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ABSTRACT 
An out-of-date mobile phone that may seem to be of little use still has many capabilities. This 

study has investigated one of these, the Short Message Service (SMS). A mobile phone, 

connected to a small PIC microcontroller with an interface for external triggers, makes a low-

cost, versatile event messaging system; a typical use case could be a fire alarm or intrusion 

detector when equipped with appropriate sensors. With a GPS receiver connected, the actual 

position is included in the message, allowing for use as theft alarm in e.g. a car or in mobile 

home. A small PC application prepares the phone with necessary settings. 

The study concludes in a complete hardware and software design as well as user documentation. 

Keywords: SMS, Alarm system, GPS, PIC 

 

 



SAMMANFATTNING 

En omodern mobiltelefon som kan verka rätt värdelös erbjuder ändå en hel del möjligheter. Den 

här studien har undersökt en av dessa, Short Message Service (SMS). En mobiltelefon kopplad 

till en enklare, mikroprocessor-baserad hårdvara, med några externa ingångar, kan användas som 

ett billigt och mångsidigt meddelandessystem. Några exempel på användningsområden är till 

exempel brandlarm eller inbrottslarm. Med en GPS-mottagare ansluten kan positionen också 

meddelas, vilken erbjuder möjlighet att använda enheten som stöldlarm med positionering för 

exempelvis bil, båt eller husvagn. Studien resulterar i en komplett hårdvaru- och mjukvarudesign, 

användardokumentation samt en uppskattning av hårdvarukostnad. 

Keyword: SMS, Larm, GPS, microprocessor 
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Chapter 1 Introduction 

1.1 Purpose 

The intention is to design a device that can be used as a remote reporting alarm unit, for homes, 

car, boats and other kind of properties. The unit shall not only act as a regular alarm, but should 

also be able to tell the user the position of the secured properties, in the case of a mobile property. 

To be able to interact with the alarm unit it should be possible to access it via a regular GSM 

Phone, since it supposed to be a mobile unit. This device was not readily available at the time this 

study began, so we also wanted to keep track on the cost to see if the device had any commercial 

value. 

1.2 Background 

The main idea behind the solution is to re-use a regular GSM phone as a part of the alarm. Mostly 

because the amount of existing GSM phone people have back home is quite considerable, and 

would make the solution attractive from an end-user perspective, since the cost for the alarm will 

be lower and the end-user could find use for a phone that would otherwise just occupy a space. 

The interfaces for the alarm unit shall be as common and standardized as possible to make it easy 

to buy and add external devices, such as a GPS receiver and alarm contacts of different kind to 

expand the use of the alarm unit. This would make it more convenient for the end-user. The use 

of the alarm unit shall span from staionary properties such as a house (Figure 1) to mobile 

properties such as a boat or a car (Figure 2), or any other mobile property. 

 

Figure 1 - Station use of the alarm unit 
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Figure 2 - Mobile use of the alarm unit 

The alarm unit shall of course be able to detect intrusion, and alert the owner via a Short 

Message, SMS. The owner shall be able to request the position of the property if a GPS receiver 

is connected to the alarm unit via a SMS. This will allow for finding stolen property. 

1.3  Objective 

The overall objectives of this study are to identify the needs for an alarm system of the kind 

chosen for this report, select appropriate parts for the hardware, write the software and verify the 

functionality. Depending on time remaining after initial hardware and software design, restraints 

of the feature set of the alarm will have to be more or less. The initial scope defined for this 

project contains the following main areas: 

• Identify main hardware components of the final product 

• Define the final product based on the main hardware components 

• Assemble a prototype to validate main functions 

• Write necessary client software for end-user interaction 

• Design a hardware reference board for product verification 

• Write necessary code for bring up of the board 

• Write all basic functions for the reference board 

• Validate the basic use-case scenarios 
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• Optionally, add any extra features 

• Write user documentation 

1.4 Document Overview 

This document is divided into several chapters describing the way through the whole project, 

from the earliest stages of the pre-study and feasibility to the implementation and the final 

product and possible future improvements. 

• Chapter 2 – Literature review 

o This chapter brings you through the main literature used for research during the 

pre-study phase of the project 

• Chapter 3 – Methodology and implementation 

o This chapter is divided into two different parts, the first one describing all the 

pre-study and feasibility studies done before the implementation. These chapters 

describe how we made the decisions that we based the implementation on. 

o The second part of this chapter contains the implementation and how things 

turned out compared to how we planned it. It also contains details about the all 

the implementations we did, such as the Client Application, Hardware and PIC 

Firmware. 

• Chapter 4 – Result 

o This chapter describes what the final product can do, and compare this to what 

we planned during the earlier stage of the project. 

• Chapter 5- Conclusion and future work 

o This chapter is divided into two different parts, the first describing the major 

conclusion of doing a project like this, what areas should maybe have been 

differently if we hade done this project once again. 

o The second part of the chapter describes future improvements we like to do to 

second revision of the product. 
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Chapter 2 Literature Review 

The following chapter will describe the areas and literature that was consulted during the project 

for different purposes. 

