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Abstract. Page turning is an important, yet invisible, part of paper-based
document navigation. However, this affordance is not easily reclaimed in a
digital setting. The interaction often becomes interruptive, rather than an
unselfconscious act. Providing a literal representation of page turning may
help this navigation to be seamlessly integrated into the flow of readers
regular activities, and people can transfer their paper-based document nav-
igation skills to the digital world. This paper presents an overview of three
page turning techniques for electronic books that are sufficiently realistic,
scalable and computable in real time. A summary of the main features of
each technique will be presented at the end of this paper.

1 Introduction

Crestani et al. define an electronic book as a digital book that not only captures
the affordances of a physical book, but also transcends the limitations of its paper
counterpart [1]. In many systems, the look and feel of an electronic book imitates
the look and feel of a physical book, and the visual features of the original docu-
ment are preserved by presenting the page images instead of the raw text. Readers
often can annotate, bookmark, highlight and randomly access articles. Some of the
functionality that the electronic text bestows such as searching, content editing,
hyperlinking and zooming, are also included into the system.

Although digital technology offers many functionalities that can go beyond
paper, in many systems, a reader cannot interact with an electronic book in the
same way as a physical book. For example, turning a page of a book is often an
anticipatory act. To ensure reading continuity between the text at the end of a
page and at the beginning of the next page, readers often lift a page before it was
read, and so sometimes pages are turned prematurely. In many electronic books, a
reader has to click the next button to view the next page. Users briefly lose contact
with the text, and it removes the opportunity to subtly look ahead the content of
the page behind the current page.

The British Library’s “Turning the Pages” animation is an attempt to preserve
the physicality of page turning itself [2]. Visitors can metaphorically pick up a
page and turn it. To accomplish this, photographs were taken at intermediate
points during each page turn, and stored in a system constructed using Macromedia
Director [3]. When a visitor turns a page, the corresponding image is displayed.
Although the simulation is compelling, it is very labour intensive and not scalable
for handling books with large number of pages.

The 3D Book Visualiser developed at the University of Waikato generates a
model of a physical book and tries to simulate how the book looks in nature [3,



4]. A spline function is used to create a curved appearance of the top pages of
an open book. Page turning is animated by using a mass-spring structure. Due to
the computational overhead, the system pre-computes the appearance of the page
when it is turned from the top, middle or bottom point of the page’s right edge
through a pre-defined path. By doing so, the size of the book and the turning path
cannot be varied.

The main goal of my research is to evaluate whether simulated three dimen-
sional physical representations of documents have significant advantages over the
conventional digital representations—scrolls and concertinas. In the scroll format,
documents are represented as a single continuous page with vertical and horizontal
scroll bars. Readers roll up the top of the page and the lower contents move up.
This format is exemplified by the Teletype roll and the web page. The concertina
format represents the document as a single linear sequence of pages segmented
based on the paper size. Concertinas is developed in the form of fanfold papers,
Adobe Acrobat Reader and Word Print Preview. Readers navigate either by using
scroll bars, or by clicking the next and the previous buttons. In this project, doc-
uments will be presented as three-dimensional physical representations of a book.
The appearance and handling of a simulated book will resemble the appearance
and handling of a real book. Readers can turn single or multiple pages, and rotate
or move the book.

The performance of each representation will be compared according to three
criteria:efficiency, effectiveness and reading experience. A system is efficient if users
require a small amount of effort to perform their tasks and a small amount of time to
learn how to use the system. The effectiveness of a document’s format is examined
by looking at how many tasks are completed accurately and how many errors
produced. While reading experience is determined by how pleasant and satisfying
the interface is to the users.

According to the Merriam-Webster dictionary, a book is a set of paper bound
together into a volume [5]. A book simulation involves simulating both the paper
and the binding. During the first six months of this project, various techqniues
that can be used to simulate the appearance and handling of the pages have been
investigated and implemented. However, in this paper we will only describe three
available page turning mechanisms—cylindrical, conical and peeling—that enable
users to turn a page of the electronic book in the same way as a physical book.
The simulation looks sufficiently realistic so it does not deviate from the book
metaphor, it is computable in real time and is scalable to handle books that have
high page counts. Because of the space constraint, we will only consider the case
when a user picks the bottom corner of the page and turns it from the right to left
side of the book. Adjusting the algorithm for general case is very simple. We also
assume that initially the page lies flat on the XY plane.

The page turning implementation presented in this paper is written in Java and
JOGL (a Java based OpenGL toolkit) is used to perform the rendering. To turn a
page from the bottom corner, readers need to click the bottom corner of the page
and drag it to the left. When the mouse button is released before the turned page
reaches the midpoint of the book, the page springs back to its original position.
From the midpoint onwards, the turned page will continue turning until it reaches
its final position.



