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Abstract: With the exponential development of MEMS (Micro Electro Mechanical Systems) in the
last decade, emphasis has been placed on the construction of IoT devices in conjunction with an
appropriate information system to assist citizens in various fields (transportation, trade, etc.). More
specific on health, there are specific IoT devices which can monitor a patient’s health condition or
provide environmental data for the area, information which affects the health quality conditions. In
densely populated areas and especially in large cities, environmental pollution, apart from the
known issue of air pollution, there is also the exposure of citizens to solar radiation (ultraviolet UVA
UVB radiation), as well as noise pollution in an areas where people live and work. Ultraviolet radi-
ation, especially during the summer months, is responsible for skin cancer and various eye diseases,
while noise pollution can create mental disorders in humans, especially to the underaged ones. In
this article, a low-cost solar radiation and noise pollution monitoring station is presented. The parts
that consist this implementation are: a microcontroller (TTGO-OLED32) with an integrated LoRa
device, an ultraviolet radiation sensor and sound sensors. In addition, a mini ups device has been
used, in case of power failure and a GPS device is utilized for the location point. The measurements
are obtained by the sensors every ten minutes and are transmitted via the LoRa network to an ap-
plication server in which the user has direct access to the environmental data of a specific area. In
conclusion, the data obtained from such IoT devices help in the study of cities to optimize factors in
people’s lives.
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1. Introduction

Issues regarding environmental pollution, health quality, specifically in developed
large cities, has been the subject of various studies in recent years [1-4]. In general, the
term health, is referenced to terms like the wellness of the body and the effects on human
life [5-8], however, mental health also proved equally severe [9-11]. In the everyday en-
vironment, where someone lives and works there is a set of pollutants, such as atmos-
pheric pollution with increased greenhouse gases, but also other forms of pollution such
as noise and light. Regarding atmospheric pollution, the air quality in densely populated
areas has shown an impact on human health, both from gaseous pollutants and from par-
ticulate matter [12-14], which are the result of human activities such as the development
of industry, residential heating systems, traffic, etc. In addition, there are other forms of
environmental pollution, like the acoustic noise of an area, originated by industrial or
residential activities, leading to the degradation of life quality, as well as the appearance
of mental disorders. It greatly contributes to human mental disturbance [15] and although
it has not been proven to be connected with mental diseases, a correlation of residences
near airports that show strong symptoms of depression is evident [16]. Subjective health
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symptoms, such as fatigue and headaches, are consistently reported more often by chil-
dren who live near an airport facility or go to school in noisy areas [17]. There are issues
reported, where the light pollution of an area with ultraviolet radiation can be harmful to
humans. Researches have shown the harmful effects of human exposure to ultraviolet ra-
diation from the sun, as it causes skin cancer in a very large percentage [18]. UV radiation
can also affect vision as it carries higher energy than visible light and high dose exposure
to UV radiation causes direct cell damage, which plays an important role in cancer devel-
opment [19]. In the last decade, the rapid development and construction of electronic cir-
cuits has resulted in the creation of reliable microcontrollers and low-cost sensors. This
aspect offers feasibility to build affordable environmental monitoring systems, both in
terms of air quality monitoring [20] and environmental conditions such as acoustic noise
and light pollution of an area, giving citizens precious information for their residential
area. As a communication carrier, a LoORaWAN [21] network can be used to ensure the
precise linkage of monitoring stations without fees in a spatial coverage of 3 km. This
paper presents the study and implementation of a low-cost, environmental monitoring
station which includes both noise and light pollution sensors. The retrieved values of the
noise level are measured at dB for noise pollution, while the level of ultraviolet radiation
is measured as a UV index of light pollution. Due to rapid technology development, there
are many reliable low-cost systems that meet low power consumption and excellent pro-
cessing standards such as the TTGO@ESP32 microprocessor [22]. These systems offer suf-
ficient local data analysis with low power consumption and LoRa wireless connectivity.
This article is organized into the following sections: II the materials and methods, III the
results and discussion and, IV the conclusions.

2. Materials and Methods

Three sections compose the IoT architecture [23], Perception, Network, and Applica-
tion, as seen in Figure 1.
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Figure 1. IoT Architecture topology.

