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Electronic Imaging !!  the Visual Arts 
 ‘The Foremost European Electronic Imaging Events in the Visual Arts’ 

Forum for Users, Suppliers & Researchers 

The key aim of this Event is to provide a forum for the user, supplier and scientific research 
communities to meet and exchange experiences, ideas and plans in the wide area of Culture & 
Technology. Participants receive up to date news on new EC and international arts computing & 
telecommunications initiatives as well as on Projects in the visual arts field, in archaeology and 
history. Working Groups and new Projects are promoted. Scientific and technical demonstrations 
are presented. 

 

WHO SHOULD ATTEND 

THE CULTURAL SECTOR: The Visual Arts Community including Museums, Libraries, 
Archaeological Sites, Educational Institutions, Commercial Galleries and Dealers, Auction Houses, 
Artists & Collectors 
THE HI-TECH INDUSTRY SECTOR: Multimedia Systems, Image Acquisition & Analysis, 
Data-bases, Display & Printing, ICT Industry, Telematics & Systems Manufacturing, On-line 
Information Services 
MEDIA & RELATED SECTORS: Publishing, Press, Film, Television, Photography, Printing, 
Advertising, Graphics Design, Consumer Media 
IMAGING SYSTEMS RESEARCHERS: Imaging Systems, 3-D Acquisition, Reconstruction & 
Representation Systems, Information Sciences 
TOURISM & TRAVEL SECTOR: Tourism Agencies & Operators, Travel Agencies 
THE GOVERNMENT SECTOR: Ministries of Culture and other Institutions involved in Cultural 
Heritage, Ministries of Industry, Education, Research and Science, Regional Governments 

 

Main TopicsMain Topics 
• 2D – 3D Digital Image Acquisition
• Leading Edge Applications: Galleries, Libraries, Education, Archaeological Sites, Museums &

Historical Tours
• Mediterranean Initiatives in Technology for Cultural Heritage:

Synergy with European & International Programmes
• Integrated Digital Archives for Cultural Heritage and Contemporary Art
• Management of Museums by using ICT Technology: Access, Guides, Documentation & Other

Services
• The Impact of New Mobile Communications on Cultural Heritage and Modern Arts Area
• Semantic Webs
• Human - Computer Interaction for Cultural Heritage Applications
• Copyright Protection (Watermarking), Anti-Counterfeiting and Electronic Commerce
• Culture and e-government
• Activities and Programmes for  e-learning
• Applications to TV & Cinema
• 3D Developments and Applications in the Cultural Heritage Area
• Digital Theater
• Cultural Tourism & Travel Applications
• Art and Medicine
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Chairman:  Vito Cappellini – Florence University 
Co-Chairman:   James Hemsley – EVA Conferences International 

vito.cappellini@unifi.it      jrhemsley@hotmail.com 

 

 

SPONSORS & SUPPORTERS INCLUDE: 

EUROPEAN COMMISSION, THE UNIVERSITY OF FLORENCE, 

REGIONE TOSCANA, COMUNE DI FIRENZE, 

DIPARTIMENTO DI INGEGNERIA DELL’INFORMAZIONE - UNIVERSITA’ DI FIRENZE, 

CENTRO PER LA COMUNICAZIONE E L'INTEGRAZIONE DEI MEDIA, 

ISTITUTO DI FISICA APPLICATA “NELLO CARRARA” – C.N.R. 

CONFINDUSTRIA FIRENZE, 

GTTI, CNIT, 

HITACHI LTD., 

GRUPPO SESA,  

CABEL, 

T.T. TECNOSISTEMI, 

FRATELLI ALINARI IDEA, 

CENTRICA, 

NEUMUS, 

VIDITRUST, 

VIRTUITALY, 

INN-3D, 

ICESP, 

CONSERVATORIO DI MUSICA LUIGI CHERUBINI, 

ENTE CASSA DI RISPARMIO DI FIRENZE.
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Co-Chairmen:  Vito Cappellini, Enrico del Re – Florence University 
vito.cappellini@unifi.it      enrico.delre@unifi.it 

 

 
 
 
 
 
 
 

EVA Conferences Organiser: Monica Kaayk,  acinom_5@hotmail.com 

EVA 2016 Florence Technical Organising Committee includes: 
Antonella Castaldi, Roberto Caldelli, Alessandro Nozzoli, Alessandro Piva, Francesca Uccheddu, 

Luca Belloni, Riccardo Saldarelli, Giuliana Signorini,  
Silvia Capecchi, Paola Imposimato, Claudia Riva di Sanseverino 

 
 

For general information:  
    Dipartimento di Ingegneria dell’Informazione (DINFO) 

Università degli Studi di Firenze 
Via di Santa Marta, 3 – 50139 Firenze, Italy 
Tel.: (+39) 055 2758575 – Fax: (+39) 055 2758570  
E-mail: vito.cappellini@unifi.it 

For information on the Exhibition: 
   CENTRICA S.r.l. 
   Piazza della Madonna della Neve, 5 -  50122 Florence - Italy 
   Tel.: (+39) 055 24 66 802 – Fax: (+39) 055 20 09 785 

E-mail: info@centrica.it     Web pages ~ http://www.evaflorence.it

DINFO
DIPARTIMENTO DI
INGEGNERIA 
DELL’INFORMAZIONE

ADVISORY BOARD

President: James Hemsley, EVA Conferences International 
jrhemsley6@gmail.com 

Cristina Acidini, Accademia delle Arti del Disegno, Florence, Italy 
Paolo Blasi, University of Florence, Florence, Italy 

Enrico Bocci, Progetto Ricerca e Innovazione, Confindustria Florence, Florence, Italy 
Nikolay Borisov, ITMO University, Saint Petersburg, Russia 
Edoardo Calia, Istituto Superiore Mario Boella, Turin, Italy 

Andrea De Polo, Fratelli Alinari IDEA, Florence, Italy 
Takashi Hamazaki, DIS Project, Hitachi Ltd., Yokohama, Japan 

EVA Organiser: Dipartimento di Ingegneria dell’Informazione (DINFO) -  
University of Florence 
Via di Santa Marta, 3 – 50139 Firenze, Italy  
Tel.: (+39) 055  2758575 -  Fax: (+39) 055 2758570 
Web pages ~  http://iapp.det.unifi.it/uploads/documents/highlights/announcement.pdf 
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PROGRAM 

1 - CONFERENCE 

Wednesday, 11 May: 14,15 – 19,10 
Thursday, 12 May:   9,00 – 17,55 

2 - WORKSHOP 

Wednesday, 11 May: 9,00 – 13,00 

3 - SPECIAL EVENT 

Wednesday, 11 May:  19,30 – 21,30 

4 - TECHNICAL EXHIBITION 
Thursday, 12 May:  10,00 – 17,00 

Venue: Hotel Pierre 
Via De’ Lamberti, 5 
50123 Firenze  
Tel. +39 055 216218   Fax +39 055 2396573 
E-mail: pierre@remarhotel.com
www.remarhotels.com
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ROOM A 

1 - CONFERENCE 

Wednesday, 11 May 

Chairmen: Vito Cappellini, University of Florence 
Enrico Del Re, University of Florence 

14,15 Opening: Luigi Dei,  
   Rector of University of Florence 
Enrico Del Re, 
   Director of Department of Information Engineering –  
   University of Florence 
James Hemsley, 
   EVA Conferences International 
Pier Luigi Rossi Ferrini, 
   Vice-President Ente Cassa di Risparmio di Firenze 
Paolo Castellacci, 
   President GRUPPO SESA 

15,15 Coffee Break 

ROOM A 

15,30  SESSION 1 – STRATEGIC ISSUES 
Chairman: Paolo Blasi, University of Florence, Florence, Italy 

“Innovative tools for the  creation, reuse and 
retrieval of digital cultural content” 

Rossella Caffo 
Michael-Culture Association 

“IP Strategic Role” Daniela Mainini 
Anti-Counterfeiting Center 
Milan, Italy 

“High Quality Archive Project for Polo  
Museale Fiorentino: Exploitation Activities. 
Demonstrations and Exhibitions in Japan” 

Takashi Hamazaki 
DIS Project, Hitachi Ltd. 
Yokohama, Japan 

“eFoto Hamburg Lab” Christoph Wienberg1, Horst Scholz2 
1IT and Project Management, 
Office of Hamburg’s CIO,  
Hamburg, Germany 
2Information Technology and Digital Projects, 
Hamburg Ministry of Culture,  
Hamburg, Germany 
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“Museo Nazionale del Bargello” Ilaria Ciseri 
Museo Nazionale del Bargello, 
Florence, Italy 

“Uffizi Virtual Experience. Da Giotto a 
Caravaggio” 

Marco Cappellini1, Paolo De Rocco1, Paolo 
Romoli1, Marxiano Melotti2, Vito Cappellini3,  
1VirtuItaly, Florence, Italy 
2Bicocca University, Milan, Italy 
3University of Florence, Florence, Italy 

ROOM A 

17,30 SESSION 2 – NEW SCIENCE AND CULTURE DEVELOPMENTS & 
APPLICATIONS  

Chairman:  Konstantine Karczmarski, University Innovation Office, ITMO University, 
St.Petersburg, Russia 

“Beauty as a Bridge Between Cultures” Giuseppe O. Longo 
Information Theory, 
University of Trieste,  
Trieste, Italy 

“Recent advances in spectral imaging 
for cultural heritage documentation
and analysis” 

Jon Yngve Hardeberg, Sony George, 
The Norwegian Colour and Visual Computing 
Laboratory, NTNU, Gjøvik, Norway 

“Application of Big Data and Content 
Curation to Exploitation of Cultural  
Heritage" 

Konstantine Karczmarski 
Department of Innovations, 
ITMO University, 
Saint Petersburg, Russia 

“Piezomusicolor. A natural Form of 
Technological Art” 

Giuseppe Caglioti1, Marco Marcon1, Tatiana 
Tchouvileva1, Riccardo Della Ragione2 
1Politecnico di Milano,  
Milan, Italy 
2Magic Music s.a.s,  
Livorno, Italy  

“The Use of Patient Specific Instrumentation 
during Total Knee Replacement Surgery” 

Lawrence Camarda, Antonio D’Arienzo,  
Salvatore Morello, Michele D’Arienzo 
Orthopaedic and Traumatology Department, 
University of Palermo, Palermo, Italy 
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Thursday,  12 May 
 

ROOM A 
 

9,00  INTERNATIONAL FORUM ON “CULTURE & TECHNOLOGY 
  Chairman: Vito Cappellini, University of Florence, Florence, Italy 
 

The structure of the FORUM is presented.  
Actual developments and perspectives are outlined: 
 

- Cooperation Groups 
- Proposed Projects 
- Funding Opportunities 
- European Commission Plans  

(HORIZON 2020) 
 

Speakers Include:  

- Cristina Acidini, President Accademia delle 
Arti del Disegno, Florence, Italy 
- Nikolay Borisov, President of Center of 
Design and Multimedia, ITMO University, Saint 
Petersburg, Russia 
- Edoardo Calia, Research Director, Istituto 
Superiore Mario Boella, Torino, Italy 
- Alberto Del Bimbo, Director Centro per la 
Comunicazione e l’Integrazione dei Media,
Florence, Italy 
- Monica Carfagni, President Promo Design, 
Calenzano, Florence, Italy 
- Fabio Donato, University of Ferrara, Italian 
Representative in HORIZON 2020-SC6 
Committee 
- Paolo Zampini, Director of Conservatorio di 
Musica Luigi Cherubini, Florence, Italy 

 
11,00  Coffee Break 

 
 
 
 
 

 

11.15 SESSION 3 – NEW TECHNICAL DEVELOPMENTS & APPLICATIONS  
Chairman:  Jon Yngve Hardeberg, The Norwegian Colour and Visual Computing 

Laboratory, NTNU, Gjøvik, Norway 

 
 
“Getting Past the Fear of Virtual Innovation”
 

Eugenia Romanelli 
Italian Journalist 
Rome, Italy 
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“Perception-Based Histogram Equalization 
 for Tone Mapping Applications” 

S. Ploumis1,  Ronan Boitard1,   Mahsa T.
Pourazad2, 3,Panos Nasiopoulos1, 3
1Elect. and Computer Eng. Department, University
of British Columbia, Vancouver, Canada
2TELUS Communications Inc., Vancouver, Canada
3The Inst. for Computing, Information and Cognitive
Systems (ICICS), Vancouver, Canada

“From Encyclopédie plates to visual  
knowledge for craftsmen: the 
project Visuoplanches” 

Marcantonio Catelani1, Maria Teresa Zanola2,  
Clara Vecchio2 
1University of Florence,  
Florence, Italy 
2Università Cattolica del Sacro Cuore,  
Milan, Italy 

“Culture and Computer Science to 
Change Society’s Behavior” 

Wilhelmina Ndapewa-Onyothi Nekoto1,2, 
Hippolyte N’Sung-Nza Muyingi2 
Jürgen Sieck1,2 
1University of Applied Sciences Berlin,  
Berlin, Germany 
2Namibia University of Science and Technology, 
Namibia 

“New Trends of 3D Technologies” 
Chiara Soffici1, Francesca Uccheddu2,  
Francesco Falaschi3, Vito Cappellini4,  
1Master Thesis in Economy and Management, 
Florence University, Florence, Italy 
2DINFO - University of Florence, INN-3D,  
Florence, Italy 
3VARGROUP, Empoli, Florence, Italy 
4University of Florence,  INN-3D, Florence, Italy 

“New 3D Scene Representation for FTV” Masayuki Tanimoto 
Nagoya Industrial Science Research Institute 
Nagoya, Japan  

13,15 Lunch Break 

ROOM A 

14,40 SESSION 4 – MUSEUMS – VIRTUAL GALLERIES  
AND RELATED INITIATIVES  
Chairman:  Andrea De Polo, Fratelli Alinari IDEA, Florence, Italy 

“Terahertz Advanced Research Techniques 
for Non-Invasive Analysis in Art Conservation 
(THz-ARTE)” 

M. Picollo1, A. Aldrovandi1,2, G. Bartolozzi1, A.
Casini1, C. Cucci1, A. Doria3, K. Fukunaga4,
G.P. Gallerano3, E. Giovenale3, R. Olmi1, M.
Poggesi1, L. Stefani1
1“Nello Carrara” Institute for Applied Physics of the
Italian National Research Council (IFAC-CNR), 
Sesto Fiorentino, Florence, Italy 
2Opificio delle Pietre Dure (OPD), Florence, Italy 
3National Institute of Information and 
Communications Technology (NICT), Tokyo, Japan 
4ENEA-Frascati, Frascati, Rome, Italy 14



“The Secrets of the Work of Art. Mysteries  
concealed behind old Restorations and  
the Truth Revealed ” 
 
 

 
Sara Penco,  
Restorer ad Creator for the “SMARTICON Project”,  
Rome, Italy 
 
 

“Cultural Assets, ‘Extended’ Museums and  
the Historic City: the Case Study of an App  
for Genoa”  

 
 

 
Valentina Fiore, Lauro Magnani, Sara Rulli 
Dept. D.I.R.A.A.S. 
Università degli Studi di Genova 
Genoa, Italy 

“3D Services at Museo Galileo” Luisa Barattin, Marco Berni, Elena Fani 
Museo Galileo - Institute and Museum of the History 
of Science, Florence, Italy 
 

 
16,00   Coffee Break 
 
 
ROOM A 
 
 
16,15  SESSION 5 – ACCESS TO THE CULTURE INFORMATION  
Chairman:  James Hemsley, EVA Conferences International, U.K . 
 
 

 

“Art in the Neuroscience Era. How the Brain 
Understands and Creates Art” 

Raffaella Folgieri1, Ludovico Dei Cas2,  
Francesco Soave3, Claudio Lucchiari1 
1Dipartimento di Filosofia, Università degli Studi di Milano, 
Milan, Italy 
2 CdL Scienze Biologiche, Università degli Studi di Milano,  
Milan, Italy 
3Msc Interactive Digital Media, 
Ravensbourne College of Design and Communication, 
London, U.K 
 

“Disability & Digital Discussion:  
Global, EU & Italian Developments in  
the New Millennium”  
 
 
 
“Toviva Project: Documenting the Spanish 
Defense Towers along the Valencian Coast 
with a Comprehensive Digital Methodology 

James Hemsley 
VASARI Research Centre, Birkbeck College, Universtity  
of London and EVA Conferences International, 
London, U.K.  
 

 
A. Pablo Rodríguez-Navarro1, B. Giorgio Verdiani2,  
C. Teresa Gil Piqueras1 
1Departamento de Expresión Gráfica Arquitectónica 
Univesitat Politècnica de Valèncian 
Valencia, Spain 
2Dipartimento di Architettura,  
Università degli Studi di Firenze,  
Florence, Italy 
 
 

“Rio´s Digital Atelier Murat under  
Verrochio´s Spell” 

Heitor Luiz Murat de Meirelles Quintella"!!
Stratimidia’s Murat MAGIC  
(Maison d’Art Galerie et Imaginarium Contemporain) 
Atelier,  
Rio de Janeiro, Brasil 
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2 - WORKSHOP 
ROOM A 

WORKSHOP   INNOVATION AND ENTERPRISE – INNOVAZIONE E IMPRESA 
(Italian Language) 
9,00 – 13,00 
Chairman:  Enrico Bocci, Progetto Ricerca e Innovazione, Confindustria Firenze e 

Presidente Opera Medicea Laurenziana, Florence, Italy 

Technological requirements in the Cultural Heritage field are outlined and opportunities for 
Italian Enterprises and SME’s working in the field, using new technologies, are presented. 

Regional and national applied research Programs in Italy are described. 
Activities by National Organizations and Firms working in the area of Telecommunications, 
Informatics, Environment and Infomobility are presented. 
Funding by European Commission is considered, with particular reference to multimedia 
and telematics for Cultural Heritage. Special consideration is given to the new EC Plan 

HORIZON 2020.  
Initiatives regarding the “know-how” transfer from Research Organizations to the Industrial 
Sector are described. 
Organizations and Companies present their activities and experiences. 

Invited Speakers: - Andrea Arnone, Pro-Rettore al Trasferimento Tecnologico e
Presidente di CsaVRI, Università degli Studi di Firenze

- Laura Castellani, Responsabile del Settore Infrastrutture e
Tecnologie per lo Sviluppo della Società dell’Informazione,
Regione Toscana

Speakers include: - Renzo Zampini, INFOCAMERE 
- Stefano Cinquini, TELECOM ITALIA
- Paola Castellacci, VARGROUP
- Daniele Corsini, CABEL
- Riccardo Bruschi and Luca Bencini, T.T. Tecnosistemi, Prato
- Francesca Gemma, Aracne editrice int.le, Roma
- Gianpiero Alfarano, DESIGN CAMPUS, Calenzano, Firenze
- Gianluca Vannuccini, Servizio Sviluppo Infrastrutture Tecnologiche,

Comune di Firenze
- Andrea del Re, Studio Legale Del Re – Sandrucci, Firenze
- Franco Guidi, NEUMUS, Firenze
- Carlo U. Quinterio Brentano, Philip Mazzei Association, Firenze
- Alessandra Scappini, SINCRESIS, Empoli, Firenze
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3 - SPECIAL EVENT 

Wednesday, 11 May  19,30 – 21,30 

Visit to Opera Medicea Laurenziana  
Piazza San Lorenzo, 9, Florence  

 (in cooperation with Antica Compagnia del Paiolo) 

4 - TECHNICAL EXHIBITION 

Thursday, 12 May:  10,00 – 17,00 

ROOM B 

For information on the Exhibition:  
CENTRICA S.r.l. 
Piazza della Madonna della Neve, 5 -  50122 Firenze - Italy 
Tel.: (+39) 055 24 66 802 – Fax: (+39) 055 20 09 785 
E-mail: info@evaflorence.it       Web pages ~ http://www.evaflorence.it/home.php
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/54! -D-2C-! /,! +5-! +0! 69-! 8+;5623-,! 69/6! =/6-56,! 69-! @/,6! D/A+236E! +0! 5-<! =2+4;86,H! (6! ,9+;.4! M-!
6/N35C!C2-/6-2!D-/,;2-,!6+!=2+6-86!356-..-86;/.!=2+=-26E!/54!D/5;0/86;235C!=2+8-,,-,H!#93,!3,!8.-/2.E!
5+6! 69-! 8/,-H! %,! 69-! -@34-58-! 02+D! 69-! &;2+=-/5! 1/6-56! I0038-! O&1IP! ,9+<,B! (6/.E! 3,! M-9354!
'-2D/5E!/54!^2/58-!35!69-!5;DM-2!+0!=/6-56,!2-C3,6-2-4H!
(%.!
(50+2D/63+5!)+DD;538/63+5!#-895+.+CE!=./E,!/5!-,,-563/.!2+.-!35!=2+6-8635C!2-6/3.!43,623M;63+5!/54!
.+C3,638,!,E,6-D,!/54!9-.=,!4-6-86!/54!-L8.;4-!(1!350235C35C!=2+4;86,H!
(5! +24-2! 6+! -5,;2-! =2+4;86! 43,623M;63+5! 89/35,! /2-! =2+6-86-4! /54! 5+6! 3503.62/6-4! ME! (1! 350235C35C!
=2+4;86,B! 6-895+.+C3-,! /2-! M-35C! /==.3-4! ?! ,;89! /,! 69-! 8+DM35/63+5! +0! [%$! 8+4-,! /54! 69-!
/==.38/63+5!+0!$/43+!02-R;-58E!(4-563038/63+5!O$^(]P!!
()#!9/,B!+0!8+;2,-B!/.,+!/..+<-4!0+2!/5!3582-/,-!35!432-86!4-.3@-2E!6+!69-!035/.!8+5,;D-2!+=-535C!69-!
</E! 6+! 69-! <-M! /54! 36,! 9;C-! ,;=-2D/2N-6B! <9389! 3,! +=-5! S>_`H! ! &R;/..EB! ()#! ,+.;63+5,! /2-! /.,+!
-D=+<-235C!8+5,;D-2,!6+!03C96!/C/35,6!8+;56-20-3635C!/54!=32/8EH!!

23



!

!
!

I0! 8+;2,-K! 69-! M/,3,! 0+2! 8+5,;D-2! -D=+<-2D-56! 3,! 6+! M-! 0+;54! 35! -4;8/63+5! a! -HCH! ! ! &6938/.!
62/8-/M3.36E!<9389!62/8N,!/!=2+4;86!02+D!0/2D!6+!=./6-B! 3,!5+<!<34-.E!;,-4!35!69-!0++4!,-86+2B!/54!
/3D,!/6!C3@35C!8+5,;D-2,!/5!350+2D-4!89+38-H!
#9-! (6/.3/5! 1/2.3/D-56! 3,! <+2N35C! 6+! 358-563@3,-! -56-2=23,-,! 69/6! /2-! ;,35C! ! ()#! 4-@38-,! 35! 69-32!!
";==.E!)9/35,!!!/54!035/..E!69-!=/6-56!M+L!9/,!-56-2-4!356+!0+28-H!!
b+<-@-2!36!3,!3D=+,,3M.-!6+!3C5+2-!69-!89/..-5C-,!=2-,-56-4!ME!/4@/5835C!6-895+.+CE!H!(5!69-!5-L6!
6<-56E!E-/2,!<-!<3..!M-!/M.-!6+!4+<5.+/4!/!8+=E!+0!/26!<+2N,!<9389!<3..!M-!34-5638/.!6+!69-!+23C35/.H!
Z-!+5.E!9/@-!6+!.++N!c]!=235635C!!6+!;54-2,6/54!69/6!(1!23C96,!=2+6-863+5!D;,6!N--=!,6-=H!
!
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!
!

!

1(*1!F3-/(.G!-#%1(,&!"#$H&%.!
0$#!"$/$!93+&-/&!0($#&).()$E!

&I"/$(.-.($)!-%.(,(.(&+!
!

'7J>5;=:4=6>5;!45<!&KL6M6=6>5;!65!H4N45!
!

.4O4;L6!14J4P4O6!
]32-86+2!]("!12+A-86B!b36/893B!F64HB!d+N+9/D/B!e/=/5!

6/N/,93H9/D/G/N3f936/893H8+D!
!
+399-#G!

#9-!Yb3C9!Q;/.36E!%2893@-!12+A-86!0+2!1+.+!7;,-/.-!^3+2-5635+gB!4-@-.+=-4!ME!7())!:!
*53@-2,36E!+0!^.+2-58-B!b36/893!F64H!/54!)-56238/!"H2H.HB!<369!,;=-2@3,3+5!ME!1+.+!7;,-/.-!
^3+2-5635+B!9/,!M--5!8+D=.-6-4!69-!032,6!,6/C-!+0!43C363G/63+5H!7/A+2!/863@363-,!35!e/=/5!
;54-2!693,!=2+A-86!,358-!69-!./,6!=2-,-56/63+5!/6!&J%STUV!,+!0/2!/2-!/,!0+..+<,H!

!
QR!3,9STQU!65!.>OV>!

#9-!Y*003G3!J326;/.!7;,-;D!O*J7P!STUhg!</,!+=-5-4!6+!69-!=;M.38!02+D!Uc!^-M2;/2E!6+!
Uc!7/289!STUh!/6!Italian Cultural Institute 35!#+NE+!/,!+5-!+0!-@-56,!0+2!YUVT69!%553@-2,/2E!
+0! 43=.+D/638! 2-./63+5,93=! M-6<--5! (6/.E! /54! e/=/5gH! *J7STUh! </,! =2+D+6-4! ME! Italian 
Embassy in JapanB! Italian Cultural Institute and Department of Information Engineering at 
the University of Florence. !!!

Z-!9/@-!0;..E!;=C2/4-4!8+56-56,!+0!69-!=2-@3+;,!*J7B!<9389!</,!4-@-.+=-4!35!STUU!/54!
=2-,-56-4!/6!&J%STUSH!^32,6!+0!/..B!69-!5;DM-2!+0!/26<+2N,!8+@-2-4!693,!63D-!</,!3582-/,-4!
02+D!UT!6+!ScH!%,!0+2!69-!R;/.36E!+0!43C36/.!3D/C-!=2-,-56/63+5B!<-!9/@-!;63.3G-4!>W!4-@38-,!6+!
,9+<! 69-D! 35! M-66-2! R;/.36EH! I;2! ;53R;-! 93C9! 4-035363+5! 43C36/.! 6-895+.+CE! 8+;.4! D/N-! 69-!
M-,6!;,-!+0!69-!./6-,6!4-@38-,B!35!/!,-5,-H!

#9-! -L93M363+5! </,! 8+D=+,-4! +0! 0+..+<35C! >! =/26,B! 3H-H! YF30-?"3G-! $-=.38/gB! Y]3C36/.!
#9-/6-2gB! Y7/,6-2=3-8-! i/@3C/63+5g! /54! Y^--.! *003G3gH! #9-! 8+DM35/63+5! +0! 69-,-! @/23+;,!
N354,!+0!-L=2-,,3+5,!8+;.4!4--=.E!D+@-!/;43-58-,!D+2-!-00-863@-.EH!
!
SR!"7:J4575=!&KL6M6=6>5!W16=4CL6!'(+!+L>X:>>JY!

b36/893!]("!]3C36/.!7;,-;DB!=-2D/5-56!&L93M363+5!,36-!/6!d+N+9/D/B!8+5635;-,!O,358-!36,!
+=-535C! 35! I86+M-2! STUSP! 6+! ,9+<! *J7! 8+56-56,! /54! +69-2! 2-=.38/! \! 43C36/.! 4/6/! 5-<.E!
43C363G-4! 6+! C-5-2/.! =;M.38! 0+2! 02--! +0! 89/2C-H! (6,! D/35! =;2=+,-! 3,! 6+! 3562+4;8-! e/=/5-,-! /54!
Z-,6-25!);.6;2-!358.;435C!(6/.3/5!);.6;2-!692+;C9!+;2!6-895+.+CEH!

%==2+L3D/6-.E!VT!=-+=.-!@3,36! 69-!7;,-;D!+5!D+569.E!M/,3,!<369!0/@+2/M.-! 2-=;6/63+5,H!
"358-!693,!,36-!3,!/!2-/.!8+56/86!=+356!<369!@/23+;,!6E=-!+0!/;43-58-B!36!,9+;.4!M-!@-2E!;,-0;.!0+2!
;,!6+!4-@-.+=!/!M-66-2!=./5H!

!
ZR!96;C788457>A;!'7J>5;=:4=6>5;!

#+!6/N-!/4@/56/C-!+0! 69-!+;68+D-!02+D!69-!=2+A-86B!<-!4-D+5,62/6-4!+;2!93C9?4-035363+5!
43C36/.!4/6/!/6!/5E!+==+26;5363-,B!<9389!358.;4-!0+..+<35C!-@-56,H!

#9-!F-86;2-!,-,,3+5!0+2!/26?<+2N,!+0!$-5/3,,/58-B!<9389!3,!=2+D+6-4!ME!Italian Consulate 
General in Osaka, ME 12+0H!IN/4/B!Kyoto UniversityB!9/,!6/N-5!=./8-!/6!69-!7;,-;D!+0!WE+6+!
35! i+@H! STUVH! 7/,6-2=3-8-! i/@3C/63+5! <369! 43C36/.! 4/6/! 9/,! M--5! ;63.3G-4! 6+! @3,;/.3G-! 93,!
,-,,3+5!-00-863@-.EH!

#9-!&L93M363+5!+0!F-+5/24+!]/!J3583!ME!W/5,/3!#-.-8/,635C!)+2=+2/63+5!9/,!M--5! 6/N-5!
=./8-! 02+D! ]-8H! STUV! 6+! ^-MH! STUh! 35! I,/N/H! 7/,6-2=3-8-! i/@3C/63+5! <369! 43C36/.! 4/6/! +0!
F-+5/24!]/!J358-!9/,!M--5!=2-,-56-4!69-2-H!
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70>=>!14JMA:B!/4M!
!

)923,6+=9!Z3-5M-2CUB!b+2,6!"89+.GS!
U(#!/54!12+A-86!7/5/C-D-56!"=-83/.3,6!/6!69-!I0038-!+0!b/DM;2CX,!)(IH!b/DM;2CB!'-2D/5E!

)923,6+=9H<3-5M-2Cf0MH9/DM;2CH4-!
S%26!b3,6+23/5!/54!b-/4!+0!(50+2D/63+5!#-895+.+CE!/54!]3C36/.!12+A-86,!/6!69-!b/DM;2C!

7353,62E!+0!);.6;2-B!b/DM;2CB!'-2D/5E!

!9+2,6H,89+.GfNMH9/DM;2CH4-!
Abstract
F3N-!D/5E!D-62+=+.-,B!b/DM;2C!9/,!@/,6!8+..-863+5,!+0!93,6+238!=9+6+,H!)2-/635C!/88-,,!0+2!

-@-2E+5-! 6+! 69-,-! 8+..-863+5,! 3,! /! 6/,N! /,,3C5-4! 6+! 69-!7353,62E!+0!);.6;2-!ME! 69-!b/DM;2C!

C+@-25D-56!/,!=/26!+0!8+D=2-9-5,3@-!=2+C2/D,!8+@-235C!43C36/.!_!,D/26!836E!,62/6-C3-,!/54!69-!

-);.6;2-!%C-54/!STSTUH!!

#+!/893-@-!43C36/.!/88-,,!6+!69-!8+..-863+5,B!,-@-2/.!3,,;-,!9/@-!6+!M-!/442-,,-4H!(D/C-,!D;,6!

M-! 43C36/.3G-4! /54! 354-L-4H!! F-C/.! 3,,;-,! 9/@-! 6+! M-! ,+.@-4H! %! 8-562/.! 43C36/.! =./60+2D! 6+!

D/5/C-B! ,6+2-! /54! =;M.3,9! 3D/C-,! /54! D-6/4/6/! 9/,! 6+! M-! M;3.6H! [;6! D+,6! 3D=+26/56! +0! /..B!

/==.38/63+5,!6+!=2-,-56!69+,-!3D/C-,!35!/5!-56-26/3535C!/54!356-2/863@-B!E-6!2-=;6/M.-!</E!9/@-!

6+!M-!82-/6-4B!6+!/893-@-!=;M.38!/66-563+5!/54!=/26383=/63+5H!

b/DM;2C!9/,!,-6!;=! 69-!-^+6+S!=2+A-86! 6+!/442-,,! 693,!8+D=.-L!89/..-5C-H! (5!-^+6+B!<-!<3..!

358.;4-! 3D/C-! 8+..-863+5,! 02+D! ,-@-2/.! ,6/N-9+.4-2,B! 2/5C35C! 02+D! D;,-;D! 8+..-863+5,! +0!

=9+6+C2/=938!/26!O,8/55-4!/54!,83-563038/..E!354-L-4P!6+!.+8/.!93,6+238!,+83-63-,H!)+58-=6,!/54!

;,-!8/,-,!9/@-!M--5!4-@-.+=-4!35!8++=-2/63+5!<369!12+0-,,+2!e/5?)923,6+=9!7-3,6-2c!/54!93,!

6-/D! /6! 69-! *53@-2,36E! +0! b/DM;2CB! ^/8;.6E! +0! 69-! b;D/5363-,B! ;,35C! 8+58-=6,! +0! i3N./,!

F;9D/55H!!

^+2! /! ,6/26B! 69-! 6+=38,! +0! 354;,623/.! 93,6+2EB! 5/63+5/.! ,+83/.3,D! /54! ;2M/5! 4-@-.+=D-56! _!

C-5623038/63+5! 9/@-! M--5! ;,-4! 6+! 82-/6-! 93,6+238! 836E! </.N,! 35! 69-! 836E! R;/26-2! +0! I66-5,-5B!

;,35C!93,6+238/.! 0+6+,! 02+D!@/23+;,! ,+;28-,! /54! 2-?2-8+24-4!93,6+238! ,6/6-D-56,H!%..!)+56-56!

9/,!M--5!2-,-/289-4!/54!4-@-.+=-4!-,=-83/..E!0+2!-^+6+!ME!Y"6/466-3./2893@!I66-5,-5g>B!/!.+8/.!

93,6+238/.! ,+83-6EH! *,-2,! <3..! ,++5! M-! C;34-4! 692+;C9! I66-5,-5! ME! +;2! D+M3.-! /==.38/63+5H!

#9-E!<3..!/.,+!M-!/M.-!/44!69-32!+<5!2-8+2435C,!+0!8+56-D=+2/2E!<365-,,!,6/6-D-56,H!%!03-.4!

6-,6! <369! =;=3.,! 3,! ,89-4;.-4! 0+2! e;5-! STUhH! %! 2+..+;6! 6+! D+2-! =/265-2! +2C/53,/63+5,! 35!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
1!http://www.hamburg.de/kulturbehoerde/eculture!!
2!http://www.efoto"hamburg.de/!!
3!http://jcmeister.de/!!
4!http://stadtteilarchiv"ottensen.de/!!
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b/DM;2

0+2!69-!-

I;2!3D=

%!8-562
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);22-56!

8+56-56!

+MA-86! 2

%D/G+5

!Z-!<+

M-6/! 2-.

=2-,-56/

+=-5!,+

!

!!!!!!!!!!!!!!!
5!http://w

2CB!D+2-!0-

-54!+0!STUh

=.-D-56/63+

2/.!D;.63?8.3

"! /54! %542+

6!,+06</2-!D

+MA-86!4-03

2-./63+5,P! /

5!"cH!#9-!D

+;.4!.3N-!6+!3

.-/,-! +0! 69-

/63+5! /54! =

+;28-PB!M;6!/

!!!!!!!!!!!!!!!!!!!!!!
www.hitec"hh

/6;2-,!/54!

hH!

+5!=/265-2!3,

-56!2-=+,36+

+34! ! 0+2! 69-

D+4;.-,!358

35363+5,!/54

/54! $(%WB!

D-6/4/6/!D+

35@36-!356-2-

-! -^+6+! %==

=/26383=/63+5

/.,+!35!69-!;

!!!!!!!!!!!!!!!!!!!!!!!
.de/!!

/!M2+<,-2! 3

,!b(#-)!-HJ

+2E!3,!35!69-

-! 836E! </.N

.;4-!F30-2/

4!D;.63?./5C

/5! +MA-86!

+4-.!3,!M/,-4

-,6-4!=/263-,

=! /54! =./60+

5H! )++=-2/6

,-!+0!69-!-^

356-20/8-!/2

JHVB!/!,=35+0

-!=2+8-,,!+

N,! O0-4! 02+D

/E!!O/!)7"!

C;/C-!=/C-,

,6+2-! ;,-4!

4!+5!)(]I)

,!6+!A+35!+;2

0+2Dj! 43,8;,

63+5! <+;.4!

^+6+!=./60+2D

2-!=./55-4!0

00!+0!69-!(#!

0!3D=.-D-5

D! /! 8-562/.!

8/=/M.-!+0!

,PB!i-+>e!O/

6+! ,6+2-! D

)!/54!F(]I

2!<+2N,9+=

,,! 6-89538/.

M-! <-.8+D

DB!03..35C!35

0+2!/!,-8+54

0/8;.6E!+0!b

56/63+5B!/,!<

8+56-56! D/

0 8+DD;536E

/!C2/=9!4/6

D-43/! 4/6/!

IH!

H!b/@-!/!.++

.! D/66-2,! /5

D-! 35! (#! 4-

5!E+;2!+<5!.

4!2-.-/,-!,8

b/DM;2C!*5

<-..!/,!D+M

/5/C-D-56!

E!D/5/C-D

6/M/,-!;,-4!

/54! 8+D=/

+N!/6!69-!M2

54! O0;6;2-P!

-@-.+=D-56

.+8/.!8+56-5

89-4;.-4!

53@-2,36EH!

M3.-!/==,!

,E,6-DPH!

D-56B!02--!

6+!,6+2-!

/63M.-! 6+!

2/54!5-<!

34-/,! +0!

6! O36k,! /..!

56H!

!
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93+&$!)-[($)-/&!'&/!\-#*&//$!!

!

(./23/!)3,-23!

7;,-+!i/G3+5/.-!4-.![/2C-..+!

^.+2-58-B!(6/.E!

<ilaria.ciseri@beniculturali.it>
!

#9-!7;,-+!i/G3+5/.-! 4-.![/2C-..+! 3,! /D+5C! 69-!D+,6! 3D=+26/56!D;,-;D,! 35! ^.+2-58-H! b-2-! /2-!

43,=./E-4! 8+..-863+5,! +0! ! $-5/3,,/58-! ,8;.=6;2-B! <369! D/2M.-B! <++4! /54! M2+5G-! D/,6-2<+2N,! ! ME!

]+5/6-..+B!J-22+8893+B!]-,34-23+!4/!"-663C5/5+B!]-../!$+MM3/B!7389-./5C-.+B!)-..353B!'3/DM+.+C5/!

/54! D/5E! +69-2,! C2-/6! /263,6,H! #9-! D;,-;D! 358.;4-,! /.,+! 0/D+;,! 8+..-863+5,! +0! 4-8+2/63@-! /26,B!

8+35,!/54!D-4/.,B!<-/=+5,B! 6-L63.-,B!=/35635C,!/54!+5-!+0! 69-!D/35!8+..-863+5!+0!D/3+.38/,! 35! 69-!

<+2.4H!#9-![/2C-..+!8-.-M2/6-4!36,!UVT69!/553@-2,/2E!35!STUVB!,358-!36!3,!69-!032,6!i/63+5/.!7;,-;D!

+0! (6/.EB! -,6/M3.3,9-4! 35! UlhV! 35! 69-! /583-56! 1/./GG+! 4-.! 1+4-,6mK! /D+5C! 69-! 0+;5435C! 8+..-863+5,!

</,! 69-!93,6+238!'2/54!];8/.!%2D+;2EB! 69/6! 358.;4-,! 69-!7-4383! /54!]-../!$+@-2-!<-/=+5,! /54!

8+D=23,-,! +@-2! STTT! 36-D,H! &@-2E! E-/2! 69-! 7;,-;D! +2C/53G-,! 6-D=+2/2E! -L93M363+5,! 8+58-2535C!

,8;.=6;2-! /54! 4-8+2/63@-! /26,B! 9+,635C! /.,+! 355+@/63@-! =2+A-86,! 69/6! +=-5! 6+</24,! /4@/58-4!

6-895+.+C3-,H! (5!STUV! !9/,!M--5!=2-,-56-4!Y75-D+,E5-!:!"D/26!7;,-;D!12+A-86gB!/!,=-23D-56/.!

=2+A-86!0;54-4!ME!69-!&;2+=-/5!)+DD3,,3+5!/54!$-C3+5-!#+,8/5/!/54!2-/.3G-4!ME!69-!7())!+0!69-!

*53@-2,36E!+0!^.+2-58-K!69-!=2+A-86!4-@-.+=-4!/!,E,6-D!<389!/5/.E,-!@3,36+2X,!M-9/@3+;2!692+;C9!/!

D;.63D-43/!6+;89,82---5!8+..+8/6-4!35!69-!]+5/6-..+!$++DH!!

!
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!

!

!
!

300([(!,(#.3-/!&I"&#(&)%&!]!'-!*($..$!-!
%-#-,-**($!

!
!

7/28+!)/==-..353UB!1/+.+!]-!$+88+UB!1/+.+!$+D+.3UB!7/2L3/5+!7-.+663SB!!
J36+!)/==-..353cB!!!

!
UJ326;(6/.EB!^.+2-58-B!(6/.EB!!

DH8/==-..353f@326;36/.EH8+D!B!=H4-2+88+f@326;36/.EH8+DB!=H2+D+.3f@326;36/.EH8+D!
S[38+88/!*53@-2,36EB!73./5B!(6/.E!

D/2L3/5+HD-.+663fCD/3.H8+D!
c*53@-2,36E!+0!^.+2-58-B!^.+2-58-B!(6/.E!

@36+H8/==-..353f;5303H36!
!

!
!

ABSTRACT 
!
!
#93,! =/=-2! =2-,-56,! Y*003G3! J326;/.! &L=-23-58-! ?! 4/! '3+66+! /! )/2/@/CC3+gB! 69-! 032,6!

3DD-2,3@-!/54! 356-2/863@-!@326;/.!-L93M363+5!82-/6-4! 35! (6/.EB!<9389!M2+;C96! 6+!73./5!

69-!D/,6-2=3-8-,!+0!69-!^.+2-58-!*003G3!'/..-2E!<369!93C9?2-,+.;63+5!43C363G-4!3D/C-,H!

#9-! -L93M363+5B! <9389! </,! =2+4;8-4! ME! J326;(6/.EB! /! )-56238/! ,6/26;=! ,=35! +00!

8+D=/5EB! 8+5@-E,! /! 5-<! /==2+/89! 6+! -4;6/35D-56B! <9-2-! 8;.6;2/.! 2-82-/63+5! 3,!

/893-@-4!692+;C9!/5!3DD-2,3@-!-4;8/63+5/.!/54!-56-26/3535C!-L=-23-58-H!

#9/5N,! 6+! 43C36/.! 6-895+.+C3-,! /54! 356-2/863@-! ,E,6-D,B! -4;8/63+5/.! 8+56-56! /54!

8;.6;2/.! -5A+ED-56! /2-! 356-C2/6-4! <369! -D+63+5/.! /,=-86,! 6+! 82-/6-! /! ,/63,0E35C!

0+2D/63@-!/863@36EH!

#9-!=/=-2!4<-..,!;=+5! 69-! 6-895+.+C38/.B! ,+83+.+C38/.! /54!8;.6;2/.! /,=-86,! +0! 693,!

5-<!</E!+0!=2-,-5635C!/54!=2+D+635C!8;.6;2/.!9-236/C-!35!+;2!,+83-6EH!
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!

*6A;7NN7!$R!/>5B>!
12+0-,,+2!&D-236;,!

+0!(50+2D/63+5!#9-+2E!
*53@-2,36E!+0!#23-,6-B!(6/.E!

C3;,-==-H.+5C+>UfCD/3.H8+D!
!
!

