
ACTA IMEKO 
ISSN: 2221-870X 
September 2026, Volume 15, Number 3, 1 - 13 

 

ACTA IMEKO | www.imeko.org September 2026 | Volume 15 | Number 3 | 1 

Development of an IoT-based network for urban 
environmental monitoring in a vulnerable area of Los Ríos, 
Santo Domingo, Dominican Republic  

Jesús D´Alessandro1, Melisa Vargas1, Alfredo Sguglio2, Pierpaolo Filippelli2, Angelo Maciletti3, 
David Feliz3 

1 Instituto de Diseño para los Trópicos and Escuela de Arquitectura de UNIBE, Universidad Iberoamericana (Unibe), Av. Francia 129,  
 10201 Gazcue - Santo Domingo, Dominican Republic 
2 Mechanical Energetic and Management Engineering Department, University of Calabria - UNICAL, P. Bucci 46/c, 87036 Calabria, Italy 
3 Smart City Instruments Spin Off Universita della Calabria, Mechanical Energetic and Management Engineering Department,  
 University of Calabria - UNICAL, P. Bucci 46/c, 87036 Calabria, Italy  

 

 

Section: RESEARCH PAPER  

Keywords: urban sensors; smart cities; sustainable development; information technologies; measurement; environmental research; air pollution; IoT  

Citation: J. D´Alessandro, M. Vargas, A. Sguglio, P. Filippelli, A. Maciletti, D. Feliz, Development of an IoT-based network for urban environmental monitoring 
in a vulnerable area of Los Ríos, Santo Domingo, Dominican Republic , Acta IMEKO, vol. 15 (2026) no. 3, pp. 1-13. DOI: 10.21014/actaimeko.v15i3.2058  

Section Editor: Francesco Lamonaca, University of Calabria, Italy  

Received January 24, 2025; In final form August 20, 2026; Published September 2026 

Copyright: This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License. 

Funding: This Project is funded by the FONDO NACIONAL DE INNOVACIÓN Y DESARROLLO CIENTÍFICO Y TECNOLÓGICO (FONDOCYT), República Dominicana, 
Subvención No. 2022-3A2-154/ Mandatory note in Spanish by contract: “Proyecto financiado por el FONDO NACIONAL DE INNOVACIÓN Y DESARROLLO 
CIENTÍFICO Y TECNOLÓGICO (FONDOCYT), República Dominicana, Subvención No. 2022-3A2-154”  

Corresponding author: Jesús D´Alessandro, e-mail: j.dalessandro@unibe.edu.do  

 

1. INTRODUCTION 

This article summarizes the first phase of the project “Modelo 
de Información Urbana (CIM) en Distrito Nacional para Mejorar 
su Resiliencia, Prevenir Desastres y Administrar su Espacio”, 
code number 2022-3A2-154, which is funded by the Dominican 
Republic´s Fondo Nacional de Innovación y Desarrollo 
Científico y Tecnológico (FONDOCyT). 

1.1. Urban context 

The Dominican Republic and its capital city, Santo Domingo 
de Guzmán, are respectively among the fastest growing national 
and urban economies of The Americas 1), 2). In Santo Domingo 
de Guzmán (Distrito Nacional), this economic dynamism comes 
with important challenges. A historic deficit in affordable 
housing has taken place, while informal vulnerable settlements 
have expanded in the territory 3). These vulnerable settlements 

ABSTRACT 
The aim of this research phase was to develop an environmental data collection tool specific for the context of Los Ríos–Santo Domingo, 
where vulnerable settlements coexist with other clusters of higher socioeconomic status. The design of such tool needed to address the 
social, legal, and climatic frameworks of its context, while also aiming at a reliable, energy efficient, and replicable architecture. The 
project hopes to encourage future information-based participatory planning aimed at improving safety and elevating the quality of life 
in the area. The workflow carried out during this phase included: area visits, document consultation, work on an urban footprint map, 
review of comparable projects, device development, and the strategic selection of the installation site. The project achieved the design 
and production of ten compact devices that contain seven sensors each, to register concentrations of important air contaminants, 
vibration, sound intensity, and specific atmospheric conditions. Devices were installed within the inner perimeter of a property in the 
proximity of vulnerable and non-vulnerable polygons to enable the observation of potential reading differences. Preliminary total 
averages obtained from a sample showed high concentrations of CO, NO₂ (according to guidelines from WHO), and PM₁ (following the 
2024 paper “On the safe levels of micro-sized particles PM1.0 in ambient air” by Zaitseva, Kleyn, Chetverkina, Andrishunas, and Tsinker), 
alongside noise levels between 6.9 and 74.09 dB in most units and RH values below 40 %.  
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concentrate poverty 4), often in high population densities 6.2, 
and comprise around a 9 % of the city´s footprint 1). In parallel, 
the city is heavily reliant on and overcrowded by motorized 
vehicles (more than one per resident, regardless of age or 
condition) 2).  

Los Ríos is a territorial unit in Santo Domingo de Guzmán, 
which by 2010 had a population density of 15,062 inhabitants per 
square kilometre 6.2 (higher than the city average at the time of 
about 10,544.8 inhabitants per square kilometre 6.2). The area 
contains a significant vulnerable settlement footprint 3), and 
many of these settlements are located along natural streams of 
water that characterize the ecosystems of the National District´s 
northwest area called Circunscripción 2. Currently, the water 
streams are polluted, posing a significant risk for these 
populations. In Gran Santo Domingo, historically, rivers, 
aquifers, and the waterfront have been used as final receptors of 
polluted waters, causing systemic contamination 6.3, Figure 1. 

