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Android on Googlen kehittdma avoimeen ldhdekoogigrustuva matkapuhelimen
kayttojarjestelma. Vaikka se oli alun perin tarktiti matkapuhelimia varten, Android
on suunniteltu niin joustavaksi, ettd sen voi as@ntihes mihin tahansa Linux-
pohjaiseen laitteeseen. Eri laitevalmistajat ovaanneet merkille Androidin
sopeutumiskyvyn ja mahdollisuuden kayttaa tuhamalmiita Androidin sovellutuksia
eri laitteissa. Viime vuosien aikana laitevalmiatapvat alkaneet tuoda markkinoille
erilaisia ei-matkapuhelin multimedialaitteita, jatk kaikki kayttavat Android-
kayttojarjestelmaa. Naiden Android-laitteiden iltyesinen merkitsee sitd, etta
tietoliikenteeseen, multimediaan, ohjelmistokelsg®n ja muihin vastaaviin aloihin
perustuvien yritysten taytyy paattaa, ryhtyvatkoétagoamaan Androidille erityisesti
suunnattua sisaltéa ja palveluja. Tama tyd on ikéftu auttamaan yrityksia
paatoksenteossa tarjoamalla niille tietoa siitdemioimiva Android-kayttojarjestelma
on muissa laitteissa kuin matkapuhelimissa, miteh laitevalmistajat kayttavat
Androidia ja millainen tyypillisen Android-laitteecéyttokokemus on.

Ty0 on jaettu kolmeen osaan. Ensimmaisessa osasstellaédn Android-
kayttojarjestelma, sen ominaisuudet ja arkkitehtuDmisessa osassa tutkitaan lukuisia
taman paivan markkinoilta 16ytyvia Android-laiti@jt kartoitetaan mihin Android
pystyy ja mitkd ovat laitteille tyypillisia piirtéh. Kolmannessa osassa esitellaan yksi
Android-pohjainen laite, Archos 5 Internet Tablet,kaytetaan sitd esimerkkina siita,
millainen kayttokokemus tyypillisella Android-laélla voi olla tutkimalla sen
kaytettavyytta Jacob Nielsenin heuristisen arvisinmenetelmalla.

Tydssa havaittiin, etta vaikka Android-kayttojatEma voidaan mukauttaa erilaisten
laitteiden tarpeisiin, se toimii parhaiten kosketiygollisissa laitteissa. Useimmat
Android-pohjaiset laitteet ovat erittéin riippuviaidangattomasta yhteydestd, mika voi
tarjota markkinapohjaa teleoperaattoreille. Andi@icbn mahdollista laajentaa ja
parannella siten, ettd se kykenee toistamaan hkwikealaatuista mediaa, mukaan
lukien high-definition-videoita, mika voi hyddyttéagisallontarjoajia. Suurin o0sa
tutkituista laitteista tukee Android-sovellutuksiautta sovellusten jakelu eri laitteille
saattaa tuottaa vaikeuksia, silla eri laitevalnestaovat paattdneet perustaa omia
sovellus-verkkokauppojaan yksinomaan omia laitteitaarten. Liséksi todettiin, etta
Android-kayttojarjestelma ja siihen perustuvat tést kehittyvat edelleen nopeasti,
joten tydssa esitetyt tiedot voivat vanhentua mmata kuukauden sisalla.
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Android platform is an open source mobile phonerajiey system developed by
Google. Although originally meant for mobile phonésdroid was designed to be so
flexible that it can be installed to almost any idevrunning a Linux-type kernel.
Different device manufacturers have noted this tadslity and the potential of using
thousands of ready-made Android-based applicationgarious devices. In the recent
years manufacturers have begun to introduce diffetgpes of non-mobile-phone
multimedia devices to the market, all of them rugnAndroid platform. The emergence
of these non-mobile Android devices means that eongs related to
telecommunications, multimedia, software developtnand other relevant fields need
to decide whether or not they should begin to mteviontent and services tailored for
Android. This thesis was written to help with thliscision by providing information on
how functional Android platform is on non-mobile vites, how different
manufacturers are using the platform, and what uber-experience on a typical
Android-based non-mobile device is like.

This thesis has been divided into three sectiohs.first section provides an overview
on Android platform, its features and architectliee second section studies numerous
Android-based non-mobile devices on today’s magket offers insight on Android’s
capabilities and what are the current trends antleaglevices. The third part presents a
test case of one Android-based device, Archos &riet Tablet, and uses it as an
example for what usability on a typical Android-bdsdevice is like by evaluating it
with Jacob Nielsen’s heuristic evaluation method.

It was discovered that although Android platfornm @& adapted to numerous different
types of devices, it functions best in a devicehvaittouchscreen. Most Android-based
devices are heavily reliant on wireless connegtiwitifering a market opportunity for
telecommunications operators. Android platform d@nexpanded to be capable of
playing high-quality media, including high-defimiti video, giving an opportunity for
content providers. Most of the studied devices etgpl Android applications, but the
distribution of applications might be complicatedchuse many manufacturers have
chosen to establish their own application storel®rtenade for their own devices.
Finally, it was noted that Android and devices lobsm it are still under heavy
development, so the information provided in thigsis might grow outdated within a
few months.
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1. INTRODUCTION

This thesis examines how non-mobile multimedia cevion today’s market are using
Android platform, and how suitable the aforemergrplatform is for devices other
than mobile phones.

Mobile phones of today have evolved into more amdenmultipurpose devices.
Merely providing telephony and text messaging swihas not been enough for
several years. Mobile phones of today can browtsnat, locate themselves via GPS
(Global Positioning System), and play high-quadiifeo and audio, to name only a few
of their capabilities. Mobile phone platforms hdikewise needed to evolve to meet the
needs of today’'s mobile devices. The platforms hivdoe able to provide all the
features of a multipurpose device and be able tptatb different screen sizes on
different devices. They also have to be flexiblewgh to accommodate new features
that might be introduced to the phones in the &utdihis versatility has developed to
the point that the device running a mobile phorafpfm might not necessarily even
have to be a mobile phone. Google’s Android isxangle of a mobile phone platform
that has expanded beyond mobile phones.

When Google first introduced Android in 2007 [ljetplatform was slow to
catch speed. The first mobile phone to support giddplatform, HTC G1, was
unveiled in September 2008 at the same time wehfitist full version of the Android
SDK (Software Development Kit) [2]. The second @evio support Android, HTC
Magic, was not unveiled until almost half a yedetan February 2009 [3]. However,
the speed has been picking up, with new Androiccbadevices being released and
shipped in increasing numbers. According to anpedeent advisory and consultancy
firm Ovum, approximately five million Android-basetkvices were shipped in 2009.
Ovum goes on to further estimate that in 2010 tlealrer of shipments will increase
past ten million. This momentum will continue tawrin the future and, according to
Ovum, in year 2014 Android will be shipped in 72limin handsets. [1].

Android-based devices have also been increasingljced by consumers.
ChangeWave Alliance Research Network conductednaeguabout the popularity of
different mobile phone platforms among consumeiSdptember 2009. They found that
6% of the consumers who were planning to purchasmmasmart phone within the next
90 days would pick Android as their platform of e ChangeWave conducted a
similar survey again in December 2009, and jushiwithree months the portion of
consumers planning to use Android OS (OperatingeB®yshad risen to 21%. [4].

It might have been partly because Android had gmoto be a success among
mobile phones that manufacturers began to resesagis to use it on other devices



besides handsets. Another likely reason is thatréiddplatform is based on Linux
kernel, which is these days fairly commonly foumdmany types of devices, thus
making the porting of Android to them possible. fehdnave been experiments to
integrate Android platform to netbooks as earlytlas end of 2008 [5]. Others have
installed Android to devices such as MIDs (Mobitgernet Device), e-book readers,
and even STBs (Set-Top Box). The first commerasdicks were released in 2009, and
more manufacturers are introducing their own desseeery month.

However, not all corporations in the industry sembelieve in Android’s
potential. In an interview with Computerworld inng&u 2009, Kerry McGuire, an
executive at ARM, stated that Android is optimiZed smartphones and would need
more work before it could be feasibly used in otthevices. Certain software developers
are also doubtful about Android’s capabilities. iRiMathew, a director at Real Inc.,
cites Android’s inability to run multiple applicatis simultaneously and the lack of
drivers for plugged-in devices as limiting factéws Android’s usefulness. [6].

Despite these doubts Android platform has madedrent on new types of
devices. It therefore becomes necessary for telsoftware developers, and other
companies involved in the industry to evaluate Adls potential for these new
devices. The companies need to determine whethaptothey should begin to offer
products and services tailored for Android on desiother than mobile phones. This
thesis was written to help with the decision preces

The goal of this thesis is to map out the feasjbdnd capabilities of Android
platform on non-mobile multimedia devices. “Non-rilet) within the context of this
thesis, is defined as devices other than smartghand mobile handsets. The question
that this thesis seeks to answer is two-fold:

e What kind of devices is Android platform used floradrder for companies to
anticipate what kind of products and services thmeght have to offer for
these devices, it is necessary to know how manus are using the
Android platform. What are most common featureshim devices currently
in the market? What seem to be the most commonessks?

e What is the user-experience like on Android platferwhether or not
consumers find a device pleasing to use is an itapbrfactor for the
device’s popularity and commercial success. And@&lhas been optimized
for smartphones, but how suitable is it for non-iteotlevices?

This thesis has a Chapter dedicated to examinidgaaswering each of these
guestions. The findings of these questions are tiiewn together to give two
perspectives on Android platform: how functiona dapabilities are likely to be on
non-mobile device and what the user-experiend&eson them.

This thesis has been divided into the followingptbkes:

Chapter 2 introduces the Android platform. The platform’srsien history,
primary features, and basic architecture are em@thi Screen resolutions and
multimedia formats supported by Android are listBohally, the Chapter takes a brief



look at Android Market, an online applications stthat is one of the primary channels
used to distribute software developed for Andrdatfprm.

Chapter 3 is dedicated to answering the first question presktabove, that is,
what kind of devices Android platform is being uded This was accomplished by
collecting information on as many Android-based-nowbile devices as could be found
at the time of writing. Ten of these devices arespnted in further detail. Each of the
devices is examined in three parts. First, the rieeth specifications and notable
features are listed. Second, third-party revieweesponses to the device and its
possible good and bad features are presented.itlid author of this thesis presents a
small analysis, pointing out notable trends andsimbs problems. The Chapter
concludes in a summarizing analysis that collectd discusses the trends, most
common features, and most common problems that matreed during the survey.

Chapter 4 answers to the second question presented abo\e, tivd user-
experience on Android is like. This is accomplisildintroducing a use case where
Archos 5 Internet Tablet is examined as an exarlevhat using an Android-based
device could be like. The basic theory of good iighbs first described and Jacob
Nielsen’s Heuristic Evaluation of usability is iattuced. Archos 5’s interface is then
described in greater detail. The device is thenluewed using Jacob Nielsen’s
heuristics. Finally, the Chapter concludes by teiénlg of the findings and analysis on
what the results would indicate about Android’shiléa.

Chapter 5 draws together the findings from Chapters 3 andp@ma4. The
results are discussed, conclusions are drawn fat wWiey would mean for companies
related to the field, and the results’ overallabliity is estimated.

Chapter 6 is the conclusion. The thesis and its findingstarefly summarized.
Recommendations for further studies are made.

Since this thesis covers a broad area, it is nasilide to examine any single
detail too deeply. The reader is assumed to havas& working knowledge on what
today’s multimedia devices are like, as well asifanity with the abbreviations and
file formats of today’s multimedia standards.



2. ANDROID PLATFORM

This chapter introduces the Android platform andodiées its capabilities. First, a brief
history of Android and its developers, Open Handdkdnce, is given. Next, Android’s
version history and features are described. Thataxture of Android software stack is
explored in detail. After this the screen resoluti@nd media file formats supported by
Android are listed. Finally, the online Android dipption store Android Market is
described.

2.1. Introduction to Android

Android is an open source software platform for ieolwevices [7]. It was first
developed by a small, California-based firm calediroid. In July 2005 the firm was
acquired by Google, who continued the platform’vedepment. In November 2007
Google publicly announced the Android platform, ethihad been developed by the
team of the former company. At the same time itnfted Open Handset Alliance, a
group of companies from fields of hardware, sofeyaand telecommunications who
had been collaborating on the development of AmdRdatform. [8].

Open Handset Alliance states its purpose to beatwélerate innovation in
mobile and offer consumers a richer, less expensiad better mobile experiente.
This is primarily achieved through the developmemd application of Android
platform. Members are committed to deploy Androil@dtijerm in their respective
products and make it a commercial success. Someberenof OHA have helped to
develop the platform. Others contribute by makiogesthat the platform is supported
by the chipsets they produce. OHA was originallyrfded with 47 members. However,
it is relatively easy for companies to join theiaalte and many have discovered a
membership to be advantageous for them. At the tifneriting OHA consists of 65
members, including mobile operators, handset matwders, semiconductor
companies, software companies, and commercializabonpanies. [7].

Majority of the Android platform is released und&pache 2.0 license. The
Android project prefers to adhere to Apache 2.6rige as much as it can, but some
parts of the project also have to be released udifierence licenses — for example,
Linux kernel patches are released under GPLv2 dieef®].

Apache 2.0 license means that the software releasddr it can be freely
downloaded and used for personal, company intearad, commercial purposes. It
allows the user to make modifications to the omagisoftware without having to
contribute the changes back to the open source cmityn It forbids the user from
redistributing any part of the software protectgdtie license without proper attribution



to the original community — in this case, it me#mst developers of Android platform
are not allowed to release the source code as dleair without giving Android any
credit of it. [10].

2.2.  Android versions and features

A preview version of Android SDK (Software Developn Kit) was released in
November 2007 [11]. The first full version, Androi@DK 1.0, was released in
September 2008 [2]. A month later, the source afd&ndroid platform was released
by OHA under Apache 2.0 license, as mentioned iap@r 2.1 [12].

Android and its SDK have continued to evolve ana nersions have been
released every few months, honing out bugs andchgddithe platform’s feature$able
2.1displays the version history for the Android SDK¢luding release dates, supported
Linux kernel version, and highlights of the newtteas in each release. The most
notable releases have been assigned specific masdy Google. The unnamed
versions between them are considered to be a arheo previously released
“nicknamed” update. At the time of writing the lasteversion is Android 2.1. It was
released in January 2010. [13].

According to Erick Tseng, senior product manageAwdroid, the next notable
release will be nicknamed “Froyo” [14].

Table 2.1Version history of Android platforfd; 13]

Version Date Linux Kernel | Highlights

Android 1.0 | September 2008 Version 2.6 Initial aske.

Android 1.1 February 2009 Enable applications toallcast SMS of
WAP push messages.

Android 1.5 | April 2009 Version 2.6.27| On-screen soft keyboardluetooth

Cupcake support, video recording & playback, copy

& paste in browser, SIM Applicatio
toolkit 1.0, upload videos to Youtubge
upload photos to Picasa, animatigns
between the switching of screens.

