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LT 1) TR J3E 1 22 D 245 0 5 Az 30 7 3, % A RS il
ST W 265 43 532 20 23 [ R R8s R AE , Herpr, 25 1)
DR 28 M JE G i 27 > R AIE | 38 o)) X 265 2% ) FH AR R it (1Y) 32
SHIE . ZJ5 K A RNN R 28 A T A0 F A 1
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NeXt' ! 5 22 () et B e 223k B B TR =0l
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TR K T 55 TR 3] B A 92 3 D | PR R O
270 S EUREAR S ME PR, H AT AT B X BRobk
KRG PR RIS . BT LA, AR SO 2 S dl
4 http : //staff. uste. edu. en/ ~ yfn/vsd. html OB Y -
MHE T — B R BE 5, Hoh L & 0 5 18] e 4200 5K
MK 7 16000, Hi T7E 70 2 4E 55 F, & 2R AR K
B (AR P R b B TR A e 0 R AR S
3 KT Bl REAILIE e o B ) SR AR R R R
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1 B Edn e

DataSets Smoke Non-smoke Total
Training Set 12812 12800 25612
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Verification Set 1602 1600 3202

16016 16000 32016
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- 2
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RE KT e

FELB
8 Klmd i mo s

R T VPR 22 0 25 AR 0 25 SRR ROR AR SR
R 2R (accuracy rate, AR) , %R (detection rate,
DR) FIHRZEK (false alarm rate, FAR) /E WA PEANG 15
b, Hat AT .

AR = TP+TN

TP+FP+FN+TN

TP
TP+FN

FP
FP+TN

HH TP (TurePositive ) U SEPRAREE g 05 | [F] I g
R IR 10 1 A7 80, FP( FalsePositive ) 18 52
BRAm s A AR 10 55, {H Bl A RS TR0 Sy 40 25 19 181 e
TN ( TrueNegative ) f{ 3¢ 52 BrAr 4 Jy AR 00 55, B AL TR 5]
ARSI E 80 . FN( FalseNegative ) 18 52 FR
PR AR Zs | E B A AL TR0 Ry 40 55 0 BT B, A
BAIPISCR LTS MTEPESrFE bR bR BA m VA 52
re i % D R AR R

3.2 RE(UAEZRAE

TEIR A BT 7 A B A 55 2 12 T ok 18 4 HE
(1, SRS 2 A SE AU 25 DB RN AN E 1Y o T
AR SCUBLT A 22 00 26 A58 14 i AT R 202 (3T 5 1Y), A

DR=

FAR =

17768 0 2R SR IBCHA 55 R A -3 1) B LU 55 DX S
TATAENAZS | TRe B AL A 557 X 3 14y P15 850 B0 e A6 1)
LR A RN 224 %224 ARSCR 5860
XURNEA{EL, WP 9 Bz, BARAEAS I it 75 Hh A 55 f)
TR — B A (B 55 1 B AN S B AR LA S At
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FI A S AL 55 AR AT, 58— {off FHUUEZk P 4 (RS D
sy W A T B AR RN

(a)5EWIIE B K IR (b) 4 i )m SE LA B KO

9 BEAIARZE X S48 ik

3.3 MIKER &

ASCHAT R SLHFE T Windowl0 RE V-6, LK
I35 Python3. 8, 7T & 3455 A Pycharm Fl1 VScode , fiff
FHRITR BE 24 > HEZE N Pytorchl. 7.0( GPU) , CUDA JiliAs
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RTX,

TEFEAT I 22 0 25 BRI aod e b A TS SR A S
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0.001 %7 > ZARA MG B B RN Grdg 220 5 ik
22 RPNy b — K0, 7%, TR 2R B 1%
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3.4.1 AL BIEZE AR AT A AR B v AT

A SCAERJE P 8 R S s B rh g | A 8 T )
HLTIR AT BT X P IR FFE SRR . 5 s
A7 R I HURIAE ] TE R 22 B N ER A [ 25
AL R € NI AL Y CE DO (g RN
TERRRE . T2, AN SCEF R BV R ) 7R B Ak 25 ik
AL ERCE TN LSRR, T, R A
BRI A B TR, b R AN B R
FEE AN BT BN TIRZEREERNRL 2,
AN ET B TB R BRIE NA SR E, &AW
TEREEFE UL 7, SR, B 3 Tl i) 1 i 28 I 2% 7



