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Abstract—We present an experimental setup, sensor data 
handling, and evaluation framework for emotion recognition, 
based on multimodal biosignal sensor data. For labeled data 
acquisition we developed an emotion elicitation block, with a 
bank of labeled videos containing different triggering stimuli. A 
biosignal acquisition apparatus was used to collect multimodal 
data, namely: Electromyography (EMG); Electrocardiography 
(ECG); Electrodermal Activity (EDA); Blood Volume Pulse 
(BVP); Peripheral Temperature (SKT); and Respiration 
(RESP). An automated biosignal processing and feature 
extraction toolbox was developed to convert raw data into 
meaningful parameters. Experimental results revealed trends 
associated with triggering events, providing a baseline for 
emotion recognition. Through LOOCV with a k-NN classifier, 
we obtained recognition rates of 81% to distinguish between 
positive and negative emotions, and of 70% to distinguish 
between positive, neutral, and negative emotions. 

I. INTRODUCTION 
Emotion recognition has been a topic of study in a wide 

variety of disciplines, ranging from clinical psychology to 
computer science [1][2]. In the later, research has led to the 
field coined as Affective Computing [3], that deals with 
computational processes related to emotion. Several proposals 
for emotion characterization can be found in the literature 
[4][5][6]; nonetheless, data acquisition is still one of the main 
challenges.  

Emotions have been pointed as fundamental for many 
aspects of human life such as: decision making, perception, 
motivation, creativity, innovation, and learning. Several 
methods have been used to facilitate emotion analysis, namely 
through questionnaires elaborated by specialized 
psychologists, studying body language, using cameras to 
record facial expressions, and speech analysis.  State-of-the-art 
work has been focusing on the analysis of the physiological 
information, as collected through biosignal acquisition sensors 
and related computational processing [7].  

Different emotions are associated with different 
physiological responses [4]. As an example, in a deeply 
stressful situation, a person's heart rate greatly increases; when 
calm, the opposite behavior can be identified. Biosignals 
present interesting advantages when compared to other types 

of data, as they are free from social masking and can be 
measured by non-intrusive methods. The difficulty relies in 
collecting and processing those signals in an effective and 
efficient way to retrieve useful patterns (the aim is 
classification). 

Typically, only a limited set of modalities is used in 
existing studies, and publicly available emotion recognition 
research databases consist mainly of data from audio, photos, 
and videos. Our work is therefore focused on multimodal 
biosignal sensor data handling, targeting the recognition of 
emotional response patterns within a set of specific emotions 
elicited throughout the experimental setup.  

Towards this goal, three main components were addressed, 
namely: (a) a protocol to elicit different emotions in the 
laboratory; (b) a data set repository with physiological signals 
from several subjects experiencing different emotions; and (c) 
a framework for signal processing, feature extraction, feature 
selection, and pattern recognition algorithms for the analysis 
and classification of the different acquired physiological 
signals. 

The rest of the paper is organized as follows: Section II 
provides an overview of prior work in the field; Section III 
presents the methodology and tools developed in the context 
of our work; Section IV describes the experimental setup and 
highlights the main results; and Section V summarizes the 
main outcomes and conclusions. 

II. BACKGROUND 
Several researchers have proposed different emotion 

definitions and tried to fit them into categories. In this paper, 
the term emotion will be used to refer to an elicited short 
duration psychological and physiological state caused by a 
triggering stimulus [5][6]. There are many techniques to elicit 
emotions in a laboratory, all of them involving certain 
stimulus. The stimulus varies: it can be auditory by 
presenting the subject with different sounds or music; visual 
stimulus or multi-sensorial stimuli by showing still images or 
movies; it can also require the subject to interact with 
something or someone, among other techniques.  
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Several studies have explored different types of stimuli in a 
variety of applications. Pictures from the International 
Affective Picture System (IAPS) were used in [7][8]; a 
multimodal approach (audio, visual and cognitive) was 
adopted in [9]; the work in [10] concerns data collected 
during a driving simulation; reference [6] reports emotions 
assessed from a single subject while studying; [11] chose to 
use videos as triggering stimulus. 
Recent research work has been devoted to the analysis of 
electrophysiological responses to these stimuli (e.g., 
cardiovascular activity, electrodermal activity, among others), 
as a way of recognizing emotions in a single individual or a 
group of individuals. Pattern recognition and classification 
techniques have included Linear Discriminant Analysis, 
Artificial Neural Networks, Support Vector Machines, and k-
Nearest Neighbors (k-NN) classifiers to recognize distinct 
target emotional states [6][7][8][9][11][12]; reported 
classification accuracies ranged from 61% to 97%.  

