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Chapter 1

Aim and Significance of the Project

Large scde display systems spanning an entire wall are widely used in many modern
information tecdhndogy fadliti es, espedally for norrinteractive purposes such as
presentations. Where they are used interadively, the user interaction devices typicdly
consist of a standard keyboard and mouse. However, there are anumber of reasons
why these devices are lessthan ogimal for large displays. From the outset, in 1968
Douglas Engelbart developed the mouse to provide a way for users to interad with
personal computers [1]. It was never designed to be used in a large display
environment. As a result, the mouse only performs moderately well when scded to

large screens.

Imagine auser giving a talk to an audience while their presentation slides are being
shown onalarge screen behind them. To use the mouse, the user needs to placeit on
adesk or aflat surface This constrains the user to stay within arm’s reach of the table,
thus reducing their mohility. To interad with the system, the user moves the mouse in
a horizontal plane acoss the table, while the aursor moves in a verticd plane of the
display. Thereis a neal for users to adjust for small movements of the mouse with a
correspondng larger movement on the screen. Thus, time is required for the user to
think what actionis needed in arder for the aursor to reach the desired position onthe
display. Their cognitive load is therefore increased, dstrading the user away from
their task. Yet another problem is the need to turn aroundto see where the pointer is

onthelarge display. Thus the mouse is not optimal for interacting with large displays



A better approach is a system that alows for dired interadion ketween the user and
the objeds en onthe large display, for example, manual manoeuvres to pant at the
display or to rotate objeds by twisting, pushing or turning d the hands. In general, ve
need a device that all ows the user to interact diredly with the display withou the reed

for an intermediary device. Such systems are more natural and easier to use.

The am of the proposed PhD projed is to explore ways of interacting with large
displays at a distance using a more direct approach. The method chosen is a small
handheld panting device, the size of a TV remote antrol. A bult-in radio transmitter
is fitted on both ends of the device and their coordinates in 3D space ae transmitted
badk to a stationary receiver using radio link. The resultant paosition being pointed at
on the screen can then be cdculated. In addition, a visible red laser pointer can be
fitted ontop of this device so that users can seewhere they are painting to. The am of
such device is to remove the neel for cable, and to remove the neeal for the line-of-
sight requirement in a system which is required to tradk the position d the pointing
device or the need to track the position d the aursor onscreen. The project will aso
investigate how seledion can be dore with such device in addition to the two
tedhniques examined in an honous thesis, namely hotspots and gestureg2]. It would
also be possble to use such device to act as a model for the objed onscreen, so that
users can rotate the device in their hand and the @rrespondng adion can be produced
with the objea onscreen. (Detail s of these techniques are discussed in Chapter 3). The

usefulnessof these techniques will be evaluated in a presentation environment.

Apart from presentation environments, it is anticipated that these techniques can be

applied to ather domains as well.

Graph movement

By using the painting device to seled individual nodes or cluster of nodes, graphs can
be diredly manipulated in 2D or 3D space using such adions as rotation and
transformation. This would provide amore direct approach to relational information

visuali sation.



Focus and context

Our pointing device can be used to pdnt directly at an area of focus. Particular
tedhniques of potential include the Document Lens [3], Fisheye View [4] and the
Hyperbalic Browser [5]. These only require one focd point and can easily be

integrated with our interactive paradigm.

Selective dynamic manipulation
Gestures can be used to seled arbitrary objed sets [6]. These objed sets can be
manipulated and their appeaance dianged so that diff erent tasks can ke performed.

Collaboration
Multi ple users can interact smultaneously using multiple pointing devices [7]. It may
be passble to distinguish the diff erent devices by using different radio frequency.

See-through tools

By using two paointing devices and gestures, users can use the Todlglass paradigm to
seled applicaiontods interactively[8]. By using a transparent tool palettethat can be
placal between the gplicaion and the airsor, minima cursor movement can be

adieved with reduced errors.

Flow menus

Direa manipulation, menu seledion and text entry are merged in flow menus 0 that
they can be performed withou the use of a button click. This is extremely useful
when used with ou pointing device [9]. The start and end point of a gesture do nd

have to be known and it all ows conseautive menu seledion.

