@ engineering
proceedings

Proceeding Paper

Development of a Low-Cost Interactive Prototype for
Acquisition and Visualization of Biosignals *

Juan C. Delgado-Torres !, Daniel Cuevas-Gonzalez 2*, Marco A. Reyna >*, Juan Pablo Garcia-Vazquez ?,
Eladio Altamira-Colado 2, Martin Aar6n Sanchez-Barajas ' and O. E. Barreras !

Citation: Delgado-Torres, J.C.;
Cuevas-Gonzalez, D.; Reyna, M.A.;
Garcia-Vazquez, ].P.; Altamira-
Colado, E.; Sanchez-Barajas, M.A.;
Barreras, O.E. Development of a
Low-Cost Interactive Prototype for
Acquisition and Visualization of
Biosignals. Eng. Proc. 2024, 5, x.
https://doi.org/10.3390/xxxxx

Academic Editor(s):

Published: 26 November 2024

Copyright: © 2024 by the authors.
Submitted for possible open access
publication under the terms and
conditions of the Creative Commons
Attribution  (CC  BY)
(https://creativecommons.org/license

s/by/4.0/).

license

1 Instituto de Ingenieria, Universidad Auténoma de Baja California, Mexicali 21280, Mexico;
juan.delgado.5@uabc.edu.mx (J.C.D.-T.); martin.aaron.sanchez.barajas@uabc.edu.mx (M.A.S.-B.);
barreras.oscar@uabc.edu.mx (O.E.B.)

2 Cuerpo Académico de Bioingenieria y Salud Ambiental, Universidad Auténoma de Baja California,

Mexicali 21280, Mexico; pablo.garcia@uabc.edu.mx (J.P.G.-V.); ealtamira@uabc.edu.mx (E.A.-C.)

Correspondence: cuevas.daniel@uabc.edu.mx (D.C.-G.); mreyna@uabc.edu.mx (M.A.R.)

* Presented at The 11th International Electronic Conference on Sensors and Applications (ECSA-11), 26-28
November 2024; Available online: https://sciforum.net/event/ecsa-11.

Abstract: Nowadays, some of the most severe problems faced by health institutions are related to
people’s mental health. According to the World Health Organization, approximately one billion
people lived with a condition that affected their mental health in 2020, where depression, anxiety,
and stress represent the most common examples. Furthermore, according to the American Psycho-
logical Association, stress aggravates the symptoms of depression and anxiety, besides having neg-
ative effects on the cardiovascular, respiratory, muscular, nervous, reproductive, endocrine, and
gastrointestinal systems. It is estimated that during the COVID-19 pandemic, the number of global
cases of major depressive disorder and anxiety disorders increased by 53.2 million and 76.2 million
respectively. Psychophysiology and other health disciplines, such as psychology, neurology, psy-
chiatry and physiotherapy provide quantitative data from physiological signals. These signals are
acquired through specialized systems that are often very expensive, and most being closed source
hardware and software. This work proposes the development of a low-cost prototype for acquisition
and visualization of a patient’s HR, ECG, EMG, GSR, and body temperature biosignals using the
MAX30102, ECG AD8232, EMG Muscle T084, Grove GSR sensor and LM35 AFEs breakout boards
respectively is proposed. Signal acquisition tests were performed with each sensor without post-
processing or filtering. The test results prove that the biosignals acquired by the prototype present
usability, correct morphology, stability, and can operate without errors for up to 12 h. This is ex-
pected to provide an affordable alternative to biosignal acquisition systems for educational and re-
search institutions, offering users a similar experience to that provided by high-cost equipment,
thus benefiting the training of studies.
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1. Introduction

The World Health Organization (WHO) released a report in 2020 on the global prev-
alence of mental disorders, stating that approximately one billion people live with a con-
dition that affects their mental health. Additionally, this sector of population tends to die
10 to 20 years earlier compared to the general population. Among the most common dis-
orders are depression, anxiety and stress [1].

According to the American Psychological Association (APA), stress aggravates
symptoms of depression and anxiety, in addition to having negative effects on the mus-
cular, respiratory, cardiovascular, endocrine, gastrointestinal, nervous and reproductive
systems [2]. In [3], it was estimated that the coronavirus disease 2019 (COVID-19)
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pandemic had a negative impact on the mental health of the global population, resulting
an increase of 53.2 million additional cases of major depressive disorder, representing a
27.6% rise compared to the pre-pandemic prevalence. Similarly, a 25.6% increase in anxi-
ety disorder cases was observed, with 76.2 million additional cases.

Biosignal acquisition systems perform a fundamental role in clinical and experi-
mental tests assessing stress, anxiety and depression [4,5]. In addition to miniaturization,
a growing trend for the development of biosignal acquisition equipment is to reduce the
cost of manufacturing, in order to be more affordable for educational and research insti-
tutions. Furthermore, most of these systems do not use free software, making it difficult
to modify them for the development of new methods of clinical assessments and treat-
ments where the integration of developed software with hardware is necessary [6-9].

