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Abstract

In the last years, several mobile APPs have been developed within the cultural tourism domain to give new impetus to this
sector which is booming both in Italy and worldwide. In the wake of the increasing importance of technologies based on
artificial intelligence, even mobile applications for the use of cultural tourism heritage are increasingly taking advantage of
these techniques. Machine learning strategies are increasingly used to recommend points of interest and itineraries that are
compatible with the user’s preferences, requirements and constraints. The quality and integrity of the data acquired become the
starting point for training and implementing Al models. By levering well-structured data, these algorithms can offer valuable
insights, personalised recommendations, and enhanced user interaction in the cultural tourism domain.

The HerMeS APP that we present in this paper was designed starting from these premises. The application aims to provide a
wide range of artificial intelligence-based features to enhance the enjoyment and exploration of cultural heritage, both tangible

and intangible.
CCS Concepts

¢ Applied computing — Arts and humanities; Digital libraries and archives; * Computing methodologies — Artificial intel-
ligence; * Human-centered computing — Interactive systems and tools;

Introduction

Several recent studies have highlighted a new trend in tourism
known as the "always-connected traveller" [MLP18] With the in-
creasing use of mobile devices like smartphones and tablets, more
and more people are constantly connected while travelling and en-
joying experiences. This has prompted tourism service providers
to explore innovative ways of engaging with these connected trav-
ellers. The paper focuses on the profound transformations and chal-
lenges that digital technologies bring about in the enhancement of
cultural heritage and the dissemination and promotion of sustain-
able cultural tourism. The innovative mobile APP HerMeS (HER-
itage sMart social mEdia aSsistant), that we present, fits into this
scenario. The design and development of the APP are the goals
of the namesake project proposed and developed by Consiglio
Nazionale delle Ricerche (CNR), i.e., Istituto di Scienze del Patri-
monio Culturale (ISPC) in collaboration with Istituto per 1’ Analisi
dei Sistemi ed Informatica “Antonio Ruberti” (IASI), Istituto di
Scienze e Tecnologie della Cognizione (ISTC), and DigiLab Cen-
tro interdipartimentale di Ricerca at Universita La Sapienza. The
project aims at offering tools and innovative services to favour the
fruition of (tangible and not tangible) Cultural Heritage in the Lazio
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region through advanced Al and ICT methodologies and technolo-
gies.

The APP allows users to share their expertise insights, and ex-
periences, thereby enriching the collective knowledge base sur-
rounding Artificial Intelligence algorithms. These inputs from users
serve as essential building blocks, enabling the system to learn
and improve, ultimately enhancing its capabilities and effective-
ness. Through machine learning algorithms and advanced analyt-
ics, Al systems can process and interpret large volumes of data
with exceptional speed and accuracy [CCDB*20]. By harnessing
the power of Al, we can automate tasks, streamline operations, and
enhance overall efficiency. The first section of the paper focuses on
data modelling, specifically discussing the conceptual model and
the significance of a data dictionary. The second section delves into
data processing, highlighting the process and technical methods in-
volved. The third section examines the interoperability of data, par-
ticularly its application in facilitating the exchange of information
and services. Lastly, the paper explores the implementation of an
intelligent recommendation system for cultural itineraries, leverag-
ing the insights gained from data modelling, data processing, and
interoperability to enhance user experiences and provide tailored

delivered by

-G EUROGRAPHICS
= DIGITAL LIBRARY

www.eg.org diglib.eg.org



https://orcid.org/0000-0003-2540-264X
https://orcid.org/0000-0003-3657-8042
https://orcid.org/0009-0001-4771-1729
https://orcid.org/0009-0001-5869-3095
https://orcid.org/0000-0001-6458-5202
https://orcid.org/0000-0002-1184-5944
https://doi.org/10.2312/gch.20231151


2 Bucciero A. et al. / HERMES: Data Modeling to AI model

recommendations. In the last section, there are the conclusions and
further perspectives.

1. HerMeS platform goals

HerMeS aims to promote the enhancement and enjoyment of
Lazio’s Cultural Heritage, in its many territorial manifestations
and multiple meanings. Through a collaborative and participatory
system, stakeholders become an active part of the system by
sharing experiences, opinions, services, and tools [VB0O].

