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Abstract 

 

This study is carried out to verify numerically the 

deformation and Von Misses stresses of a lithium-Ion 

battery (Li6PF 43 ah, 3.7v) after impact against a solid 

sphere, using the specialized program in Dynamic 

Simulation. and Ls-Dyna Finite Elements. With the aim of 

advancing in the studies to validate the safety of batteries 

in electric cars this study creates a model of the analyzed 

prismatic battery. 

 

 

Battery, Finite element, Lithium, Simulation 

Resumen 

 

Se realiza este estudio con el fin de comprobar 

numéricamente la deformación y los esfuerzos de Von 

Misses de una batería de Ion de litio, (Li6PF 43 ah, 3.7v) 

tras el impacto contra una esfera sólida, haciendo uso del 

programa especializado en Simulación Dinámica y 

Elementos Finitos Ls-Dyna. Con el objetivo de avanzar en 

los estudios para validar la seguridad de baterías en 

automóviles eléctricos, este estudio crea un modelo propio 

de la batería prismática analizada. 

 

Batería, Elementos finitos, Litio, Simulación

 

Citation: FLORES-LÓPEZ, Holbein Eli, LÓPEZ-GARCÍA, Claudio and SANTIAGO-AMAYA, Jorge. Numerical modeling 

of the behavior of a lithium battery after a collision.  Journal of Research and Development. 2023. 9-23:1-9. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

* Author's Correspondence (E-mail: holbeineli@gmail.com) 

† Researcher contributing as first author. 

 

 

© ECORFAN-Spain                                                                                                   www.ecorfan.org/spain



FLORES-LÓPEZ, Holbein Eli, LÓPEZ-GARCÍA, 

Claudio and SANTIAGO-AMAYA, Jorge. Numerical 

modeling of the behavior of a lithium battery after a 

collision.  Journal of Research and Development. 2023 

ISSN-On line: 2444-4987 

ECORFAN® All rights reserved. 

2 

Article                                                                                  Journal of Research and Development 
 June 2023, Vol.9 No.23 1-9 

 

 

Introduction 

 

With the advent of lithium-ion battery 

technology, hybrid or fully electric cars have 

become popular on the world's roads. With the 

advent of this type of transport, new safety 

protocols had to be implemented in case of 

serious accidents (Electric Cars Are Triggering 

New Emergency Protocols Due to Batteries and 

Their Fire Hazards, n.d.; NFPA, n.d.). 

 

Cases of accidents involving problems 

with electric vehicle batteries have been reported 

(Beauregard et al., 2008)(U.S. Department of 

Transportation, 2012)(Feng et al., 2018). These 

are caused by several reasons, one of which is 

mechanical abuse, which includes deformation 

and displacements, caused by forces applied 

during a collision, which would result in battery 

pack deformation, separator rupture causing 

short circuits and leakage of flammable 

electrolyte (Feng et al., 2018). 

 

With existing technology, aspects of 

vehicle safety can be analysed, such as software 

simulation, where the behaviour of a battery 

bank can be analysed after a sudden impact and 

under specific circumstances. 

 

In a study conducted at the Department 

of Mechanical Engineering at Ningb University 

of Technology in China (Chen et al., 2020), a 

solid sphere is impacted on a lithium battery, 

resulting in stresses and a marked footprint on 

the battery. The data obtained are corroborated 

by performing a numerical analysis using the 

finite element program Ls-Dyna, by running a 

simulation to observe the Von Misses stresses, in 

such a way that it contributes to express results 

in a numerical way. 

 

Distortion energy 

 

The strain energy of an element is the increase in 

energy associated with the deformation of the 

element. During a tensile test, the elongation of 

a specimen under the action of an increasing load 

is measured, work is expended and this work is 

partially or totally transformed into potential 

strain energy. If the deformation does not reach 

the elastic limit, the work done by the external 

force is completely transformed into potential 

energy and can be recovered by gradually 

unloading the deformed bar (STEPHEN P. 

TIMOSHENKO, 1972).  

The strain energy density of a material is 

the strain energy per unit volume, which is equal 

to the area under the stress-strain curve. 

 

𝑈 = ∫ 𝑃𝑑𝑥
𝑥1

0
        (1) 

 

 
 

Figure 1 Stress-Strain graph 

 

Strain energy can be used to determine 

the effects of impact loads on structures or 

machine components. For practical purposes, 

equations 2 and 3 are given, in which the strain 

energy as a function of geometric, elastic and 

load characteristics, and in another is expressed 

as a function of the same characteristics and the 

elongation, respectively. 

 

𝑈 =
𝑃𝑙

𝐴𝐸
      (2) 

 

𝑈 =
𝑃𝑙

𝐴𝐸
      (3) 

 

The theory states that: "Failure will occur 

when the distortion energy per unit volume due 

to the absolute maximum stresses at the critical 

point is equal to or greater than the distortion 

energy per unit volume of a specimen in the 

tensile test at the time of creep" (FERDINAND 

P. BEER, 2015). 

 

This criterion determines the distortion 

energy in a material, which is the energy 

associated with changes in the shape of the 

material. It is also known as the Von Mises 

criterion. A component is safe as long as the 

maximum value of the distortion energy per unit 

volume in that material remains smaller than the 

distortion energy per unit volume required to 

yield a specimen of the same material under 

stress.  

 

The equivalent stress is given by: 
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𝜎𝑒𝑞 = √
1

2
[(𝜎1 − 𝜎2)2 + (𝜎2 − 𝜎3)2 + (𝜎3 − 𝜎1)2]    (4) 

 

Comparing the graph given by Von 

Misses against that of Tresca, the Von Misses 

graph being the ellipse and the Tresca graph 

being the hexagon formed; it establishes the 

allowable stress values to achieve design 

reliability of materials. 

 

 
 

Figure 2 Von Misses vs Tresca chart 

 

Ls-Dyna 

 

Ls-Dyna is a multiphysics simulation program 

capable of simulating complex problems. It uses 

a general finite element code for the extensive 

analysis of static and dynamic deformations of 

structures, including fluid-coupled structures. 

The main solution methodology used by this 

application is based on an explicit integration 

time. A contact-impact algorithm allows 

difficult contact problems to be easily treated 

with heat transfer including interface contact. 

 

Ls-Dyna currently contains 

approximately 1000 constitutive models and 10 

equations to cover a wide range of material 

behaviour.  

 

Originated at Lawrence Livermore 

National Laboratory, the first application was for 

the analysis of stresses in structures subjected to 

various impact loads. The application required 

certain computational resources, and the need 

for a much faster version was necessary, as the 

results took a long time to appear, all in 

accordance with the technology at the time.  

 

 

 

 

It is widely used in the automotive 

industry for the design and development of 

projects involving the improvement and safety 

of its occupants, as well as in the study of metal 

deformation. On the other hand, in the aerospace 

industry it is used in the study of materials and 

the prevention of structural errors in new 

designs. It is also being used for non-linear 

materials that do not exhibit ideally elastic 

behaviour. 

 

It consists of a single executable file and 

uses line-driven commands. Therefore, all that is 

required to run Ls-Dyna is a command console, 

the executable, an input file and enough free disk 

space to run the calculation. All input files are in 

ASCII format, although it can run various types 

of files dealing with CAD design (STL) and can 

therefore be prepared using any text editor. Input 

files can also be prepared with the help of a 

graphics preprocessor. 

 

Ls-Dyna is one of the most popular 

Code-based explicit finite element solvers used 

for structural simulation when subjected to 

dynamic loads. The program is used in industry 

for the design and prediction of various 

structures ranging from automobiles to aircraft 

components when subjected to shock or impact 

loads (JOHN O. HALLQUIST, 2006). 

 

Battery design  

 

Li-ion batteries have a high energy density, good 

high temperature performance and are 

recyclable. The main advantages of Li-ion 

batteries are low memory effect, high specific 

power (W/kg), high specific energy (Wh/kg) and 

long life. These characteristics make these 

batteries suitable for use in hybrid electric 

vehicles and electric vehicles (Iglesias et al., 

2012). 

 

On the downside, due to the nature of the 

chemical reactions of lithium, these batteries are 

not tolerant of overcharging or over-discharging 

and can easily be damaged if the control strategy 

is inadequate, making safety an added issue. 

Commercial Li-ion batteries often have 

protection systems built into the battery body 

itself to limit charging voltages, discharge 

voltages and disconnect cells from the load in the 

event of overcurrent or overtemperature (Wang 

et al., 2019). 
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Impact testing 

 

Zhang developed a finite element model, a 

battery separator in Ls-Dyna. Based on uniaxial 

tensile and full-thickness compression test data. 

The model allowed to obtain the response of the 

separator under drilling tests with different drill 

head sizes. The model also correctly responded 

to the effect of anisotropic material on the shape 

and curvature of the deformation in two planes 

of anisotropy figure 3 (Zhang et al., 2016). 

 

 
 

Figure 3 Indentation with different sphere sizes 

 

Meng L. performed a nail penetration test 

to observe the behaviour of a lithium battery. 

The cell chosen is a commercial hard-shell 

prismatic lithium-ion cell with a rated capacity 

of 202 Ah. The test was performed with the 

lithium cell encapsulated with a silicon base, 

inside a thick-walled metal enclosure. The 

encapsulation technique was devised and 

designed to ensure that, once the cell is vented, 

the encapsulation at the vent perimeter would 

also break down without damaging the adjacent 

encapsulation. Figure 4 shows the nail 

penetration test to the metal enclosure containing 

the silicon-encapsulated battery and a general 

schematic of the test. 
 

 
 

Figure 4 a) penetration test set up. b) penetration test 

schematic 

 

A second penetration test was performed, 

only this time more batteries connected in series 

were used. What happened this time was that the 

efficiency of encapsulating the batteries with 

silicone is tested, since, in case of leakage, the 

silicone material keeps the other batteries and 

their terminals isolated (Meng et al., 2022). 

