This project has received funding from * * %

Afl{’ f the European Union’s Horizon 2020 : ‘;
,}‘J e research and innoveation programme * *
ﬁ\; fﬁ\ 5.”\ (/ EméAI D E under grant agreement N.693548 * ox K
GRANT AGREEMENT NUMBER: 693548

PROJECT ACRONYM: ArchAIDE

PROJECT TITLE: Archaeological Automatic Interpretation and

Documentation of cEramics

FUNDING SCHEME: H2020-REFLECTIVE-6-2015
PRINCIPAL INVESTIGATOR Prof Maria Letizia Gualandi, UNIPI
PROJECT COORDINATOR Dr Gabriele Gattiglia, UNIPI

TEL: +39 05022 15817

E-MAIL: maria.letizia.gualandi@unipi.it

gabriele.gattiglia@for.unipi.it

This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under grant agreement N.693548

D 7.2 Release of the final version of the mobile app (software) and the
desktop front-end (software)

version: 2.2

Revision: Final

Work Package 7

Lead Author (Org) Massimo Zallocco (INERA)
Contributing Author(s) (Org) Gabriele Gattiglia (UNIPI))
Due Date 31.01.2019

Date 26.02.2019

Project co-funded by the European Commission within the ICT Policy Support Programme



mailto:maria.letizia.gualandi@unipi.it
mailto:gabriele.gattiglia@for.unipi.it

This project has received funding from

[ | the Eurapean Union’s Horizon 2020
r‘:"“ research and innovation programme
A{&'F ;" 3’: :‘/»' EH%AI DE under grant agreement N.693548
Dissemination Level
Public X
C Confidential, only for members of the consortium and the Commission Services

Revision History

Revision |Date

Author

Description

0.1 10.01.2019

Massimo Zallocco

First release of D7.2

0.2 14.01.2019

Massimo Zallocco

Edits and additions

0.3- 23.01.2019

Massimo Zallocco

Edits and additions

0.4 28.01.2019

Massimo Zallocco

Edits and additions

0.5 29.01.2019

Massimo Zallocco

Edits and additions

0.6 30.01.2019 | Massimo Zallocco Edits and additions
0.7 01.02.2019 | Massimo Zallocco Edits and additions
0.8 02.02.2019 | Massimo Zallocco Edits and additions
0.9 03.02.2019 | Massimo Zallocco Edits and additions
1.0 04.02.20199 | Massimo Zallocco Edits and additions
1.1 05.02.2019 | Massimo Zallocco Edits and additions
1.2 06.02.2019 | Gabriele Edits and additions
1.3 07.02.2019 | Massimo Zallocco Edits and additions
1.4 11.02.2019 | Gabriele Gattiglia, Massimo | Edits and additions
Zallocco
1.5 12.02.2019 | Gabriele Gattiglia, Massimo | Edits and additions
Zallocco
1.6 13.02.2019 | Massimo Zallocco Edits and additions
1.7 14.02.2019 | Gabriele Gattiglia Edits and additions
1.8 16.02.2019 | Massimo Zallocco Edits and additions

1.9 22.02.2019

Massimo Zallocco

Edits and additions

2.0 25.02.2019

Gabriele Gattiglia

Edits and additions

2.1 26.02.2019

Gabriele Gattiglia, Massimo

Zallocco

Edits and additions

2.2 27.02.2019

Gabriele Gattiglia

Final revision

Disclaimer

This deliverable contains original unpublished work except where clearly indicated otherwise.
Acknowledgement of previously published material and of the work of others has been made through
appropriate citation, quotation or both.



ArchAIDE D7.2 Release of the final version of the mobile app and the desktop front-end

Table of Content

1 Introduction
2 Analysis and design
2.1 Requirements
2.1.1 User-experience
2.1.2 Online vs. Offline behaviour
2.1.3 Anonymous vs. Registered users
2.1.4 User collected information
2.1.5 Closed vs. Open Data
2.2 General Architecture
3 ArchAIDE Mobile Application
3.1 Splash screen, user dashboard and main menu
3.2 Synchronisation
3.3 User login and registration
3.4 Knowledge-base
3.4.1 Types
3.4.2 Decorations
3.4.3 Stamps
3.5 User collected information
3.5.1 Site
3.5.2 Sherd
3.6 Classification tools
3.6.1 Decoration recognition
3.6.2 Shape recognition
3.6.3 Stamp classification
4 ArchAIDE Desktop Application
4.1 Architecture and technical infrastructure
4.2 Content management
4.3 Knowledge-base tools
4.4 Data visualisation tools
4.5 Search and classification tools
4.5.1 Image recognition
4.5.2 Shape Recognition
4.6 User account

5. Conclusion

=
e

wan{§1) Baraka

Elem

© © 00 0 N N o b~ b

A A A DDA DB W W W W WDNDNDDNDNDDNDDNDNDNDNDNPREPERPRERPRERP PR
N N OB WO NOO O O WO o O WNDN P PO oo Ok



ArchAIDE D7.2 Release of the final version of the mobile app and the desktop front-end

Abbreviations

WP: Work package

M: Month

UNIPI: Universita di Pisa

UoY: University of York

UB: Universitat de Barcelona

UCO: Universitaet zu Koeln

TAU: Tel Aviv University

CNR: Centro Nazionale delle Ricerche
INERA: Inera srl

BARAKA: Baraka Arqueologos S.L.

Elements: Elements centro de gestio i difusio de patrimoni cultural

itat zu Kol ‘rl_i 3‘\R.\kf‘~ Elements

e

o

o .

CALEY Consiglio Namonale

= QI‘,,H,, Ricerthe
INEESIIA by
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Executive summary

This deliverable describes all the functionalities available on both the ArchAIDE mobile app and the Desktop
website which implement the technical solutions developed by the project in less than 3 years. The ArchAIDE
mobile app and the ArchAIDE Desktop Website are the tools provided to end users to access the database and
experiment with all the technologies developed in the project. The two functionally similar systems integrate
all the software components developed in WP3, WP4, WP6 and WP7 into a single tool that can be used either
on mobile devices or on personal computers. In more simple words, D7.2 represents what users see of the
achievements of the project, the interface that allows users to navigate into the knowledge-base (i.e the
reference database populated in WP5), searching and visualising all the data collected and digitised by the
project, for instance, through dynamic infographic or 3D models; to recognise potsherds either by decoration
or by shape; to store their data in order to quantify the pottery found in every user’s assemblages, to share
collected data with other researcher, etc. D7.2 represents the final outcome of the project for which the
project itself will be judged by the users decreeing its success or its failure. For this reason, the work that is
described in this document started at the very beginning of the project with the requirements analysis, carried
out in WP2, and continued all over the project lifetime carrying on usability tests of the applications inside the
project in cooperation with all the academic and professional partners, and outside the ArchAIDE project
during the four multiplier events held at York, Cologne, Pisa and Barcelona. The target users of the ArchAIDE
tools are mainly professional and academic archaeologists, as well as university students who can use the
application for improving their domain knowledge and more in general citizens that can use the ArchAIDE
systems for being more involved in the understanding of the archaeological heritage.

The ArchAIDE mobile app is currently available within a beta-testing program to a group of beta-tester
identified by the partners. The official publication for the general public will take place after an accurate test
activity (D8.1) and before the end of the project.

The ArchAIDE Desktop Website is available at the internet address http://archaide-desktop.inera.it and will be
moved on http://desktop.archaide.eu as soon as the hosting infrastructure will be available.
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1 Introduction

The present deliverable describes the mobile and desktop software applications developed in WP7. The target
of the applications is the final user, an archaeologist collecting information about pottery sherds found in the
field and trying to classify them. The mobile application includes tools for the acquisition of pottery sherds
images and for automatic classification based on the decoration present on the surface, on the shape of the
sherd fracture or on the stamp present on the sherd surface. The result of the automatic classification will be
the suggestion of candidate decoration types (i.e. Genere 19. Settori puntinati) or candidate pottery form types
(i.e. Dragendorff 18) or candidate workshops (i.e. 1725 - RUFIO) depending on the tool used.

