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Evaluation of 3D Shapes of Ceramics for the Determination
of Manufacturing Techniques

Abstract: Motivated by the requirements of today’s archaeologists we are developing a system for the docu-
mentation of daily finds of excavations using 3D acquisition. The most widespread finds are fragments of
ceramics called sherds. We have shown in previous work the acquisition and documentation of these sherds
using 3D scanners based on the principle of structured light. The traditional documentation of sherds is
based on the extraction of the profile line, which is a horizontal intersection through the orientated sherd.
Our system automatically estimates the profile line by use of computerized methods inspired by traditional
archaeological work. Based on the methods used for estimation of the profile line, we demonstrate a method
for determination of ancient manufacturing techniques, which is important to determine the technological
advancement of an ancient culture. As ceramics were generally manufactured on rotational plates, the pro-
file line is theoretically identical for a complete (symmetric) vessel. Due to the manufacturing technique the
symmetry is broken and therefore we can determine it by estimating the variances of the shape of the profile
line. For the proposed method we use complete vessels, because sherds of excavations of living places have
been dumped and re-used as filling material for floors and walls. Therefore sherds virtually never reassem-
ble a complete vessel and therefore no real ground truth is known. As archaeologists are also excavating
burial places where individual unbroken ceramics or complete sets of sherds are found, our method can be
applied on, but is not limited to, individual vessels. Results for traditionally manufactured new vessels and
ancient vessels acquired during our field trip to the excavations in the valley of Palpa, Peru are given and

the applicability of the method in archaeology is shown.

Introduction

Documentation of ceramics is a main task in archae-
ology, because ceramics are the most common finds,
used and produced in large numbers by humans
for several thousands of years. Archaeologists use
analysis of ceramics (LEuTE 1987) on a daily basis to
reveal information about the age, trading relations,
advancements in technology, art, politics, religion
and many other details of ancient cultures.
Therefore we are developing an automated sys-
tem for ceramics documentation to help archaeolo-
gists document their finds in an efficientand accurate
way, which can be used for further (computerized)
research. The basis of documentation of ceramics is
a manually drawn horizontal intersection, which is
called the profile line (LEute 1987). The profile line
is the longest elongation around — or cross-section
through — the wall of a ceramic defined by its rota-
tional axis (axis of symmetry). The term rotational
axis relates to the fact that rotational wheels (plates)
have been used for thousands of years for manu-
facturing ceramics. This assumption can be made
especially, but not only for daily finds on archaeo-

logical excavations. Therefore we have based our
work on the rotational axis to orient a ceramic or
its fragment to estimate the profile line as is done
manually by drawings. This work presents process-
ing of 3D models of ceramics beyond estimating
the profile line, because experiments for estima-
tion of multiple profile lines at random positions of
unbroken ceramics have shown notable deviations
(> 1 mm), leading to quality criteria for classifica-
tion and determination of manufacturing tech-
niques, which is another important question for ar-
chaeologists. This question is of even more interest
for the Americas where — unlike the Mediterranean
Area — no written sources about vanished civiliza-
tions exist.

As the ceramics are found in tens of thousands at
virtually every excavation, these drawings require
a lot of time, skill and manpower of experts. There-
fore we are assisting archaeologists in interdiscipli-
nary projects (KaMPEL / SABLATNIG 1999) by using an
automated system for acquisition and documenta-
tion of ceramics using a 3D scanner based on the
principle of structured light (DEP1ERO / TRIVEDI 1996;
Liska 1999).
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First we describe the acquisition process of
ceramics, followed by the description of the
symmetry analysis including results of synthetic
and real ceramics. Finally a summary and an out-
look is given.

