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Exploring Time Series Analysis Methods for Thermal Im-
age Sequences in Permafrost Mountain Environments

Change analysis incorporating the full time series infor- 26-Jul-2021 11:47:47 ‘c
mation has proven a valuable tool in understanding land-
scape dynamics, particularly in topographic studies interpret-
ing 4D terrain development. The application of similar ap-
proaches to thermal imagery offers a promising avenue for
characterizing environmental changes in permafrost environ-
ments in high-mountain regions, where temperature variabil-
ity of rock material are critical indicators of climate impact.

Remote sensing of surface temperatures over time can re-
veal microclimatic patterns, thaw cycles, and areas of ther-
mal instability. However, practical challenges such as incon-
sistent imagery, atmospheric interference (e.g., fog/clouds),
and registration inaccuracies complicate direct analysis. This
project aims to explore how time series clustering, 4D object
detection and temporal feature extraction techniques can be
adapted and optimized for such thermal datasets, with the
ultimate goal of enhancing our ability to detect and monitor e _ ==
permafrost-related changes. © Lukas Lucks
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This thesis aims to explore and adapt time series analysis methods, such as clustering (Kuschnerus
et al., 2021) and 4D object extraction (Anders et al., 2021), for thermal imagery in permafrost moun-
tain regions. The goal is to identify spatial and temporal patterns that may indicate surface tempera-
ture changes or instability. Additionally, the work will assess how data quality, such as cloud cover or
registration issues, affects analysis outcomes. The use of corresponding RGB imagery will be con-
sidered to support interpretation and validation. Available data have been acquired by Lucks et. al
(2023) with a permanent sensor installation at the Zugspitze mountain.

The student should have experience with topographic data and image processing, particularly in
handling geospatial datasets. Basic programming skills are essential, preferably in Python, including
familiarity with libraries for data analysis and visualization (e.g., NumPy, matplotlib, scikit-learn).
Prior knowledge of time series analysis or thermal imaging is beneficial but not mandatory. A struc-
tured and independent approach to working with incomplete or noisy datasets is also important.

Supervision: Prof. Dr. Katharina Anders, Contact: k.anders@tum.de
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