


DEFENSIVE ARCHITECTURE OF THE MEDITERRANEAN
Vol. XV



DEFENSIVE ARCHITECTURE OF THE MEDITERRANEAN
Vol. XV

Editors
Marco Giorgio Bevilacqua, Denise Ulivieri

Università di Pisa

PROCEEDINGS of the International Conference on Fortifications of the Mediterranean Coast
FORTMED 2023



Series Defensive Architecture of the Mediterranean
General editor: Pablo Rodriguez-Navarro

7KH�SDSHUV�SXEOLVKHG�LQ�WKLV�YROXPH�KDYH�EHHQ�SHHU�UHYLHZHG�E\�WKH�6FLHQWL¿F�&RPPLWWHH�RI�)2570('����B3LVD
��HGLWRUV��0DUFR�*LRUJLR�%HYLODFTXD��'HQLVH�8OLYLHUL
��HGLWRULDO�WHDP��,ROH�%UDQFD��9DOHULD�&URFH��/DXUD�0DUFKLRQQH��*LDPPDUFR�0RQWDOEDQR��3LHUJLXVHSSH�5HFKLFKL
��FRYHU�SLFWXUH��*LDPPDUFR�0RQWDOEDQR��3LHUJLXVHSSH�5HFKLFKL
© papers: the authors
��SXEOLVKHUV��3LVD�8QLYHUVLW\�3UHVV��&,',&���HG839��8QLYHUVLWDW�3ROLWqFQLFD�GH�9DOqQFLD�

3XEOLVKHG�ZLWK�WKH�FRQWULEXWLRQ�RI�WKH�8QLYHUVLW\�RI�3LVD

��&RS\ULJKW�����
3LVD�8QLYHUVLW\�3UHVV
3ROR�HGLWRULDOH���&HQWUR�SHU�O¶LQQRYD]LRQH�H�OD�GLIIXVLRQH�GHOOD�FXOWXUD
8QLYHUVLWj�GL�3LVD
3LD]]D�7RUULFHOOL���ā�������3LVD
3��,9$�������������ā�&RGLFH�)LVFDOH������������
7HO������������������ā�)D[����������������
(�PDLO�SUHVV#XQLSL�LW�ā�3(&�FLGLF#SHF�XQLSL�LW
www.pisauniversitypress.it
,6%1��������������������WKUHH�YROXPH�FROOHFWLRQ�
,6%1��������������������YRO�����DQG�HOHFWURQLF�YHUVLRQ�

��&RS\ULJKW�HG839��8QLYHUVLWDW�3ROLWqFQLFD�GH�9DOqQFLD������
,6%1���������������������WKUHH�YROXPH�FROOHFWLRQ�
,6%1���������������������HOHFWURQLF�YHUVLRQ�
,6%1���������������������YRO�����

352&((',1*6�RI�WKH�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�)RUWL¿FDWLRQV�RI�WKH�0HGLWHUUDQHDQ�&RDVW�)2570('�����
3LVD���������DQG����0DUFK�����

0HPEUR�&RRUGLQDPHQWR
8QLYHUVLW\�3UHVV�,WDOLDQH

/¶RSHUD�q�ULODVFLDWD�QHL�WHUPLQL�GHOOD�OLFHQ]D�&UHDWLYH�&RPPRQV��$WWULEX]LRQH���1RQ�FRPPHUFLDOH���1RQ�RSHUH�GHULYDWH�����,QWHUQD]LR-
QDOH��&&�%<�1&�1'������
/HJDO�&RGH��https://creativecommons.org/licenses/by-nc-nd/4.0/legalcode.it

/¶(GLWRUH�UHVWD�D�GLVSRVL]LRQH�GHJOL�DYHQWL�GLULWWR�FRQ�L�TXDOL�QRQ�q�VWDWR�SRVVLELOH�FRPXQLFDUH��SHU�OH�HYHQWXDOL�RPLVVLRQL�R�ULFKLHVWH�GL�
soggetti o enti che possano vantare dimostrati diritti sulle immagini riprodotte.
/¶RSHUD�q�GLVSRQLELOH�LQ�PRGDOLWj�2SHQ�$FFHVV�D�TXHVWR�OLQN��www.pisauniversitypress.it

,QWHUQDWLRQDO�FRQIHUHQFH�RQ�IRUWL¿FDWLRQV�RI�WKH�0HGLWHUUDQHDQ�FRDVW�)2570('������������������3LVD!
'HIHQVLYH� DUFKLWHFWXUH� RI� WKH�0HGLWHUUDQHDQ�� YRO��;,,,�;9� �� SURFHHGLQJV� RI� WKH� ,QWHUQDWLRQDO� FRQIHUHQFH� RQ� IRUWL¿FDWLRQV� RI� WKH�
0HGLWHUUDQHDQ�FRDVW�)2570('��������3LVD���������DQG����0DUFK��������HGLWRUV�0DUFR�*LRUJLR�%HYLODFTXD��'HQLVH�8OLYLHUL������
YROXPL����3LVD���3LVD�XQLYHUVLW\�SUHVV�������

&RQWLHQH�
>9RO���@��'HIHQVLYH�DUFKLWHFWXUH�RI�WKH�0HGLWHUUDQHDQ��YRO��;,,,���HGLWRUV�0DUFR�*LRUJLR�%HYLODFTXD��'HQLVH�8OLYLHUL
>9RO���@��'HIHQVLYH�DUFKLWHFWXUH�RI�WKH�0HGLWHUUDQHDQ��YRO��;,9���HGLWRUV�0DUFR�*LRUJLR�%HYLODFTXD��'HQLVH�8OLYLHUL
>9RO���@��'HIHQVLYH�DUFKLWHFWXUH�RI�WKH�0HGLWHUUDQHDQ��YRO��;9���HGLWRUV�0DUFR�*LRUJLR�%HYLODFTXD��'HQLVH�8OLYLHUL

������������������
,��%HYLODFTXD��0DUFR�*LRUJLR� ,,��8OLYLHUL��'HQLVH� ���$UFKLWHWWXUD�PLOLWDUH���)RUWL¿FD]LRQL���0DU�0HGLWHUUDQHR���&RVWH���&RQJUHVVL
&,3�D�FXUD�GHO�6LVWHPD�ELEOLRWHFDULR�GHOO¶8QLYHUVLWj�GL�3LVD



V

Defensive Architecture of the Mediterranean / Vol. XV / Bevilacqua, Ulivieri (Eds.)
© 2023 Pisa University Press (CIDIC) / edUPV

Organization and committees
Organizing Committee

Chairs:
Marco Giorgio Bevilacqua. Università di Pisa
Denise Ulivieri. Università di Pisa

