how to use each 

fragment in ARCTIC. Each option in the help fragment is stored and retrieved in XML 

format. The options in help fragment are divided into five sections. The sections are 

Login and logout, scanning the beacons, setting the distance, notifications and profile 

page. These options are implemented as buttons so that when you click on the 

respective button the XML file opens to display the instruction on how to use them. 

The pseudo code for help fragment is as follows, 

 

Switch  

     Case login and logout: webview loadurl from the apk 

     Case scanning beacons: webview loadurl from the apk 

    Case set distance: webview loadurl from the apk 

     Case notify: webview loadurl from the apk 

     Case profile: webview loadurl from the apk 

Break 
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The code snippet for help fragment can be seen in Figure 27. 

 

Figure 27: Code snippet for help fragment. 

 

 

 

The UI of the ARCTIC app for help fragment is designed as in Figure 28, 

 

Figure 28: Help fragment of ARCTIC. 
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Clicking on each button appears like the below Figures 29,30,31,32 and 33. This is 

designed by XML. 

 

 

 

Figure 29: Login and logout help. 
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Figure 30: Scanning the beacons help. 

 

 

Figure 31: Setting the distance help. . 
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Figure 32: Notifications help. 

 

 

Figure 33: Profile page help. 
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4.2.6  Notification fragment and notify service 

Notify service plays a major role in triggering the notification when the child leaves the 

set threshold distance. This service later invokes the Map activity to find the location 

of the child using the distance calculated with the trilateration formula. Notification is 

split into two parts in our system, notification fragment where the notification can be 

turned on/off and the notify service where the actual trigger happens.  

 

The pseudo code for notification fragment is as below, 

 

 

Function onActivityCreate 

       Create a toggle button 

             If the toggle button is checked set notifications to true 

                 Else set notifications to false 

 

The code snippet for notification toggle is explained in Figure 34. 

 

Figure 34: Code snippet for a notification toggle button. 
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The UI of the notification fragment looks as Figure 35. 

 

 

Figure 35: Notification fragment of ARCTIC. 

4.2.6.1 Notify Service 

The pseudo code for notify service is as follows, 

 

Initialize a notification builder 

     Try  

          Retrieve the latitude value from MapsActivity and store as latitude 

          Retrieve the longitude value from MapsActivity and store as 

longitude 

          Flag indicating if a pending intent exists 

          Set a notification message such as: Child left the distance 

          Trigger the notification service every second. 

      Catch exception 

 

 

The code snippet for notification service is explained in the Figure 36. 
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Figure 36: Code snippet for notification service. 

 

After the notification is triggered, the UI gets a notification as Figure 37, 

 

Figure 37: Notification trigger in ARCTIC. 
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While clicking on the notification, it retrieves the data calculated for trilateration from 

the home fragment. Clicking on the notification leads to the marker where the beacons 

are present. The implementation looks as the below Figure 38 and figure 39. 

 

 

Figure 38: Locating the child in ARCTIC. 
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Figure 39: Tracking the child using GPS. 

 

4.2.7 About page 

The About page is a brief description of the system developed. ARCTIC is a system 

which not only is useful to track children but can also be used to track wildlife and is 

beneficial for asset tracking. The About page can be displayed by clicking on the 

Settings toolbar on the top right corner of the app. The information in the about page 

is written in the resource string file and appended with the resource layout. The About 

page in ARCTIC looks like the below Figure 40. 
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Figure 40: About page of ARCTIC. 

 

4.3 Backend server implementation and database 

The backend server and the database are configured in the cloud and act as a cloud 

database. A Xampp server is installed in the EC2 instance with Apache and phpadmin 

installed and running. Tomcat was also installed to run the server as a web service. 

The Apache server, Tomcat and the web service are installed in port 80, port 8080 

and port 8788 respectively. 

4.3.1 Server implementation  

The backend server has been implemented to run as a service and is deployed in an 

EC2 cloud instance. The server connects the database and the front-end application. 

The server and the database are implemented in the cloud. The information which is 

to be stored in the database is defined in the server in the format it has to be stored. 

