ARCHAIDE

ARCHAELOGICAL
AUTOMATIC INTERPRETATION
AND DOCUMENTATION

OF CERAMICS

Holly Wright
Archaeology Data Service
University of York

Arch-I-Scan Workshop
21 April, 2023

This project has received funding from the
European Union’s Horizon 2020 research
and innovation programme under grant
agreement No 693548

UNIVERSITYW

TEL AVIV UNIVERSITY

raka L of
P\ /o
Baraka  Elements" % era



ARCHAIDE

ARCHAELOGICAL
AUTOMATIC INTERPRETATION
AND DOCUMENTATION

OF CERAMICS

Funded by EU H2020
Research and Innovation Action
Duration: 36 months

June 2016 to May 2019

This project has received funding from the
European Union’s Horizon 2020 research
and innovation programme under grant
agreement No 693548

<(—]|- Consiglio Nazionale ‘I % UNIVERSITY W
3 delle Ricerche e
DI PISA -

SR TEL AVIV UNIVERSITY

£9S) UNIVERSITATo:

BARCELONA Elements -




1 arcHaDE Partners

Archaeologists and Computer Scientists

University of York

Archaeology Data Service University of Cologne

Institut flir Archdologie

University of Barcelona

Fac. de Prehistoria, Historia Antiga B ] ]
University of Pisa (coordinator)

i Arquelogia _ . sa (coc
BARAKA Dipartimento di Civilta e forme del sapere
ELEMENTS CNR —/stituto di Scienza e Tecnologie dell’Informazione

INERA srl

University of Tel Aviv
School of Computer Science




) ArchAIDE
/F\ARC HAIDE Archaeological Automatic Interpretation and

Documentation of cEramics

eating
and drinking

cooking

illumination

Pottery helps us to:

* Date archaeological contexts

e Understand dynamics of production and
trade flows

e understand the social interactions
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Pottery often represents a significant percentage of finds in many
parts of the world, and therefore significant investment of time
and expertise.
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In some parts of Europe it is
estimated that 80 or 90% of the time
and energy of an archaeologist it is
spent in the analysis and
qguantification of excavation finds.
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ArchAIDE
Archaeological Automatic Interpretation and
Documentation of cEramics

Quantification and analysis requires:

* Complex skills and since it is heavily
dependent on human inspection and
interpretation; it is a very time
consuming activity

* Access to comparative information,
which is often fragmented and time
consuming to consult

Faraka Elements*®
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Analysis of sherds:

(a) the identification of the ceramic
class, the specialist looks at:

e surface treatment,

* the decoration

e the fabric

(b) identification of the form type:

* |ooks into the ceramic class paper
catalogues for the specific form;

e analyses the section of the
potsherd and its profile;

* makes a comparison with
published types (hundreds of
pages and drawings)

m- Consiglio Nezionale ‘II % UNIVERSITY o\*f//@k .‘u‘ RN, Universitéit zu Kéln @ BARAkA Elements"

i TEL AVIV UNIVERSITY

era



) ArchAIDE
/F\ARC HAIDE Archaeological Automatic Interpretation and
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ArchAIDE developed a prototype app for tablets and smartphones to speed and
support the ceramic classification and interpretation work of archaeologists, during
both fieldwork and post-excavation analysis.
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Archaeological Automatic Interpretation and
Documentation of cEramics

We wanted to speed tasks for experienced
archaeologists and pottery specialists and
help new researchers learn more about
pottery identification, using a modern
computer-aided approach, but keep the
overall methodologies used by archaeologists
to ensure the app complements existing
workflows.
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Terra Sigillata®
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Archaeological Automatic Interpretation and
Documentation of cEramicsc

* Multiple approaches to creating digital reference
collections for the app:

Incorporated existing digital reference catalogues
Created new tools to digitise paper catalogues

Analysed and extracted information from
reference drawings to create new resources (3D)

Created new reference data with photography
campaigns

Populated the database with the resulting
reference typologies
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Digitising from catalogues

Much variability in textual data, even within a

single publication: from very structured to totally
unstructured
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(Assisted) manual and automatic text
digitisation