Android 1.6 | September 2009 Ability to integrate with Quick &#aBox,
Donut support for additional screen resolutions
(from QVGA to WVGA), framework for|
gestures, text-to-speech engine, support for
CDMA telephony, improvements on
Android market.
Android 2.0 | October 2009 Version 2.6.29  Bluetooth 2.1, builFlash support for the
Eclair camera, support for HTML5, support for
Microsoft Exchange, support for multiple
user accounts, support for synchronizatjon
with  external data sources, giye
applications better scalability between
screen sizes.

-




Table 2.1 (continued)Version history of Android platforid; 13]

Version Date Linux Kernel | Highlights
Android 2.0.1 December 2009 Minor bug fixes and Affanges.
Android 2.1 January 2010 Minor bug fixes and ARarges. Enable

animated wallpapers. APIs for determining
phone signal strength, additional WebKit
tools for manipulating web storage
databases.

Most of the Android updates are additive in natwepplementing existing APIs

(Application Programming Interface) with new feasiand functions. Existing features
are only rarely removed from the APIs. This meama applications developed for

older versions of the platform are for the mostt garward compatible with newer

versions of Android. There are relatively few casé®re an application uses a feature
that has been removed from newer versions and us tendered incompatible.

Correspondingly, most of the applications developadnewer Android versions are

usually not backwards compatible with older versida5].

2.3. Android architecture

The Android platform is a complete software stagck rhobile phones. It contains an
operating system, middleware layer with librarieattsupply the platform with most of
its functionality, and a selection of key applioat that are typically found in a mobile
phone. [16].



APPLICATIONS

Contacts Phone Browser

APPLICATION FRAMEWORK

Window Content

Activity Manager Manager Providers

Telephony Resource Location Meotification

e Lt Manager Manager Manager Manager

LIBRARIES ANDROID RUNTIME

Surface Manager Media SQLite Core Libraries

Framework
Dalvi E |rtual

OpenGL | ES FreeType WebKit Maching

sGL v libe

LINUX KERNEL

Flash Memory Binder (IPC)

Display
Driver Driver

B Camera Driver

A -
WiFi Driver Audio Power

Keypad Driver Iri
YP Drivers Management

Figure 2.1 Architecture of Android software ste[16; 17]

Figure 2.1displays the major elements of the Android sofenstack. It consists of five
layers: Linux Kernel, Android Libraries, Android Rtime, Application Framework,
and Applications. The sections of the architectilna& are marked green, that is, the
Libraries layer, have been written with C and C+égnamming languages. Java
language was used for the blue sections, whichistoos the Core Libraries of the
Android Runtime as well as the Application Framekvand Application layers.

Linux kernel acts as an abstraction layer between device haedaval the rest
of the software stack. As mentioned before, Andrsidased on Linux v2.6. The exact
version supported by Android has been updated with release of new platform
versions, as could be seen Table 2.1 The latest released version, Android 2.1,
supports Linux 2.6.29. Linux kernel offers coreteys services for Android: security,
memory management, process management, network, giawer management, and
driver model. In today’s industry Linux kernel isrsidered to be a commodity in the
mobile software stack. It has been increasinglypgetb by silicon and handset vendors
[1].

Libraries layer is the core that provides much of Androifiiactionality. This
layer contains various components that are usethéyAndroid applications on the
layer above it. All of the libraries are implemeateatively in C/C++ and are fully
accessible to third-party developers creating appbns for the platform. Android’s
core libraries include the following components:



Surface managemanages access to the device’'s display subsydteis.
responsible for composing drawing surfaces ontctineen and making certain that the
graphics from multiple applications are all dis@eyn the proper order.

OpenGL/ESs a 3D graphics API based on royalty-free Opes@indard. Open
GL ES is a version of the more general OpenGL tiagtbeen specifically designed for
embedded devices [18]. Android supports OpenGL ESien 1.0, which is roughly
equivalent to OpenGL v.1.3. The APl comes with asfitware rasterizer, but it can
also make use of a 3D accelerator chip if suchadable in the device’s hardware.

SGLis a 2D graphics API that handles most of the drgvor the applications.
Android graphics platform is able to use both 2Dd @D graphics on the same
application simultaneously.

Android’s fonts are rendered withreeType which is an open source font
rendering engine [19].

Media Frameworkcontains all the media codecs supported by Andibidas
provided by PacketVideo, which is a member of OldAapter 2.5 contains the full list
of media formats supported by Android.

SSL (Secure Socket Layer) provides Internet secu@®j,[ and WebKitis an
open source browser engine that is used as a@ofatiroid’s integrated web browser.

SQLiteis a lightweight database available for all apggliens. It is used as the
core of most of Android’s data storage. Androidsuaecustom implementation of the
standard C system libralipc. It has been tuned for embedded Linux-based dgvice

Android Runtime is the main component of Android platform. It waesigned
to meet the needs of running applications in aneztdbd environment with limited
resources for battery, memory, and CPU (Centratddsing Unit). Runtime’€ore
Libraries contain the collection classes, utilities, 10, avttier resources, making it
capable of providing most the functionalities aahié in the core libraries of the Java
programming language. However, although the ARtsdarived from Java, they are not
based on the certified Java standards. Accordin@viam, porting existing Java code
for the platform might be complicated because i [th].

The primary component of Android Runtime is tBalvik Virtual Machine
(Dalvik VM or DVM), which is used to run every apgdtion on the platform. Every
Android application runs within its own process aath of these processes has its own
instance of Dalvik VM. The Android platform is cdge of running several Dalvik
VMs simultaneously, which allows for a number ofnaltaneous processes and,
therefore, a number of simultaneous applications.

Dalvik VM runs applications in .dex file format, wh is a bytecode that has
been converted at build-time from Java’s .class.gndile formats. .dex files have been
optimized for memory efficiency and can be expedtedun well on small processors.
The data structures used in the virtual machineatse designed to be shared across
processes whenever possible.



Dalvik is a register-based virtual machine. It @slion the underlying Linux
kernel layer for background functionalities suchtleading and low-level memory
management.

Application Framework is the toolkit used by all Android applicationtib
the standard core applications that are shipped thi¢ platform and the applications
written by third-party developers. The toolkit Hasen written in Java and includes the
following components:

Activity managermanages the life cycle of applications that ane om the
platform. It also maintains a common backstack #@bles applications running in
different processes to have a smoothly integradetbation experience.

Package managekeeps track of the applications that have beetalled onto
the device.

Windows managemanages windows. It provides abstraction to thelgcs
services offered by surface manager in Libraryraye

Telephony manageprovides the APIs needed to build phone application
central to most phones.

Content providerss a framework that allows applications to shdreirt data
with other applications. For example, a Contactdiaeation contains all the information
on the user’s contacts, details such as phone msmheme addresses, and names.
Through content provides it can make this inforomatavailable for other applications
as well.

Resource managerprovides storage for iStrings, bitmaps, layoute fil
descriptions, and other external parts of an agfitin that are not actual code.

View systenprovides building components such as buttons sitslthat can be
used to construct user interfaces. It also handiesit drawing and event dispatching.

Notification manageris an API that allows any application to put up a
notification onto the Android’'s status bar. Thetwsabar is normally used to display
notifications of SMS, voice messages, and otherlainfunctions, but notification
manager allows any program to access it. The dpeelonay also assign certain
conditions and events that will trigger an applmatto post a notification to the status
bar. For example a location application can beceispatch a notification if it detects
that there is a friend near by.

Finally, as the name indicategpplication layer is where the Android
applications are located. Android platform comeeginstalled with a number of
applications, including a home application, a cotgtapplication, and a web browser.
This is the layer where the applications providedtiird-party developers are also
located.

2.4. Screen resolutions on Android

Up to Android version 1.5 the platform supportedyoone screen resolution for its
devices. This was HVGA (320x480) on a 3.2” screarconfiguration that was well
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suited for the mobile phones that used Androidhattime. The HVGA resolution is still
used as a baseline to which the other screenaizesompared.

Android 1.6 added support for multiple screen siaed resolutions, to reflect
the different types and sizes of the devices orciwvtiie platform can be run. The screen
sizes, defined by how many pixels there are in ediomension of the screen, are
roughly divided into three categoriesmall normal andlarge. Screen pixel densities
are also divided into three categoriésw (Idpi), medium (mdpij) and high (hdpi)
Together these two factors can form a number ddestisizes supported by Android
platform, as displayed orable 2.2

Table 2.2Screen resolutions and pixel densities supportedruroid[21]
Low density (120)ldpi | Medium density (160ndpi | High density (240)hdpi

Smallscreen | QVGA (240x320),
2.6"-3.0" diagonal

Normal WQVGA (240x400), HVGA (320x480), WVGA (480x800),
screen 3.2"-3.5" diagonal 3.0"-3.5" diagonal 3.3"-4.0" diagonal
FWQVGA (240x432), FWVGA (480x854),
3.5"-3.8" diagonal 3.5"-4.0" diagonal
Largescreen WVGA (480x800),
4.8"-5.5" diagonal
FWVGA (480x854),

5.0"-5.8" diagonal

Android has a number of options for how views dfedent resolutions are displayed on
the screen. The platform can scale the graphichdoappropriate resolution before
displaying them. Alternatively it can display thiew onto a larger screen in a so-called
“postage-stamp” mode, where the view is shown snoitiginal resolution against a
blank background.

In order to place the resolutions listedTiable 2.2in perspective, it becomes
necessary to define a few standard resolutions ase¢dday’s multimedia displays. The
baseline resolution for Android, HVGA (320x480),asong the most common screen
resolutions used by modern touchscreen mobile Ehohlee same resolution is also
used by iPhone, which is Android phone’s most netabmpetitor [22].

For large-screen multimedia, the two categories tieed to be defined are High
Definition (HD) and Standard Definition (SD). Th&a8dard Definition used for regular
broadcast TV in Europe is Phase Alternate Line (RAthich has the resolution of
720x576. This is also the largest resolution tlzet lbe considered SD. Anything larger
than this is categorized as HD. HD quality gengrdldhs the resolution of either
1920x1080 or 1280x720. [23].
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2.5. Media formats supported by Android

Android platform has an in-built support for a \eyi of media formats. These are listed
in Table 2.3 Android can also make use of additional mediantis if they are
supported by the device running the platform.

Table 2.3Media formats supported by Andrdizi4]

Type | Format File type(s)

Audio | 3GPP .3gp
MPEG-4 .mp4, .mda
MP3 .mp3
MIDI .mif, .cmg, .mvmf, .rtttl, .rtx, .ota, .imy
Ogg Vorbis | .ogg
WAVE .wav

Image | JPEG Jpg
GIF .gif
PNG .png
BMP .bmp

Video | H.263 .3gp, .mp4
H.264 .3gp, .mp4
MPEG-4 SP | .3gp

Android platform can also make use of separate @nags graphics in applications.
When images are used in this manner, PNG formarteiferred for graphics, but JPG is
also acceptable. GIF format is discouraged for, fikely because Android platform is
incapable of running GIF animations, displayingyathle first frame of them.

2.6. Android Market

Android Market is an online software store, alsdlech“appstore”, developed by
Google for Android devices. It provides users witdrious applications that can be
downloaded and installed to Android-compatible desi Some of these are available
for free, while others need to be purchased. Andidarket was first launched in
August 2008. [25]. It is one of the methods fortsafe developers to distribute their
own Android applications to consumers.

The Android Market can be accessed via Internet, i3 website has only a
handful of featured applications on display. Inertb fully make use of the Market's
selection it has be accessed via an Android dewtany Android devices have a

preinstalled application called AppStore that aBotlie user to connect directly to the
Market. [26].
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The number of applications offered on Android Mdrkas been climbing with
increasing speed. According to T-Mobile’s Chief leical Officer Cole Brodman there
were 2,300 applications on Android Market in Ma2€99 [27].

Although Google itself does not disclose publicomfiation on how many
applications Android has available, there is a webttled Androlib.com that keeps
track of free and paid applications. According tobR Wauters of MobileCrunch, in
September 2009 Androlib.com estimated the numbeAradroid applications to be
approximately 10,072. 64% of these were free apptios, while the remaining 36%
had to be paid for. The number of applications br@K,000 in December 2009. By
March 2010, their number had risen to over 34,8107% of these were free, while
38.3% must be paid for. [28; 29].

To provide contrast, in January 2010 Apple’s iStovas stated to contain
133,979 applications. [30].

Android Market allows developers to submit thirdtgaapplications into the
store. The developer can choose to either selafipdication for a fee in the store, or
allow it to be distributed for free. Should the dimper choose to sell the application,
Android Market will require a transaction fee eqent to 30% of the application price
for each sale, leaving the developer with 70% efgalling price. Applications that are
being distributed for free do not have a transactee. Android Market has a return
policy that allows the customer to request a fellund within 48 hours from the
purchase. [26].
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3. ANDROID ON NON-MOBILE MULTIMEDIA
DEVICES

This Chapter examines the various non-mobile meltiim devices that are using the
Android platform.

In order to determine what is happening on tod&yidroid device market, it is
important to have a good understanding of what kihdlevices manufacturers have
been making with the platform. What are the comnfeatures among them? What
seem to be their most common problems? This thetsismpts to answer to these
guestions by conducting a survey on as many Andragkd non-mobile devices as is
feasible and analyzing the common trends among .tAdtmough new Android-based
devices are being introduced to the market almastthly, there are still few enough of
them that examining most of them is manageableinitiis thesis.

The greatest obstacle for the survey was acquigligple first-hand information
on the devices. Manufacturers tend to treat intdeptormation on their devices as
confidential material, so it became necessaryltoae whatever information they were
willing to release publicly. Furthermore, at thenéi of writing many of the devices
examined in this Chapter have not yet been reletstdee market, so there is not much
information available on them.

The survey conducted for this thesis examined 2i-mobile Android-based
devices. Most of the information listed in this @texr was collected in the beginning of
year 2010. However, constant change and developoretite market means that this
list is by no means comprehensive and is likelypewome outdated within a few
months. Information was collected primarily frometmanufacturers’ official websites
and press releases, as well as from reviews andskam evaluations found on
professional electronic magazines and websitess Triformation was then used to
analyze the trends related to the Android-basedcdsyv The full list of the analyzed
devices can be found #ppendix landAppendix 2 Ten of these devices were picked
for more in-depth analysis and will be introducediétail in the following sub-chapters.

Each of the devices in this list is examined ieéhparts:

e Technical evaluation Here the device is introduced, its features desdr
and technical specifications listed.

e Third-party evaluation. Since it is impossible to acquire first-hand
experience on all of the listed devices, other sesirhave to be used to
evaluate what using the device is like. The bestcmfor such information
is professional reviewers employed by technical amawes, websites, and
other journalists related to this field.
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e Analysis. The information discovered in the two previoustp#s examined
further. Highlights are pointed out and conjectuaesdrawn.

The exception for the layout above is CreativeEXHG in Chapter 3.10. This device is
not a consumer device but a development platformnti®r industrial use. It is also the
only one of the examined devices to have its platfarchitecture available for public.
Therefore, in place of third-party evaluations tievice's platform was examined
instead.