A preliminary survey about the APP and other social platforms
for touristic-cultural content sharing, as well as the current use of
Al systems in cultural tourism promotion platforms and their im-
pact in the reference context, was conducted. Also in light of this,
there are two main considerations on which the design of our idea
is based:

e From institutional information to social experiences: the
amount of institutional, promotional and marketing informa-
tion available and specially prepared to provide valid support in
choosing the places of cultural-tourist interest to visit is so large,
it is often considered useless, misleading, and sometimes, even
deceptive. On the other hand, we all know that in the moment
of embarking on a trip or planning a visit, we rely more on the
impressions (reviews, evaluations, stories, etc.) of other visitors
and not on the "institutional" or "official" information that de-
scribes the place of interest. In other words, we not only trust the
"experiences" of those who preceded us, but in many cases, we
try to replicate them.

e From data to information: in a completely connected world,
where information arrives from all over, the common expecta-
tion, both during the planning of a trip and during its course, is
to have a considerable amount of data precisely at the moment
needed. Furthermore, this information must have a high "qual-
ity" and must be able to respond to particular needs and specific
needs of users, linked, for example, to the presence of children,
the disabled, etc.

The idea of creating an innovative social platform to support
’cultural discovery’, in which the same users produce, describe
and upload the content, comes from the first consideration. On
the other hand, for the proposed system to be able to provide
valuable information, it must be intelligent. It must understand the
expectations, and interests of users and, at the same time, take into
account contextual situations (opening hours, availability of places,
characteristics of the itinerary, presence of constraints or special
needs). The APP must therefore be able to propose personalized
paths in time and space.

2. Requirement elicitation

There are different techniques for the analysis of requirements (re-
quirement elicitation in English). In the specific case of the HerMeS
project it was decided to use the AWARE methodology (Analysis
of Web Application REquirements) [BPO4]. AWARE envisages a
process of identifying the actors/stakeholders and their objectives

(goals) and subsequent refinement of each goal into one or more
requirements. The analysis of the scenarios shows the existence of
different actors with different goals and objectives. In detail, the
actors identified are:

tourist who can be local (could have own transport) or non-local;
group of tourists;

moderator;

expert/ Institutional expert;

financing body

administrator

domain related professionals

Through a goal-oriented analysis, the most relevant use cases
were first defined and analyzed. Finally, the scenarios considered
most relevant were implemented in order to detect any user require-
ments that had been omitted. The following table (fig n° 1) shows
the basic information of each stakeholder, in order to clearly and
simply define their role. From this table, it will be possible to iden-
tify the key functions that must be developed in the application.

STAKEHOLDERS GOALS

- plan a visit (search for POls/tourist
Tourists (local and |routes/cycles paths);
no-local, tour - book a visit;
groups), - review the Pol or route already visited;
Tourist guide - create content;
- content sharing;

- check and verify the information relating to

Moderator Pol and the contents connected to it;
- produce content for proven scientific
relevance;
Expert/ - recognition of the authority of the

Institutional Expert |professional figure;
- recognition of the authorship of the
published contents;

-rmonitor the progress of the works;
-obtain useful information to activate new
activities in support of the Culture Heritage;

Financing body

-have access to the back-end platform to add,

Administrator edit, delete (contents, Pols, users)

-follow the development of the sw
components and carry out testing operations;
-use open APIs and datasets for development
of the application solutions

Domain related
professionals

Figure 1: Stakeholders involved and corresponding goals

This analysis gave rise to a relevance matrix that cross-
referenced user requirements with the corresponding stakeholder
(fig. n° 2).

© 2023 The Authors.
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STAKEHOLDERS
REQUIREMENTS 1.Tourists/ |5 1 5cql 3.Institution |4.Moderator/ |5.Financial ) 7.Domain

Touristic 6 related

Expert  [alExpert |Reviewer dy :

Guide pr
1.Access to APP functionalities m m " x m u L}
2.Personalize the personal profile | 111 m m « X X X
3.Choose interests m ! ! X x X x
4. Research itineraries m m m X X " "
5. Visualize itineraries m n i X x I I
6.PolS and Trips creation m m " X X X X
7.Sharing into App's community n m m m X X %
8.Manage the Trips n ! 1 x x "
9.Visualize PoiS info I I I X " !
10.Check Pol's info n ! ! x m X !
11. Alert notification referring to " , ,
events or Trips * x x
12.5tart the trip m I 1 X x X x
13.Modify the trip 1 I 1 X x i '
14. Disseminate value trips 1 I 1 X x X X
15. Increase authority 1 it i X " I I
16.Scientific recognition x n i X x X [
17.Checking the real trip 1 m " m 1 x 1
18. Send notification to Admin 1 m " m x x 1
19. Visualize all published
contents from APP users x " m B " n "
20. Algoritm that alert harmful " " "
content x x x x !
21.Valuation m I ' X n |

Figure 2: Relevance matrix

The requirements elicitation highlighted the presence of addi-
tional actors who interact with HerMeS. They are able to satisfy
the main functional requirements such as Registration and creating
a new account (fig. n°3).

