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Abstract 

 

 

 

The goal of this project is to build a prototype application for a  

mobile device with Bluetooth Sensor. The idea with the 

application is to test if it is possible to scan for other Bluetooth 

equipped mobile devices on request and report the results back to a 

server. This creates dynamic relations between different devices 

without direct communication between the devices. The software 

is implemented as a way of distributing information to and from 

the user to build up relations and to track which mobile devices is 

close to the user. This will be implemented in a Web Services 

application that controls the Bluetooth scanning and distributes 

information to the user, in this case; service name, text information 

and a link to a web page is included in the solution. The 

information is based on the Bluetooth sensor information reported 

from the user to the server and give the user dynamic access to 

information. The information in the Web Service is possible to 

update at any time from the server with an open data connection 

between the client and the server in this solution.  
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1 INTRODUCTION 

 

 

Mobile phones and other devices usually have different sensors and wireless communications built 

into them. This makes it possible for both active and passive communication and recognition between 

different devices without any physical connection. The goal of this system is to find and build 

relations between different devices, in this case mobile telephones, without connecting the devices to 

each other. This information will then be used to track which devices is close to each other. The 

information could be used to locate were the user are in different scenarios, for example 

geographically with stationary Bluetooth sensors or if the user is located close to other users of the 

system.   

 

The Bluetooth terminal sensor will only scan for other devices and is not intended for any 

communication between the devices. The system includes a terminal application and a web service 

server. The terminal application and the server communicate on a proprietary protocol using a GPRS 

connection on the terminal. 

 

 

 
Figure 1 System overview 

1.1 Goals 

 

The aim of this project is to build a prototype of the Terminal Application that can be used to test 

ideas and concepts for future projects and to evaluate how they perform in practice.  

 

The main concerns are about how much power the mobile device will consume when the Application 

is running with both the network connection and the Bluetooth activated. I will also measure the 

amount of data transferred by the GPRS connection while communicating with the server.  

 

This project implements the functions on the Terminal application; the use of sensors on the terminal, 

the graphical user interface and the communication with the server. 

 

The sensor used in this project is only the terminals Bluetooth sensor but it will be possible to 

implement future sensors if needed. 

   

 
 

Web Application 

Web Service 

Terminal 

Application Sensors 
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2 BACKGROUND 
 

This chapter provides a more detailed description of terms and technologies used and mentioned 

throughout this project. 

 

It will describe what Java Micro Edition [1] is and motivate why it is the platform chosen in this 

project, it will also describe the technologies used including Bluetooth and GPRS. 

 

The protocol that is being used to communicate with the server will also be described. 

2.1 Java 

 

Java [2] is both a programming language and a virtual platform that is designed to be compatible with 

many different operating systems such as Windows, Linux etc. This is made possible by running the 

software application in an instance of the Java Virtual Machine [2] which is a software only platform 

that runs on top of other hardware based systems and act as an interface between the operating system 

and the application. The Java Virtual Machine is ported into different hardware systems to give the 

possibility to run the same application on different systems without any modifications.  

 

The Java programming language is a high-level language that is first written in plain text files. These 

text files are then compiled into .class files that contain byte codes that are the machine language of 

the Java Virtual Machine. The application is then launched inside an instance of the Java Virtual 

Machine. 

2.2 Java ME Platform 

 

Java Micro Edition [1] is a special version of the Java platform and the Java Virtual Machine is 

designed to handle the constraints associated with building applications for small devices such as 

mobile phones with limited memory, processing power, graphical capabilities, and power capacity. It 

is designed to meet the different requirements from many devices with different configurations. This 

is achieved by a base of three elements; 

 

 A configuration that provides the most basic set of libraries and the virtual machine. 

 A profile with a set of APIs for a more narrow range of devices. 

 Optional packages for technology-specific APIs as Bluetooth. 