3.1. Archos 5 Internet Tablet

Archos 5 Internet TableF{gure 3. is a PMP (Portable Media Player) with Internet
connectivity. It is manufactured and marketed byFr@nch consumer electronics
company Archos. “Internet Tablet” is a term coingdthe company itself for these
devices — in more general terms, Archos 5 can assified as something between a
MID (Mobile Internet Device) and a PMP. It was aofethe first non-mobile devices
with a dedicated Android platform to be releasedansumer markefable 3.1lists the
primary technical specifications of Archos 5.

Figure 3.1Archos 5 Internet Tablg¢B81]

Table 3.1Archos 5 Internet Tablet technical specificati¢ds]

Name Archos 5 Internet Tablet

Manufacturer Archos

Release Date September 15, 2009

Android version 1.5, updatable to 2.1

Price 199.98 € for 8GB, 349.99€ for 160GB, 399.99€ fo0GB
Display 4,8" LCD touchscreen, 800x480 resolution
Connectivity 802.11 b/g/n WiFi, 3G via Bluetooth connection
Storage 8 to 500GB flash memory + Micro SD slot

Supported files

Video MPEG. H.264 (Up to HD quality 720p), WMV, MK\MJPEG
Audio MP3, WMA, WAV, AAC, OGG, Flac

Image JPEG, BMP, PNG, GIF
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Table 3.1 (continued)Archos 5 Internet Tablet technical specificati¢ds]
Supported files

E-book | PDF
Primary features

Watch multimedia on the device or by connectingpitarger TV, or stream media content from
home PC into the device. Read PDFs and Office deatsn Browse Internet on Opera browser
with Flash support. GPS. Numerous small applicativom email to web radio, Wikipedia access
and LinkedIn. Many of the features are availablly as add-ons purchased separately.

Archos 5 was primarily designed as an Internet aewvith multimedia playing
capabilities. As such, its features include anuiltbnternet browser and a number of
web-related functions such as web radio, web-T\d, email. The device’s connectivity
is handled wirelessly, either by connecting to &Mietwork or by a Bluetooth tether to
a 3G phone.

As a media player Archos 5 is able to play mogshefcommon video and audio
formats. However, the highest-quality media is inoihediately available - in order to
play HD quality 720p video with the device, the msmust purchase a separate High-
Definition plugin from Archos. Archos 5 can be cented to a TV via a separately
purchasable TV dock accessory. This enables thetaisgew the multimedia stored on
the device on TV screen and to record TV programte érchos 5 for later viewing.
The device includes an in-built GPS navigator.

Archos 5 also features a number of smaller appdicatfor various purposes,
including versions of Facebook, Wikipedia, and Tewit More applications can be
downloaded either for free or for a price from ave® called Appslib. This service is
similar to, but separate from Android Market. Itciosely connected to Archos and is
currently inviting developers to create and submote applications for them. [32].

Archos has opened Archos 5 for third-party develep® make their own
software. However, in order to make this happea,Ahdroid platform on the device
has to be replaced by another OS, the AngstromxLdlstribution. Therefore, studying
this feature falls outside the scope of this projE3].

3.1.1. Third-party evaluation

Archos 5 seems to have received fairly good, butexzellent ratings from expert
reviewers. ZDNet, a webzine on technology and Ias leollected 39 reviews from
various sources on the device and has calculagedwbrage rating from them to be 7.5
out of 10 points. [34].

Hubert Nguye of Ubergizmo is impressed by the dEgiperformance power,
although he also states that the perceived perfaenaf the user interface is equal to
that of an Android phone such as HTC Magic. Thikesathe responsiveness seem
slower than that of iPhone 3G. Hubert feels thateasing Internet via a 3G phone
seems impractical. However, he also praises thetisol as it means that the user
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wouldn’t have to pay for another wireless subs@miptwhich would be the case had
Archos 5 supported 3G directly. Hubert also mertitvat Android applications should
work on the device, but expresses worry that tieen® Android Market installed. [35].

The sentiment is also shared by the Crunchgeaewevi Doug Aamoth, who
would like to see Android applications available fbe device. On the other hand, he
also mentions that the primary complaint aboutgrevious Archos devices was their
unstable OS. Switching over to Android was congdex major improvement over this.
According to him, early versions of Archos 5 softesaeemed unfinished and many of
its features did not work, but the overall perfonmo@ seems to have improved after
several software updates. [36].

3.1.2. Analysis

As one of the first non-mobile Android devices tre tmarket, it is only natural that
Archos 5 Internet Tablet would come across numersofware incompatibility
problems. The repeated need for software updatghtniie an indication of this,
although one cannot say for certain. After allséems to be common practice among
manufacturers to release a product with functiolincomplete software, which is
then optimized and complemented with updates tater

Beyond this, Archos 5 Internet Tablet can be thowg as the basic example of
what a non-mobile multimedia device running Andrpidtform could be like. It is
essentially a smartphone with a larger-than-norteaichscreen, powerful media-
playing capabilities, and no telephony.

The Archos company seems to be attempting to mnaidistance to Google, as
Archos 5 does not seem to include any of the lwilGoogle features typically
associated with Android platform, such as Gmail @wbgle Talk. Archos also seems
to be unwilling to allow their device to access tggplications on Android Market.
Instead they offer an applications service of tlweun, Appslib, with a much smaller
selection than what is available on Android Markitis would indicate a possibility
that ordinary Android applications are not readiympatible with the device, or that
Archos wishes to control the applications availabidgts device, or both.

Archos 5 Internet Tablet is further studied in Cieap4, which contains a
heuristic usability analysis on the device’s uséeriface.

3.2. Barnes & Noble nook

Nook (Figure 3.2 is an electronic book (e-book) reader developed marketed by
Barnes & Noble, a book retailer in United Statéswas developed to compete with
devices such as Amazon Kindle, which is an e-beakler developed by another book
retailer, Amazon.com. According to Barnes & Nobikejs the first electronic book
reader based on Android platform. Nook’s techngjgcifications are listed imable
3.2
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Figure 3.2Barnes & Noble noo[37]

Table 3.2Barnes & Noble nook technical specificatiqBg; 38]
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Name Nook

Manufacturer Barnes & Noble

Release Date November 30, 2009

Android version 15

Price $259 (approximately 190.9 €)

Display 6" grayscale E Ink screen, 600x800 resolution
3,5” touchscreen, 480x144 resolution

Connectivity 802.11 b/g/n WiFi, 3G by AT&T

Storage 2GB internal storage + MicroSD expansion up to 16GB

Supported files

Video -

Audio MP3

Image JPG, GIF, PNG, BMP

E-book EPUB, PDB, PDF

Primary features

Lend e-books to friends up to 14 days via e-maibuilt dictionary.

Display e-books, display images as a screensalayr,NdP3 music (has in-built mono speakers).
Purchase and download books from Barnes & Hobbikdtore either by wireless connection |or
direct connection to PC. Subscribe to magazindsatteaautomatically downloaded into the device.

Nook’s most notable feature is its dual screen. [ahger of these is a grey-scale E ink
screen typically found on e-book readers. Belos d color touchscreen that serves as

the device’s user interface.

As an e-book reader, nook’s primary purpose isexve as a portable storage
and viewing device for electronic documents. Itapable of displaying most common
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standard formats used with e-book documents. litiaddo this, the device comes with
an in-built WiFi connectivity as well as a 3G capifoprovided by AT&T, which is an
American teleoperator. These features turn noakanportable access point for Barnes
& Noble online book store, which allows the userpiarchase and download books
wirelessly. The device also enables the user tod"ldnis or her books to another user
via email for up to 14 days.

Nook’s secondary features are few. It is able i&pldy some of the most
common image standards, but only as a slideshogessaver. The device also serves
as an audio player, but is able to play only MP3s.

According to IT website The Register, the presiadrBarnes & Noble, William
J. Lynch, has expressed a possibility that Andpdadform might enable the company
to open the nook for third-party application deysleent at some point in the future.
[39].

Other parties are also interested in developinghaeok. There is at least one
unofficial development community called nookDevsittlis dedicated to developing
additional applications for the device. [38].

3.2.1. Third-party evaluation

ZDNet.Com has four reviews for nook, which give thevice an average rating of 7.7
out of 10 [40].

Joshua Topolsky of Engadget praises the user fimers$ of nook’s book-
purchasing functions, but states that the deviseahsluggish speed. He adds that there
is a distinct difference between the refreshingedpeof E Ink- and touchscreen, with
the latter loading much faster and leaving the fartnailing behind. He also states that
Android software seems unstable at times becawsi#ng some parts of the software
occasionally brings up Android’s standard Forces€lerror message. [41].

Gizmodo’s reviewer Wilson Rothman also finds noadostware to be work-in-
progress and believes that it needs heavy upddiagalso mentions that it would be
important that this sort of device would have meoséware features, especially because
the Android touchscreen would seem like a promigirayind for it. [42].

David Carnoy of CNet writes that the color toucleser adds some of the much-
needed “wow-factor” that e-book readers generadlgns to be lacking. However, he
believes that rather than the touchscreen, ithlthe services, WiFi feature, and book
lending capabilities that might give nook advantager its competition. [43].

3.2.2. Analysis

Barnes & Noble nook is an example of how much Ardmatform can be tailored for
the needs of a specific device. The user interagery different from the norm. Where
standard Android interface has a selection of icagainst a wallpaper background,
nook has a close row of buttons, each of which spgnmenus containing the device’s
features. An E Ink screen is also something thabisnormally related to Android.
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Modifying the platform so heavily also has its dmides. Nook is almost
completely bare of the applications and other featwoffered by many of the other
Android-based devices. Many of the reviewers che tevice to have sluggish
refreshing speed. One reviewer even mentioned @asamal error message when
attempting to launch some particular feature. H®vewnook’s software is still in its
early versions, so the performance can be expdot@dprove with optimization and
bug fixes.

Nook lacks downloadable applications, but the iderd of Barnes & Noble
seems to acknowledge the potential here and hasianed the possibility that the
device might be opened for third parties in theufet Developers certainly are
interested, as can be seen from the unofficial comiy that has already been
established.

Since Barnes & Noble is an American company andknéeatures 3G
connection provided by an American telco, it isikelly that the device will be exported
to Europe in the near future. In order to do seytwould have to negotiate treaties with
European telcos. This would likely be a time-consgprocess.

3.3. Camangi WebStation

WebStation Figure 3.3 is an Internet Tablet developed and marketed &mn&hgi, a
Taiwanese company specializing in Internet commatitas. The company states
WebStation to be the first device with 7-inch sorde feature Android platform.
WebStation’s technical specifications can be sadrable 3.3

Figure 3.3Camangi WebStatiof4]

Table 3.3Camangi WebStation technical specificatipf4)]
Name WebStation
Manufacturer Camangi
Release Date December 2009
Android version 15
Price $275 (approximately 202.7 €)
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Table 3.3 (continued)Camangi WebStation technical specificatif44]

Display 7" touchsreen, 800x480 resolution

Connectivity 802.11 b/g/n WiFi, support for 3G via USB dongle

Storage 256MB flash memory, slot for MicroSD card slot fbrl6GB

Supported files

Video 3GP, MP4

Audio 3GP, MP3, MP4, OGG, MID, WAV

Image JPG, GIF, PNG, BMP

E-book EPUB

Primary features

Browse Internet, read email. View images, listenntosic, and read e-books. GPS. Numerpus
smaller services, including calendar, calculatoeather forecast, etc. More applications can| be
purchased from Camangi’'s own market (currentlyeth lstage).

WebStation specializes in wireless Internet conwviégt It allows the reader to browse
Internet and read email. The device has a buM/iRi connectivity and support for 3G
via an USB dongle. It also features a GPS module.

WebStation also functions as a multimedia playeris capable of playing
several of the common audio formats and has argahat can display standard image
formats. There is also support for a basic e-banknét. The device is able to play
video, although its video format support is veryra&w when compared to that of
Archos 5 Internet Tablet. The device comes witliaad that allows it to function as a
digital photo frame.

Camangi provides an application market of its otitled Camangi Market,
from which users can purchase and download apitatfor WebStation [45]. The
device comes with a number of basic applicatiomsngtalled, including features such
as weather reports, alarm clock and calculator.

3.3.1. Third-party evaluation

Reviews of WebStation have been primarily negatikaptop magazine’s K. T.
Bradford writes that Android platform runs slugdisbn Camangi’s hardware. He cites
lack of Android Market as a notable flaw for thevide, as Camangi's own market is
small and confined by comparison. [46]

Michael Smith from Gizmodo agrees about the desicsfuggish speed.
According to him, even videos designed to be pleyal iPod played very slowly on
WebStation, with the image lagging well behind sloeind. He also mentions that Flash
does not function in the web browser, thus limititg Internet experience on the
device. In a summary Camangi WebStation is, to gjit. Smith,basically a digital
picture frame loaded with a cell phone version ob@e Android with a touch screén
[47].
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3.3.2. Analysis

At first glance WebStation seems like somethingao€rossbreed of Archos 5 and
Barnes & Noble nook: an Internet tablet with viddaying capabilities and ability to
read e-book formats. However, a closer look atdiece’s user interfacd=igure 3.3
indicates that this is a rather straightforwardisgaof Android platform onto a larger
screen. The device features several of Google’scapipons that have been built into the
Android platform, most notably Gmail.

WebStation’s primary problem is likely to be theesn size compared to the
hardware inside. Large resolutions tend to be hdavya device to run properly,
especially when required to play high-quality vidas Gizmodo’s Michael Smith could
attest. Optimizing software updates could perhapip Ho make the device run
smoother, but if the operating system indeed idraightforward scaling of Google
Android, it is uncertain how much the software bamoptimized.

Again, Android Market is not available for the dewi In its place Camangi
offers a market of their own, with a handful of Apgtions and an invitation for
developers to create more.

3.4. enTourage eDGe

enTourage eDGeF(gure 3.4 is a dualbook, a combination of e-book reader and
notepad with Internet connectivity and media-plgycapabilities. It is developed and
marketed by Entourage Systems, a small USA-basatpaioy that was founded to
create this device. enTourage eDGe’s technicalifsgetons are listed iTable 3.4

Figure 3.4enTourage eDG§18]
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Table 3.4enTourage eDGe technical specificati¢A8; 49]
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Name enTourage eDGe
Manufacturer Entourage Systems
Release Date February 2010
Android version 1.6, upgrade to 2.1 coming in April 2010
Price $499 (approximately 367 €)
Display 9.7” E Ink display, 1200x825 resolution
10.1” LCD touchscreen display, 1024x600 resolution
Connectivity 802.11 b/g/n WiFi, Bluetooth, optional 3G (verseweilable in March 2010)
Storage 3GB internal storage, SD card slot
Supported files
Video 3GP, MP4, Adobe Flash Lite (H.264)
Audio MP3, WAV, 3GPP, MP4, AMR, AAC, OGG, M4A
Image BMP, GIF
E-book EPUB, PDF

Primary features
Purchase, download and read e-books. Play musiwideds, display images. Record audio and
images. Browse Internet. A number of small appiices, including email, contacts, calculator,
alarm clock, library function.

enTourage eDGe consists of two screens that aneddiogether on a hinge, allowing
them to be opened and closed like the covers aft@iook. One of the screens is an E
Ink display, while the other is a touchscreen. enfige eDGe was created to assist in
schoolwork and studies. It combines the functidiesliof e-book reader, multimedia
player, Internet browser, and video- and audiond®o The device connects wirelessly
via WiFi and features Bluetooth. A version with agtion for 3G is stated to become
available in March 2010.

enTourage eDGe is capable of playing a numberudfoaformats and a few
video formats, as well as displaying a narrow salamf image formats. It is capable of
reading basic e-book formats and includes a sefeicpurchasing and downloading e-
books from Entourage Systems’ own online service.

