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Abstract
Fite disaster is a condition ot condition whete a building in one place is engulfed in fire. This results in loss of
agseta/property and loss of life in places such as factories, buildings, matkets, housing, gas stations and even
forests. [The purpose of this study is to manufacture an internet of things based fire detection system using the
fuzzy logic method which functions to provide eatly waming to residents who are outside the home and can
monitor if a fire ocours so that it can be dealt with early and minimize losses due to fire. The method used is

fire detection system could detect the surrounding conditions correctly, and also the use of a fuzzy logic system
ity this system can make the fire detection system more informative by having more fire level indicators namely
SAFE, Towards ALERT, ALERT, Towards DANGER, and DANGER. The distance needed by the device to
detect fire is about 1 meter,

Eeywords: Fire Detection Systems, Fuzzy Logic, Internet of Things, Microcontrollers, Arduino Mega.

INTRODUCTION

[ this country there are many buidings and housing that are located wery close to one another. As
a result, fires often occur due to electrical short circuits. This fire disaster is wery detnmental to
humans, in particular it can cause its own trauma for those who expenence it There are so many
causes and impacts of every fire disaster that occurs to cause casualties.

A fire disaster is a condition or condition i which a building is engulfed in flames. This resulted
mn loss of assets and loss of life n places such as factones, buldings, markets, housing, gas stations
and even forests. Based on world data on occupational safety and health accidents, the most senous
deaths due to factory fires occur in almost every country in the world with a ranlang below natural
disasters such as earthgquakes or tsunami disasters (ILO, 2018).

There are several factors that cause fires, such as electrical mstallation short circuits, gas stove
explosions, cigarette butts, and others. In general a fire 15 known when the fire has started to grow or
the smoke has started to tum black or has been billowing out of the buidding. A securty system in
buildings (buildings or housing) is needed because the fire hazard does not know the time, so that
eatly prevention can reduce the occurrence of fires, and greater losses (Matroul, 2022).

The purpose of this research is to create an internet of things based fire detection system using the
furzy logic method which functions to provide eatly warning to residents who are outside the home
and can monitor if a fire occurs so that it can be dealt with early and minimize losses caused by fire)

LITERATURE REVIEW

Definition of Fire Detection Systems

According to the National Fire Protection Association, fire is an oxidation event where 3 elements
meet, namely matenials, oxygen and heat which can cause matenial loss or even human death (NFPA,
2021). Every fire can cause wvarious kinds of losses such as damage to production equipment,
production materials, and loss of worlang time during the production process (Linawati & Purba,
2020).

Detection 15 a process to exarmine of examine something using certain tmethods and techniques
{(Fauzi, 2019). Detection can be used for various problems, for example in a disease detection systemn
{Beruty, 2020), where the system identifies problems related to disease which are commonly called
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symptoms (Sinarsari 2022). The purpose of detection is to solve a problem in various ways
depending on the method used to produce a solution (Pambudy, 2020).

Definition of the Internet of Things

According to (San et al, 2017) Internet of Thing (IoT) can be defined as the ability of vanous
devices that can be connected to each other and exchange data through the mternet network (Sharma
et al, 2020). IoT iz a technology that allows control comununication, collaboration with various
hardware dewices, data via the nternet network (Gdmez et al, 2013). So that it can be said that the
Internet of Things (IoT) 15 when we connect something (things) that are not operated by humans, to
the mternet (Petrenko et al, 2018). But [0T is not only related to controlling devices remotely, but
also how to share data, virtualize all real things i the form of the internet, and so on (Patel et al,
2016). The mternet becomes a link between machines autornatically. In addition, there i1z also a user
who serves as a regulator and supervisor of the workdng of the tool directly (Abdul-Qawy et al,
2015). The benefit of using IoT technology iz that work done by humans becomes faster, easier and
more efficient (Zemnab & Elmustafa, 2017).

Definition of Fuzzy Logic

Fuzzy 15 lnguistically defined as fuzzy or vague which means a wvalue can be true or false
stmultaneously (Schwartz, 19857, In fuzzy, it is known that the degree of membership has a range of
values from 0 (zero) to 1 (one) (Dzitac et al, 2017). Fuzzy logic 15 a logic that has a value of
fuzzyness or ambiguity between right or wrong In fuzzy logic theory a value can be true or false
simultaneously (Ross, 20093, But how much truth and error depends on the weight of membership i
has (McMeill & Thro, 2014).