2.1 Serial Communication with a Mobile Phone 

Essential for this project was to understand how to communicate with the mobile phone via a 

serial interface. We decided to use Ericsson mobile phones as the reference, mostly because we 

had access to a couple of older Ericsson phones. Ericsson used to have a product called GM12, 

which was a GSM module that could be used in different applications. This product has an 

integrator’s guide [1] that describes the serial interfaced used by Ericsson’s GSM phone. This 

guide turned out to be useful when understanding how to communicate with a mobile phone 

using AT commands. 

2.2 SMS Format 

The second important area to understand for this project was how the SMS format is encoded, 

since we need to be able to generate SMS-messages in the application. Some of the SMS format 

information is available in the GM12 Integrator’s Guide. For more information that is detailed we 

turned to ETSI’s standard for GSM, GSM 03.38 [4]. As a third source of information about the 

SMS format, we used the Dreamfabric.com web page [3] that has an article about the format. 

These sources gave us enough information to be able to write code that could encode SMS based 

on the PDU (protocol description unit) format which is a 7-bit binary format used by e.g. Ericsson 

phones. To get some ideas about how encode the PDU format from a ASCII text string we looked 

on the Open Source project, jSMSEngine [2], which have code that converts a 8-bit ASCII text 

string to a 7-bit PDU format. 

2.3 GPS Format 

The third area where we needed to collect information about is the GPS format. Since the 

application should be able to respond with GPS position, we needed to understand the GPS 

format that is representing the position. The GPS uses a serial interface just continuously 

outputting the GPS position information in a plain text format. The format is specified by NMEA 

0183 (National Marine Electronics Association), but unfortunately their standards are not public 

available, it has to be bought. Fortunately, there are web pages available that describes the NMEA 
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sentence information in an overview format, which would be enough for this project. We used 

Glenn Baddeley’s web page [5] to collect the necessary information we needed.    
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Chapter 3 Methodology and Implementation 

3.1 Methodology 

The following chapters will describe, in a chronological order, the way we worked through the 

project, and the way we made fundamental decisions of the upcoming design and 

implementation. 

3.1.1 External Interfaces 

After having defined the use case of the Alarm Unit, we had already defined the external 

equipment that was needed to support the use cases. Even though the external equipment was 

defined based on the use case, we needed to define the interfaces we wanted to use for the project. 

The following picture (Figure 3) describe the choice we made early in the project on the 

interfaces to be used. 

 

Figure 3 - External Interfaces of the Alarm Unit 

The Mobile Phone is connected to the Alarm Unit via a serial cable to the Alarm Unit. This 

decision was based upon the fact that most old mobile phones used serial communications to a 

computer, rather then new mobile phone that uses Bluetooth or USB. Secondly, a serial 

communication is cheaper and easier to implement than for example Bluetooth. 
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The GPS Receiver is connected via a serial interface. The decision taken here was based on the 

simpler implementation we could achieve with a serial interface, rather then USB, which was the 

second choice we had. At this time, the GPS receiver with RS-232 serial interface and the GPS 

receiver with USB interface cost the same for the end-user, which made our decision quite 

simple, since our design would be cheaper if we based it on regular RS-232 interface. 

The DC power adapter was chosen based on the most common on the markets, as well as the 

connector used on these power adapters. We wanted to have something that would be easy to 

source from any partner to a good price. 

Additional to what was required by the use cases we wanted to add a Debug port, for making it 

easy during the development. This port could be something that never is populated on a real 

product. Efficient and simple made the decision to use RS-232 serial communication as well for 

the debug port, especially since this is not a part of the real product, and therefore not direct cost 

was considered. 

The Alarm Connectors have to be of the type that makes it easy for the end-user to connect any 

kind of sensor. The best choice we could find was to use a connector with screws that is easy to 

manage, quite common on the market and also used in similar applications. 

When we had defined the external connectors and communication interfaces the next step would 

be to look into the functional blocks that we could identify at this stage of the project. 

3.1.2 Functional Overview of the Alarm Unit 

As first step towards an implementation proposal for the alarm unit, we needed to identify the 

main functional blocks the unit consists of. We used a brainstorming session, and based on our 

earlier knowledge in hardware design and software implementation we defined functional blocks 

that should be small enough to be easy to realize in a structured and easy way. The following 

picture (Figure 4), presenting the functional overview of the alarm unit, is the result of the initial 

brainstorming activity in the earliest phase of the project. This result was the main requirements 

for the project. 
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Figure 4 - Initial Functional view of the alarm unit 

3.1.2.1 DC Power input block 

One of the basic functions needed is the power regulator and filter, allowing for a certain input 

power range and protection to surges and spikes, to allow for use in vehicles. 

3.1.2.2 Universal Asynchronous Receiver/Transmitter (UART)  

Most of the communications between the alarm unit and external devices will be through a RS-

232, serial communication interface, making a UART function a basic requirement for the unit. 

3.1.2.3 Timers 

To be able to schedule different tasks one or several timers is needed, these timers could then be 

used to trigger other functional blocks at a certain time. This caters for time-sharing among 

different processes. 

