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ABSTRACT

This paper presents a system that will supporim@te guidance
collaboration, in which a local expert guides a oty located

assistant to perform physical, three-dimensionakga The

system supports this remote guidance by allowirgy ekpert to

annotate, point at and draw upon objects in theotertocation

using a pen and tablet-based interface to conti@mdexr projection
device. The specific design criteria for this eystare drawn
from a tele-health scenario involving remote meldés@mination

of patients and the paper presents the softwatdtecture and

implementation details of the associated hardwéneparticular,

the algorithm for aligning the representation ofe thaser

projection over the video display of the remotenscis described.
Early evaluations by medical specialists are presknthe

usability of the system in laboratory experimestsliscussed and
ideas for future developments are outlined.

Categories and Subject Descriptors
H5.2 [Information interfaces and presentation]:
Interfaces- Graphical user interfaces.

General Terms

User

Design, Human Factors
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1. INTRODUCTION

Effective direction of someone located remotelyais area of
ongoing research [2,10,15]. Simple video and aasediaudio
provide a flat, two-dimensional environment, suafor one-to-
one discussion. When more than one person is greseach an
environment, the natural cues people use to ingligdtention,
such as gaze, become distorted by the medium [4].
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Similarly, the natural mechanisms people use fogadtiion: deixis

(pointing), guidance and demonstration can becoritbere
damaged or absent. Remote deixis and annotatiahgisense of
placing illustrative information on an object) inpaysical space
has applications to any environment where an iddai is

attempting to guide a remote collaborator [8].

Our approach to providing remote guidance infororais to use
a laser projector to project both deixis and mommpulex
annotations directly into the physical space of tlenote
collaboration partner. The laser projector thatane using allows
complex use of the laser because it can displajovegaphics
data rather than just a single spot. This gives plerson
controlling the laser projector (the local collabimr) a wide
visual vocabulary while retaining the focus of naigtion by
directly annotating the subject of discussion. Fgd shows
examples of the pointing and annotation forms dssiith the
projector implementation.

Figure 1 Clockwise from top left: Pointing with cursor,
Graphic Annotation on forehead plus freehand sketch and
Sketch Annotation

The remote pointing and annotation are controllgdhe guide
with a two-dimensional interface containing a lwideo view of
the remote workspace on a tablet display. By tmgcltand
drawing over the displayed video with an electrqren the guide
can direct the laser projector to display pre-defirgraphics or
free-form line sketching. A video camera is modnteéth the
laser projector so that the most direct view of thenote



workspace is provided to the guide, though the wso
architecture will support video streams from angled camera
which shows the relevant part of the remote scene.

Since the video source and projector do not shaoemamon

position, the resulting annotations need to benalig Rather than
attempt to provide accurate and dynamic modellihthe target

space, we provide an approximate alignment and ms&eof the
video feedback to allow the guide to correct amgrst

This paper discusses the technical features of rémaote
projection system. Although we include some disicus®f the
overall user experience, a more comprehensive ewion of the
user experience is the subject of another papér [22

1.1 Related Work

A simple approach to remote deixis is to allow tlenote
collaborator to use a laser spot, an idea thatsdasck to
Schlossberg’s patent of 1981[19]. This approachbeas used in
the GestureLaser[26] system, which uses a mobder lpointer
mounted on a car or person, and the WACL [18] systehich

uses a laser mounted co-axially with a shouldemwramera. As
an alternative to an actual pointer, NETMAN usesasagmented
reality headset to provide pointing [9]. Experingentith

GestureLaser and NETMAN have shown that remotetipgircan

improve performance in completing guided physiaaks [2,14].

In addition to simple pointing, some efforts havsoaincluded
annotation: projecting an icon or diagram over gsptal object.
Pinhanez has used a steerable projector for tumsgface into a
projection screen [16]. Butz and Schmidt use a qutoy to
annotate real-world objects with labels [3]. Miydshuses an
LCD projector, with a local remote control to caita pointer
[12]. Raskaret al use projectors to locally enhance 3D models
with shading and other visual effects [17].