1.2. Importance of data collection systems 

Often, vulnerability is assessed only by poverty standards, 
focused mainly on income and physical aspects that include 
housing conditions. However, the quality of urban soil, waters, 
and air, as well as intangible factors like noise or temperature 
need to be assessed in order to map vulnerability 
comprehensively. 

In the Dominican Republic, short-lived climate pollutants like 
carbon monoxide (CO), nitrogen oxides, and particulate matters 
2.5 and 10 (PM2.5 and PM10), are expected to increase notably 
by 2030 1). In addition, it is important to consider that other 
gaseous pollutants like ammonia (NH3) and volatile organic 
compounds (VOC) can be expected to increase, too, since they 
also add to PM2.5 and PM10 concentrations 1). Air pollution is 
known to be able to harm the health, and consequently, the 
economy of individuals and families at a social scale, besides 
costing taxpayers money in public health services 2), 3). In 
contrast, there is still a need for significant data collection 
infrastructure to systematically register information about the 
urban environment in Dominican cities.  

Thus, this project contributes to a culture of data collection, 
as it involved designing and installing devices to obtain a body of 
environmental information in a specific urban area, being able to 
expand sustainable development literature and inform planning 
initiatives. Additionally, the project helps gain valuable 
knowledge on how to develop devices and networks to monitor 
air pollution in urban areas in the Dominican Republic. 
Furthermore, without being a qualitative or social research, this 
project helps pave the way to future local research aiming at 

integrating similar methodologies to social approaches and social 
sciences 6.4, 7.  

The significance of integrating advanced technological tools 
with a social and interdisciplinary approach has been previously 
underscored by Sguglio et al. 7.1. Their work in the RES 
NOVAE project demonstrates how the combination of 
engineering research and social sciences can enhance urban 
resilience. Such an approach enables the design of data collection 
systems to also support future participatory planning, ensuring 
that technological advancements deliver tangible benefits to 
vulnerable communities 7.1.  

1.3. Previous projects 

In the last decade, comparable endeavours have been carried 
out in different latitudes and scales yielding beneficial results. 
Among them are The Array of Things in Chicago, the US 
spanning SAGE project, and the Breath London network in 
London. In the context of the Dominican Republic, previous 
projects include “Contaminación atmosférica en puntos 
seleccionados de la ciudad de Santo Domingo, República 
Dominicana” and “Monitoreo y caracterización de los 
contaminantes atmosféricos a través de una red inalámbrica de 
sensores en las ciudades de Santo Domingo y Santiago de los 
Caballeros en la República Dominicana”.  

The Array of Things (AoT) started in 2016 and managed to 
generate a publicly available dataset spanning four years of data 
collection in Chicago, IL, USA. The project comprised sensor 
hubs inside compact cases installed around the city. Each unit 
contained over 12 sensors. Initially, 500 units were planned to be 
installed in Chicago by 2018. The set of units was configured as 
a network connected to the Internet and was based on an open 
platform called Waggle, which manages edge-computing wireless 
sensors that are “intelligent” 7.2. The data collected included 
light intensity, information on air composition like 
concentrations of carbon dioxide (CO2) and PM2.5, as well as 
meteorological measures related to heat, humidity, and 
temperature 7.3–7.4. In addition to the usefulness of the body of 
information collected, helping the city to operate more 
efficiently, the project was purposed to “provide real-time, 
location-based data about urban environment, infrastructure and 
activity to researchers and the public” 7.3. Later, AoT 
collaborated on project Eclipse which installed 115 sensors in 
Chicago spots, extracting data “for over 90 % of expected 
sensor-hours from July 2 - September 30, 2021” 1).  

In 2019, once AoT was launched, the SAGE project initiated, 
led by the Northwestern University in a nationwide enterprise. It 
developed further improved devices based on the Waggle 
platform with the collaboration of the AoT team. This project 
makes use of advance machine learning algorithms under “edge” 
computing. In this technology, computing takes place directly 
connected to sensors facilitating early detection and response. 
One important feature of this technology is the monitoring of 
cloud motion and aerosols, facilitating action against potential 
disasters like wildfires. The technology can also facilitate the 
observation of wildlife with research purposes, as well as the 
detection of radiological and nuclear activity. SAGE operated 
and integrated 120 devices which are AI-enabled 2)–9.  

The Breathe London network is an urban air monitoring 
initiative for London, launched in 2019, which is managed by the 
Imperial College London´s Environmental Research Group. 
This institution researches the impact of air pollution on health. 
From 2020, in a new phase planned to last four more years, 
funding was provided to install 100+ sensors in public interest 

 

Figure 1. Images of a nearby vulnerable settlement and its stream in Los Ríos.  
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spots, from hospitals to schools to co-location sites, along the 
geography of the city. Looking forward to including 
disadvantaged demographic groups, Bloomberg Philanthropies 
donated funds to the project 10, [1].  