 

The mobile phone chosen for this project is a Nokia N73 but one goal with the design is to make it as 

portable as possible between different mobile devices. There are some different versions of Java ME 

that introduces different capabilities on different devices. The minimum demands on the phone is 

specified by Java ME in profile names; Connected Limited Device Configuration (CLDC) 1.1[1] 

combined with Mobile Information Device Profile (MIDP) 2.0[1] is the minimum profiles for this 

application that provide a complete Java application environment and it is complemented with the 

optional package JSR 82 Bluetooth API [4] that is implemented on most mobile devices with 

Bluetooth. 

 

Java ME applications on mobile devices are called MIDlet. This is the application created which is 

then deployed in the mobile phone. For distribution it can be downloaded via internet for fast and easy 

deployment in large scale. It is also possible to distribute the MIDlet via other media such as CD, 

DVD, e-mail, memory card, Bluetooth or MMS. 
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2.3 Bluetooth 

 

Bluetooth [3] is a technology for short range communication designed to replace cables between 

portable and fixed electronic devices. Bluetooth is designed to be a robust, low cost, low power 

technology which makes it ideal to implement on mobile phones for short range communications. 

 

When two Bluetooth devices are connecting to each other they go through a connection process with a 

few steps. They are designed to find other devices to make it possible to connect to them and 

communicate in the original Bluetooth use case.  But in this project we are only interested in finding 

other devices and not to communicate with them so we only use the first two steps. The first Inquiry 

step is designed to call and find other Bluetooth devices that will respond with an Inquiry Respond 

message. This message contains some information about the Bluetooth device such as the MAC 

address. This is all the information we are interested in to be able to identify devices.   

 

 
 

Figure 2 Bluetooth Connection Process 

 

The Java implementation of the Bluetooth is called JSR 82 Bluetooth API [4] and is intended to give 

Java ME capability to access communication via the Bluetooth interface. This is an optional API that 

does not exist on every device compatible with the Java ME specification.  

 

2.4 Application protocol 

 

The network protocol is a proprietary protocol designed by Data Ductus. 

  

It is designed to use as low bandwidth as possible to minimize the cost for the user. The 

communication is designed so that the terminal application initiates a data connection to the server 

and sends a request for new information and waits for a respond with the requested information. The 

request for new information also contains Scan results if there are any scan results available and ready 

to send. The connection from the mobile device to the server is active as long as the application is 

active to make it possible for the server to send data to the mobile device at any point. It is not 

possible to initiate a connection from the server to the mobile device. 
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3 DESIGN 
 

3.1 Application Design 

 

The Terminal application design has two main tasks to manage. The first task is to gather data from 

the Bluetooth sensor and send this to the server. The second task is receiving information from the 

Web Service server to the Web Terminal application and then graphically displays them to the user. 

 

The first task is to give the Web Service access to the Bluetooth sensor. This is made possible with 

scan requests sent from the Web Service to the Application. These requests are then used to control 

the Bluetooth sensor scanning interval. The request makes it possible to scan using a specified interval 

or to make a single scan. It also specifies the scan results the Web Service need from the Terminal 

Bluetooth scan. The different scan result types are Remote device MAC-address, Device Class and 

Device name.  

 

The second task of the Terminal application is to graphically display the Web Service information 

received from the Server. The Web Service has three information types that are of interest to the user. 

It consists of a Service name which identifies the Service and also an information text from the 

Service Provider to the User. Each Web Service will also hold a link to a webpage that can be opened 

using the phones web browser. All this information is possible to update and change on the Terminal 

from the Web Service provider at any time.  

 
 

Figure 3 Main functionality of Terminal application 

 

 

The application will be started and initiate the Bluetooth sensor and connect and authenticate with the 

server. When this is done it will show the Graphical User Interface containing a list of available Web 

Services. Then the application will wait for Bluetooth scan requests and new Web Service 

information. 
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3.1.1 Network 

 

The communication with the server is made using a TCP Stream Socket connection and is always 

initiated from the phone. When the application starts it will try to connect to the server and 

authenticate with the local Bluetooth MAC-address as username and a password to verify the Clients 

identity. If no password exists the connection will be made without a password.  

 

The response to this can be one of the following; 

 If a password was sent and the registration is correct the respond to this registration will be a 

Message from the server that contains information about available Web Services and their 

respective information.  

 If no password was sent a new password will be sent back to the phone and the connection 

will be closed so the Terminal application can reconnect with the new password to get 

registered.  

