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Low light level smoke detection method based on FSSD

Gao Jie Wang Zhanhong Liu Gang
(Weinan Power Supply Company of Shaanxi Power Company, Weinan 724000, China)

Abstract: Aiming at the problem that most of the existing smoke detection methods are only suitable for the
environment with sufficient light and the detection effect is poor in the low light environment, this paper proposes a low
light smoke detection method based on FSSD. Firstly, the video frames containing moving objects are extracted based
on single gaussian modeling method; secondly, the low contrast and low signal-to-noise ratio characteristics of low light
level smoke image will cause difficulties in target detection, so the image preprocessing method combining the contrast
limited adaptive histgram equalization and median filter is designed. Finally, in order to strengthen the early warning
ability, the FSSD network that is conducive to detecting small targets is adopted, convolutional block attention module
is embedded in the output of the network. which can strengthen the important feature information and improves the
accuracy of target detection. On the low light smoke dataset, the Recall, Precision, and F1 of the proposed method
reached 97. 5%, 93. 3% and 95. 4%, indicating that the method is effective and can be applied to smoke detection in
low light environments.

Keywords: deep learning; image processing; low light level smoke detection; attention mechanis

. [4] Canny

:2020-11-30

- 123



44

, [6]

[7]

YOLO v3

ViBe

YOLO v3

FSSD

L1

FSSD

« 124 -

o

’

RIS
BHmSE

Bl Fist

|

JEZA T 0 2%
FSSD

WIGR5E P25

.CNN
L8]

FSSD .

1

AR
i

bl el

|

BT EL

g R

L2
D

2)
(contrast limited

adaptive histgram equalization, CLAHE)

CLAHE s
s 8 X8 ,
(cumulative distribution function,CDF) , (@) R
N—1
ﬁﬂm:i——lzhﬂm,nzhﬂmw—l
' M k=0 ’
@)
:M H N H
fii G (i,j) n . s
s ,CLAHE
9 2 o
2
2 . b
s 3 4
4
9 4
o 3
CLAHE .
3 b b



FSSD 5

(a) FIhE 5 (a) JEBATE R

AES (b) IR R
3 4
3) ’
. 1 (x — )’
I(x.y.t) = cxp(-#) (3)
o V2w 20
el CLAHE , oo(xsy) = 20, po(x,y) = I(x,y,0) (4)
o I (x,y.0) (x,y) t ;
s po(xsy) oo(x,y) (x,y)
s s . SGM
(5) o
, (2 . [ T(xyyst) —p i (aay) | =20, (s y) 5
Vi :Mf:d[f,/] (2) cp(xsy) o (xsy) t (xy)
;A i [f4] Gioj) 4 5t
A H Med ’ ’
s Vi (l’]) ° ’ °©
A , 5%5 . 4 L0, ’
L3 ’ :
, po(xsy) = AQ—a) Xy (xsy)+a X I(xsyst)
) , (6)
R s o,(xsy) =2/ —a) Xor  (x.y) +a X T(w.yt) —p, (2.3’
’ (7)
. (single gaussion T a s s
model, SGM) ., SGM s
, s 1 a =0. 05,

« 125 -



44

2 FSSD
2.1 FSSD
FPN f ,
,FSSD SSD
s . FPN FSSD
5 , FSSD
VGG Conv4 3.fc7 Conv7 2
s 10X 10 pixel
, sl Conv6 2
1, 300X 300 conv? 2
10X 10,
s Conv4d 3
(a) FPN ™ £ 4FAE -2 HLE
(b) FSSDF 44454 it A H LA
5
FSSD , 1)
. 2)
22
FSSD ,

]

14 ( convolutional block attention

« 126 -

[12]

module, CBAM), 6 ,

[}
|
[}
|
l
iﬁiﬁﬁ%EH BT } :
[}
|
[}
|

6 CBAM
3 s
b 16’ b
RelLU , o
7X7, Sigmod
CBAM ,
2 6
DSl
7 o
3
31
PASCAL VOC s
1 000 , 8: 2
R Windosl0, cuda9. 0
python3. 6 s CPU:.: Intel(R) Core(TM)

i5-9300H@ 2. 40 GHz,GPU. NVIDIA GeForce 1660Ti
Pytorch o



FSSD

(o]

:-V-GfiTa-"-I
= | - L
I |
| — | =3
| ! I ©
2| | =
I w
= i HiE
&1 | S e ol | e ]
= — (=} wy — . wy J 73
gl 12 |F|! |2 2 B (e af
= l = = | = e e = moke 0.83]
2l % 1% 2 1=zl |z
Kl } & = | = 3 = =
g Contel Gt | -
ML Upsample Upsample smoke 050!
;
oo
2 BN
(agl
L | (b) SSD I £& Kyl 45
7 FSSD+CBAM
5 batchsize 4 s smoke (.51 iy fsinoke 0.00
0. 000 01, 50 s .
10 . - "
3 2 moke .94
Recall, Precision
Fl ,
TP
Recall = ——— 8
eca TP L FN (8) .
Precision — TP o . i 4
recision = TP L FP €D (c) FSSDM £ K3l 45 R
2 X Precision X Recall
Fl = 10
Precision + Recall (10
H TP M, [smoke 0.60
; FP i smoke 0.58
;s N .
33
200 : o
s SSD, FSSD
FSSD+CBAM 8

(d) FSSD+CBAM P 2% # il 45 52
8
o 0.5,
1 o
1 s CBAM
FSSD Recall, Precision  F1

SSD FSSD ,

(a) E ’ o

. 127 -



44

1
TP/ FP/ Recall/ Precision/ F1/ FPS
% % %
SSD 184 14 920 92. 9 925 19. 1
FSSD 193 16 96. 5 92. 3 94. 4 17. 7
FSSD+CBAM 195 14 97. 5 93. 3 95. 4 16. 2
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