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Abstract 

The power is still today an issue in wearable computing applications. The aim of the present 

paper is to raise awareness of the power consumption of wearable computing devices in spe-

cific scenarios to be able in the future to design energy efficient wireless sensors for context 

recognition in wearable computing applications. The approach is based on a hardware study. 

The objective of this paper is to analyze and compare the total power consumption of  three 

representative wearable computing devices in realistic scenarios such as Display, Speaker, 

Camera and microphone, Transfer by Wi-Fi, Monitoring outdoor physical activity and Pe-

dometer. A scenario based energy model is also developed. The Samsung Galaxy Nexus 

I9250 smartphone, the Vuzix M100 Smart Glasses and the SimValley Smartwatch AW-

420.RX are the three devices representative of their form factors. The power consumption is 

measured using PowerTutor, an android energy profiler application with logging option and 

using unknown parameters so it is adjusted with the USB meter. The result shows that the 

screen size is the main parameter influencing the power consumption. The power consump-

tion for an identical scenario varies depending on the wearable devices meaning that others 

components, parameters or processes might impact on the power consumption and further 

study is needed to explain these variations. This paper also shows that different inputs 

(touchscreen is more efficient than buttons controls) and outputs (speaker sensor is more effi-

cient than display sensor) impact the energy consumption in different way. This paper gives 

recommendations to reduce the energy consumption in healthcare wearable computing appli-

cation using the energy model.   

 

  



 

 

Acknowledgements 

 

Foremost, I would like to express my gratitude to my supervisor, Prof. Dr. Michael Lawo, for 

his support, his help, his enthusiasm, and his guidance during each step of my thesis. 

 

Besides, I am really grateful to Esteban Bayro Kaiser and Stefan Brending, for their time, 

their advice, their knowledge concerning wearable computing and for lending me the smart 

watch and smart glasses equipment.   

 

I would like to thank Ali Mahmood Khan, for his help at the beginning of my thesis to define 

the good direction of my research. 

 

I am grateful to Alexis Maldonado, for his opinion and clues for the measurement and elec-

tronic part of my thesis and for lending me some of his measurement devices. Thank you to 

Patrick Mania and Sabine Veit for lending me the rest of the equipment. Thank you to all the 

personnel of TZI-Bremen, for being friendly and answering my questions.  

 

I am also grateful to my flatmates, Mine Cetinkaya, Ivana Staneva, Maryam Farajzadeh-Jalali, 

Robert Shrestha, my friend, Mihai Iusan, Raphaël Marin, Rami Alsalman and my brother, 

Briac Petit, for helping to record manually the values from the USB meter in Excel sheets, for 

reading my thesis, for giving me their opinions, for answering my questions and their support.  

 



 

 

Thank you to the people involved in PERCCOM and to my PERCCOM classmates, for these 

two years of extraordinary experience, of hard studying, of new knowledge, of travelling, of 

friendships, of new countries and of great events. 

 

I am really grateful to my parents, Myriam Petit and Didier Petit, for giving me the possibility 

to continue my study, to write my master thesis and supporting me in all my decisions. 



1 

 

 

 

 

Contents 

1. Introduction  .................................................................................................................... 11 

1.1. Background ................................................................................................................ 11 

1.1. Motivation ................................................................................................................. 14 

1.2. Hypothesis ................................................................................................................. 15 

1.3. Approach ................................................................................................................... 15 

1.4. Organization of the thesis .......................................................................................... 16 

2. State of the Art ................................................................................................................ 18 

2.1. Wearable Computing and Challenges ....................................................................... 18 

2.2. Energy consumption in wearable scenarios ............................................................... 19 

2.3. Android energy profilers ........................................................................................... 23 

2.4. Summary .................................................................................................................... 26 

3. Test scenarios .................................................................................................................. 29 

3.1. Test scenarios description .......................................................................................... 29 

3.1.1. Display ............................................................................................................... 29 

3.1.2. Speaker ............................................................................................................... 30 

3.1.3. Camera and microphone ..................................................................................... 31 

3.1.4. File transfer by Wi-Fi ......................................................................................... 31 



2 

 

 

3.1.5. Monitoring outdoor physical activity ................................................................. 32 

3.1.6. Pedometer ........................................................................................................... 34 

3.1.7. Sequences of tasks in the test scenarios ............................................................. 35 

3.2. Test scenarios setting ................................................................................................. 37 

3.3. Summary .................................................................................................................... 37 

4. Experimental Setup ........................................................................................................ 39 

4.1. Devices ...................................................................................................................... 39 

4.1.1. Smartphone: Samsung Galaxy Nexus I9250 ...................................................... 41 

4.1.2. Smart glasses: Vuzix M100 Smart Glasses ........................................................ 42 

4.1.3. Smart watch: SimValley Smartwatch AW-420.RX ........................................... 43 

4.1.4. Comparison of the Specifications ...................................................................... 44 

4.2. Measurement ............................................................................................................. 45 

4.2.1. PowerTutor application ...................................................................................... 46 

4.2.2. USB meter .......................................................................................................... 48 

4.3. Summary .................................................................................................................... 50 

5. Empirical Evaluation  ..................................................................................................... 51 

5.1. PowerTutor and USB meter ...................................................................................... 52 

5.1.1. Power consumption ............................................................................................ 52 

5.1.2. Analysis .............................................................................................................. 55 

5.2. Coefficients ................................................................................................................ 57 

5.3. PowerTutor Correction .............................................................................................. 58 

5.3.1. Power consumption ............................................................................................ 59 



3 

 

 

5.3.2. Energy model ..................................................................................................... 66 

5.4. Use case: Healthcare application example ................................................................ 67 

5.4.1. Scenarios’ description ........................................................................................ 68 

5.4.2. Energy consumption ........................................................................................... 68 

5.5. Summary .................................................................................................................... 70 

6. Conclusion ....................................................................................................................... 72 

List of references ................................................................................................................... 74 

Annex A ................................................................................................................................... 77 

 

  



4 

 

 

List of figures 

Figure 1: Devices (a) Vuzix M100 Smart Glasses (b) Samsung Galaxy Nexus I9250 (c) 

SimValley Smartwatch AW-420.RX (d) LG tablet ................................................................. 41 

Figure 2: EzReal KW-203 USB Detector Multimeter ............................................................. 48 

Figure 3: Experimental setup: the USB meter (a) is plugged in series between the energy 

source (c) and the devices (b). The camera (d) is recording the USB meter during a period of 

two minutes. ............................................................................................................................. 49 

Figure 4: Comparison of the mean value of the power consumption of the smartphone, smart 

glasses and smart watch of hands free information test scenario between PowerTutor and USB 

meter. ........................................................................................................................................ 53 

Figure 5: Comparison of the mean value of the power consumption of the smartphone and 

smart watch of activity recognition test scenario between PowerTutor and USB meter. ........ 54 

Figure 6: Power consumption in Display test scenario 1) Switch on device 2) Wait 30 seconds 

13) Wait 5 minutes 16) Stop the test ........................................................................................ 60 

Figure 7: Power consumption in Speaker test scenario 1) Switch on device 2) Wait 30 seconds 

3) Find tone in the file manager 4) Play the tone with Power Amp 12)Switch off the screen 

13) Wait 5 minutes 16) Stop the test ........................................................................................ 61 

Figure 8: Power consumption in Camera and microphone scenario 1) Switch on device 2) 

Wait 30 seconds 5) Open the application 6) Start to record a video 13) Wait 5 minutes 16) 

Stop the test .............................................................................................................................. 62 

Figure 9: Power consumption in File transfer by Wi-Fi test scenario 1) Switch on device 2) 

Wait 30 seconds 5) Open the application 7) Connect to the server 8) Find the file to download 

9) Download the file 16) Stop the test ...................................................................................... 63 

Figure 10: Power consumption in Monitoring outdoor physical activity test scenario 1) Switch 

on device 2) Wait 30 seconds 5) Open the application 10) Wait for GPS connectivity 11) Turn 



5 

 

 

on the activity recognition 12) Switch off the screen 15) Walk around the building 16) Stop 

the test ...................................................................................................................................... 64 

Figure 11: Power consumption in Pedometer test scenario 1) Switch on device 2) Wait 30 

seconds 5) Open the application 14) Walk during 5 minutes 16) Stop the test ....................... 65 

 

  



6 

 

 

List of tables 

Table 1: Average system power for a range of usage scenarios across three smartphone 

generations. (Carroll & Heiser, 2013) ...................................................................................... 22 

Table 2: Energy profilers comparison (Bakker, 2014) ............................................................. 25 

Table 3: Summary references ................................................................................................... 27 

Table 4: Popular music player applications on Google Play.................................................... 30 

Table 5: Popular FTP client applications on Google Play ....................................................... 32 

Table 6: Virtual trainer system attributes (Lowe & ÓLaighin, 2012) ...................................... 33 

Table 7: Popular pedometer applications on Google Play ....................................................... 34 

Table 8: Sequences of tasks in the test scenarios ..................................................................... 36 

Table 9: Test scenarios setting ................................................................................................. 37 

Table 10: Wearable form factors (Mautone, 2014) .................................................................. 39 

Table 11: Screen size smartphones comparison (Apple, 2015) ............................................... 42 

Table 12: Comparison of smart glasses .................................................................................... 42 

Table 13: Smartwatch features comparison ............................................................................. 43 

Table 14: Specifications comparison of the Vuzix M100 Smart Glasses, SimValley 

Smartwatch AW-420.RX and Samsung Galaxy Nexus I9250. ................................................ 44 

Table 15: HTC Dream Power Model (Zhang, et al., 2010)...................................................... 47 

Table 16: Screen size and power consumption percentage in Display scenario ...................... 55 

Table 17: Coefficients .............................................................................................................. 58 

Table 18: Energy model coefficients........................................................................................ 67 

Table 19: Activity description .................................................................................................. 68 

Table 20: Energy consumption per scenario and devices ........................................................ 69 

Table 21: Scenarios and devices ranking ................................................................................. 70 

  



7 

 

 

List of abbreviations 

Abbreviation Meaning 

3G Third-generation of mobile telecommunications technology 

APK Android application Package  

BLE Bluetooth Low Energy 

CPU Central Processing Unit 

CSS Cascading Style Sheets 

EDGE Enhanced Data rates for GSM Evolution 

GPRS General Packet Radio Service 

GPS Global Positioning System 

GPU Graphics Processing Unit 

GSM Global System for Mobile communication 

HSDPA High-Speed Downlink Packet Access 

IP Internet Protocol 

JS JavaScript 

LCD Liquid-Cristal Display 

LTE  Long Term Evolution 

OLED Organic Light-Emitting Diode 

OMAP Open Multimedia Applications Platform 

RAM  Random-Access Memory 

RFID Radio-Frequency Identification 

SMS Short Message Service 

SoC System on Chip 

TCP Transmission Control Protocol 



8 

 

 

UDP User Datagram Protocol 

WIMP  Window, Icon, Menu, Pointer  

 

  



9 

 

 

Glossary 

Android  is the operating system used in the Vuzix M100 Smart Glasses, SimValley Smart-

watch AW-420.RX and Samsung Galaxy Nexus I9250.  