 If the password is wrong an error message will be received and the connection will be closed. 

 

When the application is connected and a Web Service is received the scan information in this Web 

Service will start the Bluetooth scanning with the chosen configuration.  

 

Whenever data is sent to the server the normal response will be a Server Result containing updates to 

the Web Services that exist. This information is then updated to the Graphical User Interface and to 

the Bluetooth Scan control. 

 

If the user add a new Web Service a 4-digit code is sent to the server and a Server result is then 

received with the new Web Service and its information. 

 

 

3.1.2 Bluetooth Scanning 

 

When the application receives scan instructions from a Web Service the scanning will be started with 

the specified configuration and start a scan for new devices in the frequency that the Web Service has 

requested. Each time a scanning is finished the results will be processed and the results then stored in 

a send-to-server queue. After the scanning and processing cycle the thread sleep until it is time to scan 

again or if only one single scanning were requested the thread stops in a waiting state. 

 

 
 

Figure 4 Bluetooth device search and report flowchart. 

 

The connected devices are processed via an algorithm that delays the removal of devices to limit the 

chance of flapping connection states.  

Find BT 

Devices 

Discover  

Devices 

Process 

results 
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Sleep scan 
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3.1.3 Graphical User Interface 

The Graphical User Interface in Java ME is built to work on many different handheld devices with 

their limitations such as small display size and limited memory.  

 

The standard graphic components in Java ME is built on a Form which is a screen that contain a 

mixture of this following objects; images, read-only text fields, editable text fields, editable date 

fields, gauges, choice groups, and custom items. The standard layout of forms is rows with one item 

on each row in a scrollable list. 

 

 

 
 

 

Figure 5 Graphical user interface components arranged in a standard layout with rows 

 

 

In this project the standard item types were not advanced enough so I had to make two different 

Custom Items. The custom items make it possible to design exactly how the object should be painted 

and what information it will display. The two items I have made builds up the User Interface and 

show all the information to the User from the Web Services. 

 

 

The first Custom item is a Status Line that is displayed on the first row of the Form. The Status Line 

will display the status that the application is in. There are three different states available; 

 The first one is “Disconnected” and will show up until the application is connected with the 

server. 

 The second one is “Connected” and will display that the application is connected with the 

server.  

 The last one is “Error” and will be displayed when there is some form of connection error. 

 

The Status Line item will also hold the main menu of the application which makes it possible to add 

new Web Services and see Terminal Information. This menu is only accessible via the Status Line 

item.  

 

The second Custom item is a Web Service item that displays a Web Service and the information it 

contains to the User. The item has two lines of text which displays the name of the Web Service and 

an informational text from the Web Service. There is also a menu connected to each Web Service item 

which makes it possible to access the web page connected to this Web Service and to display the 

Bluetooth Scan requests from this Web Service.  
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3.1.4 Class Overview 

 

This is the overview of the different classes the design is built upon and their relations to each other. 

 

 
 

Figure 6 Class Overview 
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3.2 Description of Java ME APIs 

 

3.2.1 JSR 118 Mobile Information Device Profile 2.0 

 

The Mobile Information Device Profile (MIDP) [1] is a key element of Java ME that provides a 

standard Java runtime environment for mobile devices such as a mobile phone or a personal digital 

assistant.  

 

MIDP provides the mobile applications with their core functionality in form of standardized Java API 

packages. In this project the following packages is used; 
javax.microedition.lcdui 

The User interface is built with the LCDUI API that contains different classes for user interaction. 

These classes handle both the graphical views and the user inputs. 

javax.microedition.midlet 

The MIDlet class defines the application and the interactions between the application and the 

environment in the mobile phone on which the application runs. 

javax.microedition.io 

This class defines the Socket connection used to communicate with the server. 

java.io 

This class defines the Data Streams used to read and write on the Socket connection. 

javax.microedition.rms 

This contains a RecordStore which is used to persistently store the server authorization password in 

the mobile phone so that the user doesn’t have to type it in manually each time the applcation is 

started. 

