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ABSTRACT

The multi-surfaceinteractive display projector (MSIDP) is

a steerableprojection systemthat transformsnon-tethered
surfacesnto interactivedisplays.ln an MSIDP, the display
image is directed onto a surface by a rotating mirror.

Oblique projectiondistortionsareremovedby a computer

graphics reversedistortion processand user interaction
(pointing and clicking) is achieved by detecting hand
movementswith a video camera.The MSIDP is a generic
input/outputdeviceto be usedin applicationsthat require
computer accessfrom different locations of a spaceor

computeractionin therealworld (suchaslocatingobjects).
In particular,it canalsobe usedto providecomputeraccess

in public spaces and to people with locomotive disabilities.

Keywords

Ubiquitous computinginteraction devices; user interfaces.

INTRODUCTION

The EverywhereDisplays projectaimsto developsystems
that allow the transformatiorof any surfacein a spaceinto

a projected“touch screen”,without the needof installing

LCD displaysor of wiring sensorsto the surface.We are
currently developing a system that deflects the image
projectedby an LCD projectorusinga rotating mirror and

sensesiserinteractionwith a video camera(seeFigurel).

With this apparatusye allow not only nontetheredacess
to computerdisplaysfrom any surfaceof a spacebut also

enablethe computerto directly actuponobjectsandpeople
in the realworld throughthe projectionof imagesandlight

patterns.

THE MULTI-SURFACE DISPLAY PROJECTOR

The basicdevicebeing usedto createeverywheredisplays
is the multi-surfacedisplay projector, or MSDP, composed
of an LCD projector and a computercontrolled panftilt

mirror. Figure2.1 showsa currentprototypeof the MSDP

that employs a 1200lumens LCD projector, which has

enaugh brightnessand contrastto projectimagesthat can
be seen in a room with the lights on.

As illustrated in Figure 1, when the projection is not
orthogonalto the surfacethe projectedimage can appear
distorted. To correct the distortions causedby oblique
projection, the image to be projected must be inversely
distortedprior to projection.To accomplish this, our system
first texturemaps the image onto a virtual computer
graphics3D surface.This surfaceis positionedin a 3D
virtual spaceand a computer graphicsboard is usedto
rendera pre-determinedview of the surfacethat corrects
the distortion. Of course,the appropriateposition of the
virtual 3D surfacemust be uniquely determinedfor each
surface where images are projected.

MAKING THE MSDP INTERACTIVE

Although a devicethat simply projectsimageson multiple
surfaces has many applications, we are particularly
interestedn makingthe projectedsurfaceinteractivelike a
touch screen.This interactiveenhancemenof a MSDP is
called a multi-surface interactive display projector, or
MSIDP.

We are currently employinga pan/tilt video camerathatis
directedby the computerso it hasa complde view of the
projectedsurface The usercaninteractby movingher hand
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Figure 1. Using the multi-surface display projector to
create displays on different surfaces in a room.



Figure 2. A prototype of the muksurface interactive display projector (1) and examples of five different applicatiéjs (2

over the projectedsurface,asif the handwasa computer

mouse;and by moving the hand rapidly towards the surface,

to generatea “click” event.Techniquessimilar to the ones
descibed in [1] are usedto detectthe hand’spositionand
the interaction gestures.

EXAMPLES OF APPLICATIONS

The MSIDP is a genericinput/outputdevicewith multiple
applications. We are just beginning to explore such
applications, as illustrated in the examples show in
Figure2.2-6.

A first classof applicationscorrespondgo the creationof
computerdesktoplike interactivedisplayson nontethered
surfaces.Figure2.2 shows a desktop application being
projected on a whiteboard. Unlike the interactive
whiteboarddescribedin [1], the projectedapplicationcan

be moved aroundthe room; for instance,to the top of a
deskfor more detailed reading, or to a wall if the area of the
whiteboard is needed for writing or scribbling.

Similarly, the MSIDP can be usedto bring informationto
the physicallocationwhereit is usedor neededFigure2.3
showsa situationwherea databasepplicationaccessing
list of files is projectedon the top of the file cabinetthat
containsthosefiles. Whenlooking for a particularfile, the
user can access and/or update information about the file.

A secondclassof applicationsdealswith the provision of

meandor the computerto acton the physicalworld, almost
like aroboticarmmadeof light. Theseapplicationscanuse
the MSIDP to point to physicalobjects,show connections
among them, and project dynamic patternsto indicate
movement or change in the real world.

Figure2.4 showsan examplewherethe MSIDP respondsl
requestfor the position of an object (a digital camera)by
directly pointing to the location of the objectin the room.
Figure2.5 shows another example of spatial interaction
wherethe MSIDP is usedto projecta naotification of ane-
mail arrival on the wall. In Figure2.6 the projectoris used
to signalthe directionof anemergencyexit. Notice thatthe

rotating mirror allows one single MSIDP to switch among
any of these different tasks as needed.

The MSIDP can also be usedto provide computerand
informationaccessn spaceswheretraditionaldisplayscan
be brokenor stolen,or createhazardougonditions,suchas
in public spacesand areassubjectto harshenvironmental
conditions.The devicealsopermitsan interactive display to
be broughtto the proximity of a userwithout requiringthe
userto move. In particular,the MSIDP can facilitate the
accessand use of computersby peoplewith locomotive
disabilities. For instance,it can project an interactive
display on the sheetof a hospitalbed without creatingthe
risk of patent contact with any device.

DISCUSSION

Althoughthere has been a substantial amount of research on
interactiveprojectedsurfaceql, 3, 4], the conceptof the
MSIDP is uniquein its combinationof steerablerojection
andnontethereddisplay andinterface.In particular,unlike
tangible objectbasedinterfaceqd?], it doesnot requirethe
construction or use of special, electronically enhanced
objects. Instead, the MSIDP is a way to transform any
surfaceor object,without modifications,into a genericdata

I/O device by simply projecting and sensing light.
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