The classification process consists in assigning a class from the Reference Database and a probability coefficient
to a sherd where the semantic is, for example: “sherd 56478-89 at 70% is of type Dragendorff 18”. The
automatic classification processes are based on deep-learning networks trained with thousands of samples
and running on autonomous systems (see D6.1, D6.2 and D6.3).

The first step for the definition of the software applications to be used by the final users was to analyse the
archaeologists' way of managing real sherds, the workflow from the excavation to the results documentation,
the context in which the activities were carried on and the related constraints (see D2.1). The design phase
took into account the results of the analysis and was carried on as a User-Centred Design process where the
priority was easy and intuitive access to the application's functionalities.

The software development methodology adopted by the project team was based on the iterated production
of prototypes submitted to the project partners for evaluation. The feedbacks given by each partner and
general discussions during meetings was used to review the design decisions and generate new prototypes.
One of the major sources of inputs was the series of workshops and Training Open Days (D10.3) held with
different groups of archaeologist from different countries (UK, Italy, Germany and Spain). During each
workshop, the intermediate results were presented and demonstrated to 20-30 experienced archaeologist
coming from the specific country. The suggestions and complaints collected during the workshops were
discussed during the project meetings and became inputs for the design and development team. As an example
of the way in which the process progressed, in the last year the development team produced about 80 distinct
versions of the ArchAIDE mobile app each containing major and minor changes.

The WP7 design and development activities started on the mobile app first and moved on the desktop
application only after all the functionalities and user-interface issues was cleared and the data visualisation
task (Task 7.5) produced its results.

2 Analysis and design

Since the beginning of the project, the main focus was on what kind of functionalities would be provided by
the ArchAIDE tools to the archaeologists and when such tools would be probably used in their daily excavation,
lab and reporting work.

The reference scenario (D2.1) assumed the following, very high level, definitions of the archaeologist’s
workflow:
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e During the excavation of a site, pottery findings may be useful to understand the context and define
the excavation strategy. For example, being able to date a pottery sherd while excavating may help in
identifying and dating a context.

e Pottery sherds belonging to the same context compose an assemblage, i.e. artefacts recurring together
at a particular time and place.

e Pottery sherds contained in an assemblage once washed and cleaned, are analysed to understand the form
of the vessel they belong to, the time it was produced, the production workshop, etc. The analysis activities
take into account much information among which:

o

The characteristics of the sherd material

from a broad analysis of the sherd, the archaeologist may identify if it belongs to an open or closed
form and the general classification (i.e. the belonging to a ceramic class, such as amphorae, terra
sigillata, etc.). Through the analysis of the composition of the fabric, it is possible to understand
the production area, etc.

The decorations on the sherd surface (if present)

Decorations help specialists in classifying and dating pottery on the base of subjects, colours, etc.
The shape of the sherd with special attention to the fractures

Studying the fracture of a sherd it is possible to understand which part of the original artefact it
belongs to (rim, handle, body, base, etc.). At the same time, comparing the fracture with the
drawings of the classified forms described in the pottery catalogues it is possible to identify the
specific form of the original vessel.

The stamps, complete or partial, on the sherd

Stamps, when present, tell the archaeologist who, where and when was produced the vessel.
Stamps are recognised using specialised catalogues.

The application design started with the general architecture of the final system and then covered the details of each
component. In particular, the design and software development methodology adopted was Agile and based on the
Scrum framework.

The design of the general architecture was essential to determine which systems would be implemented, the
technologies to be used and how the systems would interact with each other. The global picture of the work to be
done was used to plan the release of incremental versions of the global system and for each component.
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Release Planning
Schedule

Daily
Standup

Create
Deliverables

AP V] : @
—71
Project Project Vision Prioritized Sprint Accepted
Business Case Statement Product Backlog Backlog Deliverables

The design process produced the epics and stories that populated the Backlog for each application (product)
composing the ArchAIDE system. The development team grouped all the entries of the backlog (stories:
functionalities of the application) in sprints i.e. development cycles during which the team implements all the
functionalities of the specific group and releases the software to the test group or final users. The process continues
until all the functionalities and applications are fully developed and tested. At the end of each sprint, all the involved
people held a review of the sprint in order to tune the organization of the team, plans, etc.

The methodology roughly described in the previous paragraphs was extremely useful to plan the work to be done
by the development team and in the distribution of the activities among the team members. The whole process was
supported by the lJira Agile Management Tools (https://www.atlassian.com/agile/project-management), a
complete suite of cooperative tools for the creation, management and monitoring of a Scrum project.

2.1 Requirements

The discussions on the scenario (WP2) and the results achieved in WPs 3 and 6 brought to the identification of the
main requirement areas concerning the functionalities and the expected user experience. In particular, the areas
emerged as important were:

e User-experience
The user usual workflow, the style of the user interface, the influence of the context where the application
will be used, etc.

® Anonymous vs. registered
Registration is required or not? Which profile information do we need to collect about the user? Which are
the functionalities for anonymous users? Which tools and services will be available to registered users?

e User collected information
Which information may be collected by the user and stored in the app (or server)?

e Online vs. offline (only app)

1 Courtesy of WikiMedia Commons https://commons.wikimedia.org/wiki/File:Scrum_Flow for one Sprint.png
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Is the app online only (useless when the device is offline)? or are there functionalities available even when
the Internet connection is unavailable?

o Closed vs. Open Data
Who may view the data collected by a user? Would be possible for a user to hide or publish his/her own
data?

2.1.1 User-experience

Both the mobile and the desktop app are thought for supporting archaeologists in their daily work activities.
Consequently, user-interface graphics has been designed for being minimalist and focused on clean, easy to
read and intuitive interfaces.

The interface theme of the ArchAIDE Desktop application is based on the ArchAIDE Project Site
(https://archaide.eu) published at the beginning of the project. The communication contents such as brand,
images, news, video, etc. are all concentrated on the home page. The internal pages of the theme are simple
and clean therefore particularly suitable to accommodate the search and classification tools proposed by the
project.

For the mobile app, the base strategy was to adopt the standard guidelines for Android? and iOS® promoted by
Google and Apple. The choice guarantees a good quality of the result and that the look-and-feel and behaviour
of the ArchAIDE App will be consistent with the hosting platforms.

The design took into account the following main requirements:

Optimisation of the interface for smartphone and tablets.
Optimisation of the interface for portrait and landscape orientation.

® Providing access to the reference database and to the classification tools to all users, including
anonymous.

® Quick access to automated classification tools.

e Quick access to the recent activities (i.e. the sherd classified, the last database entries visualised, etc.).

® Quick access to the user’s collected data (only for registered users).

e Capability to check the synchronization status (i.e. is everything saved on the server?).

If the synchronization of the device will take place asynchronously when the device is online (3G/4G or WI-FI),
the initialization of the app will take place the first time it will be opened and consists in initializing the
reference database. The initialization will allow offline access to the main catalogue data.

Multimedia materials (images) will be uploaded on the device opportunistically and asynchronously when
needed in order to avoid the overloading of the device filesystem.
2.1.2 Online vs. Offline behaviour

The ArchAIDE mobile application may be used by archaeologists in many contexts where the connectivity is
not available such as storehouses or remote rural areas. In such conditions, the use of the app may be limited
to the acquisition of materials (i.e. creating new sherds from pictures taken with the device) or to the browsing

2 https://developer.android.com/design/
3 https://developer.apple.com/design/human-interface-guidelines/ios/overview/themes/
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of the Reference Database to check the definition and characteristics of specific ceramic types, decorations or
stamps.

