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Abstract

A common part of the documentation of archaeological finds is the drawing of so-called rollouts. Rollouts provide
a complete and continuous depiction of graphical elements on the surface of rotation-symmetric objects and are
especially useful for the iconographic interpretation of figurative vase painting.

In the past, rollouts were created either by manual drawing or photographically. We propose a new method to
generate rollouts in which the tedious process of manual drawing or the disadvantage of having to decide on a
specific projection in advance of any photographical process is replaced by the acquisition of a digital coloured
surface model using a structured-light 3D scanner. This model is then used to generate high-quality rollouts with
arbitrary projection parameters.

To handle curved vessel profiles, we divide the vessel’s surface into multiple segments. Each segment is then
approximated with a frustum which serves as a developable auxiliary surface. In the rollout generation process,
the vessel’s surface is projected onto a frustum’s mantle, which is then developed into the image plane. The shape
of each frustum is selected in such a way that projection distortions are minimized, but interrelated graphical
features like figural friezes are still unrolled in one piece. To control distortion effects in rollouts of non-developable
surfaces, we investigated the use of cartographic methods.

A first implementation of our method generates true-to-scale rollouts from meshes provided as PLY files and writes
them to a raster image file. Our program uses off-screen OpenGL in combination with tiled rendering to generate
high-resolution images which are suited for professional printing. Exemplary results from the Austrian Corpus
Vasorum Antiquorum (CVA) project of the Kunsthistorisches Museum Wien (KHM - Museum of Art History in
Vienna) and the Universalmuseum Joanneum Graz (UMJ) are shown.

Categories and Subject Descriptors (according to ACM CCS): 1.3.3 [Computer Graphics]: Picture/Image
Generation—I.3.7 [Computer Graphics]: Three-dimensional Graphics and Realism—I.3.7 [Computer Graphics]:
Color, Shading, Shadowing, and Texture—J.5 [Arts and Humanities]: Fine Arts—

1. Introduction

A common part of the documentation of archaeological finds
is the drawing of so-called rollouts. A rollout is a special
illustration of an approximately rotation-symmetric object
like, for example, a ceramic vessel or a cylinder seal. Roll-
outs show the surface of an object developed into the image
plane and thus provide a complete and continuous depiction
of graphical elements on it (figure 1, 2). Since those do of-
ten extend around the whole outside of an object, they can
never be seen in their full extent when looking at the physi-
cal object itself or at perspective images like (conventional)
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photographs. Due to this nature, rollouts are highly useful as
groundwork for further investigations like the iconographic
interpretation of figurative vase painting [OTV93].

In order to allow an easier understanding of the whole
scene of, for example, an Attic vase-painting, the individ-
ual figures are often arranged side by side on panels (col-
orized copper engravings or colour paintings) since the
18th century (e.g. the publications of the collections of Sir
William Hamilton). At the beginning of the 19th century,
the Viennese Biedermeier painter Peter Fendi unrolled the
figural friezes of the vases of the so-called Kaiserliches

delivered by

-G EUROGRAPHICS
: DIGITAL LIBRARY

www.eg.org diglib.eg.org



http://www.eg.org
http://diglib.eg.org
http://dx.doi.org/10.2312/VAST/VAST10/079-086

80 S. Bechtold & S. Kromker & H. Mara & B. Kratzmiiller / Rollouts of Fine Ware Pottery using High Resolution 3D Meshes

Figure 1: A manually drawn rollout [FRH24].

und Konigliches Miinz- und Antikenkabinett in Vienna as
gouaches [BW97]. Besides mere manual free-hand draw-
ings, tracings were produced (e.g. by Karl Reichhold in Mu-
nich at the beginning of the 20th century), a technique which
was taken over also by John D. Beazley, one of the impor-
tant specialists in the research of Attic figured vase-painting
[vB83]. A clear disadvantage of all these techniques is that
they require frequent direct contact with the vase surface.

Images on cylindrical vase bodies can also be rolled-out
by using photographic techniques. The photos of former so-
called cyclographs [Nob88] and today’s rollout photogra-
phy, a type of peripheral photography, afford a contact-free
projection of the images and present a planar representation
of the object’s characteristics. However, all photographic
techniques share the disadvantage of having to decide on
a specific projection in advance of any photographical pro-
cess. This paper describes a new method to generate rollouts,
based on digital coloured surface models which can be ac-
quired using a structured-light 3D scanner equipped with a
color camera [KMSO06].

