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Virtual restoration of stained-glass windows

1.
St. Martin’s Basilica 
on the Publémont hill 
in the city centre of Liège, 
Belgium



Virtual restoration of stained-glass windowsVirtual restoration of stained-glass windows Page 3

Liège, stained-glass windows in the choir 
of St. Martin’s Basilica (ca 1527)
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Liège, St. Martin’s Basilica, eastern face of the south arm of the 
transept
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Stained-glass windows of the north and south arms of the transept: a. Virgin and Child, b. Alms of Saint Martin, 
c. stained-glass window of Arnold de Bocholtz, d. stained-glass window of Conrard de Gavre. Photomontage
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Liège, St. Martin’s Basilica
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Liège, stained-glass windows in the choir 
of St. Martin’s Basilica (ca 1527)
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Stained-glass windows of the north and south arms of the transept: a. Virgin and Child (1575-1590), b. Alms of Saint Martin 
(1575-1590), c. stained-glass window of Arnold de Bocholtz (after 1568), d. stained-glass window of Conrard de Gavre (1569-1584). 
Photomontage
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Colourless and coloured glass 
painted with grisaille and 
highlighted with silver stain
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Colourless glass painted with grisaille 
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Colourless glass painted with 
grisaille and highlighted with 
silver stain
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Stained-glass window of Saint 
Martin giving alms. State of 
conservation.

Stained-glass window with Virgin 
and Child, donor and Saint Martin. 
State of conservation.

Stained-glass window with Christ, 
donor and Saint Lambert. State of 
conservation.

Stained-glass window of the 
Virgin and Child. State of 
conservation.
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Repaired pieces of glass with mending leads 
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 La Lanterne, 4 Jul. 1946, p. 1 
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Broken pieces of glass with breaks and losses
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Isabelle Lecocq, Les vitraux de la seconde moitié du 
XVIe siècle et de la première moitié du XVIIe siècle 
conservés en Belgique: provinces du Brabant 
Wallon, de Hainaut, de Liège et de Namur (Corpus 
Vitrearum Belgium, vol. 6), Turnhout: Brepols, 2011
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Stained-glass window of Saint 
Martin giving alms. State of 
conservation.

Stained-glass window with Virgin 
and Child, donor and Saint Martin. 
State of conservation.

Stained-glass window with Christ, 
donor and Saint Lambert. State of 
conservation.

Stained-glass window of the 
Virgin and Child. State of 
conservation.
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Record of damage to the four historic stained-glass windows in the transept (1998): 
a. Virgin and Child, b. Alms of Saint Martin, c. Arnold de Bocholtz window, d. Conrard de Gavre window.
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2. 
Virtual restoration
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A transdisciplinary project

● With 14 students in computer science

(University of Mons, Belgium)
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3 main steps
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Image registration Damage detection Inpainting (virtual restoration)
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Image registration: aligning images of the same section 

Page 29

Color image converted to grayscale Original grayscale image Registered grayscale image
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Detect anchor points (ORB features)

Match anchor points
Estimate deformation 

(homography) Result (overlay)

Image registration 
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Damage mask extraction from manual annotation
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Damage mask detection from the data
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1st method: luminance difference

2nd method: white areas detection
Fusion (intersection)

Final damage mask

Manual correction
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Reference-guided inpainting
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Convolutional UNet6 neural network
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Training without prior data: 
self-supervised training
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Original non-damaged image patch Random mask Result: artificially damaged image
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Self-supervised training
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Neural network 
UNet6
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A web-based user interface
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Demonstration
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BALaT picture a023618
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Demonstration
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BALaT picture a023634
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Demonstration
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BALaT picture a023611
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The importance of documentation and 
open data

● KIK-IRPA database BALaT, where the archive pictures are available

https://balat.kikirpa.be 

● Structured open data under a Creative Commons license

https://zenodo.org/records/17160139

● Open-source code

https://gitlab.com/nnadisic/virtual-restoration-of-stained-glass-windows
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BALaT picture a023069

https://balat.kikirpa.be
https://zenodo.org/records/17160139
https://gitlab.com/nnadisic/virtual-restoration-of-stained-glass-windows
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Conclusion
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Conclusion

Page 42

Beyond virtual restoration, this project has the potential
to support and prepare the restoration itself.
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Conclusion
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AI-generated image 
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Gracias. Bedankt. Merci. 
Thank you.
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Nicolas Nadisic
nicolas.nadisic@ugent.be

Code and data
https://balatai.kikirpa.be
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