Secretary:
Lucia Giorgetti. Università di Pisa
Stefania Landi. Università di Pisa

Members:
Iole Branca. Università di Pisa
Laura Marchionne. Università di Firenze
Massimo Casalini. Università di Pisa
Valeria Croce. Università di Pisa
Andrea Crudeli. Università di Pisa
Monica Petternella. Università di Pisa
Piergiuseppe Rechichi. Università di Pisa
Giammarco Montalbano. Università di Pisa

6FLHQWL¿F�&RPPLWWHH
Almagro Gorbea, Antonio. Real Academia de Bellas Artes de San Fernando. Spain
Bertocci, Stefano. Università degli Studi di Firenze. Italy
Bevilacqua, Marco Giorgio. Università di Pisa. Italy
Bragard, Philippe. Université Catholique de Louvain. Belgium
Bouzid, Boutheina. École Nationale d’Architecture. Tunisia
%UX�&DVWUR��0LJXHO�ÈQJHO��,QVWLWXWR�GH�(VWXGLRV�GH�ODV�)RUWL¿FDFLRQHV�±�$($&��6SDLQ
Cámara Muñoz, Alicia. UNED. Spain
&DPL]��$OHVVDQGUR��g]\H÷LQ�8QLYHUVLW\��7XUNH\
Campos, João. Centro de Estudos de Arquitectura Militar de Almeida. Portugal
Castrorao Barba, Angelo. The Polish Academy of Sciences, Institute of Archaeology and Ethnology. 

3RODQG�±�8QLYHUVLWj�GHJOL�6WXGL�GL�3DOHUPR��,WDO\
Croce, Valeria. Università di Pisa. Italy
Cherradi, Faissal. Ministère de la Culture du Royaume du Maroc. Morocco
Cobos Guerra, Fernando. Arquitecto. Spain
Columbu, Stefano. Università di Cagliari. Italy
Coppola, Giovanni. Università degli Studi Suor Orsola Benincasa di Napoli. Italy
Córdoba de la Llave, Ricardo. Universidad de Córdoba. Spain
Cornell, Per. University of Gothenburg. Sweden
Dameri, Annalisa. Politecnico di Torino. Italy
Di Turi, Silvia. ITC-CNR. Italy
Eppich, Rand. Universidad Politécnica de Madrid. Spain
Fairchild Ruggles, Dorothy. University of Illinois at Urbana-Champaing. USA
)DXFKHUUH��1LFRODV��$L[�0DUVHLOOH�8QLYHUVLWp�±�&156��)UDQFH
García Porras, Alberto. Universidad de Granada. Spain
García-Pulido, Luis José. Escuela de Estudios Árabes, CSIC. Spain
Georgopoulos, Andreas. Nat. Tec. University of Athens. Greece
Gil Crespo, Ignacio Javier. Asociación Española de Amigos de los Castillos. Spain



VI

Gil Piqueras, Teresa. Universitat Politècnica de València. Spain
Giorgetti, Lucia. Università di Pisa. Italy
Guarducci, Anna. Università di Siena. Italy
Guidi, Gabriele. Politecnico di Milano. Italy
González Avilés, Ángel Benigno. Universitat d’Alacant. Spain
Hadda, Lamia. Università degli Studi di Firenze. Italy
Harris, John. Fortress Study Group. United Kingdom
,VODPL��*MHUJML��8QLYHUVLWHWL�3ROLWHNQLN�L�7LUDQsV��$OEDQLD
Jiménez Castillo, Pedro. Escuela de Estudios Árabes, CSIC. Spain
Landi, Stefania. Università di Pisa. Italy
León Muñoz, Alberto. Universidad de Córdoba. Spain
López González, Concepción. Universitat Politècnica de València. Spain
Marotta, Anna. Politecnico di Torino. Italy
Martín Civantos, José María. Universidad de Granada. Spain
Martínez Medina, Andrés. Universitat d’Alacant. Spain
Maurici, Ferdinando. Regione Siciliana-Assessorato Beni Culturali. Italy
Mazzoli-Guintard, Christine. Université de Nantes. France
Mira Rico, Juan Antonio. Universitat Oberta de Catalunya. Spain
Navarro Palazón, Julio. Escuela de Estudios Árabes, CSIC. Spain
Orihuela Uzal, Antonio. Escuela de Estudios Árabes, CSIC. Spain
Parrinello, Sandro. Università di Pavia. Italy
Pirinu, Andrea. Università di Cagliari. Italy
Quesada García, Santiago. Universidad de Sevilla. Spain
Rodríguez Domingo, José Manuel. Universidad de Granada. Spain
Rodríguez-Navarro, Pablo. Universitat Politècnica de València. Spain
Romagnoli, Giuseppe. Università degli Studi della Tuscia. Italy
Ruiz-Jaramillo, Jonathan. Universidad de Málaga. Spain
Santiago Zaragoza, Juan Manuel. Universidad de Granada. Spain
Sarr Marroco, Bilal. Universidad de Granada. Spain
Spallone, Roberta. Politecnico di Torino. Italy
Toscano, Maurizio. Universidad de Granada. Spain
Ulivieri, Denise. Università di Pisa. Italy
Varela Gomes, Rosa. Universidade Nova de Lisboa. Portugal
Verdiani, Giorgio. Università degli Studi di Firenze. Italy
Vitali, Marco. Politecnico di Torino. Italy
Zaragoza, Catalán Arturo. Generalitat Valenciana. Spain
Zerlenga, Ornella. Università degli Studi della Campania Luigi Vanvitelli. Italy

Advisory Commitee

Pablo Rodríguez-Navarro. President of FORTMED. Universitat Politècnica de València
Giorgio Verdiani. Università degli Studi di Firenze
Teresa Gil Piqueras. Secretary of FORTMED. Universitat Politècnica de València
Roberta Spallone. FORTMED advisor. Politecnico di Torino
Julio Navarro Palazón. LAAC, Escuela de Estudios Árabes, CSIC
Luis José García Pulido. LAAC, Escuela de Estudios Árabes, CSIC
Ángel Benigno González Avilés. Departamento de Construcciones Arquitectónicas. Escuela Politécnica 

Superior Universidad de Alicante



VII

Organized by:

With the patronage of:

Partnership:

With the collaboration 
and the contribution of:

DIPARTIMENTO DI INGEGNERIA 

DELL’ENERGIA, DEI SISTEMI,

DEL TERRITORIO E DELLE COSTRUZIONI

With the patronage 
and the contribution of:

With the patronage of:



IX

Defensive Architecture of the Mediterranean / Vol. XV / Bevilacqua, Ulivieri (Eds.)
© 2023 Pisa University Press (CIDIC) / edUPV