Language: [French v

RECOGNIZE HEADER+COLUMNS

o RECOGNIZE CUSTOM
Form 7 g::mbm B piog vl i MRK 10 Conspectus formarum ~ Tafel 7 Form 7 RECOGNIZE HEADER | RECOGNIZE COLUMN #1 | RECOGNIZE COLUMN #2
Coppa un paree
G ompmamdad RECOGNIZE WHOLE PAGE(bugay) |
L — o H H]
bl sl ,;;;"‘*"“""“* ;‘;;':"“:'—,,,,mm:ﬂ;;’:‘tf;j;‘“‘m"" - l159. Musée Archéologique National de Lisbonne (Torre de Palma). Fond de bol sagne [ JFV-K (n° 761), avec graffite sur la panse externe : PRI.
s S Ry \ 150. Lruta, province d’Alava : PROTILISFILT (& aprés MEZQUIRIZ. L1, p1. 142, n*
K oo Ak, e R s | P A I o G Ao 71 e l161. lruha, province d’Alava : PVICTORI (d”apré: RIZ, 11, pl. 142, n° 76).
2 »..wwﬂw..-m D e e e e 162. Clunia. Plat Dragendorff 15/17 avec graffite : PVMIPIE (d’aprés MEZQUIRIZ, II, pl. 138, n
7.1:Die el oder Jeicht guschweifie Wardumg | Loy iy e e S 163. Musée Monographique de Conimbriga (69 H VIII 48 (5)). Petit bol, avec graffite sur la panse externe z Q-FoS. Fouilles de Conimbrign 1V,
gl den o o e ik lp1. vIIT, n° 366.
pusishirhryriati et syt anidui 70 e 1 2 S e, 0. 2 | l164. N1lusée Archéologique Provincial de Cordoue (Cordoue, n 6996). Vase Dragendorff 46 avec graffite sur la panse externe z QUP. MEZQUIR
T oy e o || 7 L 6 —8 b 312, 0 s
R et | T S S % 5. e erovinial de soris (e, 1 S371). Fons d 6ok sEgne VAQVE (1 799), avec grafFi un ie s e o panse evcerne £ QU
portonen von Hobe Za o aneser |, et U p1. 266, n°
o 713 und 713, D | 23 asm 0 166, Musée Monographique de Coninbriga (fouilles anciemnes). Graffite sous le fond dun petit bol : QUIT.
Badendung enprht o 14 w0 | e fPLANCHE COOOXT. — Gratht
72D st Sepegand des ieinen Schac et |7 a8 [167. Husée Provincia de Logroro (Tricio, fouilles Elorm). Houle de forme Hermet 13, avec lettre gravée sous e fond
it cinom Kk am den fiachen Doden, Der . 168. Husée Archéologique National de Lisbonne (Torre de Palma). Vase Dragendorff 35, avec graffite sur la panse externe : R[..
Standrig s i, Ve Pandane : fote T e
ot i, manchonal ek 21 D, Gl Sorsesam,Checen, g, l169. Husée Provincial de Soria (Numance, n® 9235). Fond d“un bol, avec graffite & Lextérieur : R.
N Potion i, 7o, b he. tusée Ar(heulog)que provincial de 8arcelone (n® 7715). Plat Dragendorff 18, avec grafiite sur 1a panse externe z R. Méme vase que pour les
s oot b e ey | S « lgraffites nos 68 e
Fmnd o o .. [171. Husée Archenleg)que de Mérida (n° 229). Fond de bol signé PATEALE, avec graffite sous le fon Méme vase que pour le graffite n® 177,
Duirany Pty Cumpr - - [172. Husée Provincial des Beaux-Arts de Saragosse (Mallen, na 125). Vase Dragendorff 37, avec grafﬁ(e externe entre décor et pied : RT ou RI’I‘.
Dl Radre o eteso ol s piasge- g-w,umv-ﬂ-ww-m s i 8 « MEzQuuuz. 11, p1. 251, n" 28.
;ﬂﬁ_kg;mwwhwhﬁ-:-:-ww Tl 173, Musée Monographique de Conisbrigs (fouilles anciennes). Bol Drsgendorff 27 signé OFUSENICO (n” 602), avec grafiite entier sous le fond :
P Ml L Y CU « RA (lettres rétrogrades). Méme vase que pour. le graffita ne 268
mm,m(m_,‘%:: EE. \ ™~ |174. Musée Archéologique Provmoe) e sarcelone (n® 7715). vasa Dragendorff 18, avec graffite sur le fond interne : RARI. Méme vase que pour les
S b i s ey ~ lgrafites n°s 68 et 170.
N\ [175. Iruha, province d’Alava : RARTIIN (d’aprés MEZQUIRIZ, 11, pl. 142, n” 69)
[176. Funes, province de Navarre : RICI (daprés MEZQUIRIZ. II, pl. 140,
177. Musée Archéologique de Mérida (n® 229). Fond de bol signé PATEALE, avec graffite sur la face interne du pied : Tiv. Méme vase que pour le
lgraffite n” 171
& 3. ke Provineial de Soria (Mmance, o" S215). Forne hispanique 4 peut-itre, avec graffite sur 1o pase xterne : RS[...].
179. tusée paléochre tien de Tarragone (nécropole, n” 3266). Panse arrondie dun vase Lisse, avec graffie : SMON[...]. WEIQUIRIZ, 11, p1. 779, n° 9.

