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Realtime Smoke Detection using Hidden Markov Model and
DWT
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Abstract In this paper, We proposed a realtime smoke detection using hidden markov model and DWT.
The smoke type is not clear. The color of the smoke, form, spread direction, etc., are characterized by
varying the environment. Therefore, smoke detection using specific information has a high error rate
detection. Dynamic Object Detection was used a robust foreground extraction method to environmental
changes. Smoke recognition is used to integrate the color, shape, DWT energy information of the detected
object. The proposed method is a real-time processing by having the average processing speed of 30fps.
The average detection time is about 7 seconds, it is possible to detect early rapid.

Key Words : Smoke Detection, Hidden Markov Model, DWT, Object Detection, GMM, foreground

1. M2 2ol smMEYs £4Ue WIS Ao o
Alleh dgemuE SAE gARE wwe o Lo WHEIUSIEDL o S
Sgae BEshe W, @E BEehe wpen o0 To0 WA ST el A
B Gt @0 Ave sl 2R, ST s e
A A AT A apqes  C TOE Il AU R Aas sy
Sl 9 27 Auol ol4g A3t A ERTE ALT F EA BAL Se
e g s 1 T2 9332 49592 3390l o
BE Moz o) FHEe AEE F EY U 4 e o B Aol Bl W
BAE fol M Fupe iz puss o oo Gaf CIEH WEGEE AuEs
WS AEStH]. Chao-Ching Hov %7l A Wan(_ele _HOL%E A}%E}(ﬁ ?SZ_H iﬂio%liﬂ %]_ﬁlﬁ—é
£ A4S o\ga sl Jupe aza oo oot W FADE Awas
Wroz AAMel BY ol stel WA

#Corresponding Author : Department of Electrical Engineering, Seoll University
Received July 28, 2016 Revised August 16, 2016 Accepted August 25, 2016



