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Útdráttur 

Þessi ritgerð fer yfir hönnun og þróun neyðarhnapps ásamt meðfylgjandi Android forriti. 

Ætlun tækisins er að hjálpa notanda að senda skilaboð á neyðartengilið, með staðsetningu 

viðkomandi, í því ástandi að notandinn er týndur, slasaður eða telur sig vera í hættu. 

Neyðarhnappurinn samanstendur af tveimur mismunandi tækjum, neyðartæki og Android 

snjallsíma. Neyðartækið, sem inniheldur neyðarhnappinn, sendir skilaboð til símans í 

gegnum Bluetooth í því tilfelli að notandinn hafi ýtt á hnappinn. Ef snjallsíminn nemur 

skilaboð frá neyðarhnappinum, þá sækir hann GPS staðsetninguna sína og sendir 

upplýsingarnar á neyðartengilið með SMS. 

Á meðan á þessu verkefni stóð var starfhæf frumgerð af neyðarhnappinum búin til, sem 

samanstóð af  BGM121 Bluetooth einingu ásamt Blue Gecko Bluetooth þróunar borði. 

Smáforrit fyrir Android snjallsíma var einnig búið til, til að starfa með neyðarhnappinum. 

Undirbúningur var því næst hafin fyrir áframhaldandi þróun á neyðarhnappinum, sem 

innihélt rafmagnsteikningar fyrir næstu frumgerð, sem var með áætlaðan 425 daga líftíma, 

ásamt hönnun á hugbúnaði. 

Abstract 

This thesis goes over the design and development of an emergency button device and an 

accompanying Android application, that is aimed at helping people message an emergency 

contact, with their location, in the case that they are lost, hurt or perceive themselves to be 

in danger. 

The emergency button system is comprised of two different devices, the emergency device, 

containing the emergency button, and an Android smartphone. The emergency button device 

sends out an alert message through Bluetooth, if the button on the device is pressed, notifying 

the smartphone of the situation. The smartphone will then take action, getting the GPS 

location of the user’s phone and send it to an emergency contact through SMS. 

During this project a functioning prototype was created for the emergency button device 

using a BGM121 Bluetooth module and a Blue Gecko Bluetooth development board. A 

custom Android application was created for smartphones to work with the emergency button 

device. The groundwork for the next phase in the development was laid out, including the 

electrical schematic for the succeeding prototype, with an estimated 425-day battery life, and 

software designs. 
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1 Introduction 

A report compiled by the Federal Bureau of Investigation (FBI) showed that, in 2016, over 

180.000 adult and 465.000 children reports were filed in the USA alone [1]. According to 

the NCADV and NSVRC around 1 in 3 women and 1 in 4 men have been the victims of 

physical abuse by an intimate partner [2] and about 1 in 5 women and 1 in 71 men go through 

sexual abuse in their lifetime [3]. 

This sparked the interest in creating a device that would allow the user to call for help in the 

case that they are hurt, lost or perceive themselves to be in danger. 

1.1 Emergency Button 

There have similar projects conducted in the past that implement either a phone application, 

a panic button or both together to increase the safety of the user.  

Projects like the WoSApp [4], PanicButton [5] and 112 Iceland App [6] Are phone 

applications that require the user to be able to access the phone to send out a distress message, 

whether it being pressing a button or shaking the phone. 

Then there are projects like Vismo [7] that extend the capabilities of the phone application 

to work with a smartwatch and similarly an armband was designed in KSSEM, school of 

engineering located in Bangalore, for women and children around the wrist to be easily 

accessible in the event of an emergency [8].  

However, these projects require the user to have easy access to their phone or smartwatch, 

which the user can’t be sure of in an emergency, and include the danger of alerting the 

perpetrator off the user activating the alarm, increasing the chance of escalating the situation.  

Problem Statement: 

The aim with this project is to lay out the ground work and create a prototype of an 

emergency button device that can be hidden on your person and enables the user to 

easily message emergency contacts, with the user’s location, in a discreet manner.  

Project Limits: 

The project will be focused on designing the electrical and software functionality for 

the emergency button device and creating a functioning prototype that can achieve the 

stated problem. Thus, no emphasis will be made on the appearance or creation of a 

commercially available version of the device. 
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1.2 Thesis Overview 

The following summary is meant to provide a brief overview over the main chapters featured 

in the thesis. As well as giving an overview over the research and development process for 

the Emergency Button. 

• Chapter 1 – Introduction 

Gives a brief introduction into the motivation and problem statement for this project. 

 

• Chapter 2 – Background 

This chapter gives an introduction into the main technological concepts relating to the 

project.  

 

• Chapter 3 – Requirement Analysis 

This chapter analyses the required functionality for the Emergency Button Device and sets 

the requirements the components must fulfil to qualify for this project.   

 

• Chapter 4 – Component Selection 

This chapter goes over the process of selecting specific components for the project based 

on the requirement analysis done in chapter 3. 

 

• Chapter 5 – Design & Implementation 

This chapter goes into the process of designing and implementing prototypes for the 

Emergency Button Device. 

 

• Chapter 6 – Conclusion 

This chapter briefly goes over the results of the project. 

 

• Chapter 7 – Future Work 

This chapter presents a list of ideas that can potentially be implemented if the work on this 

project were to continue. 

 

• Chapter 8 – Discussion 

This chapter discusses the design of each prototype, as well as presents possible 

improvements to the Emergency Button Device. 
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2 Background 

In this chapter we will go over the background information related to key concepts 

concerning the project. Such as information about embedded systems, components and 

communication protocols. 

2.1 Embedded Systems 

Embedded systems are a combination of computer hardware and software that unlike PCs 

and Smartphones are specifically created for a certain task, either operating by themselves 

or as a part of a larger system. They can be found in numerous everyday items ranging from 

children’s toys, mobile phones, refrigerators and automobiles [9] [10]. 

Embedded hardware consists of several different electrical components that all work 

together to build up a system and give the desired functionality. Most modern embedded 

systems include a microcontroller [11]. They can be thought of as the brain of the whole 

operation since they are usually the ones that contain both the RAM and the CPU and are 

tasked with storing and executing the embedded software programmed into the system [9] 

[12]. 

Components within an embedded system communicate using different communication 

protocols. A few communication methods can include, but not limited to: 

• Universal asynchronous receiver-transmitter (UART) 

• Inter-Integrated Circuit (I²C)   

• The Serial Peripheral Interface (SPI) 

Embedded systems can be seen presented a few different ways. In development stages they 

can be seen wired up on breadboards or soldered on a Perfboard, though in most 

commercially available electronics they can be seen featured on printed circuit boards 

(PCB). 

2.1.1 Microcontroller 

Microcontrollers are in all regard small computer systems on a chip. They include everything 

a computer would need, RAM, ROM, a processing unit and various communication ports 

[13]. However, unlike the computers we are used to using in our everyday lives, such as PCs 

and mobile phones, microcontrollers are extremely specialised and are usually programmed 

to serve a specific task. These tasks can include: 

• Monitoring sensors in a refrigerator to keep it at the right temperature.  

• Take in signals from a remote to control the movement of an RC car. 

• Play a certain sound in a children’s toy if it is squeezed. 

• Calculate and give you the right answer when you use a calculator.  
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2.1.2 Universal asynchronous receiver-transmitter (UART) 

The Universal asynchronous receiver-transmitter, UART for short, is a computer hardware 

circuit that is usually found as a part of an integrated circuit that allows for asynchronous 

serial communication [14]. 

In UART communication, two UART modules, as can be seen in Figure 1, are used to 

communicate with each other. Only two pins and a common ground are required to enable 

UART communication. Thus meaning that each module includes one transmit pin (Tx), used 

to transmit data from the module, and one receive pin (Rx), used to receive data from the 

other module [14] [15]. 

 

Figure 1: The figure depicts the communication between two UART modules. 

UART does not require a clock signal to transmit data between each module. They rather 

rely on a specific data structure and that they are both transmitting and receiving the data at 

the same frequency, or also known as Baud rate. UART data packages, as can be seen in 

Figure 2, are set up in such a way that before transmitting the data they first send out a start 

bit to initiate the communication. Then the data which can be up to 9 bits is transmitted, 

followed by a stop bit signalling the end of the transfer [14] [15]. 

 

Figure 2: The figure depicts the structure of the UART data packets. (Image adapted from the 

following link: learn.sparkfun.com/tutorials/serial-communication) 
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2.2 Printed circuit board (PCB) 

A printed circuit board (PCB), is a board that is used to connect electrical components 

together using conductive tracks. The PCB is made up of copper layers put on an underlying 

substance or layer made up of a nonconductive material. The tracks, that the electrical 

components are soldered to, are then engraved in the copper layer. A, most often green or 

black, soldermask is then put on top of the copper to insulate the copper layer and minimize 

the risk of the copper coming in contact with other conductive materials. Lastly a silkscreen 

is often applied to the top of the copper or soldermask to add markings to the PCB, making 

it easier to assemble or indicate the function of a specific component [16]. Figure 3 

demonstrates the layer composition of a PCB. 

 

Figure 3: The figure demonstrates the layer composition of a printed circuit board. 

2.3 Android 

Android is a mobile operating system, based on a modified Linux kernel, that is being 

developed by Google. Android is an open source project, meaning that developers can make 

custom variations of the Android platform, as well as their own applications [17]. 

Android is the largest and most popular mobile operating system on the market today, where, 

according to the International Data Corporation (IDC), Android has continuously been 

capturing around 85% of all market shares in the past few years, with the Apple IOS coming 

in second with roughly 14% of market shares [18] [19] [20].  

2.4 Bluetooth 

Bluetooth is, as it is described by the Bluetooth Special Interest Group (Bluetooth SIG), a 

low-power wireless connectivity technology used to send data and broadcast information 

between devices [21]. 

Bluetooth communication operates in the 2.4 GHz unlicensed industrial, and medical (ISM) 

frequency band [22] using a master/slave model. The master, that can be connected to 

multiple slaves at once, can send and request data from all the slaves he is connected to. The 

slaves however, who can only connect to one master at a time, are only able to send and 

receive data from their master [23]. 
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The Data is split into smaller packets and transmitted through one of the designated 

Bluetooth channels. Bluetooth basic rate having the choice of 79 designated Bluetooth 

channels, and Bluetooth Low Energy having the choice of 40 designated channels. 

2.4.1 Bluetooth Low Energy (BLE) 

Bluetooth Low Energy (BLE), also known as Bluetooth Smart, was released in 2010 [24] 

and marked a major improvement point for Bluetooth. BLE is specifically designed to be as 

energy efficient for devices that require their power consumption to be as minimal as 

possible. All from its regular power consumption to short burst data transmissions. 

Table 1, taken from the Bluetooth SIG website [25], shows the specifications for BLE 

compared to the specifications of the Bluetooth Basic Rate (BR). 

Table 1: The table shows the specifications for Bluetooth low energy compared to the specifications of 

the Bluetooth Basic Rate. (Table taken from the following link: https://www.bluetooth.com/bluetooth-

technology/radio-versions) 

  
Bluetooth Low Energy (LE) 

Bluetooth Basic Rate/ 

Enhanced Data Rate (BR/EDR) 

Optimized For...    Short burst data transmission Continuous data streaming 

Frequency Band    2.4GHz ISM Band (2.402 – 2.480 GHz Utilized)    2.4GHz ISM Band (2.402 – 2.480 GHz Utilized) 

Channels    40 channels with 2 MHz spacing    79 channels with 1 MHz spacing 

   (3 advertising channels/37 data channels) 

Channel Usage Frequency-Hopping Spread Spectrum (FHSS) Frequency-Hopping Spread Spectrum (FHSS) 

Modulation GFSK GFSK, π/4 DQPSK, 8DPSK 

Power 
Consumption 

~0.01x to 0.5x of reference 1 (reference value) 

(depending on use case) 

Data Rate LE 2M PHY: 2 Mb/s EDR PHY (8DPSK): 3 Mb/s 

LE 1M PHY: 1 Mb/s EDR PHY (π/4 DQPSK): 2 Mb/s 

LE Coded PHY (S=2): 500 Kb/s BR PHY (GFSK): 1 Mb/s 

LE Coded PHY (S=8): 125 Kb/s   

Max Tx Power Class 1: 100 mW (+20 dBm) Class 1: 100 mW (+20 dBm) 

Class 1.5: 10 mW (+10 dbm) Class 2: 2.5 mW (+4 dBm) 

Class 2: 2.5 mW (+4 dBm) Class 3: 1 mW (0 dBm) 

Class 3: 1 mW (0 dBm)   

Network 
Topologies 

Point-to-Point (including piconet) Point-to-Point (including piconet) 

Broadcast 

Mesh 

   

2.4.2 iBeacon 

iBeacon, also known as BLE advertising, was introduced by Apple at the Apple Worldwide 

Developers Conference in 2013 [26] as a communication protocol that is built on top of the 

Bluetooth Low Energy technology. 

iBeacon enables BLE devices, such as laptops, smartphones and tablets to detect nearby 

beacons and choose whether they want to interact with them or not. If they choose to interact 

with the beacon, the beacon has the possibility of allowing brands to trigger advertisements 
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to the user or allowing applications to perform specific actions based on the user’s proximity 

to the beacon [27] [28] [29]. 

Beacons operate in a one-way communication. Meaning that they are only capable of either 

transmitting the data or receiving the data at any one point, though some devices can switch 

between transmitting or receiving the data. For an example a smartphone. 

Apple has given out a standardized, 30 Byte, data packet format, that is to be used when 

transmitting data with BLE advertising. According to this format, the data packets should be 

set-up like is shown in Table 2: [27] 

Table 2: The table shows the structure of the standardized data packet format for an iBeacon device, as 

well as showing what information is to be included within each byte of the data packet. 

iBeacon Standardized Data Package 

BLE Flag Initialization 

Byte 0: Length 

Byte 1: Type 

Byte 2: Value 

Manufacturer Data Field 

Byte 3: Length 

Byte 4: Type 

Byte 5-6: Manufacturer ID 

Byte 7-8: Beacon Type Field 

Identifier Data Types 

Byte 9-24: 128-bit Universally Unique Identifier (UUID) 

Byte 25-26: Beacon Major Number 

Byte 27-28: Beacon Minor Number 

Byte 29: Tx Signal Power 

 

Where, 

BLE Flag initialization does the following: 

• Length: length of the flag data element. 

• Type: specifies the type of data included in the element. 

• Value: gives the value defining the AD type. 

Manufacturer Data Field does the following: 

• Length: length of the data element. 

• Type: Specifies the type of data that is included in the element. 

• Manufacturer ID: Indicates the manufacturer ID. For an example setting it as: ‘0x004c’, 

sets the manufacturer ID as “APPLE”. 

