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Thickening the dots 

of a point cloud and 

observing the 

changes in 

topological structure 

gives info about the 

topology of the data.

Physics Today, January 2023



An example of TDA application
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Healthy subject Diabetic retinopathy patient

https://www5.cs.fau.de/research/data/fundus-images/
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PLoS ONE 14, e0217413 (2019)

• TDA identifies topological features (connected components

and holes) in high resolution retinal images.

• TDA describes the extent to which the components and 

holes persist in persistence diagrams and barcodes.

• TDA features can be used to discriminate between patients 

with diabetic retinopathy and healthy subjects.



Methodology

5

50x50 pixels
z(x,y) < -1.5 z(x,y) < -0.9

x five groups of connected 

components but no holes
one large component, 

4 new small components 

and 3 small holes

Persistence diagram

of connected 

components

(the first component 

to appear is the last 

one to die)

Persistence barcode: The 
lifetime of a component 
is encoded in the length 

of the bar

z(x,y)

y



Results
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Conclusions
• ML using TDA features extracted from 

retinal fundus images may allow to 

detect diabetic retinopathy. 

• Our results are at worst comparable 

and often better than those reported in 

the literature.

• Drawback: needs high-resolution 

images.



Can we use TDA to 

characterize the transition to 

sync of coupled oscillators?



Surprisingly, we found few studies of sync and TDA
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Step 0: every node is a component

Rank all edge weights (wmax … wmin) at each step of the 

filtration threshold the graph to obtain a binary graph.
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Data analyzed: recorded from a random network of 

28 mutually coupled Rossler-like electronic circuits
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R. Sevilla-Escoboza and J. M. Buldú, Data in Brief 7, 1185 (2016).

• 28 time series recorded for each coupling strength, K

• Each time series has 30000 data points

• K = 0 … 1, 100 values



Normalized persistent entropy: a measure of the 

information content of a barcode
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(We used Vietoris–Rips complexes, the ripser library & the persistent_entropy module in Python)



The persistence entropy of the cloud of points of two 

oscillators tends to decrease with the oscillators’ distance
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Distribution of shortest 

path length (spl) 

connected components holes



Comparison with a well-known sync measure: the 

phase locking value
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instantaneous phase difference of 

oscillators i and k at time t, calculated 

with the Hilbert transform.



Is this effect specific to mutually 

coupled Rossler-like oscillators?



Kuramoto phase oscillators
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R = 1

N

Order Parameter:

i: Gaussian, zero mean and =1

Aij: same random matrix as the circuits 

Point cloud is defined by 

xi(t)=cos(i(t)) and yj(t)= cos(j(t)) 

connected components holes



▪ Holes (H1) significantly capture the level of coupling 

between pairs of oscillators, while connected components 

(H0) may eventually reveal complementary information that 

needs to be explored.

▪ Can we distinguish triangles from triplets?

Take home message and ongoing work
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