From the studies with the encapsulation method, 

Lingyu recorded data showing that the technique 

really works to dissipate heat, figure 5. 

 
 

Figure 5 a) Temperature distribution with the 

encapsulation technique. b) Temperature distribution 

without encapsulation 

 

Another research paper, Lars Greve and 

Clemens Fehrenbach, discuss the safety of 

lithium-ion battery cells, and talk about two 

general strategies that can be applied to safety; 

the first is to improve safety by avoiding overuse 

and protecting the cells adequately; the second is 

to improve cell safety by understanding the 

mechanisms that cause internal short circuits 

under mechanical load and improving cells or 

cell components accordingly. In their study they 

perform mechanical tests with cylindrical 

lithium-ion cells. The simulation model allows 

the representation of cell deformation and a 

tensile-based fracture criterion to predict the 

state of charge and the location of internal short-

circuit initiation during deformation. I conducted 

quasi-static tests, which showed that the cells 

could withstand significant deformation before a 

short circuit could occur (Greve & Fehrenbach, 

2012). 

 

With a force of less than .2 KN. A punch 

velocity of .5 mm/ms and an actual test velocity 

of .1 mm/s it is proposed as future work to 

involve experimental characterisation and 

numerical simulation of the individual 

components of the gelatin roll (anode, separator 

and cathode) and their interaction during 

mechanical loading. [9] 

 

Karen Dai, He Zhang and Zheng You 

used the machete hammer test, which converts 

the kinetic energy of a hammer's counterweight 

into gravitational potential energy. They 

performed impact tests on a lithium-ion battery. 

During the tests they monitored the voltage 

behaviour of the battery. The results obtained 

show a significant change in voltage during 

impact. Another result was to measure internally 

the deceleration at the time of an embedding, by 

means of the oscillation at the time of vibration 

caused by the generated stress waves. 
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The impact circuit model presented in 

this paper can analyse the failure behaviour 

under high-speed impact, but cannot reveal 

structural parameters of lithium-ion batteries in 

impact resistance. They propose an increase of 

separator thickness which significantly improves 

the failure phenomenon of lithium-ion batteries 

under high impact (Yu et al., 2021). 

 

Methodology 

 

For this work, the case study of a prismatic 

battery indentation from a thesis study (Chen et 

al., 2020) will be replicated numerically. This 

experiment consists of a drop-weight impact test 

system (model: DHR-1808) to impact a 

prismatic battery. A spherical indenter was used. 

The impact velocity was varied from 1.5 m/s to 

4.5 m/s increasing by .25 to .25 and .5 m/s. A 

total of 8 indentations were performed.  What 

will be reproduced is only the moment of impact 

to the battery, without taking into account the 

test machine, only the battery and the indenter.  

 

With the data provided, we proceeded 

with the numerical simulation replica using the 

Ls-Dyna programme for the battery impact test. 

The steps necessary to arrive at the final result 

will be explained, and from this we will compare 

the data obtained with the experiment of the 

thesis on which this work is based. 

 

Block diagram of the methodology 

  

BLOCK 1 

The battery was disassembled to examine its 

internal components and obtain the necessary 

measurements to recreate its CAD model. 

 

 

 

 

BLOCK 2 

With the measurements obtained of the internal 

components of the battery, we proceeded to draw 

and recreate each essential part of the battery in 

CAD. 

 

 

 

 

BLOCK 3 

With the 3 essential parts of the battery an assembly 

was made to obtain the CAD model of the battery. 

 

 

 

BLOCK 4 

The CAD model was saved in IGES format and 

opened in the dynamic simulation program Ls-

Dyna. 

 

 

 

BLOCK 5 

The Ls-Dyna program cards were programmed with 

the necessary boundary conditions and the essential 

materials to recreate the moment of impact of the 

battery with the half-sphere indenter and observe if 

the behaviour of the battery is the same, similar or 

different to the experimental case study being 

evaluated in this work. 

 

 

 

BLOCK 6 

With the Ls-Dyna cards correctly programmed, we 

proceeded to run the simulation. 

 

The following figure shows the finished 

CAD model, the design program used was 

SolidWorks. 
 

 
 

Figure 6 

 

Once the CAD model design step was 

completed, the next step was to use the Ls-Dyna 

program for the simulation of the battery impact. 

The SolidWorks file with extension .igs was 

used and loaded into the Ls-Dyna program. The 

following figure shows all the components ready 

and meshed for simulation. 
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Figure 7 

 

As can be seen in the figure, the model 

was trimmed at the ends to optimise and reduce 

computational costs. It is considered that the 

results do not vary much due to the eliminated 

parts of the rounded edges.  

 

The cards that were used for 

preprocessing and simulation are presented 

below. 

 

First, the materials were added with their 

corresponding densities, Young's modulus, 

Poisson's ratio and yield stress. 
 

 
 

Figure 8 Mat 003 Plastic Kinematic (Aluminum) 

 

 
 

Figure 9 Mat 003 Plastic Kinematic (Litio) 

 

 
 

Figure 10 Mat 003 Plastic Kinematic (Graphite) 

 

 
 

Figure 11 Mat 020 Rigid, material for the sphere (Steel) 

 

 

Then 2 sections are created, one for each 

type of solid that integrates the model. The 

battery casing will be taken as a Shell, as this is 

the mesh that was assigned to it by the program 

tools. For the sphere and the other parts of the 

battery, it will be taken as a Solid, since the 

programme tools allowed a solid mesh for these 

parts. 
 

 
 

Figure 12 Shell section with a thickness of .5 mm 

 

 
 

Figure 13 Solid Section, the card is created without adding 

anything 

 

The next step is to create a Part to assign 

a material and a section to each Part in the 

simulation, in this case we have 15 parts to 

which we need to add a material and a section. 

 

 
 

Figure 14 Part 1 with SECID as section and MID as 

material 

 

For each component a section and 

material needs to be assigned as appropriate, for 

this case components 2 to 15 will be assigned a 

Solid section corresponding to their mesh type 

and the housing will be assigned a Shell section 

due to its assigned mesh type. The sphere will be 

assigned to the steel material and the shell to 

aluminium, all others will be sandwiched 

between graphite and lithium. 

 

We assign a negative velocity on the y-

axis to the sphere. 

 

 
 

Figure 15 In NSID/PID select the desired item to be 

assigned a speed 
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A motion constraint is programmed to 

make the battery stand still, simulating the test 

table where it is located, using the SPC_SET 

board, as shown in Figure 17. 

 

 
 

Figure 17 The section of nodes created is chosen 

 

When it comes to choosing a node 

section, it will ask us to create it, so we create it 

on the entire bottom side, as shown in Figure 17. 
 

 
 

Figure 18 Movement restriction using SET_NODE 

(marked with green colour) 

 

We continue with filling the cards of the 

types of contacts that will occur in the 

simulation. Taking into account that the sphere 

is the master and where it hits is the slave, we fill 

the fields with the necessary parts. After the first 

contact of the sphere against the first layer of the 

battery, the same logic is followed to determine 

who is now the master and who is the slave. As 

shown in Figures 18-32. 

 

 
 

Figure 19 Contact1 

 

 

 
 

Figure 20 Contact 2 

 

 
 

Figure 21 Contact 3 

 

 
 

Figure 22 Contact 4 

 

 
 

Figure 23 Contact 5 

 

 
 

Figure 24 Contact 6 

 

 
 

Figure 25 Contact 7 

 

 
 

Figure 26 Contact 8 

 

 
 

Figure 27 Contact 9 

 

 
 

Figure 28 Contact 10 

 

 
 

Figure 29 Contact 11 

 

 
 

Figure 30 Contact 12 

 

 
 

Figure 31 Contact 13 

 

 
 

Figure 32 Contact 14 
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Figure 33 Contact 15 

 

Finally, we set the time we want the 

simulation to last, we do it at 1 ms Figure 33. 

 

 
 
Figure 34 Control_Termination card 

 

We must also give a time in which we 

want the program to make measurements of the 

results, and we will set it to .01, Figure 34. 
 

 
 

Figure 35 Binary D3plot card 

 

We save our .k file and solve it with the 

Ls-Dyna solver, when finished we can open the 

D3plot file that it generates and that is the file to 

visualize the results. 

 

We also achieve what we expected, to 

reduce the computational costs with the 

simplification of the design, as previously 

explained in Figure 35. 

 

 
 

Figure 36 Simulation times 

 

Results 

 

Table III.3 shows the results of the simulation 

with a sphere velocity of 2 m/s. Table 1 shows a 

comparison of the experimentally obtained 

results against the simulation results in Ls-Dyna. 

 

 
 

Figure 37 Battery impact zone: Time: 1.9998 m/s Von 

Misses Maximum Stress = .2531 Pa 

 

Time: 1.9998 m/s Von Misses Maximum 

Stress =.2531Pa 

 

 
 

Figure 38 Battery impact zone: Time: 10 m/s Von Misses 

Maximum Stress = .2492 Pa 

 

Time: 10 m/s Von Misses Maximum 

Stress= .2492 Pa 

 
Comparison of the footprint generated in the results 

versus the experimental test 

  
 

Table 1 Comparison of the generated footprint. 
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Conclusions 

 

The deformations resulting from the numerical 

simulation are congruent with those presented 

experimentally. Deformations that are at low 

speeds but that manage to deform the battery, 

which will affect the correct operation of a 

battery of these characteristics.  

 

The lithium-ion battery studied in this 

work presents conditions of easy deformation. 

