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ABSTRACT

The reduced air quality inside buildings is undoubtedly a key factor to be controlled to ensure the health and
comfort of the occupants as people usually spend more than 90% of their time in indoor environments. This
paper aims to present iAQ an automatic system that is capable to monitoring indoor air quality and send real
time notifications to provide active coaching for occupants in order to improve indoor air quality. 1AQ is a cost
effective solution for indoor air quality monitoring and provide monitoring data access by a web portal and a
mobile application. This system is equipped is a five cost effective sensors for data acquisition of environmental
parameters (air temperature, humidity, carbon monoxide, carbon dioxide and luminosity). Other sensors can
be added to monitor specific pollutants. iAQ assumes increased interest due to the use of low cost and open
source technologies. In fact, 1AQ system has advantages in terms of simplicity of installation and configuration,
through the use of wireless technology.

Keywords: Indoor air quality, indoor environment, air quality monitoring, wireless sensor network, ZigBee,
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INTRODUCTION

The indoor environments are characterized by several polluting sources. Thus, the indoor air quality GAQ) is
recognized as an important factor to be controlled to ensure and improve the health and comfort of the occupants.
If we consider that today the massive majority of people spend more than 90% of their time in artificial
environments (Spengler JD Et al 1983) is extremely important to reminder that health problems and diseases
associated with poor indoor air quality can negatively affect productivity. According to the Environmental
Protection Agency of the United States (USEPA, 2016), human exposure to indoor air pollutants in buildings may
be 2 to 5 times, sporadically more than 100 times higher than outdoor pollution. Indoor environments accumulate
the concentration of pollutants derivative from building materials, equipment, and also from daily activities of
occupants (Mukhopadhyay, K Et al., 2016). In fact, indoor air pollutants were ranked among the top five
environmental risks to public health (Fig.1).

Copyright © 2016 by Author/s and Licensed by Lectito BV, Netherlands. This is an open access article distributed under the Creative Commons
Attribution License which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.


http://dx.doi.org/10.20897/lectito.201649

Journal of Information Systems Engineering & Management, 1:4 (2016), 49

Growing

population Marine

Pollution
Air
Pollution

Climate Reliance

Change on Fossil
Fuels

Figure 1. Top 5 Environmental Issues

Ventilation can be used in buildings to create thermally comfortable environments with decent air quality by
regulating the indoor air parameters such as air temperature, relative humidity, air velocity and the concentrations
of chemical species. A study on the computer simulation of the dispersion of a pollutant within a ventilated room
with presentation of various numerical predictions is proposed by (Pitarma, R Et al., 2016).

Thus is evident that an indoor air quality monitoring system helps not only the detection but also the improving
of air indoor air quality. Indeed, the local assessment and the chemical concentration distribution is significant for
safety and occupant protection contributing to effectively control the temperature, ventilation and air conditioning
(HVAC) in order to increase energy efficiency (De Vito, S Et al., 2011). In fact, the measurement of indoor air
quality in buildings provides a continuous flow of information for continuous control and could also allowing the
construction of automation systems and decision support platforms (Preethichandra, D, 2013). However, the
currently available monitoring systems are expensive and only allow the collection of random samples. Recently,
several new systems have been developed to monitor environmental parameters, always with the aim of enhance
the efficiency and the indoor air quality (Yu, T Et al., 2015). In fact, the availability of inexpensive processors, low
power, small size, in wireless communication technologies, sensors and actuators integrated in a single chip, allow
the use of informatics to interact with the physical world in various applications such as the control of air quality
(Al-Haija, Q Et al., 2013). A monitoring system for indoor air quality using wireless communication technology
that provides real-time information for assistance to life is proposed by (Preethichandra, D., 2013). The proposed
system has carbon dioxide, carbon monoxide, methane and propane sensors. Another wireless sensor network for
air quality monitoring has been proposed in (Yu, T Et al.,2013), it also incorporates ZigBee technology for wireless
communication and humidity, temperature and carbon dioxide data monitoring.

This study describes the iAQ system, developed by the authors, which aims to ensure, independently and
accurately monitoring, simultaneously, the indoor air quality in different rooms of a building. It consists of a
monitoring of air quality using wireless communication technology system developed using Arduino and XBee
technology that allows the storage and availability of monitoring data in real time through a web portal and mobile
application for Android devices. The mobile application was created considering the fundamental role that the
smartphone performances in world society, allowing to connect this system in constant contact with the end user.
In fact, 56% of adults in the US population are now carrying smartphones (Smith, A. Et al., 2013). In the
Netherlands, 70% of the population and over 90% of teenagers own a smartphone (Rahmati, A. Et al., 2013).
Moreover, one recent study, proposed in (Alexander Deursen Et al.,2015) conclude that the use of smartphones
is performed, on average, 86 minutes per day. These arguments underline the importance of mobile devices in
today's society. Another study, proposed by (Hintze, D. Et al., 2014) points out that the different patterns of use
can be applied to different locations for each user, and smartphones are used considerably, even when users are
close to computers, which contributes also to the motivation creation in this study of a mobile application.
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The system collects five environmental parameters (air temperature, humidity, carbon monoxide, carbon
dioxide and luminosity) from different locations simultaneously. Other sensors can be added to monitor specific
pollutants. Currently, the preliminary laboratory tests were used only two remote modules.

