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Abstract

During archaeological excavations, one of the most time consuming stages is the
treatment of the great number of pottery sherds found on the site (labelling, drawing,
measuring and classifying as related to the known object models). This step is also the
most difficult one because it requires an extended knowledge of the characteristics of
the already identified object models that can be found on a given archaeological site.
As digitalization techniques have become financially reachable, new computerized so-
lutions to this problem can help the archaeologists. We present in this paper a matching
method between a sherd and a shape model, based on one hand on the use of Implicit
Surfaces to obtain a distance metric and on the other hand on Genetic Algorithms in
order to find the best possible position, relatively to the previous distance measure.
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1 Introduction

The studied ceramics aresigillées potter-
ies manufactured in the sites of La Graufe-
senque or Montans, both situated in the South
of France (Gallo-Roman province). These
ceramics were made during the two first
centuries of our era, in relatively standard-
ized manner (one oven contained over 40,000
pieces)[2, 14]. These objects were obtained by
molding or turning, and are assimilated to rev-
olution shapes. A revolution object is totally
defined by its axis of symmetry and its pro-
file. The archaeologists represent all pots as in
Figure 1.

Figure 1: The Drag 27 drawn with aconformateur. To
the left the profile line and to the right the outside sur-
face of the pottery, the line of separation between both
sights is the axis of rotation.

During archaeological excavations, a great
quantity of pottery sherds are found, as this
material has been preserved and didn’t attract
robbers. The archaeologists then start a long
routine work. They have to label the sherds,
represent them by a two dimensional draw-
ing and take different measures (height, diam-
eter, thickness, etc.)[15]. Then, they have to
classify each sherd in order to find the shape
it comes from, consulting voluminous paper
catalogs which reference the identified shape
models. This research stage is not documented
because it is only performed from the gained

knowledge of archaeologists, thanks to their
field experience. This explains why it takes
from one to six hours minimum to match each
fragment.

In the framework of a project named
SIAMA1 a collaboration2 has been initiated
between the UTAH archaeologists team3 and
the SIRV team4. The goal of this project is
to study the contribution of three dimensions
imaging to the description, archiving and dif-
fusion of archaeological data. Therefore the
UTAH team has been equipped with a 3D
scanner5 used to build up a database of entire
digitalized objects.

First, this database is used by the archaeolo-
gists to have a distant access to the studied ob-
jects (the 3D visualization of an object is more
evocative than the two dimensional sketching
that they usually have at their disposal).

The objects contained in the database con-
stitute the shape models tested during the au-
tomatic matching process of the sherds.

Thus, we have at our disposal a 3D triangu-
lar mesh of each digitalized object from which
we can extract some suitable shape features
(axis of symmetry and profile curve) that are
added to the database.

The digitalization of the sherds to be
matched with the shape models will allow us
to obtain a geometrical characterization used
during the search.

The difficulty lies in the lack of information
on the orientation of the fragments that have
no characteristic component (a piece of rim or
base, presence of grooves, etc.).

For our study, we have: a nomenclature of
shapes[5, 4, 12], a database of complete ob-
jects and digitalized sherds.

1Syst̀eme d’Imagerie et d’Analyse du Mobilier Archéologique
2Following a call for tenders of the CNRS
3http://www.univ-tlse2.fr/rech/equipes/utah.html
4http://www.irit.fr/recherches/SIRV/SIRV.frame.shtml
5KONICA-MINOLTA VI-910, http://www.minolta-3d.com/



Figure 2: Displacement of a fragment with regard to a
2D model.

From this database we offer to provide the
best possible match, or in most cases shape
models which present the best probabilities of
matching with a fragment.

Our approach is based on the exploration of
a solution space constituted by all the posi-
tions that a fragment can take, relatively to a
tested shape model, see Figure 2. To achieve
this exploration, we first need a technique to
evaluate the distance between a particular po-
sition of the fragment and the tested model.
Then we use genetic algorithms in order to de-
termine an optimum position of the fragment.
This search is based on the previous computa-
tion of the distance so as to evaluate the quality
of the fragment’s matching.

