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Abstract 

This thesis studies the Message Queue Telemetry Transport protocol (MQTT) as an 

application layer protocol in geographical location sharing applications using third generation 

cellular communication (3G). The MQTT protocol is compared in terms of energy efficiency 

and amount of data generated with the Hypertext Transfer Protocol (HTTP), which is 

currently used in typical location sharing applications. 

In order to compare the communication energy efficiency of both protocols a location 

sharing application prototype was developed for the Android platform. The application allows 

the use of HTTP and MQTT and was used to perform a number of experiments.  

The evaluation experiments show that MQTT is a good candidate as a protocol for 

location sharing. At comparable bandwidth and energy expenses MQTT offers better quality 

of user experience, since the subscribers are notified at once when the location of clients of 

interest has changed. The MQTT protocol is more energy-efficient than the HTTP protocol 

when the number of other uses with whom the client shares location is low and the location 

updates are frequent. The experiments also indicate that MQTT protocol is more energy-

efficient than HTTP protocol in idle state, when there are no location information updates due 

to inactivity of all the clients, for example, if they are stationary. This is because MQTT client 

does not spend energy to poll the server for information updates. 
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Chapter 1 Introduction 

This report describes the results of a master thesis project (30 ECTS) performed during 

an Erasmus exchange period by a visiting student from Riga Technical University. The 

chapter describes the background and motivation of the performed work. 

1.1. Background 

Location sharing applications retrieve the data about actual geographical location of the 

device using such location providers inside the smartphone as the Global Positioning System 

(GPS) receiver. The location data is transmitted over the network to the applications running 

on other clients’ devices. The geographical location is typically shown to the users on a map 

on the smartphone screen. 

 

Figure 1.1. Overview of data flow in location sharing 

 

The overview of data flow in location sharing is shown in Figure 1.1. The arrows show 

the directions of data flow. The thesis is focused on the energy consumption of smartphones 

for communicating over the channel between the smartphone and the base station, which is 

marked with a red frame. 

1.2. Motivation 

The battery life of the typical modern smartphone is relatively short due to high energy 

consumption. At the same time the energy density of the battery seems to have reached a 

barrier. 



10 

Both GPS services and network communication are energy-costly. Reducing the energy 

consumption of any of them leads to reducing total energy consumption of the smartphone; 

therefore, it extends the battery life. The thesis is focused on the communication aspect of 

location sharing. 

The third generation cellular communication (3G) is currently the most used generation 

of cellular networks for data exchange. The most used standard of 3G networks is Universal 

Mobile Telecommunications System (UMTS). UMTS networks are studied in this thesis as a 

communication channel for location sharing applications. 

A typical location sharing application uses Hypertext Transfer Protocol (HTTP) for 

sending data. Message Queue Telemetry Transport (MQTT) protocol is a lightweight 

publish/subscribe application layer protocol. The thesis proposes to use MQTT instead of 

HTTP in the context of location sharing application in order to potentially reduce the energy 

footprint. The two main reasons for suggesting MQTT as an alternative to HTTP are the 

following: 

1. MQTT is a data-agnostic protocol suitable for a compact data representation. More 

compact data representation can lead to lower energy consumption. 

2. The publish/subscribe paradigm of MQTT is believed to be convenient for location 

sharing. 

1.3. The goal and tasks 

The goal for this thesis is to investigate the advantages and drawbacks of MQTT 

protocol as an application layer protocol for location sharing in terms of energy consumption. 

In order to achieve the main goal, the following objectives are defined for the thesis: 

1. Implement a location sharing application prototype based on MQTT for the Android 

platform, using existing client application programming interface (API) and existing 

server software. 

2. Implement a location sharing application prototype based on HTTP for the Android 

platform, using existing client and server software. 

3. Perform a comparative energy consumption study of the previously developed 

location sharing applications based on the data traffic communication using the UMTS 

cellular network. 
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1.4. Methodology 

The comparative study of energy consumption consists of the following steps: 

1. The location sharing application prototype is used to create a synthetic traffic, which is 

generated by sharing geographic locations between devices used by different people. 

The experiments are carried out using an Android smartphone connected to a 3G 

network. The data is captured using a packet analyzer on the smartphone. The rest of 

the experiments are performed by carrying a smartphone while walking through the 

university campus. Another part of the experiments is performed while the smartphone 

is stationary indoors. The other users that the application shared the location with are 

simulated in a server. The client in the smartphone shares its location with the 

simulated users and they share their location with the client in the smartphone at the 

same time. 

2. The energy consumed by the smartphone for communication over 3G network is 

simulated by using the packet data collected during the experiments with the 

EnergyBox, an energy simulation tool that provides accurate energy consumption 

values for 3G communication. The energy consumption for other purposes than 

communication is not taken into account. 

3. The results are analyzed and represented in tabular and graphical forms.  

1.5. Structure 

This work consists of 8 chapters. The contents of each chapter are introduced here. 

Chapter 1 introduces the background and motivation of the performed work. Chapter 2 

introduces the concepts of MQTT protocol. Chapter 3 provides the background about the 

Android platform features. Chapter 4 provides the background of 3G cellular networks and 

the radio channel state machine. Chapter 5 describes the location sharing application 

prototype, which was created in order to perform the experiments. The chapter specifies the 

requirements for the prototype, design and implementation. Chapter 6 describes the design of 

the experiments and provides the results of the measurements. Chapter 7 summarizes the 

results achieved during the work and states several directions for future work. 
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Chapter 2 Message Queue Telemetry Transport Protocol 

Message Queue Telemetry Transport (MQTT) is a publish/subscribe messaging 

protocol created in 1999. The idea of MQTT is to is to be extremely simple and lightweight. It 

is designed for constrained devices and low-bandwidth, high-latency or unreliable networks. 

The aim of MQTT is to minimize network bandwidth and device resource requirements while 

also attempting to ensure some level of reliability. MQTT is intended for "machine-to-

machine" (M2M) or "Internet of Things" world of connected devices and for mobile 

applications, where bandwidth and battery power are at a premium [1]. 

Hereafter, version 3.1 of MQTT specification is implied. It is the latest version at the 

time of writing this thesis. The MQTT specification is openly published with a royalty-free 

license. There is no need to pay royalties to any authority in order implement and use the 

specification. Therefore, different companies have implemented the principles described in 

MQTT specification in various software products. 

Applications of MQTT vary from smart energy meters or smartphones to cars, trains or 

personal health devices and other remote sensors. They are connected to the central systems 

with the help of MQTT which it is often used for these purposes. The central systems process 

data and emit control commands, which are sent back to the sensors over MQTT as well [2]. 

WMQTT IA92 and Eclipse Paho are application programming interfaces (API) that are 

suitable for Android and provide MQTT client capabilities to an application. They are 

described in more detail below. 

Next sections describe the relevant concepts and terminology of MQTT for the thesis. 

2.1. Publish/subscribe paradigm in MQTT 

The publish/subscribe paradigm allows the subscribers expressing their interest in 

events generated by a publisher. Once the subscribers express their interest in an event or a 

pattern of events, they are notified about every new event generated by the subscriber that 

matches their interest. Notions of publish/subscribe and message queue are often intertwined: 

message queue systems rely on publish/subscribe-like interaction [3]. 

Normally subscribers are not interested in the all events that ever occur in the system, 

but only in particular ones. There are several ways of specifying which events and messages 

are subject of interest. There are at least 3 major publish/subscribe variations: topic-based, 

content-based and type-based publish/subscribe schemes. 
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MQTT follows the topic-based publish/subscribe paradigm. Participants connected over 

MQTT are able to communicate between each other by sending messages. Each message 

always has a topic, which is a string keyword. A client is a piece of software which is able to 

send and/or receive messages. A client can subscribe to an arbitrary set of topics in order to 

declare its interest. The client which is subscribed to at least one topic is called subscriber. 

The client which publishes a message is called a publisher. Clients communicate to each other 

via server, which is a piece of software that is able to transmit messages from a publisher to 

all of the subscribers, which are subscribed to the particular topic assigned to the message. 

The server is able to forward the message and retain the last message (if required) on each 

topic from the publisher [1]. The MQTT server is also known as message broker, but the 

specification uses the term server which is also used in this thesis. 

Since MQTT follows the topic-based publish/subscribe paradigm, the server decouples 

publishers and subscribers along the following three dimensions [3]: 

1. Space decoupling: sender of the message does not have to know the location of the 

receiver and even the number of receivers and their identifiers. 

2. Time decoupling: the participants do not have to interact at one and the same time. 

The publisher can publish events before the subscribers are connected and a subscriber 

may receive the message even after the publisher is disconnected. 

3. Synchronization decoupling: publishers are not blocked while producing events and 

subscribers can be asynchronously notified while performing other concurrent 

operations. 

 

Figure 2.1. Example of MQTT network topology 

 

Figure 2.1 presents an example of possible MQTT network topology. There is a client 

which acts as a publisher on the left hand side. When a message with a defined topic is 

published, it is delivered to the server first. The server forwards the message upon receiving to 

three subscribers on the right hand side. It is assumed in this case, that all three subscribers are 
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subscribed to the topic of the particular message. Any client can act as a publisher and 

subscriber at the same time. 

2.2. Retained messages 

According to MQTT specification, whether a message is retained or not is specified at 

the publishing moment. This action is specified using a retain flag in the message. A retained 

message should be kept over the restart of the server and should be delivered to newly 

connected subscribers in the case they required receiving retained messages at the moment of 

connection to the server. 

2.3. Topics 

The topic of MQTT message is technically a string. It is not necessarily flat but can 

have hierarchical multi-level structure. There may be unlimited number of layers in the topic 

tree and unlimited number of topic trees. Levels are separated with forward slash symbol ―/‖. 

For example, weather/Sweden/temperature. Moreover, the topic has to follow several 

rules, such as: 

 a topic should be at least one character long; 

 a topic is case-sensitive. 

 

Figure 2.2. Example of topic-based message filtering 

 

Figure 2.2 provides an example of how topics are used for message filtering. If the 

publisher publishes a message with a topic Topic2, then it is forwarded by the server only to 

Subscriber2 and Subscriber3 who are subscribed to this topic. The Subscriber1 who is 

not subscribed to Topic2 does not receive the message. 
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2.4. Quality of service 

The level of quality of service (QoS) may be specified for delivery of an MQTT 

message. MQTT works over TCP/IP layer, which guarantees packet transmission to a certain 

extent. However, to increase reliability MQTT has its own mechanism in addition to ensure 

that the message was delivered to the subscribers according specified level of QoS. This is 

done by requiring acknowledgments that message was received and retry mechanism. There 

are 3 levels of QoS defined. The detailed description of each QoS level can be found in Table 

2.1. 

 

Table 2.1. Levels of quality of service provided by the MQTT protocol [1] 

Level Description Commentary 

Level 0 The message should be 

delivered at most once 

Delivered according to best efforts of TCP/IP networks. No response is 

expected. No retry semantics is defined. 

Level 1 The message should be 

delivered at least once 

Received message is acknowledged by PUBACK message. If the sender 

does not receive the PUBACK message, there is a failure, and the sender 

resends the message with DUP (duplication) flag set in the message 

header. 

Level 2 The message should be 

delivered exactly once 

In addition to measures done in level 1, ensures that no duplicate 

messages are received. 

 

MQTT assumes that client and server are reliable and the communication channel is 

more likely to fail than each of them. The possibility of recovering data is low in case the 

client device fails. MQTT does not provide mechanisms to protect critical data from client 

failures. 

2.5. MQTT software 

The implementations of MQTT client API and server, which are used in this thesis as 

part of the location sharing application prototype, are described in this section. 

