
PROCEEDINGS OF SPIE 
 

 

Volume 13569 

Proceedings of SPIE 0277-786X, V. 13569 

SPIE is an international society advancing an interdisciplinary approach to the science and application of light. 

 

Optics for Arts, Architecture, 
and Archaeology (O3A) X 
 
 
 
Haida Liang 
Roger Groves 
Editors   

 
 
23–26 June 2025 
Munich, Germany 
 
 
Sponsored and Published by  
SPIE 
                                       
 



The papers in this volume were part of the technical conference cited on the cover and title page. 
Papers were selected and subject to review by the editors and conference program committee. 
Some conference presentations may not be available for publication. Additional papers and 
presentation recordings may be available online in the SPIE Digital Library at SPIEDigitalLibrary.org. 
 
The papers reflect the work and thoughts of the authors and are published herein as submitted. The 
publisher is not responsible for the validity of the information or for any outcomes resulting from 
reliance thereon. 
 
Please use the following format to cite material from these proceedings: 
Author(s), "Title of Paper," in Optics for Arts, Architecture, and Archaeology (O3A) X, edited by Haida 
Liang, Roger Groves, Proc. of SPIE 13569, Seven-digit Article CID Number (DD/MM/YYYY); (DOI URL). 
 
ISSN: 0277-786X 
ISSN: 1996-756X (electronic) 
 
ISBN: 9781510690462 
ISBN: 9781510690479 (electronic) 
 
Published by 
SPIE 
P.O. Box 10, Bellingham, Washington 98227-0010 USA 
Telephone +1 360 676 3290 (Pacific Time) 
SPIE.org 
Copyright © 2025 Society of Photo-Optical Instrumentation Engineers (SPIE). 
 
Copying of material in this book for internal or personal use, or for the internal or personal use of 
specific clients, beyond the fair use provisions granted by the U.S. Copyright Law is authorized by 
SPIE subject to payment of fees. To obtain permission to use and share articles in this volume, visit 
Copyright Clearance Center at copyright.com. Other copying for republication, resale, advertising 
or promotion, or any form of systematic or multiple reproduction of any material in this book is 
prohibited except with permission in writing from the publisher. 
 
Printed in the United States of America by Curran Associates, Inc., under license from SPIE. 
 

Publication of record for individual papers is online in the SPIE Digital Library. 

 

SPIEDigitalLibrary.org 
 
 
 
Paper Numbering: A unique citation identifier (CID) number is assigned to each article in the 
Proceedings of SPIE at the time of publication. Utilization of CIDs allows articles to be fully citable as 
soon as they are published online, and connects the same identifier to all online and print versions 
of the publication. SPIE uses a seven-digit CID article numbering system structured as follows: 

 The first five digits correspond to the SPIE volume number.       
 The last two digits indicate publication order within the volume using a Base 36 numbering 
system employing both numerals and letters. These two-number sets start with 00, 01, 02, 03, 04, 
05, 06, 07, 08, 09, 0A, 0B … 0Z, followed by 10-1Z, 20-2Z, etc. The CID Number appears on each 
page of the manuscript. 

 



Contents 

vii Conference Committee 

  
   

TRIBUTE TO JOHN ASMUS: IN MEMORIAM SESSION I 
  

13569 03 Optimising DHSPI-SIRT detection diagnostics through combined thermal and humidity 
excitation procedures on fresco mock-ups [13569-2] 

  
13569 04 Automated text restoration in ancient manuscripts: a deep learning approach for 

document image binarisation based on multispectral data [13569-4] 
  
  

TRIBUTE TO AUSTIN NEVIN: IN MEMORIAM SESSION II 
  

13569 07 Visible-induced spectrofluorimetry as a non-invasive tool for the in situ identification  
of early synthetic dyes in cultural heritage objects dating back to the late 19th or early  
20th century [13569-7] 

  
13569 08 Spatially offset Raman spectroscopy: a new perspective for heritage science [13569-8] 

  
  