Preface .......................................................................................................................................................XV

Contributions

CHARACTERIZATION OF GEOMATERIALS

Stone materials and construction technology in the Piscinnì tower (South-western Sardinia, Italy): 
archaeometric investigations and digital survey ....................................................................................... 941
S. Columbu, D. Fancello, G. Verdiani

Mannu tower (Central-western Sardinia, Italy): from petrographic, geomorphological investigations 
and digital survey to intervention proposal .............................................................................................. 949
S. Columbu, R. T. Melis, P. E. Orrù, V. Demurtas, D. Fancello, G. Verdiani, G. Deiana

The Rocca Vecchia fortress in the Gorgona island (Tuscany, Italy): building materials and 
conservation issues ................................................................................................................................... 957
F. Fratini, S. Rescic, D. Pittaluga, F. De Vita

The building materials of the Rocca della Verruca fortress (Tuscany-Italy) ........................................... 965
G. Pancani, A. Arrighetti, F. Fratini, S. Rescic

Caracterización arqueométrica de morteros históricos en las torres nazaríes del reino de Granada ....... 973
L. Pérez-Lomas, J. Ruiz-Jaramillo, L. J. García-Pulido

Fortezza medicea di Volterra: progetto della ‘messa in sicurezza’ (restauro e recupero) del 
camminamento di ronda e degli elementi architettonici a sporgere -‘beccatelli’- del lato nord della 
cortina perimetrale (1472/1474) ............................................................................................................... 981
D. Taddei, C. Calvani, A. Taddei, A. Martini

DIGITAL HERITAGE

Application of new survey technologies for 3D restitution and the architectural study of the Spanish 
fort Gourraya in Bejaia (Algeria) ............................................................................................................. 991
N. Abderrahim Mahindad, S. Haoui Bensaada

The Fort of the Holy Savior in Messina. Historical cartography and digital surveys .............................. 997
A. Altadonna, G. Martello, A. Nastasi, F. Todesco

'UDZLQJ�DQG�LQWHUDFWLYH�DUFKLWHFWXUDO�ZDONWKURXJK�WR�FRPPXQLFDWH�FRPSOH[�VSDFHV .......................... 1005
A. Basso, A. Meschini, M. Russo

6WXGLR� SUHOLPLQDUH� VXO� FRPSOHVVR� IRUWL¿FDWR� GL� 7URJLU� �&URD]LD�� EDVDWR� VX� XQ� DSSURFFLR� PXOWL�
disciplinare  ............................................................................................................................................. 1013
S. Brizzi, M. Ricciarini, S. Bertocci, C. Riminesi

Table of contents



X

)UXL]LRQH�GLJLWDOH�GHL�SDHVDJJL�SHUGXWL��,O�VLVWHPD�IRUWL¿FDWR�GL�3DOD]]R�G¶$YDORV�D�3URFLGD ............... 1021
P. D’Agostino, G. Antuono, A. Maglio, A. Carannante

Digital survey and 3D virtual reconstruction for mapping historical phases and urban integration of 
WKH�IRUWL¿HG�JDWHV�LQ�WKH�FLW\�RI�3DYLD��,WDO\ ............................................................................................ 1029
R. De Marco, F. Galasso

)RUWL¿FDFLyQ�\�FRQWURO�HVWUDWpJLFR�GHO�&DPLQR�GH�OD�5D\D�HQ�HO�V�;9��DQiOLVLV�JHRHVSDFLDO�GHO�GRPLQLR�
visual de un territorio de frontera  .......................................................................................................... 1037
J.J. Fondevilla Aparicio

,O� UXROR�GHO� ULOLHYR� LQWHJUDWR�QHOO¶LQWHUSUHWD]LRQH�GHOO¶HGL¿FLR� VWRULFR��5RFFD�GL�6DOD� D�3LHWUDVDQWD�
(Lu) ......................................................................................................................................................... 1047
G. Frosini, L. Parodi, A. Di Paola, S. Vecchio, S. Garuglieri, B. Verona

Levantamiento digital y modelización 3D de la Torre Rubia, del siglo XVI en Molinos Marfagones 
(Cartagena, Región de Murcia) .............................................................................................................. 1055
J. García-León, P. E. Collado-Espejo, P. J. Martínez-Serrano

Levantamiento fotogramétrico de las atalayas medievales del Altiplano más septentrional de 
Granada. .................................................................................................................................................. 1063
L. J. García-Pulido, J. Ruiz-Jaramillo

Taranto underground: digital survey and virtual exploration of the hypogea along the Aragonese 
walls ........................................................................................................................................................ 1073
G. Germanà, G. Verdiani, S. Giraudeau

'LJLWDO�DUWHIDFWV�IRU�WKH�NQRZOHGJH�DQG�GRFXPHQWDWLRQ�RI�WKH�IRUWL¿HG�KHULWDJH��7KH�&DVWOH�RI�7RUUHV�
Vedras in Portugal .................................................................................................................................. 1081
F. Guerriero

Castelnuovo: una fortezza dimenticata ................................................................................................... 1089
C. Monteleone, F. Panarotto

Le rocce raccontano: la cripta, le prigioni e i sotterranei del castello di Otranto. Dal rilievo al modello 
di fruizione virtuale ................................................................................................................................. 1097
G. Muscatello, C. Mitello

Rilievo architettonico remote sensing della Fortezza della Verruca sui Monti Pisani, Toscana (Italia) 1105
G. Pancani, M. Bigongiari

$QDO\VLV� DQG� GH¿QLWLRQ� RI� LQWHUYHQWLRQ� VWUDWHJLHV� IRU� WKH� FRQVHUYDWLRQ� RI� WKH� ERXQGDU\� ZDOOV� LQ�
Verona ..................................................................................................................................................... 1113
S. Parrinello, R. De Marco, E. Doria

'LJLWDOL]]DUH�� ULFRVWUXLUH� H� IUXLUH� LO�&DVWHOOR�GL�0RQWRULR��8Q� WDVVHOOR�QHOOD�GH¿QL]LRQH�GHOOD� URWWD�
culturale dei castelli scaligeri .................................................................................................................. 1123
F. Picchio, A. Pettineo

/HYDQWDPLHQWR�JUi¿FR�LQWHJUDO�SDUD�HO�DQiOLVLV�GH�OD�)RUWDOH]D�GH�6DQWD�$QD�HQ�2OLYD��9DOHQFLD� ...... 1131
P. Rodríguez-Navarro, T. Gil Piqueras, A. Ruggieri