Acquisition

The challenging tasks for developing a documenta-
tion system for archaeology are to build a system
which is accurate, portable, inexpensive, easy-to-
use and robust for all kinds of climate, which can
range from desert to jungle to arctic. This means
technologies like computer tomography and other
laboratory equipment are often unsuitable for the
daily work of archaeologists - especially not for ce-
ramics. As photography has already proven its re-
liability for archaeology, we chose to use a camera
and a light-source for 3D-acquisition. For recent
work we use 3D scanners from the Konica-Minolta
Vivid product range (Mara 2003; Mara / HECHT IN
PRESS), because of their resolution (< 0.1 mm), which
meets the requirements given by archaeologists for
their documentation. Fig. 1(a) shows one of the ves-
sels acquired and Fig. 1(b) shows a manual drawing
of a profile line. Fig. 1(c, d) shows the setup of our 3D
scanner from recent experiments at the excavations
in the valley of Palpa, Peru (RENDEL /Ista 2001).
Fig. 1(c) shows the triangulation principle (Mara
2003) using a laser (bottom) and a camera (top) with
a known distance and orientation. Additionally the
turntable — also shown in this figure — is used to get
a complete 3D model of the ceramic. The number of
3D scans depends on the complexity of the ceramic
and typically ranges from two scans for sherds up to
eight scans for vessels. The 3D scans are registered
using the method proposed by Tosovic (2002) to
reassemble a complete 3D model.

After the registration, noise from dust and other
objects like holding devices (e.g. clamps or plasti-
cine) are removed from the 3D model. Then the ori-
entation is estimated based on the assumption that
ceramics are rotationally symmetric objects (Mara
2003), because they were generally manufactured
on rotational plates. The principle of our orientation
method is fitting of circle templates (GANDER / GoL-
UB / STREBEL 1994). In comparison to other computer-
ized, but manual methods (MELERO ET AL. 2004) our
orientation method can be used fully- and semi-
automatically (LETTNER ET AL. 2006). Furthermore
our system is capable to store the 3D model and
further archaeological information (e.g. description,
photographs, etc.) in a database. For solving the
puzzling problems of other — typically industrially
manufactured — rotational objects, other methods
(PortMANN / RANDRUP  1998; WiLLis 2004; ORRIOLS
2004) can be applied. Once an orientated 3D model
is obtained, a vertical cross-section is estimated us-
ing the point of maximum height of the 3D model.
This cross-section is the so-called profile line, which
concludes the traditional archaeological documen-
tation. Fig. 4 shows a result for an automatically
estimated profile line.

Symmetry Analysis

As such a rather simple two-dimensional profile
line — as shown in Fig. 4 — does not reflect any in-
formation about the manufacturing quality leading
to the manufacturing technique, we decided to en-
hance our system by giving the archaeologists a tool
to gather further information about the acquired 3D
model. Even though the Nasca ceramics may not
have been produced on rotational plates — as as-
sumed by our method — the estimation of the profile
line is possible. But like manual orientation, varia-
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Fig. 1. (a) Photograph of vessel 2801-V3 and its twin found near Palpa, Peru and (b) a manual drawing (CARMICHAEL
1986) of a vessel having the same shape. (c) Konica-Minolta Vi-9i 3D-scanner projecting a laser plane (bottom arrow) onto
a sherd, while the camera (top) acquires the projection of the laser. Having a well-known distance and orientation of the
laser plane and the field of view of the camera the distance (range) can be estimated. (d) Detail of this setup showing a
sherd mounted with plasticine on the turntable, which is used for controlled acquisition of all sides of an object.
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Fig. 2. Automatically estimated profile lines and frontview of the Nasca sherd 824-157.

tions of the orientation of the profile line take ap-
proximately twice the time than for ceramics manu-
factured using rotational plates.

Therefore we had to investigate the question of
manufacturing technique and quality of the sym-
metry of Nasca vessels to determine these vari-
ations. Furthermore there is an ongoing discus-
sion between archaeologists about the existence of
rotational plates for the manufacture of ceramics
in South America. The general opinion is that in
this region the wheel was not invented, therefore
ceramics were produced without a rotational plate
(CarRMICHAEL 1986); on the other hand there
is evidence that rotational plates were used
(Wieczorek / TELLENBACH 2002).

