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trilobate spouts found in the cathedral of Amiternum

L Di Angelo!, P Di Stefano', A Forgione?, E. Guardiani', C Pane!

! Department of Industrial and Information Engineering and Economics, University of
L’Aquila, Piazzale Pontieri, 1, 67040 Monteluco di Roio (AQ), ITALY

2 Department of Department of Human Sciences, University of L’ Aquila, Viale Nizza
14, 67100 L'Aquila, ITALY

Email: luca.diangelo@univag.it

Abstract. The traditional manual method of analysis of ceramic finds involves expert operators
in long and routine activities whose results depend on their subjectivity, specialization, and
professional experience. This implies that the analysis of sherds is carried out using few data
affected by high uncertainty. These limitations are even more clear with fragments with small
axially symmetric portions whose elements of the investigation are not axially symmetric, such
as handles, spouts, decorations. In this way both the axis of symmetry of the original object and
the reference planes and/or axes of the characteristic dimensions of the elements are identified
with such approximations as to compromise subsequent analyses and comparisons. To overcome
these limitations, in this paper a new computer-based procedure is proposed. As a case study, the
analysis fragments of jugs/bowls with trilobed spouts found in the site of Amiternum, coming
from 12th-13th century contexts are considered; their analysis is fundamental to analyze the site
where they were found since there is no archival documentation about their use.

1. Introduction

The analysis and classification of archaeological finds, such as pottery, providing a clear indicator of
their use, are a reliable tool for interpreting the context of retrieval [1]. To this end, the shape, size,
decoration, color, and material are analyzed by an experienced operator. Some of them, such as
decoration and color, are studied by visual analysis, while the characterization of shape and size is based
on the graphic representation of the results: the attribution to specific ceramic types is made through
visual comparison with known classifications. Since ancient ceramics are typically found in fragments,
these operations are more complex to perform [2]. The traditional archaeological method for sherd
investigation follows the following steps: orientation, diameter estimation, profile extraction, sherd
drawing, and additional measurements [3]. Like all manual operations, the results obtained depend on
the subjectivity, specialization, and professional experience of the operator: the traditional method is
poorly repeatable and reproducible and the size comparison between the fragments is performed with
high uncertainty. In addition, the traditional method involves experienced operators in time-consuming
routine activities [4]. These limitations are even more evident in the case of fragments with small
axisymmetric portions whose elements of the investigation are not axisymmetric, such as handles,
spouts, decorations, etc. This determines for the operator great difficulties both in the individuation of
the symmetry axis of the original object and of the reference plans and/or axes to determine the
characteristic dimensions of the non-axially symmetrical elements on which to base the comparisons.
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In order to overcome these limitations, this paper proposes the development of a computer-based
method for the analysis of the characteristic shape and dimensions of specific non-axially symmetrical
ceramic artifacts; the 39 ceramic artifacts consisting of mugs/bowls with trilobed spouts, found in
surface stratigraphies at the Amiternum site from 12th-13th century contexts, are considered as a case
study. The mechanical actions consequent to the agricultural works have disseminated in the area of the
cathedral finds coming from the neighboring areas, wherein all probability the presumed settlement was
located. An aim analysis of these fragments is fundamental in order to analyze the site of discovery since
there is no archival documentation about its frequentation. Moreover, the information generated by the
method will provide an innovative tool to clarify, for example, the reasons for such an anomalous
diffusion of this ceramic class in a relatively restricted territory, or to expand the data on production
centers and areas of diffusion.

The method represents the first attempt, to the knowledge of the authors, to measure the characteristic
features of ceramic spouts. The performance of the method, tested by processing the 39 above mentioned
ceramic spouts, has been analyzed. The analysis of the results permitted the identification of critical
aspects for further improvement.

