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Smoke detection based on multispectral separation
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Abstract: Because of the limitation of lower anti-interference ability, traditional smoke detection tech-
nologies are hard to distinguish the fire smoke, water fog, grass and other false information. There-
fore, a smoke detection method based on multispectral separation was proposed according to the Prin-
cipal Component Analysis (PCA) and transform domain method. First, band pass filters in the re-
gions of 460-520 nm, 540-570 nm, and 580-610 nm were used to capture the principal components in
the spectra emitted by an objective under monitoring. Then, the plane of transform domain was build
by space fitting for these principal components. With simple algebraic judgment on the plane, the
classification and recognition of the smoke, fog and grass were completed. Finally, Monte Carlo simu-
lation was performed for 1 000 times. The results show that the three-band spectral analysis method
proposed is simple, easy to operate, and the separability of P, and P, is 0. 113. The method not only
overcomes the shortcomings that cannot distinguish the smoke and water fog in traditional image and
video detection methods, but also avoids complex spectral classification algorithms. It shows excellent
practical values in the field of fire monitoring.
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Fig. 1 Spectral characteristic curves of smoke, wa-

ter fog and grass
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Principal components of three materials

Tab. 1

wavelength/nm
Material

460~520  540~570  580~610

Smoke 0.602 5 0.953 3 0.870 0
Fog 0.501 7 0.940 0 0.700 0
Grass 0.300 0 0.946 7 0.657 5




2800 2 A TR 21 %

1o R0 K ZE DL K Sk X 3 A 1.05
Y IR T R W A 22 1 (B R AR AL B A 2R . 09;
PR St o B L 3 0 5 1 R 3 I 2 5
A7 PR ME I T0 T A W 200 A AR el R AT o 0.85
0.8
3 MFHREERS AL "
H S s Su FTS e AR FE 3 BRI E 8. H o
L, M. H 4834t 3 460~520 nm.540 ~570 nm zzj
F1 580~610 nm %X 3 I EE, 0:22
T IR 3 R i R G R 2= R 02}
o o) 0.18}-
T 23 [a) B S -
Si 0.14
Pl — . 2
Sw 2 0.12
Su; 0.1}-
P2 - SiM," (3) 0.08
0.06
o Su + SHi .
PS - S[\/[,' 9 (4)
p, = Su (5) * P
YSL+Su’ 0.85------- oeeeees e
J (6) o D B
C Sii + Sw ’ 0.75}
- Sis & 0.7
P6 N SH,' +SM1' ’ (7) 0.65
. Su 0.6
Po= s (8) s
YA P ~P, XA RN 3 YR 05 i i i :
005 01 015 02 025 03
eSO IE /TN Py
0.45
4 MEHLESB
0.4 15
3 PP X G — B RS N A S ) e, Bk -
T S (T Y TR A SR L S o = S <
ALK 3 R R G X 0T . B LA SCTE Py~ 0.3
P; I A TE BB B B T L AT 3 R -
JR 6% 2 , ) :
C=21, 00N L&A 21 Fp. 28 &, 0355 05 055 06 065

_ Ps
s E P, P, HA M X 445 B 5, i 2 o
i Py P AN X o as M dr, i 2 s B2 4 2 T T X

A pe DN SHe il o Ly
Pt il TRTCE 3 R AL Y R A9 AT R X Fig. 2 Comparison of planar formation among four
3 MG R, P, (P, ,P;) . (Ps, P, groups of functions



5511 41

RN A BT 220 03 B 0 0 25 A 2801

K2 KRR s (R oR K% Ll A
e M OR2 1 DU IR 1RO o AR B 20 26 R
R 2 PRI EYSR H 1 000 ¥k Monte Carlo
D7 ELSLER 25 A . A8 52 B N R BB O A B AR
WRETIARE A 5Lk . P~ Py 3
AT 1070 B g T AR g ) e 1 2%

R2 EMEASGHNBE

Tab. 2 Separation of various combinations

#H& PP, PPy PyP, P.Ps P;P; PiP; HAb

Tk
SYESRE 0.08  0.07 0.113 0.102 0.09 0.02 K

SR FW], (P, Py W45 BE R0, 113,
T HAE A 0] AR IX 43 FF K % M5 R4
M, AR SCHY kR A AT RN AT DUAR i s

S % Uk

[1] Fire[ EB/OL]. http://baike. baidu. com/ view/
76453. htm. [2013-03-01]

[2] PHILLIPS W III, SHAH M, LOBO N V. Flame
recognition in video [J]. Pattern Recognition Let-
ters, 2002, 23(1-3): 319-327.