In the next part, we are going to present
some methods which have been used to solve
similar problems. Then in section 3, we will
present and detail our approach, followed by
our results in section 4. Finally, we will con-
clude and give future ways of research in order
to improve our results in section 5.

2 State of the art

Using the computational power of comput-
ers in a discipline such as archaeology and
more particularly ceramology is not a recent
idea. Many projects tried these last years to

relieve the archaeologists of repetitive and fas-
tidious tasks.

The researchers were initially interested in
the estimation of the principal characteris-
tics of the potteries, namely the axis of ro-
tation and the profile, by using either an al-
gebraic model of the surface[26], or an ap-
proach based on the spheres of curvatures[3],
even with a method inspired of the Hough
transformation[27, 9], or even with a multi-
step optimization technique using notably M-
estimators, circle and line fitting[7, 8].

Schurmans et al, extract geometrical charac-
teristics (points or areas) from the 3D model
and the profile of the studied shapes[22], so
as to classify the potteries, study their unifor-
mity and standardization[23]. They create an
extensible model of a numerical library rep-
resenting this classification in order to allow
analysis, visualization, and diffusion of these
potteries[18], using an XML6 schema. A mea-
surement of distance based on the curvatures
of the external profiles of the pots permits the
search of an object in the database[6].

Sablatnig et al, use an automatic segmen-
tation of the profiles[11] and represent the
database as a graph according to a description
language. Then, they carry out a classifica-
tion by applying a measurement of similarity
on this graph[20].

Some works take aim at the reconstruction
of potteries from their fragments. A first ap-
proach associates two fragments at a time by
aligning the curves of fractures[10]. An other
approach uses a Bayesian method to reconsti-
tute an entire object[24, 25].

Contrary to all those which want to con-
ceive entirely automated systems, Melero[16]
developed a semi-automatic system that uses
genetic algorithms to carry out classification
of potteries using rim-fragments, by mimick-

6eXtentible Markup Language (XML) 1.0,
http://www.w3.org/TR/REC-xml



ing the method of the archaeologists (orien-
tation, diameter estimation, profile extraction,
drawing of the fragment, additional measure-
ments). Using genetic algorithms permits a
flexible approach adapted to the noise pro-
duced by the digitalization of the objects.

One can see that except [20] that proposes
a measure of similarity on a graph in order
to carry out pairings between parts of frag-
ments, and [6] who proposes a distance based
on the curvatures of the profiles without using
it, there were really no works concerning this
stage of “fragment - whole object” matching.
This is the problem we propose a solution for
in this article.

3 Our works

We are going to present the resolution
method that we have chosen in order to con-
ceive a matching tool beetween fragments
and whole objects ofsigilléespotteries. We
also detail the way we have implemented this
model.

3.1 3D Acquisition

The studied potteries are digitalized thanks
to the VI-910 of the UTAH team. They sup-
ply us with a battery of files containing the 3D
triangulated meshes representing potteries and
their associated profiles7 on which we will ap-
ply our matching model.

3.2 Obtaining profiles

We have seen in section 1, that the determi-
nation of the rotational axis and the profile of
the pot, which is a revolution object, is suffi-
cient to completely describe it. We have also
listed automatic and semi automatic methods,

7File formats : Wavefront OBJ, VRML, IGES ASCII, Maya
ASCII et STL.

that extract those two characteristics, in sec-
tion 2.

For our matching tool, we also need a tech-
nique to automatically extract the representa-
tive profiles from the shape models, as well as
from the fragments.

3.2.1 Profile of an object model

For the database, we fix the position and the
orientation of each 3D object so as to put its
base on the(x, y) plane and to align its axis of
rotation with thez axis. From this, we obtain
a profile by carrying out a vertical cut of the
object with a plane passing through thez axis
and perpendicular to the(x, y) plane. This is
directly done under Maya8.

3.2.2 Profile of a fragment

For the fragments, the major problem is to
specify their orientation. This is a non trivial
problem because a great number of fragments
have no determining characteristics (a piece of
rim or base, presence of external or interior
grooves due to handling during the molding of
the object before cooking, a more important
quantity of material in one of the ends of the
object).

