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Abstract—  Currently, air pollution is monitored 24 hours a 

day in most cities around the world, however, not much attention 

is paid to indoor pollutants in educational institutions, such is the 

case of particulate matter (PM). That is why the main contribution 

of this paper is the design and implementation of an IoT network 

prototype using cloud architecture, to mitigate the impact on the 

health of the most vulnerable ages in schools located in hostile 

environments. The IoT network prototype regulates, alerts and 

monitors PM concentrations 24 hours a day inside a classroom 

under a simulated environment based on the healthy indices 

stipulated by the WHO. From this information, temporary graphs 

of the concentrations measured by each node are generated in a 

web platform, which can be visualized and used by the institution's 

management to generate possible mitigation plans and air 

recirculation inside the school's classrooms. 

 
Index Terms— Mobile sources, internet of things, particulate 

matter, cloud platform, MQTT protocol, Wi-Fi 

 

I. INTRODUCTION 

ir pollution is a latent problem for cities around the world 

due to the effects it has on public health, causing 

respiratory and cardiac diseases and affecting some 

psychological conditions in the most vulnerable age groups 

when they are exposed for long periods of time to certain 

pollutants [5]. 

Among these pollutants is particulate matter (PM), which is 

defined as a mixture of solid and/or liquid particles found in the 

air [4], which come from mobile and stationary sources, and 

therefore contain compounds that include metals such as lead, 

iron, silicon, among others [2]. In turn, they are classified based 

on their diameter, the two main ones are PM2.5 and PM10, 

which correspond to sizes of 2.5 and 10 micrometers 

respectively, which generates affectations to human health due 

to their diameter, since this allows access to the respiratory 

tract, causing damage to tissues and organs, which generates 
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respiratory diseases, lung cancer and affectations in the 

cardiovascular system [3]. 

Nowadays, cities have 24-hour air quality monitoring 

systems, such is the case of Bogota, which is one of the most 

problematic cities in Colombia in terms of PM concentrations, 

since according to the Institute of Hydrology, Meteorology and 

Environmental Studies (IDEAM) for the study of 2011 and 

2015, in certain outdoor stations of the city data are recorded 

above the salubrious indexes for humans [11]. However, no 

data are included regarding closed environments, even less in 

educational institutions that are close to polluting sources, such 

as mobile vehicles, which mostly depend on fossil fuels 

(gasoline, diesel) and are responsible for more than 60% of air 

pollution [20], since they generate pollutants such as 

greenhouse gases, volatile organic compounds, toxic 

compounds and particulate matter (PM) [21], which tend to 

concentrate inside the classrooms of the schools closest to the 

busiest roads in Bogota [1]. 

Now, taking into account that children and adolescents in 

Colombia tend to spend between 6 and 8 hours a day in schools 

[22], they are frequently exposed to PM that is concentrated 

inside the classrooms, which contributes to asthma, where non-

asthmatic children can generate this condition or already 

asthmatic children can worsen their situation [5]. Also, 

according to data from the World Health Organization (WHO) 

11.6% of all deaths worldwide are related to indoor and outdoor 

air pollution [6]. Hence the importance of proposing a solution 

that allows for greater knowledge and control over the behavior 

of this pollutant inside educational institutions. 

On the other hand, the progressive development of low-cost 

and smaller technologies such as microcontrollers and high 

quality sensors allows the development of a network based on 

the Internet of Things (IoT), which also enables communication 

between technologies and between service platforms through 

networks, which in turn allows greater scalability and 

interconnection of information and global communication [23]. 
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Likewise, the evolution of cloud service platforms allows on-

demand access to configurable information technology (IT) 

services or resources [24]. 

In this sense, the conjunction between low-cost technologies 

with IoT and cloud services platforms, allow the development 

of monitoring networks and automatic control of environmental 

phenomena, in which case this paper focuses on PM 2.5 and 

PM10. Likewise, the added value of this paper is based on the 

development of a low-cost monitoring system for PM in an 

educational context, through the use of IoT approaches and 

cloud services that allow regulating, alerting and monitoring 

automatically this pollutant, providing information to the 

directives of the institution in order to mitigate the future impact 

on the health of children and adolescents. 