2.5.1. Really small message broker 

Really small message broker (RSMB) is an MQTT message broker produced freely (but 

not open source) by IBM and made available for personal use/evaluation. It is based on 

versions 3 and 3.1 of MQTT specification, designed for lightweight, low-overhead messaging 

[4]. 
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RSMB is actually one of several existing implementations of MQTT server, which are 

made according to MQTT specification. The key feature of RSMB is the light design for 

small servers and embedded devices (it uses 80 KB of storage space and requires 200 KB or 

less memory). The broker is written in C language. 

2.5.2. WebSphere MQTT IA92 

WebSphere MQTT IA92 (IA92) utility is a part of the collection of Java 

implementations of MQTT client APIs provided by IBM. ―WebSphere‖ is a trademark that 

refers to a family of products made by IBM and ―IA92‖ is a label assigned by IBM to this 

particular product and is not an acronym. IA92 utility is suitable for Android as well as for 

Java SE (Standard Edition). This is also equipped with a ready simple MQTT client with 

graphical user interface [1]. This client is convenient for the purpose of checking the 

operability of MQTT server as well as for getting basic understanding of the principles of 

MQTT messaging in practice. 

IA92 is recommended as MQTT client API for Android by D. Smith et al. in their 

―Android Recipes‖ book [5]. IA92 is stated as an MQTT client suitable for Android in the list 

of software at the official website of MQTT [1]. IA92 client API was used to create the 

MQTT location sharing application prototype for the study. However, IA92 became 

deprecated during the study and Eclipse Paho is recommended instead of it now. 

2.5.3. Eclipse Paho 

Eclipse Paho project is an open source project which was initially based on IA92 client. 

It is technically supported by Eclipse Foundation and now it is recommended instead of IA92 

MQTT client. 

The Paho project has been created to provide scalable open-source implementations of 

open and standard messaging protocols aimed at the applications for Machine-to-Machine 

(M2M) and Internet of Things (IoT). 

The Eclipse Paho project positions itself as software for constrained networks, devices 

with limited processing recourses and embedded platforms and designed to be highly scalable 

[6]. 
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Chapter 3 Android Platform 

Android is a leading software platform (stack) for smartphones which has 59% share of 

the smartphone market worldwide and it is growing at the time of writing the thesis. 331 

million Android devices were activated during the first quarter of 2012 [7].  

Android is designed to run on many different types of devices from more than 34 

different manufacturers. The Android software stack takes advantage of the hardware 

capabilities available on each device. More than 300 companies in total are involved in 

creating both hardware and software for Android [8]. This increases potential audience of any 

application designed for Android platform. 

3.1. Android software stack 

Android software stack includes an operating system (OS), middleware and a set of key 

applications. 

 

Figure 3.1. Android stack [9] 

 

Android OS is based on Linux version 2.6, which provides core system services and 

acts as an abstraction layer between hardware and the rest of software stack [9]. A scheme of 

Android software stack is depicted in Figure 3.1. 

Most android applications are written in Java language and run in a Dalvik Java runtime 

environment (JRE), which is the intended way to develop and run applications. Android 

includes a set of its own libraries, which provide almost the same functionality as Java 

Standard Edition (Java SE). 

Normally, every Android application runs in its own process which is a separate 

instance of Dalvik virtual machine. Dalvik is optimized for running multiple instances of the 

virtual machine simultaneously. Applications are packed in a special Dalvik Executable 

format .dex (not .jar as it is in Java SE), which is optimized for the memory footprint. Dalvik 
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relies on Linux for low-level functionality, for example, low level memory management and 

threading [8]. 

Developers have the possibility to take advantage of the device hardware, access 

location information, set alarms, add notifications to the status bar, etc, using components of 

the Android framework. Android framework API is exposed to developers, as well as a set of 

core applications such as email client, SMS program, calendar, maps, browser, contacts etc. 

The application architecture is designed to simplify the reuse of components whenever 

possible [8]. 

3.2. Development tools 

There is a set of tools needed to develop application for Android. Only some of them 

were used for creating the application for this study. These tools will be described below. 

Android Software Development Kit (Android SDK) is a required component. It has a 

modular structure and provides packages including platform tools for developing and 

debugging an application. 

Eclipse integrated development environment (IDE) was used during development as a 

tool that makes the development process more efficient. Android Development Tools plug-in 

(ADT) was integrated into Eclipse to enhance Eclipse functionality, and provide specific IDE 

functions for Android development. The ADT makes such routine tasks as setting up new 

Android projects, creating an application user interface, debugging applications using the 

Android SDK tools easier. 

Logcat tool is mechanism for collecting and viewing system debug output. The basic 

output stream function in Java writes to Logcat. Logcat tool was integrated with the help of an 

ADT plug-in into Eclipse IDE and was the main tool for debugging. 

Android Debug Bridge (ADB) was used as a tool that provides a simple shell to operate 

the file system of smartphone and support downloading files from the smartphone to a 

personal computer. 

Dalvik Debug Monitor Server (DDMS) tool was used to make some screen captures for 

final report and to find memory leaks as well. 

3.3. Application framework components 

Development for Android is framework-based. Therefore, an application should be built 

out of Android application framework components. Each of them plays a different role and is 
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intended for a different purpose. Each type has a distinct lifecycle that defines how the 

component is created and destroyed [8]. Several of these components are described in this 

subsection in more details. 

Each Android application normally runs in a single process with a single thread, which 

may be referred as the main thread or user interface (UI) thread. Therefore, all components of 

one application run in one thread by default. However, it is possible to arrange that some of 

the components run in their own threads. It is possible to create a new process as well, but this 

should not be done unless it is absolutely needed. 

3.3.1. AndroidManifest.xml 

Every application must include the AndroidManifest.xml file in the root directory of 

the application source code. The manifest presents essential information about the application 

to the Android system, information the system must have before it can run any of the 

application's code.  

Among other things, the AndroidManifest.xml describes all the components of the 

application, such as activities, services and others. They are described below in this section. 

These declarations let the Android system know which components are used, their settings 

and relation between them. If the component is not declared here, the system will act as if the 

component is missing. 

AndroidManifest.xml file declares the permissions that should be granted to the 

components of the application. The minimum required Android API level (version, revision) 

is stated here as well as the list of all imported libraries is defined. The 

AndroidManifest.xml also stores such information as individual API key which is issued to 

the user of Google Maps API, which provides access to maps offered by Google. API key 

should be obtained from Google and confirms the identity of the application. Eclipse IDE 

with ADT plug-in installed also is capable of helping the Android developer with filling in the 

AndroidManifest.xml file in a correct way by providing an editor with graphical user 

interface. 

3.3.2. Activity 

An activity is an application component that provides user interface (UI), which is a 

screen that users can interact with in order input/output data. For example, the user can view a 

map or enter text information. 
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An application usually consists of one or multiple activities, one of which is the main 

activity that is the entry point to the application. All the activities in the application are put 

into activity stack which is also referred as back stack. When a new activity starts, it is pushed 

onto the back stack and takes user focus. When the back button is pressed, one activity is 

popped from the stack and destroyed and another activity that comes to the top of the stack 

resumes. The activities, which are not in the top position of the stack, are stored in stopped 

state. The entry point of the application is onCreate() method of that activity, which is 

specially marked as an entry point of the application in AndroidManifest.xml, it may be 

referred as the main activity. 

3.3.3. Service 

Service is another type of component that runs long-lasting operations in the 

background. The important difference between the activity and the service is that the latter 

does not provide a user interface. The service is not in the activity stack and it will still run 

even when the user switches to another application. Services as well as activities have a set of 

callback methods to manage the lifecycle. 

An activity can bind to a service to perform interaction with it. There are two ways to 

run a service: 

1. Started service: it is started from other component (such as an activity) by calling 

startService() method. This way is useful, when the service should perform a long-

lasting operation in the background independently from the starting component and no 

result is required to be returned. The service will stop itself when the operation is 

finished. In this case the service will run even if the component that started it is 

destroyed. 

2. Bound service: this way of starting a service is useful when communication between 

the component that started the service and the service itself should be performed. In 

this case, such interaction with the service as sending requests and getting results is 

possible. The service is bound using the bindService() method. Depending on the 

parameters, this method can not only bind the service but also create it before binding 

as well. The service can be bound to one or more components and it runs only while at 

least one component is bound to it. 
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It is important to remember that a service runs in the main thread of the application 

process and does not create its own thread unless it is explicitly specified. CPU-intensive 

operations should be started in a new thread. 

3.3.4. Layout 

Layout defines the architecture for the user interface (UI) added to an activity. It defines 

the appearance of the elements of the user interface. There are two ways of defining a layout: 

1. Declare UI elements using Extensible Markup Language (XML) at the development 

stage. Android offers an XML-based markup format for placing UI elements. 

2. Add UI elements dynamically during runtime. It is possible to create and manipulate 

groups of widgets programmatically. 

The two methods can also be combined: the layout is defined in XML form and then it 

is modified programmatically. However, the recommended way is to use XML layouts.  

3.3.5. Resources 

Application resources in this context are images, strings and other similar entities which 

are part of the user interface. It is important to decouple them from code, so that they are 

maintained independently. They should be stored in a file hierarchy in the /res directory 

according to the way defined in the documentation [8]. Then the resources can be accessed in 

the code through the special R class, that is created at compile time and is based on the content 

of the /res directory. 

3.3.6. Location providers and sensors 

There is no need to implement the code that makes the GPS receiver and other sensors 

accessible, since Android framework provides an API to access such sensors as GPS or 

network location provider, accelerometer, gyroscope, thermometer, barometer and more, if 

the sensors are present on the used device [8]. 

The android.location package provides an API that can be used in order to retrieve 

the actual location of the smartphone. This package contains the LocationManager class 

which may be retrieved from Android OS. It may be queried for one or more 

LocationProviders available on the particular device. For example, a GPS receiver and a 

network location provider were available in the device used in this thesis. 
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GPS receiver uses the one-way signal from navigation satellites in order to determine 

the current location of the device. Roofs and ceilings are non-transparent obstacles for the 

signal from the satellites. Therefore, information from GPS is not available indoors [10]. 

The network location provider relies on Wi-Fi-based positioning system (WPS). It uses 

the Wi-Fi access points to locate the device. There are public databases that map the MAC 

address of an access point to its geographic coordinates. The localization technique is based 

on measuring the intensity of the signal received from the access points. WPS is designed to 

work in urban areas where GPS cannot be used for different reasons such as signal blocking 

by obstacles [11]. 

The com.google.android.maps.MapView package provides the map obtained from 

Google over the network. An individual API key should be retrieved for each application 

developer. 
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Chapter 4 3G Transmission Energy Consumption in 

Smartphones 

Location sharing requires communication over the Internet. Normally a smartphone 

may connect to the Internet via Wi-Fi or cellular networks. Cellular networks are usually 

more suitable for location sharing since they provide wider coverage, including public places, 

outdoors, etc. 

The thesis is focused on the energy consumption in smartphones for communication 

over 3G network in order to perform location sharing. This chapter explains the main 

mechanisms that determine the energy consumption in smartphone for communication over 

the UMTS network. 

The Radio Network Controller (RNC) is a key element in the UMTS. It is responsible 

for the radio resource management. The energy consumption of the smartphone in 3G, i.e., the 

user equipment (UE), is mostly influenced by the Radio Resource Control (RRC) and the 

Radio Link Control (RLC) protocols, which are defined in the UMTS Wideband Code 

Division Multiple Access protocol stack. 

 

 

Figure 4.1. The radio resource control (RRC) state machine, modified from [12] 

 

According to RRC the UE can be in the states depicted in Figure 4.1, [12]. The states 

are placed along the axes according to their power consumption and performance in terms of 

response time and maximum data rate respectively. 