GlassUp is a head mounted computer http://www.glassup.net/ 

Google Glass is a head mounted computer http://www.google.com/glass/start/ 

Google Play Store is an online app store created in 2012 by Google for Android operating 

system https://play.google.com/store 

Moto 360 Motorola is a smart watch https://moto360.motorola.com/ 

Pebble is a smart watch https://getpebble.com/pebble 

PivotHead is a head mounted computer http://www.pivothead.com/ 

PowerTutor  is an android energy profiler application used during the experiments to measure 

the total power consumption http://ziyang.eecs.umich.edu/projects/powertutor/ 

Samsung Galaxy Nexus I9250 is the smartphone used during the experiments of this thesis 

http://www.samsung.com/be_fr/consumer/mobile-phone/mobile-phone/mobile-archive/GT-

I9250TSALUX# 

SimValley Smartwatch AW-420.RX is the smart watch used during the experiments of this 

thesis http://www.simvalley-mobile.de/Android-Watch-IP67-PX-1795-919.shtml 

SmartWatch 3 Sony is a smart watch http://www.sonymobile.com/global-

en/products/smartwear/smartwatch-3-swr50/ 

Vuzix M100 Smart Glasses is the head mounted computer used during the experiments of 

this thesis http://www.vuzix.com/consumer/products_m100-prosumer/ 

http://www.glassup.net/
http://www.google.com/glass/start/
https://play.google.com/store
https://moto360.motorola.com/
https://getpebble.com/pebble
http://www.pivothead.com/
http://ziyang.eecs.umich.edu/projects/powertutor/
http://www.samsung.com/be_fr/consumer/mobile-phone/mobile-phone/mobile-archive/GT-I9250TSALUX%23
http://www.samsung.com/be_fr/consumer/mobile-phone/mobile-phone/mobile-archive/GT-I9250TSALUX%23
http://www.simvalley-mobile.de/Android-Watch-IP67-PX-1795-919.shtml
http://www.sonymobile.com/global-en/products/smartwear/smartwatch-3-swr50/
http://www.sonymobile.com/global-en/products/smartwear/smartwatch-3-swr50/
http://www.vuzix.com/consumer/products_m100-prosumer/
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WeOn Glasses is a head mounted computer http://www.weonglasses.com/ 
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1. Introduction 

 

The introduction defines wearable computing applications and their challenges. Based on this 

latest the motivation, hypothesis and approach of this thesis is presented. 

 

1.1. Background 

 

Steve Mann, a pioneer of wearable computing, believes that wearable computers are the de-

vices that will fundamentally improve the quality of users’ life based on his experience 

(Mann, 2012). He is wearing digital eye glasses for 20 years and his life has been enhanced. 

Nowadays, Eye glasses start to be more and more accepted by the society whereas some peo-

ple are still against this technology which uses the camera due mainly to privacy reasons. 

 

Wearable computing is defined by Thad Starner as ‘any body-worn computer that is designed 

to provide useful services while the users are performing other tasks’ (Starner, 2014). It con-

stitutes a new interaction between human and computer. The computers are directly integrated 

on the users’ body in a way that they do not monopolize their attention, do not give an unac-

ceptable looking and do not disturb users’ moves. They are used in the background as a sec-

ond source of information to users by short interactions from a few seconds to a few minutes. 

Wearable computing applications use context recognition by monitoring, recognizing users’ 

activities, analyzing the surrounding situation and giving a meaning and description of the 

current situation (Schmidt, et al., 1999). Wearable computing takes place in more and more 

domains such as healthcare, maintenance, production, emergency rescue, plant operation, 
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manufacturing, language translation, navigation, communication, games and sports (Genaro 

Motti, et al., 2014).  

 

Wearable computing faces the same challenges in every domain. The challenges described by 

Thad Starner in (Starner, 2014) (Starner, 2001) (Starner, 2001) are still today power use, heat 

dissipation, on and off-body networking, mobile input and output. 

 

Power consumption of devices and its management is the most difficult issue in wearable 

computing. It gets a modest improvement compared to other technologies. In fact, the batter-

ies have often a short period of time before they run out. Designers need to take into account 

the fact that the battery has to supply the wearable computing system for a minimum amount 

of time equivalent at least to the minimum of time of the users’ use. There are different ways 

to deal with battery life and power supply by using chemical battery or rechargeable battery. 

Harvesting energy from the human body or environment such as solar panels is also an inves-

tigated approach to provide energy to wearable devices. Using radio transmission on body is 

an approach which provides power for example to sensors based on the passive RFID con-

cept. Low-power-mode CPU and components, called also green components, allow an effi-

cient system and longer battery life. (Starner, 2001) (Starner, 2014) 

 

The second challenge, linked to the power issue, is the heat dissipation. The surface of the 

devices becomes smaller. By consequence, the heat dissipation is less, and the temperature 

can rise quickly (Starner, 2014). The device becomes unsafe and uncomfortable to the users 

(LiKamWa, et al., 2014). In addition, its performance slows down (Starner, 2014). The dis-
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play consumes a significant amount of energy and can be shut down for example to reduce the 

temperature allowing healthier use and better performance. 

 

The on and off-body network issue depends on the protocols used for communication and 

the place for computation, on or off-body. It causes more or less latency and energy con-

sumed. For example, Google Glass succeeds to reduce the latency when sending a message 

since they do the computation in the cloud where there are more resources. Another example 

is the LTE cellular connection which also reduces the latency by using full IP protocol in the 

Evolved Packet Core. However, some technologies such as GPRS, EDGE or HSDPA can still 

have an unacceptable latency. Another improvement concerning body network is the devel-

opment from Bluetooth to Bluetooth Low Energy (BLE) which has been standardized in 2001 

and allows an appropriate body centered network. Another example concerning this issue is 

GPS. Before 2000, GPS got an accuracy of 100 meters. Due to the technology advancement 

and political reasons, GPS now succeeds to get a standard accuracy of 20 meters also due to 

the help of on body sensors and networks. However, this merge of sensors information con-

sumes more energy than the simple sensor. (Starner, 2014) 

 

Mobile inputs are different to desktop inputs divided in two categories: free hands such as 

speech recognition using microphone for example and non-free hands such as smartphones 

touchscreen as example. Speech recognition is a viable input that can be used with smart 

glasses for example. However, it can be inappropriate to use this input in some situations such 

as taking notes during a business meeting. Besides, operating systems such as Android or iOS 

implemented a nice user interface experience using swipes, taps and gesture on a touchscreen 

which is adequate for wearable computing devices in contrast with the cascading and WIMP 

interface (Windows, Icons, Menus and Pointing devices) which require too much visual and 
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manual attention. Different mobile inputs such as voice recognition or touchscreen use differ-

ent sensors and might thus impact the energy consumption. (Starner, 2014) 

 

Also output is different by providing information to users in a visual, tactile or audio form. 

The most common output with mobile devices are the display and the vibration alert (for ex-

ample a message or a phone call) implemented on most smartphones. Head Mounted Display 

and Head Mounted Computer are devices which mainly provide information to users in visual 

form. They can also provide audio information, as Google Glass with its bone conduction 

technology. Headsets provide audio output used for example to listen to music and voice 

communication. However, bone conduction technology gets a better interaction with users by 

free hands and non-obstruction of the ears (Starner, 2014). Visual and audio outputs consume 

different amounts of energy. In fact, the smartphone display is the component consuming the 

most energy in this device (Carroll & Heiser, 2013). The choice of the output in a particular 

wearable computing application might have an influence on the total energy consumption.  

 

1.1. Motivation 

 

Wearable computing is a complex system taking into account different aspects as described in 

the previous section 1.1 such as users requirements (not monopolizing their attention, light 

weight, not disturbed users moves, easy and appropriate interaction); context recognition (an-

alyzing environment, monitoring activity, giving a description to the current situation); power 

use; heat dissipation; on and off-body networking; mobile input and output. The overall goal 

of this thesis is to be power-aware in order to optimize the energy consumption of wearable 
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computing applications by measuring the power consumption and creating a scenario based 

energy model focusing only on the hardware and the power consumption matter. 

 

1.2. Hypothesis 

 

It is known in the domain of smartphone that the screen size impact on the energy consump-

tion. However only one paper measuring the energy consumption of wearable computing in 

(LiKamWa, et al., 2014) with the Google Glass has been found. Based on this founding and 

the fact that wearable computing devices are similar by their size and their purpose, and dif-

ferences are basically only the size and shape of the display, the hypothesis of this thesis is 

wearable computing devices should consume the same amount of energy for performing tasks 

in any scenario, except concerning the display. The approach implemented in this thesis com-

pares the devices examined and measures the power consumption of different wearable devic-

es in specific scenarios. 

 

1.3. Approach 

 

The hypotheses will be checked by the measurement and analysis of the power consumption 

of wearable devices such as a smartphone, smart glasses and a smart watch with Android, the 

most popular operating system, in a set of test scenarios. One device is used as a representa-

tive of each class when examining its behavior in respect to the power and energy consump-
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tion. The representative devices are Samsung Galaxy Nexus I9250
1
, Vuzix M100 Smart 

Glasses
2
 and SimValley Smartwatch AW-420.RX

3
 due principally to their screen size and 

features such as camera. The devices are used as they are and not changed by any disassem-

bling to access the battery for example. The measurement is done by using the energy profiler 

application PowerTutor
4
 available on the Google Play Store

5
 (is an online app store created in 

2012 by Google for Android operating system) due to the logging option and a USB meter for 

a better accuracy. The scenarios are oriented hardware and try to deal with the previous issues 

in order to stay relevant to any wearable computing application. In addition of the power con-

sumption analysis, a scenario based energy model is created in order to estimate the energy 

consumption.  

