Morphological measures as indicators
for critical transitions in complex systems
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Many real-world systems like ecosystems, climate, biological systems are complex and are characterized by
the ability to self-organise and adapt under external influences or environments. However, due to their
multi-component nature, nonlinear behavior and complex pattern of interactions, they also show multi-
stability that creates the possibility of sudden, unexpected shifts from one dynamical state to another.

These abrupt transitions are referred to as critical transitions. Many of these transitions occur with tiny
changes in intrinsic or extrinsic conditions and are difficult to anticipate.

often, such transitions cause natural calamities or failures in engineering systems and infrastructure.
Therefore, predicting their occurrence is essential to mitigate disaster impacts and to manage the
risks involved.



common pipeline for topological signal processing (TSP)
The standard pipeline for TSP constructs a filtration of simplicial complexes (called the Vietoris-Rips complex)
based on point cloud data generated from the state-space reconstruction (SSR) of an input time series

Problem
problem with this pipeline is its computational demand having complexity O(N3 ), where N = (dL) is the

size of the simplicial complex with n as the number of points in the simplical complex and d as the
maximum dimension of the used homology. For long signals, this makes this standard pipeline
computationally infeasible.

Solution
analyzing time series via representations as complex networks.

[A. D. Myers et al, Persistent Homology of Coarse-Grained State-Space Networks, Phys Rev E 107, (2023)]



Coarse-Grained State-Space Networks
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[A. D. Myers et al, Persistent Homology of Coarse-Grained State-Space Networks, Phys Rev E 107, (2023)]



« Op-amp based Jerk circuit which is a real life continuous time system that exhibits period-doubling
cascade followed by chaotic behavior. This non-linear dynamical system composed of three-

dimensional state Vector
as follows:
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[Mittal K, Gupta S. 7opological characterization and early detection of bifurcations and chaos in complex systems using persistent homology. Chaos. (2017)]



« | added AWGN with 30 dB SNR to my generated time series for realistic simulations
according to bellow formula:

SNR = ﬂsignal

Onoise
SNRdB — 10l0g10(SNR) — 30
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[https://en.wikipedia.org/wiki/Signal-to-noise_ratio]
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