For instance, the distance information which needs to be fetched from the front-end 

app is defined to be a string and have a maximum value 500. The value collected is 

sent to the database using REST API. 
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Rest Controller  

     Initialize the StaffController 

          Request Mapping 

             Get the value of the stafflink 

           Post it to the database as a json file 

           Response 

               Get the data or throw an exception 

           Request Mapping 

               Get the value of the kidslink 

                  Post the value to the database as json 

           Response 

              Get the data or throw an exception 

 

 

The code snippet for the backend server database is as the following Figure 41, 

 

Figure 41: Code snippet for backend server posting the data to the database. 

 

4.3.2 Database 

The database is stored in the cloud for seamless connectivity. The database consists 

of four tables and a view. The four tables include beacon master, kids details, staff 

details, and staff kids link. The consolidated information of the tables is in the view link. 
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The daycare beacon master stores the information such as the beacon id, beacon 

number and the status of the beacon can be observed in the below Figure 42. 

 

Figure 42: Daycare beacon master database table. 

 

The daycare kids detail table stores the information such as kids id, beacon id, beacon 

number, kids name and kids gender. The below Figure 43 depicts this. 

 

Figure 43: Daycare kids detail database table. 

 

The day care staff details stores the staff information which is also used as the login 

information for the ARCTIC application. The table values include, staff id, staff name, 

staff email, staff password and staff phone number. This can be understood from the 

below Figure 44. 

 

Figure 44: Daycare staff details database table. 
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The day care staff and kids link with the distance and the location values obtained 

from the mobile devices are stored here. This information is retrieved by the ARCTIC 

front-end application to calculate the distance of the child who left the maximum set 

distance. The values in the table include, staff id, kid id, distance, latitude, and 

longitude values. This can be observed in the below Figure 45. 

 

Figure 45: Daycare staff kids link database table. 

 

The Day care Staff kids link View displays all the information mapped to the beacon, 

child and the teacher. Here you can see the distance between the teacher and the kid 

along with the latitude, longitude values of the mobile device. The values in the table 

include staff id, staff name, kids id, beacon id, beacon number, kids name, distance, 

latitude and longitude values, which is observed in Figure 46. 
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Figure 46: Daycare database view of the staff kids link. 

 

 

4.4 Chapter summary 

In this chapter, we discuss how the system is implemented. The first part of section 

one discusses how to set the testbed, followed by the assumptions. The second part 

of the chapter explains in detail about the web server, database server, and storage 

server implementation. 
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CHAPTER 5 

 

5 User experience analysis and results 
 

This chapter explains in detail about the user experience in general and how it was 

measured in the system built. The quality of the system was measured by obtaining 

the feedback from the users and comparing them with the results acquired from the 

experimental results.  

5.1 Quality of experience (QoE)  

Quality of Experience can be defined as the holistic evaluation of what a user 

perceives. It is built on the overall satisfaction of a user, and the type of service the 

user receives. Quality of Experience (QoE) and Quality of Service (QoS) are related 

to each other. QoS focuses on providing the user with less delay, jitter, and good 

bandwidth while QoE focuses on cost, reliability, usability, availability and fidelity.  

 

“User experience” encompasses all aspects of the end user's interaction with the 

company, its services, and its products. True user experience goes far beyond giving 

customers what they expect or providing checklist features. In order to achieve high-

quality user experience in a company’s offerings, there must be a seamless merging 

of the services of multiple disciplines, including engineering, marketing, graphical and 

industrial design, and interface design. (Nielsen & Norman, 2014) [50].     

 

5.2 User experience model  

To understand the user experience, Peter Morville [47]   explained the various facets 

of user experience design using the honeycomb model. The honeycomb model, as 

shown in Figure 47, is highly relevant to analyzing the quality of experience in a 

smartphone application. 
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Figure 47: Morville honeycomb model.  

[47]. 

 

Each facet of the user experience is measured with the parameters as stated below, 

 

Usable 

The system should be simple and easy to use. The system should be designed in a 

way that the user can easily understand.  