 

1.4. Organization of the thesis 

 

This Chapter gives a brief overview of wearable computing discussing the main challenges 

and how this thesis contributes to these issues. This thesis is structured as follows: 

Chapter 2  presents the state of the art of wearable computing dealing with energy consump-

tion and communication. Chapter 3 uses a qualitative approach to select and describe weara-

ble computing scenarios and the components setting. Chapter 4 presents the three devices un-

                                                 

 

1
 Samsung Galaxy Nexus I9250: http://www.samsung.com/be_fr/consumer/mobile-phone/mobile-phone/mobile-

archive/GT-I9250TSALUX# 
2
 Vuzix M100 Smart Glasses: http://www.vuzix.com/consumer/products_m100-prosumer/ 

3
 SimValley Smartwatch AW-420.RX: http://www.simvalley-mobile.de/Android-Watch-IP67-PX-1795-

919.shtml 
4
 PowerTutor: http://ziyang.eecs.umich.edu/projects/powertutor/ 

5
 Google Play Store: https://play.google.com/store 

http://www.samsung.com/be_fr/consumer/mobile-phone/mobile-phone/mobile-archive/GT-I9250TSALUX%23
http://www.samsung.com/be_fr/consumer/mobile-phone/mobile-phone/mobile-archive/GT-I9250TSALUX%23
http://www.vuzix.com/consumer/products_m100-prosumer/
http://www.simvalley-mobile.de/Android-Watch-IP67-PX-1795-919.shtml
http://www.simvalley-mobile.de/Android-Watch-IP67-PX-1795-919.shtml
http://ziyang.eecs.umich.edu/projects/powertutor/
https://play.google.com/store
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der test the Samsung Galaxy Nexus I9250, Vuzix M100 Smart Glasses and SimValley 

Smartwatch AW-420.RX and the measurement tools PowerTutor application and EzReal 

KW-203 USB Detector Multimeter. Chapter 5 presents the power consumption behavior of 

each scenario and device, creates a scenario based model approach and makes recommenda-

tion in the case of healthcare wearable computing application. Chapter 6 summarizes the the-

sis.  
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2. State of the Art 

 

Wearable computing describes a family of devices, sensors, actors and energy sources that 

interact all together and are worn by the users. Wearable computing applications still face 

challenges and need further research to design the perfect application (see section 2.1). Deal-

ing with energy consumption can be done in different ways, varying the focused area, the type 

of device or the measurement tool (see section 1.2). One kind of measurement tool is the en-

ergy profiler application which can have different functionalities from one profiler to another 

one (see section 2.3). 

 

2.1. Wearable Computing and Challenges 

 

Wearable computing is a family of worn devices and sensors presented in use case applica-

tions. Sensors, actors, energy sources and other components are connected to each other via 

Wireless Body Area Network. Gepperth (Gepperth, 2012) gives an overview of recent re-

search and concept in smart wearables and clothing by stating application scenarios, common 

problems and challenges giving some approaches to deal with. The author points out that 

wearable computing has to be flexible, comfortable and lightweight to not disturb the wearer 

and has for purpose to determine users’ activity and needs via algorithms. He specifies differ-

ent interfaces such as gesture control, tactile feedback or speech recognition which can impact 

the energy. It appears that sometimes smart clothes are combined with smartphones to have a 

faster process. The author shows that the main issues concerning wearable computing applica-

tion are the functionality, the users’ acceptance, the integration of all the components and the 

energy supply. The main issues remain the same as Starner pointed out (Starner, 2001) since 

2001, only few improvements have been implemented in this area. 
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Smart watches are wearable devices directly attached to the human body monitoring activities 

and recognizing gestures in addition of providing notifications. Witt (Witt, 2014) presents an 

overview of current smart watches research describing limitations, design criteria and differ-

ent application domains. The author outcomes that already many research teams deal with the 

gesture recognition limiting the progress of the development as most of gesture recognition 

methodologies are identified to be similar. Witt shows that security and privacy are another 

issue concerning smart watch due to the exposure of the screen oriented on the outside. How-

ever, this thesis does not focus on gesture recognition but on the battery life and energy con-

sumption which is still a concern and one more time confirmed by Witt. The author explains 

that some smart watches are dependent on other devices for further processes reducing power 

consumption; nevertheless this thesis deals with the independent smart watch.  

 

2.2. Energy consumption in wearable scenarios 

 

Carroll and Heiser (Carroll & Heiser, 2010) answer to where and how the energy is used by 

providing a detailed analysis of the power consumption of an open nature and modern mobile 

device, the Openmoko Neo Freerunner smartphone. They measure the power consumption of 

principal hardware components as well as the total power consumption of the smartphone for 

micro-benchmarks and realistic usage scenarios. In particular, the paper presents an analysis 

of the energy usage and battery lifetime based on a power model. They conclude by giving the 

most promising area for a good power management and discussing about the most power 

drawn components. However, the authors focus on the power consumption of each hardware 

component such as CPU, whereas the thesis concentrates on the overall power consumption 
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of the devices components together. For instance, the thesis evaluates the sum of the power 

consumption of GSM, CPU, Wi-Fi, Audio and GPS.   

 

Andrew Rice and Simon Hay (Rice & Hay, 2010) propose a fine-grained measurement 

framework with annotated traces for phone’s power consumption, designing to understand 

how the energy is used by an application. They measure using this framework the power con-

sumption of Android-based G1 and Magic handsets and show that the energy required to send 

data could vary significantly depending on the message size and send buffer. The paper fo-

cuses on detailed energy consumption based on the communication such as data transmission, 

whereas the thesis focuses on a higher level of the communication such as Wi-Fi or GPS and 

also other activities based on wearable application as camera activity.  

 

Thiagarajany et al. (Thiagarajan, et al., 2012) present an infrastructure for measuring the en-

ergy consumption of mobile web browsing elements such as Cascade Style Sheets (CSS), Ja-

vaScript (JS), images and plug-in objects. They measure the energy consumption to render 

financial, blogging, email, news, e-commerce and social networking web sites. They prove 

that most energy consuming is rendering the page are downloading and parsing CSS and JS. 

Based on their data, they do recommendations on minimizing the energy consumption to ren-

der the page by optimizing the design of the web pages. For instance, they succeed to reduce 

the energy consumption by 30% of the Wikipedia
6
 mobile site by modifying scripts without 

disturbing the users experience. The authors estimate the point which reduces the energy con-

sumption of mobile browser by offloading the computation to a remote proxy. However, the 

                                                 

 

6
 Wikipedia: https://www.wikipedia.org/ 

https://www.wikipedia.org/


21 

 

 

paper focuses on mobile web browsing elements energy analysis such as CSS. In turn this 

thesis focuses on wearable devices activities power analysis such as listening music. 

 

Trestian et al. (Trestian, et al., 2012) investigate the impact of network related factors such as 

network load and signal quality level on the power consumption of an Android mobile device 

performing video delivery over TCP or UDP on a Wi-Fi network. In particular, they analyze 

the efficiency of the system in several scenarios showing that combining the network load and 

signal quality level impact the energy consumption. The paper focuses on detailed energy 

consumption based on multimedia video delivery combining computation and communication 

such as codec and network load. This thesis concentrates on a higher level of multimedia sep-

arating connectivity such as audio playback and communication such as file transfer. 

 

Lin and Di Francesco (Lin & Di Francesco, 2012) analyze the energy consumption of remote 

desktop access on mobile devices. The measurement is done by using PowerTutor, energy 

profiler android application, in realistic usage scenarios.  The authors measure the energy con-

sumption of different components to show how remote desktop protocols perform. They pre-

sent the impact of remote desktop protocol features on the energy consumption. The authors 

finally provide some considerations on users experience and usability.  

 

Carroll and Heiser (Carroll & Heiser, 2013) present a detailed power analysis of the major 

components such as CPU, RAM, display, GPU, wireless radios, camera, GPS and environ-

mental sensors from the Smartphone Galaxy S III smartphone. They measure the power con-

sumption by instrumentation at the circuit level in realistic workload such as gaming, video, 

audio, phone call & SMS, web browsing, email and camera. They compare the measurement 
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with previous data from earlier smartphone generation. The outcome shows that the screen 

size impacts the energy most in idle state compared to the processor. However, they also fo-

cused on the energy consumption of different generations of smartphone (see Table 1), while 

the thesis concentrates on the energy used by different kind of wearable computing such as 

smartphone, smart glasses and smart watch. 

 

Table 1: Average system power for a range of usage scenarios across three smartphone generations. (Carroll & 

Heiser, 2013) 

 Average System Power (mW) 

Benchmark G1 N1 S3 

Suspend 27 25 24 

Idle 161 334 666 

Phone call 822 747 854 

Email (cell) 599 - 1299 

Email (Wi -Fi) 349 - 1020 

Web (cell) 430 538 1080 

Web (Wi-Fi) 271 412 874 

Audio 460 322 226 

 

Bedregal et al (Bedregal & Gutierrez, 2013) present an energy consumption analysis per ap-

plication on the Samsung Galaxy Nexus Smartphone. They used PowerTutor android applica-

tion tool to measure the energy consumption by components and by applications. As a result, 

they classify the applications by the amount of energy consumed and give several recommen-

dations to save the energy. For instance, they improve 10% the battery life by applying the 

recommendations. The thesis adapts partially the same methodology as Bedregal et al by us-
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ing the same smartphone, Samsung Galaxy Nexus and the same measurement tool PowerTu-

tor. However, the authors focus on the energy consumed per application, whereas the thesis 

focus on the total power consumed by the wearable devices.  

 

LiKamWa, et al. (LiKamWa, et al., 2014) measure using Monsoon Power Monitor the power 

consumption of the Explorer Edition of Glass (XE12) by component (OMAP4430 SoC, 

Screen, Bone conduction speaker, inertial motion unit, audio recording and Wi-Fi-Bluetooth) 

and by using scenarios as idle, menu navigation, internet browsing, telephony, image/video 

capture and streaming. They also provide an analysis of the heat dissipation. The authors give 

some indication to improve the efficiency of components such as the display, CPU, input and 

output to increase the safety and utility of the device. However, the authors disassemble the 

Glass to access the battery and do the measurement; here the devices are used as identical to 

the market and not changed by any disassembling. By consequence the thesis uses PowerTu-

tor and USB meter to measure the power consumption. LiKamWa, et al. present an analysis 

of the Explorer Edition of Glass (XE12) while the thesis presents an analysis of Vuzix M100 

Smart Glasses available on the market compared to XE12 which is not anymore.  

 

2.3. Android energy profilers 

 

An energy profiler is an application that aids to perform an analysis of the application energy 

usage. Bakker (Bakker, 2014) presents an analysis and a comparison (see Table 2) between 

six different Android-based energy profilers taking into account different functionalities.  

Bakker concludes that there is no application better than another; each energy profiler has its 

own purpose and interest. The thesis uses PowerTutor application principally due to the fact 
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of per component energy usage and its logging functionalities and in the second hand due to 

its APK availability and popularity.  
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Table 2: Energy profilers comparison (Bakker, 2014) 

  Power 

Tutor  

Intel Perfor-

mance Viewer 

eDoctor Trepn GSam 

Battery 

Monitor  

CPU 

Monitor  

High-level func-

tionality per 

profiler  

Per component Yes Yes  No  Yes  No  Yes  

Per app Yes Yes  Yes  Yes  Yes  Yes 

Online profil-

ing  

yes Yes  No  Yes  No  Yes  

Detect ABD No No  Yes  No  No  No  

Average ener-

gy use/app 

Yes No  No  No  No  No  

Logging Yes No Yes  Yes  Yes  Yes  

Component-level 

functionality per 

profiler  

CPU Yes Yes  Yes  Yes  No  Yes  

3G Yes Yes  Yes  Yes  Yes  Yes  

Wi-Fi Yes Yes  Yes  Yes  Yes  Yes  

GPS Yes No  Yes  Yes  No  No  

Battery status Yes No  No  Yes  Yes  Yes  

GPU No No No  Yes  No  No  

Data visusalisa-

tion functionali-

ties per profiler 

Graphs per 

component 

Yes Yes  No  Yes  No  Yes  

Graphs per 

application 

Yes Yes  No  Yes  No  Yes  

Textual 

('form') 

yes No  No  Yes  Yes  Yes  

Overlay graphs No Yes No  Yes  No  No  

Availability of 

profilers  

Availability 

for download? 