Therefore, the necessary precautions must be 

taken for its use under the load conditions 

presented. 
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Abstract 

 

The use of smart watches represents an advantage in home 

monitoring of ambulatory patient blood pressure; but it is 

necessary to know the degree of correspondence with the 

conventional equipment for a better control of the blood 

pressure that is of clinical utility, in the present study the 

correlation of the values of the blood pressure obtained by 

a digital baumanometer and by a watch was evaluated. 

intelligent in young males at rest and after exercise; the 

results obtained show a good correlation between the 

measurements obtained by both teams (R2 values greater 

than 0.7), the cautious use of smart watches is useful for 

better monitoring of blood pressure and presents 

advantages such as automatic and digital recording of the 

values that can be used for ambulatory blood pressure 

monitoring. 

 

 

Environmental monitoring, Baumanometer, Blood 

pressure 

Resumen 

 

El uso de relojes inteligentes representa una ventaja en el 

monitoreo doméstico de la presión arterial de pacientes 

ambulatorios; pero se precisa conocer el grado de 

correspondencia con los equipos convencionales para una 

mejor control de la presión arterial que sea de utilidad 

clínica, en el presente estudio se evalúo la correlación de 

los valores de la presión arterial obtenidos por un 

baumanómetro digital y por un reloj inteligente en varones 

jóvenes durante el reposo y posterior al ejercicio; los 

resultados obtenidos muestran una buena correlación entre 

las medidas obtenidas por ambos equipos (valores de R2 

superior a 0.7), el uso cauteloso de relojes inteligentes es 

útil para un mejor monitoreo de la presión arterial y 

presenta ventajas como el registro automático y digital de 

los valores que pueden emplearse para un monitoreo 

ambulatorio de la presión arterial. 

 

Monitoreo ambiental, Baumanómetro, Presión arterial
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Introduction 

 

The reliable measurement of blood pressure is 

important because it allows the correct 

classification of a patient's risk; although this 

procedure may seem simple, it can lead to 

complications such as errors in the reading by 

the personnel performing the measurement, who 

must be trained and qualified in the use and 

handling of the device and use a reliable and 

valid apparatus. In this sense, the device 

considered the gold standard is the mercury 

sphygmomanometer; but these devices have the 

disadvantage that they are currently in disuse 

due to the risk to environmental health and are 

being replaced by digital devices such as digital 

manometers and smart watches1-4. 

 

Therefore, it is inferred that the 

alternatives for measuring blood pressure must 

be calibrated periodically and comply with a 

minimum of pre-established clinical criteria to 

avoid erroneous or non-validated data; With the 

rise of smart watches that incorporate 

cardiovascular measurement systems such as 

pulsimeters, oximeters and baumanometers, they 

can be included as auxiliary tools in the 

monitoring of blood pressure in ambulatory 

patients to obtain blood pressure records 

throughout the day, as they are easily connected 

to mobile phones that record this data and 

present it in a simple graphic form2,3,5-7. The 

aim of the present study was to evaluate the 

correlation of existing blood pressure 

measurements between those obtained by a 

digital blood pressure monitor and a smart 

watch, in order to determine the usefulness of 

using these devices in a compensatory and 

practical way in patients of working age and with 

social commitments that would prevent them 

from adequately controlling their health and 

carrying out a more effective therapeutic follow-

up. 

 

Methodology 

 

A descriptive cross-sectional study was 

conducted in which volunteer participants who 

filled out the informed consent form were 

registered and asked to complete a standardised 

and validated digital questionnaire (eHEALS) 

that measures a patient's basic digital health 

literacy8. 

 

 

 

During the measurement, a trained 

research assistant performed the blood pressure 

measurements using the digital baumanometer 

and by placing the smartwatch with blood 

pressure monitor on the wrist and recorded the 

blood pressure readings. Blood pressure was 

taken from the left arm or wrist while the subject 

remained seated, without talking, without 

crossing the legs and resting the arm on a flat 

surface at the level of the heart; it was measured 

initially in a resting state9, after the initial 

interview we waited 10 minutes for the patient to 

relax, then asked the patient to walk up and down 

60 steps of 15 cm each, and after 5 minutes blood 

pressure was measured again with both devices. 

 

The demographic characteristics of the 

study cohort are: 26 young Latino males aged 

20-23 years with no history of chronic diseases 

such as diabetes or hypertension, normal height, 

weight and body mass index (between 20 and 

22), non-smokers and non-caffeine users; The 

blood pressure data were processed in Excel® 

and box and whisker plots were obtained for all 

values obtained and linear regression analysis 

was performed to measure the correspondence of 

the data from the digital baumanometer and the 

smart watch, from which the equation of the line 

and the correlation coefficient, R, were obtained. 

 

Results and discussion 

 

In this study it was decided to include only 

normotensive males to rule out any interference 

of the disease or antihypertensive 

pharmacotherapy in the results, although the aim 

of this work was to compare the measurements 

made by a smart watch with those obtained with 

a conventional digital blood pressure monitor 

commonly used in clinical practice, women were 

not included because the exact effect of the 

menstrual cycle on blood pressure during 

physical activity or exercise is not known9. 

 

The blood pressure values obtained from 

the measurements of the young volunteers are 

reported in table 1 and figure 1, these values are 

consistent with those reported for healthy, non-

hypertensive young people as optimal blood 

pressure is considered to be <120 mmHg for 

systolic and <80 mmHg for diastolic and normal 

<130 mmHg and <85 mmHg, respectively10,11. 
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Although frequent exercise has a 

hypotensive effect in hypertensive patients due 

to different mechanisms such as decreased 

peripheral vascular resistance, decreased plasma 

renin activity, reduced body weight and body fat, 

among others, it tends to increase slightly 

immediately after physical activity and 

normalises and decreases from baseline; In this 

study we did not inquire about their physical 

activity habits that would influence post-

exercise blood pressure, since an individual 

accustomed to practising some physical activity 

tends to lower their blood pressure due to better 

breathing control and a more adequate 

cardiovascular response9,12-15. 

 
 

PSB PSR PDB PDR PSB* PSR* PDB* PDR* 

MIN 107 109 67 69 109 113 70 73 

Q1 113 116 70 73 117 119 75 77 

Q2 116 118 73 75 118 122 76 79 

Q3 119 120 77 77 122 124 78 81 

MAX 127 126 86 82 129 132 81 85 

X 116 118 74 75 119 122 76 79 

DE 5 4 5 3 5 5 3 3 

 

Table 1 Pressure values obtained in healthy male 

volunteers (n=26) measured at rest and after moderate 

exercise (the first 2 letters denote Systolic Pressure, SP, or 

Diastolic Pressure, DP, the last letter denotes the 

measuring device, B is bathometer and R is electronic 

clock, post-exercise status is denoted by *; Min group 

minimum value, Max group maximum value, X mean, SD 

standard deviation, Q quartile, X-quartile.) 

Source: Own elaboration with the results of the research 

 

 
 

Graphic 1 Distribution of pressure values obtained in 

healthy male volunteers (n=26) measured at rest and after 

moderate exercise (the first 2 letters denote Systolic 

pressure, SP, or Diastolic pressure, DP, the last letter 

denotes the measuring device, B is bathometer and R is 

electronic clock, the post-exercise state is denoted by *, 

the last letter denotes the measuring device, B is 

bathometer and R is electronic clock, the post-exercise 

state is denoted by *) 

Source: Own elaboration with the results of the research 

 

 

 

 

The correspondence of the blood 

pressure measurements at rest (figure 2) was 

acceptable, a better correlation was obtained 

between the data obtained in both instruments in 

the systolic pressure (R2=0.7365) with respect to 

the correlation in the diastolic pressure 

(R2=0.707), as it was observed that the smart 

watch was more accurate at higher values of 

pressure; the same was observed in the values of 

blood pressure after exercise as the R2 values in 

this case were 0. 7818 for diastolic and 0.8852 

for systolic, corroborating the assertion that the 

smartwatch is less sensitive than the blood 

pressure cuff and requires a higher pressure 

value to obtain a similar reading; this is of great 

clinical importance because accurate pressure 

measurement is a critically important 

characteristic as an error in pressure reading of 

more than five millimetres of mercury can lead 

to misclassification of the patient. In addition to 

the measuring equipment, one of the factors that 

most influences the recording of blood pressure 

is the analyst, which is why he or she must be 

trained initially and periodically. In this study, a 

single analyst participated who was trained to 

take all the measurements in order to rule out 

variation due to different analysts; it should be 

noted that the existence of technical errors in 

taking blood pressure is not mutually exclusive, 

but rather their effects are additive6,16. 
 

 
 

Graphic 2 Correlation of pressure values obtained in 

healthy male volunteers (n=26) measured during the 

resting state (PSR resting systolic pressure, PDR resting 

diastolic pressure, PDR resting diastolic pressure, PDR 

resting diastolic pressure, PDR resting systolic pressure, 

PDR resting diastolic pressure, PDR resting diastolic 

pressure, PDR resting diastolic pressure) 

Source: Own elaboration with the results of the research 

 

 

 

 

y = 0.8089x + 23.95
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The importance of knowing the 

correlation of blood pressure values obtained by 

two instruments, one frequently used and the 

other recently introduced, is to know the 

reliability of the measurements made by the 

latter and to be able to use it in environmental 

blood pressure monitoring (ABPM) because it 

has the advantage of being portable or wearable, 

which allows blood pressure to be recorded 

periodically during the daily routine; in addition 

to this, smart watches can be attached to mobile 

phones and the pressure is recorded in their own 

application for subsequent analysis3,7,17-19. 
 

 
 

Graphic 3 Correlation of blood pressure values obtained 

in healthy male volunteers (n=26) measured during the 

post-exercise state (PSR* post-exercise systolic pressure, 

PDR* post-exercise diastolic pressure, PDR* post-

exercise diastolic pressure, PSR* post-exercise systolic 

pressure, PDR* post-exercise diastolic pressure, PDR* 

post-exercise diastolic pressure) 

Source: Own elaboration with the results of the research 

 

Similarly, the values of the slope (m) and 

the intersection of the ordinate (b) in the 

equation of the line obtained in each case 

describe an increase in correspondence and 

sensitivity with increasing blood pressure; this is 

best seen in figure 4, where the pressure values 

at the two times, at rest and after exercise, are 

compared. This is consistent with the results 

found by Falter et al. (2022), in their study they 

found a systematic bias that overestimated low 

readings and underestimated high readings; they 

also stress the importance of creating standards 

for these reading devices for clinical use, a 

substantial difference with this study is that the 

volunteers participated in the measurement and 

were medicated hypertensives18. 