In general technological advancement is deter-
mined by archaeologists from ceramics which have
been produced either on slow or fast turning rota-
tional plates. As we use structured light as 3D acqui-
sition method, we cannot make assumptions about
the internal structure of a ceramic as others have
(Wieczorek / TELLENBACH 2002), but we can estimate
the surface with a high resolution (0.1 mm). There-
fore we can analyze the symmetry and estimate
features like deviation of real surfaces in respect to
a perfectly symmetrical surface. Such features can
help archaeologists to decide about the technologi-
cal advancements of ancient cultures.

As archaeologists also excavate burial places,
where unbroken ceramics or complete sets of sherds
are found, we are presenting a method to determine
the manufacturing process of ceramics, which re-
veals information about the technological advance-
ment of an ancient culture. Furthermore, this meth-
od can be applied, but is not limited to, unbroken or
reconstructed vessels.

To begin our investigation and answer questions
about the manufacturing process of ceramics, we
chose to use two modern pots which were manufac-
tured in a traditional way. Therefore this data can be
interpreted as mixture between synthetic and real
data, because we used real objects. However, unlike
real archaeological fragments, we know how they
were produced.

In addition, we decided to use the method for
finding the orientation of a sherd (Mara / KampeL
2003). We began with the profile line, which can
be estimated in a similar way to the process used
with sherds. The difference is that for complete ves-
sels the bottom plane can be used for orientation,
because it is the counterpart to the rotational plate,
which defines the (orthogonal) axis of rotation.

We estimated multiple profile lines, which can be
overlaid by transforming them into the same coor-
dinate system, where the y-axis equals the rotational
axis. Therefore the distance between profile lines can
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Fig. 3. (a, ¢) Longest profile lines and (b, d) multiple profile lines of modern ceramics, manufactured in a traditional way,
which are supposed to be identical.
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be estimated. Fig. 3 shows the longest profile line
and multiple profile lines combined with the side-
view, as archaeologists show such vessels in their
documentation. In the case of the multiple profile
lines, we have estimated that the distance between
the profile lines differs and therefore these pots and
their profile lines are unique. The maximum dis-
tance between two profile lines of the first pot was
9.8 mm, whereas for the second pot it was 21.2 mm.

In the multiple profile lines shown in Fig. 3(b, d),
the distance between profile lines, measured paral-
lel to the x-axis, is not equal. If the profile lines were

(fragments). The estimation of the axis is shown
in Fig. 4(b, d). The numeric results for the axis are
that they have a minimum distance of 4 mm to-
wards each other and to the axis defined by the
bottom plane. Furthermore the angles between
the axes differ between 5° and 7°.

Using the rotational axis of the lower and upper
fragment, we repeated the estimation of the pro-
file lines, which are shown in Fig. 5. The maximum
distance between the profile line are 7 mm for the
upper and 2 mm for the lower part. Therefore the
first conclusion is that the upper and lower parts
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Fig. 4. (a, ¢) Top-view and (b, d) side-view of the horizontal cross-sections — the level of darkness corresponds to the
height. The axis of rotation for the lower and upper part is shown as a black line, defined by the centres of the concentric
circles (shown as dots).

parallel, this would mean that the pots have an el-
liptic (horizontal) cross-section. As it appears, the
asymmetry is more complex. Therefore, we chose to
analyze the pots slice-by-slice along the rotational
axis, presumed as orthogonal to the bottom plane.

Fig. 4 (a, ¢) shows horizontal intersections, which
have been applied with a distance of 10 mm along
the rotational axis. The distance of 10 mm corre-
sponds to the manufacturing process, which has
left traces in the form of rills as seen along the right
hand sides of Fig. 3(b, d). These rills are spaced
10 mm apart, which corresponds to the width of the
finger or tool used to “grow” the pot along the axis
of the rotational plate. The intersections at 160 mm
and 170 mm in height have been discarded, as they
intersect the ”shoulder” of the pot with a very low
angle (< 5°), resulting in an intersection having a
non-representative, random curvature.

Dividing ceramics into sections by characteristic
points (like the “shoulder”)is carried outby archae-
ologists for classification. Therefore we chose to
analyze the object segmented into a lower and an
upper part. This means we have two fragments
where axis estimation can be applied as for sherds

do have a different axis of rotation, which means
that these parts have been produced separately
and combined without the use of the rotational
plate.