The 2014 project “Contaminación atmosférica en puntos 
seleccionados de la ciudad de Santo Domingo, República 
Dominicana” consisted of the measurement and comparative 
analysis of air components in three major avenue intersections of 
Santo Domingo during May 2013. The study focused on 
monitoring sulphur dioxide (SO2), nitrogen dioxide (NO2), CO, 
as well as PM2.5 and PM10. Concentrations of SO2 and NO2 
were found above the permitted limits as established by the 
norms of the Ministry of the Environment and Natural 
Resources of the Dominican Republic [2].  

In 2020, the project “Monitoreo y caracterización de los 
contaminantes atmosféricos a través de una red inalámbrica de 
sensores en las ciudades de Santo Domingo y Santiago de los 
Caballeros en la República Dominicana” installed a network of 
sensors in the two major Dominican cities: Santo Domingo and 
Santiago. The project monitored CO, SO2, ozone (O3), PM2.5, 
and PM10, and in 2023 published preliminary results. The project 
states that between 2015 and 2019, in the Dominican Republic, 
average values of PM2.5 and PM10 were above the harmful 
levels established by the World Health Organization (WHO). 
Preliminary measurements in three different locations inside 
Santo Domingo, between November 2021 and February 2022 
“confirm this tendency for particulate matter” [3].  

These projects provide or have provided an effective social 
service as they monitor and register environmental conditions for 
the safety of populations. In parallel, their respective bodies of 
information can help the scientific community and governments 
to better comprehend, and plan for, sustainable development. 
Another common element among most of these projects is a 
network configuration operating under IoT platforms. 

The following sections discuss the work carried out in our 
project in order to achieve the conclusion of its first phase. 
Section 2 will describe the site-related work, including 
considerations about site selection, device proximity, and wind 
direction. Sections 3 and 4 will present the process and 
characteristics of device design focusing on hardware and system 
architecture. Sections 5 to 7 discuss metrological matters of the 
sensors and the system: measurement, validation, and 
performance evaluation, respectively. Further on, Section 8 
summarises preliminary results, followed by a note on data 
analysis in Section 9 and conclusions in Section 10. 

2. SITE WORK 

Our team visited and studied the complex urban cluster of 
Los Ríos (The Rivers) [original in Spanish]. We observed that the 
urban area contains densely populated vulnerable sites, a number 
of them built precariously over natural water streams (hence the 
name). These streams now run contaminated waters, since they 
are used as sewerage. In contrast, Los Ríos also hosts upper 
middle- and high-class residential areas, as well as commercial 
and institutional facilities. 

2.1. Location for installation 

Initially, our team considered installing the devices directly in 
a vulnerable settlement, for which it visited the place and met 
community members, achieving a better understanding of the 
context that helped inform the work. Later on, concerns about 
safety, maintenance, and stable energy supply of the devices 
arose.  

While looking for a more convenient location, we found it 
important to monitor the environmental conditions of the area 
from a location that could relate geographically to both 
vulnerable and non-vulnerable settlements. This characteristic 
would facilitate the exploration of possible differences in the 
readings between areas.  

Thus, we selected a land plot at coordinate 18.49239, -
69.96491, where the National Institute of Diabetes, 
Endocrinology and Nutrition (INDEN) [for its capitals in 
Spanish] is located together with the Global Health and Tropical 
Medicine Institute (IMTSAG) [for its capitals in Spanish], see 
Figure 2. Conveniently, the complex is related to the Universidad 
Iberoamericana and is geographically near the centre of Los Ríos 
polygon. The property´s centre is approximately 230 metres 
from the Arroyo Hondo water stream (see water stream in 
Figure 2 and Figure 3), and around 607 m from the Botanical 
Garden´s property. 

As can be seen in the urban footprint map in Figure 2, already 
within a radius of 320 m, the chosen installation site has 
vulnerable areas to its west and north flanks (coloured in red), 
and formal upper middle- and high-class housing areas on its east 
side (coloured in grey). Once the project had obtained the 
permission by INDEN, and the development–production of the 
devices had been finished, they were brought and installed inside 
the property, surrounding the buildings, outside them (see 
Figure 3). Eight devices were fixed in the property´s lampposts, 
and two on facade walls. Lampposts proved to be the most 
convenient elements on which to locate the devices, since they 
are already fed by power lines. Devices 6, 7, 8, 9, and 5 were 
installed facing Paseo del Yaque street, while devices 3, 4, 1, and 
2 were installed facing Majoma street, and device 10 was located 

 

Figure 2. Site location on urban footprint map, general street fabric shown. 
Red footprint indicates mostly vulnerable settlements, grey is mostly non-
vulnerable, and green represents mostly vegetation areas. The blue line 
indicates the approximate course of Arroyo Hondo water stream on Figure 1. 
Illustrative map drawn over maps of Google Maps. 

 

Figure 3. Numbered data collection units installed inside the INDEN/IMTSAG 
property, on urban footprint map (see Figure 2 for footprint description). 
Arroyo Hondo water stream course marked by blue lines. Illustrative map 
drawn over maps of Google Maps. 
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in the northwest corner of the property (see Figure 3). All devices 
were installed above human reach to prevent vandalism. All 
devices were additionally protected from heavy rain by loose and 
ventilated, hard plastic visor-coats. 

The surface of interest for this study was about 1.5 square 
kilometres, while publicly available databases, like NASA 
POWER, have a resolution of 0.5 by 0.625 degrees for 
meteorology parameters (55.5 x 68.75 km) [4], [5]. Seemingly, the 
Global Forecast System (GFS27) has a resolution of 0.25 degrees 
(27 km) [5], and shows shifting winds in the area, tending to 
come from the northeast and northwest quadrants. In 
combination with this major resolution limitation, the uneven 
topography in the area, as well as numerous buildings and trees 
add to a complex wind circulation pattern. 

