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Abstract 

 

This thesis work in Electrical Engineering at Telecommunication Department focuses on 
development of Android application for testing purpose such as testing the network 
performance and trying to collect data (e.g., signal strength, network type, phone type, SIM 
state, call state etc) which will be saved into the phone memory and used later to determine 
the network performance. This application has to be used on a handheld device running the 
Android Operating System (OS) for testing and logging purpose.  How to build Android 
applications using eclipse software is explained. In this work, three applications are built, an 
application for SMS, one for GPS and an application for making phone calls. These three 
applications are used for testing the network performance and information (such as cell ID, 
service provider for the GPS, etc) is collected and saved into a text file on the phone memory. 

One application is for sending SMS periodically to a test number at Telenor and also the 
application is capable of receiving SMS.  Another application is to make phone calls to a test 
number and log all data needed to a file on the phone. The data collected such as cell ID, 
network type, signal strength, operator name and much more, these data can then be logged 
into a file for future examining. This application is also capable of receiving phone calls and 
collect data needed for performing handover. The last app is a location based service app 
(GPS). These three apps are to be combined into one single application and to be run without 
user interaction. All information related to SMS, GPS and making phone calls will be saved 
into a file. This is done to monitor the behavior of the network and to improve the quality of 
service promised to the customer.  

This thesis serves as a testing application between the different environments of the Telenor 
network including handover between 2G and 3G. It also provides a guideline to Android 
developers, seeking solutions to the problems, which are not simply available. Android is a 
platform consisting of an operating system and a Software Development Kit (SDK) for 
handheld devices. It originates from a small software company, acquired by Google and is 
now owned by Open handset Alliance (OHA), where Google is a member. A description of 
Android application used for special purpose has been discussed in this thesis work. This 
involves storing of calling, SMS, and GPS navigation log reports in the phone memory. 
Resources and recommendations on further Android development are presented. Strategies on 
development of applications are also suggested throughout this thesis. The development for an 
Android device and its data traffic characteristics is of interest, which is also included in this 
thesis. Connectivity and new logic to improve GPS has also been discussed. 
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1 List of abbreviations 
 

2G…………………………..........................Second generation wireless telephone technology 

3G……………………………………………Third generation wireless telephone technology 

app………………………………………………………………………………….Application 

API………………………………………………………..Application Programming Interface 

AVD…………………………………………………………………...Android Virtual Device 

CPU……………………………………………………………………Central Processing Unit 

GPS……………………………………………………………...…Global Positioning System 

IDE……………………………………………..............Integrated Development Environment 

J2SS……………………………………………………………Java platform, standard edition 

LAC…………………………………………………………………….....Location Area Code 

LBS…………………………………………………………………....Location Based Service 

OHA…………………………………………………………………....Open Handset Alliance 

OS……………………………………………………………………………Operating System 

sd………………………………………………………………………………..Secure Digital 

SDK………………………………………………………………..Software Development Kit 

SMS…………………………………………………………………..Short Messaging Service 

UI………………………………………………………………………………...User Interface 
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2 Introduction 
 

Mobile phone devices have become a very important aspect in our daily lives and its 
importance cannot be denied. Smart phones become more and more popular each day and as 
we see they might become a very strong competitive for computers. Smart phones already 
contain many of the necessary services that make them a very interested area of studies for 
now and future. 

Android, Inc was founded in California 2003 and it operated secretively, admitting that it was 
working on software for mobile phones. Google acquired Android Inc. in 2005 and there they 
developed a mobile device platform powered by Linux Kernel. In 2007 the Open Handset 
Alliance, a consortium of several companies unveiled itself. The aim of OHA is to develop 
open standards for mobile devices. The OHA released their first product, Android, a mobile 
device platform built on Linux Kernel in 2007. 

Android has a very large community of developers writing applications that uses the 
functionality of the device. There are more than 200,000 applications available for Android 
[15].More than five billion mobile phone users is an appealing reason for Google to expand 
its competitive advantage in the mobile internet advertising with Android [8]. In 2010 Google 
announced that 160,000 Android devices are being sold per day. A month before this 
announcement Google had declared that 100,000 Android devices were being activated each 
day [9].  

Based on this and knowing that Android is one serious competitor to Apple iPhone OS and 
also knowing that Android market is ever growing; we decided to work on this thesis with 
Telenor.  

Having an individual application for each distinct service is time and processor consuming 
and also makes the screen of the phone device too crowded.Almost all Android applications 
are interacting with the user while running the application and the app will ask the user to 
choose from a menu or perhaps enter data. What we do in this work is making several 
applications that run programmatically without user interaction.  There might be other apps 
doing the same work, but they are specific to specific version of Android and the source code 
of such an application is unavailable for user. 

One of these problems is when the phone device is displaying full signal strength but yet the 
voice quality is very low during a phone call. Or if we consider a handover situation, while 
network operators promise a soft handover between different networks (such as 2G and 3G), 
sometimes the phone call is interrupted. These issues and many others can be solved by 
monitoring the network behavior. This was a reason to work on this thesis and contribute a 
modest effort to help clarifying some of these issues. 

