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ABSTRACT

Humans are more bound by indoor living and invest less energy outside.
Accordingly, it has become a matter of critical importance to check that the air
quality inside is more reasonable and solid. In this thesis, a proposal has been
introduced for a flexible wireless system which is capable of detecting pollution in
the air and warning us in case of dangerous situations, both in large and complex
environments. Therefore, this system measures pollution in the air in a room or
indoor environment, such as CO gas, dust, temperature and humidity at certain levels.
It is done on the sensor level, Network level and Application level of Wireless Sensor
Network. The proposed system sends measurements from the environment to a PC
for evaluation. As a result, a warning is generated by determining the air quality from
the data obtained. The system has been tried online in a closed environment of 10x10
m2. Obtained results were observed on PC and information about the air quality of

the environment was obtained.

Keywords: Wireless sensor network, Humidity and Temperature sensor, CO Sensor,

Dust sensor, Air Quality Index.
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OZET

Kapali ortamda insan sagligi icin negatif etkilerin kablosuz sensor aglariyla tespiti

Insanlar daha cok kapali alanlarda yasama bagliolmaktadir ve disarida daha az
enerji harcamakta. Bundan dolayi, i¢ mekanlarin hava kontrolu ve i¢ mekan yasamini daha
makul ve saglam hale getirmesi son derece yiikselmektedir. Bu tezde, hem blylk hem de
karmasik ortamlarin hava kirliligini tespit edebilen ve tehlikeli durumlar oldugunda
uyari veren esnek bir kablosuz sistem 6nerilmistir. Tezde Onerilen sistem, bir odanin veya
kapali bir alanin hava kalitesini CO gazi, toz, sicaklik ve nem gibi parametrelerle
Olgmektedir. Bu islem, Kablosuz sensor agin, sensor, ag ve uygulama seviyelerinde
yapilmaktadir. Onerilen sistem ortamdan 6lgiimleri yaparak, degerlendirmek iizere bir
PC’ye gondermektedir. Bunun sonucunda elde edilen verilerden hava kalitesi belirlenerek
bir uyar1 olusturulur. Sistem 10x10 m? lik kapali bir ortamda online olarak denenmistir. Elde
edilen sonuclar PC’de gozlemlenmis ve ortamin hava kalitesi hakkinda bilgi elde edilmistir.
Anahtar Kelimeler: Kablosuz Sensér Agi, Nem ve Sicaklik Sensori, CO Sensoril, Toz

Sensorii, Hava Kalite Indeksi.
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1. INTRODUCTION

The fundamental variables of air contamination are the after effects of gasses,
Particulate Matter, and fumes having been released into the air in great quantities. At this
magnitude, the pollution could be very dangerous and could have a negative effect on the
health of humans, plants, animals and other matter. Numerous health issues, such as heart
disease, bronchitis, pneumonia, lung cancer, coughing and breathing problems, are caused
by the heavy asthma [1] which is facilitated by polluted air. Various bodily organs are
affected by this pollution. Therefore, it is quite important to control and monitor air pollution
and the most effective approach is by monitoring high levels of pollutants in the air. Air
pollution is categorised as indoor and outdoor pollution [2].

The Air pollution of the outdoor category is spread worldwide, thus making it very
difficult to reach any dramatic resolutions due to many international working policies and
standards [3]. On the other hand, indoor pollution can be locally contained and much easier
to control as opposed to outdoor pollution. The quality of the breathing air should be suitable
for humans while indoors. Furthermore, the air must be continuously monitored for elements
such as Carbon Monoxide (CO), Particulate Matter (PM), Temperature and Humidity.
Chosen (PM) per say is a widespread pollutant. It incorporates a blend of liquid and solid
fragments in the air [4]. Any burnt source of energy, such as kerosene heaters, gas stoves,
fireplaces or fuel in cars, produces CO emissions.

The most regular causes of CO indoors are inadequate ventilation designs and
dysfunctional furnaces and heaters. CO poisoning causes a vast number of deaths each year
worldwide, generally, due to broken heating boilers or uncommon use of poorly vented
heaters in closed areas and vehicle warm ups in an enclosed garage or basement [5]. The
direct effect of humidity is seen in the physiological processes. On the other hand, the
indirect effect of humidity is present in the impact on chemicals and pathogenic
organisms[6].

The ranges of normal temperature levels are in place to control these parameters and
keep them within the threshold. Threshold values are obtained by using the Air Quality

Index. The AQI is an index for providing analytical information for the quality of day-to-



day air. The AQI serves the purpose of providing comprehensive information about how
important quality air is to one’s health. Today’s largest issue is to find improvements in the
air quality in both indoor and outdoor environments. The main target of this project - through
software monitoring and warning systems and by using wireless sensor networks - is to get

information on air quality by choosing PM2.5, CO.

1.1 Objective

This paper introduces an air pollution monitoring system for indoor environment
purposes functioning through wireless sensors. Air pollution is affected by the following
factors: Particulate Matter (PM), Sulfur Dioxide (SO2), Ozone (03), Carbon Monoxide
(CO), Nitrogen Oxides (NOx), Humidity and Temperature [7,8,9] and other Oxidants of
Photochemical. For the purpose of analysis, an educational institution will have its indoor
environment tested in this thesis. As for the people who are obliged to work in indoor
environments, precautionary measures should be taken. To test and observe the quality of
the air, CO, Humidity Parameters and Particulate Matter are considered for this purpose.
Wireless sensors are used to measure these parameters. A healthy living environment should
contain 87 ppm CO, an average of 45% of Moisture and a maximum of 65ug / m3 particulate
matter for human health. All the parameters will be measured taken in intervals of 15

minutes, 30 minutes, 1 hour and 24 hours.

1.2 Organistion of the thesis

The organisation of the paper is as follows:

Chapter 2: Wireless Sensor Network: describes a short definition of Information about the
WSN, Network, Hardware Programming and the wireless sensor network in various levels.
Chapter 3: Air quality and the Air Quality Index: In this section air quality is defined,
alongside indoor pollution and information on the Air Quality Index. Also, to be informed

about the standards of CO gas indoors and dust particles.



Chapter 4: Application and result of programming: this is about how the application is
created and the methods chosen to control the quality of air indoors. and illustrating
flowcharts on applied working environments. All this is presented through the results of

experiments provided at the end of this chapter.