Yes  Yes  No  Yes  Yes ( but 

No APK) 

Yes  

#Downloads 100K-

500K  

5K-10K  -  Unknown  500K-1M  10K-50K  

Google Play? Yes Yes No No Yes Yes 
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2.4. Summary 

 

To conclude this chapter, one of the main challenges in wearable computing applications re-

mains the energy consumption as has been pointed out in 2001 by Starner (Starner, 2001) 

(Starner, 2001) and still is an issue as shown in (Gepperth, 2012) and (Witt, 2014).  

 

One way to consider the battery issue is to understand where and how the power is consumed 

in order to get better power management system. As shown in section 2.2 and summarized in 

Table 3, researchers focus on this understanding but taking into account different aspects and 

using different measurement tools. This thesis adapts the same objective by understanding 

how the power consumption is used by different kind of wearable devices in realistic test sce-

narios. An analysis and a comparison of the power consumption between smartphone, smart-

watch and smart glasses are presented using PowerTutor. This paper is a first attempt in the 

field of wearable computing devices comparing power consumption in realistic test scenarios 

between such devices.  
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Table 3: Summary references 
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3. Test scenarios 

 

Chapter 2 states that one of the main challenges in wearable computing is the battery. Section 

2.2 has suggested different aspects such as components or usage scenarios and measurements 

such as software or hardware to deal with this challenge. The thesis aims to evaluate the hy-

pothesis wearable computing devices should consume the same amount of energy for per-

forming the same scenario, except concerning the display by measuring the power consump-

tion in several test scenarios which are representative of the a common practice of the devices. 

 

Section 3.1 describes the test scenarios and section 3.2 presents the setting of the different de-

vices’ components.  

 

3.1. Test scenarios description 

 

The scenarios are based on the component and usage scenario energy consumption measured 

in (LiKamWa, et al., 2014), (Carroll & Heiser, 2013) and (Carroll & Heiser, 2010). 

 

3.1.1. Display 

 

The display is the component which consumes the most energy on smartphones (Carroll & 

Heiser, 2013) and the hypothesis wearable computing devices should consume the same 

amount of energy for performing the same scenario, except concerning the display is based on 
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it. The Display scenario investigates only the energy of the screen without any application 

running which might impact the energy consumption. The sleeping time of the screen is set 

after five minutes of inactivity to avoid interaction with the device which might influence the 

result.  

 

3.1.2. Speaker 

 

An alternative to the display to provide information is the speaker. The test scenario Speaker 

uses the PowerAmp
7
 application which is one of the most popular (see Table 4, more than 

10M downloads, 860,162 votes and 4.5 rating) music player on android devices. The sound 

played during the Speaker scenario is a five minutes 440 Hz tone which is used as a general 

tuning standard for musical pitch.   

 

Table 4: Popular music player applications on Google Play 

 Downloads Votes Rate 

PowerAmp Between 10M and 50M 860,162 4.5 

Music Player ï Audio Player Between 10M and 50M 455,617 4.1 

Music Player for Android  Between 10M and 50M 134,186 4.0 

 

 

                                                 

 

7
 PowerAmp: http://powerampapp.com/ 

http://powerampapp.com/
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3.1.3. Camera and microphone 

 

Camera and microphone sensors are used to analyze the environment in hands-free applica-

tions. The scenario Camera and microphone uses the native camera application on each de-

vice. Smart glass does not have access to Google Play Store; this means that applications can 

be installed by downloading .APK android program from external resources like memory 

card. No application to record videos has been successfully found running on all the devices. 

The assumption is that the native camera application is correctly implemented and similar 

from one device to another. This assumption allows comparing the results, from the different 

native camera applications. 

 

3.1.4. File transfer by Wi-Fi 

 

In addition to camera and microphone, the connectivity has an important role in hands-free 

information. The most popular wireless protocols are Bluetooth
8
, Zigbee

9
 and Wi-Fi

10
. This 

work uses Wi-Fi protocol as a representative wireless protocol which is capable of high data 

rate implementations (Lee, et al., 2007) and long range connections (Ferro & Potorti, 2005). 

The File transfer by Wi-Fi scenario uses AndFTP client
11

, the most popular (see Table 5) ap-

plication that aims transferring files using FTP over TCP. In this scenario, the devices are 

used as a client and a LG tablet is used as a server (see Figure 1 (d)). The file is a 26 MB ran-

                                                 

 

8
 Bluetooth: http://www.bluetooth.com/ 

9
 Zigbee: http://www.zigbee.org/ 

10
 Wi-Fi: http://www.wi-fi.org/ 

11
AndFTP client: http://www.lysesoft.com/products/andftp/index.html 

http://www.bluetooth.com/
http://www.zigbee.org/
http://www.wi-fi.org/
http://www.lysesoft.com/products/andftp/index.html
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dom file. The IP address of the server is saved on the AndFTP client application before to 

start the task allowing a quick connection to the server when the application starts. During the 

scenario, a private network is implemented, where only the server and the client are connect-

ed, to avoid congestion and interference from the load. 

 

Table 5: Popular FTP client applications on Google Play 

 Downloads Votes Rate 

AndFTP client Between 1M and 5M 23,421 4.4 

Turbo FTP client & SFTP client Between 100K and 500K 2,414 4.2 

FTP Express Between 50K and 100K 774 4.0 

 

3.1.5. Monitoring outdoor physical activity 

 

In order to understand the energy consumption of the GPS used in activity recognition, this 

thesis investigates Monitoring outdoor physical activity test scenario. Lowe and ÓLaighin  

(Lowe & ÓLaighin, 2012) compare six virtual trainers. Table 6 shows the attributes of each 

trainer system. Monitoring outdoor physical activity test scenario uses Endomondo
12

 applica-

tion due to the fact that it uses only smartphone hardware, GPS technology and has more than 

6.7M users.  Endomondo is a built-in GPS and smartphone application that monitors distance 

traveled, speed data, altitude data, energy and expenditure (Lowe & ÓLaighin, 2012). 

 

                                                 

 

12
 Endomondo: https://play.google.com/store/apps/details?id=com.endomondo.android 

https://play.google.com/store/apps/details?id=com.endomondo.android
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Table 6: Virtual trainer system attributes  (Lowe & ÓLaighin, 2012) 

 Hardware Technologies Parameters Moni-

tored 

Users 

Nike+ Smartphone 

Foot pod 

Wristband 

Smartphone applica-

tion 

GPS 

Footswitch 

Distance traveled 

Speed data 

Altitude data 

Energy 

Expenditure 

>4,000,000 

Polar Wristwatch 

Chest strap heart rate 

monitor 

Foot pod 

GPS module 

Wristwatch 

Heart rate monitor 

Accelerometer 

Distance traveled 

Speed data 

Altitude data 

Energy 

Expenditure 

Heart rate data 

Unavailable 

miCoach Smartphone 

Chest strap heart rate 

monitor 

Foot pod 

Wristband 

Heart rate monitor 

Accelerometer 

Smartphone applica-

tion 

GPS 

Distance traveled 

Speed data 

Altitude data 

Energy 

Expenditure 

Heart rate data 

Unavailable 

Runkeeper Smartphone Smartphone applica-

tion 

GPS 

Distance traveled 

Speed data 

Altitude data 

Energy 

Expenditure 

6,425,000 

Endomondo Smartphone Smartphone applica-

tion 

GPS 

Distance traveled 

Speed data 

Altitude data 

Energy 

Expenditure 

> 6,700,000 

Microsoft K i-

nect 

Kinect 

Xbox 360 

IR emitter 

IR camera 

Body orientation 

Body position 

18,000,000 kinect 

users 
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3.1.6. Pedometer 

 

In order to understand the energy consumption of the accelerometer sensor, the thesis investi-

gates Pedometer test scenario. The two most popular pedometers available on Google Play 

Store are Noom Walk
13

 and Runtastic pedometer
14

 with both between 5M and 10M down-

loads (see Table 7). The thesis uses Noom Walk application because it is the most popular 

with 121,441 votes. Noom Walk application is a built-in accelerometer and smartphone appli-

cation that counts the number of steps of the users.  

 

Table 7: Popular pedometer applications on Google Play 

 Downloads Votes Rate 

Noom Walk Between 5M and 10M 121,441 4.1 

Podometer Between 1M and 5M 52,628 4.2 

Runtastic Podometer Between 5M and 10M 75,436 4.2 

 

  

                                                 

 

13
 Noom Walk: https://play.google.com/store/apps/details?id=com.noom.walk&hl=fr 

14
 Runtastic pedometer: https://play.google.com/store/apps/details?id=com.runtastic.android.pedometer.lite 

https://play.google.com/store/apps/details?id=com.noom.walk&hl=fr
https://play.google.com/store/apps/details?id=com.runtastic.android.pedometer.lite
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3.1.7. Sequences of tasks in the test scenarios 

 

The test scenarios are split in two groups Hands-free information test scenarios (display, 

speaker, camera and microphone and file transfer by Wi-Fi) and Activity recognition test sce-

narios (monitoring outdoor physical activity and pedometer). 