Shared drawing facilities, such as shared whitetaallow

complex, remote annotation [20]. The DOVE systerioved

drawing over video with a number of the featuresghsas fade
rates that we have implemented [6]. However, suadm-n
collocated annotations can interrupt the flow ofediion by
forcing those local to the subject under discussioremove their
attention from that subject.

Laser lightshow systems, used in entertainment,atsm be used
to project annotations. lwasaki and Okuyama haee tise vector
drawing facilities of a laser to annotate printédudt boards [7].

Despite using two mirrors, in the same configuratas a laser
projector, GestureLaser only uses single laser, sititough the
idea of using the laser to draw more complex objeshs

mentioned in one paper [11]. The GestureLaser poiist light-

weight and designed to operate on a car or pevsitin the result
that more complex drawings are difficult to achieve

1.2 Design Criteria

The laser drawing system described in this paparsab-system
of a tele-health system which is intended to supp@- and post-
surgical consultations between the surgeon anchatedy located
patient. In this tele-health scenario the patisrsiccompanied by
a clinic assistant (a trained health worker) whausded by the
surgeon to facilitate the consultation, includingnducting any
necessary physical examination of the patient. l@ser drawing
system allows the surgeon to point, draw and ateataectly

104

onto the patient, thus providing very direct reéale guidance for
the clinic assistant.

This scenario creates a set of design criteria lwhiere used to
develop the laser drawing system. These critegadeawn from
observations of actual outpatient clinics at they&dChildren’s
Hospital (Melbourne, Australia), from design dissiogs with the
surgeons themselves and from independent progessswms by
two medical specialists (a cranio-facial surgeod an intensive-
care specialist). These criteria reflect the cawphature of
paediatric surgical consultations, in which thegratexamination
is embedded in a wider dialogue with the patiehé patient’s
parents, the clinic assistant and one or moreoiins.

These design criteria include:

« Simple deixis and the ability to annotate the putien
various ways.

0 The ability to point, preferably with different cursor
shapes so that the consultant can indicate theesubf
discussion. (“Put the instrument here.”)

The ability toleave icons on the patient to mark points as
a complex intensive care procedure is outlinechsght a
tube here, then a needle here, then ...")

The ability to sketch areas on the patient to indicate a
region of interest. (“There should be a plate ie Head,
roughly here and this shape.”)

e The drawing should be capable of covering the headl
torso of the patient.

« The general focus is on conversational supporherathan
precise and accurate instruction. The surgeon can
expected to adjust drawing positions via video fieeit. The
annotations are not expected to remain in positionthe
patient if the patient moves. (In the case of isitem care,
where more complex instruction sequences are uso@l,
patient is usually static.)

e The system should not be too noisy or otherwistatisng.

« The option to view the patient from additional diiens
should be available and, if necessary, to contnel laser
system from one of these additional camera views.

e Both the surgeon and clinic assistant should be tblsee
the pointer located on the patient with minimabeff under
ordinary clinical lighting conditions similar totiernal office
lighting.

e Laser safety regulations require that the lasee lzapower of
less than 1mW so that the blink reflex will prottot eye.

e The entire system is intended for networked clinicse in a
number of locations and needs to be portable anmd no
intrusive. As a result, parts of the system thaghi
otherwise be mounted on the walls or the ceilingdnéo
stand alone.

2. SYSTEM OVERVIEW

The laser projection system consists of two majartsp the

hardware that provides user interface and projedagilities and

a software system that provides coordination beatwbke various
system components and hardware control. The faoligw
descriptions are couched in the tele-health scenatitlined

above, where a surgeon is controlling the lasaslayssystem to



guide a clinic assistant in the examination of ddghatient who is
sitting in an adjustable office-style chair.

2.1 Hardware

The layout of the projector system is shown in FégR. A small

laser projector is mounted on a pole above theephtiAn

overview pan-tilt-zoom video camera is mountedlontbp of the
projector, with a video field of view similar to eéhprojector’s
display region. A second pan-tilt-zoom camera iunted on a
desk level with the patient’s face, giving the g a normal
horizontal view of the patient. The surgeon us@&m and tablet
display to control the cameras and laser projecfoisecond pen
and tablet display is located in the patient’s rpomounted on a
moveable arm. This display allows the clinic assisto see the
same view that the surgeon sees and to draw supptery on-
video annotation.