2.2. Device proximity 

A notable feature of this project is the high density of data 
collection devices. Devices were installed and aligned outside and 
around the buildings of the property, facing the streets (see 
Figure 3), separated by an approximate average distance of 33.70 
meters among devices in a line. This configuration allows to 
explore possible environmental changes with more definition. 

3. DEVICE HARDWARE 

The research and prototyping of the device took place 
initiating with a two-board unit where sensors and other 
components were connected inside a temporary conventional 
grey box (see Figure 4). Local legislation limits and regulates the 
use of cameras; therefore, no cameras were incorporated in this 
project.  
After a process of site visits, improvement, testing, and 
consultation with technical experts from the University of 
Calabria and the communications company Altice Dominicana, 
an improved prototype was achieved with a simpler one-board 
architecture. The board is connected to the data collection 
sensors and other components that include a surge protector to 
address local service instability and electric storms, and a SIM 
card slot to work on an IoT basis (see Figure 5 and Figure 6). 
The case was redesigned to improve structural resistance and to 
allow air intake through horizontal openings. Draining holes in 
the bottom can expel storm water if it filters in. To be adaptable, 
the flat back includes top and bottom flaps with screw holes. This 
facilitates fixing to either lampposts or walls (see Figure 7 to 
Figure 9).  

3.1. Sensors 

Each compact data collection device integrates seven sensors, 
selected to monitor both atmospheric pollutants and 
environmental parameters estimated relevant to the urban 
context of Los Ríos–Santo Domingo. The sensor selection 
criteria included: relatively low power consumption for 

 

Figure 4. First prototype of the unit. 

 

Figure 5. Evolving architecture of the system. 

 

Figure 6. Connection of the prototype. 

 

Figure 7. Case design for the second prototype.  
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continuous operation and availability of modules suitable for IoT 
deployment. The combination of these sensors provides a multi-
parameter characterization of the local environment. 

The sensors inside the devices are: MQ136 [6], MQ131 [7], 
SEN0232 [8], ADXL335 [9], MICS6814 (or CJMCU6814) [10], 
BME680 [11], and PMS3003 [12], see Figure 6. These 
components register the presence of hydrogen sulphide (H2S) or 
“sewer gas” [13], [14], ozone (O3)—one of the main air 
pollutants causing smog—[15], ammonia (NH3) [16], which can 
be expected in hazardous waste sites and contributes to particle 
formation [17], nitrogen dioxide (NO2), carbon monoxide (CO), 
volatile organic compounds (VOCs), and particulate matter 
(PM)—formed anthropogenically from emissions of combustion 
engines in vehicles, power generators, and the broad fossil fuel 
industry—[18]–[21], vibration, sound intensity, temperature, and 
humidity. See Table 1 and Table 2.  

4. ARCHITECTURE 

The system architecture was designed to guarantee reliable 
data acquisition, energy efficiency, and secure transmission in the 
context of Los Ríos–Santo Domingo. It comprises four main 
layers: sensing hardware, communication, server processing, and 
visualization. 

4.1. Sensing hardware layer 

Inside each compact unit, the sensors are connected to a 
custom PCB that includes: 

1) a microcontroller (ESP32-based) for data acquisition and 
local processing; 

2) a SIM card module for IoT cellular communication; 
3) power management circuits, including surge protection 

against local service instability and electrical storms; 
4) a waterproof case with horizontal intake slots for air 

circulation and drainage holes for heavy rain. 

4.2. Communication layer 

Data collected from each unit are transmitted in near real-time 
via cellular IoT (through SIM cards provided by Altice 
Dominicana). The communication protocol is based on 
lightweight TCP/IP requests compatible with IoT devices. 

4.3. Server processing layer 

An intermediate server was configured to receive all incoming 
data. The server runs the visual programming tool Node-RED, 
which allows modular programming of data flows, 
preprocessing, and flexible modification when necessary. This 
layer also handles timestamping, initial filtering, and the 
aggregation of 10-minute samples into 30-minute averages. 

4.4. Visualization and storage layer 

Processed data are forwarded to the online platform 
smartcityinstruments.net. This platform provides: 

1) real-time dashboards with the latest values; 
2) historical data visualization with graphs and export 

options; 
3) secure access through user accounts to guarantee data 

integrity. 
The information flow follows the order: sensors, 

microcontroller/PCB, IoT SIM transmission, Node-RED 

 

Figure 8. Views of case design for the second prototype. 

 

Figure 9. Electronic parts of the second prototype. 

Table 1. Technical details and metrological characteristics of the sensors used. 

Sensor Target variables Measurement range Resolution/ Sensitivity Notes on performance 

MQ136 
Hydrogen sulfide 
(H₂S) 

1–200 ppm < 1 ppm 
Semiconductor gas sensor, responsive to “sewer gas”; baseline drift with 
humidity and temperature, requires periodic calibration. 

MQ131 Ozone (O₃) 10 ppb–2 ppm < 10 ppb 
Semiconductor sensor with high sensitivity to O₃; response time < 90 s; 
affected by humidity variations. 