III. METHODOLOGY AND TOOLS 
A. Emotion Elicitation Block 

One way to elicit emotions is to use videos. There are 
numerous reasons to choose video visualization as emotional 
triggering stimulus [13]: videos elicit relatively strong 
emotions; high standardization - stimulus and viewing 
conditions can be easily controlled; and manageable duration, 
as videos may be dimensioned to last just a few minutes.  

To implement the emotion elicitation block we followed 
the HiMotion project framework [1], and recurred to the 
WIDAM engine [2], that allows acquisition of the user 
interaction in a Web browser and corresponding rendered 
contents. The HiMotion Web page consisted of a set of tests 
including language, memory, intelligence, association, 
discovery, and concentration tests. For the purpose of our 
work, we expanded the WIDAM system with an emotion 
elicitation block consisting of a bank of fifteen labeled videos 
containing different triggering stimuli.  

Each video is bound to evoke one of seven emotional 
states with different arousal and valence levels: Amusement, 
Happiness, Anger, Disgust, Fear, Sadness, and Surprise; an 
additional Neutral state was also used. This methodology is 
based on [13][14][15], and it is composed of three steps, for a 
sequence of different videos targeting distinct emotions: a 
blank screen for a period of 30 seconds; a video page in full 
screen with no interaction buttons; and a final video 
questionnaire. 

B. Biosignal Processing & Feature Extraction 
Together with the human-computer interaction (HCI) data 

provided by the WIDAM platform, a set of multimodal sensor 
data was collected, namely: Electromyography (EMG); 
Electrocardiography (ECG); Electrodermal Activity (EDA); 
Blood Volume Pulse (BVP); Peripheral Temperature (SKT); 
and Respiration (RESP). To maximize the signal information 
and reduce noise, multiple filtering techniques were applied, 
as depicted in the diagram of Fig. 1. 

 
Figure 1.  Signal processing and feature extraction diagram for the different 

physiological signals used. 

      To detect the notable events in the signals, multiple pre-
processing steps were applied. We highlight the EDA signal 
processing, where the algorithm described on [2] was applied 
to extract the faster events called Skin Conductivity Responses 
(SCRs), and the slower basal component named Skin 
Conductance Level (SCL). Also, in order to correctly detect 
the heart beats in the ECG signal, we used the algorithm in 
[16]. In the feature extraction block, several time related and 
spectral features were determined; refer to [11] for a list of 
commonly used features. 

 
IV. EXPERIMENTAL SETUP & DATA ACQUISITION 

Tests were performed on a set of 20 subjects (10 females 
and 10 males), with ages ranging from 20 to 60 years old. 
Subjects could choose between two emotion elicitation 
protocols consisting of video sequences, a short and a longer 
one, with durations of 20min and 30min, respectively, 
designed to trigger specific emotional responses. 
Electrophysiological data was collected using a bioPLUX 
research, wireless biosignal acquisition unit and corresponding 
set of sensors [17]. Prior to starting the protocol, subjects were 
instrumented with the acquisition apparatus: (a) ECG at the V2 
derivation; (b) thoracic respiration; (c) facial EMG at the 
corrugator supercilii, and at the zygomaticus major; (c) BVP 
at the ring finger of the non-dominant hand; (d) EDA at the 
medial phalanx of the 2nd and 3rd fingers of the non-dominant 
hand; and (e) peripheral temperature at the 3rd finger of the 
non-dominant hand. A light dependent resistor (LDR) was 
used for synchronization between the computer and the 
biosignal acquisition system, allowing the HCI and 
electrophysiological data to be adjusted to relatable time 
bases. 
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