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Abstract

Killing around 7 million people a year, air polloti is the biggest risk to environmental healthhia world. In this paper, we
explore the use of structuring knowledge represiemtan form of a framework approach for an indaor quality sensor.
Applying the main steps to be considered in defirém air quality framework, we discuss each on¢hefn, followed by a
particular implementation of the framework in teraisan ontology model to exposure to carbon mon®xidd PM10.5 (two of
the most encountered pollutants in home life).
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1. Introduction

Integrating sensors and models into computatiorialligence, making decisions based on intetigdata analysis to solve,
monitoring or predicting problems of any kind ireteveryday life, are topics of major interest ia Htientific community and of
course in the current context of the world we lingReis et al., 2015). Thus, sensors play an itaporole in the field of "Data
Knowledge" by extracting essential information frarspecific field. Today, most sensors and thegsusre managed by the
Internet of Things, sensor networks becoming awitbgs part of our environment, promising to pravigal-time data flows to
suit specific purposes such as meteorology, airalaefection, athlete training, earth observatiomaid home monitoring,
healthcare, security, surveillance, military, eomimental health risks (Meng et al., 2018). Sensasily interact with computers
and smartphones, which connect via the Internéh monitoring results displayed across variousiappbn or website interfaces
(Meng et al., 2018).

Uncalibrated (requires filtering measurementsrfoise reasons) or precalibrated (so that the idatafficiently reliable for
comparison with official air quality standards)nsers should have a web architecture capable of:

= identify relevant data sources, often by filteralgfa or reducing noise so that only the necessémynation is extracted;

= access the data (almost) in real-time and combitte the data saved a priori in the form of an eémgsidatabase so that
the system is capable of learning; and

=> combine and correlate data from disparate souréésdifferent ways of monitoring so that the resuiitom different
algorithms and different users can be combineddisyglayed in an application as easily accessibteemsy to use (Reis
et al., 2015).
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The use of detection devices is constantly gngwbeing mostly implemented to monitor the phylsiearld around us, but even
so, there can be mentioned some restraints of s&ingors such as increasing the volume of dataeasing the heterogeneity of
devices, data formats, and measurement procedagegell as the difficulty of mounting sensors imtai locations (Compton et
al., 2012).

2. General requirementsfor a framework approach

The main steps to be taken in defining an aaiguframework are:

purpose identification (its use and characterizatibusers);

key concepts identification (defining and representhe concepts and relations using formal langejg
implementation;

behavior analysis

evaluation and validation;

challenges;

A AR XA

2.1. Purpose identification

The link between "Big Data" and public healtim ¢ee shaped by sensors that try to solve or moaitgironmental problems by
collecting almost instantaneous data, by improwimg collection of environmental data in poorly ntoréd or rural areas, in
urban areas with high concentrations of pollutaasswell as in developing countries where monigpig virtually non-existent
(Reis et al., 2015). In addition to smart senspessonal sensors also give users the ability toitmothe air they breathe. The
basic principle of the functionality of air monilog sensors is that they measure data (almosteattime, with various
instruments, such as analyzers, the data being@gubstly published to the user through web services

Meng et al. (2018) describes a geospatial sewstr (GSW) application for ecological public heafttoblems. Human and
Ecological health Risks Ontology (HERO) is callé semantic sensor network ontology template anthdfuand Ecological
Health Risk Management System (HaEHMS) illustrélbesweb-based prototype, which can estimate heakh. Compton et al.
(2012) presents a conceptually global ontology sEmantic sensor network incubator group, whictcriless the sensors and
their capabilities, observations, and methods useddetection. Divided into ten conceptual modulds SSN ontology is
designed to support modeling complex projects, BENSEI or Semsor-Grid4Env project.

Paper (Opera, 2009) describes ontology for@liufion analysis and control and presents itsingao systems, an expert and a
multiagent system, both systems being applied bamiregions. There are some meteorological tered insthe created ontology
like rainfall, wind, temperature, humidity, or psese.

