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[Abstract]

In this paper, we propose a Wi-Fi Mesh-based fire detection system for fire detection and rapid response.
Previous fire detectors had the problem that it is difficult to distinguish between fire and non-fire based on
a single sensor, and since multiple detectors operate independently, there is a lack of interconnectivity. In
this paper, we present a fire detection system based on a K-NN classification model using a multi-sensor
based fire detector. Also, by constructing a mesh network for fire detection, detectors within a spatial range
can be interlinked to detect fire. Looking at the performance evaluation results of the implemented system,
it was confirmed that the TPR(True Positive Rate) of fire classification was 96.1%, the FPR(False Positive
Rate) was 0%, and the F1-Score, which corresponds to the harmonized mean value of accuracy and
reproduction rate of fire and non-fire classification, was 98.01%, and the prediction accuracy ACC(Accuracy)
showed excellent performance of 98.05%. In the future, we intend to develop it into an intelligent fire

detector system through mesh network monitoring and multi-sensor self-diagnosis functions.

» Key words: Fire Detection System, Multi-Sensor, Wi-Fi Mesh Network, K-NN Classification Model

[2

2

ri
i
M
rlo
£

N
N

b

R A& )5 ¢33 Wi-Fi Mesh 7]9Ee] ShA] 7HA] AJ2~B1S A|Qkeiet, 7]&
st el vl shafel] thgh dHo] oL vre] A7V HHA o R
S TAMS 7RI 2 ERelAe v Al 7]k sha Ay
2 7Inke] ShA| ZHA] A AEE ARG Bgh St 2A]E HA] UIES
Aol = AA7I7F s AAEY stAE 2AE 5= QA gk 739 A=
£ A9 HH, A 252 TPR(True Positive Rate)i= 96.1%, FPR(False Positive Rate)
= 0%, st Bk o] Aok AL 3} Farghell siEete Fl-Score™ 98.01%% 24414
NI 4S5 G ACC(Accuracy)v 98.05%2] -3¢ A5S Hth &%, WA YES T ZUHE
5O Al 2RI 7 TE Eete] Asd sAAY] Alag o wHA7 aA} g

f tot
N
EN=Y
NN
N
;’gd =
dn
2
ox 12
folr 2
o e X
N
=
o

4z HU r

7
z

s ZAO]: BHRY 2R AJAH, CHE MM, WiFi BA| HEYT, K-NN 22 29

* First Author: Cha-Hun Park, Corresponding Author: Myeong-Chul Park
*Cha-Hun Park (chpark@ikw.ac.kr), Dept. of Avionics Engineering, Kyungwoon University
**Hyoun-Chul Choi (daon@idaon.co.kr), DAON Co., LTD
*Myeong-Chul Park (africa@ikw.ac.kr), Dept. of Avionics Engineering, Kyungwoon University
* Received: 2024. 09. 19, Revised: 2024. 10. 15, Accepted: 2024. 10. 24.

Copyright © 2024 The Korea Society of Computer and Information
http://www ksci.re.kr pISSN:1598-849X | eISSN:2383-9945



164  Journal of The Korea Society of Computer and Information

I. Introduction
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Fig. 1. Number of fire trucks dispatched due to fire

alarm malfunction[1]
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II. Background

1. Related works on Fire Detection System
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Fig. 2. Fire Classification System(Left: On CPU, Right:
On GPU)[3]
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III. Design

1. Wi-Fi Mesh Network
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Table 1. Key components of ESP32 SDK
Component Function
Register one or more nodes, form
Creating a connections between nodes, and set the

mesh network

name, security settings, and other
components of the network

Register a
node

Each node participating in a mesh
network is given a unique identifier

/ Fire detection "‘
. Devices (Leaf che)
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€ Devices (Leaf Node) /
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Fig. 3. Connection structure of a Wi—Fi Mesh—based fire
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Communication

Each node exchanges data with
neighboring nodes and organizes data
flow between nodes

Automatic Determine the transmission path of data
routing in a mesh network
. Provides encryption and authentication
security

functions to secure communication

2. Multi-sensor based sensing module
2 =204 233 i) 2kx] AlAslo] He] AlA 7]t
A 25 HAE 32+ Fig. 49 At} o E A5 ]

913t chgat W] AL,
ORI ER L R E RSP

2 AFoME oF AllA 7
o]: 71—7(] 7]#2

Agsl ek, S UE 0E Aol dolelE 2

A= HAlg 7Iee e 3 Bjety &

th oI5 fiet tiutoj A SRl EAY Al 9:_1@}9,}%;% 2

A|5H=

A,

o

) n:l> rﬁ

T 7] A, 9e olfsto] ] UAlE
7] 2R ANz et

ZEATS|T S S A LAsHe ek
2 RISk 3y 971 Sk Al M, LPG 2 LNG
1—;(]5' o] st 7}/\ 71—7(] Al }\1
7(1 9_57} QD:] EX]— }‘— SERN| OEﬂ 71—7(]% SH?S‘:]_- Q.