TECHNICAL SOLUTION

A. Implementation

The iAQ system is an automatic system for the indoor air quality monitoring that allows the end user, in
particular the building manager to access in real time to a wide variety of environmental parameters such as air
temperature, relative humidity, carbon monoxide (CO), carbon dioxide (CO2) and luminosity. Other sensors for
specific pollutants can be added.

The iAQ system consists of a sensor network, the sensor node is called i1AQ sensor and the central hub or node
is denominated 1AQ Gateway. The parameters are monitored using the iAQ sensor that collects air quality
information and forwards it to the iAQ Gateway system which sends it using the web services developed in PHP
to MySQL database.

The user can access the data from the web portal called for iAQ Web developed in PHP. Through iAQ Web,
the user can see all information about environmental parameters. Monitoring data are shown as numerical values
or as graphs. The 1AQ web also allows the end user to maintain the history of indoor air quality for further analysis.
Providing a history of air quality, the system helps the user to analyse precise and detailed the indoor air quality
behaviour. In fact, the functionality cited above assumes huge importance in deciding on possible interventions to
be carried out in the building in order to improve air quality. The Web 1AQ is equipped with a powerful notification
manager that allows the user to receive notifications when a particular parameter exceeds the maximum value.

In order to allow a quick, simple, intuitive and real-time access a mobile application was also been created with
Android support, denominated for iAQ Mobile, described in detail in section C.
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Figure 2. WSN Network
B. Architecture of the sensor network

The wireless communication is implemented using XBee module, which uses the IEEE 802.15.4 network
protocol, and ZigBee Radio protocol IEEE, 2016). The IEEE 802.15.4 standard specifies the access control layers
for wireless communication in private areas. ZigBee is a wireless communication technology, low cost and low
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power, based on mesh networking standard built on 802.15.4 standard (ZigBee Alliance, 2016; Digi International,
2010).

Data collected from iAQ sensor are transferred to the 1AQ Gateway using XBee wireless communication
technology (Fig.2). The XBee modules operate within the 2.4 GHz frequency band and have a capacity range in
the open up to 4,000 feet (1,200 m) with RF data transfer rates of 250,000 bps. These modules use the IEEE
802.15.4 networking protocol for fast communication in point-to-multipoint or peer-to-peer networks. The XBee
modules are designed for high performance applications that require low latency and predictable communication
time. They are also ideal for applications where a low power consumption and low cost is required. The XBee-
PRO modules are amplified versions of the XBee modules for more demanding applications and a greater range
(Ramya, V Et al., 2012).

C. iAQ Mobile - mobile application for Android devices

As already described, considering the importance of the smartphone's role in global society, a mobile application
was created for Android devices. This application has authentication mechanisms and data protection. Before data
access, the user must be authenticated by the username and the corresponding password.

After authentication, the iAQ Mobile allows the end user to view in detail the 1AQ system data and receive
notifications when a certain parameter exceeds the minimum or maximum values. iAQ Mobile is schematically
illustrated in the Figure 3. This application was designed with the goal of providing quick and easy access to the
iAQ system, in order to allow the end user to preserve with you all the relevant information collected by the iAQ
system.

This mobile application was developed for the Android system using Android Studio IDE and has the API 15:
Android 4.0.3 Ice Cream Sandwich as minimum development requirements, in order to be compatible with 96.2%
of active devices on Google Play Store (information collected on 22.01.2016).
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Figure 3. Application iAQ Android Mobile

D. Hardware and system architecture

The iAQ system consists in one or more iAQ sensor’s modules used to collect and transport air quality data
monitoring in different environments where they are installed. The iAQ sensor sends the data to the IAQ Gateway,
which is connected to the Internet via an Ethernet Shield Arduino, to enable data storage in a database in real-
time. Therefore, is possible to build a modular system that can control one or more indoor spaces simultaneously

(Fig.4).
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Figure 4. 1AQ System

The iAQ sensor is developed using the Arduino MEGA embedded system, an open source platform that
incorporates an Atmel AVR microcontroller (Michael, M Et al, 2012; Arduino, 20106). In order to allow
communication between the iAQ Sensor and iAQ Gateway ZigBee technology is incorporated by using the XBee
modules.

The iAQ sensor is equipped with multiple sensors, a processing unit (Arduino MEGA) and a wireless
communication unit that allows mesh communication. Currently, the iAQ sensor is equipped with five sensors
(Fig. 5): air temperature, relative humidity, carbon monoxide (CO), carbon dioxide (CO2) and light.