A built-in video camera allows enTourage eDGe é¢ouked to take still images.
The device also has a microphone for audio recgsdim addition to the major features
enTourage eDGe also has a number of smaller apphsa including email client,
calculator, and alarm clock.

At the time of writing Entourage Systems does ofier any services for
purchasing new applications, but they state thairdid OS was specifically chosen for
the device so that new applications could be addatecessary.

3.4.1. Third-party evaluation

At the time of writing enTourage eDGe is a very ndsvice and few experts have had
the opportunity to review it. There are, howeverfew hands-on articles about the
device, which can give some idea of what usingutid be like in practice.



23

The staff at Electronista praise enTourage eDGe it® e-book reading
capabilities, but points out that the device iskipund slightly difficult to use [50].
At Gizmodo Kat Hannaford also mentions about theydasize and suggests that
potential customers should wait until a smallersi@r becomes available. However,
she also commends the device for the large nunitfeatures available in it and notes
that the software runs fairly fast on the deviéd]]

3.4.2. Analysis

enTourage eDGe can no longer be called merely eimadia device. It can play video
and audio, and it can display images and e-boaksthie way all of the features come
together makes it different from most of the otimeitimedia devices. enTourage eDGe
was designed from the start as a device for sclw&hand studies. All of its features
are fitted together for this goal. Judging by thmages igure 3.4 and preview videos
of the device, this was accomplished without hatmghange the basic Android user
interface very much.

Beyond this, enTourage eDGe is at the time ofingitoo new and there is not
yet enough information to analyze it further. Itosld be noted, however, that
Entourage Systems has stated that they chose An@®ifor their device in order to
allow new applications to be added into the systsnmecessary. This would indicate a
possibility for applications store or even Andrddérket in the future.

3.5.  GiiNii Movit Mini
Movit Mini (Figure 3.5 is a mobile Internet device developed by GiiMiiconsumer
electronics company based on USA. The device wakeiled in CES-2009, where it

gained attention for its Android platfornTable 3.5lists Movit Mini's technical
specifications.

Figure 3.5GiiNii Movit Mini [52]
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Table 3.5GiiNii Movit Mini technical specificationfs2; 53]

Name Movit Mini

Manufacturer GiiNii

Release Date Upcoming, release date unknown (first introduce@B$-2009)

Android version Unknown

Price Unknown

Display 4.3” touchscreen, 480x272 resolution

Connectivity 802.11 b/g/n WiFi, Bluetooth

Storage 256MB internal, microSD slot

Supported files

Video Unknown

Audio Unknown

Image Unknown

E-book Unknown

Primary features

Skype-enabled device, make calls for free to o8lempe users. Browse Internet. Play music and
video (details unknown). Works with Facebook, Geogind Yahoo. Includes smaller applications
such as camera, calculator, address book and alarm.

Movit Mini's development was delayed and its rekeasas moved from 2009 to
somewhere in 2010. At the time of writing Movit Mihas not yet been released and
there is not much technical information on its dalpizes. According to GiiNii, Movit
Mini is an Internet device for social networking.allows the user to browse Internet
and make Skype calls with the help of a built-ircrand camera. The device is also
compatible with social networking services from @&amok, Google, and Yahoo. Its
connectivity includes WiFi and Bluetooth, but n@.3

Movit Mini is also able to play video and audiaitlthere is no information on
what formats is supports. The device includes abmimof smaller applications and
features such as camera, calculator, and alarnk.clbere is no information on
whether or not Movit Mini will support downloadiramnd installing new applications.

Movit Mini also has a sister device, Movit Maxx, ieh is a larger, tablet-like
device with a 7" screen. At the time of writingette is no actual information on Movit
Maxx’s features or capabilities. However, accordiodgsiiNii website, Movit Mini has
all the features of Movit Maxx, only in a smallearne.

3.5.1. Third-party evaluation

Because Movit Mini is still unreleased, third partgviewers have very little
information on the device. Chris Crum from WebProiNebelieves that Movit Mini's
ability to make Skype calls for free over WiFi hmt$s might excite consumers, since it
means that it does not need mobile phone contiractsler to make phone calls. [54].



25

3.5.2. Analysis

Movit Mini is a device using a platform that hadgimally been designed for mobile
phones, but its phone capabilities have been regladéth Skype’s Internet telephony.
GiiNii has drawn much attention to how the devioeld allow consumers to sever ties
to telecommunications operators and use free telgplnstead. Should Movit Mini
become popular, it could pose a threat to telcaswvéver, the device only supports
WiFi connection. Since WiFi networks tend to be mgmaller in scale when compared
to mobile phone networks, this will limit the mabjiland general usefulness of Movit
Mini’s phone call feature.
There is not enough information to analyze theadefurther.

3.6. Acer Aspire One D250

Aspire One D250Kigure 3.9, or AOD250 for short, is a netbook manufactured a
sold by PC vendor Acer. There are numerous diftecemfigurations of AOD250.
Some of them run Microsoft Windows XP and othersrgoft Windows 7. One of
these configurations, coded 1613, contains a doakestem that allows the netbook to
be used either on Windows XP or Android platforrheTollowing analysis will discuss
only this configuration. AOD250’s technical specitions are listed ifiable 3.6
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Figure 3.6 Acer Aspire One D25[®5]

Table 3.6Acer Aspire One D250 technical specificati¢bs]

Name Aspire One D250 (configuration 1613)
Manufacturer Acer
Release Date October 2009

Android version Most reviews state 1.0, though this seems to batapte
Price $334.99 (approximately 246.1€)
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Table 3.6 (continued)Acer Aspire One D250 technical specificati¢bs]

Display 10.1” screen, 1024x600 resolution

Connectivity 802.11b/g WiFi, Bluetooth, LAN

Storage 160GB hard drive

Supported files

Video -

Audio -

Image

E-book

Primary features

A dualboot netbook that can be started up eithef\dndows XP or Android. Numerous other
configurations of this netbook exist, running eith¥indows XP or Windows 7. Configuratign

1613 is the only one to run Android. Several prgilhsd applications: Browse Internet, Google
Talk, Google Calendar, and Gmail. Likely to supparinerous video, audio and image files. T

Upon startup AOD250 gives the user a choice ofihgdahe netbook either in Windows
XP or Android platform mode. Describing AOD250'saferes when it is in Windows
XP mode falls outside the scope of this study dretefore will not be discussed.
Choosing the Android option causes the netboolot Imto a basic Android view, with
a selection of pre-installed applications availalilbese include a number of basic
Internet-related applications typically associateith Android: Internet browser,
Google Talk, Google Calendar, and Gmail. The ndtlsooonnectivity is handled either
wirelessly by WiFi or via a LAN (Local Area Network

According to a review by Cisco Cheng on PCMag, Amdirplatform has a
button that allows the user to instantly switch roiee Windows XP mode. However,
moving from Windows XP to Android requires the emtievice to be rebooted. [56].

3.6.1. Third-party evaluation

Expert response to AOD250 has been mostly negative.

Chris Davis of Slashgear reports that the devieanse*semi-finished”, largely
because of the Android platform. Acer does not seehave significantly modified the
standard Android mobile phone interface beforeaitiag it to the netbook. Chris Davis
also adds that Android Market has been removed tfmmetbook’s OS and that it is
not possible to upload new applications to the akviThis means that AOD250’s
Android has technically been turned into a clos&l On the other hand, Chris Davis
writes that the device has a large selection ofigaded Android applications available.
He also says that the device boots into Androig wgrickly. It takes only 20 seconds
for the OS to load from startup, and only one sddonit to shut down. [57].

Paul Miller of Engadget also expresses his disagpwnt in AOD250’s
Android platform. According to him, Acer launche®BP250 without Google’s support
and states this to be the reason why the deviaeota@ccess Android Market. [58].
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Joseph L. Flatley of Engadget further points oat tising Android platform on
a PC without a touchscreen can cause issues. Ahdras originally designed as a
mobile phone OS. Therefore it might be troublesdameise the system without any
designated “Android” keys. [59].

3.6.2. Analysis

Acer’s experiments with Android platform and theviesvers’ negative response to it
indicate that the unmodified platform does not tiorc very well in a full PC-type
device. Most of the other devices studied in Chaftdéeature touchscreens as their
primary input method. AOD250 does not have a toaa®n and giving it instructions
seems to be more complicated because of this.

Lack of Android Market heavily limits AOD250’s pattial, particularly if new
applications cannot be installed via any other rmeanset of standard applications for
Internet browsing, email, and others might be ehofgy casual Internet use, turning
Android-mode AOD250 into something of an Internablet with a keyboard.

3.7. Guangzhou Skytone Alpha 680

Alpha 680 Figure 3.7 is a netbook with a rotating display. It was deped by
Chinese Internet technology company Guangzhou 8&kytalpha 680 is one of the first
netbooks shipped with preinstalled Android platforthis also one of the oldest
Android products to be included into this studable 3.7lists technical specifications
of Alpha 680.

A: Game key 1 B:Game key 2 C:Touch pad

Figure 3.7 Guangzhou Skytone Alpha 6&0]
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Table 3.7Guangzhou Skytone Alpha 680 technical specifica{iod]

Name Alpha 680

Manufacturer Guangzhou Skytone

Release Date April 2009 in China, US release unknown

Android version Unknown

Price $250 (approximately 184.2 €)

Display 7" touchscreen, 800x480 resolution

Connectivity 802.11b/g WiFi (ADSL, GPRS, CDMA, EDGE, WCDMA under
development), Ethernet

Storage 1GB flash memory, SD card slot

Supported files

Video MPEG1/2/4, H.263, H.264, WMV9

Audio Unknown

Image Unknown

E-book Unknown

Primary features

Netbook with Internet browsing capability. Includesmerous standard Android applications such

as Gmail, Google Docs, Google Calendar, and vidizgep.

Alpha 680 was first released in China. It is unknowhen it will be released in the
western countries. Much like Acer’s Aspire One D28€e Chapter 3.6), Alpha 680 is a
netbook running Android platform. Unlike AOD250,vmever, Android is Alpha 680’s
sole operating system. It has both a built-in keydand a touchscreen. The device also
has a wide variety of connectivity options, inchmliWiFi, ADSL and Ethernet. At the
time of writing many of the connectivity protocalgre still under development for the
device.

As a netbook Alpha 680’s primary feature is itsetnet browsing capability.
This is supplemented by a number of Android appbes, including Gmail, Google
Docs, and video player. Alpha 680 is able to plsy/ inost common video formats, but
there is no information about its audio-playingroage-displaying capabilities.

3.7.1. Third-party evaluation

Expert response to Alpha 680 has been somewhativeegRoss Miller of Engadget
feels that the operating system’s tendency totli# entire screen with the running
application makes it difficult to multitask on thievice, something that a netbook is
expected to be able to do. [61].

The staff at Rokland Technologies, which is anirenlretailer of wireless
networking products, states that Alpha 680adin toy for geeks who want to work on
Android on a netbodkbut that the device still needs honing beforeaih be considered
a mainstream product. They add that the device sdenuse an almost unmodified
version of the Android mobile phone interface, whaoes not always fit well with the
device’s hardware. However, Rokland staff adds tiat large screen allows the
Android to be easily used on the device. Accordingthem, one of the primary
complaints about netbooks is that they try to by fgualified PCs and because of that
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using them can be difficult. Android platform wasestgned for simplicity so that it
could be used more easily on a smartphone. Thiddvmmake a netbook running an
Android platform something of a stepping stone leetwa smartphone and a netbook.
[62].

According to Eric Laine of Computerworld, Alpha 68s capable of
downloading and installing new applications fromdéwid Market. However, he adds,
at least in April 2009 approximately 20% of the lgggions available on Market were
not compatible with the device. [63].

3.7.2. Analysis

As mentioned in Chapter 3.7, Alpha 680 is simitaAter’'s Aspire One D250 (Chapter
3.6), a netbook with Android platform. However, rineare two primary differences
between the devices. First, AOD250 runs also a WiusdXP OS as an alternative
should Android platform prove insufficient. Seconllpha 680 has a touchscreen
which, as was pointed out in Chapter 3.6.2, is sbimg Android tends to rely on for
input. This makes Alpha 680 a more suitable devime running Android when
compared to AOD250.

Relying solely on Android platform has some weakeesfor Alpha 680.
Android platform is not very suitable for multitasg, which is something that a
netbook is expected to do.

3.8. ICD Vega

Vega fFigure 3.9 is a 15-inch tablet device developed by Innowat®onverged
Devices (ICD), a technology designer company basetdnited Kingdom. At the time
of writing the Vega tablet is still unreleased, BOD has promised that it would arrive
during year 2010. The device is marketed as “alfamib” that is “designed primarily
to sit in the kitchen.” ICD has stated that it welease smaller, 7- and 11-inch versions
of the device at some later, unconfirmed time. V&gechnical specifications are listed
onTable 3.8



30

Figure 3.8ICD Vega[64]

Table 3.8ICD Vega technical specificatioi§4; 65]

Name Vega

Manufacturer Innovative Converged Devices (ICD)

Release Date Upcoming, April 2010

Android version 2.0

Price Unknown

Display 15.6" touchscreen, 1366x768 resolution

Connectivity 802.11 b/g/n WiFi, Bluetooth 2.1, options for 2@& 3

Storage 512MB Flash, SD slot up to 32GB

Supported files

Video Unknown

Audio Unknown

Image Unknown

E-book Unknown

Primary features

Social networking. Numerous communications methotiat, video chat, email, voice, SMS, and
MMS. Microphones and video camera. Play music @ddos (formats still unknown). Games. ©n
demand web-TV, FM radio.

Like with many of the still unreleased devices réhis not yet much information about
Vega’s capabilities. It is described to have an DIMI Tegra processor and a combined
application / graphic accelerator, which promiseswegrful multimedia-playing
capabilities. ICD has promised full-HD 1080p videlaying capability for the device.
Supported video, audio, and image formats are wtiknown. However, on-demand
web-TV and FM radio are also included as features.

Vega’'s other primary features include social nekivm. It accomplishes this
through a number of applications such as chat,ovicleat, email, and SMS / MMS-
messaging. The family calendar can be set so lieati¢vice automatically sends SMS
messages to family members at given dates and .tiwegga’s connectivity includes
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WiFi and options for 2G and 3G connection. In thitelr case the device can be used as
a table phone with a microphone and loudspeakers.

3.8.1. Third-party evaluation

Experts have given Vega positive expectations. Atiog to Laptop magazine’'s
Kenneth Butler, the device’s touchscreen respondskly to commands, at least in
demo environment. He also claims that the primaasons for the enthusiasm for Vega
are its large screen and powerful graphics procefsf).