8. Husée de Sagonte. Vase 29, avec graffite sur le fond externe : SATYRA. G. MARTIN, dans VII CNA (Sarcelona,
l1960). Saragosse, 1962, p. 367-374, fig. 3.

181, Husée Paléochrétien de Tarragone (nécropole, n” 3920). Fond de bol avec graffite fragnentaire : SE[..
l182. Trufia, province d‘Alava : SEPL (d’aprés MEZQUIRIZ, 11, pl. 141, n° 64

[185. Liédena, province de Navarre. Vase Dragendorff 29 : SIF (d’aprés NEZQUIRIZ, I1, pl. 138, n* 10).
184, ATITEINIIEREDIOSique Provincial de Séville (n° 2057). Bol Dragendorff 27 signé OFVAPA (11° 678), avec graffite sur le bord interne:
L85, Wusée Archéologime National de Lisbanne (Vaimmonts, 1-lerdade de Reguengo). Fond de plat, peut-Stre Oragendorff 15/ 17, sigaé PETE-

[ROOFT (n° 471), avec graffite sur 1a paroi externe

te6. Husée archéologlaue de férida (foullles muraille Alcanba, 1978 5 o 19854). Fond de bol, avec groffite entier sous le fond : SP.

l187. Husée Paléochrétien de Tarragone. Bord de plat, Dragendorff 15/ 17 sans doute, avec graffite : SPI (lettres dessinées par une double incision)
l185. Husée Provincial de Soria (Numance, n® 91437 Vase Dragendorff 37 avec graffite externe, entre Sacor et pied [...] SRETI.

[PLANCHE COXXXIT. - Graffite:

l189. Musée Provincial de Soria (Numance, n° 9198). Fond de bol avec graffite & 1’extérieur, autour de 1’ombilic : STATILI.

[19. Husée Archéologiaue de Merida (fouilles Alcataba, 1974 ; ne 17639). Vase Dragendorff 29, avec graffite incomplet sur la paroi interne :
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From drawings digitisation to 3D models
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Documentation of cEramics

Database design

The database is designed to:

* Hold images, shape models and
descriptive data from the comparative
collections

* Allow the recognition technologies
developed to be applied

* Incorporate data from users
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Archaeological Automatic Interpretation and
Documentation of cEramics

* Database capable of holding spatial geometries
(polygon and point)

* Principally uses country (Geonames), but also
Pleiades for ancient placenames and Getty TGN for
particular places. <\

After Opait, 1

Blacksea

The Balkans
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Multilingual vocabularies

* Allows mapping of concepts rather than terms by
archaeologists

* Different recording traditions may not only use
different words, but concepts may only be
mapped at different levels of granularity.

