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obscuring the phone’s screen. This in turn hagptitential
Abstract—In recent years mobile devices have been to provide a much more usable interface to the.user
deployed with various new technologies, such as hig
quality cameras and the ability to support rich Il. MOBILE DEVICE VISION BASED
multimedia. Vision based technology such as motion
. . S TECHNOLOGIES

detection has, until recently been limited to more
powerful desktop devices. This paper lays out a bef This section explores the various fields in whiebent
review of these technologies with the aim of intragting  technological advancements have been made on mobile
the concept of vision based interaction on mobileaices phones. Five main areas will be discussed, thedfra/hich
and substantiate an implementation thereof. We reviews the various desktop and PDA vision based
conclude that mobile phones are currently being technologies. Secondly, a brief review of mobilevide
deployed with hardware and software which can supptd  technological advances is presented. Thirdly, wplosg
vision based interactions and which in the future culd image manipulation, which deals with editing piesiat the
be widely deployed. We predict that in the near fuire pixel level on mobile devices. Fourthly, motion etdton is
vision based interactions such as gesture controlifv presented which explores the use of the camerahen t
become prevalent and greatly enhance mobile devices = mobile device to implement computer vision. Finalile

use of mobile devices as mobile interfaces for otievices

Index Terms—computer vision, gesture tracking, is explored.

human-computer interaction, mobile devices, mobile
interaction. A.  Desktop and PDA Technologies

Vision based interactions have been implemented in
I. INTRODUCTION various forms on the desktop platform, [4]-[7] aslmas
Tablet PC stylus based gesture control [8]. Becahse
OBILE devices have increased in both technologglesktop environment offers the most powerful hargwiis
and popularity over the past few years [1]. Howevenaturally the starting point for most new hardwartensive
many of the technologies available on mobile deviaee research. Hence, vision based principles formedttan
not being used with secondary functions (i.e. ptimg a desktop system have been ported over to mobileds{D].
vision based interface) in mind. Mobile games fustance Whilst the core principles stay the same betweesktde
are restricted in their genre (i.e. arcade) andegeapth by and mobile device, the environment is different detce
the simple keypad interface provided by most mobilthe requirements for vision based interactionsediff
devices [2]. The field of gesture control is fairlyell PDA'’s have long been the closest mobile devicehéo t
established on desktop systems [3]. However, cedgmtly, desktop platform and are equipped with the abilityuse
has the hardware of mobile devices allowed gestargrol  stylus based gesture control [2], [10], and [11}rf€nt PDA
to be viably implemented in the mobile environmeFte hybrids are equipped with cameras (Fig. 1b) andetsmen
aim of this paper is to explore the progressiommufbile significant growth in their hardware capabiliti@®day the
camera based technologies over the past few y®des. PDA is being replaced by the smart phone (Fig lejckv
investigate the viability of using a vision baseteiface to combines the processing power of PDAs with the
control interactive applications such as mobile garand multimedia capabilities (i.e. camera) of high-enahife
interactive tasks (e.g. navigation, turning pagés) without phones.
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Fig. 1. Showing the combination of (a) mobile desgicand
personal digital assistants (PDA) called (b) XDA'#An

amalgamation of all of these technologies is shawic) where
both the task driven PDA and multimedia rich molpleone are
combined into one smart unit.

B. Mobile Device Technological Advances

sends the user information of the product. Wilhatmal.
[14] use a guessing algorithm (using a repositofy o
annotations) to help with photo annotation on a ileob
device which allows for intelligent tags and ingot be
generated. These examples aim toward a more lgexib
mobile environment for the user. This flexibility coupled
with the ability to interact in a much more unigi@shion
based on the hardware which is currently deployed o
mainstream devices now or in the near future. kample,
the Nokia n96’s high quality camera optics willoail a high
quality picture to be modified using the Nokia Cartgy
Vision library (discussed in following section).