3.1.2.4 Visual Indicators 
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This function represents the visual aid for the end-user to tell the state of the system. The function 

input from an external GPS. The GPS information from the GPS receiver 

the outgoing communication to the mobile phone. It is able to parse 

 check all the alarm inputs and monitor if the change state. It shall 

tell the system if an alarm has been triggered. The Alarm I/O handler 

vent Handler 

shall be able to, in a scheduled manor, send event information 

tion shall be able to, in a scheduled manor, send information about 

3.1.2.11 Relay Handler 

The Relay Handler function shall be able to control a Relay that is connected to any external 

device that shall be turned on and of triggered by an alarm. 

shall be able to indicate different internal state of the alarm unit using some type of visual 

indicator. A two-color LED was eventually chosen for this purpose. 

3.1.2.5 GPS Parser 

This functional handles 

is read and the positioning data is converted into human readable longitude and latitude format. 

The position is stored and can later be used by other functions. 

3.1.2.6 SMS Sender 

This function handles all 

necessary strings to a PDU format understood by the mobile phone. It is able send SMS on 

request from other functions. 

3.1.2.7 SMS Reciever 

This function handles all the incoming communication from the mobile phone. It shall able to 

receive request from the mobile phone whenever anything is received. 

3.1.2.8 Alarm I/O Handler 

This function shall be able to

trigger a flag per input to 

shall be able to keep the state of the alarms, allowing for scheduling and re-sending of alarm 

information to the end-user. 

3.1.2.9 E

The Event Handler function 

whenever it discovers that an alarm has been triggered, which would be done by the Alarm I/O 

Handler. 

3.1.2.10 Position Handler 

This Position Handler func

GPS position whenever it is requested. A request would be triggered by the SMS Receiver 

function when a SMS has been received. 
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3.1.3 Functional Overview of the Client Application 

After we had identified what the alarm unit should be able to handle one area was left to solve, 

how to store the end-user defined alarm text messages and the receiving phone number for this 

alarms. We started by doing manual test using a terminal program on a PC and serial cable 

connected to the phone. We connected to the phone and stored pre-defined PDU messages on a 

specific memory position, and verified that we could send the messages, using AT commands. As 

this worked fine, we had an idea about how to progress. The benefit with this solution is that we 

used the memory in the mobile phone, which would save cost from having to store the messages 

on the alarm unit. 

 What we needed to develop was a client application that could let the end-user configure the 

same thing we did manual in the test, and was easy enough to use for anyone. We did a functional 

chart (Figure 5) of what the client application needed to be able to do. This was later used as 

implementation proposal. We decided at this stage to use Java as programming language for two 

reasons, it can support multiple platforms and we are well familiar with the programming 

language since earlier. As for this project, we decided to use only Windows XP as the client 

application platform to limit the scope. The choice was based on what was the most common 

operative system for end-users at the time being, i.e. during summer 2008. 
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Figure 5 - Initial Functional view of Client Application 

3.1.3.1 Serial Port Communication 

The Client Application needed to communicate with the mobile phone via a serial interface. This 

part need to be operative system dependent, which means it had to be developed as a native class. 

This would be time consuming as complex, therefore we decided at this stage to use a 

commercial implementation available to shorten development time and make it easier to be able 

to support different platforms in the future. We decided to use an implementation for a company 

called SerialIO.com since we had used this in the past and it had been proven a reliable 

implementation. 

3.1.3.2 Graphical Models 

We identified that we needed to develop a set of Graphical Models that could represent the 

different input we needed from the end-user. At this stage, we could see a couple of graphical 

models we needed: 

• A dialog for choosing serial port 

• A main window for configuring messages and phone number for the events 
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• A file dialog for saving and restoring configuration of the application 

• A help dialog for any future user documentation 

3.1.3.3 PDU Converter 

One of the main function for the client application besides letting the end-user input necessary 

information would be to convert the information to a PDU format so that it could be stored in the 

phones memory. We decided earlier to use older Ericsson mobile phones and only support PDU 

format, where as this function become very important. We did know one open source project on 

internet, jSMSEngine [ 2], that already had done this before, and we decided to use this project as 

input of ideas for our own PDU convert. 

3.1.3.4 Serial Port Handler 

We needed to develop a serial port handler that would expose the higher level of functions that 

we needed for serial communications to the mobile phone. This handler would be the way that the 

application would communicate with the serial port. 

3.1.3.5 GUI Handler 

This function is a Graphical Model, which handles all the information being sent back and forth 

between the application and the end-user. This model makes all necessary information available 

for the rest of the application. 

3.1.3.6 Phone Connectivy Handler 

This function allows the application to verify that we have connectivity to the phone before trying 

to save any settings. This would allow the application to tell the end-user if the phone is 

connected properly. 

3.1.3.7 File Handler 

An end-user would probably expect the possibility to save and restore his/her configuration 

between the different configuration sessions. To be able to do this we need a function that could 

load and save configuration data from the application. 

3.1.3.8  Update Phone Memory 

On the main tasks for the client application would be to save the configuration to the phone 

memory when the end-user is done. This would be a typical end-user triggered function. This 

function would use function such as PDU Converter and Serial Port Handler to do its work. 
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3.1.3.9 Test Send Event 

As a way for the end-user to know that the configurations he/she has done are correct the 

application needs to be able to test send all the configured event messages to the corresponding 

phone number. This function would be end-user triggered from the GUI. 