#9-!=-28-=63+5!+0!M-/;6E!3,!=2+4;8-4!ME!/5!-D+63+5/.!8/6/,62+=9-!
René Thom 

!
-M;=:4C=!
!
!!!!!-! 54=A:486;=6C! <7?656=6>5! >?! M74A=V! 6;! N:>N>;7<! M4;7<! >5! >A:! 6JJ7:;6>5! 65! 4! ;V;=7J6C!
C>5=7K=! 45<! 65! 4! D4;=! >5B>65B! C>@7D>8A=6>54:V! N:>C7;;E! M74A=V! 7KL6M6=;! 6=;78?! 45<! 6;!
:7C>B56P7<!MV!A;!=L:>ABL!=L7!65=7:4C=6>5!45<!=L7!:7C6N:>C48!<V54J6C48!4<4N=4=6>5!M7=X775!
>A:;78D7;! 45<! =L7! 75D6:>5J75=48! C>5=7K=R! .L6;! ;V;=7J! 7D>8D7;! 65! =6J7! 45<! ;>! <>7;! =L4=!
4<4N=4=6>52!L75C7!M74A=V!L4;!4!L6;=>:6C48!CL4:4C=7:!45<!<7N75<;!>5!=L7!NLV;6C482!CL7J6C48!
45<! M6>8>B6C48! N:>N7:=67;! >?! =L7! 75D6:>5J75=2! >5! =L7! N;VCL>@M6>8>B6C48! CL4:4C=7:6;=6C;! >?!
LAJ45!M765B;2!>5!=L76:!65<6D6<A48!L6;=>:67;2!45<!>5!=L7!;N7C6?6C!CA8=A:48!45<!B7>B:4NL6C48!
C>5=7K=;R!!
!
().#$'3%.($)!
!
!!!!!#9-!4-M/6-!+5!69-!Y6<+!8;.6;2-,g!,6/26-4!35!UnVn!<369!69-!0/D+;,!.-86;2-!+0!)9/2.-,!
1H!"5+<!-5636.-4!=2-83,-.E!The Two CulturesH!#9-!+==+,363+5!M-6<--5!,83-563038!8;.6;2-!
/54!9;D/53,638!8;.6;2-!9/,!,+D-63D-,!/,,;D-4!+@-29-/6-4!/54!/.D+,6!C2+6-,R;-!6+5-,H!
%86;/..E! 69-! 2-./63+5,93=,! M-6<--5! 69-! ,+?8/..-4! 6<+! 8;.6;2-,! /2-! @-2E! 63C96! /54! 69-32!
,8+=-,!/54!/3D,!/2-!8.+,-2!69/5!+5-!8/5!,;==+,-H!^32,6B!69-E!D--6!35B!/54!/2-!=2+4;8-4!
MEB!9;D/5!M-35C,j!/54B!,-8+54B!69-E!,9/2-!69-!C+/.!+0!,--N35C!/4-R;/6-!/54!D-/535C0;.!
2-=2-,-56/63+5,! /54! D+4-.,! +0! 69-! <+2.4! /54! +0! D/5H! %.69+;C9! 69-E! ,=-/N! 4300-2-56!
./5C;/C-,! /54! /2-! 423@-5! 69-! 032,6! +5-! ME! 6-54-563/..E! +MA-863@-! /54! 8+DD;538/63@-!
C+/.,! /54! 69-! +69-2! ME! ,;MA-863@-! /54! -L=2-,,3@-! C+/.,B! 035/..E! M+69! 6;25! +;6! 6+! M-!
356-2,;MA-863@-H! #9-! 2-8+C5363+5! +0! M-/;6E! 3,! ,;MA-863@-B! M;6! 69-! 8+DD+5! 5/6;2-! /54!
,9/2-4!-L=-23-58-,!+0!9;D/5!M-35C,!D/N-!36!356-2,;MA-863@-H!I5-!8/5!69-2-0+2-!<+54-2!
<9-69-2! 36! 3,! A;,6303-4! /5E! /66-D=6! 6+! -@/.;/6-! M-/;6E! 35! /! 6-54-563/..E! +MA-863@-! </EB!
C+35C! M-E+54! 69-! =/2638;./2! 8+4-,! +0! 356-2=2-6/63+5! /54! 2-=2-,-56/63+5! 6+! 2-/89! 69-!
0;54/D-56/.! .-@-.! +0! 2-/.36E! 69/6! D/69-D/638,! /54! =9E,38,! 62E! 6+! 35@-,63C/6-H! (5! 693,!
8+5623M;63+5!(!<+;.4!.3N-!6+!=;6!0+2</24!,+D-!8+5,34-2/63+5,!+5!M-/;6EB!35!69-!9+=-!69/6!
36!6;25,!+;6!6+!M-!2-8+C53G-4!/,!/!M234C-!M-6<--5!69-!6<+!8;.6;2-,H!!
!
-&+.1&.(%+!-)'!&.1(%+!
!!!!!(! 5+<! 8+D-! 6+! 69-! 8+2-! +0! DE! 8+5623M;63+5H! (! =2+=+,-! 69-! 0+..+<35C! ,E,6-D38! /54!
-@+.;63+5/2E!4-035363+5!+0!/-,69-638,B!8+5,34-2-4!/,!/!8+DM35/63+5!+0!,-5,363@-!/M3.363-,!
/54!/863@363-,B!35!=/2638;./2!35!02+56!+0!M-/;630;.!+MA-86,K!
!
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! Aesthetics is the subjective (but shared) perception of our bond with the 
environment in which we are immersed and of which we are part; such a bond is 
characterized by a deep and balanced dynamical harmony and displays itself in the 
recognition of beautiful objects through senses and emotions. 
!
i-L6!(!D/N-!/!,6-=!0+2</24!ME!/,,-2635C!69/6B!35!DE!5/6;2/.3,638!=-2,=-863@-B!/-,69-638,!3,!
8.+,-.E!.35N-4!<369!-6938,B!0+2!<9389!(!=2+=+,-!69-!0+..+<35C!4-035363+5K!
!
! Ethics is the subjective and intersubjective capability of conceiving and carrying out 
actions that keep our bond with the environment healthy and balanced. Such actions 
maintain and increase beauty. 
 
&6938,!/54!/-,69-638,!/2-!69-!6<+!,34-,!+0!69-!,/D-!8+35!,358-!69-E!/23,-!02+D!69-!,62+5C!
,E,6-D38!/54!-@+.;63+5/2E!8+?3D=.38/63+5!M-6<--5!,=-83-,!/54!-5@32+5D-56!/54!M+69!/2-!
oD322+2!3D/C-,o!+0!69/6!8+?-@+.;63+5!<36935!+;2,-.@-,H!
#9;,!/-,69-638,! 3,! 69-! O356-2P,;MA-863@-!=-28-=63+5!+0! 69-!M/./58-4!O@36/.P! 3DD-2,3+5! 35!
69-!-5@32+5D-56!/54!-6938,! 3,! 69-! O356-2P,;MA-863@-!=-28-=63+5!+0! 69-!5-8-,,/2E! 2-,=-86!
0+2B!/54!,;36/M.-!/863+5!<36935B!69-!-5@32+5D-56H!%,!/!8+5,-R;-58-B!-6938,!=-2D36,!;,!6+!
N--=!/-,69-638,!/54!/-,69-638,! 0;5863+5,!/,!/!C;34-! 35!/8635C!-6938/..EH![+69!-6938,!/54!
/-,69-638,!/2-!2++6-4!35!+;2!-@+.;63+5/2E!93,6+2EB!35!0/86!35!69-!8+?-@+.;63+5!M-6<--5!69-!
-5@32+5D-56! /54! +;2,-.@-,H! ";89! /! =23D+243/.! -@+.;63+5/2E! 8+55-863+5! 8+58-25,!
M-/;630;.!objectsB!<9-2-/,!M-/;630;.!conceptsB!-H!CH!69+,-!69/6!,+D-!0354!35!D/69-D/638,B!
/2-!D;89!D+2-!2-8-56!=93.+C-5-638/..EB!9-58-!2-8+C53G35C!69-32!=+,,3M.-!M-/;6E!3,!D+2-!
430038;.6B! 35@+.@-,! 2/63+5/.36EB! 3,! .-,,! ,=+56/5-+;,! /54! 2-R;32-,! /! ,=-83038! 3543@34;/.!
62/3535CH!(5!69-!8/,-!+0!5/6;2/.!+MA-86,B!/!C2-/6!=/26!+0!,;89!/!62/3535C!</,!8/223-4!+;6!35!
+;2!=./8-!ME!69-!=/,6!C-5-2/63+5,H!pUq!
%,! 8/5! M-! 5+638-4B! 35! 69-! =2+=+,-4! 4-035363+5,! 69-2-! 3,! /! ,9306! 02+D! 69-! subjective!
=+,363+5! 6+!9-! intersubjective! +5-H!";89!/! ,9306! 3,! A;,6303-4!ME! 69-! 8+DD+5!5/6;2-!/54!
93,6+2E! +0! 9;D/5! M-35C,B! 02+D! 69-! 0;54/D-56/.! =9E,38/.! /54! 89-D38/.! 8+D=+5-56,B!
692+;C9! 69-! ,9/2-4! C-5-638! /54! M3+.+C38/.! 2++6,B! ;=! 6+! 69-! 8+DD+5! -L3,6-563/.!
-L=-23-58-,H!#9-!-.-862+5!89/2C-B!69-!C2/@36/63+5/.!0+28-B!69-!=2+6+5!D/,,!/54!,+!+5K!/..!
+0! 69-,-!89/2/86-23,638,!9/@-!8+54363+5-4! 69-! 23,-!/54!4-@-.+=D-56!+0! .30-!+5! 69-!-/269!
/54!9/@-!M--5!3D=2-,,-4!;=+5!;,H!#93,!A;,6303-,!<9/6!J362;@3;,!OlT?Sc![H!)HP!/54!./6-2!
69-! /.89-D3,6,! /,,-26-4B! 69/6! 69-2-! 3,! /! ,62386! 8+22-,=+54-58-! M-6<--5! 69-! D/82+8+,D!
O69-!<+2.4P!/54!69-!D382+8+,D!OD/5PH!
!
\&-3.G!()!9-.1&9-.(%+!-)'!"1G+(%+!
!
!!!!!#9-! /66-D=6! 6+! 2-=2-,-56! 2-/.36E! 8+58-25,! 35! =/2638;./2! D/69-D/638,H! [;6! /26! /54!
D/69-D/638,!-L93M36!/!4--=!4300-2-58-K!/86;/..E!<-!.3@-!35!/!<+2.4!+0!0+2D,!/54!8+.+;2,!
69/6!<-!=-28-3@-!<369!+;2!,-5,-,B!/54!+5.E!,-8+54/23.E!<-!4<-..!35!/!<+2.4!+0!8+58-=6,!
69/6! <-! ;54-2,6/54! <369! +;2! D354,H! #+! ;54-2,6/54! D/69-D/638,! <-! 5--4! 6+! D/,6-2!
430038;.6! 6-8953R;-,! /54! 6++.,! 69/6! <-! 8/5! +5.E! /8R;32-! 692+;C9! /! .+5C! /54! 430038;.6!
62/3535CH!&@-2EM+4E!8/5!.3,6-5!6+!/!,ED=9+5E!+2!C/G-!/6!/!=/35635CB!-5A+E35C!36!/6!,+D-!
.-@-.B!<9-2-/,!D/69-D/638,!8/55+6!M-!.3,6-5-4!6+!+2!C/G-4!/6!35!69-!,/D-!</EH!#9-!035/.!
6-,6!+0!/5!/26!<+2N!2-,34-,!35!69-!,;MA-863@-!O+2!M-66-2!356-2,;MA-863@-P!/-,69-638!=.-/,;2-!
69/6! 36! C3@-,B! <93.-B! 8+58-2535C! D/69-D/638,B! D/69-D/6383/5! 7+223,! W.35-! ,/E,K! Y#9-!
R;-,63+5!<9-69-2!D/69-D/638,!=+,,-,,-,!+2!5+6!/!N354!+0!M-/;6E!8/5!+5.E!M-!/5,<-2-4!
ME!69+,-!<9+!9/@-!/!8;.6;2-!35!693,!4+D/35H!*50+26;5/6-.EB!6+!D/,6-2!D/69-D/638/.!34-/,!
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EXTENDED ABSTRACT 
 

Cultural heritage documentation and analysis with imaging techniques has changed 
tremendously over the past few decades. After the transition from film cameras to digital 
technology, the next objective was to record scientifically valuable image datasets of the 
artifact. Different imaging devices have been used to fulfill this drive including spectral 
cameras, 3D imaging, reflectance transformation imaging, etc.   

 There has been several efforts to capture accurate colour, shape, and spectral / material 
properties of cultural heritage objects. In this paper, we discuss the progress in research and 
development at The Norwegian Colour and Visual Computing Laboratory (Colourlab) 
devoted to acquisition and analysis of paintings using spectral imaging. Originated from the 
field of remote sensing, hyperspectral imaging technology has been explored in various 
sectors, including computer vision, medical imaging, and material classification. In the 
cultural heritage domain, spectral imaging has been used for precise scientific documentation, 
material identification, enhanced visualisation, virtual restoration etc. Many of the used 
spectral imaging systems were not initially developed for cultural heritage imaging, but taken 
from other application domains, there is several pre and post-processing steps need to be 
investigated and implemented to acquire quality image dataset [1, 2], which can be used to 
achieve the above-mentioned objectives. 

The Colourlab has engaged in several spectral image acquisition and analysis campaigns of 
cultural heritage paintings at museum environments and at imaging laboratories [3]. For 
practical reasons, the same image acquisition setup do not work the same way in all these 
conditions. This causes spectral and spatial distortions of several forms which affects the 
acquired images. In order to include appropriate correction methods in the processing 
workflow, we investigate the kind of distortions from imaging systems in different 
configurations and propose new correction techniques [4].    

Pigment mapping or material identification is an interesting topic in the cultural heritage 
sector. The potential of hyperspectral imaging technology to capture reflectance spectra at 
every spatial point of the scanned region make this a promising non-invasive tool for the 
identification of pigments and its spatial distribution across the painting. Investigations has 
been made in this direction to classify pigments based on their spectral characteristics [5].  
Different spectral classification and unmixing algorithms has been evaluated on a 
hyperspectral image dataset of Edvard Munch’s masterpiece ‘The Scream’ and the results are 
validated with an analytical study carried out before [3].  

 Crack detection for cultural heritage objects is another interesting area still to be 
explored by the spectral imaging community. The potential of hyperspectral datasets to 
process the data metrologically can be employed for crack detection in paintings. Although 
crack removal may be considered a way to improve the perceived image quality of the 
painting, detection and documentation of cracks in paintings are motivated by several reasons 
such as understanding the degradation/aging process, as an indication of the painting’s 
authenticity. The colourlab has taken a step further in this research to develop mathematical 
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tools for crack detection of from hyperspectral images [6]. Distance based spectral 
morphological methods are developed to detect cracks in paintings. The performance of the 
proposed methods were validated with a set of artificially constructed images and real 
hyperspectral images. 

 Many of the spectral imaging systems are not just limited to the visible range, but 
extended over the spectral region - near IR (NIR) and short wave IR (SWIR). This wide span 
of spectral data at very closely spaced wavelengths allows visualizing the acquired images in 
several ways - the true colour image of the artifact under any illuminants and the false colour 
images. For false colour visualisation of the artifact, we employ different mathematical 
operators and dimensionality reduction algorithms to choose the images with maximum 
distinct information. This brings our many barely visible details in different layers of the 
painting and serves as a tool for museum experts and visitors [7].   
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M235C35C! 69-! ,+;54! 02-R;-583-,! 356+! 2-,+5/58-!<369! 4300-2-56! =/26,! +0! 69-! 9;D/5! M+4EH! #9-!
2-,;.6!3,!/!4--=!D/,,/C-!/8635C!+5!/..!D;,8;./2!M/54,!/54!69-!5-2@-!-5435C,!+0!69-!M+4EH!#9-!
AcousticA!/2D89/32! 3,!/863@/6-4!ME!D;,38!8+D=+,-4!ME!$388/24+!]-../!$/C3+5-!,=-83038/..E!
0+2! D;,38! 69-2/=EB! ;,35C! =9E,38/.! /54! D-438/.! 8236-23/B! 29E69D,! /54! ,+;54! 02-R;-583-,! 69/6!
C3@-! +=63D/.! ,63D;./63+5! +5! 69-! 9;D/5! M+4EH! (6! 3,! 8;22-56.E! /4+=6-4! 35! 9+,=36/.,! /54!
2-9/M3.36/63+5!0/83.363-,!0+2!69-!-.4-2.E!/54!893.42-5!<369!43,/M3.363-,B!/54!36!3,!/.,+!/4+=6-4!35!
<-..5-,,! /2-/,! /54! =2+6+8+.,! +0! 8+D=.-D-56/2E! D-43835-! <369! -L8-..-56! 2-,;.6,H! %,! /5!
/.6-25/63@-!6+!69-!%8+;,638%!/2D89/32!/!@3M2+!/8+;,638!=3..+<B!69-!o);,835+,+5+2IoB!2-/.3G-4!
ME! 7/C38! 7;,38! ,H/H,HB! 8/5! M-! /4+=6-4H! 36! 3,! ,E582+5+;,! <369! ! 7;,38+.+2! /54! 36! 8/5! M-!
/863@/6-4!ME!/..!D;,38!C-52-,H!
!
-!N>;;6M87!"67P>9A;6%>8>:!+7=AN!
!
(5! ^3C;2-! >! 36! 3,! =+,,3M.-! 6+! ,--! /! =+,,3M.-! 3D=.-D-56/63+5! +0! 69-! 17)! =2+A-86! <9-2-! /!
=2+=-2.E!=2+8-,,-4!/;43+!,3C5/.! 3,!D-89/538/..E! 62/5,4;8-4! 356+! 69-!@3M2/63+5!+0!/! 6935! 03.D!
<9+,-! 4-5,36E! 3,! .+8/..E! 89/5C35C! /88+2435C.E! 6+! C.+M/.! /54! .+8/.! D/6-23/.! =2+=-263-,H!
7382+D-6238/.!@/23/63+5,!35!69-!03.D!6938N5-,,!/86!/,!/!8./,,38/.!^/M2E?1-2+6!356-20-2+D-6-2!p`q!
,-.-8635C!4300-2-56!</@-.-5C69,!O4300-2-56!8+.+2,P!0+2!69-!2-0.-86-4!.3C96H^3C;2-!U!
!

!
06BA:7!b!-5!6JN87J75=4=6>5!;=7N!>?!=L7!9A;6%>8>:!;V;=7JE!=L7!4A<6>!;6B548!6;!

=:45;?>:J7<!65=>!4!"9%!D6<7>!45<!:7C>:<7<!65!:748!=6J7R!!!
!
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!
!

(5!=/2638;./2!36!3,!=+,,3M.-!6+!34-5630E!35!69-!C-5-2/6-4!@34-+!,-R;-58-,!,+D-!8+D=+5-56,!69/6!
/2-!D+2-!2-./6-4!6+!4-6-2D353,638!/54!=2-4386/M.-!M-9/@3+2!/54!,+D-!D+2-!89/+638!8+D=+5-56,!
2-./6-4!6+!8+D=.-L!0.;34!4E5/D38,H!#9-!+@-2/..!-00-86!3,!/5!9/2D+53+;,!D3L6;2-!+0!69-,-!6<+!
8+D=+5-56,!/,!8/5!M-!,--5!35!^3C;2-!VH!
!

!
06BA:7!c!.X>!?:4J7;!>?!4!"9%!:7486P4=6>52!X788!<7?657<!N7:6><6C!N4==7:5;!;AN7:6JN>;7<!

>5!CL4>=6C!J>D7J75=;!4:7!X788!D6;6M87R!
!!
-""/(%-.(,&!+%&)-#($+!
!
];235C!69-!./,6!E-/2,!D/5E!4300-2-56!/==.38/63@-!,8-5/23+,!<-2-!=2+=+,-4!/54!/4+=6-4!0+2!69-!
17)!,E,6-DB!35!=/2638;./2!<-!D-563+5!69-!0+..+<35C!+5-,K!
!
&<AC4=6>5!
!
#9-!17)!D/N-,!=+,,3M.-!/5! 356-2/863@-! 6-/8935C!+0! 0;54/D-56/.!8+58-=6,!/54!=23583=.-,!+0!
5/6;2/.!,83-58-,!:!.-/2535C!ME!=./E35CH!%5!/5/.+C!62/5,8+435C!+0!D;,38!/54!@+38-!C3@-,!23,-!6+!
/! 0/3690;.! ,-.0?=+262/36!+0!D;,38! 35! 69-!/;43+?@3,;/.!/54!@3M2+?6/863.-!43D-5,3+5,!+0! ,+;54K!/!
,;88-,,3+5!+0!@3,;/.!0+2D,B!,+D-63D-,!89/+638!/54!;5=2-4386/M.-B!/,!D3C96!M-!69-!-443-,!+0!/!
23@-2! +2! 69-! 8+.+2! +0! 69-! 0./D-B! 4/58-! ,E5892+5+;,.E! <369! D;,38! /54! <369! @3M2/635C! @3M2+!
62/5,4;8-2,H! ^+2! 6-/8935C! =;2=+,-,B! 69-! A+E0;.! ,-5,/63+5,! =2+4;8-4! ME! 69-! ,E5/-,69-638!
=-28-=63+5!+0! ,+;54! 623CC-2! 8;23+,36E!/M+;6! 69-!<34-!@/23-6E!+0! 8+58-=6,! /54! ./<,!+0!5/6;2-!
;=+5!<9389!69-!+=-2/63+5!+0!69-!17)!3,!M/,-4H!!
!
&5=7:=465J75=!
!
#9-! 8+.+20;.! ,ED=9+5E! +0! @3,;/.! 0+2D,B! +M6/35/M.-! ME! 7;,38+.+2! <369+;6! /5E! /2630383/.!
=2+8-,,35CB!-59/58-,!69-!-D+63+5/.!3D=/86!+0!D;,38!,63D;./635C!/!,E5/-,69-638!6-5,3+5!/3D35C!
6+! 8+22-./6-! 69-! ,-5,+2E! 6/863.-! 89/55-.! <369! 9-/235C! /54! ,3C96K! /! 5+@-.B! 9E=5+638! /54!!
3DD-2,3@-!D;,38!-L=-23-58-H!!
^;269-2D+2-! 17)! 8/5! M-! 02;360;..E! /4+=6-4! 35! /5! -54.-,,! ,-6! +0! =+,,3M.-! /==.38/63+5,j! -HCH!
=-+=.-!8/5!o<-/2!69-32!@+38-o!A;,6!=235635C!/!02/D-!+0!69-!17)!+5!8.+69!O/5!-L/D=.-!3,!@3,3M.-!
35!^3C;2-!hPH!
!
!
+>C648!(5C8A;6>5!
!
Z369!69-!3582-/,-!+0!69-!.30-63D-!-L=-86/58E!69-!=2+M.-D!+0!,+83/.!356-C2/63+5!+0!=-2,+5,!<369!
=9E,38/.B!8+C5363@-B!D-56/.B!,-5,+2E!+2!-D+63+5/.!43,/M3.36E!M-8+D-,!D+2-!/54!D+2-!,-23+;,H!
%88+2435C!6+!+;2!-L=-23-58-!<369!=-2,+5,!/00-86-4!ME!9-/235C!.+,,!+2!8+C5363@-!4-0383-58EB!69-!
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!

17)! 3,! /! =2+D3,35C! /54! -00383-56! 6++.H! (5! =/2638;./2!<-!4-=.+E-4! /! ,=-83038! =2+6+8+.! /6! 69-!
]+5!'5+8893! 8.3538!+5!=/63-56,!<369!/! ./2C-!D-56/.! 3D=/32D-56!@-230E35CB! /06-2! /! 8+;=.-!+0!
<--N,B! /5! 3582-/,-! 35! 69-32! 8+C5363@-! 8/=/M3.363-,! 8+58-2535C! D;.63?,-5,+23/.! ,63D;.3!
8+22-./63+5H!!

!
06BA:7!U!a^74:!V>A:!D>6C7a!45!7K4JN87!>?!4!N>;;6M87!75=7:=465J75=!4NN86C4=6>5R!

!
%$)%/3+($)+!
!
(5! 693,!=/=-2!<-!=2-,-56-4! 69-!13-G+7;,3)+.+2B! /!D;.630/8-6-4!/54!@-2,/63.-! ,E,6-D!/M.-! 6+!
8+5@-26!<9389-@-2!N354!+0!/;43+!,+;28-! 356+!/5! 3DD-2,3@-B!D;.63?,-5,+23/.!/54!,E5/-,69-638!
-L=-23-58-H!(5!/!0-<!E-/2,!02+D!36,!032,6!2-/.3G/63+5!<-!9/@-!M--5!/M.-!6+!02;360;..E!356-C2/6-!36!
356+! D/5E! /==.38/63@-! ,8-5/23+,B! 2/5C35C! 02+D! -56-26/35D-56B! 6+! /! 8.3538/.! /34! 0+2! D;,38!
69-2/=EB! 02+D! -4;8/63+5! 6+! /5! /34! 0+2! 4-/0! 3D=/32-4! =-+=.-! /54! <-! 6935N! 69/6B! 35! 69-! 8.+,-!
0;6;2-B!36!<3..!0354!0;269-2!89/..-5C35C!/==.38/63+5,H!
!
#7?7:75C7;!
!
pUq![H!)+9-5B!o^2/5N.35!\!i-<6+5oB!b/2@/24!*53@-2,36E!12-,,B!OUnhhP!!!
pSq!ZH7+236GOUnlhPH!o#+</24,!/5!%-,69-638,!+0!J3,;/.!7;,38oH!%"(^%!)/5/4/![;..-635H!
pcq!$H!%.M-26,!O7/289!SSB!STThPH!o(5,34-!%53D;,38k,!%,6+53,935C!)+D=;6-2!7;,38!J34-+,oH!

Ik$-3..E!7-43/B!(58H!
p>qbH!%25/,+5!b/2@/24B!&H!7/5,03-.4!O]-8-DM-2!STUSPBob3,6+2E!+0!7+4-25!%26K!1/35635CB!

"8;.=6;2-B!%28936-86;2-B!19+6+C2/=9Eo!O"-@-569!-4HPH!1-/2,+5H!=H!UlnH!("[i!TSTVSVn>`S!
pVq!]H!F+DM/243!!o^;6;23,D!/54!7;,38/.!i+6-,oH!966=K__<<<H;M;H8+D_=/=-2,_.+DM/243H96D.!
phq!$uDD-B!'HB!o!"+/=!M;MM.-,!35!/26!/54!-4;8/63+5!oB!1;M.3,9-4!ME!"83-58-!);.6;2-!

#-895+.+CE!1;M.3,935CB!"35C/=+2-B!UnnlH("[i!nlU?T>?Th>l?`!
p`q!F3=,+5B!"H'Hj!F3=,+5B!bHj!#/559/;,-2B!]H"H!OUnnVPH!I=638/.!19E,38,!Oc24!-4HPH!F+54+5K!

)/DM234C-!*H1H!=H!S>lH!("[i!T?VSU?ThnSh?S!
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!

.1&!3+&!$0!"-.(&).!+"&%(0(%!()+.#39&).-.($)!
'3#()*!.$.-/!d)&&!#&"/-%&9&).!+3#*&#G!

!
F/<2-58-!)/D/24/B!7]B!19]U!!

%56+53+!]X%23-5G+B!7]U!

"/.@/6+2-!7+2-..+B!7]U!

7389-.-!]X%23-5G+B!7]U!!

<michele.darienzo@unipa.it> 
!

UI269+=/-438!/54!#2/;D/6+.+CE!]-=/26D-56B!*53@-2,36E!+0!1/.-2D+B!1/.-2D+B!(6/.E!

ABSTRACT
! ];235C!69-!=/,6!4-8/4-B!6+6/.!N5--!/2692+=./,6E!O#W%P!9/,!M--5!D/2N-4.E!3582-/,-4H!(5!+24-2!

6+! 3D=2+@-! 69-! =+,363+5! +0! 3D=./56,! 4;235C! #W%! /54! 6+! 2-4;8-! 69-! 23,N! +0! -/2.E! 0/3.;2-! +0! 69-!

=2+8-4;2-B!5-<!6-895+.+CE!9/,!M--5!3562+4;8-4!/54!;,-4!ME!,-@-2/.!,;2C-+5,H!"=-83038/..EB! 692--?!

43D-5,3+5/.! 3D/C35C!/54!8;,6+D!D/5;0/86;235C!9/@-!-5/M.-4! 69-!4-@-.+=D-56!+0!=/63-56?,=-83038!

35,62;D-56/63+5!O1"(P! 69/6!/2-!;,-4!/,!8;6635C! A3C,H!#9-,-!8;6635C!M.+8N,!/2-!,=-83038! 6+!/!=/63-56X,!

N5--! /5/6+DE! /54! ,9+;.4! 9-.=! 69-! ,;2C-+5,! 6+! =-20+2D! M+5-! 8;6,B! 2-4;835C! 69-! 8+D=.-L36E! +0!

8+5@-563+5/.!/.3C5D-56!/54!,3G35C!6++.,H!!

! Z369! 693,! 6-895+.+CEB! /!=2-?+=-2/63@-!7$(!+2!)#! 3,!=-20+2D-4!+5! 69-!=/63-56X,!N5--H!b3=!

/54!/5N.-!3D/C-,!/2-!/.,+!+M6/35-4!0+2!69-!-@/.;/63+5!+0!69-!+@-2/..!/.3C5D-56!+0!69-!.3DMH!Z369!/!

,=-83038! ,+06</2-!=2+C2/D! O73D38,B!7/6-23/.3,-B!F-;@-5B![-.C3;DPB!D/5;0/86;235C!-5C35--2,! 6;25!

6<+?43D-5,3+5/.!)#!+2!7$(!3D/C-,! 356+! 692--?43D-5,3+5/.!2-=2-,-56/63+5,!+0! 69-!N5--!/54!.+<-2!

.3DM!+0!69-!=/63-56X,!/5/6+DEH!*,35C!/!,=-83038!,+06</2-B!69-!,;2C-+5!3,!69-5!/M.-!6+!-@/.;/6-!69-!c]!

=./5535C! +0! 69-! N5--! 3D=./56! <369! 69-! =2+=+,-4! M+5E! 2-,-863+5,B! D+430E35C! /,! 5-8-,,/2E! M+5E!

2-,-863+5!+0!69-!63M3/!/54!0-D;2H!%06-2!69-!,;2C-+5X,!/==2+@/.B!8;,6+D!8;6635C!C;34-!69/6!036!+5!69-!

=/63-56X,! 5/63@-! /5/6+DE! 3,! D/5;0/86;2-4! /54! 69-5! ,-56! 6+! 69-! ,;2C-+5H! ];235C! ,;2C-2EB! 69-! 1"(!

C;34-,! /2-! ;,-4! /,! ,.+66-4! 8;6635C! C;34-,! +2! 0+2! /88;2/6-! =35! =+,363+5! 0+2! 69-! ;,-! +0! ,6/54/24!

D/5;0/86;2-2!2-,-863+5!35,62;D-56/63+5H!!

! "-@-2/.!/4@/56/C-,!9/@-!M--5!/4@+8/6-4!;,35C!1"(!6-895+.+CEH!%6!032,6B!69-!,;2C38/.!63D-!3,!

2-4;8-4! M-8/;,-! D/5E! ,6-=,! +0! 69-! ,;2C-2E! 9/@-! M--5! /.2-/4E! =-20+2D-4! ,;89! /,! =2-?+=-2/63@-!

=./5535CH!I69-2!/4@/56/C-!358.;4-,!/!4-82-/,-!35!69-!35,62;D-56/63+5!62/E,!+=63D3G35C!69-!+=-2/63@-!

2++D! 63D-! /54! 2-4;863+5! +0! 69-! +=-2/635C! 63D-H! ! ]-,=36-! ,-@-2/.! =+6-563/.! ,;2C38/.! /4@/56/C-,! +0!
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!

;,35C!1"(!6-895+.+CEB! 69-2-!/2-!5+!.+5C?6-2D!3D=./56!,;2@3@/.!4/6/!6+!,;==+26!36,!;,-H!(5!/44363+5B!

0-<!,6;43-,!-@/.;/6-4! 69-!-00-863@-5-,,!+0! 693,! 6-895+.+CE!+@-2!8+5@-563+5/.! 35,62;D-56/63+5B!/54!

2-,;.6,!+0!=+,6?+=-2/63@-!/.3C5D-56!/88;2/8E!/2-!8+50.38635CH!!

! ^2+D!"-=6-DM-2!STUS!6+!]-8-DM-2!STU>B!SS!=/63-56,!<-2-!62-/6-4!<369!#W$!;,35C!1"(H!)#!

3D/C-,! +0! 69-! .+<-2! .3DM! <-2-! ;,-4! 6+! +M6/35! ]()I7! 3D/C-,H! 1"(! <-2-! =2+4;8-4! ME! 7-4/86/!

O)/,6-.!"/5!13-62+B!"<36G-2./54PB!/54!;,-4! 35!/..!=/63-56,! 0+2! 0-D+2/.!/54! 63M3/.!M+5-! 2-,-863+5H!%!

=+,6?+=-2/63@-!)#!=-20+2D-4! 35!/..!=/63-56,! 62-/6-4B! ,9+<-4!/!,;M+=63D/.!=+,363+535C!+0! 69-! 63M3/.!

8+D=+5-56!/54!/5!+=63D/.!=+,363+535C!+0!69-!0-D+2/.!8+D=+5-56H!!
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GETTING PAST THE FEAR OF VIRTUAL 
INNOVATION 

 
by Eugenia Romanelli 

 

 In 2010, a research by Finnish tech company Nokia revealed something 

astonishing: people check their phones at least 150 times a day. This means once 

every 6.5 minutes, counting up to 22 calls and 23 text messages only during the 

day. While this was probably perceived as a huge business opportunity for Nokia, 

it made many columnists and intellectuals worried, raising concerns about our 

relationship with technology and virtual forms of communication. 

 If a similar research were to be done today, it would reveal much higher rates. 

As more and more people become more prone to accepting the digitalization of our 

lives, some still argue that in today’s world human existence is nothing but an 

extension of technology. Starting in 2014, a platform called “Open Forum”, as well 

as American managing consultant Brian Moran, have lead the way in trying to 

detox people from the digital world, to let help them enjoy what Moran called 

“here and now”. However, if one were to explore our understanding of what living 

in symbiosis with technology really entails, it would be easy to see that it is by no 

means anything new: it is the same theme recurring in the story of Ulysses facing 

the “Pillars of Hercules”  — in other words, people’s fear of technology is merely 

a new interpretation of the age old dilemma of human endeavor versus fear of 

pursuing knowledge. 

 Many statistics show that by 2020 almost 75% of the world economy will be 

dependent on the internet. According to Cisco (one of the world leaders in 

networking, active in promoting the “Internet of Things” theory) at least 10 billion 

devices will be connected to the internet by 2018. Considering the incredible 

amount of business that is being conducted online, Sheryl Sandberg, COO of 
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Facebook, has expressed interest on how the world will look like when 100% of 

the population will have access to the internet (as opposed to today’s 39%). 

 Not only is there factual evidence to say that most communities in the world 

now are structured around digital networks, but it is also generally safe to say that 

such networks allow us to develop more creativity, can improve our cognitive 

processes and facilitate exchange of information. Our digital reality is also a great 

platform for social change, as well as promotion of democratic values. 

A paper called “Growing a Digital Social Innovation Ecosystem for Europe”, 

commissioned by the European Commission, was presented in February 2015 at a 

panel called “Shaping the Future of Digital Innovation in Europe”. Written on 

behalf of the National Endowment for Science, Technology and the Arts (NESTA), 

the paper argued that one of the largest digital communities is focused on 

awareness networks and innovation and can provide important tools to promote 

integration and increase people’s well being. It is evident, therefore, that it is 

essential for politicians, institutions and service providers to be well acquainted 

with the opportunities that the digital world can be a source of, in order to 

ultimately strengthen services and inter-personal relationships. 

 What is left to deal with is the difficult task of fighting common misbelieves 

about the digital world. This is yet another example of the “fear of the new”, or 

what Freud called a “conservation struggle”, linked with the idea of a “death wish” 

— in other words, the instinct that pushes us to protect whatever we have at the 

price of sacrificing our future and hopes. How can we then reassure those who fear 

that digital networks are replacing real life relationships? How can one argue that 

new technologies are opportunities instead of burdens? How can skeptics be 

convinced that digital connections get us closer together, instead of tearing us 

apart? Generally speaking, how is it possible to humanize technology? 
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 It is perhaps possible, through a global collective shared discussion, to outline 

that the digital world is a crucial element to sustain the needs of our communities 

allowing us to rethink education and social services, in terms of more inclusive and 

flexible policies. Overall it appears that in order to translate the digital 

opportunities available into successful solutions for our communities, it is 

necessary to look at the issue in a different way.  

 If we don’t help citizens envision the possibilities that their realities offer; if 

we don’t create a new system of values people can look up to; if we don’t promote 

change; then, going beyond the “fear of the unknown”, or the “Pillars of Hercules”, 

will never be possible, and we will never cross the new horizons that lie ahead. 

 

Prof. Eugenia Romanelli, italian journalist. 

romanelli@bazarweb.info 
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+R!"8>AJ6;Q!!!!!!!!#>545!\>6=4:<Q!!!!94L;4!.R!">A:4P4<S2!Z!!!!!"45>;!)4;6>N>A8>;Q2!Z!
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Encyclopédie plates have shown the importance of visualisation: Diderot and d’Alembert 
commissioned several hundred engraved images depicting artistic crafts and common trades in 
preindustrial France, specifically aimed at illustrating their entries. Since pictorial representations of 
workmen and shops are not so frequent, the descriptions and explanatory plates in the Encyclopédie 
remain highly important both to scholars of decorative arts and manufacture and to researchers of 
social and economic history, so as to the current understanding of historical techniques and 
technologies.  

The plates provide a space of non-verbal representation which is profoundly effective for 
communication among producers, craftsmen and the general public: they describe the concept and fix 
the relationship between the idea, the corresponding picture and the final term.  

Many of the images are not technical drawings but genre scenes portraying a small group of workers 
in their activities. The plates from the Encyclopédie often represent stages in complex technical 
processes by juxtaposing images of different types.  Vignettes representing human figures engaged in 
various activities are supported by large-scale renderings depicting tools and their proper manipulation. 
Encyclopédie plates have a typical iconic structure: the work is anticipated by the title, which is divided 
into two distinguished sections. At the top - almost on the third of the plate – the place of production is 
represented, where men and women act inside the workshop; in the lower part, all the tools presented in 
the workshop are illustrated, are seen in details, and numbered with the corresponding term. The 
actions are analysed one after the other, as if a zoom gradually passes through the sequences, focusing 
on the most important details. 

The project Visuoplanches aims to rebuild the history of the relationship between the image and the 
classification of terminology to transfer arts and crafts knowledge, starting from the models established 
during XVIIth and XVIIIth centuries in Europe. Visualising the tools, in combination with legendas, 
establishes a reference model for tool classifications and for their effective description: the text 
accompanying the engravings introduced to the descriptive method which was proposed to beginners 
destined to become experts in the future. Visual representation confirms the encoding effort and 
dissemination of new findings. From plates to modern digital image, tools and technical items continue 
their dialogue between users and craftsmen, between producers and sellers. 
Visual representations show arts and crafts which will transfer technical and specialised knowledge: the 
analysis of some cases will assess the dynamics arising from the dialogue between definition, 
narratives and visualisation, which reveals to be a sustainable method for transferring technical 
knowledge and presenting terminology effectively. Various forms of painting and engraving – from 
artistic drawings to computer-generated images – show craftsmen’s knowledge and their need to spread 
it out.  
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+;56B!0+2!<9
2!/==.38/63+5
0/0.+2/X!O0.+
[35/2E!F/2C
8-!2-/,+5,B!<
<!+2!R;3G!3,!
E,6-DB!6+!8.3

-.($)!

J4=6C!+V;=7

06BRZE!!
N:7;7:D

.3#&!
/54!82+<4,

-!/==.38/63+5
9389!69-E!8/
5!8+56-56!O0

+2/B!0/;5/B!2
C-!IMA-86,!O[
<9-2-ME!/!2
2-R;-,6-4B!

3-56H!

7J!-:CL6=7

(JN>:=45C
D65B!(5<6B75

,+;2835C!,-8
5H!^+2!@/.34/
/5!;=.+/4!/5
0/;5/B!0.+2/B
+8N!/26!/54!
[FI[P!,;8
2-R;-,6!3,!D
69-!,-2@-2!2

C=A:7!

C7!>?!
5>A;

863+5!0+2!;=.
/63+5!=;2=+
54!@3-<!8+5
B!2+8N?/26!\
./54,8/=-P!
9!/,!3D/C-,

D/4-!ME!69-!
-6;25,!69-!H9

.+/4,!+0!
+,-,B!/!;,-2!3
56-56H!#9-!;

\!./54,8/=-P
!/==.38/63+5
,!3,!,6+2-4!35
8.3-56!6+!69-
9M,!03.-,!02+

!
!
!

!

3,!
,-2!
PB!+0!
5B!
5!/!
-!
+D!

!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
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%8675=!45<!3;7:!(5=7:?4C7E!&KN:7;;!L45<87M4:;R`;2!1.9/ci%++!
b/54.-M/2,!/2-!/!e/@/"823=6!8+D=3.-2!/54!/5!-L6-5,3+5!+0!69-!D;,6/89-!e/@/"823=6!
6-D=./6-!./5C;/C-B!N5+<5!0+2!36,!x.+C38?.-,,X!6-D=./6-!-5C35-B!<9389!N--=!69-!=/C-,!
8.-/5!/54!4-8+;=.-4!02+D!.+C38?M/,-4!03.-,j!693,!D/N-,!69-!/==!D;89!D+2-!2-,=+5,3@-!
/54!356-2/863@-H!)""!,6E.35C!/54!b#7F!3,!/44-4!0+2!69-!*,-2!(56-20/8-H!

!

'4=4M4;7K!9V+F/!</,!89+,-5!0+2!4;-!6+!36,!,62+5C!8+5,3,6-58E!/54!2+M;,6!
4/6/M/,-!4-,3C5H!(6!<3..!,6+2-!;,-2!=2+03.-!/54!/==.38/63+5!8+56-56H![35/2E!F/2C-!
IMA-86,!O[FI[P!,;89!/,!3D/C-,!3,!,6+2-4!35!/!03.-!,E,6-D!0+2!=-20+2D/58-!2-/,+5,H!

+7:D7:E!)><7R`;!A;65B!&KN:7;;R`;!j!145<87M4:;!
&L=2-,,!3,!/!D353D/.!/54!0.-L3M.-!i+4-HA,!<-M!/==.38/63+5B!<369!36,!8+2-!0-/6;2-,!35!
9/54.35C!69-!8.3-56!8+DD;538/63+5H!#93,!8+4-!35!03CH!V!9/54.-,!2-R;-,6!6+!2/54+D.E!
.+/4!4300-2-56!R;3GG-,!/54!42/<!R;3G!3D/C-,!02+D!69-!4/6/M/,-H!

!
!

!
ZRQ!+>8A=6>5;!45<!'7J>5;=:4=6>5!

*=+5!.+/435C!+0!69-!/==.38/63+5B!69-!;,-2!3,!432-86-4!6+!69-!9+D-!=/C-!<9-2-!69-E!8/5!
,-.-86!02+D!-369-2!>!-.-D-56,B!$+8N!/26B!^/;5/B!^.+2/!+2!F/54,8/=-H!I58-!-369-2!3,!
,-.-86-4B!69-E!8/5!-369-2!89++,-!6+!@3-<!69-!C/..-2EH!%D+5C,6!+69-2!6/M,B!69-!;,-2!8/5!
8.38N!+5!69-!=./E!M;66+5B!<9-2-!69-E!/2-!2-432-86-4!6+!69-!C/D-!=/C-H!&/89!Q;3G!9/,!/!
636.-B!R;-,63+5!/54!2-./6-4!R;-,63+5!/54!9356!3D/C-,B!<9389!/2-!2-623-@-4!02+D!69-!
4/6/M/,-H!I58-!69-!R;-,63+5!3,!2-/4!69-!;,-2!8/5!5/@3C/6-!M-6<--5!9356!3D/C-,B!0+2!/!
=+,,3M.-!/5,<-2!+0!<9389!-/89!9/,!/!4-,823=63+5!6+!36H!%!8+5032D/63+5!3,!C3@-5!/,!6+!
<9-69-2!+2!5+6!/!,-.-86-4!/5,<-2!3,!8+22-86B!<9-2-!69-E!8/5!;,-!5/@3C/63+5!6/M,!6+!
=2+8--4!6+!69-!5-L6!+2!=2-@3+;,!R;3GH!"9+;.4!/!;,-2!</56!6+!8+5623M;6-!/!R;3G!+2!2-./6-4!
8+56-56B!2-C3,62/63+5!/,!/!8+5623M;6+2!3,!2-R;32-4B!<9-2-!69-E!8+5623M;6-!3543C-5+;,!

function!loadRandomQuiz()!{!

! return!query('SELECT!*!FROM!quiz')!

! ! .then(({!rows!})!=>!{!

! ! ! let!quiz!=!randomElem(rows)!

! ! ! let!img_ids!=![quiz.hint_image_id,!quiz.correct_image_id,!

! ! ! ! !!!!!quiz.answer1_image_id,!quiz.answer1_image_id,!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!quiz.answer2_image_id,!quiz.answer3_image_id,!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!quiz.answer4_image_id,!quiz.answer5_image_id]!

!!!!!!}!
06BRcE!+7:D7:!C><7!=>!8>4<!:45<>J!kA6P!
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0354
69-!
!

!
!
!
!

!
!
!