For this purpose, the document is organized as follows: first, 

the contextualization and related works based on the proposed 

project are presented. Secondly, the proposal that provides a 

solution to the problem previously addressed is presented, 

describing each of the subsystems involved. Then, the 

development and implementation of the proposal is presented, 

detailing each of the processes involved in its development and 

implementation. Likewise, the results obtained based on the 

deployment developed and the tests carried out focused on the 

prototype are shown. Finally, the conclusions and 

acknowledgements are presented. 

II. CONTEXTUALIZATION AND RELATED WORK 

Based on the problems that the whole world is currently 

facing in environmental issues, in Colombia and worldwide, 

different projects have arisen that seek to contribute either in an 

investigative manner or in favor of the reduction of pollutants 

present in the environment. In relation to this, governments of 

different countries are currently taking severe measures to 

combat pollution, through control systems that allow the 

monitoring of pollutants in order to impose restrictions to avoid 

exceeding the established limits [25]. 

Many of these projects focus specifically on pollutant 

monitoring and not on solutions for their regulation, which is 

why these paper aims to perform real-time monitoring and 

regulation of PM in enclosed spaces. 

In this sense, there are several organizations and companies 

worldwide that focus their efforts on providing current PM data 

in the main cities of the world [26], [27], [28]. Some of them 

provide PM data up to a specific date range and others provide 

real-time information for cities around the world. 

Using the ResourceWacth tool, a global picture of high PM 

concentrations in most countries of the world is presented as of 

2018 (see Figure. 1). In which, the African and Asian continents 

have the highest PM indices. Taking into account that the 

salubrious indices given by WHO are for PM2.5 25 𝜇𝑔/𝑚3 and 

for PM10 50 𝜇𝑔/𝑚3 for 24 hours [18]. 

 
Figure. 1.   Concentrations of PM in the world [26].  

 

In turn, it can be seen that in Colombia there are high 

concentrations of PM compared to other Latin American 

countries, more precisely in the cities of Medellin and Bogota. 

For this reason, 24-hour monitoring networks are implemented 

at strategic points in these cities [29], [30]. However, the data 

provided reflect outdoor pollutant information, which does not 

fully represent the possible indoor concentrations and its 

operation is based on high-cost technologies. 

On the other hand, projects carried out in other countries 

(Kenya, India, Ecuador, Mexico and Nicaragua) reflect the 

deployment of low-cost PM monitoring networks, based on IoT 

schemes for indoor environments, determining the possibility 

of interoperability of low-cost technologies and low levels of 

data loss [7], [8], [9], [10]. Likewise, national research and 

projects in Colombian cities (Bogota, Medellin and 

Villavicencio) are focused on the development of prototypes 

that allow the monitoring of environmental conditions mostly 

in indoor environments in order to raise awareness, mitigate 

environmental impact and public health through the use of IoT 

technologies and cloud services [12], [13], [31]. 

In this sense, monitoring through electronic sensors pa PM is 

feasible because it provides high accuracy in relation to low 

costs, in turn, the communication technologies present in the 

projects carried out at national and international level are 

focused on LoraWan, Zigbee and WiFi. 

Finally, considering the research that focuses this work, the 

added value is mainly that it is designed for an indoor school 

environment focused on the most vulnerable ages, in addition 

to incorporating technology that allows alerting and controlling 

concentrations of particulate matter automatically within the 

institution. 

III. PROPOSAL 

Based on what has been exposed throughout the document, 

the following proposal is made (see Figure. 2), which aims to 

solve a problem of little attention, allowing to mitigate 

respiratory and cardiac diseases in early ages through a low-

cost solution with IoT approaches that allows the monitoring 

and control of particulate matter within educational institutions. 

It is worth mentioning that the deployment of the prototype will 

be performed in a simulated mock-up environment based on a 

classroom of the educational institution, which is why the 

illustration focuses specifically on a classroom. 
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Figure. 2. Proposal under IoT approaches. Prepared by the author 
 

As can be seen, the proposal is subdivided into four boxes. 