3.8.2. Analysis

With a large touchscreen and powerful hardware ingnone of the later versions of
Android platform, Vega is an example of the nexmayation of tablet devices. Vega
relies heavily on connectivity for many of its faioms, and ICD has listed on-demand
web-TV as one of the device’s features. Therefibrean be reasonably expected that
the device would also have some kind of applicatayrstreaming media content either
from Internet or from home computers. If ICD alsdfifls its promise for full-HD
guality video for this tablet, Vega could well bew® a very good multimedia device
and a proof-of-concept for what is possible to agglish with the Android platform.

3.9. Spring Design Alex

Alex (Figure 3.9 is an e-book reader developed by Spring Desigrcompany
specializing in e-book reader solutions. The desieppearance and features make it
very similar to Barnes & Noble nook e-book readsee( Chapter 3.2). In fact, in
February 2010 Spring Design sued Barnes & Nobletiealing ideas and features from
their device [67]. Alex’s technical specificatioae listed orTable 3.9



32

Figure 3.9Spring Design Alej68]

Table 3.9Spring Design Alex technical specificatid6s; 69]

Name Alex
Manufacturer Spring Design Inc.
Release Date February 2010
Android version 15

Price

$399 (approximately 294 €)

Display 6" E Ink display, 600x800 resolution
3.5” touchscreen, 320x480 resolution

Connectivity 802.11b/g WiFi. (3G, EVCO/CDMA, and GSM claimed,tbuot in the
technical specifications.)

Storage 2GB flash internal, slot for microSD up to 4GB

Supported files

Video

MPEG2, MPEG4, 3GPP, Adobe Flash Lite

Audio MP3, MIDI, WAV
Image JPEG, GIF, GMP, PNG
E-book ePUB, PDF, DRM, txt, HTML

Primary features

Download and read e-books. Browse Internet on dhehscreen. Listen to music, watch videos.
Gmail, Twitter. Android applications.

Alex’s most prominent feature is its dualscreene Térger of the two screens is an E
Ink display. Below it is located a smaller colouthiscreen that is used to control the

device.

Alex is capable of displaying a number of e-bookrfats. It allows the user to
connect to online book retailer services such a®geo Books to purchase and
download e-book documents. The device’s connegtfeiaitures include at least WiFi.
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3G and GSM support are also claimed by Spring Dedigt they are not present in the
device’s technical specifications.

In addition to e-books Alex can also play a humiiiethe common video- and
audio formats and display the most common imagesyjhe device can also be used
to browse Internet via the touchscreen and hassadceGmail and Twitter. Alex can
also run Android applications. It cannot accessramtMarket, but Spring Design has
a service of its own, titled Alex Marketplace. Aettime of writing Alex Marketplace is
not yet open, but it promises to have a numberppfications available for the device.
According to Spring Design Alex Marketplace ispén to all registered Android
application developers.

3.9.1. Third-party evaluation

At the time of writing Alex is not yet released atfetre are not many reviews written
about it. However, experts have described theist fimpressions of the device
somewhat positively. Stuart Miles of Pocket-lintites that the device is currently one
of the most expensive e-book readers on the maHetdescribes the touchscreen
interface to be very similar to an Android smartpédolted to the bottom of the reader.
He also mentions that both the touchscreen ané tlk screen respond to commands
and refresh faster than either of its competit@arnes & Noble nook and Amazon
Kindle. [67].

A reviewer on Besttabletreview.com, writing ungeeudonym "Tablet”, claims
to know the reason for why Alex screens respondiesih The device features Marvell
Technology Group’'s ARMADA 166E application processihat has been built
specifically for e-book devices. According to "Tati| the processor triples the frame-
rate of the usually slow-responding E Ink scre{g).

3.9.2. Analysis

Alex is more expensive, but also more powerful tliarcompetitors, Barnes & Noble
nook and Amazon Kindle. The device’s touchscreeanger than that of nook, and it
accommodates a user interface that is closer malatd Android. This gives Alex more
flexibility for displaying its features and functie when compared to nook’s row-of-
buttons menu. However, smartphone-style interfaggialso be more complicated to
use than nook’s simple buttons.
Alex is another example of a manufacturer eschgwindroid Market in favor

of an application service of its own.

3.10. Creative Zii EGG

Zii EGG (Figure 3.10Q is a hardware development platform by Creativehhelogy, a
Singapore-based manufacturer of multimedia deviCesative Technology markets Zii
EGG not as a complete device, but as a basis ochwhiegrators and developers can
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create customized applications and devices of tlein. Zii EGG’s technical
specifications are listed ifiable 3.10

Figure 3.10Creative Zii EGH71]

Table 3.10Creative Zii EGG technical specificatiofi&l]

Name Zii EGG

Manufacturer Creative Technology (Creative Labs)

Release Date November, 2009

Android version Optimized 1.6

Price Not for consumer use

Display 3.5” touchscreen, 320x480 resolution

Connectivity 820.11 b/g WiFi, Bluetooth

Storage Up to 32GB Flash, SDHC slot for up to 32GB external

Supported files

Video MPEG4, DivX, Xvid, H.264, WMV, MJPEG

Audio AAC, MP3, MIDI, Ogg, ADPCM, WMA, FLAC

Image Unknown

E-book Unknown

Primary features

A development platform for integrators and devetepto create customized applications and
devices on. Not for consumer use. Runs Android @rehtive’s own Plaszma OS, both Linux-

based. “Multi-format audio and video processingbweowsing, OpenGL ES 3D graphics, content
streaming.” Up to 1080p high-definition video outpeither scaled down to the screen or ia
HDMI to TV. Hardware GPS receiver. Two cameras. vidl applications are expected to work.

Unlike the other devices described in Chapter 8 E-G is not meant for consumer
use. It is a development platform meant to alloevdkevelopment of customized devices
and is sold alongside a compatible SDK.

Zii EGG is a touchscreen device with a WiFi netkvoonnection. It runs either
on Creative Technology’s own Linux-based Plazma[?®3} or on a modified Android
platform. The Android platform is optimized for gidc performance and Zii EGG’s
processor has technology that allows Android to 3ingraphics and high-definition
video on the device. Android’s applications areoaspected to work normally on the
device, but there is no information on whether ot Aii EGG is compatible with
Android Market.
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Zii EGG’s primary features are described as vidad-audio processing, web
browsing, content streaming, and 3D graphics. Tén@ce is able to play a number of
advanced video and audio formats. Its video ougatity can reach up to 1080p HD,
either scaled down for the device or played via H2bhnection on TV.

Zii EGG comes with an in-built GPS receiver and wameras, a VGA camera
up front and a HD camera in the rear.

Creative Technology has also developed a consuersion of Zii EGG, which
is called Creative Zii. However, at the time of timg Creative Zii is still unreleased. Its
exact capabilities and differences from Zii EGG @oé yet known.

3.10.1. Android on Zii EGG

Zii EGG uses a modified version of Android platforits architecture can be seen in
Figure 3.11 [73].

Android Applications '

Android Application Framework

Android Runtime

Android Libraries Dalvik

Flexible Media Processing Amay

OpenGL ES Audio Codecs

BSP Device Drivers

Composifing  Image Codecs

bl

d i \ b e
Proc S33iNg Video Codecs

Figure 3.11Architecture of Android on Creative Zii EG@G3]

It can be seen that the architecture is very smidahe standard Android architecture
seen inFigure 2.2 The most notable difference is that the lowestedaof the
architecture, Linux layer, is replaced with ZMS-pBocessor and Plazma platform
drivers. The device still runs on Linux, but it @lsmakes use of additional graphics
processors on ZMS-05 that help to enhance Andradiphical performance on Zii
EGG. However, the modification has been done withchanges to the Android
architecture’s upper layers. This means that thvicdecan be installed with a standard
open source Android 1.6 without need for assistdimre Creative Technologies. It also
means that Android applications can be expectedrt@s normal on the device.
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3.10.2. Analysis

Zii EGG is a unique case among the devices intredua Chapter 3. Instead of a
finished device, it is a device platform for otmeanufacturers to develop on. As such, it
serves as a proof of concept that this kind ofryeanent indeed is possible for Android
platform. Zii EGG also acts as an example of howsterg Android architecture can be
modified to better suit the needs of a specificickv

Zii EGG features enhancements that improve theicdesv graphical
performance. Considering that graphics-heavy deviteh as ICD Vega (see Chapter
3.8) also include similar enhancements, this mighta necessary feature for any
Android-based device intended to have noteworthyali capabilities.

3.11. Analysis of Android devices

As was mentioned in the beginning of Chapter 3hocalgh only ten devices were
introduced in Chapters 3.1 to 3.10, a total of 2ldWid-based non-mobile devices were
examined for the needs of this thesis. Studyingptioperties of these devices resulted
in discovery of a number of trends that appearaactmmon in Android-based non-
mobile device market of today. These trends are pr@sented in further detail.

The two most common device types among the stdéxides were Internet
Tablets and e-book readerg out of 21 devices were Internet Tablets, a aewpe
with a large touchscreen, usually featuring anrirge connection and multimedia-
playing capabilities. 6 out of 21 devices were elbreaders, devices featuring an E Ink
screen for reading electronic book formats. A ds@ken setup, with one E Ink screen
and the other touchscreen was a particularly comtyyom of e-book reader, combining
electronic documents with more traditional Andrbi@sed applications. Together
Internet Tablets and E-book readers consisted loatrof the examined devices. This
indicates a definite interest from manufacturers fimaking such device types for
today’s market.

Touchscreens dominate the Android device maf@ety one device out of 21
did not have an integrated touchscreen as its pyitneeans of user input. It should be
noted that the device, Acer Aspire One D250 (seep@h 3.6), suffered from poor
usability because of this. This indicates thatwchscreen or a similarly simple means
of input is crucial for Android platform to be useda feasible manner.

Screen sizes and resolutions are variaBlhough it was stated in Chapter 2.4
that Android platform supported only 320x480 screesolution before the introduction
of Android v.1.6, in practice devices can have @aller scope of resolutions even with
earlier versions. For example, Camangi Webstatiee Chapter 3.3) was stated to run
Android platform v.1.5, but it still managed to pide 800x480 screen resolution. The
most common resolutions among the studied devieeksted inTable 3.11
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Table 3.11Layout of screen resolutions among the 21 exanteettes.
Resolution | 480x320| 800x480; 1024x6Q0 Others Unknown
Devices 3 10 3 3 2

The most common screen resolution among examingitede was 800x480, which
means non-mobile devices tend to be somewhat laigar most smartphones on
today’s market. According tdable 2.2in Chapter 2.4, 800x480 is the largest screen
resolution that Android platform v.1.6 and onwards currently capable of
accomplishing. However, there are also devicesdhatcapable of resolutions as high
as 1024x600, which proves that it is possible t&emaven current versions of Android
platform to reach the lower levels of HD resolut@sit is defined in Chapter 2.4. The
highest screen resolution encountered in this study 1366x764. This was in ICD
Vega (see Chapter 3.8), an Internet Tablet thabeimg advertised to have high-
definition video-playing capabilities.

Almost every device is WiFi-capable, while roughdyf support 3GA typical
Android-based non-mobile device relies heavily onreless network for its
connectivity. The layout of various forms of contmgty among the 21 examined
devices can be found fable 3.12

Table 3.12Forms of connectivity supported by the 21 examdedces.
Connectivity WiFi LAN 3G
Devices 20 4 10

As can be seen in Android architecture displayedrigure 2.1in Chapter 2.3, the
Android platform has ready-made drivers and APl lfor WiFi and telephony. It only
makes sense that these features are exploited dnoibased non-mobile devices as
well, so it is not surprising to see both WiFi aB@& prevalent among the studied
devices. Only one device of the 21 did not featWd-i. This was 1CrossTech’s
MIDhybrid, a combination of MID and e-book readetich makes up for the lack of
WiFi by featuring 3G connectivity. This device wast introduced in Chapter 3 due to
lack of space, but its technical specifications barfound inAppendix landAppendix

2.

Roughly half of the devices supported 3G. ConsideAndroid’s origins as a
platform for smartphones, the portion of 3G-suppgrtdevices is smaller than
expected. However, since most of the newer, stiteleased devices in the study
supported 3G, perhaps their share will increaskariuture.

Most devices support Android applications, but mamgnufacturers eschew
Android Market in favor of their own applicationogt. Many manufacturers cited the
availability of Android applications as one of th@mary reasons for choosing Android
platform for their devices. The layout of devichattsupport Android applications can
be seen imable 3.13
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Table 3.13Compatibility of Android applications among the &lamined devices.
Android applications Support No support Unknown

Devices 16 2 3

Most of the studied devices had support for Andmpglications. Android Market is
currently the best source of Android applicatiorwever, the software used to
connect to the Market is apparently available amydevices that have been launched in
co-operation with Google. Many manufactures hawseh to not go via this route, and
have introduced their own online application starestead. The numbers of devices
supporting Android Market, those that offer mantiiaer's own appstore instead, and
those that do not feature any appstore at allisteddlinTable 3.14

Table 3.24Support for Android application stores among theeamined devices.

Appstore Android Manufacturer’s No Unknown
Market Appstore appstore
Devices 3 6 2 7

Only a small portion of the studied devices opesipported Android Market. By
comparison a significant number of manufactureresehto introduce their own
appstores for their devices. However, at the tifmerding most of these appstores were
newly established and featured only a small nunabexpplications, whereas Android
Market (see Chapter 2.6) featured thousands ofiGgtigins. It should be noted that a
significant number of the devices were vague aldwther or not they supported an
application store. This number of unknown devicas hotential to tilt the results on
Table3.14in any direction.

Android-based devices are heavily multimedia-ogdntbut Android platform
needs additional enhancements before it can provwigd-quality media. A good
majority of the studied devices featured versatiledia-playing capabilities, making
good use of the base set of file formats providgdhle Android platform (see Chapter
2.5). Some of the devices, such as e-book readwd, narrower media-playing
capabilities due to device limitations, while oth@xpanded on Android’s base set by
introducing additional file formats. A number ofgher-end devices were capable of
playing HD-quality video either on their own screeor when connected to a TV.
Android architecture (see Chapter 2.3) does nopatiphigh resolutions by itself (see
Chapter 2.4), so the platform needs extensionsééf@an provide HD quality video.
Most of the HD-capable Android devices had eithpectal hardware or graphics
software to improve their visual performance. QreaZii EGG (see Chapter 3.10)
provides an example of how Android platform cannbedified to accommodate high-
guality media-playing capabilities. If the deviceoed not have access to such
enhancements, the video may lag heavily and thécelemight operate slowly in
general, as happened in the case of Camangi WebS{aee Chapter 3.3).
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Android Ul (User Interface) can be tailored intori@us setups according to the
needs of the device, though most manufacturergiptefretain the basic Android Ul.
As was mentioned in Chapter 2.3, Android’s architexincludes components that can
be used to build custom user interfaces for théga, allowing the manufacturers to
construct new Uls to meet the needs of their devidde resulting interfaces can be
drastically different from the basic layout. Thesevident in Barnes & Noble nook’s
row-of-buttons interface (see Chapter 3.2). Eveal-dareen based setups are possible,
as can be seen on Spring Design’s Alex (see Ch&®@¢ror enTourage eDGe (see
Chapter 3.4), to name just two. However, despite ititerface’s malleability a good
majority of the devices seem to use a basic Andaydut, which is similar to the one
used on smartphones.