XI

/D�IRWRJUDPHWUtD�6I0�PHGLDQWH�8$6�SDUD�OD�GRFXPHQWDFLyQ�GH�ODV�IRUWL¿FDFLRQHV�GH�OD�$OSXMDUUD�
(Granada y Almería, España) ................................................................................................................. 1139
J. Rouco Collazo, J. A. Benavides López

$��'�LQWHJUDWHG�VXUYH\�RI�IRUWL¿HG�DUFKLWHFWXUHV��WKH�PHGLHYDO�&DQRVVD�FDVWOH .................................... 1147
M. Russo, F. Panarotto, G. Flenghi, E. Rossi, A. Pellegrinelli

$UFKLWHWWXUH�IRUWL¿FDWH�LQ�,VWULD��DQDOLVL��UHVWLWX]LRQH�%,0�H�FRPXQLFD]LRQH�DYDQ]DWD�GL�GXH�IRUWL�D�
Pola ......................................................................................................................................................... 1155
$��6GHJQR��9��5LDYLV��3��%DãLü

(OHPHQWL�IRUWL¿FDWL�GDO�WHUULWRULR�GL�3DOPL�H�6HPLQDUD��OD�FLWWDGHOOD�GL�&DUORSROL .................................. 1163
F. Stilo, L. Pizzonia

Documentation, understanding and enhancement of Cultural Heritage through integrated digital 
survey: Ínsua fort in Caminha (Portugal) ............................................................................................... 1171
R. Volzone, P. Becherini, A. Cottini

CULTURE AND MANAGEMENT

L’antico castello di Alba: studi per la conservazione e la valorizzazione di un sito archeologico ........ 1181
F. Ambrogio

&XOWXUH��WRXULVP�DQG�IRUWL¿FDWLRQV�(GXFDWLRQDO�FHQWUH�RQ�6W��-RKQ¶V�)RUWUHVV�LQ�âLEHQLN��&URDWLD ....... 1189
*��%DULãLü�%DþHOLü��,��/XþHY

%XQNHU�ODQGVFDSHV��)URP�WUDFHV�RI�D�WUDXPDWLF�SDVW�WR�NH\�HOHPHQWV�LQ�WKH�FLWL]HQ�LGHQWLW\ ................. 1195
G. Cherchi, D. R. Fiorino, M. R. Pais, M. S. Pirisino

)RUWL¿HG� FLW\¶V� KHULWDJH� DQG� XUEDQ� DUFKDHRORJ\�� 7KH� 1HDSROLWDQ� IRUWL¿HG� SRUW� WRZQ� WKURXJK� WKH�
archaeological discoveries ...................................................................................................................... 1203
T. Colletta

'D�VWUXWWXUD�IRUWL¿FDWD�D�FHQWUR�SHU�OD�FRPXQLWj��LO�FDVR�GHO�FDVWHOOR�GL�+\OWRQ�D�6XQGHUODQG��8.� ..... 1211
D. Dabbene

,GHQWL¿FDWLRQ�DQG�3ULRULWL]DWLRQ�RI�&RQVHUYDWLRQ�0HDVXUHV�DW�WKH�&DVWOH�RI�*MLURNDVWUD��$OEDQLD�� ...... 1219
5��(SSLFK��(��0DPDQL��/��+DG]LF��-��$ORQVR��0��1~xH]�*DUFtD��,��0DUWtQH]�&XDUW

Andar per castelli: Calendasco lungo la via Francigena ........................................................................ 1227
M. M. Grisoni, N. Badan, D. Zanon

Le mura invisibili .................................................................................................................................... 1237
M. Malagugini, S. Saj

$GDSWLYH�5HXVH�IRU�)RUWL¿FDWLRQV�DV�D�6WUDWHJ\�WRZDUGV�&RQVHUYDWLRQ�DQG�8UEDQ�5HJHQHUDWLRQ��7KH�
case of ‘Canto di Stampace’ in Pisa ....................................................................................................... 1245
L. Marchionne, E. Parrini

La Cittadella di Alessandria, ‘Faro’ di pace in Europa .......................................................................... 1253
A. Marotta



XII

Identidad y memoria: nuevos enfoques para la gestión de los castillos en la provincia de Alicante 
(España) .................................................................................................................................................. 1261
J. A. Mira Rico, G. Jover Roig

Recupero dei camminamenti in quota delle mura urbane limitrofe al Giardino Scotto di Pisa ............. 1269
M. Pierotti, M. Guerrazzi, G. Masiello

The Military Heritage and its natural environment of the Veracruz-Mexico Royal Road .................... 1277
D. Pineda Campos

La Real Piazza di Pescara: prospettive per la ricerca di un’identità urbana .......................................... 1285
M. Pirro

Torri nel paesaggio urbano. La ‘turrita’ Forio d’Ischia tra alterazioni e possibilità di valorizzazione 
GHOOH�DUFKLWHWWXUH�IRUWL¿FDWH ..................................................................................................................... 1291
A. Ragosta

$UFKLWHWWXUH�IRUWL¿FDWH�H�JHVWLRQH�GHOO¶HPHUJHQ]D�SRVW�VLVPD��QXRYL�SRVVLELOL�VWUXPHQWL�SHU�LO�ULOLHYR�
del danno ................................................................................................................................................. 1299
E. Zanazzi

MISCELLANY

5HYLWDOL]DWLRQ�RI�WRZHU�IRUW�)RUW�0RQWH�*URVVR�DQG�WKH�UHVWRUDWLRQ�RI�WKH�IRUWL¿HG�SDWK�RI�3XOD ......... 1309
3��%ROMXQþLü

Il progetto incompiuto di Massimo Carmassi per il restauro della Fortezza Nuova di Pisa .................. 1317
A. Crudeli

The Castle of Cleto in Calabria. Singular characteristics of a fortress................................................... 1325
C. Gattuso, D. Gattuso

Strategie di conoscenza e di progetto: un nuovo percorso urbano per il borgo storico di Massa 
Marittima ................................................................................................................................................ 1331
E. Giomini, S. Pieri, M. De Vita

(VSORUD]LRQH�YLVXDOH�GHO�GLEDWWLWR�LQWRUQR�DO�VHFRQGR�¿DQFR ................................................................. 1339
M. Pavignano



1171

Defensive Architecture of the Mediterranean / Vol. XV / Bevilacqua, Ulivieri (Eds.)
© 2023 Pisa University Press (CIDIC) / edUPV

This research has been developed within the 
European Project F-ATLAS, which aims to study 
the conventual complexes of the Franciscan 
Observance and their landscape context between 
Italy, Spain, and Portugal. The Minho River 
GH¿QHV�WKH�ERUGHU�EHWZHHQ�$OWR�0LQKR��1RUWKHUQ�
Portugal) and Galicia (Spain). For this reason, 
it is a strategic point to ensure the defence of 
both the territories. The Ínsua fort, in Portugal, 
represents an exceptional case in the context of the 

Portuguese-Spanish border, as it is built around an 
observant Franciscan convent on an islet. In this 
way, a combination between a religious and a 
PLOLWDU\�VSDFH� WDNHV�SODFH��7KH�IRUW�DQG��PRVWO\��
the convent of Ínsua have been recently deepened 
from the historical and architecture point of 
YLHZ� �)LJXHLUHGR�� ������ )HUUHLUD�	�1HWR�� ������
Becherini et al. 2022). However, a 3D survey for 
its documentation, understanding and valorisation 
was still missing. 