2. WIRELESS SENSOR NETWORK

One of the most important considered technologies of the Twenty First Century is
Wireless Sensor Networks (WSNSs) [10]. Recent advances in Microelectronics Mechanical
Systems (MEMS) and technologies of Wireless communication have enabled cheap, small
and intelligent sensors to be deployed in physical environments. It is networked by wireless
connectivity and presents unprecedented opportunities through the Internet for various
military and Civilian applications. For example, battle field surveillance, industry process
control and environment monitoring [11]. Such technologies are distinguished from
traditional wireless communication networks, in example, mobile Ad-Hoc Networks
(MANET) and Cellular Systems. Unique characteristics are present in WSNSs, such as,
computation, storage constrains, denser level of node deployment and higher unreliability of
sensor nodes [12]. Such examples and illustrations present new challenges in the applications
and development of WSNSs.

WSNs have received extreme attention from academic and industrial platforms
worldwide in the past decade. A magnificent amount of research has been executed to
analyze and provide solution for various application and design issues and important
advances have been done in the deployment and development of WSNSs. It is predicted and
forecasted that in the near future, wireless sensor networks will be used in numerous fields
of military and consumers and enhance human interaction with the world and the routine of

daily living [13].
2.1 Network Characteristics

A network of WSN is generally made up of low powered, inexpensive and
multifunctional nodes of sensors that are installed in a particular area of interest. The
aforementioned nodes are small sized, at the same time, they are equipped with embedded
Microprocessors, sensors and radio transceivers. Therefore, not only they are capable
sensors, but at the same time process Data capable communicators. Their communication
distance is short ranged through a wireless medium and work together to achieve a common
task, for example, surveillance of Battlefields, monitoring the environment and process



control of industrial areas. If get traditional wireless communications networks compared,
such as, MANET, GSM/Cellular systems.

The distribution of sensor nodes is commonly installed densely in the area of interest. In a
sensor network, the quantities of sensor nodes usually outnumber the MANET by a very
high number.

Sensor nodes are normally battery powered. In most common scenarios, these nodes are
installed in hostile and harsh environments, making almost impossible and very difficult to
recharge or replace batteries. Sensor Nodes are severely abstained and are limited in
computation, storage capacities and Energy.

by nature, sensor nodes are installed without planning and careful engineering. As they are
installed, these sensors will be on a network scale, configure themselves rendered into a
network of communication.

A network of sensors is basically specified driven to a particular application. They
are aimed to serve and target a special application. According to the application applied in a
network, the required design is also respectfully affected.
due to the nature and environment the Sensor nodes are installed, they are vulnerable to
damage and are rendered dysfunctional, as they are unattended during operation.

Most networks are designed to be scalable and flexible. Frequent topology changes
are expected as Nodes might face failures, get damaged, scaling up or down, frequency
interruption and power surges.
depending on the size of the network and large amount of Sensor nodes installed, introducing
a Global Addressing scheme for the network is impossible. It would pose huge time
consumption for the maintenance of the identification.

The nature of the traffic flow of the sensor nodes are that many sensors generate
traffic and send it to a single data collecting or organizing mechanism. Hence presents a
pattern of Many to One traffic. the common setup of the sensor networks is that sensor nodes
are installed and populate and area of interest dramatically to achieve specific task.
Therefore, traffic generated by the sensors normally have some sort of redundancy. The

specific limitation and characteristics introduce new problems in the sensor network design.



In most applications of sensor networks, it is necessary that data delivered over
wireless channels that face noise, time-variance and errors in a reliable manner. To achieve
this, the dedicated network protocol for the particular sensor network must contain correction
and error control mechanisms to guarantee the data delivery is reliable.

understanding the fact that sensor nodes are deployed in hostile and unpredictable

environments while most of the times unattended, sensor nodes should be able to recover on
their own. Sensor nodes should be able to tolerate faults and be capable of self-calibrating,
self-testing and repair themselves [14].

Each of the CO gas, PM 2.5 sensors and humidity and temperature sensors are placed alone

Access Point

on top of the Arduino boards just as shown in the figure (2.1) below.
Gateway:

PC Application
Wireless Connect=—————————»
192.168.0.1 \

Wireless Connect > ((( ))) < Wireless Connect

Wireless Connect

Arduino Uno
Wireless CC3000 Arduino Uno
Humidity & Temperature Wireless cc3000
CO Gas sensor
Arduino Uno
Wireless CC3000
Dust Sensor
PM2.5

Figure 2.1. Shows the design of the connection between wireless sensor networks



In some application, sensors are installed in military compounds and face unusual
threatening environmental issues. Hence, they are susceptible to danger. Given such natural
state, precautionary protective measures and mechanism should be put in place to secure
data and network operability from unauthorized usage and deliberate attacks. there is limited
bandwidth resource in sensor networks. Therefore, protocols designed for communication
in sensor networks should possess effective and plentiful channel utilization enhancements.

Different applications may contain variant levels of Quality of Service regarding
packet loss and delay in data delivery. Some applications, in example, Fire monitoring
Sensors are sensitive to latency and is required to have real-time data traffic delivery.

It was used Arduino board with sensor devices for humidity, temperature, Carbon
Oxide and dust so that it can provide us readings on measuring air pollution in a room or
closed environment. Such as, CO gas, dust, temperature and humidity, at a preset level, to
reveal how dirty the environment have been. To design this system, used 3 Arduino boards,
and to link these boards, it was used Wireless Sensor Network (WSN) as mentioned above.
For each Arduino board, It was used a wireless board of the kind CC3000. Three wireless
boards are required, each of which will be mounted on top of the Arduino board. Each of
these boards will be connected to an Access Points, which is a MIKROTIK brand, through
the wireless boards. In this manner a local network is created. Each of the Arduino boards
will get an IP address distributed by the DHCP of the Access point, and then statically set
the IP the Arduino board by the Mac Address of the Arduino board so that it will choose the

same IP address over and over again.
2.2 Wireless Communication Technology

The primary technology to deploy a normal operation of WSN is Wireless
Communication. Wireless networks have been analyzed and evaluated thoroughly over the
past few decades, important advantages have been achieved in numerous fields of Wireless
Communication. Various synchronizations, Antenna Techniques and Modulations have
been put in place for different application requirements and network scenarios at the physical

layer. Feasible communication protocols have been created at higher layers, and enhanced



to point out the many issues facing a network, as an example, routing, Qos, Network Security
and Medium access control. Such techniques in communication and protocols allow for a
technical powerful design background of the wireless communication in WSNs. Most
traditional networks implement radio frequency (RF) for communicating, included is
Millimeter ware and microware. The facilitating reason RF is used is that it is Omni-
directional and doesn’t necessarily need a line-of sight to operate. Nevertheless, there are
many obstacles in an RF network, such as, low transmissions efficiencies and huge radiators
[15]. From which one can sense that RF is not the most efficient medium of communication
for small energy-consuming sensor nodes.