Figure 5. 1AQ Sensor Hardware

A brief description of the sensors used is presented below.

* SHT10 - is a temperature and humidity sensor, low power, stable and fully calibrated (Sensirion, 2016);
Measuring range: 0-100% (humidity) -40 ~ 120 ° C (temperature), accuracy: £ 4.5% (humidity), £ 0.5° C
(temperature) and the response time is <30 sec.

* MQ7 Sensor - is a high-sensitivity CO sensor (carbon monoxide) with various features (Sparkfun, 2016):
high sensitivity, fast response, wide range of detection (20 to 2000 ppm), stable performance, long service
life and requires calibration manual.

* T6615 CO2 Sensor - Sensor is a CO2 (carbon dioxide), low power, with a suitable performance, designed
for HVAC purposes. Has the following main specifications (Telaire,2016) - Measuring range: 0-5,000ppm,
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precision: = 50 ppm £ 3% of reading, response time: 2 minutes and features automatic calibration (every
24 hours).

* LDR 5 mm - is a sensor that allows luminosity monitoring. It is basically a resistor that changes its value
(in ohms) depending on the amount of light (Robocore, 20106). It is a low-cost sensor, however, is
inaccurate and should not be used to try to determine the brightness levels in absolute values, since it does
not have sufficient accuracy. Thus, it is used to determine basic brightness changes. Resistance Range:
200K ohm (dark) to 10K ohm (brightness - 10 lux) sensitivity. Sensitivity range: CDS cells respond to light
of wave length 400 nm (violet) and 600 nm (orange), reaching a maximum at about 520 nm (green).

SOFTWARE

The firmware iAQ sensor 1AQ and Gateway was implemented using the language of the Arduino platform in
the IDE Arduino, language belongs to the C programming family. The iAQ Web was developed in PHP and
MySQL database (Fig.6). The web services that allow data collection are also built in PHP (Wang, M., Et al.,2013).
The 1AQ Mobile was developed for the Android system using IDE Android Studio using the Java language.
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Figure 6. System Architecture
DISCUSSION AND RESULTS
The 1AQ Web allows the visualization indoor air quality in the form of numerical values or as graphs. A sample of

experimental data for a selected environment is illustrated in Figures 7 to 9. As examples were chosen relative
humidity graphs (Figure. 7), air temperature (Figure. 8) and CO2 (Figure. 9).
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Figure. 7 Relative Humidity Graph (%)
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Figure. 8 Temperature Chart (°C)
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Figure. 9 Graph concentration (ppm) of carbon dioxide (CO2)

The visualization of environmental conditions through graphical figures allows greater perception of the
parameter monitored behaviour than the display of numerical tables (Liao, Z.Et al., 2014). On the other hand, the
web portal also allows the user to view the historical data in order to provide a more precise analysis of the temporal
and detailed development of air quality parameters. Thus, the system is a powerful tool for the detection of air
quality problems and decision support for possible interventions in the building.

The 1AQ system still in the testing phase. At this stage, the main goal is to make technical improvements,
including the proper calibration. Among other advantages, the iAQ system stands out for its modularity, small size,
low construction cost, ease of installation and data access through mobile application (Marques G. Et al.,2016).
They are planned improvements to the system hardware and software in order to make it more suitable for certain
specific purposes, such as use in hospitals, commercial buildings and factories.

CONCLUSION

This study aimed to present an effective indoor air quality monitoring system which aims to avoid the risk of
exposure to contaminants.
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The system was developed using low-cost gas sensors and open source technology such as the Arduino
microcontroller development platform. Five sensors for environmental parameters monitoring were used in each
1AQ sensor module, but other sensors may be added as needed.

The 1AQ system was tested by monitoring two classrooms. The results are very promising, which is a significant
contribution to indoor air quality studies. However, the system needs additional experimental validation in real
environments, in particular, the assembly of more than two remote modules as was used in laboratory tests in
order to ascertain and calibrate the system so increase accuracy.

In addition to system validation, the web portal and mobile application need physical improvements to adapt
the system to areas and / or specific problems atre planned, such as hospitals, commercial buildings and factories.

Compared to existing systems, the iAQ assumes increased interest due to the use of low cost and open source
technologies. Note that the system has advantages in terms of ease of installation and configuration, through the
use of wireless technology for communication between the iAQ sensor and iAQ Gateway. However, it is expected
further miniaturize the modules through the use of smaller components and more effective methods of heat
dissipation. The iAQ also has a mobile Android application, to allow the relevant data view with great versatility.

The system is extremely useful in monitoring the quality conditions of the indoor air and aims to ensure the
permanent categorization of indoor air quality, as well as the perception of the behaviour of environmental
parameters. Thus, the system can be used to help the building manager to provide more comfortable and
productive environments.
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