2. Frustum-based rollouts

An important quality criterion for rollouts is that the depicted
surface is projected onto the image plane with as little dis-
tortion as possible. Here we run into the problem that sur-
faces which are curved in more than one direction, as they
are common in the shapes of many ceramic vessels, cannot
be developed into the plane without inevitable distortions.
Mathematicians call such surfaces non-developable.

Our approach to solve this problem is to divide the ob-
ject’s surface into a number of separate sections (figure 3).
Each section is then approximated with a frustum which
serves as a developable auxiliary surface. In the rollout gen-
eration process, the vessel’s surface is projected onto a frus-
tum’s mantle, which is then developed into the image plane.
This is essentially the same strategy that is used by artists for
manual drawing of rollouts.

We found that for the vessels which we used to test our
method, about five to seven frustums are sufficient to keep

W

Figure 2: Conical-Frustum-based rollout of a Nasca vessel
(museum copy) [Mar09].

projection distortions at an acceptable level (figure 3). How-
ever, the cost of this strategy is that the rollout is split up
into several separate images which do not fit together at their
borders because of their different projection parameters. As
a consequence, the practicability of this strategy depends not
only on the object’s geometry, but also on its painting and on
the intended purpose of the rollout.

Figure 3: A vessel’s shape can be approximated with sev-
eral frustums which are rolled out separately (KHM Inv.-No.
3602).

2.1. Requirements regarding an object’s geometry and
painting

An obvious requirement for the effective use of section-
wise unrolling is that the object’s shape can be approxi-
mated with frustums or cylinders with sufficient accuracy.
In principle, this is fulfilled by each body which is approx-
imately rotation-symmetric, as long as we do not make any
constraints regarding the maximal number of frustums to
be used. Nevertheless, fragmenting the surface into dozens
of separate images is not appropriate in most cases, since
this would nullify the advantage of rollouts over perspective
views.

This leads to further requirements regarding the object’s
painting: The sectioning should be selected in such a way
that each individual graphical element is located entirely
within a single section. The same applies to groups of in-
terrelated graphical elements which form some sort of se-
mantic unit like, for example, the characters of a figurative
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scene. So in turn, this requirement implies further limitations
to the number of possibilities for the selection of a section.

2.2. The optimal Sectioning

In the case that an object fulfills both of the requirements
discussed above, it is up to the artist to select a reasonable
sectioning. Sometimes, there is no distinct “best* solution,
since the decision may not only depend on quantifiable val-
ues, but also on individual demands and conceptions. Basi-
cally, the user has to decide the following questions:

e Where is it acceptable to split the image in favor of re-
duced distortion?

e Where is the continuity of the rendering of higher priority
than the minimization of distortions?

3. Complementary strategies

While section-wise frustum-based unrolling can be applied
to a large number of objects with very good results, there are
still situations where this strategy fails. An example for such
a case is a vessel where a broad frieze of painting stretches
across a strongly curved section of the vessel’s profile (figure
4). In the following subsections, we present complementary
approaches which might be useful in such cases.

Figure 4: A vessel which is unsuited for rollouts based on
conical frustums (KHM Inv.-No. 3600). The vertical curva-
ture of the surface area which is covered by the figural frieze
makes it impossible to unroll the frieze without noticable dis-
tortion.

3.1. Inspiration from cartography

An almost self-evident idea when dealing with planar projec-
tions of non-developable surfaces is to take a look at meth-
ods used in cartography, since rollouts and world maps share
many similarities. The only real difference - albeit a crit-
ical one - is that for the task of drawing world maps, the
shape of the Earth can normally be assumed as being per-
fectly spherical, which greatly simplifies the work of car-
tographers, while ceramic vessels come in many different
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shapes. Nevertheless, there is a chance that at least a sub-
set of the rich amount of map making knowledge which
has grown over the centuries might be useful for our pur-
pose. Some types of ceramic vessels - like, for example -
greek aryballoi (figure 5) - have almost spherical shapes.
Unrolling the surface of such an object with some sort of
cartographic map projection produces better results than the
frustum-based method (figures 6, 10). While it is impossi-
ble to construct a completely distortion-free projection of a
spherical surface onto the plane, cartographers have learned
how to at least control - to a certain degree - the types of dis-
tortions which are caused by a specific projection [Hos69].
For example, there are projections which do either preserve
angles (conformal) or areas (equal-area), but none which
does both. Other map projections are neither conformal nor
equal-area, but instead equilibrate the different types of dis-
tortions with the goal of keeping their average visible effect
at a minimum. All in all, there are hundreds of map pro-
jections with different properties which might be useful for
making rollouts of archaeological objects. By taking a look
at how cartographic map projections are designed, it is pos-
sible to learn how to construct and improve projections with
specific distortion-controlling properties for arbitrary curved
surfaces as well.