To ease the global transition of WSN application and development, a great
requirement poses for manufacturing low-cost products of sensor nodes. At the same time,
they need to be specified on their different standards of operations so that sensors can work
compatibly between different vendors. Extensive effort has been contributed in the field of
standardization of products to achieve a unified market for low cost sensors in a way don’t
face network protocol incompatibility and proprietary issues. The achieving success of
WSNs as a technology will mostly depend on the success of the efforts of such

standardizations.
2.2.1 The IEEE 1451 Standard

The Standards IEEE 1415 are one group with Smart Transducer Interface Standards
that describes a set of free to air, frequently used, network-independent interfaces for
transducer connectivity (sensors and actuators) to instrumentation systems, control/field
networks and microprocessors. In the industry, Transducers have an extended range of
applications, such as, industrial control, manufacturing, aerospace, automotive biomedicine
and construction. Due to the fact that transducers are very different and variant in the market,
transducer of low cost, networked and wireless smart are bring built my manufacturers. An
issue facing manufacturers of transducers nowadays is the reality of a high number of
wireless and wired networks on the market. Atthe moment, it is expensive for manufacturers

of transducers to produce outstanding smart transducers for a large-scale network on the



market. Hence, a bunch of open standards universally approved are developed to fix these
problems, such as, the suite of IEEE 1415 standards of smart transducer interface.

2.2.2 The IEEE 802.15.4 Standard

The IEEE 802.15 Task Group 4 has developed a standard known as the IEEE
802.15.4 [16], of which the physical layer and MAC layer for low rate WPANS have been
specified. Within its project authorization request is defined that the goals of Task Group 4
is to “present a standard for ultralow cost, complexity, energy consumption and low data
traffic rate wireless connectivity alongside inexpensive devices”. The IEEE 802.15.4
standard was freely distributed and was delivered in 2003 [17]. The IEEE 802.15.4 standard
has been designed specifically to exist amongst other wireless network IEEE standards at
the physical layer, such as, IEEE 802.15.1 (Bluetooth) and IEEE 802.15.11 (WLAN). It
facilitates deactivation and activation of the transmission of packets and radio transceivers.
The operation is through one of the following three free band licenses:

*» 868 — 868.6 MHz (e.g., Europe) with a data rate of 20 kbps.

* 902 — 928 MHz (e.g., North America) with a data rate of 40 kbps.

* 2400 — 2483.5 MHz (worldwide) with a data rate of 250 kbps.

The Data link layer (MAC Layer) facilitates management services and data
transmission to the upper layers. The reception and transmission of the MAC packets over
the physical layer is activated by the Data service. The association and disassociation of
devices, synchronization and timeslot management to the network make up the Management
Services. Furthermore, the MAC layer executes basic mechanisms of security.

This CC3000 Arduino shield Integrated an onboard LDO, a chip Antenna, and a level
logic shifter. It works fine with Arduino or Arduino compatible main board. It uses SPI for
communication so the data can be push as fast as necessary or as slow as desired. It has a
proper interrupt system with IRQ pin so one can have asynchronous connections. It supports
802.11b/g, open/WEP/WPA/WPAZ2 security, TKIP & AES. A built in TCP/IP stack with a
“BSD socket” interface supports TCP and UDP in both client and server mode, with up to 4

concurrent socket connections. As it is shown in the figure (2.2) below.



Figure 2.2. Wireless shield CC3000

The proposed network structure consists of several sensor nodes organized in an
HDG204 Wireless LAN 802.11b/g. For this preliminary study considered for gas monitoring
in homes or other buildings, the sensor nodes were programmed as a star topology
configuration. One of the nodes is the HDG204 coordinator, and the others were end devices.
The coordinator is always active and it is mains powered, therefore, its energy depletion is
not so significant in the network. On the other hand, end devices were battery-powered and
reducing their energy depletion is an important matter for the longevity of the network. So
as to decrease the power consumption of the hardware as much as possible, it has been
decided to design novel wireless sensor node, with the possibility of balancing activation of
its components [18].

This type of Wi-Fi board is used and mounted on top of the Arduino board to create

the communication and program the computer to do the programming by taking an IP from
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the access point. It was used the provided libraries available by manufacturer that uses the
program type of HTTPSERVER. The means of programming the Wi-Fi finds place in two
classifications [19]. It is required to input the password of the Access Point to recognize it

and establish a connection.
2.3 Sensor Node Structure

A Four parts basically make up a sensor node: Processing Unit, Sensing Unit, Power
Unit and Communication Unit, illustrated in Fig.4 Within the sensing unit, contains one or
more than one sensor, also, it consists of Analog — to — digital converters (ADCs). The
sensors pick up the physical vibrations in the environment and produce analog signals
according to the senses observed. Analog signals are converted to digital signals by the
ADCs, then these signals are sent to the unit of processing. Microprocessors or
Microcontrollers make up the Processing Unit with memory (in example, Atmel’s AVR and
Intel’s StrongARM microprocessor), sensor nodes fetch intelligent controls from them.
Short — range radio for the flow of data reception and transmission through radio channels
make up the Communication Unit. The power supply for the communication unit is through
a battery to operate all the systems components. The above-mentioned units are ideal to be
constructed into a small module with low manufacturing cost and low consumption of

energy. Figure (2.3) shows sensor node structure.
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Battery

J

Sensing Unit

Processing Unit

Memory

Communication Unit

Sensor

ADC

Microcontroller
Microprocessor

Radio

Figure 2.3. Sensor node structure

2.3.1 Architerture Dust Sensor (PM2.5)

According to the states of the terminal of the LED, LED drive states should be

applied which are mentioned in the specification chart of the Electro-optical characteristics.

At a state where it might be hard to apply such conditions, it should be applied in the

boundaries of the input states mentioned within the specification. Device characteristics will

be affected if the LED is forced beyond the specifications [20].

Light pulses are emitted by the LED, amplified signals are then picked up the

amplifier circuit and is sent out as the synchronized output to the LEDs pulse duties.

This sensor output voltage Vo is the accumulated voltage output at the absence of

dust Voc and the output proportional of the density of dust AV.

The following equations illustrates the output results proportional to density of dust:

AV:Vo'Voc

(2.1)

12



Stray light in the sensors cause no dust Voc output voltage. VVoc voltage becomes
even at dust density in this sensor Omg/m3. If the amount of dust collected by this sensor
increased, it will make Voc bigger. The opposite scenarios is also true, making the Voc
smaller. If it is necessary to store VVoc in the memory of application, then must calculate the
V from monitor value VVo. Should monitor value Vo appears to be lower than the stored Voc,
then this monitor value Vo should be memorized as a new Voc in the memory application.
If a higher value is maintained by the Monitor value Vo that what is mentioned in stored
Voc over a specific period of time, then this monitor value Vo should be memorized a new
Voc in the memory of application. Figure (2.4) shows Dust density characteristics.