We make one application for sending SMS periodically to a test number at Telenor and also 
the application is capable of receiving SMS.  Another application is to make phone calls to a 
test number and log all data needed to a file on the phone. The data collected such as cell ID, 
network type, signal strength, operator name and much more, these data can then be logged 
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into a file for future examining. This application is also capable of receiving phone calls and 
collect data needed for performing handover. 

One last application is the GPS application. These three applications are to be combined into 
one application and run without user interaction. All three apps are logging network 
information and saving these data into a file. This is done to monitor the behavior of the 
network to further improve the quality of service and to provide the best service to the 
customer.To make things easier, we started to make each application separately. So at the 
beginning we have three applications. Then we combine these apps together to make one app. 

The thesis reflects experiences of using, the Java Programming Language and Android SDK 
(Eclipse). Questions answered are the following:  

• How a multiple functional application can be built using Android SDK and Eclipse? 
• How currently used calling, messaging and global navigation functions can be improved 

in an application?  
• How handing over between Telenor’s 2G and 3G terminals can be monitored during 

mobility? 
• How algorithm for global positioning system (GPS) can be improved by using different 

parameters? 
• How different values from the network can be monitored and how to save them as a log 

file in phone’s memory?  

This thesis work is divided into several parts. In the Background part is a brief explanation 
about the issues in network performance which lead us to work on this thesis. Also a short 
paragraph on related work is explained. A major part of the Background is a general 
introduction to Android, GPS, SMS and Eclipse software. In the Design and Implementation 
part we explained shortly how to create a project in Eclipse. Then the implementation of our 
work is described in more detail. The last part of this work is the Conclusion and Future work. 
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3 Background 
 

3.1 Related works 
Telephony companies and network operators are always trying to provide the best service to 
customers. Network operators and phone companies perform a lot of tests and simulations to 
accomplish this goal. Although there are many indicators in the phone device displaying 
distinct issues, such as battery low, no signal, received SMS, … etc, there are still many issues 
that have to be considered and dealt with.  

Although there are lots of applications available online, but most of them are for 
entertainment and very few of the rest are for testing purposes. Most of the SMS applications, 
unlike the one we have in this thesis, are just to send and/or receive SMS without any attempt 
to save any kind of information about the network to a file, or without any error handling 
when a message is not sent or delivered. Also for the GPS application, as far as we looked and 
searched, none of the apps used both NETWORK_PROVIDER and GPS_PROVIDER at the 
same time to get a location fix. Many of these GPS apps use only NETWORK_PROVIDER 
because it has a faster location fix, or they only use GPS_PROVIDER. In our work, we are 
using both providers as well as having a quite good logic for choosing the best location fix. 
This logic is a method which is consciously called to select the best location. This method is 
comparing the old and new locations taking into account accuracy, time and the provider of 
the service. Android GPS is an application handling location fix but in this application the 
user is asked to choose from a menu [11]. Our applications are running automatically without 
any user interaction. 

There are other GPS applications that provide distinct services, but these apps are not for 
testing and they don’t store any information, not to mention, all these apps require user 
interaction. Examples of these apps are GPS Essentials, GPS Navigation, etc [13]. 

As for the phone call application, we are trying to end a phone call which is a rare thing 
because Android does not allow that and we have to play with the airplane mode of the phone. 
Most of the calling apps we have seen, they only display some of the network data, without 
trying to call or ending a phone call. Not to mention that almost all of these apps ask the user 
for entering some data or choose from a menu. Guava is an application that does call and end 
a call by asking the user to press distinct buttons [10]. Guava does not save any information of 
the network to a file either. 

 

3.2 Introduction to Android 
3.2.1 What is Android? 
Android is software for mobile devices that includes an operating system and key 
applications. The Android Software Development (SDK) provides the tools and APIs 
necessary to develop applications on the Android platform using the Java programming 
language. 
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Android is built to enable developers to create applications that take full advantage of all a 
mobile phone has to offer. For example an application can call any core functionality of the 
phone such as making phone calls, sending and receiving MMS and SMS, using the camera 
and playing audio and video etc. Android is Linux Kernel-based operating system and it uses 
a virtual machine to optimize memory and hardware resources in mobile phones. 

 

3.2.2 Current features and specifications of Android: 

• Dalvik virtual machine optimized for mobile devices 
• Web browser, video calling, multi-touch etc. 
• Storage: a lightweight database (SQLite) used for data storage. 
• Messaging: SMS and MMS are available. 
• Supporting connectivity technologies such as GSM/EDGE, CDMA, EV-DO, UMTS, 

Bluetooth, Wi-Fi, LTE and WiMAX.  
• Camera, GPS, compass, and accelerometer (hardware dependent) 
• Rich development environment including a device emulator, tools for debugging, 

memory and performance profiling, and a plug-in for the Eclipse IDE [2]. 

