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Keywords: Design tools, paper and pend@D drawing their ideas especialiy early stages of the desigmhere it

workspacegonnecting physical and digital world. is critical that your handmotiors have direct and
immediate effect on the objebking designed. As the
Abstract new desigrparadigmproliferates, challenges in adopting

) _ such affordances of physical design tools into the digital
The development ofomputeraided design (CADJools reaim become of increased importance. In addition, as
such as Autdesk Revit ArchiCad and SketchUphas garchitects start thinking in terms ofddmensional objects
leveraged the power ofhe digital world by allowing ather than in2-dimensionalfloor plans a new setof
designers t@xpresgheir creations in new waysDespite nteractions that augments the conventional gfe
the lgdvances'andadvantagesof. these digital tools  penfpencil on paper needs to be soughtinstead of
traditional pencil and paper continue to existsmme of yeplacing the traditional tools, paper and pencil, it will be
the mostimportant toolsin the early stages ofiesign. In - more fruitful to merge the advantagasd functionalities
this papet we introduceorkt u i tan Wnteittve physical of digital design tools with traditional work practice of

design workspace that aims to bridge the gap and briigng paper and pen, hence connecting the physical and
together theconventionaldesigntools such as paper andgjgital experiences.

pencilwith the power and convenience tife digital tools .

for design The paper discuses the design and The purpose ofinktuitivedis to createa workspace that
i mpl ementation of t fihe papdr Rastheadvantages glothihe physical gd gligital design
also analyzes and outlines the advantages and challeig@ls- Theintuition of pen and paper are stitesent, but
of this new workspace, Ivere designerscan create and lines arebe captured and translated inshapes in the

manipulate digital models and representations of ideas digital world. - The physical paper isugmented with
moredirectandnaturalway. overlaid digital strokes. Furthermore, the platform

provides a noel interaction mechanism fatrawing and
1 Introduction designing using abowile-surface pen movements.
Recently, a new desigparadigmis emerging in the field 2 Related Work
of computeraidedarchitecturaddesign. As opposed to the ] o ) ]
conventional method of drawing primitives on multiple 2There are many projects aiming to create a relationship
dimensional floor plans, it isbecoming increasigly Petween physical and digital workspaces. The
popular to directlymodel3-dimensionafepresentatianof DigitalDesk [4, 7] provides a environment in wfgh
the actuatomponent objectseing use and to specify the Physicalpaper gains electronic propertiashile physical
relationships between them parametricaty design an objects can be used to operate glectromc documents.
architecturaproduct. CAD tools such as Autodesk Revitl Nére are also systems, such as LivePgfgrthat add
ArchiCad and SketchUpare examples of tools thatdigital information to enrich the interaction with physical
support this new paradigkmownas Building Information artifacts like paper. Many research projects have
Modéing (BIM) [2]. This new design paradigm a||0\,\,Ssp_)eglf|callyattempted to support a_rchltects and des[gners
for the design changde be made simpler allowing CAD Within the early stages of the design procegdectronic
tools to be used at various stages of the design prod@dperl] explores augmented reality based appreafdr
from the abstract, conceptual design phasehere Supporting early stages of design.uminous Table [3]
flexibility to try out multiple whatif scenarioss essential, combines and integrates two dimensional drawings,
to the construction detailed design phasehere physical models and digital models to support the urban

SKETCHPAD+ [5], focus on creating 3D scenes in a

On the other hand, in spite all the advancement datyral and intuitive way on systems thaflyooffer 2D
compuer-based design tools, many architects still pref@giteractions.

to use physical tools such as paper and pen to articulate



3 INKTUITIVE

IR-Pass Cameras
3.1 What isInktuitive ?

Inktuitive is an intuitive physical design workspac€he
goal of Inktuitive is to combine the intuitive process of
creation that is inherent inaper and pesil with the
power of computing hat digital design tools provide
Inktuitive also extends the natural wosractice of using
physical paper by givinthe pen the ability to control the
design inphysicalthreedimensional spagdreeing it from
its tie to the paper. The platform brings enormous
advantages of digital design tools to traditional and natural IR LEDs
work practice of designing.The following usescenario ‘ :
outlines major features of A tform.

