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Abstract

In this paper, we propose an algorithm that can accurately segment a fire even when it is surrounded by smoke of a similar color.
Existing fire area segmentation algorithms have a problem in that they cannot separate fire and smoke from fire images. In this
paper, the fire was successfully separated from the smoke by applying the color compensation method and the fog removal method
as a preprocessing process before applying the fire area segmentation algorithm. In fact, it was confirmed that it segments fire
more effectively than the existing methods in the image of the fire scene covered with smoke. In addition, we propose a method

that can use the proposed fire segmentation algorithm for efficient fire detection in factories and homes.

7I9E: 2 A4S & A &3, 471 AA

Keywords: Fire Segmentation, Fire, Fire Detection, Smoke Removal

1. HE 5ok T25] SOk glek. Eak B she] fust e 2

Hets A% oh) B2 Aot AEPE A% A7 et 9u
27 ol Ho2 B v HEa s B} oA wshe Zol
Lo Fashths Y2 & 4 gk

N

2970] 202040 ot ShA) S AZkl TR 201195
B 20204717] 108 9 skl 2 <la) Wbt o1n mafe} A4t

*corresponding author: Changhun Kim/Korea University (chkim@korea.ac.kr)

Received : 2022.06.11./ Review completed : 1st 2022.07.06. / Accepted : 2022.08.23.
DOI : 10.15701/kcgs.2022.28.4.23
ISSN : 1975-7883(Print)/2383-529X(Online)

-23 -



B2
=)

B T

e
-
N
o
u
<
R
e
)
o)
AR
e
o
i)
ek
ol
rE
|
rlo
o
=) o
B
1o
C o ol Jm a2

o) B} U5 AV R HARLE 74D S Bolekn
o 24 73

M L o
il
[
)
i}
i
o
=
M
rsk
12
10
I
)
N
N
5
5
R

=

I oog o A
2
=]
,
[o
o
i
ol
el
)
k)
i
oli
o,
R
il
ol
ol
rir
gl
2
fu)
o
%9
QT

[» ot b @ M po
2 Moo BT
o me

N

:?':'

2
e
dy

S~

rl

b
2 rir

Bl

1o

Ly
= K

= ohga Pt 94
w}, 3o A= Aohe o

oo T
o\
1o

=

>,

>

oo 2
= 8
o

oo

)
ol e e
oN o 2 S m>x Al

rE
o]
0,

o r
o, oo ot

N
rE
flo
=
El
ret
it
i)
1o
>
2
of
o2l
N
N
w oo oY,

op
ol
>
ofo
ok
= Mo 2 ko R OE

S ok in
s

o[

q4E gy

=

=
=
2,

te 2 6ol Me ARt o4

O TR I R e
b 1O O mN oxt mN o m r
)
it
=)

il
filo
o
AL
_O'll‘

2 o
L
(9]
o
2
o)
rr
N

o
)
2
0,
o
N
)
1o
S
,
=
fu)
=OIL_!‘
ui
i
=

N
rd
e

2
-

N

2l %o =
M
of
18
o
e
e
Rl
A
[N

)
o
o,

_|>~

N, o
O

)

—}

=)
A,
lo
Am
o
4
£
o,
Lo
o rt
A,
i

iy

g 2
2
S [y =)

2 o o
In
Mo
[J

HJIO Ol-ﬂ o
2
s)
0
~
i
)
9
v
o 19,

>
oo
E=l)
A|m
o,
=)

™
o

O,
22
)
=~
Q
w
i
>
oo
ot
2 Mo e
O,

(T
il
of r
2 N
m

o
e
rC

N

It

—
—_

o
it
281
e
£Q o M
iFrlo L 1o

olr
Kl
R
o
=)
nx
©
T
o
;I:‘ .
rlr
1=
o
ol
k1
1o

o)
e
%0 T

[
4

)
)
&
>
_I>~
Y
d
:%
ol
H1
2]
)

4
2
-, i

1= RGB

rr —L‘_]
ol

o)
o
oA
A1
SL
N 2 o

o

o)
ME 2
=

[}

eI~ o R A = A 8

of

A8
o
O
jany k1
o
o=
=
iy o
>
oo
%
1=
lo
=

N
1] R

>
to
>
o
ol
el
4
o N flo =& mr o m o

=
=
=
o A= RGB A F7to| A ALGEE &
o

Jole AZTH [8-11]. SHATH Bo] vl A
Saiujo] glow & Ql4slA] Fal whido] Qlolet. sl 2
HAQ) i BB S4e] 77he Fof REo g UnA 7t
& A= wgo] AAEYA [12] 2ol & 717
7hak L8514 gk RGBE] 24 A7} YChCre] 7] 7

ol

=ik [13]. o] WS
o BstekA 2&8 5 A H9A
AT A5l |

Aaies.