Most methods that we have studied, in sec-
tion 2, first try to determine the axis of symme-
try corresponding to a fragment in order to find
its orientation, without taking account of pos-
sible specific characteristics. Then, they ex-
tract the profile curve. The results obtained by
these methods show that this is not sufficient
to obtain the right axis and profile.

We propose an incremental approach for ex-
tracting profiles from the fragments based on
the archaeologists knowledge and on the study
of the previous works. This approach depends
initially on the presence or not of edges, then

8http://www.alias.com



of various determining characteristics of ce-
ramics like grooves or thickness variation.

Edge presence: If the fragment owns a part
of the rim, we align it relatively to a plane
parallel with the(x, y) one so that its axis
of rotation is parallel to thez axis. We do
the same for fragments which own a part of
the base. Then, we carry out several verti-
cal cuts with planes passing through the rota-
tional axis, and we keep only the longest pro-
file, generally considered as the most repre-
sentative one9. Then we dispose of a closed
boundary that will be used in order to evalu-
ate an estimation of the matching between the
fragment and the object models.

Absence of edges on the fragments: When there
are no edges, we have to calculate an axis of
rotation of the fragment, passing by its center
of gravity or its geodesic center, then we fix
a step of rotation and generate cutting planes
that will enable us to have a sampling of pro-
files, see Figure 3.

First case: The fragments have grooves, ei-
ther external on the turned pots, or interior on
the molded ones. Thus, based on the curva-
tures of our profiles we can limit the number
of possible profiles, and even find directly the
good orientation of the fragment.

9The profile of a directed fragment is supposed to be the longest
outline, parallel with the axis of rotation. The outline being the in-
tersection of the fragment and a vertical plane passing by the axis of
rotation. The profile is thus calculated as follows:

• We calculate the width of the fragment and we decide the num-
berN of intersecting planes that have to be used to estimate the
profile.

• We select the closest points to the plane as candidates for the
profile.

• We compute the distanceZmax − Zmin for each profile.

• We select the longest profile.

Figure 3: Multiple cutting planes.

Second case: We saw that the thickness of
the profile is more significant at the base of the
majority of pots: one object can be classified
as a thinned one or a thickened one according
to the variation of the thickness of its wall. We
can then detect two possible orientations for
a fragment by testing its thickness for various
orientations.

Third case: We have no information allow-
ing us to determine the good orientation of the
fragment.

• From the extraction of some geometrical
parameters, we compute the axis of rota-
tion of the fragment. This will enable us to
orientate the sherd and extract its profile.

• Finally, we seek the longest profile among
the profiles obtained from the fragment.

3.3 Representation of the profiles and cal-
culation of the “fragment - object
model” distance

The profiles are extracted as B-Splines
curves sampled to obtain a vector of 2D points.
We can thus change the precision of our con-
tour by varying the number of samples.



To compare the profiles, it is necessary to
have a distance measure that gives the quality
of matching between two profiles (one from
a sherd and the other from an object model).
To compute such a distance, we searched an
approach enabling us to dispose of a distance
field for each object model’s profile. This dis-
tance field allows us to have a pairing mea-
sure between a fragment and an object model.
Then we chose to base our distance compu-
tation on works previously carried out within
our team concerning implicit surfaces[1]. For
each object model’s profile an implicit surface
defines an associated distance field. The field
generated by the implicit surface being a 3D
field, in future works, this method could be ex-
tended to match fragments and object models
without using the associated profile curves.

Consequently, we adopt two different rep-
resentations for the profiles whether they are
from shape models or from fragments.

3.3.1 Profile of an object model

We represent the profile of a shape model by
its associated implicit function. We use a tech-
nique, developed by Anca Alexe[1], which
computes the implicit function representing
a 3D shape, extrapolated from a 2D closed
boundary. To apply this technique and obtain
the implicit function that evaluates the mem-
bership of a point to the profile thus repre-
sented, three stages are necessary:

1. Make a Delauney Triangulation of the sur-
face delimited by the profile curve,

2. Extract and store the skeleton using the
Chordal Axis Transform[17],

3. Using the skeleton, generate the corre-
sponding implicit surface that best fits the
profile, see Figure 4.

Figure 4: Entire profile→ Skeleton→ Implicit surface.