This work presents the development of a low-cost prototype for the acquisition and
visualization of a patient’s heart rate (HR), electrocardiogram (ECG), electromyography
(EMGQG), galvanic skin response (GSR) and body temperature biosignals. The system uses
the MAX30102, ECG AD8232, EMG Muscle T084, Grove GSR sensor and LM35 analog
front ends (AFEs) breakout boards respectively to transmit the information wirelessly us-
ing a HC-06 Bluetooth module (see Figure 1).

A)

LM35 sensor
T084 EMG
GSR
MAX30102
AD8232 ECG

Figure 1. Biosignal acquisition system connection diagram.

2. Materials and Methods

This paper presents the methodology for the development of a low-cost prototype
for the acquisition and visualization of biosignals. The prototype was developed using a
modular design, each biosignal corresponds to a module. All modules consist of three
stages: analog, digital and data transmission. The sampling frequency of each module was
selected according to the biosignal to be measured.

2.1. Body Temperature LM35

The analog stage for body temperature measurement features an LM35 temperature
sensor [10]. The digital stage comprises an Arduino Nano board with a sample frequency
of 1 Hz, and an HC-06 Bluetooth module for wireless serial transmission to a computer.
(See Figure 2).
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Figure 2. Body temperature module. (A) Analog stage. LM35 sensor sampling body temperature.
(B) Digital Stage. LM35 sensor connection to Arduino Nano. (C) Data transmission stage. HC-06
Bluetooth device connection for wireless serial transmission.

2.2. AD8232 ECG Circuit

In the analog stage, the DI Einthoven’s lead (with bandwidth 0.5-40 Hz) was used
for data acquisition with a SparkFun AD8232 board [11]. The digital stage consists of an
Arduino Nano board with a sampling rate of 360 Hz [8,12], and a Bluetooth HC-06 module
was used for wireless transmission to a computer. (see Figure 3).
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Figure 3. ECG acquisition module. (A) Analog stage. Patients surface skin voltage detection with

ADB8232 board. (B) Digital Stage. AD8232 board connection to Arduino Nano. (C) Data transmission
stage. HC-06 Bluetooth device connection for wireless serial transmission.

2.3. EMG Muscle T084 Board

In the analog stage of the EMG acquisition board, muscle electrical activity is sensed
using three electrodes connected to the test volunteer dominant arm. One electrode is
placed in the middle part of the muscle, another at the end of the muscle, and the last one
is positioned in a non-muscular area close to the muscle using an EMG Muscle T084 [13].
Afterwards, in the digital stage, the readings taken by the EMG device are processed for
digitization using an Arduino Nano module with a sampling frequency of 500 Hz [14,15].
Subsequently, in the data transmission stage, the processed data is wirelessly transmitted
to a computer using an HC-06 Bluetooth device (see Figure 4).
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Figure 4. EMG acquisition module. (A) Analog stage. Patient muscular electrical activity detection
with an EMG Muscle T084. (B) Digital Stage. EMG Muscle T084 connection to Arduino Nano. (C)
Data transmission stage. HC-06 Bluetooth device connection for wireless serial transmission.

2.4. MAX30102 Heart Rate Pulsioximeter

The analog stage of the HR and SpO: circuit consists of a MAX30102 sensor. This
sensor works on the principle of the photoplethysmogram, where it measures the amount
of light reflected from the index finger of the non-dominant hand through a photodetector
[16]. The samples from the MAX30102 are digitized by an Arduino Nano board at a sam-
pling frequency of 500 Hz and 100 Hz for HR and SpO: respectively [17-19]. In the data
transmission stage, the processed data is wirelessly transmitted with a HC-06 Bluetooth
module to a computer. (See Figure 5).

A) C)

MAX30102

Figure 5. HR and SpO: module. (A) Analog stage. MAX30102 sensor that detects heart rate and
oxygen saturation from the user’s finger, (B) Digital Stage. MAX30102 connection to Arduino Nano.
(C) Data transmission stage. HC-06 Bluetooth device connection for wireless serial transmission.

2.5. Grove GSR Sensor

The GSR analog stage is where the electrical conductance of the skin is measured
with a Grove GSR sensor. This sensor consists two nickel electrodes placed on the index
finger and middle finger of the non-dominant hand [20]. Subsequently, in the digital stage,
the readings are digitized using an Arduino Nano module with a sampling frequency of
100 Hz [21]. In the data transmission stage, a Bluetooth HC-06 device transmits the pro-
cessed data to a computer (see Figure 6).
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Figure 6. GSR acquisition circuit. (A) Analog stage. Patient electrical conductance of the skin detec-
tion with a Grove GSR sensor. (B) Digital stage. GSR sensor connection to Arduino Nano. (C) Data
transmission stage. HC-06 Bluetooth device connection for wireless serial transmission.

