
EMALCA 2021 Peru – Análisis Topológico de Datos

Clase 3: Topological Time Series Analysis



Global control of cell-cycle transcription by coupled SDK 
and network oscillators, D. Orlando et. al., Nature, 2008



Recording

Dynamic networkVideo dataEvolving solution (RB conv.)

Quantifying recurrence in time varying systems



What is recurrence, and 
how do we quantify it?



Sliding Windows



Sliding Windows



SW1PerS: Sliding Windows 
and 1-Persistence Scoring



Sliding window embedding 
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Sliding Windows and Persistence: An application of topology to signal analysis, J. Perea and J. Harer, 2015



Rips complexes

mp

1D- Persistence Diagram

Sliding window point-cloud



Biological Clocks





SW1PerS: Sliding Windows and 1-Persistence Scoring, J. Perea et. al., 2015



SW1PerS: Sliding Windows and 1-Persistence Scoring, J. Perea et. al., 2015



SW1PerS: Sliding Windows and 1-Persistence Scoring, J. Perea et. al., 2015



Yeast Metabolic Cycle Data

Rankings of genes in the top 10% (out of 9,330 ) according 
to SW, and not in the top 10% for any other algorithm

SW1PerS: Sliding Windows and 1-Persistence Scoring, J. Perea et. al., 2015



Consensus Analysis

SW1PerS: Sliding Windows and 1-Persistence Scoring, J. Perea et. al., 2015



SW1PerS: 
Sliding Windows and 1-Peristence Scoring

Shape agnostic Resistant to dampening

SW1PerS: Sliding Windows and 1-Persistence Scoring, J. Perea et. al., 2015





Recap: SW1PerS (Sliding Windows and 1-Persistence Scoring)

mp

mp : maximum persistence
(recurrence score)

Sample size

number of periods

Field of coefficients

Shape agnostic

Resistant to dampening















Geometric QuasiPeriodicity



Time Series Persistent HomologySliding Window Point Cloud



(joint with Adam Huston)







Recurrence in video data (SW1PerS-video)

Sliding window 
embedding

C. Tralie and J. Perea, (Quasi)Periodicity Quantification in Video Data, Using Topology, 2018.



C. Tralie and J. Perea, (Quasi)Periodicity Quantification in Video Data, Using Topology, 2018.

Recurrence in video data (SW1PerS-video)



Experiments



C. Tralie and J. Perea, (Quasi)Periodicity Quantification in Video Data, Using Topology, 2018.



Experiment:                  Mechanical Turk

C. Tralie and J. Perea, (Quasi)Periodicity Quantification in Video Data, Using Topology, 2018.



Results: Humans (Amazon turk) vs Computers

Kendall’s Tau SW
CutlerDavis

Freq
CutlerDavis

Lattice
Humans

SW 1 -0.315 0.221 0.663

CutlerDavis
Freq

1 -0.0842 -0.294

CutlerDavis
Lattice

1 0.347

Humans 1

Correlation of rakings 
(from most periodic to least periodic) 

across 20 videos



normal

C. Tralie and J. Perea, (Quasi)Periodicity Quantification in Video Data, Using Topology, 2018.

Recurrence in video data (SW1PerS-video)



Clinical asymmetry 

C. Tralie and J. Perea, (Quasi)Periodicity Quantification in Video Data, Using Topology, 2018.

Recurrence in video data (SW1PerS-video)



Laryngeal video-endoscopy

normal Mucus irregular AP-BiphonationClinical 
asymmetry

C. Tralie and J. Perea, (Quasi)Periodicity Quantification in Video Data, Using Topology, 2018.



Video Name Periodicity Score Quasiperiodicity Score

HerbstPeriodic 0.794 0.005

NormalPeriodic 0.561 0.010

APBiphonation 0.296 0.298

APBiphonation2 0.486 0.133

ClinicalAsymmetry 0.072 0.423

MucusPerturbedPeriodic 0.019 0.005

HerbstIrregular 0.019 0.037

C. Tralie and J. Perea, (Quasi)Periodicity Quantification in Video Data, Using Topology, 2018.