It is anticipated that the outcome of the projed will provide the general pulic with a
more dired way of interading with large displays in the @ove domains whether they
be @mnsumers, corporate users or researchers. It will allow chegper setup cost because
trakking cameras will not be needed and users can move aourd freely withou
worrying abou ocduding the device from the tradking camera. Especially for the
research community, it would be possble to investigate optimising techniques such as

reducing the latency between the transmitter, the recaver and the adual movement of



the onscreen cursor, improving the acaracy of such device, extending methods for

button-lessseledion a 3D manipulation o objeds using such devices.



Chapter 2

Related Work

Manipulation is the ajustment or changes made to an oljed in some shape or form.
In terms of information techndogy, it goes as far bad as the 196G where Seymour
Papert at the Massachusetts Ingtitute of Techndogy developed the LOGO computer
programming language. The @ncept of symbadic computation [10] was adopted to
give avisual representation to words and ideas. A graphica representation, aturtle, is
used to alow children to type simple commands and olserve for the effeds of the
turtle on screen. This is an example of indired manipulation where instructions are
entered into the computer using the keyboard in order to manipulate the turtle.
Alternatively, a more dired approach is to control the turtle by interading with its on
screen representation. This is the principle behind dired manipulation, a term coined
by Ben Shneiderman in 1983[11]. Madraw uses this approach to allow users to
manipulate lines and shapes on a drawing [12,13] by providing users with a tod
paette dong the left side of the drawing. Users can then select different tools using
their mouse to manipulate the drawing as desired. The manipulation is achieved by

using the mouse to interact with the system.

Interaction, as distinct from manipulation, refers to the method which users provide
inpu to the system, and the system provides feedbadk to the user. The interadion
tedhnique used in this projed is the paointing device The traditional keyboard is
sufficient for inputing charaders or numbers, such as that used by children to enter

simple cmmmands in LOGO. However, convenience and efficiency can be adieved if



one can pant or am diredly at a locaion we ae interested in. Such a system would

be more direct and easier to use.

Over the years, various novel inpu devices have been developed to address the

problem of indireadness with varying degrees of success—a comprehensive overview

is outlined in [14]. We now consider some devices that provide asomewhat more

direa approad than the mouse.

Thelightpen is one of the first pointing devices
produced [15]. It works by pressng the pen
against a CRT display which is operated by a
switch onthe pen and alows it to cgpture light
produwced from the screen. However it is not
suitable for prolonged use due to its poa
ergonamics, thus it was eventually replacel by
the mouse. As discused in Chapter 1, the
mouse provides an indired method to interact

with the computer.

Light gun tedindogy has been used
extensively, espeaally in the computer gaming
indwstry. It also provides a dired approac to
interading with CRTs and urike light pens it
can operate & a distance Although the
acaracy is maintained, its major drawbadk is
that it must be used with a CRT display. Thus,
large-scale displays cahna be used since
images are provided by a data projector.
Ancther disadvantage is the requirement of a

cableto conned the light gun to he man system.

Figure 2.1: Light pen

Figure2.2 Light gun

The Polhemus FasTrak and Logitech 3D Mouse belong to a cdegory of industrial

strength tradking systems primarily designed for 3D motion tradking, as found in

applicaions suchas CavePainting [16].



FasTrak is an eledromagnetic tracking system
that computes the position and aientation d a
tiny receiver as it moves through space The
major problem however is its vulnerability to
eledromagnetic interference and radiation
particularly from the monitor. In addition, this
system has a limited range of 3 metres and a
latency of 4 millisewmnds. It is primarily
designed for 3D motion capturing in a Virtua
Redity environment. The 3D Mouseis ancther
similar tracking system. It uses a stationary
triangular transmitter which emits ultrasonic
signals to track the movement of a smaller
triangular recaver. This resolves the problem
of interference from radiation bu introduces
interference by other equipments that use
ultrasonic signals. The system aso has a
limited range of 2 metres and a high latency of
30 millisemnds. These ae typicdly used for
CAD objed manipulation and Virtual Redity
which are wumbersome and expensive, costing
up to US$6000, and thus considered
inappropriate for usein our system.