2.6. Digital Stage Stability

Some experiments were considered to ensure the robustness and stability of the pro-
totype, including the replication of some hardware and software tests from the work [8].
Sampling rates were tested for each mode of operation via USB serial cable and Bluetooth.
Although, the prototype has not yet achieved autonomy (battery and data storage inter-
face) for long term testing (up to 12 h), the Arduino IDE interface provides a data buffer
of 450,000 samples, which is insufficient for long term use. In the 12-h test, the data was
overwritten constantly while the device was monitored for proper operation connected to
the power supply. In the individual tests of body temperature, GSR and SpO2 biosignal
measurements, a high sampling frequency was not used as those used in the ECG, EMG
and HR tests. However, when performing the acquisition test of all the biosignals at the
same time, a single sampling frequency was implemented because the same interrupt was
used to obtain all the measurements on the Arduino Nano Board, the sampling frequency
was set to 500 Hz.

3. Results
3.1. Biosignals Obtained from the Prototype

Measured signals were acquired using the prototype as shown in Figure 7. The ECG
signal shows a morphology appropriate to a signal of standard conditions with a sampling
rate of 500 Hz. In the EMG signal, the bicep muscle contraction can be observed with 2 s
intervals of contraction and rest. However, since this module provides a rectified EMG
signal, its application for these biosignals analysis could be limited. The SpO2 and HR
signals were obtained from the max30102 module, which required a period of time to sta-
bilize and provide stable readings (approximately 30 s) in accordance with the physical
variables. For the temperature sensor, measurements of ambient temperature and temper-
ature in contact with the skin of the human body were taken. However, due to the LM35
sensor’s encapsulation, it does not facilitate readings on contact with the human body,
only environmental measurements were used for this work. Finally, for the GSR sensor,
variations in galvanic skin resistance were recorded in response to different scenarios that
stimulated the user with images that could evoke different emotions (e.g., happiness, an-
noyance, sadness).
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Figure 7. Biosignals acquired by the prototype.

3.2. Digital Stage Stability

Following the methodology to evaluate the functionality and the stability mentioned
above, the prototype can operate via USB Serial port to PC and transmit up to 2084 sam-
ples per second with a baud rate of 230,400 bauds and 2380 samples per second with a
baud rate of 1 M bauds. However, considering the wireless connectivity trend of new
technologies, the HC-06 Bluetooth V2.0+EDR module configured on the TX and RX pins
of the hardware serial port to efficiently transmit up to 1250 data per second was used.
This information is valuable to comply with the Nyquist theorem during analog signal
sampling. However, the tests performed to assess the robustness of the stability in this
prototype are still in process of improvement.

4. Discussion

The Arduino nano board performed effectively in the tests with each sensor in its
individual test with specific sampling rates for each sensor (see Figures 2-6). However, to
perform the test with all sensors connected to the same Arduino nano board (see Figure
1), the 500 Hz sampling rate was selected because the sampling was performed within the
same instruction for all sensors. This is a limitation found in boards based on the AT-
mega328 microcontroller included in the Arduino Nano board, where it is not possible to
perform two or more different sampling rates. Despite this limitation, it did not represent
a problem for the acquisition and transmission stage of the presented device.

Regarding the individual performance of each sensor, the AD8232 board provides a
low noise ECG signal suitable for conventional literature [8,12]. The EMG Muscle T084
provides a rectified EMG signal, which limits the analysis of the signal morphology. A
potential solution to this limitation is to develop the EMG sensor using the AD8232 chip,
which was used in [22], where an EMG sensor was developed using the AD8232 chip,
which captured the complete morphology of the biosignal while being powered by a 3.3
V source, saving the power of the device. The MAX30102 sensor module performed as
expected for SpO2 and HR measurements. However, a limitation of this module is the
requirement for stabilization time (approximately 30 s) to provide accurate readings,
which may affect the accuracy of the instantaneous measurement. For this inconvenience,
other board alternatives that support pulse oximetry measurements will be explored. The
measurements obtained with the LM35 sensor were stable. These readings were
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environmental since the sensor lacks of an ergonomic encapsulation that facilitates body
temperature recordings. A possible improvement to this sensor is to create an encapsula-
tion that allows these readings to be taken without compromising the quality of the read-
ings. Finally, the GSR sensor used for the galvanic skin response measurements worked
correctly, as shown in its data sheet [20]. A limitation of this work is that it lacks an inter-
face or storage for long-term testing. Although reading, transmission and reception tests
were performed to ensure correct measurement, noise measurement tests on each biosig-
nal should be performed in future work.

5. Conclusions

The development of low-cost equipment that allows the acquisition of biosignals
could grant educational and research institutions the access to these technologies. The
presented prototype allows the acquisition of ECG, EMG, HR, SpO2, GSR and body tem-
perature biosignals using AFEs available on the market, while maintaining a development
cost below USD 70. Furthermore, the measurements performed by the prototype are con-
ducted at sampling frequencies reported in the literature, as detailed in the methodology
section.

Future work will involve the development of a printed circuit board (PCB) with all
sensors and microcontroller, which could further reduce the cost of the prototype. In ad-
dition, necessary modifications identified in this work will be implemented, such as using
other AFE’s boards with better features, implementing an approach that allows two or
more sampling rates for sensors, and more rigorous noise and signal quality testing. Fi-
nally, a protocol will be established for the acquisition of biosignals from a small group of
participants, which will allow to corroborate and validate the precision and accuracy of
the prototype.
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