O
rE

al

PHERT B P 2 99 ET 5 Uk 7
H 7

A

g 7l o] o weh, H27hA] g2 | B 7lHh =
IS N $Aet [14]19] 4= CNN HEH &

)

+ O A& SqueezeNet [15]& AR5
7IRE = G dE 7Sl s 2] AR

i
o
ol
w

v M @ ook gy ot
ox, oL

Boo2 mN N e
o 12 O i Lo

_l
30
)
=
in}
55
rlo
i-)
3!
A,
i
o
.y
_O‘l‘,
k1
oy
=t
HN
ol
i or
__\',1_,‘

4 °]

2
1o

i
2
=)
M
2
o
I
e
ox,
or
flo
B[\
o
ol
o,
)
v
i)
m
.
Hu
il
g
911>

22 A AA SRF

] Q) AA Ll EL (181614 AekH ok nd g

AFg3haL Sk (191004 ofe] o] u| A -2 )

8hA) o B o] HAISL A 7HA) A A

0o 77k AEE TS ek A TAYT WH Qo]

slgsts HASY 9ol 1eid HAES o
1

_,4
=

N
M

N
X
&
N
N

A Hok [19] =Rl A oA SAH S A8 A A
7] 5}= Dark Channel Prior 7| ¥ o] A|¢F=]9J T} Color Attenuation
Prior [20]= o] 7] 2] W] o] Q7Y Zo]of whet Hf 7] of A &= o] 2ol 7}
Z7Feth= 7Hg ol 7]4bsl olm] 2] W 2] QE7HE A A skt A
7} Qe EE ol R A 25 E o] o]u]| 2| & FE5HAL THA] oA A]
RE AlASHs R E3F A= AT [21,22]. shA|TE 257t
28] e AA drgFores 54 A A5H O+ HE
AAL 5 ek EA1- o] AT [23]014 T A AA
IH7F A AAEA] g2 o|u| 259 7% qF 7EA] A ZE <]
gho] AZsHA HAaE o] ot AA= kA A% o|w| 2] o] H-¢
I ou|z| o] g Bito] £9] PFor Aol M-S ul=
7427t Bol B= QI A7]= U AlA g1
AAEA] 9= 727 gt

- ofgfo| A B2 o|n| 252 A A g gho] =4 Afd gholl
H|5f| 2k7] wiZell QE7) A A7 & Qbs= 32l of o]t o]
A ofef] o] 2 E2] PHE AAS 4= Y= A-E B Ao
dare)Eo] AR AT [24]. TEF [23]0] 4= [24]9] U
HEeFek 3C dare]Eo] AQtE AL Q7L F A AE A o=

AL
o\
o
)
oo
%
H

> O e rr >

-4 -



IF Light > Tyr

AND RED > Trgp
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Fire Segmentation
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Figure 1: Overall process of proposed fire segmentation algorithm
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Figure 2: Results according to the window size of transmission
map refinement
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Figure 3: Red channel distribution of fire images, fire images after
color compensation, and normal images

whebA Qb AA LaelFo] F AL E R 517] 98] 3C ¢
228 Aefo] ol 0] A A g 2 AT, 3C

-
2 AL g8 e 2 FAL et 2t

Ig* = Ia*(.’E) -
Ilg* = Ib*(x) -

ey

olmj I,.9} I, = Z+ZF CIEL*a*b* MAF I7Fo 2 THAH o]
x| o] 2 A, 23 A A o A1 Glaw2t Glpeis Lax 2t low
ol 7h9- At BEIS ML uje] grolth nelk M= 2} e
MFe Auht 2gshEAE AAsHe stebuleolch sy A%
olu| 1| 2] Bole WA MR ul-¢ AT HAL W BT g
ong AM QPES TFAAZ|HAE & vpZ RE.S HESH
S13l oF2e] 2 7171 $15) e 092 AP F41 A
A73olle & I BE AN M= AGOIA Go B2 NS
1002 A7a) 3419] el A9l Fajat ehte] wao] B
A 2ol