SEN0232 
(DFRobot) 

Sound level 
(Noise in dB) 

30–130 dBA ± 1.5 dB 
A-weighted measurement; frequency response 31.5 Hz–8.5 kHz; 
response time 125 ms; adequate for relative noise monitoring in urban 
contexts, though not a certified Class 1/2 instrument. 

MiCS6814 
(CJMCU-6814) 

CO, NH₃, NO₂ 
CO: 1–1000 ppm; NH₃: 
1–500 ppm; NO₂: 0.05–
10 ppm 

CO sensitivity ~1 ppm; 
NH₃ ~1 ppm; NO₂ ~0.05 
ppm 

Multi-channel electrochemical gas sensor; requires compensation for 
T/H; cross-sensitivity possible between gases. 

PMS3003 
PM1, PM2.5, 
PM10 

0–1000 µg/m³ (≥1000 
max) 

1 µg/m³ 
Accuracy ± 10 % (100–500 µg/m³) or ± 10 µg/m³ (0–100 µg/m³); laser 
scattering sensor; single response < 1 s, total response < 10 s; factory 
calibrated. 

BME680 
(Bosch) 

Temperature, 
Humidity, VOC 
index 

-40–85 °C; 0–100% RH; 
IAQ 0–500 

Temp ± 0.5 °C; RH ± 3 % 
Combines T/H with VOC measurement via MOS sensor; suitable for IAQ 
estimation. 

ADXL335 
Vibration (X, Y, Z 
axes) 

± 3 g 300 mV/g 
Analog MEMS accelerometer; used to detect vibration from traffic or 
structural disturbances. 
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server, and online visualization platform. This architecture 
balances scalability (units can be added without altering the 
system), reliability (redundant nodes enable comparative 
analysis), and adaptability (software updates on the server allow 
protocol modifications without physical intervention on 
devices). 

5. MEASUREMENTS 

The environmental data collection units were configured to 
operate under a standardized sampling cycle across the ten 
deployed devices. Each sensor performed a measurement every 
10 minutes, and the resulting values were subsequently averaged 
over 30-minute intervals. This strategy reduced data noise, 
balanced sensor drift, and optimized energy consumption while 
maintaining adequate temporal resolution for urban 
environmental monitoring. 

In collaboration with the Universidad Iberoamericana for the 
matter, the devices were developed and built by Smart City 
Instruments–University of Calabria (Calabria, Italy). Their data 
transmission capabilities were tested in order to ensure that the 
collected information would be broadcasted effectively over the 
Internet (see Figure 10).  

5.1. Web platform 

In summary, the platform was designed to work in two levels. 
The first one is an intermediate server that receives the data 
stamped and transmitted from the devices via IoT SIM cards. 

The server is configured to implement the programming tool 
Node-RED. Then, the data is sent to the second level of the 
platform (smartcityinstruments.net), where all the data collected 
from the installed devices can be visualized. It stores both raw 
10-minute values and processed 30-minute averages. This second 
level allows for the generation of reports containing historical 
data from selected devices, the visualization of the latest readings, 
and the display of graphics (see Figure 10). It is also equipped 
with a user access system to ensure data security. 

This configuration ensured a compromise between temporal 
resolution and data reliability, allowing the detection of diurnal 
patterns (e.g., traffic-related peaks in PM and noise) while 
avoiding redundant fluctuations and sensor noise. The vibration 
channel remained inactive throughout the campaign, as no 
seismic events occurred. 

6. VALIDATION 

Validation procedures were implemented to ensure the 
reliability of the measurement chain, covering the complete 
process from sensor data acquisition to online visualization. The 
validation strategy focused on three levels: functional validation, 
transmission validation, and consistency checks. 

6.1. Functional validation of sensors 

The functional sensor validation involved the following 
actions: 

Table 2. Measurement parameters and units. 

Parameter Sensor Unit 
Sampling 
frequency 

Averaging 
interval 

Notes 

H₂S MQ136 ppm 1 sample / 10 min 30 min Baseline drift compensated through averaging. 

O₃ MQ131 ppm 1 sample / 10 min 30 min Sensitive to humidity; values stabilized by averaging. 

CO, NO₂, NH₃ MiCS6814 ppm 1 sample / 10 min 30 min 
Multi-channel electrochemical sensing; averaging reduces cross-
sensitivity artifacts. 

PM1, PM2.5, 
PM10 

PMS3003 µg/m³ 1 sample / 10 min 30 min 
Laser scattering sensor; averaging smooths traffic-related short-
term peaks. 

Temp., RH,  
VOC index 

BME680 °C, %RH, IAQ index 1 sample / 10 min 30 min Provides contextual atmospheric baseline. 

Noise level SEN0232 dBA 
Continuous, 
averaged to 10 min 

30 min A-weighted; ± 1.5 dB error; final data reported as 30-min mean. 

Vibration ADXL335 Trigger event Event-based N/A 
Configured only for earthquake detection. No seismic activity was 
recorded during the measurement campaign. 

 

Figure 10. Data transmission test. 
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1) each unit was tested individually to verify that all sensors 
responded within their specified ranges when exposed to 
environmental stimuli; 

2) for the gas sensors (MQ136, MQ131, MiCS6814), 
exposure tests were conducted using controlled 
environments with known pollutant sources (e.g., 
cleaning agents or exhaust proximity) to confirm 
sensitivity and response; 

3) the SEN0232 sound sensor was compared against a 
commercial handheld sound level meter in an indoor 
environment, yielding deviations within the 
manufacturer’s ± 1.5 dB specification; 

4) the PMS3003 particle sensor was validated by comparing 
readings against a reference air quality monitor during a 
pilot run. 