Fuzzy logic has a degree of membership in the range 0to 1 and fuzzy logic shows how far a value
is true and how far a walue iz wrong (Soleymani et al, 2017). Fuzzy logic is an appropriate way to
map an input space into an output space and has a continuous value (Vuonmaa, 1994). Fuzzy
expressed in degrees of membership and degrees of truth. Therefore something can be said to he
partly right and partly wrong at the same time {Sulaiman et al, 2020).

RESEARCH METHOD

Bystem analysis 15 the process of analyzing information and problems obtaned from the indtial
design, circuit models, and fowcharts are carried out. In the stage of writing the program code, at this
stage, the coding 1z carried out mto a predetermined programeming language based on the overall
design. The dewvice assembly stage, namely assembling the tools that have been determined bhased on
the design that has been made. In the final stage of system testing, at this stage, the tool will be tested
for suitability with what has been designed and carried out tests to detect existing problems and make
mprovements|
System Analysis

[&nalysis 1z a detaled study or research by conducting an experitnent which results in conclusions
from the decomposition of a complete system into its component parts with the intention of
identifying and evaluating all problems that anse, obstacles that occur as well as opportunities and
needs so that solutions can be created to overcome problems that arise can buld the system to be

SYSTEM DESIGN
Design of Fire Detection System
This section contams the general design of automatic fire detectors and the following i1z a block
diagram regarding the hardware for automatic fire detectors that are being designed
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Figure 1. General Fire Detection System Design

Fuzzy Logic Design

The design of the Fuzzy Logic system itself 1= dnded into several stages, including:

1) Create a Fuzzy set
Creating a Fuzzy set is the first step m which at this stage the number of linguistic variables to be
used is determined and the distnbution of data on each linguistic vanable. This fire detection
system uses 3 input variables where the input variables are the output values from the fire,
temperature, and gas sensors. Each of these input vanables also each has 3 inguistic vanables. So
for the design of the fuzzy system mput on this fire detector are as followes:

Membership function plots. "™ " Ll

Normal [ et

gl st "l

Figure 2. Temperature Input Variahle

In Figure 2, 3 ngwistic variables are made, which mclude Normal (0 °C to 35 °C), Moderate {30
°Cto 45 °C) and Hot (40 °C onwards). So that in Figure 4.3 if translated it will form the following
equation:

1, x =31
35— x L, 36sx =42
Normal = yamt 31=x=35 44— x 31 35
0, x =35 Moderate= ¢ 5205
| ,)]" x >45 l 55 31=x<35
Hat — .\—-LI 49 =y < 45 0, 30,5 zxdan x = 44
3

X
0, x =42
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Figure 3. Gas Input Variahle

In Figure 3 the gas mput vanables also have 3 linguistic variables, namely Thin (0 ppm — 100
pptry), Mednm (90 pprn — 250ppen) and Thick (240 prmm onwards). So thatin Figure 4.4 if translated
it will form the following equation:

1 100 = x =220

L, x=0 250 — %
. J100—x =, 220=x=250
Thin = ., 0=x=100 Medium _ ) 30
100 x—90
, 6, xz 500 o 90 = x = 100
. r — 2 -

Thick — %. 240 < x < 300 0, x=250danx <90

0, x =240

Mambership function plots
Near Moderato Far

Inpsat vaiabie “Fire”

Figure 4. Fire Input Variahle

In Figure 4 the fire mput vanable also has 3 ingustic variables, namely Near (0-120), Moderate
{100-160) and Far (150-1023). So that in Figure 4.5 if translated it will form the following equation:

5 =21 1, 110 =x <140
Far = J X~ 150 150 < x = 170 160 — x

N EECE == o 140 =x =160
0, x = 150 Moderate = x 100 -
1, x = 100 o0 100 = x = 110

120 — x : -
Mear = 50— 100 < x = 120 0, x = 160 dan x = 100

0, x =120

In addition to designing fuzzy mput variables, at this stage the output variables are also designed
and the design of the output wariables in this systemis as follows:
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Figure 5. Status Ouiput Variahle

In Figure 5 it can be seenthat the output vanables of the fuzzy system are designed to have 3

linguistic wariables and the three variables are Safe (1 -2, Alert (1.5 —2.5) and Danger (2 — 3). Itis

from this output variable that the level of a fire canbe predicted by the fire detection system.