Below is a detailed explanation of each of them: 

1. Section 1 refers to the origin of the problem that has 

been covered throughout the document, which has its 

origin in mobile and stationary sources. In this 

particular case, the institution where the deployment 

of the network is based is close to these sources, taking 

into account that this proximity generates 

concentrations of PM2.5 and PM10 inside the 

classrooms. 

2. Section 2 refers to the deployment of the PM2.5 and 

PM10 sensor network and the actuator in question, 

which are connected to the internet through a Wi-Fi 

router and then to a cloud platform. Likewise, in this 

section the data collection is performed by means of 

the sensor nodes, which are composed of the sensor 

and a microcontroller that allows wireless connection. 

Similarly, the actuator has the ability to turn on or off 

automatically, through the microcontroller that is 

listening for instructions. 

3. Section 3 refers to the connection of the devices to the 

internet and then to the cloud platform, in which the 

storage and processing of data is developed through 
the use of cloud services, which allow the sending of 

notifications to the directives of the institution based 

on the healthy indexes given by the WHO and by the 

Colombian regulatory references, in order to have 

supervision and control of indoor concentrations. In 

the same way and in relation to this storage and 

processing, it will be possible to drive the actuator, 

which simulates an air purifier, being in charge of 

regulating and decreasing the concentrations of PM2.5 

and PM10 inside the classrooms. This actuation also 

depends on the relationship of the data captured by the 

sensory network with the WHO health information.  

4. Finally, section 4 refers to the interaction of users with 

the prototype, in which, through the storage of data 

and the generation of alerts, a simple and readable 

accessibility system is proposed, which facilitates the 

monitoring and control of PM concentrations inside 

the classrooms, which in turn allows managers to 

analyze the data obtained to propose solutions for air 

recirculation inside the classrooms and in this sense 

mitigate the impact on the health of the most 

vulnerable. 

It should also be noted that as shown in Figure 2, the network 

is deployed under a device-to-cloud communication model 

[32], in order to provide greater reliability to the network, 

reducing dependence on other devices, so it is less prone to 

failures and if one of the nodes fails, it does not affect the status 

of neighboring nodes or the network itself.   

In order to comply with this proposal, 5 subsystems are 

proposed, in which their functionality is described and each of 

them is represented by a logo and a specific color. Each 

subsystem is presented below.   

A. Monitoring Subsystem 

This subsystem is in charge of data collection, which is why 

it is composed of the wireless communication device and the 

PM2.5 and PM10 sensor, which is linked to the storage and 

processing subsystem through a telemetry protocol. 

It should also be noted that the connection of actions of the 

subsystem is indicated by a continuous red arrow, while the 

dotted red arrow refers to the continuity of the actions of the 

subsystem with another different subsystem, in this case, this 

monitoring subsystem is subsequently connected with the 

subsystem of storage and processing of information. The 

following is an illustration of the monitoring subsystem (see 

Figure. 3). 

 
Figure. 3 Monitoring Subsystem. Prepared by the author 

B. Information Storage and Processing Subsystem 

This subsystem is the most essential for the prototype, taking 

into account that this is where the data storage and processing 

starts, allowing the functionality of the rest of the subsystems. 

Basically, it is here where functions such as data recording, 

monitoring of the network itself, detection of values above the 

limit, recording of dates, storage of information, sending alerts 

and data visualization are performed (see Figure. 4). Likewise, 

the continuity of the previous subsystem with this one is 

presented, taking into account that the data to be stored and 

processed come from the monitoring subsystem. 

 
Figure. 4 Information storage and processing subsystem. Prepared by the author 
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C. Notification Subsystem 

As its name indicates, this subsystem sends notifications to 

the people in charge of interpreting the information, allowing 

real-time monitoring of PM2.5 and PM10 concentrations for 

subsequent control. 

This subsystem is identified with its respective logo and the 

color yellow, in turn, as mentioned above, all subsystems 

depend on the storage and processing subsystem, in this case, 

from there comes the sending of alerts based on the analytics 

performed in the cloud platform, its dotted connection refers to 

the sending of alerts that allow the personnel in charge to 

visualize the notifications. The illustration of the subsystem is 

shown below (see Figure. 5). 