ye T~ Overview Camera
/ Axis 213 PTZ

|

Assistant's Display/Tablet
Wacom DTU-710

Laser Projector

Desk Camera
Canon VCS0i

/Patient

Video Encoder
IndigoVision MPEG-4 Encoder

Patient-end Control

Network

Surgeon's Display/Tablet
Wacom DTU-710

Figure 2 Laser Projector Layout

The laser projector was custom-built by Genius Lasehnology
Pty Ltd. Since the projector needs to be portabile,mounted on
a pole rather than on the ceiling. Commercial lgz®jectors,
which are generally designed for entertainment warl need to
be correspondingly robust, were judged to be taaéor pole
mounting. Genius constructed a smaller, lightesiee with a 1
milliwatt (1 mW) laser. Figure 3 shows the mounpedjector and
overview camera.

The first iteration was a single unit with an imtak power supply
and was found to be too large and heavy for polenting. In
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addition, the galvanometers in the laser projegemerated heat
while in operation, as did the internal power syppequiring
several noisy fans. Genius then redesigned the Bgitmaking
the power supply external, the heat and weightefunit could
be reduced to the point that a single, quieterctarid be used and
the unit could be pole mounted.

Figure 3 Laser Projector and Overview Camera: left imageis
front view, right imageis side view

The laser projector is driven by a Pangolin QM2@®0jector

controller PCI board. This board hosts a dedicaredessor that
drives the laser via a standard ILDA (Internatiobaser Display
Association) connection. The QM2000 comes with & gat

allows application software to define a completetoe graphics
drawing that the laser projector then displays.

The overview camera is an Axis 213 PTZ network gcam&his
camera was chosen for its large picture size o388 pixels,
pan-tilt mounting, zoom, simple HTTP interface aalility to
produce both Motion JPEG and MPEG-4 video streams.

The desk camera is a Canon VC-C50i. This camepaitisarily

used by the larger tele-health system for faceatef
communication between surgeon and assistant, asdchasen
for its video output, pan-tit mounting and zoom. Zerial

connection allows control of the pan-tilt-zoom ftinos.

The display tablet is a Wacom DTU-710 combined dalsind
LCD monitor. At 17", this display is large enough provide a
clear picture from the cameras. Pen-based inpwwallthe
surgeon to perform natural sketching and pointiotppas while
discussing the patient’s condition.

2.2 Software

The control software for the laser projection sysis part of the
software architecture developed for the larger-helalth system.
The architecture is agent-based and constructed Boftware
components. Multi-agent architectures have beercesstully
used to manage other mixed remote/local environsnesuich as
the Smart Classroom [21]. Such architectures alloasely
coupled components to cooperate in a peer-to-pegner over
multiple platforms.

The architecture uses the Spread toolkit messagyisigm [23] to
allow components to communicate via messages. Tessaging
model is loosely based on the FIPA agent commubitat
standards [5]. XML messages,
descriptions [25], provide a language-neutral
communication. Language-specific containers
components and mediate communications. The arthitec
currently supports Java and C++ components.

forwf

A simplified diagram of the software components and
communications is shown in Figure 4.

based on XML-schema

manage
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Figure 4 Software Components

The display and pen input is used by the surgeom eem select
video streams from any of the cameras in the p&ieaom and
display them on the tablet. The surgeon can thertraothe
camera’s pan-tilt-zoom facilities by sending redseso the
camera controllers. The camera controllers areoresple for
interpreting the direction requests and convertthgm into
camera-specific instructions. The camera contrsligren issue
view descriptions for the current view of the camer

The surgeon can also use the pen input to sendriraequests
to the projector controller. The projector conteolis responsible
for interpreting the drawing requests and convgrtimeem into a
composite drawing. Since the surgeon’s perspeitieat of the
camera, requests coming from the pen input are fra@rpoint of
view of a camera and need to be converted to tire pbview of

the projector before they are displayed. For tlgason, the
projector monitors changes in camera view.

The surgeon has access to several sorts of reiuibes projector:
graphic management and enquiry, fade rates, flgatiarsor
moves, static graphics and free line drawings.