Dust density characteristics (Example)

4

Output
voltage
v)

00 — Ll -
0 01 02 03 04 05 06 07 08

3
Dust density (mg/m )

Figure 2.4. Dust density characteristics
It is capable of sending sketch images through the Arduino IDE to given Arduino.

As per the figure (2.5) below possible to witness the general setup by utilizing an Arduino
UNO and the active Dust sensor through the use of Classical Breadboard [21].

13



Figure 2.5. Show particulate matter PM2.5 connected with arduino

As an option, one could use the following schematics from Sharp and drawings of this
research to assist anyone in the task. (Figure 2.6) Shows sachem particulate matter PM2.5
connected Arduino UNO

14
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Figure 2.6. Show sachem particulate matter PM2.5 connected with arduino

Prior to commencing the algorithm, there are some important points need be
mentioned. In the illustration below, fetched from the Datasheet, one can see the Dust
thickening increases side by side with respect to the Voltage output (Vo). Furthermore, given
any analog pin mapping voltages between integer values from 0-1-23 that can in return be
directed back to a “real” voltage value. As for the UNO, then take the analog reading and
multiply by 3.3/1024.0 and for the Uno, It takes the reading and multiplies by 5.0/1024.0. It

is important to include at least zero in the calculations, otherwise one will end up with a

frustrating result of 0. Table 2.1 Pin sensor connections with Arduino.
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Table 2.1. Pin sensor connection with Arduino

Sharp Dust Sensor Attached To
1 (V-LED) 3.3V Pin (150 Ohm in between)
2 (LED-GND) GND Pin
3 (LED) Digital Pin 2
4 (S-GND) GND Pin
5 (Vo) Analog Pin A0
6 (Vce) 3.3V Pin (Direct)

Following the Datasheet, require to activate the internal LED and pause for 280 ps
(Microseconds) prior to the output signal measurement and the duration of the complete
citation, pulse is required to be 320 us. Hence wait for an extra 40 ps prior to deactivating
the LED again.

The above capture has been fetched from Arduino Uno. Even though the setup
installed functions with an Arduino UNO, it is clearly noticeable that it is improbable to
reach all values by the dust sensor. Having reviewed figure 3 above (the dust density graph
and Voltage) the maximum signal produced by the UNO was around 2V corresponding
highest dust density of .25 mg/ m3. such limitation is affordable as the air quality is perhaps
far from getting highly polluted, unless there are constructions going on nearby. In the
capture below, one is able to view that by using 5V input, It can reach full potential reading
outlined by Sharp (around 3.75V, linear curse above) by blocking the sensor completely, e
g injected a pen to represent absolute worst quality air (very dense). The baseline in office
was about values of around 0.8 — 1V.

Having used 5V input one can reach full potential with close proximity of 3.75Vo,

one already can reach the max at around 2.25Vo with a 3.3V input.
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The intention is to use a 5V-3V logic board breakout converter on the UNO to learn
if results could be reached. The Table illustrated below was fetched suing an Arduino Uno,

also as per-expectations can get to full potential capacity on this device.
2.3.2 Architecure CO Gas Sensor

Heater voltage is required by the MQ?7 that intervals between 5v (60s) and 1.4v (90s),
pulling close to 150mA at 5v exceeding the power capacity of the Uno, therefore, the
adjustable voltage regulator KA278RA05C was implemented to run it. By default, the
voltage of the KA278RA05C with Vadj (pin4) unplugged is 5v that assists for the high
voltage section of the cycle. For the heater high voltage of section UNO the cycle, 50k
potentiometer is used to adjust the voltage down to 1.4v with the use of an LH1546 optical
solid state relay to adjust to a lower voltage. The Arduino Uno runs the optical solid state
relay on Pin 8 and when measures are high, it activates the relay, to decrease the voltage
regulators back down to 1.4v. on the other hand, anytime this pin is low, it forces the
regulator to go back to 5v. on the Arduino Uno the analog pin 0 is used to feel the voltage
level from the MQ7 which facilitates in acquiring measurements of condensed CO (Carbon
Monoxide) in the air.

It’s been for quite a while now; it was facing issues with linking the Parallax Carbon
Monoxide (CO) breakout. However, finally safely and properly working. The circuit setup,
initializing sensors, adding signal lights, programming pulse width modulation and voltage
monitoring for closing down the device should face separated CO power supply thresholds
are met, will be covered.

Prior to initiation, consider CO sensors need a good amount of energy current to
completely make the connected Arduino pins dysfunctional. It is not recommended to
connect the power supplying wire of the CO sensor direct to the Arduino. Bearing in mind
that even though it was successfully demonstrated and setup the sensors to record CO
reading, it is still possible, during unpredicted construction yeu people may face hazardous
and troublesome encounters of which hold no responsibility for. Table 2.3 connect Gas
sensor with Arduino. Please note, should the below instructions be followed, they will be
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under one’s own discretion [22]. Figure (2.7) Shows CO gas MQ7 connected with Arduino

UNO.
Table 2.2. Detail about Pin CO gas sensor

MQ7 Attached To
1GND GND
2DOUT Digital Pin 7
3 AOUT Analog Pin A0
4VCC 5V

Figure 2.7. Show CO gas MQ7 connected with Arduino

Anytime the HSW pin is linked to the GND, the GSM pulls 5V. In the duration of
the 60 second purge stage, the PWM pin is set to HIGH/255. This translates into the pin
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being constantly at 3.3V facilitating the flow of current from NPN collector to emitter to
GND.

In this respective manner, by utilizing the pins of the PWM allows us to acquire the
needed average voltage of approximately 1.4V from the GSM. As for the fact that the GSM
will provide us continues analysis even if the power supply of the GSM fails, all the time be
capable of measuring the input voltage. Hence, this clarifies the issue of having unreliable
GSM analysis. It is not possible to directly link the GSM power supply to the UNO (however
with a resistor — Uno is okay) therefore; it is required to deviate some voltage. Figure (2.8)
Shows sachem CO gas MQ7 connected Arduino UNO.