[/,
=-28
62/4
43,8
/.,+
69-!
i/D
#93,
/,!/
62/@
35!-

435C,!6+!69-!
C/..-2EB!/54

bR!+399
,-4!+5!+;2!2-
8-56/C-!+0!6
4363+5/.!3543
8;,,-4!35!69-
+!D;89!D+2
2;2/.!2-C3+5

D3M3/5!E+;6
,!;5/</2-!+

/!D-2-!D/A+
@-..35CH!#93,
L=/5435C!69

06B

06B

/==.38/63+5
4!+2!69-!R;3G

9-#G!
-,;.6,!8+D=
69-!=/26383=/
C-5+;,!N5+
-!=/=-2!,;89

2-!2-.;86/56!6
5,!+0!69-!8+;
69!/2-!.3N-.E
+0!69-!$+8N!
+236E!=2-0-2!6
,!8+;.4!M-!,
9-!8+;5623-,

BRUE!-NN86C4

BRlE!-NN86C4

5H!#9-!8+5623
GG-,!;=+5!@

=/2-4!6+!69+
/56,!<9+!.3@
+<.-4C-H!#9
9!/,!69-!2+.-
6+!=2-,-2@35
;562EH!(5!8+

E!6+!D/N-!;,
/26!+2!(543C

6+!62/@-.!-369
--5!/,!x/!=+
,!6+;23,D!,-

4=6>5!L>J7

4=6>5!B4J7!

3M;6-4!8+56-
@/.34/63+5B!,

,-!+0!";G/5
@-!35!69-!836E
93,!8+;.4!M-!
-!+0!*2M/53
5C!i/D3M3/5
+58.;,3+5!<-
,-!+0!69-!/==
C-5+;,!0/;5
9-2!/.+5-!+2
+6-563/.!0+2!4
-86+2!,;M,6/5

7N4B7!

N4B7!

-56!<369!69-
--!03CHh!/54

55-!F/^+56!2
E!/2-!;5/</
4;-!6+!/!5;
G/63+5H!#9+
5!62/4363+5,
-!8/5!4-4;8
=.38/63+5B!/,

5/!+2!0.+2/!0+
2!35!/!C2+;=
4+D-,638!+2
563/..EXH!Z3

-32!4-6/3.,!/2
4!`H!

!

2-,;.6,B!/!D
/2-!+0!69-!8;
;DM-2!+0!0/8
,-!<9+!.3@-
/,!+==+,-4

8-!69/6B!D+2-
,!5-/2.E!9/.0
+;54!35!=/26
=!+0!023-54,!<
2!2-C3+5/.!6+
69!69-!;,-!+

2-!43,=./E-4

D;89!C2-/6-2
;.6;2/.!/54!
86+2,!=2-@3+
-!35!69-!836E!
4!6+!69+,-!02
2-!+0!69-!
0!2/2-.E!62/@
6,!+0!i/D3M
<9-5!
+;23,D!C2+<
+0!/!D+M3.-!

4!35!

2!

+;,.E!
/2-!

2+D!

@-.H!
M3/B!

<69B!
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=9+5-B!693,!<+;.4!D/N-!36!D;89!-/,3-2!0+2!69-!;,-2!6+!M-8+D-!3582-/,35C.E!/</2-!/54!
8;23+;,!/,!6+!69-!,;22+;5435C!=/26,!+0!69-!8+;562EH!&563835C!69-D!6+!62/@-.!/54!-L=.+2-!
69-!4300-2-56!/2-/,H!#9-!;,-!+0!69-!/==.38/63+5!8+;.4!/.,+!M-!;,-4!/,!/!2-0-2-58-!6++.!
0+2!/==2-83/635C!69-!8;.6;2/.!9-236/C-!/54!=2-!93,6+238/.!;,-!+0!69-!/==.38/63+5,!
-.-D-56,B!^/;5/B!^.+2/!/54!$+8N!/26H!Z9389!3,!/!,6-=!6+</24,!89/5C35C!,+83-6EX,!
M-9/@3+2!35!=2-,-2@35C!69-!./54!/54!8+DD;5363-,!35!<9389!69-,-!3543C-5+;,!-.-D-56,!
/2-!0+;54H!

cR! '#-^\-%d+!-)'!03#.1&#!^$#d!
#9-!8;22-56!/==.38/63+5!4-D+5,62/6-,!69-!8+5623M;63+5!+0!3543C-5+;,!N5+<.-4C-!02+D!
/5!()#!.36-2/6-!=-2,+5!/54!69-!i/D3M3/5!3543C-5+;,!/54!62/4363+5/.!-.-D-56,H!#9-!
8+5623M;6+2,!2/5C-!02+D!/8/4-D38,B!=2+0-,,3+5/.,!/54!8+5623M;6+2,!<369!/88-,,!6+!()#!
,-2@38-,H!b+<-@-2B!/.D+,6!6<+?69324,!+0!%0238/X,!=+=;./63+5!p`qB!/54!69-!D/A+236E!+0!
69-!-.4-2.E!35!i/D3M3/!,63..!.3@-!35!2;2/.!/2-/,H!!#93,!,9+<,!69/6!/!2389!62/4363+5/.!
N5+<.-4C-!8/5!,63..!M-!0+;54!35!2;2/.!/2-/,H!Y#9-!4-D+82/63G35CB!-D=+<-235C!=2+D3,-!
+0!/!D-2-!=2-,-58-!+0!5-<!D-43/!6-895+.+CE!3,!0/2!+@-2,6/6-4B!/,!D/5E!=-+=.-!/2-!,63..!
<369+;6!/88-,,!6+!69-!<-MB!p`q!9-58-!69-!5--4!6+!42/<!02+DB!/54!D/N-!350+2D/63+5!
/88-,,3M.-!6+!.+<!.36-2/8E!;,-2,!35!;54-24-@-.+=-4!2-C3+5,!+0!i/D3M3/!/54!69/6!+0!
%0238/H!#9-!5-L6!,6-=!+0!69-!/==.38/63+5!<3..!,--!9+<!<-!8/5!/8R;32-!N5+<.-4C-!02+D!
69-!-.4-2.E!35!;54-24-@-.+=-4!2-C3+5,!+0!i/D3M3/!<369!9+=-,!6+!-L6-54!69/6!6+!+69-2!
%0238/5!8+;5623-,B!0+2!C/D-,!8-56-2-4!+5!M2+/4-2!%0238/5!62/4363+5,B!./54,8/=-,!/54!
=2/8638-,H!xW5+<.-4C-!+0!69-!;,-2,X!8;.6;2-B!@/.;-,B!5/6;2/.!-L=-23-58-,!<36935!69-!
-5@32+5D-56!/54!=-28-=63+5!3D=2+@-!;,-2,!356-2/863+5!<369!()#!,-2@38-,!p`qH!#9;,!
4-,3C535C!/5!/==.38/63+5B!6/N35C!356+!/88+;56B!/!C2/=938/.!;,-2!356-20/8-!<369!
356-2/863+5!-.-D-56,!69/6!4-=386!69-!,+83+?8;.6;2/.!-5@32+5D-56!+0!69-!6/2C-6-4!;,-2,B!
<9389!9/,!=2+@-5!6+!E3-.4!/!,3C53038/56!,;88-,,!pVBhqH!%.6-25/635C!35!/!82+<4?,+;2835C!
/==.38/63+5!0+2!69-!-.4-2.E!35!2;2/.!/2-/,B!/,!8+5623M;6+2,!6+!69-!/==.38/63+5!/54!R;3GG-,!
+5!4300-2-56!%0238/5!8+;5623-,z!
!
#&0&)%&!

pUq!%0238/5!);.6;2/.!)-56-2!<-M,36-!!966=K__<<<H/0238/58;.6;2/.8-56-2H+2C_!
pSq!i)$"#!<-M,36-!966=K__<<<H582,6H5/_5-<,_!
pcq! eH! J-25+5! b-54-2,+5B! %4/D! "6+2-EC/24B! /54! *<-! ]-389D/55BgVTd-/2,! +0!
*2M/53G/63+5!35!%0238/K!69-!2+.-!+0!!8.3D/6-!89/5C-gB!O7/E!SnB!STU>P!
p>q!e;4369!i!7/2635_#9+D/,!W!i/N/E/D/B!Y(56-28;.6;2/.!)+DD;538/63+5!35!)+56-L6gB!
V69! &4363+5B!)9/=6-2! l! _!*54-2,6/5435C! (56-28;.6;2/.!#2/5,363+5,!==cS`! ("[iK!n`l?T?
T`?cclVUS?n!
pVq!";G/55-!F/0+56B![-.3-0,!/54!%6636;4-,! 6+</24,!'-54-2B!"-L;/.36E!/54!#2/4363+5,!
/D+5C,6!i/D3M3/5!d+;69H==HUhOSTUTP!("[i!n`l?nnn>V?hU?Un?c!
phq!&43D!%G+D!&D/5;-.B!7;E35C3!b3==+.E6-B!Y"1&&)b!*"&$!(i#&$^%)&!^I$!
FIZ!F(#&$%%)d!*"&$"!I^! ()#!"&$J()&"Bg! !&;2+=-/5! e+;25/.! +0!)+D=;6-2!
"83-58-!/54!(50+2D/63+5!#-895+.+CE!J+.HSB!i+HUB!==HUl?SnB!O7/289!STU>P!!!!!
p`q! &](7B%H&77%i*&FB! 7*d(i'(BbH! i"*i'%?i"%B! "([%i]%! WB! Y*,-2!
(56-20/8-! 0+2! F+<?F36-2/8E! *,-2,! 35! /! $;2/.! )+DD;536EgB! (56-25/63+5/.! e+;25/.! +0!
)+D=;635C!/54!()#!$-,-/289B!J+.H`B!(,,;-!UB!Oe;5-!STUcPH!!
plq!7/89-.!78)/66EB!#9-!12+8-,,!+0!$;2/.?*2M/5!73C2/63+5!35!]-@-.+=35C!)+;5623-,!!
pnq!(/35!#H!)923,63-B!]+2--5!&H)2+D=2+5B!Y#+;23,D!35!%0238/B!%0238/5!$-C3+5gB!
Z+2N35C!1/=-2!"-23-,!i+HUSB!==Hc!O^-M2;/2E!STTUP!!
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!
"#$!%&#"'(!)*!+'!%#,-").)/0#(!

!
!

!"#$%&%!'())$*$! +&%,*-.*%!/**#-001! +&%,*-.*(!+%2%.*#$! 3$4(!"%55-22$,$!
!

6%.4-&!7#-.$.!$,!8*(,(9:!
%,0!6%,%;-9-,4!

!
<=>+?!@!/,$A-&.$4:!()!
+2(&-,*-B!=>>@C<!

!
3DEFE?/G!

!
/,$A-&.$4:!()!+2(&-,*-B!

=>>@C<!
/,$A-&.$4:!()!+2(&-,*-!

+2(&-,*-B!=4%2:!
!

+2(&-,*-B!=4%2:! 895(2$B!+2(&-,*-B!=4%2:! +2(&-,*-B!=4%2:!

chiara.soffici@student.unifi.it francesca.uccheddu@unifi.it fr.falaschi@vargroup.it vito.cappellini@unifi.it 

ABSTRACT
!

=,! 4#-! 2%.4! :-%&.B! $,! 4#-! 9%,1)%*41&$,;! .-*4(&B! 4#-&-! #%.! H--,! %,! $,*&-%.$,;! 0$))1.$(,! ()!
0$;$4%2! 4-*#,(2(;$-.B! .(! 4#%4!4#-! 4-&9! I<$;$4%2!6%,1)%*41&$,;I! -9-&;-0J!7#-.-! 4-*#,(2(;$-.!
#%A-!-,4%$2-0!%,!$95%*4!%4!4#-!*(&5(&%4-!2-A-2B!4#&(1;#!4#-!,-*-..%&:!&--,;$,--&$,;!5&(*-..B!
%,0!.(*$%22:B!9%K$,;! 4#-!*1.4(9-&! 4#-!5&(4%;(,$.4! $,! 4#-!5&(01*4$(,!()! 4#-$&!51&*#%.-.!%,0!
-,#%,*$,;!4#-$&!*&-%4$A$4:J!7#$.!*#%,;-!(**1&&-0!$,!&-.5(,.-!4(!4#-!&-01*4$(,!()!4#-!2$)-!*:*2-!
()!5&(01*4.!%,0!4(!4#-!,--0!4(!9--4!4#-!,--0.!()!$4.!*1.4(9-&.!$,!4#-!H-.4!L%:J!

C<! 5&$,4$,;! $.! %,! $,,(A%4$(,! L#$*#B! 4(;-4#-&! L$4#! 0$;$4%2! 4-*#,(2(;$-.B! #%.! -,%H2-0! 4#-!
0$))1.$(,! ()! 0$;$4%2! 9%,1)%*41&$,;B! )%*$2$4%4$,;! 4#-! 4&%,.$4$(,! )&(9! 4#-! 5%&%0$;9! ()! mass
standardization!4(!4#%4!()!mass customizationJ!7#-!-M5$&%4$(,!()!.(9-!5%4-,4.!&-2%4-0!4(!5&$,4!
#%.! -,*(1&%;-0! 4#-! 0$))1.$(,! ()! %00$4$A-! 9%,1)%*41&$,;N! ,(L! $4! $.! $,*&-%.$,;2:! 1.-0! H:!
*(,.19-&.! %,0! -,4-&5&$.-.J! '$,*-! $4.! H$&4#B! $4! #%.! H--,! %552$-0! )(&! 5&(4(4:5$,;B! L#$2-! $,!
&-*-,4! :-%&.! %2.(! )(&! 4#-! 5&(01*4$(,! ()! 5&(01*4.! %,0! .5%&-! 5%&4.J! 7#-! .-*4(&.!L#-&-! $4! $.!
9(.4! L$0-.5&-%0! %&-! 4#-! %14(9(4$A-B! 4#-! %-&(.5%*-B! 4#-! 9-0$*%2! %,0! 4#-! %&4$.4$*! L$4#!
&-2-A%,4!)--0H%*K!$,!4#-!"1241&%2!O-&$4%;-!)$-20J!

C<! 5&$,4$,;! $.! *(,.$0-&-0! %! disruptive! $,,(A%4$(,! H-*%1.-B! -,*(1&%;$,;! 4#-! .%2-! ()! )$2-.!
$,.4-%0!()! %! .%2-! ()! $4-9.B! $4! *%,!(54$9%22:! .(2A-! -*(,(9$*! %,0! .(*$%2! 5&(H2-9.! 4#%4! #%A-!
H--,!-9-&;$,;!$,!&-*-,4!:-%&.J!=4!$.!*(,.$0-&-0!%!4-*#,(2(;:!L$4#!.4&(,;!;&(L4#B!H14!$4!9%:!
-,*(1,4-&! (H.4%*2-.! $,! $4.! -M5%,.$(,! 01-! 4(! 4#-! 5&(H2-9.! *(,*-&,$,;! 4#-! 5&(4-*4$(,! ()!
$,4-22-*41%2!5&(5-&4:P!)$2-!.#%&$,;!*%,!-,*(1&%;-!4#-!.5&-%0!()!,(,!*#-*K-0!C<!)$2-.!%,0!4#-,!
$4! 2-%0.! 4(! 4#-! )&--!0152$*%4$(,!()!0$;$4%2!(HQ-*4.!%,0! 4#-!*(,.-R1-,4!A$(2%4$(,!()! $,4-22-*41%2!
5&(5-&4:J!D!,%41&%2! *(,.-R1-,*-!9%:!H-! 4#-! )%$21&-! 4(! *(,4&(2! 4#-!%14#-,4$*$4:! ()! 4#-! )$2-.B!
%,0! 4#-,! 4#-! &$.K! $.! &-)2-*4-0! $,! 4#-! .5&-%0! ()! *(1,4-&)-$4! %,0! 1,*(,4&(22-0! ;((0.! 4#%4!
-,0%,;-&! 51H2$*! #-%24#J!7#-! 2%*K! ()! .5-*$)$*! 2-;$.2%4$(,! 4(! 5&(4-*4! )$2-! 5&(5-&4$-.! )1&4#-&!
%;;&%A%4-.! 4#-! 4#&-%4!()! 4#-! $22-;%2!1.-!()! 4#-!.%9-J!"1&&-,42:! 4#-!1.-!()!C<!L%4-&9%&K$,;!
%,0! -,*&:54$(,! ()! 0%4%! $.! %! .(214$(,! 4(! 4#$.! 5&(H2-9B! %24#(1;#! !%,! %*4$(,! %4! ,%4$(,%2! %,0!
81&(5-%,!2-A-2!L#$*#!5&(4-*4.!4#-!0$..-9$,%4$(,!()!1,%14#(&$S-0!)$2-.!$.!.4$22!0-.$&%H2-J!

+(&!4#-!)141&-B!$)!4#-!$..1-!(,!$,4-22-*41%2!5&(4-*4$(,!$.!-))-*4$A-2:!&-.(2A-0B!%!)1&4#-&!$,*&-%.-!
$,!4#-!0-52(:9-,4!()!.1*#!5&$,4-&.!$.!-M5-*4-0B!-.5-*$%22:!$)!$4!$.!%**(95%,$-0!H:!%!0-*&-%.-!
$,! 4#-! 5&$*-! ()! C<! 5&$,4-&.B! L#$*#! $.! -M5-*4-0! %.! %! &-.124! ()! 5%4-,4! -M5$&$-.! %,0! 4#-!
0-A-2(59-,4!()!4-*#,(2(;$*%2!5&(;&-..!
!
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!

!

)7X!Z'!+C757!#7N:7;75=4=6>5!?>:!0.,!
!

94;4VAO6!.456J>=>!
i/C+E/!(54;,623/.!"83-58-!$-,-/289!(5,636;6-!

i/C+E/B!e/=/5H!
6/53D+6+f5/C+E/?;HA=!

!
-M;=:4C=!]!0.,!W0:77@D67XN>65=!.787D6;6>5Y!6;!45!655>D4=6D7!D6;A48!J7<64!=L4=!488>X;!A;7:;!=>!

D67X!Z'!;C757;!MV!?:778V!CL45B65B!=L76:!D67XN>65=;R!9"&*!L4;!M775!<7D78>N65B!0.,!;=45<4:<;!
;65C7!STTQR!.L7!?6:;=!NL4;7!>?!0.,!X4;!9,%!W9A8=6@D67X!,6<7>!%><65BY!45<!=L7!;7C>5<!NL4;7!>?!
0.,! X4;! Z',! WZ'! ,6<7>Y! ?>:! JA8=6D67X! <6;N84V! 4NN86C4=6>5R! .L7! CA::75=! =L6:<! NL4;7! >?! 0.,!
=4:B7=;! ;AN7:!JA8=6D67X2! ?:77!54D6B4=6>5!45<!ZUT!Z'!4NN86C4=6>5;R! (5! =L6;!N4N7:2!57X!Z'!;C757!
:7N:7;75=4=6>5!6;!N:>N>;7<!?>:!?:77!54D6B4=6>5!4NN86C4=6>5!>?!0.,R!

!
!

().#$'3%.($)!
!

^#J!O^2--?@3-<=+356!#-.-@3,3+5P!pUq?p`q!3,!/5!355+@/63@-!@3,;/.!D-43/!69/6!/..+<,!;,-2,!6+!
@3-<! c]! ,8-5-,! ME! 02--.E! 89/5C35C! 69-32! @3-<=+356,H! 71&'! 9/,! M--5! 4-@-.+=35C! ^#J!
,6/54/24,!,358-!STTU!plqH!#9-!032,6!=9/,-!+0!^#J!</,!7J)!O7;.63?@3-<!J34-+!)+435CP!pnq!
/54! 69-! ,-8+54!=9/,-!+0!^#J!</,!c]J!Oc]!J34-+P! 0+2!D;.63@3-<!43,=./E!/==.38/63+5! pUTqH!
#9-!8;22-56!69324!=9/,-!+0!^#J!pUUq!,6/26-4!35!%;C;,6!STUcH!#93,!71&'?^#J!,6/54/243G/63+5!
6/2C-6,!,;=-2!D;.63@3-<!O"7JPB!02--!5/@3C/63+5!O^iP!/54!chT!c]!/==.38/63+5,!pUSqH!c]!,8-5-!
2-=2-,-56/63+5! 3,! +5-! +0! 69-! N-E! 6-895+.+C3-,! +0! ^#JH! 7;.63?@3-<! =.;,! 4-=69! O7J]P!
2-=2-,-56/63+5!</,!4-@-.+=-4!/6!69-!,-8+54!=9/,-!+0!^#JH!Z9-5!69-!7J]!3,!/==.3-4!6+!69-!
^i!/==.38/63+5!<369!./2C-!M/,-.35-!+0!69-!69324!=9/,-!+0!^#JB!4-C2/4/63+5!3,!+M,-2@-4!/6!69-!
+MA-86!M+;54/2E!+0!69-!,E569-,3G-4!@3-<,H!(6!3,!8/;,-4!ME!35/88;2/6-!4-=69!4/6/!+0!69-!7J]H!
(5!693,!=/=-2B!5-<!c]!,8-5-!2-=2-,-56/63+5!3,!=2+=+,-4!6+!,;==2-,,!,;89!4-C2/4/63+5H!

!
!

"#()%("/&!$0!0.,!
!
^#J! </,! 4-@-.+=-4! M/,-4! +5! 2/E?,=/8-! 2-=2-,-56/63+5! pUcq?pUhqH! (5! 69-! 2/E?,=/8-!

2-=2-,-56/63+5B!+5-!2/E!35!69-!c]!2-/.!,=/8-!3,!2-=2-,-56-4!ME!+5-!=+356!35!69-!2/E?,=/8-H!#9-!
2/E!,=/8-!3,!/!@326;/.!,=/8-H!b+<-@-2B!36!3,!432-86.E!8+55-86-4!6+!69-!2-/.!,=/8-H!#9-!2/E!,=/8-!
3,!C-5-2/6-4!-/,3.E!ME!8+..-8635C!D;.63?@3-<!3D/C-,!<93.-!C3@35C!8+5,34-2/63+5!6+!69-!8/D-2/!
=/2/D-6-2,H!

F-6! Ox,y,zP! M-! 692--! ,=/8-! 8++2435/6-,B! /54! O!,"PB! <9-2-! ?r_S{!{r_SB! ?r_S{"{r_SB! M-! 69-!
=/2/D-6-2,!+0!432-863+5!/,!,9+<5!35!^3CH!U!O.-06?6+=P!0+2!69-!+269+C+5/.!2/E?,=/8-H!#9-,-!2/E!
=/2/D-6-2,! 8+5,62;86! /! V]! 2/E?,=/8-! Ox,y,z,!,"P +0! D;.63@3-<! 3D/C-,H! Z-! 4-035-! /! 0;5863+5!
fOx,y,z,!,"P!<9+,-!@/.;-!8+22-,=+54,!6+!/5!356-5,36E!+0!/!2/EH!#93,!2/E?=/2/D-6-2!,=/8-!3,!69-!
Y2/E?,=/8-Hg!(6!3,!8.-/2!69/6!2/E?,=/8-!3,!h]!30!63D-!3,!358.;4-4!/,!/!=/2/D-6-2H!

%.69+;C9! 69-! V]! 2/E?,=/8-! D-563+5-4! /M+@-! 358.;4-,! /..! 350+2D/63+5! @3-<-4! 02+D! /5E!
@3-<=+356B!36!3,!93C9.E!2-4;54/56!4;-!6+!69-!,62/3C96!62/@-.35C!=/69,!+0!69-!2/E,H!#9;,B!<9-5!<-!
62-/6!2/E,!69/6!/223@-!/6!/!2-0-2-58-!=./5-B!<-!8/5!2-4;8-!69-!43D-5,3+5!+0!69-!=/2/D-6-2!,=/8-!
6+! >]H! %.69+;C9! 69-! >]! 2/E?,=/8-! C3@-,! M+69! 9+23G+56/.! =/2/../L! /54! @-2638/.! =/2/../LB! 69-!
9+23G+56/.! =/2/../L! 3,! D+2-! 3D=+26/56! 69/5! 69-! @-2638/.! =/2/../LH! (0! 69-! @-2638/.! =/2/../L! 3,!
5-C.-86-4B!2/E?,=/8-!M-8+D-,!c]!<369!=/2/D-6-2,!Ox,y,!PH!

#9+;C96! 69-! =/2/D-6-23G/63+5! 3,! ,3D=.-! 35! +269+C+5/.! 2/E?,=/8-B! 693,! =/2/D-6-23G/63+5!
8/55+6!2-=2-,-56!/..!2/E,j!0+2!-L/D=.-B!2/E,!=/2/..-.!6+!=./5-!z|0!O"=r_SPH!#9;,B!,=9-238/.!2/E?
,=/8-! ,9/..! M-! 4-035-4! /,! ,9+<5! 35! ^3CH! U! O.-06?M+66+DPH! '3@-5! /! 2-0-2-58-! =./5-! <369! 69-!
5+2D/.!@-86+2! 35! 69-!432-863+5!+0!O!,"P! B!<9-2-!?r{!}rB!?r_S{"{r_SB /54!8++2435/6-!+0!O#,$PB!
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!

69-! 2/E! -D36635C! 02+D! 69-! ,;20/8-! +0! /5! +MA-86! =-2=-5438;./2! 6+! 69-! 2-0-2-58-! =./5-! /6!
356-2,-863+5!+0!O#,$P!3,!4-035-4!ME!fO#,$,!,"PH!!
!

!
!

^3CH!U!$/E?,=/8-!2-=2-,-56/63+5!/54!@3-<!,E569-,3,!p>qH!
!
!

#9-!0+..+<35C!-L=./35,!9+<!2/E?,=/8-!3,!8/=6;2-4B!8+5,62;86-4B!/54!02--?@3-<=+356!3D/C-,!
/2-! ,E569-,3G-4H! ^+2! "=0B! 69-! +269+C+5/.! /54! 69-! ,=9-238/.! 2/E?,=/8-,! 8/5! M-! 8/=6;2-4! ME!
;,35C! .35-/2! /54! 8328;./2! 8/D-2/! /22/5C-D-56,B! 2-,=-863@-.EH! $/E?,=/8-! 3,! 8+5,62;86-4! ME!
62/5,0+2D35C! 8/=6;2-4! 3D/C-,! ME! 8/D-2/,! 35! 2-/.! <+2.4! 356+! 2/E?,=/8-! 4+D/35B! 35! <9389!
62/5,0+2D-4!3D/C-,!/2-!/.3C5-4!35!=/2/..-.H!#9-!3D/C-!=./5-,!35!+269+C+5/.!2/E?,=/8-!/2-!0./6!
=./5-,!<9-2-/,!,35-!,9/=-4!=./5-!35!,=9-238/.!2/E?,=/8-H!^3CH!U!OD344.-P!4-=386,!-L/D=.-,!+0!
69-! 8+5,62;86-4! 2/E?,=/8-! 0+2! +269+C+5/.! 2/E?,=/8-! /54! ,=9-238/.! 2/E?,=/8-! <9-5! "=0.!
)+5,62;86-4!2/E?,=/8-!8/5!M-!;,-4!0+2!02--?@3-<=+356!3D/C-!C-5-2/63+5H!'3@-5!69-!.+8/63+5!+0!
@326;/.!@3-<=+356B!/!02--?@3-<=+356!3D/C-!8/5!M-!C-5-2/6-4!ME!8;6635C!69-!2/E?,=/8-!@-2638/..EH!
%,!3..;,62/6-4!35!^3CH!U!O23C96PB!35!+269+C+5/.!2/E?,=/8-!69-!@-2638/.!82+,,?,-863+5!3,!/!0./6!=./5-!
<9-2-/,! 35! ,=9-238/.! 2/E?,=/8-! 3,!/! ,35-! ,9/=-4!=./5-H! (0! 69-!8/=6;2-4! 3D/C-,!/2-!5+6!4-5,-!
-5+;C9!0+2!02--?@3-<=+356! 3D/C-!C-5-2/63+5B!2/E?,=/8-!356-2=+./63+5!,9+;.4!M-!=-20+2D-4!6+!
+M6/35!/!./2C-!5;DM-2!+0!@3-<,H!(5!693,!=2+8-,,B!@326;/.!@3-<,!/2-!=./8-4!M-6<--5!2-/.!8/D-2/!
@3-<,!/,!30!69-!8/D-2/!/22/5C-D-56!3,!@-2E!4-5,-H!!

!
!

%$),&).($)-/!Z'!+%&)&!#&"#&+&).-.($)+!
!

^3C;2-! S! ,9+<,! D/A+2! c]! ,8-5-! 2-=2-,-56/63+5,! 35! 69-! @3-<?C-+D-62E! 4+D/35H! (5! 693,!
03C;2-B! 9+23G+56/.! /L3,! 4-5+6-,! 69-! 5;DM-2! +0! @3-<,! YigB! <9-2-! @3-<,! /2-! 3D/C-,! +0! /! c]!
,8-5-! 8/=6;2-4! ME! D;.63?8/D-2/! ,E,6-DH! J-2638/.! /L3,! 4-5+6-,! 69-! 5;DM-2! +0! 4-=69,! Y7gB!
<9-2-!4-=69!D-/5,!4-=69!D/=H!%!4-=69!D/=!3,!/5!3D/C-B!35!<9389!69-!356-5,36E!+0!-/89!=3L-.!
2-=2-,-56,!43,6/58-!M-6<--5!69-!+=638/.!8-56-2!+0!/!8/D-2/!/54!69-!,;20/8-!+0!/5!+MA-86!35!69-!
c]!,8-5-H!]-=69!8+22-,=+54,!6+!69-!C-+D-6238/.!350+2D/63+5H!7/5E!4-=69,!8/5!M-!2-=2-,-56-4!
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!
!

35! /! 4300-2-56! 0+2DB! -HCH! /! c]! D+4-.H! %! 8/D-2/! =+,363+5! 9/,! @3-<! /54_+2! 4-=69H! (6! D-/5,!
5;DM-2! +0! @3-<,! /54! 4-=69,! 8/5! M-! 4300-2-56! 35! /! D;.63?8/D-2/! ,-6635CH! Z9-5! 7|iB! /..!
8/D-2/!=+,363+5,!9/@-!@3-<!/54!4-=69H!b+<-@-2B! 30!i~7B! 69-2-!/2-! ,+D-!8/D-2/!=+,363+5,!
69/6! 9/@-! +5.E! @3-<B! M;6! 5+! 4-=69H! I5! 69-! +69-2! 9/54B! 0+2! 7~iB! 69-2-! /2-! ,+D-! 8/D-2/!
=+,363+5,!69/6!9/@-!+5.E!4-=69B!M;6!5+!@3-<H!%!C-5-2/.!0+2D!+0!@3-<?C-+D-62E!2-=2-,-56/63+5!
3,!D;.63@3-<!=.;,!D;.63?4-=69!Oi!J3-<!�!7!]-=69P!69/6!8+@-2,!/..!+69-2!=2-,-56/63+5,H!]-6/3.,!
/M+;6!4300-2-56!2-=2-,-56/63+5,!<3..!M-!C3@-5!/,!0+..+<,H!
!

!
!

^3CH!S!)+5@-563+5/.!c]!,8-5-!2-=2-,-56/63+5,!35!69-!@3-<?C-+D-62E!4+D/35!p>qH!
!
!
$-=2-,-56/63+5,!<369!5+!C-+D-6238/.!350+2D/63+5!/2-!/,!0+..+<,H!#9-!8+5@-563+5/.!S]?#J!

,E,6-D!3,!/893-@-4!ME!/!,35C.-!@3-<!3D/C-H!$-=2-,-56/63+5!<369!D+2-!@3-<!69/5!+5-!@3-<!3,!
D;.63@3-<! 2-=2-,-56/63+5H! (0! 5;DM-2! +0! @3-<,! 3,! @-2E! ./2C-B! D;.63@3-<! 2-=2-,-56/63+5! 3,!
-R;3@/.-56!6+!2/E?,=/8-B!<9389!3,!-L=./35-4!35!69-!=2-@3+;,!89/=6-2H!!

$-=2-,-56/63+5,! 35! 69-! 0+..+<35C!/2-! 0+2! 69-!8/,-!+0!9/@35C!+5.E!+5-!@3-<!<369!@/23/M.-!
C-+D-6238/.!350+2D/63+5H!*,35C!+5-!@3-<!=.;,!+5-!4-=69!2-=2-,-56/63+5!<-!8/5!/893-@-!/!02--?
@3-<=+356! 3D/C-!C-5-2/63+5! 35!/!5/22+<! 2/5C-H![E!/4435C!D+2-!C-+D-6238/.! 350+2D/63+5!+2!
9/@35C!D;.63?4-=69B!<-!8/5!2-=2-,-56!69-!02--?@3-<=+356!,E,6-D!/,!+5-!@3-<!=.;,!D;.63?4-=69B!
,;89! /,! F](! OF/E-2-4?]-=69! (D/C-,P! pU`qH! F](! 8+56/35,! D+2-! C-+D-6238/.! 350+2D/63+5B! ,+!
69/6! 36! 8/5! =2+@34-! <34-2! 2/5C-! +0! 02--?@3-<=+356H! Z369! /..! C-+D-6238/.! 350+2D/63+5! +2! c]!
D+4-.!+0! 69-! ,8-5-B!<-!9/@-!c]!D+4-.!=.;,! 6-L6;2-! 2-=2-,-56/63+5! 69/6! 8/5!=2+@34-! /!<34-!
2/5C-!+0!02--?@3-<=+356H!1+356!8.+;4,!8/5!M-!8+5@-26-4!6+!c]!D+4-.,!pUlqH!

";20/8-! .3C9603-.4! pUnq! 8+56/35,! .-,,! /D+;56! +0! C-+D-6238/.! 350+2D/63+5! 35! 8+D=/23,+5!
<369!c]!D+4-.!<93.-! ,-@-2/.!@3-<,!/2-! 2-R;32-4! 0+2! 693,! 2-=2-,-56/63+5H!#93,! 2-=2-,-56/63+5!
8/5!=2+@34-!<34-!2/5C-!+0!02--?@3-<=+356!3D/C-,H!Oi!J3-<!�!i!]-=69P!3,!7J]!O7;.63?@3-<!
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!
!

=.;,!4-=69P!2-=2-,-56/63+5!/4+=6-4!/6!69-!,-8+54!=9/,-!+0!^#J!ME!71&'H!'J]!O'.+M/.!J3-<!
/54!]-=69P!pSTq!69/6!8+5,3,6,!+0!M/,-!@3-<B!M/,-!4-=69B!2-,34;/.!@3-<,!/54!2-,34;/.!4-=69,!3,!/!
8+D=/86!4/6/!0+2D/6!+0!7J]H!$-4;54/58E!+0!7J]!3,!2-D+@-4!35!'J]H!!

(5! pSUqB! @/23+;,! c]! ,8-5-! 2-=2-,-56/63+5,! /2-! ,;2@-E-4! 35! +5-! 43D-5,3+5B! 35! <9389! 69-!
D+2-! C-+D-6238/.! 350+2D/63+5! 8+22-,=+54,! 6+! 69-! .-,,! 5;DM-2! +0! @3-<! /54! @38-! @-2,/H! %,!
,9+<5!35!^3CH!UB!36!3,!/.+5C!69-!/L3,!8+55-8635C!69-!D+,6!.-06?6+=!=+356B!3H-H!c]!D+4-._6-L6;2-B!
6+!69-!D+,6!23C96?M+66+D!=+356B!3H-H!2/E?,=/8-H!!
!
!
)&^!Z'!+%&)&!#&"#&+&).-.($)!
!

)+58-=6!+0! 69-!=2+=+,-4!D-69+4!3,!,9+<5!35!^3CH!cH!7+,6!+0! 69-!2/E,!+0!/!c]!,8-5-!/2-!
8/=6;2-4!/,!2/E,!82+,,35C!/!2-0-2-58-!=./5-!UH!b+<-@-2B! 69-2-!/2-!+69-2!2-0-2-58-!=./5-,!0+2!
+MA-86,! 69/6!8/5X6!M-! 2-=2-,-56-4!<-..!ME! 69-! 2-0-2-58-!=./5-!UH! (6! 3,!4-5+6-4!ME!/! 2-0-2-58-!
=./5-!S!35!^3CH!cH!(0!69-!2-0-2-58-!=./5-!S!3,!,-6!6+!M-!69-!,;20/8-!+0!69-!+MA-86B!69-!2-0-2-58-!
=./5-!S!8+..-86,!2/E,!-D366-4!02+D!69-!+MA-86H!b+<-@-2B!36!8/5!M-!,-6!6+!-58.+,-!69-!+MA-86!/,!
,9+<5! 35!^3CH! cH! (5! 693,! 8/,-B! 69-! 2-0-2-58-!=./5-!S! 8+..-86,!5+6!+5.E! 2/E,! -D366-4! 02+D! 69-!
+MA-86!M;6!/.,+!2/E,!02+D!M/8NC2+;54!5-/2!69-!M+;54/2EH!
!

!
!

^3CH!c!)+58-=6!+0!=2+=+,-4!D-69+4H!
!
!

^3C;2-!>!,9+<,!4/6/!+0!69-!=2+=+,-4!D-69+4H!#9-!.-06!+0!^3CH!>!4-5+6-,!4/6/!8+..-86-4!ME!
69-! 2-0-2-58-! =./5-! UH! ^+2! -L/D=.-B! @3-<! U! 3,! /! @3-<! 3D/C-! /6! 8/D-2/! =+,363+5! U! 35! ^3CHcH!
#9-2-!/2-!C2/E!=+263+5,! 35! 69-!@3-<! 3D/C-,H!#9-!C2/E!=+263+5,!8+22-,=+54! 6+! 2/E,! 02+D! 69-!
2-0-2-58-!=./5-!S!/54!69+,-!4/6/!/2-!5+6!5-8-,,/23.E!5--4-4!M-8/;,-!69-E!/2-!8+..-86-4!ME!69-!
2-0-2-58-!=./5-!SH!

#9-! 23C96! +0! ^3CH! >! 4-5+6-,! 4/6/! 8+..-86-4! ME! 69-! 2-0-2-58-! =./5-! SH! #9-2-! /2-! S!
2-=2-,-56/63+5,!0+2!69-DH!I5-!3,!@3-<!3D/C-,!+5!2-0-2-58-!=./5-!S!/54!/5+69-2!3,!+269+C2/=938!
=2+A-863+5!3D/C-,H!#9-!./66-2!3,!69-!,/D-!/,!69-!,=9-238/.!2/E?,=/8-!2-=2-,-56/63+5H!b+<-@-2B!
36,!2/5C-!3,!.3D36-4!6+!69-!2/E,!02+D!69-!2-0-2-58-!=./5-!SH!!

J3-<,!/2-!,E569-,3G-4!/,!0+..+<,H!^32,6B!2/E,!/2-!2-=2+4;8-4!ME!;,35C!4/6/!+5!69-!2-0-2-58-!
=./5-!UH!#9-5B!2/E,!2-=2+4;8-4!ME!;,35C!4/6/!+5!69-!2-0-2-58-!=./5-!S!/2-!/44-4H!
!
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!

!
!

^3CH!>!]/6/!+0!69-!=2+=+,-4!D-69+4H!
!

%$)%/3+($)!!
!

i-<!c]!,8-5-!2-=2-,-56/63+5!3,!=2+=+,-4!0+2!02--!5/@3C/63+5!/==.38/63+5!+0!^#J!<369!./2C-!
M/,-.35-H!(6!3,!-00-863@-!6+!,;==2-,,!4-C2/4/63+5!+M,-2@-4!/6!+MA-86!M+;54/23-,!+0!,E569-,3G-4!
@3-<,H!
H!
!
-%d)$^/&'*9&).+!
!

#93,! 2-,-/289!</,!=/263/..E! ,;==+26-4!ME! e"1"!W%W&ib(!'2/56!i;DM-2!SVSlnUU`!/54!
'2/56!+0!";==+26!)-56-2!0+2!%4@/58-4!#-.-8+DD;538/63+5,!#-895+.+CE!$-,-/289H!

!
!

#7?7:75C7;!
!
pUq!!7/,/E;N3! #/53D+6+B! Y^2--! J3-<=+356! #-.-@3,3+5Bg! #9-! e+;25/.! +0! #92--! ]3D-5,3+5/.!

(D/C-,B!@+.HUVB!5+HcB!==HU`?SSB!"-=6-DM-2!STTU!O35!e/=/5-,-PH!
pSq!7/,/E;N3! #/53D+6+B! Y^2--! J3-<=+356! #-.-@3,3+5! ?! ^#JgB! 1386;2-! )+435C! "ED=+,3;D!

STT>B!"=-83/.!"-,,3+5!VB!]-8-DM-2!STT>H!
pcq!7/,/E;N3! #/53D+6+B! I@-2@3-<! +0! ^2--! J3-<=+356! #-.-@3,3+5B ! "3C5/.! 12+8-,,35CK!

(D/C-!)+DD;538/63+5B!@+.H!SUB!5+H!h ==H!>V>?>hU e;.E!STThH!
p>q!7/,/E;N3! #/53D+6+B! 7-924/4! 1/5/9=+;2! #-92/53B! #+,93/N3! ^;A33B! #+D+932+! d-54+B!

Y^2--?J3-<=+356!#JgB!(&&&!"3C5/.!12+8-,,35C!7/C/G35-B!@+.HSlB!5+HUB!==Hh`?`hB!e/5;/2E!
STUUH!

pVq!7/,/E;N3! #/53D+6+B! 7-924/4! 1/5/9=+;2! #-92/53B! #+,93/N3! ^;A33B! #+D+932+! d-54+B!
Y^#J! 0+2! c?]! "=/63/.! )+DD;538/63+5gB! 12+8--435C,! +0! 69-! (&&&B! J+.H! UTTB! i+H! >B! ==H!
nTV?nU`!O%=23.!STUSPH!O35@36-4!=/=-2P!
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!
!

phq!7/,/E;N3! #/53D+6+B! ^#JK! ^2--?@3-<=+356! #-.-@3,3+5 B! "3C5/.! 12+8-,,35C (D/C-!
)+DD;538/63+5B! J+.H! S`B! (,,;-! hB! ==H! VVV?V`T! Oe;5-! STUSPH!
4+3KUTHUTUh_AH3D/C-HSTUSHTSHTUh!O+5.35-!S>!^-M2;/2E!STUSPH!O35@36-4!=/=-2P!

p`q!7/,/E;N3! #/53D+6+B! Y^#J! O^2--?@3-<=+356! #-.-@3,3+5PgB! %1"(1%! #2/5,/8?63+5,! +5!
"3C5/.! /54! (50+2D/63+5! 12+8-,,35CB! J+.H! UB! (,,;-! UB! ->! OU>! =/C-,P! O%;C;,6! STUSPH! 4+3K!
UTHUTU`_%#"(1HSTUSHV!O35@36-4!=/=-2P!

plq!7H! #/53D+6+! /54! #H! ^;A33B! ^#J ^2--! J3-<=+356! #-.-@3,3+5 B! ("I_(&)!
e#)U_")Sn_Z'UUB!7lVnVB!e;.E!STTSH!

pnq! (562+4;863+5!6+!7;.63?@3-<!J34-+!)+435CBg!("I_(&)!e#)!U_")!Sn_Z'UUB!i`cSlB!e;.E!
STTVH!

pUTq! (562+4;863+5!6+!c]!J34-+Bg!("I_(&)!e#)U_")Sn_Z'UU!in`l>B!7/E!STTlH!
pUUq! 7H!#/53D+6+B!#H!"-5+9B!"H!i/36+B!"H!"93D3G;B!bH!b+23D/3B!7H!]+D/�,N3B!%H!J-62+B!7H!