 

 

3.2.2 JSR 82 Bluetooth API 

 

The Java Bluetooth API [4] is implemented so that any Java ME compatible device should be able to 

run the same Bluetooth code without any change to the code. 

 

The functionality of the API gives access to three main parts: 

 

1. Discovery 

2. Communication 

3. Device Management 

 

The task for the Bluetooth implemental in this project is to keep track of all the other Bluetooth 

Devices in contact range of the own device. This will be done by using the Device Discovery classes. 

 

The Device Discovery classes used to find other devices are: 

 

 LocalDevice 

 DiscoveryAgent 

 DiscoveryListner 

 

The LocalDevice class is used to retrieve the local device MAC address and the local 

DiscoveryAgent. 

  
discoveryAgent = LocalDevice.getLocalDevice().getDiscoveryAgent(); 

btAddress = LocalDevice.getLocalDevice().getBluetoothAddress(); 

 

The DiscoveryAgent provides methods to discover both devices and services on the devices. In this 

project the following method from the DiscoveryAgent was used to start finding devices to keep track 

of them. 

 

http://java.sun.com/javame/reference/apis/jsr118/javax/microedition/lcdui/package-summary.html
http://java.sun.com/javame/reference/apis/jsr118/javax/microedition/midlet/package-summary.html
http://java.sun.com/javame/reference/apis/jsr118/javax/microedition/io/package-summary.html
http://java.sun.com/javame/reference/apis/jsr118/java/io/package-summary.html
http://java.sun.com/javame/reference/apis/jsr118/javax/microedition/rms/package-summary.html
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discoveryAgent.startInquiry(DiscoveryAgent.GIAC, this); 

 

This method is used to start the search for other devices. The DiscoveryAgent.GIAC specifies which 

devices are of interest, in this case all devices. The second parameter specifies who the 

DiscoveryListener is and in this case it is the this object. 

 

When the Inquiry is started the Discovery Listener Interface implemented by the this object will call 

the deviceDiscovered(RemoteDevice, DeviceClass) method every time a new device 

is found. The RemoteDevice parameter is the discovered remote device MAC address and the 

DeviceClass is the remote device Class. The Class displays what type of device is found e.g. Mobile 

phone, Computer, Printer etc. 

 

When the Inquiry is completed or cancelled the inquiryCompleted() method will be called by 

the Discovery Listener. 
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4 EVALUATION & CONCLUSIONS 
 

 

The idea is to give Web Services located on a server access to terminal sensors e.g. Bluetooth or GPS 

and to show the Web Service in an easy to use graphical user interface on the mobile device. The Java 

Micro Edition platform makes it easy to develop applications to the mobile device. Is has a lot of APIs 

that were easy to use and it was possible to realize all the demands we had on the application. 

 

4.1 Graphic User Interface  

The GUI was designed with the use of MIDP Form class and the Custom Items. This solution was a 

powerful and simple way to get a flexible and easy to use Interface. The information displayed is easy 

to understand and simple to navigate through.  

 

The screenshots are from the Java ME Platform SDK emulator and simulate how the application 

performs and is displayed on a mobile phone. 

 

The first screenshot is the application with the Status Line custom item at the first position. This Item 

has the main menu of the application which enables control of the terminal application and its 

functions. This menu is accessible through the Menu button displayed at the bottom of the screen and 

is only accessible through the Status Line item. 

 

 

 

 
 

Figure 7 Start up screen with main menu open 
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The main menu gives the user access to these options; 

 New WebService – Add a new Web Service with a 4-digit code 

 Show Info – An informational text from the server. 

 Open Link – Open a web browser and displays a page specified by the Server. 

 Show Logview – Displays a debug window for Bluetooth scanning. 

 Erase Password – Erase the password to get a new registration the next time the application 

connects to the server. 

 Exit – Close the MIDlet. 

 

 

When the user has added some Web Services they will appear under the Status Line in the form of 

Web Service Custom Items.  

 

 
 

Figure 8 Web Service Items with their menu open 

 

In this example two Web Services are added and displayed. The gray box around the first Web 

Service called “DataDuctus” show which Item is selected. The menu that is opened is connected with 

the selected Web Service and enables access to the web page connected to this Web Service by 

opening a Web Browser with the specified link. 