 
Figure. 5 Notification subsystem. Prepared by the author 

D. Regulation Subsystem 

This subsystem, identified with its respective logo and blue 

color (see Figure. 6), is responsible for regulating the 

concentrations of particulate matter inside the classroom, its 

operation is based on the actuator and the node that receives the 

instruction from the storage and processing subsystem. This, 

through the analytics performed in the cloud platform and based 

on the WHO indexes, turns the actuator on or off automatically. 

 
Figure. 6 Regulation subsystem. Prepared by the author 

E. Network Management Subsystem 

Finally, the network management subsystem identified by the 

purple color allows the monitoring of the network components. 

As shown in the illustration (see Figure. 7), there is no direct 

connection between the network devices and the supervisor, 

because the status of each node is sent directly to the 

information storage and processing subsystem to subsequently 

generate alerts through the notification subsystem to the user. 

 
Figure. 6 Network management subsystem. Prepared by the author 

 

The aforementioned allows that through the articulation and 

conjunction of these subsystems, the effectiveness and 

functionality of the proposed proposal is generated, fulfilling 

each of the needs required for its operation. 

IV. IMPLEMENTATION 

Based on the proposal proposed and for the development of 

each of the subsystems described in the previous section, the 

selection of technologies that best meet the needs of the project 

is carried out. 

First, the selection of the devices that compose and allow the 

development of the monitoring subsystem is made, which are 

responsible for data collection and wireless communication of 

the network through a telemetry protocol, in which the devices 

must allow the sending of information and the connection with 

the sensors responsible for collecting the data. 

In this case, the choice of the communication device is made. 

Below is a table that allows the comparison of the above 

requirements of different devices for wireless communication 

present in the market under IoT standards (Table I). 
TABLE I 

COMPARISON TABLE OF WIRELESS COMMUNICATIONDEVICES 

 
Source: Prepared by the author based on manufacturers' data. 

Based on the above table, it was determined that the device 

that best suits the monitoring subsystem and the proposal is the 

NodeMCU device due to all the features it has and the price in 

 HC-06 Xbee NodeMCU ESP8266 

Image 
 

 

 

Standar Wireless Bluetooth Zigbee Wi-Fi 
IEEE Reference 802.15.1 802.15.4 802.11 b/g/n 
Working Voltage 3.1 - 4.2 V 2.8 - 3.4 V 3 - 3.6 V 

Flash Memory 8 Mbit 32 kBytes 32 Mbit 

Working 
Temperature 

-25 a 75 ºC -40 a 85 ºC -20 a 85 ºC 

Communication 
distance 

10 meters 30 meters ≈ 12 meters 

Frequency of 
operation 

ISM 2.4 GHz ISM 2.4 GHz ISM 2.4 GHz 

Number of nodes 2 65,000 32 
Price $4.30 $30.00 $5.00 
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the market, since it reduces the final costs of the project in 

relation to the features and functions it has. 

It should be noted that as Table I indicates, this device 

operates using the IEEE 802.11x standard, which allows 

wireless interconnection between devices that are under the 

same standard, commonly known as WiFi and allows 

communication without the need for physical media by using 

the 2.4 GHz ISM band [14]. 

On the other hand, the sensors that allow data collection 

according to the needs of the monitoring subsystem are 

determined. For the development of the project, automatic 

samplers will be used since they have the best resolution, allow 

data collection in real time and are highly reliable for 

autonomous detection systems [15]. With this in mind, a 

comparison of three types of sensors present in the market is 

made, based on their power supply voltage, dimensions, 

detection range, error percentage and cost (Table II). 
TABLE II 

COMPARATIVE TABLE OF PARTICULATE MATTER SENSORS 

 
Source: Prepared by the author based on manufacturers' data. 

 Based on the above, the sensor with the best quality/price 

ratio and that best fits the implementation needs for the proposal 

and for the monitoring subsystem, is the PMS5003, since it has 

a detection range of PM1.0, PM2.5 and PM10, also, the 

working voltage is ideal for operation with the NodeMCU 

microcontroller, its concentration range is ideal for measuring 

concentrations of paritculated material and presents the best 

price in the market in relation to its functional characteristics. 