Dedicated state, a Dedicated Channel (DCH) is allocated in both uplink and downlink 

providing high data rates. In the Forward Access Channel (FACH) the UE can transmit small 
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data packets at lower data rates. The Paging Channel state (PCH) is a standby state, which 

does not allow data transmission, but allows fast switching to FACH and DCH states. 

 

Table 4.1. Values of inactivity timers used in the thesis 

Inactivity Timer Value, Seconds 

T1 4.1 

T2 5.671 

 

State transitions on the UE occur based on traffic volume and inactivity timers 

controlled by RNC. The exact values are statically set by the network operator. The inactivity 

timers control the state transitions from higher performance states to lower ones. The 

inactivity timers for these transitions are referred to as T1 and T2, as it is shown in Figure 4.1. 

When the UE is in the DCH state during T1 time without any or small data transmission, the 

RNC releases the dedicated channel and switches the UE to FACH by means of the RRC 

protocol as it is shown in Figure 4.1. During the time T1 that the UE stays in the DCH state 

the UE does not transmit any data, but it stills consumes energy. This energy overhead is 

known as tail energy. The transition FACH → PCH is controlled the same way by the RNC 

using the inactivity timer T2. The values of inactivity timers used in the study are shown in 

Figure 4.1 

 

Table 4.2. Parameters of the data buffers and average transition delays used in the thesis [12, 13] 

State Transition Uplink Size (Bytes) Downlink Size 

(Bytes) 

Average Transition Delay 

(Seconds) 

PCH → DCH 850-1000 515 1.7 

FACH → DCH 294 515 0.65 

PCH → FACH Always triggered 0.435 

 

The RRC relies on the information from the RLC protocol in order to report the 

observed traffic volume to the network. For example, in FACH, the UE reports to the RNC 

the observed traffic volume based on data buffer status. There are four data buffers, two 

uplink and two downlink, and they are used to trigger state transitions when the content of the 

data buffer exceeds a certain threshold. State transitions are performed after the corresponding 

signaling between the UE and the RNC. The data buffers are cleared out, when the data is 

transmitted. The threshold values used for the study have been previously measured and are 
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shown in Table 4.2 [12,13]. The transition delay is the time needed to perform the transition 

between the two states. 

The state of the user equipment is the factor that influences the most the energy 

consumption. However, different UE can have different power consumption in the different 

states (e.g., different hardware). 

Energy consumption for the transmission is also influenced by the radio link quality. If 

the radio link quality is low, the UE consumes more energy for amplifying the signal. In this 

study, the link quality is not taken into account. 
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Chapter 5 Location Sharing Application Prototype 

The location sharing application prototype works in two modes: one mode implements 

the technique proposed by this thesis and the other one behaves similar to an existing location 

sharing application which is chosen as an example. The knowledge about an existing 

application was also helpful in the design phase and implementation of the prototype. 

The chapter starts with a section that motivates the choice of an example location 

sharing application and describes its features which are important in the context of this 

master’s thesis. 

The rest of the chapter describes the prototype developed for the thesis. The explanation 

starts with an introduction of general prototype design decisions. Then the server side, the 

client-server interaction and several other design choices. Finally, the chapter describes the 

important implementation details of the Android client. 

5.1. An example of existing location sharing application 

This section describes Google Latitude (henceforth Latitude), which is studied here as 

an example of location sharing application. The main reason for selecting Latitude as an 

example is that Latitude is a pre-installed application on the Android smartphones and it is 

well enough documented.  

Latitude retrieves the data about actual geographical location of the device using such 

location providers inside the smartphone as GPS receiver or a network location provider, 

which use the Wi-Fi-based positioning system (WPS). Afterwards the location data is 

transmitted over the network to other instances of Latitude on other clients’ devices. The 

geographical location is shown to the users on a map on the smartphone screen. 

Latitude is an extension of the Google Maps application. It is able to transmit user's 

location data to other users, with whom the original user has agreement about mutual location 

sharing with. Hereafter, such users are called friends for simplicity. The user can both share 

current location point explicitly (check-in mode) or a transmit location data continuously to 

the server (tracking mode). In both cases the data from the location provider can be 

transmitted by Latitude to Google’s server over Internet and available to user’s friends, who 

can retrieve it by querying the server [14].  

In the documentation of Latitude it is mentioned, that the frequency of sending updates 

to the server in tracking mode varies depending on the battery life and the moving speed. 

However, there are no values or algorithm provided. 
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The Google Latitude application programming interface (Latitude API) is publicly 

available and documented. It is intended for development of client applications which should 

communicate with Latitude servers like original client does. The documentation for Latitude 

API was used in this study as a clue to discovering principles underlying for Latitude 

application and designing the prototype. 

5.1.1. Location encoding formats in Latitude 

Google Latitude application programming interface (API) supports two different data 

formats: JavaScript Object Notation (JSON) and Extensible Markup Language-based (XML-

based) format Atom [14]. JSON is the default data format for Latitude. 

Both Atom and JSON are human-readable, language-independent string-based formats 

for representing data [15], [16]. They are widely used for the purpose of transferring data over 

HTTP protocol. JSON is normally more compact than XML. An example comparing both 

formats can be found in the Appendix A. 

5.1.2. Set of shared values in Latitude 

Latitude represents locations as Location Resources [17]. They are identified entities 

which contain the common values reported by positioning devices. 

{ 

 "kind": "latitude#location", 

 "timestampMs": value, 

 "latitude": value, 

 "longitude": value, 

 "accuracy": value, 

 "speed": value, 

 "heading": value, 

 "altitude": value, 

 "altitudeAccuracy": value, 

 "activityId": value 

} 

Figure 5.1. Latitude location resource represented in JSON format [17] 

 

The only attributes guaranteed to be returned as part of a Location Resource are latitude, 

longitude, and the timestamp (also used as the location ID). The other attributes are optional 

and are not always reported with location updates. The entire set of attributes which can be 

included into the Latitude Location Resource is presented in Figure 5.1. 
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5.2. Overview of the prototype application 

This section introduces the design decisions made about the application prototype made 

for this thesis and its architecture.  

The application prototype consists of a client part and a server part that can communicate 

with each other using any of the two techniques: 

1. The HTTP technique: the text-encoded object is sent over HTTP protocol among the 

participants. The client polls the server in order to retrieve information updates. HTTP 

technique is similar to one used by Latitude, which is an example of existing location 

sharing application. 

2. The MQTT technique: the text-encoded or binary object (depending on the settings) is 

sent over MQTT protocol among the participants using publish/subscribe pattern. 

MQTT technique was not used by mobile devices for location sharing before and it is 

proposed for this purpose by the thesis. 

The client of the prototype is able to share its location with friends continuously 

(tracking mode). A simulator of friends works as a built-in part of server side of the prototype. 

It should simulate the friends and mimic their location sharing activity. The simulator was 

created to facilitate the tests and due to only one smartphone and one SIM-card being 

available for the experiments. 

Both server and client part can work in two operation modes: HTTP mode and MQTT 

mode, which correspond to the respective location sharing technique. Figure 5.2 and Figure 

5.3 depict the HTTP and MQTT setups for the prototype respectively. To work together the 

client and server parts should be in the same mode (i.e. use the same communication 

technique) at the same time. The client part is an Android application and is designed to run 

on a smartphone with Android version 2.2 or higher, since this version was installed on the 

smartphone that was available for the experiments. The server part is a Java Standard Edition 

(SE) application and should be run on a personal computer. 

The server-side code for both HTTP and MQTT modes and the code of the simulator 

are packaged together and supplied as one .jar file for simplicity. The operation mode of the 

server side (HTTP or MQTT) and the settings of the simulator are selected by passing 

corresponding command line parameters. One simulator is used in both HTTP and MQTT 

mode. 
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5.3. The server side of the prototype 

This section provides the important details about the server side of the prototype. 

Different components are used in the HTTP mode and in the MQTT mode. 

5.3.1. Server side of the prototype in HTTP mode 

 

Figure 5.2. Structure of the HTTP prototype 

 

The components of the prototype which are used in the HTTP mode are shown in 

Figure 5.2. The HTTP server used in the prototype is based on the Jetty HTTP server [18], 

which is a light HTTP server library that can be included in a Java project and does not 

require installation. The reason for selecting Jetty was its simplicity; no complicated HTTP 

server is required for the purposes of the project. Handling of specific requests by Jetty is 

done by the custom request handlers. Such a custom handler is written specially for the 

project to handle specific requests from the client side of the prototype.  
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5.3.2. Server side of the prototype in MQTT mode 

 

Figure 5.3. Structure of the MQTT prototype 

 

The components of the prototype which are used in the MQTT mode are shown in 

Figure 5.3. In order to run the prototype in MQTT mode, the Really Small Message Broker 

(RSMB) should be started, which is a separate piece of software. RSMB is the only server-

side software needed to run the prototype in MQTT mode. The MqttHandler creates and 

manages a number of MQTT clients, which are designed similar to MqttService on the 

smartphone. 

The .jar file containing the server side application should be started only in case the 

simulator is needed, just because it contains the simulator and an auxiliary component named 

MQTT handler in this thesis. The simulator and MQTT handler are shown in Figure 5.3 as the 

simulation block. The role of the MQTT handler is to be an interface between the RSMB, 

which is an MQTT server itself and the friends simulator. The MQTT handler is needed since 

the simulator needs an intermediate layer, which provides assistance in publishing MQTT 

messages. 
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5.4. Client – server interaction 

In this section, the important details regarding client-server interaction and user 

simulation are explained. Notions of synchronous and asynchronous location sharing are 

introduced. 

5.4.1. Period of location sharing 

Both networking techniques (HTTP and MQTT) contain a periodic task, which runs by 

the client application and performs the sharing of location data itself. 

When the Android smartphone is moving, the updates of own location of the device are 

normally received from location provider more often than they have to be shared with friends. 

For example, GPS location provider creates an event which invokes the 

onLocationChanged() callback method roughly once every second while the smartphone is 

moving. For this reason the location sharing period should be chosen independently from 

location provider update period. The sharing period depends on the current requirements of 

the application (accuracy, energy efficiency, etc). Shorter sharing period leads to more up-to-

date information about the friends but heavier traffic and, therefore, it is expected to cause 

higher energy consumption. 

5.4.2. Sequence of location sharing 

Both HTTP and MQTT clients perform a periodic location sharing task. However, there 

is a difference between the actions performed by periodic task of the HTTP client and the 

periodic task of the MQTT client. HTTP client has to poll the server in order to retrieve the 

latest information about the friends. MQTT is a message pushing protocol, therefore, a 

message is delivered to the subscribers shortly after publishing. This approach avoids the 

necessity to poll the server. The MQTT server forwards the published message to the 

subscribers directly after receiving it from the publisher. 
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Figure 5.4. The periodic location sharing task, the HTTP technique 

 

The periodic task in HTTP technique consists of two subtasks, which are shown in the 

sequence diagram in Figure 5.4: 

1. If the client’s location has changed since the periodic task was done last time, then the 

client uploads last known location to the server, otherwise should do nothing. 

2. The client polls the server to receive an update about friends’ locations. 

The periodic task in the MQTT technique consists only of the first item (location 

upload), because polling the server is not needed. The MQTT client listens to the server 

continuously in order to receive friends’ locations update; the arrival of updates to the 

subscriber is initiated by the publisher, not by subscriber. 

 

Figure 5.5. The periodic location sharing task, the MQTT technique 

 

The periodic task, initiated by a client, is presented in the sequence diagram shown in 

Figure 5.5. 