 

Pause and End web Service is unimplemented in both the Terminal and the Server at this point but 

will make it possible to pause and end the Web Service.  

 

Scan Info displays the screen on the next page. 
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  Figure 9 Scan Info details with the total network usage. 

 

 

This displays what type of Bluetooth scanning information the Web Service is interested in and at 

which frequency the Bluetooth should start a new Scan.  

The Scan Detail has 3 possible types;  

 MAC – Bluetooth MAC address of the discovered device,  

 Name – The Bluetooth Name of the device and 

 Device Class – which is the type of Bluetooth device found. 

 

The Data sent and received lines shows the total network usage of this session. 

4.2 Bluetooth Scanning and Reporting 

 

The Bluetooth scanning was first implemented and tested in separate prototypes to verify the function 

and reliability of the scanning. I also developed an algorithm that keeps track of the connected devices 

and places any changes in a device queue. This made the final implementation fast and simple. 

  

The Device report to the server works fine and I have not noticed any missed devices. During my tests 

in central parts of Skellefteå I have detected up to 12 devices simultaneously reported as connected or 

disconnected in the same scanning report. 

 

Some problem and limitations were found in the Bluetooth search functionality. It takes a lot of time 

to scan for other devices. The normal time for a scan to complete is somewhere between 30-60 

seconds in the normal case and it makes the response slow in some cases. I have also noticed that 

there is a delay when a neighbor device leaves the search area; it can take some time before the 

telephone report that it’s gone. This is probably because the Bluetooth stores neighbor devices so that 

they can be accessed easily when they are found the first time and it probably takes some time before 

they are dropped from this list. I haven’t found any solution for this problem because the Java ME 

implementation of Bluetooth currently has limited support for changing the Bluetooth behavior. 
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4.3 Performance 

 

The performance of the application is of great interest because a mobile device has limited resources. 

There is a limited amount of battery power and the amount of transferred data could be costly if the 

amount of data is large because the transferred data could be expensive. I have done some tests in two 

different situations with the application to understand how the performance of the application is 

affected, and one test to find the reduction in battery life time.   

 

 

 

4.3.1 Battery consumption 

 

I have measured the battery life time reduction by comparing the battery consumption with the 

application on and off. The phone was fully charged before each test started and the battery charge 

was read out from the phone using the serial interface and AT commands. 

 

The first test was the original battery life time without my application started. The phone was left for 

26 hours and 51 minutes without anything happening with the phone and the result is that the phone 

had used 12% of the battery capacity.  

 

The second test was like the first but with the application started and scanning’s activated every 30 

seconds. The phone was left for 31 hours this time and this reduced the charge level of the battery 

down to about 26%. 

 

This gives me an approximation of the standby time with the application on and with the application 

off. The calculated time the phone will have power with the application off is 223 hours and the 

calculated time with the application on is 41 hours. These results show that the application limits the 

life time of the battery to about 18% of its original performance with the configurations I have used. 
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4.3.2 Restaurant test 

 

This is a measurement of transferred data during a lunch break at a restaurant with about 200 guests. 

The test was performed in one hour in the middle of the restaurant and the log shows the amount of 

transferred data with every 10 minutes. There were one Web Service activated with demands for 30 

seconds between scanning and MAC-address and Name as requested information. In this graph you 

can see that there were large amounts of data in the first 10 minutes when all the phones first were 

discovered and reported as people entered the restaurant. Then there was a smaller amount of data 

transferred between 00.20 and 00.40 when people where moving in and out of the restaurant and by 

00.50 there were nearly no movement of people in the restaurant. Between 00.50 and 01.00 I left the 

restaurant so there was a rise of transferred data again when I lost connection with the people in the 

restaurant. 

 

 
 

Figure 10 Restaurant data transfer diagram. 

 

The total amount of data in this scenario was 3726 bytes which is 0.0036 megabytes. 

