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Abstract Emotions play a crucial role in human life, influencing social interactions and purchasing decisions.
Understanding and interpreting emotions is essential for various industries and fields of study. The ability
to interpret human emotions can lead to more targeted marketing campaigns and prevent individuals in a
heightened emotional state from engaging in activities like driving. Affective computing (AC) has
garnered significant interest in recent years, and it involves developing emotion recognition systems based
on processing facial expressions or physiological parameters. Recognizing emotions using physiological
parameters requires portable and wearable electronic systems to acquire and process the physiological
signals. In our paper, we propose a new acquisition system consisting of portable electronics to gather EEG
signals and a Matlab interface to study human emotions after exposure to emotionally evocative images.
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Abstract. Emotions play a crucial role in human life, influencing social inter-
actions and purchasing decisions. Understanding and interpreting emotions isAQ1

essential for various industries and fields of study. The ability to interpret human
emotions can lead to more targeted marketing campaigns and prevent individuals
in a heightened emotional state from engaging in activities like driving. Affective
computing (AC) has garnered significant interest in recent years, and it involves
developing emotion recognition systems based on processing facial expressions
or physiological parameters. Recognizing emotions using physiological parame-
ters requires portable and wearable electronic systems to acquire and process the
physiological signals. In our paper, we propose a new acquisition system consist-
ing of portable electronics to gather EEG signals and a Matlab interface to study
human emotions after exposure to emotionally evocative images.AQ2

1 Introduction

The term Affective Computing (AC) identifies the set of algorithms and techniques
aimed at identifying and imitating human emotions [1, 2]. In many practical applications,
creating a cognitive system that can recognize and understand people’s emotions while
promptly providing sensitive and friendly responses is necessary [3]. For example, an
intelligent vehicle capable of recognizing the emotionally altered state of the driver could
reduce the risk of accidents [4]. Emotion recognition could revolutionize industries and
social media by understanding user interest and providing more effective advertising
and content while improving product buying and selling processes [5]. Furthermore,
emotion recognition systems could also be helpful for individuals who have autism, thus
allowing them to have better social interaction [6].

Emotion recognition has been treated using different approaches based on face and
facial expression recognition [7] or on the decoding of physiological signals [8]. The
advantage of using physiological parameters is linked to the individual’s inability to
modulate them autonomously, resulting in this sense as a non-camouflage means. One
of the most investigated tools in the literature concerns electroencephalography (EEG),
which allows for a low-cost tool with high temporal resolution, guaranteeing a response
independent of the subject’s will [5, 9].
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To investigate affective computing, it is necessary to have an emotion stimulation
setup and psychological models that describe human emotions. Ekman developed a
discrete model of six basic emotions common to all individuals: happiness, sadness,
anger, fear, surprise, and disgust [10]. Plutchick developed a discrete flower model in
which basic emotions combine to form more complex emotions, such as anticipation, joy,
trust, and surprise [11]. However, a discrete classification model only allows part of the
range of human emotions to be appropriately described. A more complex and pragmatic
model is therefore needed. The circumplex model is a two-dimensional model based on
evaluating valence, i.e., the positive or negative quality of the emotion, and arousal, i.e.,
the measurement of the subject’s psychophysical activation [12]. A three-dimensional
variant of this model involves the introduction of the dominance parameter, i.e., the
description of the subject’s ability to control the emotion [13]. Emotion stimulation
setups can be based on selected pictures, sounds, or videos [8, 9]. In [14], the authors
have developed a web interface for emotion recognition based on music videos and
self-assessment of the subjects’ emotions through the use of Self-Assessment Manikins
(SAM) [15] simultaneously with the acquisition of a 32-channel EEG signal. The authors
use a two-dimensional model with a self-report of arousal and valence. In [16], the
authors developed an interface for emotion recognition by eliciting emotions via video
clips extracted from film clips and acquiring biopotential through 14-channel EEG and
ECG using portable devices. The authors employ a three-dimensional model for self-
assessment and classification of emotions.