Figure 5.4 and Figure 5.5 demonstrate the use case, when the location of the client has 

changed since last networking task was performed. If the client’s location has not changed 

since the last period of the task, the HTTP client will do polling the server only and MQTT 
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client will do nothing. The diagrams present the case with real client and real friends, not 

simulated ones. 

5.5. User simulation 

The same simulator of friends is used together with the server, operating each of two 

possible modes (HTTP, MQTT). The server and the simulator communicate through the 

interface exposed by the server. 

The simulator is able to simulate any number of friends and their location sharing 

activity. All simulated friends share their location with the same period. Every simulated 

friend constantly moves, which means that each of them shares their own location exactly 

once during the configured reporting period, thereby sharing synchronously.  

We further distinguish the location sharing of HTTP and MQTT into synchronous and 

asynchronous location sharing. The HTTP technique is always synchronous, meaning that the 

client retrieves updates from server about friends’ locations synchronously, in bunches, at the 

time when it polls the server. MQTT allows performing location sharing in both ways, 

synchronous and asynchronous. The default behavior of the MQTT server is asynchronous 

sharing: the published updates are forwarded to the subscribers one by one, as soon as they 

reach the server. However, the MQTT server can be implemented to hold on the updates and 

forward them once every specified interval in bunches as well implementing synchronous 

sharing. 

 

 

Figure 5.6. The asynchronous pattern of friends’ location sharing 
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Figure 5.7. The synchronous pattern of friends’ location sharing 

 

The simulator is able to mimic both patterns of friends’ location sharing activity: 

asynchronous and synchronous, as shown in Figure 5.6 and Figure 5.7. The time point when 

the location is shared is marked with a cross. 

The asynchronous pattern of location update is simulated by running the periodic task of 

each friend with a random delay before start, which is generated separately for each friend. 

The delay causes each friend to share its location with a random offset. The synchronous 

pattern of movement is achieved by running periodic tasks with no offset. 

Real friends would share their locations in asynchronous way, since their periods are 

not intentionally synchronized. However, the simulator is able to mimic that all friends share 

their location synchronously, simulating that the MQTT server holds on the messages for a 

while and forwards them in a burst periodically. 

The simulator is based on java.util.Timer, which runs the periodic task of each 

client that emits the next mock location in turn. The simulator emits the same mock location 

all the time. The amount of data is the same every period, so the content is not important for 

the needs of the project. 

The mock location is hardcoded inside the simulator in JSON format, and it is ready to 

be transmitted as JSON-encoded location data. Since there are three data formats used in the 

prototype (JSON, array of bytes, base64, see Section 5.7), there is a utility method for the 

simulator to convert data from JSON to other formats. 

The client identifiers in the prototype application are designed similar to student 

identifiers in Linköping University. The first three letters of the first name followed by the 

two first letters of the last name and finished by three digits. The clients’ identifiers of 

simulated friends are strings ―johdoNNN‖, where NNN is ordinal number given to the 
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simulated client at the time of creation starting from 1 and with leading zeros. Every 

simulated client’s name is John Doe, which is a classic placeholder name for anonymous 

characters. This way, the list of clients is ―johdo001‖, ―johdo002‖, ―johdo003‖, etc. 

The simulator works together with the HTTP server when the system works in HTTP 

mode and it is connected to the server via HTTP handler. In case the system works in MQTT 

mode, the simulator works together with the MQTT handler that runs several MQTT clients 

(one client for one simulated friend), which communicates with the MQTT server. The 

MQTT handler works as an intermediary layer between the simulator and the HTTP server or 

a number of MQTT clients. 

Both MqttHandler and HttpHandler are implementations of SimulatorHandler 

interface that declares two methods updateMockLocation and registerMockFriend. 

Implementations of these methods are invocated by the simulator. The reference on server and 

simulator commands can be found in Appendix D. 

 

5.6. Selection of values for sharing 

This section explains the selection of the values, which should be shared among the 

clients. 

A geographic location received from the location provider inside the Android 

smartphone is represented in Java language as an object of type 

android.location.Location, which can be found in Appendix B. The received object 

contains many attributes, part of which is normally not important for the location sharing 

purposes and can be ignored. 

Since the object contains many potentially unnecessary data, one needs to decide which 

values should be shared between the parts of the prototype and which not. To achieve that, the 

Latitude API documentation was studied as an example. This gives the basic idea about what 

members of the location object might be important and which might be not important in the 

context of location sharing and thereby ignored.  

Taking this information into account, the decision is made about the set of location 

attributes, which should be shared among clients by the prototype. Unnecessary fields are 

excluded; the type for each field is defined according to the original type, which the attribute 

has in the android.location.Location object. 



36 

The timestampMs, latitude and longitude members are absolutely required since 

these are the values defining the geographical location itself and the time the object has been 

there. Altitude accuracy cannot be retrieved from the location provider of an Android 

smartphone, since it is not present in android.location.Location object, and it is not used 

by the prototype for this reason. The other values are chosen the same as in Latitude. 

 public long time; 

 public double latitude; 

 public double longitude; 

 public float speed; 

 public float accuracy; 

 public double altitude; 

 public float bearing; 

Figure 5.8. The Set of Attributes of the SendableLocation.java class 

 

As a result, the SendableLocation.java class is defined; its attributes are shown in 

Figure 5.8. It is a temporary representation that contains only the data, which is intended to be 

shared. The next step is encoding the data to the intended format, what is explained in the next 

section. 

5.7. Data formats 

Data encoding format impacts energy consumption for communication. The more 

compact the format of location value, the fewer bytes need to be transmitted. Since the 

amount of sent data impacts the energy consumption, a more compact format is expected to 

reduce the energy consumption.  

The following three data encoding formats are used by the prototype: 

1. JavaScript Object Notation (JSON). 

2. Base64 Content-Transfer-Encoding format (base64 for short). 

3. Compact binary format: array of bytes. 

JSON is a text-based human-readable format. It is used for the prototype, because it is a 

de facto standard for mobile-based applications [19] and the default format for Latitude [14], 

which is chosen as an example of existing location sharing application. Latitude supports 

XML format as well. However, it is not used by the prototype, because it is less compact than 

JSON and, therefore, it is expected to be less energy-efficient. 

It should be noted that human-readable formats such as JSON are not the most compact 

ones. In search of more compact formats, other alternative formats were implemented in the 

prototype. It is possible to send binary data over HTTP protocol using output stream [20]. 

However, a more convenient way is to use the base64 Content-Transfer-Encoding format 
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(base64 for short), because Android offers standard utility functions for encoding/decoding 

objects to and from base64 as well. Base64 is a text-based format that is designed to represent 

arbitrary sequences of octets in a text-based non-human readable form [21]. 

MQTT is a data-agnostic protocol [1]. It is designed to transfer binary objects of any 

type. The IA92 MQTT library, which is used in the prototype, expects an array of bytes as an 

input. Therefore, it is convenient to use a compact binary format for sending data over MQTT 

protocol. 

Table 5.1. Availability of the encoding formats in different modes of the prototype 

Format HTTP Mode MQTT Mode 

JSON   

Base64   

Compact Binary Format (Array of Bytes) —  

 

Table 5.1 presents the availability of encoding formats in the HTTP mode and the 

MQTT mode of the prototype. The ―‖ tick symbol specifies that the format is available in 

the specified mode, the ―—‖ long dash symbol specifies, that the format is not available in the 

current mode in the prototype implemented in the thesis.  

5.7.1. JSON data encoding 

First, a new SendableLocation.java class instance is created and initialized using 

data retrieved from the location provider. Then the object is encoded to JSON format using 

Gson encoder/decoder library from Google. After encoding to JSON, the object is represented 

as a 154 characters long string. There could be minor size differences while transmitting 

different values, for example, in case speed value is ―0.99505174‖ or ―0.0‖. 

5.7.2. Data encoding to array of bytes 

 

Figure 5.9. The compact location representation as array of bytes 

 

The location data is retrieved from the location provider and packed to array of bytes 

using java.nio.ByteBuffer package according to defined order as it is shown in Figure 5.9. 

After that the data are passed to the MQTT client library. 
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5.7.3. Data encoding to base64 

The location data is retrieved from the location provider and packed to array of bytes as 

described in Section 5.7.2. The resulting array is encoded to a base64 string using 

sun.misc.BASE64Encoder. 

5.7.4. Comparison of data formats  

The length of the data representation varies depending on the set of data and the data 

format. In this subsection the formats are compared in terms of size of representation. Table 

5.2 shows the length of the same data in the 3 formats. Original 

android.location.Location object, retrieved from location provider, and 

SendableLocation.java, encoded to JSON, can be found in Appendix B. 

Table 5.2. Sizes of different location representations for one location object 

Original Data Set: 

android.location.Location 

Reduced Data Set Used in the Prototype 

JSON, UTF-8 JSON, UTF-8 Base64, UTF-8 Array of Bytes 

441 byte 154 bytes 61 byte 44 bytes 

 

JSON and base64 are text-based formats. Therefore, the number of bytes needed to 

encode one character depends on the text encoding. UTF-8 encoding is used in the prototype 

for communication over HTTP protocol. UTF-8 is a variable-length encoding; from 1 to 4 

bytes are needed to encode one character. Only one byte is needed to encode one ASCII-

compatible character, such as an English letter, digit or punctuation mark. The JSON-encoded 

location data in the prototype consist of ASCII-compatible characters only. Base64 is always 

ASCII-compatible by definition. Therefore, in this prototype one character takes one byte. 

Knowing the number of characters, it is easy to estimate the number of bytes needed for the 

representation of location object. 

5.8. Implementation of the Android client 

Since this thesis focuses on location sharing applications for Android smartphones, this 

section provides a deeper explanation of implementation details of Android client, which is 

part of the location sharing application prototype. 

The application requires Android version 2.2 Froyo or above, internet connection and 

access to location information provided by at least one of these location sensors inside the 

smartphone: GPS receiver or WPS network location provider. 
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5.8.1. User interface 

There is one activity (Android framework component) in the application named 

MainActivity, which is an entry point of the application. It contains the user interface (UI) 

of the application and handles significant part of the functionality as well. 

 

 

Figure 5.10. The MainActivity of the client application 

 

There are two layouts, which can be used for MainActivity: one with the map enabled 

and one with the map disabled which are shown in Figure 5.10. The Android logo-shaped 

marker on the map shows the location of the smartphone, which is retrieved from the location 

provider, if the location is known. The map is provided by a Google Maps API. The map is 

useful to visualize the location information. However, the content of the map is downloaded 

from the Internet increasing the data traffic. Since the map is not needed for energy study and 

affects the result of the measurements, a possibility to disable the map is added to the 

prototype. 

The radio buttons on top of the layout provide possibility to choose the location 

provider (GPS receiver or WPS provider). The information table below the radio buttons 

shows the current status of the application and current location of the smartphone. The 

represented data is retrieved from the location provider. In case the location provider is 

disabled for some reasons or location is unknown, a relevant message is shown in the 
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corresponding cell of the information table. The bottom part of the layout version with map 

enabled contains the map, and there is a Find me on map! button in the top-right corner. This 

button is used to automatically scroll the map to center the current location of the smartphone 

on the map.  

 

Figure 5.11. The main menu of the client application 

 

The main menu of the MainActivity, which is invoked by pressing the physical Menu 

button at the smartphone body, allows starting and stopping sharing the location, as well as 

calling the Settings dialog of the application. 