2. Proposed method

Figure 1 summarizes the key steps of the proposed computer-based method (in the following referred
to as CBM). CBM requires as input a discrete manifold model of the object to be analyzed (figure 1a).
A fundamental preliminary step is the evaluation of the axis of symmetry. For this purpose, the axially
symmetric area of the internal wall is segmented, by identifying the widest portion of the sherd’s surface
having the mean curvature positive (figure 1b); the sherd external surface is not considered for the
presence of the spout. The axis of symmetry of the sherd is evaluated by applying the method proposed
by Halir [5] to this recognized area; the geometric model is roto-translated so that the axis a coincides
with the z-axis of the Global Reference System (figure 1¢). The user selects the part of the external wall
of the sherd where the spout is located (figure 1d). The axially symmetric part (in the following referred
to as pax) and the non-axially symmetric part (in the following referred to as gnax) are then analyzed
by different specifically designed tool.

gax 1s segmented in the typical surfaces considered by the archeologists by using the automatic
method proposed in [4]; the dimensional features of the obtained mean profile are recognized by the
method presented in [6] (figure 1 e).

gonax (figure 1) is analyzed by a specifically designed method. First, the bilateral symmetry plane is
evaluated according to [7], so that the left and right parts of the spout are easily identifiable. The user
selects the two areas (§5,, ,, and pé, vax) Where, presumably, the manufacturer has applied pressure to
shape them appropriately (figure 1g). The concave zones of each of the two areas are approximated by
a ruled paraboloid (I’ {gog,N AX} and I {@fo,\, " X}), resulting in the evaluation of the two evolutes

((C{gog,N AX} and (C{gofoN " X}) and the plane of symmetry (I1 {gog,N AX} and I1 {go;JN AX}) (figure 1h). Finally,
the (C{go;,N AX} is aligned to the z-axis of the Global reference system (figure 11).

Based on the features recognition here proposed, the following dimensional ones are considered
characterizing each spout:

- Diameter of rim: ®rim;

- Radius of F{SOJC?NAX}: rrr;

- Radius F{goprAX}): Tl

- Angle between (C{gO;JNAX} and (C{t(o}@mx}: acs
- Angle between H{gO;JNAX} and H{pé,NAX}: ap.



METROARCHAEO 2021 IOP Publishing
Journal of Physics: Conference Series 2204(2022) 012085  doi:10.1088/1742-6596/2204/1/012085

View A

Z axis

profile

Tim
NG

rim external wall internal wall fractured surface

chips  not axially symmetric

| {8 ax}
View A ‘

C{Phyax) T{0pnx)

H{JOJZNAX

h)

Z axis

g

(C{SO%NAX}

M@pyax)
i)
Figure 1. Key steps of the proposed method.
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3. Results

The proposed cbm was implemented in original software, coded in MATLAB. In order to
characterize the accuracy of the presented computer-based method (CBM), specific experimentation
was carried out. Since any measurement uncertainties in the dimensional features result from the
contribution of both intra-tester repeatability and inter-tester reproducibility, in this paper, these two
components of measurement error are analyzed. In particular, the phase of the procedure that requires
the intervention of the skilled user (figure 1): the selection of the two areas (¢, , . and pfoN ) Where,
presumably, the manufacturer has applied pressure to shape them appropriately. The testers are 12
students in the fifth year of their engineering course, trained appropriately. All the testers have been
blinded to the results of the measurements. The spout to be analyzed has been chosen randomly selected
by the set of 39 available. Testers were required to select the two above-mentioned patches starting from
the gonax (figure 1f) by using the same commercial software with tools for manually segmentation of
features. In order to evaluate the intra-tester repeatability (TRA), the 12 testers performed 50 selections
of every patch. For each couple of parches (¢, ,, and gofoN Lx)» Dy using the proposed method, the radii
(rpr, rre) and angles (ac, ay) are estimated; the obtained dimensional features were tested for normality
using the Kolmogorov—Smirnov test. The intra-tester repeatability is evaluated as the standard deviation
of the performed measures: table 1 reports the results. The inevitable variability due to manual selection
has a greater influence on the evaluation of the radii of the two paraboloids; this is shown by the
significant differences between the minimum and maximum values of the observed TRA.