Documentation, understanding and enhancement of Cultural 
Heritage through integrated digital survey: Ínsua fort in Caminha 
(Portugal)
Rolando Volzonea, Pietro Becherinib, Anastasia Cottinic

a Dinâmia’CET-Iscte, ISCTE-Instituto Universitário de Lisboa, Lisboa, Portugal, CHAIA, Universidade de Évora, 
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Abstract

The Ínsua fort is located on a small island, south of the Minho River mouth (north of Portugal, at the 
ERUGHU�ZLWK�6SDLQ���7KH�FRQVWUXFWLRQ�RI�WKH�IRUW�WRRN�SODFH�LQ�WKH�PLG���th century (during the Portuguese 
5HVWRUDWLRQ�:DU��DQG�VXUURXQGHG�WKH�SUH�H[LVWLQJ�FRQYHQW�RI�6DQWD�0DULD�GD�ËQVXD��IRXQGHG�LQ������E\�
WKH� ¿UVW� REVHUYDQW� )UDQFLVFDQV�� 7KLV� IRUW� DOORZHG� WKH� SURWHFWLRQ� RI� WKH� HQWUDQFH� YLD� WKH�0LQKR�5LYHU��
LQWHJUDWLQJ�D�GHIHQVLYH�V\VWHP�IRUPHG�E\�D�QHWZRUN�RI� VPDOO�FRDVWDO� IRUWV�DQG�RWKHU� IRUWUHVVHV�DOUHDG\�
VWDQGLQJ�DORQJ�WKLV�ULYHU��'XULQJ�WKH�¿UVW�)UHQFK�,QYDVLRQ���������WKH�VSDFH�ZDV�LQYDGHG�E\�6SDQLVK�WURRSV��
Moreover, the Franciscan community was forced to abandon the convent, due to the Portuguese dissolution 
of religious orders (1834). Ínsua was managed and occupied by the Army until 1970’s. However, despite 
LWV�FODVVL¿FDWLRQ�DV�D�1DWLRQDO�0RQXPHQW���������WKH�DEDQGRQPHQW�DQG�GHJUDGDWLRQ�RI�WKH�ODVW�GHFDGHV��DV�
ZHOO�DV�WKH�ODFN�RI�DOWHUQDWLYH�UHXVH��OHG�WR�WKH�RQ�JRLQJ�FRQYHUVLRQ�LQWR�D�WRXULVW�DFFRPPRGDWLRQ��6FKRODUV��
PRVWO\�LQ�WKH�KLVWRULFDO�DQG�DUFKLWHFWXUDO�¿HOGV��KDYH�GHHSHQHG�WKH�GLDFKURQLF�HYROXWLRQ�RI�ERWK�WKH�FRQYHQW�
DQG�WKH�IRUW��+RZHYHU��WKHUH�LV�D�ODFN�RI�VWXGLHV�WKDW�DQDO\VH�WKH�SK\VLFDO�HYLGHQFH�WKURXJK�WKH�HODERUDWLRQ�
RI�GLJLWDO�GRFXPHQWDWLRQ��7KLV�VWXG\�VHHNV�WR�¿OO�LQ�WKLV�JDS��DQG�LW�LV�HYHQ�PRUH�UHOHYDQW��EHFDXVH�LW�ZDV�
conducted before the building rehabilitation. The digital documentation of the whole complex was carried 
out through integrated digital survey methodologies, with TLS and photographic instruments, combining 
terrestrial and aerial data. First results of the digital survey operation allow the creation of a digital model 
IRU�IXUWKHU�VWXGLHV�RQ�WKH�KLVWRULFDO�DQG�DUFKLWHFWXUDO�HYROXWLRQ�RI�WKH�FRPSOH[��0RUHRYHU��GL൵HUHQW�RXWSXWV�
for the visualisation, the preservation and sharing of this historical cultural heritage can be enabled.  

Keywords: digital documentation, cultural heritage, Portugal, TLS and SfM photogrammetry.

1. Introduction
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7KLV� UHVHDUFK� DLPV� WR� ¿OO�LQ� WKLV� JDS�� )URP� WKH�
methodological point of view, after a literature 
review, the owners of the built structure have been 
LGHQWL¿HG�DQG�FRQWDFWHG��LQ�RUGHU�WR�SHUPLW�RQ�VLWH�
visits, aimed at the 3D digital documentation of 
the fort and convent. Terrestrial Laser Scanning 
and both Aerial and Terrestrial Photogrammetry 
have been useful for the 3D virtual reconstruction 
of the building. 

6SHFL¿F� FRQVWUDLQWV�� GXH� WR� WKH� ORFDWLRQ� RQ� DQ�
uninhabited island, the climatic conditions and the 
WLPH�OLPLWDWLRQV��OHG�WR�WKH�GH¿QLWLRQ�RI�D�VSHFL¿F�
ZRUNÀRZ�IRU�WKH�VXUYH\¶V�DFWLYLWLHV��,Q�WKLV�SDSHU��
ZH� ¿UVW� DQDO\VHG� WKH� KLVWRULFDO� IUDPHZRUN� DQG�
the spatial features of the case study. After, we 
discuss the applied digital methodology for data 
collection. Finally, results are displayed and 
discussed. 

2. Historical Frameworks

The foundation of Santa Maria da Ínsua convent 
dates to 1392. A group of Franciscan Observants 
IURP� *DOLFLD�� LQ� 6SDLQ�� �5RGULJXHV� HW� DO�� ������
Teixeira, 2010), founded an oratory on the site of 
a pagan temple which was dedicated to Saturn. 
Historical, social and economic factors led to a 
continuous expansion of the conventual structure. 
A fort was built in the mid-17th century, as part 
of the reformation of the coastal line of defence 
RQ�WKH�EDQNV�RI�WKH�0LQKR�5LYHU��)LJ������GXH�WR�
WKH� 5HVWRUDWLRQ� :DU� ������������� ,W� ZDV� EXLOW�
on the initiative of D. João IV, supervised by 
D. Diogo de Lima, aiming at the protection of 

the Minho river mouth and the northern border 
of the Portuguese territory. Simultaneously, the 
fort protected the Franciscans friars, living in the 
convent, from pirates and the convent itself from 
the bad weather. In 1834, due to the Portuguese 
dissolution of the religious orders, Franciscans 
were forced to leave the convent. Since this 
time, the fort and the convent were managed by 
WKH�0LQLVWU\� RI�:DU�XQWLO� WKH� ODVW� GHFDGH�RI� WKH�
19th century, passing to the Navy Ministry. In 
1886, a lighthouse was placed on the northwest 
bastion and, years later, a small lighthouse was 
installed on the southeast one. Despite the fort and 
WKH�FRQYHQW�KDYLQJ�EHHQ�FODVVL¿HG�DV�D�1DWLRQDO�
Monument in 1910, important movable assets 
have been lost, most of all since the 1940’s. 