  

Figure 5.12. Settings dialog of the client part of the prototype (the upper and the lower part) 

 

The Settings dialog allows configuring the networking parameters. The appearance of 

the dialog is shown in Figure 5.12. The Protocol and Data format radio-button groups allow 

to choose the protocol and data format for location transmission. If HTTP protocol is selected, 

then the binary format is disabled according to the rules defined at the design stage of the 

prototype. The Server/broker IP text input field allows specifying the IP address of the server 
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used to exchange data with. Network update period field is used to specify the value of the 

location sharing period in seconds. The ClientID is used to identify the client. The field 

Comma separated friend list is active only if MQTT technique is selected. It specifies the 

friend list, to whom the client should subscribe to. There are OK and Cancel buttons below. In 

case the dialog does not fit the screen, it can be scrolled. 

5.8.2. Networking services 

Location sharing process which is shown in Figure 5.2 and Figure 5.3 does not require 

user interaction and at the same time it could become a heavy operation. According to 

Android framework principles such tasks are supposed to be delegated to a service, a special 

type of framework component. Instances of two different classes are used to create the 

networking service: HttpService and MqttService for the two networking techniques. The 

services encapsulate all the technique-specific part of implementation of location sharing over 

network. Services of both types (HttpService and MqttService) are created as bound 

services from the MainActivity. 

Each of the networking services should be restarted in case Android OS kills it due to 

lack of memory. Therefore, they are started as sticky services that attempt to restart after they 

were killed. Both types of networking service run periodic tasks named NetworkUpdateTask. 

The periodic task in HttpService and MqttService perform different routines as described 

before. Right after creation of the networking service, parameters such as location sharing 

period, server address and port are passed to the service. 

An Android smartphone may enter the sleep mode to save energy. The AlarmManager 

is used to schedule the periodic networking task. It is able to schedule the task to be executed 

periodically and ensures that the device wakes up to perform the task, if it is asleep. The alarm 

of RTC_WAKEUP type is used for this purpose. 

5.8.3. MqttService implementation 

In order to act as an MQTT client, the MQTT service relies on the IA92 library, which 

provides MQTT client API. The MQTT service is able to: publish messages, subscribe to a 

number of topics, and listen to incoming messages.  

The service schedules the periodic task, which shares the location of the client with the 

friends. The task is scheduled to run with a periodicity specified in application settings dialog. 

The level 0 of quality of service (the lowest) is used in order to reduce the number of 
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handshakes between the client and the server. This cannot be changed without modifying the 

source code of the application. 

The service subscribes to the location updates from the friends and start listening to 

incoming messages. A message handler (callback method) is invoked when a message arrive 

with a topic that MqttService is subscribed to. The handler processes the message and 

transfers the received information to the MainActivity. The handler receives the topic of the 

message as one of the parameters. Since the topic of the message is equal by convention to 

client ID of the sender, the receiver knows who the sender is. 

5.8.4. HttpService implementation 

In order to interact with HTTP server, HttpService relies on an Apache HTTP client 

[22]. Android offers an API to communicate with it inside android.jar library that is a 

standard approach for Android below Gingerbread (2.3.x). 

The main difference between MqttService and HttpService is in the way the 

NetworkUpdateTask is performed. Unlike the MqttService, the HttpService does both, 

uploading the location information to the server and polling the server for information updates 

and downloading them from the server. 

The runRequest() method is used in order to send requests and receive responses, 

which receives request parameters in a URL-encoded way and performs the communication 

process with the server. Location data is formatted as an URL-parameter in JSON or base64 

encoding format depending on the application settings. The BasicResponseHandler is an 

available tool that takes responsibility for receiving response from the sever. This way, there 

is no need to write a special callback method; the handler helps to make the code a bit simpler 

when the aim is just to retrieve a portion of data from the server. 
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Chapter 6 Experimental Evaluation with HTTP and MQTT 

Protocols 

This chapter describes the design of experiments, provides the background about the 

simulation of energy consumption in this thesis and presents the results of the experiments. 

6.1. The design of experiments 

This section describes and justifies the design of experiments and describes the setup and 

parameters of the experiments. The main question of the study is energy consumption for 

location data transmission over 3G networks. Amount of data transmitted and duration of the 

UE being in the different RRC states are also the subjects of interest, because they influence 

the energy consumption. 

6.1.1. Subjects of the study 

MQTT and HTTP are compared taking into consideration the following aspects: 

1. Comparison of the MQTT protocol to HTTP protocol under the same conditions, such 

as data encoding format and number of friends. 

2. Impact of different loads, which depends on the number of friends, on the data traffic 

and energy consumption. 

3. Search of the best case conditions for MQTT protocol in terms of data traffic and 

energy consumption. 

4. Impact of the data format on the amount of generated data and energy consumption. 

5. The difference between synchronous and asynchronous location sharing over MQTT 

protocol. 

6.1.2. Experiments workflow 

An Android smartphone with GPS receiver was used as the user equipment. A personal 

computer was used to run the server part of the prototype and the simulator. The client and 

server were connected to each other over the Internet. The user equipment was using the 

UMTS network for access to the Internet. The client part of location sharing application 

prototype was running on the smartphone. The data traffic was captured at the smartphone 

using the Shark for Root application creating a packet capture file (pcap). The collected data 

was later used for the calculation of the energy consumption in the EnergyBox simulation 
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tool. An iptables based firewall was employed to allow only the traffic generated by the 

location sharing application prototype. 

Every experiment scenario was done with four location sharing update periods (15 s, 30 

s, 45 s and 60 s) in order to study the impact of the update frequency on the data traffic and 

the energy consumption. The duration of one experiment was 10 minutes (600 seconds). 

Scenarios with the following number of friends were studied: 0, 3, 6 and 9 friends. Each 

experiment consists of trial that is performed once. 

Some experiments were performed with a moving smartphone and the others were 

performed with a stationary smartphone. The scenarios, when the smartphone was moving, 

were made outdoors, where the GPS receiver works. The experiments were performed by 

carrying the smartphone while walking through the university campus. The scenarios where 

the smartphone was stationary were made indoors. The GPS receiver in the smartphone was 

disabled due to absence of the GPS signal indoors, which prevented any creation of location 

update events due to possible inaccuracy of GPS signal. 

6.2. Simulation of energy consumption 

The energy consumption is calculated by the EnergyBox, an energy simulation tool that 

provides accurate energy consumption values for 3G communication. 

The simulation of energy consumption is based on the packet trace collected during the 

experiments. The EnergyBox tool expects the following inputs: the parameters of RRC state 

machine (i.e. the timer T1 and T2 as described in Section 4, and the buffer thresholds for the 

transitions from PCH to DCH and FACH to DCH presented in Table 4.2). The parameters of 

the user equipment and the pcap file containing the packet traces. The tool simulates the 

transition of the RRC states and the energy consumed while being in each of the states. The 

tool outputs the amount of energy in Joules and the time spent in the different RRC states by 

the UE. The average time accuracy is of EnergyBox, as measured in earlier evaluations, 95% 

(time spent by the UE in different states), and the average energy accuracy is 98% (Joules) for 

the different tested data patterns [13]. 

Table 6.1. Power consumption in different RRC states [13] 

RRC State Power Consumption (W) 

PCH 0 

FACH 0.46 

DCH 0.8 
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Table 6.1 presents the specific power consumption values in different RRC states, 

which are used in the thesis for simulation of energy consumption. The values have been 

previously measured for HTC TyTn II smartphone [13]. The power consumption in the PCH 

state is around 0.012 Watts in reality. However, it is assumed to be zero in this thesis in order 

to study the communication energy consumption, i.e., not considering the energy 

consumption of the standby state. Recall that the PCH state is a standby state, which does not 

allow data transmission. 

The amount of energy consumed by the UE in a RRC state is calculated by the 

EnergyBox as the time spent in this state multiplied by the power drain at this state. The 

energy consumption for transmitting the trace is the sum of the values of the energy consumed 

by the UE in each of the RRC states. Since the amount of energy (Joules) is the product of the 

power (Watts) and time (seconds), the duration of the experiment is the same for all traces in 

order to allow the comparative study of energy. The EnergyBox tool is used in order to 

evaluate energy which was consumed during the experiment by the user equipment for 

communication over the 3G network. 

6.3. Results of the experiments 

This section presents the different experiment scenarios and the results of the 

experiments. 

6.3.1. Comparison of energy consumption of HTTP and MQTT protocols 

In this subsection, HTTP and MQTT protocols are compared under the same conditions: 

the same data format, update period and number of friends. The experiments are repeated with 

different number of simulated friends in order to compare the traffic and energy consumption 

under different load, which depends on the number of users in the system. 

Table 6.2. Scenarios for comparing the HTTP and MQTT protocols under the same conditions 

Number of Friends Smartphone State Protocol and Data Format 

0 moving HTTP + JSON MQTT + JSON (async) 

3 moving HTTP + JSON MQTT + JSON (async) 

6 moving HTTP + JSON MQTT + JSON (async) 

9 moving HTTP + JSON MQTT + JSON (async) 

 

Table 6.2 gives the overview of the experiments described in this subsection. The 

following parameters are the same for every experiment: JSON format is used for data 
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encoding, the smartphone in moving state during the experiment, the simulated friends were 

moving asynchronously (makes difference for MQTT protocol only). 

 

 

Figure 6.1. Networking, HTTP + JSON, 0, 3, 6, 9 friends 

 

 

Figure 6.2. Networking, MQTT + JSON, 0, 3, 6, 9 friends 

 

The networking graphs present total transmitted data volume (upload + download) 

along the vertical axes. The unit of measure is kilobytes (kB). Figure 6.1 and Figure 6.2 

present the data traffic created by communication over HTTP protocol and MQTT protocol 

respectively, using JSON format for encoding data. Hereafter, the location sharing (update) 

periods are placed along the horizontal axes, which are scaled in seconds. 
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In general, the fewer friends there are and the higher the update period is, the lower data 

traffic is generated by each of the protocols separately. The MQTT protocol benefits in terms 

of the amount of generated traffic comparing to HTTP when the number of friends is low. The 

MQTT protocol tends to generate higher data traffic than the HTTP protocol when the 

number of friends is high (6, 9), approximately the same data traffic in case there are 3 friends 

and less data traffic in case there are no friends. The differences in the amount of generated 

traffic by the different protocols in the same scenario are caused by the different size of the 

TCP protocol overhead. For example, the overhead of the TCP protocol is 3% when the 

HTTP protocol is used and 24% when the MQTT protocol is used in the scenario with 9 

friends and 15 seconds update period.  

 

 

Figure 6.3. Energy consumption, HTTP + JSON, 0, 3, 6, 9 friends 

 

The energy consumption of HTTP and MQTT follow a different trend. Figure 6.3 

presents energy consumption for communication over HTTP protocol. The energy 

consumption graphs present the amount of energy consumed (Joules) during the experiment 

along the vertical axes. 

Despite the fact that the data traffic differs, according to Figure 6.3, the energy 

consumption for communication over HTTP protocol is approximately the same during 

experiments with the same update periods for 3, 6 and 9 friends. This is explained by the time, 

which the user equipment spends in different RRC states.  

In case of 3, 6 and 9 friends, when the periodic location sharing task is performed, there 

is always enough data in the data buffer to trigger the most energy expensive DCH state. 
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energy consumption is mostly affected by the energy tails caused by the inactivity timers, not 

by the data transmission. 

In case of 0 friends, the data transmission is mostly in the FACH state. The energy tail 

of the transition from the FACH to the PCH state has a weaker impact on the energy 

consumption than the energy tail of the transition from the DCH to the PCH state. 

 

 

Figure 6.4. Time spent by the user equipment in different RRC states, HTTP + JSON, 0 friends 

 

 

Figure 6.5. Time spent by the user equipment in different RRC states, HTTP + JSON, 3 friends 

 

Figure 6.4 and Figure 6.5 present the time spent by the user equipment in different RRC 
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similar for 3, 6 and 9 friends, what causes similar energy consumption. The charts that show 

the time spent in different RRC states for the other scenarios can be found in Appendix D.  