With a price of 20 SEK/MB with my Telia [5] account this gives me a cost of 0,072 SEK per lunch or 

a total amount of 1, 73 SEK if I am in this type of environment for 24 hours and I always have the 

application activated. 
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4.3.3 Hockey game  

 

This test was made to test the application at the maximum possible load here in Skellefteå during 

normal conditions. The hockey game I were at had just over 5000 people in the same arena so there 

were a lot of mobile phones with Bluetooth activated there. I got some interesting results when I tried 

to scan for Bluetooth devices.  

 

The Nokia telephone stop working as it should, the Bluetooth scanning took between 15-30 minutes to 

complete a single scan so it was in practice useless. I then switched over to my own Sony Ericsson 

W880 which also had the application installed. In this phone the scanning tock between 15-30 seconds 

so I could complete the test.  

 

The result was that I found between 15 - 122 devices at the same time. This resulted in huge scan 

result packages to be transferred to the server and processed by the phone. But this did not slow down 

the W880 phone so that I could notice any problems. The amount of transferred data was recorded and 

the total amount of data in nearly 2 hours was 104741 bytes and the result over time is showed in the 

following graph.  

 

 

 
 

Figure 11 Hockey game data transfer diagram 

 

The peak values in the diagram are located in the middle when I was moving around the arena at the 

period pauses to buy something to eat. In the end I stood more still so the amount of data dropped 

dramatically.  

 

The total cost for this 2 hour test were about 2 SEK with Telia [5] and the most data was transferred 

the first hour which gives me a worst scenario cost of about 2 SEK per hour to transfer the scan results 

and to receive one Web Service if the user is at a very crowded place and moves around. 
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5 FUTURE WORK AND CONSIDERATIONS 
 

 

5.1 Device search and report 

 

The idea to scan for mobile devices with Bluetooth Sensor to build up relations between mobile 

Devices that are close to each other works fine as this prototype application shows. It works and the 

results I have found show that it is possible to find and track devices that exist close to the Mobile 

phone with this solution and send the result back to the Web Service server.  

A drawback could be that the range of the Bluetooth that exist in many mobile phones is short, up to 

10meters, and the search time is rather slow and sometimes very slow which gives a slow response to 

changes in the nearby mobile devices. 

 

This makes the system a bit un sensitive if you want to track which devices you have met when the 

time you spend close to each other is short.  A solution to this problem would be a faster Bluetooth 

scan time but I have not found any solution to improve the search time in the Java ME implementation 

of Bluetooth. 

 

The difference in scan time between Nokia and Sony Ericsson that I have noticed is probably 

addressed in the Java ME implementation of Bluetooth in the mobile phones which gives them 

different performance. There is very hard to find any solutions to this problem because of the very 

limited Bluetooth control and I have not found any documentation concerning this issue. 

 

5.2 Battery life time 

 

The test I performed on the battery life time shows me that it is very important to optimize the power 

use to a minimum to give the user the best performance and user friendliness from the application. 

The terminal application with the settings I have used dropped the standby time to about 18% of the 

original standby time so the power consumption has a significant impact on the standby time if the 

application is supposed to be active 24 hours a day which it could be in some cases.  

 

A possible solution to this problem could be a more adaptive scan and report interval which changes 

the intensity of the scans in some way to limit the battery use.  

 

It is probably not necessary to scan as often when the user is at home as if the user is in a public place 

for example. And the need to scan is probably very limited in the night when the user sleeps so there 

is possible solutions but one of the problems is how to identify when the user is in need for rapid 

scans and when the user don’t need a rapid scan interval to satisfy the needs without any user input.  

 

It could also be possible to limit the time the phone is connected to the Server via GPRS to a 

minimum to save power but this makes it impossible for the server to connect to the telephone at any 

point to deliver new information or request a new Bluetooth scan. 
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5.3 Security 

 

In this version of the terminal application the security is not that very high. The communication 

between the phone and the server is not encrypted in any way and this could create a possible 

weakness that could make it possible for unauthorized persons to gain access to information and to 

manipulate and control information flow without the user’s knowledge. This could be prevented by 

using a secure socket layer, SSL, connection instead of the unsecure protocol used in this prototype. 

This would give the user a secure channel to the server for all the scan result and all the Web Service 

data. 
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