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Innovation in EU key projects with civil engineering partners

IBM Research develop ML 
models to detect and predict 
Wind Turbine component 
failures based on a rich set 
of historic data provided by 
partners and design a 
reference Cloud 
implementation of the end-
to-end data flow
www.romeoproject.eu

IBM Research defines the digitalization avenue for 
future of civil infrastructures monitoring and 
inspection, leveraging AI, cloud, and automation
https://im-safe-project.eu
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40% of bridges, roads 
and tunnels are beyond 
their useful life

$50 Billion and 2 Billion man-hours 
spent  on manual inspection of 
bridges

Bridges and Tunnels are complex structures that 
move and change constantly

One failure can shutdown critical arteries
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Inspections in the past…..
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Inspections today
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Drone/Robots visual inspection pipeline for civil infrastructures

High-quality data 
acquisition Photo stiching Defect 

measuring

Visual inspection pipeline

High-resolution detection 
of defects
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Drone/Robots visual inspection pipeline for civil infrastructures

High-quality data 
acquisition Photo stiching Defect 

measuring

Visual inspection pipeline

High-resolution detection 
of defects

Automated acquisition of thousands high-resolution 
images with repeatable drones and robots missions
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Drone/Robots visual inspection pipeline for civil infrastructures

Automated 2D rendering of large elements 
(pillars, towers, etc.) and defects disambiguation 

and localization in global coordinate system

High-quality data 
acquisition Photo stiching Defect 

measuring

Visual inspection pipeline

High-resolution detection 
of defects

Automated acquisition of thousands high-resolution 
images with repeatable drones and robots missions
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Drone/Robots visual inspection pipeline for civil infrastructures

Deep learning based computer 
vision methods to detect tiny and 

rare defects on each high-res image

Automated 2D rendering of large elements 
(pillars, towers, etc.) and defects disambiguation 

and localization in global coordinate system

High-quality data 
acquisition Photo stiching Defect 

measuring

Visual inspection pipeline

High-resolution detection 
of defects

Automated acquisition of thousands high-resolution 
images with repeatable drones and robots missions
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Drone/Robots visual inspection pipeline for civil infrastructures

Deep learning based computer 
vision methods to detect tiny and 

rare defects on each high-res image

Future: explainable 
suggestions for

maintenance decisions

Automated 2D rendering of large elements 
(pillars, towers, etc.) and defects disambiguation 

and localization in global coordinate system

High-quality data 
acquisition Photo stiching Defect 

measuring

Visual inspection pipeline

High-resolution detection 
of defects

Automated acquisition of thousands high-resolution 
images with repeatable drones and robots missions
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West Bridge
1 rail and 
1 road bridge
Total length: 6’611m
Construction period: 1989-1994

East Bridge
Total length: 6’790m
Construction period: 1991-1998
Suspension bridge: 2’700 m
Main span 1’624 m 
Two side spans of 535 m
Navigation clearance is 65 m
Height of pylons: 254 m

Total length: 17.5 km

The Storebaelt Link



15 | © 2022 - IBM Corporation Copyright

June 2021 Inspection
• Latest drone technology

• Matrix DJI 300 RTK

• GSD calibration 

• 22 pillars inspected

• Images generated 

• High quality/high resolution 

• > 23k

• ~ 200 GB

• Each image > 6k x 4k pixels (10 MB)
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Manual annotations and model inference

• Defect annotation guidelines
• Expert manual annotations
• Test set
• Train set

• Training of Mask R-CNN
• Detectron2 implementation
• Customized with pyramid and 

tiling  

Mask R-CNN [He et al. 2017]
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Manual annotations and model inference

• Defect annotation guidelines
• Expert manual annotations
• Test set
• Train set

Mask R-CNN [He et al. 2017]

• Output: instance 
segmentation masks

• 6 types of defects
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Empower 
Engineers and 
Infrastructure 
Managers to use 
pretrained AI 
models for 
everyday 
inspections

Reconstruct 
infrastructure 
elements and 
locate damages in 
scene with 
automated image 
stitching