3.1.3.10 Save and Restore Configuration 

This function would be exposing the function where the end-user can load or save current 

application configuration. This function would use the File Handler to do the end-user requested 

action.  

3.1.4 Proof of concept 

To gain knowledge about the hardware and software parts for the actual alarm unit, a number of 

tests were run at a PIC microcontroller development board [ 7] with the PIC16F877A[ 8]. This step 

proved to be very useful to estimate the final requirements. 

3.1.4.1 SMS Proof of concept 

A simple test code, utilizing one digital I/O and the hardware UART, was testing the SMS 

transmit function with the mobile phone. The software reads the input and, if active, sends a 

string to the phone telling it to disperse an already stored message at position 1 in the phone 

memory. A lot of time was spend on understanding the timing and special characters when 

communication with the phone. The phone did also echo all bytes back to the UART and 

sometimes messed up the receive buffer, making the receive interrupt routine to stop working.  

For incoming messages, the task was to receive bytes from the phone and look for a string 

indicating incoming SMS message. The routine continues to count bytes and after a fixed offset, 

the incoming phone number is found and stored.  

3.1.4.2 GPS Proof of concept 

Another software load was used to receive the continuously byte stream from a GPS and extract 

the positioning data. The serial input stream was connected to an I/O pin and decoded by 

software, since the hardware UART was occupied and is not considered as important as the phone 

communication. This is also known as ‘bit-bang’. The software should identify the most common 

string from GPS receivers known as Recommended Minimum Sentence, RMC.  

Example of RMC string received from GPS:  

$GPRMC,214903.000,A,5824.5614,N,01537.0603,E,0.21,68.70,310708,,*32 
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The data of interest are in bold. These are in NMEA-0183 format, but conversions can be made to 

decimal format later if required [ 9]. The first idea was to capture one line of GPS information a 

time and analyze, but it consumed a lot of RAM memory, which was limited. Instead, the 

incoming data was checked against a reference string, one byte at a time, and the position is 

eventually captured.  

3.1.5 Prototype 

As soon as the major functions had been tested, the prototype requirements could be defined. The 

prototype should serve as development platform for the upcoming software project and as 

demonstrator of the product. The implementation is described in the following chapters. 

3.2 Implementation 

The following chapters will describe the way decided to implement the necessary functions 

identified in the previous chapters. The orders of the chapters are based on the chronological 

order we decided to implement them in. 

3.2.1 Client Software 

To be able to configure the GSM phone and the alarm messages to be used by our alarm device 

we need to design client software that can configure the necessary messages and destination 

number for each of the messages that the alarm device shall be able to send. 

The end user software program language chosen was Java to make it as portable as possible 

between different operative platforms. During the development process, we identified the 

following necessary methods for the basic functions needed for the client software. The different 

methods are described in the following chapters. 
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Figure 6 - End-user software architecture 

The natural choice to implement the graphical part of the client application was to use a model 

representing each window presented to the end-user. This model holds all the necessary 

information that is passed between the application and the end-user. This is a well-known and 

used way of implementing graphical interfaces in Java. 

3.2.1.1 Main Application 

3.2.1.2 StartDialogModel 

The StartDialogModel class holds the information collected from the graphical interface, 

StartDialog, and holds it for the client application to use. 

3.2.1.3 StartDialog 

The StartDialog class represents the first graphical window presented to the end-user. This class 

present a window asking the end-user to choose a serial port on the PC where the mobile phone is 

connected. It also requests the end-user to choose mobile phone model from a list of phones. 

3.2.1.4 ListSerialPorts 
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The ListSerialPorts class is a help class used by the StartDialog to get the list of existing serial 

ports to present in the graphical interface. 

3.2.2 MainFrameModel 

The MainFrameModel class is mainly holding the information entered by the end-user regarding 

the Event message text and the receiving phone number for each message. It also contains the 

pre-defined message text that the end-user cannot change for internal events. 

3.2.2.1 MainFrame 

The MainFrame class represents the graphical interface of the main window. This window 

contains fields for the Event message text and the receiving phone number for each message. 

3.2.2.2 EventQueue 

The EventQueue class is a smaller help class implementing a simple event queue that as used by 

the main application to handle request coming from the end-user clicking on different choices in 

the graphical interface. This queue is used to store all request in the order they happens, so that 

the main application can fetch them and handle them in the same order. 

3.2.2.3 LimitDocument 

The LimitDocument class extends the standard Java PlainDocument class. This class is used by 

the MainFrame to limit the length of the text fields that are used to enter Event messages and 

Phone numbers. This class makes it possible to limit the amount of text that the end-user enters in 

each field so that it does not exceed the expected format used by the application. 

3.2.2.4 HelpDialog 

The HelpDialog class implements a ‘Help window’ that can be access by the end-user. This 

window is supposed to contain the end-user documentation for the application. In the project, we 

decided to only implement the function without adding all the end-user documentation, since the 

help function was more important then spending time on re-formatting the end-user 

documentation already written in the User Guide which.  

3.2.2.5 AboutDialog 

The AboutDialog class implements an ‘About window’, containing the classical copyright notice, 

and could contain any other necessary disclaimer for future use. 

3.2.2.6 FileHandler 
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The FileHandler class implements two dialogs, one to load a configuration file from disc and 

second dialog to save a configuration file to disc.  

