Internship proposal
Evaluation of Multiscale Permutation Entropy Tools for
Physiological Signals
(Last year Master / Engineer degree level)

Laboratory: PRISME - Signal Processing team
Period: 01/03/19 until 19/07/19
Location: 12 rue de Blois Orléans, France
Allowance: about 500€/month

Contact:
antonio.davalos-trevino@etu.univ-orleans.fr
meryem.jabloun@univ-orleans.fr
phillipe.ravier@univ-orleans.fr

Job Overview:
Entropy measurements are a powerful tool to measure the amount of information contained in a
digital signal. This is particularly interesting in the context of physiology, where different entropy levels
are associated with aging and motor illnesses, such as Parkinson’s disease [1]. However, for the
entropy-based techniques, background noise in the signal represents a problem, where the high
Entropy result may come from randomness, and not from real information content.
To address this problem, Multiscale Entropy techniques have been proposed [2], where the original
signal is processed at different “time scales”, and thus helps separate information from noise. Here,
the multiscale processing method plays a key role in the behavior and variability of the Entropy results.
In particular, Multiscale Permutation Entropy (MPE) [3,4] have been recently used for medical
purposes [5]. Permutation Entropy works with the information contained in “ordinal patterns”, which
compares the relationships between adjacent data points in a signal. PE has the advantages of being
easy to compute and being particularly robust to noise. Although successfully implemented in real
physiological data, the statistical properties of PE (and its variants) have been superficially explored.
This makes the final interpretation of the results difficult, at best.
To better understand the statistics behind the MPE, the candidate will explore different processing
methods on simulated signals (with known Entropy results). He/She will compare well established
processing methods, as well as new processing techniques to better estimate the true information
content.

The candidate will implement these processing algorithms, test their performance, and build a
Summary Report on the results obtained. This will help theoretically understand the MPE properties,
and thus, achieve a better understanding on Entropy methods for medical diagnosis.
Responsibilities and Duties:
 Study and get familiar with Permutation Entropy, Multiscale Permutation
Entropy, and pre-processing methods.
 Program each MPE algorithm using Matlab (or other suitable language).
 Implement the above algorithms on simulated signals.
 Generate graphs of the MPE estimated values and error estimations for each
method.
 Write a report on the results.

Qualifications:
 Degrees. Master Student in Signal Processing, Computer Science, Statistics, or
other related field.
 Experience. Previous work with programming languages such as Matlab (C++,
Python, or similar languages are also an option). Acquaintance with statistical
methods is a plus.
 Specific skills. Mathematics, Statistics, Programming. English language (most
literature available in this topic is in English).
 Personal characteristics. Self-learning, Responsibility, Discipline, Teamworkoriented.
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