D2
1N4001 44001 14001 1N4001

V3 S5V VIN

|

ASISCL

—] reser Arduino a0 —
w— RESET2 Uno RX/D1 e
—] aree (Rev3) 02 f— &
— nic PWM D3 | FRSI6.S
- 04 |— L. M Gas
22 40 PWI DS f— Sensor g
ﬂr — PWHI D6 f— Breakout
3 —n o7 f— i L1 Board 4
— il (6330m} .
— AGISDA —
— - GND

MISO/D12

SCK/D13

1CSP2 MISO =
ICSP2 SCK =
ICSP MOSI f—

Figure 2.8. Show sachem CO gas MQ7 connected with Arduino

The voltage splitter has been designed to operate with a maximum voltage of 10V —
keep in mind that only 5V must go through. This illustrates that 3.3V would be stripped off
the 10V to the UNO and what is left over is passed down to the GND. On a more norm bases,
the analogue pin will only receive 1.67Vfrom the 5V power supply. This is interpreted by
the UNO, as so that OV is 0 and 3.3V is 1023, into about 512 reading. Should the analysis
reading drop below 500, a signal is sent making aware that the GSM power supply is turned

off and hence render the incorrect readings of the CO.
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The setup is quite easy when using the library. Send the precise starting purge
duration and pins to the constructor. The crucial point is calling the power-supply function
on a regular base so that heater is switched on/off by the library and collect analytical
readings.

It is recommended to use the sensor for a long period of time prior to measuring the
environment. 5 to 10 minutes are required for the sensor before it is able to provide stable
readings. Few controlled tests are urged to be done to get an idea about the duration it takes
the sensors to present a trusted reading.

A portion of the reason it was faced with strong obstacles for obtaining proper
functionality of the module was the persisting misplaced readings of sensible information
during the setup of the MQ-7 sensor with the Parallax GSM board. Apparently it was found
the resolution for this inconveniency, It can provide further support on eur the instructions

should anyone require more clarification.

2.3.3 Architecture Humidity and Temperature Sensor

Humidity sensing technology and digital-signal-collecting-techniques have been

utilized by the DHT11 digital signal generator, for guaranteeing stability and reliability. It
senses through 8-pin single chip computer. Most sensors of this model is adjusted to a certain
temperature and marked to provide specific readings, such adjustments and markings are
saved in the OTP memory.
Attributes such as low power consumption, small in size, and long distance transmission
(20m) allows DHT11to be reasonable to applications with unsuitable environments. The
connection made very convenient by a single row four pins setup. Figure (2.9) Shows
DHT11 Sensor connected with Arduino UNO.
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Figure 2.9. Show DHT11 sensor connected with Arduino

Setting up is simple by using the library below. Send the precise starting purge duration and

pins to the constructor.
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3.AIRQUALITY

3.1 Definition Air Quality

The word “air quality” means the condition of the air around us. Good air quality
means clean, unpolluted, clear air. Clean air is vital in keeping the balance of life on Earth
for all living organisms such as wildlife, vegetation, water and soil. Poor air quality is the
outcome of numerous causes from fumes of cars and factories; factors caused from both
humans and derived from a natural source. Poor air quality can occur when the levels of dirty
air harms both the human health and environment. What do daily have a big impact on the

quality of the air such as driving vehicles and burning wood.
3.2 Indoor Quality

Air pollution is much of a problem for indoors as it is for outdoors. The poor air
quality outdoors can manage to sneak its way into homes, schools and workplaces. In reality
various air pollutions can be more harmful than outdoors from smokers, mold, the usage of
cleaning products, etc. Because many homes spend most of their time indoors, like
Canadians who spend 90 percent of their day indoors, it is important their indoor air quality
is clean.

On an average scale people spend 90 percent of their day inside whether that is at
school, workplace or their home. Bad air can result in minor illnesses such as headaches,
coughing, sneezing, shortness of breath, nausea, itching of the eyes, throat, or nose. People
with allergy problems or asthma will likely suffer more.

When one understands the causes behind bad air quality they can take steps as to

create a better indoor environment for their selves and loved ones [22].

3.3 Major Indoor Polutants

Natural pollutants can either be from inside or outside the area of residents. Examples
can be such as: Fungi (molds), tiny insects like dust mites and cockroaches, dander from
domestic animals such as cats and dogs. The examples given can show signs of allergic

reactions.
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Combustion is the burning of gases and fuels such as oil, gas, kerosene, wood, coal, and
propane. These can be found indoors with fine particulate matter, carbon monoxide and
nitrogen oxides. It uses these gases with heating tools such as furnaces, woodstoves, wood
heater, gas stoves, fireplaces, car fumes from the inside garage, and from smokers.
Formaldehyde and other volatile organic compounds (VOCs): Formaldehyde can be spotted
in construction materials like plywood and particleboard. Also it could be found around
one’s house as in curtains and rugs and in grooming products. It is also in products such as
nail garnish, nail glues, and nail hardeners. It could be found in grooming products such as
shampoos, hair gels, and liquid body soaps. The presence of formaldehyde in eur daily
products preserves them for a longer period of time. Cleaning products, paints, lacquers and
varnishes are additional sources of VOCs.

Asbestos was used to fireproof products for many years. In older homes it can still be found
near hot water pipes and boiler, in old flooring materials and some types of insulation used
in attics and walls. Asbestos is not hazard to one’s health unless it crumbles realizing fibers
that could be inhaled [23].

Radon occurs from a natural radioactive gas that appears with the decay of uranium that
naturally is formed in some soil and rock. This gas has no smell, cannot be seen nor does it
have any taste. It can come into a home or building through the foundation from surrounding
soil. With the passage of time if inhaled too much it can possibly lead to lung cancer. In

Northern British Columbia high levels of radon have been found.
3.3.1 Particle Pollution

Pollution, (also known as “particulate matter”) is formed of solids and liquid droplets.
Some molecules enter directly. While others are made when bad air quality is entered
through other sources when responding to other sources in the air. Particle levels are
dangerous to ones health for example when a forest catches on fire. Particle levels can
increase indoors particularly when the levels outdoors are high. Particles vary in different
sizes. Some less than 10 micrometers in diameter, smaller than the width of a single human
hair, are so tiny they can sneak their way into the lunges, there they can be responsible for

major health problems.
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Fine Particles. Of all the particles, fine particles are the smallest in size. (those 2.5
micrometers or less in diameter). Because of the small size of the particles, they can
only be found with an electron microscope. The main causes of fine particles can be
found in transportation vehicles, power plants, wood burning in homes, forests fires,
agricultural burning, some industrial factories and other burning methods.

Coarse Particles- Particles which range between 2.5 and 10 micrometers in diameter
are called “coarse”. Coarse particles occur when crushing or grinding operations
and dust put into the atmosphere by moving cars on roads.

Particles that are smaller than 10 micrometers in diameter can start health problems
that can lead to serious diseases even death from heart or lung disease. They can be
short term (usually over 24 hour or short as one hour) and long-term (years).
Sensitive groups for particle pollution are those with heart or lung disease.
(including heart failure and coronary artery disease, or asthma and chronic
obstructive pulmonary disease), older adults (who may have undiagnosed heart or
lung disease), and children. The chances of getting a heart attack from particular
pollution can start from mid-40s for men and mid-50 for women. People who are
faced with particle pollution that also suffer from heart or lung disease have a higher
chance of visiting emergency rooms, be admitted to hospitals, or even result in death.
If exposed to particle pollution, patients with heart disease can suffer symptoms such
as chest pain and palpitations, difficulty breathing and fatigue. Cardiac arrhythmias
and heart attacks are also joined with Particle Pollution.