In the case of this work, the low-cost environmental monitoring station constitutes
the Perception part, including the microcontroller and sensors. The microprocessor unit
(CPU) is the TTGO@ESP32, and as sensors, a GYML8511 UV [24] sensor for light pollution
and a sound sensor module [25] for sound pollution were used. The network section, also
referred as transparent segment with aiming to connect perception and application sec-
tions. This module is responsible for transmitting data from the low-cost stations to a cen-
tral station (server) that contains the application section. In this work we utilize the built-
in LoRa network function contained in TTGO@ESP32. Data transfer has been done using
“The Things Network (TTN)” LoRaWAN network. The Application section is the final
stage of the IoT system, which provide the services to the end user. This section supports
many applications for the development of IoT (Internet of Things) systems. In this work
the application section is supported by cayenne application server web portal [26]. The
components of low-cost environmental conditions monitoring station are the micropro-
cessor and the sensors. In addition, an expansion board was constructed for the intercon-
nection between CPU and sensors.

e TTGO@ESP32
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The main CPU is the TTGO@ESP32 [22] (Figure 2a), that is an open-source Arduino
based firmware for IoT implementations. It's an ideal module for IoT devices as it remains
highly affordable with a plethora of features, such as: processing capabilities with a fast
time response. It can be programmed using the open-source Arduino Software (IDE)
providing convenience in coding and uploading to the board, while being a familiar and
user-friendly software. This processor satisfies the requirements of communication for the
sensors array (25 I/O ports, UART, I2C, SPI interfaces). The CPU data processing speed
further satisfies this implementation with low power consumption. The microprocessor
integrates the data transfer communication which can be implemented over Long Range
(LoRa) network or wireless network (Wi-Fi). In addition, a battery (type 18650) is con-
nected to the integrated charger of the main board for uninterrupted operation in the
event of a power failure and voltage stability.

e  Sensors

For the environmental conditions, light and noise pollution sensors were utilized, the
GYMLS8511 [24] ultraviolet sensor (Figure 2b) outputs an analog signal in relation to the
amount of the UV light, as the sensor is able of detecting wavelengths of 280-390 nm light
with high precision. For a Noise pollution validation, a sound sensor module [25] (Figure
2c) of a dynamic microphone (electromagnetic microphone) and amplifier circuit with an-
alog output was exploited. In addition a GPS module (Figure 2d) was used for the station
location.

(a) (b) () (d)
Figure 2. The CPU and sensors of low-cost station: (a) The TTGO@ESP32 CPU board; (b) the UV
sensor GYMLS8511; (c) the sound sensor; (d) the GPS module.
e  Station implementation

The diagram of implementation and the final construction of environmental condi-
tions monitoring station are shown at Figure 3a and Figure 3b respectively. The whole
device was integrated in a waterproof box type IP66 (with dimensions of 115 mm x 150
mm), which is rather small. The total cost of the station is approximately 80 €. Every ten
minutes a measurement is conducted and transferred over the LoRa network through the
internet to the Application server.

GPS
I
UV SENSOI s
TTGO
MCU
Sound sensor
I
mini UPS
Battery
(a) (b)

Figure 3. The implementation and construction of low cost station: (a) the station components dia-
gram; (b) the final construction of the low-cost monitoring station.
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3. Results & Discussion

The evaluation and accuracy of measurements from low-cost environmental condi-
tions are presented at this section. This custom-made monitoring layout have been in-
stalled on the roof of the building, directly to the sun, at the height of 1.5 m, on a location
at eastern Attica in Greece and specifically at the municipality of Agia Paraskevi. On the
evaluation of the UV low-cost sensor, the common knowing measurement of the UV pol-
lution is the UV index, the calculation of the output of the low-cost UV sensor give the
miliWatt/square centimeter, the investigation of the transformation of output sensor to UV
index took place. According to the datasheet of the sensor [24], specifically of the graph of
output voltage—UYV intensity characteristics can extract the slope of the sensor response.
The proposed UV index (Equation (1)) is the result, as the output of the sensor is multi-
plied to the slope and the result is divided by a correction factor (A).

2
(calculate output (%) * slope (fn"];/)) ey
uvl = A

The reference data are received by the official monitoring station in cooperation with
the National Observatory of Athens [27]. The distance between the low cost station and
reference station are 3 km. The follow Figure 4 shows the time series measurements and
the correlation of UV index of the low cost monitoring station and the reference station at
the last day of June, July and August of 2023.
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Figure 4. Time series and correlations of measurements of low-cost sensor and reference of UV in-
dex: (a) Time series of 30 June 2023; (b) Time series of 30 July 2023; (c) Time series of 31 August 2023;
(d) Correlations of 30 June 2023; (e) Correlations of 30 July 2023; (f) Correlations of 31 August 2023.

