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1 Intro duction

By adoptinga3D bookmetaphorwhichpreservesthelook andfeel
of aphysicalbookin its electroniccorrespondent,avirtual 3D book
canbe usedasa basiccomponentof e-booksystems,information
workspaces,anddigital libraries. Onemajorchallenge in creating
3D booksis designinga mechanismfor turning the pages. Chu
et al. [Chu et al. 2003] reportedan ongoingwork that simulated
pageturningusingaclothsimulationmodel.Their implementation
tookfrom minutesto hoursto calculateasinglepageturning.Since
clothtypically exhibitsastretchy effect,theclothmodelmaynotbe
ideal to simulatestiff objectslike papers.In this paperwe present
analternativewhichproducesa realisticpageturningeffect.

2 Page Curling

In our design,pageturning consistsof two concurrentprocesses,
namelya rotation processanda deformationprocess[Hong et al.
2004]. The rotation processgraduallyrotatesa pagearoundthe
book bindingsfrom onesideof the book to the othersideof the
book. Thedeformationprocess,on theotherhand,curls the turn-
ing pagearoundan imaginaryconeof changingsizesto produce
variouscurvedshapesat differentframesof pageturning. This de-
formation processwas inspiredby our experimentsshowing that
peopleturnpagesby thecorners.

Without loss of generality, sup-

Figure 1: Curling a page
aroundacone.

posethat a pagelies on the XY-
plane, with its bottom pageand
left pagealigningwith theX axis
and the Y axis, respectively (see
Figure 1). We lie a solid cone
on the XY-plane. The side (not
the axis) of the conetouchesthe
XY-planealongtheY axis,hold-
ing the left edgeof thepagestill.
Curling the pagearoundthe side
of the cone results in a curved
page. By varying the coneangle
q and the cone apex A(0;Ay;0)
over animationtime t, we obtain
different curved pages. Specif-
ically, at the beginning of page
turning, we start with a cone

whoseangleq is 90 degrees, makingthepagewrappingaroundit
virtually �at. Then,wegraduallyreduceq andmoveA down theY
axis,causingthepageto curl up from theXY-plane,with its lower
right cornerlifted aheadof therestof thepage.Finally, wetranslate
A furtherdown theY axisto in�nity , makingthepageuncurl into a
�at surfaceat theendof theanimation.

As shown in Figure1, given a point P(Px;Py;0) on the page,we
needto calculatewhereon thesideof theconeit mapsto. Let us

draw a circle of radiusR= jAPj =
q

P2
x + (Py � Ay)2 aroundA on

the XY-plane,anddenotethe intersectionbetween the circle and
theY axis asS. The conegeometry tells us that, whenwe wrap
thepagearoundthecone,arccSP will coincidewith acircularcross

sectionthat is parallelto thebaseof theconeandgoesthroughS.
Assumingthat P mapsto point T on the crosssection,we have
j cSTj = jcSPj. Let usdenotethecenterof thecrosssectionasC and
theangle6 SCT asb. Wehave
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wherer is theradiusof thecrosssectionand

a = 6 SAP= arcsin
�

Px

R

�
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Now T(Tx;Ty;Tz) canbe computedby �rst rotatingS aroundline
(X = 0;Z = r) by b to point S0(Sx

0;Sy
0;Sz

0), and thenrotatingS0

aroundline (Y = Sy;Z = 0) by q. In short,T canbecomputedas

Tx = Sx
0= r cos

�
b � p

2

�
= r sinb;

Ty = Sy
0� Sz

0sinq = R+ Ay � r(1� cosb) sinq;
Tz = Sz

0cosq = r(1� cosb) cosq:
(3)

To thisend,wecombinethedeformationoperationwith therotation
operation. This yields the pagegeometrywhich is subsequently
renderedto producean animationframe. In our implementation,
thefunctionsq(t) andAy(t) wereempiricallyconstructedto ensure
thattheanimationis smooth.

3 Results and Discussion

We have integratedthe algorithmdescribedabove into a 3D book
systemthat we recentlydeveloped. Due to the simplicity of the
algorithm,wecomputethepagegeometryon the�y ateachanima-
tion frame.On our laptopsor tabletPCs,we areableto turn pages
at interactive speedsof 5 to 20 frames/second.Figure2 shows two
framesof a pageturninganimation.Contraryto thecloth simula-
tion model[Chuetal. 2003],ourpagecurling techniqueintroduces
neitherstretchingnor compressingto theturningpagesbecauseof
theconegeometry.

Figure2: Two framesof apageturninganimation.
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