The designer first drawsn outline of the building
foundation on the pmer. In parallel, he drawing is
digitally capturedand turned into a 2D polygonal object in
the digital realm. The orthogonally projected image of the
polygon is then displayeths a line at this pointpn the
vertical LCD screeralong with other supptive views.
Now theuser can lift thepen above the paper to specify
the height of the building. The corresponding change in
the vertical screen occurs as the pen is lifted up or down
(the original line changes to rectangles of different sizes).
The user can change theiewpoint usingthe multi- while with the other hand use the mudirectionalknob.
directional controlleknob. As the visvpoint is changed, Besides desigring by creating and manipulatingdD

the drawnobject rotats on the LCD screen. At the sam geometryusing an object based design method, Inktuitive
time, theoverlaidcopy of the drawing othe paper shows platform can also be used study the effects of lighbr

up as digital augmentation and stagtsviating from its wind and its impact upon thdesigned objest

original physical ink location to match the selected

viewpoint. Now, the designer can start drawing relative 82 How doesinktuitive dwork?

the digitally displayed objects on the paper surface. F|9|r
example, windows can be drawn on walls or an extens'\%
to the buiding can be extruded out of the walls usin
above the paper penovements

=
Navigation Knob

gure 2. Ol nktuitived protot)

ure 1 presents an exahation onhow dnktuitived
rks. The dnktuitived system provides a physical
a/orkspaceenvironment wheréligital content is projected
from below ono the paper placedver the frostedglass
The abovehe-surface pen motion can also be effectivelgurface of the deskPen novementon the surfaceof the
used on manipulating curved surfaces of the building. Ramperis trackedby ultra-sonicdigital-pen hardware Two
example, thepen tip can be assigned to a control pofrd  Stationary sensors receiveltra-sonic waves that are
parameterizedsurface such as roof tops. The user camitted bythetransmitter placed at the tip of the pefhe
manipulate the control points in the air with one hand  device measures the location of the pen tip on the paper
using the calculation of receing time of the waves
- | received by the twatationary receiversFurther, he pen

tip is also augmented with infraied (IR) LED array for
tracking the threedimensional coordinaseof the pen
above thepapersurfaceusing stereo visian Two USB
cameraswith IR-pass filtersmounted above the table
detect the IR light emitted by the LEDs which are used to
calculate the thredimensionalcoordinate of the pen tip
via triangulation The projector ultrasonic pen hardware,
camerg and SpaceNavigatareall connected to C. A
software programprocesses the data collected by the
digital-pen hardware and two camerdsnage pocessing

of the two camera inpgt provides the system with
absolutdocation of the pen tip ithreedimensioml space
above thepapersurface while thailtra-soniccomponents
help capturing precise user strokes on the paper surface.
The software program uses these two stregfnuser hand
motion in augmenting the paper on the desk wvith
Figure 1. Inktuitive system design projected digital information




3.3 Implementation 4 Future work and Discussions

We havedeveloped a working prototype 6fl n k t asi £ jini & Broperty of Inktuitive is that allows thechitect
shown in figure2. The prototype conssbf a projector 1, sepenmotions in the workpace abee the papeto
based tabléop work surface a vertical LCD screen, oo re their ideasBy freeing the pen from its bond with

PegasusNoteTaker ultra-sonic _digital pen device, two e naner Inkiuitive allows therchitectto draw windows
Microsoft LifeCam VX3000USB cameas, 3Dconnexion g, yhe vertical planes of their buildings, change the height

S'paceNavigator 3D mouse and PR The projector of a building through vertical hand movemerdt;. The
displaysthe graphial contentsrom belowand augments ¢, 4 that the changes on 3D objects occur in direct relation

the paper placed on the desk with digihalormation The to the spatial hand motion will give tlhisermore intuitive
vertical LCD screen is used to provide the supplementay,

hical inf ) he ul , ioital X ntrol over the object or the control points on
graphical informéion. The ultrasonic digital penis 5. meterized objects asshe isgrabbing it within the

augmented by an array of IR LEDs at the tip of the PEL-tual physical volumetric spa formed by the two