To summarize the findings of Chapter 3, Androidtfgrm can be employed in a
variety of different devices. However, a touchsorée a must for the device to have
good usability. Most Android-based devices suppordroid applications, but many
manufacturers have chosen to open their own apiolicastores instead of using
Google’s Android Market. Android is capable of play high-quality multimedia, but
needs extensions to the basic platform to makehtgigen. Android Ul can be tailored
according to the device, but most manufacturerepte use the basic Ul instead.
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4.  ANDROID USABILITY

This Chapter examines the usability and user egpee of Android user interface on a
non-mobile device. This is accomplished by the meahusing Archos 5 Internet
Tablet as an example of a typical Android-based-mobile device and evaluating its
usability.

Good usability is an important factor for the sigcef almost any device. Even
if a device is efficient at what it does but isfidifilt and frustrating to use, it is not likely
to become popular among consumers beyond a smelk @f experts. By contrast, if
the device is easy and pleasing to use, more carsuamne likely to be satisfied with it.
Widely-spread consumer satisfaction is in turn iedutor the commercial success of
any manufacturer. Android platform and its useeiifsice were originally designed for
mobile phones. However, as could be seen in Ch&ptaranufacturers have installed
the platform onto many different types of devicesth different kinds of capabilities
and different kinds of displays. Most of these nfanturers have chosen to retain the
basic Android user interface instead of designingJa of their own. This means that
most of the new devices introduced by these matwis are controlled by the same
Android Ul that is found in Android-based mobilegpies. However, since the Android
Ul was not originally designed for non-mobile deag¢this might give rise to usability
problems that might hamper the consumer’s userrexpee. Therefore, it becomes
necessary to study the Android Ul on non-mobileicks/to determine what kind of
problems the consumer might encounter using it.

The most thorough method for examining the perforce of Android Ul on
non-mobile devices would be to acquire a numberdiffierent kinds of devices
introduced in Chapter 3 and perform a usabilitylysia on each. However, such a
project would require vast resources and at the tfrwriting many of the new Android
devices are not yet available on the market. Toheeefthis method was deemed
unrealistic for this thesis.

However, as was mentioned before, many of the faaturers have chosen to
incorporate the basic Android Ul for their devioegh minimal changes. The user
experience is likely to not change much when movirggn one similar device to
another. Therefore, it becomes feasible to acqame Android-based device and
examine it as a use case in order to have a geideglof what user experience is like
on Android Ul. This thesis will use Archos 5 IntetnTablet (Chapter 3.1) for this
purpose.

This chapter contains five parts. First the bakieory of usability will be
discussed. Heuristic evaluation is introduced aseshod for estimating usability in a
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system. Next the test situation for the use cagpvisn and Archos 5 Internet Tablet
user interface is described to give an idea of wadevice is like. Finally the Chapter
will list the results of the heuristic evaluatiohtbe system and discuss them in further
detail.

4.1. Usability

Usability of a system is only a small part of ateyss acceptability to the user. The
acceptability of a system refers to the system’ditplio satisfy all the needs and
requirements of the user. The overall acceptabilfta system can be further divided
into social acceptability and practical acceptapiliOne of the aspects of practical
acceptability is the system’s usefulness, the dquestf whether the system can be used
to achieve some desired goal. Usefulness can tieefuttivided into two sections, utility
and usability.

Utility refers to whether or not the system’s functiogat&n perform the tasks
required of itUsability means how well the user can use that functionality

Usability is a part of all aspects of a system withich a human might interact.
It is rare to find a computer feature that doeshate component that interacts with a
human. Jacob Nielsen says in his batsability Engineeringhat usability is not a one-
dimensional property, but is rather formed from tplé components. According to
Nielsen, a system with good usability is easy tarrie efficient to use, easy to
remember, produces few errors, and finally is stthjely pleasing to use. [74].

4.1.1. Heuristic evaluation

Heuristic evaluation is a usability engineering Inoet used to find problems in a user
interface. It is performed by a number of evalumtaho examine the interface in
question and estimate its performance against afgatinciples. These principles are
called “heuristics”. [75].

Nielsen lists ten general principles for user ifaee design. He calls them
“heuristics” because they are more like rules afntb rather than specific usability
guidelines. Each of the heuristics describes featthat are typical for an interface with
good usability. [76].

1. Visibility of system status— The user should always be informed of what is
going on in the system. The system should giveuder appropriate feedback
within reasonable time.

2. Match between system and the real world- The system should speak the
user’s language. It should use words, phrases amcepts familiar to the user.
The information should appear in a natural anddalgorder, following real-
world conventions.

3. User control and freedom— The user can be expected to frequently choose
wrong functions. The system should anticipate blyi®ffering the user a clearly
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marked “emergency exit” to quickly leave the unveshstate. Undo and redo
should be supported.

4. Consistency and standards- The user should not have to wonder whether or
not different words, situations, or actions meae same thing. Platform
conventions should be followed.

5. Error prevention — Careful design can prevent a problem from odcgrin the
first place. Error-prone conditions should eitherdiminated from the system
or they should be checked and the user given dromatfon option before they
commit to the action.

6. Recognition rather than recall— The user's memory load should be minimized
by making objects, actions, and options visiblee TUser should not have to
remember information from one part of the systenanother. Instructions for
using the system should be visible or easy toenetti

7. Flexibility and efficiency of use— Expert users should be offered advanced
methods to accelerate their use of the system. eTlb®rtcuts should be
invisible to the novice users so that the system aaer both to the needs of
experienced and inexperienced users. Users shauldlibwed to tailor their
frequent actions.

8. Aesthetic and minimalist design— Dialogues should not contain irrelevant or
rarely needed information. Every extra unit of mh@tion competes with the
relevant units of information and diminishes threiative visibility.

9. Help users recognize, diagnose, and recover fromrers — Error messages
should be in plain language, without codes. Theyukhprecisely indicate the
problem and suggest a constructive solution.

10.Help and documentation— While it would be better if the system can bedus
without documentation, it might be necessary prewvigde user with help. Any
such documentation should be easy to search, fdomisethe user’s task, list
concrete steps to be carried out, and not be tge.la

It is usually good to have more than one evaluat@xamine the interface because it is
difficult for a single individual to come acrosseey usability problem in the system.
Different testers also tend to treat the same fexter differently, allowing some
evaluators to discover problems that would not bexzapparent to the others.

A heuristic evaluation session typically lastsdoe or two hours. The evaluator
goes through the interface several times and cogspats functions with the
aforementioned list of heuristics, making a notethe problems he or she perceives.
These are then given grades according to theirisgv€he evaluator should go through
the system at least twice. The first time is useddin a feel of the interface and the
flow of the interaction. This gives the evaluatbe tknowledge of how the different
parts of the system work together as a whole. €gersl time can then be used to focus
on specific elements and functions in the interfadee result of the evaluation should
be a list of problems the evaluator perceived @ittterface. [75].
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The problems found during heuristic evaluation giken ratings according to
their severity. According to Nielsen, the sevedtya problem can be derived from three
factors. The first of these is hdwequently the problem appears. Is it common or does
it occur only rarely? The second factor is thgact of the problem. Once it appears,
will it be easy or troublesome for the user to ceene? The third and final factor is the
persistenceof the problem. Is it a one-time problem that bareasily avoided once the
user knows about it, or is it something that hasaalealt with repeatedly? [77].

It should be noted that the rating an evaluatoigassto a problem is based on
the evaluator's own perspective of the interface. was mentioned before, a single
evaluator is likely to find only a part of the pteims in the interface. It is not until the
findings of several evaluators are brought togetlref compared with each other that
the severity of the problems can be placed intqp@rgoerspective. Therefore, the
ratings assigned by a single evaluator are todliabte to be trusted. However, as more
evaluators assign ratings to the same problemr théhgs can be used to produce a
more reliable mean severity rating. According tcelsien, a mean severity rating
produced by three evaluators is satisfactory fanynaurposes.

Nielsen suggests that the problems are assignedityeratings on a scale of 0 to 4.
The ratings are explained Trable 4.1

Table 4.1Severity ratings of heuristic evaluation problefrig].

Rating | Description

0 The evaluator does not agree that this is a usapiloblem at all.

1 Cosmetic problem. Does not need to be fixed urlesee is extra time available for the
project.

2 Minor usability problem. Fixing the problem shotdd assigned low priority.

3 Major usability problem. Important to fix.

4 Usability catastrophe. The interface should notédeased for public before this problgm
is fixed.

4.2. Use case: evaluation of Archos 5 Internet Tabl et

The examined device was Archos 5 Internet Tablehing Android 1.6 operating
system and firmware version 1.7.33, which was #itesk update available from Archos
at the time of testing. The device’s technical fstions and a list of its features can
be found in Chapter 3.1.

The evaluation was performed both in home envirariraad at the Medialab of
the Tampere office of TeliaSonera Finland. Medialakireless network was used to
test the device’s connectivity features.

The heuristic evaluation was performed followingalaNielsen’s guidelines, as
described in Chapter 4.1.1. The interface was exednseveral times and its features
evaluated in the light of Jacob Nielsen’s ten ratio$. Instead of merely attempting to
find problems, however, the evaluation was exparstethat the heuristics were also
used to determine what the system was doing veeijie a more balanced view of the
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system’s overall usability. The problems discovededing the evaluation were given
severity ratings as they are definedliable 4.1 It should be kept in mind that severity
ratings given by a single evaluator can not be idensd reliable, but they do help to
give perspective of the severity of various protdemrelation of each other.

The evaluation was performed by the writer of thissis, who has education on
usability testing and working experience on usimgl &valuating various handheld
multimedia devices. Jacob Nielsen suggests thanhtineber of evaluators for a single
project should be three or more. However, this natspossible within the time frame
and resources available for this thesis. In ordezadmpensate for the lack of humbers
the evaluation was performed several times overcthgse of a number of days. The
length of an individual evaluation session was &sger than Nielsen’s suggested 1-2
hours.

The following section gives a brief description Afchos 5 Internet Tablet’s
interface and how the user controls its functidbescribing every state and feature
available in Archos 5 Internet Tablet would notrbkevant to the needs of this study, so
the focus of this section is to give a general wvstdeding of the workings of the
interface. The section after that will list theutts of the heuristic evaluation, organized
according to the heuristics mentioned in Chapten4.

4.2.1. Archos 5 Internet Tablet user interface

Archos 5 Internet Tablet has two physical buttanthe frame, a volume controller and
a power button, but the device is primarily corigdl by the touchscreen. This is
accomplished by tapping at the screen, holdinghgefi against it, or sliding a finger
along the screen’s surface. A tap is equivalend tdouble mouse-click on a typical
computer OS, while holding a finger against theesor can be compared to an
alternative click similar to the right mouse butt@nslide can be compared to a click-
and-drag motion with a mouse. Touching icons anechumeptions is acknowledged
throughout the system by orange highlighting.

Archos 5 Internet Tablet is started up by press#iregpower button in its frame
for a few seconds. The device takes approximatelgezonds to fully boot up. During
this time it displays Archos company’s logo, folledvlater by an animated Android
logo. The device will then bring up the main viemhich can be seen ffigure 4.1



45

Upper panel
Desktop
Quickpedia crad one Tt Droidin-Lite  ThinkFres Mabile
At
Deezer Dailymotice:
Bottom row

Video Music Photo Games  Media Club I

ARCHOS | 5 errat st ‘

Figure 4.1 Archos 5 Internet Tablet User Interfaj3]

The main view has been divided into three primagtisns. For the sake of clarity this
study assigns names for these sectiaipger panel desktop andbottom row. The
sections will be referred to by these names fromne bawards.

Upper panelis present in most views found in the system. Mgwrom left to
right, it contains Home button, a broad, empty spat is used to display small icons
of running processes and announcements, a batyempod displaying the current
battery charge, Back button, and Menu button.

Tapping the Home button takes the user to the miaw from any section of
the system. Tapping the Back button takes the aiserstep backwards in the system.
Tapping the Menu button brings up a list of optidihe exact contents of which varies
depending on the current view. Pressing and holdiriopger against the blank space
between the Home and Back buttons displays theegudate and time. Pulling the
blank space downwards will pull out a menu thaslikie currently running processes
and notifications, and also serves as a short-emiunto them.

Desktop takes up the largest section of the view. It heug® icons of the
applications used by the device. Tapping an icdhstart up the application. The icons
can be moved around on the desktop. New iconstalied applications can be added
to the desktop and existing icons can be removéeé. desktop can also be used to
display widgets, which are small programs that ramening directly on the desktop
itself. The analog clock displayed in the lowerhtig¢orner of the device screen in
Figure 4.1is one such widget. Pressing a finger againsmnaptyespace on the desktop
and sliding it either left or right causes the depko slide either left or right, bringing
more icon space into the view. The desktop hagthceeen widths of space available in
total: one screen to the left from the center amel screen to the right.

Located in the right side of the desktop is a slisendle. Pulling it to the left
will cause a slider tray to slide over the deskilme slider tray contains a full list of all
the applications installed onto the device. Theons can be moved over onto the
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desktop for quick access. Pushing the slider hatodikee right will cause the slider tray
to move back into its original position and revibed desktop from underneath.

Bottom row contains direct access to the different types eflian available on
the device. Each of the icons launches a differeatlia player. For example, Video
icon brings up the video player, while Photo icaariches the picture viewer. Choosing
one of the icons brings up a sub-menu that ligteréint functions related to the chosen
player. For example, choosing Video icon bringsaugub-menu that allows the user to
choose whether to play media from the device’srivatiestorage or streamed across a
network, or to use the device's TV-related featwsash as TV scheduler and video
recorder.

4.2.2. Results of heuristic evaluation

The results of the heuristic evaluation of Archdstgrnet Tablet are divided according
to the heuristics described in Chapter 4.1.1. Haicthe heuristics will have a brief

evaluation of how well the device seems to be perimg on that particular field. The

problems that were discovered during the evaluadi@nlisted under the most closely
related heuristic.

1. Visibility of system status

For the most part the system keeps the user wa&nmed of the system status.
Whenever an icon or other object is activateds immediately highlighted in orange.
Animated sliders and similar features help to dgive user a sense of transition when
moving from one section of the interface to anatietive processes such as the media
player running in the background are marked witly symbols in the upper panel of
the main view. When WiFi and Bluetooth connectians active, they are marked with
a green V-symbol, which is a common symbol for ecimess. Accessing videos and
performing other such large operations are usualgrked with animated loading
symbols. The procedures of starting the devicengpshutting it down are also marked
with animations that indicate that something isgeapng within the device.

Error rating: 3 (Becomes infuriating in the longm
The device occasionally loses its wireless conoratihen using Internet browser. The
system simply ceases to work when this happengiaed no error message about it.

Error rating: 2 (Inconveniences using the system)

The device sometimes freezes after the user towch@sual button, particularly when
using the media player. One can assume this pawmescfrom the size of media files
the system has to process. The device continuesingonormally after a moment, but
not before the user has had time to impatientlyth@pscreen several times. The device
remembers these taps and once the screen unfreiézesacts to all of them
immediately, usually taking the user to unintengites.
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Error rating: 3 (Heavily limits the device’s usaiby)

The primary method of transferring files into thevite is by connecting it onto a PC
like USB memory storage. However, doing this on @ Rinning Windows XP
operating system was not successful. The deviaresffan option to transfer files via
Windows Media Player, but nothing happened whes wWas attempted. Transferring
files between computer and the device worked ndymahen the PC was running
Windows Vista. Apple Macbook did not detect theide\at all.