The Logitedch Spaeball, Gyration Gyromouse
and Interlink RemotePoint represent another
caegory of inpu devices designed for
personal use as a mouse replacement. The
Spacdoal is a device with a ball-shaped
controller mourted on top. It alows users to
push, pul and twist the bal in order to

manipulate on-screen objeds. It is designed

Figure 2.3 Polhemus FasTrak

Figure 2.5 Logitech Spaeball

Figure 2.6: Gyration Gyromouse



for 3D model manipulation and povides a
more natural movement for the user. The
Gyromouse is based on a techndogy cdled
GyroPoint that uses gyroscopes to deted
angular movements of the device These
rotations can be used to control a 3D object or
mouse aursor. The RemotePoint all ow users to
roll their thumb around a soft rubber pointing
button fitted orto a handheld device The
advantages over the previous %t include their
ability to be wireless more affordable and
natural, athough the user still interads

through an intermediary device

Ancther category of input devices tracks the
pasition d the head o the user and moves the
mouse aursor on the display correspondngly.
These ae primarily developed to provide full
mouse @ntrol to people who canna use their
hands but have good head control. Devices in
this caegory consist of the Synapse Head
Tracking Device, Origin  Instruments
HeadMouse and Natural Point Smart-Nav.

Eye tracking devices follow the movement of
the pupls and can in principle be used for
cursor control [17]. This tedndogy is
beneficial within a confined, controlled space
but there is currently no evidence to suppat its
use on a large display. Anather promising
inpu system is voice-recognition and although
recognition accuracy is improving, these

systems are primarily command-based [14],
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Figure 2.7: Interlink RemotePoint

Figure 2.9 Natural Point
Smart-Nav

Figure 2.1Q Eyetracking device



thus indirect

Touch screens provide an excdlent solution
to the problem of direct interadion and have
high predsion [18] but again, they do nd
scde well to large displays as manufacuring
of such large touch display is not feasible
(even  with  technology such as
DiamondTouch [19] or Smartskin [20]).
Even if it were possble, the user canna
read the top of the display nor pace aross
from side to side. The same can be said with
MimioMouse [21] which uses a pen like
device to alow the user to pressagainst the

wall at a speafic location onthedisplay.

Recent inventions such as the handheld
Persond Digital Assstant (PDA) and
graphics tablets use astylus device, such as
a speddised pen, to perform inpu. Such
devices are only useful for personal use,
where they all ow direct interadion. However
they are still i ndired when used with alarge
display because the user performs inpu on
the handheld device and receaves feedback
onthelarge display onthewall.

One device that is attracting an increasing
amount of research is the laser painter.
These have the alvantages of mobility,
direa interaction, and being comparably
inexpensive with the notable disadvantages
of lag and instability with the human hand.

11

Figure 2.11 Smartskin on a
Touch screen

Figure2.14 CompaqPDA



Many studies into these systems have
been carried ou. Dwelling is a popuar
technique for interadion [22], and Olsen
investigated the dfed of lag with this
method[23], which led to adiscusson a

the use of visible and invisible laser

pointers [24]. The problem of hand jitter

As can be seen, some of the devices
discused abowve required a cdle ad
some do nd provide interadion a a

distance such as the touch screens. Of the v
ones that provide dired interadion, some \
have limited usable aea such as the \
indwstrial  strengths trading devices. \
Others sich as the NaturalPoint \
SmartNav or alaser pointer based system \
require video besed tradking. Such camera

tradking devices require a line-of-sight

between the tracking camera and the
Figure 2.16 A user ocduding the

tracking camera andthe indicator
Ocdusion can be a problem as siown in ~ totrack

figure 2.16 This restricts the position d

device or an indicaor produced orscreen.

the user and incresses annoyance, it is
therefore unsatisfactory.

Devices such as the Gyromouse and the RemotePoint do nd require such tradking. A
radio link is used to transmit data from the device to a receiver. However, the magjor
disadvantage if these devices is that they are indired. Users canna use these devices
to dredly point a alocation, they neal to learn to use the device and use it so that the

onscrean cursor can move to the desired location.

12



It would be good if a system could be developed to make use of the advantage of
having direct interadion with a laser pointer and the advantage of using radio link to
transmit the data. Such device would indeed be alvantageous snce it provides a

perfect solutionto dred interadion with large display atadistance

13



Chapter 3

Research Methods and Techniques

The proposed solution is illustrated in figure 3.1. It is stup to be used in a
presentation environment. Initially, a computer provides sosme data to be projeded
onto the large display using a data projedor. A user will then be using our pointing
device to interact with the display. The painting device will have a transmitter at
either end which transmits radio signals and picked up by a stationary recaiver. This
enables the system to determine the exad locaion of the transmitters T1 and T2
(figure 3.2) in 3D space (x,y,z coordinate). Using these two coordinates, we can
extend a straight line from these two pants to the display which we refer to as | - the
inferred coordinates of the pointing device It indicaes the position where the user
wants to pant to. The system then computes the pasition onthe display in terms of
the wordinate of the display. A visible red laser pointer could be atached to the
device so that visua feedbadk can be supdied to the user so that they know exadly
where they are aiming at.