6.2. Transmission validation 

The validation of transmission involved the following actions: 
1) a series of continuous transmission tests were performed 

to confirm that data packets from all ten units reached 
the intermediate Node-RED server; 

2) Figure 10 and Figure 11 in the article illustrate one of the 
data transmission tests, showing the successful 
forwarding of real-time measurements; 

3) SIM card connectivity and network stability were tested 
in different time windows (day/night). 

6.3. Consistency checks across devices 

Checks for consistency across devices involved the following 
actions: 

1) data from multiple nodes installed in close proximity were 
compared to detect anomalies and outliers; 

2) redundant sensing (e.g., two units recording PM2.5 under 
the same conditions) confirmed that variability remained 
within expected tolerance levels; 

3) outlier detection and filtering procedures were applied at 
the server level to discard spurious values, particularly in 
low-cost gas sensors subject to drift. 

Through these procedures, the measurement chain was 
validated end-to-end, confirming that the deployed system was 
capable of: capturing environmental variables within expected 
ranges, transmitting data reliably via cellular IoT, and storing and 
visualizing results without significant data loss. 

6.4. Limitations of low-cost sensors and data processing 

While low-cost environmental sensors—such as the MQ-
series and MiCS6814 used in this project—provide a cost-
effective solution for high-density spatial monitoring, they 
possess inherent metrological limitations. These strictly factory-
calibrated components are susceptible to baseline drift, cross-
sensitivity to non-target gases, and environmental dependencies. 

To mitigate these limitations in the absence of quantitative in-
field calibration, a two-tier data processing strategy was 
implemented. First, at the edge-computing level, the 
microcontroller firmware executes a local oversampling routine 
(averaging 10 consecutive samples with a 10-millisecond interval) 
for the analog sensors to filter out high-frequency electrical noise 
prior to transmission. Additionally, digital sensors like the 
BME680 are configured to utilize built-in oversampling and 
Infinite Impulse Response (IIR) filters to stabilize readings. 
Second, at the server level (Node-RED), the transmitted data are 
aggregated into 30-minute averages. This temporal aggregation 
significantly smooths short-term signal noise and transient 
anomalies. Although this dual filtering approach does not replace 
formal metrological calibration against reference instruments, it 
effectively reduces uncertainty, ensuring that the collected 
dataset reliably reflects relative environmental trends, peaks, and 
spatial differences. 

Specifically, the conversion of raw analog signals to 
engineering units was performed at the server level using the 
sensitivity curves provided by the manufacturers. For the 

electrochemical and MOS sensors, the resistance ratio 𝑅𝑠/𝑅0 
was calculated and mapped to gas concentration using a power-

law regression model: 𝑋 = 𝑎(𝑅𝑠/𝑅0)
𝑏, where 𝑋 is the 

concentration and 𝑎, 𝑏 are coefficients derived from each 
sensor's characteristic curve. This processing allows for future 
software-based recalibration without requiring physical access to 
the deployed hardware. 

7. PERFORMANCE EVALUATION 

The performance of the data collection system was evaluated 
through field deployment of the ten compact units in Los Ríos–
Santo Domingo. The evaluation considered operational stability, 
data transmission, energy consumption, and preliminary 
environmental readings. 

 

Figure 11. Data transmission test. 
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7.1. Operational stability 

Regarding operational stability, eight out of the ten deployed 
units operated continuously without major failures throughout 
the measurement campaign. However, devices 9 and 10 
experienced a permanent loss of communication a few days after 
their initial installation. Although physical reboots of the devices 
were attempted on site, they failed to re-establish the cellular IoT 
connection. Because the specialized technical team from Smart 
City Instruments had already departed the country, a deeper 
hardware diagnostic was unfeasible. Consequently, the exact 
physical root cause—whether a localized power supply issue at 
the lamppost, a cellular module/SIM failure, or an internal 
hardware fault—remains undetermined. 

However, from a reliability engineering perspective, the 
failure of 20 % of the nodes highlights the challenges of long-
term IoT deployment in tropical climates with high humidity 

(𝑅𝐻 >  90 %) and electrical instability. Despite this, the spatial 
redundancy of the remaining 8 units ensured the integrity of the 
total dataset. 

Device proximity (see section 2.2) provided significant spatial 
redundancy. The remaining eight active nodes successfully 
covered the target area without generating spatial blind spots, 
ensuring continuous and representative data collection for the 
analysis. 

Furthermore, protective features such as the surge protector, 
waterproof casing, and drainage holes proved effective in all 
units, which functioned stably under tropical weather conditions, 
including heavy rainfall. 

7.2. Data transmission 

All units transmitted data reliably to the Node-RED server 
and the visualization platform. Although devices 9 and 10 later 
failed. 

7.3. Energy performance 

The following observations address the energy performance of 
devices:  

1) average power consumption per unit was approximately 
3.5 W (≈ 700 mA @ 5 V), including all sensors and the 
communication module; 

2) the relatively high demand is primarily due to the heating 
elements of the MQ-series semiconductor gas sensors; 

3) this consumption is fully compatible with continuous 
deployment using lampposts and building electrical 
supplies. 