• Beacon Type Field: Indicates the type of beacon being used. For an example: ‘0x0215’ = 

iBeacon. 
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Identifier Data Types does the following: 

• UUDI: Sets a 16-byte (128-bit) universally unique identifier (UUID) that is used to 

differentiate a large group of related beacons. 

• Beacon Major Number: Sets a 2-byte string, indicating its Major number, used to 

distinguish a smaller subset of beacons within the larger group 

• Beacon Minor Number: Sets a 2-byte string, indicating its Minor number, meant to 

identify individual beacons. 

• Tx Signal Power: Indicates the Tx power, or signal power, that is used to determine the 

proximity of the beacon. 
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3 Requirement Analysis 

Performing a requirement analysis is one of the most important things to do before starting 

a project. It enables you to lay out the functionality you need and gives a good overview of 

the requirements that your components must upfill to qualify for the project. 

In this chapter a requirement analysis will be performed for the emergency device and 

smartphone. The design and functional requirements will be laid out, as well as a small 

overview over each system.  

3.1 System Overview 

The Emergency button system will consist of three different modules. One of the modules 

is the Emergency device, second is the smartphone and the third is the device the emergency 

contact uses to receive the alert message. Figure 4 shows the flow of information between 

the three different devices. 

The emergency device will be on the user at all times, situated somewhere the user can easily 

access the device, in any situation, and activate it in a discreet manner. It will only contain 

components essential to its functionality, a button for the user to press, a microcontroller to  

regulate its performance and a Bluetooth module to enable short range communication, 

keeping it as simple and compact as possible. 

A smartphone will be used to receive the alert message from the emergency device and will 

be tasked with reacting accordingly, within an application, notifying the emergency contact 

of the situation and giving them the GPS location of the user.  

The emergency contact will receive an SMS detailing the nature of the message and 

including the GPS location of the user’s phone. 

A requirement analysis will be performed using the requirement analysis methodology 

developed by Dr. Suh Nam Pyo, called Axiomatic Design [30]. It involves transforming 

designer, or customer, needs into functional requirements, design parameters and process 

Figure 4: The figure shows an overview over the Emergency Button system and the flow of 

information between all included devices. 
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variables. This is done to help with the development of high quality product or system 

designs by systematically analysing the requirements for the system. 

3.2 Emergency Device 

3.2.1 Overview 

The purpose of the emergency device is to allow the user to easily and discreetly message 

help in the case that they are hurt or perceive themselves to be in danger. 

The user can start the process of sending a message to their emergency contact by pressing 

a button located on the emergency device. The emergency device should then send out an 

alert signal, through Bluetooth, to the user’s phone which then continues the process of 

sending a message to their emergency contact. 

3.2.2 Requirement Analysis 

Designer Requirements 

The emergency device must be easy to use in the case of an emergency. It should not have 

an area larger than 25 mm * 25 mm, as to make it easy for the user to hide on their person. 

The device should require low energy and should be operational for at least a month without 

the need of changing or recharging the batteries. The device must be able to communicate 

through Bluetooth. A microcontroller should be used to monitor the button state and further 

communication with the smartphone.  

Functional Requirements 

The Requirements, for the emergency device, set by the designer are detailed as follows: 

• Ease of use. 

The emergency device should be as easy to use as possible, as to not require the user to 

particularly focus on the device to use it. This is done so that the user can call for help in a 

discreet manner.  

 

• Small form factor. 

The device should only contain components essential to its functionality, as to keep the 

device as small as possible and making it easy for the user to hide on their person. The 

final device should not have an area larger than 25 mm * 25 mm, to keep it at a size where 

it is still convenient to hide. 

 

• Low energy. 

The energy consumption of the device should be kept as low as possible. It should be 

capable of lasting at least a month without the need of changing or recharging the batteries, 

as to make it more convenient for the user and minimize the risk of the device being out of 

power in the time of need. 

 

• Bluetooth Communication 

The device should be able to communicate fast and wirelessly with a smartphone. 

Preferably requiring as low power consumption as possible. 
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• Microcontroller 

The main functionality of the device should be done through a microcontroller. This is 

done because the designer has experience working with microcontrollers and it should 

make the development for the first prototype simpler.  

 

3.3 Smartphone 

3.3.1 Overview 

The purpose of the smartphone is to wait for incoming messages from the emergency device 

and notifying emergency contacts if the situation arises. 

The smartphone should be on the lookout for Bluetooth messages coming from the 

emergency device letting it know that the button has been pressed. When the smartphone 

receives a message from the emergency device it is tasked with formulating an SMS 

containing a short message detailing the nature of the SMS and the GPS location of the user. 

3.3.2 Requirement Analysis 

Designer Requirements 

The smartphone should be running the Android operating system. It must be able to 

communicate with the emergency device through Bluetooth and is required to contain a GPS 

module, to find the users location, and be able to send out an SMS with a custom message. 

Functional Requirements 

The Requirements, for the smartphone, set by the designer are detailed as follows: 

• Android Operating System 

The smartphone should be running the Android operating system. This is because Android 

is an open source operating system [17] that contains a large amount of documentation, 

making application development easier [31], and is the most popular phone operating 

system on the market today, making the application reach a larger audience [18]. 

 

• Bluetooth Communication 

The smartphone must be able to quickly receive messages, through Bluetooth, sent by the 

emergency device and act accordingly in the shortest amount of time possible. 

 

• A GPS Module 

The Smartphone must include a GPS module that allows a custom application to receive 

the user’s current location.  

 

• Custom SMS Message 

The smartphone must be able to create a custom SMS message, detailing the message’s 

nature and including the users GPS location. It should then be able to send the custom SMS 

to an emergency contact.  
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4 Component Selection 

In this chapter the components for the project will be selected based on functional 

requirements and attributes added to make the components compatible with each other. Each 

component will be selected from a list of similar components, where they will be compared 

and graded based on the best fit for the project. After which the component will be selected. 

4.1 Emergency Device 

The following chapters will highlight the selection process of the main components chosen 

for the design of the emergency device. 

A microcontroller with the PIC architecture will be chosen for this project, due to the 

designer having experience working with them. 

Bluetooth was selected to be used for short-range communications between the emergency 

device and the smartphone. It was chosen because it is one of the most popular 

communication methods between smartphones and external peripheral devices, with the 

Bluetooth SIG saying, that 100% of phones shipped in 2018 will include Bluetooth support 

[32] [33]. Another huge advantage is the Bluetooth Low Energy (BLE) radio, that is 

specifically designed for a very low power operation [22]. 

A battery will be chosen at the end, when the power requirements for the device are clear. 

4.1.1 Bluetooth Module 

The Bluetooth module will be tasked with transferring alert data between the emergency 

device and the smartphone, letting it know that the button on the emergency device has been 

pressed. 

The following are design parameters for the Bluetooth module, based on the requirement 

analysis in chapter 2:  

• Small form factor. 

The Bluetooth module should be as small as possible to minimize the size of the final 

device. 

 

• Low Energy - Sleep mode 

The Bluetooth module must be able to go into sleep mode, as to conserve power usage 

when the device is not active. 

. 

• Bluetooth Low Energy 

The Bluetooth module should be compatible with BLE to minimize its power consumption.   

 

• UART 

The Bluetooth module should be capable of UART communication, to be able to send and 

receive data from the microcontroller. 
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• Integrated Antenna 

Though it is not required. Modules with an integrated antenna will score higher, since 

having an integrated antenna will make the design process faster, simpler and make the 

design itself smaller. 

Grading System 

The Bluetooth modules will be graded based on the criteria seen in Table 3, where the 

components receive a higher grade, the more fit they are for the project. Best fit component 

receiving the highest grade, worst fit receiving the lowest. Required specifications all receive 

the same grade. 

Table 3: The table shows the grading system for the Bluetooth modules during the component selection. 

Bluetooth Module Specifications Grade Scale 

Features 

Datasheet 1 

UART 1 

Integrated Antenna 0,5 

Physical Size 1 to 5 

Compliant Bluetooth version 

Bluetooth Version  1,2 

Power Consumption 

Operating Voltage 1 

Sleep Mode Current     1 to 5 

TX current @ 0 dBm output power at 2.4 GHz 1 to 5 

 

Component Selection 

Due to there being hundreds of different Bluetooth modules to pick from, The Product Index 

[34] search engine on Digikey.com was used to narrow them down to a select few. Required 

specifications, such as communication methods and operating voltages were put in and 

sorted by size. Five different Bluetooth modules were then chosen to be compared to see 

which one was best fit for the project. 

The Bluetooth modules that have been chosen to be compared, are the following: 

• CC2564MODNCMOET1 from Texas Instruments 

• nRF80022    from Nordic Semiconductor 

• ATBTLC1000XR/ZR3  from Microchip 

• BGM1214    from Silicon Labs 

• BMD-3305    from Rigado Inc. 

Table 4 shows the Bluetooth modules being compared. 

                                                 

1 http://www.ti.com/lit/ds/symlink/cc2564moda.pdf 
2 https://www.nordicsemi.com/eng/Products/Bluetooth-low-energy/nRF8002 
3
 http://ww1.microchip.com/downloads/en/DeviceDoc/ATBTLC1000XR-ZR-Ultra-Low-Power-BLE-Module-Datasheet-DS60001505B.pdf 

4 https://www.silabs.com/documents/login/data-sheets/bgm12x-datasheet.pdf 
5 https://www.mouser.com/pdfdocs/BMD-330-DS_v09.pdf 

http://www.ti.com/lit/ds/symlink/cc2564moda.pdf
https://www.nordicsemi.com/eng/Products/Bluetooth-low-energy/nRF8002
http://ww1.microchip.com/downloads/en/DeviceDoc/ATBTLC1000XR-ZR-Ultra-Low-Power-BLE-Module-Datasheet-DS60001505B.pdf
https://www.silabs.com/documents/login/data-sheets/bgm12x-datasheet.pdf
https://www.mouser.com/pdfdocs/BMD-330-DS_v09.pdf
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Table 4: The table shows the five different Bluetooth modules being compared. 
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Through the comparison we can see that the BGM121 Bluetooth Module from Silicon Labs 

came on top and will be the one selected for this project.  

BGM121 Specifications 

Table 5 shows the specifications for the BGM121 module, that are of interest to this project. 

Table 5: The table shows the specifications for the BGM121, related to this project. 

BGM121 Specifications 

Features 

Physical Size (mm) 6.5 * 6.5 * 1.4 

Communication Methods LEUART, I2C 

Integrated Antenna 

Compliant Bluetooth version 

Bluetooth 4.2- Compliant 

Bluetooth 5 - Advertising 

Energy Consumption 

Operating Voltage 1.8V - 3.8V 

Sleep mode Current 2.5µA 

TX current @ 0 dBm output power at 2.4 GHz  8.2mA 

RX current at 2.4 GHz  8.7mA 

4.1.2 Microcontroller 

The microcontroller will be tasked with detecting whether the button on the emergency 

device has been pressed and initiating the transferral of information to the communications 

module, priming it for contact with the smartphone. 

The following are design parameters for the microcontroller, based on the requirement 

analysis in chapter 2:  

• PIC architecture 

A Requirement set by the designer, due to his experience working with the PIC 

architecture. 

 

• Small form factor. 

The microcontroller should be as small as possible to minimize the size of the final device. 

 

• Low Energy - Sleep mode 

The microcontroller must be able to go into sleep mode to conserving power usage when 

the device is not active. 

 

• UART 

The microcontroller must be able to communicate data between the microcontroller and the 

Bluetooth module via UART. 

 

• I/O pins 

Extra I/O pins are not necessary but would make the debugging process easier. 
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Grading System 

The microcontrollers will be graded based on the criteria seen in Table 6, where the 

components receive a higher grade, the more fit they are for the project. Best-fit component 

receiving the highest grade, worst-fit receiving the lowest. Required specifications all 

receive the same grade. 

Table 6: The table shows the grading system for the microcontrollers during the component selection. 

Microcontroller Specifications Grade Scale 

Features 

UART 1 

Physical Size (mm) 1 to 5 

I/O Pins 1 to 5 

Power Requirements 

Sleep Mode 1 

Operating Voltage 1 

Sleep Mode current @ Minimum reported voltage.6 1 to 5 

Operating Current    @ Minimum reported voltage.6 1 to 5 

 

Component Selection 

Due to Microchip having hundreds of different microcontrollers to choose from, Microchip 

Advanced Part Selector [35], also known as Microchip maps, was used to help with 

narrowing it down. Required specifications, such as communication methods, PIC Family 

and low power capabilities were put into its search engine and five different microcontrollers 

were chosen as possible candidates for the project. These five microcontrollers are then 

compared to see which one is best fit for the project. 

The microcontrollers that are to be compared, include the following: 

• PIC16(L)F18857/777  from Microchip 

• PIC16(L)F1454/5/98  from Microchip 

• PIC12(L)F18229   from Microchip 

• PIC12(L)F1571/210  from Microchip  

• PIC16(L)F1825/911  from Microchip 

Table 7 shows the microcontrollers being compared.  

                                                 

6 The reported voltage for components this size is typically 1.8V to 3V. 
7 http://ww1.microchip.com/downloads/en/DeviceDoc/PIC16(L)F18857_77%20Data%20Sheet_%20DS40001825C.pdf 
8 http://ww1.microchip.com/downloads/en/DeviceDoc/40001639B.pdf 
9 http://ww1.microchip.com/downloads/en/DeviceDoc/40001413E.pdf 
10 http://www.mouser.com/ds/2/268/40001723A-315793.pdf 
11 http://www.microchip.com/stellent/groups/picmicro_sg/documents/devicedoc/jp550231.pdf 

http://ww1.microchip.com/downloads/en/DeviceDoc/PIC16(L)F18857_77%20Data%20Sheet_%20DS40001825C.pdf
http://ww1.microchip.com/downloads/en/DeviceDoc/40001639B.pdf
http://ww1.microchip.com/downloads/en/DeviceDoc/40001413E.pdf
http://www.mouser.com/ds/2/268/40001723A-315793.pdf
http://www.microchip.com/stellent/groups/picmicro_sg/documents/devicedoc/jp550231.pdf
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Table 7: The table shows the five different microcontrollers being compared. 
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Through the comparison we can see that the microcontrollers that came on top were the 

following three: 

• PIC16(L)F1454/5/9 

• PIC(L)F1822 

• PIC12(L)F1823 

The main difference between the three was their current consumption during sleep mode and 

operation, the number of I/O pins and physical size.  

Out of these three microcontrollers, the PIC12(L)F1822 was chosen because even though 

PIC16(L)F1454/5/9 requires less operating current, the other two require less current while 

in Sleep Mode, making them more power efficient because it is expected that the 

microcontroller spends more time in sleep mode than being operational. And while the other 

two have the same power requirements PIC12(L)F1822 has more I/O pins, adding debug 

functionality, than PIC12(L)F1571/2, which outweighs the millimeter size difference 

between the two. 