When opened the first time, the mobile app initialises the local database with all the data from the Reference
Database excluding the images. The images related to database records will be downloaded opportunistically
when the device is online and the user visualises a specific record.

The registered users will be able to collect information about their own sites/assemblages/sherds that are
stored in the local memory of the device and, if the device is online, on the ArchAIDE server. The app registers
the information locally when offline, the information will be later registered on the server when online.

The synchronisation process between the device and the server is bi-directional. All the information registered
on the device are sent to the server immediately (i.e. on “save” action) or when the device comes online. Any
change to the data on the server concerning the Reference Database (i.e. new records, updating of existing
records etc.) or the user specific data manipulated through the ArchAIDE Desktop tools, will be sent to the
device.

As the synchronisation process may generate confusion about what is synchronised and what it isn’t, the app
provides a tool to monitor the synchronisation process.

2.1.3 Anonymous vs. Registered users

One of the initial decision was to make all the tools available freely without any constraint. This essentially
means that users don’t need any registration to access the Reference Database data or automatic classification
tools. At the same time, the possibility to collect pictures of sherds, classify and store them was recognised as
a useful feature that may allow users to keep track of their work and reuse the collected information later on.
The adopted approach is to let everybody open and use the tools and reserve to registered (known) users the
ability to store information about sherds. After the user is logged, the behaviour of the app changes and the
user will be able to access all the site/assemblage/sherd information stored on the device and on the server.
For a registered user, it is also possible to save the classification information obtained from the automatic
classification tools.

2.1.4 User collected information

The goal of the mobile and desktop app is the classification of pottery sherds found on a site. As described in
previous paragraphs users may want to use the application simply as a tool for one-shot recognition of a sherd
but we believe that the application would be extremely useful when the data are collected and stored for
future uses. If we want to record information about a sherd we need to register it together with a description of
the context: which assemblage it belongs to and in which site it was found. In order to identify the context in
which a sherd was found, the app assumes the following hierarchy:

e Site
O Assemblage
m  Sherd

A sherd belongs to an assemblage that comes from a site. Any registered user owns at least one default site
(i.e. “Default Site”) that contains at least an assemblage (i.e. “Uncategorised”) where the sherds may be saved.
Using the app or the functionalities of the desktop application, the users will be able to define their own sites
and assemblages and or update the existing ones.
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The process of adding new records through the app either sites, assemblages or sherds, must be easy and fast
because the user is using a device where writing is time-consuming. For each entity the collected information
is the essential ones like the following:

e Site:
o Name
O Address
o City
O Region
o Country

o Coordinates (latitude, longitude edited through a map)
e Assemblage:
o Name
e Sherd:
Code (sherd name)
Ceramic class
Form
Part
Notes
Images (loaded using the device cam or galleries)
Fracture profiles (captured during shape recognition)
Classification info (defined through automatic classification or manually)

O O OO0 OO0 OO

In the typical scenario, a user accesses the decoration recognition tool, takes an image of a sherd surface using
the device cam, analyses the results of the classifier, selects one or more option and then saves it as a new
sherd. The same may be done using shape recognition or stamp classification tools.

2.1.5 Closed vs. Open Data

Data collected by the end users are by definition private and cannot be published. All the system components
are designed and implemented to comply with this important privacy statement. On the other hand, an
important goal of the ArchAIDE Project is to publish massive open-data on pottery as the result of the
cooperation of a community of archaeologists from all around Europe.

The dreaming scenario is the one in which hundred thousand sherds are stored in the ArchAIDE Database
together with pictures, profiles, classification information, etc. and a large part of the database may be
published as open-data through specific APl and/or as linked open-data from a triple store.

At this purpose, the creation and update tools for sites and sherds will include a “Publish as open-data”
boolean field that users may use to provide their contribution to the community.

2.2 General Architecture

As shown in the image below, the ArchAIDE ecosystem is a composition of mobile and server-side applications
interacting through an API server that mediate all the communications and keeps track of the activities.
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ArchAIDE Server

Fig. 2 - ArchAIDE Server Components

On the client side, the mobile application and the desktop web server call the API services to register and
authenticate users, download snapshots of the database, search & retrieve information, store user collected
data, request an automatic classification, etc.

The access to the ArchAIDE API Server is secured via an OAuth2 authentication method and may serve any
client through an HTTP/REST protocol. The major benefit coming from the API is to provide a uniform and
consistent interface on which it is possible to implement any kind of client application like, for example, open-
data server, bulk uploading, monitoring tools, data-mining tools, etc.

The components of the ArchAIDE Server are the following:

e ArchAIDE Desktop Web Server
The desktop web server serves a website where content management and interactive tools coexist in
the same context. The site is supposed to contain information about the ArchAIDE tools, on the
progress on the tools evolution and on the new data added to the Reference Database. At the same
time, the site provides the same search and classification functionalities implemented in the mobile
app. At this purpose was decided to adopt a Portal Server as a framework to implement a composite
Web Application. In particular, it was selected Liferay Portal 7.1 as the base infrastructure integrated
with CAS* to support the single-sign-on of the users. The theme used for the desktop website is the
same used for the project site https://archaide.eu in order to maintain a uniform and recognizable
look-and-feel. In Liferay, pages are composed of functional blocks (portlet) positioned in specific
positions of a predefined layout. To build the site we used content portlets (piece of static text, blog

4 https://www.apereo.org/projects/cas
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posts, etc.) and custom portlet implementing the ArchAIDE Tools: search in the database catalogues,
decoration/shape/stamp classification, site/assemblage/sherd management, etc.

e ArchAIDE Reference Database
The Reference Database is the cornerstone of the classification process and defines the reference
classes for types, decorations and stamps. This application, developed in WP3 and described in D3.1,
allows the ArchAIDE Project experts to maintain a database containing the information extracted from
online and paper catalogues. The content of the database is growing continuously as a follow up of the
activities in WP5. Each class in the database contains textual information (characteristics, chronology,
references, etc.) but also relations with other entities such as places, type/subtype, related stamps,
related decorations, etc.

e Shape Recognition Model Server
The shape recognition model is a deep-learning neural network trained with information coming from
the reference database and from hundreds of sherd profiles (D6.3). The very complex task carried out
by the model is to identify the ceramic type to which a sherd might belong, a detailed description of
the model and the technologies used may be found in D6.2 and D6.3 The model server is a web server
implementing the type prediction as a unique service. The input to the prediction transaction is an SVG
file representing the internal and external profile of a sherd fracture. The result, returned as a JSON
array, is a list of ceramic types identifiers paired with a probability index. This server is hosted on a
dedicated virtual machine.

e Decoration Recognition Model Server
The decoration recognition model is a deep-learning neural network trained with many thousands of
classified images of medieval and postmedieval majolica (D6.1). The goal of the model is to identify
the class of decoration to which the image belongs to (detailed description in D6.1 and D6.3)). The
identification of the decoration class is precious for archaeologists because implies a very accurate
dating of a sherd. The model server is a web server implementing the type prediction as a unique
service. The input to the prediction transaction is an image of the sherd surface. The result, returned
as a JSON array, is a list of decoration class identifiers paired with a probability index. This server is
hosted on a dedicated virtual machine.

3 ArchAIDE Mobile Application

The mobile application is the result of Task 7.3 “Implementation of the mobile application” and was carried on
by Inera with the collaboration of CNR and TAU. In particular, CNR provided the required support to integrate
the libraries for the image manipulation developed in Task 7.2 “Implementation of the 2D acquisition and the
2D drafting components (mobile tool)” used to prepare the images used by the shape and decoration
recognition tools. TAU supported the Inera team in installing and integrating the deep-learning models used
by the prediction functionalities.