12-4/!/54!WH!7;-..-2B!Y12+=+,/.!+5!/!i-<!%863@36E!0+2!69-!#9324!19/,-!+0!^#JBg!("I_(&)!
e#)U_")Sn_Z'UU!71&'STUc_7cTSSnB!J3-55/B!%;,623/B!e;.E!STUcH!

pUSq! *,-! )/,-,! /54! $-R;32-D-56,! +5! ^2--?@3-<=+356! #-.-@3,3+5! O^#JP! @HcBg! ("I_(&)!
e#)U_")Sn_Z'UU!71&'STUh_!iUhUcTB!"/5!]3-C+B!*"%B!^-M2;/2E!STUhH!

pUcq! #H!^;A33B!Y%![/,38!"6;4E!+5!(56-C2/6-4!c?]!J3,;/.!)+DD;538/63+5gB!19H]!43,,-26/63+5!
35!-5C35--235CB!#9-!*53@-2,36E!+0!#+NE+B!Unn>!O35!e/=/5-,-PH!

pU>q! #H! ^;A33B! #H! W3D+6+! /54! 7H! #/53D+6+B! Y$/E! "=/8-! )+435C! 0+2! c]! J3,;/.!
)+DD;538/63+5Bg!1386;2-!)+435C!"ED=+,3;D!UnnhB!==H!>>`?>VUB!7/289!UnnhH!

pUVq! #H! ^;A33! /54! 7H! #/53D+6+B! Y^2--?@3-<=+356! #-.-@3,3+5! M/,-4! +5! 69-! $/E?"=/8-!
2-=2-,-56/63+5gB!12+8H!"1(&!(#)+D!STTSB!==H!U`V?UlnB!%;C;,6!STTSH!

pUhq! 7H!#/53D+6+B!%H!i/N/53,93B!#H!^;A33!/54!#H!W3D+6+B!Y#9-!b3-2/28938/.!$/E?"=/8-!0+2!
"8/./M.-!c?]!(D/C-!)+435CgB!1386;2-!)+435C!"ED=+,3;D!STTUB!==H!lU?l>B!%=23.!STTUH!

pU`q! eH!"9/4-B!"H!eH!'+26.-2B!FH!b-B!$H!"G-.3,N3B!YF/E-2-4!]-=69!(D/C-,gB!12+8H!"(''$%1b!
nlB!==H!ScU?S>SB!e;.H!UnnlH!

pUlq! "-2C3+! '/28�/B! %.-L3,! 7-E-2B! 1/M.+! )/2M/..-32/B! /54! ^2/583,8+! 7+2�5B! Y"8-5-!
2-8+5,62;863+5! <369! 9EM234! "1F%"b! c]! D+4-.,gB! ("I_(&)! e#)U_")Sn_Z'UU!
71&'STUV_7c`>UUB!'-5-@/B!)bB!I86+M-2!STUVH!

pUnq! )9-5B! ZH)HB! [+;C;-6B! eHdHB! )9;B! 7HbH! /54! '2G-,G8G;NB! $HB! YF3C96! ^3-.4! 7/==35CK!
&00383-56! $-=2-,-56/63+5! /54! b/24</2-! $-54-235C! +0! ";20/8-! F3C96! ^3-.4,gB! %)7!
#2/5,/863+5,!+5!'2/=938,B!SU!OcPB!>>`?>VhB!STTSH!

pSTq! 7/,/E;N3! #/53D+6+B! W/G;E+,93! ";G;N3B! Y'.+M/.! @3-<! /54! 4-=69! O'J]P! 0+2D/6! 0+2!
^#J_c]#JgB!12+8H!+0!"1(&B!J+.Hl`clB!l`cl?>!O%=23.!STUcPH!O35@36-4!=/=-2P!

pSUq! "H)H! )9/5B! b-;5C?d-;5C! "9;DB! /54! W35C?#+! iCB! Y(D/C-?[/,-4! $-54-235C! /54!
"E569-,3,gB!(&&&!"3C5/.!12+8-,,35C!7/C/G35-B!==HSS?ccB!i+@-DM-2!STT`H!

63



!

64



!
!
!
!

7*"&*7"!?!J($#*%F!'%FF&$(&"!!!
%i]!$&F%#&]!(i(#(%#(J&"!

65Vito Cappellini and Enrico Del Re (edited by), Electronic Imaging & the Visual Arts. Eva 2016 Florence.
 ISBN 978-88-6655-973-3 (print) ISBN 978-88-6655-974-0 (online) © 2016 Firenze University Press



!
!

!

.&#-1&#.[!-',-)%&'!#&+&-#%1!.&%1)(F3&+!
0$#!)$)@(),-+(,&!-)-/G+(+!()!-#.!

%$)+&#,-.($)!W.1P@-#.&Y!
!

9R!"6C>88>Q2!-R!-8<:>D45<6Q2S2!*R!\4:=>8>PP6Q2!-R!%4;656Q2!%R!%ACC6Q2!-R!'>:64Z2!dR!
0AOA54B4b2!*R"R!*4887:45>Z2!&R!*6>D75487Z2!#R!$8J6Q2!9R!">BB7;6Q2!/R!+=7?456Q!

U!Yi-..+!)/22/2/g!(5,636;6-!0+2!%==.3-4!19E,38,!+0!69-!(6/.3/5!i/63+5/.!$-,-/289!)+;583.!
O(^%)?)i$PB!J3/!7/4+55/!4-.!13/5+!UTB!VTTUn!"-,6+!^3+2-5635+B!(6/.E!

S!I=30383+!4-..-!13-62-!];2-!OI1]PB!J3/!4-C.3!%.0/53!`lB!VTUSU!^32-5G-B!(6/.E!
c!i/63+5/.!(5,636;6-!+0!(50+2D/63+5!/54!)+DD;538/63+5,!#-895+.+CE!Oi()#PB!i;N;3?W36/B!

W+C/5-3!>?V?UB!Ul>?l`nV!#+NE+B!e/=/5!
>!&i&%?^2/,8/63!TTT>>!^2/,8/63B!$+D/B!(6/.E!

DH=38+..+f30/8H852H36j!/.02-4+H/.42+@/543fM-538;.6;2/.3H36j!CHM/26+.+GG3f30/8H852H36j!
/H8/,353f30/8H852H36j!8H8;883f30/8H852H36j!/542-/H4+23/f-5-/H36j!N/+23f5386HC+HA=j!

C3/5=3-2+HC/..-2/5+f-5-/H36j!C3+@-5/.-f02/,8/63H-5-/H36j!2H+.D3f30/8H852H36j!
DH=+CC-,3f30/8H852H36j!.H,6-0/53f30/8H852H36!

!!
-M;=:4C=! ]! .L7! .1P@-#.&! N:>`7C=! N:>N>;7<! =>! C>JM657! =>B7=L7:! D6;6M87! W,6;Y! 45<! 574:!

65?:4:7<!W)(#Y!LVN7:@;N7C=:48!6J4B65B!=7CL56kA7!X6=L!<4=4!4CkA6:7<!65!=L7!*6B4L7:=P!W*1PY!45<!
.7:4L7:=P!W.1PY!?:7kA75C67;!?>:!=L7!;=A<V!45<!4548V;6;!>?!S@'!N>8VCL:>J7!4:=X>:O;R!

!
().#$'3%.($)!
!

#9-! 5+5?35@/,3@-! 43/C5+,638! /54! /5/.E638/.! /==2+/89! 6+! 69-! ,6;4E! +0! <+2N,! +0! /26! 3,! /5!
3D=+26/56! 6+=38! <36935! 69-! =23+236E! 2-,-/289! /2-/! +0! Y#-895+.+C3-,! /==.3-4! 6+! );.6;2/.!
b-236/C-g! pUqH! "-@-2/.! 6-8953R;-,! 9/@-! M--5! 4-@-.+=-4! 35! 69-! =/,6! 6+! /893-@-! /!
89/2/86-23G/63+5!+0!=/35635C,!/,!8+D=.-6-!/,!=+,,3M.-!/54! 6+!-L62/86!4/6/!+5! 69-!=2+@-53-58-!
/54! /C-! +0! /263,6,X! D/6-23/.,! pSqH! %D+5C! 69-! 3D/C35C! 6-8953R;-,! /! @-2E! 3D=+26/56! 2+.-! 3,!
=./E-4! ME! (502/2-4! $-0.-86+C2/=9E! O($$P! /54! J3,! /54! i($! 9E=-2?,=-862/.! 3D/C35C! Ob"(P!
6-8953R;-,!pc?`qH!#9-!0+2D-2!-5/M.-,!69-!@3,;/.3G/63+5!+0!4-6/3.,!;54-25-/69!69-!@3,3M.-!,;20/8-!
+0! /! =/35635CB! -L=.+3635C! 69-! =/263/.! 62/5,=/2-58E! +0! 69-! =/356-4! ./E-2! <9-5! ,;MA-86-4! 6+! ($!
2/43/63+5H! b"(B! 35! /44363+5! 6+! 69-! ($$! 350+2D/63+5B! =2+@34-,! /! ,=-862/.! /54! 8+.+23D-6238!
89/2/86-23G/63+5!+0!69-!-5632-!=/356-4!,;20/8-H!

Z36935! 69-! Y#-2/9-26G! %4@/58-4! $-,-/289! #-8953R;-,! 0+2! i+5?(5@/,3@-! %5/.E,3,! 35! %26!
)+5,-2@/63+5g!O#bG?%$#&P!=2+A-86! 69-!(6/.3/5!O&i&%?^2/,8/63!\!)i$?(^%)B!^32-5G-P!/54!
69-! e/=/5-,-! Oi()#?#+NE+! \! ii$()1?i/2/P! 6-/D,! =2+=+,-4! 6+! -L6-54! 69-! 3D/C35C!
6-8953R;-,! D-563+5-4! /M+@-! 6+! '3C/9-26G! O'bGP! /54! #-2/9-26G! O#bGP! 02-R;-583-,B! D+2-!
,=-83038/..E!35!69-!2/5C-!02+D!ST!'bG!6+!THh!#bGB!<9389!3,!,36;/6-4!M-6<--5!69-!D382+</@-!
/54!3502/2-4!2-C3+5,!+0!69-!-.-862+D/C5-638!,=-862;DH!

$/43/63+5!35!69-!#bG!/54!'bG!,=-862/.!2/5C-!3,!2-0.-86-4!ME!D-6/.,!/54!/R;-+;,!D/6-23/.,B!
<93.-!36!3,!62/5,D366-4!<369!.+<!/66-5;/63+5!692+;C9!D+,6!43-.-86238!D/6-23/.,B!,;89!/,!=/=-2B!
,-@-2/.! =3CD-56,! /54! 4E-,B! M35435C! D-43/! plqH! $-C/2435C! 69-! 89/2/86-23G/63+5! +0! D/6-23/.,!
;,-4!35!<+2N,!+0!/26B!'bG!/54!#bG!3D/C35C!,E,6-D,!<3..!=2+@34-!;,-0;.!4/6/!+5!2-@-/.35C!69-!
356-25/.!=9E,38/.!,62;86;2-!+0!5+5?D-6/..38!+MA-86,!<369+;6!6+;8935C!69-!/26<+2N,!35@-,63C/6-4H!
#93,! 5+5?35@/,3@-! 82+,,?,-863+5! 3D/C-! +0! 69-! +MA-86! 3,! /8R;32-4! ME! -L62/8635C! 69-! 2-0.-86-4!
=;.,-!02+D!/!=/2638;./2! 356-20/8-!+0! 6<+!D-43/!<369!4300-2-56! 2-02/863@-! 354-L-,!pn?UVqH!#93,!
6E=-! +0! 350+2D/63+5! <3..! 8+D=.-D-56-4! 69-! 4/6/! +M6/35-4! <369! J3,! /54! i($! b("! 69;,!
=2+4;835C!/!D+2-!8+D=.-6-!,-6!+0!2-8+24,! 6+!M-!;,-4!ME!+69-2!8+..-/C;-,B!8+5,-2@/6+2,B!/54!
8;2/6+2,H!

(5! 69-! =2-,-56! 8+DD;538/63+5B! ,+D-! +0! 69-! 032,6! 2-,;.6,! +M6/35-4! <36935! 69-! #bG?%$#&!
=2+A-86! /,! <-..! /,! 69-! /==.38/63+5! +0! 69-! (^%)?)i$! J3,?i($! b("! O^3CH! UP! /54! 69-! &i&%!
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!

#'bG_bG!c]!O^3CH!SP!,E,6-D,!+5!69-!02-,8+?=/35635C!+5!Y6/@-../g!4-=38635C!"6H!e+95![/=63,6!
O/==2+LH!U`TTP!ME!%.-,,/542+!'9-2/24353!<3..!M-!2-=+26-4H!

!

!
^3CH!U!J3,!/54!i($!9E=-2?,=-862/.!3D/C35C!,8/55-2!4-@-.+=-4!/6!(^%)?)i$!

!

!
^3CH!S!'bG_#bG!c]!,8/55-2!4-@-.+=-4!/6!&i&%!
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!
-%d)$^/&'*&9&).+!
!

#9-!/;69+2,!69/5N!69-!(6/.3/5!7353,62E!+0!^+2-3C5!%00/32,!/54!(56-25/63+5/.!)++=-2/63+5!0+2!
9/@35C!035/583/..E!,;==+26-4!69-!#bG?%$#&!=2+A-86H!

#9-E! /.,+! /8N5+<.-4C-! 69-! 7;,-;D! +0! "/5! 7/28+B! ^.+2-58-B! 0+2! 9/@35C! /..+<-4! 69-!
35@-,63C/63+5!+5!'9-2/24353k,!=/35635CH!

!
#7?7:75C7;!
!
pUq!7H![/883B!%H!)/,353B!7H!138+..+B![H!$/438/63B!/54!FH!"6-0/53B!Y(56-C2/6-4!5+5?35@/,3@-!

6-895+.+C3-,!0+2!69-!43/C5+,3,!/54!8+5,-2@/63+5!+0!69-!8;.6;2/.!9-236/C-g!eournal of 
Neutron ResearchB!@+.H!U>B!5+H!UB!==H!UU?UhB!STThH!

!
pSq!]H!1355/B!7H!'/.-+663B!$H!7/GG-+!O-4,HPB!YPractical handbook on diagnosis of paintings 

on movable supportgB!&;2+=-/5!12+A-86!%$#&)bB!)-562+!]3B!^32-5G-B!STTnH!
!
pcq!)H!]/00/2/B!&H!1/D=/.+53B!FH!1-GG/63B!7B![/2;883B!$H!^+56/5/B!Y"8/5535C!7;.63,=-862/.!($!

$-0.-86+C2/=9E!"7($$K!%5!%4@/58-4!#++.!0+2!%26!]3/C5+,638,gB!Acc. Chem. Res.B!@+.H!
>cB!5+H!hB!==H!l>`?lVhB!STUTH!

!
p>q!%H!)/,353B!7H![/883B!)H!);883B!^H!F+663B!"H!1+2835/3B!7H!138+..+B![H!$/438/63B!7H!1+CC-,3B!

FH!"6-0/53!Y^3M-2!+=638!2-0.-86/58-!,=-862+,8+=E!/54!9E=-2?,=-862/.!3D/C-!,=-862+,8+=EK!
6<+!356-C2/6-4!6-8953R;-,!0+2!69-!,6;4E!+0!69-!7/4+55/!4-3!^;,3gB!35!Optical Methods for 
Arts and Archaeology!$H!"/.3DM-53B!FH!1-GG/63!O-4,HPB!Proc. SPIE!J+.H!VlV`B!=H!U``?Ul>B!
STTVH!

!
pVq!)H!^3,89-2B!(H!W/N+;..3B!Y7;.63,=-862/.!/54!9E=-2,=-862/.!3D/C35C!6-895+.+C3-,!35!

8+5,-2@/63+5K!8;22-56!2-,-/289!/54!=+6-563/.!/==.38/63+5,gB!Rev. ConservHB!@+.H!`B!==H!c?UhB!
STThH!

!
phq!1H!$3883/243B!eH!WH!]-./5-EB!7H!^/8353B!eH!'H!�-3M-.B!7H!138+..+B!"H!F+D/LB!7H!F+-<B!

Yi-/2!(502/2-4!$-0.-86/58-!(D/C35C!"=-862+,8+=E!6+!7/=!1/356![354-2,!(5!"36;!+5!
(..;D35/6-4!7/5;,823=6,gB!Angew. Chem. Int. Ed.!VUB!==H!VhT`?VhUTB!STUSH!

!
p`q!)H!);883B!%H!)/,353B!7H!138+..+B!FH!"6-0/53B!Y&L6-5435C!bE=-2?"=-862/.!(D/C35C!0+2D!J3,!

6+!i($!,=-862/.!2-C3+5,K!/!5+@-.!,8/55-2!0+2!69-!35?4-=69!/5/.E,3,!+0!=+.E892+D-!
,;20/8-,gB!35!O3A: Optics for Arts, Architecture, and Archaeology IV!FH!1-GG/63!/54!1H!
#/2C+<,N3!O-4,HPB!Proc. of SPIEB!J+.H!l`nTB!==H!l`nTTn?U?!l`nTTn?n)B!STUcH!

!
plq!WH?&H!1-3=+5-5B!%H!�-36.-2B!7H!W;</6/?'+5+N/D3!O-4,HPB!YTerahertz Spectroscopy and 

ImaginggB!"=235C-2?J-2./C![-2.35!b-34-.M-2CB!STUSH!
!
pnq!'H1H!'/..-2/5+B!%H!]+23/B!&H!'3+@-5/.-B!B!'H!7-,,35/B!%H!1-62/.3/B!(H!"=/,,+@,NEB!WH!

^;N;5/C/B!(H!b+,/N+B!o#bG?%$#&K!5+5?35@/,3@-!6-2/9-26G!43/C5+,638,!0+2!/26!
8+5,-2@/63+5o!?!IEEE IRMMW-THz 2008!)+50-2-58-!12+8--435C,H!

!
pUTq! 'H1H!'/..-2/5+B!%H!]+23/B!7H!'-2D353B!&H!'3+@-5/.-B!'H!7-,,35/B!(H1H!"=/,,+@,NEB!

Y19/,-?"-5,363@-!$-0.-863@-!(D/C35C!]-@38-!35!69-!DD?</@-!/54!#-2/9-26G!$-C3+5,gB!eH!
(502/2-4!73..3!#-2/9-26G!Z/@-,B!STTnB!cTKUcVU:UchUH!

!
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!
!

!

pUUq! WH!^;N;5/C/B!7H!138+..+B!Y#-2/9-26G!,=-862+,8+=E!/==.3-4!6+!69-!/5/.E,3,!+0!/263,6,X!
D/6-23/.,gB!Appl. Phys. AB!@+.H!UTTB!==H!VnU?Vn`B!STUTH!

!
pUSq! 'H1H!'/..-2/5+B!%H!]+23/B!&H!'3+@-5/.-B!'H!7-,,35/B!(H!"=/,,+@,NEB!%H)H!7+2-B!7H!

"-2/8353B!Y$-0.-863@36E!+0!13CD-56,!35!69-!#bG!$-C3+5gB!Proc. 36th Int. Conference on 
Infrared, Millimeter and Terahertz Waves, IRMMW-THz2011B!b+;,6+5!O#�PB!S?`!I86+M-2!
STUUH!

!
pUcq! %H]+23/B!&H!'3+@-5/.-B!'H1H!'/..-2/5+B!7H!138+..+B!WH!^;N;5/C/B!Y%!73..3D-6-2!

Z/@-_#-2/9-26G!c]!"8/55-2!0+2!Z/..!1/35635C!(5@-,63C/63+5gB!12+8H+0!($77Z?#bG!
STU>B!(&&&!�=.+2-!43C36/.!.3M2/2E!=HU?S!("[iK!n`l?U>`nncl``?c!

!
pU>q! 7H!138+..+B!WH!^;N;5/C/B!eH!F/M/;5-B!YIM6/3535C!5+535@/,3@-!,62/63C2/=938!4-6/3.,!+0!

=/5-.!=/35635C,!;,35C!6-2/9-26G!63D-!4+D/35!,=-862+,8+=E!3D/C35C!,E,6-DgB!Journal of 
Cultural HeritageB!@+.H!UhB!==H!`c?lTB!STUVH!

!
pUVq! )H!FH!W+89!]/54+.+B!#H!^3.6-5M+2CB!eH!"N+;?b/5,-5B!/54!1H!*H!e-=,-5B!Y%5/.E,3,!+0!/!

,-@-56--569?8-56;2E!=/5-.!=/35635C!ME!2-0.-863+5!6-2/9-26G!63D-?4+D/35!3D/C35C!O#bG?
#](PK!8+5623M;63+5!+0!;.62/0/,6!+=638,!6+!D;,-;D!8+..-863+5,!35,=-863+5Bg!Appl. Phys. AB!
@+.H!USUB!5+H!cB!==H!nlU:nlhB!STUVH!
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.1&!+&%#&.+!$0!.1&!^$#d!$0!-#.R!
9G+.&#(&+!%$)%&-/&'!\&1()'!$/'!#&+.$#-.($)+!

-)'!.1&!.#3.1!#&,&-/&'!
!

+4:4!"75C>!
!

!$-,6+2-2!/54!82-/6+2!+0!69-!"7%$#()Ii!=2+A-86!
$+D-B!(6/.E!

<info@sistemapenco.com>
!

-M;=:4C=!!
!
#9-!=/,,/C-!+0!63D-!,8/5,!,+D-!93,6+238!,6-=,!69/6B!6+!693,!4/EB!8/5!2-=2-,-56!2-/.!,-82-6,!69/6!.3-!M-9354!

69-!3D/C-!+0!/!<+2N!+0!/26H!
I;2!;,;/.!</E!+0!+M,-2@35CB!,6;4E35C!/54!-L/D3535C!69-!);.6;2/.!b-236/C-B!4+-,!5+6!/.</E,!=2+@34-,!/5!

/4-R;/6-!6++.!6+!;54-2,6/54!69-!9344-5!o62;69o!/54B!0+2!693,!2-/,+5B!69-!,-82-6,!69/6!8/5!M-!2-@-/.-4!D/N-!69-!
<+2.4!+0!/26!+5-!+0!69-!,-86+2,!<369!;523@/.-4!89/2DH!

(6! 3,! 6+! 69-! 03C;2-! +0! 69-! 2-,6+2-2! <9+B! 5+6! 3502-R;-56.EB! 69-! 0/6-! -562;,6,! 69-! D+,6! -L62/+2435/2E!
43,8+@-23-,K!M-9354!69-!+@-2./E35C!+0!4326E!=/635/B!E-..+<-4!@/253,9!/54!+.4!2-=/35635CB!E+;!8/5!;58+@-2!69-!
62;69!8/D+;0./C-4!0+2!8-56;23-,!M-9354!69-!9344-5!@-3.!+0!63D-H!

!
!

().#$'3%.($)!
!
%.69+;C9B! ,358-! 69-! M-C35535C! +0! 69-! -3C96--569! 8-56;2EB! 69-! 03C;2-! +0! 69-! 2-,6+2-2! /.2-/4E!

2-=2-,-56-4!/5!/;6+5+D+;,!=2+0-,,3+5B!93,6+2E!<365-,,-,!9+<!36!</,!8;,6+D/2E!6+!=23@3.-C-!93,!+<5!
82-/63@-!0./32!8+D=/2-4!6+!69-!+5-!+0!69-!/263,6!<9+,-!<+2N!9-!</,!C+35C!6+!=2-,-2@-H!

#9-! 2-,6+2-2! +0! 69-! 63D-! 0-.6! -5636.-4! 6+! o2-=2+8-,,o! 69-! <+2N! +0! /26! ME! 2-.E35C! +5! 93,! +<5!
356-2=2-6/63+5B!2/69-2!69/5!8+5,-2@-!/54!=2-,-2@-!<369!23C+2!69-!356-C236E!+0!69-!+23C35/.!/2630/86H!

"+!D/5E!<+2N,!+0!/26B!+@-2!63D-B!<-2-!-@-5!oD+4303-4oj!6+!69-!=+356!69/6B!6+4/EB!36!3,!.-C363D/6-!6+!
,=-/N!+0!/86;/.!o6/D=-235CoH!

(5! 69-! 535-6--569! 8-56;2EB! 69/5N,! 6+! 69-! (6/.3/5! /54! ^2-589! -L=-23-58-B! 69-! 4300-2-58-! M-6<--5!
oD-89/538/.!2-,6+2/63+5oB!,62386.E!.3D36-4!6+!69-!2-,6+2/63+5!+0! 69-!=/356-4!,;20/8-B!/54!69-!o/263,638!
2-,6+2/63+5oK! /! 2-/.! ,83-563038! D-69+4+.+CE! 4-438/6-4! 6+! 69-! ,6;4E! +0! 6-8953R;-,! 0+2! 8.-/535C! /54!
2-356-C2/63+5!+0!/2630/86,B!,6/26-4!4-03535CH!

#93,! /</2-5-,,! .-/4,! ;,! 6+! ,8/5! 69-! 5-8-,,36E! 6+! /4A;,6! /54! ,;M+2435/6-! 69-! 8+5,-2@/63+5!
356-2@-563+5,! 6+! 69-! o8+5,636;63@-! D/6-23/.36Eo! +0! 69-! /2630/86,B! 2-@-/.35C! 69-! 0;54/D-56/.! 5--4! 6+!
N5+<B! -L/D35-! /54! -@/.;/6-! 35! /4@/58-! /..! 69+,-! 2-,6+2/63+5! =2+8-,,-,! 69/6B! +@-2! 63D-B! 8+;.4!
;54-2C+!35-@36/M.-!89/5C-,!69/6!<+;.4!-@-56;/..E!8/;,-!<9/6!<-!8/5!4-035-!/,!-L6-5,3@-!4/D/C-!6+!
69-!);.6;2/.!b-236/C-H!

#9-! 5--4! 6+! -,6/M.3,9! /5! o-6938/.! 8+4-o! 4-,3C5-4! 6+! 2-C;./6-! 69-! =2+0-,,3+5/.! 62/3535C! +0! 69-!
2-,6+2-2B! 4-03536-.E! D/6;2-4! 35! UncU! <9-5! 69-! ()I7! O(56-25/63+5/.! )+50-2-58-! +0! 7;,-;D,PB!
2-/0032D-4! 69-! 3D=+26/58-! +0! 693,! 3,,;-! ME! ,3C535C! /! 4+8;D-56! 69/6! ,/<! 93,6+23/5,! +0! /26! /54!
D;,-;D!432-86+2,B!<9389!8+5032D-4!69-!5--4!6+!4-035-!69-!62/3535C!+0!69-!=2+0-,,3+5/.!03C;2-!+0!69-!!
2-,6+2-2H!

I@-2!69-!./,6!4-8/4-,B!69-!,N3..,!+0!,+D-!C2-/6!-L=-26,B!/,!)-,/2-![2/543!O]32-86+2!+0!69-!)-562/.!
(5,636;6-! 0+2! $-,6+2/63+5! 35! $+D-P! /54! +69-2! 3D=+26/56! 2-/.363-,B! 9/@-! =2+@34-4! /! @/.;/M.-!
8+5623M;63+5! 6+! 4-035-! 69-! 2+.-! +0! 69-! =-2,+5! 6+! <9+D! </,! -562;,6-4! 69-! 6/,N! +0! =2-,-2@35C! /5!
/26<+2Nj! ME! 2/3,35C! 69-32! /</2-5-,,! 6+! ,;M+2435/6-! 69-32!<+2N! 6+! @-2E! ,=-83038! 2;.-,!<9389!<+;.4!!
-,6/M.3,9!6-8953R;-,B!6-895+.+C3-,!/54!D-69+4,K!/88+2435C!6+!/!.+C38!+23-56-4!6+!69-!,62386!=2+6-863+5!
+0!69-!+23C35/.!D/6-23/.H!
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(5D7;=6B4=65B!4!X>:O!>?!4:=!
!

#9-! =2-,-2@/63+5! +0! );.6;2/.! b-236/C-B! 36,! 8+5,-2@/63+5B! -59/58-D-56! /54! 8+5635;+;,!
2-43,8+@-2EB! =2+@34-! /! =2-83+;,! 8+5623M;63+5! /54! 69-! -,,-563/.! 0+;54/63+5! 0+2! 69-! /0032D/63+5B!
4-@-.+=D-56!/54!4300;,3+5!+0!69-!!34-5636E!+0!/..!=-+=.-H!

#93,! /</2-5-,,! 8/5! /54! ,9+;.4! .-/4! 69-! =2+0-,,3+5/.! 03C;2-,! +0! 693,! ,-86+2! 6+! 5-@-2! .3D36!
69-D,-.@-,!6+!69-!D-2-!/==-/2/58-!+0!<9/6!69-E!/2-!/4D3235CB!M;6!6+!/,=32-!6+!35@-,63C/6-!69-!,-/289!
0+2!/!62;69!69/6!D/E!9/@-!M--5!8+58-/.-4!+@-2!63D-H!

Z93.-!-L/D3535C!/!<+2N!+0!/26!<-!5--4!6+!.35C-2!6+!/.,+!+M,-2@-!69-!D+,6!5-C.3C3M.-!4-6/3.,!/54!
/,N!+;2,-.@-,!R;-,63+5,!69/6B!/.69+;C9!/==/2-56.E!+M@3+;,B!69-E!8/5!2-@-/.!69-!,;36/M.-!=/69!0+2!69-!
-58+435C!+0!/!.+,6!./5C;/C-!/54!_!+2!0+2C+66-5!692+;C9!69-!8-56;23-,H!

#9-!0/86!69/6!/D+5C!69-!M-,6!N5+<5!=2-2+C/63@-,!+0!/;69+236/63@-!6-/89-2,!+0!-@-2E!-2/!69-2-!3,!6+!
8+58-/.B! M-9354! 69-! 3D/C-!+0! /!<+2N!+0! /26B! 9344-5! D-/535C,!5+6! -/,3.E! ;54-2,6++4B! <9389! +06-5!
2-D/35-4!,-82-6!0+2!8-56;23-,!3,!5+6!5-C.3C3M.-H!

#935N!+0!69-!"3,635-!)9/=-.H!
#9-!D+,6!D/A-,638!)9/=-.!+0!69-!<+2.4!2-=2-,-56,!A;,6!+5-!+0!69-!M-,6!N5+<5!,EDM+.38!/26!38+5,!

/54!D+,6!,6;43-4!35!69-!<+2.4j!M;6!36!3,!/.,+!+5-!+0!69-!D+,6!322-0;6/M.-!6-,63D+53-,!+0!69-!/M3.36E!+0!/!
C2-/6! /263,6B! <9+! </,! 7389-./5C-.+B! 6+! -L=2-,,! 34-/,! /54! 69+;C96,! ,6--=-4! <369! 62/5,C2-,,3+5j!
-5;583/6-4!692+;C9!,EDM+.,!,N3.0;..E!8/D+;0./C-4!35!/5!/M,+.;6-!D/,6-2=3-8-B!69/6!-@-5!69-!8.3-56!
O-L/86.E!69-!./66-2P!<+;.4!9/@-!M--5!/M.-!6+!8+4-H!

Z9/6! 3,! D+,6! 0/,835/635C! 3,! 69/6! 69-! 4--=! -L=-263,-! +0! 69-,-! /263,6,! D/4-! 69-D! ,+! -2;436-! 6+!
,;88--4!35!<3,-.E!-.;435C!/,!<-..!/,!+009/54-4.E!69-!,62386!2;.-,!3D=+,-4!ME!69-!8.3-56H!#+!69-!=+356!
69/6B! 03@-! 9;542-4! E-/2,! 02+D! 69-32! 2-=2-,-56/63+5B! 6+! 693,! 4/EB! 69-E! ,63..! =2+@34-! 69-! 8;-! 0+2!
=;M.38/63+5,! /54! 2-@-./63+5,! D/4-! ME! .-/435C! -L=-26,! HHH! 4-438/6-4! 6+! ;52/@-.! DE,6-23-,! ,63..!
43,C;3,-4! 6+4/E! M-9354! 69-! @-3.! +0! 69/6! 63D-! <9389! 3,! </3635C! =/63-56.E! 6+! =2-,-.-86! 69-! =-2,+5! 6+!
<9+D!0/6-!<3..!-562;,6!69-!=23@3.-C-!6+!=-20+2D!69-!D+,6!4/235C!2-@-./63+5,z!

#93,!o2-035-o!/,!<-..!/,!8+D=.-L!/54!/8;6-!/M3.36E!6+!-L=2-,,!69+;C96,!/54!8+58-=6,!69/6!+5.E!69-!
D+,6!/8R;/356-4!8+;.4!;54-2,6/54B!<-56! 0/2!M-E+54! 69-!4+86235/.!8/5+5,!-,6/M.3,9-4!ME! 69-!;,;/.!
38+5+C2/=938!o8+4-,o!/54!=23@3.-C-4!69-!/263,6!<369!/5!/M,+.;6-!02--4+D!+0!-L=2-,,3+5B!0+2C-4!35!69-!
N5+<.-4C-! /54! /.,+! 69-! 8+;2/C-! 6+! -@-5! 89/..-5C-! 69-! =/=/.! 8+DD3,,3+5! 2-@-/.35CB! <369+;6! 36,!
N5+<.-4C-B!69-!D+,6!62/5,C2-,,3@-!8+58-=6,!/54!/..-C+238/.!D-/535C,H!

[;6!69-!=/,,/C-!+0!63D-!9/,!,--5!-@-5!.-,,!8+D=-6-56!03C;2-,!/.6-25/635CB!-@-5!69+;C9!;5/</2-B!
<9+! 9/@-! 8+58-/.-4! /54! ,-23+;,.E! =-5/.3G-4! 69-! =2-,-2@/63+5! +0! 69-! /,,-6B! M+69! 35! 36,! =9E,38/.!
8+5,3,6-58E!/54!35!69-!=2-,-2@/63+5!+0!36,!93,6+238/.!/54!38+5+C2/=938!D-/535C,H!

i+6!3502-R;-56.E!69-!356-2@-563+5,!+0!8.;D,E!o2-,6+2-2,o!9/@-!-54-4!;=!35!6/D=-235C!69-!+23C35/.!
/==-/2/58-!+0!D/5E!<+2N,!+0!/26!/54!89/5C35CB!35-@36/M.EB!/.,+!69-!38+5+C2/=938!8+4-!2-=2-,-56-4!
35!69-DH!

#93,! 4E5/D38! 9/,! M--5B! /54! 3,! ,63..! 6+4/EB! /! 9/2M35C-2! +0! ;58+50-,,-4! ,-82-6,! 9344-5! M-9354!
=/635/,!+0!4326!/54!E-..+<-4!@/253,9j!693,!D/N-,!69-!<+2N!+0!/26!/!62-/,;2-!89-,6!+0!DE,6-23-,B!,358-!
9;542-4,!+0!E-/2,B!</3635C!6+!M-!2-@-/.-4H!

];235C!69-!2-,6+2/63+5!+0!/!=/35635C!69/6!,--D,!/==/2-56.E!356/86B!69-!2-D+@/.!+0!69-!./E-2!+0!4326!
9/,!D/4-!2-,;20/8-!69-!+23C35/.!8+D=+,363+5B!A;,6!/,!69-!/263,6!9/4!4-,3C5-4!/54!D/5;0/86;2-4!03@-!
8-56;23-,!/C+H!

(,!36!=+,,3M.-!6+!,-5,-!69-!=2-,-58-!+0!,-82-6,!69/6!.-/4!6+!69-!2-,-/289!+0!62;69!6+!M-!2-@-/.-4�!
)/5!69-!J32C35!7/2EB!M-!=+262/E-4!<369+;6!69-!@-3.�!

!
&K=:4D4B45=!=4JN7:65B!45<!=L7!:7;74:CL!?>:!=L7!=:A=L!:7D7487<R!

!
#9-!38+5+C2/=938!62/4363+5!69/6B!692+;C9!69-!/C-,B!9/,!,--5!69-!03C;2-!+0!69-!"Virgin and!Child"B!

2-=2-,-56-4!3,!@-2E!8+D=.-L!/54!@/23-4!/54!4-@-.+=,!38+5+C2/=938!6E=-,!69/6!<3..!;54-2C+!02+D!69-!
,3D=.-,6!6+!69-!D+,6!,3C53038/56!D;6/63+5,H!
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I06-5! 69-,-! 4300-2-56! 6E=-,! +0! 4-=3863+5,! <9389! 2-=2-,-56! /! 0;54/D-56/.! =2-8+54363+5! 0+2! 69-!
2-43,8+@-2E!+0!69-!/2630/86j!"358-!69-E!/..+<!6+!.+8/6-!0;54/D-56/.!93,6+238/.!=/,,/C-,!6+!34-5630E!69-!
@/23+;,!8;,6+D,!/54!/263,638!62/4363+5,!6+!<9389!69-E!2-./6-K!M+69!02+D!/!4+86235/.!/,=-86B!2/69-2!69/5!
35!=;2-.E!/263,638!/54!82-/63@-!6-2D,H!

#9-! Z-,6-25! );.6;2/.! b-236/C-B! 35! 0/86B! 3,! +06-5! 89/2/86-23G-4! ME! 36,! 8+D=.-L! /54! D;6/M.-!
38+5+C2/=938! 6E=+.+CEK! ;54-2,6++4! 5+6! +5.E! /,! /5! 356-2=2-6/63+5! +0! /! @/23-6E! +0! 69-D-,! /54!
5/22/63@-,j!/,!<-..!/,!D;6/63+5,B!+06-5!/.,+!,;M,6/563/.B!89/2/86-23G-4!ME!D;.630+2D!/,!43,8+5635;+;,!
93,6+238/.!/54!38+5+C2/=938!2-=2-,-56/63+5!+0!69-!,/D-!,;MA-86H!

%.69+;C9! 69-,-! D;6/63+5,B! +88;2235C! 35! 63D-! /54! 35! ,=/8-! O5/D-.E! 35! 4300-2-56! =-23+4,! /54!
C-+C2/=938/.! /2-/,PB! +MA-863@-.E! 8+-L3,6! 35! /! ,35C.-! 2-/.36EB! 69-E! 69-D,-.@-,! 4-6-2D35-! /5! -8.-8638!
/54!@-2E!8+D=.-L!,8-5-2E!69/6B!5+6!3502-R;-56.EB!!=2-83,-.E!356-2=+,-,!69-!8+22-86!356-2=2-6/63+5!69-!
<+2N!+0!/26H!

#9-!;,;/.!38+5+C2/=938!62/4363+5!,--,!69-!J32C35!7/2E!=+262/E-4!<369!/!2-4!@-,6!/54!<-/235C!/!
M.;-! 8.+/N! 69/6! .-/4,! M/8N! 6+! 69-! 8+.+;2! +0! 69-! ,NE! /54! 69/6! /,,+83/6-,! 69-! 3D/C-! 6+! 69-! oRegna
CoelioH!

^+2!8-56;23-,! 69-!J32C35!9/,!M--5!2-=2-,-56-4!<369! 69-!82+<5!69/6B!;563.! 69-! 69326--569!8-56;2EB!
</,! ./E35C! +@-2! /! 8+30! ;,;/..E! 8+.+;2-4! +0! 2-4! /54! M-5-/69! 36! 69-! 9/32! </,! 8+..-86-4K! 69-!
omaphoriumoH!

(6! 3,!5-8-,,/2E! 6+!</36! 0+2! 69-!2-=2-,-56/63+5!+0! 69-!"6+8.-6!7/4+55/B!/5!+=-2/!+0!];883+!02+D!
[;+535,-C5/! O"3-5/B! USVV?UcUl! _! UnP! 35! [2;,,-.,! 6+4/EB! 35! +24-2! 6+! ,--! 69/6! 69-! 8+30! 3,! 2-D+@-4!
02+D!69-!62/4363+5!/54!2-=./8-4!<369!/!<936-!@-3.!356-2=+,-4!M-6<--5!69-!9/32!/54!/!M.;-!@-3.H!

!

!!!!!!!!!
];883+!02+D![;+535,-C5/!8/H!USnT:UcTT!

!
#9-2-!/2-!D/5E!2-0.-863+5,!69/6!8/5!M-!4-6-86-4!35!69-!8+D=.-L!/54!,3C53038/56!4-@-.+=D-56!+0!

69-! 38+5+C2/=938! 62/4363+5! 2-./6-4! 6+! 69-! 2-=2-,-56/63+5! +0! 69-! o7/4+55/! /54! )93.4oK! /,! 69-!!
356-2-,635C!8+D=/23,+5,!/54!2-0-2-58-,!2-C/2435C!69-!=/C/5!2-=2-,-56/63+5!+0!69-!&CE=63/5!C+44-,,!
(,34-!<93.-!/88+DD+4/635C!9-2!,+5!b+2;,!+5!9-2!./=,H!

#9-! 6-,63D+53-,!69/6!<-!2-8-3@-!02+D!69-!7/23/5! 6-L6,!8+D35C!02+D!&CE=6B! 35!0/86B!2-=2-,-56!/!
,+;28-!+0!N5+<.-4C-!69/6!,3C53038/56.E!,;==.3-,!69-!o2-8+@-2Eo!+0!69-!38+5+C2/=938!=/69!69/6!/..+<,!
;,!6+!;54-2,6/54!69-!+23C35,!+0!69-!7/23/5!2-=2-,-56/63+5!02+D!69-!(((?(J!8-56;2E!/54!+5H!

)+5,34-2!69/6!69-!4-=3863+5,!+0!69-!J32C35!4/635C!02+D!69-!-/2.E!8-56;23-,!<3..!.-/4B!./6-2B!/.,+!6+!
69-!4+86235/.!8+55+6/63+5,!=./8-4!35!8+55-863+5!<369!69-!9-2-,3-,H!
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Z369! 69-! )+;583.! +0! &=9-,;,B! 35! >cUB! 69-! 03C;2-! +0! 69-! "Madonna and Child"! </,! =./8-4!
=-2D/5-56.E! 35!8+55-863+5!<369! 69-! 3D/C-!+0!"human motherhood",!D/2N35C! 69-!M-C35535C!+0! /5!
38+5+C2/=938!62/4363+5!69/6!2-D/35-4B!35!8-56;23-,!6+!8+D-B!-L62-D-.E!0.+;23,935CH!

#9-!38+5!+0!"Platytera", 69-!,+.-D5![EG/5635-!7/4+55/!+06-5!,-/6-4!+5!/!692+5-!<369!69-!)93.4!
+5!9-2!N5--,B!4-=386,!69-!6<+!03C;2-,!.-/@35C!M2+/4!356-2=2-6/63+5!6+!69-!6-54-25-,,!+0!69-!D/6-25/.!
2-./63+5,93=H!7+69-2!/54!,+5!/2-!0/835C!-/89!+69-2!<93.-!7/2EB!<369!9-2!23C96!9/54B!C-56.E!=/6,!69-!
,9+;.4-2!+0!69-!)93.4j!69-E!D/2N!/5!38+5+C2/=938!62/4363+5!69/6!2-D/35,!8+5,6/56!0+2!8-56;23-,H!#9-!
03C;2-!+0!e-,;,B!/.69+;C9!+@-2!8-56;23-,!+0!2-=2-,-56/63+5,B!356-2=2-6,!69-!2-C/.!/54!,+.-D5!/,=-86!+0!
69-!"/@3+2K!,EDM+.!+0!43@35-!,/.@/63+5H!

#9-! oD+5;D-56/.36Eo! +0! 69-! 03C;2-,! 2-=2-,-56-4! 35! 69-,-! -/2.E! 8-56;23-,B! <3..! 89/2/86-23G-! /!
J32C35!/M,+2M-4!35!D-436/63+5!/54!<3..!D/2N!/!.+5C!=-23+4!35!<9389!e-,;,!<3..!M-!6/836.E!=;6!M-,34-!
69-! J32C35j! M;6! /.</E,! 35! /! .+@35C! 2-./63+5,93=! =;586;/6-4! ME! 4-6/89D-56! /54! <9-2-! 69-! C./58-,!
M-6<--5!7+69-2!/54!"+5!5-@-2!<3..!D--6H!

#9-!3D=-26;2M/M3.36E!o+0!693,!2-=2-,-56/63+5!-.+R;-56.E!8+DD;538/6-,!69-!4+86235/.!8+56-56!+0!69-!
38+5+C2/=938! D-,,/C-B! <9389! 356-2=2-6,! 69-! J32C35! 7/2E! /,! 69-! +5-! <9+! M-/2,! <365-,,! 6+! 69-!
DE,6-2E!+0!69-!(58/25/63+5!+0!'+4k,!Z+24!/54!b3,!356-28-,,3+5!0+2!D/5N354j!M;6B!,3D;.6/5-+;,.EB!36!
0+8;,-,!/54!/.,+!432-86,!/66-563+5!6+!69-!03C;2-!+0!69-!)93.4H!

I5.E!/6!69-!M-C35535C!+0!69-!-3C969!/54!53569!8-56;23-,B!!69-!38+5+C2/=938!6E=+.+CE!+0!69-!"Virgin 
of Tenderness"! <3..! /==-/2! 0+2! 69-! 032,6! 63D-B! <9389! <3..! 2-;536-! 69-! 6<+! 03C;2-,! 35! /! D+2-!
/00-863+5/6-!/54!35@+.@35C!/6636;4-B!<9-2-!69-!0/8-,!<3..!/==2+/89!;563.!69-E!6+;89!/54!69-!/6636;4-,!
<3..!D/2N!69-!/=-L!+0!.+@35C!D;6;/.!-58+;56-2H!

#9-! 2-=2-,-56/63+5! +0! 69-! ,-563D-56/.! -D+63+5/.36E! M-6<--5! 7+69-2! /54! "+5! <3..! =2+@34-!
35,=32/63+5B! D/530-,6-4! 35! 69-! /263,6! /,! <-..! /,! 35! 69-! 8.3-56B! 6+! ,;M+2435/6-! 69-! 23C34! 8/5+5,! +0!
8./,,38/.! 38+5+C2/=9E! O;=! 6+! 693,! D+D-56! ,+! <-..! D/2N-4! ME! 69-! 8+;583.,! /,! <-..! /,! 69-!
38+5+C2/=938! 62/4363+5PB! 6+! /! D+2-! =/,,3+5/6-! /54! 8+5034-56! ,89-D-B! M;6! /.,+! D+2-! 2-035-4! /54! /!
9/2M35C-2!+0!C2-/6-2!82-/63@36EH!