 Likewise, and referring to the monitoring subsystem, the ISO 

20922 telemetry protocol (MQTT) is selected, since compared 

to standards such as OPC UA, CoAP or DDS, this is a protocol 

that has support and implementation in cloud platforms [16], is 

designed for low-resource networks, is based on 

publish/subscribe and allows the network to have lightness, 

scalability, higher availability, security and quality of service 

(QoS) [17]. 

Secondly, and in allusion to the proposal, it is also 

determined that the programming language for web 

development that allows the visualization of data in an 

accessible way to the user is JavaScript, because its processing 

is in the local device of the client, in addition to not requiring 

any type of interpreter or virtual machine compared to other 

programming languages such as PHP or Ruby, which allows 

less infrastructure in the cloud platform and therefore the 

hosting costs are lower, in addition to having support for cloud 

databases. 

Thirdly, the choice of the cloud platform that allows the 

development of all subsystems is made, since it is responsible 

for the storage and processing of information. For this choice 

only 3 Cloud platforms are taken into account, which are 

Amazon Web Services (AWS), Google Cloud and Microsoft 

Azure. All three have the possibility to make use of the MQTT 

protocol and at the same time have services dedicated to the 

Internet of Things (IoT). However, the operability of each 

service includes or differs in sub-services that complement their 

functions. 

In this case, AWS was selected because, unlike Google 

Cloud and Microsoft Azure, it allows faster and easier 

integration between the services it offers, due to sub-services 

that facilitate these tasks, in turn, it provides free access for 12 

months under certain limits and has 85 free services forever 

[33]. Likewise, there is already a previous knowledge about the 

services offered by AWS, which allows a more efficient 

execution and implementation. 

The selection of the cloud platform allows the design of the 

cloud architecture that meets the needs of the proposal. This 

diagram will show the services that the platform will include 

(Figure. 6). 

 
Figure. 6.   Cloud architecture design. Prepared by the author using the 

CloudCraft tool. 

The diagram is divided by colored sections, where the gray 

section corresponds to the school room where the sensors and 

actuator will be deployed, the blue section refers to the AWS 

services and the yellow section to the end users. 

The use of the "IoT Core" service will allow communication 

via MQTT and through other sub-services called "IoT Topic" 

and "IoT Rule", the reception, publication and redirection of the 

collected information to other services is established [34]. 

For the processing of the data redirected by the IoT Rule, use 

is made of the "Lambda" service, which allows the execution of 

code without the need for a server [35], which in turn allows the 

execution of alerts through the "SNS (Simple Notification 

Service)" service that goes directly to the end users via SMS, 

HTTP, E-MAIL, among others. However, it requires Lambda 

to restructure the messages to be sent [36]. In this case, this 

service will allow sending notifications both for high PM levels, 

as well as notifications of battery status of one of the nodes. 

The DynamoDB database will also be used to store the 

collected data and registration dates. This database is also 

linked to the "Amazon S3" service, which will host the web 

 GP2Y1051AU0F HPMA115S0 PMS5003 

Image 

  

 

Dimensiones 46 x 30 x 17.6 mm 43 x 36 x 23.7 mm 50 x 38 x 21 mm 

Working 
Voltage 

0.3 - 7 V 5 V 4.5 - 5.5 V 

Working 
Temperature 

-60 a 65 ºC -20 a 50 ºC -10 a 60 ºC 

Detection 
Range 

PM10 PM2,5 y PM10 
PM1,0, PM2,5 y 

PM10 
Concentration 

Range 
0.35 a 0.65 ( ) 0 a 1,000 ( ) 0.3 a 1,000 ( ) 

Error Rate 7% 5% 5% 

Price $5.00 $70.00 $20.00 
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platform to provide easy access to end users. 

Taking into account the choice of each technology for the 

development of each subsystem, the implementation of each of 

them is carried out in order to comply with the proposal made. 