Hardware Design

An explanation of the hardware used in the Fire Detection System in figure 6 15 i table 1 below.

Figure 6. Hardware Design

Table 1.Hardware

Description

No.

Hardware

Information

Arduing Mega 2560 microcontroller is
used a5 a tool that processes input data
which will send data to output devices.

Thiz Ethernet Shield module is used to
send input data to the existing database on
the weh server.

The LM35 temperature sensor functions as
a sensor that detects the temperature in the
toom,




4 The flame sensorfunctions as a sensorthat
- i detects the presence or absence of fire in
the room.

5 The MOQT gas sensor functions as a sensor
that detects gas levels in a room.

4 The buzzer is an output dewvice that
receives information from the data sent by
the Arduino in the form of sound.

7 The LED light serves as an indicator of

whether a fire has ocoutred ot not.

Software Design
Software design is useful as the main controller on Arduing to carry out functions from other
devices.

Fire Detection Systems

o] [@] [@
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IMPLEMENTATION
System implementation is a process of implementing the system that has been designed, where this
stage is the stage of putting the system ready for use and also as an effort to realize the system that has
heen designed.

Hardware Requiremenis Software Requiremenis
Computer with specs: Operating System

13 Processor  : AMD Ryzen 5-3550H 2.1GHz Windows 11 Home Single 64-hit
4 Btorage :Harddisk 1| TB + 335D NVMe 256 GB

3 RAM : 8GE DDR4 24000MHz SDRAM

Aduing Mega 2560 ol

Arduing IDE & Visual Studio Code
Simulater Design

Fritzing

Diagram Design

Microsoft Visio 2016

Arduino Ethernet Shield Module

Flatme Sensor

Weh Server
Temperature Sensor LW35 i e
Datahase Server
Gas Sensor MOT MariaDE
LED
Tumper Cable
Breadboard
Adaptor? Volt
Aocess Point
L __.-—{Eon‘rnenl: [WUOJ: Fleasemakeit in
table form

System Usage Guide

How to Use a Fire Detection System:

1) Give Power to the Arduino by inserting the power cable from Arduino to the mains.

23 After Arduino is connected to electricity, the sensor will automatically turn on and start detection,

3) Ifthe green light is on then it indicates that the status 1z safe.

4) If the yellow light is on and the buzzer sounds every 1 second then it indicates that the status is
alert.

53 If the red light 15 on and the buzzer sounds then it mdicates that the status 15 dangerous.

Device Installation



Device installation is the process of assembling and installing all the hardware components.
\ - k|

Figure 8. Results of Fire Detection Systems Hardware DImplementation

Results of Software Implementation

Guide to Using Fire Detection Systems

1) Give Power to the Arduino microcontroller by inserting the power cable from Arduino into the
mains.

2) Afterthe Arduino microcontroller is connected to electricity, the sensor will automatically turn on
and start the detection.

3) Ifthe greenlight is on then it indicates that the status is safe.

4) Ifthe yellow light is on and the buzzer sounds once every | second then it indicates that the status
1s alert.

5) Ifthe redlight is on and the buzzer sounds then it indicates that the status is dangerous.

FIRE DETECTION SYSTEMS

7 STy g e

FIRE TEMPERATURE GAS STATUS
Not Detocted ¢ Nat Detected Sarg

Figure 9. Results of Implementation of Fire Detection System Sofiy

CONCLUSION AND RECOMMENDATIONS
Conclusion
After conducting system analysis, design, and testing, it can be concluded that an automatic fire
detection systemn can detect the surrounding conditions correctly and also the use of a fuzzy system in
this system can make the fire detection system more informative by having more fire level indicators,
namely SAFE, Towards ALERT, ALERT, Towards DANGER, and DANGER. The distance required
by the system to detect a fire is relatively close, which is around less than 1 meter.

