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Abstract

Recently, people’s sensitivity to industrialization, externa fine dust Ilfe dust
has increased substantially. As a result, the time during p%ople@ 00rs using
air cleaners has been gradually increasing. Ther yst onitor dust
concentrations and atmospheric environments i envj ron where people
reside are necessary. In this respect, in the pres dy, a & as developed that
can monitor comprehensive indoor atmosphekic environ y acquiring fine dust
concentrations, temperatures, and humidity_st, titat gene%rs can easily identify the
results. In addition, as kitchen utensils @ ectrical mashinery and apparatuses are
used indoors for long periods of { i (@ce of fire-watching has been
increasing. Therefore, in the pres dy, %p\‘ue fire-watching was enabled by

installing fire-watching an systems door sections where fire may occur.
Dust sensors, temperatur% mloh nsors were used to determine dust
I|ty,

concentrations and indoor air |crocontrollers were used to enable data
acquisition and monltorl nd Ras | microcontrollers and image sensors were
combined to impleme =watchi % onltorlng systems.

Keywords: a@herlc env t monitoring, image processing, fire-watching, dust
sensor, mic®\ ller

1. Introduction

An internati @;nization announced that 4.3 million people die per year due to
indoor air polldgor resulting from industrialization, inflows of outdoor fine dust, indoor
dust, and utants generated in the process of cooking in the kitchen. However, whereas
residen easily respond to the pollution of outdoor atmospheric environments
beca ted information can be easily obtained through mobiles and broadcasting,

@not easily recognize and respond to the pollution of indoor air environments
@se elements for determination of indoor air quality are not diverse. Therefore, in the
present study, a system was developed that enables the acquisition of indoor atmospheric
environment, temperature, and humidity data using Arduino board based gas sensors, dust
measuring sensors, temperature and humidity sensors and enables direct gas leakage
detection and fire-watching and monitoring using Arduino boards, short-distance fire
detection sensor modules, gas sensor modules, and camera modules. That is, a
comprehensive home monitoring system was designed that can be applied to home
environments and diverse indoor environments for atmospheric environment monitoring
and fire-watching as it enables monitoring of indoor atmospheric environments through
compound sensors and accurate fire-watching monitoring through image processing and
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fire detection sensors. Diverse compound sensors were used to check atmospheric
environments and Internet access was enabled through the mainboard of the fire-watching
and monitoring system. The transmission of the dust concentration and atmospheric
environment information measured through the foregoing and the transmission of fire
images to the outside were also enabled so that loT based fire-watching and home
monitoring systems can be implemented.

2. Monitoring System Hardware Implementation

2.1 Compound Sensor Data Processing Unit Implementation

The home monitoring system consists of a fire-watching and monitoring system for
fire-watching and an indoor atmospheric environment monitoring system. Each
monitoring system was implemented by fusing compound sensors using an Ardum board,
as a mainboard. The fire-watching and monitoring system was implemented u
distance fire-watching sensors, gas leakage detection sensors, and temperatLire
sensors and the indoor atmospheric environment monitoring system wag i
using dust sensors and temperature/humidity sensors. Fi ]. belo the fire-
watching and monitoring system and Figure 2 below the ind0oy” atmospheric

environment monitoring system [1]. : \/

Figure Qatchl Figure 2. Indoor Atmospheric
Environment Monitoring System

2.2. Sensor co ation

2.2.1. Shartsdistance Fire Detection Sensor

The SM from NEOTICS Co. was used as a short-distance fire detection sensor
he fire-watching monitoring system. This sensor module is used for short-
e’ fire, flame, spark detection, can detect flames with wavelengths in a range of

2071100nm at distances up to 50~80Cm, and is attached with a power LED and a
detection output LED for easy judgment by the user. Its operating power is characterized
by a wide range of working voltage, which is DC 3.3V ~ DC 5V and its detection outputs
are at the TTL level so that they can be directly used by the MCU. Table 1 below shows
the characteristics of the short-distance fire detection sensor [2].