* Concepts are mapped to the Getty AAT as a
‘neutral spine’ to allow interoperability with
other resources.
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Agora G199
Amphorae

Distinctive Features

A}

Courtesy of Dottsa Lucrezia
Ungaro, Museo Dei Fori
Imperiale e Mercati Traianei
Media Type: Photograph

Scale: Photograph of whole
amphora

Original Source:
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This type of amphora is known as the Agora G199 (Robinson, 1959: 43 PI. -\

Ostia forma 631 (Panella, 1973: 474-6 Fig. 34); Zemer no. 41 (1978: 52); M gy

Amphora 4 (Riley, 1979: 186-7); Nea Paphos
amphora (Leonard, 1995: 144-5); Dyczek, 2(
distinctive short and right-angled handles, w
At first the vertical handle bar is longer than

Q Origin

in length horizontally and vertically. The bod >
elongated toe, sometimes with a 'mushroon ) . (
rim gently everted. Early versions have a lon * o
have shorter necks and handles. The later ty 3 D) 3 |
mushroom-cap at the base. The relationship o

the late third and fourth centuries AD (as Ro [ =
Pl. 28) needs to be clarified (cf. Slane, 2004: |ger

Courtesy of Dr. D. F. Williams
Media Type: Photograph

Scale: Photograph of partial
amphora

Original Source:

Media Type: Photograph
Scale: Hand specimen, fresh
broken surface

Original Source:

mouth_radius: 53.3446
ratio_mm_pixels: 0.42337
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Profiles_SVG_DR167 3D_Model _DR167
Media Type: Drawing Media Type: 3D model
Scale: Scale:

Original Source: Original Source:
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Courtesy of Bodrum Museum
of Underwater Archaeology
Media Type: Photograph

. 2apa.l!
Scale: Photograph of whole ) \\ Si2
amphora \ }
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Original Source: [
\
|L ke
[ 4

Sudan lsad!

After Sciallano & Sibella, 1991
Media Type: Drawing

Scale: Drawing at 1:10 scale
Original Source:

199 fabric
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Appearance based recognition

Decoration
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Shape based recognition

* Following discussion with pottery specialists, a methodology was
defined on how the data should be classified

Ranking of
3 pottery classes
by relevance

1. The user annotates a profile on a picture

2. The shape is extracted from the annotation

3. This shape is used for finding similar profiles, and ranking them
by relevance
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The main steps for building the

shape-based system are:

e Extract pottery profiles from the
catalogues

* Reconstruct 3D models of the
pottery from the profiles

* Generate a database of synthetic
sherds for each class

e Extract the fracture shapes from

the sherds
* Train the neural-network to learn

how to classify the sherds by
their fractures
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< Results

Genere 34. Fascia con bleu graffito.

Il genere 34 & detto fascia “con bleu graffito” poiché essa si 38
incentra sulla realizzazione di una parte pienamente campita

Genere 40. Motivi vegetali della "famiglia bleu"

Alla prima fase produttiva della “famiglia bleu” appartiene il 34
decoro aqia definito da Galeazzo Cora “a forma di mezzaluna

Genere 9. Floreale Bleu

L'uso dell'ossido di cobalto arricchito da piombo, artificio usato 31
per far riaonfiare il piamento bleu. sino a farali assumere un rilievo

Genere 18. Fasce Geometriche

La tipologia che abbiamo definito “fascia a triangoli” ci fornisce 31
uno dei casi bil emblematici di trasformazione e costruzione di

Genere 17. Derivati dell'imitazione della foglia valenzana.

Il Genere 17 & caratterizzato dal motivo che echeggia la foglia 29
d'edera. la auale si svilubba come elemento costitutivo di decoro

Nothing good? Tap to add manually.
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Roman Amphorae: a digital resource

ARCHAEOLOGY
DATA SERVICE

HOME SEARCH DEPOSIT RESEARCH ADVICE ABOUT HELP

HOME SEARCH DEPOSIT RESEARCH ADVICE ABOUT HELP

Roman Amphorae: a digital resource
2005

Roman Amphorae: a digital resource
L 2005

of 2014) of 2014)
ai Home Catalogue of Amphora

::‘m“cmn Roman Amphorae: a digital resource Introduction Cm“g. mtovfron’:tm list below.

Catalogue > E:;‘r::f“' AIBICIDIEIFIGIHIKILIMIOIPIRISITIUIV

;::‘:h' <o o i This is the catalogue of preferred terms; if the term you are looking for is not

Reference v Reference here, please search the alternative classifications.