2. Match between system and the real world

The interface is very visual. When an applicatiooni is moved around on the desktop,
it seems to rise above its surroundings as if ther lnad just pulled it up from the
background. Animated sliders help the user to Viseidhe interface and the relation of
various sections to each other. The virtual keythagged to input writing is of fairly
good size for human fingers to use. Each keysti®kearked with an orange highlight
to indicate which key is being touched. Howeveriting on the keyboard has a much
slower rhythm than writing on a physical keybodrrgping mistakes are rather frequent.

Error rating: 2 (Unintuitive)

Filling out forms such as username/password querieseb browser is difficult on the

virtual keyboard. The most intuitive act to subrfie query would be to press the
keyboard’s Enter-key, but this only causes the kayth to move on to a new row. In
this case the only way to confirm the form and dki keyboard seems to be by
pressing the Back button, which is completely safgairom the keyboard itself.

Error rating: 1 (Slightly unintuitive)

The top of the screen in the main view has tinn&epresenting active processes and
other matters the user should know about. It takesile to realize that the user has to
pull the row down to access the icons, not tapent

Error rating: 1 (Slightly unintuitive)

The device can shut itself down into a power-savedenautomatically. The first
impulse from the user wishing to use the devic® i&p or flick the screen to wake it,
but this does not work. The real method is to peess hold down the power button for
several seconds. This is not intuitive.

3. User control and freedom
The Back and Home buttons are visible in almostyestate, allowing the user to either

backtrack one step or to go back all the way torttan view. There is no way to
immediately undo or redo changes done to the system
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4. Consistency and standards

Icons used to signify the loading of a file and ilamfunctions are generally the same
throughout the system. There are several incomsigg, but these seem to be cosmetic
problems at best.

Error rating: 1 (Cosmetic inconsistency)
The battery icon representing remaining batterygaisplays as a green icon in some
views and as a white icon in others.

Error rating: 1 (Cosmetic inconsistency)

The device can be turned into a horizontal or &icadrposition and most views change
their orientation accordingly. The main view doed do this, remaining in horizontal
configuration at all times.

Error rating: 1 (Cosmetic inconsistency)

The contents and location of the Settings menu gdhaaccording to the view.
Sometimes the resulting menu appears in the batfdhe screen, at others in the upper
right corner of the screen.

Error rating: 1 (Cosmetic inconsistency)

The device bears some traces of Android platfoqpingne origins. The Settings menu
lists an option for “Changing ringtones”, even tgbuhis feature does not actually exist
since Archos 5 has no phone capabilities.

5. Error prevention

The system seems to be designed in a manner thad hecasual user to avoid
catastrophic mistakes. Files stored in the devae @nly be altered either by taking
several clearly-marked steps from the Menu or bpganto a separate File Manager
application, so there is no danger of accidentalbywing or deleting files while viewing
them through the device’s multimedia players. AgcBalenies the user access to its file
folders while the device is connected to a computarUSB. Such an arrangement
helps to prevent possible conflict situations stidhle user attempt to access the files
simultaneously on the computer and the devicefitsel

Error rating: 2 (Infuriating)

In the image gallery it is possible to set the ently viewed image as wallpaper for the
desktop with a push of a button. It is very easygdahis by accident. The system does
not prompt for confirmation when this happens ahd thange cannot be undone
directly. The wallpaper has to be changed back minfrom a separate wallpaper

section, which can cause frustration.
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Error rating: 3 (Difficult to use)

The images in the gallery can be rotated by drawangircle on the touchscreen.
However, the system has difficulties at recognizimg difference between the rotation
command and a slide gesture used to indicate tmenamd to turn over the next image.
This frequently results in accidental rotations ethithen cannot be immediately
undone.

6. Recognition rather than recall

For the most part the system is easy to recogmzeeasy to remember. Again the
animated sliders help to visualize the movementkiwihe system and help the user to
backtrack when necessary. The system Settingsthist®ptions in neat rows and also
provides brief descriptions of what each optiontaors. The device’s virtual keyboard

has a row dedicated for displaying the word beingten, so there is no risk of the

writing being hidden behind the keyboard.

Error rating: 3 (Difficult to use)

The most confusing aspect of the system is the Martton. It brings up different
options depending on the state of the system aed dot explain these options. The
user is forced to remember what is possible tandbe Menu in which state.

7. Flexibility and efficiency of use

The device offers a number of shortcuts and taitproptions that will help the

advanced user but will not get into the way of &io®. The device allows the user to
change the contents of the desktop, including idonsiew applications, widgets, and
Internet bookmarks. Pressing and holding the Marttoh for a few seconds brings up
a quick search function. The device remembers usesless network connections and
automatically attempts to reconnect to them ont-si@ar Media players remember the
last viewed file and offer an option to continuewing from where it was last stopped.

8. Aesthetic and minimalist design

The interface is simple, clear, and visual. Thaeps sliders and buttons are mostly

grey in color, allowing the brighter applicatioroits to stand out from the interface. The

File Manager feature is an exception to this.did-heavy appearance can be confusing,
and there is no option for viewing files and foklas icons.

9. Help users recognize, diagnose, and recover froenrors

For the most part applications give appropriateremessages. They inform the user of
what is wrong and sometimes also give suggestiorisformation on how to fix the
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problem. For example, attempting to open a web patfeout a network connection
brings up an error message stating that the padlecuaitinue to load after the
connection has been re-established. Another simdample comes from attempting to
play video formats that are not supported by theage In such a case the device may
offer to take the user to Archos’ webstore to pasehthe appropriate plugin to play the
content.

10. Help and documentation

Documentation for the device is not well markede Hocuments are in PDF file format
and are hidden away into a separate folder on #vecels hard drive. The folder is
titted “Info”, which can be slightly misleading alnothe documentation’s purpose. They
can only be accessed via the device’s Files Manager

4.3. Analysis

Chapter 4 introduced a test case where Archostniet Tablet was used as an example
of a typical Android-based non-mobile device to leate the platform’s usability.
Judging by the findings presented in Chapter 4&hd@ve, it is clear that Archos 5
Internet Tablet and Android Ul as a whole were giesd with usability in mind. The Ul
fulfills well several of Nielsen’s heuristics forogd usability (see Chapter 4.1.1).
Graphical interface, easily remembered symbolsjmlist use of colors, and animated
transitions from one state to another all makelthapproachable to the casual user. A
layman should be able to learn to use the devitie nelatively little trouble.

It was reasonable to expect that Android platforrould function well on
Archos 5 Internet Tablet. Android platform was argly designed for mobile phones,
so it is natural to assume that small tablets, MIBPBIPs, and other similar devices
would take well to its Ul. If the consumer has us&udroid-based mobile phones
before picking up a device such as Archos 5, prabable that the Ul will seem familiar
and thus easily approachable.

Android was designed around touchscreen, so iatsral that the Ul functions
well in a device controlled primarily by such. Mastthe actions could be performed
with simple taps and slides, with little need foe tuser to touch the screen in multiple
spots at the same time. In fact, casual observattioates that Android works better on
larger-than-smartphone-sized touchscreens. Withetascreens the icons and other
critical components of the system are also largjeis makes manipulating them easier
and lessens the probability of user mistakes.

Although Archos 5 Internet Tablet’s overall usdbiperformance was good, it
nonetheless had a number of issues. Some of thebems may seem small at first,
but prolonged use might make them frustrating. Sofrtee UI's features are located in
unintuitive places and require some memorizatidioreethey can be used effectively.
The device’s image gallery is suffering from a ulgbproblem caused by the
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touchscreen’s poor gesture recognition when attexgpab browse the images. It is
uncertain whether or not this is because of thensoé or Android’s own touchscreen
compatibility. If it is because of the latter, itight indicate a problem with the
interface’s fine control that the manufacturer reetm be prepared for when designing
custom software for Android. Finally, there are amer of small, graphical
inconsistencies throughout the system that do ontaly hamper the usability of the
device, but do convey the impression of a slightipolished whole.

Surprisingly, the two greatest problems encoudt@meArchos 5 Internet Tablet
were technical. The device is supposed to be cabipatith PCs for file transfer via
USB connection. This was attempted with three cdamsuone running Windows XP,
another running Windows Vista, and the last oneninopp Mac OS. Of these three OS
only Windows Vista performed as expected. WindowB pPfused to display the
contents of the device’s hard drive while Mac O& nibt acknowledge the device at all.
USB connection is crucial for transferring multineediles and other content to Archos
5, so any problems with it will greatly hamper thevice’s overall usability. If this
compatibility issue extends to other Android-badeslices as well, it might become an
obstacle that manufacturers will have to deal with.

Another problem encountered in Archos 5 is theelimbility of the WiFi
connection. While it is uncertain whether or nas tils because of the device itself or the
wireless network used for testing, the device setieavily on WiFi for its connectivity
and any problems with it will greatly impact theeoa&ll user experience. The problem
was made worse by the fact that there was no aremsage when the connection was
lost, forcing the user to guess when this happefsidce Android-based devices
described in Chapter 3 made extensive use of Whis, might be another significant
problem that manufacturers would have to anticipdten designing their own devices.

To summarize the findings of Chapter 4, the use cd Archos 5 Internet Tablet
usability testing indicates that Android Ul funci® well in a touchscreen-based
handheld device. The interface is graphical andagghable, but minor unintuitive
features and cosmetic inconsistencies still malsed@m slightly stiff and unpolished,
especially next to its major competitor, Apple’hidhe Ul. If the two major technical
issues are a problem in other devices as well, tie®d to be seen to before Android
Ul's potential can be realized.
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5. DISCUSSION

Chapters 3 and 4 examined Android platform on naiite multimedia devices from
different points of view. Chapter 3 examined whatdkof non-mobile multimedia
devices there are on today’s market and how theufaaturers are using Android
platform on their devices. Chapter 4 studied thebilsy of Android platform’s user
interface via a heuristic evaluation where ArchdatBrnet Tablet represented a typical
Android-based non-mobile multimedia device. Hene, Ghapter 5, the results of
Chapters 3 and 4 are drawn together and discu€smttlusions are drawn from the
results and displayed in italics for emphasis. lnathis Chapter evaluates the
reliability of the results and how well the thebss managed to answer the questions
first posed in Chapter 1.

It was seen in the studies of Chapter 3 and etialuan Chapter 4 that Android
is a malleable platform that can be fitted intcaaiety of different devices. It requires a
touchscreen or a similar simple interface in ordehave good usability. Android is
particularly easy to use on a larger-than-smartptionchscreen. Overall, it is a definite
improvement from some of the older handheld devittes featured an ordinary
Windows XP as operating system. As was pointedro@hapter 3.11, Android can be
set into a variety of different resolutions, evbonge outside the official specifications
listed in Chapter 2.4. Likewise, Android platfornanc be expanded with external
modules without greatly altering the platform’s éaspabilities. To summarize this,
Android platform has the potential to function wiella variety of different devices, but
works best with a touchscredfrom this it would follow thasoftware developers and
content providers have to take into account a wgrief different screen types,
hardware, and context when developing Android aapions and providing multimedia
content for the devices. It is possible that cornfpdday of Android platform can
fragment as manufacturers continue to expand th&€qrm to meet the needs of their
own devices.

In theory, common platform means that a wide vrid very different devices
could make use of the same pool of Android appbost Same applications could be
compatible with different devices either straightag or after small modifications to
better meet the device’s screen resolution and déagures. This seems to be true to an
extent, but the distribution of the applicationgghtigive rise to a problem. Although
most Android-based devices support Android appbeat only a few have access to
Android Market, the single largest source of Andrapplications. It seems that only
those devices that have been launched in co-operaiith Google have access to the
software that connects to Android Market. Howeveany manufacturers have chosen
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to not launch their devices with Google, and haseup their own application stores
instead. It could be speculated that these manufast wish to control what kind of
applications their devices have access to, or perlizey are attempting to steer their
devices away from under the influence of Googlersldid Market. Whatever is the
case, many of these individual online stores arg mew affairs and their applications
selection is very small when compared to Androidritda To summarizemost
Android-based devices support Android applicatioAsdroid Market is the single
largest source of Android applications, but manyide manufacturers have chosen to
sell applications for their devices via their ownline storeslt can be concluded that
distributing Android applications to different degs will be complicated if they have to
be submitted individually to different online star&@his gives rise to a possibility that
soon applications offered in one online store willy be compatible with that store’s
device.

Android-based devices tend to be heavily multiraeztintric. Android platform
is capable of playing high-quality multimedia. Hoxge, in order to do so, it needs
extensions to the basic platform and has to rupawerful hardware. Cheaper devices
still attempt to run multimedia, but their perfonnea is likely to be slow. At the time of
writing high-definition video is in fashion and mamanufacturers advertise HD-
capability as a major selling point for their dexicTo summarizeAndroid-based
devices are multimedia-centric and some are capabldD-quality video.This means
that Android-based devices could expand the market tortemt-providers selling
downloadable and streamed media. It is likely tbahsumers are willing to pay for
HD-quality multimedia for their devices, but corttgmoviders should also be prepared
to sell lower-quality media for the less capableides.

Wireless network connectivity was nearly univeraaiong the Android-based
device examined in Chapter 3. Nearly all of theideveatured WiFi connectivity,
while roughly half featured 3G. However, usabiliigsts in Chapter 4 indicated a
possibility that Android’s WiFi might be slightly nueliable. This might cause a
problem, considering how critical wireless connétti is for these devices. 3G-
compatibility was not as common as what could besaaably expected from a platform
that was originally designed for mobile phones, thaly might grow more common in
the future. In shortwireless connectivity is nearly universal among Amelroid-based
devices.This gives a reason to conclude that if Androiddoaslevices grow more
popular,telcos and network providers could have a marketstdling more network
bandwidth and 3G connectivity.

Android platform is a newcomer on non-mobile desgicand has yet to find its
place. The devices examined in Chapter 3 are sdihe @arly generations of Android-
based non-mobile devices, the time when the maturkrs experiment with the
platform and mistakes are made. The device categostill findings its shape. It
remains to be seen whether or not the categoryresfiain interesting after the first
wave of novelty has worn off. The Android platfoitself is still under development
and new features are being introduced to it atpadrpace. A new update can change
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and expand what Android platform can be expectatbtd-urthermore, usability testing
performed in Chapter 4 indicated that although Ardiplatform functions well, it is
still slightly stiff and unpolished, especially ne® its most notable competitor, Apple
iPhone. In shortAndroid platform is still new on non-mobile devieesl is under rapid
developmenf(This means thdarge changes can still be expected.