They are:

e Mail Server: it is a system that should provide us with the func-
tionality to send mail.

e Artificial Intelligence Server: it is a system that should inform us
the tourist the right choice to take.

e HerMeS Server: it is a system that should interact with the re-
quests sent by different applications.

The last diagram that we show in this chapter is Entity-
Relationship [Che76] diagram related to HerMes entities (fig.
n° 4). The systematic analysis defines and describes what data
is created and which is needed for processes in HerMeS do-
main. Thanks to the remarkable outcomes achieved, we had the
opportunity to thoroughly examine the data provided for Her-
MeS, as will be illustrated in the subsequent paragraphs. In
fact, we successfully extracted the following entities: Users, Cat-
egories, Category_Interests, User_Interest, Trips, Favorite Trip,
Pols, Pols_Trips, and Interests. Each of these entities is intercon-
nected with others, establishing relationships that are cardinal in
nature.

3. Data Modelling
Starting from the previously described requirement elicitation

phase, a data model has been created, identifying entities within

© 2023 The Authors.
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the system, and determining where they fit in relation to each
other. Data modeling encompasses different approaches, each
serving specific purposes. Conceptual data modeling focuses
on understanding the high-level relationships between entities,
emphasizing the overall structure and the key concepts involved.
This type of modelling provides a conceptual framework that
serves as the foundation for further development.

For the design of the overall architecture, we adopted Conceptual
data modeling. This technique is particularly suitable as it provides
a holistic understanding of the relationships between entities, serv-
ing as valuable input for the Al algorithms. By levering conceptual
data modeling, we can create a structured representation that aids
in organizing and utilizing data effectively for our Al algorithms.

In order to show the innovation of the HerMeS project, we or-
ganized the data understanding which is the data that dives into
Artificial Intelligence. In the following paragraphs, we underline
which data are involved.

3.1. User Information

Our Al algorithms heavily rely on gathering information directly
or indirectly from users. HerMeS offers users the opportunity to
share their data while utilizing the application. This data acquisition
process begins with the creation of an account, either through social
media integration or traditional registration, ensuring a seamless
experience for users seeking to plan their trips.

Each component of the data we collect holds significant impor-
tance for yielding optimal results through our AI algorithms. Fig-
ure 5 exemplifies the various information fields that tourists can
populate. We present users with a standard registration form that
includes essential details such as username, email, and password.
Furthermore, we encourage users to complete an additional op-
tional form designed specifically to cater to our artificial intelli-
gence requirements.

Several crucial features play a pivotal role in nourishing our Al
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Figure 4: Entity Relation Diagram
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Figure 5: User registration Figure 6: User set interest

algorithms. It is imperative to ascertain the age of each tourist to
determine their respective category, enabling us to curate tailored
experiences. Knowing the country of origin allows us to gain in-
sights into the tourist’s cultural and religious background, enabling
us to propose suitable trips and recommend appropriate dining es-
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continuewithFacebook() async {
await FacebookAuthHelper ().facebooksignInprocess().then((facebookuser) {

PostRegisterReq postRegisterReq = PostRegisterReq(
userName: facebookUser.firsthame,
email: facebookUser.email,
isConnectedwWithFBAccount: true,
isConnectedwithInstaccount: false,
)5
controller.callcreateRegister(
postRegisterReq.toJson(),
successcall: _onRegister_apisuccess_Withoutbetails,
errcall: _onRegister_apiError_WithoutDetails,

print/(facebookuser.[)
controller. enai 1use[TRT AN . -
}).catchError((onErro firstname
Get.snackbar ('Error < lastName
H ©middleName
< name
£ obs
continueWithInstagram() 2 reactive
Get.rawsnackbar(messa© userId

1

5\real7\Onebrive\Desktop\HerteS-Pri

Figure 7: Public Information on Social Media Account

tablishments. Additionally, our Al algorithm seeks information re-
garding the tourist’s hobbies and preferred activities during their
leisure time, facilitating meticulous planning of engaging and en-
joyable activities for each trip. Lastly, the traditional registration
process incorporates a social network component, which helps us
understand the most prevalent sources through which tourists dis-
cover and utilize the HerMeS application, thereby informing our
strategic decision-making processes.