Regarding noise pollution, the results of the measurements are shown indicatively as
there are no reference measurements. The calibration of the microphone module was per-
formed in a laboratory where the noise level decibel (dB) was known by official instru-
ments. The Figure 5 shows the time series measurements of noise pollution for the low-
cost monitoring station at the last day of June, July and August of 2023.
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Figure 5. Time series measurements of noise pollution (dB): (a) Time period of 30 June 2023; (b)
Time period of 30 July 2023; (c) Time period of 31 August 2023.

4. Conclusions

In the environment, apart from atmospheric, there are other forms of pollution, such
as light and noise, which affect human health and wellness. In this article, a low-cost UV
radiation and noise pollution monitoring station has been presented. The data transfer has
been done through the LoRa network while the visualization is supported by Cayenne,
which is an IoT application server on the internet. The measurements have been retrieved
in-vivo and the measured values have been corrected using a proposed equation to extract
the UV index for the UV sensor and the sound output in decibels (dB) from the sound
sensor. The results are encouraging as the low-cost UV sensor shows a correlation coeffi-
cient R? greater than 90% with respect to the reference data, while the noise value accuracy
shows satisfactory results as the station was installed in a quiet neighborhood of northeast
Attica. The use of low-cost sensors and their utilization with micro-controllers of new
technology, can satisfy a wide range of detection for environmental conditions. The aim
is to attract more and more people to actively participate in actions such as public health
monitoring which is a common good for all. However, it is a good and affordable solution
for the general public to be informed about the environmental conditions where they live
and work.

Author Contributions: Conceptualization, I.C. and D.R.; methodology, I.C., V.A.O,, P.C. and D.R;;
software, 1.C.; validation, V.A.O. and P.C,; formal analysis, I.C., V.A.O., P.C. and D.R.; investigation,
I.C. and D.R;; resources, V.A.O. and P.C.; data curation, V.A.O. and P.C.; writing—original draft
preparation, I.C.; writing—review and editing, D.R. and V.A.O.; visualization, V.A.O.; supervision,
I.C. and D.R;; project administration, I.C. All authors have read and agreed to the published version
of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: All of the data created in this study are presented in the context of this
article.

Conflicts of Interest: The authors declare no conflict of interest.

1.  Manisalidis, I.; Stavropoulou, E.; Stavropoulos, A.; Bezirtzoglou, E. Environmental and health impacts of air pollution: A review.
Front. Public Health 2020, 8, 14.

2. Zhang, X,; Chen, X.; Zhang, X. The impact of exposure to air pollution on cognitive performance. Proc. Natl. Acad. Sci. USA 2018,
115,9193-9197.

@

Lin, B.; Zhu, ]. Changes in urban air quality during urbanization in China. J. Clean. Prod. 2018, 188, 312-321.

4. Liang, L.; Wang, Z.; Li, J. The effect of urbanization on environmental pollution in rapidly developing urban agglomerations. J.
Clean. Prod. 2019, 237, 117649.



Eng. Proc. 2023, 56, x FOR PEER REVIEW 6 of 6

10.

11.

12.

13.

14.

15.

16.

17.

18.
19.
20.

21.

22.

23.
24.

25.
26.

27.

Jiang, Y.; Niu, Y.; Xia, Y.; Liu, C,; Lin, Z,; Wang, W.; Ge, Y.; Lei, X.; Wang, C.; Cai, ]; et al. Effects of personal nitrogen dioxide
exposure on airway inflammation and lung function. Environ. Res. 2019, 177, 108620.

Nuvolone, D.; Petri, D.; Voller, F. The effects of ozone on human health. Environ. Sci. Pollut. Res. 2018, 25, 8074-8088.
Momtazan, M.; Geravandi, S.; Rastegarimehr, B.; Valipour, A.; Ranjbarzadeh, A.; Yari, A.R.; Dobaradaran, S.; Bostan, H.; Far-
hadi, M.; Darabi, F.; et al. An investigation of particulate matter and relevant cardiovascular risks in Abadan and Khorramshahr
in 2014-2016. Toxin Rev. 2019, 38, 290-297.