People who have problems with their lungs will not be able to breathe normally
when being exposed to high levels of particle pollution. They will tend to cough
more suffer shortness of breath. People who have no illnesses can still go through
similar experiences but not with such serious effects.

Particle pollution can also increase susceptibility to the lungs infections and can
develop further respiratory diseases like asthma and chronic bronchitis, resulting in
the usage of more antibiotics and seeing a specialist [24]. Table (3.1) AQI Standard
for particle pollution.

24



Table 3.1. AQI standard for particle pollution

AQI Value Actions to protect Your Health from particle Pollution

Good (0-50) None

Moderate (51 — 100%) Unusually sensitive people should consider reducing prolonged or heavy
exertion.

Unhealthy for sensitive | The following groups should reduce prolonged or heavy exertion
Groups(101 — 150) People with heart or lung disease
Children and older adults

Unhealthy (151 — 200) The following groups should avold prolonged or heavy exertion
People with heart or loung disease
Children and older adults

Everyone else should reduce prolonged or heavy exertion

Very unhealthy (201 - | The following groups should avold all physical activity outdoors:
300) People with heart or lung disease
Children and older adults

Evryone else should avold prolonged or heavy exertion.

3.3.2 Carbon Monoxide Pollution

Carbon monoxide is a gas that has no smell or color. It is produced when the carbon in
fuels do not burn all the way. Car fumes gives around 75 percent of the major carbon
monoxide across the nation and nearly 95 percent in city areas. Other places that release the
gas is power plants and natural sources like wildfires. During the cold season is when
Carbon monoxides are at its highest because the cold temperatures burn less and create
inversions that trap pollutants near the ground.

Carbon monoxide can be emitted into the bloodstreams through the lungs and sticks
to the hemoglobin, that part in blood that carries oxygen to cells. It decreases the amount of
oxygen to be reached. People with heart problems like coronary artery disease have the
highest risks. They could suffer chest pains and other symptoms related to the heart if they
are exposed to carbon monoxide especially while working out.

People with marginal or compromised cardiovascular and respiratory systems (for

example, individuals with congestive heart failure, cerebrovascular disease, anemia, or
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chronic obstructive lung disease), and possibly young infants and fetuses, also may be at
greater risk from carbon monoxide pollution [25]. Table (3.2) shows AQI Standard for

Carbon Monoxide.

Table 3.2. AQI standard for carbon monoxide

AQI Value Actions to protect Your Health from Carbon Monoxide

Good (0-50) None

Moderate (51 — 100%) None

Unhealthy for sensitive | People with heart disease, such as angina, should reduce heavy exertion and
Groups(101 — 150) avold sources of carbon monoxide, such as heavy traffic

Unhealthy (151 — 200) People with heart disease, such as angina, should reduce moderate exertion and

avold sources of carbon monoxide, such as heavy traffic.

Very unhealthy (201 - | People with heart disease, such as angina, should avold exertion and sources

300) of carbon monoxide, such as heavy traffic.

3.4 Air Quality Index

AQI is calculated by using the pollutant concentration data, the following table, and the
Following equation (linear interpolation) [26]: Table (3.3) shows AQI Standard with the

Carbon Monoxide and particle pollution.

-1,
Iy = gor g+ (C, — BP,) + I, (3.1)

Where Ip = the index for pollutant p

Cp = the rounded concentration of pollutant p

BPHIi = the breakpoint that is greater than or equal to Cp
BPLo = the breakpoint that is less than or equal to Cp
BPHi = the breakpoint that is greater than or equal to Cp
IHi = the AQI value corresponding to BPHi

ILo = the AQI value corresponding to BPLo
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Table 3.3. AQI standard with the carbon monoxide and particle pollution

This Breakpoint equal this AQI | and this category
PM2.5(ug/m°) CO(ppm) AQI
0.0-154 00-44 0-50 Good
15.5-40.4 45-94 51-100 Moderate
40.5-65.4 9.5-124 101 - 150 Unhealthy for
124 Sensitive Groups
65.5-150.4 12.5-15.4 151 - 200 Unhealthy
150.5-250.4 155-30.4 201 - 300 Very unhealthy
250.5 - 350.4 30.5-40.4 301 - 400
Hazardous
350.5 - 500.4 40.5-50.4 401 - 500
Hazardous

For example, how to get air quality index for PM and CO. Table (3.4) shows Maximum

concentration level for PM2.5 and CO gas.
(150 — 101)

(65.4 — 40.5)

CO:

(9.4 — 4.5)

(100 — 51)

Table 3.4. Maximum concentration level for PM2.5 and CO gas

+ (54.4 —40.5) + 101 = 116.86

+ (8.4 —45)+51 =64.9

Pollutant Maximum Concentration

Level Averaging Time
Particulate Matter (PM 2.5) 60 ug/m3 24 — hour

100 ug/m3 1-hour
Carbon Monxiede (co) 9ppm (10 mg/m3) 8- hour

35pm (40 mg/m3) 1-Hour
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Air quality refers to the condition of the oxygen in the atmosphere. Air quality
Standards have been assigned a certain level as to how high the pollutant is for it to be
hazardous in the area. In other words, it is a general term for the concentration of pollutants

for an average length of time set by the Environment Protection Agency [27].
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4. APPLICATION AND RESULTS

As far as enhancing and complementing WSAN are concerned, there are several
applications to consider with existing applications of sensor networks. Such applications
when performed bring about the reason for enhancing the sensor network operations by
activating the capabilities of monitoring. On the other hand, it is more concerning for us
when it comes to new applications, where actors are included in the network and perform
tasks based on the information collected by the sensors. It forecast that WSANSs be embedded
in the systems, such as Nuclear, Biological/Chemical Attack detection, environmental
monitoring, Home Automation and Battlefield surveillance [28].

With regards to fire detection applications, for instance, the precise origin and
intensity of the fire can be relayed by the sensors to starters of the water sprinklers to
extinguish the fire long before it starts spreading. Furthermore, plums (such as
visible/measureable contaminant discharges in water/air) can be detected by the sensors, and
countermeasures can be taken by the actors to react properly. The same goes for acoustic,
motion or light sensors in a building which can detect the existence of unwanted entrance
and command surveillance cameras to track them. As a second option, mobile actors can be
relocated to the area when the intrusion has taken place, detect the intruders with high
resolution images and allow or deny them entry.