 

Table 8 describes step by step the actions taken during the scenarios. At the beginning of eve-

ry scenario the device is switched off. All  scenarios start with a preparation process which is 

switching on the device and waiting 30 seconds corresponding to the time of the starting pro-

cesses. Then, the Speaker scenario consists to find the tone in the native file manager and play 

it with PowerAmp application. After the preparation process, Camera and microphone, File 

transfer by Wi-Fi, Monitoring outdoor physical activity and Pedometer scenarios consist to 

open the correspondent application (Native Camera, AndFTP client, Endomondo and Noom 

Walk application) and perform few actions such as start to record the video, connect to the 

server, find and download the file, wait for GPS connectivity and turn on the activity recogni-

tion. In Speaker and Monitoring outdoor physical activity scenarios the screen is switched off 

which is representative to a real scenario when someone listening music or monitoring activi-

ty. In Display, Speaker, Camera and microphone and Pedometer scenarios, the test is stopped 

after five minutes. The File transfer by Wi-Fi test is stopped when the file is completely 

downloaded and the Monitoring outdoor physical activity scenario is finished after one turn 

around the building.  
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Table 8: Sequences of tasks in the test scenarios 

Sequences of 
tasks 

Test scenarios 

Hands-free information Activity recognition 

N° Description display speaker Camera and micro-

phone 

File transfer by Wi-

Fi 

Monitoring outdoor physical 

activity 

pedometer 

1 Switch on device Ἠ Ἠ Ἠ Ἠ Ἠ Ἠ 

2 Wait 30 seconds Ἠ Ἠ Ἠ Ἠ Ἠ Ἠ 

3 Find tone in the 

file manager 
ἦ Ἠ ἦ ἦ ἦ ἦ 

4 Play the tone 

with Power Amp 
ἦ Ἠ ἦ ἦ ἦ ἦ 

5 Open the appli-

cation 
ἦ ἦ Ἠ Ἠ Ἠ Ἠ 

6 Start to record a 

video 
ἦ ἦ Ἠ ἦ ἦ ἦ 

7 Connect to the 

server 
ἦ ἦ ἦ Ἠ ἦ ἦ 

8 Find the file to 

download 
ἦ ἦ ἦ Ἠ ἦ ἦ 

9 Download the 

file 
ἦ ἦ ἦ Ἠ ἦ ἦ 

10 Wait for GPS 

connectivity 
ἦ ἦ ἦ ἦ Ἠ ἦ 

11 Turn on the ac-

tivity recognition 
ἦ ἦ ἦ ἦ Ἠ ἦ 

12 switch off the 

screen 
ἦ Ἠ ἦ ἦ Ἠ ἦ 

13 Wait 5 minutes Ἠ Ἠ Ἠ ἦ ἦ ἦ 

14 Walk during 5 

minutes 
ἦ ἦ ἦ ἦ ἦ Ἠ 

15 Walk around the 

building 
ἦ ἦ ἦ ἦ Ἠ ἦ 

16 Stop the test Ἠ Ἠ Ἠ Ἠ Ἠ Ἠ 

 

  



37 

 

 

3.2. Test scenarios setting 

 

Table 9 presents the state of the components such as the Display, Bluetooth, Wi-Fi, GSM, 

Audio and GPS. For each scenario, only the main components under test are set as TRUE and 

the others are set at FALSE in order to reduce the impact of these components on the power 

consumption. If the intensity can be modified such as the brightness of the display or the vol-

ume of the audio, the value is set at maximum to evaluate the highest amount of power con-

sumed in the test scenario. During the experiments, the speaker of the smart glasses at maxi-

mum volume makes the sound crackling. For this reason, the volume of the smart glasses is 

set to 50 percent of its capacity and represents the maximum volume without crackling.  

 

Table 9: Test scenarios setting 

Test scenarios Display Speaker Camera and microphone File transfer by Wi-Fi 

Monitoring outdoor 

physical activity Pedometer 

Display MAXIMUM  FALSE MAXIMUM  MAXIMUM  FALSE MAXIMUM  

Bluetooth FALSE FALSE FALSE FALSE FALSE FALSE 

Wi-Fi FALSE FALSE FALSE TRUE FALSE FALSE 

GSM FALSE FALSE FALSE FALSE FALSE FALSE 

Audio FALSE MAXIMUM  FALSE FALSE FALSE FALSE 

GPS FALSE FALSE FALSE FALSE TRUE FALSE 

 

3.3. Summary 

 

This chapter describes the test scenarios which are under test to measure the power consump-

tion and estimate the energy consumption. The qualitative approach is used to understand 

which scenario is the most common and the most representative of wearable computing appli-

cation. Display, Speaker, Camera and microphone, File transfer by Wi-Fi, Monitoring outdoor 
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physical activity and Pedometer are described in Section 3.1 and the setting of the Display, 

Bluetooth, Wi-Fi, GSM, GPS and Audio components are presented in Section 3.2. A quantita-

tive approach is further used to evaluate the hypothesis providing numerical values of the 

power consumption in each test scenario.  

  



39 

 

 

4. Experimental Setup 

 

Chapter 3 describes the six scenarios that are tested to measure the power and evaluate the 

energy consumption and in addition presents the components setting. These scenarios have to 

run on wearable devices being able to perform these tests. Three devices, Samsung Galaxy 

Nexus I9250, Vuzix M100 Smart Glasses and SimValley Smartwatch AW-420.RX are select-

ed as a representative of the different form factors (see section 4.1).  

 

Chapter 2 shows different ways of measuring the power consumption either via software or 

hardware equipment. In the thesis the power consumption is measured using PowerTutor ap-

plication on android devices and adjusted using USB meter (see section 4.2).  

 

4.1. Devices 

 

Steven Mautone (Mautone, 2014) presents the major wearable form factors (see Table 10).  

Table 10: Wearable form factors (Mautone, 2014) 

Smart Glasses and Goggles 

Wristwatches, Bracelets, and Armbands 

Rings and Gloves 

Necklaces and Lanyards 

Pins and Clips 

Headbands and Headsets 

Clothes: Belts, Shirts, Jackets and Pants 

Shoes 
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Smart glasses and goggles, wristwatches, bracelets and armbands have similar features to the 

smartphone and can provide hands-free information and recognize users’ activity. Rings, 

gloves, necklaces and lanyards are usually used as controller. Pins, clips and shoes are com-

monly tracking devices for day or a path tracking using GPS sensors or IMU (Inertial Meas-

urement Unit) for example. Headbands might be used as brain waves reader and might pro-

vide audio information as headsets. Clothing is generally used to carry all the smart devices. 

One common scenario using smart clothes is safety and security at work for example the 

chainsaw scenario. 

 

Smart glasses and goggles, and wristwatches, bracelets and armbands are the two wearable 

form factors which correspond to be the best to perform the scenarios described in Chapter 3. 

One pair of smart glasses and one smart watch are selected as representative of these form 

factors. In addition, one smartphone is selected for the experiments as representative of popu-

lar devices ‘seen as an opportunity for smart wearables, especially in activity recognition’ 

(Gepperth, 2012) and also known for their limited battery size and capacity and power re-

striction. 

 



41 

 

 

 

Figure 1: Devices (a) Vuzix M100 Smart Glasses (b) Samsung Galaxy Nexus I9250 (c) SimValley Smartwatch AW-

420.RX (d) LG tablet 

 

4.1.1. Smartphone: Samsung Galaxy Nexus I9250 

 

Samsung Galaxy Nexus I9250 (see Figure 1 (b)) is used during the experiments. Screen size 

of smartphones is the most impactful parameters on the power consumption. Table 11 shows 

that the screen size of Samsung Galaxy Nexus I9250 (4.65”) is between Iphone5 (4”) and 

Iphone6 (4.7”) which makes the Samsung Galaxy Nexus I9250 a representative device of 

smartphone concerning the screen size.   
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Table 11: Screen size smartphones comparison (Apple, 2015) 

Smartphones Screen size 

Iphone5 4" 

Samsung Galaxy Nexus I9250  4.65" 

Iphone6 4.7" 

 

 

4.1.2. Smart glasses: Vuzix M100 Smart Glasses 

 

The smart glasses used for the experiment are Vuzix M100 Smart Glasses (see Figure 1 (a)) 

allowing hands free information access and data collection. It is an android based wearable 

computing composed of monocular display and computer. It is selected as the representative 

of Smart Glasses and Goggles form factors due to its features such as Wi-Fi and its availabil-

ity on the market (see Table 12).  

 

Table 12: Comparison of smart glasses  

 Google Glass
15

 Vuzix M100 WeOn Glasses
16

 PivotHead
17

 GlassUp
18

 

Wi -Fi yes yes no no no 

Market Availability  not anymore yes yes not yet yes 

 

                                                 

 

15
 Google Glass: http://www.google.com/glass/start/ 

16
 WeOn Glasses: http://www.weonglasses.com/ 

17
 PivotHead: http://www.pivothead.com/ 

18
 GlassUp: http://www.glassup.net/ 

http://www.google.com/glass/start/
http://www.weonglasses.com/
http://www.pivothead.com/
http://www.glassup.net/


43 

 

 

4.1.3. Smart watch: SimValley Smartwatch AW-420.RX 

 

The smart watch used for the experiment is SimValley Smartwatch AW-420.RX (see Figure 1 

(c)). It has been chosen due to its features (see Table 13) regrouping most of the smart watch 

features in one watch. Its characteristics such as Wi-Fi, GPS or Camera show its ability to 

perform every scenario described in Chapter 3. It is a complete computer with full communi-

cation features.  

 

Table 13: Smartwatch features comparison 

Smart Watch Moto 360 Motorola
19

 SmartWatch 3 Sony
20

 Pebble
21

 Simvalley AW-420.RX 

Wi-Fi     No Yes 

Sensors 

GPS No Yes   Yes 

Gyro Yes Yes   Yes 

3D Accele. Yes Yes Yes Yes 

Compass Yes  Yes Yes Yes 

Camera       Yes 

 

 

 

 

                                                 

 

19
 Moto 360 Motorola: https://moto360.motorola.com/ 

20
 SmartWatch 3 Sony:  http://www.sonymobile.com/global-en/products/smartwear/smartwatch-3-swr50/ 

21
 Pebble: https://getpebble.com/pebble 

https://moto360.motorola.com/
http://www.sonymobile.com/global-en/products/smartwear/smartwatch-3-swr50/
https://getpebble.com/pebble
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4.1.4. Comparison of the Specifications 

 

Table 14 compares the specifications of Vuzix M100 Smart Glasses, SimValley Smartwatch 

AW-420.RX and Samsung Galaxy Nexus I9250.  

Table 14: Specifications comparison of the Vuzix M100 Smart Glasses, SimValley Smartwatch AW-420.RX and Sam-

sung Galaxy Nexus I9250. 

 Specifications 

Components Vuzix M100 Smart Glasses SimValley Smartwatch AW-420.RX Samsung Galaxy Nexus I9250 

CPU TI OMAP4460 Dual-Core at 1.2GHz fast dual-core CPU at 1.0 GHz TI OMAP 4460 Dual-core 1.2 GHz 

Battery 550mAh, up to 8 hours standby 600mAh, up to 75 hours standby 1,750mAh, up to 290h standby 

Display 428 x 240 pixels, virtual image 4" 240 x 240 pixels, touchscreen 1.54" 720 x 1280 pixels, touch screen 

4.65 " 

Camera 5MP photos, 1080p video. 3 MP photo, video 5 MP photo, 1080p video 

Sensors GPS, 3 axis gyro, 3 axis accelerometer, 
and 3 axis mag/integrated compass. 