PIC12(L)F1822 Specifications 

Table 8 shows the specifications for PIC12(L)F1822, that are of interest to this project. 

Table 8: The table shows the specifications for the PIC12(L)F1822, related to this project. 

PIC12(L)F1822 Specifications 

Features 

Physical Size (mm) 4*4 

I/O Pins 12 

Communication Methods EUSART, I2C 

Operating Voltage 1.8V – 4V 

Extreme Low-Power Management (XLP) 

Sleep mode                @ 1.8 V, typical  20 nA 

Operating Current    @ 1.8 V, typical 30 µA/MHz 

4.1.3 Battery 

The battery is an important part of the system. It powers all the other components and ensures 

that the device itself can respond to the user pressing the button.   

The following are design parameters for the Bluetooth module, based on the requirement 

analysis in chapter 2:  

• Power requirements. 

The battery should be able to power the device for a month, without the need of charging 

or replacing the battery. 

 

• Operating Voltage 

To be compatible with components that have already been chosen, the batteries operating 

voltage must be in the range of 1.8 V – 3.8 V. 
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• Small form factor. 

The battery should be as small as possible to minimize the size of the final device. 

 

Component Power Requirements 

The first thing that must be done, before selecting a battery, is to find out the total power 

requirements of the system. To do that we have to look at the different operation modes the 

device goes into, estimate the time it spends in each mode and from that set up specific 

requirements the battery must reach to qualify for the system.  

The emergency device will have two different operating modes: 

• Sleep Mode 

The device will be in this mode for the majority of the time, conserving energy, and 

waiting for the button on the device to be pressed.  

 

• Signal Mode 

The device will go into this mode when the button has been pressed by the user. It will start 

sending out alert messages to the smartphone telling it that the button has been pressed and 

communications with the emergency contact should be started. 

Each mode consumes a different amount of energy. Sleep mode trying to minimize the power 

requirements as much as possible while the signal mode goes all out, trying to signal the 

smartphone in an emergency. Table 9 shows the total current consumption in each mode. 

Table 9: The table shows the total current consumption for the PIC12(L)F1822 microcontroller and 

BGM121 Bluetooth module in Sleep Mode and Signal Mode. 

Operation Modes - Current Consumption 

Component Sleep Mode Signal Mode 

PIC12(L)F1822 0.02 µA 512 µA @ 32 MHz 

BGM121 2.5 µA 8700 µA 

Total: 2.52 µA 9212 µA 

 

Assuming the following for the device usage: 

• Best-Case Scenario 

The button on the device is never pressed, making the device stay in sleep mode for the 

whole month. 

 

• Worst-Case Scenario 

The button on the device is pressed three times a week, every week. Making the device go 

out of Sleep Mode and into Signal Mode each time. 

And if we say that each time the button on the emergency device is pressed it spends 10 

seconds, to be sure the signal goes through, in Signal Mode, we can estimate the total energy 

the device will use over the course of a week. Table 10 shows the total energy usage over 

the course of a week, both for the best-case scenario and the worst-case scenario. 
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Table 10: The table displays the total energy usage, for the two components, over the course of a week, 

both for the best- and the worst-case scenario. 

 Scenario 

 Best-Case Worst-case 

No of times button 
0 3 

Is pressed per week 

Hours Spent in  
0 0.0084 

Signal Mode per Week 

Hours Spent in  
168 167.9916 

Sleep Mode per Week 

Charge Used 
423.36 500.72 

Per Week, in µAh 

Average Current 

2.52 2.98 Over a Week (168h)  
in µA 

 

Now that we have the average current, we can use equation 1 [36] to derive the battery 

capacity required to power the emergency device for a whole month based on the worst-case 

scenario. 

𝐵𝑎𝑡𝑡𝑒𝑟𝑦 𝐿𝑖𝑓𝑒 =
𝐵𝑎𝑡𝑡𝑒𝑟𝑦 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 𝑖𝑛 𝑚𝐴ℎ

𝐿𝑜𝑎𝑑 𝐶𝑢𝑟𝑟𝑒𝑛𝑡 𝑖𝑛 𝑚𝐴
𝑥 0.7 (1) 

 

𝐵𝑎𝑡𝑡𝑒𝑟𝑦 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 𝑖𝑛 𝑚𝐴ℎ =  
𝐵𝑎𝑡𝑡𝑒𝑟𝑦 𝐿𝑖𝑓𝑒 𝑥 𝐿𝑜𝑎𝑑 𝐶𝑢𝑟𝑟𝑒𝑛𝑡 𝑖𝑛 𝑚𝐴

0.7
 

 

𝐵𝑎𝑡𝑡𝑒𝑟𝑦 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 𝑖𝑛 𝑚𝐴ℎ =
730 𝑥 0.00298 𝑚𝐴 

0.7
 

 

𝐵𝑎𝑡𝑡𝑒𝑟𝑦 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 𝑖𝑛 𝑚𝐴ℎ = 3.1077 

 

This shows us that the capacity on the battery should be 3.1077 mAh or higher to last for the 

minimum of a whole month, where a month is on the average 730 hours long. 

Do note that the calculations made here are not including surrounding components, that can 

affect the energy dramatically, and involve power and energy values taken straight from the 

components datasheet. Power usage in the real world may differ.  
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Grading System 

The Batteries will be graded based on the criteria seen in Table 11, where the components 

receive a higher grade, the more fit they are for the project. Best fit component receiving the 

highest grade, worst fit receiving the lowest. Required specifications all receiving the same 

grade. 

Table 11: The table shows the grading system for the batteries during the component selection. 

Battery Specifications Grade Scale 

Features 

Battery Type 1 

Operating Voltage  1 

Physical Size 1 to 5 

Battery Capacity 1 to 5 

 

Component Selection 

The Product Index search engine on Digikey.com was used to narrow the selection of 

different batteries down. Specification requirements were put in, and five different batteries 

were chosen to be compared to see which one was best fit for the project. 

The batteries that have been chosen to be compared, are the following: 

• N03212   from Energizer Battery Company 

• N03313   from Energizer Battery Company 

• P03214   from Panasonic - BSG 

• BR-1225A/HAN15 from Panasonic - BSG 

• P24416   from Panasonic - BSG 

Table 12 shows the batteries being compared. 

 

 

 

 

 

 

                                                 

12 https://www.digikey.com/products/en/battery-products/batteries-non-rechargeable-primary/90?k=N032 
13 https://www.digikey.com/products/en/battery-products/batteries-non-rechargeable-primary/90?k=N033 
14 https://www.digikey.com/products/en/battery-products/batteries-non-rechargeable-primary/90?k=p032 
15 https://www.digikey.com/products/en/battery-products/batteries-non-rechargeable-primary/90?k=BR-1225A/HAN 
16 https://www.digikey.com/products/en/battery-products/batteries-non-rechargeable-primary/90?k=P244 

https://www.digikey.com/products/en/battery-products/batteries-non-rechargeable-primary/90?k=N032
https://www.digikey.com/products/en/battery-products/batteries-non-rechargeable-primary/90?k=N033
https://www.digikey.com/products/en/battery-products/batteries-non-rechargeable-primary/90?k=p032
https://www.digikey.com/products/en/battery-products/batteries-non-rechargeable-primary/90?k=BR-1225A/HAN
https://www.digikey.com/products/en/battery-products/batteries-non-rechargeable-primary/90?k=P244
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Table 12: The table shows the five different batteries being compared. 
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Through the comparison we can see that BR-1225A/HAN-ND is the most qualified and will 

be chosen for this project.  

Battery Specification 

Table 13 shows the specifications for the BR-1225A/HAN-ND battery, that are of interest 

to this project. 

Table 13: The table shows the specifications for the BR-1225A/HAN-ND, related to this project. 

BR-1225A/HAN-ND Specifications 

Features 

Battery Type Coin 

Battery Chemistry Lithium 

Physical Size (mm) 12.5 * 2.3 

Holder Included 

Power Specification 

Operating Voltage 3V 

Capacity 48mAh 

 

 

Note: 

         The peak draw current for the battery was not found and the assumption is made that 

         it will be compatible with the requirements made for the project. Further testing must 

         be done to ensure that is the case. 
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4.2 Smartphone 

The following chapter will highlight the selection process of the smartphone hardware, 

chosen to be used in the development and testing of the Android application 

4.2.1 Hardware 

The smartphone chosen for this project is the Samsung Galaxy S6 Edge and can be seen in 

Figure 5. It was chosen because it was already in the property of the designer and meets all 

the requirements set in chapter 2. 

 

Figure 5: The figure shows the Samsung Galaxy S6 Edge smartphone chosen for this project.  

(Image taken from the following link:  

http://www.samsung.com/africa_en/smartphones/galaxy-s6-edge-g925f/ ) 

Table 14 shows the specifications for the Samsung Galaxy S6 Edge smartphone [37], that 

are of interest to this project.  

Table 14: The table shows the specifications for the Samsung Galaxy S6 Edge smartphone, related to 

this project. 

Samsung Galaxy S6 Edge Specifications 

Features 

Physical Size (mm) 142.10 * 70.10 * 7.00 

Display Size (Inches) 5.1" 

Display Resolution (pixels) 2560 x 1440 

Android Version 

Android Nougat Version 7.0 

Hardware 

Processor Octa core (2.1 GHz Quad + 1.5 GHz Quad) 

Ram 3 GB (LPDDR4) 

Battery 

Battery Type Lithium-Ion 

Battery Capacity 2600 mAh 
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5 Design & Implementation 

This chapter will go over the design and implementation of all the prototypes surrounding 

the Emergency Device and the Android application.  

5.1 Prototype 1 

5.1.1 System Overview 

Prototype 1 will use the PIC12(L)F1822 microcontroller to detect whether the button on the 

emergency device is pressed. If the button is not pressed, the emergency device’s whole 

system should stay in Sleep Mode. If the button is pressed the microcontroller sends a signal 

to the BGM121 Bluetooth module, which should then react accordingly by broadcasting 

itself to an application on the smartphone. 

An emphasis will not be made on creating a custom Android application for Prototype 1. 

Instead the official Silicon Labs Blue gecko app [38] [39] will be used to test the basic 

functionality of the BGM121 module.  

5.1.2 Hardware 

The first prototype of the emergency device is built up of two main components, seen in 

Figure 6, the PIC12(L)F1822 microcontroller and the BGM121 Bluetooth module.  

BGM121 Development Board 

The SLWSTK6101C Blue Gecko Bluetooth development board [40] was purchased 

alongside the BGM121 Blue Gecko SIP module radio board (BRD4302A) [41], to help with 

the development and programming of the BGM121 module. A full list of features and a 

hardware overview can be seen in Appendix A.  

 

Figure 6: The figure shows the BGM121 Blue Gecko SIP module radio board on the left, and the Blue 

Gecko Bluetooth development board on the right. 
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PIC12(L)F1822 Development Board 

A fully functional development board was created for the PIC12(L)F1822 microcontroller. 

The circuit for the development board was designed using Autodesk Eagle (Version 8.3.2) 

[42], which is a popular and powerful computer aided PCB Design & Schematic Software. 

Features on the PIC12(L)F1822 development board include the following: 

• PIC12(L)F1822 microcontroller 

• Two Buttons 

o A button for the user to press in the case of an emergency. 

o A button to reset the microcontroller. 

• Two LEDs 

o An LED for debugging purposes. 

o A power LED. 

• Programming Pin Header 

o A pin header for the PICkit 3 In-Circuit Debugger.  Used to program the 

microcontroller and help with debugging the system. 

• GND & VDD Pin Headers 

o Two separate pin headers, one for GND and one for VDD meant for debugging 

purposes. 

• UART Pin Headers 

o Two separate pin headers for the UART communication. One pin header is meant 

to be connected to the BGM121 development board. The other is meant to help 

with debugging purposes. 

A modified CNC milling machine was used to create the PCB for the PIC12(L)F1822 

development board. When the PCB was ready all the necessary components were soldered 

on and the board was tested for any flaws. Tests included the following: 

• Program the PIC microcontroller 

• Test the button and LED embedded in the development board, by making the button turn 

the LED on and off again. 

• Test the Rx and Tx UART pins, making them power an LED. Thus, making sure the pins 

work as expected.  

The development board passed every test mentioned above. 

Figure 7 shows the finished version of the PIC12(L)F1822 development board PCB. 

 

Figure 7: The figure shows the PIC12(L)F1822 development board. Front side on the left, and the back 

side on the right.        
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A full board and system schematic can be found in Appendix C. 

5.1.3 Software 

PIC12(L)F1822 Development Board 

A full software library was made for the PIC12(L)F1822 development board. It was created 

in the MPLAB X Integrated Development Environment [43] using the C programming 

language.  

Figure 8 shows a block diagram detailing the initialization of the system and its functionality. 

 

The low powered functionality of the device was not enabled on the microcontroller for this 

prototype. 

Figure 8: The figure shows a flowchart demonstrating the initialization of the PIC12(L)F1822 

development board and a short overview over its functionality 
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The functions and actions within each block serve the following purposes: 

Setup Block: 

• Configuration Parameters 

The configuration bits are among the first things that the device does when powered on, 

customizing aspects of the device to the needs of the application. In this case enabling the 

internal oscillator (Clock), Watchdog timer and low-voltage programming. 

 

• Include 

Programming libraries that relate to the functionality of the program are included.  

 

• Initialization 

The device calls specific functions to initializes settings in the microcontroller that are vital 

to its functionality. Those functions include the following: 

 

o Initialize_Clock(); 

Initializes an Internal Clock within the PIC12(L)F1822 microcontroller 

 

o Initialize_UART_Transmission(); 

Initialize the UART transmission, with the BAUD rate set to 115.200 

 

o Initialize_LED_RA0(); 

Initialize the RA0 I/O pin to be used as an output for an LED integrated on the  

Development Board. 

 

o Initialize_button_RA2(); 

Initialize the RA2 I/O pin to be used as an input for a button integrated on the 

Development Board. 

 

Functionality Block: 

The following pseudocode depicts the main functionality of the PIC12(L)F1822 

microcontroller: 

While the device is powered on, repeat the following cycle: 

        Check the button’s state. 

        If the button is pressed 

                 Send a message to the Bluetooth module, using UART communication, saying that the  

                 button has been pressed. 

        Else 

                Keep checking whether the button has been pressed. 

End loop. 

 

The code for the full library can be seen in Appendix E. 
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BGM121 Development Board 

The Simplicity Studio 4 development environment [44] from Silicon Labs was used to code 

and program the BGM121 module using the C programming language. The Thermometer 

and iBeacon software examples were used alongside the Silicon Labs Blue gecko app to 

learn and test the functionality of the BGM121 module. 