 

 

Figure 6.6. Energy consumption, MQTT + JSON, 0, 3, 6, 9 friends 

 

Figure 6.6 presents the energy consumption for communication over the MQTT 

protocol. The dotted and the dashed curves show the energy consumption for communication 

over HTTP protocol and they are plotted in the same diagram to make the comparison of the 

protocols more convenient. Recall that the energy consumption curves for communication 

over HTTP protocol with 3, 6, and 9 friends are similar to each other. 

Unlike the energy consumption of the HTTP protocol, the energy consumption of the 

MQTT protocol gradually changes depending on the number of friends. That happens, 

because the data are sent asynchronously in small portions which are distributed over time. 

The RRC charts for the scenarios can be found in Appendix D, Figure D.10, Figure D.12, 

Figure D.14 and Figure D.16. 
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6.3.2. Idle state 

Idle state is the state when there is no location updates. It happens when the smartphone 

is stationary and at the same time there are currently no friends or the friends are stationary. 

Only the protocol overhead with no data is created while opening connection, polling the 

server, etc. 

The user equipment may spend significant part (or even most) of its time in idle state in 

systems with aperiodic, infrequent location sharing. For example, when location sharing 

clients work in check-in mode and the events occur infrequently. 

Table 6.3. Experiment scenarios for comparing the protocols in idle state 

Number of Friends Smartphone State Protocol 

0 stationary 
HTTP 

MQTT 

s 

Note that data format is not important in this subsection, because there is no payload. 

The scenarios of the experiments for comparing the protocols in idle sate are presented in 

Table 6.3. 

 

Figure 6.7. Networking, idle state 

 

Figure 6.7 presents the data traffic diagram (uplink + downlink). HTTP location sharing 

technique creates more traffic than MQTT technique, because HTTP client always keeps 

polling sever in order to find out, whether there are some information updates about friends’ 

locations or not. On the contrary, MQTT follows the publish/subscribe paradigm that makes 

the MQTT server to send the location update once it happens. 
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As a result, in case of HTTP technique, the amount of traffic is strongly influenced by 

the update period. In the idle state, the shorter the update period is, the higher the network 

traffic and energy traffic becomes. In case of MQTT technique, network traffic and energy 

consumption are constant among the experiments with all update periods. The communication 

in idle state is performed only for establishing the connection at the beginning of the 

experiment and closing connection in the end of the experiment. Keep-alive messages are 

scheduled periodically but never occur during the experiment, because the first ping is 

scheduled about 20 minutes after the experiment is finished. 

 

 

Figure 6.8. Energy consumption, idle state 

 

The energy consumption in case of HTTP technique is the highest for the shortest 

update period and it gradually decreases while the update period becomes longer as it is 

shown in Figure 6.8. MQTT technique has constant energy consumption in idle state. The 

user equipment spends most of its time in PCH (idle) state and definite amount of energy is 

consumed for keeping the channel open in PCH state, even though no data is transmitted most 

of the time what is shown in Figure 6.9 and Figure 6.10. 
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Figure 6.9. Time spent by the user equipment in different RRC states, HTTP, idle state 

 

 

 

Figure 6.10. Time spent by the user equipment in different RRC states, MQTT, idle state 

 

Figure 6.9 and Figure 6.10 present the RRC state charts for idle state (no payload). The 
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state regardless the update period. The rest of the time is spent on the PCH state (idle). The 

same results formatted in tables are available in Appendix D in Table D.2 and Table D.4. 

According to the results described in this section, MQTT protocol is more energy-

efficient than HTTP protocol in idle state. 

6.3.3. The impact of the data format on the energy consumption 

This subsection studies the impact of the data encoding format on the amount of 

generated traffic and the energy consumption.  

Table 6.4. Experiment scenarios for study of the impact of the data format 

Number of Friends Smartphone State Protocol and Data Format 

3 moving 

HTTP + JSON 

HTTP + base64 

MQTT + JSON (async) 

MQTT + binary (async) 

 

Table 6.4 presents the set of the scenarios studied in this subsection. Each of the 

protocols is used together with two formats: JSON format and a compact format, which is the 

base64 format for the HTTP protocol and the binary format for the MQTT protocol. All the 

experiments in this subsection are done with 3 friends. This is a general scenario with 3 

chosen arbitrary. 

 

Figure 6.11. Networking, HTTP protocol with JSON and base64 data format 
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Figure 6.11 presents the traffic generated by the HTTP protocol using the JSON format 

and the base64 format. The compact base64 format allows reducing the data traffic because of 

the reduced size of the payload. 

 

 

Figure 6.12. Energy consumption, HTTP protocol with JSON and base64 data format 

 

Figure 6.12 presents the energy consumption for communication over the HTTP 

protocol. The base64 format allows reducing the energy consumption compared to the JSON 

format. In case of JSON format is used, the amount of data is high enough to trigger the most 

energy expensive DCH state for 7-27% of the total duration. In case of the base64 format, the 

data transmission runs in the FACH state with lower power consumption. The gap could vary 

depending on the different traffic thresholds which are needed to exceed in order to trigger the 

DCH state. 
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Figure 6.13. Networking, MQTT protocol with JSON and binary format 

 

Figure 6.13 presents the traffic generated by the MQTT protocol using the JSON format 

and the binary format. The compact binary format allows reducing the data traffic because of 

the reduced size of the payload. 

 

 

Figure 6.14 Energy consumption, MQTT protocol with JSON and binary format 

 

Figure 6.14 presents the energy consumption for communication over the MQTT 

protocol using JSON and binary formats. The JSON format is more energy-efficient although 

it is less compact. This can be explained as follows. 
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Figure 6.15. Time spent by the user equipment in different RRC states, MQTT, MQTT + JSON format 

 

 

Figure 6.16. Time spent by the user equipment in different RRC states, MQTT, MQTT + binary format 

 

According to the RRC state diagrams which are shown in Figure 6.15 and Figure 6.16, 

the user equipment spends 1-8% of the total duration in the most energy expensive DCH state 

in case the JSON format is used. The DCH state is never triggered in case the binary format is 

used. However, the data transmission in the DCH state is faster and the data are transmitted in 

shorter time. That allows MQTT + JSON spending more time in PCH (idle) state with no 

energy consumption for 41-71% of the total duration instead of 12-60% which are spent in the 

PCH state by MQTT + binary. As a result, in this particular case, the energy consumption of 

MQTT + JSON is lower than the energy consumption of MQTT + binary. 
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Figure 6.17. Packet sizes for MQTT + JSON format, 30 seconds update period 

 

 

Figure 6.18.  Packet sizes for MQTT + binary format, 30 seconds update period 

 

This can be further illustrated by Figure 6.17 and Figure 6.18 that show the distribution 

of packet sizes over time for the scenario with 30 seconds update period. The packet sizes in 

bytes are placed along the vertical axis and the time in seconds passed since the beginning of 

the experiment is placed along the horizontal axis. According to the diagrams, the MQTT 

protocol with JSON format generates less transmissions of greater packet size groups while 
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the binary format creates more transmissions of smaller packet size. This leads to triggering 

the DCH state in case JSON is used and triggering the FACH state when the binary format is 

used. 

According to the results of this subsection, the more compact data encoding is always 

beneficial in terms of amount of the generated data (i.e. from a bandwidth point of view). The 

compact format reduced the energy consumption of the HTTP protocol, while no 

improvement was observed in case of the MQTT protocol. A difference in sizes of the data 

representation may lead to changes in the pattern of data transmission. As a result, the less 

compact format may benefit under certain conditions such as number of friends, sizes of the 

data representation, RRC settings, etc. 

6.3.4. Synchronous vs. asynchronous location sharing 

Energy consumption is influenced by different factors including data transmission 

pattern. The first situation is called synchronous location sharing and the second one is called 

asynchronous location sharing in this thesis. The HTTP protocol is always synchronous. The 

simulator of friends is employed in synchronous and asynchronous way in order to investigate 

the impact of this behavior on the energy consumption. This subsection compares 

synchronous and asynchronous location sharing over the MQTT protocol.  

Table 6.5. Experiment scenarios for comparing synchronous and asynchronous location sharing 

Number of Friends Smartphone State Protocol and Data Format Friends Movement Pattern 

3 moving MQTT+binary 
synchronous 

asynchronous 

 

The scenarios described in Table 6.5 are studied in order to study the impact of 

synchronization to the energy consumption. All the experiments in this subsection are done 

with the same data format (binary) and 3 friends. This is a general scenario with 3, as an 

arbitrary number.  
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Figure 6.19. Networking, MQTT asynchronous vs. MQTT synchronous 

 

According to Figure 6.19, MQTT in synchronous creates less traffic than asynchronous, 

because the same number of MQTT messages tends to fit in less number of packets in case of 

synchronous sharing, and therefore, TCP protocol overhead is smaller. 

 

Figure 6.20. Energy consumption, MQTT asynchronous vs. MQTT synchronous 

 

According to the results shown in Figure 6.20, the synchronous data transmission is 

more energy-efficient than the asynchronous one. Synchronous technique allows reducing 

energy consumption up to 32%, when update period is 15 seconds. The synchronous 

technique is more energy-efficient due to generated traffic and the data is sent in bursts, which 

allows spending more time in PCH (standby) state with lowest energy consumption. This is 

shown in Figure 6.21 and Figure 6.22. 
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Figure 6.21. Time spent by the user equipment in different RRC states, MQTT asynchronous 

 

 

Figure 6.22. Time spent by the user equipment in different RRC states, MQTT synchronous 

 

However, the higher energy efficiency is achieved at the cost of a possible delay, which 

is caused by queuing messages at the server.  
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Figure 6.23. Synchronous location sharing delay 

 

Figure 6.23 shows as example that the delay varies from 0 to the location sharing update 

time. Assuming that the location data is sent every period T, the delay is marked with a thick 

black line from the location sharing activated by the client of a friend until it is received. The 

time moments when location is uploaded to the server are marked with crosses. 

Client 1 represents the worst case, when the location data is held on by the server for 

roughly one period T and the client 4 represents the best case when there is no delay. The 

other clients represent the situations in between. 

The synchronous technique allows reducing energy consumption at the cost of possible 

delay. Assuming that the location update of the clients is uniformly distributed over [0,T), 

then the expected average delay is half the period. 

There is no delay caused by holding messages by the server in case of asynchronous 

location sharing. Therefore, the MQTT protocol using asynchronous technique is able to 

provide better quality of user experience than the HTTP protocol due to instant delivery of 

location updates. 
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Chapter 7 Conclusions and Future Work 

The conclusions and suggestions for the future work are presented in this chapter. 

7.1. Conclusions 

In the search of more energy-efficient protocols for location sharing over 3G networks, 

this master thesis compares the HTTP and MQTT application layer protocols in terms of 

energy consumption and amount of traffic generated. 

The MQTT protocol is recommended as a protocol for location sharing. An advantage 

of MQTT as location sharing protocol is its publish/subscribe nature that ensures instant 

delivery of location updates resulting in a higher quality of experience for a user. Instead, a 

HTTP client has to poll the server to retrieve updates and this creates a delay which may be 

up to the period of polling. 

Which of the two protocols is more energy-efficient depends on such factors as the 

update period and the number of users. The MQTT protocol is more energy-efficient than the 

HTTP protocol when the number of other users with whom the client shares location with 

(friends) is low and the update period is short. 

The MQTT protocol generates less data when the number of friends is low. When the 

number of friends tends to increase, the HTTP protocol generates less data since to the 

updates are aggregated when the client polls the server. 