156 Copyright © 2016 SERSC


http://www.sersc.org/journals/IJSH/

International Journal of Smart Home
Vol.10, No.12 (2016)

Tablel. Specification of the Short-distance Fire Detection Sensor

Power voltage DC 3.3~5V
Operational current 10mA
Detection output At normal times "H’
When fire has been detected °L’

2.2.2. Temperature/humidity Sensor

Temperature/humidity sensors were used in both the fire detection monitoring
system and the indoor atmospheric environment monitoring system. Since the fire
detection monitoring system is used in the vicinity of electronic eqmpment or
kitchen utensils, temperature information should be monitored
temperature/humidity sensors. In addition, temperature/humidity data wer
the indoor atmospheric environment monitoring system to acgUitg \indoor
environment information. DHT11 sensors were used as, temp %
sensors in both systems. The DHT11 sensor output i operates with
the power of +5V, has a temperature measuring ran [

+57C) and a humidity measuring range of 20~9 sure r £5%)[3].

2.2.3. Gas Detection Sensor

In the present study, MQ-6 gas det sens Ies were used in the fire-
watching and monitoring system ion sensors are sensitive to
propane gas, butane gas, LPG, a ural g can measure the concentrations.
When any of the gases has b ected ue of the internal resistance of the
MQ-6 gas detection sens hanged t the concentration of the gas can be
measured by receiving resultan voltage of the sensors. In addition, the
sensitivity of this g sor to gases can be adjusted by connecting a
variable resistor @output tegminal of the gas sensor. Therefore, MQ-6 gas
sensors can be c dto watchlng and monitoring system to monitor the
leakage 0 e'gas and LPGggas that are mainly used at home or restaurants and
can quickl“ t the ignition and secondary damage. Figure 3 shows a
gas sensor ‘applicatiog” CitClit and Figure 4 shows the sensitivity of the sensor to
certain gasses acco 0 the ratio of sensor resistance to variable resistance [4].
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Figure3. MQ-6 Sensor Circuit Figure4.Sensor Sensitivity Levels
by Type of Gases
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2.2.4. Dust Sensor

DSM501 dust sensors from SAMYOUNG Co. were used in the indoor
atmospheric environment monitoring system. These sensors are PWM output type
dust detection sensors that can measure lum (micrometer) or larger dust. These
sensors operate with 5V power, can be easily connected to the Arduino used as the
mainboard, and can detect tobacco fumes, household dust, pollen, and fine dust. The
Each DSM501 module consists of a heater, a dust detection unit, a signal
amplification unit, and a signal output unit. When dust particles have been detected,
the PWM output is changed into LOW. The dust concentration can be measured by
measuring output signals for 30 sec. and adding up LOW output times during the 30
sec. Figure5 below shows the ratios of LOW output signals and related dust
concentrations and Figure6 shows the method of calculating dust concentration
through the measurement of LOW output signals [5].
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Figure 5. Dusz % tratiops Aecording to LOW Output Signal Ratios

OQ\ éﬁlse width: 10ms — 90ms

=4,5V

@ Low = 0.7V

O L sum time of Low (t sec.)
: r

Low ratio[%] = t(sec)/ 30 (sec)* 100

measuring time (30 sec.)

Figure 6. Method of Measuring LOW Output Signal Ratios
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2.3. Implementation of the Image Data Processing Unit

