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Length of typical fuel assembly ~ 4 meters

Features of interest ~ few milimeters

Visual inspection of single fuel assembly ~ tens minutes of video 
recording

Image processing may help:
• Visualization and human readability
• Automation of routine tasks
• Anomaly detection assistance
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Motivation & background

www.kernbrennstoff.de
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Motivation & background

- Implementation of new inspection equipment

- CVR performs the fuel inspection since 
2011 for Temelin NPP (WWER-1000)

- Since 2023 CVR started the 
cooperation with vendors of square 
fuel type

M. Ruchař, M. Štípek. Stend inspekcí palivových souborů. Článek v Jaderná energetika, redakce_04_2022, 
p. 16, Nov. 2022.
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Motivation and needs

- Optimization of data analysis with the use 
of image processing, machine learning and 
AI provides 

 Decrease of the workload on 
critical path

 increase of data flow

NUCLEAR FUEL INSPECTION, Tecnatom, Enusa
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The fuel can be inspected or screened
during various activities at the NPP. A
significant amount of data can be gathered
and analyzed, especially during periodic
inspections and refueling. A perfect
example is a full-core offload and
inspection carried out during this process
or in the fuel building.

Fuel inspection provides information for:

- Safety Assurance
- Performance Optimization
- Regulatory Compliance
- Minimizing Operational Risks & Costs
- Waste Management & Long-Term Sustainability
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Fuel monitoring workflow SW

- Acquisition of numerous videos
- Automatic video processing
- Evaluation of 

parameters/features
- Automatic creation of reports
- Effective data store and 

retrieval
- Analysis of trends
=> Knowledge
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• Conversion of videos (time domain) into images (spatial domain)
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One Image Overview – the key part of SW
• Fast overview 

• Zoomable

• Effective comparison

• Easy reference (annotated images, GUI) and assessment
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Main features

The transition of multiple videos
into photos that are stored in
database for the operator.

No context loss.
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Face 1 Face 2 Face 3 Face 4
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Main features - SW
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Output photo quality

The processing deals with:

- Bow & twist of the FA

- Oxidation map and exposition

- Refueling machine specifics

- FA speed and movement
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Ahlberg Cameras https://www.ahlbergcameras.com/products/systems/4-face-fuel-inspection/

The transition from time to spatial domain
assures:
- Whole video context packed up into the 

image
- Pixel perfect overlaping between frames
- Full refactoring of oxide layer boundaries
- Full transition of FA geometry projection
- Metadata incorporation into the 

processing of the video
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Required Process 
Normalization Steps

- On-site computation

- Camera

- Video encoder

- Manipulators

- Lights

- Speed
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BASIC:

• Fuel geometry

• Rod geometry

• Rod surface

• Whatever unusual

• Reports
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OIO follow up potentials
Outputs

EXTENSION:
• Foreign objects recognition
• Automatic video cut
• Rod growth measurement
• Oxidation map
• Skeleton growth
• Segmentation

• Oxides
• Spacer grids

• Reports/charts/previews
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Combined deflection from 3 (or 2) sides 
define 3D position of FA center

Δ𝑋𝑖 =෍

𝑗=0

𝑖

sin 𝛼𝑗 ∙ 𝑑𝑗

Because we have 6 (or 4) sides, the error can 
be estimated from the second triplet.
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Fuel assembly bow

F1/F6 angle

B [F1, F3, F5]
B [F2, F4, F6]
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Rod Bow
Overall accuracy of automated detection > 98%, 2% in GUI for operator 
check.
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3.75cm
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Main followup features
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- Faster data processing

- Metadata in normalized form

- Homogenous databasis for AI tools

- Higher output quality

- Reproducibility
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CVR's solution possibilities - summary 
Summary

OIO Heatmap
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Remote complex analysis

encryption 
authority

encrypted
data

encryption 
keys

encrypted
data

encryption 
keys

encrypted
data

encryption 
keys

data
processing

cloud/on 
premise 
storage



Chráněné / Protected

References – Onsite use

FIRE WEC inspection equipment

▪ Temelín NPP, 2018 U1+U2 – postprocessing

▪ Temelín NPP, 2019 U1+U2 – postprocessing + OIO

▪ Temelín NPP, 2020 U1+U2 – onsite: OIO + postprocessing

SIPS ŠJS inspection equipment

▪ Temelín NPP, 2021 U1+U2 - onsite: OIO + postprocessing

▪ Temelín NPP, 2022 U1+U2 - onsite: OIO + postprocessing to fullscope

▪ Temelín NPP, 2023 U1+U2 - onsite: fullscope

Different inspection equipment

▪ Square fuel inspection, 2023, 2024,…
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marcin.kopec@cvrez.cz

Thank you!
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