Following the completion of the programming department hardware work with the
desired network which is designed to complete the project, there is a demand for a special
application monitoring in order to read and control the data that is sent by the device to the
sensor to air environmental monitoring program at the real time, and must be monitoring the
application in some way and it should displays simplified in order to deliver it to the user
as soon as possible, and at the same time the information is saved to take advantage of as a
result of reading the data from the indoor environment of the sensor during the period in
which the application works, the figure is a key aspect of the application of indoor air

environment. Figure (4.1) shows application of Air Quality
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Figure 4.1. Show application air quality

The application of air environmental control for the time being currently working on
estimating the air ratio in the case of gas CO with dust, and after connecting with the router
starts procuring data by pressing the start button, which shows the data in the application
partition table, while working to process data in order to granting of the information to the
user in the room in which it operates poetry presence of air pollution in the room. Set a time
of the work of these sensors in the air of the room at the time of the read data. As the
application information is shown on the graph. About the dust is estimated a rate of 0 to 1000
ug / m3, if reached this figure it is very much in accordance with standards, leading to a lack
of life. About CO gas from 0 to 1000 ppm to measure and display the gas, at the same time
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display of temperature with humidity between 0 to 100 per second of traffic to be continued,
informs ordered to notify the user that there is good air and pure or the presence of air is
unhealthy.

Identifying and expanding duration, process and then by machines should save the
data in a text to be utilised in the analysis, it shows us how the application works. Figure
(4.2) shows a flowchart Application Air Quality.
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Did save data?

i
O

Show message

finish

Figure 4.2. Show flowchart application air quality

This application, which is intended to show the internal air environment made by

Visual Studio program and how it is done is handling programming data read by the sensors
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and control them in order to become the beneficiary information for the person and talk about
it the following:

4.1 Application Programming

In the beginning when an application is created, time must be allocated for it, because
applying this work in the internal network for obtaining data from the application window
via Wi-Fi to the network router, and who have been and turned it into the program so it must
be written as follows, as needed to activate access to information.

When the client activates the application of indoor air assessment, it has made the
connection with the router and then the procuring data to become information to the user.
All sensors are connected to the local network and the device is connected to each other by
IP address. As it must be based on program that requests data from sensors via IP address,
need to loop Algorithm, that is going on constantly though experience that sensing and
communication between the application and the router. As well as sensors experience if their
communication is not to the program. The program ping with the IP address WI-FI device
sensor. If there is no contact between them it will send a notification through a message,
stating that communicate does not go through from access point to sensors. Algorithm (4.1)

shows programming to connect the application with the sensor.
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Algorithm 4.1 programming to connect Application with sensor.

while (!keepGoing)

try
1

Ping ping = new Ping();

PingReply reply =

PingReply replyl
PingReply reply2
PingReply reply3

if (reply.Status
IPStatus.Success && reply2.Status ==

ping.%end("192.168.1.1", 5@);
ping.Send{"192.168.1.34", 5@);
ping.Send("192.168.1.35", 5@);
ping.5end("122.168.1.36", 5@);

== IP5tatus.Success && replyl.Status ==
IPStatus.5uccess )

this.Invoke(new EventHandler(displaydata_event));

MessageBox.Show|("Not Connection with WIFI Sensor ");

'Program not connection with Getaway"™);

¥
else
1
ToggleState();
¥
catch (Exception ex)
{
count = 8;
MessageBox.Show("
i

After making the connection between the application and the router as well as remote

sensing program will be ready to take the data from the sensor devices. And to take data

from the sensor that are linked one IP address comes network, snapped data from IP address

and each sensor Private IP address is to take data from, it is to be in writing programming

each of them separated for the IP address through as shown below. Algorithm (4.2) shows

Programming get data in Sensor.
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Algorithm 4.2 Programming get data in Sensor.

ystem.Met.WebClient web = new System.Met.WebClient();
System.I0.5tream stream = web.OpenRead(“http://192.168.1.35");
using (System.IO.StreamReader reader = new

System. I0.StreamAeader(stream))

String text = reader.ReadToEnd();

© = text.Split('.");

Humidity = Convert.ToInt32(c[®]);
Temperature = Convert.ToInt32(c[1]};

¥
ffSystem.Net.WebClient webl = new System.Net.WebClient();

System.I0.5tream streaml = web.OpenRead("http://192.168.1.38");
using (System.IO.StreamReader reader = new

{

String text = reader.ReadToEnd();
dust = text;

ffSystem.Net.WebClient web2 = new System.NMet.WebClient();

System.I0.5tream stream2 = web.OpenRead("http://192.168.1.34");

using (System.IO.StreamReader reader = new
System.I0.5treamReader(stream2))

{

string text = reader.RehdToEnd();
co = text;

¥

In the programming that the method of taking data to take advantage of a private IP
address all the sensors, after reading the data and take them as displayed in the application
to become information for user, then send the data to control it take advantage of them in
order to know air ratio indoor environment.

After showing the data from the application of estimating air indoor environment that
might be information for the user, can data to be useful to the user so it must spear program

as described in the paragraph. Algorithm 4.3 Programming for save data.
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Algorithm 4.3 Programming for save data

try

{
string pathfile = @"C:\Users\computer\Desktop\DATAV";
string filename = "Air data.txt™;
System.I0.File.WriteAllText(pathfile + filename, data_tb.[Text);
MessageBox.Show("Data has been saved" + pathfile, “save file™);

¥

catch (Exception ex2)

{
MessageBox.Show(ex2.Message, “error™);

¥

¥

Save the data in the computer, a text file in order to benefit from them to be
information for the user, named AIRTEXT file, when to save file assures if a problem
occurred in save the application will notify the user this by a message, this figures example
of the data in the application of measuring the indoor air environment. Figure (4.3) example

data save in file txt

Time Humidity Temperature Dhust Co Air Guality
% C ug‘m3  ppm
175752 16 30 0.08 113 Unhealthy
175753 16 30 0.07 113 Unhealthy
175754 15 R) 0.07 113 Unhealthy
175755 16 30 0.07 113 Unhealthy
175756 15 3 0.03 113 Unhealthny
175757 16 30 0.07 113 Unhealthny
175758 16 30 0.06 113 Unhealthny
17:57:55 16 30 0.07 113 Unhealthy
17:58:0 15 £) 0.08 113 Unhealthy
17:58:1 16 30 0.08 113 Unhealthy
17:58:2 15 £) 0.07 113 Unhealthy
17:58:3 16 30 0.08 113 Unhealthy
17:58:4 15 £) 0.08 114 Unhealthy
17:58:5 16 30 0.07 113 Unhealthy
17:58:6 15 £) 0.08 113 Unhealthy
17:58:8 16 30 0.07 113 Unhealthy
17:58:5 15 £) 0.08 113 Unhealthy
17:58:10 16 30 0.07 114 Unhealthy
17:58:11 15 E) 0.07 113 Unhealthy

Figure 4.3. Example data save in file text

Following the saving of data in the form of a file, use a button in order to stop the

program and to terminate the work, so the user at the end can take the data from the
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application. This can be done by stopping the loop first, which to spins continuously and
then must stop-start button which is written message mentioned the program to disconnect.