"Virgin and Child"!<3..! 354;.C-! 35! 69+,-! 6-54-2!/54!/88+D=.38-,!C-,6;2-,!4386/6-4!ME! 69-! .+@-!
69/6!;536-,!7+69-2!/54!"+5j!35!<9389!D/5N354!5/6;2/..E!2-8+C53G-,!36,-.0B!82-/635C!/5!356-2=2-6/63@-!
02--4+DB! 69/6! 02+D! 69-! D+5;D-56/.! 23C+2! +0! 69-! -/2.E! 8-56;23-,B! C3@-,! </E! 6+! /! 2-=2-,-56/63+5!
=-2D-/6-4!<369!69-!6-54-25-,,!+0!D/6-25/.!0--.35CB!<9389!<3..!M-8+D-!69-!/86;/.!=2+6/C+53,6!+0!69-!
8+D=+,363+5H!

!
!

F-+5/24+!4/!J3583!U>`l?U>lS!b-2D36/C-!7;,-;D!"/356!1-6-2,M;2C!
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!
9V;=7:67;!L6<<75!M7L65<!>8<!:7;=>:4=6>5;!45<!4!:7D7487<!=:A=L!

!

Before restoration (fig. 1) After restoration (Fig. 2) 

Can the Virgin Mary, be portrayed without the veil? 
#9-!-L=-23-58-!+0! 69-!2-,6+2-2! 6-/89-,! 69/6B!+@-2! 69-!8-56;23-,B!/! ./2C-!/D+;56!+0!<+2N,!+0!/26B!

-@-5! 69+;C9! <369! 69-! 356-56! 6+! M-! =2-,-2@-4B! 9/@-! -54-4! ;=! <369! 69-! D+,6! @/23-4! 6E=-,! +0!
356-2@-563+5,!+0!o2-,6+2/63+5Ho!

).;D,E! /263,6,B! 4-8.35-4! 356+! 69-! 2+.-! +0! 3D=2+@3,-4! 8+5,-2@/63@-,! +0! =2+4;86,! D/4-! ME! 69-32!
=2-4-8-,,+2,B!9/@-!+06-5!356-2=2-6-4!69-!);.6;2/.!b-236/C-!/,!/5!/,,-6!6+!356-2@-5-!+5!<369!5+!<3..!
/54B!<9/6!3,!<+2,-B!0--.35C!/.,+!-5636.-4!6+!o3D=2+@-o!692+;C9!2-5+@/63+5,B!/44363+5,!/54!=-2,+5/.!
356-2=2-6/63+5,!69/6!9/@-!6/D=-2-4!/54!8+D=2+D3,-4!69-!356-C236E!/54!/;69-563836E!+0!69-!=2+4;86,H!

^+2! /! 8+DM35/63+5!+0!@/23+;,! 2-/,+5,! /54!8328;D,6/58-,B! /!C++4! 2-,6+2-2!D;,6!M-! /,! /</2-! /,!
=+,,3M.-!+0!<9/6!9-!C+35C!6+!=2-,-2@-H!

%5!-L/D=.-!0+2!-@-2E+5-!3,!69-!89+38-!+0!69-!,+.@-56B!<9389!3,!+5-!+0!69-!D+,6!4-.38/6-!4-83,3+5,!
M-8/;,-!36,!6/,N!3,!6+!2-D+@-!69-!9/2D0;.!./E-2,H!b+<-@-2B!/!<2+5C!89+38-B!3,!.3N-.E!6+!322-=/2/M.E!
8+D=2+D3,-!69-!<+2N!+0!/26H!

&/89!,6-=!D;,6!2-=2-,-56! 69-!2-,;.6!+0!/!8/2-0;.!=23+2!-@/.;/63+5B!6+!M-!<-3C96-4!<369!43.3C-58-!
/54!6+!M-!8/223-4!+;6!/06-2!/5!/88;2/6-!=2-.3D35/2E!35@-,63C/63+5B!<9389!9/,!/..+<-4!6+!35@-,63C/6-!35!
4-=69!69-!89/2/86-23,638,!+0!69-!+23C35/.!/2630/86!/54!,;M,-R;-56!8+5623M;63+5,H!

(6!<3..!M-!/==2+=23/6-!6+!4-035-!69-!5/6;2-!+0!69-!+23C35/.!D/6-23/.,B!69-32!89/2/86-23,638,B!6E=-,!+0!
9/2D0;.!./E-2,!6+!2-D+@-!/54!D/5E!+69-2!0/86+2,H!

!
IM,-2@35C!/6!69-!<+2N!+0!/26!4-=386-4!35!3D/C-!U!O[-0+2-!2-,6+2/63+5P!9/,!C3@-5!69-!=+,,3M3.36E!6+!

-,6/M.3,9!69/6!36!3,!/!=/35635C!4+5-!35!6-D=-2/!+5!<++4B!4/6-4!02+D!69-!�J(!8-56;2EH!
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#9-! 62/5,=/2-58E! +0! 69-! 8+.+;2,B! 4;-! =23D/23.E! 6+! 69-! 0/86! 69/6! 69-! =3CD-56,! 9/@-! M--5! D3L-4!
<369!/!</6-2?M35435C!/C-56B!/..+<,!6+!/==2-83/6-!/!8.-/2!/54!/88;2/6-!=2-=/2/6+2E!42/<35CB!ME!D-/5,!
+0!<9389!69-!/263,6!9/,!+;6.35-4!69-!-5632-!8+D=+,363+5/.!,-6635CH!

#9-!,=2-/4!+0!69-!8+.+;2,!3,!89/2/86-23G-4!ME!/!=/.-66-!<369!C/;4E!/54!,623N35C!892+D/638!8+.+;2!
2/5C-B!D/4-!;,35C!=;2-!8+.+;2,j!N5-/4-4!<369!-/89!+69-2!+5!/!M/,3,!+0!/!8236-23/!+0!o-,,-563/.36EHo!

%!8+5,34-2/M.-!./E-2!+0!4326!/54!/!E-..+<-4!@/253,9!8/D+;0./C-4!/!=2-@3+;,!2-,6+2/63+5B!4/635C!
02+D!,-@-2/.!E-/2,!/C+H!

[;6! DE! /66-563+5! 9/,! M--5! o8/=6;2-4o! ME! /! ,623N35C! =/2638;./2K! 69-! 358+5C2;36E! +0! 69-!
2-=2-,-56/63+5!+0!69-!3D/C-!+0!69-!J32C35!02+D!69-!;,;/.!38+5+C2/=938!5+2DH!

#9-!0.+<35C!9/32!+0!69-!7/4+55/!4345X6!,9+<!/5E!62/8-!+0!69-!@-3.z!
%.69+;C9! 36! 3,! 62;-! 69/6! 69-! 38+5+C2/=938! 6E=+.+CE! +0! 69-! J32C35! +@-2! 69-! 8-56;23-,! ;54-2<-56!

@/23+;,! 38+5+C2/=938! 356-2=2-6/63+5,B!+@-2! 69-!8-56;23-,B! ! 36! 3,! /.,+!N5+<5! 69/6! 69-!/6623M;6-!+0! 69-!
@-3.!/.</E,!2-D/35,!/5!!3543,823D35/6-!8+5,6/56H!

#9-!/M,+.;6-!358+5C2;36E!+0!693,!-.-D-56!9/,!354;8-4!D-!6+!/.,+!+M,-2@-!69-!0/86!69/6!69-!42/0635C!
+0!69-!=3CD-56,!<369!<9389!69-!9/32,6E.-,!<-2-!D/4-B!358.;435C!69/6!+0!69-!)93.4B!"6H!e+,-=9!/54!"6H!
e+95! 69-! [/=63,6B! 9/4! /! =/,6-! /54! /! o0;..5-,,o! 69/6B! 5+635C! 36! M-66-2B! </,! @-2E! 4300-2-56! 02+D! 69-!
89-D38/.!89/2/86-23,638,!/54!69-!D/6-23/.!8+5,3,6-58E!+0!69-!2-,6!+0!69-!=/35635CH!

(D=/63-56!6+!;52/@-.!69-!DE,6-2E!8+58-/.-4!M-9354!69-!3D/C-!+0!693,!2-=2-,-56/63+5!+0!69-!"Virgin 
and!Child"B!/54!/06-2!9/@35C!=2-@3+;,.E!8+5,+.34/6-4!69-!.3D36-4!/2-/,!/6!23,N!+0!o.+,,!+0!8+.+;2oB!(!
,6/26-4!69-!356-2@-563+5!+0!2-D+@/.!+0!69-!9/2D0;.!./E-2,H!

%.69+;C9!(!9/4!/.2-/4E!,-5,-4!69/6! 69-!=/35635C!9/4!M--5!,;MA-86-4! 6+!,;M,6/563/.!o2-=/35635CoB!
69-32!2-D+@/.!9/,!=2+@-4!6+!M-!-L62-D-.E!-L83635Cz!

#9-!8.-/535CB!.366.-!ME!.366.-B!9/,!D/4-!69-!4-.38/6-!@-3.!2-,;20/8-B!/.D+,6!62/5,=/2-56!/54!6356-4!+0!
/!.3C96!M.;-!=/,6-.!=3CD-56!69/6!=-20-86.E!9/2D+53G-4!<369!69-!8+.+;2!+0!69-!8.+69!.E35C!+5!69-!./=!+0!
69-!J32C35!7/2E!/54!+5!<9389!69-!J32C35!.+@35C.E!9+;,-4!69-!)93.4B!,6/5435C!5-L6!6+!b-2H!

#2/8-,! +0! =;2-! C+.4B! <9389! +23C35/..E! 035-.E! 4-8+2/6-4! M+69! 69-! @-3.! +0! 69-! 7/4+55/! /54! 69-!
82+<5,!+0!69-!"/356,B!9/@-!2-?-D-2C-4!;54-2!69-!8+/2,-!2-=/35635CH!

I58-! 69-! 8.-/535C! 9/,! M--5! 0353,9-4! /54! 69-! 8+D=+,363+5/.! 356-C236E! +0! 69-! <+2N! 9/,! M--5!
2-,6+2-4B!36!9/,!M--5!5-8-,,/2E!6+!356-2@-5-!<369!69-!=386+23/.!2-356-C2/63+5!+0!4/D/C-4!=/26,B!<9389!
D/4-!;,!2-?-,6/M.3,9!69-!C/=,B!=/E35C!=/2638;./2!/66-563+5!5+6!6+!o+@-20.+<o!6+!69-!+23C35/.!8+.+;2H!

#9-!8+D=.-63+5!+0!69-!2-,6+2/63+5!9/,!/..+<-4!6+!/==2-83/6-!/C/35!69-!38+5+C2/=938!8+9-2-58-!+0!
69-!8+D=+,363+5B!2-8+@-235C!69-!+23C35/.!38+5+C2/=938!8/5+5,H!

#9-E!6-,630E!+M@3+;,!2-0-2-58-,!6+!69-!=/,,/C-!M-6<--5!69-!D+,6!/583-56!38+5+C2/=938!4+86235-B!
<9-2-!69-!J32C35!3,!356-56!6+!8/2-,,!69-!)93.4!<369!9-2!23C96!9/54B!/54!69-!62/4363+5/.!38+5+C2/=9E!+0!
69-!"Virgin of Tenderness",!69/6!8+DM35-,!69-!03C;2-,!+0!69-!38+5!35!69-!/6636;4-!+0!/!.+@35C!D+69-2H!

#9-! =/35635C! 9/,! M--5! ,;MA-86-4! 6+! 69-! ,6;4E! ME! 12+0-,,+2! 735/! '2-C+23! <9+! 2-6;25-4! 69-!
/;69+2,93=!6+!69-!6;,8/5!/263,6!^2/58-,8+![235/!O^.+2-58-!UV>T?UVlhPH!

J/,/23! 2-=+26,!93,!/863@36EB!/.,+!<365-,,35C! 69/6B! 35!UVhVB!9-!<+2N-4!+5! 69-!8+5,62;863+5!+0! 69-!
/==/2/6;,!0+2!69-!<-4435C!+0!^2/58-,8+!4-!k7-4383!/54!'3+@/55/!+0!%;,623/H!

#9-!<+2N,!+0!^2/58-,8+!93C9.3C96!/!2/69-2!/289/38!8;.6;2-B!<369!02-R;-56!2-0-2-58-,!6+!%542-/!4-.!
"/26+j!M;6!/.,+! 350.;-58-4!35!D/5E!</E,!ME! 69-!8+D=.-L!,62;86;2-!+0! 69-!^.+2-5635-!/.6/2=3-8-,!+0!
69-!63D-B!D/4-!ME!8+56-D=+2/2E!'3+2C3+!J/,/23H!

^2/58-,8+B!/.69+;C9!/!,6;4-56!+0!7389-.-!43!$34+.0+!/.+5C!<369!93,!M2+69-2!'3+@/553B!3,!5+6!6+!M-!
8+50;,-4! <369! 69-! ./66-2! M-8/;,-! +0! /! =386+23/.! R;/.36E! +0! 4300-2-56! .-@-.H! (5! 0/86B! 93,! ,6E.-! 3,!
89/2/86-23G-4!ME!/!D;89!D+2-!2-035-4!R;/.36Ej!j!,+!69/6!D/5E!<+2N,!+0!/26!/2-!,63..!+0!8+562+@-2,3/.!
/6623M;63+5!6+4/E!M-6<--5!69-!9/54!+0!^2/58-,8+!/54!69/6!+0!93,!D/,6-2!$34+.0+H!

!
!

!
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%3/.3#-/!-++&.+2!g&I.&)'&'h!93+&39+!-)'!.1&!
1(+.$#(%!%(.GE!.1&!%-+&!

+.3'G!$0!-)!-""!0$#!*&)$-!
!

,4875=654!06>:72!/4A:>!94B54562!+4:4!#A886!
'7N=R!'R(R#R-R-R+R!

356D7:;6=m!<7B86!+=A<6!<6!*75>D4!
*75>42!(=4864!

D4875=654?6>:7QnoSpBJ468RC>J;!J4B5456pA56B7R6=f!;4:4:A886QpBJ468RC>J!!
!

!
-M;=:4C=!@!*7==65B!=>A:6;=;!65!5>:J488V!A54CC7;;6M87!;N4C7;2!;L>X65B!;>A5<;!45<!7D75=;!=>!

=L7!C6=6P75;2!488!=L6;!XL687!C4A;65B!=L7!;4J7!7J>=6>5;!=L7!4;;6B5>:!L4<!?78=2!65C:74;65B!=L7!D48A7!
>?!;N4C7;!45<!C>:57:;!>?!=L7!C6=V!=L4=!;=688!L4D75e=!M775!N:>N7:8V!65;7:=7<!65!4!=>A:6;=6C!:>A=72!
:74CL65B!4!L6BL!<6DA8B4=6>5!=>!4!84:B7!NAM86CE!=L7;7!4:7!=L7!B>48;!;7=!=>!=L7!:7;74:CL!N:>`7C=!?>:!
45!-NN!46J65B!=>!;N:74<!65?>:J4=6>5!4M>A=!=L7!C6=VR!!

.L7! -NNe;! ;>?=X4:7! 45<! A;7:! 65=7:?4C72! <7D78>N7<! MV! I7564! ":><AC=6>5! 45<! +J4:=845<!
":>`7C=!;R:R8R2!4:7!J4<7!=>!C>5=465!<6??7:75=!87D78;!>?!65?>:J4=6>52!?:>J!=L7!XL>87!A:M45!4:74!
=>! =L7!;65B87!4:=6;=6C!4:=6?4C=2! 65D6=65B! =L7!D6;6=>:! =>!7KN7:675C7!4!:748!:>A=7! 65! =L7!C6=V!45<!4!
D6:=A48!>57!65!=L7!65@<7N=L!4548V;6;!>?!6=;!CA8=A:48!4;N7C=;R!!

.L7!-NN!6;!?>CA;7<!>5!=L7!+=:4<4!\48M6!45<!"64PP4!<788e-55A5P64=4!4:742!XL7:7!4!M6B!N4:=!
>?! =L7! 356D7:;6=Ve;! MA68<65B;! 4:7! 8>C4=7<E! =L7;7! MA68<65B;! @! XL6CL! =>B7=L7:! ?>:J! 4! NAM86C!
g7K=75<7<! JA;7AJh! 86D7<2! 65L4M6=7<! 45<! ;=A<67<! <6:7C=8V! MV! =L7! 356D7:;6=V! @! 488>X! =L7!
4C4<7J6C!75D6:>5J75=2!6=;!:7;74:CL7;2!45<!=L7!57X!<6;C>D7:67;!J4<7!MV!=L7!C>5=65A>A;!;=A<67;!
>5!=L7!4:=6?4C=;! 6=! 86D7;! 65!=>!;N74O!?>:!=L7J;78D7;R!(5!=L6;!:7B4:<!=L7!-NN2!X>:O65B!X6=L!=L7!
84:B7! N4=:6J>5V! N:>N7:=V! >?! =L7! -=L7547AJ2! 6;! J745=! 5>=! >58V! ?>:! =L7! 7K=7:548! NAM86C2! MA=!
48;>!?>:!=L7!65=7:548!>572!J74565B!=L7!;=A<75=;!=L7J;78D7;2!?>:!XL6CL!6=!X688!M7C>J7!4!874:565B!
=>>8! 45<! 45! 65;=:AJ75=! ?>:! 4! J>:7! <6:7C=! 7KN7:675C7R! .L7! :7;A8=;! >?! =L7! :7;74:CL7;! ?>:! =L7!
;=A<V! N:>`7C=;2! ?6548! N4N7:;2! 65@<7N=L;! 4548V;7;! 45<! =>N6C486P4=6>5;! X688! M7! 6JJ7<64=78V! 45<!
<6:7C=8V!C>JJA56C4=7<!=>!=L7!=>A:6;=;!45<2!XLV!5>=2!=L7!C6=Ve;!65L4M6=45=;R!!
!
().#$'3%.($)!
!

#9-! ;,-! +0! D;.63D-43/! 6-895+.+CEB! /54! =/2638;./2.E! +0! @326;/.! 2-8+5,62;863+5B! /..+<,! /26!
93,6+23/5,!6+!5+6!+5.E!,6;4E!69-!4E5/D38,!+0!D+5;D-56,B!-L/D3535C!35!4-=69!4300-2-56B!<-..!4-035-4!
=+356,!+0!@3-<!/54!6+!8+56-L6;/.3G-!69-D!35!69-32!+23C35/.!-5@32+5D-56B!M;6!/.,+!6+!,9/2-!69-!2-,;.6,!
+0!69-!2-,-/289!<369!/,!D/5E!=-+=.-!/,!=+,,3M.-B!=2+@3435C!8/6-C+23-,!/54!8+D=.-L!356-2=2-6/63+5,!
0+2!/263,638!/2630/86,B!/54!D+2-!3D=+26/56.EB!0+2!69-!836E!35!36,!<9+.-H!7;.63D-43/!6-895+.+CE!8/5!69;,!
9-.=! 2-,-/289-,B! M-8+D35C! /! 6-,635C! C2+;54! 0+2! 9E=+69-,-,B! /! </E! 6+! @-230E! 356-2=2-6/63+5,! /54! /!
@/.;/M.-!D-43;D!0+2!69-!43@;.C/63+5!/54!2-=2-,-56/63+5!+0!2-,-/289-,!/54!69-!/893-@-4!2-,;.6,!/..!/6!
69-! ,/D-! 63D-H! #92+;C9+;6! 69-! E-/2,! ,6;43-,! 9/@-! M--5! 8+54;86-4! 35! 69-,-! 03-.4,! ME! 69-!
]H(H$H%H%H"H!4-=/26D-56!35!8+../M+2/63+5!<369!2-,-/289!C2+;=,!/00-2-56!6+!69-!C-5+-,-!1+.E6-89538!
"89++.!/54!E+;5C!F3C;23/5!8+D=/53-,!O,--K!%8N5+<.-4C-D-56,PB!82-/635C!/!2-./63+5,93=!M/,-4!+5!
356-289/5C-! /54! 8+../M+2/63+5! 69/6! /3D,! 6+! -56<35-! .3M-2/.! /26,! /54! ,83-563038! /54! 6-895+.+C38/.!
N5+<?9+<H! #9-! 0+8;,! 9/,! M--5! =;6! +5! =2+D+635C! 69-! C-5+-,-! %69-5-;DX,! /,,-6,! /54! 69-! 836E! 35!
C-5-2/.B! <9389! 3,! 0;..! +0! =/./8-,! O4-8./2-4! *i&")I! Z+2.4! b-236/C-! 35! STThPB! 02-,8+-,! /54! /26!
8+..-863+5,!6+!M-!,6;43-4!35!69-32!8+D=.-L36E!/54!<369!/!,E,6-D/638!+@-2/..!@3-<H!'-6635C!6+;23,6,!35!
5+2D/..E! ;5/88-,,3M.-! ,=/8-,B! ,9+<35C! 69-! 8363G-5,! ,+;54,! /54! -@-56,B! /..! 693,! <93.-! 8/;,35C! 69-!
,/D-!-D+63+5,!69-!=/62+5!9/4!0-.6B! 3582-/,35C!69-!@/.;-!+0!,=/8-,!/54!8+25-2,!+0! 69-!836E!69/6!,63..!
9/@-5X6!M--5!=2+=-2.E! 35,-26-4! 35!/! 6+;23,638! 2+;6-B! 2-/8935C!/!93C9! .-@-.!+0!43@;.C/63+5! 6+!/! ./2C-!
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=;M.38K!69-,-!/2-!69-!C+/.,!,-6!6+!69-!2-,-/289!=2+A-86!0+2!/5!%==!/3D35C!6+!,=2-/4!350+2D/63+5!/M+;6!
69-!836EH!#9-!%==X,!,+06</2-!/54!;,-2! 356-20/8-!/2-!D/4-! 6+!M-!/,! 0.-L3M.-!/,!=+,,3M.-B!8+56/3535C!
4300-2-56!.-@-.,!+0!350+2D/63+5B!02+D!69-!<9+.-!;2M/5!/2-/!6+!69-!,35C.-!/263,638!/2630/86B!35@3635C!69-!
@3,36+2!6+!-L=-23-58-!/!2-/.!2+;6-!35!69-!836E!/54!/!@326;/.!+5-!35!69-!35?4-=69!/5/.E,3,!+0!36,!8;.6;2/.!
/,=-86,H!

!
'7;6B565B!=L7!-NNE!=L7!B:4NL6C!65=7:?4C7!45<!C>JJA56C4=6>5!X6=L!=L7!A;7:!
!
#9-!5--4-4!2-R;32-D-56,!0+2!/5!-/,EB!3DD-43/6-!;,-!/54!69-!/,=-86,!-56/3.35C!69-!356-20/8-!<369!

<9389!69-!%==!=2-,-56,!36,-.0!6+!69-!;,-2B!D-5;,B!/88-,,3M3.36E!/54!89+38-!+0!3635-2/2EB!D/=,B!8+56-56!
@3,;/.3G/63+5!0+2D/6,B!,+83/.!5-6<+2N!/88-,,3M3.36E!/54!+5.35-!-L=-23-58-!,9/235C!9/@-!/..!M--5!035-!
6;5-4H!!

#9-! C2/=938! 356-20/8-! O,--K! %8N5+<.-4C-D-56,P! 3,! 43@34-4! 356+! 692--! D/35! =/26,K! 69-! .-06! ,34-!
D-5;! O0+2! 69-! D/35! /863+5,PB! 69-! 23C96! ,34-! D-5;! O0+2! 69-! 8+56-56,PB! /54! /! 8-562/.! =/26! O0+2!
@3,;/.3G35C!69-!8+56-56,!69-D,-.@-,PH!
#93,! </E! 69-! ;,-2! 8/5! 9+.4! 36,! 6/M.-6! +2! ,D/26=9+5-! 9+23G+56/..E! .3N-! /! ,6--235C! <9--.B! <369+;6!
5--435C!6+!6;25!36!-/89!63D-j!69-!=+,363+535C!+0!69-!8+DD/54,!+5!,34-!D-5;,!/..+<,!69-!;,-!+0!69-!
6<+!9/54,!<369+;6!D+@35C!69-D!+5!69-!,82--5H!

#9-! 89+38-!+0!<936-! 89/2/86-2,!+5!/!M./8N!M/8NC2+;54!9-.=,!4-03535C!/! 8.-/2! 356-20/8-B!<369! /!
93C9!8+562/,6!2/63+!-@-5!;54-2!356-5,-!.3C96,H!!

#9-!.-06!D-5;B!69-!D/35!+5-B!8+56/35,!/..!69-!.+C35!/54!,+83/.!5-6<+2N!8+55-863+5!8+DD/54,!O69-!
%==!3,!8+5,6/56.E!8+55-86-4!6+!69-!356-25-6!/54!6+!,+83/.!5-6<+2N,PB!M;6!/.,+!69+,-!0+2!,9/235C!<369!
+69-2!;,-2,!69-!-L=-23-58-,!D/4-!35!69-!836E!OY"9/2-g!M;66+5P!/54!350+2D/63+5!+5!69-!=+,363+5!+0!69-!
;,-2!OYZ9-2-!/D!(�g!M;66+5PH!

#9-!Y(635-2/23-,g!M;66+5!C2/56,!/88-,,! 6+!/!,82--5! 69/6!8+56/35,!/!D/623L!D/4-!+0!D+2-!M;66+5,!
<9+,-!5;DM-2!3,!-R;/.!6+!69-!2+;6-,!69-!;,-2!8/5!89++,-!6+!C-6!6+!N5+<!69-!836EH!%06-2!89++,35C!+5-!
O-CH!69-!%R;/23;D?i;5G3/6/?[/.M3?%R;/23;D!235CP!/!=2-@3-<!,82--5!/==-/2,!,9+<35C!69-!3635-2/2E!
/54!69-!=+,363+5!+0!69-!;,-2!+5!/5!/-23/.!D/=H!!

#9-! YD/=g! M;66+5! ,9+<,! 69-! =+,363+5! +0! 69-! ;,-2B! /! ,6-=?ME?,6-=! @3-<! +0! 69-! 2+;6-! /54! 69-!
,;88-,,3+5!+0!69-!@/23+;,!=+356,!+0!356-2-,6B!-/89!354-=-54-56.E!8.38N/M.-H!!

#9-!23C96!D-5;!C2/56,!/88-,,!6+!-/89!=+356!+0!356-2-,6X,!35?4-=69!350+2D/63+5!OME!,-.-8635C!69-D!
354-=-54-56.EP!/54!/..+<,!69-!;,-2!6+!G++D!69-!D/=!35!/54!+;6B!89/5C-!69-!=+356!+0!@3-<B!-CH!02+D!
/M+@-!O,/6-..36-!@3-<P!+2!/!692--!R;/26-2!@3-<!02+D!69-!0+;2!8/2435/.!=+356,!OM324X,?-E-!@3-<B!;,35C!
69-!M;66+5!+5!69-!M+66+D!23C96PH!

%!0+..+<35C!3D=.-D-56/63+5!=9/,-!+0!69-!%==!<3..!/..+<!69-!;,-2!6+!D/2N!=+356,!+0!356-2-,6!+69-2!
69/5! 69-! 4-0/;.6! +5-,B! ;,35C! /! 2-D+6-! +2! .+8/.! 4/6/M/,-! <369! 2-D+6-! ,E5892+53G/63+5! /54! 69-!
=+,,3M3.36E!6+!-436!69-!D/=!<369!03.6-2,B!,=-83038!@3,;/.3G/63+5,B!-68H!

#9-! 8-562/.! /2-/B!<9389!8/5!M-!@3-<-4! 35! 0;..?,82--5B! 3,! ;,-4! 6+!@3,;/.3G-!@34-+,B! =386;2-,!/54!
6-L6H!
!

(=657:4:67;! >?! D48>:6P4=6>5! >?! =L7! L6;=>:6C! C6=V! 45<! =L7! A56D7:;6=V!
C75=7:E!=L7!-kA4:6AJ@)A5P64=4@\48M6@-kA4:6AJ!:65B!

!
#9-! %==! 35@36-,! 69-! ;,-2! 6+! =9E,38/..E! ?! +2! <9-5-@-2! 693,! 3,5X6! =+,,3M.-B! @326;/..E! ?! -56-2! /54!

43,8+@-2!,3C53038/56!/54!=-8;.3/2!=+356,!+0!@3-<!69/6B!-@-5!35!;,;/..E!+=-5!M;3.435C,B!/2-5X6!-/,3.E!
/88-,,3M.-B! M;6! 8/5! M-! =2++0! +0! 69-! /,,3C5+2X,! =/2638;./2! /==2+/89B! 69-! ./E-235C! +0! 69-! ;2M/5!
,62;86;2-B!@3-<,B!/54!2-./63+5,93=,!M-6<--5! 356-23+2,!/54!-L6-23+2,B!,;89!/,! 69-!@/23+;,!5ED=9/-/B!
/623;D,!/54!9/..</E,!M-9354!69-!02+56!4++2,B!+06-5!8+25-2,!+0!C/24-5,B!+=-535C,!35!69-!93C9!4-5,36E!
D-43-@/.!;2M/5!,62;86;2-H!#93,!%==!3,!/.,+!D/4-!6+!+@-28+D-!69-!-L3,635C!/28936-86;2/.!M/223-2,K!69-!
/;43+B!@34-+!/54!6-L6;/.!,;==+26,!8/5!/.,+!9-.=!=-+=.-!<369!9-/235CB!@3,;/.!+2!=9E,38/.!43,/M3.363-,!6+!
69+2+;C9.E!-5A+E!69-,-!+69-2<3,-!;5/88-,,3M.-!/2630/86,H!
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#+!+M6/35!/5!-00-863@-!4-,3C5!+0!69-!%==!69-2-!</,!69-!5--4!6+!/5/.EG-!69-!93,6+238/.!,+;28-,!/54!
69-! 3D/C-,! +0! 69-! 836E! 35! +24-2! 6+! 8+5,34-2! 69-! Y836E! /2630/86g! /,! /! 8+D=.-L! /54! D;.63?./E-2-4!
,62;86;2-!<9-2-B!35!69-!4300-2-56!=9/,-,!+0!69-!36,!4-@-.+=D-56B!93,6+238/.!-@-56,!/54!6+=+C2/=938/.!
2-/.363-,!9/@-!M--5!,9/=-4!ME!69-!/863+5,!+0!69-!$-=;M.38X,!C+@-25D-56B!69-!/23,6+82/638!0/D3.3-,!/54!
69-!2-.3C3+;,!+24-2,B!0+..+<35C!69-!5--4,!+0!69-!-8+5+D38B!=2+4;863@-!/54!=+26!/863@363-,H!

#+! 42/<! 69-! C;34-.35-,! 0+2! 69-! %==X,! 4-@-.+=D-56! O0+2! 69-! 2-/.3G/63+5! +0! 69-! ,+06</2-B! ,--K!
%8N5+<.-4C-D-56,P!6<+!4300-2-56!D-69+4,!+0!/==2+/8935C!69-!;2M/5!/2630/86!<-2-!/4+=6-4K!+5!+5-!
9/54!6+!43,8+@-2!69-!836E!0+..+<35C!6+=+C2/=938/.!2+;6-,!35!<9389!0;54/D-56/.!=+356,!+0!356-2-,6!/2-!
D/2N-4B! +5! 69-! +69-2! 9/54! 6+! /! 69-D/638! 35! 4-=69! /5/.E,3,! +0! ,+D-! /,=-86,! +2! -@-56,! +0! 69-! 836E!
2-C/2435C! ,=-83038! /263,6,! 69/6! 9/@-! <+2N-4! 69-2-! O-CK! '/.-/GG+! %.-,,3P! +2! 8;.6;2/.! /54! /263,638!
D+5;D-56,!69/6!,62+5C.E!89/2/86-23G-4!69-!836EX,!/==-/2/58-B!/!*i&")I!Z+2.4!b-236/C-!,358-!69-!
+2C/53G/63+5! 2-8+C53G-4! 69-! =-8;.3/2! ,+83/.! /54! -8+5+D38! 34-5636E! +0! 36,! D/55-23,638! /54! M/2+R;-!
=/./8-,B!0;..!+0!356-25/.!4-8+2/63+5,H!

#9-!2-,;.6,!+0!69-!0-/,3M3.36E!,6;43-,!2-C/2435C!69-!%==!/54!36,!2-,;.635C!2-/.3G/63+5!/..+<-4!69-!
8+58-=63+5!+0!/5!355+@/63@-!</E!+0!43@;.C35C!93,6+238/.!/54!/263,638!350+2D/63+5!6+!/!=;M.38!69/6!9/,!
5+!,=-83038!/8/4-D38!-4;8/63+5H!#9-!%==X,!355+@/63@-!89/2/86-2B!<369!8+D=.-L!0/86,!-L=./35-4!35!/5!
-/,E!/54!R;38N!</EB!D/N-,!69-!=2+4;86!/M,+.;6-.E!8+D=-6363@-!<369!69-!=+6-563/.!6+!M-8+D-B!<369!
0;269-2!4-@-.+=D-56B!/!2-/.!M;,35-,,!0+2!69-!35@+.@-4!8+D=/53-,H!

#9-! 2-=-6363@-! 0+2D/6! 89+,-5! 0+2! =2-,-5635C! 69-! /2630/86,B! 43@34-4! 35! 692--! 8/6-C+23-,! 0+2!
-L=./3535C! -/89! 8;.6;2/.! /,,-6! OY%28936-86;2-g! ?! Y]-8+2/63+5g! ?! Y#9-D/638! (635-2/23-,gPB! 0;269-2!
43@34-4!356+!,;M?./E-2,B!6+C-69-2!<369!69-!-/,3.E!;,/M.-!356-20/8-!+0!69-!%==B!<9389!/..+<,!6+!-/,3.E!
/88-,,! /54! 89++,-! 69-! 3635-2/23-,B! 69-! D/=,B! /54! 6+! ,9/2-! +5-X,! -L=-23-58-,! +5.35-! 69/5N,! 6+! 69-!
=+,,3M3.36E!6+!8+55-86!6+!,+83/.!5-6<+2N,B!D/N-,!69-!=2+4;86!/!2-/.!/54!8+582-6-!D+4-.!69/6!8/5!M-!
-L=+26-4!6+!+69-2!6-2236+23/.!2-/.363-,!+69-2!69/5!'-5+/B!M+69!35!(6/.E!/54!/M2+/4H!

#9-!%==!0+8;,-,!+5!69-!/2-/!+0!"62/4/![/.M3!/54!13/GG/!4-..X%55;5G3/6/B!8+56/3535C!4-,823=63@-!
/54!-L=.38/63@-!6-L6!2-C/2435C!69-!)93-,/!4-../!"/563,,3D/!%55;5G3/6/B!1/./GG+!)93/@/23![-.3DM/;B!
1/./GG+![/.M3!)/66/5-+B! 69-!&L!)+..-C3+!4-3!'-,;363!/54!1/./GG+![/.M3!"-5/2-C/H! (5,34-! 69-D!/2-!
,36-4!D/5E!4300-2-56!/54!-L62/+2435/2E!2-/.363-,!+0!69-!C-5+-,-!%69-5/-;DH!#9-,-!M;3.435C,!?!<9389!
6+C-69-2!0+2D!/!=;M.38!Y-L6-54-4!D;,-;Dg!.3@-4B!359/M36-4!/54!,6;43-4!432-86.E!ME!69-!*53@-2,36E!?!
/..+<! 69-!/8/4-D38!-5@32+5D-56B! 36,! 2-,-/289-,B!/54! 69-!5-<!43,8+@-23-,!D/4-!ME! 69-!8+5635;+;,!
,6;43-,!+5!69-!/2630/86,!36!.3@-,!35!6+!,=-/N!0+2!69-D,-.@-,H!(5!693,!2-C/24!69-!%==B!<+2N35C!<369!69-!
./2C-!=/623D+5E!=2+=-26E!+0!69-!%69-5/-;DB!3,!D-/56!5+6!+5.E!0+2!69-!-L6-25/.!=;M.38B!M;6!/.,+!0+2!
69-!356-25/.!+5-B!D-/535C!69-!,6;4-56,!69-D,-.@-,B!0+2!<9389!36!<3..!M-8+D-!/!.-/2535C!6++.!/54!/5!
35,62;D-56!0+2!/!D+2-!432-86!-L=-23-58-H!#9-!2-,;.6,!+0! 69-!2-,-/289-,!0+2! 69-!,6;4E!=2+A-86,B! 035/.!
=/=-2,B!35?4-=69,!/5/.E,-,!/54!6+=38/.3G/63+5,!<3..!M-!3DD-43/6-.E!/54!432-86.E!8+DD;538/6-4!6+!69-!
6+;23,6,!/54B!<9E!5+6B!69-!836EX,!359/M36/56,H!

#9-! 8+56-56,! /2-! ,62;86;2-4! 0+..+<35C! 0+;2! 4300-2-56! 6E=-,! +0! 6-L6K! /! C-5-2/.B! 3562+4;863@-! +5-!
M23-0.E!M;6!-00383-56.E!-L=./3535C! 69-!93,6+238/.!/2630/86!/,!/!<9+.-B!/!4-,823=63@-!+5-! 69/6!/5/.EG-,!
69-!/28936-86;2/.!/,=-86,!+0! 69-!/,,-6B!/5!-L=.38/63@-!+5-!/M+;6! 69-!4-8+2/63+5,B!/54!/!,=-83038!+5-!
3..;,62/635C!,+D-!=-8;.3/2!4/6/!/M+;6!69-!89;289!+2!=/./8-H!
!
.L7!=L:77!<6J75;6>548!D6:=A48!:7C>5;=:AC=6>5!4;!4!X4V!=>!6JJ7<64=78V!
C>JN:7L75<!=L7!C6=Ve;!45<!=L7!4:=6?4C=;e!L6;=>:6C48!NL4;7;!
!

#9-!=+,,3M3.36E!+0!+00-235C!69-!;,-2,!@326;/.B!62343D-5,3+5/.!D+4-.,!+0!69-!4300-2-56!=9/,-,!+0!69-!
93,6+238/.B!2-,34-563/.!/54!;2M/5!2-/.363-,!+0!69-!836E!4;235C!69-32!@3,36,!3,!-R;/..E!02;360;.H!#93,!/..+<,!
6+!,9+<!69-D!35!2-/.!63D-!69-!M-/;6E!+0!69-!/28936-86,XB!/263,6,X!/54!69-!/,,3C5+2,X!<+2N,H!

%,! /! 8+5,-R;-58-! +0! 89++,35C! 13/GG/! 4-../! i;5G3/6/! /54! J3/! [/.M3! /,! 69-! 0+8/.! =+356! +0! 69-!
3635-2/2EB! 69-! /66-563+5! 0+8;,-4! D/35.E! +5! 69-! M/,-?.35-! ,6;4E! +0! 69-! 4300-2-56! M;3.435C! =9/,-,! +0!
13/GG/!4-..X%55;5G3/6/B!/5!/2-/!69/6!9/,!;54-2C+5-!.+6,!+0!62/5,0+2D/63+5,B!8+5635;+;,.E!/.6-235C!36,!
/==-/2/58-!M-6<--5! 69-!�J!/54! 69-!�(�!8-56;23-,B! /54!+0! 36,! M;3.435C,B! =/2638;./2.E!1/./GG+!]-!
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^-22/23!)93/@/23![-.3DM/;H!Z369!69-!C+/.!+0!/5/.EG35C!69-!4300-2-56!93,6+238/.!=9/,-,!+0!69-!,R;/2-!
/54! 69-! 89/5C-,! M2+;C96! 6+! 69-! M;3.435C,! 5--435C! 2-5+@/63+5B! ,+D-! +0! 69-! D+,6! 3D=+26/56!
38+5+C2/=938!/54!8/26+C2/=938!,+;28-,!9/@-!M--5!,-.-86-4!/54!@-2303-4!6+!M-!;63.3G-4!/,!C;34-.35-,!
0+2!-L=./3535C!69-!;,-2!/5!93,6+238/..E!8+D=.-L!;2M/5!,36;/63+5H!!

%!C++4!-L/D=.-!<+;.4!M-!1/./GG+![/.M3!"-5/2-C/B!<9389!/..+<-4!=2+@3435C! 69-!;,-2!<369! 69-!
692--!43D-5,3+5/.!@326;/.!2-8+5,62;863+5!+0!69-!/28936-86;2/.!,36;/63+5!/6!69-!M-C35535C!+0!69-!�J((!
8-56;2EB!69-5!D+4303-4!/54!-L=/54-4B!,358-!69-!D344.-!+0!69-!,/D-!8-56;2EB!<369!69-!/44363+5!+0!69-!
C/24-5!/54!69-!5ED=9/-;D!69/6!89/2/86-23G-!69-!=/./8-H!#9-!35363/.!=9/,-!+0!69-!=2+A-86!?!6-,6303-4!
ME!$;M-5,X!42/<35C,!02+D!I Palazzi Moderni di GenovaB!=;M.3,9-4B!35!/!,-8+54!-4363+5B!35!%56<-2=!
35! UhVS! ?! 3,! 69;,! =2-,-56-4! 6+! 69-! @3,36+2! /54! 8+D=/2-4! <369! 69-! 5-<! ,=/63/.! @/.;-,! +0! 69-! D34?
8-56;2E! 2-5+@/63+5,B!/..+<35C!93D! 6+! 3DD-43/6-.E!;54-2,6/54! 69-! 3D=+26/58-!/54!43D-5,3+5! 69-E!
9/@-!D-/56!0+2!69-!M;3.435C!/54!36,!2-./63+5,93=!<369!69-!D-43-@/.!836EH!#9-!/28936-86;2/.!-L6-5,3+5,!
/54! 69-! 5-<! 4-8+2/63+5,! 9/@-! ,9306-4! 69-! 2-,34-58-X,! ,6E.-! 6+! =;2-.E! M/2+R;-H! (5! 693,! 8/,-B! 69-!
=+6-563/.! +0! 692--! 43D-5,3+5/.! 2-8+5,62;863+5! <3..! /..+<! 69-! @3,36+2! 6+! -L=-23-58-! 69-! C-5+-,-!
/28936-86;2/.! 4E5/D38,! /54! 69-! 4300-2-56! 89+38-,! +0! 69-! /,,3C5+2,H! (5! 693,! =9/,-! 69-! 0+8;,! </,!
=/2638;./2.E!+5!69-!89+38-!+0!69-!./E+;6!0+2!69-!035/.!2-54-235C!+0!69-!2-8+5,62;863+5,K!/@+3435C!69-!
;,-!+0!/!YD3D-638g!/==2+/89!69/6!8/5!M-!8+50;,-4!<369!2-/.36EB!69-!89+38-!0-..!+5!/!D+2-!Y/M,62/86g!
@-2,3+5!-L8.;435C!-L=./5/63+5,!2-C/2435C!69-!;,-!+0!D/6-23/.,!/54!69/6!8/5!-/,3.E!/==-/2!/,!/!@326;/.!
YD/R;-66-gB!/!,6;4E!D+4-.!+0!/!2-/.36E!69/6!4+-,5X6!-L3,6!/5ED+2-H!
!
0A:=L7:!<7D78>NJ75=E!=L7!#7546;;45C7!C6=V!>?!*4874PP>!-87;;6!
!

^+2! 69-! 03069! 8-56-553/.! +0! 69-! M3269! +0! /28936-86! '/.-/GG+! %.-,,3! /54! 35! =2-=/2/63+5! 0+2! /5!
356-25/63+5/.!8+50-2-58-!+5!693,!+;6,6/5435C!/28936-86!<9+!9/4!<+2N-4!35!'-5+/!35!69-!,-8+54!9/.0!
+0!69-!�J(!8-56;2E!,+D-!69-D/638!2+;6-,!:!<9389!<3..!M-!4-@-.+=-4!<369!69-!8+../M+2/63+5!+0!]-=H!
]"%!+0!69-!C-5+-,-!1+.E6-89538!"89++.!:!9/@-!M--5!9E=+69-,3G-4!6+!8+55-86!/54!M235C!@3,3M3.36E!6+!
93,!<+2N,B!5+6!+5.E!0+2! 6+;23,6,B!M;6!032,6!/54!0+2-D+,6!0+2! 69-!'-5+-,-H!#93,!N354!+0! 3635-2/2E!8/5!
,-2@-!/5!/;6+5+D+;,!+2!0;5863+5/.!/54!+0!35!4-=69!/5/.E,3,!=;2=+,-!6+!69-!6+=+C2/=938!+5-,H!(6!8/5!
M-! /! ,6/2635C! =+356! 6+! 4-@-.+=! /! D-69+4! 0+2! D;,-;D,! O-CH! 69-! =+,,3M3.36E! 6+! 4-@-.+=! /5! %==! 0+2!
D;,-;D!3635-2/23-,P!/54!8+56-D=+2/2E!C/..-23-,H!!

-%d)$^/&'*&9&).+!
#93,! <+2N! 3,! M+25! 02+D! 69-! 8+../M+2/63+5! M-6<--5! 69-! ]H(H$H%H%H"H! ]-=/26D-56! /54! E+;5C!