Recommendations




The following are suggestions that the compiler can use for the development stage of this system,
mcluding:
1} This system cannot be connected dwectly to the fire department so that fires can be handled
quickly.
23 This system has not yet reached the stage where it can be implemented in daly activities because
the sensors used are still limited to prototypes.
3y The first prevention feature can be added, such as pounng water so that the fire does not spread.

REFERENCES

Abdul-Qawy, A 5, Pramod, P. I, Magesh, E, & Srintvasulu, T. (2015). The mternet of things (1ot):
An overview. fternational Journal of Engineering Research and Applications, 5(12), T1-82.

Beruty, B 5. (2020). Perancangan Aplikasi Detelsi Citra Mentimun Yang Berlualitas Denganmetode
Transformasi Haar Wavelet. Pelite Informatika: nformasi Dan Informatika, £(4), 457460,

Datac, I, Flp, F G, & Manolescu, BM.-J (2017). Fuzzy logic 15 not furzy: World-renowned
computer scientist Lot & Zadeh fternational Joursal af Computers Communications &
Contral, 12(8), 745789

Faum, B 4 (2019). Pendeteks: Kebocoran Gas Mengounakan Sensor Mg-2 Berbasis Ardumo Uno.
Jurnal Manajemen Dawn Tekuik Infarmatika (TURTANTARA), 3(1).

Comez, J., Huete, J. F., Hoyos, O, Perez, L., & Grgori, D. (2013). Interaction system based on
mternet of things as support for education. Procedic Computer Science, 21, 132-139.

ILO, I L. Q. (2018). Marnajemen Risiko Eebakarar (1st ed). International Labour Orgamzation.
hittps:fharwrwr o, orgfwomspSigroupsfpublic/---astal---ro-bangkok---lo-
jakarta’documentsfpublicationfwems 616190 pdf

Linawaty, 3. W., & Purba, [ G (2020). Analysis of the Potential Fire and Ezplosion and Losses with
Dow’s Fire and Ezplosion Index of Primary Reformer 101-B mn Pt Pupuk Snwidjaja Palembang,
Znd Sriwijaya International Conference of Public Health (SICPH 2019), 454440,

Matrouk, K. (2022). IOT Based Swveillance System for Fire and Smoke Detection
MeuroQuantelogy, 2008), 44063, https:dot org/10. 14704/, 2022.20.8. N Q44063

McHNeill F. M, & Thro, E. (2014). Puzzy logic: a practical approack. Acadermic Press.

NFP& N F P A (2021). Reporter's Guids: All about fire. NFPA https/fwww nfpa org/Mews-and-
Research/Publications-and-media/Press-Room/Reporters-Cuide-to- Fire-and- NFPAS AL about-
fire

FPambudi, & R {2020). Detekst Keaslian Uang Kertas Berdasarkan Watermark Dengan Pengolahan
Citra Digital. Jursal Informatiba Polinema, 6043, 69—74.

Patel, K. K., Patel 5. M., & Scholar, P. (2016). Internet of things-I0T: definition, characteristics,
arclutecture, enabling technologies, application & future challenges. International Journal of
Enginesring Science and Computing, 6(5).

Fetrenko, & 5., Petrenko, 5. A, Makoveichul, K. A, & Chetyrbolk, P. V. (2018). The IIoT/IoT
device control model based on narrow-band IoT (NB-10T). 20 & IRER Conference of Russian
Young Researchers in Blecirical and Blectronic Engineering (FIConRus), 950-953.

Ross, T. J. (2009, Fuzzy logic with engineering applications. John Wiley & Sons.

Sar, M. W, Ciptadi, P. W, & Hardyanto, B. H. (2017). Study of smart campus development using
mternet of things technology. JOP Cowmference Series. Muaterials Science and Engineering,
190(1), 12032,

Schwartz, I G. {1985). The case for an mnterval-based representation of knguistic truth. Fruzzy Sets
and Systems, 17(2), 153-163.