[3] VICENTE J, GUILLEMANT E. An image pro-
cessing technique for automatically detecting forest-
fire [J]. International Journal of Thermal Sci-
ences, 2002, 41, 1113-1120.

[4] CELIK T, DEMIREL H, OZKARAMANLI H, ez
al.. Fire detection using statistical color model in
video sequences [J1. Journal of Vision Communi-
cation & Image Representation, 2007, 18(2);: 1-9.

(5] ZE&#.EmAF, AR5 LI RAG T 20 5

AR BE R SR A gE (D], ok B 4 sk, 2001, 31
(3):169.
WANG X SH, WU X P, QIN J. et al.. Experi-
mental study on flame temperature measurement by
infrared thermography [J]1. Laser & Infrared,
2001, 31(3): 169. (in Chinese)

[6] Zgms,5kaX.x F 4. 5T L2000 E SR IHEK
WLT]. k55 K% 9 #,2010,33(4) :1061-1064.
WEI'Y ZH. ZHANG SH W, LIU Y W. Detecting

fire smoke based on the multispectral image []].

SEIROM IR 55 (14 70 2 o A7 B T AR 2R bR O 1Y
DR R 7R SO 1) S A R A L A

5 & #©
AR SCHE TG 2 0 3 53 53 B B AR e B
BAR R T —Fp I T = B BOGIE AT R ZS K
EAVYSE S NP A 2 v N 1 BUR €5 oY S B : /N
460~520 nm,540~570 nm & 580~610 nm 3 4>
TE I F R B IO 3% 3 R 4) SR R HE AT 48 R) AR e LA
A E B G R B 1 25 5 T AR AR I I N 5 K 5
DL RS A 8 . BRI R W, (Py, PO 4y
BIEE R 0. 113, B & R dl & 19 50 85 B AR & 02
KM% K E S el A, Ak
N7 FH A0 3 00k ) R 2 O B R R Ak B 8 LA
7 B L A ) T B R U A 1 T SR L AR K R
LG AR i S A AL

Spectroscopy and Spectral Analysis, 2010, 33(4) .
1061-1064. (in Chinese)

(7] Esdm, b A, 304 5, . 3 T UL 40006 R

ARBNEAR LR KK =BT ], kg5 5t
# 5 H, 2013, 33(1):102-105.
XIA LY, SHEN SH G, LIU ZH H, et al.. Iden-
tification of geographical origins of rice with pattern
recognition technique by near infrared spectroscopy
[J]. Spectroscopy and Spectral Analysis, 2013,
33(1): 102-105. (in Chinese)

[8] #kR#E.KPLF. MEL,F. Logistic MIFF LS
VT LL A 61 X 7 E N IR R 0 R Ay e my kg L .
ik 5 L5 0 A, 2013,33(2) :344-348.
ZHANG]J ], ZHANG ZH Y, XIANG Y H., etal..
Diagnosis of endometrial cancer based on logistic re-
gression and near infrared spectroscopy [J]. Spec-
troscopy and Spectral Analysis, 2013, 33(2) . 344~
348. (in Chinese)

(9] gpak. b, £ F. JETINE OG5 04 5 o 1k 2 &
FGAFAE SR T]. BH B4 % 4k, 2009(15) .
18-20.
70U Q, FENG J, WANG Y. Feature extraction of
hyperspectral remote sensing image based on adding
window spectrum integral [J]. Image Processing
and Multimedia Technology, 2009(15) ; 18-20. (in
Chinese)



2802

521 &

[10] A+dv7 . 3. k. 5T LA6IE 40 60/ i 25
YRR ()], R % 5 k% 5 A7, 2013, 33

(1) :51-54.

FU X N, WANG J. YANG L. IR spectral-analy-

EE R

v (1964 —), J, Bepi 5238 A, Bl 2L
B W1, 1987 45 T G A A IR T AR 2 B
AR A2 7, 1994 4EF 2005 4E T 74
4 H R R 4 ) A AL R
E VA = i o1 [E 5 2 NES LR
b #E A9 BF 98, E-mail: xning _ fu @

163. com

i FA989—) W ERUEE A
WEFE A, 2011 48 T 04 2 By 1 BR 4 R4
P e e A S N D i R 10 i
A5 . E-mail: 2t6789@163. com

sis-based range estimation for an object whit small
temperature difference from background [ ] J.

Spectroscopy and Spectral Analysis, 2013, 33

(in Chinese)

IOBA987T—) B bz A w4
WEFEAE L 2011 4F T i1 6 b 8 2% Be 3K 45
oA An, FENE T AN K G H S
F i T AF. E-mail: jaliy 2007 @

126. com

(BT REWAT AEKH)

(AEZB%HE. ¥ 4