 

3.2.3 Applications 
Android contains a set of applications including an email client, SMS program, calendar, 
maps, browser, contacts, and others. All applications are written in Java. 

 

3.2.4 Application Framework 
Android is an open development platform and this makes Android offer its developer’s the 
ability to build almost any applications. Developers can take advantage of the device 
hardware, run services in background or foreground, and build applications to their needs and 
much more. 

When developers build an application, they have the full access to the same API used by the 
core application. Applications publish their capabilities and thus other applications can use 
these capabilities. This is useful in a way if we modify one application such as a GPS 
application; other applications, like the map application, can use this modification.  

An application contains a set of services: 

• A set of Views that can be used in building applications, including text boxes, buttons 
and lists. 

• Content providers that enable applications to access data from other applications for 
example to share data. 

• A Resource Manager that enables access to strings, and graphics.  
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• Notification Manager to display alerts or reminders. 
• Activity Manager to manage the life cycle of an application. 

 
 

3.2.5 Application Fundamentals 
Android applications are written in Java. The code is compiled by the Android SDK tool into 
an Android package, a file with an .apk suffix. All the code in a single .apk file is considered 
to be one application. This file is used by Android devices to install the application.  

 

3.2.6 Application Components 
Each application consists of several components and each component acts as a different entry 
point through which the system can enter the application. Each component has a different 
purpose and a different lifecycle. All these components together are describing the overall 
behavior of the application. 

There are four types of application components. Each serves a distinct purpose and has 
different lifecycle:  

3.2.6.1 Activities 

Activities are building blocks of Android application. They provide screen which the user can 
interact with in order to do something, such as dial the phone, take a photo or view a map. 

Activities are executable code that come and go in time. They are instantiated by either the 
user or the operating system and running as long as they are needed. They can request data 
from other activities via queries or Intents. 

3.2.6.2 Services 

Services are pieces of executable code that usually run in the background. An example is an 
MP3 player that needs to keep playing queued files.  

3.2.6.3 Broadcast and Intent Receivers 

They respond to requests for services from another application. A broadcast receiver responds 
to announcement of an event. The announcement can be from Android itself such as battery 
low, or from other program running on the system. 

3.2.6.4 Content providers 

They are created to share data with other activities. 

An application doesn’t have to use all of the Android components, but rather than hard 
coding, a well-written application will make use of the mechanisms provided. 
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3.2.7 Activity Lifecycle 

Activities are dealt with by the system as an activity stack. The newly started activity is 
placed on the top of the stack and the old activity remains below and it will not come up to the 
foreground as long as the new activity is running. Android Activity Lifecycle defines the 
states or events that an activity goes through from the time it is created until it finishes 
running. The lifecycle is shown in Figure 1. 

An activity has four states: 

• When the activity is in the foreground of the screen, it is active or running. 
• A paused activity is one that lost focus but it is still visible on the screen (a transparent 

activity has focus on top of the activity). A paused activity can be killed when the 
system has very low memory. 

• An activity is stopped when it is completely invisible. The activity is no longer visible 
to the user and its window is hidden. A stopped activity will be killed by the system 
when memory is needed elsewhere. 

• When an activity is paused or stopped, it can be dropped from memory by the system 
either by killing the activity or asking it to finish. 

 
The following diagram shows the important state paths of an Activity: 
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Figure 1. Android Activity Lifecycle. [3] 

 

Almost all activities interact with the user. So the activity class takes care of creating a 
window for the user in which the user can place his UI. There are some methods almost all 
subclasses of activity will implement [3]: 

3.2.7.1 onCreate 

This method is called when the activity is first created. This is where we create our views. 
Also we define our UI by using setContentView(int) and findViewById(int) methods. 

3.2.7.2 onStart 
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This method is called before the activity becomes visible on the screen. If the activity can 
become visible, the onResume method is called; otherwise the onStop method is called. 

 3.2.7.3 onResume 

If the activity is the foreground activity on the screen, this method is called. At this point the 
activity is running and interacting with the user. 

 3.2.7.4 onPause 

Called when Android is about to start another activity. At this point our activity has no access 
to the screen. Android may kill the activity if resources (CPU, memory, battery….etc) are 
needed. 

3.2.7.5 onStop 

When another activity has taken the foreground or our activity has been destroyed, the onStop 
is called. 

3.2.7.6 onDestroy 

This method is called when the activity is done. But, Android might decide to kill the activity 
if resources are needed. 

3.2.8 Process lifecycle 
The Android system tries to keep applications running as long as it is possible, but when 
memory runs low, the Android system starts killing processes and it starts with processes that 
are less important.  

The decision of which process to remove is based on the state of the process. There are four 
states a process can be in. The system will kill the less important process first. Below are the 
four states a process can be in: 

1. The foreground activity is the activity at the top of the screen. The process of this 
activity will be killed if it uses more memory than it’s available.  

2. The visible activity is the activity that is visible to the user but it is not in the 
foreground. This activity is killed to keep the foreground activity running. 

3. Background activity is one that is not in visible and it has been paused. This activity is 
not critical and thus the system may kill its process to regain memory for other 
foreground activities. 