GPS, accelerometer, E-compass, 9-axis 
position sensor 

GPS, accelerometer, gyroscope, 
proximity, compass, barometer 

Connectivity Wi-Fi, Bluetooth. Wi-Fi , Bluetooth 4.0, GSM Wi-Fi , Bluetooth v3, GSM  

Controls 4 control buttons Touchscreen 1.54", 2 control buttons Touchscreen 4.65", 3 control but-
tons 

 

All these devices have the similar features and have access to sensors or components such as 

camera, speaker, Wi-Fi, accelerometer and GPS allowing performing the scenarios describes 

in Section 3.1. However, hardware specifications vary between devices and might impact the 

energy consumption. For example the CPU clock rate of the smartwatch is at 1.0GHz and 

smartphone and smart glasses at 1.2 GHz, this difference might have a low impact on the en-

ergy consumption while the display might significantly impact on the energy. Vuzix M100 

Smart Glasses virtual screen size (4") represents 86% of the screen size of the Samsung Gal-

axy Nexus I9250 (4.65") and SimValley Smartwatch AW-420.RX screen size (1.54") repre-

sents 33% of the smartphone. In addition, the devices have different resolutions which might 

impact on the energy consumption. Concerning the battery, Vuzix M100 Smart Glasses has 

the lower capacity 550mAh compare with the smartwatch 600mAh and the smartphone 
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1,750mAh impacting mainly the autonomy of the battery. The specifications concerning the 

autonomy are accurate for new devices, however the three devices used in this thesis have 

been already in used and the specifications might vary. The smart watch and the smart phone 

have a touchscreen allowing faster control and navigation on the device than smart glasses 

composed only of four control buttons. 

 

4.2. Measurement 

 

There are two ways of measuring the energy consumption either using hardware or software 

equipment. The equipment should be used with the same sampling rate on every device to 

compare and analyze similar, coherent and relevant data. Access to the battery of the smart 

glass and the smart watch is not possible without disassembling the devices; this makes it dif-

ficult to record the power or the energy consumed from the battery to the device using hard-

ware equipment.  

 

Software equipment is the most suitable to get the power consumption behavior of the devic-

es. Smartphone, smart glasses and smart watch are running Android which allows using the 

same application on each device. Many Android energy profiler applications are available on 

the Internet and in Google Play Store. For a better understanding of these applications, the 

features of six popular energy profilers are compared in (Bakker, 2014) (see also section 2.3).  
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4.2.1. PowerTutor application 

 

PowerTutor is used to measure the power consumption in (Lin & Di Francesco, 2012), 

(Bedregal & Gutierrez, 2013) and also here. 

 

PowerTutor (Zhang, et al., 2010) estimates the power consumption of major system compo-

nents and applications. The estimation is based on a model built on HTC G1, HTC G2 and 

Nexus one. The main advantage of this application is the logging data option. The power 

model used in PowerTutor is based on the power states of smartphone components that influ-

ence the energy consumption. Components with an insignificant impact on the power con-

sumption such as SD card are excluded from the model, only CPU, OLED/LCD, Wi-Fi, 3G, 

GPS and audio states are taken into account. The model is constructed by correlating the 

power consumption measured with the power states of the hardware components (see Table 

15). The power consumption measured for each individual component had been defined man-

ually using Monsoon Power Monitor
22

 and automatically using the built-in voltage sensor (see 

equation 1). The system power consumption is calculated by the sum of independent compo-

nents power estimates (Zhang, et al., 2010). 

 

ὖ ὸ ὸ Ὁ ὛὕὈὠ ὛὕὈὠ   ( 1 ) 

 

                                                 

 

22
 Monsoon Power Monitor: https://www.msoon.com/LabEquipment/PowerMonitor/ 

https://www.msoon.com/LabEquipment/PowerMonitor/
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Table 15: HTC Dream Power Model (Zhang, et al., 2010) 

Model 

 ὪὶὩή ὪὶὩήόὸὭὰ ὅὖὟ  ὦὶὭὫὬὸὲὩίί ὋὖὛ  ὋὖὛ

 ͺ ὡὭ ὊὭ  ͺ ὡὭ ὊὭ  ͺ σὋ  ͺ σὋ

 ͺ σὋ  

Category System variable Range Power coefficient Category System variable Range Power coefficient 

CPU 

util 1-100  : 4.34 

 : 3.42 

LCD Brightness 0-255  : 2.40 

GPS 
GPS_on 0,1  : 429.55 

freql,freqh 0,1 n.a. GPS_sl 0,1  : 173.55 

CPU_on 0,1  : 121.46 

Cellular 

Data_rate 0-∞ n.a. 

Wi-Fi 

Npackets, Rdata 0-∞ n.a. Downlink_queue 0-∞ n.a. 

Rchannel 1-54  : Equation 2 Uplink_queue 0-∞ n.a. 

Wi-Fil 0,1  : 20 3Gidle 0,1  ͺ : 10 

Wi-Fih 0,1  ͺ: Equation 3 3GFACH 0,1  ͺ : 401 

Audio Audio_on 0,1  : 384.62 3GDCH 0,1  ͺ : 570 

 

  Ὑ τψ πȢχφψὙ  ( 2 ) 

   ͺ χρπάὡ  Ὑ Ὑ   ( 3 ) 

 

PowerTutor is used during the experiments to measure the total power consumption of the 

devices and based on this result the energy consumption is estimated by the integral of the 

power over the time. PowerTutor runs on startup, it means that the profiling service starts with 

the device. At the end of the task the profiler is stopped and the log is saved. The model pro-

vides the power consumption with 95% accuracy. In this thesis the accuracy might be differ-

ent as parameters for the smartphone, smart watch and smart glasses can be diverse to those of 

the model. For this reason, the real values of the power consumption are measured using an 

USB meter in order to adjust the values of the PowerTutor, however PowerTutor application 

is still used during the measurement due to its logging data. 
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4.2.2. USB meter 

 

The USB meter used is EzReal KW-203 USB Detector Multimeter (see Figure 2). The device 

displays the current in Ampere and the voltage in Volt with a measuring rate superior or equal 

to 2Hz and accuracy equal to 99%.  

 

 

Figure 2: EzReal KW-203 USB Detector Multimeter 
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During the experiments, the USB meter is plugged in series between the energy source (wall 

plug or external battery) and the device (smartphone, smart watch or smart glasses) (see Fig-

ure 3).  

 

Figure 3: Experimental setup: the USB meter (a) is plugged in series between the energy source (c) and the devices 

(b). The camera (d) is recording the USB meter during a period of two minutes. 

 

The devices are fully charged before the start of a scenario. The USB meter does not measure 

the voltage and the current of the entire scenario but only the steady state for the scenario is 

used to compare the devices. Only the steady state is used because it is the focus of this re-

search and also because the initial state is unstable. The USB meter does not log the data. To 

get the data, a camera is recording the USB meter during a period of two minutes. The video 
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is analyzed frame by frame and voltage and current for every second are entered manually 

into an Excel sheet. The power consumption is calculated as the product of voltage and cur-

rent (see equation 4). 

 

ὖ ὠὍ ὥὲὨ ὗ ὍϽὸ   ( 4 ) 

 

4.3. Summary  

 

To conclude this chapter, the Section 4.1 presents Samsung Galaxy Nexus I9250, Vuzix 

M100 Smart Glasses and SimValley Smartwatch AW-420.RX the representative devices of 

their form factors due principally to their screen size, to their features such as Wi-Fi and their 

ability to perform the test scenarios described in Chapter 3. These three devices have different 

hardware specifications influencing the energy consumption.  

 

Section 4.2 presents the PowerTutor application and EzReal KW-203 USB Detector Multime-

ter. PowerTutor is an Android application used to measure the total power consumption of the 

devices. However, this tool uses valid parameters for other types of smartphone as describes 

in (Zhang, et al., 2010) and might be imprecise with respect to the devices used here. For this 

reason, the USB meter hardware equipment is used to measure the power in the steady state of 

the scenario and adjust the total power consumption of the PowerTutor by a respective shift. 

This thesis combines the advantage of the PowerTutor logging option with the advantage of 

accurate value from the USB meter to measure the power consumption and create the scenario 

based energy model.  
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5. Empirical Evaluation 

 

Chapter 2 concludes that one of the main challenges and a remaining challenge in wearable 

computing applications and focused on this thesis is the energy consumption and that one of 

the main approaches is to understand how and where the energy is used. Chapter 3 concludes 

that the best methodology is to understand how and where the energy is going and the best 

way to evaluate the hypothesis wearable computing devices should consume the same amount 

of energy for performing the same scenario, except concerning the display is to measure and 

compare the power consumption of different form factor wearable devices in representative 

test scenarios. Chapter 4 presents smartphone, smart glasses and smart watch, the three form 

factors in wearable computing used for the experiments and concludes that the representative 

devices are the Samsung Galaxy Nexus I9250, the Vuzix M100 Smart Glasses and the 

SimValley Smartwatch AW-420.RX. The power consumption is measured using PowerTutor 

android application and corrected using USB meter. 

 

This Chapter presents, compares and analyses the results. Section 5.1 compares the average 

power consumption measured with the PowerTutor application and the USB meter during the 

steady state of the scenario. Section 5.2 presents the coefficients used to correct the PowerTu-

tor values. Section 5.3 presents the modified PowerTutor values and develops a scenario 

based energy model. Section 5.4 shows how to use the energy model giving recommendations 

in healthcare use case application example.  

 

The raw values from the experiments are stored and explained in Annex A.  
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5.1. PowerTutor and USB meter 

 

The sub-section 5.1.1 observes the average power consumption values and the sub-section 

5.1.2 analyses these values.   

 

5.1.1. Power consumption 

 

Figure 4 and Figure 5 compare the PowerTutor and USB meter power consumption mean 

value for each device and each test scenario. The mean value is calculated during the steady 

state of the scenario over a period of two minutes except for Monitoring outdoor physical ac-

tivity scenario which is over one minute and forty eight seconds due to reading issue (bright 

sunlight and backlight) of the values on the USB meter and the File transfer by Wi-Fi scenario 

which is over the average time needed to transfer the 26MB random file either 14 seconds for 

the smartphone, 17 seconds for the smart glasses and 17.20 seconds for the smart watch in the 

case of the USB meter and 17 seconds for the three devices in the case of PowerTutor. Each 

scenario is performed three times under the same conditions (place, path, temperature) for 

each device to validate the data. Three times is sufficient as the standard deviation is small.  

The dark blue, green and red columns represent the power consumption measured with USB 

meter respectively for the smartphone, smart glasses and smart watch. The purple, orange and 

light blue columns represent the power consumption measured with PowerTutor respectively 

for the smartphone, smart glasses and smart watch.  
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Figure 4: Comparison of the mean value of the power consumption of the smartphone, smart glasses and smart watch 

of hands free information test scenario between PowerTutor and USB meter. 

 

Smart glasses did not perform the activity recognition test scenarios because no .APK file has 

been found for Monitoring outdoor physical activity and Pedometer scenarios. It is for this 

reason that Figure 5 shows only the power consumption for the smartphone and the smart 

watch. 
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Figure 5: Comparison of the mean value of the power consumption of the smartphone and smart watch of activity 

recognition test scenario between PowerTutor and USB meter. 