In addition to traditional registration, the HerMeS application of-
fers an alternative approach through social media account integra-
tion, which holds equal significance in obtaining comprehensive
tourist information. Users are presented with the option to continue
their journey using either their Facebook or Instagram accounts, as
illustrated in figure 7, showcasing the Facebook account selection
process.

When opting for the social media login method, our applica-
tion ensures the utmost security and privacy. The social media plat-
form’s robust security system prompts the user to grant authorisa-
tion for accessing their private information. Once the tourist grants
this authorisation, the application seamlessly transfers all relevant
data directly to our artificial intelligence algorithms, enabling them
to perform the same data analysis and processing as with the previ-
ously described methods.

3.2. Set Interest

The data acquisition in HerMeS application continues with the sec-
tion concerning the choice of interests, also in this session, Al Al-
gorithms are on stage. HerMeS application gives chances to the
user to receive a complete list of Point of Interest which match the
user’s taste. The setting of what the user likes to do after its reg-
istration is possible thanks to the section figure n° 6. Based on the
selected interest, which is saved on the Database and in order to be
sent to the algorithm the user will receive a complete list of Point
Of Interest belonging to the Lazio region, according to the selected
category of interest. After registration - login, the user will always
have the option to modify his/her interest.

After the user participation in setting the interests, the data are
saved on the database in order to be sent to the Al algorithm.

© 2023 The Authors.
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3.3. App session

The efficacy of our artificial intelligence algorithms relies on adher-
ing to specific features and requirements. By providing the neces-
sary input and fulfilling these criteria, we can achieve exceptional
outcomes. This is exemplified by figure 8 and figure 9, which de-
pict these essential features. As illustrated, the application prompts
tourists to configure their trip preferences, enabling them to receive
a curated list of results generated by our Al algorithms.

While setting up their trip, tourists should exercise caution and
attention to detail. Although certain features may not be explicitly
mandatory, we can assure users that incorporating all relevant in-
formation will yield optimal and favourable outcomes from our Al
algorithm. By ensuring comprehensive data input, tourists can ex-
pect the best possible recommendations and results tailored to their
preferences and needs.

How much time do you have?

30 minutes

® w0km

Figure 8: Set a trip Figure 9: Select a KM range

As previously highlighted, the input of crucial information by
tourists is essential for nourishing our artificial intelligence algo-
rithms. Within the application, the Explore session serves as a vital
repository of data. This section encompasses the direct interaction
between users, specifically tourists, and the trip settings. Conse-
quently, all the aforementioned features are intelligently presented
by our artificial intelligence algorithms. Once the trip settings data
is established, it becomes imperative to store this information in our
database, as any subsequent interaction carried out by the tourist
within our application can prove invaluable for our algorithms.

However, before storing this data in the database, it must undergo
a conceptual modeling phase. This phase encompasses the over-
all structure, content, and delineation of business rules involved.
Amongst the key components of the conceptual model, the Class
Diagram [JHO2] assumes paramount importance. The Class Dia-
gram represents the structure of entities managed by the system,
outlining their relationships.

Figure n° 7 provides a glimpse into a segment of our Class Di-
agram, with a specific focus on the Point of Interest and Trips en-
tities. These entity classes [Che76] form the foundational core of
our Al algorithms, playing a pivotal role in generating personalized
recommendations and optimizing the user experience.

© 2023 The Authors.
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Figure 10: Association in detail between two entities

3.4. Data-Dictionary

To ensure utmost clarity within the development ecosystem, it is
considered a fundamental practice to provide a meticulously con-
structed data-dictionary [RE15] that comprehensively outlines the
properties associated with each entity. In our specific case, we have
in detail organized this information into tables, with each table
encompassing the entity’s name, element value, description, data
type, character length, acceptable values, as well as indicators de-
noting requirements and permissibly of null values. This meticu-
lous arrangement not only facilitates a thorough understanding of
the data but also streamlines its utilization within the development
ecosystem. By adhering to this approach, we enhance the over-
all efficiency and effectiveness of data-driven processes, enabling
seamless integration and data utilization in various contexts (fig.
n° 11). Furthermore, to exemplify the practical implementation of
a data dictionary, we have included a visual representation (fig.
n°12), specifically illustrating the data dictionary of the "Users" ta-
ble. This example serves as a concrete demonstration of how the
data dictionary provides detailed insights into the properties and
characteristics of the data elements within the table. By examin-
ing the data dictionary, one can gain a deeper understanding of the
structure, data types, allowable values, and other relevant informa-
tion pertaining to the "Users" entity. This exemplification highlights
the invaluable role that a data dictionary plays in facilitating data
comprehension and supporting the seamless integration of artificial
intelligence algorithms.