A. Implementation of the Monitoring Subsystem 

Based on the selected technologies, the physical assembly of 

the sensory nodes is carried out. It should be noted that the 

nodes are powered by electrical outlets, however, one of them 

is powered by a battery for demonstration purposes in case they 

are required in difficult access environments (Figure. 7). 

 
Figure. 7. Assembly of the battery-powered node. Prepared by the author. 

Likewise, the network is deployed including the actuator, 

which is simulated by means of a fan under a simulated mock-

up environment. It should be added that each node is identified 

by a number which is associated to each MacId in order to be 

identified (Figure. 8). 

 
Figure. 8. Assembly of the battery-powered node. Prepared by the author. 

B. Implementation of the Information Storage and Processing 

Subsystem 

By configuring the cloud services used in the architecture 

shown in Figure 6, the information reception, storage, 

processing, alert sending and implementation of the web 

platform is developed, which allows observing the information 

as shown in Figures 9 and 10. 

 
Figure. 9. Dashboard section of the web platform. Prepared by the author. 

 
Figure. 10. Network Management section of the web platform. Prepared by 

the author. 

Likewise, the messages received in this subsystem are of 

JSON type, where there are data related to network 

management, captured data, the time stamp and the MacId 

(Figure. 11). 

 
Figure. 11. Publication of messages in the topics. Prepared by the author. 

C. Implementation of the Notification Subsystem 

Based on the use of SNS and Lambda cloud services, alerts 

are sent regarding PM measurements that exceed the 

established indices, also, when a discharge is witnessed in the 

battery of a node, the corresponding user is notified via E-

MAIL. In this case, lambda allows to restructure the message to 

be sent in a readable way and not in JSON format. 
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D. Implementation of the Regulation Subsystem 

In the same way, when using the IoT core service, it is 

possible to make a publication based on a defined instruction, 

which is executed when the indexes established by the OMS are 

exceeded, in this case the IoT core publishes a respective 

command to turn on or turn off the actuator automatically. 

When the levels are exceeded, the purifier remains on until 

the PM concentrations have decreased. The sensors take 

measurements every 5 minutes after the purifier has been turned 

on to ensure the decrease of the pollutants. 

E. Implementation of the Network Management Subsystem 

In this case, each node sends its respective system data 

information (see Figure 11), which is then processed so that 

each node is identified by its MacId and subsequently displayed 

on the web platform as shown in Figure 10. 

V. TEST SCENARIO 

This section contemplates the development of prototype-

oriented tests, which specifically address the connection times 

of the web platform based on a certain number of requests, 

remote connection tests for the nodes, in order to determine the 

maximum connection distance and finally, autonomous 

operation tests for the battery-powered node are presented in 

order to determine its maximum operating time. 

First, the load test for the web platform was performed using 

the JMeter tool, in which the page was subjected to different 

numbers of virtual users, initially a test was performed with 100 

threads, then with 500 and finally with 1000, in which the time 

between threads in the 3 tests was 1 second. Likewise, these 

tests were performed for the 'Dashboard' and 'Network 

Management' sections. The results obtained are presented 

graphically below (Figure. 12). 

 
Figure. 12. Load test results. Prepared by the author using JMeter. 

As can be seen in Figure 12, the average load times for the 

100 and 500 threads remained stable, around 300 ms, however, 

the test for the 1000 users generated an average time of more 

than 500 ms for the 'Dashboard' section and around 480 for the 

'Network Management' section, which allows us to affirm that 

the platform can handle a thousand requests but generates an 

exponential growth in the load and connection time of more 

than 450 ms. 

Secondly, the distance connection test for the nodes is 

developed in order to present the maximum connection distance 

from the node to the WiFi router. This test was performed in a 

practical way, establishing a connection with the router every 2 

meters. It should be noted that it was performed in a closed 

environment and without direct line of sight. The results are 

presented below (Table III). 
TABLE III 

TABLE OF REMOTE CONNECTION RESULTS 

 
Source: Prepared by the author 

As shown in Table III, the node establishes a stable 

connection without failures up to 10 meters, from 12 meters 

onwards it was only able to establish a connection on some 

occasions, however, in order to verify the point of total 

disconnection, it was found that from 15 meters onwards no 

connection was established with the Wi-Fi router. It is worth 

mentioning that this test is subject to variations, taking into 

account the direct line of sight between devices and the type of 

Wi-Fi router used. 