Figure 5: An aryballos (UMJ Inv.-No. 8738). This type of
vessel has an almost spherical shape which makes it a good
candidate for rollouts with cartographic map projections.

3.2. Context-aware corrections

Even if it is not possible to find any global projection which
produces acceptable results, there is still a very simple yet ef-
fective option left, that is manual distortion correction. For
example, imagine a painted scene with two human figures
which is projected onto the plane in such a way that the two
figures are heavily compressed in the vertical direction, mak-
ing them appear unnaturally short and wide. As long as the
width of the empty space between the figures does not carry
any iconographic meaning, one could easily improve the ap-
pearance of this image by reducing the width of the figures.
This way, their original proportions could be re-established.
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Figure 6: Comparison between cylinder projection (a),
equirectangular projection (b) and hand-drawn rollout of the
aryballos depicted in figure 5 (UMJ Inv.-No. 8738, hand-
drawn rollout by Stephan Karl, Graz).

4. Data acqusition and representation

As input data, our rollout generation algorithm requires a
three-dimensional digital surface model, also called a mesh,
of the object which is to be unrolled. The most practical
method to acquire such a model is to capture the object with
a structured-light 3D scanner [MTKZ07]. Since the gener-
ation of rollouts requires a complete model of the object’s
whole surface, multiple scans from different directions must
be acquired for each vessel. These partial models are then
merged (registered) and saved in the Stanford PLY 3D model
file format using an appropriate software package [BR02].

PLY files, as well as many other 3D model file formats,
describe the geometry of an object in form of a list of 3D
points, so-called vertices and a second list of triangles, also
called faces. Each vertex represents a point on the object’s
surface, while the triangles provide a linearly interpolated
description of the surface’s shape and position between these
points. Each vertex is stored in form of two 3D vectors -
one representing its position in space, the other describing
its colour in red, green and blue channels. Each triangle is
defined by a set of three references to the list of vertices -
one for each of the triangle’s corners. The process of decid-
ing which vertices are connected to form a triangle is called
triangulation or meshing. It is done automatically using ap-
propriate software algorithms [HK09], [Fab03]. This kind of

data structure to describe the surface of a three-dimensional
object is called a face-vertex mesh. Our rollout generation
software reads PLY files and works directly on the face-
vertex mesh data structure described above.

5. Geometrical solution

Our process of generating a rollout from a face-vertex-mesh
consists of two steps: In the first step, the mesh is trans-
formed from its original shape to the unrolled shape by pro-
jecting the coordinates of each vertex onto the image plane.
The exact behaviour of this transformation depends on the
rollout parameters defined by the user. In the second step,
the unrolled mesh is rendered into a raster image.

In this section, we explain the computation of frustum-
based rollouts according to the concept described in section
2. It has already been said that this type of rollout is based on
the idea of projecting the original surface onto the mantle of
a frustum, which is then developed into the image plane. We
first explain the development of a complete cone and then
expand this solution to the development of a conical frustum.

Figure 7: A frustum is developed into a circular sector.

5.1. Developing a cone

To describe a cone and its position on the symmetry axis
of the mesh which we want to roll out, three variables are
required: The vertical position of the cone’s base yj,, the base
radius r;, and the vertical position of the tip y;. So, the height
h of the cone is

h=|yp =yl

Height and base radius are used to calculate o, the half of
the cone angle, with

o = atan (%) .

Developing the mantle of a cone onto the plane results in
a so-called circular sector (figure 7), with the height of the
cone’s mantle m being equal to the radius of the circular sec-
tor. This value can be calculated using Pythagoras’ theorem

with
m= @/rl%—l—hz.
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Furthermore, the circumference of the cone’s basis is
equal to the arc length of the circular sector. We call this
length u. The total circumference of the circle in the plane is
called u':

u = 2-7E-}”b

U =2-n-m

The scaling factor for the transformation of the vertex’s
longitudinal angle ¢ from its original position on the cone’s
surface (in cylindrical coordinates) to its position on the cir-
cle (in polar coordinates) is equal to the ratio between the cir-
cumference of the cone’s base and the circumference of the
circle or between the cone’s base radius and mantle height,
respectively. According to this, the first component of the
rollout transformation is

/ u Tp
o =0 o ¢ m

Instead of r;,/m, we can also write sin(o): The cone’s tip,
the centre of the cone’s basis and an arbitrary point on the
edge of the cone’s basis form a right-angled triangle, with
the mantle’s height m being its hypotenuse and the radius of
the base r;, being the opposite leg of the angle o.