3.1 Splash screen, user dashboard and main menu

The App starts from a “splash screen” showing the project logo and the reference to the funding institution
and program. The splash screen is the place where is carried on the synchronisation of the app with the
ArchAIDE Server and thus all the related messages (i.e. “Loading ...”, “Connection error ...” etc.) will be shown.
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ARCHAIDE jhm,i

Loading data from server .... o ‘L.'.i

The very first synchronization may take a while (one to two minutes) because the whole Reference Database
has to be downloaded from the server and initialised. The subsequent synchronisations are usually quite fast
because it applies only to the changes occurred in the period between the first synchronization and the
subsequent.

From the splash screen, the user is automatically addressed to the Dashboard i.e. the home page of the App
(see the picture below).
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Dashboard
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1-A() @ Le mura di Pisa

Viewed on: 30/01/2019 14:57 ISTAMP Italy - Tuscany

3457 H tarroz

Viewed on; 30/01/2019 14:54 [SHERDI Italy

2436533 H1

Viewed on: 30/01/2019 14:53 [SHERD)

Viewed on; 30/07/2019 14:57 [TveEl °

Fig.4 - ArchAIDE’s mobile App dashboard

The dashboard was designed to support the user in his/her daily work providing quick access to the entities on
which he/she is working, to the classification tools and to the users collected information (sites). The three
areas composing the dashboard are:

® Recent
This area contains the list of the entities (sherds, database records, etc.) visualised or edited by the
user, ordered from the most recent to the oldest. Tapping on the entity will open the entity visualiser.
The idea is that the user returning to the dashboard may access directly the entities he/she was
working on the last time he/she accessed the app or a few minutes before.

e Tools
In this area are shown the major tools provided by the App. The goal is to invite users to access and
try them, in particular for newbies. Tapping on the tool icon, the tool interface will be open. The same
may be achieved through the main menu.

o My sites (authenticated users)
Authenticated users will find here the list of their personal sites used to store sherd information. Using
the “+” button the user will be directed to a form for the creation of a new site. The “swipe” action on
a site button will show the “basket” button for removing the site itself. It is important to note that a
site may be removed only if it doesn’t contain any sherd. Finally tapping on a site button, the Site
viewer will be open.
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Le murs di Pisa ﬁ © Tisa
Mady - Tuncany L
y

Fig. 5 - The swipe action for deleting a site

o Tips&Tricks (anonymous

users)

Anonymous users will see, in the right lower area of the dashboard, a message synthetically describing

the app and the opportunity to register and become a known user.

Tools
Image Shape Stamp )
recognition recognition classification Knowledge-Base
Tips & Tricks
Welcome in ArchAIDE

ArchAIDE is an European Union funded project within the Horizon 2020 research
and innovation program (Grant Agreement N. 693548).

Using the ArchAIDE Tools, you will be supporied by intelligent agents in the
identification of the decoration class or the form type of a pottery sherd starting
from an image eventually taken with your device cam. The automatic classification
is based on the classes defined in the Reference Database developed by the
ArchAIDE Project and populated with data from online and paper catalogues.

AS an anonymous user you are missing the capability to store your sherds in the
device and on the ArchAIDE Server. The registration is absolutely FREE and gives
you a set of useful functionalities for the documentation of your pottery sherds.
If you like, as a registered user you may help the ArchAIDE team to improve the
intelligent engines with new training data and publish your resulis as open-data.

Fig.6 - Tips & Trips help anonymous users in knowing the App’s functionalities

The application main menu is positioned on the top-left corner of the dashboard as a “hamburger” button®
(see left image below). The main menu allows to access the catalogues of the knowledge-base, the recognition

and classification tools and the application settings (see right images below).

5 https://en.wikipedia.org/wiki/Hamburger button
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Dashboard

Notlogaed in

Massimo Zallocco

8% Dashboard 8% Dashboord

3455
Viewed on: 31/07/2019 1619
Base knowledge Base knowledge
Hamburger button £ Pottery Types £ Pottery Types
P 4 Decorations ¥ ¢ Decorations
) Stamps () Stamps

Classification tools Classification 100ls

& Image recognition O] Image recognition

Shape recognition Shape recognition
£ settings 13 Settings
LN Logout

Fig.7 - The ‘hamburger’ button (left) and the Main Menu configuration for anonymous users (centre) and registered users (right)

3.2 Synchronisation

The synchronisation process is seamlessly carried on in the background each time the device is connected to
the internet via WI-FI or 3G/4G. The hidden behaviour of the synchroniser is useful in standard conditions
because everything happens without the need of user intervention, but if something goes wrong while using
the app the users may be doubtful about the actual status of the collected data.

Tapping on the sync button on the top right corner of the Dashboard (see left image below) the user will access
the Synchronisation monitor (see right image below). The page lists the main synchronisation actions (upload
on the server, delete from the server, download from the server) on the relevant entities collected by the user
(site, sherds, depictions, etc.). When everything is fine, the cloud icon on the left, for each line, will be green.
If something goes wrong (for example connection lost during sync) or if the app is currently used in offline
mode, the clouds becomes red for each sync action not yet finalised.
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Synchronization tool

Upload

Sherds successfully uploaded

Shape Stamp
recognition classification

Sites successfully uploaded
Sites successfully uploaded
Depictions successfully uploaded
Depictions successfully deleted
Sherds successfully deleted

Assemblages successfully deleted

SherdApps successfully deleted
Download

Operation completed successfully

Force sync

Fig.8 -The Sync tool visualised in the mobile App

If the device is connected to the internet and some of the clouds are red (sync error) the user may start the
synchronisation manually (“Sync now”) or, in case of serious problems, re-initialise the device data (“Force
sync”).

3.3 User login and registration

Authentication and user registration may be accessed from the “user” button on the top right-hand side of the
dashboard (left image below).

If the user is already registered, he enters username and password and then taps the Login button. On a
successful login, the user will be redirected to the Dashboard.
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! Login/Registration '

Shape Stamp
recognition classification

User Button

ArchAIDE

#‘ m.zallocco

REGISTER

a S d f g h J k | Suce.
@ z X c v b n m | ,- A
el w1 @ i ; com 4 >

Fig.9 -The Login form

After the first login, the user remains logged in even after closing and re-opening the application. To force the
need for a new login, the user should log out (last item in the main menu) before closing the application.

Users that are not yet registered, using the “Register” button will access the registration form as shown in the

picture below.
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A=

Registration

Massimo Zallocco

urname

Password

1 2 3 4 5 6 7 8 9 0 Del
q w e r t y u i 0 p &
a s d f g h i k I Succ.
s z X c v b n m - 2 @
crl 1#1 ttaliano q B

Fig.10 -The Registration form

The registration of a new user requires only a few non-sensible data such as name, password, email, privacy.
In order to activate the account, the system will send an email, to the submitted address, containing a
validation link.

3.4 Knowledge-base

The ArchAIDE knowledge-base is a collection of search & retrieval tools that allows accessing the database of
reference classes for types, decoration and stamps. The defined classes derive from online and paper
catalogues that were used to populate the “Reference Database”. A team of expert archaeologists and
researchers are continuously working on the database extending the catalogue and refining the definitions.

When accessed from the “Tools” area of the dashboard, the knowledge base contains a brief description and
the buttons to access the catalogues (see picture below). From the main menu, it is possible to access the
specific catalogues directly.
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@ -

<  Knowledge-base

The ArchAIDE knowledge-base is a collection of search and retrieval tools that allows to access
the database of reference classes for types, decoration and stamps. The defined classes derive
from online and paper catalogues that was used to populate what we call the “Reference
Database”. A team of expert archaeologists and researchers are continuously working on the
database extending the catalogue and refining the definitions.