The worsening situation led to the building’s 
complete state of abandonment, still evident 
in the recent survey. Since 2000, public access 
to the interior of the fort has been prohibited. 
5HKDELOLWDWLRQ� ZRUN� IRU� WKH� DGDSWDWLRQ� WR� WKH�
designed Centre for Marine Studies was never 
accomplished. So, in 2016, the fort and the 
convent were included in the list of properties 
to be leased by the Portuguese state to private 
individuals, through the Revive program, with 
the aim of its conversion for touristic purposes. 
The selected project foresees the adaptation of the 
structure into a lodging establishment (equivalent 
to a four-star hotel). It is due to start soon. For 
this reason, the digital documentation is an 
opportunity to record the physical evidence state 
EHIRUH�WKHVH�ZRUNV��

)LJ�� �௘��*HRJUDSKLFDO�GLVWULEXWLRQ�RI�SHUPDQHQW�IRUWL¿FDWLRQV�DORQJ�WKH�0LQKR�5LYHU��EHWZHHQ�0HOJDoR�
and Caminha (graphic elaboration by Rolando Volzone, 2022)
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3. Architectural Description and function/
space organisation

7KH� IRUW� RI� ËQVXD�KDV� D�QRQ�UHJXODU�¿YH�SRLQWHG�
shape, with bastions at north-east and north-west 
corners, and half-bastions at the south-east and 
south-west corners, with a tenaille among them 
(Fig. 2). 

The reinforced south-facing curtains underline 
the need for greater protection of this side, at the 
direct defence of the Portuguese coast. Bastions 
have a bartizan in the corner, for the guardians, 
and are interconnected by a patrol path that runs 
along the inner perimeter. This is accessed by 
stairs located next to the north-east and north-
west bastions and at the middle of the east one. 
Externally, regular curtains enclose the structure. 
Moreover, another tenaille, north-east oriented, 
formed by two curtains external to the structure of 
WKH�IRUW��SURWHFWHG�WKH�IRUW�E\�D�IURQWDO�DWWDFN�DQG�
DOORZHG� D� FRXQWHU�DWWDFN� EHIRUH� UHWXUQLQJ� LQVLGH�
it.  All these elements were already visible in the 
cartography developed by the military engineer 
Manuel Pinto de Vilalobos (Fig. 3). On this map it 
is also possible to identify a wall that surrounded 
the north-eastern bastion and a spring located 
north of the structure, protecting the passage 
between the spring and the gate of the fort.

The fort is accessed northeast, through a 
monumental entrance, topped by three heraldic 
symbols: the coat of arms of D. João IV, in the 

PLGGOH��ÀDQNHG�E\�WZR�LGHQWLFDO�RQHV�RI�WKH�IDPLO\�
Lima. A secondary access is located northwest. 
The former garrison quarters are leaning against 
the interior side of the door, on the northwest side. 
7KHVH�DUH�IRUPHG�E\�¿YH�GHSHQGHQFLHV��DFFHVVHG�
by a door, through a few steps. Each one also has 
a window, and the end ones have chimneys. The 
JRYHUQRU¶V�EDUUDFNV�DQG�WKH�PDLQ�JXDUG�VWUXFWXUH�
are located northeast, respectively at right and left 
of the main entrance. An armoury is placed on the 
southwest interior facade of the fort. In terms of 
its constructive system, the fort is made of granite 
masonry, a material extracted directly in loco. The 
EXLOW� VWUXFWXUHV�� GHVSLWH� WKH� ODFN�RI� URRIV�� GRRUV��
windows - due, mostly, to its abandonment - are in 
a moderate state of conservation. The walls have 
QR�VLJQL¿FDQW�VWUXFWXUDO�GDPDJHV��+RZHYHU��VRPH�
areas are more degraded, needing a sustainable 
conservation project. The 3D survey operations, 
carried out on this structure, will certainly support 
its implementation.

4. Data acquisition with integrated digital 
survey techniques

F-ATLAS project provides accurate digital 
surveying operations to understand the 
connection between the conventual complexes 
and the surrounding landscape. The methodology 
foresees the integration of aerial and terrestrial 
instruments such as laser scanners (TLS 
LQVWUXPHQWV��� GURQHV� DQG� UHÀH[� FDPHUDV� �IRU�

)LJ�� �௘��Spatial organisation and defensive system components of the Fort of Ínsua. Military lodging 
(A), external tenaille (B), western bastion (C), eastern half-bastion (D) (graphic elaboration by Rolando 
Volzone, 2022)
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close-range photogrammetry), obtaining metric 
DQG� PRUSKRORJLFDO� GDWD�� 7KHVH� WRROV� PDNH� WKH�
GHWHFWLRQ�SURFHVV�H൶FLHQW�DQG�DFFXUDWH�DQG�DOORZ�
the production of a valuable three-dimensional 
database that can be used and updated over 
WLPH�� ,Q� WKH� VSHFL¿F� FDVH�� WKLV� GDWD� DFTXLVLWLRQ�
is important also because it has been conducted 
before the foreseen structural adaptation into a 
tourist accommodation. 