This technique enables us to obtain an im-
plicit function ( f (x, y, z) ) that fits the ini-
tial profile. This function can be seen as a 3D
extrapolation of the profile of a shape model.
The advantage of having an implicit function
is the possibility to apply the function to a
point and then to deduce the position of this
point relatively to the surface defined by the
function:

• f(p) < 0.5 if the point is outside,

• f(p) = 0.5 if the point is on surface,

• f(p) > 0.5 if the point is inside.

As said before, the implicit function defines a
potential field and for a given value we obtain
an iso-surface which delimits a volume. The
Figure 5 shows various iso-surfaces obtained
(their projection in the secant plane), relatively
to the values chosen in the potential field, all
around the profiles10.

3.3.2 Profile of a fragment

We keep the previous representation for frag-
ment profiles (namely a vector of 2D points),
see Figure 6.

10Code of the colors: f(p) == 0.0 red, 0.< f(p) < 0.5 orange, 0.5
< f(p) < 1. yellow, 1. < f(p) < 1.5 green, 1.5< f(p) < 2. cyan, 2.
< f(p) < 2.5 blue, 2.5< f(p) magenta.



Figure 5: Potential field for the profile of the digitalized
object, a Drag 27.

Figure 6: Visualization of a profile in an IGES file.

3.3.3 Relative positioning “fragment - object
model”

To evaluate the distance between a fragment
and an object model, the fragment must be po-
sitioned relatively to the object model. In sec-
tion 2, we saw that the computation of the axis
of rotation allows to restrict the choices of the
orientation of a fragment. So the fragment is
vertically orientated, but if the characteristics
are not determining, the position of the top and
the bottom of the fragment cannot be automat-
ically deduced and additional tests are neces-
sary.

On the other hand, the orientation of a
fragment, even if it can be made in a non-
ambiguous way, is not enough to position it
relatively to a shape model.

As seen in Figure 2, a fragment can take
several positions relatively to an object model.
We need a method for finding the best solu-
tion (position) in this search space. Even if
genetic algorithms cannot ensure that we ob-
tain a global optimum, they have shown their
efficiency in solving archaeological, and non
archaeological, optimization problems. And
they allow fast treatments and bring flexibility
for dealing with noisy data resulting from the
digitalization of archaeological objects, see
[16, 19].

In our case, a genetic algorithm based ap-
proach allows to seek multiple positions of
a fragment in order to minimize the distance
criterion between this fragment and an object
model.

Our matching algorithm is the following:



Algorithm 1 Matching between a fragment and shape
models.

For the profile of a fragment
for the profile of each object modeldo

Create a population (n sherd positions)
while average fitness changes OR error> min do

Compute fitness of then fragment positions.
Apply operators on the population.

end while
end for

The genetic algorithm population is a set
of chromosomes, each one representing a two
dimensional point (one gene per dimension,
(x, y)). This population is initialized with in-
dividuals belonging to the skeleton of the im-
plicit surface and other points randomly gen-
erated.

The crossover is done by exchanging the
genes of two chromosomes, eg:(x1, y2) and
(x2, y1). Mutation is also carried out on one
gene only, eg: (x, y) becomes(newX, y).
These operators are used with appliance prob-
abilities.

The fitness is the distance between the pro-
file of the fragment in the specified position
and the profile of the object model.

This technique tests a great number of con-
figurations, so as to converge towards the so-
lution representing a good position.

3.3.4 Distance “fragment - object model”

The evaluation of the “fragment - object
model” distance is done by using two comple-
mentary tests to obtain a quality of matching
between a fragment and a complete vessel of
the database.

1. We test a regular sampling of points from
the profile of the fragment, relatively to
the implicit surface of the object model,
to estimate the distribution of these points:
inside, outside or on the implicit surface.

Figure 7: Presentation of the result of the search.

2. Then we test a set of points of the surface
delimited by the profile of the fragment.
In fact, a stochastic sampling of points of
this surface is carried out in order to also
obtain the number of points inside, outside
or on the implicit surface.

For each of these two tests, the result is a
succession of three percentages. The merge of
the two results allowing us to obtain an evalu-
ation of the matching for the tested couples.

The first test determines the zones where
two profiles differ. The second one, compares
the real overlaying of surfaces (the implicit
surface and the surface delimited by the pro-
file of the fragment).

