Accepted Manuscript

INFRARED PHYSICS
Regular article & TECHNOLOGY

Human emotions detection based on a smart-thermal system of thermographic
images

Irving A. Cruz-Albarran, Juan P. Benitez-Rangel, Roque A. Osornio-Rios, Luis
A. Morales-Hernandez

PIL: S1350-4495(16)30418-2

DOI: http://dx.doi.org/10.1016/j.infrared.2017.01.002
Reference: INFPHY 2207

To appear in: Infrared Physics & Technology

Received Date: 17 August 2016

Revised Date: 19 November 2016

Accepted Date: 4 January 2017

Please cite this article as: I.A. Cruz-Albarran, J.P. Benitez-Rangel, R.A. Osornio-Rios, L.A. Morales-Hernandez,
Human emotions detection based on a smart-thermal system of thermographic images, Infrared Physics &
Technology (2017), doi: http://dx.doi.org/10.1016/j.infrared.2017.01.002

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting proof before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.


http://dx.doi.org/10.1016/j.infrared.2017.01.002
http://dx.doi.org/10.1016/j.infrared.2017.01.002

Human emotions detection based on a smart-thermal system of
thermographic images

Irving A. Cruz-Albarran®, Juan P. Benitez-Rangel?, Fioque A. Osornio-Rios?, Luis A.
Morales-Hernandez®

# Mecatronica/Facultad de Ingenieria, Campus San Juan del Rio, Universidad Auténoma de Querétaro, Rio
Moctezuma 249, Col. San Cayetano, 76807 San Juan del Rio, Querétaro, México

Email addresses: icruz@hspdigital.org (I.A. Cruz-Albarran), benitez@uag.mx (J. P.-Benitez-Rangel),
raosornio@hspdigital.org (R.A. Osornio Rios), lamorales@hspdigital.org (L.A Morales-Hernandez)
*Corresponding author at: Email addresses: lamorales@hspdigital.org (L. A. Morales-Hernandez)

Abstract

This work presents a noninvasive methodology to obtain biomedical thermal imaging
which provide relevant information that may assist in the diagnosis of emotions.
Biomedical thermal images of the facial expressions of 44 subjects were captured
experiencing joy, disgust, anger, fear and sadness. The analysis of these thermograms was
carried out through its thermal value not with its intensity value. Regions of interest were
obtained through image processing techniques that allow to differentiate between the
subject and the background, having only the subject, the centers of each region of interest
were obtained in order to get the same region of the face for each subject. Through the
thermal analysis a biomarker for each region of interest was obtained, these biomarkers can
diagnose when an emotion takes place. Because each subject tends to react differently to
the same stimuli, a self-calibration phase is proposed, its function is to have the same
thermal trend for each subject in order to make a decision so that the five emotions can be
correctly diagnosed through a top-down hierarchical classifier. As a final result, a smart-
thermal system that diagnose emotions was obtained and it was tested on twenty-five
subjects (625 thermograms). The results of this test were 89.9% successful.
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1. Introduction

Nowadays, noninvasive systems to monitor and diagnose health problems have been
booming. Infrared thermography (IRT) is a technology that allows measuring the radiation
of energy that a body emits in a noninvasive way and without the limitations arising from
the use of invasive sensors [1]. Therefore, the use of IRT has been increased as a solution to
analyze different problems in different fields of human knowledge [2]. Specifically,
humans are an important case of study where many investigations have emerged [2-7]
because the temperature is one of the most common health indicators [8]. In this context,
emotions play an important role in the life of living beings considering that the main
function of any emotion is to mobilize the body to quickly deal with interpersonal
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