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Problems Tools

Period estimation 

in light curves

Quasi-periodic light curve 

discrimination

Variable star classification 

from light curves

Variable star detection 

and discrimination(DECAM)

Correntropy function

Non Negative Matrix 

Factorization (NMF)

Dual frequency representation  

(Loeve spectrum)

Time-frequency kernel functions

Visualization

Self Organizing Maps (SOM)

Clustering

cHAG

Active Learning

Supervised classification

SVM, ANN

Kalman Filter

Feature Selection based 

on Mutual Information (MI)

Novelty detection in

light curves databases



Correntropy

The correntropy is a localized similarity 

metric for time series. It generalizes the 

correlation function to Non-Gaussian and 

non-linear processes 
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Automated period detection

� Correntropy (generalized correlation) is used 
to compute similarities between samples

� Go beyond second order statistics, taking into 
account higher order moments

� Robustness to outliers and noise 

� Spectral decomposition of correntropy using 
advanced signal processing techniques

� Gaussian basis functions are used instead of 
sinusoids

� Go beyond Fourier representation to get super-
resolution, more localized and sparser spectra



Correntropy for periodicity 

detection in light curves
Dr. Pablo Huijse
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Correntropy kernelized periodogram (CKP), for 

unevenly sampled time series, robust against 

impulsive noise and outliers, can be tuned to 

different shapes. 

Implemented on 

GPGPU cluster from 

XSEDE, EROS survey 

(40M light curves) 

processed in 1 day, 

140,000 periodic light 

curves: LMC and SMC 

found.



Spectral Decomposition based on Corren-

tropy and Non-negative Matrix Factorization

Sparse and superesolved frequency 

representation for correntropy using 

NMF (similar to LASSO with adaptive 

dictionary and NN constraint)

Advantages: Robust to 

noise/outliers, better frequency 

resolution, localized, cleaner, sparser



Example



Non-stationary kernels for quasi-periodicity 

detection
MSc student: Catalina Elzo

Extend current 

methodologies to 

recognize time-frequency 

features

Design quasi-periodic 

kernels  (generative 

model), plug them into the 

CKP (detection)

Example: AM kernel
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Time to go fishing (for quasiperiodics)



Detection of groups of 

complementary features
PhD student: Jorge Vergara

Selecting relevant features improves the performance of ML 

classifiers (better generalization) and reduce computational 

time.

Some features might be relevant only when they work in a 

group.

Mutual information criterion to sort relevant features and 

detect complementary groups. Sequential strategy to detect 

interactions between features.
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NMF, SOM and SVM: a semi-supervised 

approach to variable star detection for DECAM

Undergrad Student: Emanuel Berrocal

21x21 stamps of 

candidates from the 

DECAM

Visualize and define 

clusters using SOM

Label the data and 

classify using 

supervised methods



Correntropy Kalman filter for variability 

detection on images
MSc student: Pablo Huentelemu

A Kalman filter is used to discriminate 

the dynamic background on a set of 

astronomical images

The correntropy gives the Kalman filter 

robustness to noise and outliers, 

and enhanced performance on non-

gaussian settings.

Smooth increments in brightness are 

saved







Preliminary results on periodicity 

detection for VVV
Results with N<20