4. Empty process is one with no activities. These kinds of processes are killed very 
quickly by the system as memory becomes low. 

3.2.9 AndroidManifest file 

Every application must have an AndroidManifest.xml file. This file includes information that 
is needed by the system before it can run any of the application’s code [4]. 
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The task of the manifest file is to inform the system about the application components. Some 
lines of a manifest file are briefly explained below: 

<?xml version="1.0" encoding="utf-8"?> 

Line 1 has the standard declaration of the XML version and character encoding used. 

package="com.SMSActivity" 

 This is the package name we gave when we created the application in Eclipse. 

android:icon=”@drawable/icon” 

This is a file name for a PNG file that contains the icon we would like to use for our 
application. Android will use this icon for the application on the screen. 

android:label 

This is the label we want to see at the top of the Android screen when the activity is on the 
screen. 

<action android:name=…. 

Android is trying to launch this application, so it is looking for an activity that declares itself 
ready to resolve the MAIN action. 

<category android:name=…. 

We can have an application without this attribute, but we cannot launch it from the Android 
user interface.  

<uses-permission android:name=….. 

This declares that the application intends to use features of Android that requires explicit 
permission from the user of the phone. Android then remembers that the user said Ok or not 
to run this application and access those features. 

We declare the application components as following: 

• <activity> elements for activity 

• <service> elements for services 

• <receiver> elements for broadcast receivers 

• <provider> elements for providers 

Activities, services and content providers are not visible if we don’t declare them in the 
manifest file, consequently they can never run. Broadcast receivers, however can be declared 

in the manifest file or created in the code by using BroadcastReceiver objects and by calling 
registerReciver() .  

 

3.2.10 Android SDK 
The Android SDK is mandatory to Android developers. It contains all packages, application 
framework and class libraries the developer needs to develop an Android application. The 
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developer should download and install the Android SDK and setup the PATH environment 
variable. The PATH variable is used by the developing computer’s OS to locate the Android 
SDK and is essential for developing software anywhere in the developing machine’s file 
system [12]. 

3.2.11 Android versions 
Android comes in many forms and shapes. From the first open public release in October 2008, 
Android used the version 1.1. Since then there have been versions 1.5, 1.6, 2.0 and so on (we 
used version 2.3.4 and 2.3.1 in this thesis work). to use Google Application Programming 
Interface (API), such as Google Maps, developer has similar branch of versions, called 
Google API from Android version 1.5 [12]. 

 

 

Figure 2 a timeline starting at the first open public release of Google API and Android SDK, 
the split of the two in April 2009 until its latest release version 2.1 in January 2010. [12] 

 

From a developer’s point of view, this is important. Considering the fact that there are several 
different versions of Android today and most certainly even more to come in the future, a 
developer needs to master the different versions of Android [12].  

 

3.3 GPS 
3.3.1 What is GPS? 
The Global Positioning System (GPS) is a satellite-based navigation system that includes 24 
satellites, in circular orbits around Earth with orbital period of 12 hours, distributed in six 
orbital planes equally spaced in angle. It provides location and time information when there is 
a line of sight to four or more GPS satellites. Each satellite carries an atomic clock and 
transmits timed signals that include a code telling its location. By analyzing signals from at 
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least four of these satellites, a receiver on the surface of Earth can display the location of the 
receiver (latitude, longitude, and altitude).  

3.3.2 Operation of the GPS 
The goal of the Global Positioning System (GPS) is to determine user’s position on Earth in 
three dimensions: longitude, latitude, and altitude. Signals from three overhead satellites 
provide this information. 

The satellite sends a signal (information) that includes where the satellite is and the time of 
emission of the signal. The receiver measures the reception time, then subtracts the emission 
time to determine the time elapsed and hence how far the signal has travelled at the speed of 
light. 

This is the distance of the satellite from the receiver.  In effect three spheres are constructed 
from these distances, one sphere from each satellite. The receiver is located on the point 
where the three spheres intersect. 

3.3.3 What is signal in GPS? 
GPS satellites send two low power signals. These signals can pass through clouds, glass and 
plastic but they can’t pass through very solid objects such as buildings. 

The transmitted signal contains three distinct bits; a pseudorandom code, ephemeris and 
almanac data. The random code is an ID code that identifies which satellite transmitted the 
signal. Ephemeris is sent constantly and it contains information about the status of the 
satellite, current date and time. Almanac data tells the receiver where each satellite should be 
at any time throughout the day [5]. 

3.3.4 GPS signal errors (and hence errors in location) 

• The clock in our hand-held receiver is not as accurate as the atomic clocks carried in 
the satellites.  

• Signal multipath – this occurs when the GPS signal is reflected off objects such as tall 
buildings before it reaches the receiver. This increases the travel time. 

• Ephemeris errors, these are inaccuracies of the satellite’s reported location. 
• Number of satellite visible- the more satellite a GPS receiver can “see”, the better the 

accuracy [5]. 