Metadata + Metadata Amphora types beginning with A.

Usage Statistics (] Usage Statistics

Data copyright © University of
Southampton unless otherwise stated

This work is licensed under the ADS
Terms of Use and Access.
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Roman Amphorae: a digital resource
University of Southampton, 2005 (updated 2014)

Home Africana 1 Piccolo
Introduction

Fabrics

Search
Reference
Metadata

Usage Statistics

details | characteristics | pictures | drawings | petrology | specimens | bibliography

Comments specific to this amphora type
Glick an the knage fo §se farger Equivalent to: NAF AM 1 of the National Roman Fabric
Data copyright © University of versions of each image. Reference Collection (Tomber & Dore, 1998: 101)
Southampton unless otherwise stated R

Tunisian fabric

This work is licensed under the ADS

Terms of Use and Access.

lads]

Visual characteristics

The normal Tunisian fabric is brick red or orange in section
(2.5YR 6/6), hard fired, granular, and the external surface has a
white or cream (10YR 8/3) skin resulting from the use of saline
water. This is often smoothed with quite carefully smoothed (so-
called 'steccature’ : vertical tooling marks on the body). Material
from the Carthage region is similar to central Tunisian products
but is generally red in colour and lacks the visible inclusions of
limestone or white reaction rims which are a common feature of
the latter. It is very difficult to distinguish between known kiln
products. The only ones that are easily recognisable come from
Sullecthum (Salakta) and are characterised by a grey and red
fracture, a myriad of small white inclusions, and a rough, grey
external surface.

-
. Arts & Humanities
A Research Council

Primary contact

Dr David Williams
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Petrology

North African fabrics are rather generic and poorly
distinguishable from each other. In general, the inclusions are
composed mainly of quartz, whose aeolian features are evident
in the coarser grains (some hundred microns to more than 1

Highfield mm in size), that show a rounded shape and opaque surfaces.
Southampton Sometimes the quartz is associated with variable amounts of
S017 1BJ calcareous microfossils and limestone fragments and other
England occasional metamorphic or volcanic components. However, the

study of several Tunisian productions (mainly based on kiln
wasters) has revealed the existence of some variability in the
textural characteristics and the accessory petrographic
components of the fabrics that allow them to be identified at the
sites to which they were imported (Bonifay et alli, 2002; Capelli,
g e 2005). 1) Sidi Zahruni The matrix is iron-rich and

Resource identifiers homogeneously oxidized. The (natural) temper is moderately to
poorly-sorted. The lower granulometric fraction (< 0.15 mm) is
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Introduction
ArchAIDE is a European Union Horizon 2020 research and innovation programme which aims to create a
new system for the automatic recognition of archaeological pottery from excavations around the world.

The archaeological partners of the consortium are the MAPPA Lab at the University of Pisa (coordinator)
which has a relevant experience in mathematical and digital application in Archaeology, and
archaeological communication; the Material Culture and Archaeometry research unit at the University of
Barcelona, which is focused on promoting studies of material culture, especially on archaeological
ceramics, and archaeometric approaches; the Digital Archaeology Laboratory at the University of
Cologne, which manages ARACHNE, a highly structured object database in partnership with the German
Archaeological Institute (DAI); and the Archaeology Data Service (ADS) at the University of York, which is
the world-leading digital data archive for archaeology. The consortium involves also two private
companies carrying out preventive and development-led archaeological investigations: Baraka
Arquedlogos S.L., which is experienced in the study of archaeological ceramics, and Elements S.L which
is experienced in the application of digital technologies related to ceramic studies. Finally, the
consortium’s technical ICT partners are the Visual Computing Lab at CNR-ISTI, an institute of Italian CNR
devoted to research on Visual Media and Cultural Heritage; the School of Computer Science at Tel Aviv
University, which is ranked 20th in the Shanghai ranking of all Computer Science departments in the
world; and the private software company, Inera s.r.I, which has experience in the field of protocols and
web apps.