2 Cylindrical model

In this model, the page turning mechanism is a combination of a deformation and a
rotation process. The page is deformed by wrapping the page around an imaginary
cylinder whose sides touch the XY plane along the Y axis. Different curling effects
can be accomplished by changing the radius of the cylinder. The deformed page is
then rotated around the book spine from one side of the book to the other. The
rotation angle (φ) increases from 0◦ to 180◦ as the turn progresses.
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Fig. 1. Mapping a point to a
cylinder

At the beginning of a page turn, the radius
of the cylinder is very large and the page lies
flat on the plane. We then gradually reduce r
until the midpoint is reached (or φ = 90◦). This
causes the page to curl around the cylinder and
the right edge of the page is lifted up from the
plane. Finally, r increases from the midpoint on-
wards, making the page uncurl.

Internally, the page surface is a mesh of
m× n number of points. As the page is turned,
we need to calculate where each point maps to
on the cylinder and then rotate it by an angle
of φ around the book spine. Given any point
P = (Px, Py, 0) on the page, we want to map
the arc SP to the cylinder, where S = (0, Py, 0).
If point T = (Tx, Ty, Tz) is where P maps to
on the cylinder, the circular cross section of the

cylinder that is parallel to the base of the cylinder and goes through T will coincide
with the Y axis at S, as shown in Figure 1. This means that length of the line SP
is equal to the length of the arc ST . If the angle between point S, the centre of
the cross section and point T is β, point T can be calculated by rotating S around
the line (X = 0, Z = r) with an angle of β. The values of r and β are the same for
each point in a column, and so we are only required to calculate where each point
on the first row of the mesh maps to on the cylinder and change the value of Ty as
we go down the row. The deformation computation is in order of O(n).

(a) (b) (c) (d)

Fig. 2. Page rotated at (a) 45 (b) 75 (c) 105 and (d) 135 degrees



Figure 2 shows the appearance of the turned page. In this model, the right edge
of the page is lifted ahead of the plane, making the page appear rather rigid. This
model is suitable to define how the page looks when the turning path is parallel to
the X axis. It has been used by 3D book visualiser to simulate the appearance of
the page when a wodge of pages is being turned [4].

3 Conical model

Readers seldom turn a page with a path that is parallel to the X axis. They
generally lift the corner of the page and turn it diagonally upward until it reaches
the page midpoint, then diagonally downward from the midpoint onwards. Thus,
only the grabbed corner should be lifted ahead of the mesh. To achieve this, Card
et al. use a conical model instead of a cylindrical model [6]. The page turning
mechanism of this model is similar to the cylindrical model except that it uses a
cone instead of a cylinder. The shape of the cone is defined by its angle θ and its
apex location A = (0, Ay, 0). Different page curves can be obtained by varying
these values.
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Fig. 3. Wrapping a page around
a cone

Initially, θ = 90◦ and the turned page ap-
pears flat on the plane. As the page is turned,
we gradually reduce the value of θ and move
the cone apex down the Y axis. The lower right
corner of the page will be lifted up ahead of the
rest of the page. Once the rotation angle φ is
greater than 90◦, the values of θ and Ay are
gradually increased. The page curve flattens as
φ heads toward 180◦.

Due to the nature of the cone, for a point
P = (Px, Py, 0) on the mesh, we want to map
the arc SP . S = (0, Sy, 0) is the point of in-
tersection between the Y axis and the circle
whose radius is equal to to the length of the
line AP , as shown in Figure 3. Let us denote
T = (Tx, Ty, Tz) as the point where P maps to
on the cone. Similar to the cylindrical model, a
circular cross section that is parallel to the base
of the cone and goes through point T will also
goes through S, and so the length of the arc SP
will also be equal to the length of the arc ST . Given the angle β between point T ,
the centre of the cross section and point S, T can be obtained by first rotating S
around the line (X = 0, Z = r) with an angle of β to S′ = (S′

x, S′
y, S′

z), followed
by a rotation around the line (Y = Sy, Z = 0) by an angle of θ. The radius of the
circle (r) at each cross section is varied, and so the deformed page is defined by
computing where each point of the mesh maps onto the cone. The complexity of
the algorithm is in the order of O(n2).

Although the curling effect of the turned page (as shown in Figure 2 and Fig-
ure 4) looks sufficiently realistic, in both the cylindrical and conical models, readers
do not have any control on how the page is turned. Users are only able to specify



which side of the book the page should be turned to. A reader cannot state how
high the corner of the page should be lifted up from the plane or where the corner
of the page should move to.