3.3.5 The Android GPS 
The Android GPS in cell phones enables applications to get location and navigate. For this 
reason, Android smart phones are very popular in street navigation where cell service is 
available (i.e.; base stations).  

Android applications can get a location with or without the help of cell towers. In location 
settings of Android phone there are two kinds of location providers. One is called network 
location; this is from the cell towers. Although this kind is not as accurate as a location from 
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GPS satellite, it has a faster fix (i.e. calculating the location information faster). The second 
kind of location provider in the Android phone is GPS satellite location which is needed for 
navigation. The latter has a slower fix, but it is more accurate.  

In this thesis work we are using both location providers to get a better and faster fix. We also 
calculate the longitude, latitude, altitude, number of connected satellites and the accuracy of 
the fix.  

 

 

3.4 SMS 
3.4.1 What is SMS? 
Short message service is a communication service for delivering short (text) messages over 
mobile networks. It is a mechanism that enables sending and receiving of messages between 
mobile phones. It first appeared in Europe as part of GSM standard.  Text messaging is very 
widely used data application with approximately 2.4 billion users [6]. 

3.4.2 Why SMS? 
Almost all mobile phones in the last ten years have SMS messaging service. In fact, SMS 
messaging service is one of the important applications that created a steady profit for mobile 
operators.  

A part of this thesis work is dedicated to making an Android application capable of sending 
and receiving SMS messages between two mobile phones.  There are different ways to make 
such an application. One way is to allow the user to input data to the application, like typing a 
message to send and entering a phone number. A second way is to send SMS messages 
automatically by the application without any user interact. We used the latter in this work. 
The SMS application is sending a number of messages periodically. 

3.4.3 SMS in Android 
As android uses a permission-based policy, all permissions used by an application have to be 
declared in the AndroidManifest.xml file. Having done that, this will clarify what specific 
access permissions are required by the application.  The user has to pay for sending SMS 
messages, declaring the SMS permissions in the AndroidManifest.xml file will let the user 
decide whether to allow installing an application or not. 
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3.5 Eclipse 

3.5.1 What is Eclipse? 
Eclipse is a multi-language software development environment comprising an integrated 
development environment (IDE) and an extensible plug-in system. It can be used to develop 
applications and other programming languages [1]. 

We used Eclipse software to develop and test the Android applications. There is also an 
Android emulator and this can be used to test some of the apps in absence of a physical phone 
device. 

 

 

 

 

 

 

Figure 3. Screenshot of Eclipse [1]. 
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4 Design and implementation 
 

 

4.1 Requirements 
For this work we need Eclipse software which can be downloaded from the Internet. Detailed 
description of how to download, install and use can be found very easily. If anyone still finds 
it difficult to do, please find it at Google webpage where all procedures needed are clarified 
[14]. 

Although an emulator exists within the Eclipse software which can be used in the absence of a 
physical phone device, this emulator cannot be used to run all functionalities, e.g., network 
interface operations. In this case it is better and sometimes, depending on what apps we want 
to run; it is required to have an Android OS phone, we have tested the application in Google 
Samsung Nexus S GT-I9023 and Sony Ericsson Xperia Arc. Try to find which Android 
version is used in the phone device. This is done by going to settings->about phone; where the 
kernel version is visible to the user.  

Some applications and/or some methods are not compatible with older versions of Android or 
even with some phone types, so don’t be alarmed if some methods are not working correctly 
or they return garbage values. This shouldn’t be a big problem, because it happens seldom.  

One have to pay for some services, such as SMS, so using permissions to send and receive 
SMS has to be done respectively.   

4.2 Design 
There are many approaches how to design the work and it basically depends on what the 
developer/user want to do. A good way to start is to begin with some basic information about 
Java language programming that is if the developer does not have knowledge about it (like in 
our case). Trying to get acquaintance with Eclipse software would be very much helpful.  We 
started building each app separately as it is easier.  

4.2.1 Create a project in Eclipse 
To create a project in Eclipse, open Eclipse and click File > New > Android Project. If this 
option is not there, try File > New > Other and in the window that opens click on the Android 
map and choose Android Project and click Next. Figure 4 and Figure 5 are showing how to 
fill out the resulting windows:  
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Figure 4 Filling out a new Android project 
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Figure 5 Filling out a new Android project 
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Choose one of the Target Name options and leave the SDK Version blank, it is not needed, 
then click Finish. The project will be created and ready to work on. Click on the map name 
that was given to the project, in the above case: 

Something > src > Something.java 

The Eclipse will take us to the class where we can start working. The class will look 
something like this: 

package com.Something; 

import android.app.Activity; 

import android.os.Bundle; 

public class Something extends Activity { 

    /** Called when the activity is first created. */ 

    @Override 

    public void onCreate(Bundle savedInstanceState) { 

        super.onCreate(savedInstanceState); 

        setContentView(R.layout.main); 

    } 

} 

To add buttons, text views and other elements we can go to: 

Something > res> layout> main.xml 

Permissions, libraries, activity and intent-filter should be added in the manifest file. More 
explanation will follow later.  