During the programming of the BGM121 module, enabling the full UART capabilities for 

the module proved to take up more time that initially estimated. So, to save time and due to 

already established plans of eventually taking the PIC12(L)F1822 microcontroller out of the 

equation, steps were taken to fully utilize the microprocessor within the BGM121 module. 

Making the BGM121 take care of the full functionality of the device, with no need for the 

PIC12(L)F1822 microcontroller, and minimizing the size and energy requirements for the 

emergency device even further. Thus, a bi-directional UART communication was not 

established between the two development boards and focus was moved onto designing and 

programming Prototype 2. 
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5.2 Prototype 2  

5.2.1 System Overview 

Prototype 2 will use the BGM121 module to monitor whether the button on the emergency 

device is pressed. If the button is not pressed the emergency device should stay in Sleep 

Mode. If it is pressed, the device should turn itself on and starts sending alert messages to 

the smartphone. 

An Android application will be made for Prototype 2. The application will be able to take an 

input from the user for the emergency contact’s phone number, detect alert messages coming 

from the emergency device and react accordingly by sending an SMS containing the user’s 

location to the emergency contact specified by the user.  

5.2.2 Hardware 

Prototype 2 of the emergency device was built around the BGM121 Bluetooth module and 

the Blue Gecko Bluetooth development board (Appendix A) that was used in Prototype 1. 

Unlike Prototype 1, Prototype 2 aims at using the BGM121 module for the full functionality 

of the Emergency Device. To do that the Arm Cortex-M4 processor [45], that is integrated 

in the BGM121 module [46], must be fully utilized and becomes the primary microcontroller 

unit for this project. According to Silicon Labs and ARM, the Arm Cortex-M4 is a low-

power and high performance 32 bit & 38.4 MHz processor with “integrated DSP, SIMD and 

MAC instructions that simplify overall system design, software development and debug” 

[45] [46]. 

A Samsung Galaxy S6 Edge smartphone was used to test the Android application while it 

was in development to verify the apps functionality. 

5.2.3 Software 

BGM121 Software 

The software for the BGM121 Bluetooth module continued to be programmed using the 

Simplicity Studio 4 development environment [44] from Silicon Labs and was programmed 

in the C programming language. The code for the BGM121 module was created and 

structured around the Silicon Labs Bluetooth SDK example "SOC - Empty" as is 

recommended by Silicon labs [47] to “provide default configurations needed by the stack 

and a basic application structure you can build on.”. It was then built upon using libraries 

and examples provided by Silicon Labs.  
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Figure 9 shows a block diagram detailing the initialization of the system and its functionality. 

 

 

Note: 

 The sleep mode functionality was tested on the BGM121 module and worked as 

          expected. It was however not fully implemented in the prototype 2 software, and will 

          have to be implemented in a further iteration of the software. 

 

 

 

 

 

Figure 9: The figure shows a flowchart demonstrating the initialization of the BGM121 development board 

and a short overview over its functionality 
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The functions and actions within each block serve the following purposes: 

Setup Block: 

• Configuration Parameters 

The configuration bits are among the first things that the device does when powered on, 

customizing aspects of the device to the needs of the application. In this project the 

configuration parameters are set to the default values provided with the generation of the 

“SOC – Empty” Example. 

 

• Include 

Programming libraries that relate to the functionality of the program are included.  

 

• Initialization 

The device calls specific functions to initializes settings in the module that are vital to its 

functionality. Those functions include the following: 

 

o initMCU(); 

Initializes internal settings within the MCU. For an example the clock and power 

management [48]. 

 

o initBoard(); 

Initializes different features on the BGM121 development board. For an example 

GPIO pins and the external flash on the radio board [48]. 

 

o initApp(); 

Initializes application-specific features on the BGM121 development board. For an 

example VCOM, Sensors and the LCD display [48]. 

 

o initGPIO(); 

Initializes different GPIO pins on the development board. For an example button 

PB0, that is used as the emergency button on the development board, and LED0 

that is used for debugging purposes. 

Functionality Block: 

The following pseudocode depicts the Emergency_Button_MainFunctionality() function, 

that manages most of the logic in the BGM121 Bluetooth module. 

While the device is powered on, repeat the following cycle: 

        Check the button’s state. 

        If the button is pressed 

                 Start advertising the device via BLE Advertising/iBeacon 

                 Keep advertising for 10 second. 

                 Stop Advertising. 

                 Repeat the cycle. 

        Else 

                Do nothing.  

                Repeat the cycle. 

End loop. 
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The full code for the BGM121 Bluetooth module can be found in Appendix F. 

Android Application 

The Android application was developed using Android Studio, Android’s official Integrated 

Development Environment [49]. The code for the application was programmed in the Java 

programming language. 

The Android application is built up of three different activities, the MainActivity, 

ArmDeviceActivity and SMSActivity, that all work together to bring the user the full 

functionality of the application. An activity represents a single screen, usually with a user 

interface, that has a specific thing that it or the user can do. Activities can be thought of as 

small programs within the application that all come together to form a cohesive user 

experience [50] [51]. 

Figure 10 shows a block diagram overview, detailing the flow and interaction between the 

three different activities in the Android application. 

Figure 10: The figure shows a flowchart demonstrating the initialization of the Android application and 

details the flow and interaction between the MainActivity, ArmDeviceActivity and SMSActivity. 
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The blocks and activities named in Figure 10 serve the following purposes: 

Setup Block: 

• App Permissions 

The first thing the Android application does is setup and ask the user for permissions, 

relating to modules on the device, that are fundamental to its functionality [52] [53]. 

Permissions required for this application include the following: 

o BLUETOOTH 

Allows applications to connect to paired Bluetooth devices. 

o BLUETOOTH_ADMIN 

Allows applications to discover and pair Bluetooth devices. 

o ACCESS_COARSE_LOCATION 

Allows an app to access approximate location 

o ACCESS_FINE_LOCATION 

Allows an app to access precise location 

o SEND_SMS 

Allows an application to send SMS messages 

 

• Initialize GUI 

Initialize different elements, such as buttons and text, that the user interacts with in the 

application. 
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MainActivity: 

Figure 11 shows the functionality within the MainActivity block in Figure 10. 

 

Figure 11: The figure shows a flowchart detailing the logic of the functionality within MainActivity in 

the Android application 

The following pseudocode depicts the MainActivity’s program logic and functionality. 

While loop waiting for user activity, repeats the following cycle: 

        Input, ask the user for the emergency contact’s phone number. 

        Check the “Arm device” button’s state. 

                If the button is pressed 

                        If the phone number is valid, only consists of numbers and is 7 digits long 

                                Break the loop 

                                Go to ArmDeviceActivity 

                        Else 

                                Do nothing 

                                Repeat the cycle 

                Else 

                        Do nothing 

                        Repeat the cycle 

End loop. 
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ArmDeviceActivity: 

Figure 12 shows the functionality within the ArmDeviceActivity block in Figure 10. 

 

Figure 12: The figure shows a flowchart detailing the logic of the functionality within 

ArmDeviceActivity in the Android application 

The following pseudocode depicts the ArmDeviceActivity’s program logic and 

functionality. 

Initialize Bluetooth Scan 

While loop to monitor scan results, repeat the following cycle: 

        If the scan detects an alert message from the emergency device 

                 Stop the Bluetooth scan   

                 Break the loop 

                 Go to SMSActivity 

        Else 

                Do nothing.  

                Repeat the cycle. 

End loop. 

 

Note:  

           The Android application implements a filter on the things it is scanning and only     

           picks up on devices with a specific MAC address. As of right now the MAC address 

           is hardcoded within the software and can’t be changed by the user. 
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SMSActivity: 

Figure 13 shows the functionality within the SMSActivity block in Figure 10. 

 

Figure 13: The figure shows a flowchart detailing the logic of the functionality within SMSActivity in 

the Android application 

The following pseudocode depicts the SMSActivity’s program logic and functionality. 

Get the users location, latitude and longitude. 

Formulate the message. 

Send SMS to Emergency contact 

 

The message sent to the Emergency contact will be formatted like the following: 

        “Message sent from the Emergency Button, I need help at http://maps.google.com/?q=lat,lng” 

Where lat is the latitude and lng is the longitude.  

The full code for the Android application can be found in Appendix G. 
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Android Application User Interface 

When the user turns on the application, the first thing that they will be greeted with is the 

screen, seen in Figure 14, generated by the MainActivity. 

 

Figure 14: The figure shows the menu screen generated by the MainActivity in the Android 

application. 

In this screen the user is asked to input a phone number for the Emergency Contact and when 

they are ready to arm the device, activating the Bluetooth scan. If the user pressed the “Arm 

Device” button and the phone number they put in is not valid, contains letters or is shorter 

or longer than 7 digits (the length of telephone numbers in Iceland), the user is told the phone 

number they typed in is invalid. The functionality described can be seen in Figure 15. 

 

Figure 15: The figure shows the functionality within the MainActivity, refusing to arm the device due 

to an invalid phone number. 
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If the user inputs a valid phone number and the “Arm Device” button is pressed, the phone 

will go to the screen, seen in Figure 16, generated by the ArmDeviceActivity. 

 

Figure 16: The figure shows the menu screen generated by the ArmDeviceActivity in the Android 

application. 

The ArmDeviceActivity screen initializes the Bluetooth scan and stays the same until the 

application is turned off or it detects an alert message coming from the Emergency Device. 

If the application detects an alert message the phone will go the screen, seen in Figure 17, 

generated by the SMSActivity. 

 

Figure 17: The figure shows the menu screen generated by the SMSActivity in the Android 

application. 
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When the application enters the Alert Mode screen, or SMSActivity, it gets the user’s 

location, formulates the message and sends it to the Emergency Contact chosen by the user. 

For this demonstration the same phone that was used to run the application was also chosen 

to receive the message. Figure 18 shows the phone receive the message with the user’s 

location. 

 

Figure 18: The figure shows that the Android application has received an alert message from the 

Emergency Device and has sent a message to the emergency contact. In this case the same phone.  

If the link is pressed, Google Maps or the default browser on the phone opens the link 

showing the user’s location, as can be seen in Figure 19. 

 

Figure 19: The figure demonstrates google maps showing the destination received in the SMS from the 

user. 
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5.3 Prototype 3 

5.3.1 System Overview 

Prototype 3 will be focused laying out the groundwork for future iterations of the Emergency 

Button system, including a PCB board and electrical schematic for a custom BGM121 

development board and designs for potential software updates that can be implemented in 

future iterations of the device. 

5.3.2 Hardware 

Development Board Features 

The Prototype 3 BGM121 development board includes the following features: 

• BGM121 

o BGM121 Bluetooth Module with an integrated ARM Cortex-M4 microprocessor. 

• Debug Connector 

o Cortex Debug+ETM Connector. Used to program and debug the Arm Cortex-M4 

microprocessor. 

• Battery 

o The BR-1225A/HAN-ND battery that was chosen in chapter 4.1.3 will be used to 

power the Prototype. 

• Button 

o A single button will be placed on the PCB to act as the Emergency Button. 

• LED 

o An LED will be placed on the PCB, and will be used for debugging purposes. 

A voltage regulator for the battery will not have to be added specifically to the design since 

the BGM121 has an integrated DC-DC buck converter. The module can take in 2.4 V - 3.8 

V and give an output of 1.8 V with up to 90% efficiency. 

Development Board Design 

The electrical schematic and PCB board were designed using version 8.3.2 of the Autodesk 

Eagle PCB Design & Schematic Software. All the connections on the PCB board were 

manually routed using the following settings: 

•  Grid Settings 

o Size:   1.27 mm 

o Multiple:  1 

o Alt:   0.0254 mm 

• Route Settings 

o Max Width: 0.254 mm 

o Min Width: 0.1524 mm 

• Via Settings 

o Diameter: Auto = 0.7 mm 

o Drill:  0.35 mm 

The BGM121 module was connected and placed on the PCB board following guidelines laid 

out in the BGM121 datasheet, meant for the optimal performance of the module and its 
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integrated antenna [54]. See Appendix B for excerpts from the datasheet, relevant to the 

layout and connection of the BGM121 module and its antenna. 

A single layer layout was used, where all of the components were placed on the same side 

of the PCB. The size of the PCB board’s area, seen in  Figure 20, ended up being 24.99 mm 

* 28.52 mm. A full electrical and PCB board schematic can be seen in Appendix D.  

 

Figure 20: The figure shows the final PCB layout of the custom BGM121 Development Board 

Component List 

Table 15 lists all the components used in the Prototype 3 Development Board. 

Table 15: The table shows the full list of components used for Prototype 3 

Prototype 3  
Component List 

Bluetooth Module Silicon Labs - BGM121 

Debug Connector Cortex Debug+ETM Connector 

Battery Panasonic - BR-1225A/HAN 

Button Tactile Button Switch 

LED             (Size: 1206) 1 x 1206 LED 

Capacitor   (Size 0603) 1 x 0.1μF 

Resistors    (Size: 0603) 1 x 330 Ω 

  1 x 300 Ω 

  1 x 10.000 Ω 
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Energy Consumption 

Assuming that the components outside of the BGM121 module do not consume a significant 

enough amount of current to affect the calculation and that the current consumption of 

Prototype 3 is close to the current consumption of the BGM121 module, which is 2.5µA  

during Sleep Mode and 8700µA during Signal Mode, we can estimate the average current 

consumption of the device as is seen in Table 16, where the worst case scenario represents 

the button being pressed three times a week and the best case scenario zero times a week. 

Table 16: The table shows the estimated current consumption of the Prototype 3 Development Board 

 Scenario 

 Best Case Worst case 

No of times button 
0 3 

Is pressed per week 

Hours Spent in  
0 0.0084 

Signal Mode per Week 

Hours Spent in  
168 167.9916 

Sleep Mode per Week 

Charge Used 
420 493.059 

Per Week, in µAh 

Average Current 

2.5 2.935 Over a Week (168h)  

in µA 

 

Then by using equation 1, featured in chapter 4.1.3, and multiply the answer from the 

equation with 0.90, due to the BGM121 only being 90% efficient, we can calculate the 

estimated battery life of the device. 

𝐵𝑎𝑡𝑡𝑒𝑟𝑦 𝐿𝑖𝑓𝑒 =
𝐵𝑎𝑡𝑡𝑒𝑟𝑦 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 𝑖𝑛 𝑚𝐴ℎ

𝐿𝑜𝑎𝑑 𝐶𝑢𝑟𝑟𝑒𝑛𝑡 𝑖𝑛 𝑚𝐴
𝑥 0.7 (1) 

 

𝐵𝑎𝑡𝑡𝑒𝑟𝑦 𝐿𝑖𝑓𝑒 = (
48𝑚𝐴ℎ

0.002935
𝑥 0.7)  x 0.90 

 

Battery Life = 10215.9 hours = 425.6625 Days 
 

From the calculations we can see that the estimated battery life for the Prototype 3 

development board, excluding the smaller supporting components, is about 425 days. 