The second component of the transformation is con-
structed in a similar fashion. Here too, the scale factor is
a ratio: In this case, it is the ratio between the cone’s height
h and the height of the mantle m, since the distance of a
point from the cone’s tip decides about the distance of the
projected point from the center of the circle. However, this
value cannot be used directly, since the radius of the circle is
equal to the height of the cone’s mantle, which is larger than
the height of the cone. So, the formula to translate the height
hp of a point inside the cone volume to its radius h;, on the
circle is

m
hp = b’r—hp|'ﬁ-

In analogy to the corresponding statement for the first
component of the mapping, we notice that we can write m/h
as 1/cos(a). So, the complete formula to calculate the roll-
out of a cone mantle into a circular sector is

(9'1p) = F@.hp) := (q).sm(a), M) ,

cos(Q)

5.2. Developing a frustum

To define and develop a frustum instead of a complete cone,
the method explained above needs to be slightly modified. In
comparison to a complete cone, the description of a frustum
requires one additional variable - the radius of the frustum’s
other flat end. The vertical position of the frustum’s lower
end is now called yy, its radius is called r;. The values for
the upper end are now called y, and r,. We note that we do
not define which end is the one with the larger, respectively
smaller radius. In our implementation of the algorithm, the
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special case | = rp, which describes a cylinder, is also han-
dled correctly.

Regarding the actual rendering, the only difference be-
tween the rollouts of a complete cone and a frustum is that
all triangles of the mesh which are located between the nar-
row end of the frustum and its imaginary/projected tip are
not drawn. The actual transformation is identical to the for-
mula which has already been explained above. To use this
formula, we need to know «, the half of the cone angle, and
¥t, the position of the cone’s tip. We calculate o with

o= atan (L il ) .
[y2 =1l
The height of the cone’s tip is not directly given, it must

be calculated using the variables which describe the frustum.
The height 4 of the full cone is

_ max(ry,r2)
 tan(a)

Using this value, we get y; with the distinction of two cases:
If | > rp, then y; = y| + h, otherwise y; = y, — h.

5.3. Solving the depth order problem

For the purpose of rollout generation, we are only interested
in an object’s outer appearance. In the case of a ceramic ves-
sel, a mesh which does only represent the outside of the ves-
sel’s wall is not only sufficient, but even desirable, since the
reduced complexity of such a model simplifies and accel-
erates the rollout generation process. However, 3D models
of archaeological objects are often produced to be suitable
for as many scientific purposes as possible. Thus, they usu-
ally represent the object as completely as possible, which,
in the case of ceramic vessels, includes the inside surface as
well. For example, this is required to use the mesh for profile
drawings or volume calculation [SKMO09].

If we want to draw rollouts of vessel meshes which con-
tain the inside of the wall, we must find a way to make
sure that only the outside is drawn. This can be achieved
by taking into account the the object’s geometry during the
drawing process: We need to make sure that along each line
of sight, the pixel which represents the point of the surface
which is closest to the viewer is drawn on top of all others. In
other words, the rollout transformation must fully preserve
the mesh’s spatial information, even though the final prod-
uct, the rollout, is clearly a two-dimensional image.

This is achieved in the following way: Before the rollout
transformation is applied to a vertex, its distance or radius
from the rotational axis of the auxiliary frustum is saved
to a temporary variable. After the x- and y-position of the
transformed vertex on the rollout plane is computed, the
saved distance value is added as an offset to the transformed
vertex’s z-coordinate, which is otherwise zero for all trans-
formed vertices. Doing so, the radial distances of the ver-
tices relative to each other are transferred from the original
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to the unrolled mesh. The result is a three-dimensional roll-
out which allows to distinguish triangles that belong to the
outside of the vessel’s wall from those that belong to the in-
side (figure 8). This enables us to draw rollouts which do
only show those parts of the mesh’s surface that are visible
from the outside.