(a) (b) (c) (d)

Fig. 4. Page rotated at (a) 45 (b) 75 (c) 105 and (d) 135 degrees

4 Peeling

As shown in Figure 5, this techniques computes in real time how the page would
look when turned if a page was creased flat in two dimensions, and adds visual
details to simulate a three-dimensional bend instead of a sharp crease. This method
was first proposed by Beaudouin-Lafon to handle overlapping windows [7], and it
is now widely used to simulate a page turning effect of a two-dimensional book
constructed using Macromedia Flash [8]. Unlike the cylindrical and conical model,
readers have the flexibility to define path of the page as it turns. By implementing
it in a three-dimensional environment, a user also has the ability to state how high
the corner should be lifted upwards.

(a) (b) (c) (d)

Fig. 5. Page turning using the peeling effect

This technique involves partitioning the page into three sections: the visible
part of the page being turned, the part of the other side of the page that the turn
has made visible and the part of the page underneath that has been revealed. These
regions are shaded differently in Figure 6. The initial position of the page is the
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Fig. 6. The position of the creased page
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Fig. 7. Mapped position of the mouse

rectangle ABCD, and the act of turning has moved the lower right corner C to
position P . The region made visible by the turn is the creased polygon PQRS.
While the area revealed, defined by the polygon SRBC, is a reflection of the
creased polygon. The location of points Q, R and S are calculated based on the
location of point P .

The page-turning point P cannot be moved freely: the paper imposes a physical
constraint on where it can be, for the distance PS cannot exceed the length of CD.
This constrains P to lie within the circle shown in Figure 7. This means that the
reader cannot move the lower left corner of the page outside the circle shown in
Figure 7, because that would cause the page to be torn from the book. In our
implementation, if the mouse moves outside the circle (say to position P m) it is
mapped to a point P on the arc of the circle.
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(b)

Fig. 8. The appearance of the page: (a) when R intersects BC (b) when R intersects AB.



To calculate the creased section of the page, first we compute the crease line
N that is the perpendicular bisector of the line PC. Points S and T are the
intersection points of the crease line with the bottom and the right edges of the
paper. If T is located below the point B, as shown in Figure 8(a), the position of
points Q and R is equal to T , and the creased polygon is defined by the triangle
PRS. Figure 8(b) showed the appearance of the creased section when T is located
above B. Point R is where the line N intersects the top edge AB. Point Q is
obtained by drawing a line from corner B parallel to CP , and noting where it
intersects the line PT—effectively ensuring that the crease line is a perpendicular
bisector of line QB as well as of PC. The creased section is the quadrilateral
PQRS.

Although this peeling effect is designed to be used in two dimensional environ-
ment, the bending appearance of the page can be simulated by adding a Z value
to each of the point, displayed in Figure 9, and by utilizing a simple spline func-
tion to make the bend look curvaceous instead of like a sharp crease. Like a page,
the creased area is now smaller than the polygon SRBC to compensate for the
translation in the Z direction. Without the spline function, the complexity of this
technique is constant. With the spline function it is in the order of O(n2).

(a) (b) (c) (d)

Fig. 9. A page being turned to various points

5 Conclusion

Page turning is a common and important navigation feature of a physical book.
In many electronic book systems this interaction is simplified by clicking a nav-
igation button. Though clicking a button is efficient, readers briefly lose contact
with the text and the navigation becomes interruptive. Recently, many research
projects propose different page turning mechanisms with various degrees of realism
and interactivity in an attempt to preserve the physicality of the page turning. In
this paper we have presented and implemented three page turning techniques—
cylindrical, conical, and peeling—that are sufficiently realistic, scalable and com-
putable in real time. The implemented page turner is still in prototype form and
requires more work to make the simulation appear more realistic and intuitive for
the users. The current form is sufficient for highlighting the main features of each
technique.



The turned page wrapped in a cylinder looks rigid, and it is suitable to simu-
late the appearance of a page when it is turned parallel to the X axis. In three-
dimensional environment, this model uses the least computational resources. The
conical model is suitable to simulate how the page looks when it is turned diag-
onally. By combining these models, we can achieve a more realistic page turning
where a reader can either turn the page horizontally or diagonally. Because the
turning path in cylindrical and conical model is pre-defined, the peeling technique
is the most interactive model. Users can state the turning path of the page and
how high the page is being lifted upwards. Its computational resources are depen-
dent on the spline function used to create the curvaceous appearance of the page.
Without the use of the spline function, it uses less computational resources than
the cylindrical model. This peeling technique can be used to simulate the page
turning for both two and three dimensional digital books. Using a 9×9 page mesh,
the page turning speed for each model is about 60 frames per second. For a com-
parison, PAL (a color encoding system used by New Zealand’s broadcast television
systems) displays pictures at a rate of 24 frames per second [9].

Even though we have achieved an adequate mechanism to allow people to turn
the page of electronic books in the same way as paper books, it is still a question
whether they gain significant advantages by turning the pages in this manner over
the conventional way—scrolling or clicking navigational buttons. In the future we
plan to conduct some usability studies to evaluate the effectiveness of the page
turning navigation over the conventional navigation.
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