D. Motion Detection

Various new technologies have become standard on

Mobile phones have increased in core technology ar@irrent smart phones. Most notably accelerometersiaw

branched into various specialized functions. Eamgbile
phones simply had the ability to place calls anddsghort

being deployed and smart phones such as the N&kiand
Apple i-phone now come equipped with this technglog

text messages [12]. Displays were simple dot matrigurrently accelerometers are being used to orentlisplay

screens, and these devices had slow processorsrina
few kilobytes of memory (Fig 2a). Screen displagligy of
mobile phones has progressively increased bothhéir t
colour depth and screen size (Fig 2b), as has taary

according to the way in which the device is beietdhbut
there are examples of accelerometers being usedtlier
purposes, such as mobile games [15].

A recent study by Bucolo and Billinghurst [16], uae

capacity. Current phones have processors whichhreagobile phone’s camera to control a handheld mazeega

speeds of 332Mhz (e.g. ARM 11 in the Nokia n95) higgh
resolution screens (Fig 2c) which allow high qyatiamera

The phone is tilted to mimic the way in which albrededs
to be rolled in order to steer it around a mazee Thmera

applications to be operated such as image manipulatinterprets the angle by which the phone is beirld based

applications [12]. There are now also gigabytesspéce
available to modern smart phones and up to 64 nytgmbf
RAM. These advancements allow vision based teclgnedo

on contrasting objects below the camera. This Hghly
complex activity which is implemented without theeuof
accelerometers. Whereas various vision based sys&ist

to be developed and deployed on mobile devices whien computers, there are very few which have been

previously were not powerful enough or lacked endeed
vision based technologies.
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Fig. 2. An example of the progression of interfagee and
screen size in (a) Series 30 (84x48), (b) Serie§128x160)
and (c) Series 60 (175x208) Nokia mobile phones.

C. Image Manipulation

Various image manipulation libraries and utilitieave
been developed over the past few years and arebedwg
deployed to mobile devices. These include technetog
such asSearch by Camera! ER Sear¢h3] which uses

implemented on mobile devices. This can be atteithub
the fact that mobile hardware has only recentlyhaato a
point where a satisfactory blend of speed and acgucan
be achieved.

E. Mobile Interfaces

Mobile interfaces refer to the use of mobile desite
act as wireless interfaces or information gatheferanore
cumbersome static devices (e.g. servers, vendinghimas
and so forth). These devices either do not havimterface
or they are not very user friendly. Sharp [17] maps the
use of mobile phones as portable interfaces foreroth
devices. The use of the camera allows the mobiécedo
identify key features of the static device. The ifwHevice
thus becomes an intelligent interfacing unit byngsthe
camera as the main vision based interaction tdw. visual
tag (developed by High Energy Magic) is read afgsband
highlighted on the device’'s screen using a crossfidie
device is able to identify and extract informatiosing the
camera and software deployed on the mobile devibis. is
a good example of a multimodal interface (the canamts
as a mouse which is coupled with the phone’s battoract
as mouse buttons) and displays one of the keydutses of
mobile devices acting as mobile interfaces. A ferth
example can be seen in Sharp, where a similar eabsesed

image recognition to compare images taken with feobirecognition system was created [18]. This systeadse

cameras and allow the user to obtain informationttan
subject of the photograph. A user takes a picturea o
product (such as a wine label) and sends the inage
server which compares the image with pre-instadigté and

visual tags via the camera, identifies them and #hdracts
the relevant information.

Increasing the power and variety of hardware oricgsv
requires a similar increase in API's in order tcam the



best results. Therefore, many libraries and softwadeveloper to deploy multiple multimodal based aggilons

packages have been released to support new harduwwere to mobile devices.

take advantage of increasing hardware speeds.
g 9 P C. Microsoft .NET Compact Framework

The .NET Compact Framework (CF) was released in

lll. MOBILE DEVICE SOFTWARE PROGRESSION 2003 and has become the leading platform for Poeket

This section discusses the various platforms arghd PDA hybrids, running Windows Compact Edition
software developments which have come to the fore of (Windows CE) such as the HTC and Smartphone [2h¢ T
the most exciting for the fields mentioned in thewous CF is not very generic and this can be seen byatiethat
section is the Nokia Computer Vision Library. the language runtime is embedded on devices inraame
foot print on a ROM chip. As with the NokiaCV libsyathe
applications created with the Compact Framework are

The Nokia Computer Vision Library is a library cte& limited and in this case will only deploy to dewicehich
by Nokia to facilitate the lack of support for carmeand run Windows CE. The current release of the compact
image manipulation in the Series 60 SDK [19]. Thiframework does not support pixel manipulation [22he
platform is the most prevalent operating systemdusg next release of the Compact Framework (version ) w
current Nokia smart phones [12]. The Computer Visioinclude features which will better allow for motidetection
Library provides key operations to process camemti and more usable interaction techniques, such atirges
whether it is in video or static image form. Whilshis control and pixel manipulation which are not catefer in
library provides a convenient test bed to develamera the current release.
based interactions which will work on Nokia phonisis
however limited to the Nokia phone line-up and leig
limited in its deployability.