Energy characterization showed that the MQ heating 
elements represented 85 % of the total 3.5 W power demand. 
This confirms that while the system is IoT-capable, it requires a 
stable power grid connection (such as the lampposts used) rather 
than small-scale solar harvesting for this specific high-
consumption sensor array. 

7.4. Preliminary environmental performance 

The following observations address preliminary 
environmental performance: 

1) noise measurements typically ranged between moderate 
levels during daytime and higher levels during traffic-
intensive hours, consistent with the urban soundscape of 
Los Ríos; 

2) particulate matter (PM2.5 and PM10) showed higher 
values during peak traffic periods, suggesting the 
expected influence of vehicular emissions; 

3) gas sensors (CO, NO₂, NH₃, O₃, H₂S) reported values 
within detectable ranges, though further calibration and 
validation against reference instruments are needed; 

4) no seismic events were detected by the vibration sensor 
(ADXL335) during the deployment. 

Figure 10 and Figure 11 illustrate the functionality of the data 
acquisition and visualization platform rather than presenting 
scientifically interpretable environmental results. Figure 10 
shows a real-time dashboard displaying instantaneous values 

acquired from multiple sensors, including CO, H₂S, O₃, NO₂, 
NH₃, VOCs, particulate matter (PM1.0, PM2.5, PM10), 
temperature, and humidity. Each element includes the measured 
value, unit, and timestamp, confirming the correct operation of 
the end-to-end transmission chain (sensor → microcontroller → 
IoT communication → server → visualization platform). 
Figure 11 presents the historical data interface for a selected 
variable (CO in this case), including time-series visualization and 
tabulated records. These figures are intended to demonstrate 
system functionality, data integrity, timestamp synchronization, 
and storage capability, rather than to support quantitative 
environmental analysis. 

The platform allows the same visualization for any of the 
deployed sensors. The bar charts show daily variation (yesterday 
vs. today), while the table at the bottom lists sensor ID, variable 
description, measured values, and timestamps. 

 This functionality confirms the platform’s ability to handle 
both real-time monitoring and archival storage of environmental 
data, ensuring traceability and facilitating future analysis. See 
Table 3. 

8. PRELIMINARY RESULTS 

During the initial deployment, the ten devices successfully 
operated in field conditions and generated environmental 
datasets according to the defined measurement cycle (sampling 
every 10 minutes, averaged every 30 minutes). All sensors 
transmitted data through the IoT chain (device → Node-RED 
server → visualization platform), confirming end-to-end system 
functionality. Preliminary datasets include: 

1) gas measurements (CO, NO₂, NH₃, O₃, H₂S) – values 
were successfully recorded within the detection ranges of 
the corresponding sensors (MQ131, MQ136, MiCS6814); 

2) particulate matter (PM1.0, PM2.5, PM10) – continuous 
readings were obtained from the PMS3003 sensor, with 
values expressed in µg/m³; 

3) noise levels – SEN0232 provided decibel readings in the 
expected range (30–130 dBA), processed into 30-minute 
averages; 

Table 3. Performance summary of the deployed system. 

Metric Result Notes 

Uptime (devices) 8 stable / 2 failed  

Data transmission Stable in 8 devices  

Power consumption 
per unit 

~3.5 W (≈ 700 mA @ 5 V) 
Includes all sensors and 
communication modules. 

Noise levels 
(SEN0232) 

Variable, higher in traffic 
hours 

Consistent with urban 
environment. 

Particulate matter 
(PMS3003) 

Variable, higher in peak 
hours 

Traffic-related influence 
observed. 

Vibration (ADXL335) None detected 
No seismic events 
occurred. 
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4) temperature and humidity – BME680 recorded 
atmospheric context variables, ensuring support for 
environmental correlation; 

5) vibration – ADXL335 was active but did not register 
seismic events during the campaign period. 

The dataset collected demonstrated that the monitoring 
network was fully functional and capable of producing 
structured, time-stamped data across all variables. These 
preliminary measurements served as an initial trial, being the 
basis for further calibration, validation, and detailed analysis in 
subsequent project phases. 

For initial trial testing, a data sample spanning from the 10th 
of January 2025, to the 11th of February 2025, from all eight 
working devices was obtained, and factor averages were 
calculated for each device. See Table 4 with thresholds [13], [16], 
[22]–[27]. 

These results should be interpreted as preliminary indicators 
rather than absolute calibrated concentrations, since the 
deployed sensors were not subjected to laboratory calibration 
against reference instruments. 

9. DATA ANALYSIS 

After the phase reported in this article, a second phase took 
place where a final data sample was identified and analysed 
considering day averages for each device, focusing not only on 
pollutant concentration but also on possible patterns that could 
be linked to socioeconomic differences in the area. The data 
analysis in the second phase consisted of statistical analysis, 
representation using tables, and maps from a geographic 
information system platform.  

10. CONCLUSIONS 

During this preliminary testing period, averages for carbon 
monoxide (CO) ranged from 4.67 to 6.77 mg/m³, and nitrogen 

dioxide (NO₂) ranged from 24.97 to 25.59 µg/m³. These values 
exceed established WHO safety thresholds (4 mg/m³ and 10 

µg/m³, respectively) [22]. Particulate matter (PM₁) values were 
also observed to be elevated as being above the mark of 2 μg/ 
m³ [23], while all noise averages were above 45 dBs with only one 
average below 53 dBs. The averages do not show specific values 
for night or daytime, however, as reference, the WHO 
recommends a maximum limit for noise caused by road traffic of 
53 dB, and of 45 dB during the night [24]. Additionally, relative 

humidity (RH) values were consistently logged below the 40 % 
optimal threshold [26]. 