%34

B F A THEER R AR SRR AR B A 287

AR SCHR B A AT IR S TR S0 S 45 T
MR 2 Fis

F2 (UEEBIASEST W%
Model AR DR FAR
Ak 98.96 98.69 0.75
Bk 2 99.13 98.75 0.50
S @ RTS 99.59 99. 63 0.43

DN 2 AT AN I A R I L B % B T AL A
(AR 25 TFUNNBE T, 6 8 VR 2 AL AN A O TR R AIE 5] 4
JE LRYEER T AL T 7 8 5 8 ) R R AE 2 H
FRISEIR , AREAR SO TR M 25 R0 R 5300k 1
B¢, H AR F1 DR 43004 T+ 70. 63% #10.94% ,FAR F%
KT10.32% . BRIZAM, K 2 b ml K3, 1o B T
R AE AR m (44 A7 A 2 S MR A AR ) AR 25 3R 1R
R BRI TR 5 2 A (2 B RBUS H
YE TR Z GBS RSO A4 T S 4, AR SO
AL F AL 2, H AR A1 DR 20542 T T0.46% FiI
0.88% ,FAR [%fik 170.07%

3.4.2 Self-attention 5 B ARERA T X0

Xof FAS S Y i R FH %) il MHSA (19 {51 5% 22 25
MR G AT S8 T, mA T N (1) B
4l MHSA e b {5 5% 22 25 40 h I IR 2 5 81, 15 3
IRERES A AN IE 7 (a) Fzs . (2) 727720 1 IO AERR FoRf
MHSA RiiF% , B H A I E 7 (b) Fias, R, %X
PAFPEL A 7 SAEA SCEOE 4 L EAT 5050, e g 25 51
A TN FE bR AN 2R 3 PR

#3  Self-attention 5% FRE & 75

A= AR/ % DR/ % FAR/ % Params/M
a1 87.35 85.26 10.56 45.11
k2 99.59 99.63 0.43 9.14

FE 3 AL A8 1 6 MHSA 55 £815% 22 45
PR T Al A s, A IR A I ) E R N 87.35%
Rl 2485, 26% . il H 5= 2 XF MHSA 5 15k 22
S48 HEAT Rl A B, G A R R A DU % K 99.59%
99.63% LTI 1 78t 1712.24% ,14.37%
[i] LR AG: SRt AR P AR 1710.13% , IA10. 56% T &
0. 43% , 1 HAR A S0 0 45, 11 MK IR T R
9. 14 M, HILAT WL, 7E VI R B3 A PR B L T, K
IR TH A A T BB A 2 B | RS Rl 3 i A 1Y
PRI SRICEE ), R MR S BRI 2R,
ARSI R R A = 2 e F o1,

3.4.3 Ha kAT ikt

SRS UEAS SR H A0 Ao 22 0 28 15 R O P RE R A 1Y
I JLAF- S Y o 22 P 28 AR TR R TR LU, DA
OB, AR E I ZRad B v A A G SRR — 3
Wi R Fp b FHAS SCHR U i i £, O HLRT A AR R
EONTIF IR IR, ISR R AN 10 Fros . Ml Zk5e
Je B2 BRI AR BRI 4 FR

1.000 Sees
0.975

- (

= 0.950

S g

& 0925 [}/

<< I

EI 0.900 ‘w‘f our

= — SwinT

= 0875 —{é{?}?ﬂiNeﬂﬂ
0850| | Bonel

alexnet

0.825

0 10 20 30 40 50 60 70 80 90 100
Epoch

(a) BERUBIE S ARG BE 12

1.00 —
0951 /)
o090l |/
= I
= 0.85] [
8
2 0.80
E| 0T our
B S
& 0.70 fII?obileNetVS
—_Resnet.
0.65 — Botnet.
0.60 Alexnet

0 10 20 30 40 50 60 7O 80 90 100
Epoch

(b) BRI LR REhE BE
P10 2% £ AL 1] R 60 TR B 1

R4 PRI LS HA 2 R LA

Model AR/ % DR/% FAR/%  Params/M
Alexnet %] 98.96 98. 69 0.75 61.10
Vg2 96.45 97.06 2.49 15.66
Resnet 2] 98.65 98.37 1.06 25.56
MobileNetV3 (23 98.93 98.56 1.69 5.40
Swin-transformer! 2’ 92.87 91.69 2.49 27.51
Botnet' %] 98. 12 98.71 0.69 14. 81
A AR 99.59 99.63 0.43 9.14