Meaning that the development board can last significantly longer than the minimum 

requirement of one month. 
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5.3.3 Software 

The following subchapters will highlight the logic of potential functionalities that may be 

implemented in future iterations of the software. 

Bluetooth Device Pairing 

This functionality would either be added to the MainActivity or at the start of the 

ArmDeviceActivity. Implementing this would make it so that the application worked for 

more than one copy of the Emergency Device, and would be better fit for commercial 

applications. A flowchart demonstrating this functionality can be seen in Figure 21. 

 

Figure 21: The figure shows a flowchart demonstrating the logic behind the “Bluetooth Device Pairing” 

functionality. 
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Location Updates & Extra Data 

This functionality would be implemented in the SMSActivity. Implementing this would 

make is so that the emergency contact gets further updates about the user every 5 minutes. 

The updates would include updated information about the user’s location and the status of 

their battery. A flowchart demonstrating this functionality can be seen in Figure 22. 

 

Figure 22: The figure shows a flowchart demonstrating the logic behind the „Location Updates & Extra 

Data“ functionality. 

 



48 

Multiple Emergency Contacts 

This functionality would be implemented in the MainActivity before the user arms the 

application. Implementing this would make it so that the user could send the alert message 

to multiple Emergency Contacts if they wanted. A flowchart demonstrating this functionality 

can be seen in Figure 23. 

 

Figure 23: The figure shows a flowchart demonstrating the logic behind the „Multiple Emergency 

Contacts“ functionality. 
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6 Conclusion 

A requirement analysis was performed, using the Axiomatic design methodology, to find the 

most suitable components for this project. The components chosen were the BGM121 

Bluetooth module from Silicon Labs, PIC12(L)F1822 PIC microcontroller from Microchip 

and the BR-1225A/HAN-ND battery from Panasonic. 

The required functionality for the emergency device and phone application, to send a 

message, containing the user’s location, to an emergency contact if the user presses the 

button on the device, was achieved during the design & development of Prototype 2. The 

SLWSTK6101C Blue Gecko Bluetooth development board was used alongside the 

BGM121 Blue Gecko SIP module radio board to carry out the functionality of the 

Emergency Device and was programmed in the Simplicity Studio 4 development 

environment using the C programming language. The Android application was programmed 

in the Android Studio development environment using the Java programming language, and 

was tested on a Samsung Galaxy S6 Edge smartphone. 

Prototype 3 has laid out the ground work for the next phase of the development, creating a 

custom development board for the BGM121 module, starting the process of making the 

device more compact, and setting up potential updates that can be implemented in further 

iterations of the software. The PCB design for Prototype 3 is 24.99 mm * 28.52 mm and can 

easily be made smaller in further iterations of the emergency device to reach the size 

requirements for the device. The Prototype 3 development board is estimated to have a 425-

day battery life, surpassing the minimum requirement of lasting for the minimum of one 

month. 
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7 Future Work 

This chapter includes a list of ideas from the author that could be implemented in further 

iterations of the Emergency Device and Android application, if anyone were to continue and 

improve upon the work already done. 

• Create the Prototype 3 development board, designed in chapter 5.3.2, and make sure 

everything works as expected. 

 

• Design and create a smaller and more compact version of the Emergency Board PCB by 

removing the LED and programmer.  

 

• Implement the ability to be able to recharge the battery on the Emergency Device. 

 

• Further optimize the Emergency Device software, making it more energy efficient. For an 

example by implementing Sleep mode in the software. 

 

• Look into Improving the overall functionality and energy consumption of the Android 

application, regarding the user interface and scanning for Bluetooth advertisements. 

 

• Make the Android application capable of running in the background 

 

• Make the Android application aesthetically pleasing. 

 

• Port the Android application to on other phone operating systems. Such as IOS. 

  

• Implement some of the software functionality mentioned in chapter 5.3.3. 

 

• Explore the possibility of the device gathering evidence, such as creating a sound 

recording, if the user presses the emergency button. 

o If this were implemented either a design of the device would have to be made to 

include a microphone or the smartphone application would have to be changed to 

record audio. 

o It would have to be examined where the evidence would be kept. Either on the 

phone itself, a specific server or both depending on the situation. 

 

• Create a casing around the Emergency Button PCB, making it sturdier and getting it closer 

to a commercially available product. 
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8 Discussion 

This chapter will discuss the results from the design and development of the three 

Emergency Device prototypes. 

8.1 Prototype 1 

For Prototype 1 it was decided that the functionality of the Emergency Device should be 

split between two components, the PIC12(L)F1822 microcontroller and the BGM121 

Bluetooth module. The microcontroller was supposed to take in signals from a button and 

send a message indicating the button push to the Bluetooth module, which was then supposed 

to broadcast an alert message to the smartphone indicating the button push. 

The decision was made at the time because I had experience working with PIC 

microcontrollers and thought that it would make the development of the first prototype 

quicker. After some time working with the BGM121 module I realized that I was wrong in 

my assumptions, since making the two components communicate with each other through 

UART proved to take a longer time that estimated, and it would save time and be easier to 

have the BGM121 module monitor the button state instead of the PIC microcontroller.  

If  I were to do this project again, I would spend more time in the component selection 

finding a module that would be able to handle the whole functionality of the device, instead 

of splitting it up, since removing the PIC microcontroller proved to be one of the best 

decisions for this project. Both minimizing the size and energy consumption of the device 

and especially for the fact that the BGM121 module already has an integrated Arm Cortex 

M4 processor that is capable of handling the task as well as the PIC microcontroller. 

8.2 Prototype 2 

Prototype 2 focused on implementing the functionality of the Emergency Device fully on 

the BGM121 module, making it broadcast an alert message to the smartphone in the case 

that a button connected to the module were to be pressed, and create a custom Android 

application that is capable of detecting messages from the device and sending messages to 

an emergency contact if the situation arises. 

Implementing the functionality on the BGM121 module proved to be successful. It could 

take in signals from the button and react accordingly by broadcasting messages to the 

smartphone. The only thing that was not included in Prototype 2 was the sleep mode 

functionality for the Emergency Device. The sleep functionality for the module was tested 

and worked, but was never fully implemented into the software. 

A fully functional Android application was created for Prototype 2. The application can 

detect alert messages from the Emergency device, and react accordingly by sending an SMS 

to an emergency contact chosen by the user.  
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8.3 Prototype 3 

Prototype 3 focused on designing a custom BGM121 development board, that excluded all 

the unnecessary components included on the Blue Gecko Bluetooth development board and 

started the process of making the Emergency Device smaller and more compact, as well as 

designing potential software updates that can be implemented in future iterations of the 

device. 

The design process for Prototype 3 went well, and an electrical schematic and PCB design 

were created along with the logic for potential software updates. 

The size of the Prototype 3 PCB design is 24.99 mm * 28.52 mm, and thus a little over the 

maximum size intended for the final version of the Emergency Device. This is not a problem 

though because the size can be reduced, in further iterations of the emergency device, by 

removing the Cortex Debug+ETM Connector and debug LED and making the remaining 

components more compact. 

Prototype 3 implements the BR-1225A/HAN-ND battery picked for this project. The 

assumption was made that the BGM121 module constituted for the majority of the current 

consumption for the device. This was done since of the other two components are seldom 

used and would have no significant effect on the energy consumption of the device. Whereas, 

in the worst-case scenario, the button should only be active for about three seconds over the 

span of a week, with each button push taking approximately a second, and the LED only 

being used for debugging purposes and thus not being active on the final device. It was 

estimated that the battery life for the device is about 425 days. This would mean that the 

device can last about 13 times longer than the initial goal of one month.  

The estimation does still have the possibility of changing based on future iterations of the 

Emergency Device possibly containing extra components for added functionality, for an 

example to be able to recharge the battery, that draw more current than the design for 

Prototype 3. 

During the selection of the BR-1225A/HAN-ND battery, the peak current draw for the 

battery was overlooked. Thus, the assumption was later made that it would be compatible 

with the requirements set for the device. If I were to perform the component selection again, 

the peak current draw would be one of the main factors in choosing a battery, along with its 

size and capacity. Further testing will have to be done to determine if the battery that was 

chosen is fully compatible with the current draw requirements of the Emergency Device. 
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APPENDIX A: Blue Gecko Dev. Board 

Excerpts 

Excerpts from the UG234: BGM121 Blue Gecko SIP Module Wireless Starter Kit User’s 

Guide manual. 
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The Placement of the connectors are shown in the figure below. 
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APPENDIX B: BGM121 Layout & 

connection 

Excerpts from the UG234: BGM121 Blue Gecko SIP Module Wireless Starter Kit User’s 

Guide manual. 

 
 



66 

 

 



67 

APPENDIX C: Prototype 1 Schematics 

Pic12(L)F1822 Development board: Electrical Schematic 
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Pic12(L)F1822 Development board: PCB Schematic 
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APPENDIX D: Prototype 3 Schematics 

Emergency Device: Electrical Schematic 
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Emergency Device: PCB Schematic 
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APPENDIX E: PIC12(L)F1822  Dev. 

Board Software 

Code for the PIC12(L)F1822 Development Board. 

Files included: 

• Main.c 

• FunctionHeader.h 

• FunctionLibrary.c 

 

File: Main.c 

/************************************************************************ 

 * @file:       main.c 

 * @brief:      Main file for the PIC12(L)F1822  

 *              Emergency Device development board 

 * @author:     Petur Freyr Kristmundsson 

 * @version:    1.0 

 * 

************************************************************************/ 

 

// 32MHz Freq. 

#define _XTAL_FREQ  32000000     // Fosc  frequency for _delay() library 

 

// PIC12LF1822 Configuration Bit Settings 

// CONFIG1 

#pragma config FOSC = INTOSC    // Oscillator Selection (INTOSC 

oscillator: I/O function on CLKIN pin) 

#pragma config WDTE = OFF       // Watchdog Timer Enable (WDT enabled) 

#pragma config PWRTE = OFF      // Power-up Timer Enable (PWRT disabled) 

#pragma config MCLRE = ON       // MCLR Pin Function Select (MCLR/VPP pin 

function is MCLR) 

#pragma config CP = OFF         // Flash Program Memory Code Protection 

(Program memory code protection is disabled) 

#pragma config CPD = OFF        // Data Memory Code Protection (Data 

memory code protection is disabled) 

#pragma config BOREN = ON       // Brown-out Reset Enable (Brown-out 

Reset enabled) 

#pragma config CLKOUTEN = OFF   // Clock Out Enable (CLKOUT function is 

disabled. I/O or oscillator function on the CLKOUT pin) 

#pragma config IESO = ON        // Internal/External Switchover 

(Internal/External Switchover mode is enabled) 

#pragma config FCMEN = ON       // Fail-Safe Clock Monitor Enable (Fail-

Safe Clock Monitor is enabled) 

 

// CONFIG2 

#pragma config WRT = OFF        // Flash Memory Self-Write Protection 

(Write protection off) 

#pragma config PLLEN = ON       // PLL Enable (4x PLL enabled) 

#pragma config STVREN = ON      // Stack Overflow/Underflow Reset Enable 

(Stack Overflow or Underflow will cause a Reset) 

#pragma config BORV = LO        // Brown-out Reset Voltage Selection 

(Brown-out Reset Voltage (Vbor), low trip point selected.) 

#pragma config LVP = ON         // Low-Voltage Programming Enable (Low-

voltage programming enabled) 
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// #pragma config statements should precede project file includes. 

// Use project enums instead of #define for ON and OFF. 

 

#include <xc.h> 

#include <stdio.h> 

#include <stdlib.h> 

#include <string.h> 

#include <math.h> 

#include <pic12LF1822.h> 

#include "FunctionHeader.h" 

 

/************************************************************************ 

 * @brief EmergencyButton_Functionality();  

 *  

 * The function containing the Emergency Button main logic and 

Functionality. 

 

************************************************************************/ 

void EmergencyButton_Functionality(){ 

    while(1){ 

        // If the button is pressed: 

        if(RA2 == 1){ 

            LED_RA0(1);     // Turn LED RA0 ON 

            printf('e');    // Send the letter "e" over UART 

            while(RA2 == 1){ 

                // Do nothing. 

                // Ensuring that the message is only sent once 

                // for each button press. 

            } 

        } 

        // Else if the button is not pressed: 

        else{ 

            LED_RA0(0);     // Turn LED RA0 OFF 

        } 

    } 

} 

 

int main(int argc, char** argv){ 

    /******************************************************* 

     * @brief   Initialize 

     ******************************************************/ 

    Initialize_Clock(); 

    Initialize_UART_Transmission(); 

    Initalize_LED_RA0(); 

    Initialize_button_RA2(); 

     

    /******************************************************* 

     * @brief Functionality: 

     ******************************************************/ 

    EmergencyButton_Functionality(); 

 

    return 1; 

} 
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File: FunctionHeader.h 

/************************************************************************ 

 * @file:       FunctionHeader.h   

 * @brief:      This is a function header for the PIC12(L)F1822  

 *              Emergency Device development board 

 * @author:     Petur Freyr Kristmundsson 

 * @version:    1.0 

 * 

************************************************************************/ 

 

// GUARD CONDITION - that contents of this file are not included more 

than once.   

#ifndef FUNCTIONHEADER_H 

#define FUNCTIONHEADER_H 

 

// -----------------------< Includes >---------------------------- 

#include <xc.h> // include processor files - each processor file is 

guarded.   

#include <stdio.h> 

#include <stdlib.h> 

#include <string.h> 

#include <math.h> 

 

// -----------------------< Functions >---------------------------- 

//-< Clock >-// 

void Initialize_Clock(void); 

 

//-< LED >- // 

// Initialization: 

void Initalize_LED_RA0(); 

// Output: 

void LED_RA0(int stateA0); 

// Heartbeat: 

void LED_RA0_Heartbeat(); 

 

//-< Button >- // 

void Initialize_button_RA2(); 

 

//-< UART >- // 

void Initialize_UART_Transmission(); 

void Initialize_UART_Interrupt(); 

 

 

// ---------------------< END >-------------------------- 

#ifdef  __cplusplus 

extern "C" { 

#endif /* __cplusplus */ 

 

    // TODO If C++ is being used, regular C code needs function names to 

have C  

    // linkage so the functions can be used by the c code.  

 

#ifdef  __cplusplus 

} 

#endif /* __cplusplus */ 

 

#endif  /* XC_HEADER_TEMPLATE_H */ 
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File: FunctionLibrary.c 

/************************************************************************ 

 * @file:       FunctionLibrary.c 

 * @brief:      Function library for the PIC12(L)F1822  

 *              Emergency Device development board 

 * @author:     Petur Freyr Kristmundsson 

 * @version:    1.0 

 * 

************************************************************************/ 

 

// 32MHz Freq. 