F3C;23/5!8+D=/53-,B!8++2435/6-4!ME!12+0H!F/;2+!7/C5/53H!#9-!%==X,!C2/=938!356-20/8-!/54!/;43+!
/54!@34-+!6/N-,!<-2-!4-@-.+=-4!ME!�-53/!12+4;863+5B!<93.-!69-!,+06</2-!ME!"D/26./54!12+A-86!,H2H.HH!
#9-!+23C35/.!2-,-/289!+5!69-,-!/,=-86,!+0! 69-!F3C;23/5!6-2236+2E!/,!/!D+4-.!0+2!2-./635C! 69-!/263,638!
/2630/86,!/54!69-!D+5;D-56,!<369!69-!=;2=+,-!+0!=2+4;835C!,83-563038!8+56-56!0+2!/!D;.63D-43/!C;34-!
</,! 8+54;86-4! ME! 42H! J/.-5635/! ^3+2-j! 69-! 93,6+238/.! /5/.E,3,! +0! 69-! M;3.435C! =9/,-,! /54! 69-!
,62;86;2/.! 89/2/86-2,! +0! 69-! M;3.435C,! /54! D+5;D-56,! +0! 69-! C-5+-,-! ;2M/5! 0/M238! 35! 5--4! +0!
2-5+@/63+5!/54!69-!2-/.3G/63+5!/54!;,-!+0!c]!43C36/.!2-8+5,62;863+5!0+2!69-!%==!<-2-!8+54;86-4!ME!
42H!"/2/!$;..3H!

! [+69! 2-,-/289-2,! 9/@-! 2-8-3@-4! 6<+! M3-553/.! 2-,-/289! 89-8N,! +5! 69-! Y1I! )$I! ^+54+!
"+83/.-!&;2+=-+!$-C3+5-!F3C;23/!STT`?STUc!%,,-!(J!)/=36/.-!*D/5+!+MH!,=-83038+!(_hj!12+C2/DD3!
55H! VV! -! VhB! /2-/! ,83-563038+! 43,83=.35/2-K! "83-5G-! 4-..X/5638936mB! 03.+.+C38+?.-66-2/23-! -! ,6+238+?
/263,6389-B! ,-66+2-! ,83-563038+! 43,83=.35/2-K! F?%$#_TS! "6+23/! 4-..X%26-! 7+4-25/g! 0+2! 69-! =2+A-86!
YJ/.+23G/63+5! +5! 69-! /263,638! /54! 8;.6;2/.! /,,-6,! /54! D+4-.,! +0! D;.63D-43/! 8+DD;538/63+5K!
D-43/63+5! /54! /88-,,3M3.36E! +0! 69-! 8;.6;2/.! 8+56-56,! +0! 69-! 2-,-/289! /54! ,6;4E! +0! /! ,=-83038!
/==.38/63+5!0+2!,D/26=9+5-,!/54!6/M.-6,Hg!
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!
0(*3#&+!-)'!.-\/&+!
!

!! !
!
^3CH!UK!#9-!Y%R;/23;D?i;5G3/6/?[/.M3?%R;/23;D!$35Cg!
^3CH!SK!%!@3-<!02+D!69-!6+=!+0!69-!D-43-@/.!6+<-2!+0!1+26/!4-3!J/88/B!+5-!+0!69-!Y1+356,!+0!(56-2-,6g!
+0!69-!Y%R;/23;D?i;5G3/6/?[/.M3?%R;/23;D!$35Cg!
!
!

!
!
^3CH!cK!12-,-56/63+5!+0!69-!Y%R;/23;D?i;5G3/6/?[/.M3?%R;/23;D!$35CgK!69-!Y1+356,!+0!(56-2-,6g!
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!
!
^3CH!>K!1/./GG+![/.M3!"-5/2-C/K!c]!2-8+5,62;863+5!+0!69-!/28936-86;2/.!,36;/63+5!/6!69-!M-C35535C!+0!
69-!�J((!8-56;2E!
!
!
!

!! !
!
^3CH!V?hK!1/./GG+!]-!^-22/23!)93/@/23![/.3DM/;K!@326;/.!6+;2!
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Z'!+&#,(%&+!-.!93+&$!*-/(/&$!
!

/A6;4!\4:4==652!94:C>!\7:562!&8754!0456!
7;,-+!'/.3.-+!?!(5,636;6-!/54!7;,-;D!+0!69-!b3,6+2E!+0!"83-58-B!^.+2-58-B!(6/.E!
l.barattin@museogalileo.it, m.berni@museogalileo.it,!e.fani@museogalileo.it

!
-M;=:4C=!]!Z'!L4;!M775!X6<7;N:74<!?>:!;7D7:48!V74:;!5>X2!MA=!?>:!D4:6>A;!:74;>5;!L4;!5>=!V7=!?>A5<!

6=;! a7D7:V<4V! A;7a! 65! =L7! ?678<! >?! CA8=A:48! L7:6=4B7R! .L7:7! 4:72! >?! C>A:;72! 4NN86C4=6>5;! ;N7C6?6C488V!
<7;6B57<! ?>:! JA;7AJ;2! MA=! =L7V! A;A488V! 84CO! 45! 4<D45C7<! 7<AC4=6>548! A;7R! 9>;=! >?! =L7! 7K4JN87;!
C>5;6;=;! >?! 4! J7:7! C4=48>BA7! >?! J456NA84M87! >M`7C=;2! MA=! =L7! Z'! ?>:J4=! L4;! =L7! N>=75=648! =>! C:74=7!
JACL! J>:7! C>JN87K! 874:565B! 4C=6D6=67;2! XL6CL! 4=! =L7! J>J75=! 4:7! A5?>:=A54=78V! 5>=! V7=! X6<7;N:74<!
45<! C7:=4658V! 5>=! ;=45<4:<6P7<R! 9A;7>! *48687>! 6;! =7;=65B! 4! ;7:67;! >?! N>;;6M686=67;! =>! <7D78>N! 57X! Z'!
;7:D6C7;2! O77N65B! 65! J65<! =L4=2! ?>:! 7<AC4=6>548! 45<! <6;;7J654=6>5! 4C=6D6=67;2! =L7V! L4D7! =>! M7! <77N8V!
65=7B:4=7<!X6=L!=L7!J>:7!C84;;6C!>57;R!

!
Q!+.-.&!$0!.1&!-#.!$0!Z'!3+&!()!%3/.3#-/!1&#(.-*&!
!

(5!69-!./,6!6<-56E!E-/2,!69-!6++.,!0+2!69-!=2+4;863+5!+0!c]!D+4-.,!9/@-!-@+.@-4!6+!/!=+356!69/6!
=./8-!69-D!+;6,34-!69-!=3+5--235C!=9/,-!/54!3562+4;8-!/!5-<!,6/C-!+0!4/3.E!;,-H!

#9-!D+,6!=+=;./2!,+06</2-!9+;,-,!+00-2!+5.35-!,-2@38-,!M+69!0+2!69-!82-/63+5!+0!D+4-.,!02+D!
=9+6+,!/54!0+2!=235635C!/54!9/54.35C!,9/2-4!D+4-.,H!(5!/44363+5B!c]!=2356-2,!9/@-!2-/89-4!
/00+24/M.-!=238-,B!/.69+;C9!69-32!,=2-/4!3,!,63..!.3D36-4H!(56-2-,635C!-L/D=.-,!+0!c]!;,/C-!35!69-!
8;.6;2/.!9-236/C-!4+D/35!/2-!,9+<5!35!/!.3,6!8+D=3.-4!ME!%289-+./M!pTUqH!%D+5C!69-,-!/2-!69-!c]!
J326;/.!7;,-;D!pTSq!<369!/!8+..-863+5!+0!C-+6/CC-4!/2630/86,!69/6!8/5!M-!D/53=;./6-4!pTcq!/54!
8+5,;.6-4!ME!8.38N35C!+5!5;DM-2,!69/6!2-6;25!6-L6;/.!350+2D/63+5!,;=-23D=+,-4!+5!69-!D+4-.j!69-!
'++C.-!%26!=2+A-86!pT>q!69/6!/..+<,!E+;!6+!8+DM35-!6-L6B!3D/C-,!/54!@34-+!6+!c]!9/54.-/M.-!
-.-D-56,j!69-!"D369,+53/5!pTVq!/54!69-![2363,9!7;,-;DH!#93,!6-895+.+CE!9/,!/.,+!M--5!=;2,;-4!ME!
,-@-2/.!&;2+=-/5!=2+A-86,B!,;89!/,!c]?)I^I$7!pThqB!<9389!8+5623M;6-4!6+!69-!c]!D+4-.!D-6/4/6/!
/4+=6-4!ME!&;2+=-/5/H!#9-!-L/D=.-,!4-,823M-4!35!69-!/M+@-!.3,6!/2-!8-26/35.E!@/.34B!M;6!<9-5!<-!
8+5,34-2!69-!;,-2!356-20/8-!/54!356-2/863+5B!69-!8;22-56!D+4-.,!4+!5+6!C+!D;89!M-E+54!69-!,3D=.-!
D/53=;./63+5!+0!+MA-86,B!69;,!5+6!M-5-03635C!02+D!69-!0;..!=+6-563/.!+0!69-!c]!356-20/8-H!#9-!,36;/63+5!
3,!8-26/35.E!4-,635-4!6+!-@+.@-!35!69-!5-/2!0;6;2-B!69/5N,!6+!/!D+2-!6-89538/..E!/4@/58-4!+00-2!/54!
69-!/893-@-D-56!+0!/!;,/C-!,6/54/24!2-8+C53G-4!ME!/..!;,-2,H!

!
S!1.9/c!-)'!.1&!)&^!.&%1)$/$*(%-/!$""$#.3)(.(&+!0$#!Z'!
()!^&\!-)'!9$\(/&!&),(#$)9&).!
!

#9-!-00383-58E!+0!69-!02;363+5!D-69+4!0+2!c]!D+4-.,!3,!+M@3+;,.E!69-!82;83/.!=+356!0+2!69-!,=2-/4!
+0!69-32!;,-!/54!9/,!/.</E,!M--5!69-!<-/N-,6!.35N!35!69-!<9+.-!89/35H!#+!/893-@-!693,!69-2-!/2-!6<+!
=+,,3M.-!,+.;63+5,H!#9-!032,6!2-.3-,!+5!,=-83/.3G-4!9/24</2-B!,;89!/,!,6-2-+,8+=38!@3,;/.!,3D;./6+2,!
/54!,E,6-D,!0+2!/;CD-56-4!2-/.36EB!35!<9389!69-!8+56-56!=2+@34-2!9/,!69-!<9+.-!=2+4;863+5!89/35!
;54-2!93,!8+562+.B!<93.-!69-!,-8+54!-L=-86,!02+D!69-!=2+4;8-2!+5.E!69-!c]!D+4-.!69/6!<3..!M-!,9+<5!
+5!69-!;,-2k,!,E,6-DH!Z93.-!69-!032,6!3,!/5!-L=-23-58-!2-,-2@-4!0+2!69-!0-<B!69-!,-8+54!D+4-!8+;.4!
=+6-563/..E!35@+.@-!/..!;,-2,!+0!69-!<-MB!,+!36!3,!<+269!35@-,63C/635C!693,!/,=-86!0;269-2H!(5!693,!8/,-!
M+69!69-!9/24</2-!/54!69-!,+06</2-!/2-!M-E+54!69-!/;69+2k,!8+562+.!/54!69-!23,N!3,!69/6!69-!;,-2!
-L=-23-58-!3,!5+6!69-!+5-!3D/C35-4!+2B!<+2,-B!69-!c]!D+4-.!8/55+6!M-!43,=./E-4!/6!/..H!IM@3+;,.E!
0+2!/!,;88-,,0;.!@3,;/.3G/63+5!+0!69-!D+4-.B!/5!/C2--D-56!+5!,6/54/24!/54!36,!,=2-/4!/D+5C!/!823638/.!
D/,,!+0!;,-2,!M-8+D-!D/54/6+2EH!(5!69-!=/,6B!/06-2!/!=-23+4!+0!=2+.30-2/63+5!+0!/4!9+8!,E,6-D,B!6<+!
0+2D/6,!9/@-!,=2-/4B!J$7F!/54!^./,9B!69-!./66-2!+0!<9389!</,!./6-2!M/55-4!0+2!,/0-6E!/54!
-00383-58E!2-/,+5,H!!

(5!69-!D-/563D-!69-!Z-M'F!/54!b#7FV!.3M2/23-,!<-2-!/4+=6-4!ME!69-!D+,6!=+=;./2!M2+<,-2,H!
Z-M'F!.3M2/2E!=2+@34-,!/..!69-!M/,38!0;5863+5,!0+2!c]!+5!69-!<-MK!!+69-2!93C9?.-@-.!C2/=938!

82



.3M2/23-,!,;89!/,!�c]I7B!"N-8690/MB!/54!2-8-56.E!*536EB!/2-!M/,-4!+5!36H!"358-!"N-8690/M!3,!/!
=2+=23-6/2E!,+06</2-!/54!*536E!3,!5+6!E-6!D/6;2-!35!36,!<-M!@-2,3+5B!69-!D+,6!@3/M.-!,+.;63+5!3,!69-!
�c]I7!,6/54/24!pT`qH!�c]I7!3,!69-!356-C2/63+5!35!M2+<,-2,!+0!�c]!pTlqB!<9389!3,B!35!6;25B!69-!
-@+.;63+5!+0!J$7FH!#9-!�c]I7!02/D-<+2N!3,!D/356/35-4!ME!/!5+5=2+036!8+5,+263;D!/54!3,!/!
D-DM-2!+0!69-!Zc)H!%6!=2-,-56!693,!,6/54/24!3,!3D=.-D-56-4!35!/.D+,6!/..!=+=;./2!M2+<,-2,!/54!
8/5!M-!;,-4!+5!M+69!1)!/54!D+M3.-!-5@32+5D-56B!,+!36!9/,!/..!69-!89/2/86-23,638,!6+!M-!,;88-,,0;.!35!
69-!.+5C!6-2D!/54!6+!/..+<!/5!-@-5!<34-2!;=6/N-!+0!c]!D+4-.,H!#+!/..+<!/5!-/,3-2!,=2-/435C!+0!c]!
-@-5!/D+5C!3D=.-D-56-2,!5+6!6++!/88;,6+D-4!6+!693,!6-895+.+CEB!/44363+5/.!,+06</2-?./E-2,B!,;89!
/,!c]bI1!pTnqB!<-2-!M;3.6!35!+24-2!6+!D/N-!/@/3./M.-!/!,6/54/243G-4!356-20/8-!/54!D+4-!+0!
356-2/863+5B!<369!,+D-!.3D36/63+5,B!M;6!<369+;6!69-!5--4!6+!2-,+26!6+!/!D/,,3@-!;,-!+0!=2+C2/DD35CH!

7;,-+!'/.3.-+!+=6-4!0+2!69-!;,-!+0!5/63@-!�c]I7!0+2!D/L3D;D!02--4+D!35!69-!3D=.-D-56/63+5!
+0!69-!@/23+;,!0-/6;2-,!/54!69-!<34-,6!=+,,3M.-!8328;./63+5H!!

(6!3,!/.,+!<+269!D-563+535C!69/6!69-!D-6/4/6/!,6/54/243G/63+5!/4+=6-4!ME!&;2+=-/5/B!3,!M-5-0383/.!
0+2!/!C2-/6-2!43,623M;63+5!+0!c]!D+4-.,H!

!
Z!.1&!'('-%.(%@%$993)(%-.(,&!"&#+"&%.(,&!-)'!.1&!
().&*#-.($)!^(.1!&I(+.()*!"#$'3%.+!
!

"9/235C!36,!+<5!8+..-863+5,!3,B!0+2!/!D;,-;DB!/!D3,,3+5B!/,!<-..!/,!/!=+,,3M3.36E!6+!3582-/,-!69-!
5;DM-2!+0!@3,36+2,!/54!6+!-5C/C-!/!E+;5C-2!/;43-58-H![-E+54!69-!6-89538/.!3,,;-,B!69-!M3CC-,6!
4-0383-58E!35!693,!03-.4!3,!69-!=++2!5;DM-2!+0!69-,-!D+4-.,H!#9-!.3D36/63+5,!/2-!D/35.E!+0!6<+!N354,K!
+5!69-!+5-!9/54!69-2-!/2-!0-<!D+4-.,!/@/3./M.-!,358-B!35!/44363+5!6+!69-!6-89538/.!430038;.63-,!+0!
/8R;3235C!8-26/35!D/6-23/.,B!69-!82-/63+5!+0!/!2-/.3,638!c]!D+4-.!2-R;32-,!,8/55-2!/8R;3,363+5,!+2!
=9+6+C2/=938!8/D=/3C5,!69/6!5--4!,;M,6/563/.!2-,+;28-,j!+5!69-!+69-2!9/54!69-!=+,,3M.-!D-/5,!+0!
356-2/863+5!/2-!;,;/..E!R;36-!.3D36-4B!-@-5!35!2-./63+5!6+!69-!0/86!69/6!69-!/@/3./M.-!-L/D=.-,!/2-!+06-5!
=-2635-56!6+!/289/-+.+C38/.!+2!93,6+238/.!/2630/86,!+5.EH!#9-2-!3,!69-2-0+2-!8+5,34-2/M.-!2++D!0+2!69-!
4-@-.+=D-56!+0!;,-2!356-20/8-,!69/6!/..+<!D;89!D+2-!/4@/58-4!;,-,B!-,=-83/..E!35!69-!=2-,-58-!+0!
,=-83/.!8+..-863+5,!,;89!/,!69+,-!=2-,-2@-4!35!69-!7;,-+!'/.3.-+H!

#9-!7;,-;D!9/,!M--5!<+2N35C!+5!c]!D+4-.,!,358-!69-!-/2.E!nT,B!M;6!35363/..E!69-!;,/M.-!
=2+4;86,!9/@-!M--5!.3D36-4!6+!69-!2-8+5,62;863+5!+0!69-!=9E,38/.!D+4-.,!/54!69-!2-/.3G/63+5!+0!
D+@3-,!69/6!,9+<-4!69-32!+=-2/635C!=23583=.-,!pUTqH!I@-2!69-!5-L6!4-8/4-!/!0-<!356-2/863@-!D+4-.,!
<-2-!4-@-.+=-4!35!^./,9!pUUqK!69-,-!=2+@34-4!69-!;,-2!/!D+2-!/863@-!/==2+/89!6+!350+2D/63+5H!#9-!
8;22-56!5--4!6+!3D=.-D-56!,E,6-D,!69/6!4+!5+6!;,-!^./,9!/54!/.,+!2-/89!+;6!6+!D+M3.-!=./60+2D,B!
D;,6!M-!,--5!/,!/5!+==+26;536E!6+!2-6935N!02+D!,82/689!69-!=+,,3M.-!</E,!+0!;,-2!356-2/863+5!<369!c]!
D+4-.,!/54!6+!,6/26!/!4-M/6-!+5!69-!=+,,3M.-!;,-,!+0!c]!0+2!93,6+238/.!/54!,83-563038!D;,-;D,H!

#9-!5-<!6-895+.+C38/.!+==+26;5363-,!/2-!69-!5-8-,,/2E!M/,3,!0+2!69-!4-@-.+=D-56!+0!5-<!
/==.38/63+5,B!M;6!0+2!/!,;88-,,0;.!2-,;.6!!69-E!D;,6!M-!=/26!+0!/5!-4;8/63+5/.!/54!8+DD;538/63@-!
=2+8-,,!69/6!/..+<,!69-!;,-2!/5!356-C2/6-4!02;363+5!<369!69-!,-2@38-,!8;22-56.E!+00-2-4!ME!69-!
7;,-;DH!#9-!2+/4!/9-/4!69-2-0+2-!8+56-D=./6-,!M+69!69-!356-C2/63+5!+0!69-!6-895+.+CE!356+!69-!
-4;8/63+5/.!/863@363-,!/.2-/4E!=2+=+,-4!6+!3543@34;/.,!/54!,89++.,!ME!69-!7;,-;D!,6/00B!/54!69-!
-@+.;63+5!+0!69-!8;.6;2/.!+00-2!35!69-!C;3,-!+0!/!,;==+26!0+2!69-!+5,36-!@3,36!/54!69-!/;6+5+D+;,!
.-/2535CB!/863@363-,!69/6!9/@-!M--5!=;2,;-4!0+2!D/5E!E-/2,!C2/4;/..E!;=4/635C!69-!6-895+.+CEB!
0+8;,35C!032,6!+5!69-!Z-M!/54!69-5!/.,+!+5!D+M3.-!=./60+2D,H!^2+D!693,!=-2,=-863@-!69-!c]!0+2D/6!
8/5!M-!8+5,34-2-4!69-!93C9-,6!=+356!35!/!,-23-,!+0!356-C2/6-4!6++.,!,;89!/,!69-!7;.63D-43/!)/6/.+C;-!
+0!69-!7;,-;D!pUSq!/54!69-!"83-563038!(635-2/23-,!35!#;,8/5E!pUcq!/54!69-!;=8+D35C!@34-+C;34-!
%==!0+2!69-!+5,36-!@3,36H!%!8.+,-!-L/D35/63+5!8/223-4!+;6!35,34-!69-!7;,-+!'/.3.-+B!02+D!/!434/8638!
=+356!+0!@3-<B!9/,!=2+@-4!69/6!c]!8/5!M-!;,-4!35!@/23+;,!</E,!35,34-!69-!7;,-;DB!/.,+!8+5,34-235C!
69/6B!4;-!6+!69-!8+D=.-L36E!/54!@/23-6E!+0!36,!8+..-863+5,B!36!8+@-2,!/!./2C-!,-23-,!+0!,36;/63+5,!69/6!
8/5!;,;/..E!M-!0+;54!35!4300-2-56!N354!+0!35,636;63+5,H!#9-!2-,;.6!3,!/!,-23-,!+0!=+,,3M3.363-,!+5!<9389!
<-!,6/26-4!6+!<+2N!/,!/!M/,3,!0+2!/!4-@-.+=D-56!+0!5-<!,-2@38-,H!
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!! #9-!D/53=;./63+5!+0!69-!+MA-86!<+2N,!<-..!+5.E!<369!,3D=.-!36-D,B!8+5,3,635C!+0!/!,35C.-!
-.-D-56!<369+;6!D+@35C!=/26,B!,;89!/,!69-!,6/6;-,H!#9-,-!N354!+0!+MA-86,!/2-!2-=2-,-56-4B!-@-5!30!6+!
/!,D/..!-L6-56B!<36935!7;,-+!'/.3.-+H!#9-!M-5-036,!+0!693,!D+4-!/2-!/!89/58-!6+!.++N!/6!69-!+MA-86!
02+D!/..!=+356,!+0!@3-<!/54!69-!=+,,3M3.36E!6+!,--!+2!,6;4E!36!2-D+6-.EH!#9-!=2+4;863+5!+0!69-,-!
D+4-.,!35!,+D-!8/,-,!=2-,-56,!+MA-863@-!430038;.63-,!2-./6-4!6+!69-!/88-,,3M3.36E!+0!/..!=/26,!+0!69-!
+MA-86!/54!6+!69-!430038;.63-,!+0!43,=./8-D-56!35!69-!8/,-!+0!9-/@E!+MA-86,H!
!! #9-!4+<5.+/435C!/54!=235635C!+0!69-!D+4-.,!/2-!35,6-/4!<-..!,;36-4!M+69!0+2!2-D+6-!;,/C-!

ME!,6;4-56,B!/54!/,!,6/54?/.+5-!8+5635;/63+5!O0+2!3543@34;/.,!/54!C2+;=,P!+0!69-!-L=-23-58-,!D/4-!35!
69-!-4;8/63+5/.!<+2N,9+=,!/6!69-!7;,-;DH!#9-!D+4-.,!8/5!8+D=23,-!/!,35C.-!=3-8-!+2!,-@-2/.!
D+@/M.-!=/26,H!]-=-5435C!+5!69-!8/,-!69-!D+4-.!8/5!,=/5!02+D!/!D-2-!/263,638!2-=2+4;863+5!O-HCH!/!
,6/6;-P!6+!/!0/3690;.!2-8+5,62;863+5!+0!356-2/863@-!36-D,!;,-4!6+!,3D;./6-!69-!+=-2/63+5!+0!/!2-/.?<+2.4!
+MA-86H!(5!69-!./66-2!8/,-B!69-!;63.3G/63+5!+0!69-!D+4-.!2-R;32-,!5+6!+5.E!69-!/M3.36E!6+!4+<5.+/4!69-!
c]!03.-B!M;6!/.,+!69-!+=-2/635C!35,62;863+5,!69/6!D;,6!M-!=2+@34-4!8+56-L6;/..EH!^+2!=2/8638/.!2-/,+5,!
36!3,!5+6!=+,,3M.-!6+!+00-2!69-!=235635C!,-2@38-!35,34-!69-!7;,-;DH!
!! "+D-!+0!69-!D+,6!,3C53038/56!=+6-563/.,!+0!69-!c]!8/5!M-!0;..E!/==2-83/6-4!<93.-!4-@-.+=35C!

69-!356-2/863+5!<369!69-!D+4-.H!(5!69-!8/,-!+0!,3D=.-!6++.,B!356-2/863@36E!D/E!M-!/893-@-4!ME!
93C9.3C9635C!,-@-2/.!,3C53038/56!=/26,!,9+<35C!=2-4-035-4!@3-<,!<369!,-.0?-L=./5/6+2E!8+56-L6;/.!
=+=?;=,!69/6!358.;4-!@/23+;,!D-43/H!7+,6!+0!69-!35,62;D-56,!+0!69-!7;,-;D!/2-!8+D=+,-4!+0!D/5E!
D+@35C!=/26,!/54!=3-8-,!69/6!8/55+6!M-!6+;89-4!ME!69-!=;M.38H!(6!3,!69-2-0+2-!-,,-563/.!69/6!69-!c]!
+MA-86,!/.,+!/..+<!69-!;,-2!6+!356-2/86!<369!69-!2-./63@-!D+@-D-56,!+0!69-32!=/26,H!(56-2/863@36E!8/5!M-!
4-@-.+=-4!/6!@/23+;,!.-@-.,K!02+D!69-!,3D=.-!,=.36!+0!69-!D+4-.!<9389!+;6.35-,!/54!4-,823M-,!36,!
@/23+;,!8+D=+5-56,!6+!69-!,3D;./63+5!+0!69-!D+@-D-56!+0!69-,-!=/26,B!+2!-@-5!0;269-2!6+!/!.-/2535C!
,-R;-58-!69/6B!<369!69-!9-.=!+0!!/!.3,6!+0!35,62;863+5,B!C;34-,!69-!;,-2!6+</24!/!2-,;.6!/3D-4!6+!6-/89!
69-!;,-!+0!69-!35,62;D-56H!
!! (5!69-!8/,-!+0!358+D=.-6-B!4-,62+E-4!+2!5-@-2!/86;/..E!M;3.6!35,62;D-56,B!69-!c]!3,!69-!M-,6!

</E!!6+!,9+<!69-D!35!69-32!+23C35/.!0+2D!35!+24-2!6+!0/83.36/6-!69-32!;54-2,6/5435C!ME!69-!@3,36+2,H!
b+<-@-2B!0+2!69-!-54!;,-2!69-!,E,6-D!8/55+6!M-!.3D36-4!6+!69-!=2-,-56/63+5!+0!+MA-86,B!M;6!D;,6!/.,+!
C3@-!69-!5-8-,,/2E!350+2D/63+5!6+!/863@/6-!/54!;,-!69-D!/54!6+!;54-2,6/54!69-32!+=-2/63+5!=23583=.-,H!
#93,!6-895+.+CE!8/5!/..+<!8;2/6+2,!6+!@-230E!69-!0-/,3M3.36E!/54!0;5863+5/.36E!+0!6++.,!69/6!/2-!N5+<5!
+5.E!692+;C9!69-32!4-,823=63+5H!
!! %5!;54-2,6/5435C!+0!,+D-!35,62;D-56,B!-@-5!8+D=.-L!+5-,B!3,!C2-/6.E!0/83.36/6-4!30!69-,-!/2-!

,9+<5!35!D+63+5!/54!-@-56;/..E!=;6!35!69-32!+23C35/.!8+56-L6H!#9-!=+,,3M3.36E!6+!356-2/863@-.E!89++,-!
4300-2-56!=+356,!+0!@3-<!D/N-,!36!/5!-@-5!D+2-!-00-863@-!,E,6-D!69/5!/!,3D=.-!@34-+H!
!! ^35/..EB!/!0;269-2!;,-!+0!c]!3,!69-!-L=.+2/63+5!+0!-5@32+5D-56,H!#9-!/M3.36E!6+!2-82-/6-!@326;/.!

-5@32+5D-56,!+00-2,!D/5E!+==+26;5363-,!69/6!<3..!M-8+D-!-@-5!D+2-!,3C53038/56!/,!69-!R;/.36E!+0!69-!
2-=2-,-56/63+5!<3..!3582-/,-H!#93,!D+4-!3,!=/2638;./2.E!02;360;.!35!69-!8/,-!+0!/2-/,!69/6!8/55+6!M-!
+=-5-4!6+!69-!=;M.38!+2!5+!.+5C-2!-L3,6B!/54!35!69-!2-8+5,62;863+5!+0!@326;/.!-5@32+5D-56,!35!<9389!
6+!=./8-!356-2/863@-!+MA-86,!69/6!8/5!M-!8+55-86-4!6+!D;.63D-43/!4-,823=63+5,H!

%..!69-,-!=+,,3M3.363-,!/2-!69-!M/,3,!+0!c]!/==.38/63+5!6+!D;,-;D!,-2@38-,K!9+<-@-2!36!3,!
3D=+26/56!6+!N--=!35!D354!69/6B!0+2!-4;8/63+5/.!/54!43,,-D35/63+5!/863@363-,B!c]!D;,6!5+6!2-D/35!
A;,6!/!,9+<8/,-!4-,3C5-4!6+!-L93M36!69-!/M3.36E!6+!D/5/C-!/5!355+@/63@-!6-895+.+CEB!M;6!M-8+D-,!/!
5-<!,-2@38-!356-C2/6-4!<369!69-!D+2-!8./,,38!+5-,!/54!/5!/44363+5/.!</E!6+!/893-@-!69-!
8+DD;538/63+5!+MA-863@-,!+0!69-!7;,-;DH!#9-,-!6-895+.+C3-,!/2-!;,-4!6+!M;3.4!/5!356-2/863@-!
-5@32+5D-56!69/6!-5/M.-,!-/,E!/54!=.-/,/56!;,-2!-L=-23-58-!35!+24-2!6+!,63D;./6-,!69-!.-/2535C!+0!
,;MA-86,!62/4363+5/..E!8+5,34-2-4!M+235C!/54!430038;.6!<93.-!D/356/3535C!69-!,83-563038!/88;2/8EH!

!
b!&I-9"/&+!
!

#9-!D/35!=+,,3M3.363-,!69/6!/2-!M-35C!8+5,34-2-4!/54!<3..!M-!=2-,-56-4!M+69!35!69-!3543@34;/.!
/==.38/63+5,!/54!35!/!4-438/6-4!,-863+5!/2-K!

!
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$M`7C=!J
!

!
#9-!M;,
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/5! /26<+2NP! 35! 93,_9-2! M2/35! /! ,+26! +0! 2-?82-/63+5! 3,! Y35! D/289gB! ,+! 6+! 0354! /! D-/535C! M;6! /.,+! 6+!
/6623M;6-!D-56/.!,6/6-,B!-D+63+5,B!356-563+5,!6+!69-!Y,+;28-g!+0!69/6!+MA-86B!69;,!D-56/..E!62/835C!69-!
=/69!02+D!69-!82-/6+2!6+!69-!+M,-2@-2H!!
(5! )+C5363@-! "83-58-,B! 82-/63@36E! 3,! +06-5! ,6;43-4! 35@-,63C/635C! M2/35! 0;5863+5,! ,;89! /,! D-D+2EB!
./5C;/C-B!/66-563+5B!5-;2+?D+6+2!/M3.363-,B! 692+;C9! 69-!8+C5363@-!-@/.;/63+5!+0! 69-!-L6-25/.!,63D;.3!
C3@-5! 6+!/!M2/35B!/,! 35!F354,/E!-!i+2D/5! pSqH!#93,!8+C5363@-!-@/.;/63+5! 3,B!+M@3+;,.EB! ,;MA-863@-B!
M-8/;,-!36!3,!350.;-58-4!/.,+!ME!,+83/.!0/86+2,!/54!8;.6;2/.!8+56-L6!+0!-@-2E!3543@34;/.B!/,!,;CC-,6-4!
ME!JEC+6,N3A!pcB!>qH!%.,+!13/C-6!pVB!hqB!/,!JEC+6,N3AB!;54-2.35-,!/,!69-!356-2/863+5!M-6<--5!,;MA-86,!
/54! +MA-86,! ,63D;./6-,! 69-! 8+5,636;63+5! +0! ,;=-23+2! =,E8938! =2+8-,,-,H! i-@-269-.-,,B! JEC+6,N3A!
-L=2-,,-,! /5! 356-2-,635C! =+356! +0! @3-<B! ,62+5C.E! 2-./6-4! 6+! 69-! 8+5,34-2/63+5! +0! 69-! .35N,! M-6<--5!
82-/63@36E!/54!D-/5,!O/.,+!6-895+.+C38/.!+5-,P!/6!43,=+,363+5H!(5!0/86B!9-!;54-2.35-,!9+<!69-!9;D/5!
+56+C-5-,3,!3,!4-6-2D35-4!/.,+!ME!69-!8+5623M;63+5!+0!69-!8;.6;2/.!35,62;D-56,!/6!43,=+,363+5!35!69-!
93,6+238/.!/54!,+83/.!8+56-L6H!
#9-! .35N,!/D+5C!%26!/54!#-895+.+CEB!82-/63@36E!/54! 69-!,6;4E!+0! 36,!D-89/53,D,!/2-!,-@-2/.K! 69-!
+==+26;536E! 0+2! 69-! =2-,-2@/63+5! +0! 69-! /263,638! 9-236/C-j! 69-! =+6-563/.36E! =2+@34-4! ME! 5-<!
35,62;D-56,! 0+2! 69-! /263,638! -L=2-,,3+5j! 69-! =+,,3M3.36E! 6+! ,6;4E! 69-! .35N,! /D+5C! %26B! M2/35! /54!
#-895+.+CE!/54B! A+356.EB! 69-!82-/63@-!=2+8-,,-,B!/..+<-4!ME!69-!=2+C2-,,!+0!%2630383/.! (56-..3C-58-B!
Brain Imaging!/54!6-895+.+C38/.!4-@38-,H!
(5!693,!3562+4;86+2E!=/=-2B!<-!<3..!0+8;,!+5!69-!./,6!=+356!+0!69-!.3,6H!(5!69-!5-L6!=/2/C2/=9!<-!<3..!
3562+4;8-!<9E!/54!9+<!,89+./2,!=-20+2D!,83-563038!35@-,63C/63+5,!+5!82-/63@36EH!(5!69-!0+..+<35CB!<-!
=2-,-56! 69-!;,-!+0! 6-895+.+CE!6+!-L=2-,,!82-/63@36E!/54!/5!-L=-23D-56/.!-L/D=.-!+0! 36B!8+58.;435C!
<369!+;2!8+5,34-2/63+5,H!

!
SCIENTIFIC!INVESTIGATION!ON!CREATIVITY!

!
"83-563038! 35@-,63C/63+5! 692+;C9! 5-<! 6-895+.+C38/.! 6++.,B! ,;89! /,! [2/35! (D/C35C! /54! %2630383/.!

(56-..3C-58-!O%H(HPB!+=-5,!/!<34-!,8-5/23+!+5!69-!+==+26;536E!35!,6;4E35C!2-./63+5,93=,!/D+5C!%26B!
#-895+.+CE! /54! M2/35B! /54B! 8+5,-R;-56.EB! 82-/63@36EH! [2/35! (D/C35C! 6-8953R;-,! /..+<! 5+6/M.-!
3D=2+@-D-56!35!69-!/5/.E,3,!+0!69-!M2/35!Y35!/863+5gB!69/6!3,!35!69-!,6;4E!+0!69-!3543@34;/.,X!2-/863+5,!
/54! M2/35! D-89/53,D,! 35@+.@-4! 35! D+6+2B! 8+C5363@-! +2! =-28-=63@-! 6/,N,H! #9/5N,! 6+! 4-@38-,! /54!
35@/,3@-! +2! 5+6! D-69+4,B! ,;89! /,! 07$(! O0;5863+5/.! 7/C5-638! $-,+5/58-PB! 7&'! O7/C5-638!
&.-862+-58-=9/.+C2/=9EPB!1&#!O1+,362+5!&D3,,3+5!#+D+C2/=9EPB!&&'!O&.-862+-58-=9/.+C2/=9EPB!36!
3,!=+,,3M.-B!35!0/86B!6+!@-230E!35!2-/.!63D-!69-!2-,=+5,-!+0!/5!3543@34;/.!6+!,=-83038!,63D;.3H![-8/;,-!+0!
36,! .+<! 35@/,3@36E! /54! 93C9! 63D-! 2-,+.;63+5B! &&'! 3,! 69-! D+,6! ;,-4! 6-8953R;-! 6+! 35@-,63C/6-!
D-89/53,D,! ,;89! /,! 82-/63@36EH! (56;363@-.E! /54! -L=-23D-56/..EB! 36! 3,! =+,,3M.-! 6+! ,6/6-! 69/6! %26! 3,!
8+58-3@-4!ME!/263,6,!/54!+M,-2@-2,!69/5N!6+!69-!5-;2/.!/863@363-,!+0!69-!M2/35B!82-/635C!69-!/-,69-638!
-L=-23-58-! p`qH! #9-! ,6;4E! +0! 693,! D-89/53,D! 2-=2-,-56,! 69-! M/,-! +0! 69-! -L=-23D-56/.! 43,83=.35-!
5/D-4!i-;2+/-,69-638B!+00383/..E!M+25!35!STTUB!,6;4E35C!69-!5-;2/.!M/,-,!+0!69-!8+56-D=./63+5!+2!+0!
69-! 82-/63+5! +0! %26H! ^+;54-2! /54! =3+5--2! +0! i-;2+/-,69-638! 3,! "-D32! �-N3B! N5+<5! 5-;2+M3+.+C3,6!
<9+B!35!69-!xnT,B!M-C;5!6+!,6;4E!6+!69-!.35N,!M-6<--5!%26!/54!M2/35B!;,35C!=,E89+.+C38/.!6-,6,!/54!
-.-862+-58-=9/.+C2/=9EH! �-N3! 8+D=/2-,! 69-! /263,6! 6+! /! 5-;2+,83-563,6! plB! nB! UTqB! Yexploring
potentiality and the ability of the brain, even if with different tools”! /54B! -@-5! <369! /! 4300-2-56!
./5C;/C-B!62/5,D36,!/!N5+<.-4C-!43,8+@-2-4!+2!356;36-4H!%26B!,+B!3,!5+6!/!=2-2+C/63@-!+0!69-!/263,6B!M;6!
2-,34-,! /.,+! 35! <9+! .++N! /6! /! D/,6-2=3-8-H! #935N! 6+! ];89/D=B! <9+! 9/,! -@-2! ;54-2.35-4! 69/6! 69-!
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D-/535C!+0! /!<+2N!/26! 3,!C3@-5!5+6!+5.E!ME! 69-!/263,6B!M;6!/.,+!ME!<9+! .++N!/6! 69-!<+2NB! 692+;C9!
/;L3.3/2E! 356-2=2-6/63+5,H! #9-! /-,69-638! -L=-23-58-! +0! /5! /26<+2N! 356-C2/6-,! /54! 62/5,0+2D,! 69-!
3543@34;/.!=-28-=63+5!+0!2-/.36E!35!/!.3@-4!-L=-23-58-!<369!2-C/24!6+!69-!,;MA-86K!69-!/26<+2N!43,6;2M,B!
-L836-,B!,++69-,!69-!3543@34;/.!/54!69-!.3N-H!^35/..EB!%/C-![2/546!pUUq!=2+=+,-,!6+!8+5,34-2!5-;2+?
/-,69-638,! /,! 69-! ,6;4E! +0! 5-;2+5/.! =2+8-,,! +0! =-28-=63+5! /54! D-56/.! +2C/53G/63+5! +0! 8+C5363@-!
/863@36E!,63D;./6-4!ME!69-!/26<+2NB!0+..+<35C!M+69!/!8+C5363@-!/54!-@+.;63+5/2E!/==2+/89H!!
1/2638;./2.E! ,;36-4! 0+2! 69-! 4-,823M-4! 2-,-/289B! 69-! [H)H(H! O[2/35! )+D=;6-2! (56-20/8-P! 9-/4,-6,! /2-!
,3D=.3038/63+5!+0!69-!D-438/.!-R;3=D-56!0+2!&&'!pUSqB!/54!/..+<!6+!2-8+24!8-2-M2/.!29E69D,!/54!69-!
432-86! M2/35?8+D=;6-2! 356-2/863+5H! [)(! 4-@38-,! /2-! <34-.E! ;,-4! 35! 2-,-/289B! 0+2! 69-! 2-C3,62/63+5!
8+D=.-6-.E!8+D=/2/M.-!6+!69-!D-438/.!&&'B!M;6!/.,+!0+2!69-32!.+<!8+,6!/54!93C9!=+26/M3.36EH!#9-E!
=2-,-56B!D+2-+@-2B! 69-!/4@/56/C-! 6+!N--=! 35!8+D0+26! 69-! 3543@34;/.!<-/235C! 69-D!/,! 69-E!/..+<!/!
<34-! D+@-D-56! 02--4+D! 35! 69-! -L=-23D-56/.! -5@32+5D-56H! [)(! 4-@38-,! 8+..-86! ,-@-2/.! M2/35!
02-R;-583-,B!C2+;=-4!35!29E69D,K!69-!/.=9/!29E69D!O`!bG!:!U>!bGPB!2-./6-4!6+!2-./L/63+5B!D-436/63+5B!
8+56-D=./63+5j!69-!M-6/!M/54!OU>!bG!:!cT!bGPB!/,,+83/6-4!<369!/863@-!6935N35CB!/66-563+5B!=2+M.-D!
,+.@35Cj! 69-! 4-.6/! 29E69D! Oc! bG! :! `! bGPB! 2-C3,6-2-4! 35! 893.42-5! /54! /,,+83/6-4! <369! 8+5635;+;,!
/66-563+5! /863@36EB! /,! 35! F--M! -6! %.H! pUcqj! 69-! 69-6/! 29E69D! O>! bG! :! `! bGPB! C-5-2/..E! 2-./6-4! 6+!
-D+63+5/.! -5C/C-D-56j! 69-! C/DD/! ,3C5/.! OcT! bG! :! lT! bGPB! ;,;/..E! 2-./6-4! 6+! 69-! 8+C5363@-!
356-2=2-6/63+5!+0!D;.63?,-5,+2E!,3C5/.,H![)(,!/..+<!6+!35@-,63C/6-!69-!D-89/53,D,!+0!82-/63@36E!M+69!
02+D!69-!=+356!+0!@3-<!+0!69-!/263,6B!<93.-!82-/635C!/!<+2NB!/54!02+D!69-!=+356!+0!@3-<!+0!69-!=;M.38B!
<93.-!+M,-2@35C!69-!035/.!2-,;.6H!
(5!693,!02/D-<+2NB![)(!4-@38-,!/2-!=/2638;./2.E!;,-0;.!35!2-,-/289B!-369-2!6+!2-C3,6-2!69-!2-,=+5,-!6+!
@3,;/.! /54! D;,38/.! ,63D;.3! /54! 2-8+C53G-! 69-! -D+63+5,! @/.-58-! pU>B! UVqB! /54! 6+! 2-@-/.! 69-!
D-89/53,D,! +0! 69-! @3,;/.! 82-/63@36E! pUhqH! #9-! +MA-863@-! +0! 69-! 2-,-/289-,B! =/,6! /54! in fieriB! 3,! 6+!
-@/.;/6-!69-!-D+63@-!/54!69-!8+C5363@-!2-,=+5,-!6+!,63D;.3B!<369!69-!/3D!+0!;54-2,6/5435C!<9/6!/2-!
69-! D-89/53,D,! 623CC-235C! 82-/63@36E! +2! 89/2/86-23G35C! 69-! 82-/63@-! =2+8-,,! O69-! 35,3C96PH! (5! ,+D-!
-L=-23D-56,! 69-!+MA-863@-,! 3,! 6+! -@/.;/6-! 69-! -D+63@-! /54!8+C5363@-! 2-,=+5,-! 6+!@3,;/.?=-28-=63@-!
,63D;.3!pU`B!Ulq!M/,-4!+5!69-!8+58-=6!+0!priming!pUnqH!I69-2!,6;43-,B!35@-,63C/6-!69-!D-89/53,D,!+0!
2-,=+5,-! 6+! 8+.+;2,! pSTB! SUqB! +2! 6+! ,6-2-+,8+=E! /54! D+5+,8+=E! pSSqH! #9-! +M6/35-4! 2-,;.6,! ,9+<!
356-2-,635C!8+22-,=+54-58-,!/D+5C!,+D-!8-2-M2/.!29E69D,!/54!69-!82-/63@-!/863@36EH!
);22-56.EB!69-!2-,-/289!0+8;,-,!+5!69-!8+D=2-9-5,3+5!+0!69-!8+C5363@-!D-89/53,D,!/6!69-!M/,3,!+0!
82-/63@36EB! +0! -D+63+5/.! 356-..3C-58-! /54! -L=2-,,3+5B! M;6! 69-! 6-895+.+C38/.! 8+C5363@-! 6++.,! /6!
43,=+,363+5! 6+4/E!,9+<B!-@34-56.EB!/5!-5+2D+;,!=+6-563/.36EB! 35!C3@35C! 69-!=+,,3M3.36E! 6+!@-230EB!/,!
JEC+6,N3A! ,6/6-4B!9+<! 69-!9;D/5!+56+C-5-,3,! 3,! ,62+5C.E! 350.;-58-4!ME!8;.6;2/.! O6-895+.+C38/.B! 35!
+;2!&2/P!6++.,!/6!43,=+,363+5!35!69-!93,6+238/.!/54!,+83/.!8+56-L6H!
!
TECHNOLOGICAL!EXPRESSION!OF!CREATIVITY.!AN!EXAMPLE.!
!
“Art does not consist in representing new things, but in representing them in a new way”!OYFX/26-!
5+5!8+5,3,6-!5-.!2/==2-,-56/2-!8+,-!5;+@-B!M-5,�!5-.!2/==2-,-56/2-!8+5!5+@36mHgPB!*C+!^+,8+.+!