2.3 Location in thelarger tele-health system
The laser-projection subsystem is embedded in dhget tele-
health system, which provides the other componeertxied to
deal with the full complexity of the scenarios inegtion. These
components include multiple static streams of vidad audio in
both directions to general situational and actidtyareness, and
conversations between multiple people. Separatal-gaided
video cameras provide close-up views of the patigmiuding
some experimental work on 3D image and video captard
display. Further experimental work includes a \abb tactile
hand-guidance system.

This paper will concentrate on the laser projecioh-system and
will not describe the other work in further detail.
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The tele-health system provides a shared sketdpage so that
the surgeon and clinic assistant can both diresilgtch on a
shared still picture or video stream, using the ¥vagen and
tablet displays. This space is similar to the DQdy&tem [6].

2.4 Coordinate Systems

The pointer system uses two basic coordinate sgst@mabsolute
coordinate system based on vectors from a commigmand a
relative coordinate system based on the current viea camera
or projector, treating the view as a flat screen.

A transformation from relative to absolute coordé@saprovides a
number of architectural benefits. The key benditthat the
display and input tablet does not need to be comecewith the
geometry of the system. Pen coordinates can beysiempressed
as relative coordinates in a particular cameral ffl view. The
projector controller and camera controllers arenthesponsible
for converting the relative coordinates into actdiméctions and
pan-tilt settings.

2.5 Camera-Projector Alignment

In an ideal configuration, the camera and lasejeptor would be
perfectly co-located and relative camera coordmateould

translate directly into projector directions. Howevthe need to
provide a clear line of sight for both the projecand camera and
the need for multiple cameras means that co-lotati®

impossible. Some mechanism for ensuring alignnmeneeded.

Target
Plane

Figure 5 Camera-Projector Alignment

Figure 5 shows the current model for alignment. Toerent
model, rather than attempting an exact model ofothject to be
drawn on, uses a simple target plane, specifiethbyposition,

normal pair of (f,ﬁ). The desired target plane is currently
specified in the system configuration. In FigureCbrepresents a
common origin for position vectors. The cameraCathas a ray
drawn in the direction ol to the point where it intersects the



target plane atV = C + rU Since Vis on the target plane,
(V—1) [ = Oand, therefore,

T -¢)h

ulh

The direction€ from the projector, located ai') is then given

by £ =1 +r0 wherel =¢ - P [13].

2.5.1 Error Analysis

If the actual display plane for the laser beamaisthe configured
target plane, then the output will appear to bdteshiin the
camera view. It is possible to model the effecthafse errors by a
shift in the target plane.

Figure 6 Target Plane Error

The effect of a shift is outlined in Figure 6. Aifstof At in the
target plane produces an apparent change in déstartdirection

from the camera td ‘U’ at an angle ol from the originaIJ .
The sine and cosine rules gBiNG/ (AL [E) =sing/r’,
cos¢g = U [€and
r'? =r?+ (At [&)* - 2r (A [8)(U [€) setting
0 = (AT [E)/r gives an equation fof of

2011 _ (B2

Sin26= p (]2' (U|§~) )
1+ p° - 2p(U [B)

If S=rthen(U[E) =1-1%/2r2.

For the overhead cametias 12cm and is approximately 1m. A
10cm change in target plane will produce a changmgle of less
than 1 degree — less than 2cm at 1m range. Fatetblecameral
andr are approximately 1m and a 10cm change in thetgaigne
will produce a change in angle of approximatelyegrees.

2.6 Drawing Modes

The three modes of input discussed in Section re2edlected in
three drawing modes: cursor, graphic and sketcas@imodes are
illustrated in Figure 1.

The cursor and graphic modes allow arbitrary prt-gtaphics to
be added to the laser drawing. The main differeheaveen
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cursors and graphics is that cursors are mobilegraghics are
static. The sketch mode builds simple line segmeGtsphics

from all modes can be mixed arbitrarily. A fade dtion allows

elements to fade and eventually disappear oveecifsgd time, in

keeping with the ephemeral, discussion-based modEl
interaction. Different elements can fade at déférrates, with the
fade rate specified by the user when the elemeaadded. Fussell
et al. discuss appropriate default fade rates [6].