This phase of the project successfully demonstrated the 
viability and critical need for a high-density IoT environmental 
monitoring network to better understand vulnerability in urban 
areas. To reflect upon the possible impact of the preliminary 
environmental data registered, one important aspect to consider 
is that devices were installed above human reach to prevent 
vandalism. If a major share of the gas and noise pollution in the 
area was originated in combustion vehicles, then gas 
concentrations and decibel levels could be greater at the height 
of engines and exhausts. However, gas and air temperatures, and 
wind patterns could have an impact on concentrations, too.  

As for effects on human health, according to the WHO, 
exposure to high concentrations of carbon monoxide (CO) is 
associated with myocardial infarction [19], while nitrogen dioxide 
(NO2) is known to be a precursor of other pollutants, and 
exposure to high concentrations is related to non-accidental and 
respiratory mortality [19]. Additionally, high levels of micro-
particles, like PM1, can cause cardiovascular, respiratory diseases, 
as well as diseases of the immune and endocrine systems [22]. As 
for high noise levels, according to the WHO, exposure can have 
“cardiovascular and metabolic effects; annoyance; effects on 
sleep; cognitive impairment; hearing impairment and tinnitus; 
adverse birth outcomes; and quality of life, mental health and 
wellbeing.” [24] (p. xiv). 

Thus, vulnerability by environmental pollution needs to be 
understood as a challenge that might affect populations of 
different socioeconomic status (SES). However, it is important 
to explore a possible relationship between SES and 
environmental pollution. Hence, the second phase of this project 
focuses not only on pollutant concentration but also on possible 
patterns that could be linked to socioeconomic differences in the 
area. 

For this particular sample, Table 5 and Figure 12 show higher 
average values per certain variables among devices facing Paseo 
del Yaque street as compared with average values among devices 
facing Majoma street (see black dots). The variables are CO, H2S, 
NH3, PM1, PM2.5, PM10, noise, and temperature. VOC Kilo 
Ohms or “kΩ” values were lower in devices facing Paseo del 
Yaque street, meaning comparatively higher concentrations 
detected.  

For the analysis of Table 5 and Figure 12, devices were paired 
by order of alignment in their respective streets, departing from 
the northwest corner of the property. Considering values of 

Table 4. Preliminary results for testing and initial approach. Total average of values between the 10th of January and the 11th of February, 2025.  

Factor Unit Device 1 Device 2 Device 3 Device 4 Device 5 Device 6 Device 7 Device 8 *Th Note Ref. 

CO mg/m3 4.769 4.672 5.041 5.183 4.959 5.997 5.960 6.777 4 24-hour average [22] 

O3 μg/m3 19.94 19.95 19.89 20.19 20.04 19.87 20 20.04 60 Peak Season [22] 

H2S ppb 2.57 2.55 2.56 2.58 2.61 2.50 2.70 2.6 14.35 Max. 90 days, = 20 μg/m³ [13] 

NH3 μg/m3 3.04 2.96 2.98 2.98 2.97 3.32 2.99 3.01 270 24-hour mean [16] 

NO2 μg/m3 25.59 24.99 25.47 24.97 25.08 25.32 25.03 25.14 10 Annual average [22] 

VOCs 
VOC index (sensor 
resistance proxy - kΩ) 

424.26 233.1 43.41 69.28 26.71 31.92 32.25 23.20 ? Gas increases conductivity [27] 

PM1 μg/m3 2.065 2.232 2.098 2.095 2.829 3.735 3.30 3.44 2 = 0.002 mg/m³ [23] 

PM2.5 μg/m3 4.126 4.49 4.01 3.85 4.92 6.62 6.01 5.69 5 Annual average [22] 

PM10 μg/m3 4.94 5.45 4.71 4.46 5.79 8.068 7.42 6.795 15 Annual average [22] 

Noise dB 47.88 61.95 70.4 65.45 60.9 67.1 67.21 74.09 45/53 Night/day [24] 

TEMP °C 27.23 26.07 25.81 26.57 28.5 26.9 26.92 25.87 26.6 “Caution Range”: 80–90 °F. [25] 

RH %RH 38.2 29.2 22 24 25.9 22.84 23.1 20 40-60 For occupied buildings [26] 

Note: “Th” stands for “threshold”. 
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devices facing Majoma street as 100 % (devices 3, 4, 1, and 2), 
dots show percentage of increment between average values from 
devices: 6 and 3 (orange), 7 and 4 (grey), 8 and 1 (yellow), 5 and 
2 (blue). Black dots represent increment in street average, that is, 
a comparison between averages of variables from devices that 
face the same street. 

It is estimated that the segment of Paseo del Yaque street in 
front of the site has higher vehicle and pedestrian traffic. 
Additionally, that side of the property is from where most 
patients enter the healthcare facility.  

Despite minor hardware attrition, the system architecture 
proved reliable, energy-efficient, and replicable for future stages. 
By transitioning from unmeasured assumptions to empirical data 
collection, this preliminary phase lays a robust foundation for 
broader, long-term monitoring and future information-based 
participatory planning in Los Ríos. 
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