Types

Decorations

Stamps

Fig.11 -The Knowledge-base home

3.4.1 Types

The search & retrieval interface for the type catalogue, shown in the image below, provide search field and
filters to isolate types of interest.

The “keyword” search field (top of the form) is intended to apply to all the text fields of type records such as

“name”, “distinctive features”, “period”, “origin”, “occurs”, “equivalents”. The filters are related to the main
classification info such as:

e Ceramic class (i.e. Amphorae, Terra sigillata, Maiolica di Montelupo, ...)
e Primary function (i.e. Transport, Food preparation and Consumption, ...)
e Form (i.e. Jar, Cup, Dish, etc.)

The result set is updated continuously while the user changes the values in the search form.

Tapping on one of the results in the list, the user will be directed to the detailed description of the selected
type.

0
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Q Feamh
Ceramic Class Terra Sigillata -
Primary function Food Preparation & Consumption ok
Form cup -

Conspectus form 7.1
Terra Sigillata

Conspectus form 7.2
Terra Sigillata

Conspectus form 9.1
Terra Sigillata

Conspectus form 23.1
Terra Sigillata

Conspectus form 24.4
Terra Sigillata

Conspectus form 26.1
Terra Sigillata

ctrl  1#1 ltaliano 4 D

Fig.12 -The Type search & retrieval tool

The detailed description of a type, see image below, contains all the relevant fields of the corresponding
database record and the associated depictions.
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X = 11% 01959

]

Conspectus form 7.2

Class Type l
Terra Sigillata m
Comments /

GroRe und kieine Schalen mit glatter Schrdgwand. Die groRe standardisierte Schale

ist eine relativ seltene Form mittelaugusteischer Zeit. Die Beziehung zur Campana ist

mehr allgemeiner Natur, wihrenddie kleine Subform direkt neben Form 1 zu stellen
ist

Distinctive features Conspectus form 7.2.1 Profile Conspectus 7.2.2

Die steife Schragwand der kleinen Schale stoRtmit einem Knick an den flachen
Boden. DerStandring ist niedrig, manchmal gekehit

1
s [ B
=

Fig.13 -The Detailed view of a type

3.4.2 Decorations

The search & retrieval interface for the decorations catalogue, shown in the image below, provide search field
and filters to isolate decoration classes.

The “keyword” search field (top of the form) is intended to apply to all the text fields of type records such as
“name”, “definition”, “period description”, “colour description”. The filters are related to the main
classification information such as:

o Decoration form (i.e. Painted, Incised, Burnished ...)
e Colours (i.e. White, Green, Yellow, ...)

The result set is updated continuously while the user changes the values in the search form.

Tapping on one of the results in the list the user will be directed to the detailed description of the selected
decoration class.

The detailed description of a decoration class, see image below, contains all the relevant fields of the
corresponding database record and the associated depictions.

3.4.3 Stamps

The search & retrieval interface for the stamps catalogue, shown in the image below, provide search field and
filters to isolate stamps of interest for the user.

0
[

G Gonsigfio Nazonale I‘II Q]g-‘ﬂ UNIVERSITY oF Vo u‘ SHIVERSTTATY  Universitat zu Kéln f{f’ B.\R?Akh Elements*
. T AT ONA oo ENTCb). ader . .

delle Rigerche

"inera
21

& IV URILESITY
UNIVERSTIA 0t Piia e Al ot



ArchAIDE D7.2 Release of the final version of the mobile app and the desktop front-end

The “keyword” search field (top of the form) is intended to apply to all the text fields of type records such as

n u n

“name”, “definition”, “period description”, “workshop”.

In particular, the search engine allows to make searches including wildcard characters in order to match the
text (for “Name stamps”) contained in the stamp itself. The scenario is the one in which the archaeologists find
a sherd containing a stamp but only part of the name is readable or almost readable. To search a pattern like
“ACCU ... R . S” (dots represents unreadable characters) the search engine allows to represent it as
“ACCU%R_S"” meaning “ACCU” followed by any character, then “R” followed by one character and finally “S”.
Searching for this pattern allows identifying the stamp “ACCU ILARUS”. The wildcard characters that may be
used in the keyword field are the following:

® % for zero, one, or multiple unknown characters
e _for asingle unknown character

To activate the pattern search on the stamp text, the first character of the pattern should be #.
Examples of patterns may be the following:

Typing "#a%" finds any values that start with "a"

Typing "#%a" finds any values that end with "a"

Typing "#%o0r%" finds any values that have "or" in any position

Typing "#_r%" finds any values that have "r" in the second position

Typing "#a_%_%" finds any values that start with "a" and are at least 3 characters in length
Typing "#a%0" finds any values that start with "a" and ends with "o"

The search is case-insensitive.
The filters are related to the main classification info such as:
e Stamp type (“Name stamp” or “Pattern mark”)
The result set is updated continuously while the user changes the values in the search form.

Tapping on one of the results in the list the user will be directed to the detailed description of the selected
stamp.

The detailed description of a stamp, see image below, contains all the relevant fields of the corresponding
database record and the associated depictions.

3.5 User collected information

Only authenticated users may collect and store data through the app. The information about sherds should be
registered under a specific assemblage that belongs to a site. All the registered users own at least one site (i.e.
“Default site”) in which it exists at least one predefined assemblage (i.e. “Uncategorised”). Sites and
assemblages are the minimum context information required to store a sherd.

3.5.1 Site

The Dashboard for authenticated users contains the list of user’s sites (My sites). Tapping on a site item, the
site viewer (left image below) will open. The only required information about a site is the location represented
as an address and coordinates.
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C

€  Site: Deposit

Assemblages

Uncotegorized

DETAILS

MAP

NEW ASSEMBLAGE

OETALS  MAP

Lat: 42 89572200" Lng: 13.55690000*

Pants Dl

Fig.14 -The Site info: Details Tab (on the left) and Map Tab (on the right)
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For fixing the geographical position of the site (right image above), it is enough to “drag” (tap on the marker,
hold, move) the marker around. For an accurate positioning it is possible to use the zoom gestures to enlarge
(zoom in) or restrict (zoom out) the map.
To edit the Site info (name and address) users would tap the edit button near the site name (see left image
above) and access the editor window.
For each site, the user may define a list of assemblages containing the collected sherds. The only information
required for the assemblage is the name. Tapping on an assemblage, the grid of the corresponding sherds will

show.

3.5.2 Sherd

The collection of sherds composing an assemblage are presented as a grid showing the featured image of the
sherd (the first added) and providing buttons to access the sherd details or remove the sherd (garbage basket).
A new sherd may be added directly using the “+” button on the right bottom corner of the window.
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n H&

¢  Testassemblage - Sherds

test] i test2

Fig.15 - Assemblage content: a grid of sherds

Entering the details of a sherd the user will be presented the following set of information:
e Name and general info
e C(lassification info
o Type classification
o Decoration classification
O Stamp classification
e Depictions
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4o - X TR 01559

€  Sherd: Test assemblage / test1 .

5 789a7570d8687006bd492eccade?
Sherd data /s

Assemblage: Test assemblage Sherd:test
Ceramic Class

Form

Part

Notes

Classification

TYPE DECORATION STAMP
Genere 26. Fascia con ovali e rombi. 90%
3. Foglia di prezzemolo 6%

Fig.16 -The Sherd details view

The name and general information may be modified using the edit button (pen) near the sherd name. The
classification info contains the list of classes (types, decoration and stamps) to which the sherd may belong to.
The classification may be defined manually using the “+” button present in each tab or automatically using the
classification tools. Using the swipe gesture on an element of the list is possible to remove the classification.