In Adeleke et al. (2015), the created ontolomplies both the air quality state to which the eatrconcentration value
corresponds and thermal comfort in the monitoreashe using temperature and humidity values recdrglesgnsors. For the case
study in this paper, the ISO 7730 standard fronb208s adopted, a standard that defines as pollth®ooncentration levels that
exceed certain critical values. Using a W3C stathdartology language, the authors in Riga et al1&0developed both an
ontology schema for representing the status ofetéronment and its impact on citizens’ health @ndule-based reasoning
mechanism for generating personalized recommendatimased on air quality conditions.

In Dahleh et al. (2016), it is defined a poluj a sensor, and a species ontology for the reptation of 1ISO37120
Environmental theme indicator definitions. Usingoldl City Indicator Foundation Ontology to expréiss units of measure of
each pollutant concentration, W3C Semantic Senstwbdrk Ontology to identify the sensor used in eawdasurement, the
ontology allows the automation of the analysis ofiy’'s performance. The description of an indoar guality sensor is
influenced by the complex interactions of seveiffertent phenomena, including natural sources (e@gather like tornadoes or
wind), indoor activities of occupants (cooking, himg fossil fuels, candles, incense), proximityimdustrial centers, burned
bushes, characteristics and/or structures of tidibg (number of windows in a room, type of ceg)n(Adeleke et al., 2015).

Nowadays, when air pollution and health iss@exih top searches and concers, there are manyomaitiquality sensors, for
both indoor and outdoor environment. Different fréime point of view of number of sensor, costs, ldigpparticular pollutant,
many producers present top air quality deviceshercurrent present (reviewsofairpurifiers.com).

2.2. Key concepts identification

A conceptual framework is based on several Byéte measurement and monitoring, classificaimad analysis, action and
control. For example, by observing air pollutairite ISQ, NO,, PM10, CO, @, or PM2.5 we can know the "potential" air quality
(Meng et al., 2018). Starting from this idea, adoior air quality should meet air quality standagtspnce the sensor connects to
the power supply, the sensor controller startsuao-adaptation algorithm that ensures the valueaddor air quality is similar to
the index of healthy air quality. The principleaproper sensor should aim to monitor, measureeswtd room conditions, turn
on the ventilation or purification system when regidand even send alerts based on measured catimardrif any change
appears in the optimum pre-settled conditions.
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Exploiting sensor network data can be greaitylifated by ontology-based modeling (Meng et 2018). An ontology example
of indoor air quality sesnor in case of measuriagoentration values of two pollutants, PM10.5 aatbon monoxide (CO), and
what actions should be taken in case of risky \sisg@resented in Figure 1.

PM-type particulate pollution consists of a miet of solid and liquid droplets. The particles &im a wide range of sizes, but
the one with a diameter of 10.5 micrometers (I&sstthe width of a human hair) representing finst gharticles, smoke, or
various allergens have been linked to cause oragtg several serious health problems like hedttray disease (airnow.gov).
Carbon monoxide is an odorless, colorless gasfthats when carbon in fuels does not burn completeigssive concentrations
of pollutants may occur in case of damage to a hstoee or gas plant. Entering the blood throughuhgs, reducing the amount
of oxygen that reaches the organs and tissuesprcamionoxide can cause from mental or vision dissrtie people intoxication,
having various cardiovascular and respiratory spmgtto even death (airnow.gov).

--measures & records concentrations

Pollutants Sensor input Sensor output
adaptation

Loz algorithm

PM 105 Controller

-- checks & acts (ventilates)

Figure 1. Structure exemple of an air monitoring sensor

We can see both PM 10.5 and CO pollutants ap@ieinputs for the sensor logic, which throughtidier and adaptation
module, creates specific outputs. This sensor md&iought to measure the concentrations of twehef most encountered
pollutants in home life (airnow.gov), the level®#10.5 and carbon monoxide, so in case of any &frmperational problems of
the heaters or simply if any activity in the hoirsereases the rate of pollutant concentrationstehants to be informed about the
level of pollutant concentrations and about whéibas should be taken depending on their valueslamtbgic of the software.