Detect and 
caracterize 
damage size and 
measure other 
important 
attributes

Extraction and 
aggregation of 
analysis results

Powerful data 
exploration of 
large datasets and 
large images with 
corresponding 
detected damage

One Click Learning – IBM Research Platform
A scalable, cloud based platform to: 



Stitching of high resolution images



Stitching of high resolution images



Stitching of high resolution images
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Automated stitching algorithm

Stitching algorithms 

COS enables smooth 
navigation of large 
images by streaming 
multi-resolution 
pyramid of tiles on 
demand
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Defect segmentation and characterization
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AI aiding in maintenance decisions

Structural 
engineer

Defects 
detection

Maintenance 
decision

Maintenance decisions are 
taken by engineers based on 
sequential virtual inspections 
of structure
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AI taking maintenance decisions 

Structural 
engineer

Maintenance decisions are 
taken by engineers based on 
sequential virtual inspections 
of structure

How about automating also 
inspection and maintenance 
decision-making?

Automated 
maintenance

(used as suggestions)

Structural 
engineer

Takes final decision
based on suggestion

Machine Learning 
Model

Defects 
detection

Maintenance 
decision
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Trusted AI decisions 
Maintenance decisions are 
taken by engineers based on 
sequential virtual inspections 
of structure

How about automating also 
inspection and maintenance 
decision-making?

Automated 
maintenance

(used as suggestions)

Structural 
engineer

Takes final decision
based on suggestion

Machine Learning 
Model

ML prediction and decisions
need to be explainable
so that domain experts know 
whether they are trustworthy



27 | © 2022 - IBM Corporation Copyright

Trusted AI decisions 
Maintenance decisions are 
taken by engineers based on 
sequential virtual inspections 
of structure

How about automating also 
inspection and maintenance 
decision-making?

Automated 
maintenance

(used as suggestions)

Structural 
engineer

Takes final decision
based on suggestion

Machine Learning 
Model

ML prediction and decisions
need to be explainable
so that domain experts know 
whether they are trustworthy

Explainable AI 
(XAI)
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Trusted AI decisions 

www.ibm.biz/
trusted-ai

www.ibm.biz/trusted-ai
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Trusted AI decisions 

www.ibm.biz/
trusted-ai

www.ibm.biz/trusted-ai
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AI Explainability: Challenges of model interpretability

Interpretable “white box models”

 e.g. decision trees, linear regression
 Inherently interpretable: decisions based 

on human-understandable categories 
(concepts) grounded in domain expertise

 BUT limited expressivity and accuracy

“Black box models”
 e.g. Deep neural networks
 Very expressive and accurate
 BUT opaque and uninterpretable
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Failures of Black Box Explainability
Post-hoc explainability (e.g. Grad-CAM “heatmaps”)
 Operate on low-level features (e.g. pixel values), combined unintelligibly

→  not human understandable concepts
 Explanations not guaranteed to be faithful explanations

(i.e. decisions not causally linked to explanations)
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Failures of Black Box Explainability
Post-hoc explainability (e.g. Grad-CAM “heatmaps”)
 Operate on low-level features (e.g. pixel values), combined unintelligibly

→  not human understandable concepts
 Explanations not guaranteed to be faithful explanations

(i.e. decisions not causally linked to explanations)

Attention mechanism
 Attention weights offer intuitive 

“explanations” of predictions
 However, “Attention is not explanation”,

i.e. it is not a “fail-safe indicator” 
[Serrano & Smith, 2019],
especially in neural networks

Sentiment recognition model on adversarial example: 
attention is allocated to a token ("that")
→  not a good explanation for the sentence being classified as 
negative [Jain & Wallace, 2019]
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AI Explainability

Desiderata

 Flexibility: explanations for arbitrary deep learning model
 Plausibility: explanations grounded in domain at hand and 

convincing to domain experts
 Faithfulness: explanation should reflect the decision of the model, 

guaranteed to actually explain the model’s operation
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Attention-based interpretability with ConceptTransformers

 Transformer-based drop-in replacement module as classier head
 Classifier output depends on pre-determined domain-relevant concepts
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Attention-based interpretability with ConceptTransformers