3.2.2.7 ConfigFileFilter 

The ConfigFileFilter class extends the standard Java FileFilter class. The ConfigFileFilter is used 

by the FileHandler class, and is used to filter out any other file type that is not a configuration file 

for this application. 

3.2.2.8 UpdatePhoneMemory 

The UpdatePhone class implements Java’s Runnable interface. This threaded class will write 

down all the event message texts and corresponding phone number to the mobile phone. It utilizes 

several other classes, such as ConvertToPdu and PhoneSerialPort to its work. This class is done 

as a Thread to make sure that the graphical interfaces do not lock up while performing its work, 

so that the end-user can cancel any ongoing action. 

3.2.2.9 ConvertToPdu 

The ConvertToPdu class is used a help function. This class can take an ASCII string as input and 

convert it to a PDU format. This is used by the UpdatePhoneMemory class to convert any end-

user inputted string to a format that can be stored in the mobile phone for later use. 

3.2.2.10 GsmAlphabets 

The GsmAlphabets is a static Java class. This class is used as a convenience class by the 

ConverToPdu to represent the characters that needs to be converted or requires specific handling. 

A lot of the ideas and tricks used in this class were collected from the jSMSEngine[ 2] open 

source project. 

3.2.2.11 TestPhoneMemory 

The TestPhoneMemory class implements Java’s Runnable interface. This threaded class will test 

to send the newly stored event messages via the mobile phone. This class is done as a Thread to 

make sure that the graphical interfaces do not lock up while performing its work, so that the end-

user can cancel any ongoing action. 

3.2.2.12 PhoneSerialPort 

The PhoneSerialPort class implements the lower level of communication with the mobile phone. 

It contains the logic with AT commands, baud rate and other lower level of mobile phone 

communication protocol details. This class exposes a higher level of interface for other parts of 
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the application needing to access the mobile phone. It exposes functions such as delete messages 

and store messages in the phone. 

3.2.2.13 SerialIO.jar 

The SerialIO.jar Java archive file is the commercial Serial Communication package. The 

PhoneSerialPort uses this archive. The package is a native implementation for Windows XP 

operative system from a company called SerialIO.com. 

3.2.2.14 SmsFactory 

The SmsFactory class is the class the hold the text messages to be stored in the mobile phone. 

This help class holds the text messages, converted to PDU format. It is used by the 

UpdatePhoneMemory class to fetch the messages when storing them into the mobile phone. The 

SmsFactory class can be compared to a temporary storage for messages not yet stored in the 

mobile phone. 

3.2.3 Hardware 

A number of tests were performed during the component evaluation to assure the separate 

functional blocks. Some of those tests were done by simulation with PIC Simulator from 

OshonSoft. As complexity grew, the simulator proved less useful and tests had to be done by 

connecting parts of the circuitry on a breadboard. When the main function part had been verified, 

a prototype board/reference board was designed. 
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Figure 7 - Hardware block diagram 

3.2.3.1 Power Supply 

A 5V/1.5A three-pin linear voltage regulator provides the main power to the board from an input 

voltage from 7.5V up to (theoretical) 35V. The voltage regulator has a minimal and a maximum 

current load specification that must be observed. A simple RC low-pass filter at the DC input 

protects the circuitry from power surges or too high inrush currents, e.g. when connected to a 12V 

system in a vehicle. The current consumption was measured at the 12V input with different parts 

connected. The results are listed in Table 1. 

Load Peak current Duty 

cycle 

Main board, including CPU 18 mA 100% 

LED (peak) 6 mA 10% 

GSM phone connected* 

*) Not the Phone supply itself. 

8 mA 100% 
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GPS connected 90 mA 100% 

Current loops (peak) 34 mA 0.1% 

Total peak current 

Total average current 

156  mA 

115 mA 

 

Table 1 - Power Consumption 

The total current drawn is quite high, almost 2 Watts (peak), GSM phone is not included. The 

major contributor is the GPS. The voltage drop over the filter and regulator contributes heavily to 

the total power consumption, and is depending on the current (Ploss = Vregdrop * I + Rfilter * I2). 

Since the current is the same on the 5V rail, more than half of the power consumed will be 

evaporated heat in the filter and regulator section. 

3.2.3.2 In-System Programming circuit, ISP 

The CPU programming pins are multiplexed with I/O pins on the processor and an isolation 

circuit is needed to separate these during programming. The ISP-PRO programmer application 

note [6], suggests a circuit with a 4053 CMOS multiplexer, which was included on the reference 

board. Care must be taken not to draw/source too much out/in I/O and power pins.  

3.2.3.3 External inputs 

The external inputs are opto-isolated, normally closed, current loop. The DC/DC converter that 

powers the current loops has an on/off input to conserve power when not in use. One of the opto-

couplers is always on and serve as a feedback signal to the CPU that the DC/DC converter is 

operational, a sort of tamper alarm. All current loops are supposed to be closed in the idle state. 

As soon as any of the loops opens, the input pin goes low. The input pins are configured with 

internal pull-ups. 

3.2.3.4 Relay output 

A double-pole, double throw, relay is triggered by the one of the external inputs; this can be used 

to connect an external device as e.g. emergency lights or a bilge pump. The relay is reset when 

the event is cleared. 