 

Useful 

The system must meet all the requirements from the user. In cases where the 

application doesn’t satisfy the user requirements, then it is considered to be a failure. 

 

Desirable 

The system should have an easy interface. It should be desirable to the user. The 

visual aesthetics should be appealing to the user. 
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Findable 

Navigation should be made easy. The user should be able to search and find the 

information he needs without much hassle. 

 

Accessible 

The accessibility should cover a wide range of users. A user with disabilities should 

be able to experience the same benefits as other users. 

 

Credible 

The company or product which is used to build the application should be credible. 

 

Valuable 

The system must be able to deliver promptly to the financing authority. In the case of 

non-profit organizations, the solution should be “advancing the mission”. 

 

5.3 User interface 

Different user interfaces have different types of user interaction. The most commonly 

used interfaces are CLI - command line interface and GUI - Graphical User interface. 

The users of our application are considered to be not tech savvy and would not prefer 

to have a CLI. Hence the design was structured on mobile screens.  

5.3.1 Mobile screens 

It is safe to assume that the majority of smartphones have a touchscreen. Over 97% 

of the smartphones sold in 2017, has either Android or iOS as their operating system. 

These operating systems are designed for the use of touch screens. 

According to Siegenthaler, Bochud, Wurtz, Schmid, and Bergamin [59] when 

designing an application for touch screens the characteristics listed below are required 

to give a higher quality of experience to the user. 

 

 The user interface should be closely adapted to the navigational structure of 

the application. 
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 Users’ past experiences with touch screens should be taken into consideration. 

 Alternative technology should be kept in mind while designing the application. 

e.g., Physical buttons. 

 Setting a time limit for evaluating each task ensures the participants’ attempt to 

do as many tasks as possible. 

 

5.4 User evaluation 

The testing phase of the thesis was divided into two scenarios. The first tests were 

carried out at Tieto, with the application developers and a feedback form was 

requested to be filled. The second set of tests was performed with a few users picked 

from our target audience. We tested two different functionalities during these tests: 

 

 Ranging and monitoring of the beacons 

 Finding the location of the beacon leaving the maximum distance 

 

The tests were categorized into two parts: performing the predefined tasks and then 

analyzing the user interface followed by filling out a questionnaire. The tasks were 

meant to introduce the users to beacon technology. The quality of experience (QoE) 

analysis mainly comes from the data set from the feedback given by users.  

 

During the first tests performed at Tieto, the users were technologically competent and 

were able to provide more insight into how the application can be enhanced. It was 

also useful to discuss more technical aspects with the first set of users. The second 

set of users were able to identify more issues in retrospect with the user interface and 

how it can be made easier to use.  

 

5.4.1 Questionnaire  

A list of questions was asked to the users who helped in testing ARTIC. As described 

in the above section, the users varied from tech savvy (who worked in Tieto) to 

students at LTU. An online survey was conducted, and the results were captured. 
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Based on summary of the results the user evaluation was done. The list of questions 

in the online questionnaire is as following Table 3, 

 

Serial No. Questions 

1 Did you feel the help page was sufficient to understand the navigation 

of the ARCTIC? 

2 Did you have any issues with logging in? 

3 Were all the buttons in the app working as it should? 

4 Do you think the scan button works every time you click on it? 

5 Did you get a notification when the beacons were outside the distance 

set? 

6 Was is easy to set the maximum threshold distance in the app? 

7 Did the logout button work? 

8 Did you have problems using the GPS? 

9 The notification setting was easier to access? 

10 Did you see any delay in the server or the database response? 

11 Did you feel the database and the server were accessible every time 

the app tried to POST/GET? 

12 What did you like about the app? 

13 What do you not like about the app? 

 

Table 3: User evaluation questionnaire. 

 

5.4.2 Response summary 

The questionnaire was based on user interface, location positioning and performance 

evaluation. The overall results were positive, and the users were content to test the 

system. These results are based on the questionnaire that was answered by 10 people 

in total. 

 

The questions 2,4,5 and 6 had 100% positive responses. The responses for question 

10 and 12 were mainly positive, since the users who had knowledge about IoT systems 

responded positively whereas, the users with little or no computer knowledge 
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responded as Not applicable. Question 1 which was about navigating to the help page, 

had only 40% of the users answering a yes and the rest 60% answered a maybe. 