Table 1. The intra-tester repeatability evaluation.
TRAmean TRAmin TRAmax

rer 553 125 835
e 906 569 14.01
ac 302 277 338
agp 172 104 263

In order to evaluate the inter-tester reproducibility, each of the 12 testers performed three selections
of the patches: each value of the corresponding dimensional features is calculated as the mean of the
three measures obtained by the proposed method. The inter-tester reproducibility (TER) was evaluated
as the standard deviation of the 12 measures performed, for each dimensional feature, by the manual
segmentation of each tester: table 2 reports inter-tester reproducibility for each dimensional feature and
the percentage value regarding the mean value. The reported values highlight the poor reproducibility
of the protocols proposed for the manual method, especially in the calculation of the radii of the
paraboloid that approximate the areas where, presumably, the manufacturer has applied pressure to
shape the spouts appropriately.

Table 2. The inter-tester reproducibility evaluation.
TER  TER/mean[%]

rer 1677 313
re 1131 35.2
ac 253 19.6
ag 154 5.29

In order to give an initial valuation of the proposed method, the obtainable quantitative assessment
was compared with the qualitative assessment of an archaeologist. In particular, the archaeologist who
is part of our research group was asked to choose, among the 39 finds available (figure 2 a), the two that
in his opinion were the most similar: the archaeologist identified the two finds shown in figure 2b. Each
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of the two finds was subjected to analysis using the method presented here. Figure 2¢ shows the map of
the distances between the two discrete models, aligning their recognized non-axisymmetrical part: the
maximum distance on the areas where, presumably, the manufacturer has applied pressure, is up to
3mm.

-3 -2 -1 0 1 2 3
c) . .

Figure 2. The 39 test cases here considered.

Finally, Table 3 summarises the obtained data (mean, minimum and maximum values for each
measure): the values reported are the result of 5 different segmentations performed by an expert operator.
This processing verifies the results shown in figure 3c: there is no simultaneous overlapping of the
variability ranges of the 4 parameters.

Table 3. Results obtained for the two test cases.
SL62 0C08203

Valuemean Valuemin Valuemax| Valuemean Valuemin  Valuemax

rpr 1,95 1,12 2,81 2,65 2,17 3,58
e | 978 3,78 1845 | 802 525 1187
ac 8,64 5,21 12,42 14,89 13,08 25,71
ag 19,36 17,08 21,69 | 2743 25,71 30,32

4. Conclusions

In this paper an original computer-based method for the analysis of the characteristic shape and
dimensions of specific non-axially symmetrical ceramic artifacts is proposed. The 39 ceramic artifacts
consisting of mugs/bowls with trilobed spouts, found in surface stratigraphies at the Amiternum site
from 12th-13th century contexts, are the cases study. The proposed method, starting from a discrete
model of the fragment to be analyzed, evaluates the radii of the two paraboloids that approximate the
deformed side areas of the spout, the angle between their evolutes, and between their symmetry planes.

In the first experimentation, the repeatability and reproducibility of the phase of the procedure where
the operator's intervention is fundamental were evaluated: the selection of the two deformed areas where,
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presumably, the manufacturer has applied pressure to shape them appropriately. As expected, this phase
causes an inevitable variability for the whole method because of the manual selection; in particular, the
evaluation of the two paraboloid radii seems to be more sensitive to the users' selection.

By a second experimentation, the obtainable quantitative assessment by the proposed method was
compared with the qualitative assessment of an archaeologist: by analysing two spouts considered
similar non-negligible differences were verified in the values of the 4 parameters here considered.

Based on the results obtained by these preliminary experimentations, some improvements have to be
required. The most critical aspect to be improved is certainly the need to find an automatic procedure
for the segmentation of the two deformed areas. Given the complexity inherent in such selection, the
authors are exploring the possibility of using artificial intelligence or statistical shape methods.

Only in this way will the method become robust and reliable in the analysis of these fragments,
making repeatable and reproducible information available that will allow an objective comparison
between them. This will allow archaeologists to make hypotheses on the site of finding that does not
have any documentation of archive about its frequentation. Moreover, the information generated by the
method may provide new information to clarify, for example, the reasons for such an anomalous
diffusion of this ceramic class in a relatively restricted territory, or to expand the data on production
centers and areas of diffusion.
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