14
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Most pointing devices require abutton for clicking so that items onscreen can be
seleded. However, with ou propcsed panting device, no such button is avail able.
Kirstein and Muller [22] suggested the use of the orn/off switch to ad as a button,
where the pointer is switched of momentarily to signify a dick. However, as
suggested in [26] when the button is released, the beam often moves away from the
target before it goes off, therefore it does not provide a good indication d the
intended selection. Dwell clicking is a passble candidate for repladng a button click
[23]. However, the mgjor disadvantage of this technique is that it takes at least 2
sends to make a dwell seledion [26]. As suggested by [2] a software solution can
be used as an alternative which provides greater flexibility and can be gplied to a
whale range of devices. Winograd and Guimbretiere [27] uses a mncept call ed action
bar which can be adivated by sweeping the pointer acossthem (figure 3.3). While

f’f Session
*_
y 4 R Setup =, Help
& o+ Ny
- £ X Activity [‘ | Stash

Penpleﬂk\}_ ___# Objects
Instruments

Figure 3.3: action ba

Sukthankar et al [28] proposed that if the pointing devicefall s within an activeregion
(abourding box of an object), the action associated with that region will be trigiyere
A circling gesture can also be used to seled an olged [2], howvever it is sometimes
difficult to circle an olject because of the size of the objed. In this project, we have
propacsed an easier solutionto circling. Theideaisto seled an objed when a “zigzag’
gesture is made by the pointer. This is easier for most users because it does not
require any speda gesture but relying on their natural hand movement. A zigzag
movement can be done with an elaborate shaking of the hand as down in figure 3.4.
Also to make it more robust, gestures are dlowed to go ouside of the boundng box
of the object, bu must finish df the gesture inside the boundng box. The zigzag can

go in any direction bu shodd be mnsistent in ore single gesture. However, one

16



natural problem is that as the hand d the user is unsteady [26], obeds will be

=

(@) (b) (©)

Figure 3.4: (a),(b) correct gesture, (c) incorred gesture

seleded undesirably. This problem is slved if we can make sure that the zigzag

gesture has aminimum size, we can then be sure that it isnotacadental.

The main concern with this projed is whether a 3D coordinate can be generated using
a single radio transmitter and a single radio receiver. We will need to consult with
experts from the field of mathematics and physicsanddetermine whether such system
is possble. If it is proven unadiievable, we will nedd to rely on another techndogy.
Ultrasoundis a medium used by [29] used to deted a unit cdled “Bats’ in 3D space
so perhaps this would le a possble alternative to radio signal.

Ancther isaue is whether the transmitter will be small enough to fit into a handheld
shape device If thisis not the case, we will need to determine the minimum size of
the device so that it is sufficient for the transmitter to be fitted inside. There is then the
guestion of whether the user is comfortable holding such a device aound when

presenting.

The system will be tested ou in a presentation environment as mentioned previously.
Users will be required to test the dfedivenessof this system. For efficiency, we will
set up a target on the presentation, for example aredangular box in a particular
locaion onthe slide, and seehow long it takes the users to aqquire the target using

our device This can aso test for any latency issues.

17



For the evaluation of the gesture, users will be asked to make the zigzag gesturein a

way that they would fedl comfortable with. A variety of shapes and sizes will be

tested to seeif thereisa orrelation between them.

Chapter 4

Research Plan and Schedule

March 2003— July 2003
(6 months)

Literature review covering inpu devices,
interaction techniques and gestures.

August 2003— November 2003
(4 months)

Seek advicefor theradio link problem and seeif
it isfeasible. Assesslternative medium or

methods for getting the coordinates in 3D space

Decamber 2004— May 2004
(6 months)

Implement the system using radio wave ad

devising the device

June 2004—- August 2004
(3 months)

User evaluation d the system in a presentation

environment.

September 2004— February 2005
(6 months)

Implement the zigzag gesture and determine

other possble gestures.

March 2005- May 2006
(3 months)

User evaluation d the system in the presentation
environment using bath the pointing device and

the gestures.

June 2005- February 2006
(9 months)

Writing up the thesis and complete ay
unfinished work.
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