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Problem definition ‘#7
DLR

Motivation: Cloud detection is essential for physics-based solar irradiance monitoring and
forecasting, enabling reliable operation of solar power plants and electrical grids

Goal: Pixel-wise classification of clouds in all-sky images into three cloud (base) height layers
defined by the WMO.
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Problem definition

Approach:

» Deep learning has emerged as the state-of-the-art
approach

Challenges:

= Large amounts of high-quality pixel-level annotations
are required

= Manually annotated ground-truth data are scarce

= Expert annotation is time-consuming

Solution:

= Automated expansion of manually annotated datasets.
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Datasets

Manually annotated dataset [1]:

« 770 annotated images

Weakly annotated dataset [2]:
» Ceilometer measures cloud height

« Measurements within certain thresholds
represent single cloud layers

« Temporal stable single cloud layer conditions
are identified

 Assign corresponding cloud layer as image-
level weak label to binary cloud segmentations

« 47.000 segmented images
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Ground-truth data generation via Semi-supervised Video
Object Segmentation: Overview

« VOS (Video Object Segmentation) is an
Al technique that segments and tracks
objects frame by frame in a video.

* In Semi-Supervised VOS (SVOS) an
Initial mask of the object to be segmented
In the first frame is given.

Yann Fabel, DLR, EuroSun 2026




Ground-truth data generation via Semi-supervised Video ‘#7
Object Segmentation: Strategy DLR

* Objectives of using SVOS:
« Expand the existing manually annotated Raw Images
dataset

- Study the degradation of quality in label - N Y
S PO
« 4 SVOS models were analyzed ﬂﬂnﬂ

 Time series with a maximum of +/- 10 | |
Automatic Manual Automatic
frames are evaluated annotation  annotation  annotation
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Ground-truth data generation via Semi-supervised Video ‘#7
Object Segmentation: Strategy DLR
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Ground-truth data generation via Semi-supervised Video ‘#7
Object Segmentation: Strategy DLR

Weakly labeled
dataset

_ ) « Quality degradation across
labeled dataset :

assessed using separately
trained CNNs

47.000 images 770 to 16170 images
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Experiment Results: Dataset split and Metric ‘#7
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« Dataset split:

Manually annotated data  Train dataset increased with
G G ©ch propasaion step
train train train validate « Test and validation dataset

are manually annotated
images only.

« Metric: Intersection over Union.
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loU

Experiment Results: Pre-train Cutie

Test loU of Different Label Propagation Models
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Test loU Test loU over
baseline [%0]
Baseline 0.746 -
Cutie Prop. Steps 5 0.771 3.4
No Pre-train
Cutie Prop. Steps 8 0.794 6.4
Pre-train

Pre-train: 4k iterations on the weakly labeled dataset (sun elevation above 10°).

Training: 4k iterations on the automatically labeled dataset.
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Summary, Conclusion and Outlook ‘#7
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Summary:

= A strategy for automatically generating labeled datasets using SVOS has been proposed.
= Performance degradation for increasing mask propagation steps has been investigated.
» Pre-training has been integrated into the process

Conclusion:

= The use of automatically labelled dataset with SVOS Cutie significantly outperform the
baseline model.

= Pre-training with weakly-labeled data further improves performance.
» The combination of the SVOS (Cutie) with pre-training offers the best overall performance

Outlook: Thank you for your attention!
= Incorporate temporal information directly into model training Questions?
» Introduce confidence-weighted training for propagated labels yann.fabel@dlr.de

eduardo.saezmartinez@dlr.de

= Apply label relaxation to account for uncertainty at class boundaries
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