The last set of conclusions drawn above also sepits the single greatest
challenge encountered during the composition f thesis. Android platform is still
relatively new. Its arrival on non-mobile devicaseven more recent, and many of the
devices examined over the course of this thesisnbaget been released at the time of
writing. Acquiring and studying those devices thare already on the market would
have required unfeasible resources and time ferttigsis. Therefore, nearly all of the
information used for this thesis had to be colldctie®m second-hand sources: press
releases, professional reviews, and the similae dhly device that could be studied
first-hand was Archos 5 Internet Tablet, which weed for usability evaluation in
Chapter 4. However, this thesis lacked the manpawenake the heuristic evaluation
of usability to meet the criteria of reliability dswas specified by Jacob Nielsen in
Chapter 4.1.1. Other aspects of the evaluationggwere changed to compensate for
the lack of manpower, but this should nonethelesstdken into account when
estimating the accuracy of the conclusions drawaveab Besides the second-hand
information, it should also be kept in mind thag #hndroid and the devices using it are
all under rapid development at the time of writibduch of the data provided in this
thesis is likely to grow outdated within a few miast

This thesis made the best it could to answer thestipns presented in Chapter
from the limited material and second-hand informatieasonably available on the topic
at the time of writing. Care was taken to procdss information in a critical and
impartial manner and the conclusions were formedntd rely on too specific
information. However, at least some of the dataukhbe expected to be inaccurate or
outdated and the conclusions based on this infaomathould therefore be taken
critically. It is suggested that instead of a stifeanevaluation of what Android platform
is capable of, this thesis is treated as a survewluat is taking place in the market of
Android-based non-mobile multimedia devices at tinee of writing. Perhaps this
description could serve as a base for further esudoncentrating on one or another
detail mentioned in this thesis.
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6. CONCLUSION

This Chapter provides a brief summary of the entiesis, lists the most important
findings and the conclusions drawn from them, amgesg suggestions for further
studies.

This thesis endeavored to map out the functignalitd user-experience of
Android platform on non-mobile multimedia devicéswas composed for companies
related to software development, content-providitejecommunications, and other
fields relevant to Android-based multimedia devicEke goal was to help the said
companies to decide whether or not it would beitable for them to begin providing
content and services aimed for Android-based nobHeodevices. This was
accomplished by providing companies with informati@msed on two questions:

e What kind of devices is Android platform used for?

e What is the user-experience like on Android platfer

Chapter 2 examined the Android platform itself, its historgrchitecture, and
capabilities.

Chapter 3 was dedicated to answering the first of the qoasti This was
accomplished by examining a total of 21 differenhdfoid-based non-mobile
multimedia devices from various manufacturers. dethese devices were examined in
greater detail. Technical specifications for eaekice were presented and third-party
reviews cited for various up- and downsides reldte@ach. The Chapter concluded
with an analysis on the most common trends disea/&om the devices.

Chapter 4 answered to the second question by presentingrmplsacase of
Archos 5 Internet Tablet. This device was usedrasxample of what can be expected
of a typical Android-based non-mobile multimediavide and was given a heuristic
evaluation to determine its usability. The Chaptas finished by providing an analysis
on the good and bad sides of the device.

Chapter 5 drew together the findings of Chapter 3 and 4 aratle further
conclusions from them in an attempt to presentrmédion on the functionality and
user-experience of Android-based devices, as wellteat can be expected of them.

The results of Chapter 5 are summarized in thevielig eight points:

1. Android platform has the potential to function wiglla variety of different

devicesput works best with a touchscreen

2. Different manufacturers have expanded on Andraadf@tm’s capabilities to

better meet the needs of their devictisis possible that the common
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compatibility of Android platform can fragment asmfacturers continue
to expand the platform in their own direction

3. Android-based devices are multimedia-centric amdesare capable of HD-
quality video. They might expand the market for teo-providers selling
downloadable and streamed mediamnsumers are likely willing to pay for
HD-quality multimedia for their devices, but corttgnoviders should also
be prepared to sell lower-quality media for thesleapable devices

4. Wireless connectivity is nearly universal among Amelroid-based devices.
Telecommunications operators and network providensld have a market
for selling more network bandwidth and 3G connagtiv

5. Most devices support Android applications. Commdaifprm can allow
same Android applications to be compatible witheddént types of devices.
Software developers and content providers haveake tinto account a
variety of different screen types, hardware, andterxt when developing
Android applications and providing multimedia camtéor the devices

6. Android Market online store is the single largesturse of Android
applications, bumany device manufacturers have chosen to sell@fns
for their devices via their own online stores

7. Distributing Android applications to different dees will be complicated if
they have to be submitted individually to differemline stores. This gives
rise to a possibility that soon applications ofteia one online store will
only be compatible with that store’s device.

8. Android platform is still new on non-mobile devicesd is under rapid
developmentlLarge changes can still be expected

Finally, it was noted that since the Android platiowas new on non-mobile devices
and many of the devices examined in this thesievetifl unreleased at the time of
writing, much of the information in this thesis haa be collected from second-hand
sources. It should be assumed that the informatiomided herein will grow outdated
within a few months from the time of writing.

The scope for this thesis was wide, and as a w#desne of the subjects could
be studied in great depth. Further studies shoalttentrate on either updating the
provided information or examining one or more @ thpics in greater detail. The next
step would be to acquire several of the devicestiored in Chapter 3 and examine
them via performance tests and usability evaluafiowould also be important to have
first-hand experience on what kind of differendesré are between developing Android
applications for non-mobile devices and mobile gwnThis experience could be
acquired by creating several demo applications tafdring them to fit each of the
different devices. Finally, it would also be im@ort to make contact with Android
software developer communities and examine whatd kiof effect different
manufacturers having individual online applicatistores for their devices has on
developing software for Android-based non-mobileices.
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LIST OF DEVICES PART 1

APPENDIX 1

Name Manufacturer |Device type |Release Date Andr _<o_4,m-_u ce Display Screen resoelution|input Processor Memory Storage
Adam Mation Ink E-book reader [Unreleased, June  [Unknown Unknown 11" 1024600 Touchscreen [MVIDIA TEGRA 2 |LP- 16732 GEB
2010 Trackpad Dual Core Cortex |DDOR2/DDR2 [MicroSD slot Bluetooth 2.1 A2DP
A9 WAWAN — 3G HEPDA
ULF GPU
Alex Spring Design  |E-book reader |February 2010 v. 1.5 294 £ Dual screen: |600x800 E Ink, Touchscreen [Monahan PXA303 |Unknown 2GH, MicroSD  [B02.11h/g WWiFi (3G,
5" E Ink, [320x480 G24MHz EVCO/CDMA, GEM
35" claimed, but not in the
tech specs.)
Alpha 680 Guangzhou Laptap PC April 2009 in China, [Unknown 184.2 € 7 000x480 Touchscreen [ARM11 533MHz  |128-256MEB  (1-4GB, 5D 902.11b/g WiFi,
Skytone US release . keyboard, |32bit Ethemet
unknown mouge pad
Archos 5 Internet Tablet |Archos Internet Tablet |2008 Septermber  [v. 1.5 199.98€ - B00x480 Touchscreen [ARM Cortex 800 [256MB £-500GB 80211 bigin WiFi
Updatable to [398.99€ hHz Micro S0 3G via Bluetooth
v 2.1 DSP @ 430 MHz
Archos 7 Home Tahlet  |Archos Internet Tahlet |Unreleased v 16 134 € 7 B00x480 Touchscreen [ARM 9 BOO MHz | 128MB 2-8GB WYiFT
Archos 8 Horne Tablet  |Archos Internet Tablet |Unreleased wv. 1.5 150.2 € [£) Unknown Touchscreen [ARM 9 600 MHz  |126MB 4GB WY
Aspire One D250 Acer Laptop PC October 2009 v. 1.0 251.6€ 101" 1024xE00 Keyboard,  [Intel® Atom™ 1GB DDR2 |1B0GE 302.11b/g WWiFi,
mouse Processor N280 533 SDRAM Bluetoath, LAM
touchpad
Entourage eDGe Entourage E-book reader |February 2010 v. 1.6. 367E Dual 1200%825 E Ink,  |Touchscreen |Unknown Unknown 3GE, 5D 302,11 big Wil
Systems Updatable to display, 9.7"|1024x800 Bluetooth, optional 3G
v. 2.1 E Ink, 10.1"
GoGear Connect Phillips PKP Unreleased, July  |v. 2.1 Unknown 32" 320x480 Touchscreen [Unknown Unknown 5-64GE, WiFi, Bluetooth
2010 MicraSD
I IDhydrid 1Cross Tech E-book reader |Unknown v. 1.6 Unknown Dual Unknown Touchscreen [Unknown Unknown Unknown 3G, Bluetooth
+ MID display, one
E Ink
hini 5 Dief Internet Tablet |Unreleased v, 1.6+ Unknown o 480300 Touchscreen [1GHz Qualcomm (405 MB Flash memory  |802.11b/g WiFi,
QS0 8240 DRAM 2 MicroSDoslots [Bluetooth, A-GPS, 3G
Snapdragon ARM
b ovit Mini MID Unknown Unknown Unknown 43" 480x272 Touchscreen (Unknown Unknown 256MB, 302,11 big Wi
MicraSD Bluetoath
y|D Astri E-book reader |Unknown Unknown E113E 4.8" 800480 Touchscreen (Marvell Unknown Unknown 802.11b/g WiFi,
5" E Ink Bluetoath
nook Barnes & Moble |E-book reader [Movember 30, 2009 [v. 1.5 180.9 € Dual 500xB00 E Ink, Touchscreen (Unknown Unknown 2GE, MicroSD |ATAT 3G,
display, B" E|480x144 color 802.11b/g WWiFi
Ink, 3.5"
color
PYWWSFOOCA, Hivision Laptop PC Unknown Unknown 75 € 7 800x480 Mouse Rockchip RK2808 |128MB 25, 5D slot 302, 11b/gViFi,
Touch Pad  [BO0MHzZ, ARM Ethernet
326
SpeedPad Hivision Internet Tablet |Unknown v. 16 75E 7 BO0x480 Touchscreen |Samsung ARM 256MB 2GB WWiFi, Bluetooth, 3G
11 800MHz
Sungworld MID Sungworld MID Unknown Unknown Unknown 7 800480 Touchscreen [ARMIZE CPU 212MB 2GB WViFi
ega Innovative Internet Tablet |April 2010 v. 2.0 Unknown 156" 1366x%768 Touchscreen [NYIDIA Tegra T20 5128 DDR /7 |512MB Flash,  |802.11 biég/n WiFi,
Converged 1 GHZ S12MBMNAN |SD Bluetooth 2.1,
Devices (ICO) D optional: 2G, 3G
Lz RAmos MID Unknown inwest  |v. 1.5 143 176E 4.8" B00x480 Touchscreen [B00 MHz Unknown 5-16GE WWiFi, 3G optional
Septernber 2009 in Rockchip
China
WebStation Camangi Intemet Tablet |December 2009 v. 1.5 202.7 € 7 B00x480 Touchscreen [Marvell PXAIDZ  |128MB 256MEB, 802.11b/g WiFi,
B24MHz Wobile DDR |MicroSD support for 3G USE
dongle
Zii EGG Creative PMP platform |MWovernber, 2009 Optimized v. (Mot for 35" 320480 Touchscreen [ZMS05 256ME RAM |Up to 32GE, SD [820.11 big WiF
Technology 16 CONSUMMEr USe Bluetooth
(Creative Labs)
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formats unkown

Name Video support Audio support  |Image support  |Other support  |Internet Android Applications
Adarn Carnera for Audio support, file [Unknown All major e-book  [Video streaming, [Yes, Notion Ink's own
photography & video,  [formats unknown formats browsing app store
Full HD up to 1080p.
File farmats unknown
Ale MFEGZ, MPEGS, MP3, MIDI WAy |JPEG, GIF, GMP, |ePUB, POF, Browse Internet, |Yes, support for
SGPF, Adobe Flash PG DRM, txt, HTML |download e- Android Market
Lite books, email, unknown
Twitter
Alpha 630 MPEG1/2/4, H.263, Unknowen Unknown Unknown Browse Internet |Yes, support for
H.264, Whiva Android Market
unknown
Archas 5 Internet Tablet |MPEG. H.264, Whiv,  |MP3, WA, JPEG, BMP, POF wiewer, Browse Internet, |¥es, Archos Appstare
MY, MIPEG WAL ARG PNG, GIF Office documents |GPS, email,
QOGG, Flac webradio
Archos 7 Home Tablet  |MPEG1/2/4, WY, MP3, WA, JPEG, BMP, GIF |Read text-files Browse Internet |Yes, Archos Appstore
FLY, AWl B, BMYE, [WaY, 0GG, (THT) and lyrics
MK, MOY FLAC, APE, AAC files (LRC)
Archos 8 Home Tablet  |Play multimedia, file  [Unknown Unknown Unknown Browse Internet, |Yes, Archos Appstore

ermail, calendar

Aspire One D250

Unknown, likely wide

Unknown, likely

Unknown, likely

Unknown, likely

Browse Internet,

‘fes, but no support for

Wil MIPEG

widle wirde wirde email, I Android Market
Entourage eDGe SGP, MP4, Adobe MP3, WA, BMP, GIF E-book formats:  |Browse Internet, |Yes, support for
Flash Lite (H.264) IGPP, MP4, ePub, POF download e- Android Market
AMR, ARG, 0OGG, books, email unknown
hAAA
GolGear Connect Unknown Play audio, file Unknown Unknown GPS locator Yes, Android harket
farmats unknown
WIDhydrid Play multimedia, file Unknown Unknown E-book formats  [Unknown Yes, APl extension for
formats unkown E Ink screen
Mini & Play multirmedia, file Unknown Unknown Unknown Browse Internet [Ves, Androidharket
formats unkown
Wlovit Mini Play multimedia, file Unknown Unknown Unknown Skype-enabled, |Yes, support for
formats unkown browse Internet  |Android Market
unknawn
MylD Play multirmedia, file  [Unknown Unknown E-book formats  |Browse Internet |Unknown
formats unkown
nook Mone MP3 Display images E-book formats:  |Download books |Mone, but possibility
only as screen EPLUE, POE, POF|from Barnes &  |mentioned
saver, JPG, GIF, Moble
FHG, BMP
PWSTO0CA 720p playback suppor, |Built-in mic and  |Supports image  |PDF viewer Browse Internet, |Yes, support for
said, Divie, MPEG-4, dual speakers, file [sharing, file Flash, email, IM [Android Market
RMVE farmats unknown  (formats unknown unknown
SpeedFad Play multirmedia, file  {Unknowen Unknown Unknown Browse Internet, |Unknown
formats unkown email,
messaging
Sungworld MID 1080p viden, file Unknoen Unknown Unknown Unknown Unknown
formats unknown
"Vega Play HD rnultimedia,  {Unknowen Unknown Unknown Browse Internet, |Yes, suppor for
supported formats social Android Market
unknown networking, IM  |unknown
i Play multirmedia. MK, [Unknoen Unknown Unknown Browser Internet |Mo Android Market
AW RE
WiabStation SGE, MP4 3GP, MP3, MP4, [JPG, GIF, PMNG, |E-book EPUB Browse Internet, |Yes, Camangi's own
QGG MID, Wiy |BMP email, GPS app stare
7i EGG Optimized video ALAC WMP3I MIDI, [Unknown Unknown GPS Yes, support for
processing, MPEG4,  [Ogg, ADPCM, Android Market
D, svid, H 264, Wb FLAC unknown