2.3. Implementation

According to Saad et al. (2014), 57% of the ordair quality monitoring systems are based on ogiontrollers, 53% of the
systems use the Internet of Things, and 33% aredbas Wireless Sensor Network architectures. Ticadit sensor network
platforms (eg Hourglass, Global Sensor) focus ompmsing wireless networks for collecting and dsiting observed data
(Meng et al., 2018). For instance, Intel Researkfsbdlet provides a software infrastructure forlatfprm that allows users to
query distributed data collections from sensordally and proposes a two-tier architecture conmgistf detection agents that
collect and pre-process the sensor data and oiggrégents that store sensor data in a hierarghdéstfibuted XML database
(Gibbons et al., 2003; Compton et al., 2012).

Tzoa is a sensor that measures air qualitywallp users to receive instant feedback on theiirenment and air quality, by
detecting two types of particles in the air, inéhginoxious substances found in the exhaust opwuartypes of dust (Reis et al.,
2015). Detailed data is available through a moape, which combined with the GPS system contribtdesn air quality map,
making suggestions for the best routes and neigiiolools for outdoor activities. The sensor also joither air quality monitoring
projects for citizens' health (eg AirBeam, Air QtialEgg, AirBoxLab, or Smart Citizen Kit), which ela build air pollution
databases (postscapes.com). For example, Air @U&dig is an air quality detection system desigredlliow anyone to collect
high-resolution readings of NGand CO concentrations outside the home, usingRtrdhsmitter and an ethernet base station.
The data can then be shared to create a netwarkdhabe used by the general public (Reis et @ll52 Dumini DustDuinos is
another device that measures the concentratiohgrofiful particles in the external environment anent uploads the data to a
public website (postscapes.com).

Devarakonda et al. (2013) presents a mobilecgubr for measuring fine-grained real-time air dyah the form of a Mobile
Sensing Box (MSB) assembled unit. Consisting of iarecontroller, dust, and carbon monoxide sensGf3S, and cellular
modem, it can be mounted on any vehicle and poweyets battery. In Sherin et al. (2016), therdeésigned a wireless indoor air
quality sensor network system using the Digi XBeedaoie, while (Opera, 2009) describes a wireless@enetwork system
developed using Arduino and Raspberry Pi open-gohacdware platforms. Ho et al. (2020) presenth botSmart-Air” device
and a web server that creates an loT-based indoguality monitoring platform. By measuring contetions of aerosol, VOC,
CO, CQ, and temperature-humidity, the device composed aficrocontroller, pollutant detection sensors, aidt modem
efficiently monitors the air quality anywhere and/ame.
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The challenge of all these projects is the irgn of disparate data sets, with those of mpaicand academic monitoring

stations (if any), and making all data availablethie public, in a way that is as compact, transgar@nd useful as possible
(postscapes.com).

2.4. Behaviour analysis

For the chosen example, it can be explored hifferent parameters influence the air quality monitg ontology behavior.
Using the Protégé software package, a frameworkejpresenting basic and open source knowledgeégéattandford.edu), we

gave examples of PM10.5 and £@easured values and defined rules and commandtisef@daptation and control parts of the air
monitoring sensor, in case thresholds are cro$sgdre 2 and Figure 3).

nnofation propert ndividuals =y |
Clasmss | Object propenies | Datapropaties |

Annotations: meas_{

Indiiduals: meas_1 [=EE]
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# Actionl
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: meas,; Description: meas_{ mE =G Jll Property assertions: meas_1 [ECE]
meas_

Types

Sensor_input

mVvalue_PM10_5 30
Hegative sbiect property assertions

Hegative data property assertions

Figure 2. Measurement example for the air monitoring sensor
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Figure 3. Action example of the air monitoring sensor