This thesis indicates that MQTT protocol is more energy-efficient than HTTP protocol 

in the idle state, when there are no location updates and all the traffic is caused by the protocol 

overhead. This is because the MQTT client does not spend energy to poll the server for 

information updates. 

7.2. Future work 

There are some unresolved issues left for future work. 

In the study the data was sent in plain text. There is a need to study of the security 

mechanisms that can be implemented below MQTT and their possible impact in the amount 

of traffic generated and the energy consumption. Encrypting MQTT traffic could be done 

using secure socket layer (SSL) in the same way as it is done with HTTP (HTTPS). That 

means that adding encryption to the MQTT traffic is in principle possible. 

A simple application prototype with small number of users was studied in this thesis (9 

users at most). In case of production systems, high load may be created by the users. It is 
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assumed that there may be some restrictions in Really Small Message Broker, because it is 

designed for running on small servers and embedded devices. However, there is no official 

information regarding the restrictions. Additional research of scalability of the solution is 

required before implementing a high load production system. A different server software is 

possibly needed for this purpose. 

The thesis demonstrates that MQTT client is energy-efficient in idle state while being 

able to receive instant updates. When users perform location sharing in check-in mode, most 

of the time the users are in idle. However, the percent of the time a client spends in idle state 

varies in real life. The study of location updates frequency of real users in check-in mode is 

required. 

It could be also interesting to perform a study of energy consumption over MQTT 

protocol using other wireless networks than 3G, for example, 4G LTE networks. 
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Appendix A. Representation of a Location Object 

Representation in JSON and Atom 

This appendix illustrates the representation of geographic location in two data formats, 

which are supported by Google Latitude, and the difference in the sizes of representation 

depending on the format. 

One of these formats is Java Script Object Notation (JSON), which is widely used to 

transfer text-encoded objects over the network. Atom is a format based on Extensible Markup 

Language (XML), which could be used for the same purpose. Both formats are human-

readable. 

{ 

 "data": { 

  "kind":"latitude#location", 

  "timestampMs":"1274057512199", 

  "latitude":37.3860517, 

  "longitude":-122.0838511, 

  "accuracy":5000 

  } 

} 

 

130 characters, 130 bytes in UTF-8 

Figure A.1. A Google Latitude location resource represented in JSON format [17] 

 

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

<feed gd:kind="latitude#locationFeed" 

  xmlns="http://www.w3.org/2005/Atom" 

  xmlns:gd="http://schemas.google.com/g/2005" 

  xmlns:latitude="http://schemas.google.com/latitude/2010"> 

 <title>Google Latitude - Current Location</title> 

 <author>Google Latitude</author> 

 <id>https://www.googleapis.com/latitude/currentLocation</id> 

 <updated>2010-05-17T00:51:52.199Z</updated> 

 <entry gd:kind="latitude#location"> 

  <title>Google Latitude Location</title> 

  <updated>2010-05-17T00:51:52.199Z</updated> 

  <content> 

   <latitude:latitude>37.3860517</latitude:latitude> 

   <latitude:longitude>-122.0838511</latitude:longitude> 

   <latitude:accuracy>5000</latitude:accuracy> 

  </content> 

 </entry> 

<feed> 

678 characters, 678 bytes in UTF-8 

Figure A.2. A Google Latitude location resource represented in Atom format [17] 

 

Figure A.1 and Figure A.2 represent the same geographic location encoded to JSON and 

XML formats. The set of values representing latitude, longitude, timestamp, etc. is equal.  
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Appendix B. Original and Reduced Data Sets 

This appendix illustrates the benefit sharing reduced set of values instead of sending 

original data set, which is retrieved from the location provider.  

{ 

 "mResults":[ 

  0, 

  0 

 ], 

 "mProvider":"gps", 

 "mExtras":{ 

  "mParcelledData":{ 

   "mOwnObject":1, 

   "mObject":1248656 

  }, 

  "mHasFds":false, 

  "mFdsKnown":true 

 }, 

 "mDistance":0, 

 "mTime":1333096552000, 

 "mAltitude":99, 

 "mLongitude":15.577669999390086, 

 "mLon2":0, 

 "mLon1":0, 

 "mLatitude":58.39829602648816, 

 "mLat1":0, 

 "mLat2":0, 

 "mInitialBearing":0, 

 "mHasSpeed":true, 

 "mHasBearing":true, 

 "mHasAltitude":true, 

 "mHasAccuracy":true, 

 "mAccuracy":15, 

 "mSpeed":0, 

 "mBearing":268.25217 

}         429 characters, 429 bytes in UTF-8 

Figure B.1. Example of android.location.Location Object Encoded in JSON (441 character) 

 

{ 

 "time":1333440956000, 

 "latitude":58.39819296162133, 

 "longitude":15.577398593452426, 

 "speed":0.99505174, 

 "accuracy":20.0, 

 "altitude":105.0,  

 "bearing":268.25217 

}         154 characters, 154 bytes in UTF-8 

Figure B.2. Example of an Object Containing Reduced Data Set Encoded in JSON (154 characters) 

 

Figure B.1 shows the original data set, and Figure B.2 shows the reduced data set which 

is used in the prototype. Both figures represent one and the same geographic location encoded 

to the same format, Java Script Object Notation (JSON). 
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Appendix C. Plan of the Experiments 

sTable C.1 in this appendix contains the summary of experiments scenarios, which are 

done in this thesis.  

Table C.1. Summary of the experiments scenarios 

Friends Smartphone State Scenarios Measured Comments 

0 

stationary 
HTTP, 

MQTT 

Background traffic with no location 

data, idle state. 

moving 
HTTP + JSON, 

MQTT + JSON 

Comparing HTTP and MQTT protocols 

under the same conditions. 

3 moving 

HTTP + JSON, 

HTTP + base64, 

MQTT + JSON (async) 

MQTT + binary (async), 

MQTT + binary (sync) 

 Comparing HTTP and MQTT 

protocols under the same conditions. 

 Study of synchronism. 

 Study of protocol and format 

combinations. 

6 moving 
HTTP + JSON, 

MQTT + JSON (async) 

Comparing HTTP and MQTT protocols 

under the same conditions. 

9 moving 
HTTP + JSON, 

MQTT + JSON (async) 

Comparing HTTP and MQTT protocols 

under the same conditions. 

 

For each scenario of the experiments the communication protocol and data encoding 

format is stated in the Scenarios Measured column. The only exception is the idle scenario, 

when there is no payload, and therefore, the data encoding format does not make any 

difference. For MQTT protocol Sync/Async note is given, which refer to 

synchronous/asynchronous movement of simulated friends. 
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Appendix D. Results of the Experiments 

The results of the measurements are provided in this appendix in tabular and graphical 

form. 

0 friends, smartphone is stationary 

Table D.1. Energy consumption, networking: HTTP, 0 friends, the smartphone is stationary 

Update 

Period, s 

Uplink, 

kB 

Downlink, 

kB 

Uplink + 

Downlink, kB 

Energy 

Consumption, J 

15 11.61 6.98 18.59 143.37 

30 6.61 4.87 11.49 85.09 

45 4.12 3.01 7.13 58.16 

60 3.14 2.08 5.22 40.64 

 

Table D.2. RRC states: HTTP, 0 friends, the smartphone is stationary 

RRC State Update Period, Seconds 

15 30 45 60 

Duration During Experiment, Seconds 

PCH 308.85 435.63 493.78 532.29 

FACH 311.68 184.97 126.43 88.34 

DCH 0.00 0.00 0.00 0.00 

 Duration During Experiment, % 

PCH 49.8% 70.3% 79.6% 85.9% 

FACH 50.3% 29.8% 20.4% 14.2% 

DCH 0.0% 0.0% 0.0% 0.0% 

 

Table D.3. Energy consumption, networking: MQTT, 0 friends, the smartphone is stationary 

Update 

Period, s 

Uplink, 

kB 

Downlink, 

kB 

Uplink + 

Downlink, kB 

Energy 

Consumption, J 

15 0.35 0.23 0.58 3.92 

30 0.35 0.23 0.58 3.48 

45 0.35 0.23 0.58 3.62 

60 0.35 0.23 0.58 3.47 

 

Table D.4. RRC states: MQTT, 0 friends, the smartphone is stationary 

RRC State Update Period, Seconds 

15 30 45 60 

Duration During Experiment, Seconds 

PCH 612.00 613.00 613.00 613.00 

FACH 8.52 7.56 7.87 7.55 

DCH 0.00 0.00 0.00 0.00 

 Duration During Experiment, % 

PCH 98.7% 98.9% 98.9% 98.9% 

FACH 1.4% 1.2% 1.3% 1.2% 

DCH 0.0% 0.0% 0.0% 0.0% 

 

 

 



70 

 

Figure D.1. Networking (uplink + downlink): 0 friends, the smartphone is stationary 

 

 

Figure D.2. Energy consumption: 0 friends, the smartphone is stationary 
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Figure D.3. Time spent by the user equipment in different RRC states: HTTP, 0 friends, the smartphone is 

stationary 

 

 

Figure D.4. Time spent by the user equipment in different RRC states: MQTT, 0 friends, the smartphone is 

stationary 
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0 friends, smartphone is moving (tables) 

Table D.5. Energy consumption, networking: HTTP +JSON, 0 friends, the smartphone is moving 

Update 

Period, s 

Uplink, 

kB 

Downlink, 

kB 

Uplink + 

Downlink, kB 

Energy 

Consumption, J 

15 32.82 14.41 47.22 153.82 

30 16.69 7.31 23.99 77.42 

45 11.37 5.18 16.55 51.81 

60 8.63 3.76 12.47 42.89 

 

Table D.6. RRC states: HTTP + JSON, 0 friends, the smartphone is moving 

RRC State Update Period, Seconds 

15 30 45 60 

Duration During Experiment, Seconds 

PCH 289.65 452.35 508.33 531.18 

FACH 326.38 168.31 112.63 84.13 

DCH 4.61 0.00 0.00 5.23 

 Duration During Experiment, % 

PCH 46.7% 73.0% 82.0% 85.7% 

FACH 52.6% 27.1% 18.2% 13.6% 

DCH 0.7% 0.0% 0.0% 0.8% 

 

Table D.7. Energy consumption, networking: MQTT + JSON, 0 friends, the smartphone is moving 

Update 

Period, s 

Uplink, 

kB 

Downlink, 

kB 

Uplink + 

Downlink, kB 

Energy 

Consumption, J 

15 11.89 5.56 17.45 146.09 

30 6.56 3.13 9.69 80.97 

45 4.52 2.14 6.66 57.16 

60 3.30 1.60 4.90 39.13 

 

Table D.8. RRC states: MQTT + JSON, 0 friends, the smartphone is moving 

RRC State Update Period, Seconds 

15 30 45 60 

Duration During Experiment, Seconds 

PCH 303.18 444.45 496.40 535.94 

FACH 317.59 176.02 124.26 85.06 

DCH 0.00 0.00 0.00 0.00 

 Duration During Experiment, % 

PCH 48.9% 71.7% 80.1% 86.4% 

FACH 51.2% 28.4% 20.0% 13.7% 

DCH 0.0% 0.0% 0.0% 0.0% 
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3 friends, smartphone is moving (tables) 

Table D.9. Energy consumption, networking: HTTP +JSON, 3 friends, the smartphone is moving 

Update 

Period, s 

Uplink, 

kB 

Downlink, 

kB 

Uplink + 

Downlink, kB 

Energy 

Consumption, J 

15 34.48 33.61 68.17 283.83 

30 15.73 15.90 31.63 136.87 

45 10.76 11.05 21.81 94.25 

60 8.65 12.57 21.22 74.34 

 