bﬂ-" Lo
SE2A Hod M4z

= e
51 fe = ]
3 mm ] “.tm o Eo =
- 8| | g o @ ]
ﬁ. 7 i 55 o zraalg_/% ﬁdﬂ%gad«
— | a0 =N = ! o) - ]
: — as Lo“ B W g A G
4 = — = oy B o 3 iy o PN o B
£ g i 2 S Yo = P 3 W W RO oy I %o & B w2
H =l T i WO LEE 22 e Np B o E
2 5 21 T ™ - BN AP
L 3 £k Q%;% o g o a = mﬂmm T o 9
, _ 2= g ~ oo B ~ B R o W E o o &
a ! N HL s X 1% X ‘Ix—ﬂ O#D = —
f , ,l L B v o B do ks B gy ~ o) X o ny
y: _ J e ﬂ_ﬁ.ﬂau JoA R onﬂwzumMﬂzﬁ =T @ of o
— _— e = N =
3 o _AI_nMﬂEﬂz g a%ﬂ?Vﬂr%%W%l
=3 g h < O o i J— © ‘ul _u: 3 DT ~ ) 0 Ou
g g © 2 ™ T o)) S B o SN y o P m
LB : 5 iE T, PER ﬁmﬁﬂlwzﬁkﬂ s 2
= 3 - & |aﬂ%ﬁ%4 mﬁa_dﬁwligﬂoﬁilﬁg
.5 B 6 £ < O B ol S o B o N NI B ol ° —
ek cd E ¢ N ofp \_AE]EP il oﬁ(h}ﬁoﬂﬂ ;oﬂﬂmﬂﬁo 5 2
283 S s 2 X 3 < o’ LUl <~ B oy W o H o= R
EEERS N .2 % Ne LD F x L DERRAE LT
W g8 wo 2 BE T o ¥ Ko = 5 P ;mcuu_uuma ﬁoﬂ%i] 7
53 ecui o oy o xR F o T o B 2 il _
22cg aﬁ_1mﬂ%w1£ﬂ aownmouu%ild%ﬁﬁ@ﬁ]mno
W e R N o B i o o N
N o B E R F Fﬂafglﬂr N moa_;lo%dw:a 7w OE
B Y B F o o W o o8 BT ~ 0 Lo = -
@dﬁi T T T ° ]Eﬂ%h}o%]ﬂm&xmsﬁ
T = pw xR T N Tl 7ﬂ%}ﬁ7z.w%11r% 5
T o d T E ITRE Mo g R o Mo T g w e
o it m w ok __oL = o X T o B o = ml o X P el
ajo ~ T o R T ' R o _ ol o o= = o up %o % B o =
o m_.mﬂﬂc aﬂﬂnﬂﬂﬁomwﬁ% ?arﬂoﬂ@_:nﬁonuwﬁfufmd o T OB ©
. ~ —_ ol f = o) — T —_ )
g = ﬁ.ﬂve7noaLégA%tE BT e W%zﬂov < W .
ﬂ«ﬁMoWﬂu%oWmeﬁEMo]qE %orﬁmﬂ_ﬁﬁoﬂuw.zfﬂﬂﬂwqbtﬂmﬂa Mﬁeﬁﬂ
,m_u e ;.71 B RUSICCINS = X N X = ~ { ) e al 3 < W o B
Lw%aMOQWM@QHEw q%Q%g\%,m@WQﬂ%% 45T 2
o S8 o) alo T o o5 ol B oy =< e ) ,Mo < pol T N M %o T o T = X
~Xq R o oF o mo ) o - 2 MR = mm T 5 © N P T D 3 N o &N = W w2 ™ B
a2 - e T ° ﬂnmﬂrﬁoﬂﬁ.% g T KIo A
= 2 g N T ®® do = P ool B d TR AN X T = o B
o W0 oy ey ol X o o ~ Wy jiris B oo T m B
mﬂoﬂeu XOﬂn_EduMo =) Mﬁﬁ@.ﬁ&o P koﬂ%m Mﬂﬂﬂmﬂa]_ew oy U k3 _ﬂ_ Jlmﬂl
olumuﬂ;_ﬁi = wﬁﬁmoﬁopr ﬁnmomqoﬂ,ﬂwﬂdmﬁumwﬂm.ogﬂﬂ% Sl omeme
= -~ i\ . ! ) o 8
m_m:lhqa;aﬂwo;vﬂuré TR sATE e By ale - O
03 HL [ .# jze) 0 N ﬁ_. HL_l — o o Mur._ = dl TS [ o Bo R
= I Yo op RO woT N o 7 B B JE p— 5 — o I T o = <l Bo o
@ﬂékaoyoﬂﬂ @m%ﬂﬂﬂ. ,mczo%owla]#eﬂ#% zr N N
L~ o o X o PT I ANy ol BN p B O o) T o _ X 5 aodh
- ~ o O = Wy Moo oA Ko ® T ol iy M ER — o X Nm ~ MW = o s
ERCE R ey e S T R R o ~ ) 70 Y N~ o o T N o AR AN ey ol 8l H < w o
sﬂ@ﬂw]dﬂﬂoz%aﬂ PR =T R o Hoo .Iﬂ%ﬂodr
® X0 m BN i e ) o 5 iy o R0 T A it a =1 © N .._..A ~— T H °
G %%%@%ﬁ%_dﬁu%%,ﬂﬁoz e S
= B o ~ - N — — ~
uoa;wﬁ;o%%T =2 T
T T o %%ﬂi AdruLu
O R - % K
o ~ R
)T
o



CCA

Labeling

o
T >
2 9
o E
og

)

01get AAl

=

GMM
Non-smoke
remove

{

Feature

—
of smoke

(oo

Input image

[

eynizazgya DWT

7]
bel o

+od
9%

o]

=

=

i

6]—1:]-‘ o]

17
DWT(Discrete Wavelet Transform)
3= 3

kel
i

°]&

=

=

A PAS

1 Oy
ol¥th. DWTI9, 10]

A, d8 Fu

719

-
N
il

1_,NO
Tl
mr
ok
oF
R

el

<

ol A=, 7t=, Bz

}ol DWT oy

o4

)
=3

shtel agow

o

[e)
A

Fig. 2. Remove Non-smoke Object in Foreground
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