In this work, we propose a system composed of a portable custom Printed Circuit
Board (PCB) with off-the-shelf components and a Matlab interface for the investigation
of human emotions through the use of emotionally evocative images extracted from the
International Affective Picture System (IAPS) [17]. The PCB has been designed to have

Fig. 1. Overview of the proposed system. The EEG signal is acquired using a portable electronic
system, while the computer shows pictures extracted from the IAPS dataset. After the viewing of
the pictures, the user is asked to compile a graphic questionnaire based on SAM which is collected
in the PC.

A
ut

ho
r 

Pr
oo

f



An EEG Based Platform for Emotion Recognition 3

a low number of channel and low encumbrance to be used in daily life activities, while
the interface has been designed to be user friendly.

2 Materials and Methods

2.1 Printed Circuit Board

The PCB, shown in Fig. 1, is based on a differential 8-channel 24-bit ΣΔ analog to
digital converter for EEG and biopotential measurements produced by Texas Instrument
(ADS1299). The PCB activity is controlled by a Texas Instruments low-power Microcon-
troller (MSP430F5529) that coordinates ADC activities and manages communications
with an external device through the USB or the Bluetooth module (CC2564MODA).
The entire design procedure was performed to obtain a low size (6 cm × 3.3 cm) and
low power consumption. The MSP430F5529 microcontroller is the control unit of the
PCB. The Microcontroller has to communicate with the ADC through SPI, store the
acquired data, and transmit the information to the external unit. When the MSP430 is
powered on, its communication can switch between USB and Bluetooth, prioritizing the
USB connection. Once the communication has been established, the Microcontroller
starts a polling loop that waits for data from the external unit. Once a command arrives,
it is decoded and executed. A power management unit based on AP2114H, LP2989 and
L6920 allows the generation of the required voltages from the 3.7V-2000 mAh battery.
When the device is connected to the USB, the battery is recharged via Texas Instruments
BQ2057TS. The run time of the PCB has been measured and it is of about 28 h. A
complete and exhaustive description of the PCB is given in [18, 19] (Fig. 2).

Fig. 2. The portable electronic device. A) Front view of the PCB. B) Rearview of the PCB. C)
The device is equipped with a low power microcontroller, a multichannel ADC for biopotentials
and a 2000 mAh battery.
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2.2 Matlab Interface

The graphic interface (GUI) was developed on Matlab using App Designer. The interface
was developed to have a main window comprising four tabs: main, registers, graphs, and
Fourier. The “main” tab allows the user to set up communication with the portable
module, start the acquisition of data, which is plotted in real-time, set a high pass or
low pass filter, compensate the channel offset, perform the analysis of the acquired data,
start IAPS-based image administration. The “registers” tab allows the user to check the
values of the ADC registers, vary the sampling frequency, select the number of channels
to use (up to 8), and modify the programmable gain of the preamplifier. The “Graphs” tab
reports the complete graphs of the acquired channels, while the “Fourier” tab contains
the Fourier analysis of the acquired channels.

From the main window, using the appropriate button, it is possible to select the start
of the image administration based on IAPS. The procedure involves opening a specific
window within which an image will appear and remain visible for a period decided by
the user. At the end of this period, a new window containing the SAMs will appear on the
screen, allowing the user to compile a self-assessment of the image viewed, describing
the arousal, valence, and dominance by assigning values between one and five. During
image showing, the EEG signal is acquired, and the acquisition stops when the SAM
questionnaire appears. The acquired signal is, therefore, saved in a structure that contains
the information regarding the image administered and the result of the questionnaire.

Fig. 3. Matlab GUI. The Gui has three main windows which are employed during the emotion
investigation. The first window is used to control the acquisition PCB, select the number of pictures
to be employed and the exposure period. The second window is used to show the user the picture
extracted from IAPS. Finally, the third window is a graphic questionnaire based on SAM, which
allows the user to describe the elicited emotion.
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Once the SAM questionnaire has been completed and saved, the questionnaire window
closes, and a new image appears, thus repeating the procedure just described until all
the pictures have been shown.