Table D.10. RRC states: HTTP + JSON, 3 friends, the smartphone is moving 

RRC State Update Period, Seconds 

15 30 45 60 

Duration During Experiment, Seconds 

PCH 126.33 381.13 455.11 489.84 

FACH 328.11 160.88 111.47 88.93 

DCH 166.13 78.58 53.72 41.78 

 Duration During Experiment, % 

PCH 20.4% 61.5% 73.4% 79.0% 

FACH 52.9% 25.9% 18.0% 14.3% 

DCH 26.8% 12.7% 8.7% 6.7% 

 

Table D.11. Energy consumption, networking: MQTT + JSON, 3 friends, the smartphone is moving 

Update 

Period, s 

Uplink, 

kB 

Downlink, 

kB 

Uplink + 

Downlink, kB 

Energy 

Consumption, J 

15 17.51 31.36 48.87 185.82 

30 9.87 16.95 26.82 111.68 

45 5.22 10.98 16.36 96.61 

60 4.09 8.69 12.94 83.97 

 

Table D.12. RRC states: MQTT + JSON, 3 friends, the smartphone is moving 

RRC State Update Period, Seconds 

15 30 45 60 

Duration During Experiment, Seconds 

PCH 253.90 387.96 413.05 440.84 

FACH 317.23 218.69 202.90 175.42 

DCH 49.87 13.85 4.10 4.10 

 Duration During Experiment, % 

PCH 41.0% 62.6% 66.6% 71.1% 

FACH 51.2% 35.3% 32.7% 28.3% 

DCH 8.0% 2.2% 0.7% 0.7% 
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Table D.13. Energy consumption, networking: HTTP + base64, 3 friends, the smartphone is moving 

Update 

Period, s 

Uplink, 

kB 

Downlink, 

kB 

Uplink + 

Downlink, kB 

Energy 

Consumption, J 

15 37.63 33.43 71.07 203.94 

30 6.29 8.09 14.39 71.71 

45 11.25 8.00 19.25 54.62 

60 8.14 5.50 13.64 39.44 

 

Table D.14. RRC states: HTTP + base64, 3 friends, the smartphone is moving 

RRC State Update Period, Seconds 

15 30 45 60 

Duration During Experiment, Seconds 

PCH 177.59 464.70 505.74 534.85 

FACH 443.35 155.90 110.14 85.75 

DCH 0.00 0.00 4.94 0.00 

 Duration During Experiment, % 

PCH 28.6% 75.0% 81.6% 86.3% 

FACH 71.5% 25.1% 17.8% 13.8% 

DCH 0.0% 0.0% 0.8% 0.0% 
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Table D.15. Energy consumption, networking: MQTT + binary (async), 3 friends, the smartphone is 

moving 

Update 

Period, s 

Uplink, 

kB 

Downlink, 

kB 

Uplink + 

Downlink, kB 

Energy 

Consumption, J 

15 13.66 18.04 31.70 251.85 

30 7.26 9.72 16.98 175.11 

45 4.76 6.13 10.89 105.07 

60 3.70 4.90 8.60 114.19 

 

Table D.16. RRC states: MQTT + binary (async), 3 friends, the smartphone is moving 

RRC State Update Period, Seconds 

15 30 45 60 

Duration During Experiment, Seconds 

PCH 72.56 239.77 391.77 372.54 

FACH 547.50 380.66 228.42 248.24 

DCH 0.00 0.00 0.00 0.00 

 Duration During Experiment, % 

PCH 11.7% 38.7% 63.2% 60.1% 

FACH 88.3% 61.4% 36.8% 40.0% 

DCH 0.0% 0.0% 0.0% 0.0% 

 
Table D.17. Energy consumption, networking: MQTT + binary (sync), 3 friends, the smartphone is 

moving 

Update 

Period, s 

Uplink, 

kB 

Downlink, 

kB 

Uplink + 

Downlink, kB 

Energy 

Consumption, J 

15 11.18 15.28 26.45 144.23 

30 6.22 8.10 14.32 133.90 

45 4.27 5.93 10.20 87.33 

60 3.24 4.50 7.74 56.83 

 

Table D.18. RRC states: MQTT + binary (sync), 3 friends, the smartphone is moving 

RRC State Update Period, Seconds 

15 30 45 60 

Duration During Experiment, Seconds 

PCH 311.17 329.25 430.26 497.45 

FACH 303.87 291.09 189.85 123.55 

DCH 5.56 0.00 0.00 0.00 

 Duration During Experiment, % 

PCH 50.2% 53.1% 69.4% 80.2% 

FACH 49.0% 46.9% 30.6% 19.9% 

DCH 0.9% 0.0% 0.0% 0.0% 
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6 friends, smartphone is moving (tables) 

Table D.19. Energy consumption, networking: HTTP +JSON, 6 friends, the smartphone is moving 

Update 

Period, s 

Uplink, 

kB 

Downlink, 

kB 

Uplink + 

Downlink, kB 

Energy 

Consumption, J 

15 33.13 53.36 86.49 285.91 

30 16.81 26.74 43.54 146.15 

45 12.84 18.85 31.69 102.41 

60 8.65 12.57 21.22 74.34 

 

Table D.20. RRC states: HTTP + JSON, 6 friends, the smartphone is moving 

RRC State Update Period, Seconds 

15 30 45 60 

Duration During Experiment, Seconds 

PCH 124.95 365.15 441.01 489.84 

FACH 325.94 171.98 119.96 88.93 

DCH 169.97 83.80 59.03 41.78 

 Duration During Experiment, % 

PCH 20.2% 58.9% 71.1% 79.0% 

FACH 52.6% 27.7% 19.3% 14.3% 

DCH 27.4% 13.5% 9.5% 6.7% 

 

Table D.21. Energy consumption, networking: MQTT + JSON, 6 friends, the smartphone is moving 

Update 

Period, s 

Uplink, 

kB 

Downlink, 

kB 

Uplink + 

Downlink, kB 

Energy 

Consumption, J 

15 24.82 58.79 83.61 254.01 

30 13.40 31.02 44.42 203.01 

45 9.18 21.56 30.99 162.12 

60 6.49 15.39 22.29 141.83 

 

Table D.22. RRC states: MQTT + JSON, 6 friends, the smartphone is moving 

RRC State Update Period, Seconds 

15 30 45 60 

Duration During Experiment, Seconds 

PCH 117.51 196.73 293.79 314.92 

FACH 436.43 399.23 291.65 301.20 

DCH 66.57 24.21 34.96 4.10 

 Duration During Experiment, % 

PCH 19.0% 31.7% 47.4% 50.8% 

FACH 70.4% 64.4% 47.0% 48.6% 

DCH 10.7% 3.9% 5.6% 0.7% 
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9 friends, smartphone is moving (tables) 

Table D.23. Energy consumption, networking: HTTP +JSON, 9 friends, the smartphone is moving 

Update 

Period, s 

Uplink, 

kB 

Downlink, 

kB 

Uplink + 

Downlink, kB 

Energy 

Consumption, J 

15 30.52 73.22 103.74 280.75 

30 16.30 36.10 52.40 142.02 

45 10.64 24.78 35.42 94.83 

60 8.10 17.33 25.43 73.02 

 

Table D.24. RRC states: HTTP + JSON, 9 friends, the smartphone is moving 

RRC State Update Period, Seconds 

15 30 45 60 

Duration During Experiment, Seconds 

PCH 131.88 373.26 453.46 492.53 

FACH 324.33 164.27 113.42 86.56 

DCH 164.45 83.07 53.32 41.50 

 Duration During Experiment, % 

PCH 21.3% 60.2% 73.1% 79.4% 

FACH 52.3% 26.5% 18.3% 14.0% 

DCH 26.5% 13.4% 8.6% 6.7% 

 

Table D.25. Energy consumption, networking: MQTT + JSON, 9 friends, the smartphone is moving 

Update 

Period, s 

Uplink, 

kB 

Downlink, 

kB 

Uplink + 

Downlink, kB 

Energy 

Consumption, J 

15 35.99 89.25 125.25 285.02 

30 14.80 42.39 57.28 225.81 

45 12.29 31.51 44.13 201.97 

60 8.70 24.01 32.88 162.08 

 

Table D.26. RRC states: MQTT + JSON, 9 friends, the smartphone is moving 

RRC State Update Period, Seconds 

15 30 45 60 

Duration During Experiment, Seconds 

PCH 17.00 198.99 192.12 294.98 

FACH 582.07 327.68 414.60 289.05 

DCH 21.58 93.85 14.07 36.40 

 Duration During Experiment, % 

PCH 2.7% 32.1% 31.0% 47.6% 

FACH 93.9% 52.9% 66.9% 46.6% 

DCH 3.5% 15.1% 2.3% 5.9% 
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0, 3, 6, 9 friends, smartphone is moving (diagrams) 

 

 

Figure D.5. Networking (uplink + downlink): HTTP + JSON, 0, 3, 6, 9 friends, the smartphone is moving 

 

 

Figure D. 6. Networking (uplink + downlink): MQTT + JSON, 0, 3, 6, 9 friends, the smartphone is moving 
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Figure D.7. Energy consumption: HTTP + JSON, 0, 3, 6, 9 friends, the smartphone is moving 

 

 

Figure D.8. Energy consumption: MQTT + JSON, 0, 3, 6, 9 friends, the smartphone is moving 
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Figure D.9. Time spent by the user equipment in different RRC states: HTTP + JSON, 0 friends, the smartphone 

is moving 

 

 

Figure D.10. Time spent by the user equipment in different RRC states: MQTT + JSON, 0 friends, the 

smartphone is moving 
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Figure D.11. Time spent by the user equipment in different RRC states: HTTP + JSON, 3 friends, the 

smartphone is moving 

 

 

Figure D.12. Time spent by the user equipment in different RRC states: MQTT + JSON, 3 friends, the 

smartphone is moving 
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Figure D.13. Time spent by the user equipment in different RRC states: HTTP + JSON, 6 friends, the 

smartphone is moving 

 

 

Figure D.14. Time spent by the user equipment in different RRC states: MQTT + JSON, 6 friends, the 

smartphone is moving 
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Figure D.15. Time spent by the user equipment in different RRC states: HTTP + JSON, 9 friends, the 

smartphone is moving 

 

 

Figure D.16. Time spent by the user equipment in different RRC states: MQTT + JSON, 9 friends, the 

smartphone is moving 
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3 friends, smartphone is moving, protocol and format combinations 

(diagrams) 

The RRC state charts for HTTP + JSON and MQTT + JSON can be found in this 

appendix in Figure D.11 and Figure D.12. 

 

 

Figure D.17. Networking (uplink + downlink): 3 friends, the smartphone is moving 

 

 

Figure D.18. Energy consumption: 3 friends, the smartphone is moving 
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Figure D.19. Time spent by the user equipment in different RRC states: HTTP + base64, 3 friends, the 

smartphone is moving 

 

 

Figure D.20. Time spent by the user equipment in different RRC states: MQTT + binary (async), 3 friends, the 

smartphone is moving 
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Figure D.21. Time spent by the user equipment in different RRC states: MQTT + binary (sync), 3 friends, the 

smartphone is moving 
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Appendix E. Server and Simulator Commands 

The HTTP server, the simulator and auxiliary components are packaged together to 

one.jar file location_server.jar. It should be started from the command line. 

There are 4 parameters: 

1) protocol for communication: ―http‖, ―mqtt‖; 

2) data format for encoding location data: ―json‖, ―base64‖, ―binary‖; 

3) number of simulated friends; 

4) the update period (period of sharing location by the simulated friends);  

5) pattern of friends movement: ―sync‖ – synchronously, ―async‖ – asynchronously. 

Example: 

$ java -jar location_server.jar mqtt json 5 10 async 
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