 

 

4.3 Implementation 
After created our project we will begin with coding. If buttons, text views and other elements 
are needed, start with them by putting them in the main.xml file. In this work, considering the 
apps are running without user interference, we didn’t use buttons or text views. Otherwise it is 
a good way to start with main.xml file. In the subsections below, we will explain the 
applications we built and the classes and files they include. 
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4.4 The GPS application 

4.4.1 The manifest file 
All permissions should be put in the AndroidManifest file. In this case we used several 
permissions as described below: 

<uses-permission android:name=”android.permission.INTERNET” /> 

This allows access to the Internet. 
<uses-permission android:name=”android.permission.ACCESS_COARSE_LOCATION” /> 

<uses-permission android:name=”android.permission.ACCESS_FINE_LOCATION” /> 

These are used to receive location updates from NETWORK_PROVIDER or 
GPS_PROVIDER respectively.  

 

4.4.2 The main.xml file 
We put the API key in this file. The API key is used to access the Google map.  Different 
devices generate Distinct API keys. Care has to be taken while generating an API key. If an 
incorrect API key is used, the application will not show the map. To generate an API key 
follow the link [7]. 

android:apiKey="0PR6w7eVFUKXYqLsFAp4RgG6Z8HRifkyNcZNW3g"/> 

Also in this file we are going to use the MapView class to integrate Google Maps into our 
application. Because MapView gives us access to Google Maps data, we must register with 
the Google Maps service before our application will be able to obtain map data. This is where 
we need the API key described above: 

class="com.google.android.maps.MapView" 

 

4.4.3 The classes in the GPS application 
The choice of how many classes are needed in an application is a matter of taste and it 
depends on the user and what the user wants to perform with the apps and the classes. In the 
GPS app we have four classes, but we could have more or even less classes and still perform 
the same tasks.  The flowchart below is explaining the overall performance of the GPS 
classes. The GpsActivation lass is activating the GpsKarlskrona class via using an intent: 

Intent m = new Intent(this, GpsKarlskrona.class); 

  startActivity(m); 

The GpsKarlskrona is using the ShowCircle class to draw a small circle indicating the 
location of the user. The ShowCircle class has a method, putSatStuff(), to hold the satellite 
data in this methods variables, which are later used to be displayed on the screen. 
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The GpsKarlskrona class uses the HandleTap class to put the small circle on the screen also to 
handle the tapping which is described in section 4.3.2 below. 

 

4.4.3.1 showCircle class 

This is a subclass extending the Overlay super class and it contains two methods. One method 
is the Draw method to draw a small circle which will be displayed on the screen indication the 
current location of the user. The second method is putSatStuff which handles the satellite 
information such as latitude, longitude, number of satellites etc.  

 

4.4.3.2 HandleTap class 

This class is also a subclass extending the MyLocationOverlay super class. This class contains 
two methods used for displaying and hiding some information on the screen. If we tap on the 
small circle on the screen the information will disappear. If we tap again, the information will 
reappear again. This is just a choice of user.  

 

4.4.3.3 GpsActivation class 

This class used only to activate the GPS application (i.e., to start the activity).  As mentioned 
above, the number of classes in an application could differ from one user to another. 

Intent m = new Intent(this, GpsKarlskrona.class); 

  startActivity(m); 

with the startActivity(m), we start the GPS application via using the GpsKarlskrona class 
which is explained in the next subsection. 

 

4.4.3.4 GpsKarlskrona class 

This class extends the MapActivity class. The GpsKarlskrona class, with help of the methods 
of the other classes, is responsible for showing the map and the current location of the user. In 
onCreate method of this class, we are showing the map and use the zoom methods. We also 
use a GpsStatus.Listener to follow the GPS status changes. Location and LocationManager 
class objects are used to obtain the current location. 

Two listeners are used, one for GPS and the other for Network. This is done to get a better, 
faster and more accurate fix of location. An instance of the Criteria class is also used to 
handle the location fix in a more programmatically way. So the user can choose between the 
listeners or the Criteria class. This will give freedom of choice to the user.  

A logic, to choose the better and more accurate location, is used by using the 
isBetterLocation() method to determine if the current location is better than the previous one. 
This logic is used constantly to determine the most accurate location.  
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4.5 The SMS application 

4.5.1 The manifest file 
To be able to send and receive SMS messages in Android phones, we add two permissions; 
SEND_SMS and RECEIVE_SMS to the AndroidManifest.xml file: 

    <uses-permission android:name="android.permission.SEND_SMS"></uses-permission> 

    <uses-permission android:name="android.permission.RECEIVE_SMS"> </uses permission> 

We can also receive incoming messages using a BroadcastReceiver object. To do so, we add 
the <receiver> element to the AndroidManifest file so that incoming messages can be 
received by the SMSmessageReceiving class: 

<receiver android:name=".SMSmessageReceiving"> 

<intent-filter>  

 <action android:name="android.provider.Telephony.SMS_RECEIVED" /> 

 </intent-filter> 

 </receiver> 

 

4.5.2 Classes used in the SMS application 

4.5.2.1 SMSActivity class 

We create a child class (SMSActivity) that extends the parent class (Activity) and in this class 
we use the SmsManager class. SmsManager class is needed to send SMS messages. The 
sendTextMessage() method sends the SMS message with a PendingIntent.   