3.2.3.5 Serial I/O 

The hardware must be able serve 4 serial connections; one 4.8kbps input from GPS, one 19.2kbps 

output for debug, one 9.6kbps bi-directional for communication with the mobile phone. The only 
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critical interface, to/from the phone, are utilizing the integrated UART, the other interfaces are 

implemented as bit-bang serial drivers.  

3.2.3.6 Microcontroller/CPU 

A couple of processors were considered for the design e.g. PIC, AVR, and MCS-51. Eventually, 

the PIC16F877A [ 8] was chosen. Some of the criterias that were taken into account are listed 

below. 

• Former knowledge of the PIC16 family. It saves time to know the Do’s and Don’ts. 

• Development board/Simulator availability and cost. Some of the software can be 

developed and tested in simulation systems and on development boards prior to the real 

hardware arrives. Development boards are also an excellent troubleshooting tool, if the 

final hardware shows any problems. 

• ISP capability. In-System Programming provides for short turn around times during 

software development. This function proved to save a lot of time and was crucial to the 

project. 

• Hardware UART simplifies software design and timing, considering three serial 

communication units connected. 

• Enough Clock speed, Flash, RAM and I/O pins. The first prototype can be somewhat 

oversized until the code is finalized and the actual performance requirements are known.  

• Cost-down paths. The PIC16F877A has two lower-pin alternatives that allows for 

optimization of the design if some functionality are excluded.  

3.2.3.7 Display 

A 2x16 LCD display interface was included in the initial design for debugging purposes. 

However, this was never used since the serial debug output proved to be sufficient.  

3.2.3.8 Layout and routing considerations 

Schematics and PCB layout were drawn in Eagle PCB from CadSoft Online. The built-in auto 

router was used, but many tracks had to be rerouted. Some routing guidelines listed below. 

• No tracks must be routed across or inside the isolation barrier. 

• Power tracks should be wide enough, use shortest route and decoupling close to load e.g. 

CPU. Keeping power tracks close together also reduces EMI. 
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• Oscillator and high-impedance inputs are kept away from other signals; especially fast-

switching logic should be avoided.  

• 5V logic and 12V (i.e. outer side of MAX232) are routed apart to prevent crosstalk. 

• Heavy loads and inductive loads e.g. relay use separate power tracks to power connector 

to avoid power surges. 

• Analog and other high-impedance inputs are shielded with i.e. guard rings and/or 

decoupled appropriately. 

3.2.3.9 Hardware cost analysis 

The main functions are grouped and compared to identify which of these is most cost driving and 

where effort should be put to get the cost down on a commercial product.  

The hardware cost is not including GPS since this is considered optional nor GSM phone since 

this is supposed to a pre-requisite. Power source is not included either, since this is depending on 

location. See appendix E for the complete Bill of Material. 

Functional cost analysis

Main logic
DC/DC isolation
Connectors
PCB
ISP
Housing

 

Figure 8 - Hardware Cost Analysis 
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3.2.4 PIC Firmware 

The firmware was written in C, using a complier from Custom Computer Services, Inc, CCS. The 

compiler contains Standard C operators and built-in libraries that are specific to the PIC registers. 

The software is built as separate scheduled services, with the exceptions of Timer and Phone 

serial Input that are interrupt based. The functional blocks are seen in Figure 9. 

 

Figure 9 - PIC Firmware architecture 

3.2.4.1 Init_board 

This function set up all the I/O pins correctly. It defines what pins to be input pins and what to be 

output pins. 

3.2.4.2 startUpMessage 
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This function present a start up message on the debug UART, this to indicate that the board is 

starting up and is running.  

3.2.4.3 Gps_handler 

The serial input driver for the GPS is read once every 10 seconds, approximately, and is realized 

as a bit-banged software receive routine. Each input string the GPS sends is somewhere between 

58-60 characters at a speed of 4800bps. Since the CPU has a limited amount of RAM it is not 

possible to buffer all of the string and lookup the specific GPS coordinates later, instead a slightly 

different approach is needed. Each character received is checked against a reference array stored 

in Flash, and at specific positions indicated in the reference array, the GPS coordinates are 

captured and stored as a global variable. When the whole GPS position is captured, a flag is set to 

indicate that the position was captured. If no valid position is read, the string used will be all Xs 

to indicate that no valid GPS position was found, for the user to detect the problem. 

3.2.4.4 Serial_isr 

The phone is set-up at boot time to dump incoming messages directly the serial port. Since an 

incoming message can occur at any time this routine is serviced by interrupt. Each byte received 

by the UART, generates an interrupt. Each incoming character is read and if it matches a specific 

string that corresponds to an incoming message indicator, the phone number is extracted as saved 

in a PDU format in a global parameter for later use. No other information is of interest from the 

incoming message, since we only need to know the number of the requesting phone to be able to 

later on respond to it. 

3.2.4.5 SendEvent 

The event messages and destination phone numbers are already stored in the phone by the user 

application. This function sends the message connected to a certain event. The message is send 

with the AT command AT+CMMS=X where X is the Event number that has been triggered. This 

function is called whenever a flag has been set to indicate that on of the inputs has triggered an 

event. 