The depictions area contains the images collected for the specific sherd. In many cases, it may be useful to
take a picture of the surface to get the decoration or the stamp or to take a picture emphasizing the fracture
in order to classify the form. The automatic classification tools may be
accessed using the context menu associated with each image. Selecting one
of the tools, the corresponding interface will be launched assuming the
starting image as the initial parameter. At the end of the recognition
process, the classification info may be saved on the sherd using the save
button. The “share” item allows sharing the image with other people
through the sharing tools available on the device (i.e. mail, WhatsApp, etc.)

789a757008687006bd492¢eccade2 &
5646 It

Image recognition
Shape recognition
Stamp classification
Share

LN Remove

Fig.17 -The context menu associated with each
image

3.6 Classification tools

The ArchAIDE classification tools represent the real innovation brought by the project to the archaeology
community. The classification is carried on by intelligent agents that try to infer the decoration class or the
type class starting from an image of a sherd. Authenticated users may save the classification results together
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with the image as a sherd. The classification of the stamps takes place comparing visually the sherd photo with
the images of the entries in the stamp catalogue.

3.6.1 Decoration recognition

The automatic recognition of the decoration class of sherd starts from the image of the sherd that may be
taken directly through the camera or from the galleries of the device. The process consists of the following
steps:

Step1l: Select the image

Step2: Modify the image using the manipulation tools

Step3: Isolate the sherd in the image

Step4: Evaluate the results

Step5: Save the results (if the user is logged in and the results are good)
Step6: Manually classify the image by visual comparison

Fig.18 - Step 1: image to be used by the recogniser

If the image needs to be adjusted, the user may use the tools available in the menu button (pen on brown
background - see image below) for flipping (horizontally, vertically) rotating and cropping.
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@600

Once the image is good, tapping on “Classify” the user moves to the second step: isolating the sherd (see image
below). In this step, the goal is to obtain a clean image of the sherd where the background does not influence
the recognition model. Usually, simply selecting the area containing the sherd will be enough but some time it
may be necessary to remove the background with more advanced tools. The Step 2 interface provides an
automatic background removal tool (the “Process” button), the identification rectangle (the most used) or a

technique based on telling the GrabCut (see D6.3) algorithm which areas should remain (sherd) and which
should be removed (background).

@& -

€  Remove background

Tapping on the “Done” button (top right), the recogniser will be launched. This step requires Internet
connectivity and takes the processed image and try to identify the decoration classes it belongs to. The
recogniser returns 5 results ordered by a probability indicator (see the picture below).
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Results
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Nothing good? Tap to add manually.

Fig.21 -Step 4: Evaluation of the results

If the user is satisfied by the results, may use the save button on the top right corner to save the results as a
new sherd or inside an existing sherd.

Choose a site

Deposit Q

Choose an assemblage

Test assemblage Q
Shart Code
lesltestl

Fig.22 -Step 5: Save the results and the image as a new sherd or in an existing sherd
(only authenticated users)

Is important to note that only authenticated user can see the save button. Saving the results means telling the
app in which site/assemblage the sherd should be saved and if we want to save it as a new sherd, which name
assigns to it.

If the user is not satisfied by the automatically generated results may use the “Nothing good? Tap to add
manually” button on the bottom right corner of the result window, to try a manual classification.
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<  Choose a decoration

Geneer 26, Lascia con “ovali ¢ rombi™

Genere 26. Fascia con ovali e rombi.

Bert| F, Storia della ceramica di Montelupo, 1997, vol. 2

Fig.23 -Step 6: Manual classification by comparing the picture with catalogue pictures
Essentially the user is able to visually compare the real potsherd with the images available in the catalogue

(right-hand side in the image above) and when he/she finds a visual match, he/she uses the check °button
to save the selection. The images on the right may be changed swiping horizontally right-to-left (next image)
or left-to-right (previous image).

3.6.2 Shape recognition

The shape recognition is based on the profile of a sherd fracture represented in SVG format (D6.3). The process
starts with an image of the sherd focused on the fracture and provides tools to extract the scale factor, the
external and the internal profile of the potsherds. The extracted data are sent to the APl Server that composes
the SVG file and sends it to the Shape Recognition Model for a prediction. The results are enriched with
database information and sent back to the App.

A call to the recogniser will result in 5 possible ceramic types, each with a specific probability, that the user
may evaluate and eventually select and save. The overall process consists of the following sequential steps:

Step 1: Image selection and manipulation

Step 2: Definition of the scale factor

Step 3: Extraction of the external profile

Step 4: Extraction of the internal profile

Step 5: Evaluation of results

Step 6: Manual classification (alternative)

Step 7: Save the info in a sherd (for authenticated users)
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The image to be used to sketch the profile may be selected from the device galleries (i.e. previously acquired
images) or taken directly with the camera. Once selected, the image may be manipulated using the tools
provided by the pen button on the right bottom corner of the screen.

The expected manipulations may be:

e Flip horizontal
An important requirement is the in the final sketch the external profile must be on le left-hand side.
The horizontal flipping of the image may be used at this purpose.

e Rotation
The sherd fracture should be oriented in order to follow the real vessel orientation for improving the
prediction probability.

It isn’t necessary to make any other special manipulations of the image because it will not be used as input to
the prediction.

Sfa

€  Scale factor
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Fig.25 - Step 2: Definition of the scale factor

The definition of the scale factor is important in order to scale the image to the dimension of real vessels,
helping the recognition tool in its search and retrieval task. To define the scale factor the user will be asked to
select 2 points in the image and assert the distance in real life. For this reason, users must take pictures of the
potsherds always with a ruler, that will have to be placed at the same level as the fractured profile.

2fdE

€ Extern profile

Fig.26 - Step 3: Extraction of the external profile

Once the scale factor is defined the user may step forward to the extraction of the external profile. The process
consists of using a finger to choose points along the external profile of the fracture. The density of the points
depends on the complexity of the profile, it is important to capture all the discontinuities and curves of the

profile. A smooth outer profile can be sketched with a few points. It is possible to clear the whole sketch or
undo points sequentially.
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e

€ Inner profile

Fig.27 - Step 4: Extraction of the internal profile

After the extraction of the external profile, the user should provide the internal one using the same technique.

K % 3501735

f B

[

Conspectus form 34 22

Canspectus form 6 14

Conspectus form 20 1

Conspectus form 17 9

Conspectus form 21 7

O O 0O 0O

Fig.28 - Step 5: Evaluation of the results

In step 5, the user may evaluate the results of the prediction. Any prediction consists of 5 ceramic types with
different probabilities. Is important to note that, as ceramic types are structured in classes and subclasses, the
prediction engine tries to identify only the top level classes as discussed in D5.1. For example, the class
“Conspectus form 34" (see image above) is the parent of “Conspectus form 34.1” and “Conspectus form 34.2”
that differ one from the other of small bits that cannot be easily captured by the neural network but that are
also difficult to distinguish by humans.
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Ehd

€ Choose atype

Conspectus form 34.2

Conspectus form 34.2.1

Fig.29 - Step 6: Manual classification by visual matching

As already explained for the decoration recognition, if the user isn’t happy with the prediction may proceed
manually tapping on the button “Nothing good? Tap to add manually” and enter the visual matching interface.
In the case of shape recognition, the comparison is between the sherd image and the drawing associated with
the ceramic types in the Reference Database (see picture above).

3.6.3 Stamp classification

The stamp classification cannot be done with the machine learning technologies as the image recognition is
particularly difficult if images are not taken in specific light conditions and because the number of available
images for training the neural network was too small. In any case, the classification may be done using the
information that can be directly read by the user: the visually recognisable letters on the sherd.

As for the previous classification tools, the first step for stamp classification is the acquisition of the stamp
image from a gallery or directly with the camera as shown in the picture below.
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N B o8 w1343

Fig.30 - Step 1: Image selection

Once the image is ready, the user would move to the search interface where he/she may use the search

technique based on text patterns to isolate the stamps containing the letters that the user may visually identify
in the image.