3.3.5 Presentation of the solution

The algorithm must test a fragment with all the
object models of the database and select thek
best matchings. One solution is represented
by an object model with the well positioned
fragment, as in Figure 7.



Figure 8: The Dragendorff 27 and its associated trian-
gular mesh.

4 Results

We have implemented a tool, called
CLAPS11, that allows us to obtain probabili-
ties of matching between a sherd and shape
models. This tool will be a part of an au-
tomatic system of classification of potsherds,
whose purpose will be to simplify the archae-
ologists task.

First of all, we have chosen to work on a
pot named Dragendorff 27, see Figure 8. It
was digitalized with the 3D scanner. We have
extracted its profile, as explained in section
3.2.1, by carrying out a vertical cut on a lo-
cation chosen by an archaeologist. We have
also obtained the implicit surface and the dis-
tance field associated with this profile, using
the method seen in section 3.3.1.

Then, as we had no digitalized sherds, we
simulated them by cutting out the profile of
our Drag 27 in 3 parts (and closing the curves),
see Figure 9.

Then, we have implemented the two tests
of section 3.3.4, namely the evaluation of the
points of the profile, and of points belonging
to the surface delimited by the profile, with
regard to the implicit surface representing the
profile of the shape model, see resulting colors
in Figure 9.

The last step has been the implementation

11Automatic CLassification ofSigilléesPotteries Figure 9: Our fragments and their matching score.



of the genetic algorithm that carries out the
search of a good positioning of a fragment
compared to the object models.

We have then run CLAPS for each fragment
several times (about 60). The table 1 gives
the results of the locations with a population
of 100 individuals. The crossover probability
was fixed at 0.8 and the mutation probability
at 0.1. The given error, in millimeters, is the
distance from the best position found. The di-
mensions of the entire profile are: 4.5cm for
the width and 4cm for the height.

Sherd Good Means False

High 30% 60% (er< 2) 10% (er> 4.5)
Low 60% 40% (er< 0.5)

Central 60% 40% (er< 0.5)

Table 1: Some results of location search.

We see that for the Low and the Central frag-
ments the 40% of “means” solutions are only
0.5 millimeters far from the best (ideal) posi-
tion on an object of 40 millimeters height. The
error equals then 1%, so, results could always
be considered as good matchings for these two
fragments.

For the high fragment, 90% of the results are
good ones with an error smaller than 6% (<
2.5 millimeters). This profile gives the worst
results because of its shape (long and thin)
compared to the Central profile (thick) and to
the Low profile (complex shape). This leads
the high profile to have a high matching score
even in a bad position.

5 Conclusion and perspectives

We have shown in this paper a rather orig-
inal approach allowing to carry out an auto-
matic matching between potsherds and shape
models.

Our current results, with few digitalized ob-

jects, show a certain feasibility. We thus work
with the archeologists team to continue the de-
velopment our database. The digitalization of
twenty other pots has been done by the UTAH
team.

We face some problems of lack of precision
of the archaeological objects, due to the data’s
noise. Figure 10 shows a test that we have car-
ried out to evaluate the relevance of our choice
of a profile on the Drag 27. As we see, the
profiles differ a lot. This indeed confirms the
fact that the stage of extraction of the profile
is crucial and a bad choice can make a good
fragment positioning impossible.

Figure 10: Presence of noise in the triangulated meshes.



The technique of distance computation in-
tegrated in our approach is still currently em-
pirical, because of the use of implicit surfaces
that give apseudodistance field. We are now
working on more robust distance measures to
achieve our matchings.

We have chosen the genetic algorithms to
perform the search, because they have already
been used in our team to solve optimization
problems (notably object layout[21]) and have
shown good results when a solution has to be
found in a huge search space. As the search
space in our current problem is also a huge
one (the size of the data base of object mod-
els is led to quickly grow), we also study other
methods like Meta-Heuristics that are able to
manage complex problems[13].

The goal of our first approach was to show a
certain feasibility. Now we must improve our
tool and for that we have to implement other
search techniques, more precise and reliable.
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pour les ḿethodes de fouille et mode
d’enregistrement des données. Unité
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