 

 

 

 

 

In general, studies agree with this work 

on the accuracy of smartwatches in controlled 

conditions, as Kario et al. (2020) found that 

office-based measurement (as in this paper) was 

more accurate than ambulatory measurement; 

However, it should be used with caution and the 

device should be properly calibrated; this 

represents an opportunity for improvement to 

establish criteria for its use and to take advantage 

of the advantages it offers, especially in ABPM, 

such as its use in patients with chronic diseases, 

and to bear in mind that each smartwatch has its 

own characteristics of the manufacturer and will 

also depend on its generation, as this device 

(gadget) becomes more popular it will surely 

obtain improvements in its design that will allow 

it to increase its accuracy17-22. 

 

In the same vein, although blood pressure 

monitoring using a calibrated smartwatch is 

feasible for domestic and ambulatory 

measurements, precautions should be taken 

regarding its use in the real world environment 

such as at home and in the office and technical 

specifications such as optimal recalibration time, 

training for proper use and data acquisition 

should be taken into account; it should also be 

noted that good support in pharmaceutical care 

would help to solve many of these problems and 

promote pressure control and therapeutic 

adherence 20-24. 
 

 
 

Graphic 4 Correspondence of pressure values obtained in 

healthy male volunteers (n=26) measured at rest and after 

moderate exercise (the first 2 letters denote systolic 

pressure, SP, or diastolic pressure, DP, the last letter 

denotes the measuring device, B is bathometer and R is 

electronic clock, the post-exercise state is denoted with *) 

Source: Own elaboration with the results of the research 
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Conclusions 

 

The blood pressure values of young men, at rest 

and after exercise, measured with the smart 

watch correlate well with those obtained with the 

digital bathometer; it was observed that this 

correlation improves when a higher blood 

pressure value is recorded, suggesting a lower 

measurement sensitivity in the digital watch; the 

measuring instruments should be calibrated to 

adjust their values and allow a reliable 

measurement that allows adequate monitoring of 

the patient's pressure and provides useful data in 

clinical and pharmaceutical follow-up. 
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Abstract 

 

This study provides new insights into the geological 

evolution of the Carmen Basin (CB) in the southern Gulf 

of California (GC). Using high-resolution bathymetry and 

seismic reflection profiles, we establish a plate-kinematic 

framework for this oblique-divergent rift system. By 

analyzing the crustal composition, we investigate the 

growth of the bounding transform faults and their role in 

accommodating transtensional shearing. We propose that 

the mantle upwelling beneath the CB is a northward 

extension of the East Pacific Rise. The CB consists of 

three sub-basins with distinct geometries, morphologies, 

and evolutionary histories. While the southern and central 

sub-basins are mostly abandoned, the northern sub-basin 

is currently experiencing seafloor spreading. This is 

supported by the presence of younger oceanic crust, 

approximately less than 1.5 Ma, juxtaposed with older 

oceanic crust that aligns in age with the nearby Guaymas 

and Farallon basins to the north and south, respectively. 

Our findings also indicate favorable geological conditions 

in the CB for the development of hydrothermal systems 

similar to those observed in the neighboring Guaymas and 

Pescadero basins in the southern GC. 

 

 

 

 

Simple shear deformation, Crustal lithology, Fast 

seafloor spreading 

Resumen 

 

El presente trabajo proporciona nuevos conocimientos 

sobre la evolución geológica de la Cuenca de Carmen 

(CB) en el sur del Golfo de California (GC). A partir de 

datos de batimetría de alta resolución y perfiles sísmicos 

de reflexión, establecemos la cinemática de la tectónica de 

placas para este sistema de rift oblicuo-divergente. Al 

analizar la composición de la corteza, investigamos el 

crecimiento de las fallas transformes y el papel que juegan 

estas para acomodar la cizalla transtensional. Proponemos 

que el ascenso del manto por debajo de la CB es una 

extensión de la dorsal del Pacífico Oriental. La CB consta 

de tres sub-cuencas con geometrías, morfologías e 

historias evolutivas distintas. Mientras que las sub-

cuencas del sur y del centro están prácticamente 

abandonadas, la sub-cuenca del norte está experimentando 

actualmente la expansión activa del fondo marino. Esto se 

apoya en la presencia de corteza oceánica más joven, 

aproximadamente menor que 1.5 Ma, asociada con una 

corteza oceánica más antigua que tiene la misma edad que 

las cuencas de Guaymas y Farallón que delimitan a la CB 

hacia el norte y sur, respectivamente. Nuestros resultados 

también indican condiciones geológicas favorables en la 

región para el desarrollo de sistemas hidrotermales 

similares a los observados en las cuencas vecinas de 

Guaymas y Pescadero en el sur del GC. 

 

Deformación por cizalla simple, Litología de la corteza, 

Rápida dispersión del fondo marino

 

Citation: JULIÁ-MIRALLES, Marc, YARBUH, Ismael, SPELZ, Ronald M. and NEGRETE-ARANDA, Raquel. Strain 

localization instability in seafloor spreading centers of the Carmen Basin, southern Gulf of California. Journal of Research 

and Development. 2023. 9-23:17-28. 

 

 

 

* Author's Correspondence (E-mail: uyarbuh@uabc.edu.mx) 

† Researcher contributing as first author. 

 

 

© ECORFAN-Spain                                                                                                   www.ecorfan.org/spain



MEX-ÁLVAREZ, Rafael Manuel de Jesús, GUILLEN-

MORALES, María Magali, YANEZ-NAVA, David and 

NOVELO-PÉREZ, María Isabel. Use of a smartwatch for home 

blood pressure measurement.  Journal of Research and 

Development. 2023 

ISSN-On line: 2444-4987 

ECORFAN® All rights reserved. 

18 

Article                                                                                  Journal of Research and Development 
 June 2023, Vol.9 No.23 17-28 

 

 

Introduction 

 

The rifting dynamics of the Gulf of California 

(GC) still remain considerable gaps in 

information due to unexplored regions in the 

southern GC (Figure 1), where geological data 

has poor spatial and temporal resolution 

(Sutherland et al., 2012; Martín-Barajas et al., 

2013; Macias-Iñiguez et al., 2019; Ramírez-

Zerpa et al., 2022). The southwestern margin of 

the GC experiences active rifting, accompanied 

by east-directed low-angle normal faults and 

simple shear zones (Buck, 1988; Wernicke and 

Axen, 1988; Lavier et al., 1999; Fletcher and 

Spelz, 2009; Umhoefer et al., 2020; Figure 1). 

These structures accommodate significant 

crustal extension along the San Juan de Los 

Cabos and San Juan de Los Planes faults 

(Fletcher et al., 2000; Fletcher and Munguia, 

2000; Bot et al., 2016), resulting in ~40 km of 

linear extension towards the continental-oceanic 

crust transition east of the Cerralvo basin, 

adjacent to the deep-water Pescadero basin 

complex (Figure 1; Macias-Iñiguez et al., 2019; 

Ramírez-Zerpa et al., 2022). 

  

This study focuses on providing new 

insights into the structural evolution of the 

Carmen Basin (CB) from high-resolution 

bathymetry (Figure 2) and two-dimensional 

(2D) seismic reflection profiles (Figure 3-5). We 

characterize the geometry and structure of the 

CB to identify crustal deformation, basement 

lithology, seismic-stratigraphy, and magmatic 

events. Finally, we contrast our results with 

mantle tomography data (Wang et al., 2009; Di 

Luccio et al., 2014; Ferrari et al., 2018) to 

reconstruct the structural evolution of the CB, 

and discuss how the opening of the GC 

contributes to the formation of new oceanic 

crust, the deformation of the oceanic lithosphere 

to accommodate younger spreading centers, and 

the kinematics of the transform faults that 

constitute the modern Pacific and North America 

plate boundary. 

 

Tectonic evolution of the Gulf of California 

 

The northwestern continental margin of Mexico 

has undergone a significant transformation from 

a convergent plate boundary to an oblique-

divergent margin (Balestrieri et al., 2017). 

During the Paleogene, the Farallon oceanic plate 

subducted beneath North America, creating a 

divergent plate boundary between the Farallon 

plate and the Pacific plate. 

During the Eocene, the Farallon plate 

was largely consumed, and a portion of the East 

Pacific Rise approached the paleo-trench 

(Atwater, 1970; Stock and Hodges, 1989; Bunge 

and Grand, 2000; Wright et al., 2016). In the 

Oligocene, direct interaction occurred between 

the East Pacific Rise and the paleo-trench, and 

along the North American plate. The proximity 

of the Pacific-Farallon divergent margin to the 

continental borderland marked the transition 

from subduction to lithospheric extension and 

dextral shearing along the Magdalena plate 

boundary derived from the Farallon plate. 

Intraplate magmatism also occurred along the 

Baja Peninsula due to viscous shearing (Figure 

1; Spencer and Normark, 1979; Atwater and 

Stock, 1998; Fletcher et al., 2007; Negrete-

Aranda et al., 2013). 

 

 
 

Figure 1 An overview of the tectonic features in the 

southern Gulf of California. It displays the plate motion 

(black arrows), the transform fault system (black lines), 

pull-apart basins, and spreading centers (red lines). The 

study area with the location of the Carmen Basin is 

denoted by the black box (Figure 2). Figure adapted from 

Julià-Miralles et al. (submitted). The abbreviation “EPR” 

is used for the East Pacific Rise. Base map sourced from 

GeoMapApp (http://www.geomapapp.org). 
 