The library provides various classes for manipofati The human-computer interactions field of computimg
images at the pixel level which include both matid a vast and this paper will only explore a subsethef subject
matrix representations. The move down to the dixgtr of which relates to computer vision for gesture intdom.
image manipulation is very important as it alloves &iny Gesture interaction allows the user to interacthwitore
type of operations to occur on images and videos. than one interface at the same time; hence, a Mok
addition, the speed of modern smart phones is dlowiag multimodal interfaces follows.
these manipulations to take place in the mobilérenment
(which was limited by processing power in the past)

B. Java MIDP and MMAPI

A. NokiaCV

IV. HUMAN-COMPUTER INTERACTIONS

A. Multimodal Interfaces

Multimodal interfaces process two or more combine
user inputs, such as; gestures, speech, touch, head
One of the major disadvantages of the NokiaCV fypra movements, key presses and so forth, in a coostinat
is that the source code is not available to thdipalmd only manner with multimedia system output [3]. The adsage
works on Nokia phones. The Java platform howevely o of multimodal systems can be described as “supmprti
requires the JVM to run and hence can run on amn@h more transparent, flexible, efficient and powesfull
which has the JVM installed. This has led to Jaedp expressive means of human-computer interaction” I[8ja
widely accepted on mobile devices as a developmesiudy by Pirhonenet al. [2] which was conducted on
platform. gestures used on mobile devices, it was foundgastures

The latest version of the Mobile Information Devicecould be used to increase a user’s performanceifrcase,
Profile (MIDP 2) introduces user interface and sigu using the touch screen on a PDA) when interactiith the
enhancements, multimedia support, and RGB imagea datevice. This was attributed to the user not neetbnipcus
manipulation [12]. These enhancements allow dew®o on the screen while using the keypad. The usersoaply
easily deploy interfaces, games and multimedia dasgesture (e.g. draw a line from left to right) tdeiract with
applications to mobile devices. The MIDP runs or ththe device and not have to concentrate on usireypad.
Connected Limited Device Configuration (CLDC) which  The concept of a multimodal interface should béhat
contains the virtual machine which the applicatioms on. fore when designing a new interface for advanced
Various optional API's can be run on top of the NPD interactions and gaming. Because gaming is onkeofrtost
platform, such as the Mobile Media APl (MMAPI). interactively intensive processes both to a dewcd user

The MMAPI enables MiDlets (deployed Java[23], a highly flexible and usable interface must dreated
applications) to play and record audio and videm d20]. in order to create a seamless environment foraotam. It
This can be coupled with the MIDP 2’s ability tomgulate is with this in mind that a brief exploration of gjeres is
images at the pixel level and apply transformatiams/ork presented in order to better understand the remeints of
with a series of images for motion detection andt@ge gesture control.
control. This is a far step from the initial Javeptbyments
on mobile devices which supported very limited inodtdia
interactions and were really only suited to 2D gamed Whereas gesture recognition is not a new form péiin
basic applications. Java now supports 3D gamesefisaw for intelligent systems, it is still in very earlstages of
various API's (such as the MMAPI) which allow adeployment on a large scale [24]. At their mostdbésvel,
gestures should be easy to understand by the nsetha

B. Gestures Relating to Finger Tracking



intelligent system for them to be successfully usedl will be discussed in this section, mobile games anudbile
interpreted by both [25]. Various different typesgestures applications, respectively.
exist and are used by people everyday. It is howeve .
currently not possible for an intelligent systemidentify A. Mobile Games
and understand gestures as people do. It is therefo There have been some attempts in the mobile phone
important to strictly state the types of gesturesicv a market to cater for gaming. The Nokkpress-ongaming
device must recognize. cover provides the user with an extended keypadctwhi