In the present study, image data processing units were used for fire-watching and
monitoring and household environment monitoring. Raspberry Pi microcontrollers
were used as the main boards of the image data processing units [6]. Based on
32BIT ARM Cortex-A7 core processors, Raspberry Pi microcontrollers support
diverse peripheral systems such as USB ports and wire/wireless Internet. In
addition, they can be easily connected through the web because they loaded with an
operating system. Camera modules were connected to Raspberry Pi main boards to
apply monitoring for fire detection and to enable indoor environment monitoring.
Figure 7 below shows the image data processing unit configured in the present
study. the camera module is connected to the CSI (Camera Serial Interface) terminal
in the mainboard of the fire-watching and monitoring system and was installed with
a CMOS image sensor from Omni vision Co. It is characterized by small sizg, can,
take 5Mega Pixel still cuts, and supports 1080p, 720p, and 640x480p vide%%@

modes [7]. 0

age Data Processing Unit

Figur
“

3. Implementati ome-monitoring System Software

3.1 Fire detectd gorithm

The fi%@tching and monitoring system implemented in the present study was
ors such as houses and restaurants where fire-watching and monitoring
to enable responses to the occurrence of fire by monitoring gas leakage
of fire for long periods of time that can increase the possibility of fire. The
etection monitoring system first judges whether fire has been detected based
on gas leakage detection sensors, short-distance fire detection sensors, and
temperature/humidity sensors. When fire has been detected, it obtains images using
the image data processing unit and finally judges whether fire has occurred. Figure8
below shows the operating algorithm of the fire-watching and monitoring system.
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Figure 8. Fire- watchlng a onltop Igorithm

3.2 Integrated Indoor Environment In on Algorlthm

In the present study, an mdoor pher nment monitoring system was
used to obtain real time i o n on | atmospheric environments and
atmospheric enwronment% evels e set to enable the recognition of
integrated indoor environme F|r t Ime indoor temperature/humidity data
are obtained to judge i atlon or temperatures and humidity and indoor
dust concentratlon talne fr the dust sensor to judge comprehensive
indoor dust con ions d factors such as fine dust, tobacco fumes, and
yellow sand s forma integrated indoor atmospheric environments can

recog |gure eI shows the indoor atmospheric environment
monltorlnrlthm btalned temperature/humidity and dust concentrations
are analyzed and i environment comfort levels are outputted to the LCD
module so that t @ can recognize the current indoor environment comfort state.
According to nvironment Corporation’s fine dust related data, a fine dust
forecast systenNis‘operated currently and forecast levels are divided into five levels
as show able 2 below considering atmospheric environment standards and
health ts [8]. Based on the forecast levels, indoor temperature/humidity
|nfo is delivered and fine dust concentrations divided into three levels; good
, moderate (level 2), and bad (level 3) are outputted so that residents can
nlze indoor fine dust concentration levels.

Table 2. Fine Dust Forecast Levels

Concentration
(ng/m3) 0~30 31~80 81~120 121~200 201~
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Figure 9. Indoor Atmospherie @ronm@hﬁmtormg Algorithm

4. System Experiments &% s&

4.1 Fire Detection Monito xperlmen\%

To conduct fire dete momto@periments, a small quantity of butane gas
the gas leakage was detected and sparks and

was leaked in a ¢l
sJdgnition of portable lighters. The experiment was

flames were det

conducted in t i @ First, whether fire has occurred is judged based on
the outpu e shortsdistance fire detection sensor. The short-distance fire
detection @r gen HIGH signals when no fire has been detected and
generates L

sig en any flame or spark has been detected. Second, whether
any gas has been %d is detected using an MQ-6 sensor. Table 3 below shows the
results of mong g of whether any flame or spark has been detected and the
concentration aked gases by analyzing the data obtained from the sensor and
Figurelo%ws the source codes of the fire-watching and gas concentration

rogram. As can be seen in Table 3, when fire has been set, the fire-
ensor generates LOW signals to display the fire detection. In addition, the
g#voltage output by the gas detection sensor is converted into digital values to
ge whether the gas has been leaked through the ADC process of the Arduino
mainboard. The A/D converted sensor output voltage in closed spaces where no gas
has been leaked is 70. As can be seen in Table 3, the sensor output voltage (gas
concentration) exceeded 70 after the gas was leaked and increased in proportion to
the exposure time. The fact that fire has been detected can be identified by
analyzing the data obtained through the sensor module and gas sensor.
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wid loop() {

int Deteot_Fire = digitalRead(Fire_read):