During the early Miocene, the Farallon 

plate fragmented into several smaller plates, 

with buoyant remnants of the Farallon plate and 

a section of the North American plate coupling 

with the Pacific Plate and moving 

northwestward (Nicholson et al., 1994; 

Bohannon and Parson, 1995). Dextral-oblique 

shearing migrated eastward from the continental 

margin into the current GC, leading to overall 

crustal thinning in the region (Stock and Hodges, 

1989; Fletcher et al., 2007; Umhoefer et al., 

2020).  
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This process was accompanied by an 

increase in rift obliquity, facilitated by a change 

in plate motion direction, resulting in the 

localization of the plate boundary, marine 

incursion in the northern GC at ~8 Ma, and the 

formation of shallow water basins (Bennett et 

al., 2016; Umhoefer et al., 2018; Ramírez-Zerpa 

et al., 2022). The current tectonic regime was 

established ~6 Ma, when the East Pacific Rise 

extended into the mouth of the GC, separating 

the Baja California Peninsula from the North 

American continent (Wang et al., 2009, 2013; 

Lizarralde et al., 2007; Piñero-Lajas, 2008; 

Ramírez-Zerpa et al., 2022). Magma accretion 

was made possible by the propagation of right-

lateral, right-stepping transform faults, which 

transferred motion oblique to the primary 

movement of the Baja California Microplate 

(Fletcher et al., 2007). 

 

Methods 

 

High-resolution bathymetry data was acquired 

for the CB basin during the FK210922 

expedition in October 2021, conducted aboard 

the R/V Falkor and operated by the Schmidt 

Ocean Institute. The data was collected using an 

EM 302 multi-beam echo sounder, capturing 

432 soundings per swath with dual swath mode 

for up to 864 soundings. The bathymetry data 

covered a depth of ~3,600 m and were gridded at 

40-m intervals. The survey lines were spaced 5 

km apart, running sub-parallel to the master 

transform faults that bound the basin.  

 

Two dimensional (2D) seismic reflection 

data was used along ~65 km to constrain the rift 

evolution of CB. Data collected in 2006 aboard 

the R/V Francisco de Ulloa during a 

collaborative data collection campaign involving 

CICESE and Scripps Institution of 

Oceanography at UCSD. A three-stage 

workflow was applied to analyze the seismic 

data and generate sub-surface structural images. 

This workflow enabled frequency extraction, 

multiple mitigation, signal amplitude 

equalization, noise reduction, precise ray 

trajectory correction, spurious effect attenuation, 

and conversion from two-way travel time to 

depth (TWTT) to depth in meters (Yilmaz, 

2001). Key structural features such as fault 

planes, folds, grabens, and sedimentary 

sequences were identified using well-proven 

criteria.  

 

 

Quantitative parameters, such as fault 

length and dip, stratal thicknesses, subsidence, 

and sedimentary sequence boundaries, were also 

determined. Seismic facies analysis identified 

basement lithology and sedimentary material, 

including magmatic injections and geothermal 

fluids, in the form of mosaic patterns of highly 

reflective and low-reflectance surfaces (Chopra 

and Marfurt, 2007). 

 

Results 

 

Map view geometry of the Carmen Basin 

 

The CB is a narrow, rhomboidal basin that has 

evolved from incipient to extremely mature 

basins. It is 80 km long and 20 km wide, with a 

length-to-width ratio of 4:1. Two sub-parallel, 

northwest-oriented principal displacement zones 

control the northeastern and southwestern 

margins of the CB. The Carmen transform fault 

extends 150 km, while the Farallon transform in 

the southwest stretches 200 km. These bounding 

zones overlap and connect through a traverse 

system of en-echelon oblique-extensional 

normal faults, creating three distinct sub-basins 

(Figure 2). The bathymetry of the CB reveals 

significant footwall uplift along the trace of the 

transform faults, which is accommodated by an 

array of en-echelon segmented basin sidewall 

faults developed on both flanks of the CB 

(Figure 2). Along these steep faults, gravitational 

instabilities develop, leading to rapid and 

episodic slumping and grain flows, forming 

distinct cliffs with landslide crowns and scarps 

along the basin’s outer margin. However, the 

primary sediment routing system for infilling the 

CB appears to be a submarine dendritic drainage 

system originating from the tips of the principal 

displacement zones (Figure 2). 
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Figure 2 Structural map of the Carmen Basin (CB) 

illustrating its two-dimensional architecture and geometry. 

High-resolution (40-m) bathymetry is superimposed on 

faded GMRT bathymetry. Abbreviations: SCB = Southern 

Carmen Basin; CCB = Central Carmen Basin; NCB = 

Northern Carmen Basin. Figure adapted from Julià-

Miralles et al. (submitted) 
 

At a finer scale, Figure 2 reveals a cross-

basin fault system that propagates obliquely to 

the principal displacement zones. This fault 

system originates a left-stepping arrangement of 

synthetic Riedel shear faults that curve into an 

elongated sigmoidal shape, connecting the 

sidewall faults at both sides of the basin. The 

resulting horst-graben structure divides the CB 

into three distinct sub-basins with contrasting 

morphologies, namely, the southern CB, the 

central CB, and the northern CB. 

 

The southern CB features the shallowest 

depocenter (~2200 mbsl) among all the sub-

basins, delimited by an array of cross-basin 

faults oriented at a high angle to the bounding 

transform faults (Figure 2).  The northern margin 

is bounded by an uplifted and translated crustal 

block, while the southern margin is delimited by 

a strike-slip relay ramp that transfers and 

accommodates the deformation between the 

Carmen transform fault and a secondary oblique-

slip fault called the "Southern Carmen fault." 

The relay ramp lies on the footwall of the oblique 

Southern Carmen fault, controlling a prominent 

graben system in the southeastern corner of the 

CB (Figure 2). 

 

The central CB (~2400 mbsl) acts as a 

connection between the northern and southern 

CB. It is bordered by two intra-basin highs that 

have formed in response to a series of cross-

basin faults that originate from synthetic Riedel 

shears along the basin’s sidewalls (Figure 2).  

These structural highs can be attributed 

to block translation and rotation during the early 

stages of basin development. The geometry of 

the central CB is elongated and oval, with a 

northern orientation, suggesting that 

deformation may have ceased in this region, 

allowing the modern northern CB spreading 

center to migrate further north (Figure 2). 

Variations in basin topography suggest the 

juxtaposition of different materials, with 

structural highs representing either a crystalline 

basement or indicating late Miocene-Pleistocene 

volcanic activity. 

 

The northern CB represents the deepest 

part of the entire CB, reaching depths of ~2800 

mbsl. The basin exhibits a broad nested graben 

where rocks have undergone downward 

displacement along an array of cross-basin faults 

connecting the bounding master faults (Figure 

2). The overall geometry and geomorphological 

features of the northern CB suggest that the basin 

has evolved due to transtensional deformation, 

similar to the Pescadero basin complex located 

further south. The northern CB hosts the current 

seafloor spreading center, featuring a short and 

narrow axial graben oriented sub-perpendicular 

to the principal displacement zones (Figure 2). 

Magmatic activity is conspicuous not only 

across the spreading center but also along the 

bounding master faults and inside the sub-

basins. 

 

Crustal structure and stratigraphy of the 

Carmen Basin 

 

The seismic interpretation of lines AA'-CC' 

(Figures 3-5) and morphology analysis reveal 

the structural evolution of the CB. The sub-

basins exhibit two distinct seismic facies: high-

energy successions and low-energy sequences. 

The first facies consists of rocks with prominent 

high-amplitude continuous reflectors, showing 

strong lateral coherence. This unit is likely 

composed of well-bedded pelagic sediments 

deposited in a low to medium-energy 

environment. The second facies consists of 

sedimentary rocks interbedded with and 

bounded by the distinct reflection of the first 

unit. Within the second rock unit, a diffuse 

seismic facies is observed, characterized by 

numerous short wavy reflections with poor 

lateral continuity, extending up to 1 km 

individually.  
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These low-amplitude chaotic reflections 

represent higher energy accumulations of clastic 

sediments within the second seismic facies. The 

second facies appears dimmer than the first 

facies, giving the basin fill the appearance of 

thick accumulations of oceanic turbidites. 

 

The seismic section also reveals a third 

facies characterized by a thick and homogeneous 

series of highly reflective, ropey-like layers with 

sigmoidal, semi-continuous reflection geometry 

and strong lateral coherence (Figures 3-5). These 

rocks exhibit more nonplanar reflections and 

limited lateral coherence, with individual 

reflections extending up to 1 km. The third unit 

spans a depth range from 2900 m at the 

depocenter of the actual axial graben to 1700 m 

in shallower sections (Julià-Miralles et al., 

submitted). 

 

Profile AA' extends 28 km and images 

the southern CB, which trends NW-SE parallel 

to the axis of the CB (Figure 3). The profile 

shows a symmetrical horst-graben system 

delimited by two high-angle cross-basin faults, 

resulting in a topographic step of ~300 m in 

relief. The basin-bounding faults created 

sufficient subsidence to accommodate the 

deposition of ~550 m of syn-tectonic 

sedimentary sequences sourced from the 

continental shelf of the Baja California 

Peninsula and Sonora rifted margins. The most 

basal successions (~250 m-thick) have low-

amplitude chaotic reflections, suggesting poor 

stratification and high-energy sedimentation 

(Figure 3). Growth strata sedimentation changes 

up-section to a seismic facies ~300 m-thick with 

good coherence and high-amplitude continuous 

reflections, suggesting low-medium energy 

sedimentation. The two seismic facies lie 

unconformably on the acoustic basement, 

interpreted as sigmoidal semi-continuous 

seismic reflections at 2800 m-depth on the 

southeastern flank of the symmetric graben and 

laterally terminate against the walls of an 

inactive nested fault system verging NW (Figure 

3). The northwestern footwall block of the 

southern CB is interpreted to be a highly 

fractured oceanic basement, while the 

southeastern footwall block is covered by 300 m 

of sediments. The transition from horizontal 

sedimentation to a tilted configuration along a 

growing fault is interpreted to be the product of 

fault rotation, resembling negative flower 

structures Dooley and McClay, 1997; Wu et al., 

2009; Julià-Miralles et al., submitted). 