1)Vision backbone + tokenizer: standard vision backbone like ResNet50 feature 
extractor, followed by a “tokenizer” into patches, or ViT

2)Cross-Attention between patches and concepts: cross-attention layer 
computes attention weights from image patches onto concepts
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Attention-based interpretability with ConceptTransformers
2)Cross-Attention between patches and concepts: cross-attention layer 

computes attention weights from image patches onto concepts

 Concepts are determined a priori based on 
domain knowledge

 Patch trained to distribute attention 
weights on available concepts 
consistently with domain knowledge

 Final decision based on the attention 
contributions of available concepts

→ explanations are
    PLAUSIBLE by construction

Cross-attention
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ConceptTransformers: interpretability by design
 The attention weights computed by ConceptTransformer are

concept-based explanations that are faithful by design
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ConceptTransformers: interpretability by design
 The attention weights computed by ConceptTransformer are

concept-based explanations that are faithful by design
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ConceptTransformers: interpretability by design
 The attention weights computed by ConceptTransformer are

concept-based explanations that are faithful by design

→ Decreasing           ,
      changes the prob
      of a decision in a
      predictable way
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ConceptTransformers: MNIST even/odd toy example

“it’s odd because it’s a ‘7’”

 Task: Classify MNIST images of digits as even or odd (binary task)
 Explanatory concepts: Digit from ‘0’ to ‘9’
 Architecture: CT with only one patch (since it’s not a spatial task)
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ConceptTransformers: MNIST even/odd toy example
 Task: Classify MNIST images of digits as even or odd (binary task)
 Explanatory concepts: Digit from ‘0’ to ‘9’
 Architecture: CT with only one patch (since it’s not a spatial task)

“it’s odd because it’s a ‘7’”
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ConceptTransformers: MNIST even/odd toy example

“it’s odd because it’s a ‘7’” What is the reason for the mistake?

 Task: Classify MNIST images of digits as even or odd (binary task)
 Explanatory concepts: Digit from ‘0’ to ‘9’
 Architecture: CT with only one patch (since it’s not a spatial task)



43 | © 2022 - IBM Corporation Copyright

ConceptTransformers: MNIST even/odd toy example

“it’s odd because it’s a ‘7’” What is the reason for the mistake?

Faithfulness in practice: mistakes 
can be inspected and understood

 Task: Classify MNIST images of digits as even or odd (binary task)
 Explanatory concepts: Digit from ‘0’ to ‘9’
 Architecture: CT with only one patch (since it’s not a spatial task)
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ConceptTransformers: MNIST even/odd toy example

without explanations
with explanations

 Training with 
concept-based 
explanation is more 
training efficient

 → higher 
performance with 
less data

 Task: Classify MNIST images of digits as even or odd (binary task)
 Explanatory concepts: Digit from ‘0’ to ‘9’
 Architecture: CT with only one patch (since it’s not a spatial task)
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ConceptTransformers on CUB-200-2011 Birds Classification task
 Task: Classify Bird among 200 species
 Explanatory concepts: Anatomical parts and corresponding attributes
 Architecture: VisionTransformer with CT classification head
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ConceptTransformers on CUB-200-2011 Birds Classification task
 Task: Classify Bird among 200 species
 Explanatory concepts: Anatomical parts and corresponding attributes
 Architecture: VisionTransformer with CT classification head

We obtain state-of-the-art classification performance on CUB-2011
(with a simpler training procedure than the second best)
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ConceptTransformers on CUB-200-2011 Birds Classification task
 Task: Classify Bird among 200 species
 Explanatory concepts: Anatomical parts and corresponding attributes
 Architecture: VisionTransformer with CT classification head
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Innovation in EU key projects with civil engineering partners

IBM Research develop ML 
models to detect and predict 
Wind Turbine component 
failures based on a rich set 
of historic data provided by 
partners and design a 
reference Cloud 
implementation of the end-
to-end data flow
www.romeoproject.eu

IBM Research defines the digitalization avenue for 
future of civil infrastructures monitoring and 
inspection, leveraging AI, cloud, and automation
https://im-safe-project.eu
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