Terrestrial laser scanning (TLS) instruments use 
light detection and ranging (LiDAR) for range 
PHDVXUHPHQWV� DQG� DQ� RSWLFDO� EHDP� GHÀHFWLRQ�
mechanism to record angle measurements. 
They enable dense measurements, capturing in 
accurate and fast manners, and are sometimes 
integrated with a digital camera that provides 
colour information to the measured point cloud. 
Aerial and terrestrial close-range photogrammetry 
involves techniques for retrieving 3D information 
from two-dimensional digital images, allowing 
the generation of dense point clouds, textured 
models, and high-resolution orthomosaics from 
large datasets (Adamopoulos & Rinaudo, 2021). 
The integration between TLS and SfM (Structure 
from Motion) photogrammetric surveys is the 

standard approach for modelling historical 
VWUXFWXUHV�� EHQH¿WLQJ� IURP� WKH� FRPSOHPHQWDU\�
characteristics of both datasets and ensuring 
that density, accuracy, and texture-resolution 
SUHGH¿QHG�VSHFL¿FDWLRQV�DUH�PHW��It is essential to 
plan the survey operations in the initial phase of the 
FDPSDLJQ��LQ�WKLV�VSHFL¿F�FDVH��WKH�WLPH�DYDLODEOH�
for carrying out the activities was four days. It was 
therefore necessary to coordinate the TLS survey 
with the ground and aerial photographic ones. 
To do so, it was crucial to consider the adverse 
and rapidly changing climatic conditions and the 
fact that access to the island, through a taxi boat 
service, was only possible at certain times and 
depending on the tide.

4.1. Data acquisition with TLS (Terrestrial 
Laser Scanner)

A campaign was carried out with terrestrial 
laser scanner instrumentation. The instrument 
used is a FARO Focus M70, a phase-based laser 
scanner with an integrated camera, a range of 
approximately 70 metres and an accuracy of 3 
millimetres. The 215 laser scanner acquisitions 
were concentrated in the internal and external 

)LJ�� �௘��Drawing of the Fort of Ínsua by Manuel Pinto de Vilalobos, 1734 (National Library of Portugal, 
D.246.V)
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spaces of the convent and the fortress, to obtain 
a complete and metrically reliable point-cloud of 
WKH�HQWLUH�FRPSOH[��$�¿UVW�DFTXLVLWLRQ�ZDV�PDGH�
around the external perimeter of the fort (approx. 
35 scan stations) and a second acquisition along 
WKH� ZDONZD\V� �DSSUR[�� ��� VFDQ� VWDWLRQV��� ERWK�
follow a closed polygonal line and have common 
connecting points (Fig. 4). 

7KHVH� WZR� SRO\JRQV� KDYH� EHHQ� OLQNHG� WR� WKH�
scans acquired in the external spaces surrounding 
the fortress and in the internal spaces (military 
lodgings, conventual spaces). Regarding the 
FRQYHQWXDO�VSDFH��DFTXLVLWLRQV� LQ� WKH�XSSHU�ÀRRU�
were hampered, due to the mostly collapsed 
pavements. The external ones have RGB colour, 
acquired with the laser scanner integrated camera, 
allowing textures displaying. Contrarily, the 
lighting conditions of the interior spaces did not 
allow to capture the colour data.  The planning of 
data acquisition campaigns aimed at identifying 
WKH� HOHPHQWV�RU� VXUIDFHV� WR�EH� FRYHUHG��GH¿QLQJ�
the optimal number and location for scanning 
positions and targets. Scanning positions are 
selected to maximise covered and incidence 
angles, achieving the required resolution 
VSHFL¿FDWLRQV�� ZKLOH� GHFUHDVLQJ� RFFOXVLRQV� DQG��
if possible, the number of scans/scanning time. 
Particular attention was paid along the southwest 
and northwest perimeter of the fort, as the route 
was not always accessible due to the rise of the 
water level at high tide. A rather complete point 
cloud was acquired, because of the particular 
conformation of the fort and the convent. The 
conventual complex is located at a lower altitude 
WKDQ�WKH�ZDONZD\V�RI�WKH�IRUW�ZDOOV��HQDEOLQJ�WKH�
operator to acquire data about the buildings’ roofs 
- when still intact. 

4.2. Data acquisition with SfM (Structure from 
Motion) photogrammetry 

Fast remote survey technologies represent an 
increasingly central issue in the documentation 
and inspection of historic buildings’ state of 
conservation. Photogrammetry is now a well-
established method for 3D recording in building 
documentation and analysis. 

'XH�WR�LWV�PDQ\�DGYDQWDJHV��VXFK�DV�LWV�ÀH[LELOLW\�
and low cost, this method has seen a wide appeal 
in cultural heritage as a recording tool and for 
virtual reconstructions.

4.2.1. Terrestrial photogrammetry

A camera placed in front of an object cannot 
capture more than half of its diameter (Bisson-
Larriv’ee & LeMoine, 2022). For this reason, a 
FDUHIXO�SODQQLQJ�RI�WKH�ZRUN�SKDVHV�ZDV�HVVHQWLDO�
to obtain photographic sequences that guarantee 
good results in data processing.

3KRWR� VHWV� IRU�1LNRQ�'����GLJLWDO� FDPHUDV�ZLWK�
24-120mm lens were acquired: photographs 
should not have too sharp shadows and should be 
WDNHQ�XVLQJ�DSSURSULDWH�SDUDPHWHUV��ORZ�,62��ORZ�
IRFDO�UDWLR��VKRUW�H[SRVXUH�WLPH��0RVEUXFNHU�HW�DO��
2017). 

Since the weather conditions were irregular and 
rapidly changing, photographic acquisitions from 
the ground with the aerial ones were carried out 
ZKHQ� WKH� JOREDO� LOOXPLQDWLRQ�ZDV� VX൶FLHQW� DQG�
widespread.

In this way, it was possible to acquire 
homogeneous photos, in terms of exposure and 
colour. The acquisitions from the ground were 

)LJ�� �௘��Digital survey with TLS. Scan stations (left) and some examples of point cloud data elaboration - 
cross-sections of the fort and the convent (right) (graphic elaboration by Anastasia Cottini, 2022)
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concentrated along the external perimeter walls 
and the military lodgings inside the fort, with 800 
photos. The aim was to integrate the data collected 
E\�WKH�GURQH��KDUG�WR�UHDFK�VLGH�FRYHUV��WR�¿OO�DQ\�
gaps in the acquisition phase (Fig. 5). 

During the design phase of the survey campaign, 
LW�ZDV�HYLGHQW�WKH�GL൶FXOW\�RI�ORZ�DOWLWXGH�ÀLJKWV�
with the drone, to avoid accidental collisions with 
the walls, also due to the presence of strong wind. 
So, ground photos have been useful for a better 
data of unreachable areas by drone (Luhmann et 
al. 2020).

4.2.2. Aerial photogrammetry

Unmanned Aircraft Systems (UAS), commonly 
NQRZQ� DV� GURQHV�� KDYH� EHFRPH� LQFUHDVLQJO\�
popular tools for the collection of aerial data. 
Through monitoring and detection activities, this 
equipment allows photogrammetric acquisition 
IRU� LQFUHDVLQJO\� H൶FLHQW� DQG� IDVW� HQYLURQPHQWDO�
management.