 
 

Figure 3 Seismic profile A-A’ across the southern Carmen 

Basin (CB). A) Structural and stratigraphic seismic 

interpretation. B) Interpreted geologic cross-section. The 

seismic image reveals a wide, symmetrical graben 

bounded by two primary normal faults, identified as cross-

basin structures (Figure 2). Panel (B) highlights high-

amplitude reflections at ~3100 m depth, possibly 

indicating an ancient spreading center near abandoned 

nested normal faults. Figure adapted from Julià-Miralles 

et al. (submitted) 

 

Profile BB' spans 20 km across the 

central CB (Figure 4), with high-amplitude 

curvy reflections indicating young oceanic crust. 

The central CB has an asymmetrical half-graben 

architecture, with a domino fault system 

defining the southern flank. The basal 

sedimentary package shows a pronounced tilt 

towards the SE, and the acoustic basement 

displays high-amplitude sigmoidal semi-

continuous reflections at depths of 2800 m and 

2400 m, suggesting an oceanic crust composed 

of volcanic flows. This material can be 

correlated with basement rocks in the southern 

CB, located further south of the CB. In the 

middle of the central CB (Figure 4), at a depth of 

2700 mbsl, there is a 1 km-wide block of highly 

reflective material that stands above the well-

defined basement to the NW. The seismic 

expression of this feature resembles the ropey 

textured reflections seen in the surrounding 

basement but appears brighter. It may indicate 

the axis of an extinct seafloor spreading system 

that was active prior to the deposition of the 

overlying sedimentary sequence (Figure 4). 

Above this feature and the surrounding oceanic 

basement, there is a syn-tectonic sedimentary 

package that reaches a thickness of ~300 m, 

showing seismic stratigraphy similar to the 

southern CB (Julià-Miralles et al., submitted). 
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Figure 4 Seismic profile B-B’ across the central Carmen 

Basin (CB). A) Structural and stratigraphic seismic 

interpretation. B) Interpreted geologic cross-section. The 

image reveals an asymmetrical half-graben structure NW-

striking normal faults accommodating ~300 m of syn-

tectonic sedimentation. In panel (B), at ~2750 m depth, 

tabular high-amplitude reflections suggest the presence of 

an ancient spreading center, similar to Figure 3. Figure 

adapted from Julià-Miralles et al. (submitted). 

 

Profile CC' cuts through the northern CB 

with a length of 17 km, representing the deepest 

and narrowest sub-basin within the CB (Figure 

5). The axial graben is bounded by inward-

stepping normal faults striking perpendicular to 

the principal displacement zone. The 

sedimentary fill in the northern CB is notably 

thinner compared to other Carmen sub-basins, 

measuring only 200-300 m thick. The faults that 

define the margins of the innermost graben 

exhibit a throw of only 100 m, as indicated by 

the small steps observed on the top of the oceanic 

basement (Figure 5). The two seismic facies, 

characterized by high and low-amplitude 

reflection, are correlated on both flanks of the 

basin and are clearly dissected by the graben. On 

the southeastern flank of the axial graben, the 

sigmoidal semi-continuous reflections reach the 

seafloor topography at a depth of 2500 m, 

suggesting the young oceanic crust outcrops. On 

the northwestern flank of the axial graben, the 

oceanic basement is covered by the two 

sedimentary units interpreted throughout the CB. 

The inner graben represents the active spreading 

axis of the CB (Julià-Miralles et al., submitted; 

Figure 5). 

 

 
 

Figure 5 Seismic profile C-C’ across the northern Carmen 

Basin (CB). A) Structural and stratigraphic seismic 

interpretation. B) Interpreted geologic cross-section. The 

profile intersects the axial graben of the northern CB. The 

spreading center is interpreted as asthenospheric mantle 

reaching the seafloor to generate new ocean crust. Figure 

adapted from Julià-Miralles et al. (submitted). 

 

Discussion  

 

Crustal lithology and sill intrusion in the 

Carmen Basin 

 

The CB acoustic basement is composed of 

highly reflective ropey layers with good lateral 

continuity, similar to those found in neighboring 

basins. These layers are identified as basaltic 

lava flows and intruded sills within sedimentary 

deposits (Piñero-Lajas, 2008; Lizarralde et al., 

2007; Kluesner, 2011). The basement rocks 

outcrop widely along the three sub-basins of the 

CB, the spreading center, and the structural 

highs, forming approximately 80 km of newly 

formed oceanic crust. The Guaymas, Carmen, 

and Farallon basins are embedded in a slab of 

oceanic crust, with the eastern transition 

between continental and oceanic crust delimited 

by en-echelon scarps and the western and 

southwestern basin margins defined by rotated 

blocks along the Baja California continental 

shelf border (Macias-Iniguez et al., 2019). The 

CB separates the Guaymas and Farallon basins 

through an oceanic-oceanic crustal boundary, 

with the Carmen transform fault and Farallon 

transform fault bounding the CB being younger 

than the oceanic crust along the inner margins of 

the Guaymas and Farallon basins.  
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The seismic profiles across the CB reveal 

concave, high-reflection material interpreted as 

saucer-shaped igneous sills, which are 

associated with overburden deformations, fluid 

migration through faults, and potential feeder 

networks (Negrete-Aranda, 2019, 2021; Sarkar 

et al., 2022; Julià-Miralles et al., submitted). 

These shallow sills are observed within a young 

oceanic crust, representing sites of magmatic 

crustal accretion in the actively growing basin. 

Off-axis intrusions into high-energy sediments 

are also identified between old oceanic crust and 

low-medium energy sediments. 

 

Transform faults kinematics and crustal 

deformation in the Carmen basin 

 

Mantle dynamics play a crucial role in the 

spreading rate of rift zones and core-complex 

accretion in mid-ocean ridge environments 

(Buck, 1993; Howell et al., 2019). Slow-

spreading ridges exhibit buoyant mantle 

upwelling and focused melt migration beneath 

ridge centers, while fast-spreading ridges show 

uniform mantle upwelling along the ridge axis 

(Kuo and Forsyth, 1988; Lin et al., 1990; 

Escartin and Lin, 1995; Canales et al., 2000, 

2003; Gregg et al., 2006, 2007). The formation 

of the CB in the southern GC is suggested to 

have occurred after seafloor spreading initiated 

in the Farallon and Guaymas basins. Kinematic 

instability of the bounding faults led to the 

propagation of the Carmen transform fault and 

Farallon transform fault, eventually forming the 

CB. The stability of this family of boundaries is 

influenced by the pooling of erupted lavas 

observed in topographic lows within the 

transform fault domain. This leaky magmatic 

accretion results from the presence of 

intermediate-fast-slipping transform faults, a 

configuration frequently observed at the East 

Pacific Rise (Gregg et al., 2007). The CB could 

be a result of an intra-transform spreading center 

system driven by fast rifting (Gregg et al., 2007; 

Gerya 2010; Julià-Miralles et al., submitted), 

where penetrative deformation along the main 

axis of the basin leads to different stages of 

deformation, resulting in the formation of sub-

basins with contrasting geometries.  

 

 

 

 

 

 

In the case of the CB, mantle upwelling 

and fast rifting were responsible for the 

formation of new oceanic spreading centers 

connected by intermediate-fast slipping 

transform faults (Wang et al., 2009; Zhao, 2004; 

Di Lluccio, 2014; Negrete-Aranda et al., 2021). 

The rapid formation of the CB (Umhoefer, 2011) 

may resolve the sequential abandonment of its 

sub-basins, with deformation progressing from 

the southeastern region of the CB towards the 

northwestern region, where the current active 

spreading center is located. Another hypothesis 

to explain the more youthful genesis of the CB 

is that the cross-basin faults do not fully 

propagate and instead become abandoned, 

leading to the development of new cross-basin 

faults toward the active zones connecting the 

bounding faults, namely the Carmen transform 

fault and Farallon transform fault. The 

significant extension rate in this part of the GC 

likely contributed to the abandonment of the 

southern and central CB sub-basins, leading to 

the formation of the northern CB where the 

current spreading center is actively accreting 

modern oceanic crust (Julià-Miralles et al., 

submitted). 

 

The CB consists of three distinct 

overlapping spreading centers within the same 

plate-margin segment, indicating significant 

instability in the localization of the spreading 

process. These centers form grabens with 

increasingly advanced pull-apart geometries 

from south to north, suggesting strain migration 

in that direction. Lithospheric strength plays a 

crucial role in strain localization, and 

compositional and thermal heterogeneities in the 

upper mantle are likely to have significantly 

influenced the positioning of spreading axes. 

Seismic tomography conducted by Wang et al. 

(2009) and Di Luccio et al. (2014) revealed 

robust upwelling with low-shear velocity near 

the more stable Guaymas and Farallon spreading 

systems. However, these mantle anomalies are 

offset toward the east compared to the surface 

trace of these spreading systems. The 

distribution of applied tectonic loads along the 

plate margin is another factor that strongly 

controls strain localization.  
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Fletcher et al. (2007) proposed that the 

capture of the Baja California microplate was 

driven by the coupling of the continental crust 

with the underplated oceanic lithosphere 

Farallon-derived microplates that became 

welded to the Pacific plate across the paleo East 

Pacific Rise west of Baja California. Therefore, 

tectonic loads should be most strongly applied to 

the lithosphere along the trailing edge of the 

shallowly underplated Farallon slab along the 

western limit of the Baja California microplate. 

