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1‘Enhancing Cultural Heritage Building Restoration Processes Through Artificial Intelligence’

Idea of Restoration
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1) Relevée (Surveying) 2) Restitution (Preparation of the
project)

3) Physical intervention 
(Restoration)

Deterioration
Detection

Coloring of damaged and 
deteriorated surfaces

Filling small loss (gaps or cracks, 
etc) on surfaces

Repair of damaged parts of 
buildings whose parts, roofs, walls,

or coverings have collapsed
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Partially Destructed CH Buildings

Structural
Health

Monitoring

Consolidation according
to inherited features

Consolidation with
contemporary approaches

• Carlo Fea (1753-1836) 

• Antonio Canova (1757-1822)
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Main Deteriorations • Cesare Brandi (Siena),
• Renato Bonelli (Rome),
• Giulio Carlo Argan (Turin),
• Roberto Pane (Naples).

Critical Restoration Theory

CH Building’s (Architectural Styles)

Possible by;

Guessing patterns, symmetries, and learned shapes

Hybrid workflows are used

Photogrametry

NeRF (Neural Radiance Field)

3D-CNN Paint Cloud Completition



3Existing Non-Destructive Testing (NDT) Methods

Achievement % =
Number of deterioration types detected

33 total deterioration types
× 100

Sensors NDT Signal 
Acquisition

Signal 
Processing

Interpretation 
/ Analysis

Output / Decision: 
Identified Deterioration & 

Reports

AI assists 
here

AI assists 
here



•Disintegration

•Exfoliation

•Erosion

•Pitting

•Deformation

•Crumbling

•Detachment

•Surface deposits

4Cultural Heritage Building

Photogrammetric Method=Image Capture (Camera / Drone)

Raw Photos / Image Set

3D Reconstruction / Point Cloud

AI-Assisted Processing

Detect cracks CrumblingSurface Erosion ExfoliationMaterial Loss

Deterioration Map / Report

Highlighted areas Monitoring over time

Tracking how the deterioration
changes by comparing
photogrammetry data captured
at different times (Structural
Health Monitoring).

Visual marking on the 3D
model or images showing
locations of detected
deterioration.
Purpose: Helps conservators
quickly see where cracks,
material loss, erosion, or
other damage is present.

Convolutional Neural 
Networks (CNNs)

Semantic segmentation 
networks (U-Net, Mask-RCNN)

Object detection networks 
(YOLO, Faster-RCNN)

•Cracks

•Black crusts

•Blistering

•Chromatic 

alteration

•Casting

•Biological growth

•Vegetation

•Cracks

•Black crusts

•Blistering

•Casting

•Biological 

growth

•Vegetation

•Detachment

•Exfoliation

•VandalismChallenging for both OD and SS:
Friability
Lack (assuming this refers to missing 
material, subtle losses)
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Object detection networks (YOLO, 

Faster-RCNN)
Semantic segmentation networks 

(U-Net, Mask-RCNN)

Convolutional Neural Networks 
(CNNs)
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Object detection networks (YOLO, 
Faster-RCNN)

Dataset
Collection
&
Annotation

235 Total ImagesImages 

Bounding 
Boxes 

Class 
Labels 

• Blistering-based

• Crust-waterleakage-based

• Vandalism-based

• Biological-colonisation-based

Dataset

Train: 321

Validation: 91

Test: 26

YOLOv11 
Model

Training Step

Loss Calculation (from Head Outputs)
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Validation Step

Head Predictions vs Ground Truth

Backward Pass & Weight Update (Training Only)

Graphical Visualization

{
"predictions": [
{
"x": 390,
"y": 788.5,
"width": 112,
"height": 75,
"confidence": 0.876,
"class": "Paint defects",
"class_id": 3,
"detection_id": "21dc3f54-a04d-48d9-b4f9-

a76782b924ab"
},
{
"x": 402.5,
"y": 867.5,
"width": 101,
"height": 99,
"confidence": 0.119,
"class": "Paint defects",
"class_id": 3,
"detection_id": "e2000377-c971-47c3-ac47-

784d14b2b4dd"
},

{
"predictions": [
{
"x": 263.5,
"y": 329.5,
"width": 167,
"height": 473,
"confidence": 0.86,
"class": "Delamination",
"class_id": 1,
"detection_id": "0f7c6420-fecd-

44fe-9af7-08ba2818e3a9"
},
{
"x": 258,
"y": 316,
"width": 150,
"height": 354,
"confidence": 0.044,
"class": "Dirt- Algae- and mold",
"

{
"predictions": [

{
"x": 750.5,
"y": 347,

"width": 197,
"height": 56,

"confidence": 0.944,
"class": "Paint defects",

"class_id": 3,
"detection_id": "78416eac-8589-4c3e-b04f-b6594a4ff14f"

},
{

"x": 220,
"y": 286,

"width": 62,
"height": 20,

"confidence": 0.916,
"class": "Paint defects",

"class_id": 3,
"detection_id": "892b9120-47a7-48bf-bfca-95dee8afc30c"

},
{

"x": 87.5,
"y": 359.5,

"width": 59,
"height": 35,

"confidence": 0.818,
"class": "Paint defects",

"class_id": 3,
"detection_id": "d573b32a-2b05-4776-a75b-1debec15a120"

},
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Continuation of examination of object detection and
semantic segmentation models

Dataset preparation and diversification

Learning semantic segmentation models

Sellection of CH Buildings

The buildings will be chosen according to
deterioration styles

The definition of the achievement rate of 
deterioration detection models will be interpreted

Thank You
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