Cursors and graphics are represented by scalabtervgraphic
(SVG) documents [24]. These documents can be titesim
across a network, allowing a consultant to add lycapto the
library of shapes that can be drawn. The projecimtroller
maintains the graphic library. SVG documents cantaio the
preferred dimensions of the output. Since the tgptge gives a
distance estimate from the projector to the targés, possible to
scale the SVG output to approximately reproduce preferred
size of the projected graphic.

Sketches are simply represented by polyline segnblgw points
are added incrementally, with segment-end messiagksating
when the consultant wishes to start a new line.

The projector controller accumulates the graphicsl dhen
converts the collection into a single list of paifdr the QM2000
card to process. The QM2000 card accepts listoiof positions,
each with associated corner flags and line colodrs.display a
new line segment a black (invisible) line is dravetween the two
segments.

The corner flags cause the laser projector to datefioints for a
small time. Without corner flags, the laser prajedends to cut
corners when moving from point to point,
galvanometers’ inertia leads to inaccurate pathgh Wo corner
flag set, the laser projector produces curves thatbe used to
approximate arc line segments.

The SVG graphics are converted to outline shapethéyBatik

SVG toolkit [1]. These shapes are then convertéadl froints for

the QM2000 card. Straight lines are easily condeitéo two

points with corner flags. Quadratic and cubic Isegments are
represented by two and three line segments respBgtivith no

corner flags.

Laser projectors are physical systems. The blankhmgter and
galvanometers have inertia and design limits thegdnto be

managed. The QM2000 card can be set with a number o

management parameters: the number of points te pracsecond,
the amount of time to dwell at corner points anel Itrad time for
the blanking shutter. All of these parameters cansét by the
Pangolin LD2000 API and by the card managementvsoé.

The number of points per second and the numbeoiotpbeing
displayed determines the number of times that tiogegtor will

scan over a part of the drawing every second.dfrt@mny points
are displayed, then the drawing will start to Migilflade and
flicker; this effect is even more pronounced wheéewing the
drawing through a camera, since stroboscopic effeome into
play. The maximum number of points displayed peosd is set
by the limits of the galvanometers in the laserjgoimr. The
number of points is set to 20,000; the limit recoenated by
Genius. This value corresponds to approximately-2@M points
in the drawing, with the value dependant on theividdal

viewer's susceptibility to flicker and the cameranfie rates.

since the



The amount of time to dwell at corner points detags how
sharp the corners are on straight line segmentsliffte time and
the corners of a box become rounded. Too long lamcitmber of
scans becomes too low. The value for the custoar la®jector
was determined to be 3 points by trial and errarchSa value
produces a recognisable straight-edged rectangtd wharp
corners for a rectangular input to the QM2000 choder values
produce observably rounded corners and higher sgweduce
no recognisable improvement.

The lead time for the blanking shutter determinew laccurate
the start and end points of line segments ardelfshutter opens
too early, the line is drawn before the galvanomset@re in

position and ends before complete. If too latentkiee line is

incomplete at the start and overshoots. The vaudéhie custom
laser projector was set at 4 points by trial andreiSuch a value
produces an almost closed circle for a circularutnpo the

QM2000; higher or lower values increase the gaphéncircle.

2.7 Input

Input is managed by the Wacom display and a peatidpvice.
The pen is used to directly position the cursoraodisplay of
camera output. This gives a direct interface to pbiter, with
GUI button mode controls allowing cursor, graphic sketch
modes. Button mode controls also allow the peneaused for
camera control and on-display sketches. The Wadsplay can
generate up to 100 mouse movement events a segiidg
smooth motion on input. Figure 7 shows the displag pen. Our
software currently limits the input rate to 40 etgeper second to
avoid swamping the system.

Figure 7 Display and Tablet I nput

The pen input also controls the camera, with ther wble to
indicate a region of interest in the video outpuat éhave the
camera move and zoom to show that area.

The optimisation of the GUI layout is an ongoinggrative
process. Even though the pen input offers a nurobeptions
(buttons, pen-touch against the display and ans&sgtanput on
the reverse of the pen) the number of possibleorstis quite
large. We have designed a number of different usenrface
configurations and the relative merits of each Wwél the subject
of a subsequent user study.
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3. EXPERIENCE OF PROTOTYPE

During construction, the spatial reach and opemnafigualities of
the laser system were explored and performancs, tegtich
varied round-trip latency and number of drawingiadd per
second, were conducted. These tests raised aenuwhissues.