 

Conclusions 

 

The seismic analysis of the CB reveals the 

acoustic basement consists of volcanic rocks, 

indicating the formation of a new oceanic floor 

within the basin. Multiple faults intersect the 

acoustic basement, contributing to penetrative 

deformation. The sedimentation process in the 

sub-basin system is dynamic and influenced by 

mass movements from sidewall fault scarps and 

dendritic drainage systems. These structures 

have accumulated significant amounts of detrital 

sediments.  

 

The oceanic crust of the CB is delimited 

by major basin sidewall faults, alongside 

magmatic activity occurring along transform 

faults. This magmatic accretion suggests the 

presence of intermediate-fast-slipping transform 

faults, separated by a segment of intra-transform 

spreading center. This configuration resembles 

the extensional dynamics observed in the East 

Pacific Rise towards the mouth of the GC. 

 

The formation of the CB initiated in the 

southern region, with sediment thickness 

gradually decreases towards the northern CB. 

The reactivation of the East Pacific Rise beneath 

the GC plays a significant role in influencing the 

relocation of spreading axes. Areas with thinner 

and fractured crust become favored during this 

process. As a result, sub-basins and fossil 

spreading centers are abandoned in the southern 

and central CB, while an active spreading center 

persists in the northern CB. Further north, near 

the Carmen transform fault, the development of 

ring faults and mud volcanoes may contribute to 

the future migration of a spreading center. 
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Abstract 

 

The objective of this paper is to develop an air quality 

monitoring system implemented indoors. Our research is 

qualitative approach and a descriptive scope, since, the 

measurement of CO2 levels will be performed from an 

automated system that will be monitoring this parameter 

and to determine whether the air quality is adequate or air 

recirculation is required. The study focused on the 

detection of carbon dioxide CO2 over a 12-day period. The 

results obtained from the monitoring system show average 

values of 600 ppm for the dirty air sensor, while values of 

488 ppm were obtained at the system output. Therefore, 

the performance of the system for air filtration is verified. 

 

 

 

 

 

Air quality, CO2 levels, Enclosed spaces monitoring, 

Programmable Logic Controller, Recirculation 

 

Resumen 

 

El presente trabajo de investigación tiene como objetivo el 

crear un sistema para el monitoreo y filtrado de aire en dos 

etapas para su implementación en interiores. La 

investigación se desarrolla mediante un enfoque 

cualitativo y un alcance descriptivo, puesto que, se 

realizará la medición de los niveles de CO2 a partir de un 

sistema automatizado que estará monitoreando dicho 

parámetro y poder determinar si la calidad de aire es 

adecuada o se requiere de una recirculación del aire. El 

estudio se enfocó en la detección de dióxido de carbono 

CO2, durante un periodo de 12 días. Los resultados 

obtenidos del sistema de monitoreo demuestran valores 

promedio de 600 ppm para el sensor de aire sucio, 

mientras que en la salida del sistema se obtuvieron valores 

de 488 ppm. Por consiguiente, se comprueba el 

funcionamiento del sistema para el filtrado de aire. 

 

Calidad del aire, Controlador lógico programable, 

Monitoreo de espacios cerrados, Niveles de CO2, 

Recirculación
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Introduction 

 

Most of the activities performed by humans take 

place in enclosed spaces, such as classrooms, 

homes and offices, the latter being an 

environment that may involve health risks, either 

because of the nature of the work or because this 

space does not have optimal conditions with 

respect to breathing air quality, i.e. the physical, 

chemical and/or biological factors that interact 

with each other (Bian et al., 2018). Indoor air 

quality refers to air pollution inside buildings, 

commercial premises, airports, offices, 

industries, etc. The study of indoor air quality is 

an environmental problem; therefore, it has been 

posited that indoor pollution implies negative 

health effects (Kelly & Fussell, 2019). 

Measuring air quality requires tools and methods 

that are special for measuring the concentration 

level of physical and chemical properties of 

pollutants present indoors, another of the most 

widely used methods is the monitoring of 

suspended particles which employ filters to 

calculate their proportion present in the air 

(Braniš et al., 2005). 

 

Advances in air monitoring methods 

have made it possible to analyse long-term 

pollution phenomena (Li & Bi, 2023). The 

parameters that determine indoor air quality are 

classified according to their nature as physical 

(such as temperature, radiation), chemical (such 

as organic and inorganic substances and/or 

compounds present in the air and/or airborne 

dust) or biological (moulds, spores, bacteria or 

mites), and the qualification of these pollutants 

is expanded in table 1 (Fromme et al., 2008). In 

order to carry out a correct measurement of air 

quality it is necessary to know the levels of 

chemical and biological contamination, which 

are provided by temperature and humidity, on 

the other hand, these levels are provided by 

sensors. 

 
Pollutant Type of pollutant 

Organic Volatile organic compounds 

(VOCs). 

Inorganic Carbon monoxide, carbon 

dioxide, nitrogen oxides, 

Allergens particulate matter. 

Contaminants of 

biological origin 

Fungi, moulds, dust mites, 

dander and pet hair.  

Mixtures Viruses, fungi, bacteria, dust 

mites, pet hair and dander. 

 

Table 1 Classification of indoor containing agents 

Source: Own elaboration 

 

Air quality sensors are devices that detect 

and measure changes in the concentration of 

specific pollutants (Concas et al., 2021). The 

quality of a measurement is dictated by the basic 

performance of the sensor, the way the sensor is 

operated and the way its measurements are 

analysed (Anjum et al., 2021). There are several 

types of sensors, including electrochemical (EC) 

and optical sensors. Electrochemical sensors 

allow the determination of CO2 and volatile 

organic compounds present in the environment 

in PPM concentration, based on an 

electrochemical semiconductor that generates an 

output voltage proportional to the concentration 

of pollutant material. A disadvantage is that the 

accuracy of the measurement is affected by 

temperature and humidity. There are several 

types of EC sensors, such as the MQ-7 and the 

MQ135. The former can measure carbon dioxide 

gas (CO2), which is ideal for detecting harmful 

concentrations of CO2 in the air to avoid a 

harmful impact on health. It can detect 

concentrations in the range of 20 to 2000ppm 

(Basford et al., 2020). 

 

On the other hand, the MQ135 sensor 

used for air quality monitoring equipment is 

suitable for detecting CO2, NH3, benzene, NOx, 

smoke and alcohol. These types of gases can be 

harmful to health (Stavroulas et al., 2020). The 

sensor is integrated by an electronic circuit 

which is interfaced to a development board and 

has an analogue and a digital output (Dominutti 

et al., 2020). Optical sensors are the method of 

choice for detection due to their low cost, power 

requirements and fast response time. In this 

technique, a light source illuminates the 

particles, which are then measured with a 

photometer. For particles with diameters larger 

than 0.3 microns, the amount of light scattered is 

roughly proportional to their mass/number 

concentration. Particles smaller than 0.3 microns 

do not scatter enough light and cannot be 

detected by this method (Lambey & Prasad, 

2021).  

 

On the other hand, the control of 

temperature (both surface and air), humidity, and 

air quality in an indoor space generates a higher 

control of air pollutants. The concentration of 

carbon dioxide (CO2) is a new indoor air quality 

check as it is a clear indicator of the performance 

of the air renewal system (Pichat et al., 2000).  
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Several projects have been carried out to 

purify the air, some of which are the 

photocatalysis on TiO2, which was able to test 

the rate of photocatalytic degradation using a 

laboratory photoreactor, with these data obtained 

it was concluded that pollutants inside a room 

are reduced by 43% by photocatalysis of TiO2 

(Karagulian et al., 2019).  

 

On the other hand, research has been 

developed where transparent indoor air filters 

are used, these filters are composed of polymer 

nanofibres, the attributes obtained by this filter 

is that they have high filtering efficiency, logical 

transparency, low air resistance and light weight. 

This filter can prevent PM from entering the 

interior of the room, it can be used as a stand-

alone device or incorporated with other filters 

such as HEPA in order to achieve a more 

pleasant indoor living environment (Liu et al., 

2015). The PCO air purification technique 

mostly uses nano semiconductor catalysts and 

ultraviolet light to convert organic compounds in 

the air into benign and odourless constituents 

(Zhou et al., 2019).  

 

Existing devices with applications in 

industry, education and government institutions 

have high costs, large dimensions, operational 

requirements and complexity of application. The 

implementation of such devices is limited to the 

geographical and temporal conditions of the 

areas where they are implemented. In recent 

years, the importance of measuring and filtering 

air for the prevention of diseases in people in 

workplaces, schools and homes has been 

detected. 

 

Methodology to be developed 

 

The present project is developed using a 

quantitative approach, since data will be 

collected for the evaluation of air quality. The 

scope of the research is descriptive, where the 

characteristics, properties and profiles of 

individuals or processes that can be susceptible 

to collection, measurement, evaluation and 

information of the variables examined are 

examined (Hernández Sampieri et al., 2014).  

 

Therefore, the research work is carried 

out through a descriptive scope, since, exposure 

levels of various pollutants will be collected to 

establish alert levels for the prevention of 

harmful effects on health. 

Figure 1 describes the 3 methodological 

stages applied to the project. In the first stage, 

the relevant calculations were carried out to 

determine the volume of the space, air changes 

per hour, CO2 concentration and to estimate the 

clean air in the study area. Then we proceeded to 

design the device, starting with the selection of a 

free platform to facilitate the management of the 

information, then the response algorithm was 

developed, then the components of the device 

were integrated. Finally, a pilot test was carried 

out to check the performance and functionality 

of the device. 
 