Goudarzi, G.; Alavi, N.; Geravandi, S.; Idani, E.; Behrooz, HR.A.; Babaei, A.A.; Alamdari, F.A.; Dobaradaran, S.; Farhadi, M.;
Mohammadi, M.]. Health risk assessment on human exposed to heavy metals in the ambient air PM10 in Ahvaz, southwest
Iran. Int. ]. Biometeorol. 2018, 62, 1075-1083.

Ventriglio, A.; Bellomo, A.; di Gioia, I.; Di Sabatino, D.; Favale, D.; De Berardis, D.; Cianconi, P. Environmental pollution and
mental health: A narrative review of literature. CNS Spectr. 2021, 26, 51-61.

Mueller, M.A.; Flouri, E.; Kokosi, T. The role of the physical environment in adolescent mental health. Health Place 2019, 58,
102153.

Ventriglio, A.; Torales, J.; Castaldelli-Maia, ].M.; De Berardis, D.; Bhugra, D. Urbanization and emerging mental health issues.
CNS Spectr. 2021, 26, 43-50.

World Health Organization. WHO Global Air Quality Guidelines: Particulate Matter (PM2. 5 and PM10), Ozone, Nitrogen Dioxide,
Sulfur Dioxide and Carbon Monoxide; World Health Organization: Geneva, Switzerland, 2021.

Ritz, B.; Hoffmann, B.; Peters, A. The effects of fine dust, ozone, and nitrogen dioxide on health. Dtsch. Arzteblatt Int. 2019, 116,
881.

Orellano, P.; Reynoso, J.; Quaranta, N.; Bardach, A.; Ciapponi, A. Short-term exposure to particulate matter (PM10 and PM2.
5), nitrogen dioxide (NO2), and ozone (Os3) and all-cause and cause-specific mortality: Systematic review and meta-analysis.
Environ. Int. 2020, 142, 105876.

Kou, L.; Kwan, M.P.; Chai, Y. Living with urban sounds: Understanding the effects of human mobilities on individual sound
exposure and psychological health. Geoforum 2021, 126, 13-25.

Beutel, M.E.; Brahler, E.; Ernst, M.; Klein, E.; Reiner, I.; Wiltink, J.; Michal, M.; Wild, P.S.; Schulz, A.; Munzel, T.; et al. Noise
annoyance predicts symptoms of depression, anxiety and sleep disturbance 5 years later. Findings from the Gutenberg Health
Study. Eur. ]. Public Health 2020, 30, 487—-492.

Clark, C.; Head, J.; Haines, M.; van Kamp, L; van Kempen, E.; Stansfeld, S.A. A meta-analysis of the association of aircraft noise
at school on children’s reading comprehension and psychological health for use in health impact assessment. |. Environ. Psychol.
2021, 76, 101646.

Leiter, U.; Keim, U.; Garbe, C. Epidemiology of skin cancer: Update 2019. Sunlight Vitam. D Ski. Cancer 2020, 123-139.

Yam, ].C.; Kwok, A.K. Ultraviolet light and ocular diseases. Int. Ophthalmol. 2014, 34, 383—400.

Christakis, I.; Hloupis, G.; Stavrakas, I.; Tsakiridis, O. Low cost sensor implementation and evaluation for measuring NO2 and
O3 pollutants. In Proceeding of the 9th International Conference on Modern Circuits and Systems Technologies (MOCAST),
Bremen, Germany, 7-9 September 2020.

The Things Network. Available online: https://www.thethingsnetwork.org/ (accessed on 31 August 2023).

ESP32  Series—Espressif =~ Systems.  Available  online:  https://www.espressif.com/sites/default/files/documenta-
tion/esp32_datasheet_en.pdf (accessed on 31 August 2023).

Said, O.; Masud, M. Towards internet of things: Survey and future vision. Int. ]. Comput. Netw. 2013, 5, 1-17.

ML8511 —SparkFun Electronics. Available online: https://cdn.sparkfun.com/datasheets/Sensors/LightImaging/ML8511_3-8-
13.pdf (accessed on).

KY-038 Datasheet. Available online: https://datasheetspdf.com/pdf-file/1402048/Joy-IT/KY-038/1 (accessed on 31 August 2023).
Cayenne Community Forum, Cayenne. Available online: https://cayenne.mydevices.com/cayenne/forum_login (accessed on 31
August 2023).

Latest Conditions in Nomismatokopeio. Available online: https://penteli.meteo.gr/stations/nomismatokopeio/ (accessed on 31
August 2023).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-
thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.