#define _XTAL_FREQ  32000000     // Fosc  frequency for _delay() library 

 

#include <xc.h> 

#include <stdio.h> 

#include <stdlib.h> 

#include <string.h> 

#include <math.h> 

#include "FunctionHeader.h" 

 

/************************************************************************ 

 * @brief Initialize_clock(); 

 *  

 * Initializes an Internal Clock within the PIC12(L)F1822 microcontroller 

 

************************************************************************/ 

void Initialize_Clock(void){ 

    // Page 65 in the data sheet - OSCCON Register 

    // Page 52 = Simplified PIC MCU Source Block Diagram for the 

Oscillator selection. 

    OSCTUNE = 0b011111;       // OSCTUNE: OSCILLATOR TUNING REGISTER, 

HFINTOSC = 16Mhz = Maximum frequency 

    //OSCCONbits.SPLLEN = 0; 

    OSCCONbits.IRCF = 0b1111; // Internal Oscillator Frequency Select 

bits - 1111 = 16 MHz HF 

    OSCCONbits.SCS = 0b11;    // System Clock Select Bits - 1x = Internal 

Oscillator Block 

     

} 

 

 

/************************************************************************ 

 * @brief Initalize_LED_RA0(); 

 *  

 * Initialize the RA0 I/O pin to be used as an output for an  

 * LED integrated on the Development Board. 

 

************************************************************************/ 

void Initalize_LED_RA0(){ 

    // This function sets pin RA0 as a digital output. 

    TRISAbits.TRISA0 = 0;   // Input = 1 / Output = 0 

} 

 

 

/************************************************************************ 

 * @brief LED_RA0(int stateA0); 

 *  

 * Turn on the LED by setting the stateA0 variable to 1,  

 * Turn it off by setting the variable to 0. 
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************************************************************************/ 

void LED_RA0(int stateA0){ 

    // This function controls the output of  pin RA0 

    // State = 1 -> High 

    // State = 0 -> Low 

     

    if (stateA0 == 0){ 

        // Turn off LED: 

        PORTAbits.AN0 = 0; 

    } 

    if (stateA0 == 1){ 

        // Turn on LED: 

        PORTAbits.AN0 = 1; 

    } 

     

} 

 

/************************************************************************ 

 * @brief LED_RA0_Heartbeat(); 

 *  

 * Set the RA0 LED to act as a heartbeat. Turning on and off at  

 * a time interval set in the function. (in this case 500ms) 

 

************************************************************************/ 

void LED_RA0_Heartbeat(){ 

    // A heartbeat function for the LED located on output RA0. 

    // Making the LED blink if already initialised 

     

    LATAbits.LATA0 ^= 1;    // Turn LED on if is is off, or turn LED off 

if is is on. 

    __delay_ms(500);        // Wait for 500ms 

} 

 

/************************************************************************ 

 * @brief Initialize_button_RA2(); 

 *  

 * Initialize the RA2 I/O pin to be used as an input for a button  

 * integrated on the Development Board. 

 

************************************************************************/ 

void Initialize_button_RA2(){ 

    // This function sets pin RE0 as a digital Input. 

     

    TRISAbits.TRISA2 = 1;   // Input = 1 / Output = 0 

    ANSELAbits.ANSA2 = 0;   // Analog = 1 / Digital = 0 

} 

 

/************************************************************************ 

 * @brief Initialize_UART_Transmission(); 

 *  

 * Initialize the UART transmission, With the BAUD rate set to 115.200 

 

************************************************************************/ 

void Initialize_UART_Transmission(){ 

    // Asynchronous transmission Set-up 

    // Going by the instructions on page 271 in the Datasheet 

     

    

   // Alternate Pin Function Control Register - Page 114 in the Datasheet  
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    APFCONbits.TXCKSEL = 1; // 1 =  TX/CK function is on RA4 

     

    //0. - Setting pin RA4 as an output: 

    TRISAbits.TRISA4 = 0;   // Input = 1 / Output = 0 

    ANSELAbits.ANSA4 = 0; 

     

     

    //1. - Set up as 8-bit Asynchronous - 16 MHz 

    TXSTAbits.BRGH = 1; 

    BAUDCONbits.BRG16 = 0; 

    //SPBRGL = 102; 

    SPBRGL = 8; // Baud Rate = 115.200 

     

    //2. 

    TXSTAbits.SYNC = 0;     // Asynchronous mode 

    RCSTAbits.SPEN = 1; 

     

    //3 - SKIP 

     

    //4 

    TXSTAbits.TXEN = 1; 

     

    //5 - Will be continued in Initialize_Uart_Interrupt() 

} 

 

/************************************************************************ 

 * @brief Initialize_UART_Interrupt(); 

 *  

 * Initialize the UART Interrupt. 

 

************************************************************************/ 

void Initialize_UART_Interrupt(){ 

    // Asynchronous transmission Set-up - Continuation from 

Initialize_UART_Transmission(); 

    // Continuing to initialize the Interrupt. 

     

    INTCONbits.PEIE = 1;    // Peripheral Interrupt Enable bit 

    INTCONbits.GIE = 1;     // Global Interrupt Enable  

     

    PIE1bits.TXIE = 1; 

} 

 

/************************************************************************ 

 * @brief putch(unsigned char byte); 

 *  

 * A function for the printf(); command. 

 

************************************************************************/ 

void putch(unsigned char byte){ 

    // Function that helps with the printf() command. 

    TXSTA = 0x26; 

    RCSTAbits.SPEN = 1; 

    TXREG = byte; 

    while (!TXIF)continue; 

    TXIF = 0; 

} 
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APPENDIX F: BGM121 Dev. Board 

Software 

Code for the BGM121 Bluetooth Module 

Files included: 

• Main.c 

File: Main.c 

/************************************************************************ 

 * @file:       main.c 

 * @brief:      Main file for the final project. 

 * @author:     Petur Freyr Kristmundsson 

 * @version:    1.0 

 * 

************************************************************************* 

 * This program was created and structured around the Silicon Labs 

Bluetooth SDK example "SOC - Empty" 

 * that comes with Simplicity Studio. And built upon, using libraries and 

examples provided by Silicon Labs. 

 * 

 * "SOC - Empty" Program Description: 

 *          Bluetooth: A minimal Project Structure, Used as a starting 

point for custom 

 *          applications. The project has the basic functionality 

enabling 

 *          peripheral connectivity, without GATT services. 

 * 

 * Refer to http://www.silabs.com for further information. 

 

************************************************************************/ 

 

/************************************************************************ 

 * @Includes 

 

************************************************************************/ 

 

/* Board headers */ 

#include "init_mcu.h" 

#include "init_board.h" 

#include "init_app.h" 

#include "ble-configuration.h" 

#include "board_features.h" 

 

/* Bluetooth stack headers */ 

#include "bg_types.h" 

#include "native_gecko.h" 

#include "gatt_db.h" 

#include "infrastructure.h" 

 

/* Libraries containing default Gecko configuration values */ 

#include "em_emu.h" 

#include "em_cmu.h" 

#include "em_gpio.h" 
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/* Device initialization header */ 

#include "hal-config.h" 

 

#if defined(HAL_CONFIG) 

#include "bsphalconfig.h" 

#else 

#include "bspconfig.h" 

#endif 

 

/* Include Time Functionality*/ 

#include <time.h> 

#include <string.h> 

 

/************************************************************************ 

 * @Configuration 

 

************************************************************************/ 

 

#ifndef MAX_CONNECTIONS 

#define MAX_CONNECTIONS 4 

#endif 

uint8_t bluetooth_stack_heap[DEFAULT_BLUETOOTH_HEAP(MAX_CONNECTIONS)]; 

 

// Gecko configuration parameters (see gecko_configuration.h) 

static const gecko_configuration_t config = { 

  .config_flags = 0, 

  .sleep.flags = SLEEP_FLAGS_DEEP_SLEEP_ENABLE, 

  //.sleep.flags = 0, 

  .bluetooth.max_connections = MAX_CONNECTIONS, 

  .bluetooth.heap = bluetooth_stack_heap, 

  .bluetooth.heap_size = sizeof(bluetooth_stack_heap), 

  .bluetooth.sleep_clock_accuracy = 100, // ppm 

  .gattdb = &bg_gattdb_data, 

  .ota.flags = 0, 

  .ota.device_name_len = 3, 

  .ota.device_name_ptr = "OTA", 

#if (HAL_PA_ENABLE) && defined(FEATURE_PA_HIGH_POWER) 

  .pa.config_enable = 1, // Enable high power PA 

  .pa.input = GECKO_RADIO_PA_INPUT_VBAT, // Configure PA input to VBAT 

#endif // (HAL_PA_ENABLE) && defined(FEATURE_PA_HIGH_POWER) 

}; 

 

// Flag for indicating DFU Reset must be performed 

uint8_t boot_to_dfu = 0; 

 

 

/************************************************************************ 

 * @Initialize Functions 

 

************************************************************************/ 

// Main functionality 

void Emergency_Button_MainFunctionality(); 

// Data: 

void bcnSetupAdvBeaconing(void); 

 

// Extra: 

void InitGPIO(); 

void PB0_LED0_Test(); 
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/*/********************************************************************** 

 * @brief   Main function 

 

************************************************************************/ 

 

void main(void) 

{ 

    // Initialize device 

    initMcu(); 

    // Enable GPIO clock 

    CMU_ClockEnable(cmuClock_GPIO, true); 

    // Initialize board 

    initBoard(); 

    // Initialize application 

    initApp(); 

 

    // Initialize stack 

    gecko_init(&config); 

 

    InitGPIO(); 

 

    // ----------< Program Start >---------- 

 

    Emergency_Button_MainFunctionality(); 

} 

 

 

/************************************************************************ 

 * @brief Emergency_Button_MainFunctionality(); 

 * 

 * The function initializes and drives the programs main functionality. 

 * Including the Button and Bluetooth Advertising. 

 

************************************************************************/ 

void Emergency_Button_MainFunctionality(){ 

 

    int initialization = 0; 

 

    while(1){ 

        /* Event pointer for handling events */ 

        struct gecko_cmd_packet* evt; 

        /* Check for stack event. */ 

        //evt = gecko_wait_event(); 

 

        // If the button is pressed, start broadcasting 

        if (!GPIO_PinInGet(BSP_BUTTON0_PORT, BSP_BUTTON0_PIN)){ 

            int counter = 0; 

            //int msec = 0, trigger = 1000; // 1000ms = 1sec 

            //clock_t oldTime = clock(); 

 

            /**************** SENDING DATA ****************/ 

 

            while (counter < (15*100000)) { 

 

                //struct gecko_cmd_packet* evt; 

 

                // Check for stack event. 

                evt = gecko_peek_event(); 

 

                // Run application and event handler. 
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                switch (BGLIB_MSG_ID(evt->header)) { 

                    // This boot event is generated when the system boots 

up after reset. 

                    // Do not call any stack commands before receiving 

the boot event. 

                    case gecko_evt_system_boot_id: 

                        // Initialize iBeacon ADV data 

                        bcnSetupAdvBeaconing(); 

                        GPIO_PinOutSet(BSP_LED0_PORT, BSP_LED0_PIN);    

// Turn Debug LED on 

                        initialization++; 

                        break; 

 

                    default: 

                        break; 

 

                } 

                if (initialization != 0 && counter == 0){ 

                    // Start advertising 

                    bcnSetupAdvBeaconing(); 

                    GPIO_PinOutSet(BSP_LED0_PORT, BSP_LED0_PIN);    // 

Turn Debug LED on 

                } 

 

                counter+=1; 

                //clock_t newTime = clock() - oldTime; 

                //msec = newTime * 1000 / CLOCKS_PER_SEC; 

            } 

                /************** STOP SENDING DATA **************/ 

        } 

        else{ 

            // Turn everything off 

            gecko_cmd_le_gap_stop_advertising(0); 

            GPIO_PinOutClear(BSP_LED0_PORT, BSP_LED0_PIN); 

        } 

    } 

} 

 

 

/************************************************************************ 

 * @brief bcnSetupAdvBeaconing(); 

 * 

 * The function builds the advertisement package according to Apple 

iBeacon 

 * specifications, configures this as the device advertisement data 

 * and starts broadcasting. 

 * 

 * Data packet function acquired from the iBeacon Example from Silicon 

Labs 

 

************************************************************************/ 

void bcnSetupAdvBeaconing(void) 

{ 

  /* This function sets up a custom advertisement package according to 

iBeacon specifications. 

   * The advertisement package is 30 bytes long. See the iBeacon 

specification for further details. 

   */ 

 

  static struct { 
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    uint8_t flagsLen;     /* Length of the Flags field. */ 

    uint8_t flagsType;    /* Type of the Flags field. */ 

    uint8_t flags;        /* Flags field. */ 

    uint8_t mandataLen;   /* Length of the Manufacturer Data field. */ 

    uint8_t mandataType;  /* Type of the Manufacturer Data field. */ 

    uint8_t compId[2];    /* Company ID field. */ 

    uint8_t beacType[2];  /* Beacon Type field. */ 

    uint8_t uuid[16];     /* 128-bit Universally Unique Identifier 

(UUID). The UUID is an identifier for the company using the beacon*/ 

    uint8_t majNum[2];    /* Beacon major number. Used to group related 

beacons. */ 

    uint8_t minNum[2];    /* Beacon minor number. Used to specify 

individual beacons within a group.*/ 

    uint8_t txPower;      /* The Beacon's measured RSSI at 1 meter 

distance in dBm. See the iBeacon specification for measurement 

guidelines. */ 

  } 

  bcnBeaconAdvData 

    = { 

    /* Flag bits - See Bluetooth 4.0 Core Specification , Volume 3, 

Appendix C, 18.1 for more details on flags. */ 

    2,  /* length  */ 

    0x01, /* type */ 

    0x04 | 0x02, /* Flags: LE General Discoverable Mode, BR/EDR is 

disabled. */ 

 

    /* Manufacturer specific data */ 

    26,  /* length of field*/ 

    0xFF, /* type of field */ 

 

    /* The first two data octets shall contain a company identifier code 

from 

     * the Assigned Numbers - Company Identifiers document */ 

    /* 0x004C = Apple */ 

    { UINT16_TO_BYTES(0x004C) }, 

 

    /* Beacon type */ 

    /* 0x0215 is iBeacon */ 

    { UINT16_TO_BYTE1(0x0215), UINT16_TO_BYTE0(0x0215) }, 

 

    /* 128 bit / 16 byte UUID */ 

    { 0xE2, 0xC5, 0x6D, 0xB5, 0xDF, 0xFB, 0x48, 0xD2, \ 

      0xB0, 0x60, 0xD0, 0xF5, 0xA7, 0x10, 0x96, 0xE0 }, 

 

    /* Beacon major number */ 

    /* Set to 34987 and converted to correct format */ 

    { UINT16_TO_BYTE1(34987), UINT16_TO_BYTE0(34987) }, 

 

    /* Beacon minor number */ 

    /* Set as 1025 and converted to correct format */ 

    { UINT16_TO_BYTE1(1025), UINT16_TO_BYTE0(1025) }, 

 

    /* The Beacon's measured RSSI at 1 meter distance in dBm */ 

    /* 0xC3 is -61dBm */ 

    0xC3 

    }; 

 

  // 

  uint8_t len = sizeof(bcnBeaconAdvData); 

  uint8_t *pData = (uint8_t*)(&bcnBeaconAdvData); 
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  /* Set 0 dBm Transmit Power */ 

  gecko_cmd_system_set_tx_power(0); 

 

  /* Set custom advertising data */ 

  gecko_cmd_le_gap_bt5_set_adv_data(0, 0, len, pData); 

 

  /* Set advertising parameters. 100ms advertisement interval. 