The pen is used to capture the stroke on the paper as We ogonally placed displays. This together with the

as gestural input device_ in thrdemension above the expressiveness of sketching on paper giesignemore
surface of the paperThe images from USB cam&y@re geoeqom to explore their design possibilities focusing on

captured in VGA resolution (640x480) at 10 frames pgfe esign itself rather than wasting their valuable

;econd via the Microsoft DlrectShc_)w mperfaceThg attention orextra controimanoeuvrslike menu selection.
images are used to calculate centroidal pixel coordlnapp%dso allows the user to edit objects or control points

of the IR LEDs using (;penc_?\,(_see fFigur((ej 3.)Thrr](_ae while changing the views to see its effect from different
point averagingin time domain is priormed to achieve ,nqj0q on a single screen. For example if the user is

smoother tracking. They are then used to extract dept diting the curvature of a roof top anbuilding, the user

informationusing the following equation. can specify the locatigm 3D control pointwith one hand
D= f/dx while, zooming or rotating the camera point around the
control point with the other hand. This kind of interaction
where f is the focal length (number of pixels thezonventionally requires two screens, one for editing and
unit-length object occupies at unit lengdlway from the one for viewing because the mapping of 2D mouse motion
camera) andlX is thedisparity in the x coordinates of theinto 3D motion generally getsiestroyedas the viewpoint
centroid calculated from the two imagesThis depth IS rotated. The fact that the changes on 3D objects occur
information corresponds to the éordinateof pentip in In direct relation to the spatial hand motion also supports
camera coordinates. This data is rotated scaéd by Collaboration since the neoperating person can easily
reference data acquired throughpoint calibration (4 S€& what thedesigneris currently trying to do. The
corners of the horizontal work surface plaspoint at System currently supports single user input but should be
maximum height) to extract the threedimensional €asily expandable to support multiple users and multiple
location of the pen tip in coordinate system with the origRfns.

at the lower left corner of éhwork space on the deskn  one jimitation of working above the surface i thss of
addition to these, the system also usesShaceNavigator ,inting accuracybecause human hands tend to be a lot

3D mousefor rotating, zooming andhavigation in the |ess accurate in free space without a reference surface.

design space. The software is buiion .NET platform 1hg jnaccuracy may be tolerable in many cases where the
using C# and C++.GoogleSketchUp API and SDK are gesigner is trying to roughly model their initial ideas. In

used tacreate the digital drawing interface. other cases, ®ivs can be rotatesb editing can occur on
the solid surface as conventionally dorneatternatively
@ 2 suppo_rtin_g stencils such as vertical rulers may be used in
1 combination
b Current scope of Inktuitive is targeted to architects iir the
. % early stageof desigy. We plan to extend the scope of
,I Depth “‘ 0l nkt us a platferd fora designingfor product
) ! designers, set designers anthes work practices that
ki Z=D=Tf 3 involve designingphysical spacer objects We are in
3 Disparity s process of evaluating the proposed new interaction
Image plane 2 ik i Image plane mechaiismthrough a qualitative usestudy We also plan
= e PO N to report the usestudy resultsn near future.
f=focallenght | ¢ s | fefocallenght
—@O— — 9o ;
Optical Center O, 3 Optical Center O, 5 ConCIUSIOn
B=Baseline
Left Camera Right Camera I n this paper, we present

design workspace whichrings the power of computing
bind digital design tool® the traditional work practice for
designing using paper and penciVe explainthe design
and implementation ofthe working prototype of

Figure 3. Stereo vision mechanism for detecting pe
coordinates above the surface.
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0l nkt uAltheiend®fGhe paper, we also discuss some
advantages and challenges of pineposed newnteraction
mechanism.
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