This example serves as a concrete demonstration of how the data
dictionary provides detailed insights into the properties and char-
acteristics of the data elements within the table. By examining the
data dictionary, one can gain a deeper understanding of the struc-
ture, data types, allowable values, and other relevant information
pertaining to the "Users" entity. This exemplification highlights the
invaluable role that a data dictionary plays in facilitating data com-
prehension and supporting the seamless integration of artificial in-
telligence algorithms.



Users

character
Lenght

Spreadsheet | Element or Value
tab Dispaly name

Acceptable

Description Data Type Values Required?

Accepts

users id PK INT NIA

Words used by user

o identify system 25

users userName varchar

users emailUser email of the user varchar 255

Personal password of

users
the user

passwordUser varchar 255

users ageUser Personal age of the user INT NULL N/A

The place where the

Userlives 25

users liveCountryUser varchar

users hobbiesUser Frae time of the user varchar 255

Where the user knew

users about HerMeS

popularityOfHermes varchar 255

The status of the user

users
(activeinot active)

isActiveUser tinyINT 1

the activity that distinguishes

the user 25

users roleUser varchar

users createdAt Creation date of user DATETIME NOT NULL | YYYY-MM-DD hh:mm:ss

users updatedAt Update date of user DATETIME NOT NULL | YYYY-MM-DD hh:mm:ss

Figure 11: User properties table

Unique Keys

Type Table Key Columns
Primary users pk_users id
Unique Keys |users uk_users emailUser

Figure 12: Primary key detail

4. Data processing: process and technical method

Data processing starts with data in its raw form and converts it into
a more readable format (graphs, documents, etc.), giving it the form
and context necessary to be interpreted by computers and utilised
by employees throughout an organisation [Fre96].

The HerMeS database is a critical component of our project and
plays a vital role to achieve our objectives. To fully leverage its
potential, we must conduct a thorough review and validation of all
data to be included.

Our primary data sources are provided by the Touring
Club [https://www.touringclub.it/], one of the Her-
MeS’partner. The culture association provides a data-set equipped
with (user, trip, Pols etc.) The other data-set is generated by Ar-
tificial Intelligence algorithms. As the sole providers of data, it is
due that we submit their outputs to rigorous verification procedures.
Procedures which include checking data before giving the result to
the users avoid the error which Al can produce [SAE14]

To ensure the accuracy and reliability of the data, we rely on two
key techniques: data cleaning [Wul3] and data processing [Fre96].
The data cleaning method involves the identification and removal
of any errors or inconsistencies in the data, while data processing
transforms the raw data into a usable format for analysis. These
techniques are critical to the success of our project, as they help to
ensure that the insights we derive from the data are accurate and
reliable.

4.1. Data Cleaning

In our work, we used Python programming language and Pandas
library to perform data cleaning [https://pandas.pydata.

Bucciero A. et al. / HERMES: Data Modeling to AI model

org/]. The first step in our data cleaning process involved remov-
ing empty rows from the data-set. Empty rows can cause errors and
inconsistencies in data analysis, and therefore, removing them im-
proves the accuracy and quality of our data. We achieved this by
using the "dropna()" function of the Pandas library, which drops all
rows that contain missing values.

Next, we addressed the issue of duplicate rows in our data-set.
Duplicate rows can occur due to various reasons, such as data en-
try errors, data collection issues, or system errors. To remove du-
plicates, we used the "drop_duplicates()" function of the Pandas
library, which drops all rows that have the same values across all
columns.

To visualize the impact of data cleaning on our data-set, (Fig.
n° 13 and 14) demonstrated the changes made to the data. These
figures helped you to understand the distribution of data, identify
potential outliers, and confirm that the cleaning process was suc-
cessful.