   * The first two parameters are minimum and maximum advertising 

interval, 

   * both in units of (milliseconds * 1.6). */ 

  gecko_cmd_le_gap_set_advertise_timing(0, 160, 160, 0, 0); 

 

  /* Start advertising in user mode and enable connections */ 

  gecko_cmd_le_gap_start_advertising(0, le_gap_user_data, 

le_gap_non_connectable); 

} 

 

/************************************************************************ 

 * @brief InitGPIO(); 

 * 

 * Initialize GPIO pins on the development board. 

 

************************************************************************/ 

void InitGPIO(){ 

    /* Configure PB0 pin as an input for PB0 button */ 

    GPIO_PinModeSet(BSP_BUTTON0_PORT, BSP_BUTTON0_PIN, gpioModeInput, 0); 

 

    /* Configure LED0 as a push pull for LED drive */ 

    GPIO_PinModeSet(BSP_LED0_PORT, BSP_LED0_PIN, gpioModePushPull, 1); 

    GPIO_PinOutClear(BSP_LED0_PORT, BSP_LED0_PIN);  // Make sure it is 

turned off at the start. 

} 

 

/************************************************************************ 

 * @brief PB0_LED0_Test(); 

 * 

 * If Button PB0 is pressed on the development board, 

 * The LED named LED0 will turn on. 

 

************************************************************************/ 

void PB0_LED0_Test(){ 

    while (1) { 

        if (!GPIO_PinInGet(BSP_BUTTON0_PORT, BSP_BUTTON0_PIN)){ 

            // If the Button is pressed, Turn the LED ON 

            GPIO_PinOutSet(BSP_LED0_PORT, BSP_LED0_PIN); 

 

            while(!GPIO_PinInGet(BSP_BUTTON0_PORT, BSP_BUTTON0_PIN)){ 

                // Do nothing. 

                // Wait for the button to be released. 

            } 

        } 

        else{ 

            // If the Button is NOT pressed, Turn the LED OFF 

            GPIO_PinOutClear(BSP_LED0_PORT, BSP_LED0_PIN); 

        } 

    } 

} 

/** @} (end addtogroup app) */ 

/** @} (end addtogroup Application) */ 
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APPENDIX G: Android Application 

Software 

Code for the Android Application 

Files included: 

• MainActivity.java 

• ArmDeviceActivity.java 

• SMSActivity.java 

• activity_main.xml 

• activity_arm_device.xml 

• activity_sms.xml 

• AndroidManifest.xml 

File: MainActivity.java 

package android.peturfreyr.emergencybutton_v3; 

 

import android.content.Context; 

import android.content.Intent; 

import android.support.v7.app.AppCompatActivity; 

import android.os.Bundle; 

import android.util.Log; 

import android.view.View; 

import android.widget.EditText; 

import android.widget.Toast; 

 

 

 

public class MainActivity extends AppCompatActivity { 

    

/************************************************************************ 

     * Initialize class variables: 

     

************************************************************************/ 

 

    // Message Intent thingy 

    public static final String EXTRA_MESSAGE = "ArmClassMESSAGE"; 

 

    // EditText Variable: 

    EditText editText; 

 

    // Print Log Variables: 

    private static final String TAG = "ScanResultAdapter"; 

 

 

    

/************************************************************************ 

     * @brief onCreate(); 

     * 

     * Android "main function" 

     

************************************************************************/ 

    @Override 

    protected void onCreate(Bundle savedInstanceState) { 
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        super.onCreate(savedInstanceState); 

        setContentView(R.layout.activity_main); 

        // Debug Log: 

        Log.d(TAG, "-------------------------------- Program Start ------

------------------------------"); 

 

 

        /**------------------------------------ 

         * Initialize GUI interface: 

         *------------------------------------*/ 

        // EditText: 

        editText = (EditText) findViewById(R.id.editText); 

    } 

 

 

 

 

    

/************************************************************************ 

     * @brief ArmDevice(View view); 

     * 

     * Called when the user taps the Arm Device button, checks if phone 

number is 

     * valid. If it is, goto ArmDeviceActivity. 

     

************************************************************************/ 

    public void ArmDevice(View view) { 

        // Debug Log: 

        Log.d(TAG, "-------------------------------- Arm Device ---------

---------------------------"); 

 

        // Arm device: 

        Intent intent = new Intent(this, ArmDeviceActivity.class); 

        String message = editText.getText().toString(); 

 

 

        // Checks whether the phone number from the user is valid: 

        if (message.matches("\\d+") && message.length() == 7){ 

            // If it is valid, arm the device/start scanning for 

advertisements. 

            intent.putExtra(EXTRA_MESSAGE, message); 

            startActivity(intent); 

        } 

        else{ 

            // If it is not valid, display a small message/toast on the 

screen 

            // that tells the user the number is invalid. 

            // Show toast. 

            Context context = getApplicationContext(); 

            CharSequence text = "Phone number invalid."; 

            int duration = Toast.LENGTH_SHORT; 

 

            Toast toast = Toast.makeText(context, text, duration); 

            toast.show(); 

        } 

 

 

    } 

 

} 
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File: ArmDeviceActivity.java 

package android.peturfreyr.emergencybutton_v3; 

 

import android.Manifest; 

import android.bluetooth.BluetoothAdapter; 

import android.bluetooth.BluetoothManager; 

import android.bluetooth.le.BluetoothLeScanner; 

import android.bluetooth.le.ScanCallback; 

import android.bluetooth.le.ScanFilter; 

import android.bluetooth.le.ScanResult; 

import android.bluetooth.le.ScanSettings; 

import android.content.Context; 

import android.content.Intent; 

import android.os.Build; 

import android.os.Handler; 

import android.support.v7.app.AppCompatActivity; 

import android.os.Bundle; 

import android.util.Log; 

import android.view.View; 

import android.widget.Button; 

import android.widget.EditText; 

import java.util.ArrayList; 

import java.util.List; 

 

public class ArmDeviceActivity extends AppCompatActivity { 

    

/*********************************************************************** 

     * Initialize class variables: 

     

************************************************************************/ 

 

    // Message Intent thingy 

    public static final String EXTRA_MESSAGE = "SMSClassMESSAGE"; 

 

    // Button Variable: 

    Button mScanButton; 

    // EditText Variable: 

    EditText editText; 

 

    // Print Log Variables: 

    private static final String TAG = "ScanResultAdapter"; 

    // Bluetooth Variables: 

    private BluetoothAdapter mBluetoothAdapter; 

    private BluetoothLeScanner mBluetoothLeScanner; 

    private ScanCallback mScanCallback; 

    private Handler mHandler; 

 

    // The MAC address for the Emergency Button. 

    // Used to filter out other BLE devices. 

    String MACAddress = "00:0B:57:A9:38:6C"; 

 

    // Request Permission variables: 

    int ME_REQUEST_ENABLE_BT = 10; 

    int ME_PERMISSION_REQUEST_COARSE_LOCATION = 20; 
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/************************************************************************ 

     * @brief onCreate(); 

     * 

     * Android "main function" 

     

************************************************************************/ 

    @Override 

    protected void onCreate(Bundle savedInstanceState) { 

        super.onCreate(savedInstanceState); 

        setContentView(R.layout.activity_arm_device); 

 

        /**------------------------------------ 

         * Initialize GUI interface: 

         *------------------------------------*/ 

        // Button: 

        mScanButton = (Button) findViewById(R.id.ScanDevBtn); 

 

        /**------------------------------------ 

         *  Initialize Bluetooth Communication 

         *--------------------------------------*/ 

        // Initialize Handler: 

        mHandler = new Handler(); 

 

        // Initializes Bluetooth adapter. 

        final BluetoothManager bluetoothManager = 

                (BluetoothManager) 

getSystemService(Context.BLUETOOTH_SERVICE); 

        mBluetoothAdapter = bluetoothManager.getAdapter(); 

 

        // Initialize bluetooth Scanner: 

        mBluetoothLeScanner = mBluetoothAdapter.getBluetoothLeScanner(); 

 

        // Ensures Bluetooth is available on the device and it is 

enabled. If not, 

        // displays a dialog requesting user permission to enable 

Bluetooth. 

        if (mBluetoothAdapter == null || !mBluetoothAdapter.isEnabled()) 

{ 

            Intent enableBtIntent = new 

Intent(BluetoothAdapter.ACTION_REQUEST_ENABLE); 

            startActivityForResult(enableBtIntent, ME_REQUEST_ENABLE_BT); 

        } 

 

        /**------------------------------------ 

         *  Initialize GPS 

         *--------------------------------------*/ 

 

        // Request permission to know Coarse Location 

        // Required for phones with API 23+ 

        if (Build.VERSION.SDK_INT >= Build.VERSION_CODES.M) { 



87 

            requestPermissions(new 

String[]{Manifest.permission.ACCESS_COARSE_LOCATION}, 

ME_PERMISSION_REQUEST_COARSE_LOCATION); 

        } 

 

 

    } 

 

 

 

 

/**** ----------------------- BLUETOOTH -------------------------- ****/ 

 

/************************************************************************ 

     * @brief startScanning(); 

     

************************************************************************/ 

    public void startScanning(View view) { 

        if (mScanCallback == null) { 

            Log.d(TAG, "Starting Scanning"); 

 

            // Kick off a new scan. 

            mScanCallback = new SampleScanCallback(); 

 

            Log.d(TAG, "ScanCallback here!"); 

            if(mBluetoothLeScanner != null) { 

                Log.d(TAG, "---------------------------------------------

-- Scanning!!-------------------------------------------------"); 

                mBluetoothLeScanner.startScan(buildScanFilters(), 

buildScanSettings(), mScanCallback); 

            } 

            else{ 

                Log.d(TAG, "It Equals null...."); 

            } 

            Log.d(TAG, "Function completed"); 

        } 

        else { 

            Log.d(TAG, "Scanning - Else"); 

        } 

    } 

 

    

/************************************************************************ 

     * @brief stopScanning(); 

     

************************************************************************/ 

    public void stopScanning() { 

        Log.d(TAG, "Stopping Scanning"); 

 

        // Stop the scan, wipe the callback. 

        mBluetoothLeScanner.stopScan(mScanCallback); 

        mScanCallback = null; 

 

        // Even if no new results, update 'last seen' times. 

        //mAdapter.notifyDataSetChanged(); 

    } 

 

 

    

/************************************************************************ 
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     * @brief buildScanFilters: 

     *      Return a List of {@link ScanFilter} objects to filter by MAC 

Address. 

     

************************************************************************/ 

    private List<ScanFilter> buildScanFilters() { 

        // Setup Scan filters: (Filtered by MAC address) 

        List<ScanFilter> scanFilters = new ArrayList<>(); 

        ScanFilter.Builder builder = new ScanFilter.Builder(); 

        // Comment out the below line to see all BLE devices around you 

        builder.setDeviceAddress(MACAddress); 

        scanFilters.add(builder.build()); 

 

        return scanFilters; 

    } 

 

 

    

/************************************************************************ 

     * @brief buildScanSettings: 

     *      RReturn a {@link ScanSettings} object set to use low power 

     *      (to preserve battery life). 

     

************************************************************************/ 

    private ScanSettings buildScanSettings() { 

        ScanSettings.Builder builder = new ScanSettings.Builder(); 

        builder.setScanMode(ScanSettings.SCAN_MODE_LOW_POWER); 

        return builder.build(); 

    } 

 

 

/************************************************************************ 

 * @brief Class SampleScanCallback: 

 *      Custom ScanCallback object - adds to adapter on success, 

 *      displays error on failure. 

 

************************************************************************/ 

private class SampleScanCallback extends ScanCallback { 

 

    @Override 

    public void onBatchScanResults(List<ScanResult> results) { 

        super.onBatchScanResults(results); 

 

        for (ScanResult result : results) { 

            AlertMessageReceived(); 

        } 

    } 

 

    @Override 

    public void onScanResult(int callbackType, ScanResult result) { 

        super.onScanResult(callbackType, result); 

 

        AlertMessageReceived(); 

    } 

 

    @Override 

    public void onScanFailed(int errorCode) { 

        super.onScanFailed(errorCode); 

    } 

} 
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/************************************************************************ 

     * @brief startScanning(); 

     * 

     * Called when the app detects an alert message from the 

     * Emergency Button Device and goes to SMSActivity to send an SMS to 

the 

     * Emergency contact. 

     

************************************************************************/ 

    public void AlertMessageReceived(){ 

        // Debug Log: 

        Log.d(TAG, "-------------------------------- Send SMS Activity --

----------------------------------"); 

 

        // Stop scanning for advertisements. 

        stopScanning(); 

 

        // Start a new intent for the SMSActivity. 

        // And pass the phone number inserted by the user to the intent. 