Mulder [26] lays out seven distinct features whiohst makes interfacing with mobile games easier [27]isTh
be taken into account when designing software &stwe however, is still an added extra which one mustipase to
recognition. These are laid out below and are @dfim add to the gaming experience. Mobile devices tenkkrid
relation to creating a vision based finger trackinghemselves more to casual gaming and many usersatil
implementation on a mobile device (using a reamasétd buy additional hardware in order to increase thenigg
camera): potential of their devices. It is therefore up he teveloper

. Tracking Needs: The application requires fair yto makg use of th.e current hgrdware to increasedtential

| . .. ~of mobile interactive applications.
accurate and fast variable based input on the dtat . . . .
and vertical plane. Currently the mobile gaming markelt is domllnated by
e Occlusion: Mobile device sensors are assumed cade anq pgzzle style games [15]. This may bm.laEd
0 the mobile interface (phone keypad) and the enmnce

be on the back of the unit and hence the screewotis
obscured. of the type of game (casual game) and the amount of

. Size of Fingers: Fingers are held close to thgoncentration required when playing games on theemo
camera and hence negate their small size. Games which are ported from other platforms to teobi
. Context detection: Detection should occur wheff€Vices and which bear the same name (e.g. NeeSpted,
and if a finger is detected pointing upwards imfrof ~Grand Theft Auto, Call of Duty, Fifa, Halo 2 and femth),
the camera. are almost always changed in genre to suit thefate and

« Gesture Segmentation: Possible calibration rang&§vironment (short gameplay on the move) providgd b

should be instantiated. Otherwise the edges of t#@obile phones. Realistic versions of games sucliirsts
screen can be set as the maximum values. person shooters are not suited to the current egdfibne

« Feature Description: As stated the hand i§nvironment as they require extensive multimodpltrto
orientated facing away from the user with the indeRrovide the player with a realistic interface. Aaysr must
finger or thumb pointing upwards in relation to theuse a keyboard, mouse, sound and in a multiplayer
camera (which is held above the finger). environment even voice.

+ Gesture Identification: Gestures are interpreted Anybody who owns a recently released mobile phone
based on the application which is running i.e.@n@ has the hardware to play mobile games. Many oftlisers
game will treat the finger as a steering wheel,r@hg a are not going to spend extra money on such merétmmad
page turning application will turn a page when théhe Xpress-ongaming cover or other types of peripheral
finger passes a predefined maximum value. hardware. Using the hardware already available #sic
gaming interface is important for both the market dhe
user. Games which require pointing devices andrgela
screen will not work well on the currently availabhobile
platform [15]. We wish to highlight that this woulde
possible with vision based interactions.

Standard phones provide static keypads which can on
detect single presses. At most, devices such asRthe
Blackberry provide scrollable functions, but this is not
suited to the multitude of multimedia activitiesathrequire
multi-value input.

As can be seen all of the requirements for anacten
system fit well into the above framework for gestur
interaction. The problem of obscuring the screeneigated
by the position of the camera. Fingers are fairhak and
can easily be lost in the background [26]. Thisbpem is
rectified by the way in which the device is helds# to the
user's hand. The need for gesture recognition 0 al
simplified by the fact that a single finger is chjgaof far
less articulation than an entire hand. As new mndtal
interfaces such as gesture control come to the, finey
must be coupled with applications which take adagatof B. Spatial Based Interfacing

this new interfacing technique. Spatial based interfacing takes into account mbaa t

simple digital up or down input such as that repnésd in
V. APPLICATIONS pressing a keypad key. There is no fuzzy area whene
recise readings can be taken. Joysticks, steavimepls,

The mobile market is a very young and fast rowin§ . -
y_young 9 nalogue pads and the like all account for varidgnceser

environment, Wisniewskiet al [15] have stated “strong input (e.g. turn four degrees to the left). Th s of

growth and innovation in the wireless communication . S

. . analogue inputs can be used to more readily irdgenghat
industry has led to the emergence of the wireless . . ) )

y " .~ exactly the user is trying to input to the device.

entertainment market.” Such factors as the rapidly . . ) : . .

