
MASTER THESIS

In the recent decade, with advancement in computing 
hardware, sensor technologies and innovation in learning  
algorithms, data-driven paradigms have shown immense 
prediction abilities for engineering and technological 
applications. They learn on copious amounts of high-
dimensional data-sets to extract latent low-dimensional 
patterns to predict for the new unseen data. Despite their 
tremendous success, their application for scientific data-
sets have been limited owing to their abstract and 
uninterpretable nature. In this direction, special class of 
unsupervised data algorithms like Dynamic mode 
decomposition (DMD) exist that can provide a decent 
balance between data representation and interpretability 
for causality inference which is central to physical and life-
sciences. 

In the context of cell and developmental biology, we are 
interested in the question of how proteins/sub-cellular 
structures form cells and the cells self-organize to form 
the tissues. Such inherently multi-scale complex 
biological systems are difficult to analyze with classical 
mathematical modeling approaches that have been 
successfully employed in others fields of physics and

The MOSAIC Group (mosaic.mpi-cbg.de) does 
research in Scientific Computing for Image-Based 
Systems Biology. We develop, teach, and apply 
methods for the computational study of biological 
systems, focusing on spatiotemporal processes in 
3D. We exploit the unifying framework of particle 
methods for numerical simulation, image analysis, 
and model identification. 

PREREQUISITES 
• Programming skills in python/tensorflow 
• Linear algebra and undergrad level physics

CONTACT 
Prof. Dr. sc. techn. Ivo F. Sbalzarini 
Chair of Scientific Computing for Systems Biology 
Faculty of Computer Science, TU Dresden 
Ivo.sbalzarini@tu-dresden.de 

Machine learning for extracting spatial-temporal coherent 
patterns from cell and tissue flow data

engineering. So, the analysis of dynamics of these 
biological systems is limited to very few simplified cases 
that are analytically/numerically tractable based on 
mathematical models built using first principles and 
symmetry arguments. We propose the application of 
DMD-like algorithms for analyzing such complex 
biological systems in a purely data-driven sense from real 
experimental data. 

The objective of this master/Diplom project is to develop 
a python-based pipeline for DMD analysis to extract 
spatial-temporal patterns/modes from data acquired 
from both simulation and experiments in biology. Once 
such decomposition is available, they can be used for i) 
Identifying different flow regimes in complex parametric 
systems. ii) Selecting length-scales for coarse-graining 
from fine-grained representation for multi-scale problems 
while preserving essential dynamics. iii) Forecasting short 
times into the future and filling missing data in both time 
and space. You will study the method for the above-
mentioned applications and do a comparison with other 
data-science methods like Long Short-Term Memory 
(LSTM) neural networks and deep learning.
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