R gao] Lt s

 OoOuv 71 a T

SJat A

=2



166  Journal of The Korea Society of Computer

and Information

447NN B~ Mosbute

OB AP A4TMIx HF -Module

| | |
|
| 1 | |
I 1 I |
i
- .I d vorms i | : | Comparator i Ot iond |
s B Amptifire | |
i . .
: 1- | I P —
i | | |y i Detection | |
! LD
| - AMP r | Phetoelectric
' I Comparstor - i i Smoke Seasar I
N = : | | [ Check |
' I [ Anatox_| | | T = |
3 : s
. | Catalytic Gas | . |
| N | e | [ |)
v | LR oA & Speaker |
!
. e I[N L e
e - e e ]
! | Fire extinguisher Unit : - Display & Control Unit
'
1 H =
'] : il s
il = Analos 1z¢ danvhe - Modte | [ Radl | HATMRe RE-Module
x . i Opsieat H 1 HCapsian)
! I Hanind
v ) Module
' e = [—
Gan Detection Lime Driver BT Line Drlver MEMS
s 3 Sedsmic

A

| seao

R

Motor Deiver

e
e

i
i

Fig. 4. Test circuit for multi-sensor based sensing modules

V. Implementation

1. Implementation of Multi-sensor
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Fig. 5. Multi-sensor based Test PCB

Table 2. Specification of multi-sensor detector

Item Specifications
MCU ESP32-DOWD-V3
CO sensor ME2-CO
Gas sensor(LNG, LPG) MC105
VOC Sensor MP901
Hum. & Temp. sensor SHT20
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Fig. 6. Structure of Multi-sensor
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Fig. 7. Improved multi—sensor detector

2. Configuration of Wi-Fi Mesh Network
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(a) Initializing Mesh Wi—Fi
[CONFIG]connect to router:DAON_LAB_,

I (1420) mesh: 00:00:00:00:00:00

(b) Wi-Fi connection failure

I (4280) mesh: [wifildisconnected reason:201(), continuous:1/max:12, root, v
ote(,)o>

(c) Successful connection to Wi=Fi
I (1537) mesh: [scan]nen scanning time:608ns, beacon interval:300ns

I (1557) mesh: <flush>upstream packets, connections(max):6, waiting:@, upQ:0

I (1581) mesh: <flush>root

(d) New child node connections

(e) Get an IP address

(f) TCP socket connection failure

(g) TCP socket connection successful
D (2688227) [mesh_wifi, 174]: ROOT read, size: 46, data: {S,N,N 30:c6:f7:56:
da:3c,3.0,0,1.63,29.9,27.T}

(2630231) [mesh_wifi, 197]:
da 3c,3.0,0,1.63,20.9,27.7}
(2690591) [mesh ulh 93]: TCP read, 54, size: 1456, data: {"group":"01:00
:Se:ae:ae:ae”,”data”:"N"}
D (2690617) [mesh_wifi, 231]: Node receive: c8:2b:96:8c:a6:5¢c, size: 3, data
: "N"

TCP write, size: 46, data: {S,N,N, 30:c6:f7:56:

1951

(h) System information display

Fig. 10. Mesh network log information linked to a P—type receiver
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4. Implementation & Experiment of K-NN
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Fig. 11. The internal environment of the chamber for
data collection
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Table 3. List of modules for classification models

(b) Cigarette smoke
13. Data trends for each sensor in a non—fire state

Module Specifications
pandas - Load and preprocess data using a DataFrame

- Visualize the distribution and relationships
seaborn

of data

matplotlib | - Graph creation and visualization

- Separate training data from test data

- Data normalization (preprocessing)
sklearn

Assess sorting accuracy
DT / K-NN / SVM algorithms

(c) vapour

WA 599 2 dolEig s 2 ujileld 2ueE
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[ learning_file = LIS (S1H).xlsx’, ‘=57 |(HISHHE). xlsx', ' E 0| (BHH). xlsx', -

feature_name = ['CO",'VOC''SMK','GAS', TEMP'/HUM]
(@) method = (input(input ML(DT, KNN, SVM) : )).upper(}

Temp_Hum_data = input(input current TEMP, HUM (ignore - enter) : )

scalar = StandardScaler()
scalar fi't(l_data.iloc[:,:=1])

|_data = |_data.sample(frac=1, ignore_index=True)
(b)

tr_data = scalar.transform(|_data.iloc[:,:-1])

ts_data = |_data.iloc[:,~1].to_numpy()

X_train, X_test, y_train

y_test = train_test_split(tr_data, ts_data, test_size=0.3, random_state=311)

sh.heatmap(data=I_data.corr(), annot=True)

(e sb.pairplot(l_data, hue="fire', diag_kind="kde’)

—

elif method == "KNN':

from sklearn.neighbors import KNeighborsClassifier

ML = KNeighborsClassifier(n_neighbors=5, metric="euclidean’)
() ML_fit(x _train, y_train)

pred = ML.predict(X_test)

print(KNN accuracy score : ',accuracy_score(y_test,pred))

TEMP HUM

TEMP HUM

Fig. 14. Part of the implementation code for the
classification model
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Fig. 15. Heatmaps and distribution graphs for

correlation analysis
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Table 4. Performance evaluation results of classification
models

Item Method Result

Classification Wood, paper, plastic, Normal, 6 cases
Vapour, cigarette smoke

TPR (TP/(TP+FN)*100 96.10%

FPR (FP/(FP+TN)*100 0%

F1-score 2(preci*recall)/(preci+recall)*100 | 98.01%

ACC (TP+TN)/(TP+TN+TP+FN)*100 98.05%

V. Conclusions
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