Sarial printIn(buttonStata):
de lay(30):
if (Dateot_Fire==0){
Serial.print("Dsteoting Firs & Spark"):
Serial.printin():}

read ths input on analog pin 0
int sensorValue = analogRead(A0):

print out the value you read

Serial printin(sensorValue):
de oy (300): dslay in betwean raads for stability

*
if (ssnsorValue>70){ V
Serial. print("Dstect ing gas conosntration "): O
*
Figure 10. Fire-watching and Gas Concentrgﬂ qu% ogram

Table 3. Real Time Fire—watchingQGas C\ tration

1 e (0]
2 \ i | 0
3 310 ;\% 0
4 N 0

s

However, in % e of se based fire detection, accurate sizes or states of
flames cannot #he\easily ified. In the present study, to overcome this
shortcomi 8, system snas Installed in actual regions where fire may occur to
obtain rea 2 ima @ using an image data processing unit. In addition, an
image processing p was applied to additionally check whether actually fire
has been set so t ccurate fire detection algorithm can be applied in addition to
the fire detectj nsor and gas sensor. Figurell below shows the image data
obtained thro the image data processing unit to conduct fire-watching and
monitoriﬁ*gxperiments. Fire images were induced to form experimental
enviro . After recognizing ignition through the fire detection sensor and gas
con on measuring sensor, actual ignition images were taken through the
rocessing unit to judge the size of flames and whether fire had been set. Two
e processing techniques were used to conduct fire region detection experiments.
First, to detect only fire regions out of the background region, the difference image
technique was applied to separate the background region and the fire regions from
each other. When the difference image technique is applied, accurate fire detection
is possible regardless of external environments. Thereafter, the bainalization
technique was applied to the derived fire images to enable accurate detection of fire
regions regardless of the sizes of fire ranging from micro fire to large fire. Figurell-
a shows the background image before the fire was set, Figurell-b shows the image
after the fire was set and Figurell-c shows the difference image in which only the
fire region was derived.
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(@) (b) (© \/.
Figurell. Fire Detection Image

no fire is detected in the background image in Figure 11-a. The fire im @ure 11-b
was obtained after setting fire and the difference |ma anue plied to the

image to obtain the accurate fire region only in Flgure rocess shown

above, fire-watching monitoring systems can b e n|ty of kitchen
utensils and home appliances to detect fire imag addm&xr size of fire can be
estimated by analyzing the derived difference jmages for ac esponses according to
the sizes of fire. The histogram of the derl rence? can be analyzed to detect
accurate sizes and regions of fire. The m me S t unique brightness values of
pixels in the image. The dlfferencéhges al ries and threshold values are
designated based on the brightness numerically analyze whether fire

has been set and the sizes Flgurel ows a binary image derived after
conducting bainalization wiﬁ%h sholde %of 87. As can be seen from the image,
accurate and clearer separation o fire @ possible. The sizes of fire regions can be
identified using the pixe htness ata. This bainalization technique will enable
accurate detection of ions if it is dpplied after identifying the level of illumination
in the enwronme the fi 'w%ihmg and monitoring system has been installed and

setting the opti eshold t fits the level of illumination.

-
@)
Q°

Figure 12. Binalization of Detected Fire Image
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In addition, the bainalization technique was applied to detect larger fire regions. Figure
13- a below shows the difference image of the fire region and Figure 13-b shows the
binary image of the fire region. As can be seen in the Figure, fire can be detected
accurately regardless of the sizes of fire. In addition, fire sizes can be estimated by
measuring the sizes of fire regions in the image. Through the foregoing, fire information
can be analyzed for all sizes of fire ranging from micro-fire to large fire and responses can
be made by the level of fire.