Algorithm 4.4 Programming disconnect Application air quality.

private void but_stop Click(object sender, Eventirgs| e)

{

ToggleState();
la_needtime.Text = countth + ":" 4+ counttm + ":" + countts;

¥

private void ToggleState()

{
£ Flip the wvalue of the loop control flag
keepGoing = !keepGoing;
/f Enable/disable buttons
buttonl.Enabled = keepGoing;
but_stop.Enabled = !keepGoing;

¥

These data have been turned into information for the user, to benefit from the
knowledge with awareness of the weather and the air in the environment.

It must organise this data according to the expected probability of the ratio to live in
the room healthy or not healthy, at the mean times according to the degree temperature and
existing humidity in the room, in all given cases, it is necessary for the sensors to be in a
certain degree of heat and a certain percentage of humidity. It also must be based program
to notify the user if there is any pollution in the air whether or not the room is liveable, here
should know any degree of gas to be unfit to live in accordance with international standards,
and in the beginning measure the temperature and humidity in accordance with international
standards, then measure the rest of the gases, it is vital to observe the ratio of dust and CO
gas, clarifying possibilities in other word hypotheses to the proportion of dust, if the increase
rate of about 65 ug / m3 is available for us pure air conditioned, but if this ratio exceeds
should notice it because it leads to pollution of the environment shall be user-room is
healthy.

But by doing this may challenge us for CO gas for the introduction of possibilities,

and the international standard for this is 87ppm, in order to be a clean room environment and
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healthy, the proportion of this gas must be lower than standard to ensure the creation of a
clean atmosphere and the user must notice these data in order to benefit in the event of
contamination of the atmosphere, the program write as follows in order to control the user
data to benefit from the application. In accordance with international standards for the
purpose of determining the state of the weather in the environment, it must be aware that in

any field or any gas that must be accounted for, taking it as a standard gas.

4.2 Result Application

Following the creation of the air of indoor measurement program, if use this program,
which has been generated is set through of algorithm, is turned by algorithm specific to turn
data into information, to notify the user in case that is indoor air. Whether contamination by
CO gas or why there is a large proportion of dust that pollutes the indoor environment.

In the beginning, one can be sure of the compatibility of temperature and humidity
in the room with the operation of sensors, at the mean time adjusting to other organs of the
sensor that be a reason to read the room data in the presence of contamination in the
environment of the room or not. If the humidity level is less than 55%, it is OK relative to
the temperature [29]. This makes a comfortable environment. The range of temperatures
between 10 °C and 25 °C [30], before spend the rest of sensing devices to know the room
had been polluted or not. for instance, if the experience of the application for half an hour,
then the validity of the ratio of the atmosphere offer two charts about humidity and
temperature, which are gathering for a statement that has been collected during the half an
hour to be the first chart moisture into the room as below. Figure (4.4) Chart read Humidity

for 30 mint.
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Figure 4.4. Chart read humidity for 30 mint

The result of reading humidity in the room, ranging between 15 to 30, did not come
out to extend the scope of the program, set up and is normal readers, at the same time, reading
through the duration of the application is running is 15 or a little more moisture it means
humidity on the occasion of the room. Figure (4.5) shows Chart read Temperature for 30

mint.
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Figure 4.5. Chart read temperature for 30 mint

The temperature chart, it is intended to measure room temperature after running the
application, which took half an hour to see the result of reading the temperature ranging
between (20-25), and this class is suitable for sensors that operate in the room.

Since that measure pollution in the appropriate terms of both temperature and
humidity room, the rest of the sensor devices operate normally, and another chart for the
purpose of measuring the percentage of co gas and dust in the room. The following figure

describes it. Figure (4.6) shows Chart CO gas sensor for 30 mint.
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Figure 4.6. Chart CO gas sensor for 30 mint

The CO gas chart which is important, because it is considered one of the causes of
contamination of room air, in the beginning that the gas rate of CO may be high to some
extent, this is normal erosion take the measurement process stability, and from then one can
see that the proportion of CO gas gradually increases from 50 to 100. Therefore, we will be
able to look at the line reading waives gradually, even if increasing the gas ratio at the start
a little bit, but after the stability believes that the proportion of gas is clean and without
problems because the proportion of gas in the room air is gradually diminished to become
less than 87ppm, which the international standard for this gas in the air. Figure (4.7) shows
Chart particulate matter PM2.5 for 30 mint.
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Figure 4.7. Chart particulate matter PM2.5 for 30 mint

The air particulate matter chart dedicated to measuring the dust ratio, that reading
grade ranging from 0.04 - 0.1 mg / m3 and the international standard for dust and dirt from
pm2.5 type is 65 ug / m3 in the internal air of the room, which means 0.65 mg / m3 and less
than this ratio and the atmosphere of the room was clean, and we may see that sometimes
the atmosphere has had a little bit of pollution, but the overall atmosphere of clean room
within a half hour. The following is a chart offering fresh air meaning. Figure (4.8) shows
Chart Air Quality for 30 mint.
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Figure 4.8. Chart air quality for 30 mint

The air quality chart on the existence of pollution in the environment in terms of the
presence of CO gas or dust by less than world standards, it means that pure air, but in the
case of a CO gas or dust by more than international standards that leads to pollution of the
environment, and that blue colour in the chart refers to the presence of pure free of problems
in the environment and white colour indicates the presence of pollution in the air, but
considering the obtained results of the application is running for half an hour which is the

positive results overall in terms of fresh air in the indoor environment.
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5. CONCLUSION

The result of this research is a joined reason for measuring the air in an indoor
environment. This incorporates checking the levels of carbon conoxide and the levels of
Particulate Matter in the assigned environment. This is also to highlight that this system is
able to warn the residents of different levels of temperature and humidity indoors. The
abnormal effects of the environment trigger the sensors to pick up anything that deviates
from the normal standards. The design connecting these sensors with the computer
application is called a Wireless Sensor Network. These sensors are constantly reading and
measuring the air of the indoor environment and notifying us of any pollution present. This
system is ideal for use in homes, hospitals and schools so that it can serve humanity and keep
people in a healthy environment. Other sensors can also be added to detect other kinds of
gases, a local network established in each room can provide access to the application so that

it can reveal to us which room is polluted or not.
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