Questions 3 and 8 had 90% of the users giving a positive response while 10% were 

undecided if it was positive or negative. Similarly questions 7 and 9 had 80% of the 

users responding positively whereas 20% of the users were undecided.  

 

The user survey concluded with a short description of the users describing the app 

which can be observed in the Figure 48 and Figure 49. 

 

 

Figure 48: Positive assessment. 

 

Most of the users who tested the application responded positively. On an average, 

most users who answered the questionnaire and responded to the questions during 

the first phase of testing at Tieto, liked the versatility of the application. They responded 

positively for its simplicity and suggested that they would highly recommend for day 

care in Sweden to test it.  
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Figure 49: Suggestions for improvement. 

 

When questioned about the characteristics the users disliked, most of them had issues 

with the disappearance of the child’s name when the home page refreshed to get the 

updates from the database. They were also concerned with the changed position of 

the name of the children after each update. Another major concern was that the map 

did not auto center at the first instance when locating the child, this had been an issue 

while trying to locate the child indoors. Other minor feature improvements suggested 

were units to set Maximum Distance field and a confirmation message when the 

selected distance was updated.  

 

5.5 Experimental Results  

We tested the ARCTIC application in an indoor location (Tieto Office) and in an outdoor 

area (Frögatan) where Wi-Fi was easily accessible.  

 

The first phase of testing was carried out at Tieto where multiple users were willing to 

test the application. Two separate sessions were carried out to test the application and 

the users discussed the technical aspects of the application. Out of 25 people who 
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tested the mobile application, 5 answered the online questionnaire that had been sent 

after the testing session. The second phase of testing was carried out at Frögatan in 

Skellefteå, where a total of 5 students tested the application and were able to answer 

the questionnaire. The third phase of testing was carried out at Campus Skellefteå 

where the distance was measured. 

 

The accuracy testing was carried out five different times and the results were 

comparatively similar all the time. The mean values have been plotted in the below 

Figure 50 and Figure 51. 

 

Two different functionalities were tested while performing user evaluation 

 Ranging and monitoring of the beacons 

 Finding the location of the beacons leaving the maximum distance.  

 

5.5.1 Calibration of the beacons 

The beacons were calibrated according to the Android beacon library for more 

accurate results for distance positioning. Information such as Model number, build 

number and the manufacturer were captured for the device under test. A regression 

test was then performed for 30 seconds with each distance and the RSSI 

measurements were captured. The average RSSI measurement for 1 meter from the 

beacon is used in eq (6), Pg 40 to find the measured distance. 

 

5.5.2 Distance calculation 

The distance of the beacon was measured using Android Beacon library algorithm, an 

open source API which estimate the distance of the beacon based on the RSSI signal 

strength between the device and the beacon. The application uses the API to calculate 

the distance, which has been captured in the below table 4. 
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Actual 

Distance 

0.5m 1m 2m 3m 5m 7m 10m 

Measured 

Distance 

0.630957344 1.258925412 1.995262315 2.818382931 5.011872336 8.912509381 8.912509381 

0.630957344 1.258925412 1.995262315 2.818382931 3.981071706 7.309573445 9.079457844 

0.562341325 1.122018454 1.778279400 3.162277660 4.995262315 7.011872336 9.079457844 

0.446683592 0.891250938 1.778279400 3.011872336 5.011872336 7.011872336 9.079457844 

0.446683592 0.891250938 2.511886432 3.548133892 5.011872336 7.309573445 9.309573445 

 

 

Table 4: Actual distance vs Measured distance. 

 

5.5.3 Distance accuracy 

Ranging and Monitoring of the beacons were calculated based on the distance values 

obtained from the calibrated beacons. The accuracy of the distance had been 

calculated based on the experiment that was conducted five different times. The 

average value of these tests had been plotted in the figure (Figure 50) as below. The 

accuracy of the distance values was calculated from the distance value fetched from 

the API that uses android beacon library. The distance accuracy of the library that had 

been used in the implementation was over 60% each time the accuracy of the 

application was tested. 
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Figure 50: Distance accuracy. 