KB 5 68% e 1351

<  Results ft
SVLP X

2007 - SVLPI(CIVS)
SYLPI(CIVS)

2008 - A, SVLPICIVS
A.SVLPICIVS

2009 - Q, SVLP(ICIVS)
Q. SVLP(ICIVS)

Fig.31 - Step 2: Search for the corresponding stamp
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The search engine allows making searches including wildcard characters in order to match the text (for “Name
stamps”) contained in the stamp itself. The scenario is the one in which the archaeologist finds a sherd
containing a stamp but only part of the name is readable or almost readable. To search a pattern like “ACCU
... R . S” (dots represents unreadable characters) the search engine allows to represent it as “ACCU%R_S"
meaning “ACCU” followed by any character, then “R” followed by one character and finally “S”. The searching
for this pattern allows identifying the stamp “ACCU ILARUS”. The wildcard characters that may be used in the
keyword field are the following:

% for zero, one, or multiple unknown characters
_ for a single unknown character

To activate the pattern search on the stamp text, the first character of the pattern should be #.

Examples of patterns may be the following:

Typing "#a%" finds any values that start with "a"

Typing "#%a" finds any values that end with "a"

Typing "#%o0r%" finds any values that have "or" in any position

Typing "#_r%" finds any values that have "r" in the second position

Typing "#a_%_%" finds any values that start with "a" and are at least 3 characters in length
Typing "#a%0" finds any values that start with "a" and ends with "o"

The search is case-insensitive.

4 ArchAIDE Desktop Application

The ArchAIDE Desktop Web Application is the result of Task 7.6 “Implementation of the desktop front end”
carried on by Inera with the goal of integrating all the technologies and research results developed by the
project in a single, powerful web tool kit for the archaeologists.

Accessing the ArchAIDE Desktop the final user will be provided with:

Web Content

Essentially a blog keeping the interested users up-to-date on the new features added to the ArchAIDE
platform and the development plans.

Knowledge-base tools

Search & retrieval tools to access the type, decoration and stamp catalogues managed in the Reference
Database.

Data visualisation tools

A collection of interactive tools for the visualisation of raw data and statistical data derived from the
ArchAIDE database.

Search and classification tools

The collection of tools for automatic and supported classification of sherds: image recognition, shape
recognition, stamp classification

The ArchAIDE Desktop will also be the place where archaeologists using the ArchAIDE App will be able to access
their collected data (if registered). The site provides a Sign-in functionality that allows users to access their
private data.
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4.1 Architecture and technical infrastructure

The ArchAIDE Desktop web site is a hybrid application mixing web content and interactive tools. The
implementation of the site requires a platform supporting Web Content Management and, at the same time,
provides a robust and flexible extension mechanism to plug-in interactive tools. The best choice to satisfy this
requirement is the use of open-source Portal Server technology: Liferay 7.1. Liferay Portal is an enterprise
level, feature rich, portal server widely used all around the world to build medium/large web portals. In Liferay,
a site is a collection of pages where each page is build composing and configuring user interface modules
(Portlet). The platform comes with more than 60 portlets already available and supports an hot-deploy (i.e. no
server restart) mechanism to add more custom portlet. Within the project, the Inera team developed
specialized portlets for each tool (more than 10). In order to share the same user archive among the app, the
reference database and the desktop web site it was implemented a single sign-on infrastructure based on CAS®
(Central Authentication Server). Liferay Portal 7.1 ships with a set of embedded and ready to use SSO clients
including CAS.

Liferay Portal 7.1

ArchAIDE API Server

_—_==___=_=___==—_
ArchAIDE Database
(Reference classes + Users + User’s data)

Fig.32 - ArchAIDE Desktop software architecture

The adoption of a powerful framework like Liferay Portal is particularly interesting in the light of the future and
more service-oriented evolutions of ArchAIDE.

4.2 Content management

Liferay Portal 7.1 provides many of content assets that may be used to compose pages:
e Web content
Static HTML content that can be added to any page (p.es. Privacy page). This type of content can be
edited with a WYSIWYG editor or directly in HTML. Typical use is Descriptive text on top of pages, static
text pages, etc.

6 https://www.apereo.org/projects/cas
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e Blogs
Full featured blog manager where the web content managers may add new posts as Featured image,
Title, Sub-title, body, tags, etc.

o Document & Media
A tool to collect and organize documents, images, movies, etc.

o Wiki
A portlet allowing to build wiki sites. This type of content may be extremely useful to build Help sub-
sites.

e Polls

A small but useful portlet allowing to gather the opinion of the final users on the quality of services
and the usability of the interfaces
The described assets may be managed only by known users with specific permissions and using the back-office
tools. For each asset type Liferay provides a set of specialized management tools.
The first version of the site contains a blog with news about the evolutions of the site itself and improvements
on the backend systems such as the Reference Database and the Deep-Learning models.

Blog

ber 2018 ArchAIDESt REA
Brussels next 14 Novembe

Fig.33 - ArchAIDE Desktop home-page blog

4.3 Knowledge-base tools

The ArchAIDE knowledge-base is a collection of search and retrieval tools that allows accessing the database
of reference classes for types, decorations and stamps. The classes derive from online and paper catalogues
that were used to populate what we call the “Reference Database”.

The three tools have a similar structure with a search form followed by the list of search results. The search
form presented to the users is a simple keyword search (see image below) where the keyword inserted by the
user will be searched in all the text fields of the entity.
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Keywords (any descriptive field)

=

Anl 10 - 1080 (P SAESARY

p

As1 TSV IS ARCASS)

b4

20 caye + 1,89 (FI 5SS fig. 88 0 d)

Bet Re2
FornaciariAa 1T1 FornaciariBc 1

Date Min: 1490

Date Max: 1510

Date Min: 1480

Date Max: 1530

Fig.34 - Types: Simple search form

Pascual 1

Date Min: v/a

Ciate Max: n/a

Clicking on the “Advanced” button (see next image) it will appear a complete form allowing to filter the results

by all the relevant features of the specific entity.

Keywords (any descriptive field)

- Primary Function - $ - Ceramic Class -

-Form- : - Characteristic -

- Origins - s - Occurs -
Distinctive Features Equivalents
Origins Text Occurs Text
Period

i

Aa L TE= 10,56 (S SAESAR)

g,

Anl TP+ LIV CA 65)

Bel R=2%" cav= + L¥S (FISSS, fig. $8n.1)

FornaciariAa1T1 Fornaciari Bc 1

“

Pascual 1

Fig.35 - Types: Advanced search form
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The advanced search forms are specialized on the features of the corresponding entity. The above image shows
the content of the advanced search form for the Type catalogue. In the next images are shown the advanced

search for decorations and stamps.

DECORATIONS

Keywords (any descriptive field)

Period Text

- Decoration Form -

Genere 13. Foglia di prezzemolo

Date Min: 148

Date Max

Keywords (any descriptive field)
- Stamp Type -

Definition

A

Maontelupo 1

Date Min:n/a

Date Max: n/a

i)

‘(r ‘Consnglm Namonale
3 delle Rigerche

TEL AUIV UnIVersITY

Definition

B blue s

En

15. Bleu Robbiano

Genere 16, Imitazione della foglia
enzana

Genere

1480

Date Max: 1495

Date Min: 1480
Date Max: 1500

Fig.36 - Decorations: Advanced search

‘ Ad‘/d“(‘Ed
|

s Period Text
Workshop
1-A() 10-L.AB()

Date Min; nfa

Date Max: n/a

Date Min: n/a

Date Max: n/a

Fig.37 - Stamps: Advanced Search
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Tapping on one of the results, the detailed view of the selected record will open. The view will be different for
each entity and will show the whole content of the record and the relations involving it.