&@-2E! 82-/63@-! /86! ,6/26,B! C-5-2/..EB! 35! 035435C! /! 5-<B! 82-/63@-! /5,<-2! 6+! 4/3.E! =2+M.-D,H! #93,!
=2+8-,,!/..+<!6+!6935N!Y+;6!+0!69-!M+Lg!6+!0354!/!,+.;63+5B!69-!,+!8/..-4!Y=2+M.-D!,+.@35Cg!=2+8-,,B!
,62+5C.E!2-./6-4!6+!=2+M.-D!,+.@35CH!#9-!6-2D!problem solving!356-54B!35!0/86B!69-!/863@36E!=-20+2D-4!
ME!/!.3@35C!+2C/53,D!+2!ME!/5!/2630383/.!356-..3C-58-!4-@38-!6+!/893-@-!/!,6/6;,!,6/2635C!02+D!+5-!+2!
D+2-! C3@-5! 8+54363+5H! (6! 3,B! ,+B! 69-! ,-6! +0! =2+8-,,-,! /..+<35C! 6+! /5/.E,-B! +2C/53G-! /54! 8+DM35-!
350+2D/63+5! 6+! ,+.@-! C3@-5! =2+M.-D/638! ,36;/63+5,H! (5! 36,! <+2N! The Act of Creation! pScqB! %269;2!
W+-,6.-2!-L=./35!82-/63@36E!692+;C9!69-!M3?,-863+5!D-89/53,DB!69/6!3,!Ymeans to join unrelated, often 
conflicting, information in a new waygH!(5!0/86B!30!35!+;2!4/3.E!.30-!<-!/,,+83/6-!-.-D-56,!M-.+5C35C!
6+!69-!,/D-!2-0-2-58-!,E,6-D!OM++N?,9--6B!8++N35C?0++4B!-68HPB!35!69-!/263,638B!9;D+23,638!+2!,83-563038!
82-/63+5! <-! 2-/.3G-! /! 8+55-863+5! /D+5C! 9-6-2+C-5-+;,! 2-0-2-58-! ,E,6-D,B! ;,;/..E! 8+5,34-2-4!
358+D=/63M.-H! 12+M.-D! ,+.@35C! /54! 82-/63@36E! /2-B! ,+B! 8+22-./6-4! 8+C5363@-! =2+8-,,-,! /54! 8/5! M-!
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/5/.E,-4!692+;C9![2/35!(D/C35C!D-69+4,B!/54!36!3,!-@34-56!69/6!<-!8/5!D-/,;2-B!/.,+!R;/5636/63@-.EB!
69-!/863@/63+5!.-@-.!+0!/!M2/35B!/5/.E,35C!69-!-.-86238!,3C5/.!=2+4;8-4H!
Z369!69-!/3D!6+!,9+<!9+<!82-/63@36E!3,!2-./6-4!6+!M2/35!/863@/63+5B!<-!<3,9!6+!3562+4;8-!Y7354!69-!
)9/32g!O+2!YF/!,-43/!4-.!1-5,/6+2-gPB!/5!356-2/863@-!35,6/../63+5!0+8;,-4!+5!/!2-/.!63D-!/;43+_@3,;/.!
2-=2-,-56/63+5!+0! 69-!/863@36E!+0! 69-!M2/35B!=2+@3435C!69-!=+,,3M3.36E!6+!8+562+.! 36H!#9-!=-20+2D/58-!
/..+<,!6+!@3,;/.3G-!69-!.-@-.!+0!8+58-562/63+5!+0!/5!3543@34;/.B!692+;C9!/5!/;43+_@3,;/.!/5,<-2!OF&]!
.3C96,! /54! ,+;54! C-5-2/63+5_D/53=;./63+5PH! Z93.-! ;,35C! /! [)(! 9-/4,-6B! /! =-2,+5! 3,! /M.-! 6+!
;54-2,6/54!9+<!x8+562+.X!+<5!M2/35!/863@36E!/54!69-2-0+2-!6+!3582-D-56!69-!.-@-.!+0!8+58-562/63+5B!
D+430E35C!69-!356-5,36E!+0!69-!.3C96!+2!03.6-235C!69-!/,,+83/6-4!,+;54,H!#9-!356-2/863@-!=-20+2D/58-!
/3D,!6+!C3@-!/</2-5-,,!/M+;6!9+<!+;2!M2/35!<+2N,!/54!<9/6!x8+58-562/63+5X!D-/5,B!69-2-0+2-!9+<!
D;89!M2/35!-5-2CE!3,!2-R;32-4!6+!=-20+2D!/!,=-83038!6/,N!O0+2!-L/D=.-B!6+!3582-/,-!69-!.3C9635CPB!/54!
9+<!36!8/5!M-!430038;.6!6+!N--=!+;2!M2/35!<+2N35C!0+2!/!8-26/35!/D+;56!+0!63D-H!
!

!
!

^3C;2-!UK!Y7354!69-!89/32gB!^2/58-,8+!"+/@-H!#9-!=-20+2D/58-!35,6/../63+5!35!/863+5B!/,!-L93M36-4!35!
69-!/263,638!-@-56!Y!#-253!^-,63@/.YB!Ul?S`!"-=6!STUVB!#-253B!(6/.EH!

!
#9-!8+58-=6!8+D-,!02+D!69-!34-/!+0!!k69-!89/32!+0!69-!6935N-2k!<9-2-!/!=-2,+5!,36,!+5!/!89/32B!/54!36,!
+<5! 69+;C96! ,6/2635C! 02+D! 69-! D354B! 0.+<,! 692+;C9! 36,! M+4EB! /.+5C! 69-! 89/32! /54! 69-5! 35! 69-!
,;22+;5435C!,=/8-!/,!.3C96H!
];235C!69-!=-20+2D/58-!69-!@3,36+2,!/2-!5+6!C3@-5!=9E,38/.!+MA-86,!6+!8+58-562/6-!+5H!#9-E!/2-!+5.E!
/,N-4! 6+! x8+58-562/6-k! 35! 6-2D,! +0! k0+8;,35Ck! +5! ,+D-6935C! 8.+,-! 6+! 69-32! /6636;4-,H! #9-! @3,36+2! 3,!
2-R;32-4! 6+! 5+6! 43,62/86! 6++! D;89! 02+D! 0--.35C! 93,_9-2! M2/35! /863@36EB! +2! 69-! =;2=+,-! +0! 69-!
35,6/../63+5! <+;.4! 0/3.H! ];235C! 69-! =-20+2D/58-B! 69-! <+24! x8+58-562/63+5X! 3,B! 69-5B! ;,-4! /,! 69-!
,3D=.-,6!</E!6+!4-,823M-!69-!/3D!+0!69-!356-2/863@-!35,6/../63+5!69/6!3,!6-,635C!69-!=+<-2!+0!69-!M2/35H!
^+2! 35,6/58-B! D/5E! @3,36+2,! 623-4! 6+! 2-./L! 4+35C! ,+D-! E+C/! -L-283,-,B! M;6! -@-5! 30! 69-E! <-2-!
-L=-8635C!/!4--=!0/..!+0!69-!.3C96,B!693,!4345k6!/.</E,!9/==-5!/,B!35!0/86B!<9/6-@-2!/863+5!E+;!=-20+2D!
2-R;32-,!M2/35!/863@36EB!-@-5!69-!/86!+0!2-./L35C!/54!k02--35Ck!69-!D354H!
#9-! /M3.36E! 6+! 8+562+.! 69-! M2/35! 29E69D,! /54! 69-! 8+58-562/63+5! .-@-.B! 4-=-54,B! +0! 8+;2,-B! ME! 69-!
-L=-23-58-!+0!/5!3543@34;/.K!,+.@35C!/!,3D=.-!-R;/63+5!8/5!M-!/5!-/,E!6/,N!0+2!/!D/69-D/6383/5B!M;6!
8/5!M-!/!2-/..E!430038;.6!6/,N!0+2!/!5+5!D/69-D/638/.!D354H!#+!D/N-!69-!35,6/../63+5!6+!2-/86!3,B!69-5B!
5-8-,,/2E! 6+! 0354! /! ,=-83038B! =-2,+5/.! 6/,N! 69/6! D/N-,! +;2! M2/35! <+2NB! <9389B! +0! 8+;2,-B! 8/5! M-!
4300-2-56! 0+2! 4300-2-56! =-+=.-H! %.,+B! 69-! /M3.36E! 6+! 8+562+.! 69-! M2/35! 89/5C-,! 4-=-5435C! +5! 69-!
=,E89+=9E,38/.!,6/6;,!+0!69-!=-2,+5K!30!69-!;,-2!3,!2-/..E!632-4B!9-_,9-!<3..!-L=-23-58-!430038;.63-,!35!
8+562+..35C! 69-! =-20+2D/58-H! (56-2-,635C! -5+;C9B! <9-5! 69-! M2/35! /863@36E! 3,! =-/N35CB! 3543@34;/.,!
,9+<!D+2-!430038;.63-,!35!.++,35C!0+8;,!/54!,.+<35C!4+<5!69-!.-@-.!69/5!/86;/..E!3582-/,-!36H!!
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#+! 2-/.3G-! 69-! =2+A-86! /! i-;2+,NE! 7354</@-! [)(! 356-20/8-! /54! ,=-83038! e/@/! 8+4-! <-2-! ;,-4! 6+!
4-6-86! 69-! M2/35! /863@36E! 692+;C9! 69-! /5/.E,3,! +0! 69-! 8+..-86-4! M2/35! </@-,H! (5! 4-6/3.B! /,! 69-!
35,6/../63+5! 35@+.@-,!8+58-562/63+5B![-6/! 29E69D,!=./E!/!N-E! 2+.-! 35! 34-5630E35C! 69-! .-@-.!+0!M2/35!
/863@36EH! #+! D/N-! 69-! 2-=2-,-56/63+5! 8+5,3,6-56! <369! 69-! 2-/.! M2/35! /863@36EB! 69-! 356-2/863@-!
35,6/../63+5!4+-,!5+6!9/@-!/!T!.-@-.!O35!6-2D,!+0!k.3C96,!+00kPK!693,!3,!M-8/;,-!+;2!M2/35!3,!<+2N35C!/6!
/..! 63D-,!/54!<9/6!D/N-,! 69-!4300-2-58-! 3,! 69-!/D+;56!+0!<+2N! 2-R;32-4! 6+!=-20+2D!/! 6/,NH!#9-5B!
<9-5! 69-! .-@-.! +0! 8+58-562/63+5! 3,! 8.+,-! 6+! G-2+B! /! 2/54+D! M.35N35C! <3..! /==-/2B! 6+! 2-=2-,-56! 69-!
0.++2!5+3,-!<9389!3,B!35!0/86B!/!2/54+D!,3C5/.!-L3,635C!35!-@-2E!N354!+0!3D=;.,-!/54!69-2-0+2-!-@-5!35!
69-!-.-862+D/C5-638!M2/35!29E69D,H!
!
%$)%/3+($)+!

!
i-;2+!/54!)+C5363@-!"83-58-,!,6;4E!82-/63@36E!/54!/263,638!35,=32/63+5!6+!43,8+@-2!69-32!8+C5363@-!

=2+8-,,B! =2+@3435CB! /6! 69-! ,/D-! 63D-B! 69/5N,! 6+! 8+C5363@-! 6-895+.+CEB! 69-! D-/5,! 0+2! 5-<! /263,638!
-L=2-,,3+5,B! /..+<35C! 2-,-/289-2,! 6+! 35@-,63C/6-! 9+<! 69-! M2/35! 82-/6-,! /54! ;54-2,6/54! %26H! (5!
8+C5363@-!,83-58-B!69-!0;5863+535C!+0!69-!M2/35!/54!69-!/893-@-D-56,!+0!%26!/2-!8+5,34-2-4!6+C-69-2!
6+! -L=./35! +;2! /-,69-638! -L=-23-58-H! #9-! /==.38/63+5! +0! 69-! )+C5363@-! "83-58-! /==2+/89! 6+! %26B!
-56-26/35D-56!/54!-4;8/63+5/.!03-.4,!/.,+!2-=2-,-56,!/!=2+D3,35C!/==2+/89H!(5!0/86B! 69-!3D=+26/58-!
+0!/![)(?M/,-4!=-20+2D/58-!.3N-!Y7354!69-!89/32g!3,!5+6!.3D36-4!35!82-/63@36E!,6;43-,H!Z-!/2C;-!69/6!
69-!;,-!+0![)(,!/54!,3D3./2!6++.,B!,;89!/,B!0+2!-L/D=.-B!-E-!62/8N-2,B!,9+;.4!/.,+!M-!;,-0;.!<36935!/!
=-4/C+C38/.!=2+C2/D!35!+24-2! 6+!8+5623M;6-! 3D=2+@35C!;,-2,X!/M3.36E! 6+! 0+8;,!/66-563+5!+5!/M,62/86!
8+C5363@-!6/,N,!/54!35!62/5,./635C!/M,62/86!6935N35C!35!8+582-6-!+=-2/63+5,H!7/5E!=-+=.-!0354!C2-/6!
430038;.63-,! 35! /==2+/8935C! ,3D3./2! 6/,N,B! ,358-! 69-32! /66-563+5! 3,! -/,3.E! C2/MM-4! ME! -5@32+5D-56/.!
43,62/863+5,!/54!,+!69-E!0/3.!35!C-6635C!3D=+26/56!-4;8/63+5/.!/893-@-D-56,H!^;269-2D+2-B!69-!/M3.36E!
6+! 0+8;,! /54! D/356/3535C! /66-563+5! +5! D-56/.! 6/,N,! D/E! 8+5623M;6-! 6+! 69-! 4-@-.+=D-56! +0!
D;.636/,N35C! /M3.363-,B! 5+<! 8+5,34-2-4! =/2638;./2.E! 3D=+26/56! 35! 4300-2-56! 8+56-L6,H! i+2D/..EB!
-L=2-,,3@-! /26,! 6-8953R;-,! /2-! ;,-0;.! 35! 9-.=35C! =-+=.-! 6+! 3582-/,-! /66-563+5! ,N3..,B! M;6! 69-E! /2-!
.3D36-4! ME! 3543@34;/.,X! 6-89538/.! 8+D=-6-583-,! O-HCH! 42/<35CP! +2! ME! =-2,+5/.36E! 62/36,H! [)(?M/,-4!
6++.,B! ,;89! /,! [2/35%26! pUhqB! +2! [)(?M/,-4! =-20+2D/58-,B! D/E! 35,6-/4! M-! -5A+E-4! ME! -@-2E+5-B!
<369+;6!/5E!=2-2-R;3,36-!M+69!35!,6/54?/.+5-!/54!35!C2+;=!,-6635C,H!^;6;2-!2-,-/289!<3..!6-,6!30![)(,!
/2-! 8+582-6-.E! /M.-! 6+! 3582-/,-! /66-563+5?M/,-4! ,N3..,! /54! 82-/63@36EB! =+6-563/..E! 3582-/,35C! 69-!
=-5-62/63+5!+0!/26!<36935!69-!2-/.D!+0!69-!5-;2+?8+C5363@-!/==2+/89!6+!3543@34;/.!-D=+<-2D-56H!!
!
#7?7:75C7;!
!
pUq!eH!1H!)9/5C-;LB!Y%26!/54!5-;2+,83-58-gH!LeonardoB!Uln?STUB!Unn>H!
!
pSq! 1HbHF354,/E! /54! ]H%H! i+2D/5B! Yb;D/5! (50+2D/63+5! 12+8-,,35CgB! i-<! d+2NB! Academic PressB! Un``j!
62/4H!36HK!YFX;+D+!-./M+2/6+2-!43!350+2D/G3+53gB!^32-5G-B!Giunti BarbèraB!UnlcH!
!
pcq!FH!"H!JEC+6,N3AB!Y1,38+.+C3A/!3,N;,,6@/gB!UnSVj!62/4H!36H!Un`SB!Y1,38+.+C3/!4-..X/26-gB!$+D/B!Editori Riuniti!
!
p>q! FH! "H! JEC+6,N3AB! OUncTPB! YJ++M2/�-53-! 3! 6+2�-,6@+! @! 4-6,N+D! @+G2/,6-gj! 62/4H! 36HB! Y(DD/C35/G3+5-! -!
82-/63@36m!5-..X-6m!350/563.-gB!$+D/B!&436+23!$3;5363B!Un`S!
!
pVq!eH!13/C-6B!o"62;86;2/.3,DHoB!Un`TPH!!
!
phq!eH!13/C-6B!o"83-58-!+0!-4;8/63+5!/54!69-!=,E89+.+CE!+0!69-!893.4H!#2/5,H!]H!)+.6D/5HoB!Un`TH!
!
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p`q! )H! eH! )-./?)+54-B! -6! /.HB! o%863@/63+5! +0! 69-! =2-02+56/.! 8+26-L! 35! 69-! 9;D/5! @3,;/.! /-,69-638!
=-28-=63+5Ho!Proceedings of the National Academy of Sciences of the United States of America!UTUHUhK!
hcSU?hcSVB!STT>H!

!!
plq!W/</M/6/B!b34-/N3B!/54!"H!�-N3B!oi-;2/.!8+22-./6-,!+0!M-/;6EHoB!Journal of neurophysiology!nUH>K!Uhnn?

U`TVB!STT>H!
!
pnq!FH!F;D-2B!F;4+@38/!/54!"H!�-N3B!YF/!M-../!-!./!M-,63/K!/26-!-!5-;2+,83-5G-gB!GLF editori LaterzaB!STUUH!
!
pUTq!"H!�-N3B!YF/!@3,3+5-!4/..k356-25+K!/26-!-!8-2@-..+gB!Bollati BoringhieriB!STTcH!
!
pUUq! 1-2! %/C-! [2/546B! o^+2D! /54! D-/535C! 35! /26HoB! The artful mind: Cognitive science and the riddle of 

human creativityK!U`U?UllB!STThH!
!
pUSq! [H! �H! %..3,+5B! &H! ZH! Z+.=/<B! eH! $H! Z+.=/<H! Y[2/35?8+D=;6-2! 356-20/8-! ,E,6-D,K! =2+C2-,,! /54!

=2+,=-86,gB!Expert Rev Med DevicesB!>O>PK!>hc?`>B!STT`H!
!
pUcq!$H!F--MB!)H!W-352/69B!]H!^23-4D/5B!)H!';C-2B!$H!"89-2-2B!)H!i-;=-2B!7H!'/2/;B!%H!%56.-EB!%H!"6--4B!7H!

"./6-2! /54! 'H! 10;26,89-..-2B! YZ/.N35C! ME! 6935N35CK! #9-! M2/35</@-,! /2-! 82;83/.B! 5+6! 69-! D;,8.-,zBg!
Presence: Teleoperators & Virtual Environments!UVOVPB!VTT:VU>B!STThH!

!
pU>q!$H! ^+.C3-23B! 7H! �389-../B! o%! [)(?M/,-4! /==.38/63+5! 35! D;,38K! )+5,83+;,! =./E35C! +0! ,35C.-! 5+6-,! ME!

M2/35</@-,HoB!Computers in Entertainment!O)(&P!UTHcB!STUSK!UH!
!
pUVq!$H!^+.C3-23B!7HB!�389-../B!Y)+5,83+;,!/54!;58+5,83+;,!D;,38!02+D!69-!M2/35K!4-,3C5!/54!4-@-.+=D-56!+0!

/!6++.!62/5,./635C!M2/35</@-,!356+!D;,38!;,35C!/![)(!4-@38-gB!35!proceedings of AHFEB!"/5!^2/583,8+B!
)/.30+253/B!*"%B!STUSH!

!!
pUhq!$H!^+.C3-23B!FH!F;8893/23B!7H!'2/5/6+!/54!]H!'2-893B!Y[2/35B!#-895+.+CE!/54!)2-/63@36EH![2/35%26K!%!

[)(?[/,-4! &56-26/35D-56! #++.! 6+! &5/86! )2-/63@36E! /54! )2-/6-! ]2/<35C! 02+D! )-2-M2/.! $9E69D,gH! (5!
Digital Da Vinci!O==H!hV?n`PH!"=235C-2!i-<!d+2NB!STU>H!

!!
pU`q!%H![/5G3B!$H!^+.C3-23H!Y12-.3D35/2E!$-,;.6,!+5!123D35C![/,-4!#++.,!6+!&59/58-!F-/2535C!35!7;,-;D,!

+0!^35-!%26,HgB!35K!EVA 2012 Florence. FirenzeB!n!:!UU!7/E!STUSB!=H!U>S?U>`B!^32-5G-!*53@-2,36E!12-,,B!
STUSH!!

!
pUlq!%H![/5G3B!$H!^+.C3-23H!Y&&'?[/,-4![)(!]/6/!%5/.E,3,!I5!J3,;/.?123D35C!(5!#9-!)+56-L6!+0!/!7;,-;D!

I0!^35-!%26,gB!35!Proceedings of DMS 2012, 18th International Conference on Distributed Multimedia 
SystemsB!n?UU!%;C;,6!STUSB!73/D3![-/89B!*"%B!STUSH!

!!
pUnq! )H! FH! Z3CC,B! %H! 7/2635B! Y12+=-263-,! /54! 7-89/53,D,! +0! 1-28-=6;/.! 123D35CgH! );22-56! I=353+5! 35!

i-;2+M3+.+CEB!lOSPK!SS`?SccB!UnnlH!
!
pSTq!$H!^+.C3-23B!)H!F;8893/23B![H!)/D-.3B!o%![.;-!7354K!%![2/35!)+D=;6-2!(56-20/8-!"6;4E!+5!69-!)+C5363@-!

&00-86,! +0! #-L6! )+.+2,gH! British Journal of Applied Science & TechnologyB! (""iK! SScU?Tl>cBJ+.HK! nB!
(,,;-HK!UB!STUV!

!
pSUq!$H!^+.C3-23B!)H!F;8893/23B!]H!7/2353B!Y%5/.E,3,!+0!M2/35!/863@36E!/54!2-,=+5,-!6+!8+.+;2!,63D;.3!4;235C!

.-/2535C!6/,N,K!/5!&&'!,6;4EgB!SPIE-IS&T Electronic ImagingB!c?`!^-M2;/2E!STUc!bE/66!$-C-58E!"/5!
^2/583,8+!%32=+26![;2.35C/D-B!)/.30+253/B!*"%B!STUcH!

!
pSSq!&H!)/.+2-B!$H!^+.C3-23B!]H!'/43/B!]H!7/2353H!o%5/.E,3,!+0!M2/35!/863@36E!/54!2-,=+5,-!4;235C!D+5+,8+=38!

/54! ,6-2-+,8+=38! @3,;/.3G/63+5oB! Proceedings of IS&T/SPIE’s 24th Symposium on Electronic Imaging: 
Science and Technology!B!"/5!^2/583,8+B!)/.30+253/B!e/5;/2E!STUSH!!

!!
pScq!%H!W+-,6.-2B!o#9-!/86!+0!82-/63+5Ho!OUnh>PK!Un`lH!
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!

!
!

'(+-\(/(.G!j!'(*(.-/!'(+%3++($)E!*/$\-/2!&3!j!
(.-/(-)!'&,&/$"9&).+!()!.1&!)&^!9(//&))(39!

HR!17J;87V!
J%"%$(!$-,-/289!)-562-B![32NM-8N!)+..-C-!

*53@-2,36E!+0!F+54+5!
\!&J%!)+50-2-58-,!(56-25/63+5/.!

&5C./54!
A29-D,.-EhfCD/3.H8+D!

!
-M;=:4C=!]!#9-2-!3,!3582-/,35C!C.+M/.!/</2-5-,,!?!.-4!ME!69-!*536-4!i/63+5,!p*iq!?!+0!69-!
89/..-5C-,!/54!+==+26;5363-,!35!/==.E35C!]3C36/.!#-895+.+C3-,!6+!69-!5--4,!/54!6/.-56,!+0!
43,/M.-4!/54!+69-2!43,/4@/56/C-4!=-+=.-H!#93,!=/=-2!8+58-562/6-,!+5!D/A+2!2-.-@/56!*i!
2-=+26,!/54!69-!=2+=+,-4!&*!,62/6-CE!;=!6+!STSTH!#9-!(6/.3/5!,36;/63+5!3,!/442-,,-4!ME!D-/5,!
+0!R;-,63+5,!0+2!43,8;,,3+5!<369!=/26383=/56,H!#9-!=/=-2!/3D,!/6!,63D;./635C!/!43/.+C;-!6+!M-!
8+5635;-4!/6!+69-2!&J%!)+50-2-58-,!4;235C!STUhH!!!
!
().#$'3%.($)!
!
!#9-!=23583=/.!*i!4+8;D-56,!34-56303-4!0+2!693,!35363/.!43,8;,,3+5!=/=-2!/2-!/,!0+..+<,K!
!

?! *536-4!i/63+5,!O*iP!*53@-2,/.!]-8./2/63+5!+0!b;D/5!$3C96,B!*]b$B!Un>l!pUqj

?! *i!)+5@-563+5!+5!69-!$3C96,!+0!1-2,+5,!<369!]3,/M3.363-,B!*i!)1$]qB!STTh!pSqj

?! Z+2.4!$-=+26!+5!]3,/M3.36EB!Z+2.4!b-/.69!I2C/53G/63+5!OZbIP!\!Z+2.4![/5NB!
STUU!pcqH

?! *i&")I!'.+M/.!$-=+26K!I=-535C!i-<!%@-5;-,!0+2!&D=+<-2D-56H!()#,!6+!%88-,,!
(50+2D/63+5!/54!W5+<.-4C-!0+2!1-2,+5,!<369!]3,/M3.363-,B!1Z]B!STUc!p>qH!!!!!

(5!/44363+5B!6<+!3D=+26/56!2-8-56!&*!4+8;D-56,!<-2-!/.,+!,-.-86-4K!
!

?! &;2+=-/5!]3,/M3.36E!"62/6-CE!STUT?STSTK!%!$-5-<-4!)+DD36D-56!6+!/![/223-2?^2--!
&;2+=-B!STUT!pVqj!

!
?! %!8+22-,=+5435C!=2+=+,/.!0+2!/!]32-863@-_&;2+=-/5!F/<B!STUV!phqH!

!

%!8+58.;435C!]3,8;,,3+5!358.;4-,!356-54-4!5-L6!,6-=,!/54!,+D-!R;-,63+5,!0+2!43,8;,,3+5!!
2-C/2435C!69-!(6/.3/5!,36;/63+5B!

!
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!

!
!

.1&!\-+(+E!.1&!3)(.&'!)-.($)+!3)(,&#+-/!'&%/-#-.($)!$0!139-)!
#(*1.+2!!3'1#!WQnboY!!

#9-!*53@-2,/.!]-8./2/63+5!+0!b;D/5!$3C96,!O*]b$B!Un>lBP!8.-/2.E!/0032D,!‘cultural rights’ 
35!%2638.-!SSK!!

Everyone, as a member of society, has the right to social security and is entitled to 
realization, through national effort and international co-operation and in accordance with 
the organization and resources of each State, of the economic, social and cultural rights 
indispensable for his dignity and the free development of his personality. 

^;269-2D+2-B!%2638.-!S`!,6/6-,K!!

(1) Everyone has the right freely to participate in the cultural life of the community, to 
enjoy the arts and to share in scientific advancement and its benefits.

(2) Everyone has the right to the protection of the moral and material interests resulting 
from any scientific, literary or artistic production of which he is the author.

!!#93,!350.;-563/.!4+8;D-56!,-2@-4!6+!35,=32-!69-!5-L6!D3.-,6+5-!4+8;D-56H!

!
3)!%$),&).($)!$)!.1&!#(*1.+!$0!"&#+$)+!^(.1!
'(+-\(/(.(&+!q%"#'r!1(*1/(*1.()*!.&%1)$/$*Ge+!#$/&!!
%!,;M,-R;-56!D/A+2!,6-=!ME!69-!*536-4!i/63+5,!M;3.6!+5!69-!*]b$!/54!*i!)+5@-563+5!+5!
69-!$3C96,!+0!1-2,+5,!<369!]3,/M3.363-,!p*i!)1$]q!STThH!!

#93,!82;83/.!4+8;D-56!9-2/.4-4B!,3C5=+,6-4!/54!.-C363D3,-4!/!2-35@3C+2/6-4!C.+M/.!8/D=/3C5!
0+2!]3,/M.-4!1-+=.-H!%2638.-!n!358.;435C!,;M,6/563/.!/66-563+5!6+!#-895+.+CE!/54B!35!
=/2638;./2B!Accessibility. (6!9/,!69-!0+..+<35C!N-E!/3D,!O/;69+2!;54-2.3535CPK!

1. To enable persons with disabilities to live independently and participate fully in all aspects 
of life, States Parties shall take appropriate measures to ensure to persons with disabilities 
access, on an equal basis with others, to the physical environment, to transportation, to 
information and communications, including information and communications technologies 
and systems, and to other facilities and services open or provided to the public, both in urban 
and in rural areas. These measures, which shall include the identification and elimination of 
obstacles and barriers to accessibility, shall apply to, inter alia:

a. Buildings, roads, transportation and other indoor and outdoor facilities, including 
schools, housing, medical facilities and workplaces; 

b. Information, communications and other services, including electronic services and 
emergency services’. 

#93,!=+356!69;,!8.-/2.E!/,,-26,!69-!-R;3@/.-58-!35!3D=+26/58-!+0!()#"!6+!19E,38/.!^/83.363-,!
/54!,-6,!+;6!69-!*i!35A;5863+5!6+!D-DM-2!,6/6-,!6+!‘take appropriate measures’ /,!4-,823M-4!
/!0-<!.35-,!./6-2!ME!6<+!,=-83038!6E=-,!/442-,,35C!69-!6-895+.+CE!0+8;,!+0!693,!=/=-2K!!
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a. ‘Promote access for persons with disabilities to new information and communications 
technologies and systems, including the Internet; 

MH! Promote the design, development, production and distribution of accessible 
information and communications technologies and systems at an early stage, so that 
these technologies and systems become accessible at minimum costHX!

#93,!,-D35/.!)+5@-563+5!,63D;./6-4!,6/6-,!/54!*i!%C-583-,!6+!=;2,;-!693,!,;MA-86HH!
966=K__<<<H;5H+2C_43,/M3.363-,_8+5@-563+5_8+5@-563+50;..H,96D.!pSqH!

!

^$#/'!#&"$#.!$)!'(+-\(/(.G!OZ+2.4!b-/.69!I2C/53G/63+5!\!Z+2.4![/5NP!!

#93,!,;M,6/563/.!2-=+26!pcSV!=/C-,q!=2+@34-,!/!8+D=2-9-5,3@-!=386;2-!+0!69-!,36;/63+5!+0!69-!
<+2.4X,!9-/.69!/6!69-!-54!+0!69-!032,6!4-8/4-!+0!693,!8-56;2EH!#-895+.+CE!9/,!/!8.-/2!2+.-!
358.;435C!/66-563+5!6+!‘Increasing the use and affordability of technology’. $-8+DD-54/63+5,!
/2-!D/4-!6+!2-4;8-!69-!M/223-2,!6+!350+2D/63+5!/54!8+DD;538/63+5!8+@-2K!!‘Legislation and 
legal action; Standards; Policy and programmes; Procurement; Universal design; Action by 
industry and the Role of nongovernmental organizations’!H!!

!&L/D=.-!2-8+DD-54/63+5,!358.;4-K!Accessible information and communication: Consider a 
range of bottom-up and top-down legislative and policy mechanisms including: consumer 
protection, non-discrimination legislation covering information and communication 
technologies and direct obligations on those developing ICT systems, products, and services. 
In the public and private sector adopt policies on procurement which take into consideration 
accessibility criteria. Support the development of telephone relay, sign language, and Braille 
services. When designing and distributing ICT equipment and services, developers should 
ensure that people with disabilities gain the same benefits as the wider population. Producers 
and providers should incorporate accessibility features in the products and services they 
design and sell. Support the education and training of persons with disabilities to take 
advantage of ICT – including training to ensure digital literacy and skillsH!

966=K__<<<H<9+H356_43,/M3.363-,_<+2.4a2-=+26_STUU_2-=+26H=40!!pcq!

!

3)&+%$!*/$\-/!#&"$#.E!$"&)()*!)&^!-,&)3&+!0$#!
&9"$^&#9&).R!(%.;!.$!-%%&++!()0$#9-.($)!-)'!d)$^/&'*&!0$#!
"&#+$)+!^(.1!'(+-\(/(.(&+2!"^'!STQZR!

(5!STUc!*i&")I!=;M.3,9-4!693,!D/A+2!2-=+26!p123583=/.!/;69+2B!7389/-.!![./N-D+2-q!
8+@-235C!69-!-5632-!<+2.4!M;6!M/,-4!35!=/2638;./2!+5!8+DD3,,3+5-4!2-C3+5/.!,6;43-,!/,!
0+..+<,K!OUP!%0238/j!OSP!%2/M!$-C3+5!\!i+269!%0238/j!OcP!%,3/!1/83038j!O>P!&/,6-25!&;2+=-!\!
)-562/.!%,3/j!OVP!p"+;69!%D-238/B!)-562/.!%D-238/B!7-L38+q!F/635!%D-238/!\!69-!)/23MM-/5H!
&/89!,6;4E!</,!8/223-4!+;6!<369!/,,3,6/58-!02+D!35,636;63+5,!/54!8++2435/635C!/;69+2,B!
C-5-2/..E!02+D!69-!2-C3+5H!#93,!2-=+26!</,!/3D-4!/6!69-!0+..+<35C!2-/4-2!C2+;=,K!
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The report is targeted specifically towards: Policy and decision makers; Local, regional and 
national educational institutions; Teachers, education and information professionals; 
Associations and organizations working with persons with disabilities; ICT professionals and 
industry; and Others interested in ICTs and social inclusion of persons with disabilities. 

(235/![+N+@/B!]32-86+2?'-5-2/.!+0!*i&")IB!<2+6-!35!69-!12-0/8-K!

sOver one billion people – approximately 15 percent of the world’s population – live with 
some form of disability. Facing a wide range of barriers, including access to information, 
education, health care and a lack of job opportunities, persons living with disabilities 
struggle every day to be integrated into society’

b+<-@-2B!/!5+6-!+0!8/;63+5!</,!/44-4!35!69-!2-=+26!2-C/2435C!430038;.6!3,,;-,!+0!4-035363+5B!
D-/,;2-D-56!/54!,6/63,638/.!=2+M.-D,K!

!!!!The definition of disability is complex and evolving ---- the recognition of a disability 
varies across countries. Interventions require a sensitive understanding of the disabilities and 
a systemic approach to providing ICTs in the education context.

b+<-@-2B!69-2-!8/5!M-!5+!4+;M6!69/6!]3,/M3.36E!3,!/!D/A+2!C.+M/.!3,,;-H!

!

&3#$"&-)!3)($)!"$/(%G!()(.(-.(,&+!!
&/2.E!8+58-26-4!p=/5q!&;2+=-/5!/863@363-,!35!69-!03-.4!M-C/5!35!UnnU!<369!69-!8+DD-58-D-56!
+0!69-!&)X,!032,6!#(]&!12+C2/DD-!p13.+6!%863+5K!#(]&!T!?!#-895+.+CE!35363/63@-!0+2!]3,/M.-4!
/54!&.4-2.E!=-+=.-q!0+..+<-4!ME!36,!,;88-,,+2,B!/3D35C!6+!M;3.4!+5!/54!356-C2/6-!=2-@3+;,!/54!
+5C+35C!5/63+5/.!/54!2-C3+5/.!35363/63@-,H!#9-,-!-00+26,!<-2-!C3@-5!-L62/!-D=9/,3,!35!STTc!?!
69-!&;2+=-/5!d-/2!+0!#9-!]3,/M.-4!?!6+!2/3,-!/</2-5-,,!/54!,63D;./6-!0;269-2!/66-563+5!
358.;435C!8+5623M;635C!6+!356-25/63+5/.!-00+26,H!!
!
(5!STUT!69-!&;2+=-/5!)+DD3,,3+5!=2+4;8-4!/5!/DM363+;,!,62/6-CE!=/=-2!35!&A:>N745!
'6;4M686=V!+=:4=7BV!STQT@STSTE!-!#757X7<!%>JJ6=J75=!=>!4!\4::67:@0:77!&A:>N7!STQT!
qcr!H!#9-!,9+26!�UU!=/C-,q!0+28-0;.!4+8;D-56!M-C35,!<369!69-!0+..+<35C!8.-/2!,6/6-D-56!35!69-!
(562+4;863+5H!
!

‘One in six people in the European Union (EU) has a disability that ranges from mild 
to severe making around 80 million who are often prevented from taking part fully in 
society and the economy because of environmental and attitudinal barriers. For 
people with disabilities the rate of poverty is 70% higher than the average partly due 
to limited access to employment. 

#93,!=+=;./63+5!5;DM-2!+0!lT!D3..3+5!D-/5,!69/6!69-!&;2+=-/5!43,/M.-4!:!8+22-,=+54-4!
5;D-238/..E!35!STUT!6+!/!8+;562E!69-!,3G-!+0!'-2D/5E!O/.69+;C9!8/;63+5!<369!2-C/24!6+!69-!
,6/63,638,!/,!35438/6-4!/M+@-P!H!7+2-+@-2B!36!8+5635;-,K!
!

Over a third of people aged over 75 have disabilities that restrict them to some extent, 
and over 20% are considerably restricted 3. Furthermore, these numbers are set to 
rise as the EU's population ages.’ 
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#9-!&;2+=-/5!)+DD3,,3+5!34-56303-4!-3C96!D/35!/2-/,!0+2!/863+5K!69-!032,6!+0!69-,-!</,!
%88-,,3M3.36E!4-035-4!/,!0+..+<,K!

!
'Accessibility' is defined as meaning that people with disabilities have access, on an equal basis 
with others, to the physical environment, transportation, information and communications 
technologies and systems (ICT), and other facilities and services. There are still major barriers 
in all of these areas. For example, on average in the EU-27, only 5% of public websites comply 
fully with web accessibility standards, though more are partially accessible. Many television 
broadcasters still provide few subtitled and audio-described programmes’. 

%06-2!693,!=2+D3,35C!,6-=B!69-!=2+,=-86!</,!2/3,-4!+0!/!8+22-,=+5435C!=2+=+,/.!0+2!/!
]32-863@-_&;2+=-/5!F/<!6+!M-!=2-=/2-4!35!STUSH!#93,!=2+=+,/.!</,!2-.-/,-4!35!]-8-DM-2!STUVH!
966=K__-8H-;2+=/H-;_,+83/._D/35HA,=�./5C(4|-5\8/6(4|ln\5-<,(4|S>TTH!!
#9-!=2+=+,/.!,-6,!+;6!69-!42/06!.-C/.!4+8;D-56!0+2!/==2+@/.H!I5-!,623N35C!03C;2-!3,!69/6!ME!STST!
69-!5;DM-2!+0!43,/M.-4!=-+=.-!35!69-!&*!3,!=2+A-86-4!6+!M-!UST!D3..3+5!=-+=.-!<369!/!,3C53038/56!
D/2N-6!@/.;-!0+2!,=-83/.!C++4,!/54!,-2@38-,!M;6!02/CD-56-4!M-6<--5!69-!&*X,!Sl!8+;5623-,!4;-!
35!8+5,34-2/M.-!=/26!6+!4300-235C!5/63+5/.!/54!2-C3+5/.!./<,!/54!=2/8638-,!#9;,B!‘another half of 
Germany’s population’!3,!-L=-86-4!6+!M-!/44-4!35!69-!8;22-56!4-8/4-H!&*!,;==+26-4!$!\!]!
=2+C2/DD-,B!,;89!/,!69-!"-@-569!^2/D-<+2N!12+C2/DD-!O^1!`P!/54!8;22-56.E!bI$(�Ii!
STSTB!!9/@-!/54!8+5635;-!6+!D/N-!,;M,6/563/.!2-.-@/56!8+5623M;63+5,!/,!4+!/.,+!D+2-!C-5-2/.!
35363/63@-,!/54!=+.383-,!/6!69-!&;2+=-/5B!5/63+5/.B!2-C3+5/.B!;2M/5!/54!2;2/.!.-@-.,H!!
!

%$)%/3+($)+2!/(9(.-.($)+2!F3&+.($)+!j!)&I.!+.&"+!!

123583=/.!8+58.;,3+5,!358.;4-!69-!0+..+<35CK!!
!

?!'.+M/.!/54!&;2+=-/5!5--4,!0+2!3D=2+@-4!/,,3,6/58-!0+2!69-!]3,/M.-4!/2-!93C9!/54!3582-/,35C!
/,!69-32!=+=;./63+5!/C-,B!M;6!C.+M/.!/</2-5-,,!/54!D+D-56;D!/==-/2!6+!M-!3582-/,35CH!
?!#9-!*i!2-=+26,!=2+@34-!/!M/,3,!0+2!8+5,34-2/63+5!ME!/54!0+2!69-!%26,!\!b-236/C-!,-86+2!
2-C/2435C!355+@/63@-!8+D=;6-2!6-895+.+C3-,!0+2!69-!]3,/M.-4H!!!
?!);.6;2/.!35,636;63+5,!,;89!/,!D;,-;D,B!35!8++=-2/63+5!<369!+69-2!/86+2,B!8/5!D/N-!C2-/6-2!
-00+26,!0+2!69-!]3,/M.-4!;,35C!(50+2D/63+5!#-895+.+CE!/,!69-!./66-2!2/8-,!/9-/4H!

!
#9-2-!/2-!-@34-56.E!,3C53038/56!C/=,!35!693,!35363/.!43,8;,,3+5!=/=-2B!0+2!-L/D=.-!(56-25/63+5/.!
"6/54/24,!/54!69-!8+22-,=+5435C!M+43-,!,;89!/,!("I_(&)!/54!69-!Z-M!%88-,,3M3.36E!(5363/63@-!
OZ%(PH!#9-!*i!2-=+26,!35438/6-4!/M+@-!9/@-!8+D=2-9-5,3@-!2-0-2-58-,!/54!,+;28-,!8+@-235CB!
356-2!/.3/B!,;89!+D3,,3+5,H!#9-2-!/2-!+69-2!3D=+26/56!*i!2-=+26,B!0+2!-L/D=.-!02+D!*i()&^H!!!
!
)/,-,!/54!-L/D=.-,!02+D!(6/.EB!<369!36,!-5+2D+;,!);.6;2/.!b-236/C-B!,9+;.4!+00-2!8+5,34-2/M.-!
.-,,+5,!356-25/63+5/..EB!M;6!69-!<236-2X,!N5+<.-4C-!+0!69-!(6/.3/5!,8-5-!3,!.3D36-4B!,+!2-,=+5,-,!
6+!69-!0+..+<35C!6E=-,!+0!R;-,63+5,!<3..!M-!35@36-4!/6!&J%!^.+2-58-!STUVK!!
!

"! );22-56!,6/6;,!/54!432-863+5,!35!(6/.E�!
"! &L-D=./2,!+0!.-/435C!=2/8638-�!
"! 1+,,3M3.363-,!+0!432-86!/,,3,6/58-!6+!+69-2!8+;5623-,�!
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(6!3,!9+=-4!6+!4--=-5!/54!-L6-54!693,!35363/.!43,8;,,3+5!=/=-2!/54!=;2,;-!/!43/.+C;-!+5!69-,-!
3,,;-,!./6-2!35!STUVB!358.;435C!/6!&J%!"6!1-6-2,M;2C!Oe;5-P!/54!&J%!F+54+5!Oe;.EPH!
(D=2+@-D-56,!/2-!,63..!5--4-4!:!358.;435C!35!69-!x4-@-.+=-4!8+;5623-,X??!/,!,9+<5!0+2!
-L/D=.-!ME!F3,5-E!-6!/.H!p`q!