 

5.5.4 Distance positioning  

The location positioning is calculated using trilateration algorithm as explained in 

section 3.1.7. Figure 3 explains in detail how the trilateration algorithm is used in 

ARCTIC. The testing of the application is carried out using three mobile devices which 

denotes the three staff members responsible for the group of children. The three 

mobile devices are placed in a triangular position, assuming the child that leaves the 

threshold distance is somewhere in between the three mobile devices. The application 

is designed in a way when the beacons are away from the set distance, a notification 

pops up with the location information in google maps. The google maps which is 

displayed provides the distance of the beacon along with the route to navigate to it. 

The location accuracy is calculated based on the distance displayed in the maps vs 

the actual distance. The location calculated using the application is plotted in three 

scenarios, when the beacon moves; when the beacon is fixed and when both the 

mobile device and the beacon is mobile. Table 5 displays the distance information 

calculated using the trilateration algorithm vs the actual distance. 
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Actual 

Distance 

1m 2m 5m 10m 

Mobile device 

is fixed 

1.17m 1.84m 5.32m 8.43m 

Beacon is fixed 1.12m 1.89m 4.89m 8.91m 

Mobile device 

and beacon are 

in motion 

0.87m 2.83m 3.67m 6.03m 

 

Table 5: Distance positioning. 

 

5.5.5 Location accuracy 

The location accuracy of the app after applying our algorithm varies from 0-20 meters. 

The location accuracy is calculated based on three different scenarios: when the 

beacons are in motion denoting the children are moving, the mobile devices are 

moving denoting the staff members are moving and when both the mobile device and 

the beacons are moving. This can be seen in Figure 51 as follows, 
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Figure 51: Location positioning accuracy. 

 

5.5.6 Accuracy calculation  

Distance and location positioning accuracy is calculated using the general accuracy 

formula [71], 

 

(Value obtained – Actual Value)/ Actual value * 100                        eq (14) 

 

The accuracy of the ARCTIC application is higher when either beacon or the mobile 

device is not in movement. The average accuracy range of the application lies 

between 0 and 20 m. The location positioning accuracy was higher when the beacons 

were closer compared to the placement of the beacons further. We also found that the 

accuracy of the location positioning dropped to below 50% when the beacons and the 

mobile device were moving, which denotes the scenario when the staff and the 

students are in motion. 
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5.6 Limitations  

ARCTIC application can be accessed only when the internet is accessible. This makes 

it difficult for the application to be used in remote areas. The Bluetooth beacons cannot 

be sensed when there is a wall or a thick object between the staff and the student, 

hence it does not pick the signals coming from the beacon and unable to locate if the 

child leaves the maximum distance. This application can work only up to 50 m distance 

since the configurable Radius Dot beacon works from 5 to 50 m. Since the distance of 

the beacons is updated only after 20 seconds, the accuracy of the application 

decreases when there is erratic movement.  

 

5.7 Chapter summary 

In this chapter we discuss about user experience in general and the different ways to 

measure it followed by the results obtained from the set of experiments performed 

using ARCTIC. The first section of the chapter, describes in detail on how the user 

experience can be calculated. The results section was divided into two parts, 

experimental results and the user experience feedback which was elaborately 

discussed. The final section discussed the limitations of ARCTIC, the system 

developed.  
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CHAPTER 6 

 

6 Conclusion and Future Work 
 

The previous chapters have discussed the accomplishment of the thesis. In this 

chapter, we discuss the problem and its solution to overcome it. We conclude the 

thesis with the evaluation from testing and feedback from the users. In the future work 

section, we discuss how to enhance the performance of the proposed application. 

 

6.1 Conclusion  

This thesis identified an issue which was not discussed or implemented in a smart 

school. The existing solution for the problem discussed in Chapter 1, had been made 

easier with the implementation of the ARCTIC prototype. This research work was 

proposed, developed and analyzed to enable the teachers at daycare to track the 

children when they are on a field trip.  

