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Motivation: CFRP LH2 Storage Tanks
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Why manual analysis is not efficient
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▪Manual inspection is 

arduous due to the 

large image and 

small feature size



Why manual analysis is not sufficient
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▪Material characteristics can hardly be quantified by a manual 

inspection

Increasing

fiber

volume

ratio?



Semantic Classes
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Image Database
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▪ 7 CFRP samples covering a wide range of characteristics

▪ All micrographs are split into training, validation and test set

▪ 3,357 patches of size 512×512 px for training



Data Labelling
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LABKIT [1] 
(based on Random Forest)

kNN 

classification
U-Net [2]

(as soon as sufficient database 

exists)

Manual 

corrections

Feedback loop

OR



U-Net
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InternImage
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▪ Large-scale foundation model based on 

deformable convolutions [3]

+Large receptive field

+Adaptive spatial aggregation 

[4]



InternImage U-Net
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Evaluation Metrics
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▪ Pixel Accuracy: 
𝑇𝑃+𝑇𝑁

𝑇𝑃+𝑇𝑁+𝐹𝑃+𝐹𝑁

▪ Recall: 
𝑇𝑃

𝑇𝑃+𝐹𝑁

▪ Precision: 
𝑇𝑃

𝑇𝑃+𝐹𝑃

▪ Intersection over Union (IoU): 
𝑇𝑃

𝑇𝑃+𝐹𝑃+𝐹𝑁

Prediction Ground Truth

True 

Positives 

(TP)

False

Negatives 

(FN)

False
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Evaluation
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▪ Pixel Accuracy: 97.7 %

▪ Mean IoU: 0.9071

▪ Precision values > 95 %

▪ Crack Recall of 78.16 %

▪ Crack and Other class are the most 

difficult ones and mainly mixed up with 

Epoxy



Crack Examples
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Fiber Volume Ratio (FVR) Heatmaps
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Use case

Investigation of the effects of 

manufacturing process parameters 

on the FVR gradient of cylindrical 

CFRP tank structures

Challenge
How to quantify 

the local FVR?



Fiber Volume Ratio (FVR) Heatmaps
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▪ Estimate FVR by ratio of 0° fiber and epoxy pixels

▪ Color pixels based on the local FVR in their neighborhood

Jonas Appels et al.:

Investigation of Fiber Volume 

Fraction as Key Parameter in 

Cryogenic Hydrogen Tank 

Development

(SAMPE 2025)



Crack Search Tool
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Use case

Investigation of crack formation in 

cylindrical CFRP tank structures 

during thermal cycling

Challenge
How to detect

cracks efficiently?



Crack Search Tool
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▪ MaxPooling and thresholding on crack probability masks 

▪ Outcome: Coarse highlighting of potential crack areas

▪ Increases crack recall up to 97 % with a threshold of 20 %



Conclusion & Outlook
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▪ Our segmentation model

+ accelerates and automates the micrograph analysis,

+ enables us to quantify laminate characteristics and

+ opens up many more possibilities for further analysis…

▪ Future research: 

• void quantification

• detect instances of fibers and plies
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