Two PendingIntent objects are used to monitor the status of the SMS message sending 
process.  One PendingIntent (sentPendIntent) used when the message is sent and the second 
PendingIntent (deliveredPendIntent) is used when the message is delivered, these two objects 
are used together with two BroadcastReceiver objects.   

The sentPendIntent is used to monitor the sending process. When a message is sent, the  

Toast.makeText(getBaseContext(), "SMS sent", Toast.LENGTH_SHORT).show(); 

will display a message(SMS sent)on screen indicating that the message has been sent.    

The deliveredPendIntent  monitors the delivery of the SMS. When the SMS is delivered, it 
will display (SMS delivered). 

Toast.makeText(getBaseContext(),"SMSdelivered", Toast.LENGTH_SHORT).show(); 

Two other methods are used in this class, one method to handle sending many SMS (at the 
users will). The other method is a timer that controls the time interval between messages sent 
and also how often these messages are sent.  
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4.5.2.2 SMSmessageReceiving class 

To be able to handle incoming messages a new class is created, the SMSmessageReceiving 
class. When a message is received, the onReceive() methods is invoked. The message is 
attached to the intent object through a Bundle object:  

Bundle bundle = intent.getExtras(); 

The message is stored in an array. To get a message, we use the createFromPdu() method.  
The SMS message is displayed using the Toast.  

In this subsection we described briefly how to send and receive SMS messages from within 
our Android application. We can build much more complicated applications from this app. As 
an example, a location tracker can be build where a message containing a secret code is sent 
to a device, when the device receives this SMS, it will activate the GPS application in the 
phone and reply with another SMS containing the location of the device. This is a useful app 
if a device has been stolen or lost, and it can even be used in many different areas. 

4.6 Calling 

4.6.1 The calling application 
The purpose of the calling application is to check the quality of the voice and to guarantee the 
services promised to the user. This is done by monitoring the network performance and 
collect as much data and information about the network as possible, and save these data into a 
file on the phone memory (or it can be saved somewhere else) for future examining. These 
data will be very important and helpful to make the network performance better and to 
understand the reasons of failure during calling, receiving phone call, handover, sending and 
receiving SMS. Not to forget that this information (collected data) is necessary to somehow 
understand the overall behavior of the network.   

We are going to make two types of phone calls; one short phone call (20 seconds period) and 
the second type is long phone call (2 minutes period). We could have two short calls with 40 
seconds time interval between them and two long calls with 5 minutes interval between them. 
This procedure could be repeated every 5 hours. So we have four phone calls (two short and 
two long) each five hours. These time intervals could be changed according to the user. The 
given is only example.  

In the calling application we are able to obtain Cell ID, LAC, signal strength, operator ID, 
network and phone type and much more information about the network and the phone device. 
The application will make several phone calls to a special test number at Telenor. Each phone 
call will last for a specific time and then the call is ended. This procedure is repeated several 
times with a specific time interval between each phone call. The duration of each phone call 
and the time interval between the phone calls are variables and can be changed by the user.  

In the calling app, we have to declare the permissions we need in the manifest file: 

<uses-permission android:name="android.permission.WRITE_EXTERNAL_STORAGE"/>  

     <uses-permission android:name="android.permission.CALL_PHONE" />  

    <uses-permission android:name="android.permission.ACCESS_NETWORK_STATE" />  
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    <uses-permission android:name="android.permission.CHANGE_NETWORK_STATE" />  

    <uses-permission android:name="android.permission.READ_PHONE_STATE" />  

 

We have permission to write to the phone memory (or to the sd card) permission to call, 
permission to change the network connectivity state and permission to read the phone state. 

4.6.2 Classes used in the calling application 

 4.6.2.1 IncomingCallReceiver class 

This class is used to receive phone calls and to display the phone number on the screen.  

 

4.6.2.3 CallingApp class 

This class contains all the code implementation and hence provides all the data need to be 
collected for testing. In this class we have several methods each which perform a different 
task and together they give the current information such as network type, phone type, signal 
strength …. Etc. Amongst these methods are:  

getSignalLevel(int level) 

Is used to return the signal level at the moment, which could be excellent, good, moderate or 
weak level. 

PhoneStateListener 

A listener class for monitoring changes in specific telephony states on the device, including 
service state, signal strength and others. We override the methods for the state that we wish to 
receive updates for. Access to some telephony information is permission protected. The 
application won’t receive updates unless it has the appropriate permissions declared in its 
manifest file. 

We also have two methods in the callingApp class one for start listening and one for stop 
listening: 

stopListening() and startSignalListener() 

These two methods are called in the onPause() and onResume() methods respectively.  In 
away, this is enabling and disabling the listeners.  