The images used to elicit emotions are taken from the IAPS dataset. Images are
divided into three macro-categories: “neutral,” “positive,” or “negative,” depending on
the emotional impact expected on the user. The images are shown in random order
without ever repeating (Fig. 3).AQ3

3 Results

The system has been preliminary validated on two healthy volunteers by positioning
the electrodes as reported in [19, 20], as shown in Fig. 4A. To verify the correct syn-
chronization of the acquisition and the image’s appearance, the subjects were asked to
blink at each new image’s appearance to make the ocular artifact appear in the EEG
trace, as shown in Fig. 4B. While completing the questionnaire, signal acquisition is
paused to have EEG signal acquisition only while viewing images. During this period,
the serial buffer is reset. The questionnaire data are saved within a dedicated structure
to allow correct storage for future analysis. During the visualization phase, the portions
of the signal corresponding to a specific image, and therefore, to a given emotion, are
highlighted by vertical lines that determine the beginning and the end. The data recorded
by the PCB are saved in a structure and associated with the data from completing the
questionnaire, as shown in Fig. 4C.

Fig. 4. Evaluation of the proposed system. A) The system was tested on two subjects by position-
ing the electrodes near the ear and on the forehead. B) Ocular artefacts due to the blink performed
when the new image appears. C) Data saved on Matlab with the respective labels assigned by the
user.
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4 Conclusions

This work presents a system for acquiring and labeling the EEG signal to investigate
human emotions. The system consists of low-channel-count portable electronics based
on commercial components and a graphical interface developed in Matlab. The investiga-
tion of emotions is carried out by administering emotionally evocative images extracted
from the IAPS dataset, which are chosen randomly and never repetitively. The acquired
data is labeled by compiling SAM-based questionnaires and saved to a structure. The
interface operation was preliminarily validated on two healthy volunteers to evaluate the
correct execution of the acquisition and classification algorithms. However, the system
still needs to be employed in a more in-depth study, in which it will be used to create a
dataset for emotion recognition based on EEG signals.

Acknowledgments. The authors thank Tania Goddi for the contribution she made during her
bachelor’s thesis.
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Page no Fig/Photo Thumbnail Alt-text Description

2 Fig1 Diagram illustrating a bio-
feedback system. At the top, an 
"Acquisition PCB" is shown, 
connected to a cycle of 
processes. On the left, a 
silhouette of a head labeled 
"User" connects to a "Graphic 
Questionnaire" at the bottom. 
This links to a "PC for data 
storing and GUI for emotion 
investigation" on the right. Two 
arrows labeled "Bio-Feedback" 
loop between the PCB and the 
PC, indicating data flow and 
feedback.

3 Fig2 Three images labeled A, B, and 
C show electronic circuit 
boards. Image A displays a 
circuit board with various 
components. Image B shows a 
different circuit board with a 
distinct layout. Image C 
features a side view of a circuit 
board connected to a 3.7V 
2000mAh battery. Labels in 
image C point to components: 
"Connector Micro-USB + 
Microcontroller" and "CO 
sensor + MOSFETs."

4 Fig3 A composite image showing 
three screenshots from a 
MATLAB application. The top 
left screenshot displays four 
graphs labeled CH1 to CH4, 
each showing fluctuating data 
over time. Various control 
buttons are visible, including 
options for Fourier Analysis and 
LED settings. The top right 
screenshot shows a landscape 
image of red rock formations. 
The bottom screenshot 
features a user interface with 
cartoon faces representing 
different levels of valence, 
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arousal, and dominance, with 
options ranging from "Very 
Happy" to "Very Unhappy," 
"Very Bored" to "Very Excited," 
and "Without Control" to 
"Empowered."

5 Fig4 The image is divided into three 
sections labeled A, B, and C. 
Section A shows two 
individuals wearing EEG 
electrodes connected to a 
laptop, with one person 
viewing an image on the 
screen. Section B displays four 
EEG graphs labeled CH1 to CH4, 
each showing voltage changes 
over time in different colors: 
blue, green, orange, and pink. 
Section C presents a data table 
with columns for EEG channels, 
sampling frequency, image file 
names, and emotional states 
such as valence, arousal, and 
dominance, with entries like 
"Very Happy," "Bored," and 
"Neutral."
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