TRIBUTE TO VINCENT DETALLE: IN MEMORIAM SESSION III 
  

13569 09 Photothermal radiometry for non-destructive testing and characterization of cultural 
heritage objects (Invited Paper) [13569-10] 

  
13569 0B Terahertz imaging super-resolution for documental heritage diagnostics [13569-12] 

  
13569 0D Micro-LIBS enables fast elemental imaging of marine shells for archaeological and 

environmental research (Invited Paper) [13569-14] 
  
  

STRUCTURAL ANALYSIS 
  

13569 0E Non-destructive THz techniques for monitoring environmental degradation of marble in 
iconic structures [13569-15] 

  
13569 0F Diagnostic of artworks using shearography and 3D scan [13569-16] 

  
13569 0H 3D measurement of a Chavin stone tenon head by using fringe projection profilometry 

[13569-18] 
  

iii



13569 0I Harnessing infrared thermography and unsupervised clustering for the non-destructive 
evaluation of delamination in Chinese cloisonné enamels [13569-19] 

  
  

APPLICATIONS TO ART, ARCHAEOLOGY, AND ARCHITECTURE 
  

13569 0J Micro-SORS advancements in heritage science (Invited Paper) [13569-20] 

  
13569 0K Investigating Kha’s grave goods by means of a transportable, custom-designed x-ray CT 

system [13569-21] 
  

13569 0L Enhancing manuscript analysis with reflectance transformation imaging: a user study on 
interactive visualization options [13569-22] 

  
13569 0M Infrared imaging techniques for the readability enhancement of Herculaneum papyri:  

a comparison between technical photography and high-resolution digital microscopy 
[13569-23] 

  
  

MACHINE LEARNING AND DATA VISUALISATION 
  

13569 0P AI-based methods and hyperspectral imaging techniques towards an automated 
translation of ancient Egyptian hieroglyphs: perspectives and open problems [13569-27] 

  
13569 0R Dual-domain feature extraction and reference image guidance for large-area digital 

mural restoration [13569-29] 
  

13569 0S Digital restoration of paintings using convolutional neural network trained on cleaned 
edges and local patches [13569-30] 

  
13569 0T Mining implicit information in rock art via band selection and hyperspectral image 

unmixing [13569-31] 
  
  

IMAGING AND SPECTROSCOPY: INSTRUMENT AND METHOD DEVELOPMENT 
  

13569 0X Retardance and axis orientation measurements for characterization of the collagen fiber 
network in parchments [13569-35] 

  
13569 0Y Advancing fiber optics reflectance spectroscopy with remote detection [13569-36] 

  
  

3D IMAGING AND SPECTROSCOPY 
  

13569 0Z Multimodal optical approach for cultural heritage characterisation: 3D scanning and 
spectral mapping techniques (Invited Paper) [13569-37] 

  
13569 10 Surface adaptive micro x-ray fluorescence scanning: an innovative technology for 

archaeological analysis on curved surfaces [13569-38] 

iv



13569 11 Sustainable preservation strategies for street art (SUPERSTAR) through the integration and 
comparison of hyperspectral techniques at close and ultra-close range [13569-41] 

  
  

MULTIMODAL IMAGING AND SPECTROSCOPY 
  

13569 12 Brillouin and Raman micro-spectroscopy for cultural heritage: an innovative tool for 
correlative exploration of mechanical and chemical changes in artworks (Invited Paper) 
[13569-42] 

  
13569 14 Non-invasive optoacoustic and nonlinear microscopy techniques reveal in-depth aging of 

CH objects [13569-44] 
  
  

POSTER SESSION 
  

13569 17 Infrared thermography analyses in the early Christian basilica complex in Cimitile (Italy) 
[13569-47] 

  
13569 18 Infrared imaging for the analysis of a 16th-century canvas: Annunciation by Francesco 

Salviati, a case study [13569-51] 
  

13569 19 Noninvasive full-field physics techniques for innovative violins inspection: first results from 
“AMATI VI(H)OLIN” project [13569-52] 

  
13569 1A Artificial intelligence and physics for art diagnostics: first results from “AIPAD” project 

[13569-53] 
  
  

 

v