Shatrna, &, Smgh, P K, & Kumar, Y. (2020). An mtegrated fire detection systermn usimng IoT and
inage processing technique for smart cities, Sustainable Cities and Society, 61, 102332,

Sinarsari M. M. (2022). MNadi Pariksha Deteksi Penyakit Dalam Imu Kedokteran Tinur, Widya
Kesehatan, 4(2), 14-19,

Soleymann, 5 4, Abdullah, & H, Zareey, M, Ams, M. H., Vargas-Rosales, C, Ehan M. K., &
Goudarz, 5. (2017). & secure trust model based on fuzzy logic mn welucular ad hoc networks
with fog computing, JEEE Access, 5, 1561915629,

Sulamman, R, Jumawan, F. P, Sylfama D, V., Kurmawan, P, & Pradana, H. A (20200, Design Fuzey



Expert System And Certainty Factor In Early Detection Of Stroke Disease. 2020 Sth
International Conference on Cyber and IT Service Management (CITSM), 1-7.

Vuonnaa, P. (1994). Fuzzy self-organiming map. Fuzzy Sets and Systems, 66(2), 223-231.

Zeinah, K. A M, & Elmustafa, 5 A A (2017 Internet of things applications, challenges and related
future technologies. World Scientific News, 67(2), 126148,



4. BUKTI KONFIRMASI REVIEW DAN HASIL REVIEW KEDUA
(7 NOVEMER 2022, 3:37 PM)

Search Images Maps Play YouTube News Gmail Drive More » agus@stmik-dci.ac.id | Google Account | Settings | Help | Sign out
M Gmail | || Search Mail || Search the wep | hesseateheptions
Compose Mail  « Back to Inbox | Archive | | Report Spam | | Delete | [More Actions... v|| Ga | < Newer 3 of 11 Older »
Inbox {4) & Print (@3 New window
Starred %8 . -
ﬁ” [NQ] Editor Decision ..

Drafts Riyaz Ahmed Abdul Khan<riyazahmedabdulkhan@gmail. com> &7 Sun, MNov7, 2022 at 3:37 PM
All Mail To: agus@stmik-dei.ac.id

Spam Reply | Reply to all | Fonward | Print | Delete | Show original

Trash Agus Ramdhani Nugraha:

Contacts We have reached a decision regarding your submission to NeuroQuantology, "IMPLEMENTATION OF FUZZY LOGIC FOR FIRE

Eabels DETECTION SYSTEMS IN BUILDINGS BASED ON INTERNET OF THINGS".

Edit labels

Our decision is to: Accept Submission

NeuroQuantology.

2 attachments — Scan and download all attachments
t-630-Article+Text-7072-MyReview.docx

i) 1. A-neuroquantology-revi ig
1519K Yiew as HTML Scan and download

) C-revision-agus.docx
3433K View as HTML Scan and download

Quick Reply
To: Riyaz Ahmed Abdul Khan <riyazahmedabdulkhan@gmail.com> Mare Reply Options

P

| Send | Save Draft | Include quoted text with reply




5. BUKTI KONFIRMASI ARTIKEL ACCEPTED
(7 NOVEMBER 2022, 3:37 PM)

Search Images Maps Play YouTube MNews Gmail Drive More s agusi@stmik-dci.ac.id | Google Account | Seftings | Help | Sign out

You are currenthy viewing Gmail in basic HTML. Switch to standard view | Set basic HTML as default view

. = Show search options

M Gma || [ ]| Search Mail |[ Search the Weh | & -
Compose Mail Back to Sent Mail 1 0f 3 Older »
Inbox (3) Collapse all G Print @ New window
Starred ¢ [NQ] Editor Decision e
Sent Mail

Drafts Riyaz Ahmed Abdul Khan<riyazahmedahdulkhan@gmail.com= £ Sun, Nov 7, 2022 at 3:37 PM
All Mail To: agus@stmik-dei.ac.id
Spam Reply | Reply to all | Forward | Print | Delete | Show original
Trash Agus Ramdhani Nugraha:
Contacts We have reached a decision regarding your submission to NeuroQuantology, "IMPLEMENTATION OF FUZZY LOGIC FOR FIRE

Labels DETECTION SYSTEMS IN BUILDINGS BASED ON INTERNET OF THINGS".