3.2.4.6 Send_Gps_Info 

When an incoming message has been detected, which is done by the serial_isr interrupt, this 

function merge the requesting phone number with the GPS information, which is first encoded to 

a PDU format. The resulting PDU string is sent to the phone with the command AT+CMGS 

followed by the message PDU to be delivered to the requesting user.  
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3.2.4.7 checkInputs 

This function is serviced every second, and monitors the alarm loops and generates alarm flags if 

any loop has been triggered. Each event is later handled by the main loop that checks every flag 

and takes corresponding action. If an event has occurred, the associated input is ignored until 

there is an SMS received that clears all the event flags and reset the re-send counters, or a power 

cycle of the hardware occurs. The Send_Gps_info handles reset of the event flags since the 

request of GPS position and clearing alarm is done at the same time. 

3.2.4.8 External event 

Before reading the external alarm inputs the DC/DC converter is temporarily enabled, then the 

input pins are read, after the converter power-up time which is typically <1ms. If one or more of 

the loops are open, i.e. any CPU input pin is low and an event flag is set. 

3.2.4.9 Internal event – Tamper protection 

If the DC/DC converter feedback signal indicates that it failed to start, a tamper event is 

generated. This will result in that all the alarm loops are disregarded as well. 

3.2.4.10 Internal event – Boot/Re-boot 

During boot or re-boot of the hardware, an event is generated; this is typically the case after a 

power loss. This event is sent to the end-user to notify of any power loss or restart of the alarm 

unit. 

3.2.4.11 Main loop 

The main loop is uses different timers, called triggers, to process different tasks at different time. 

The main loop has four triggers. 

• Trigger 1 – Check the alarm inputs 

• Trigger 2 – Check if any alarm flags has been set and send corresponding alarm SMS 

• Trigger 3 – Collect current GPS position from GPS Receiver 

• Trigger 4 – Send GPS position if requested and reset alarm flags 

3.2.5 LED driver  

This block is reading one input pin and activates/deactivates the alarm accordingly. Internal status 

flags are visualized with a dual-colored LED , indicating the operational state.  

Solid Red - booting 
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Red blink (50% duty cycle) - no GPS position received 

Red flash (10% duty cycle) – Armed and active 

Solid Green – Idle 

Green flashing – Phone communication indicator 
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Chapter 4 Results 

The design proved to be quite power hungry, mainly due to the GPS. One of the areas where 

further studies at an earlier stage would have been beneficial is power consumption. One way to 

save quite a lot of power in the design would have been to implement a simple way to turn off the 

GPS periodically. If the GPS were powered on for 10 seconds every 100 seconds, the average 

total power would be reduced by approximately a factor of three, thus extending battery life three 

times. In addition, the CPU could probably be put in low power modes with timer wake-up to 

reduce the power even more. More than half of the power consumed is going to waste in the 

linear voltage regulator and input filter. A switched regulator should be considered for a 

commercial design to save power. 

A big part of the hardware cost comes from the PCB and housing. To reduce cost it would make 

sense to put effort into optimize the hardware for a single side layout. This would lower the PCB 

cost as well as housing. A surface mounted board would be preferred to save space.  

The current firmware for the PIC uses 33% of Flash, 83% of RAM memory and 14 I/O pins, this 

allows for easy change to a smaller, 28-pin, package in the same processor family. 

(PIC16F876A). 

The prototype was tested with a number of phones with various results. Preferably, the Alarm 

unit should be able to detect the model/make and adapt for the differences accordingly. An 

alternative is to have the option to select the type of phone to use.  
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Chapter 5 Conclusions and Future Work 

The project outcome has shown that it was possible to design a functional prototype at a 

reasonable price, including hardware and software, to reach the goals initially stated. However, 

there are opportunities for improvements. 

5.1 Conclusions 

To take the design to a competitive commercial product there are identified shortcomings that 

should be addressed.  

• Hardware cost. The PCB layout should be optimized for a single side design to get the 

cost down for PCB and housing. The processor can be changed to PIC16F876A. ISP 

circuitry and debug connectors can be excluded. 

• Power consumption: An on/off control for the GPS has to be implemented. A switched 

voltage regulator instead of a linear regulator should be evaluated. Investigate code 

optimizing features to minimize CPU power. 

5.2 Future Work 

Many areas could be improved to add end-user value.  

Study the ways to lower power consumption even further to extend uptime in battery powered 

environments. A first step could be by powering off the GSM phone when not in use.  

Activation/deactivation of the alarm as well as storing the messages directly via SMS is much 

better from a user perspective and does not require a PC to load the messages. 

To allow the use of newer GSM phones, a Bluetooth interface may be considered for both phone 

and GPS communication. 

A nice feature would be to schedule alarm activation/deactivation. The GPS data contains exact 

time information that could be used for that purpose. Configuration could be done with SMS 

messages. Also the relay should be able to control via SMS 

A remote control unit would make it easier to activate and deactivate the alarm if it is mounted in 

a hidden place, which would be preferred.  