 
Figure 1 Methodology applied 

Source: Own elaboration 

 

Design of the device 

 

The first step to develop the device is to select 

the platform that allows the development of the 

research work, therefore, the different platforms 

that will facilitate the transmission of 

information generated by the sensor were 

investigated. A free software platform was 

selected, which can be replicated as long as the 

equipment is available to carry out the 

monitoring. Then the elements that will integrate 

the air quality monitoring system were selected, 

which are shown in figure 2; two MQ-135 

sensors for air quality control, an air extractor, 

UV-c lamp and a Logo 8.3 programmable logic 

control (PLC) that includes an LCD screen for 

data visualisation, power and ethernet ports for 

connection to the cloud. 
 

 
 

Figure 2 Wiring schematic and monitoring system 

components 

Source: Own elaboration 

 

Estimate 
dimensions

Design device Pilot test
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In order for the system to process the 

signals generated by the MQ-135 sensor, the 

flow diagram of the air quality monitoring 

system is shown (figure 3); The sensor is in 

continuous operation, therefore, it will detect 

measurements that exceed 500 ppm, when the 

levels exceed the concentration limit, a signal 

will be sent to activate an air extractor and an 

ultraviolet light lamp (UV-c), the extracted air 

will pass through a chamber in which a HEPA 

filter and an activated carbon filter are installed 

and ends up passing through the UV-c lamp. A 

second MQ-135 sensor is located at the air outlet 

to analyse whether the air being processed for 

filtration is below 500 ppm. Finally, when the 

sensor detects readings below 500 ppm a signal 

will be sent to determine the filtration system, 

however, the first sensor will continue to take 

real-time readings of the air quality levels. 

 

The next stage is the development of the 

block diagram shown in figure 4. This 

programming code has 3 inputs, two analogue 

(AI1 and AI2) and one digital (I1). The input 

(AI1) captures the CO2 concentration in the 

polluted environment. 
 

 
 

Figure 3 Algorithm flowchart 

Source: Own elaboration 

 

 

 

 

 

The signal is then processed in an 

arithmetic operation block to determine the 

carbon dioxide concentration values in ppm 

(parts per million). An analogue threshold value 

switch activates the outputs Q1 and Q2 

(extractor and UV light) when the values are 

equal to or greater than 550 ppm. If values below 

500 ppm are registered, the actuators (extractor 

and UV light) will remain off. 

 

UV light) will remain switched off. The 

input (AI2) is connected to the filtered ambient 

sensor, which will perform the same signal 

conditioning process except that this input will 

only register carbon dioxide concentration 

values. The digital input is a push button that will 

force the system on and off the outputs. 

 

 
 

Figure 4 Block diagram of the system 

Source: Own elaboration 

 

The design of the air purification cabin 

was made using CAD SolidWorks 2018 

software where: different projection views were 

developed, a breakdown of the components for 

assembly is observed. Figure 5 shows the 

arrangement of the purification filters used in the 

design, with a pre-filter of filter cloth (made with 

fiberglass mesh), a HEPA filter, an activated 

carbon filter and a UV sterilization system. 
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Figure 5 Exploded view of the system 

Source: Own elaboration 

 

Finally, a device was developed to place 

the MQ-135 sensors and the air filtration system, 

which can be seen in figure 6. The design of the 

filtration system starts with the extraction of the 

air inside the equipment to begin the filtering 

process. As a first stage, a fabric pre-filter is 

placed to remove dust particles, dirt and most of 

the pollutants found in the air. Afterwards, the 

air passes through an activated carbon filter that 

will remove odors, toxic solvents and chemical 

vapors and, if necessary, will retain cigarette 

smoke. Next, a HEPA H13 filter of 0.01µm to 

0.3µm will reduce the presence of allergens by 

99.95%; furthermore, the implementation of the 

filter is essential to trap most microscopic 

particles such as viruses and bacteria including 

SARS-COV2. Finally, the air will undergo UV 

sterilization to kill or inactivate viruses, molds, 

bacteria and micro-organisms that have not been 

filtered out in the previous process by destroying 

their genetic material (DNA or RNA). And thus, 

return clean air free of microorganisms to the 

room where the purifier is located. 
 

 
 

Figure 6 Measurement and filtration system  

Source: Own elaboration 

 

 

 

 

 

Results 

 

In this section, the results of the proper 

functioning of the sensors, the processing and 

collection of information will be demonstrated. 

Subsequently, the behavior of the data generated 

by the system will be analyzed.  

 

The dimensions of the equipment were 

determined based on the size of the classrooms, 

where V represents the volume of the classroom 

defined in Equation 1, where l is length, b is 

width and h is height, with a resulting volume of 

30m2. 

 

𝑉 = 𝑙 ∗ 𝑏 ∗ ℎ = 2.5𝑚 ∗ 4𝑚 ∗ 3𝑚 = 30𝑚2    (1) 

 

According to DIN 1946, the 

recommended number of air changes per hour is 

5-7 for the tertiary sector (classrooms), which 

when multiplied by the volume, gives the clean 

air flow specified in Equation 2, where Q is clean 

air flow, V is classroom volume and R/H is air 

changes per hour. 

 

Q = V ∗ RH = 30𝑚3 ∗ 5hr = 150𝑚3/ℎ𝑟     (2) 

 

The ANSI/AHAM AC-1 standard is 

consistent with the method for verifying the 

performance of electric air purifiers in enclosed 

spaces. In this standard, the clean air flow rate is 

expressed in CADR (Clean Air Delivery Rate) 

and its unit is m3/h. Therefore, the exhaust fan 

must maintain a CADR of 150 m3/h. Also in the 

CSIC guide for classroom ventilation, it is 

recommended to include the number of people 

in the room, by means of Equation 3, where 

ACH is the air change per hour and is obtained 

by multiplying the volume of air contained in the 

purifier multiplied by the number of people and 

the adjustment constant, over the volume of the 

room. 

 

𝐴𝐶𝐻 =
(14𝑙𝑖𝑡𝑒𝑟𝑠)(25 𝑝𝑒𝑜𝑝𝑙𝑒 ) (3600𝑠) (0.001𝑚3)

30𝑚3 = 42         (3) 

 

Comparing the data obtained, it is 

established that a classroom with a volume of 

30m3 requires a flow rate of 150m3/hr in a full 

day of classes (5hr), so that the activation of the 

purifier is adjusted to 42 renewals per hour. 

Figure 7 shows the behavior of the equipment, 

under controlled conditions of 24 students and 

one teacher.  
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Figure 7 CO2 behavior in an evening class day (5hr), 30m3 

classroom, 42 renewals/hr. 

Source: Own elaboration 

 

Figure 8 shows the behaviour of CO2 over 

a period of 288 hours of analysis to generate 

precision in the data collected. Averages of 600 

ppm were obtained in the polluted environment 

sensor. On the other hand, the clean air sensor 

obtained values between 343 ppm and 608 ppm. 

Consequently, it is possible to demonstrate that 

the device maintains the minimum values of CO2 

concentration in closed spaces, which are 

recommended not to exceed 800 ppm and do not 

represent a health risk. 

 

One of the characteristics of carbon 

dioxide is that it is a gas that does not harm 

human health; however, in high concentrations it 

can have repercussions on people's integrity. For 

example, it can cause asphyxiation due to the 

reduction of oxygen in space. Due to the health 

contingency caused by the SARS-CoV-2 virus, 

which is transmitted through the air under 

certain conditions in enclosed spaces. Measuring 

carbon dioxide helps to reduce pollutants by 

monitoring air quality. Systems such as the one 

designed allow the accumulation of CO2 in 

indoor spaces to be quantified and help to 

improve quality by activating an air renewal and 

purification system to achieve acceptable levels 

of this pollutant. 

 

 
 

Figure 8 CO2 behavior over 12 days, 30m3 classroom, 42 

renewals/hr. 

Source: Own elaboration 

 

The values obtained during the 12 days 

of evaluation are within the parameters specified 

by the Occupational Safety and Health 

Administration (OSHA), which specifies 

reference values for 8 hours of CO2, the indicator 

is 5000 ppm. To validate the effectiveness of the 

system, it is planned to implement it in certain 

areas in the future. In addition, sensors for the 

measurement of PM10 and PM2.5 particulate 

matter will be implemented. Another aspect that 

will improve the monitoring of these parameters 

is the enabling of IoT for the visualization of 

results in real time in places with internet access.  

 

Conclusions 

 

A system was designed to assess indoor air 

quality based on the detection of indoor carbon 

dioxide CO2. The system only allows real-time 

visualization and downloading of measurements 

collected during the period it is activated. The 

results show average values of 600 ppm for dirty 

air conditions and 488 ppm for filtered air. The 

results show that when CO2 values higher than 

550 ppm are detected, the filtering system is 

activated, then, at the air outlet, values in the 

range of 300 ppm lower than the inlet value are 

provided. Therefore, the creation of a system for 

monitoring and filtering air in two stages for 

indoor implementation was achieved, achieving 

its function and demonstrating that the objective 

of the research is fulfilled. 
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It is important to carry out studies for the 

evaluation of the exposure times to which people 

are exposed to indoor and outdoor air pollutants, 

since this makes it possible to identify the 

relationship between the concentration of the 

pollutants in the air and the concentration of the 

pollutants in the air. 

 

The existence of studies that focus on the 

concentration of pollutants and the possible 

effects on people's health is important. The 

existence of studies that focus on the air filtering 

process is vital to be able to prevent and predict 

the risks to which the population is exposed and, 

consequently, to be able to establish the 

necessary regulations for indoor air quality 

according to the conditions of the country.  

 

To conclude, the concentration of carbon 

dioxide (CO2) increases if a large number of 

people are gathered inside a room, which leads 

to a decrease in air quality and therefore, as there 

are more people in the same place, the spread of 

viruses and bacteria increases. And a cause of 

COVID-19 contagion is that there is an 

agglomeration of people, which is why it is 

necessary to have equipment in charge of 

purifying the air, mitigating the contagion not 

only of COVID but of all diseases derived from 

viruses and bacteria. 
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