 

In the case of the USB meter, the figures show that the smartphone has higher power con-

sumption (for example 1396mW in Display scenario) followed by the smart glasses (842mW) 

and then by the smart watch (584mW) in all the test scenarios except for the Speaker scenario 

where smart glasses has the higher power consumption at 686mW followed by the 

smartphone at 563mW and the smart watch at 125mW.  

 

In the case of the PowerTutor, the power consumption values between the smartphone, smart 

glasses and smart watch for each scenario are almost similar with a maximum variation of 

107mW in the case of Camera and microphone scenario with the smartphone at 983mW, the 

smart glasses at 952mW and the smart watch at 1059mW. There is no device that significant-

ly consumes more power than others for example smartphone has the higher power consump-
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tion in the Pedometer scenario while smart glasses has the higher in Display scenario and 

smart watch in Camera and microphone scenario.   

 

5.1.2. Analysis 

 

A first analysis of the power consumption from the USB meter is done in sub-section 5.1.2.1 

and a second from the PowerTutor is done in sub-section 5.1.2.2. 

 

5.1.2.1. USB meter 

 

The Display scenario running no application shows that the size of the screen impacts the 

power consumption. In fact the smartphone which has the bigger screen size has also the 

highest power consumption (1396mW). However the power consumption is not proportional 

to the screen size as shown in Table 16 demonstrating that other components and parameters 

might also impact the power consumption.  

 

Table 16: Screen size and power consumption percentage in Display scenario 

 Screen size Power consumption 

Smartphone 100% 100% 

Smart glasses 86% 60% 

Smart watch 33% 42% 
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Carroll and Heiser (Carroll & Heiser, 2010) demonstrates that the content of the display as an 

impact on the power consumption, in fact a full black screen consumes 74.2mW and a full 

white screen 33.1mW. In the experiments, the screens display different and colorful main 

menu for each device with different background and icons. The content might impact the 

power in addition of others components and parameters, further research is needed in this do-

main to understand exactly which are these components and parameters that impact the pow-

er.  

 

Figure 4 and Figure 5 show that the smartphone, smart glasses and smart watch consume dif-

ferent amount of power in Speaker and Monitoring outdoor physical activity scenarios per-

forming with screen off. This implies that other components impact the power consumption 

and wearable computing devices consume different amount of power for performing the same 

scenario. In this case, an energy model needs to be created for each device and each scenario 

separately.  

 

In the case of the Camera and microphone, File transfer by Wi-Fi and Pedometer scenarios 

the screen is on and the results show always the same trend. The smartphone consumes the 

most energy, then the smart glasses and the smart watch showing a similar trend to the Dis-

play scenario and demonstrating that the screen size might have the biggest impact on the 

power consumption. 

 

Display scenario consumes more power than Speaker scenario in fact the smartphone con-

sumes 1396mW for 563mW, the smart glasses 842mW for 686mW and the smart watch 
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584mW for 123mW demonstrating that the choice of the output to provide information to the 

users impact the power consumption. 

 

5.1.2.2. PowerTutor 

 

As seen in Section 4.2.1, PowerTutor might use unknown parameters and might be imprecise 

while USB meter collects directly the voltage and the current at 99% accuracy. The Figure 4 

and Figure 5 show that the power consumption values from the PowerTutor are different than 

the values from USB meter demonstrating that the values from PowerTutor need to be cor-

rected.  

 

To conclude this section, the screen size impacts on the power consumption, however compo-

nents and others parameters might also have an impact. Further research is needed to get a 

better understanding of the components and parameters influence. The results further show 

that PowerTutor values need to be corrected.  

 

5.2. Coefficients 

 

In order to correct the power values from the PowerTutor, the coefficients are calculated, as 

follows (equation 5):  
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ὅ
ὖ

ὖ     ( 5 ) 

With  i the test scenario and j the device; C the coefficient;  PUSBmeter the power con-

sumption measured by the USB meter in mW and PPowerTutor  the power consumption meas-

ured by the PowerTutor in mW. 

 

Table 17 presents the coefficients that are injected in the total power consumption values of 

the PowerTutor to shift the values at the good level.  

 

Table 17: Coefficients  

i                                             j SMARTPHONE SMARTGLASSES SMARTWATCH  

Display 1.528761685 0.863002076 0.645355122 

Speaker 1.348409298 1.686350668 0.315937683 

Camera 2.398711216 2.324871801 1.169219075 

File transfer by Wi-Fi 2.533016373 1.917267905 1.132275537 

Monitoring outdoor physical activity  1.123594334 - 0.345999074 

Pedometer 2.697617735 - 0.75263394 

 

5.3. PowerTutor Correction 

 

The sub-section 5.3.1 presents an analysis of the power consumption for each scenario and 

each device. Based on this analysis, a scenario based energy model is created in the sub-

section 5.3.2. 
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5.3.1. Power consumption 

 

Figure 6 to Figure 11 present the power consumption in mW for the smartphone (blue line), 

smart glasses (green line) and smart watch (red line) in Display, Speaker, Camera and micro-

phone, File transfer by Wi-Fi, Monitoring outdoor physical activity and Pedometer test sce-

narios. In each figure, the sequence numbers from Table 8 are indicated on the timeline for 

each device.  
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In Figure 6, the startup processes from 1 to 30 seconds have different power consumption be-

havior between the three devices. Smartphone requires more power at startup than smart 

glasses and smart watch; in fact smartphone requires 489 additional mW during 16 seconds 

compared to the initial power value (1376mW) while the smart watch requires 168 additional 

mW during 16 seconds and the smart glasses 154 additional mW during 2 seconds. These 

startup processes are not measurable and need further investigation for more details. After the 

first processes, the power consumption tends to be stable for the entire scenario except for the 

smart glasses where two peaks appear at 177 seconds and 272 seconds. Looking at the task 

manager of the smart glasses, the peaks correspond to automatic processes launched by an-

other application during a short period of time less than 5 seconds.  

 

 

Figure 6: Power consumption in Display test scenario 1) Switch on device 2) Wait 30 seconds 13) Wait 5 minutes 16) 

Stop the test 
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In Figure 7, the starting processes have the same trend as explained in Figure 6 with different 

values due to the different coefficients used. Find the tone in the file manager provides light 

variations of the power consumption. In the case of the smartphone, few variations appear be-

fore finding the tone in the file manager (starting at 30 seconds), this might correspond to un-

detected processes that are not measurable from the startup. When the tone is played a peak of 

power is detected (2532mW for the smart glasses, 2033mW to the smartphone and 450mW to 

the smart watch). Switch off the screen causes a power drop of 1542mW for the smart glasses, 

1389mW for the smartphone and 311mW for the smart watch. When the tone stops the power 

drop at 27mW for the smart glasses, at 7mW for the smartphone and 1mW for the smart 

watch and the scenario is stopped.  

 

 

Figure 7: Power consumption in Speaker test scenario 1) Switch on device 2) Wait 30 seconds 3) Find tone in the file 

manager 4) Play the tone with Power Amp 12) Switch off the screen 13) Wait 5 minutes 16) Stop the test 
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In Figure 8, the starting processes have the same trend as explained in Figure 6 with different 

values due to the different coefficients used. Open the application requires more power in the 

case of the smartphone with 482 additional mW and smart watch with 497 additional mW. 

Then the power stabilizes at the mean value of 2357mW for the smartphone, 2214mW for the 

smart glasses and 1238mW for the smart watch to record the video. The smartphone and the 

smart glasses have more noise than the smart watch. Further research is needed to explain the 

reason. When the scenario is stopped after 5 minutes and the video is saved, a peak of power 

is detected on the smartphone (3010mW) and smartwatch (2496mW).  

 

 

Figure 8: Power consumption in Camera and microphone scenario 1) Switch on device 2) Wait 30 seconds 5) Open the 

application 6) Start to record a video 13) Wait 5 minutes 16) Stop the test 
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respond to undetected processes that are not measurable from the startup. The signals are un-

clear and have variations. However, a rectangle of power is distinct during 17 seconds of file 

downloading and with a mean value of 2771mW for the smartphone, 1966mW for the smart 

glasses and 1256mW for the smart watch. Find the file to download takes more time in the 

case of the smart glasses due to the 4 control buttons compare to smartphone and smart watch 

with a touchscreen. In the PowerTutor log files of the three devices, the Wi-Fi state is not de-

tected.  

 

 

Figure 9: Power consumption in File transfer by Wi-Fi test scenario 1) Switch on device 2) Wait 30 seconds 5) Open 

the application 7) Connect to the server 8) Find the file to download 9) Download the file 16) Stop the test 
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In Figure 10, the starting processes have the same trend as explained in Figure 6 with different 

values due to the different coefficients used. Open the application requires a peak of power 

(1839mW for the smartphone and 565mW for the smart watch). Waiting for GPS connection 

consumes less power with 1524mW for the smartphone and 466mW for the smart watch than 

when the device is connected with 1596mW for smartphone and 529mW for the smart watch. 

In this case, the smartphone is faster (30 seconds) to connect to the GPS than the smart watch 

(45 seconds). Further experiments showed that the connecting time does not depend of the 

device, and the smart watch can be faster to connect to the GPS than the smartphone. Turn on 

the activity recognition causes higher power with 1755mW and 646mW and switch off the 

screen the power drops to a mean value of 520mW and 154mW. In the case of the 

smartphone, three peaks appear at 160, 220 and 180 seconds which might be due to human 

activity.  

 

 

Figure 10: Power consumption in Monitoring outdoor physical activity test scenario 1) Switch on device 2) Wait 30 

seconds 5) Open the application 10) Wait for GPS connectivity 11) Turn on the activity recognition 12) Switch off the 

screen 15) Walk around the building 16) Stop the test 
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In Figure 11 the starting processes have the same trend as explained in Figure 6 with different 

values due to the different coefficients used. Open the application requires more power for the 

smartphone with 2991mW. The signals stay constant around 2761mW with noise for the 

smartphone and 739mW with peaks for the smart watch which might be due to human activi-

ty. 

 

 

Figure 11: Power consumption in Pedometer test scenario 1) Switch on device 2) Wait 30 seconds 5) Open the applica-

tion 14) Walk during 5 minutes 16) Stop the test 
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In general, the power consumption reacts to users-device’s interaction and to connection such 

as GPS for example. Further analysis and measurement are needed concerning processes, 

components and parameters that might influence the power consumption. 

 

5.3.2. Energy model 

 

This section proposes a scenario based energy model of each device separately due to their 

different amount of power consumption as explained in Section 5.1.2.1. The energy model as 

a function of time is represented as follows: 

Ὁὸ Ὁ Ὁ ὸ 

Ὁὸ in J (Joule) is the total energy consumed during the scenario. Ὁ  in J is the fix ener-

gy consumed at the beginning of the scenario before the steady state based on the PowerTutor 

correction values (see Section 5.3.1) and calculated by the integral of the power over the time. 

Ὁ ὸ in J is the variable energy over the time corresponding to the steady state and rep-

resented as follows: 

Ὁ ὸ ὖϽὸ 

ὖ in W is the mean value of the power consumption and t in seconds is the execution time of 

the scenario.  