We can conclude that, based on the different
deviation of the multiple profile lines shown in
Fig. 5, the upper part is of lesser quality than
the lower part. This leads to the conclusion that
these parts have been made by potters with dif-
ferent experience and/or on a slower rotational
plate. Conversely, the deviation in the upper part
of up to 7 mm compared to less than 2 mm of the
lower part shows that a faster turning rotational
plate has been used and that more experience was
required for manufacturing the upper part.

From the differing angle between the axis of ro-
tation based on the bottom plane compared to the
axis of rotation of the upper and lower fragment,
we can conclude that either the bottom has been
post-worked or the pot was contorted before be-
ing fired in the oven.

Even when correcting the axis for the parts of
the object, the horizontal intersections are not
perfectly circular. The horizontal intersections
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Fig. 5. Axis of rotation and multiple profile lines of the upper part (a, e), lower part (¢, g) and (b, d, f, h) the longest profile
lines of the parts of the objects.

are elliptic. Therefore we estimated the direc-
tion of the major and minor axis of the ellipses.
We estimated that the minor axis has the same
direction as the orientation of the handle. This
means that the symmetry of the pots was broken,
when the handle was attached and the pots were
still wet. Fig. 6 show the pots intersected by a
plane defined by the centre of gravity of the pot
and the direction of the major axis of the ellipses.
The angle between the minor axis and the handle
of the pot was 7° and 14° for the second pot. Fur-
thermore Fig. 6 shows an example from the exca-
vations in the valley of Palpa, Peru.

We additionally conclude that the ellipses fit-
ted (GANDER ET AL. 1994) to the horizontal cross-
sections can be used as an additional feature.
Therefore the distance between the foci of the
ellipse is estimated. Ceramics with a distance con-

verging towards zero (circular cross-sections) are
of higher quality.

The proposed method has also been tested on
17 real vessels (Mara 2006) dated to the Nasca pe-
riod (CarMICHAEL 1986), which were found in the
valley of Palpa, Peru (RemDEL 2001). Therefore we
could separate these vessels into three classes de-
termined by the symmetry. The vessels (60%) of
two of these three classes were not produced on
rotational plates. Beside this information — answer
to the question of the manufacturing technique —
about the use of rotational plates in South Amer-
ica, this classification is used by archaeologists
of the German Archaeological Institute (DAI/
KAAK, Bonn) for refinement of their classification
schemes.
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Fig. 6. Planes of symmetry of the (a) first and (b) second object. (c) frontview and topview of the horizontal intersection
with plane of symmetry of vessel 2827-V1 found in the valley of Palpa, Peru.
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Summary and Outlook

Summarizing the presented work, we can conclude
that symmetry analysis can and will be used to esti-
mate quality features of Nasca ceramics and related
ceramics for classification and archaeometry (LEUTE
1987). Furthermore it can be used to approximate
a ground truth and therefore estimate possible vari-
ations of the orientation of the profile line for man-
ual drawings and automatically estimated profile
lines. Meanwhile for the automated profiles we can
estimate the expected error of ceramics which might
not have been manufactured on rotational plates.
Finally, we can conclude that symmetry analysis
can reveal detailed information of the manufac-
turing process, such as quality requirements and
production steps of ancient ceramics.

Beside the improvement of existing methods for
3D vision, another important work has recently be-
gun to ensure the intellectual integrity, reliability,
transparency, documentation, standards, sustain-
ability and accessibility of the information gathered
by the increasing use of 3D scanners. Therefore we
are adopting The London Charter (BeacHam/ DEN-
ARD / Niccoruccr 2006), which will be a future stand-
ard for the use of 3D vision within Cultural Heritage.
For future work we will combine the methodologies
for coins and ceramics to achieve a more generic sys-
tem to retrieve stolen ceramics and to document and
manage coins within digital libraries. Furthermore
the methods used to retrieve stolen finds will also
be used to reveal new knowledge hidden within the
tremendous amounts of finds using features of their
surfaces.
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