Figure 8: Oblique view of an unrolled mesh (KHM Inv.-
No. 3618). The thickness of the vessel’s wall is visible at the
border.

6. Implementation

As a proof of concept as well as for early practical use, we
have implemented a command line tool in C++ which uses
the method described in this paper to generate rollouts of
meshes provided in the Stanford PLY file format (ASCII
version). This section introduces the core technologies and
primary features of our program and explains why and how
they were implemented.

The program reads a given PLY file and stores the mesh
data in a simple structure of linked Vertex and Triangle
objects. It calculates and renders the rollout by iterating
through the list of triangles, transforming and drawing one
triangle after the other until the end of the list is reached.

6.1. Hardware-independent OpenGL rendering with
Offscreen Mesa

To render the rollout, our program uses the Offscreen Mesa
(OSMesa) library. OSMesa is a special implementation of
the OpenGL graphics API which, in contrast to more com-
monly used implementations, does not make use of graphics
hardware acceleration and does not send its output to the
computer display. It is a CPU-driven offscreen renderer. As
the rendering target, OSMesa uses a buffer in the computer’s
main memory. After the rendering process is finished, our
program reads the image from this buffer and writes it to an
image file for further processing. For this task, we use the
Freelmage library, which supports reading and writing of a
large number of image file formats like TIF, JPEG, PNG or
PSD [PKO3].

6.2. Generating large images with tiled rendering

One disadvantage of OpenGL for the production of im-
ages suited for high-quality printing is that the maximal

size of the frame buffer is typically limited to a few thou-
sand pixels in width and height. The actual size depends
on the used OpenGL implementation and, if the implemen-
tation is hardware-accelerated, on the used graphics card
model. In Offscreen Mesa, the maximal frame buffer size
is 4096 x 4096 pixels.

To work around this limitation, we use a technique known
as tiled rendering. The idea behind tiled rendering is that
instead of drawing the whole image at once, it is split up
into several smaller tiles, each one not larger than the max-
imal frame buffer dimensions. The image is then drawn tile
by tile, with each tile being copied from the OpenGL frame
buffer to a secondary image buffer before its instance in the
OpenGL frame buffer is overwritten by the rendering of the
next tile. This secondary buffer is allocated independent of
OpenGL and large enough to hold the whole image, which
can now be larger than the OpenGL frame buffer. This tech-
nique allows us to generate images of almost arbitrary size,
only limited by the amount of available memory.

6.3. User-definable prime meridian

In cartography, the prime meridian of a map is the angle of
longitude which a map is centered around. The same concept
can be applied to rollouts. By default, the prime meridian of
a rollout generated by our program is the positive direction
of the x-axis in the original mesh’s Cartesian coordinate sys-
tem. However, our program allows the user to change this.
This feature can be used to move a specific area of interest
to the center of the rollout, or simply to establish a symmetry
of some sort to make the rollout look more aesthetic (figure
9).

Figure 9: A figural frieze from a crater, unrolled with dif-
ferent prime meridians (KHM Inv.-No. 3618).

7. Results

To test our method, we used 3D scans of ceramic ves-
sels from the collections of antiquities of the Kunsthis-
torisches Museum Wien and the Universalmuseum Joan-
neum Graz. The vessels were scanned using a high preci-
sion structured-light 3D scanner (Breuckmann smartSCAN-
3D-HE) [SM92]. Figure 10 shows another example of the
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equirectangular map projection applied to a vessel from the
KHM. Two results of the frustum-based method are shown
in the figures 11, 12. These tests prove that the frustum-based
rollout algorithm produces results which are very similar to
typical manual drawings.

Within the latest CVA project, the rollouts will be taken as
basis for the documentation of so-called preparatory draw-
ings - painted or incised lines which were used to sketch the
figures on the vases before painting them.

(b)

Figure 10: Comparison between cylinder projection (a) and
equirectangular map projection (b) of the figural frieze of the
vessel depicted in figure 4 (KHM Inv.-No. 3600).

8. Outlook

Currently, our rollout generation software is controlled en-
tirely with command line arguments, which is cumbersome
not only for users with a non-technical background. The im-
plementation of a modern, intuitive graphical user interface
(GUI) would greatly increase the program’s value for every-
day use. Such a GUI could provide a three-dimensional view
of the mesh and allow the user to rotate and zoom this view.
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Figure 12: Rollout of the figural frieze of the kylix UMJ Inv.-No. 8648
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