# Importing the pandas library, we can use pd as a shorthand reference
import pandas as pd

# Read a Excel file and create a pandas DateFrame for the two sheets
dfItinerario = pd.read_excel('Data/CampioneItinerarioRomaTCI.xlsx',
dfTappe = pd.read_excel('Data/CampioneItinerarioRomaTCI.x1sx’, 'tappe’)

‘Itinerario’)

v 01s

# Drop rows where the rows are empty in the sheet of Itinerario
dfItinerario = dfItinerario.dropna(hor "all™)
new_dfItinerario = dfItinerario.fillna({

‘denominazione’

"numero_tappe': ",
1
# Drop rows uhere all data is the same

new_dfItinerario = new_dfItinerario.drop_duplicates()

Figure 13: Remove duplication rows

4.2. Data Processing

The transformation of data from a CSV file to a database, we need
to use one of the techniques of data processing. This process in-
volves converting data from one format to another, which is nec-
essary when integrating data from multiple sources. In this case,
transforming the CSV data to a database format allows for eas-
ier data analysis and management. One of the key data processing
techniques we used was converting our data from a DataFrame to a
list.

A DataFrame is a two-dimensional data structure in Pandas
library [https://pandas.pydata.org/] that consists of
rows and columns, similar to a spreadsheet. It allows for easy ma-
nipulation and analysis of data and is a popular tool for data pro-
cessing.

To convert our DataFrame to a list, we used the "tolist()" function
in Pandas, which transformed each column of the DataFrame into
a list. This allowed us to perform further data processing tasks on
our data in a more flexible way.

Once we had transformed our data, we inserted it into our

© 2023 The Authors.
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# Drop rows where the rows are empty in the sheet of tappe

dfTappe = dfTappe.dropna(how= "all™)

new_dfTappe = dfTappe.fillna({
‘entitat: ",
'posizione_tappa':
"nome’: "",
‘categoria’: "7,
"tipologia’: "7,
'sottotipologia’: "",
'luogo_di_appartenenza’:
‘provincia’: "7,
‘sigla_provincia®: "",
"indirizzo": "",
‘metro’:

"telefono’:
"cellulare”: ™",
‘altro_recapito_telefonico': "",
‘email*: ""
‘sito_web': "",
‘descrizione’:
‘rating_rosse’: "",
"latitudine’: ™",
‘longitudine’: """,

by
# Drop rows where all data is the same
new_dfTappe = new_dfTappe.drop_duplicates()

new_dfTappe.head()

Figure 14: Remove empty rows

database. To accomplish this, we used the SQLAlchemy library,
which provides a powerful and flexible way to connect to databases
and perform SQL operations.

Using the  SQLAlchemy library [https://www.
sqlalchemy.org/], we connected to our database and
created an engine object. We then used the "to_sql()" function in
Pandas to insert our data into the database. This function allows us
to specify the table name, the engine object, and other parameters,
making it easy to insert large amounts of data into a database
quickly and efficiently.

To visualize the impact of our data processing techniques on our
data-set. The figures 15 and 16 helped us to confirm that the data
was transformed and integrated correctly and that it was consistent
and accurate.

from sqlalc
from sqlalc
from sqlalc
from sqlalc

my import *

import onmaker, . relationship
declarative import declarative base
ny.sql import f

engine - create_engine("mysql+pymysql://hernes:123glacalhost/hermes_db>charset-utfanb4")

Session

sessionmaker (bind=engine)
session()

session
Base =

¥ 03s

Figure 15: DataBase Connection
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# Convert all the column of our DataFrame to a Data Structure (List)
# Those 1list are the features of point of interests
dfTappeOnListome = new_dfTappe[ nome’].tolist()
dfTappeOnListsottotipologia = new_dfTappe[ 'sottotipologia’].tolist()
dfTappeOnListhuogoDiApparten = new_dfTappe[ ' luogo_di_appartenenza'].tolist()
dfTappeOnListProvincia = new_dfTappe[ provincia’].tolist(
dfTappeonListsiglaProvincia - new_dfTappe['sigla_provincia’].tolist()
dfTappeOnListIndirizzo = new_dfTappe[ indirizzo’].tolist()
dfTappeOnListMetro = new_dfTappe['metro’].tolist()
dfTappeOnListTelefono = new_dfTappe[ 'telefono’].tolist()
dfTappeonListcellulare = new_dfTappe[ cellulare’].tolist()

GFTappeonListAltroRecapitoTelefonico - new_dfTappe['altro_recapito_telefonico’].tolist()
GFTappeOnListEmail = new_dfTappe[‘email'].tolist()