Edit labels

Our decision is to: Accept Submission

NeuroQuantology

2 attachments — Scan and download all attachments

) 1. A-neuroquantology-review-assignment-630-Article+Text-7072-MyReview.docx
= 1519K View as HTML Scan and download

@) C-revision-agus.docx
3433K ¥iew as HTML Scan and download

Reply | Reply to all | Forward | Print | Delete | Show original




6. BUKTI PEMBAYARAN JURNAL
(14 NOVEMBER 2022, 4:22 PM)

Search Images Maps Play YouTube News Gmail Drive More » agus@stmik-dci.ac.id | Google Account | Settings | Help | Signout ~

You are currenthy viewing Gmail in basic HTML. Switch to standard view | Set basic HTML as default view

M Gmail | |[ sSearch Mail || Search the wet | Showsearch options

Comnose Mail  Back to Sent Mail 1073 Older »
Inbox (3) {8 Collapse all & Print @@ New window
Staired 7 [NQ] Editor Decision o

Sent Mail

Drafts Riyaz Ahmed Abdul Khan<riyazahmedabdulkhan@gmail.com:= £ Sun, Nov 7, 2022 at 3:37 PM
Al Mail To: agus@stmik-dei.ac.id

Spam Reply | Reply_to al | Forward | Print | Delete | Show original

Trash Agus Ramdhani Nugraha:

Contacts We have reached a decision regarding your submission to NeuroQuantology, "IMPLEMENTATION OF FUZZY LOGIC FOR FIRE

Labels DETECTION SYSTEMS IN BUILDINGS BASED ON INTERNET OF THINGS".

Edit labels

Our decision is to: Accept Submission

NeuroQuantology

2 attachments — Scan and download all attachments

@) 1. A-neuroguantology-review-assignment-630-Article+Text-7072-MyReview.docx
= 1519K View as HTML Scan and download

i C-revision-agus.docx
3433K View as HTML Scan and download

Reply | Reply to all | Forward | Print | Delete | Show original

Agus Ramdhani Nugraha<agus@stmik-dci.ac.id= £7'Sun, Nov 14, 2022 at 4:22 PM
To: Riyaz Ahmed Abdul Khan <riyazahmedabdulkhan@gmail.com:=

Reply | Reply to all | Forward | Print | Delete | Show original

We would like to thank you for accepting our manuscript entitled "IMPLEMENTATION OF FUZZY LOGIC FOR FIRE DETECTION SYSTEMS
IN BUILDINGS BASED ON INTERNET OF THINGS" for publication in the Journal.

Final version of our article and proof of payment for our publication is attached below.
- Show guoted text -

2 attachments — Download all attachments

) Final Version - Agus Ramdhani Nugaraha.doc
1519K View as HTML Download

& Publication Fee.pdf
=~ 188K View as HTML Download

Quick Reply
To: Riyaz Ahmed Abdul Khan

zriyazahmedabdulkhan@gmail.com= Mare Reply Options




7. BUKTI JURNAL SUDAH BERADA DI BAGIAN PRODUKSI
(23 NOVEMBER 2022, 3:21 PM)

Search Images Maps Play YouTube News Gmail Drive More » agus@stmik-dci.ac.id | Google Account | Settings | Help | Sign out

You are currently viewing Gmail in basic HTML. Switch to standard view | Set hasic HTML as default view

. 7 Show search options

M Gmall [ H Search Mail H Search the Web |Createafiher
ComposeMail  Backtolnbox | Archive | | Report Spam | | Delete | 1 of 12 Older »
Inbox (2) © Print @ New window
g‘a;t’i;’? [NQ] Editor Decision o

ent Mai
Drafts Riyaz Ahmed Abdul Khan<riyazahmedabdulkhan@gmail.com= Fri, Nov 23, 2022 at 3:21 PM
Al Mail To: agus@stmik-dci.ac.id . -
Spam Reply | Reply to all | Forward | Print | Delete | Show original
Trash Agus Ramdhani Nugraha:
Contacts The editing of your submission, "IMPLEMENTATION OF FUZZY LOGIC FOR FIRE DETECTION SYSTEMS IN BUILDINGS BASED ON
Labels INTERNET OF THINGS," is complete. ¥We are now sending it to production.

Edit labels

Submission URL: hitps:iiwww.neurogquantology.comiindex php/submissionfauthorDashboardisubmission/630

Prof. Dr. Rivaz Ahmed Ahdul Khan

NeuroQuantology

Quick Reply
To: Riyaz Ahmed Abdul Khan

<riyazahmedabdulkhan@gmail.com= Mare Reply Options