=
o
o
of
\l
&
O
l
i
aQ
™
-
)v
)\
o
*
fujr
L
= oo

=] qaq E_XJAHO o= }j}.7]1— H—‘:J—}a‘
o 7Vt F% —‘?’—%—0 2 A 27 AE% 5 sy
AHgstTt 29| u2E BEe F90] ¢y nct A4

Zrol 23 Aol o whehi A4S o] 83 H7] A e 2,

A ghol & o PALS WS o] 2o

f 4
JE

lo 2% nw o S |o
i 1% 1o e 1= & o

-25 -



AT g7k A4 A o) RS vF AA dsta
flol 71714 =2 A4E 5 = 2AHEC] AL, dAF S Y
F 3 AHE = FAUelE 22 A4HA de 2AHO]
ot ol Wio] AelE 7A ¥719] fAgkt A4 Ad o A
& ZH7H 10002 A5t

L, > Flame_Thresholdricur @)
ayx > Flame_Thresholdrgp

=2

jutal
4z rlr

i
q

oAl 2t mA o] dhzlghe] Al
|2kl gty 8] Agho
Rt opuet Fo| v S i
egFol 4 QAL Wz
A= AEHA &= = Ao
OR7HA] 2 TRt ojm A= A
| JAZ e 2 At

r
1T

O
—

o,
o

L2 L
Mo 10 oy
10 o o
4o Hz

ghid

2

juba)

2L o Jo
ofi

X oo on B
Lo 1 ge Lo

N o

Ir e
>,

o T
HIT

o

i

it

10, of
off B
4z

)i

1

o
=

4z
fe
tlo

4

o Ty e Yooy o
v
i
sk
k)

ot e T O o oY
o 10 J0 © 4o o mr
ol Tﬁ‘ o

N
N
o3l
Y,
i)

N
N
ol
flo

N
(]
(]
flo
i

N

L, > Center_ThresholdpicuT 3)

HFHor dEd 2 Yiet o5 E gA A & ¥9=

A gofli= OpenCV gto] B2 2]E AHg-atadth Ao AME-
BE o]u] 2] = 500x500 siATE 2 37|12 HH AFR-ShlTh A
% CPU= Intel i7-7700K©] 1 16GB #-& Atgat9ich & A&
18] of] AF-2-3F 0]u] 2] 52 FiSmo dataset [26]7} The FAZES] 4]
A5k fire image dataset [27]0]] 23 814 o|n| 2|52 AH-&-5F

38,
=

4.2 3HA o|w|A] A7) AA A

=
sl = FRe 4718 A7 A e de deHer o
71E AAL 4= /131 Figure 4= 81| ofu] 25 7]E&2] ¢
AA LSS ARgste] A7) AAS A=s) 2 2
= FHY A77F AL AA A 2 AS &AL 5 A
HE Figure 5= & =120l A ARt A4 B 7] A7
A2 35 Figure 4042} F L7 o]u| 5]
774 H ASS Y 22
= Foll 2t AA Lare
Asta

=

it
4z
Ao
¢

o

Original Image

Dehazed Image Original Image Dehazed Image

Figure 4: Fire scene images with poor smoke removal
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Original Image k=07 k=09 k=11

Figure 6: Fire scene smoke removal result images according to
color compensation parameters
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Figure 7: Comparison of the detection result of the central part of
the fire according to the brightness threshold
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Figure 8: Comparison of the detection result of the outer part of the
fire according to the brightness threshold and the red threshold
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Figure 9: Fire segmentation step-by-step image in fire image with
smoke removed
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Figure 10: Existing fire segmentation techniques that do not detect
smoke mixed with fire
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Figure 11: Comparison of fire segmentation results of existing fire
segmentation algorithms and the proposed algorithm
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Figure 12: Examples of fire detection results including bounding
boxes
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proposed in this paper
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