Thirdly, the battery life test was performed in order to 

determine the autonomous operating time for a node powered 

with the characteristics of a 2000 mAh Lithium battery, taking 

into account that the nodes are programmed to be in standby 

mode for one hour. The results obtained are presented 

graphically below (Figure. 13). 

 
Figure. 13. Battery test results. Prepared by the author 

As is noticeable, the battery-powered node tends to have a 

standalone operation of around 50 to 60 hours despite its 

configuration. One of the main reasons focuses on the fact that 

the NodeMCU board consumes quite a lot of power every time 

it connects to the Wi-Fi network, considering that this process 

is performed every time it wakes up. Also, it can be seen how 

the hours of the day are not consistent with the duration of an 

hour, this is due to the low accuracy of the clock system of the 

board, which generates inaccurate dates and times for data 

recording. 

DISTANCE CONNECTION

2 meters Yes

4 meters Yes

6 meters Yes

8 meters Yes

10 meters Yes

12 meters Sometimes

15 meters No

16 meters No
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Finally, and fourthly, the percentage decrease of the particles 

located within the simulated environment was identified 

through a test in which the sensors were stimulated with the 

smoke of a phosphorus to generate a polluted environment with 

high concentrations of PM10 and PM2.5, to be subsequently 

regulated automatically using a fan-extractor. A table with the 

percentages obtained is shown below (Table IV.) 
TABLE IV 

 
REDUCTION PERCENTAGE TABLE 

 As can be seen, after a very high PM measurement within the 

simulated environment, the purifier node is activated for 

particle extraction. It is important to highlight that every time 

there are less concentrations, particle reduction becomes less 

efficient, given the unpredictable behavior of these particles due 

to their size, alluding to the chaos theory. However, there is 

evidence of a regulation with reference to a reduction of 

concentrations thanks to the purifier node. The table shows the 

percentage of reduction captured by each of the sensor nodes, 

which on average obtained a reduction of concentrations of 

78,82%. 

VI. CONCLUSIONS 

This paper proposes a solution to a low-interest problem by 

using Internet of Things approaches for particulate matter 

monitoring and regulation. Its implementation and operation is 

based on the use of low-cost technologies and cloud services, 

and follows the recommendations given by the WHO for 

disease mitigation. 

The results associated with the proposal determine that it is 

viable in terms of the assertive choice of each of the elements 

that compose it, including in turn the services of the selected 

cloud platform that allows an agile development through the 

conjunction of different services. Thus, this proposal reduces 

the costs of a monitoring station and in turn provides a method 

of regulating PM inside schools. 

Likewise, through the implementation of the network and the 

development of the web platform, the proposed prototype not 

only provides a solution, but also facilitates decision making by 

the institution to take measures to mitigate this problem. Thus, 

contributing to the environmental awareness of a young and 

adult population, and contributing indirectly to the mitigation 

of the environmental impact. 

Finally, the configuration and use of technologies that enable 

an energy-saving mode also translates into a sustainable 

solution with low energy consumption for both the institution 

and the environment in general. 

VII. FUTURE WORK 

Considering the results obtained based on the development 

and deployment of the network and the development of the web 

platform, the future work of the prototype is determined. 

In the first place, if the nodes are to be powered by batteries, 

a larger capacity battery is required since the one used only 

allows autonomous operation for 2 and a half days. At the same 

time, it would be possible to add other sensors related to air 

quality, such as ozone, carbon dioxide, etc. To cover more 

control and monitoring of enclosed pollutants. At the same 

time, it is considered necessary the inclusion of a real purifier 

with HEPA filters that allows in real time the decrease of the 

pollutant. 

Likewise, it is possible to include AWS services that allow 

data prediction through artificial intelligence, to prevent times 

or days of higher concentration indexes. 

Finally, include in the web platform the restricted use for 

unauthenticated users in the Cognito service, since as 

mentioned above, any unauthenticated person still has access to 

the sections of the web platform. This to allow greater security 

in the data obtained. 
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