!

#7?7:75C7;!!!

pUq!The Universal Declaration of Human RightsH!*536-4!i/63+5,!'-5-2/.!%,,-DM.E!35!1/23,!
+5!UT!]-8-DM-2!Un>l!'-5-2/.!%,,-DM.E!2-,+.;63+5!SU`!%H!966=K__<<<H;5H+2C_-5_;53@-2,/.?
4-8./2/63+5?9;D/5?23C96,H!

!pSq!*536-4!i/63+5,!)+5@-563+5!+5!69-!$3C96,!+0!1-2,+5,!<369!]3,/M3.363-,!p*i!)1$]q!STThH!
966=K__<<<H;5H+2C_43,/M3.363-,_8+5@-563+5_8+5@-563+50;..H,96D.H!!

!pcq!Z+2.4!$-=+26!+5!]3,/M3.36EB!Z+2.4!b-/.69!I2C/53G/63+5!\!Z+2.4![/5N!B!STUU!!
966=K__<<<H<9+H356_43,/M3.363-,_<+2.4a2-=+26_STUU_2-=+26H=40H!

p>q!*i&")I!'.+M/.!$-=+26!I=-535C!i-<!%@-5;-,!0+2!&D=+<-2D-56!()#,!6+!%88-,,!
(50+2D/63+5!/54!W5+<.-4C-!0+2!1-2,+5,!<369!]3,/M3.363-,B!1Z]B!STUcH!
966=K__;5-,4+8H;5-,8+H+2C_3D/C-,_TTSU_TTSUn`_SUn`h`-H=40!!!

!pVq!&;2+=-/5!]3,/M3.36E!"62/6-CE!STUT?STSTK!%!$-5-<-4!)+DD36D-56!6+!/![/223-2?^2--!
&;2+=-!STUTH!&;2+=-/5!)+DD3,,3+5H!966=K__-;2?
.-LH-;2+=/H-;_F-L*23"-2@_F-L*23"-2@H4+�;23|)I7KSTUTKThchK^(iK&iK1]^!

phq!12+=+,/.!0+2!/!]($&)#(J&!I^!#b&!&*$I1&%i!1%$F(%7&i#!%i]!I^!#b&!
)I*i)(F!+5!69-!/==2+L3D/63+5!+0!69-!./<,B!2-C;./63+5,!/54!/4D353,62/63@-!=2+@3,3+5,!+0!69-!
7-DM-2!"6/6-,!/,!2-C/24,!69-!/88-,,3M3.36E!2-R;32-D-56,!0+2!=2+4;86,!/54!,-2@38-,!
OS_US_STUVP!966=K__-8H-;2+=/H-;_,+83/._D/35HA,=�./5C(4|-5\8/6(4|ln\5-<,(4|S>TT!
!
p`q!F3,5-EB!&.-/5+2j![+<-5B!e+5/69/5!1j!b-/25B!W32,6-5!/54!�-44/B!7/23/H!Museums and 
Technology: Being Inclusive Helps Accessibility for All. )*$%#I$K!#b&!7*"&*7!
eI*$i%FH!J+.;D-!VhB!(,,;-!cB!e;.E!STUcB!1cVc:chUH!

!
!

!

!
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.$,(,-!"#$H&%.E!'$%39&).()*!.1&!+"-)(+1!
'&0&)+&!.$^&#+!-/$)*!.1&!,-/&)%(-)!%$-+.!

^(.1!-!%$9"#&1&)+(,&!'(*(.-/!9&.1$'$/$*G!
!

-R!"4M8>!#><:tBA7P@)4D4::>!
]-=/26/D-56+!4-!&L=2-,3�5!'2�038/!%2R;36-86�538/!

*53@-,36/6!1+.36�8538/!4-!J/.�583/5!
J/.-583/B!"=/35H!

2+423C;-Gf;=@H-,!
\R!*6>:B6>!,7:<6456!

]3=/263D-56+!43!%28936-66;2/!
*53@-2,36m!4-C.3!"6;43!43!^32-5G-!!

^32-5G-B!(6/.EH!
C3+2C3+H@-243/53f;5303H36!!
%R!.7:7;4!*68!"6kA7:4;!

]-=/26/D-56+!4-!&L=2-,3�5!'2�038/!%2R;36-86�538/!
*53@-,36/6!1+.36�8538/!4-!J/.�583/5!

J/.-583/B!"=/35H!
6C3.f-C/H;=@H-,!

!
-M;=:4C=! ]! .L7! +N456;L! 97<6=7::45745! C>4;=;2! >??7:;! 4! ;ABB7;=6D7! ;7kA75C7! >?! =>X7:;2! =L7V!

X7:7!MA68=2!;65C7!=L7!;6K=775=L!C75=A:V2!=>!N:>=7C=!=L7!=7::6=>:V!?:>J!N6:4=7;R!$5C7!<7?74=7<!=L7!
N6:4CV!>?!=L4=!=6J7!65!=L7!g94:7!)>;=:AJh2!=L7!C>4;=48!=>X7:;!;V;=7J!8>;=!6=;!<7?75;6D7!?A5C=6>52!
MA=!:7J4657<!4;!4!=7;=6J>5V!>?!L6;=>:VR!.L7!.>D6D4!N:>`7C=2!;ANN>:=7<!MV!=L7!+N456;L!9656;=:V!
45<! <7D78>N7<! MV! 4! +N456;L@(=48645! =74J2! 6;! 46J7<! =>! =L7! C:74=6>5! >?! 4! D6:=A48! 57=X>:O! A;65B!
4<D45C7<!<6B6=48!=>>8;2!XL7:7!=L7!=>X7:;!M7C>J7!C>JN>575=;!?>:!!O5>X87<B7!<6;;7J654=6>5!45<!4!
865O!M7=X775!=L7!CA8=A:48!L7:6=4B7!>?!4!=7::6=>:V!45<!6=;!L6;=>:VR!

!
().#$'3%.($)!
!

"=/35B! 35! 36,!7-436-22/5-/5!8+/,6,B!+00-2,!/!,;CC-,63@-!,-R;-58-!+0! 6+<-2,B! 693,!,E,6-D!3,!
356-C2/6-4! /54! ,9+<-4! 35! 69-! ./54,8/=-! 0+2! 4-0-58-! /54! ,;2@-3../58-! =;2=+,-,H! (6! 9/,!
2-=2-,-56-4!/5!/2638;./6-4!D3.36/2E!,E,6-D!,358-!69-!�J(!8-56;2EB!<9-5!69-2-!</,!69-!5--4!6+!
=2+6-86! /! 6-2236+2E! +69-2<3,-! /6! 23,N! +0! M-35C! /66/8N-4! ME! =32/6-,H! I58-! 69-! =32/6-,! <-2-!
4-0-/6-4! 35! 69-! Y7/2-! i+,62;DgB! 69-! 8+/,6/.! 6+<-2,! ,E,6-D! .+,6! 36,! 4-0-5,3@-! 0;5863+5B! M;6!
2-D/35-4! /,! /! 93,6+238/.! <365-,,H! ";89! /! 9-236/C-! 8/5! 5+<! M-5-036! 02+D! /! ,=-83038! 43C36/.!
/==2+/89H! (5! 693,B! /,! ;54-2! 4-@-.+=D-56! 35! 69-! 2-,-/289! =2-,-56-4! 9-2-! 36! 3,! 3D=+26/56! 6+!
/5/.EG-!<9/6!/2-!69-!035/.!2-,-/289!5--4,B!<93.-!69-E!23,-!/!.3,6!+0!=2+4;86,!6+!M-!+M6/35-4!/54!
<3..! 2-,;.6! 02+D! 69-! =+356! +0! @3-<!+0! 69-! C2/=938/.! 4+8;D-56/63+5B! 35! /! 5;DM-2! +0! =./5,! 6+!
,8/.-B! =9+6+C2/DD-623-,B! c]! D+4-.,B! =386;2-,! /54! @34-+,! pUqH! #9-! 032,6! ,6-=! 3,! 4-03535C! /5!
/==2+=23/6-! D-69+4+.+CE! <9389! D/E! 358.;4-! 62/4363+5/.! 432-86! ,;2@-E,B! =9+6+C2/DD-6238!
,;2@-E,! OS]! 8+22-863+5B! c]! 2-,636;63+5PB! c]! ./,-2! ,8/5535CB! *%J_42+5-,! /-23/.! ,9++635CB!
=9+6+C2/=9,B!,=9-238/.!=/5+2/D/,B!@34-+,B!-68HHH!#9-!#+@3@/!=2+A-86B!,;==+26-4!ME!69-!"=/53,9!
7353,62E!/54!4-@-.+=-4!ME!/!"=/53,9?(6/.3/5!6-/DB!3,!/3D-4!6+!8+5623M;6-!35!82-/635C!/!@326;/.!
5-6<+2N! +0! 6+<-2,! /,! /5! /D=.3038/63+5! +0! 69-! 2-/.! M;3.435C,B! <9-2-! 69-! 6+<-2,! M-8+D-!
8+D=+5-56!+0!43,,-D35/63+5!+0!N5+<.-4C-!/54!2-=2-,-56!/!.35N!M-6<--5!69-!8;.6;2/.!9-236/C-!
+0!/!6-2236+2E!/54!36,!93,6+2EH!

!
16;=>:6C48!5>=7;!
(5! U>Vc! )+5,6/5635+=.-! </,! 8+5R;-2-4! ME! ";.6/5! 7-9D-4! ((H! #93,! -@-56! ,3C5-4! 69-!

M-C35535C! +0! 69-! 03C96! 6+! 8+562+.! 69-! 7-436-22/5-/5! )+/,6H! #9-! R;/5636E! +0! =32/6-! /66/8N,!

102



!
!

!

/;CD-56-4!/54!693,!8/;,-4!69-!8+5R;-,6!+0!%2C-.!35!UVUh!ME!%22+;A!BarbarrosaH!];235C!69-!
�J(! 8-56;2E! =32/6-! /66/8N,! 3582-/,-4! /54! -L=/54-4! /2+;54! 69-! 8+/,6! 8/;,35C! ,/8N35C! /54!
2+MM-2E! pSqH! #93,! 8-56;2E! </,! /.,+! /! =-23+4! +0! 8+50.;-58-! /,! 5-@-2! ,--5! M-0+2-! /.+5C! 69-!
J/.-583/5! )+/,6H! %! 8+D=.-L! ,+83/.?=+.3638/.! 8+56-L6! /54! 69-! 6-895+.+C38/.! 4-@-.+=D-56!
=2+4;8-4!69-!M3269!+0!/!@-2E!/2638;./6-4!D3.36/2E!/28936-86;2-!,E,6-D!35!69-!6-2236+2EH!(5!UVV`B!
^-.3=-! ((! M-8/D-!W35C! /54!M-C/5!/5! /DM363+;,!=2+A-86!<9389!</,!=2-@3+;,.E! 62/8-4!ME! 69-!
];N-!+0!7/R;-4/B!36!</,!M/,-4!+5!M;3.435C!/!5-6<+2N!+0!</6896+<-2,B!0+262-,,-,B!</..,!/54!
4-0-58-,! 6+! =2+6-86! 69-! 8+/,6H! '3+@/553! [/663,6/! %56+5-..3! Y69-! -.4-2g! </,! -562;,6-4! 0+2! 69-!
2-/.3G/63+5!+0!693,!/DM363+;,!=2+A-86H!b-!</,!0+..+<-4!ME!+69-2!D-DM-2,!+0!93,!+<5!0/D3.EH!(5!
93,! 34-/,! /M+;6! 4-0-58-! 36! 3,! =+,,3M.-! 6+! ,--! 69-! 8+D=/235C! +0! 69-! 8+/,6! <369! /! </..B! <9-2-!
6+<5,!<-2-!69-!4++2,B!69-!@3../C-,!<-2-!69-!M/,63+5,!/54!</6896+<-2,!<-2-!69-!M/66.-D-56,H!!!

!
+N7C6?6C!?74=A:7;!>?!=L7!,4875C645!%>4;=!
#9-!J/.-583/5!8+/,6! 3,!89/2/86-23G-4!ME!D3L35C!2+;C9!/2-/,!<369!,/54E!./54,!/54!.3C96.E!

,.+=-,H!#9-!.+8/63+5,!+0!-@-2E!6+<-2!0+..+<-4!6/8638/.!8236-23/B!C-6635C!69-!93C9-2!@3-<!+0!69-!
8+/,6!/54!8+562+..35C!./5435C!0+2!/66/8N!+2!+M6/3535C!=2+@3,3+5,H!b+<-@-2B!69-!93C9-2!=+356,!+0!
0./6!./54,!<-2-!;,-4!6+!C-6!69-!8/=/836E!+0!@3-<35C!69-!,-/!/54!6+</24,!69-!9+23G+5!!pcqH!

(5!UVV>B!YF/,!+24-5/5G/,!4-!./!';/243/!7/2�63D/!4-.!2-35+!4-!J/.-583/g!</,!=;M.3,9-4!6+!
+2C/53G-!69-!4-0-5,3@-!,E,6-D!+0!J/.-583/5!8+/,6!/54!6+!4-,823M-!69-!/2DE!+2C/53G/63+5!69/6!
-@-2E!6+<-2!5--4-4K!';/24,!<-2-!2-,=+5,3M.-!+0!.++N35C!/06-2!69-!8+/,6!/54!</2535C!35!8/,-!+0!
4/5C-2B! /54! Y%6/A/4+2-,g! <-2-! 2-,=+5,3M.-! +0! 8+DD;538/635C! 5-<,! M-6<--5! 6+<-2,H! #93,!
,62/6-C38! 5-6<+2N! ,=2-/4! /2+;54! /..! 69-! 7-436-22/5-/5! /2-/B! -,=-83/..E! /54! <369! 8.-/2!
/28936-86;2/.!Y,E,6-Dg!35!/..!69-!/2-/,!8+562+..-4!+2!350.;-58-4!ME!69-!"=/53,9!$-3C5H!

!
,-/&)%(-)!.$^&#+E!.G"$/$*(&+!

!
#9-!6E=+.+C3-,!+0!6+<-2,!/.+5C!69-!J/.-583/5!8+/,6!9/@-!C+5-!4-@-.+=35C!35!63D-!/54!69-E!

9/@-!M--5!/4/=6-4!6+!5-<!5-8-,,363-,!/54!6-895+.+C38/.!4-@-.+=D-56,!+0!/66/8N!,+.;63+5,!/54!
,62/6-C3-,H! ^2+D! 69-! /28936-86;2/.! =+356! +0! @3-<B! M;3.435C! 6E=+.+C3-,! 89/5C-4! 69-32!
D+2=9+.+CE!692+;C9+;6!�J!/54!�J(!8-56;23-,H!(6!3,!=+,,3M.-!6+!2-8+C53G-!c!D/35!,6/C-,!pcqK!
"6/C-!UK!^2+D!69-!-54!+0!69-!�J!8-56;2E!6+!69-!M-C35535C!+0!69-!�J(!8-56;2EH!#+<-2,!9/@-!
=23,D/638!,9/=-!<369!,R;/2-4!+2!8328;./2!M/,-B! 69-!,62;86;2-! 3,!@-2E!,3D=.-B!/5,<-235C!6+!69-!
5--4! +0! @3,;/.! 8+562+.! +0! 69-! 6-2236+2EH! "6/C-! SK! ^2+D! UVST! 6+! UVhTB! 69-! 6+<-2,! /2-! =2-?
M/,63+5-4B!69-E!9/@-!,35C;./2!-.-D-56,!.3N-!alambores /54!esperontes O,.+=35C!/54!,82--435C!
,E,6-D,PH!"6/C-!cK!�J((!8-56;2EB!6+<-2,!9/@-!3D=+26/56!@/23/63+5,!2-C/2435C!=2-@3+;,!=9/,-,H!
#9-!;,-!+0! 8+538/.! ,9/=-,!/..+<,!/!93C9-2! 2-,3,6/58-!/C/35,6! /263..-2EH!#9-!9-L/C+5/.! ,9/=-!
/==-/2-4!<34-535C!69-!-E-,3C96!/54!-59/5835C!69-!+00-5,3@-!0;5863+5,H!

#+<-2,!<-2-!8+D=+,-4!ME! 692--!=/26,B! 0+;54/63+5B!M/,-!/54!D/35!M+4EH!&/89!=/26!9/4!/!
,62;86;2/.!/54!4-0-5,3@-!0;5863+5H!#9-!43/D-6-2!+0! 0+;54/63+5!C-5-2/..E!</,!M3CC-2! 69/5! 69-!
6+<-2!M/,-!/54!36!</,!/4/=6-4!6+!69-! 6-22/35H![/,-!2-/89-,!/! 69324!+0! 69-! 6+6/.!9-3C96!/54!36,!
0;5863+5!</,!6+!/@+34!69-!/88-,,!/54!6+!2-A-86!/263..-2E!,9+6,H!#9-!D/35!=/26!358.;4-,!</68935C!
/2-/! <93.-! 69-! 356-23+2,! <-2-! M;3.6! ;,35C! @/;.6-4! ,E,6-DH! #9-! ,=-83038! -.-D-56,! +0! 69-,-!
6E=+.+C3-,!<-2-K!/5!-.-@/6-4!/88-,,!ME!/!./44-2B!9+.-,!+5!69-!,9/06B!.++=9+.-,B!D/8938+./63+5,H!
%..! 69-,-! -.-D-56,! C/@-! 6+! 69-! 6+<-2! 69-! 5-8-,,/2E! ,;==+26! 6+! 0;5863+5,! 0+2! 4-0-5435C! /54!
8+562+..35C!69-!,;22+;5435C!/2-/,H!

!
'(*(.-/!+3#,&G!-)'!Z'!9$'&/+!"$+.!"#$%&++()*!
!

#9-! 032,6! +MA-863@-! +0! 69-! #+@3@/! =2+A-86! 3,! 6+! =2+@34-! /! D-69+4+.+CE! 0+2! 69-! C2/=938!
4+8;D-56/63+5!+0!8+/,6/.!6+<-2!/28936-86;2-,B!<9-2-!69-!C-5-2/63+5!+0!=2+=-2!D-6/4/6/!.35N-4!
6+!c]!D+4-.,!3,!/!6/,N!-D=+<-235C!69-!=+,,3M3.363-,!+0!356-2=2-6/63+5!/54!-00-863@-!,9/235CH!
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#9-! #+@3@/! =2+A-86! =2+=+,-,! 69-! ;,-! +0! /4@/58-4! 6-89538/.! 6++.,! 0+2! C2/=938/.!
2-=2-,-56/63+5B! -D=.+E35C! /! 0.-L3M.-! D-69+4+.+CEB! 62E35C! 6+! ,3D=.30E! =2+8-,,-,! /54!
+=63D3G35C! 2-,+;28-,! <93.-! D/356/3535C! 69-! D/L3D;D! 2-.3/M3.36E! /54! R;/.36E! +0! 2-,;.6,H! (5!
/44363+5B!69-,-!,/D-!2-,;.6,!8/5!M-!/4/=6-4!0+2!8;.6;2/.!;,-,!+0!/!C-5-2/.!=;M.38H!

#9-!032,6!35,=-863+5!3,!-,6/M.3,9-4!/06-2!+M6/3535C!69-!0+..+<35C!M/,38!36-D,K!F+8/63+5K!6+<5!
/54! ! /88-,,! 6+! 69-! 6+<-2! O8+54363+5,! /54! 3,,;-,PH! _! )/26+C2/=9E! +0! 69-! /2-/H! _! I<5-2,93=K!
=;M.38!+2!=23@/6-H!i--4-4!1-2D3,,3+5,H!_!(5!8/,-!+0!M;3.435C!<369!/!8;22-56!+88;=/63+5K!8+56/86!
D/5/C-2,j! #+;23,6! I0038-B! 4-/.-2,93=! _! )+56/86! <369! .+8/.! 6-895383/5,! /54! ,89+./2,K!
/289/-+.+C3,6B!/28936-86B!-5C35--2!_!)+54363+5,!0+2!69-!/88-,,!6+!69-!356-23+2!+0!69-!6+<-2H!!

];235C! 69-! 032,6! 35,=-863+5! /! ,-6! +0!=9+6+,! /54! ,N-689-,! 3,! 2-/.3G-4H!#9-!=9+6+C2/=9,! /2-!
6/N-5!/88+2435C!6+!/!,=-83038!=2+8-4;2-B!-52389-4!ME!5+6-,!/54!,-6635C!69-!&L30!4/6/!!35!=2+=-2!
</E,B!,+!69/6!./6-2!+5!36!3,!-/,3-2!6+!<+2N!+5!69-,-!/2893@-,H!%!,=-83038!2-8+24!+0!69-!,62;86;2-!
3,!=2-=/2-4B!<369!69-!0+..+<35C!D/35!350+2D/63+5K!
!! F+8/63+5K!I5!=./35!+2!D+;56/35!_!&L-D=6!+2!<36935!/5!;2M/5!/2-/!_!J3,3M.-_/88-,,3M.-!+2!

5+6!/2+;54!36,!-5632-!=-23D-6-2H!
!! ^+2DK!1+.EC+5/.!_!$+;54-4!_!^.+<5!-.-D-56,!_!"=-83038!"9/=-!_!
!! ]3D-5,3+5,K!b-3C96!_!i;DM-2!+0!0.++2,!_!i;DM-2!+0!2++D,!=-2!0.++2!_!!
!! "6/328/,-K!!"3G-!_!"9/=-!?!)+@-2/C-_2++0j!/88-,,3M.-!+2!5+6H!!
!! (5,34-!12-,-58-!+0!D+@/M.-!+MA-86,!?!12-,-58-!+0!/55-L-4!M;3.435C,H!!
!! 12-,-58-!+0!62--,!/54_+2!35@/,3@-!@-C-6/63+5!?!I69-2!0-/6;2-,H!

!
*:>A5<!45<!3-,!"L>=>B:4JJ7=:V!!
%06-2! 69-! 2-D/2N/M.-! -@+.;63+5! +0! 69-! 2-8-56! E-/2,B! =9+6+C2/DD-62E! /54! *%J_]2+5-!!

,;2@-E!M-8/D-!/!,3C53038/56!6++.!0+2!/28936-86;2-!,;2@-EH!^+2!=9+6+C2/DD-62E!693,!Y2-M3269g!3,!
4;-! 6+! 5-<! /.C+2369D,! 69/6! 9/@-! 0/83.36/6-4! 69-! =2+4;863+5! +0! c]! D+4-.,! ;,35C! "H0H7H!
O"62;86;2-!02+D!7+63+5P!D-69+4!p>qH!Z9-5!<+2N35C!<369!693,!N354!+0!,+06</2-B!69-!<+2N0.+<!
,6/26,!02+D!69-!/.3C5D-56!+0!69-!=386;2-,H!#9-!=2+8-4;2-!3,!M/,-4!+5!69-!;,-!+0!-/89!=3L-.!+0!
69-!3D/C-!/,!/!=+356B!.++N35C!0+2!9+D+.+C+;,!=+356,!35!/..!69-!=386;2-,!/54!69-2-ME!69-!2-./63@-!
=+,363+5,!+0!-/89!8/D-2/H!#9-!,-6!+0!8/D-2/!=+,363+5,B!/.+5C!<369!69-!=386;2-,!69-D,-.@-,B!/2-!
;,-4! 35! 69-!0+..+<35C!=9/,-B!<369! 69-!8+5,62;863+5!+0! 69-!D+4-.X,!C-+D-62EH! (5! 69-!-54! 36! 3,!
=+,,3M.-! 6+! 82-/6-! /! =9+6+?2-/.3,638! 6-L6;2-! 0+2! 69-! 035/.! c]! D+4-.B! 2-/4E! 6+! M-! -L=+26-4! 6+!
+69-2!,+06</2-!6+!M-!;,-4!0+2!/5/.E,3,B!42/<35C!=2+4;863+5B!D;.63D-43/H!!

*,35C!*%J!;536!O42+5-P!0+2!6/N35C!/-23/.!=9+6+C2/=9,!,+.@-,!D/5E!/88-,,3M3.36E!=2+M.-D,H!
%-23/.! =9+6+C2/=9,! /..+<! /! C2-/6! 02--4+D! 35! 6/N35C! =386;2-,! 02+D! /5E! =+356! +0! @3-<H! (! 3,!
=+,,3M.-!6+!;,-!69-!,/D-!8/D-2/!0+2!C2+;54!,9++635C!+2!6+!=2-0-2!4300-2-56!8/D-2/,!/54!69-5!
D3L35C! 69-! 3D/C-,! <369! 5+! ,3C53038/56! @/23/63+5! 35! 69-! <+2N0.+<H! [;6! 35! C-5-2/.B! <369! /!!
4+;M.-!,-R;-58-!+0!=386;2-,B!+5-!02+D!69-!C2+;54B!+5-!02+D!69-!/32B!36!3,!=+,,3M.-!6+!2-4;8-!69-!
=+,6! =2+8-,,35C! 5--4,H! (5! -L/D=.-B! 5+5-! +0! 69-! =386;2-,! 6/N-5! 02+D! 69-! C2+;54! 5--4! 69-!
D/,N35C! +0! 69-! ,NE! =2+8-,,K! 69-! =2-,-58-! +0! /-23/.! =386;2-,! 4-035-,! 8.-/2.E! 69-!M+24-2,! +0! /!
6+<-2B!/..+<35C!/!=-20-86!=2+8-,,35C!<369+;6!5+3,E!/26-0/86,!35!69-!,NE.35-!+0!69-!/28936-86;2-H!

!
Z'!/4;7:!+C4557:!
^+2!8+D=.-L!,62;86;2-,B!-,=-83/..E!35!=2-,-58-!+0!/2638;./6-4!356-25/._-L6-25/.!=/26,B!69-!;,-!

+0!c]!./,-2!,8/55-2!6-895+.+CE!3,!5-8-,,/2EH!(6!,+.@-,!69-!=2+M.-D!=+,-4!ME!=9+6+?D+4-.35C!
0+2!356-23+2,B!<9-69-2!0+2!.3C9635C!2-/,+5,!+2!0+2!/!R;-,63+5!+0!,=/8-!/54!8+D=.-L36EH!"8/5535C!
3,!D;89!D+2-!./M+23+;,B!M+69!0+2!4/6/!/8R;3,363+5!/54!,;M,-R;-56!=2+8-,,35C!O/.3C5D-56!+0!69-!
=+356?8.+;4,B! D-,9! C-5-2/63+5B! ,;20/8-,! 62-/6D-56,B! 6-L6;235CB! -68HHHPB! M;6! <9-5! 8+22-86.E!
+=-2/6-4B!36!-5,;2-,!-L8-..-56!4/6/!/8R;3,363+5!;54-2!/5E!8328;D,6/58-,B!N--=35C!69-!R;/.36E!+0!
/..!69-!4/6/!C/69-2-4!<369!69-!,/D-!/88;2/8E!p>BVqH!%!,=-83038!6+=+C2/=938!,;==+26!3,!+=-2/6-4!
0+2! 69-! c]! F/,-2! "8/55-2! ,;2@-EB! 36! 3,! .3D36-4! 6+! 69-! 6/2C-6,! /==.3-4! ! 693,! ,;2@-EB! 2-4;835C!
5--4,!0+2!+@-2./==35C!,8/5,!/54!D/N35C!-/,3-2!/54!2+M;,6!69-!=2+8-,,!+0!/.3C5D-56!+0!3,+./6-4!
2++D,!/54!+0!69-!8+@-2/C-_2++0H!!
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-!9A8=6J7<64!%4=48>BA7!
#9-!#+@3@/!=2+A-86!3,!M/,-4!+5!69-!;,-!+0!c]!=9+6+?2-/.3,638!D+4-.,!<369!69-!358.;,3+5!+0!

69-32!0;..!4/6/B!358.;435C!-/89!D+4-.!35!36,!C-+C2/=938!.+8/63+5!6+!0/83.36/6-!69-32!3543@34;/63+5!
/54!,;==+26!69-!43,,-D35/63+5!6/,NH!#9-!+==+26;536E!+0!69-!=2+A-86!3,!6+!-L=/54!69-!@3,3M3.36E!
+0!69-,-!8;.6;2/.!/,,-6,!/.+5C!69-!J/.-583/5!8+/,6B!=2+@3435C!4/6/!6+!69-!C-5-2/.!=;M.38!692+;C9!
/! Y.3C96g! 8+D=;635C! =./60+2D,! ,;89! /,! "D/26?19+5-,! +2! 1]%,! O;,35C! %11,! 0+2! @326;/.! /54!
/;CD-56-4!2-/.36EPH!#9-!/88-,,!<3..!M-!692+;C9!69-!(56-25-6B!;,35C!.+8/.!Z3^3!5-6<+2N!+2!69-!
6-.-=9+5-!4/6/!/88-,,H!#9-!,62/6-C3-,!/2-!M/,-4!+5!69-!;,-!+0!-/,3.E!/88-,3M.-!,+.;63+5,B! .3N-!
69-! "N-6890/M! O<<<H,N-6890/MH8+DP! =./60+2DB! <93.-! 0+2! D+2-! 8+D=.-L! /54! ,36-! ,=-83038!
,36;/63+5! 36! 3,! =+,,3M.-! 6+! 0+2-,--5! D+2-! 8+D=.-L! /54! /2638;./6-4! ,+.;63+5,B! M/,-4! +5!
D;.63D-43/_=2+C2/DD35C! ,+06</2-H! #9-! <3..! 3,! 6+! 82-/6-! /! @-2,/63.-! ,6/54/24B! 8/=/M.-! 6+! M-!
-/,3.E!2-=.3-4!35!+69-2!-L=-23-58-,!35!69-!0;6;2-B!M;6!<369!/!,+.34!/54!8+D=.-6-!/2893@-!35!36,!
M/8NC2+;54H! #9-! 8/6/.+C;-B! 5+<! +=-5! 6+! 69-! =;M.38! 35! 36,! +5.35-! @-2,3+5!
O966=K__6+@3@/HM.+C,H;=@H-,_P! -@-5! 30! ,63..! 35! +5C+35C! 4-@-.+=D-56B! ,9+<,! 69-! ,E,6-D! +0!
4-0-5,3@-!-.-D-56,!/,!/!6++.!+0!N5+<.-4C-!/54!6+;23,D!C;34-!0+2!69-!J/.-583/5!7-436-22/5-/5!
8+/,6B! /! ,+.;63+5!;,/M.-!ME! ,89+./2,B! 2-,-/289-2,B! ,6;4-56,B! 6+;23,6,B! 8;23+;,! /54!/5E!N354!+0!
356-2-,6-4!;,-2H!#9-!8+56-56,!/2-!+2C/53G-4!/2+;54!C2/=938/.!-.-D-56,!.3N-!=386;2-,!/54!O<9-5!
=+,,3M.-P! 43C36/.! ,;2@-E! 4-23@-4! 2-=2-,-56/63+5,H! #93,! ,E,6-D! <3..! 8+55-86! 6+! 69-! @3,36+2!
=+,363+5!;,-0;.!350+2D/63+5!/M+;6!69-!6-2236+2EB!69-!93,6+2E!+0!69-!6+<-2!/54!69-!,E,6-D!+0!69-!
0+263038/63+5,H!%6!69-!,/D-!63D-B!/5!/55;/.!8+50-2-58-B!69-!^+26D-4!O<<<H0+26D-4H-;PB!9-.=,!
35!8+55-8635C!,89+./2,!/54!2-,-/289-2!+5!693,!,;MA-86H!

!
%>5C8A;6>5;!
#9-! </6896+<-2,! .+8/6-4! 35! /.+5C! 69-! 7-436-22/5-/5! 8+/,6! /2-! 93,6+238/.! <365-,,-,! +0! /!

4-0-5,3@-!,E,6-D!02+D!69-!�J(!/54!�J((!8-56;23-,H!#9-!C+/.!6+!;,-!69-D!/,!/!M/,-!6+!62/5,D36!
N5+<.-4C-!692+;C9!/4@/58-4!4/6/!8+..-863+5!0354,!3D=+26/56!,+.;63+5,!35!69-!43C36/.!6++.,!0+2!
,;2@-E!/54!2-=2-,-56/63+5B!69;,B!,;89!/5!/2893@-!<3..!M-!R;36-!.3D36-4!30!5+6!,9/2-4H!%54!693,!
8/5!M-!,;==+26-4!ME!356-2/863@-!,89-D-,!/54!c]!@3,;/.3G/63+5,H!7;.63D-43/!350+2D/63+5!<3..!
/..+<!6+!-59/58-! 69-!/</2-5-,,!/M+;6! 69-!,E,6-D,!+0! 6+<-2,B! 6+!M-66-2!;54-2,6/54!9+<!-/89!
,35C.-!6+<-2!3,!=/26!+0!/!,E,6-D!/.+5C!69-!7-436-22/5-/5!8+/,6B!82-/6-4!0+2!4-0-5435C!/C/35,6!
[/2M/2E!/66/8N,!M;6!,63..!8/=/M.-!6+!423@-!/!5-6<+2N!+0!N5+<.-4C-!M-6<--5!=/,6!/54!=2-,-56H!
%6! 69-! ,/D-! 63D-B! /5! /88;2/6-! 2-8+5,62;863+5! +0! M;3.435C,! 3,! /! ,3C53038/56! ,6-=! 35! 69-!
;54-2,6/5435C!+0!69-!Y-@+.;63+5g!+0!693,!b-236/C-H!%..!69-!=2-@3+;,!4+8;D-56,B!8+..-86-4!/54!
+2C/53G-4B! /2-! 69-! M/,-! 0+2! /! 8+22-86! -@/.;/63+5H! 12+=-2! 6-895+.+C3-,! /..+<! 6+! -L=./35! 69-!
4-0-5,3@-! ,E,6-D! /.+5C! 7-436-22/5-/5! 8+/,6! 8+55-8635C! 5-<! -L=-23-58-,! 6+! 8+5,+.34/6-4!
N5+<.-4C-H! 7;.63D-43/! 6++.,! D/E! 9-.=! =-+=.-! 6+! 6/N-! /! .++N! 35! /! 43,6/56! =/,6B! 5+6! +5.E! 6+!
+M6/35!/5! 34-/!/M+;6! 6+<-2! ,E,6-D,!<369!93C9!93,6+238/.!/54!=/623D+53/.! 356-2-,6!M;6! /.,+! 6+!
M-66-2!;54-2,6/54!69-!8+D=.-L!,E,6-D!+0!2-./63+5,93=,!,=2-/435C!/..!/82+,,!69-!7-436-22/5-/5H!
!

!
^3CH!U!?!^+;2!,/D=.-,!+0!69-!6+<-2,!4+8;D-56-4!ME!69-!#+@3@/!12+A-86!O'HJ-243/53P!
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!
!

!

!
^3CH!S!?!#+<-2,!6E=+.+C3-,!35!69-!,-6!/5/.E,-4!ME!#+@3@/!12+A-86B!O$H%6G-53B!JH!i/.4353!phqP!

!

!
^3CH!c!?!c]!F/,-2!"8/55-2!/54!I86/8+=6-2!]2+5-!/6!<+2N!O'H!J-243/53B!"H!'32/;4-/;P!

!

!
^3CH!>!?!c]!D+4-.!<369!6-L6;235C!-L=+26-4!35!,N-6890/MH8+D!O1H!$+423C;-G?i/@/22+P!

!

!
^3CH!V!?!#9-!!^+26D-4STUh!/54!69-!#+@3@/!Z-M,36-,!O1H!$+423C;-G?i/@/22+B!'H!J-243/53P!
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!

!

!
-%d)$^/&'*&9&).+!
!

#9-!#+@3@/!=2+A-86!3,!/!=/26!+0!69-!$\]!=2+A-86!-5636.-4!o";2@-3../58-!/54!]-0-5,-!#+<-2,!
+0! 69-!J/.-583/5!)+/,6H!7-6/4/6/!C-5-2/63+5!/54!c]!D+4-.,!0+2! 356-2=2-6/63+5!/54!-00-863@-!
-59/58-D-56o! 2-0-2-58-! b%$STUc?>UlVn?1H! 123583=/.! 35@-,63C/6+2K! 1H! $+42�C;-G?i/@/22+H!
#9-! =2+A-86! 3,! 0;54-4! ME! 69-! i/63+5/.! 12+C2/D! 0+2! ^+,6-235C! &L8-..-58-! 35! "83-563038! /54!
#-89538/.!$-,-/289B!i/63+5/.!";M?12+C2/D!0+2!W5+<.-4C-!'-5-2/63+5B!7353,62E!+0!&8+5+DE!
/54! )+D=-6363@-5-,,! O'+@-25D-56! +0! "=/35PH! #9-! =2+A-86! 3,! 4-@-.+=-4! ME! /5! (56-25/63+5/.!
#-/DB!D/35.E!8+D=+,-4!ME!D-DM-2,!+0!69-!*53@-2,36/4!1+.36-8538/!4-!J/.-583/!O*1JP!/54!
]3=/263D-56+!43!%28936-66;2/!43!^32-5G-!O]3]%PH!#9-!2-,-/289!6-/DK!1H!$+42�C;-G?i/@/22+B!#H!
'3.! 13R;-2/,B! ^H! e;/5! J34/.B! %H! �/2/C+G�! )/6/.�5B! "H! J/2-./! [+6-../B! %H! "+.-2! &,62-./B! "H!
d;4383!I.3@-2B!eH!F;3,!7-5�54-G!^;-E+B!'H!J-243/53B!"H!F3..+!'35-2B!(5!8+../M+2/63+5!<369!"H!
(;23..3B! 'H! ';343B! 7H! 1;883B! $H! %6G-53B! JHi/.4353B! 7H! 7/5C/53B! 1H! )/M-G+,! [-25/.B! "H!
'32/;4-/;B!%H!F-+5/243B!#H!13C5/6/.-B!"H!)+.;DM;H!!

!
#7?7:75C7;!
!

pUq!1H!$+42�C;-G?i/@/22+B!'H!J-243/53!/54!#H!'3.!13R;-2/,B!Y)+D=2-9-5,3@-!D-69+4+.+CE!
0+2! ]+8;D-5635C! 69-! 4-0-58-! #+<-2,! +0! 69-! J/.-583/5! )+/,6! O"=/35PgB! 35! Defensive 
Architecture of the Mediterranean. XV to XVIII CenturiesB! @+.H! UB! =H=H! cSU?cSlH! J/.-583/K!
*53@-2,36/6!1+.36�8538/!4-!J/.�583/B!STUVH!

!
pSq!%H!'/28�/!/54!%H!7/26�5-G?7-435/B!YF/!02+56-2/!D/2�63D/!0+263038/4/K!4-!./!@3C3./583/!/!

./! ,-�/.3G/83�5! O�J(?�(�PgB! 35! ]-0-5,3@-! %28936-86;2-! +0! 69-! 7-436-22/5-/5H! �J! 6+! �J(((!
)-56;23-,B!@+.H!UB!=H=H!hU?hlH!J/.-583/K!*53@-2,36/6!1+.36�8538/!4-!J/.�583/B!STUVH!

!
pcq!1H!1+M.-6!'+5G�.-GB!Y#+22-,!@3C�/!E!4-0-5,/!4-.!.36+2/.!J/.-583/5+!OJ((PK!]-!./!6+22-!4-.!

)/=!4XI2!/!./!6+22-!M+DM/24/gH!1;M.3,9-4!035/.!4-C2--B!432-86-4!ME!1/M.+!$+42�C;-G?i/@/22+H!
J/.-583/K!*53@-2,36/6!1+.36�8538/!4-!J/.�583/B!STUcH!

!
p>q!1H!$I]$�'*&�?i%J%$$IB!Y%;6+D/6-4!]3C36/.!=9+6+C2/DD-62E!@-2,;,!69-!,E,6-D,!

M/,-4! +5! /863@-! c]! ,-5,+2,gB! 35! Revista EGA, nº20B! =H=H! UTT?UUUH! J/.-583/K! *53@-2,36/6!
1+.36�8538/!4-!J/.�583/B!STUSH!

pVq! 'H! J-243/53B! Y(.! 236+25+! /..X3DD/C35-H! i;+@-! =2+8-4;2-! 3D/C-! M/,-4! =-2! 3.! 8;.6;2/.!
b-236/C-gB!F;.;H8+DB!STUUH!

!
phq!$H!%6G-53! /54!JH!i/.4353B! Y';/24/54+! 3.! 6-D=+!4/!;5/! 6+22-! ,;.!D/2-gH!;5=;M.3,9-4H!

7/,6-2!]-C2--!#9-,3,B!432-86-4!ME!'3+2C3+!J-243/53!/54!1/M.+!$+423C;-G?i/@/22+H!^32-5G-K!
]3=/26/D-56+!43!%28936-86;2/H!*53@-2,36�!4-C.3!,6;43!^32-5G-!STUVH!

!
p`q!eHJH![+32/B!YF/,!6+22-,!4-.!.36+2/.!@/.-583/5+H!J/.-583/K!)+5,-..-2�/!4-!(502/-,62;86;2/,!E!

62/5,=+26-gB!STT`H!
!
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!
$3+�,!]3C36/.!%6-.3-2!7;2/6!!

;54-2!J-22+893+�,!"=-..!
!

!b-36+2!F;3G!7;2/6!4-!7-32-..-,!Q;356-../!
!

"62/63D343/X,!7;2/6!7%'()!!
O7/3,+5!4X%26!'/.-23-!-6!(D/C35/23;D!)+56-D=+2/35P!%6-.3-2!

$3+!4-!e/5-32+B![2/,3.!
!9-36+2HR;356-../fCD/3.H8+D!

Abstract
!

#93,!=/=-2!=2-,-56,!/!=3+5--235C!-L=-23D-56! 35!43C36/.!/26!8/223-4!+;6! 35![2/G3.B!*WB!

*"%! ,358-! 69-! E-/2,! Un`TH! %5! /88+;56! +0! 69-! +23C35,B! 4-@-.+=D-56! +0! 69-!

/893-@-D-56,! +0! D-69+4,B! 43,83=.-,! /54! =/265-2,! 35! 69-! /4@/58-! +0! 69-! ;,-! +0!

6-895+.+CE!35!/26!/54!/26!93,6+238!.-C/8EH!%5!/5/.E,3,!+0!69-!+@-2/..!/863+5!=93.+,+=9E!

34-56303-,! 69-! 8+5@-2C-58-! <369! 69-! 2-5/3,,/58-! 34-/.,! +0! J-22+893+X,! [+66-C/H! %!

,;DD/2E!+0!D/35!<+2N,!8+DD3,,3+5-4!ME!8+2=+2/6-!/54!8+..-86+2!8.3-56,!3,!=2-,-56-4!

<369! 8+5,34-2/63+5,! +5! 0;6;2-! /863@363-,! /54! +@-2/..! D/2N-6! 62-54,H! #9-! +@-2/..!

02/D-<+2N! +0! 69-! /6-.3-2! 7;2/6! 9/,! M--5! ;,-4! /,! /! =/66-25! 6+! 3D=.-D-56! ,3D3./2!

+2C/53G/63+5,!/,!/!8+5,;.635C!,-2@38-H!7;.63=.-!7-8-5/,!/54!).3-56,!/2-!-L=.+235C!69-!

=+,,3M3.36E!+0!=./835C!./2C-!,8/.-!+24-2!/54!9/@-!69-D!0;.03..-4!35!@-2E!,9+26!63D-!/54!

@-E! 93C9! R;/.36EH! ! %D+5C! 69-D! [;3.4-2,B! b+6-.,B! b+,=36/.,B! *53@-2,363-,! /54! ./2C-!

8+2=+2/63+5,! 9/@-! /.2-/4E! M-8+D-! 2-C;./2! =/265-2,! +0! 693,! =2+D3,35C! -L=-23D-56! 35!

&)IFI'()%F! ]('(#%F! %$#! ^I$! )I$1I$%#&! (i#&$(I$! ]&)I$%#(Ii!

/54!8/5!M-!@3,;/.3G-4!35!69-!0+..+<35C!M.+CK!

!

966=K__/26-,@3,;/3,4-D;2/6HM.+C,=+6H8+DHM2_!
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!
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!
!
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&-4&$-A%2!()!0$;$4%2!*1241&%2!*(,4-,4V!
!
!

E(..-22%!"%))(! WW!

U=G!'4&%4-;$*!E(2-V!
!
!

<%,$-2%!6%$,$,$!
!
!

WC!
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61.-%2-!+$(&-,4$,(P!8M52($4%4$(,!D*4$A$4$-.J!
<-9(,.4&%4$(,.!%,0!8M#$H$4$(,.!!
=,!Y%5%,V!
!
!
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!
!
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!
!
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!
!
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!
!

W_!
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!
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!

W`!

!
!
!
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!
!
U^-%14:!%.!%!^&$0;-!^-4L--,!"1241&-.V!
!

F$1.-55-!?J![(,;(!
!

CW!
!
!
!

UE-*-,4!%0A%,*-.!$,!.5-*4&%2!$9%;$,;!)(&!!
*1241&%2!#-&$4%;-!0(*19-,4%4$(,!%,0!%,%2:.$.I!
!
!
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'(,:!F-(&;-!!
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