3.1 Laser Projector

The laser projector was built to specificationgte start of the
project and experience has demonstrated a numtzeea$ where
the design could be improved. The 40 degree arfglew of the
current laser projector is too small to reliablyveo the area
needed for patient interaction. The cooling famdassy and has
the potential to cause a slight distraction. Thejgutor is also
vulnerable to overheating and blown fuses, with fhser
overheating if a complex drawing is shown for ateeged period
of time (over an hour) and fuses blowing about oecery two
months. The scan rate may also be too slow (Se@B8e:3). A
new projector, with a wider angle of view and faste
galvanometers has been built and is currently bessged.

Correctly mounting and aligning the laser projecaod camera
has proved to be quite difficult. Currently, theaeposition and
alignment of the various components is treated lasosvn input.
A procedure for deriving the positioning and aligsamh
information from the running system, based on a wmo
calibration pattern, would improve both set-up tiamel accuracy.

Our design allows any light projecting device toused in place
of a laser. As a cheaper alternative to a lasgeqtar, a standard
DLP data projector was also tried. The projectoedusvas not
able to project enough light to be reliably visibieder ordinary
fluorescent light, making it hard for the clinicségant to initially

locate the cursor, even though various guide teglas were used
to allow the aide to find the pointer. The cursasweven more
difficult to see though the camera. The projectoaswalso

distractingly noisy and generated a great deakat.h

If a sufficiently bright, quiet and cool data prcijer that was light
enough to be pole mounted and of a comparable twitlee laser
projector could be obtained, then the use of a pgedgector has
certain advantages. The laser projector that we usiag is

monochrome, although multi-colour laser projectoesist,

whereas an ordinary projector is inherently muttiecir. The

strokes drawn by the laser are simple lines; witta& projector,
the stroke information in the SVG graphics could umsed -

although the laser projector has the advantagetlieaaser beam
is relatively narrow and less subject to distanfects. The laser
needs to re-trace the drawing to ensure a sufficievel of

brightness, limiting the complexity of the drawing data
projector is only limited by its resolution.

3.2 Round-Trip Latency

There is a round-trip delay of approximately 250me$ween the
surgeon performing some action and the video of #wion
returning to the display. There are a number of maments
contributing to this delay: network and middlewdagency,
processing of requests by the projector contradled the time
needed to assemble a video frame into Motion JPEHBREG-4.
This delay is enough to make the movement of threatu‘as if
the cursor was on the end of a rubber band,” acogrtb one
user.



Our informal experiments with artificial delays shdhat the
immediate feedback loop becomes unusable with addup
delay of approximately 500ms. If the round-triplage rises
during actual clinical trials over extended wideametworks,
then compensatory techniques will need to be deeelo

3.3 User Experience

The inaccuracies of the target plane model andhalént usually
mean that the laser cursor appears at an offgaetpen position
on the tablet. The cursor offset adds to the diffic of
positioning the cursor, although the pilot usersnsed able to
adapt within a few minutes. As a side-effect, tffeat can prevent
the user’s hand from obscuring the cursor in tiei

The offset is typically 2-4cm and is not consistecrioss the tablet
surface. These offsets correspond to errors ofd@gsees for the
17" Wacom screen and the camera angle of view ofieifrees.

This offset is larger than the errors calculate@®attion 2.5.1. A
likely explanation is that the extra offset is cadisby the

difficulties in positioning and aligning the projec and cameras
discussed above, since the alignment can be imgrdwe

adjusting the zero position of the camera by mdypuatating the

pan-tilt mechanism. The level of offset will be igted once a
more effective alignment procedure has been devised

Initial trials with the laser in an office settingyith overhead
fluorescent light, suggests that the laser outpugfenerally bright
enough for the aide. By the time that output haanhgassed back
through the video stream, the cursor is sometiniféisutt to see
on certain clothing — light pink in particular. $& 1mW output
is a hard limit imposed by safety concerns, we oamnake the
raw output of the laser any brighter. However, hfgher scan rate
of the newer projector provides a brighter image.