Different Individuals

2.5. Evaluation and validation

We present a simulation solution approach foindoor air quality monitoring sensor in form of antology. To evaluate it, we
assigned different data to the sensor, resultingcenarios that allowed the analysis of quantiégattbservations of the sensor

(pollutants) to produce abstract qualitative situad. Figure 4 shows an example of SPARQL whictrigaehe values for both
pollutants for each measurement in a time interval.

sensor_input § value_PM10_5 & value_coz

1 meas_1 "30"xsd integer 150" xsd integer

2 meas_2 "50" M xsdinteger "30"xsdinteger

3 meas_3 "00" xsdinteger "100"xsd:integer

Figure 4. Queried PM 10.5 and CO2 values for each assigreasurement

An example of a SPARQL query that shows the rufat® actions modeled for the ontology by the safevside of the sensor is
presented in Figure 5, while Figure 6 shows a SPAR&Xe showing which are the control actions assign the Sensor_output.
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Figure5. Queried action rules for the sensor ontology

es/2021/6/2/untitled-ontology-27>
prefix ntologies/2@21/8/2/untitled-ontology-27>

?Sensor_output :control_actions ?control_actions .

ez e

Showing 1 to 4 of 4 entries search: [

Sensor_output ©  control_actions

“filter”

“wentilates”

"nothing"

“turn server off’

N Figure 6. Queried actions applied to the Sensor_output

Even if the evaluation is made via simulatioriuea, just for “proof of concept”, this relationathema contains sensor
measurements and provides representation and ieggoranalyze the indoor environmental qualityaiton. For example, if we

want to see which values exceed a specific criioid (e.g. which are the values for the CO2 palhit higher than 100), we can
interrogate like in Figure 7.

Sensor_input § vale_coz
1 ‘meas_3 "100"*xsd:integer
2 meas_1 "150"xsd integer

Figure 7. Output showing which measurements have concemtisatialues
of CO, higher than a certain number

For this case, the validation part is inexistéume to the simulating and not real values, butrtioelel could be integrated with
real sensor platforms with official air quality stirds, where concentrations are measured throwggdigal sensors, which aims
to monitor, measure and record room conditions) tur the ventilation or purification system whereded, and even send alerts
based on measured concentrations if any changeeppethe optimum pre-settled conditions, ensuthegvalues of indoor air
quality are similar to the index of healthy air titya

2.6. Challenges

The use of air pollution sensors to collect datguide what, when, and where the sensors shoaksure is vital for reducing
the concentrations of hazardous elements in thesghere and therefore for the health of all thoke woexist on this planet.
Based on these ideas, as many resources as paaghbieeded to monitor air pollution, which killoand 7 million people a
year. Support for the environment through inforimatscience plays an essential role in improvinghtsalth of each individual.
While the global sensory network has become a usejul monitoring technique, the full potentialtbé sensory network has not
yet been revealed, the integration of several setemnologies and the implementation of heterogesesensor data quality
processes are essential for monitoring as accyrasgbossible.

3. Conclusions

In this paper, we have proposed a framework agmtr that provides an efficient perspective forcdbsg and understanding
how air quality sensors can monitor and controlaineuality inside a house.
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We provide an ontological framework for the asa of an indoor environment in terms of air guyaliQuantitative and
qualitative conditions for environmental pollutafi&M 2.5 and CO) were defined, which allowed thsigrement of a series of
actions and rules for the microcontroller and theser adaptation algorithm to maintain the indaogaality at an optimal level.
Classes, subclasses, class attributes, class sichod examples for ontology were defined. To obtelevant situations and
different scenarios, the ontology was queried basethe concentration levels of the two pollutaarid the control and adaptation
actions. Applying the advantages of using Protégérenment and SPARQL queries to evaluate and aedlye air quality state,
the model approach achieves the purpose of creatisgmantic for a problem related to exposure tbare monoxide and
PM10.5, operating with control actions to mitightemful situations, for both pollutants.

Future work to extend this framework approaatiudes the development of a more complex softwandaling required to
validate this formalism, by using real air qualiyptocols.
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