 

The research work is recommended to be implemented in daycare when children are 

out on field trips. During the field trips, the teacher in charge gives out a set of 

instructions about safety and staying within the group. Children are not only taken on 

field trips where there is less populated area, but also to crowded places like museums 

and parks. To avoid them getting mixed with the crowd or drifting away to unsafe zones 

without supervision, ARCTIC the system implemented can be used.  

 

The application is an example of IoT in the cloud. The BLE Beacon sends the signal 

to the app, the app updates the web server and the cloud database with the distance 

information. The distance information of the child is sent to the database, when there 

is a trigger in the set maximum distance, the values are fetched locally and the 

trilateration is calculated based on the location information of the mobile device and 

the distance from the beacons.  
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When the Bluetooth BLE beacons are turned ON, the android application scans the 

beacons and displays them on the home page of the application. The staff responsible 

for the children will be able to see the child and the distance of the child from the 

device. The staff will also be able to set the maximum safe distance. In case a child 

leaves the set maximum distance, the staff will be alerted via a notification that the 

child has crossed the set distance. 

 

To find the relative location of the child, trilateration is implemented. The distance of 

each child is stored in the database as the distance from all the three staffs. When a 

child crosses the maximum set distance, the location of the child is calculated using 

the trilateration algorithm and a notification is sent to the staff closer to the child and 

the location is displayed with a Map activity. 

 

The results of the application were captured to analyze the accuracy of the distance 

calculated using trilateration. A user survey was conducted to measure the Quality of 

experience of the application.  

 

The proposed application does not need to be restricted in tracking children. It can 

also be extended to track assets. The proposed application is evaluated considering 

the accuracy of distance values calculated using trilateration. The results show that 

the application utilizes a reasonable amount of space and memory, which is 

considered acceptable.   

 

6.2 Future work 

This research has designed, developed and evaluated a prototype which can be 

implemented in a real-life scenario. However, any application can be enhanced for 

better performance and accuracy. ARCTIC can also be enhanced to be considered as 

a successful real time system. This section discusses in detail about how ARCTIC can 

be enhanced in the future. 

 

As future work, the trilateration data can be plotted as a real-time map to keep the 

track of the child’s movement. The current implementation plots the location 
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information in GPS when the child moves from the set distance. By plotting a real time 

graph will make the field trip experience for the teacher in charge easier. Instead of 

getting a trigger every time the child leaves the set distance, the teacher in charge will 

be able to monitor the children when desired. 

The application can be enhanced to notify the teachers who are the closest to the child 

when the child leaves the set maximum distance. ARCTIC is now implemented in a 

way that when a child leaves a particular distance set by the teacher in charge, gets 

an alert on the android device along with the location information. However, this 

system will be much effective if the notification is sent to the teacher in charge closest 

to the child. This can also be implemented as a future work for ARCTIC. 

 

6.3 Chapter summary  

In this chapter we discuss the accomplishment of the thesis with my analysis of the 

experiments conducted. The chapter concludes with the elaboration of the scope for 

future work.  
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8 Appendix 
 

8.1 ARCTIC installation in android device 

The android app can be installed in any android device which satisfies the following 

conditions, 

Android SDK version 19 or higher 

RAM 1GB or higher 

Bluetooth 4.0 or higher 

Download the code and run it via Android studio. Install the apk to the android device. 

 

8.2 Backend service 

The backend service is running in an EC2 instance. To replicate the backend service,  

1. Install XAMPP server 

2. Start the Apache and phpMyAdmin servers. 

3. Create a new project structure as following Figure 52, 

 

 

Figure 52: Project structure in the database. 
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4. Import the tables as following Figure 53, 54, 55 and 56, 

 

 

Figure 53: Database table for storing beacon UUID. 

 

. 

 

Figure 54: Database table to store the child associated with the beacon. 

 

 

Figure 55: Database table for staff details. 

 

 

Figure 56: Database table to store distance and location information. 

 

5. Install tomcat server 

 

Download the jar file and run it as the backend server. This helps with logging in, 

sending/retrieving information from the database to the local application. 