The laser projection system was deployed in a ierface study
which explored use of direct annotation in the vgpdce and
sketching over a video display of the workspace wheth are
avaailable. The laser projection system performefiiciently
well for the study participants, who were able toidg their
remotely located study partners with it. Among the#comes of
the study was the finding that, depending uponrtie adopted,
direct laser projection is more or less conventbain the non-
collocated, shared sketching facility. From thenicliassistant’s
point of view, the ability to look directly at thmtient, rather than
having to switch between a screen and the paties,obvious
advantages. From the surgeon’s point of view, tlisketching is
easier and more accurate than controlling the .|a8@ee mix of
annotation methods used by subjects during labgrato
experiments, and the user interfaces that suppattix, are still
areas of active research [22].

3.4 Cameras

Both the Axis and Canon cameras showed non-linemmz
behaviour. The maximum zoom levels also fall faorstof the
advertised specifications but are still adequatdib@ation curves
were constructed for both cameras by comparing @settings
to the visible portion of a measure in the camevalso output. A
consistent calibration curve takes about a daytsituct.

Both cameras have an auto-focus that can be queviésl
investigated using the auto-focus information asoarrce of
information for positioning a dynamic target plahtawever, the
results were not encouraging. The cameras tendrbfbr focus,
leading to noisy results. In our development envinent, a
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typical office, we have found the noise level togoeater than the
change in focus between near and distant objects.

3.5 Software Interface

The designed interface between the projector cbatrand the
QM2000 card currently requires that a complete drgus passed
to the card every time a part of the drawing changghis
unsophisticated interface was built to simplify diamg the
complete drawing, since the complete drawing cangbée
complex with various sketch elements and SVG gptalong
with a mobile cursor, being positioned and therirfgdt different
rates.

The cursor position or sketch lines can updatgabwd0 times a
second, triggering a complete redraw each time. deanplex

drawings, the updates become queued and the corssketch
begins to significantly lag behind; it was possitdeget lag times
of 5 seconds or more by continuously adding tosketch. To
prevent lag, the length of the sketch is currefithited to 64

elements. This is acceptable for quick annotatienthe sketch in
Figure 1 contains 12 elements — but will becomienitdtion if a

more complex task is being performed. At preserd, ake not
using the full capabilities of the QM2000 card amebngineering
of the drawing interface should improve performance

4, CONCLUSIONSAND FURTHER WORK
We have presented a design and implementationlages-based
system for remotely annotating the objects in ansce This
annotation, in the form of a moving cursor, a fix@dphic or a
live line sketch, can enable guidance of a persmatéd in the
remote scene. This system was presented in th&xtoaf a
surgeon guiding a remotely located clinic assistamt the
examination of a patient. This context has prodidee design
criteria which the system was required to meet.

The software architecture for controlling the labased system
which uses an open-source toolkit to
communication between the components was presenfius
software allows the laser-based system to be déedran real
time through pen-based interactions over videolaysfrom any
video camera in the remote site.

A method of aligning the laser-based system andstiected
video camera, using a target-plane approach wasempted,
together with an error analysis for cases whereatttaal target
plane has shifted away from the intended targetepla

Early user experience of this system shows thpeiforms fast
enough, and with small enough latency, that usansetfectively
guide a person in the remote location to perforiysigal three-
dimensional tasks in the designed-for workspaceowéver,

limitations on the number of vector segments diggdaand on the
alignment calibration between the laser projectord athe

matching video camera will limit complex annotason

There are two areas of future work that we woukk lito
undertake. Firstly, we would like to develop a nwet for rapidly
calibrating the pen-based user interface. Thélon referred
to here deals with the offsets and non-linearitigiserent in
controlling a 3D pointer system via a 2D interfdas shown in
Figure 7). This would allow for re-configuratiorf the actual
layout of the room in which the laser-based systedeployed.

Secondly, we would like to extend the present systeom its
relatively static target and ephemeral laser ariootao include

message-based



situations where the target may move and the Eseotation will
follow it, remaining in place on the target. Anpdipation in our
tele-examination scenario would be to allow thaiclassistant to
move the patient in order to better view the amden discussion,
and have the laser-projected guidance marker rearathe exact
place of interest.
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