(@) (b)
Figure 13. Original F#w€)image’ and-Binarized Image

4.2. Indoor Atmospheric Envigoment Mopitoring Experiment

The indoor atmospheric Enhvirogmeeg monitoring system obtains real time
temperature/humidity ifif6fmation ¥ \mnonitor indoor humidity and temperature
conditions and detect1hdB0r dust goncentrations. The dust sensor used in the present
study can detecheyen 1lum [(fmigrometer) sized fine dust and harmful smoke.
Tobacco fumesfere generated ih a’closed space to form a harmful environment for
dust concefitration measuring experiments and changes in dust concentrations were
experimented Ay venilatuiag the space during exposure to tobacco fumes for
accurate measuremgaiNof" dust concentrations. Indoor dust concentrations before
releasing tobacco,rumes, after releasing tobacco fumes, and after ventilation were
compared withi\ €ach other to conduct comprehensive indoor atmospheric
environment mogitoring experiments [9].Table 4 below shows temperature/humidity
data and Changes in dust concentrations for 30 sec. before and after exposure to the
harmful efvironment. As can be seen in Table 3, the dust concentration was low for
the firSt “30sec. because there was only indoor residual dust. However, the dust
Copecriration increased rapidly thereafter due to the inflow of tobacco fumes. The
spage was ventilated before 1minute and 30 second passed and the experiment was
continued. The dust concentration gradually decreased thereafter to the level during
the first 30 sec. The space was closed for 1 minute from 2 minutes after beginning
of the experiment and large amounts of tobacco fumes were released again. As a
result, the dust concentration increased rapidly.
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Table 4. Temperature/humidity Data and Real Time Changes
In the Dust Concentration

1 15 26 41
2 158.9 26.5 41
3 109.2 24.5 42
4 30.8 24 40
5 305.5 24 41
6 164.6 255 41

Meanwhile, the temperature/humidity output of the indoor atmospheric environment
monitoring system for the experiment environment and the temperature/humldlty utputs

for fine dust concentration levels are shown in Figure 14 and Figure
respectively. Figurel4 shows the values in the experiment 1 in Table 4 ?}%rels
shows the value in the experiment 2. As can be seen in the Figures, the syt led the
user to recognize indoor temperature/humidity conditio elt as t f risks of
dust concentration thanks to the difference in dust e ratl ns re and after
smoking.

~~~~~~~

Figure 15. Experiment 2

5. Conclusio (b
In this papﬁth indoor atmospheric environment monitoring and indoor fire-
Watching\*m'toring were enabled using image processing and compound Sensors.
Among ents that affect indoor atmospheric environments, real time indoor
tem /humidity data were obtained through Arduino board based temperature and
sensors to judge information on indoor temperature and humidity and indoor
oncentrations were obtained from the dust sensor to judge comprehensive indoor
dust concentrations due to factors such as fine dust, indoor residual dust, tobacco fumes,
and yellow sand. In addition, the user was enabled to for comfortable indoor
environments by immediately responding to any problem exceeding appropriate levels
through ventilation or using air cleaning products through monitoring of accumulated data
and real time fire-watching and monitoring was enabled using Arduino boards, short-
distance fire detection sensor modules, gas sensors, Raspberry Pi mainboards, and
camera modules. The user was also enabled to conduct direct gas leakage detection and
fire-watching and monitoring by obtaining fire images when fire has been detected after
first judging whether fire has occurred through fire detection sensors. In addition, the user
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was also enabled to identify flame sizes for all fires ranging from micro-fire to large fire.
Users are expected to be able to prevent damage to human lives and properties due to
large fire through the system. In addition, since the system was identified as being capable
of indoor atmospheric environment monitoring and fire-watching and monitoring, it was
confirmed that the system can be it installed and used in many places such as home
environments, restaurants, and public places depending on dust concentrations and
sensitivity to fire. Future tasks are supplementing the system so that immediate actions
can be taken through linkage with fire authorities through communication when fire is not
extinguished and increasing the utility of the system by grafting measures to respond to
invasion from the outside through image processing.
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