Every day, archaeologists from around the world are working to discover and tell stories around objects
from the past, investing considerable time, effort and funding to identify and characterise individual finds.
Pottery is of fundamental importance for the comprehension and dating of archaeological contexts, and
for understanding the dynamics of production, trade flows, and social interactions. Today, this
characterisation and classification of ceramics is carried out manually, through the expertise of specialists
and the use of analogue catalogues held in archives and libraries. The goal of ArchAIDE is to optimise
and economise this process, making knowledge accessible wherever archaeologists are working.
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Africana 2D Grande

details | characteristics | pictures | drawings | petrology | specimens | bibliography | /A 3D models

Distinctive Features

This is quite a large cylindrical amphora ("Africano grande" type of Zevi & Tchernia (1969)). The rim is
tall with a flat external face, sometimes gently prominent or forming a continuum with the neck, the
presence of which is signified by a groove. The neck tends to be quite conical and the ear shaped
handles are quite pronounced. The body is almost perfectly cylindrical, but not as wide as that of the
Africana 2A-C types. The solid, massive, spike is elongated and "baluster” shaped. The amphora
occasionally has a stamp on the neck. in the form of incised letters on two lines. providing an
abbreviated place-name and/or a fria nomina (Manacorda, 1977a). Late variants (Bonifay. 2004) have
a narrower rim, neck and body. similar to the Africana 3 (=Keay 25) amphorae. Anepigraphic stamps
(circles or half circles) are attested on both variants.

See characteristics

Date Range

Middle to the end of the third century AD? Later variants continue into the fourth century AD.

Search: [3rd century AD] [4th century AD]

Origin

Production is attested at Hadrumetum in the Sahel region of Roman Byzacena, as well as at
Leptiminus, Sullecthum, Thaenae, Oued El-Akarit, on the basis of the evidence of stamps and surveys
of production sites (Panella, 1973, 1982, 2002; Peacock et alii., 1989; Bonifay, 2004)

Search: [North Africa] [Tunisia]

Distribution

The type is broadly distributed across the west Mediterranean. Some examples are also known from
the eastern Mediterranean (Panella, 1973; Keay. 1984; Bonifay, 2004).

Search: [Eastern Mediterranean] [Western Mediterranean]

Contents

Perhaps fish-sauce or wine (Bonifay. 2004).Capacity can vary from 40 to 50 litres for variant 1, to 25
litres for variant 2

Search: [Fish Sauce] [Wine]
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Principal contributor: Michel Bonifay
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Africana 2D Grande DR148

« View full record in: Roman Amphorae: a digital resource
« Return to type: Africana 2D Grande
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Current ArchAIDE Experimentation

 Critical aspects of the ArchAIDE framework now obsolete
(TensorFlow1.x with ResNet101) making it difficult to compile
and change, as many libraries have now been abandoned.

» Updated and enhanced ArchAIDE using PyTorch development
framework. PyTorch allows better (and dynamic) control of
graphs and nodes and easier code management, which can be
rewritten more easily due to its modular architecture.

» Also experimented with the neural network; interesting results
obtained using Google Inception_v3, increasing accuracy on the
validation set from about 65% with ResNet101 to about 80%.

* ArchAIDE is a rigid system which can only recognise the ceramic
classes for which it has been trained, so experiments have also
been undertaken using Continual Learning (Lomonaco-2021).
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Lessons Learned

Comparative data must be derived from a variety of sources,
each with different advantages and restrictions.

Tools to help digitise the authoritative paper catalogues were
developed, but ArchAIDE doesn’t hold the copyright. Showing
publishers how their content can be actively reused can open
discussion about the importance of making their resources
available in new ways, furthering discourse around making
research data open and accessible.

Important to have decision points in the workflow so that humans
can validate the decisions made by the algorithm and produce
data research data they can trust.

We must create a community of practitioners working together to
create and share training data, and develop best practice around
documentation optimised for use by Al applications.
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COST Action
Managing Artificial Intelligence in Archaeology (MAIA)

MAIA will create a community of archaeologists, digital
archaeologists and computer scientists who will work together to
develop a shared understanding of Al applications in archaeology.

This will include meetings, workshops and short-term scientific
missions, bringing together researchers who wish to create or use
digital collections and training data. Key to this will be training
opportunities in the field for documenting archaeological resources
optimised for Al research allowing researchers to work across
borders to understand how to create comparative and training
data.

Notification: 16 May
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