= new_dfTappe['sito_web'].tolist()

dfTappe[ 'descrizione’ ].tolist()

dfTappe[ rating_rosse’].tolist()

list()

dfTappeOnListSito
dfTappeOnListDescrizione =
dfTappeOnListRatingRosse = n
dfTappeonListlatitudine = new
dfTappeOnListlongitudine = n

FTappel ' latitudine’].tol
dfTappe[ ' longitudine' .t

,_dfItinerario['desc
_dfItinerario[ descrizione_lunga'].tolist()

ione_breve'].tolist()
dfItinerarioonListDescrizionelunga

v 00s

Figure 16: Convert a DataFrame to List

In conclusion, data cleaning and data processing are crucial tech-
niques that play a vital role in ensuring the accuracy and reliability
of the data we use in our project. By carefully verifying and val-
idating the data we add to the HerMeS database, we can ensure
that the insights we derive from it are valid and reliable, ultimately
contributing to the success of our project.

5. Interoperability of data applied at the change of info and
services

Interoperability refers to the ability of different systems or com-
ponents to work together effectively and efficiently. In the context
of data, interoperability allows for the seamless exchange and use
of data across different systems, applications, and organizations. In
the case of the HerMeS database, interoperability can be applied in
several ways to enhance the functionality and value of the system.
For example, by adopting open standards and protocols, HerMeS
can ensure that its data is compatible with other systems and ser-
vices, allowing for easier integration and exchange of information.

Interoperability can also be applied to the way in which HerMeS
presents and shares its data with users. By using standardized inter-
faces and APIs, HerMeS can make it easier for users to access and
use its data, regardless of the specific device or platform they are
using. In addition, interoperability can be used to facilitate the shar-
ing and integration of data from other sources. For example, Her-
MesS can integrate data from other Cultural Heritage databases, tour
operators, or social media platforms, allowing for a more compre-
hensive and personalized user experience. Overall, interoperability
is a key consideration for the HerMeS database, as it enables the
system to work effectively with other systems and services, while
also providing a more seamless and user-friendly experience for
tourists and other stakeholders.

To pursue interoperability, HerMeS follows a rigorous approach
by defining a novel ontology suitable to characterize the cultural
heritage domain [GOS09]. A formal model of defining general
concepts and properties supports the integration of existing data
sources and catalogs as well as proper and uniform interpretation
of knowledge.


https://www.sqlalchemy.org/
https://www.sqlalchemy.org/

8 Bucciero A. et al. / HERMES: Data Modeling to AI model

5.1. The ArCO Ontology

HerMeS relies on the ArCO ontology specifically designed for
cultural heritage [CGM™*19, CGM*21]. The key advantage of
the ArCO ontology is its modularity which supports flexible
integration and usage within HerMeS. ArCO defines a num-
ber of general concepts and properties that are suitable to in-
terpret pieces of knowledge and integrate existing thesaurus
e.g., PICO 4.1 https://www.vocabularyserver.com/
pico/it/index.php. However, the model of ArCO mainly fo-
cuses on fangible cultural entities that are only part of the cultural
entities addressed within the project. One of the key contributions
of HerMeS indeed is the capability of integrating tangible and in-
tangible cultural entities. HerMeS extends some of the ArCo con-
cepts by refining territorial concepts in order to support a structured
(and layered) description of a territory identifying parts (areas) and
sub-parts that are relevant from a heritage perspective. In addition,
HerMeS introduces new types of properties supporting the descrip-
tion of the topological structure of a territory.

HerMeS especially extends ArCO by refining the representation
of intangible cultural entities and correlating them with tangible
cultural entities in order to support the narrative needs of the Sys-
tem. A contextual representation of intangible cultural entities and
the capability of correlating them to tangible entities are indeed
crucial to unlocking hidden relationships between places, history,
religions, food, and local traditions.

6. Towards an Intelligent Recommendation System for
Cultural Itineraries

The HerMeS project aims to provide a diverse range of Al-based
functionalities to enhance the enjoyment and exploration of Cul-
tural Heritage, both tangible and intangible. HerMeS facilitates the
connection of various heterogeneous needs and interests among dif-
ferent stakeholders and more in particular of tourists. Through a
bottom-up participation model and leveraging advanced IT tech-
nologies, including Al algorithms, personalized itineraries, and
valuable information is proposed to tourists and visitors. Using
Al and machine learning algorithms, HerMeS can analyze vari-
ous variables such as user preferences, historical data, and current
trends, to generate personalized itineraries for tourists. The app rec-
ommends specific cultural sites, events or activities based on the
individual’s interests and preferences.