The best example is the detail view of a Type record shown in the following images, the detailed view for
decoration and stamps follows the same approach.

The view of a type is composed of the following sections:

General info and 3D model/Main image

This section contains the type name, ceramic class, distinctive features and all the classification
attributes (i.e. period, primary function, form, date range, etc.).
If the type has one or more 3D models they will be shown immediately below the general inside a
specialized interactive widget. If the 3D model is not defined it will be used the featured image
(depiction) of the type.

¢ Origin &occurrences > Depictions > Equivalent types &comments > Decorations & Stamps

Gauloise 1 similis in Verulamium White Ware

Amphorae

Alter Symonds, 2004 - DR386.jpy

Fig.38 - The Detail View of a Type

Origins/Occurrences

The origins/occurrences section shows on a map the places where this ceramic type was produced and
the places where it was found. Using the interactive tools provided by the map, it is possible to select
origins or occurrences and zoom in/out.

G Gomsigho Nozionale l‘ll }@" UNiversityeFfork Tl EYTIEITA L universitatzu kain (’{z’ B.\Rh!{;} Elements "

"inera
40

TEL AUV UNILERsITY



ArchAIDE D7.2 Release of the final version of the mobile app and the desktop front-end

Origin & occurrences

Origins Oczurs

Various sites in and arcund London and Varulamium, Two neighbouring sites in Londen (30 Gresham Street, GSTOC; 2-12 Grasham Street,
GSM97| neve oroduced particulerly large esssmblages. Amphorae were produced et least two &iln sitss: Erockley Hill. on theeast side of
Watling Street (1972 excavations sits A Castis 1974 and Moorgate, onthe nortnarn margins oF Landinium (Seeiey forthcemingl Notso

far recorded outside London or the «iln sitss [check]. However, Verulamium Region pottery {especially mortaria ) has a wide distrisution in
Britainend itis liksly that examples will be recognised very soon.

Fig.39 - The Detailed View of a Type: particular of the distribution map
e Depictions

The grid of all multimedia object associated with the type. The grid may contain photos, drawings, thin
sections, SVG files and 3D Models.

Depictions

Mouth_radius: 42,3012
ratio_mm_pixels: 0.42301

7

Click here to see image
info.

Click here to sec image
info,

Click here to see image
info.

Click here to see image
info.

¢

Click here to see
image info.

Fig.40 - The Detailed View of a Type: particular of the Depictions Section
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Equivalences
This section is dedicated to the equivalence relation for the type.

Equivalences defined in Gauloise 1 similis in Verulamium White Ware

Mo direct equivalences

Equivalences defined in other types

{0 indirect equivalences

Relations and references

A type class may be directly related to depictions and stamps. It means that a specific decoration or a
specific stamp was found on the form we are inspecting. This area includes also the bibliographic
references where it is possible to find more information about the type.

Decorations defined in Gauloise 1 similis in Verulamium White Ware

Mo Decorations defined

4.4 Data visualisation tools

The data visualisation area provides the internet user with tools to explore the raw data and statistics on the
archaeological data collected by the project and described il the deliverable “D7.1 Data analysis and
visualisation component”. The data visualisation area is organized in a collection of pages corresponding to

different interactive tools.

An example of a tool is the “Origins-Occurrences” page where it is possible to visualise all the places where it

was produced or found specific pottery (based on workshop stamps) and, clicking on a place, visualise the

source and destination through directed arches connecting places. Info about arches and places are shown

directly on an info window available as a popup window on the marker itself.
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Fig.43 - Data visualisation: Origins-Occurrences

4.5 Search and classification tools

The main tools of the ArchAIDE Project are the artificial intelligence based recognisers which use images and
shapes for classifying pottery sherds.
The automatic classification tools are the same as the one available on the mobile app:

® Image recognition

e Shape recognition

e Stamp classification
The main difference between the mobile app and the desktop website is in interactive tools used to manipulate
images to be sent to the deep-learning models. The desktop website offers more opportunities in terms of the
quality of the images used and precision in the selection, manipulation and profiling.
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4.5.1 Image recognition

IMAGE RECOGNITION

Selected Decoration: Genere 26, Fascia con ovali e rombi.

Decoration Precision
@ Genere 26. Fascia con ovali e romol, 76
O Genere 38. Piatti baccellati 1
O Genere 54. Spirali arancio 0
O  Genere 18. Fasce Geometriche 0
o Genere 10. Decori inAzzurro Prevalente. o

Gruppo 10.3: maioliche policrome

856218%84.jpg Browse

o Delete

& Download X Classify

Fig.44 - Image recognition: Final result

The image recognition tool may be used to identify the decoration genre to which a give sherd belongs to (see
image above). The user is required to select an image from the local filesystem, eventually apply
transformations (crop, flip, rotate, etc.) and then push “Classify” button to ask the system to recognise the
decoration. The results of classification (5 possible items) are shown as a selectable list where the user may
select the preferred class if any.

Authenticated users have the opportunity to save the selected result as a new sherd or to save it in an existing
sherd.

IMAGE RECOGNITION

Selected Decoration: Genere 26, Fascia con ovali e rombi.

Decoration Precision
[ - S Select sherd
v Genere 26, Fascia con ovali e rambi. 22
O Genere 54, Spirali arancio ]
O Genere 38, Piatti baccellati 8]

Fig.45 - Image recognition: Classification results for authenticated users
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4.5.2 Shape Recognition

The shape recognition tool is a bit more complex as it requires more steps in the preparation of the data to be
sent to the deep-learning model. In particular, the model requires, as input, an SVG file containing the scale
factor, the external and the internal profile of the fracture. The interactive tool for shape recognition is a wizard
guiding the user along the path from the initial image to the final classification request.
The first step is to upload an image using the upload field. On the uploaded image the user may apply
transformations editing it. Typical transformations are:

e Flip horizontally: The external profile must always be on the left-hand side

e Rotate: to adjust the position of the sherd as it was on the vessel
The second step is the definition of the scale factor. The user will click in two points of the image and will insert
a number representing the real-world distance between the points. The scale factor is essential to distinguish
types with different dimensions and similar shape.
The third step is the drawing of the external profile. The user will draw a line selecting a sequence of points
overlapping the external profile of the fracture. The fourth step consists in drawing the internal profile of the
fracture using the same tool as the previous step.
Finally, the user will see a recap of the acquired information and will be enabled the “Classify” action.
During the above-described process, the user may always return back to a previous step to take a better
measure or trace a better profile.
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SHAPE RECOGNITION

Image Scale External profile Internal profile Recap&Classify

Choose file Browse 9

Edit image Restore image Go to scale

Fig.47 - From left to right: scale points, external profile extraction, internal profile extraction
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The results of classification (5 possible classes) are shown as a selectable list where the user may select the
preferred class if any. Authenticated users will have the opportunity to save the selected result as a new sherd
or to save it in an existing sherd.

4.6 User account

Users that are already registered (via mobile app) to ArchAIDE may use the “Sign in” link, on the top menu of
the site, to log in and be enabled to use the functionalities of authenticated users. In particular, known users
may access to all the information collected through the app such as sites, assemblages and sherds.

5. Conclusion

Both the mobile and web applications are complete and compliant with the project goals but we consider them
as the first step of the ArchAIDE adventure. The dissemination and multiplier events have shown a great
interest from the end users and they hope for a good chance of success of the initiative in light of the project's
exploitation strategy.
There are many features that can be improved or enhanced in order to obtain even more useful and incisive
tools archaeologist’s daily work. The next steps will be the following:

e Improve the quality of interaction for classification tools

e Integrate into the system the possibility, for the end user, to purchase catalogues protected by

copyright
e Strengthen the tools for acquiring ceramic finds
e Strengthen the quantification and reporting tools
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