 

        Intent intent = getIntent(); 

        String PhoneNumbMessage = 

intent.getStringExtra(MainActivity.EXTRA_MESSAGE); 

        String number = PhoneNumbMessage; 

        Log.d(TAG, "-------------------------------- Arm Phonenumber: " + 

PhoneNumbMessage + " number: " + number + " -----------------------------

-------"); 

 

        Intent intent2 = new Intent(this, SMSActivity.class); 

        intent2.putExtra(EXTRA_MESSAGE, PhoneNumbMessage); 

        startActivity(intent2); 

 

    } 

} 

 

File: SMSActivity.java 

package android.peturfreyr.emergencybutton_v3; 

 

import android.Manifest; 

import android.content.Context; 

import android.content.Intent; 

import android.content.pm.PackageManager; 

import android.location.Location; 

import android.location.LocationManager; 

import android.os.Build; 

import android.provider.Settings; 

import android.support.v4.app.ActivityCompat; 

import android.support.v4.content.ContextCompat; 

import android.support.v7.app.AppCompatActivity; 

import android.os.Bundle; 

import android.telephony.SmsManager; 

import android.util.Log; 

 

 

import io.nlopez.smartlocation.OnLocationUpdatedListener; 

import io.nlopez.smartlocation.SmartLocation; 
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public class SMSActivity extends AppCompatActivity { 

    

/************************************************************************ 

     * Initialize class variables: 

     

************************************************************************/ 

    // Print Log Variables: 

    private static final String TAG = "ScanResultAdapter"; 

 

    // Location Variables: 

    // Represents a geographical location. 

    protected Location mLastLocation; 

    private String mLatitude; 

    private String mLongitude; 

    double Lat; 

    double Lng; 

 

    // Request Permission variables: 

    int ME_PERMISSION_REQUEST_COARSE_LOCATION = 20; 

    private static final int ME_PERMISSION_REQUEST_SMS = 30; 

 

 

 

    @Override 

    protected void onCreate(Bundle savedInstanceState) { 

        super.onCreate(savedInstanceState); 

        setContentView(R.layout.activity_sms); 

 

 

 

        /**------------------------------------ 

         *  Permissions 

         *--------------------------------------*/ 

        // Request permission to know Coarse Location 

        // Required for phones with API 23+ 

        if (Build.VERSION.SDK_INT >= Build.VERSION_CODES.M) { 

            requestPermissions(new 

String[]{Manifest.permission.ACCESS_COARSE_LOCATION}, 

ME_PERMISSION_REQUEST_COARSE_LOCATION); 

        } 

 

        if (ActivityCompat.checkSelfPermission(this, 

Manifest.permission.ACCESS_FINE_LOCATION) != 

PackageManager.PERMISSION_GRANTED && 

ActivityCompat.checkSelfPermission(this, 

Manifest.permission.ACCESS_COARSE_LOCATION) != 

PackageManager.PERMISSION_GRANTED) { 

            // TODO: Consider calling 

            //    ActivityCompat#requestPermissions 

            // here to request the missing permissions, and then 

overriding 

            //   public void onRequestPermissionsResult(int requestCode, 

String[] permissions, 

            //                                          int[] 

grantResults) 

            // to handle the case where the user grants the permission. 

See the documentation 

            // for ActivityCompat#requestPermissions for more details. 

            return; 
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        } 

 

        /**------------------------------------ 

         *  Initialize GPS 

         *--------------------------------------*/ 

        //mFusedLocationClient = 

LocationServices.getFusedLocationProviderClient(this); 

        // Acquire a reference to the system Location Manager 

        LocationManager locationManager = (LocationManager) 

this.getSystemService(LOCATION_SERVICE); 

 

 

        mLastLocation = 

locationManager.getLastKnownLocation(LocationManager.GPS_PROVIDER); 

 

        /**------------------------------------ 

         *  Send SMS 

         *--------------------------------------*/ 

        SMS_Init(); 

    } 

 

 

 

    /**** ---------------------------------------------------------- SEND 

SMS ---------------------------------------------------------- ****/ 

 

    

/************************************************************************ 

     * @brief SMS_INIT(); 

     

************************************************************************/ 

    public void SMS_Init(){ 

        Log.d(TAG, "-------------------------------- EUREKA! ------------

------------------------"); 

        // Send SMS 

        check_SendSMS_Permission(); 

 

    } 

 

    

/************************************************************************ 

     * @brief check_SendSMS_Permission(); 

     

************************************************************************/ 

    public void check_SendSMS_Permission(){ 

        // Every time I want to send the sms, I have to check whether I 

have the permission to do so. 

        if (ContextCompat.checkSelfPermission(this, 

Manifest.permission.SEND_SMS) != PackageManager.PERMISSION_GRANTED) { 

            // Permission is not granted 

            // No explanation needed; request the permission 

            ActivityCompat.requestPermissions(this, new 

String[]{Manifest.permission.SEND_SMS}, ME_PERMISSION_REQUEST_SMS); 

        } 

        else{ 

            // permission has already been granted 

            Send_SMS(); 

        } 

 

    } 
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/************************************************************************ 

     * @brief onRequestOermissionsResult(); 

     

************************************************************************/ 

    @Override 

    public void onRequestPermissionsResult(int requestCode, String 

permissions[], int[] grantResults) { 

        switch (requestCode) { 

            case ME_PERMISSION_REQUEST_SMS: { 

                // If request is cancelled, the result arrays are empty. 

                if (grantResults.length > 0 && grantResults[0] == 

PackageManager.PERMISSION_GRANTED) { 

                    // permission was granted, yay! Do the thing! 

                    Send_SMS(); 

                } 

                else { 

 

                    // permission denied, boo! Disable the 

                    // functionality that depends on this permission. 

                } 

                return; 

            } 

 

            // other 'case' lines to check for other 

            // permissions this app might request. 

        } 

    } 

 

    

/************************************************************************ 

     * Send_SMS(); 

     * 

     * Get the users location andsend an sms to the emergency contact set 

by the user. 

     

************************************************************************/ 

    public void Send_SMS(){ 

        /**--------------------------------------------------------------

---------------------------------- 

         *  Updates the location of the user, and then sends the message 

to the emergency contact. 

         *  -------------------------------------------------------------

---------------------------------- 

         *  The message that will be sent will be formatted like the 

following: 

         *  "Message sent from the Emergency Button, I need help at: 

http://maps.google.com/?q=<lat>,<lng>" 

         *  Where lat = Latitude and lng = longitude 

         *  -------------------------------------------------------------

---------------------------------- 

         *  The "Smart Location Library", created by Nacho Lopez, was 

used to acquire the users location. 

         *  Library can be found at the following link: 

https://github.com/mrmans0n/smart-location-lib 

         *---------------------------------------------------------------

--------------------------------*/ 

 

        LocationManager manager = (LocationManager) 

getSystemService(Context.LOCATION_SERVICE); 
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        // If GPS_Provider is not enabled, it opens up an options menu 

for the user to enable it. 

        // Should probably have this appear in the first window. 

        if (!manager.isProviderEnabled(LocationManager.GPS_PROVIDER)) { 

            Intent intent = new 

Intent(Settings.ACTION_LOCATION_SOURCE_SETTINGS); 

            startActivity(intent); 

        } 

 

        SmartLocation.with(getApplicationContext()).location() 

                .oneFix() 

                .start(new OnLocationUpdatedListener() { 

 

                    @Override 

                    public void onLocationUpdated(Location location) { 

                        // Debug Log: 

                        Log.d(TAG, "-------------------------------- 

Inside onLocationUpdated ------------------------------------"); 

 

                        //SMS variables: 

                        String message = "Message sent from the Emergency 

Button, I need help at: http://maps.google.com/?q=" ; 

                        // get the phone number, inserted by the user, 

passed to this intent. 

                        Intent intent = getIntent(); 

                        String phoneNumber = 

intent.getStringExtra(ArmDeviceActivity.EXTRA_MESSAGE); 

 

                        // Get the updated values for latitude and 

Longitude 

                        Lat = location.getLatitude(); 

                        Lng = location.getLongitude(); 

                        mLatitude = Double.toString(Lat); 

                        mLongitude = Double.toString(Lng); 

 

                        // Debug Log: 

                        Log.d(TAG, "-------------------------------- 

Phone Number: " + phoneNumber + "------------------------------------"); 

 

                        // Put the message for the emergency contact 

together, and send the sms: 

                        try { 

                            SmsManager smsManager = 

SmsManager.getDefault(); 

                            smsManager.sendTextMessage(phoneNumber, null, 

(message + mLatitude + "," + mLongitude), null, null); 

 

                            // Debug log: 

                            Log.d(TAG, "-------------------------------- 

Emergency button Msg Sent! ------------------------------------"); 

                        } 

                        catch (Exception ex) { 

                            // Debug log: 

                            Log.d(TAG, "-------------------------------- 

Emergency button Catch ------------------------------------"); 

                            ex.printStackTrace(); 

                        } 

                    } 

                }); 

    } 
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} 

 

File: activity_main.xml 

<?xml version="1.0" encoding="utf-8"?> 

<android.support.constraint.ConstraintLayout 

xmlns:android="http://schemas.android.com/apk/res/android" 

    xmlns:app="http://schemas.android.com/apk/res-auto" 

    xmlns:tools="http://schemas.android.com/tools" 

    android:layout_width="match_parent" 

    android:layout_height="match_parent" 

    tools:context=".MainActivity"> 

 

    <EditText 

        android:id="@+id/editText" 

        android:layout_width="210dp" 

        android:layout_height="wrap_content" 

        android:layout_marginBottom="8dp" 

        android:layout_marginEnd="8dp" 

        android:layout_marginStart="8dp" 

        android:layout_marginTop="8dp" 

        android:ems="10" 

        android:hint="@string/PhoneNumberInput" 

        android:inputType="textPersonName" 

        app:layout_constraintBottom_toTopOf="@+id/armBtn" 

        app:layout_constraintEnd_toEndOf="parent" 

        app:layout_constraintStart_toStartOf="parent" 

        app:layout_constraintTop_toTopOf="parent" 

        app:layout_constraintVertical_bias="0.6" /> 

 

    <Button 

        android:id="@+id/armBtn" 

        android:layout_width="wrap_content" 

        android:layout_height="wrap_content" 

        android:layout_marginBottom="8dp" 

        android:layout_marginEnd="8dp" 

        android:layout_marginStart="8dp" 

        android:layout_marginTop="8dp" 

        android:onClick="ArmDevice" 

        android:text="Arm Device" 

        app:layout_constraintBottom_toBottomOf="parent" 

        app:layout_constraintEnd_toEndOf="parent" 

        app:layout_constraintStart_toStartOf="parent" 

        app:layout_constraintTop_toTopOf="parent" /> 

 

</android.support.constraint.ConstraintLayout> 

 

File: activity_arm_device.xml 

<?xml version="1.0" encoding="utf-8"?> 

<android.support.constraint.ConstraintLayout 

xmlns:android="http://schemas.android.com/apk/res/android" 

    xmlns:app="http://schemas.android.com/apk/res-auto" 

    xmlns:tools="http://schemas.android.com/tools" 

    android:layout_width="match_parent" 

    android:layout_height="match_parent" 

    tools:context=".ArmDeviceActivity"> 

 

    <TextView 
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        android:id="@+id/textView" 

        android:layout_width="85dp" 

        android:layout_height="45dp" 

        android:layout_marginBottom="8dp" 

        android:layout_marginEnd="8dp" 

        android:layout_marginStart="8dp" 

        android:layout_marginTop="8dp" 

        android:text="Device Armed" 

        android:textAlignment="center" 

        android:textAllCaps="false" 

        android:textSize="18sp" 

        android:textStyle="bold" 

        app:layout_constraintBottom_toBottomOf="parent" 

        app:layout_constraintEnd_toEndOf="parent" 

        app:layout_constraintStart_toStartOf="parent" 

        app:layout_constraintTop_toTopOf="parent" /> 

 

    <Button 

        android:id="@+id/ScanDevBtn" 

        android:layout_width="wrap_content" 

        android:layout_height="wrap_content" 

        android:layout_marginBottom="8dp" 

        android:layout_marginEnd="8dp" 

        android:layout_marginStart="8dp" 

        android:layout_marginTop="8dp" 

        android:onClick="startScanning" 

        android:text="Scan For Devices" 

        app:layout_constraintBottom_toBottomOf="parent" 

        app:layout_constraintEnd_toEndOf="parent" 

        app:layout_constraintStart_toStartOf="parent" 

        app:layout_constraintTop_toBottomOf="@+id/textView" /> 

</android.support.constraint.ConstraintLayout> 

 

File: activity_sms.xml 

<?xml version="1.0" encoding="utf-8"?> 

<android.support.constraint.ConstraintLayout 

xmlns:android="http://schemas.android.com/apk/res/android" 

    xmlns:app="http://schemas.android.com/apk/res-auto" 

    xmlns:tools="http://schemas.android.com/tools" 

    android:layout_width="match_parent" 

    android:layout_height="match_parent" 

    tools:context=".SMSActivity"> 

 

    <TextView 

        android:id="@+id/textView2" 

        android:layout_width="wrap_content" 

        android:layout_height="wrap_content" 

        android:layout_marginBottom="8dp" 

        android:layout_marginEnd="8dp" 

        android:layout_marginStart="8dp" 

        android:layout_marginTop="8dp" 

        android:text="ALERT MODE" 

        android:textAlignment="center" 

        android:textSize="18sp" 

        android:textStyle="bold" 

        app:layout_constraintBottom_toBottomOf="parent" 

        app:layout_constraintEnd_toEndOf="parent" 

        app:layout_constraintStart_toStartOf="parent" 
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        app:layout_constraintTop_toTopOf="parent" /> 

</android.support.constraint.ConstraintLayout> 

 

File: AndroidManifest.xml 

<?xml version="1.0" encoding="utf-8"?> 

<manifest xmlns:android="http://schemas.android.com/apk/res/android" 

    package="android.peturfreyr.emergencybutton_v3"> 

 

    <!-- <uses-feature android:name="android.hardware.bluetooth_le" 

android:required="true"/> --> 

 

    <uses-permission android:name="android.permission.BLUETOOTH" /> 

    <uses-permission android:name="android.permission.BLUETOOTH_ADMIN" /> 

    <uses-permission 

android:name="android.permission.ACCESS_COARSE_LOCATION" /> 

    <uses-permission 

android:name="android.permission.ACCESS_FINE_LOCATION" /> 

    <uses-permission android:name="android.permission.SEND_SMS" /> 

 

    <application 

        android:allowBackup="true" 

        android:icon="@mipmap/ic_launcher" 

        android:label="@string/app_name" 

        android:roundIcon="@mipmap/ic_launcher_round" 

        android:supportsRtl="true" 

        android:theme="@style/AppTheme"> 

        <activity android:name=".MainActivity"> 

            <intent-filter> 

                <action android:name="android.intent.action.MAIN" /> 

 

                <category android:name="android.intent.category.LAUNCHER" 

/> 

            </intent-filter> 

        </activity> 

 

        <activity 

            android:name=".ArmDeviceActivity" 

            android:parentActivityName=".MainActivity"> 

 

            <!-- The meta-data tag is required if you support API level 

15 and lower --> 

            <meta-data 

                android:name="android.support.PARENT_ACTIVITY" 

                android:value=".MainActivity" /> 

        </activity> 

 

        <activity 

            android:name=".SMSActivity" 

            android:parentActivityName=".ArmDeviceActivity"> 

 

            <!-- The meta-data tag is required if you support API level 

15 and lower --> 

            <meta-data 

                android:name="android.support.PARENT_ACTIVITY" 

                android:value=".MainActivity" /> 

        </activity> 

    </application> 

 

</manifest> 