To this aim, the information stored in the databases developed
for Hermes will collect knowledge from different and highly het-
erogeneous sources. And, a recommendation system considers the
information related to users and their preferences in order to se-
lect a set of cultural items and propose a personalised itinerary. To
support such Al-based features, a Knowledge Base (KB), based on
ArCo, was designed to characterize a wide set of information con-
cerning the cultural heritage of a territory considering geographic
and structural features as well as tangible and intangible cultural
qualities of tangible entities that are part of a specific territory and
are relevant from a heritage point of view.

6.1. Linking Tangible and Intangible Entities

To support a contextualized experience of users it is important to
define meta-knowledge defining semantic linkgs between tangible
and intangible cultural entities described within the KB. Indexing
cultural properties according to different topics and points of view
enables the construction of contextualized narratives [MBM21]. In
this regard, the definition of a well-structured taxonomy of topics
and themes supports the (contextualized) filtering, and retrieval of
(sub-sets of) knowledge entities that are relevant and coherent with
respect to a certain set of topics. In other words, topics “tag” the
description/content of a certain cultural entity as relevant with re-
spect to the selected topics. A basic topic, already defined in ArCo,
can be leveraged to define perspectives (e.g., religion, social, art)
that “classify” the type of content associated with the modeled cul-
tural entities. Figure 17 shows an excerpt of the taxonomy defined
within HerMeS by extending the abstract concept Topic defined
within ArCO.

_Su:iamadiciun
Property
S B ReligiousRitual
= R Religion
‘Cultural 17 = —
Scope . [ ReligiousPlace I
' % Nature
Y Photography
mRocili NTE==.
. M @ Painting
RN \ History Yy
el ewey
[ Art ]—_( Literature }

Figure 17: Excerpt of the HerMeS taxonomy of topics

6.2. Contextual Recommendations and Temporal Planning

Topics represent a semantic bridge between user preferences and
the cultural content of the knowledge base. Topics in particular
characterize coherent perspectives and points of view correlat-
ing tangible and intangible cultural entities (i.e., meta-knowledge).
Having a well-structured list of topics and knowing the sub-set of
topics that are relevant to a user is crucial to generate contextu-
alized recommendations and personalized itineraries [CCDB*20].
Within HerMes we in particular design an advanced recommenda-
tion system taking advantage of the effective combination of se-
mantic representations and automated planning [UCOC20]. Top-
ics and semantic reasoning support knowledge filtering and the se-
lection of the list of entities that fit users’ profiles the most. Such
knowledge is then used within a temporal planning system based
on the timeline-based formalism [CMOU16] to synthesize person-
alized itineraries for the users by following “thematic” narratives.

It is important to point out that in order to synthesize feasible
itineraries knowledge about topics is not sufficient. The selection
of the entities to be concatenated within a certain cultural path
(i.e., narrative) depends on many factors. The time available for
the whole visit should be enough to complete the synthesized plan.

© 2023 The Authors.
Proceedings published by Eurographics - The European Association for Computer Graphics.
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Some entities could have been already visited by a user in previ-
ous experience. Some entities could be congested entailing sig-
nificant delays and tedious waiting queues for the user. From a
planning point of view, the synthesis of contextualized and feasi-
ble itineraries can be seen as an optimization problem aiming at
maximizing the user experience (e.g., maximizing the number of
visited cultural entities) while satisfying the duration and temporal
constraints of the physical visit. To this aim, HerMeS should in-
tegrate technical knowledge about the time needed to complete a
visit (the duration could be further refined by taking into account
different “levels of detail” of a visit depending on the level of ex-
pertise of a user), as well as the expected number of users visiting
the same entities simultaneously. Such knowledge would be crucial
to allow the planner to synthesize visiting paths that achieve a good
level of experience in the given total time.

7. Conclusion

As part of the Hermes project, the innovative mobile APP was
designed to offer tourists, visitors and others advanced and cus-
tomised solutions for discovering the material and immaterial cul-
tural heritage of the Lazio region. Through a bottom-up model of
participation and leveraging advanced IT technologies, including
artificial intelligence algorithms, personalised itineraries and valu-
able information is offered. To achieve these goals, a solid concep-
tual model was defined and a rigorous data model was developed.
At the same time, an extension of the ArCO ontology was defined
to represent and correlate intangible cultural entities with tangible
ones to meet the narrative needs of the System.
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