. . S . . The main downside of spatial based interfacing with
increasing availability of multimedia phones, adlvas the . . .

games is that multiple key presses are not suibethé

amount of subscribers and next-generation wirele ) . . . . ) :
. . .~ mobile platform. This technique of interfacing widhmes is

networks can be attributed to this fast growth. Tmvain : . : .
prominent in arcade games where the user is refjuoe

types of applications well suited for vision basetraction . . :
yp PP either ‘button bash’ to achieve a result or to preseries of



buttons in the correct order at a certain speedittan the
required goal. It is however unlikely that that 4begames
work well on mobile devices as the keys on mobhenes
are not designed to be pressed multiple times ¢gession
at speed. If a spatial based interface is required the
hardware is not available, then certain solutioas be
implemented, such as holding down a button to aesmea

VI. FUTURE DIRECTIONS

In this paper we have laid out the various hardwemd
software platforms which are implemented on mobile
phones. Desktop and PDA based software has be¢edpor
to mobile devices to allow much more powerful apgiions
to be deployed. The influence of more powerful sk

value (e.g. hold down up to increase acceleratibra a capabilities on mobile phones and their supporii®)’s

constant rate). This however is not very efficiaviien
precise values are required at very precise intgrva
The games that are best suited to spatial basedaoes

are any games that require fluid movement in three

dimensions such as first person shooters or rigaligting
games.

A genre of games which is well suited to gestunetrcd
is that of racing games. It should be noted thatrttajority
of racing games require movement in only two dinmms
with relation to the player (i.e. the player is ypresented
with controls to move forward, backwards, left aight). In
arcade style racing games simple key presses aat tos

initiate slides and other racing manoeuvres which a

sufficient to successfully control the vehicle thgh any
given obstacles. However, realistic type games take
account real world physics and the correspondingpaof
simply pressing a button (turn steering wheel 10Gt or
left) clearly results in digital catastrophe withet player
crashing. This is why a steering wheel or analagamepad
is required for realistic simulations. Whereas gpleel can
provide a good interface to a game designed fopkey
interaction in two dimensions, it is however veimiting
when moving to the third dimension (up and downe T
movement values obtained from gesture control @ambre
likened to that of a steering wheel and hence moistd to
that modality and those types of games. It canrigidae
seen that there are very few if no realistic typengs which
are deployed on mobile devices. We predict thah lite
advent of vision based interactions, mobile deviedékbe
able to provide an analogue interface for realistipe
games.

B. Mobile Applications

Mobile applications form an integral part of thepagpl
of mobile devices. The advent of fully fledged nmiet

leads us to predict that there will be a strong emoent
towards vision based interactions on these deyigs3).

Technology Influences
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Fig. 3. Mobile phones are deployed with the haréweapabilities
and software platforms required to implement arelvision based
interactions.

VII. CONCLUSION

This paper has shown all of the recent developmamts
mobile devices which are related to vision basestuye
interaction. The current strides in the underlyieghnology
allow research into new human-computer interaction
techniques, without additional hardware to takecela
Creating multimodal interfaces with the use of gest
control will open many new possibilities for mobile
applications. We predict that current trends and
technological deployments lend themselves towaisi®rv
based interactions becoming standard on mobilegshon

The authors are currently investigating the pobsitnf
creating a vision based system for finger intecai on

access and QWERTY keyboards has allowed phones {gent mobile phoneghis involves creating a Java based

perform almost all of the functions that a mobitemputer
can perform. Mobile applications
processors to web browsers. All of which are alisitéd to

range from wor

MiIDlet (MIDP 2.0 using the Java Wireless Toolki2)
hich can be deployed on various mobile phone qiat$.
The MiIDlet accesses the camera and uses an efficien

the layout of a mobile device's interface. Whereag,qiion detection algorithm to identify and tracle thser's
QWERTY keyboards have allowed much more flexiblgingers. This information is relayed to an appiicatwhich

character input mechanisms they still have theddizatages
of being small and increasing the size of the devihe use
of a camera and a smart tag keyboard could solee
problem of typing on mobile devices. The camerddaiso
be used for browsing where certain gestures coeldded
to scroll, turn pages or move pointers around. &btors
predict that mobile applications can benefit greditbm a
more robust interaction technique
interaction.

like vision based

uses the gesture input to interact with the system.

th
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