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From object detection to semantic segmentation: Leveraging 
the AI4EOSC platform for UAS-based thermal image analysis
AI4EOSC Webinar: Accelerating Research with AI4EOSC: Real Use Cases 
Exploiting the Platform

Elena Vollmer (elena.vollmer@kit.edu)
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Thermography?

Deep Learning Models

AI4EOSC Platform

Usage in energy context?
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Motivation

Bing Image Creator from Microsoft
https://www.bing.com/images/create/

Bing Image Creator from Microsoft
https://www.bing.com/images/create/

https://www.bing.com/images/create/
https://www.bing.com/images/create/
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Motivation

urban 
infrastructure

(potentially 
damaged)

automatic 
UAV flights

RGB and
TIR images

identify thermal 
anomalies

repare

analyseorganise acquire

UAV = unmanned aerial vehicle
RGB = red green blue
TIR = thermal infrared
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Deep Learning Models
TBBRDet 
Thermal Bridges on Building Rooftops Detection

TUFSeg 
Thermal Urban Feature Segmentation

TASeg 
Thermal Anomaly Segmentation

Energy use: Buildings

Find thermal bridges on building rooftops
→ support energy retrofitting measures

Energy supply: District heating networks

Find thermal anomalies and classify common urban features
→ identify network leaks as remaining anomalies
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TBBRDet 
Thermal Bridges on Building Rooftops Detection

TUFSeg 
Thermal Urban Feature Segmentation

TASeg 
Thermal Anomaly Segmentation

Energy use: Buildings

Find thermal bridges on building rooftops
→ support energy retrofitting measures

Single-class
object detection
or instance segmentation

Energy supply: District heating networks

Find thermal anomalies and classify common urban features
→ identify network leaks as remaining anomalies

Binary
Semantic
Segmentation

Multi-class
Semantic
Segmentation

thermal bridges anomalies

Deep Learning Models
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TBBRDet 
Thermal Bridges on Building Rooftops Detection

TUFSeg 
Thermal Urban Feature Segmentation

TASeg 
Thermal Anomaly Segmentation

Energy use: Buildings

Find thermal bridges on building rooftops
→ support energy retrofitting measures

Single-class
object detection
or instance segmentation

Dual camera:  RGB + TIR
UAV-based:     45° pitch, overlap
Acquisition:     daytime in Karlsruhe (DE)

Energy supply: District heating networks

Find thermal anomalies and classify common urban features
→ identify network leaks as remaining anomalies

Binary
Semantic
Segmentation

Multi-class
Semantic
Segmentation

Dual camera:  RGB + TIR
UAV-based::    90° pitch, overlap
Acquisition:     nighttime in Munich (DE) and Karlsruhe (DE)

thermal bridges anomalies

UAV = unmanned aerial vehicle
RGB = red green blue
TIR = thermal infrared
DE = Germany

Deep Learning Models
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TBBRDet 
Thermal Bridges on Building Rooftops Detection

TUFSeg 
Thermal Urban Feature Segmentation

TASeg 
Thermal Anomaly Segmentation

Data splits: ~720 train, ~200 test

Object detection (and instance segmentation) model(s):
● MaskRCNN ResNet-18 backbone
● MaskRCNN ResNet-50 backbone
● MaskRCNN Swin-T Transformer backbone
● TridentNet*
● Feature Selective Anchor-Free (FSAF)*

MMDetection toolboxes using PyTorch

Data splits: ~2200 train, ~450 val, ~50 test Data splits: ~630 train, ~160 test

Semantic Segmentation model(s):
● SegFormer B0 - B4 backbone
● DeepLabV3+ ResNet-101 backbone
● PSPNet ResNet-101 backbone
● U-Net ResNet-101 backbone

Semantic Segmentation model(s):
● U-Net ResNet-152 backbone

Segmentation_models.pytorch (SMP) and 
HuggingFace-Transformers toolboxes using 
PyTorch

Segmentation_models (SM) toolbox using 
Tensorflow;
Energy monitoring using Perun

UAV = unmanned aerial vehicle
RGB = red green blue
TIR = thermal infrared
DE = Germany

Deep Learning Models

* Architectures that only perform 
the object detection task

Mayer, Z. et al. Deep learning approaches to building rooftop thermal 
bridge detection from aerial images. In Automation in Construction 
Vol. 146, p. 104690 (2023). Elsevier BV. 
https://doi.org/10.1016/j.autcon.2022.104690

Vollmer, E. et al., "Enhancing UAS-Based Multispectral 
Semantic Segmentation Through Feature Engineering," in 
IEEE Journal of Selected Topics in Applied Earth 
Observations and Remote Sensing, vol. 18, pp. 6206-6216, 
2025, https://doi.org/10.1109/JSTARS.2025.3537330

Vollmer, E. et al., …

UNDER REVIEW

https://doi.org/10.1016/j.autcon.2022.104690
https://doi.org/10.1109/JSTARS.2025.3537330
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TBBRDet 
Thermal Bridges on Building Rooftops Detection

TUFSeg 
Thermal Urban Feature Segmentation

TASeg 
Thermal Anomaly Segmentation

RGB

TIR

Height

Deep Learning Models

RGB = red green blue
TIR = thermal infrared

MaskRCNN Swin-T Transformer backbone

https://docs.google.com/file/d/1t0UotWKu6yXqzvaSGEKlZx9XKZMxZLnY/preview
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TBBRDet 
Thermal Bridges on Building Rooftops Detection

TUFSeg 
Thermal Urban Feature Segmentation

TASeg 
Thermal Anomaly Segmentation

Deep Learning Models

TIR
masked

TIR
unmasked

SegFormer B2

https://docs.google.com/file/d/1Ilb66PLV1ezpDQtbfonQ7gjNfscrF_Mv/preview
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TBBRDet 
Thermal Bridges on Building Rooftops Detection

TUFSeg 
Thermal Urban Feature Segmentation

TASeg 
Thermal Anomaly Segmentation

Deep Learning Models

RGB

TIR

U-Net ResNet-152 backbone 

https://docs.google.com/file/d/1DXmPx0oEta8Uls1wyNTBkTzdz_f00S2W/preview
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Leveraging the AI4EOSC Platform

Modules
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Leveraging the AI4EOSC Platform

Modules

Training

Inference

(GPU) resources

MLFlow

NVFlare

NextCloud / Zenodo

Duda, L. et al. Comparative Study of Federated Learning Frameworks NVFlare and Flower for Detecting 
Thermal Bridges in Urban Environments. At EGI Conference (2024). Lecce, Italy. 
https://publikationen.bibliothek.kit.edu/1000174831

https://publikationen.bibliothek.kit.edu/1000174831
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Leveraging the AI4EOSC Platform

Modules

Training

Inference

(GPU) resources

MLFlow

NVFlare

GradIO

NextCloud / Zenodo

OSCAR
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Thank you for your attention!
Questions?
Elena Vollmer (elena.vollmer@kit.edu)