The study also showed that there are many opportunities to extend the messages sent, like sending 

pictures or video snippets in addition to text. 
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Appendix A Users Manual 

 

Figure 10 - SMS Alarm - User Guide Page 1 
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Figure 11 - SMS Alarm - User Guide Page 2 
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Figure 15 - SMS Alarm - User Guide Page 6 
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Figure 16 - SMS Alarm - User Guide Page 7 
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Figure 17 - SMS Alarm - User Guide Page 8 
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Figure 18 - SMS Alarm - User Guide Page 9 
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Figure 19 - SMS Alarm - User Guide Page 10 
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Figure 20 - SMS Alarm - User Guide Page 11 
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Figure 21 - SMS Alarm - User Guide Page 12 
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Figure 22 - SMS Alarm - User Guide Page 13 

- 15 -  



Appendix B Schematics 

 

Figure 23 - Schematics 
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Appendix C Component placement 

 

Figure 24 - Component placement 
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Appendix D – Prototype Housing 

 

 

Figure 25 - Prototype Housing 
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Appendix E Hardware BOM and cost 

The BOM does not include the GPS, GSM phone or power source. Prices listed are according to 

www.elfa.se as of 2008-07-25. 

Qty Value Device Parts Cost Total
1 RJ11-6 8_WAY SKT1 21,10 kr 21,10 kr
1 0.1u CPOL-EUE5-5 C9 2,37 kr 2,37 kr
1 2-color LED DUOLED5MM D1 4,09 kr 4,09 kr
1 D-SUB F09HP X3 18,90 kr 18,90 kr
1 D-SUB M09HP X1 18,20 kr 18,20 kr
1 2x3 pin hdr MA03-2 SV1 5,33 kr 5,33 kr
1 TMR0512 MA08-1 SV2 137,00 kr 137,00 kr
1 mini-din MD06SS X4 45,00 kr 45,00 kr
1 2x4 pole screw MTA08-156 J1 35,20 kr 35,20 kr
1 N/A PINHD-1X6 JP2 0,00 kr 0,00 kr
1 N/A PINHD-1X14 JP1 0,00 kr 0,00 kr
1 N/A TRIM_EU-B64W R11 18,50 kr 18,50 kr
1 1N4001 Diode D2 0,96 kr 0,96 kr
1 0.1u C-EU050-024X044 C10 2,37 kr 2,37 kr
1 1N4148 Diode D3 1,85 kr 1,85 kr
1 1k R-EU_0207/10 R12 4,27 kr 4,27 kr
5 1u CPOL-EUE5-5 C4, C5, C6, C7, C8 2,06 kr 10,30 kr
5 4N33 4N33 OK1, OK2, OK3, OK4, OK5 8,95 kr 44,75 kr
1 10 R-EU_0207/10 R13 4,27 kr 4,27 kr
1 20MHz CRYSTALHC18U-V Q4 11,80 kr 11,80 kr
2 10k R-EU_0207/10 R6, R9 4,27 kr 8,54 kr
1 10u CPOL-EUE5-5 C1 4,72 kr 4,72 kr
2 15p C-EU050-024X044 C2, C3 1,14 kr 2,28 kr
1 100 R-EU_0207/10 R10 4,27 kr 4,27 kr
1 2p-dt relay 351 K1 19,50 kr 19,50 kr
7 470 R-EU_0207/10 R1, R2, R3, R4, R5, R7, R8 4,27 kr 29,89 kr
1 4053N 4053N IC5 5,90 kr 5,90 kr
1 7805T 7805T IC3 11,10 kr 11,10 kr
1 BC547 BC547 Q2 1,66 kr 1,66 kr
1 N/A PINHD-1X1 JP4 0,00 kr 0,00 kr
1 2.1mm DC jack DCJ0202 J2 13,40 kr 13,40 kr
1 MAX232 MAX232 IC2 25,80 kr 25,80 kr
4 MOUNT-HOLE3.2 MOUNT-HOLE3.2 H1, H2, H3, H4 0,00 kr 0,00 kr
1 PIC16F877P PIC16F877P IC1 98,10 kr 98,10 kr
1 RACON12 RACON12 S1 8,60 kr 8,60 kr
1 Housing 125,00 kr 125,00 kr
1 PCB 180,00 kr 180,00 kr

 

Table 2 - Hardware Bill of Material and Cost 
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Appendix E – CPU Pin Assignments 

Function Register name Polarity Direction CPU pin #

Current loop 1 RB4 Low Input 37 

Current loop 2 RB5 Low Input 38 

Current loop 3 RB6 Low Input 39 

Current loop 4 RB7 Low Input 40 

DC/DC feedback RB3 Low Input 36 

Red LED RE0 High Output 8 

Green LED RE1 High Output 9 

DC/DC Enable RD3 High Output 22 

Battery sense AN0 Analog Input 2 

Relay RE2 High Output 10 

LCD Enable RD2 High Output 22 

LCD RS RD0 High Output 19 

LCD W RD1 High Output 20 

LCD D4 RD4 High Output 27 

LCD D5 RD5 High Output 28 

LCD D6 RD6 High Output 29 

LCD D7 RD7 High Output 30 

GPS serial in RB0 High Input 33 

Phone serial in RC7 High Input 26 

Phone serial out RC6 High Output 25 

Debug serial out RB1 High Output 34 

Armed RB2 High Input 35 

Table 3 - CPU Pin Assignments 
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