 

In Table 18, the Ὁ  and ὖ values of the scenario based energy model are presented for the 

smartphone, smart glasses and smart watch.  
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Table 18: Energy model coefficients 

  SMARTPHONE SMARTGLASSES SMARTWATCH  

  Ὁ ὐ ὖὡ  Ὁ ὐ ὖὡ  Ὁ ὐ ὖὡ  

Display 46.3 1.396 24.5 0.842 19.3 0.584 

Speaker 60.8 0.563 100.4 0.686 11.5 0.125 

Camera 80.5 2.358 69.8 2.214 39.6 1.238 

File transfer by Wi-Fi 111.5 2.771 125.4 1.966 43.6 1.256 

Monitoring outdoor physical activity  154.7 0.52 - - 46.9 0.154 

Pedometer 102.0 2.761 - - 27.3 0.739 

 

For each scenario, the energy consumption trend corresponds to power consumption trend ex-

cept for the File transfer by Wi-Fi. For example, the energy trend for the Display scenario is 

smartphone with 46.3 J, smart glasses with 24.5 J and smart watch with 19.3 J and the power 

trend is smartphone with 1.396 W, smart glasses with 0.842 W and smart watch with 0.584 W. 

However, in the File transfer by Wi-Fi, the energy consumed at the beginning is higher than 

the smartphone while the power consumption is less. This is due to the time needed to access 

the file for download and proves that the smart glasses input device with 4 control buttons is 

less efficient than the touchscreen as input device. 

 

5.4. Use case: Healthcare application example 

 

The purpose of this sub-section is to show how to choose the best interface and the best de-

vice using the energy model described in Section 5.3.2. An energy study is done on a simple 

example in the domain of healthcare.  
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5.4.1. Scenariosô description  

 

Boronowsky, et al. (Boronowsky, et al., 2007) present a user’s study in real scenario such as 

healthcare. The energy consumption has not been studied during their experiments. The ener-

gy model created in the section 5.3.2 allows the energy’s study. The healthcare scenario con-

sists to provide information to the doctor concerning the patient when the doctor enters in the 

patient hospital room. This scenario implies a device that can browse and display the infor-

mation. 

 

The scenario presented in (Boronowsky, et al., 2007) is adapted to the case of smartphone, 

smart glasses and smart watch. The scenario corresponds to the doctor who wants to see the 

last medical test result of the first patient.  Two scenarios, using visual output or audio output, 

are described in Table 19. 

 

Table 19: Activity description  

Activity  

number 

Activity description 

1 Doctor enter in the patient’s room 

2 Doctor switches on the device and browse to the medical test result of the first patient 

3 The blood test results are presented (display or audio) [30sec] 

4 The device is in sleeping mode until the next patient 

 

5.4.2. Energy consumption 

 

Table 20 presents the energy consumption for each scenario and each device. 
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Table 20: Energy consumption per scenario and devices 

  Visual output scenario Audio output scenario 

Activity 

number 

Correspond-

ence with the 

energy model 

Energy 

Smart 

phone (J) 

Energy 

Smart 

glasses (J) 

Energy 

Smart 

watch (J) 

Energy 

Smart 

phone (J) 

Energy 

Smart 

glasses (J) 

Energy 

Smart 

watch (J) 

1 Device off 0 0 0 0 0 0 

2 Switching ON 

+ Browsing =  

Ὁ ὐ in 

File transfer 

by Wi-Fi 

111.5 125.4 43.6 111.5 125.4 43.6 

3 P * 30 sec in 

Display or 

Speaker 

41.88 25.26 17.52 16.89 20.58 3.75 

4  unknown unknown unknown unknown unknown unknown 

 Total energy 153.38 150.66 61.12 128.39 145.98 47.35 

 

Each activity refers to a value from the energy model. When the device is off as in activity 

number 1, the energy consumption is null for each scenario and device. The activity number 2 

corresponds to switch on the device and to browse which is similar to the energy consumed at 

the initial state of File transfer by Wi-Fi scenario or Speaker scenario. File transfer by Wi-Fi 

has been switched to the correct value from the steady state with screen on while the Speaker 

scenario has been switched to the correct value from the steady state with screen off. In this 

condition, although the both scenarios browse at the initial state, the File transfer by Wi-Fi is 

the most similar and representative of the activity number 2. The activity number 3 corre-

sponds to power of the Display scenario from the energy model multiply by 30 seconds for 

the Visual output scenario and to the power of the Speaker scenario for the Audio output sce-

nario. The activity number 4 does not correspond with the energy model presented in Section 

5.3.2. The total energy consumption is calculated for each scenario and each device.  
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The Table 21 ranks the scenarios and devices. In this scenario, the energy model recommends 

to use first the Audio output with the smart watch (47.35J), second the Visual output with the 

smart watch (61.12J) and third the Audio output with smartphone (128.39J). 

 

Table 21: Scenarios and devices ranking 

Total energy (J) Scenario 

153.38 Visual output with Smart phone 

150.66 Visual output with Smart glasses 

145.98 Audio output with Smart glasses 

128.39 Audio output with Smart phone 

61.12 Visual output with Smart watch 

47.35 Audio output with Smart watch 

 

This application example in healthcare demonstrates that the energy model created in Section 

5.3.2 is applicable in real scenario, gives power awareness and recommendations to the user. 

However, a user-study is needed in order to find the good trade-off between the energy con-

sumption and user requirements to design energy efficient wearable computing applications. 

 

5.5. Summary  

 

To conclude this Chapter, the screen size influence the power consumption, in fact when the 

screen is switched on, the smartphone with the bigger screen size has always the higher power 

consumption followed by the smart glasses with medium screen size and finally the smart 

watch with the smaller screen size. Section 5.1.2.1 shows that the choice of the output (audio 
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or visual) might impact the power consumption as power consumption in Display scenario is 

higher than Speaker scenario. Section 5.1.2.1 shows also that not only the screen size influ-

ences the power consumption and further research is needed to understand which processes, 

components and parameters might influence the power. Section 5.1 shows that the PowerTu-

tor values need to be corrected due to unknown parameters used in the application. The modi-

fied PowerTutor values are corrected using coefficients calculated in Section 5.2 and present-

ed in Section 5.3.1. A scenario based energy model as function of time is presented in Section 

5.3.2 for each device showing that input impacts the energy consumption. In fact the smart 

glasses with 4 control buttons input device is less efficient than the smartphone and smart 

watch with a touchscreen in Transfer by Wi-Fi test scenario. Section 5.4 shows how to use the 

energy model in a simple healthcare example application in order to choose the best interface 

and devices concerning the energy consumption in wearable computing application. 
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6. Conclusion 

 

This thesis states that one of the remaining challenges in wearable computing is still today the 

power consumption. However, research focused far more on the energy consumption of the 

smartphone than smart glasses and smart watch. In this thesis, a comparison of the power con-

sumption for smartphone, smart glasses and smart watch has been done in order to evaluates 

the hypothesis wearable computing devices should consume the same amount of energy for 

performing the same scenario, except concerning the display.  

 

The thesis followed a qualitative approach. In total six test scenarios (Display, Speaker, Cam-

era and microphone, Transfer by Wi-Fi, Monitoring outdoor physical activity and Pedometer 

test scenarios) were set up. In each test scenario the power consumption had been measured 

using the energy profiler PowerTutor due to its logging option, however it is using unknown 

parameters, so its values has been corrected using USB meter. The devices chosen as repre-

sentatives of their form factor are the Samsung Galaxy Nexus I9250 smartphone, the Vuzix 

M100 Smart Glasses and the SimValley Smartwatch AW-420.RX due to their screen size, 

features and ability to perform the test scenarios.  

 

The thesis confirmed that also in wearable computing applications, the screen size is the main 

component that impacts the power consumption however wearable computing devices con-

sume different amount of energy for performing the same scenario meaning that other pro-

cesses, components or parameters have an impact on the energy consumption. This paper fur-

ther showed that control buttons as input device consumed more energy than input as 

touchscreen and that audio output consumes more energy than visual output.  
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In the domain of wearable computing this thesis shows that there is still a gap in energy con-

sumption research. Only few papers deal with this topic and the topic remains a challenge. 

This thesis showed that the screen size is the main energy consuming component and that in-

puts and outputs also impact the energy consumption. Developers need to be energy aware 

concerning the screen size, the input and output. Using the scenario based energy model al-

lows to choose the best way to get or provide information to the users based on a previous us-

ers’ study and taking into account energy requirements in order to save energy for a longer 

battery life. 

 

In general, the recommendations based on this hardware energy and power study would be: 

¶ Use audio outputs instead of visual input.  

¶ Use touchscreen input instead of control buttons inputs when browsing. 

¶ Use a smaller screen with smaller resolution. 

 

This thesis provides further directions in the analysis of power or energy consumption of 

wearable computing devices such as the analyses of the processes, the components and the 

parameters that might influence the energy. In addition, the study has to be completed by 

computing and software analysis to allow optimization of the energy. 
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Annex 

Annex A 

 

All  the figures and raw data used to plot the graphics are stored in the following link: 

https://github.com/DorinePetit/MasterThesisPERCCOM 

The folders are organized as follows: 

 

https://github.com/DorinePetit/MasterThesisPERCCOM
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Level 
4 

Level 
3 

Level 
2 

Level 
1 

MasterThesis 
PERCCOM 

Activity 
recognition 

tasks 

Monitoring 
outdoor 
physical 

activity task 

Smartphone 

Smartwatch 

Pedometer 
task 

Smartphone 

Smartwatch 

Hands free 
information 

tasks 

Camera and 
microphone 

task 

Smart 
glasses 

Smart watch 

Smartphone 

Display task 

Smart 
glasses 

Smart watch 

Smartphone 

Speaker task 

Smart 
glasses 

Smart watch 

Smartphone 

Wi-Fi task 

Smart 
glasses 

Smart watch 

Smartphone 
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The folders at level 4 contain 11 files: 

‚ 9 files correspond to the raw data running 3 times the same test scenarios to valid the 

values.  

ǐ T[i].log  corresponds to the log file from PowerTutor test number i 

ǐ T[i].MP4  corresponds to the recording values from the USB meter test number i 

for 2 minutes at the steady states of the scenario 

ǐ T[i].txt  corresponds to the value from the log file test number i 

‚ 2 excel files: 

ǐ POWERTUTOR-[test scenario name]-[device].xlsx file presents the values of the 

total power consumption used on the device and plot the values of the 3 tests on 

one graphic. 

ǐ USBMETER-[test scenario name]-[device].xlsx file presents the current, voltage, 

time manually entered and the power consumption and the mean values for the 3 

tests.  

 

The folders at level 2 contain COMPARISON-[name].xlsx file which compares the values 

from USB meter and PowerTutor to calculate the correction coefficients and correct the pow-

er consumption of the PowerTutor. 

 