In order to accomplish the objectives and 
UHTXLUHPHQWV� RI� WKH� PDSSLQJ� SURMHFW�� GL൵HUHQW�
planning models can be applied depending, 
mostly, on the activity and area to be surveyed. 
In the analysed case, a DJI Mini 2 has been used.  
This is equipped with a 12 MP camera (24 mm 
OHQV���FDSDEOH�RI�FDSWXULQJ�LPDJHV�ZLWK�GL൵HUHQW�
photo modes. Due to the peculiarity of the site and 
the atmospheric conditions, a manual acquisition 
ZDV�FKRVHQ��ZLWKRXW�SUH�VHW�ÀLJKW�SODQ�SURJUDPV��
It was therefore possible to obtain a rigorous 

GH¿QLWLRQ�RI�WKH�VWUXFWXUH�E\�PHDQV�RI�WKH�EXUVW�RI�
frames every 3/5 seconds. It is equally important 
to consider the Ground Sampling Distance (GSD). 
To get a lower, therefore better, GSD and a more 
DFFXUDWH�PDS��LW�LV�LPSRUWDQW�WR�À\�ORZHU��WKDQ�WKH�
FDPHUD¶V� UHVROXWLRQ�� DQG� WDNH� PRUH� SKRWRV� DW� D�
higher resolution. This means more time spent on 
D�SURMHFW�GXH�WR�ORQJHU�ÀLJKWV�DQG�PRUH�GDWD�WR�EH�
processed. 

In this study, in order to have a better GSD, a 
maximum height of 20 metres was set with respect 
to the structure to be analysed, passing from a 
GHWDLO�RI���FP�WR�RQH�RI���FP��LQ�WKLV�ZD\��XS�WR�
ten times more data were acquired and stored for 
the same covered area but with much better detail. 
:LWKLQ� WKLV� SKRWRJUDPPHWULF� VXUYH\� FDPSDLJQ��
the evaluation of the weather conditions before 
each lifting of the instrument was very important. 
)OLJKW� SODQV�ZHUH� WKHQ� GH¿QHG� IRU� HDFK� W\SH� RI�
front to be documented, to avoid any shortcomings 
in the post-production phase. The acquisitions 
were made through nadiral and inclined circular 
trajectory views, depending on the situation. 

Shaded areas have been avoided, in order to obtain 
a homogeneous colour scheme of the structure in 
DOO� WKH� VXUIDFHV�� ����� SKRWRJUDSKV� ZHUH� WDNHQ�
with planned routes and spiral or ellipsoidal 
VKRWV��ZLWK�VSHFL¿F�DUFKLWHFWXUDO�HOHPHQWV�LQ�PRUH�
detail. These georeferenced images were used to 
GH¿QH�HDFK�VWUXFWXUDO�SDUW�RI� WKH� IRUW� LQ� WKH�SUH�
acquisition phase, so as to cover the entire surface 
involved in the survey study. 

)LJ�� �௘��'L൵HUHQW�SKRWRJUDPPHWULF�PHWKRGV�RI�DFTXLVLWLRQ��5HÀH[��$���8$9��%�DQG�&���2Q�WKH�ULJKW�DUH�
WKH�GHWDLOV�RI�WKH�SRLQW�FORXG�GH¿QLWLRQ��JUDSKLF�HODERUDWLRQ�E\�3LHWUR�%HFKHULQL�������
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5. Data elaboration and output

The data collected with the laser scanner was 
processed with Leica Cyclone software. The 215 
individual scans of the whole built structure were 
registered together in a single complete point 
FORXG��ZLWK�D�¿QDO�HUURU�RI�DERXW���FP��7KH�SRLQW�
cloud can be visualised in grayscale, RGB colours 
or intensity map, depending on the operator’s 
needs and on the survey purpose. Data collected 
with drone and digital camera were processed 
with Agisoft Metashape software, obtaining 
a 3D model of textured mesh. The model was 
VXEVHTXHQWO\� VFDOHG� WDNLQJ� DV� D� UHIHUHQFH� WKH�
point-cloud obtained from laser-scanner, so that 
they have the same scale and orientation in space. 
7KUHH�ZHOO� UHFRJQLVDEOH� SRLQWV� DUH� LGHQWL¿HG� RQ�
WKH�PHVK�PRGHO��WR�ZKLFK�DUH�DVVLJQHG�³PDUNHUV´��
ZKRVH� FRRUGLQDWHV� DUH� PRGL¿HG� LQ� RUGHU� WR� EH�
equal to those of the three homologous points 
belonging to the laser-scanner point-cloud (Cioli 
& Lumini, 2021).

The obtained three-dimensional models, 
characterised by a high metric-morphological 
reliability, are a valid support to carry out further 
analysis on the buildings, combining studies 
of historical and archival sources (Volzone et 
al. 2022). Technical drawings, such as plans, 
elevations and sections, perspective views, 
axonometric splits, are produced from the 3D 
models. 

These allow study of the represented architectures 
and provide metric and morphological 
information, including the materiality and 
chromatic appearance of the surfaces. This will 
serve as a support for the analyses concerning the 
distributive aspects of the architectural complexes, 
those relating to the decorative apparatus, the 
state of conservation of the wall surfaces and the 
evolutionary phases of the buildings.

6. Discussion and Conclusions

The singularity of the convent of Santa Maria 
GD� ËQVXD�� GXH� WR� LWV� VWUDWHJLF� ORFDWLRQ� ±� DQ� LVOHW�

LQ� WKH�0LQKR�5LYHU� DW� WKH�6SDQLVK�ERUGHU�±� DQG�
to its double function, with the coexistence of a 
religious building (the convent) and a military one 
�WKH�IRUW���PDNHV�WKLV�FRPSOH[�D�XQLTXH�FDVH�VWXG\��

The 3D survey operations enabled the creation of 
digital documentation, both 3D and 2D. Future 
studies should foresee an exhaustive digital 
survey or to update the ones already carried out, 
as in the case of the project CADIVAFOR, aimed 
at cataloguing, digitisation and enhancement 
of these structures along the Minho River. This 
could enable a comparative analysis with other 
military architecture at local, regional, national 
and international level, once this territory is 
bordering with Spanish Galicia. Historical 
factors, morphological analysis, and construction 
techniques can be the starting point of this 
analysis.  

In the scope of this research, the concern lies also in 
WKH�LGHQWL¿FDWLRQ�RI�QHZ�XVHV��RQFH�WKH�VSDFHV�ORVH�
their military function. Indeed, these structures 
are an important part of the historical, cultural 
and social identity. Moreover, they represent a 
distinctive element for regional attractiveness and 
tourism and territorial development. It is therefore 
crucial to ensure its preservation, enhancement 
and dissemination, as well as an inclusive and 
sustainable access to a broader local (or not) 
community. 
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