A method for saving information to file is used. While saving to a file, time stamps are also 
saved each and every time we run the app: 

Public Boolean saveToFile(String dataLine) 

Public static String getClock() 

The calling application is meant to handle ending phone calls as well. Android API however 
does not allow ending a phone call. To come over this, we are using the airplane mode to be 
able to control outgoing phone calls. 
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5 Results 

5.1 The calling app 
Figure 6 below is a part of the saved file of the calling application: 

 

 

Figure 6. Part of the saved file for the calling application. 

The long numbers appearing at the beginning of the lines are the time stamp in milliseconds.  
The cell ID, LAC, network type, phone type and some other information about the SIM card 
are shown. The service state, signal strength, call state and data activity are also shown. 

5.2 The GPS app 
Figure 7 below is a part of the saved file from the GPS application: 
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Figure 7. Part of the saved file for the GPS application 

 

The long numbers at the beginning of the lines are the time stamp in milliseconds. The 
number of satellites is 8; the speed is 0.0 m/s. This is because application was run indoors 
with no line of sight. This will affect the number of satellites and also the accuracy. The 
provider is network at that instance. Latitude, longitude, Azimuth, Elevation, signal to noise 
ratio (Snr) are also shown. This information is repeated constantly because the both network 
and GPS listeners are updated every 2 seconds. If the app is run outdoors the number of 
satellites will increase to 11-12 satellites and the accuracy will be between 5-10 meters. 

 

5.3 The SMS app 

Figure 8 below is part of the saved file for the SMS application: 
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Figure 8: part of the saved file for the SMS application 

The RESULT_OK: SMS sent, indicates that the message has been sent. SMS delivered 
indicates that the message has been delivered. resultCode: -1 indicates that there is no error.  
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6 Conclusion 
 
Due to shortage of time I could finish what is written in this thesis work. Disconnecting the 
call and saving data into a file will be done by my partner whom will continue on this work.  

Companies and developers work around the clock to make different application that fulfill the 
needs of customers and huge amount of money are spent in this area. 

In this thesis work we were able to send and receive SMS messages periodically. Also we 
accomplished finding the location of the user by building a GPS application which uses both 
NETWORK_PROVIDER and GPS_PROVIDER. This app is able to find the user location 
with an accuracy of 5-10 meters. A calling app has been built that provides us with almost all 
necessary information that is needed to monitor the performance and behavior of a network 
and the phone device.  

Before running the GPS app it is always a good idea to check the location settings of the 
device. It is up to the user to enable or disable the providers and this will affect the application 
that was built. Hence care must be taken to change the settings and this depends on what the 
user wants from the app to perform.  

One of the problems that one will face while working with Android application is that 
Android does not allow all the functionalities on the phone. For example, to end a phone call 
programmatically is not allowed and this has to be done by hard coding via disabling and 
enabling the Airplane mode in the phone. When a phone call is made, we let the airplane 
mode OFF and when we want to end the call, we change the state of the airplane mode to ON.  

Also some of the methods are not supported depending on the phone type. Here in Sweden, 
the phone types we use are GSM phones and this makes the phone unable to get any 
information about CDMA network. All the methods like: getCdmaDbm(), getEvdoDbm and 
other methods related to CDMA network are unable to return any values (except for -1) .  

Some of the methods are dependent on the SDK version and the API level used. Thus we left 
the SDK version blank in figure 5 to avoid unnecessary errors. To avoid these kinds of 
problems, it is better to check the Android version on the phone and check the releases on that 
specific version, so one has enough knowledge while developing. The challenge in building 
an application that works well on all different Android versions is one of the main issues with 
Android. One approach is to use the lowest version possible for the application, making it 
accessible to higher versions. In this case, the application might give some errors caused by 
deprecated methods on older versions. This problem can be solved by deleting the deprecated 
method, as these methods don’t perform anything.  

This work will be better done if it would be performed in a lab where handovers between two 
networks are possible, instead of going around in the outer place, thus saving time. Another 
point is to perform and run the applications on several different devices instead of using only 
one device. As mentioned above, sometimes the device itself has effect of the collected data 
because of different devices which might have different Android versions. Working in a lab 
would be helpful in monitoring the state of the network and the network type also.  
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More feedback and meeting between the parties related to the thesis work (in our case Telenor 
and us) would help in achieving the goals better and faster. A brief demo about what is 
Android and how it works would be very much useful to anyone who wants to work on 
Android applications. 
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7 Future work 
The SMS and the GPS applications could be combined in a way that if a message with a 
secret code is sent from one device to another, when the second device receives the secret 
message it will reply with another message containing its current location by using the GPS 
application or even using the built-in GPS application from the phone. This could be very 
helpful if one wants to locate a stolen or missed device. A rather similar approach is used for 
finding missing cars using the GPS of the car.  

Ending a phone call will be done by using the airplane mode. This is to overcome the 
difficulties that Android has in ending phone calls. Also combing the applications into one 
app is planned to be done in the near future. 
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