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Hail Damage
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Hail Damage on Buildings
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→ Where do those damages occur?

Source: Schadenstatistik der VKG 



Hail Damage on Buildings
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Photo: GLV

Photo:  Energie Netzwerk GmbH

→ For a successful risk assessment,

information on hail and roofs is needed.



Hail Damage

Project for the building insurance of the canton Zug

1. Dataset of solar panels

2. Dataset of skylights
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but where are the vulnerable roofs? We know where it hails, …

© meteoradar gmbh, Data: MeteoSchweiz

→ Use machine learning to get information on roofs



Content

− About Meteotest

− Project goals for the Gebäudeversicherung Zug (GVZG)

− Data and workflow (for detecting solar panels and skylights)

− Pre-processing

− Training data

− Algorithm training

− Object detection

− Example of other applications
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«Meteo-climate-environment-web 
Swiss army knife»

23.06.2023

Weather Forecasts

Energy & Climate

Wind & Ice Digital Services Geoinformatics

Measurements

Air Quality



About Meteotest

Sonnendach.ch (roof dataset with PV production)
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Blendtool.ch (reflection caused by solar panels)



Meteotest and object detection

Detecting roof windows for a client

in the construction industry

→ What do you see?
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Meteotest and object detection
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Deep Learning Phase 2 retraining

Deep Learning Phase 2 (window localization)

Deep Learning Phase 1 (binary)

Pilot study III (Deep Learning)

Pilot study II

Pilot study I

Pixel based pattern

recognition methods

Deep Learning approaches



Project Goals

Dataset of solar panels in the canton of Zug

→ Detection of solar panels on roofs with area ≥ 10 m2
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© Christoffer Riemer/AS Solar



Dataset of skylights in the canton of Zug

→ Detection of skylights on flat roofs (slope ≤ 3°) with area ≥ 10 m2

Project Goals
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Data: swisstopo

Skylights 

bright

Skylights 

dark
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SWISSIMAGE 10 cm Manual annotating swissBUILDINGS3D 2.0

Automatic detection on roofs

Data and Workflow



Data and Workflow
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Data and Workflow
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Pre-Processing
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• Calculation of roof properties

(area, slope) 

• Selection of roofs with

• Area ≥ 10 m2

• Slope < 3° (flat roofs for skylights)



Training Data

Solar panels

• Annotated 1’400 solar panel 

objects on 450 roof segments
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Skylights

• Annotated 2’100 skylights on 600 

roof segments

• Seperated into 2 classes

• Skylights bright (1’300)

• Skylights dark (700)

Split annotation 

data into:

a) Training (75%) 

b) Validation (25%)



Training Data

Show the algorithm what is NOT a solar panel («negative examples»)
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Glas roofs and large windows

Roof windows, chairs on 

terraces, shadows

Shift Swissimage VS. swissBUILDINGS



→ Good results early on. Solar panels are recognized and other objects 

differentiated.

Algorithm Training –
Example solar panels
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Aerial image Annotation Detection



→ Reduce Buffer around roofs to 1.5 m

Algorithm Training –
Challenges solar panels
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false positives: Facades or shadows

Problem: (tilted) aerial image vs. outline

Detection

Roof outline

5 m Buffer



Detection

Algorithm Training –
Challenges solar panels
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Roof outline

1.5 m Buffer

Reduced buffer around roofs and specific 

training data for facades improves detection



Algorithm Training –
Examples skylights
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Annotation DetectionAerial image



Algorithm Training –
Challenges skylights dark
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→ Other dark objects on roofs (small roof windows, antennas, air vents) can 

be hard to differentiate

DetectionAerial image

→ «false positives» on bright skylights lowers precision (only 76%)

43% of «false positives» are bright skylights. These should not be 

considered actual false positives. Overlaps removed in post-processing.



Algorithm Training – 
Precision and Recall
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Percentage of outlined 

objects, which are 

detected

Percentage of detections that 

matched an outline

(key word: false positives)

Object Type Precision Recall

Solar panels 89% 93%

Skylights light 95% 95%

Skylights dark 76% 92%



Object Detection – Solar panels

23.06.2023

DetektionDetection

Training



Object Detection – Solar panels
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Detection



Object Detection – Solar panels
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Detection



Object Detection – Skylights bright
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Detection

Training



Object Detection – Skylights bright
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Detection

Clear differentiation from dark skylights



Object Detection – Skylights dark
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Detection

Clear differentiation from bright skylights



Post-Processing
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dark

bright

Post-Processing – 
Overlaps between Skylight types



Post-Processing – 
Overlaps between Skylight types
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combined



Detection

Post-Processing – 
Solar panels on facades due to buffer
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Before Post-Processing After Post-Processing

Roofs

→ Increases precision at the cost of recall



Summary

• Successful detection of solar panels and skylights

in the whole canton of Zug

→ 6’900 solar panels

→ 14’900 skylights (13’000 type light; 1’900 type dark) 

• Recall and precision of around 90%

• ~ 4 weeks of work within 6 months

• Cost effective, flexible, and fast approach combining GIS methods and 

machine learning approaches

• Trained detectors can be scaled to new and much larger areas

• Updates over time are easy and inexpensive
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Further Applications – 
Detecting drainage ditches in bogs
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Detection

Aerial image



Further Applications
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Fragen & Feedback?

www.meteotest.ch

Questions & Feedback?

23.06.2023


	Slide 1: Detecting solar panels and skylights on roofs using machine learning
	Slide 2: Hail Damage
	Slide 3: Hail Damage on Buildings
	Slide 4: Hail Damage on Buildings
	Slide 5: Hail Damage
	Slide 6: Content
	Slide 7: «Meteo-climate-environment-web Swiss army knife»
	Slide 8: About Meteotest
	Slide 9: Meteotest and object detection
	Slide 10: Meteotest and object detection
	Slide 11: Project Goals
	Slide 12: Project Goals
	Slide 13: Data and Workflow
	Slide 14: Data and Workflow
	Slide 15: Data and Workflow
	Slide 16: Pre-Processing
	Slide 17: Training Data
	Slide 18: Training Data
	Slide 19: Algorithm Training – Example solar panels
	Slide 20: Algorithm Training – Challenges solar panels
	Slide 21: Algorithm Training – Challenges solar panels
	Slide 22: Algorithm Training – Examples skylights
	Slide 23: Algorithm Training – Challenges skylights dark
	Slide 24: Algorithm Training –  Precision and Recall
	Slide 25: Object Detection – Solar panels
	Slide 26: Object Detection – Solar panels
	Slide 27: Object Detection – Solar panels
	Slide 28: Object Detection – Skylights bright
	Slide 29: Object Detection – Skylights bright
	Slide 30: Object Detection – Skylights dark
	Slide 31: Post-Processing –  Overlaps between Skylight types
	Slide 32: Post-Processing –  Overlaps between Skylight types
	Slide 33: Post-Processing –  Solar panels on facades due to buffer
	Slide 34: Summary
	Slide 35: Further Applications –  Detecting drainage ditches in bogs
	Slide 36: Further Applications
	Slide 37: Questions & Feedback?