M 4 BB ZE SR AT, i A B EE L
] A A 225 ) 28 A5 AR A TR I I 5 5 A 2 s, HLARE 8 3
P A2 BSR4 swin-transformer 7EIRAE
H. AR #1 DR ¥ "592.87% ,91.69% ,FAR 52.49% ,
B WS PR T A SCE IR GBI (RS FA A
RIS A G, HAR R 58 T8 AR anA S
P 1 A 22 I 484 R LA K2 Botnet 7500 55 R BT 55
HERR R DU SRR R A T AR A, A SO A
TEMREE 1 H AR S499.59% , DR 499.63% ,FAR
0.43% , MR Z5 AR T 5 Z te e iy HA A AL,



288 ®OEE 4E B

I #2

X ¥ F K % 38 %

Ty AN, A SC T HRE ) 2 ) 2 R R S R KN
9.14 M, & mobilenetV3 &b, Z % i i Ik T HABBI R
{HAH ELF mobileNetV3 , 48 SCFE AR, DR 1 FAR L#3%
LT,

Shy B TR 3 A A AR 7 SR AT R 5 1R R 1 56 v
S R 2 P 2% 1 e B R AN [ )23 95 433 3 114 R AiE R gk
FFnT Ak, e 11 s, b7 A AR ) e AL
HHZS B, L3 —47 R 7 1) 2 i 28 I 485 B Kt AL 2 e
Fi e s AN EE R R, 1 ATRUE R
2 PR M2 B g 2E ) B T S IR BRRRAE . 5
AT ATl B 7 8 Y T 1) S R 2 AT s ) 5 0 T oy
T FEIX — 2 P2 P 2 AN E 3 B AR 25 A 4R B, fE 2%
2SS W SCAFRAE . T2 =47 WZRLA 1Y Self-Atten-
tion F% 725 {5 5t 25 A5 He iy L ) 5 433 T AR AR IR X B
(A% 2R 28 I 25 I R 2 4 o, K T R AR [
AT LAHITE #2245 4 26 78 o7 B 00 25 76 B R R B &
FEAE B 7 00 25 X S B2 IO 55 A TR IZ A

MBS N‘
L™
B

PELL 2 ) 2 e 30 A [ 22 30 i T A 1

3.5 ETHHHEZSKRNERSH

ARSCRIEAR 222 Br K  A2  p A5 I, H
PSS A 5T LR B R (https ://evpr. kmu. ac.
ke/ ) PR ABOR RS KRB F K286 % (hip ./
smoke. ustc. edu. en/datasets. htm ) F1 4+ F-H /R B 4F R
2#(http : //signal. ee. bilkent. edu. tr/ VisiFire/ ) . #4531

AT RS I 25 SR N 12 B, Hid videol ~ video3
AR ZE RS, K R S S 223, videod ~ videoS ST
PO, FEALE A RIS T =%, Rt iz
HMIRERTTA

video3

4 e o]
" Ly o i
- m,— g y "
kel RS ey ] — il

video4 videob video6
12 Jgs A

B EAR SCRT B H 09 07 V5 A R0 F R SR
A H Ao B o AR TR Y MobileNetv3 1 Botnet , 3
BR[27 ] B9  EBR B S AN P R A SO e S
ARSCTT AT XS L SEHG , SEI A R INE 5 ~6 s, M
5 0 FH,TE videol ~ video3 Z5& NS A R AN 3¢
J71AH L MobileNetv3 | Botnet F1SCHR [ 27 ] 1977 %3 fig
PEFTRT I B AR S5 (04 H 2L, HLIC I8 2 0 R 125 4 55 18 02 i
FRESMR S ARSI b AR SOOT R B 5, TN 6
FIARN, RIS 7 00 55 25 R videod ~ videot HYAFTE
SMZE B AT =5 W E S AL, B3
BT NG S5 TR A SO0 B A HEA T I 25 A
DB oA BRI IS UE T AR SOy B A B )
B,

e T RE 25 ARSI AT video3 HH, 25 Bk BE 1L IR 55
RO A5 B A S5 % AR T HoAt 4 o)y i 3R IR
S (HAERC IR B A 55 R M BEAT videol Hh &) JC A Ao il ]
WHZE . TE video2 H, Hith 4 Ffr Jy i i 4G I 3 38 12 A%
SO, HAEH 55 A videod ~ video6 H Al
DA ZS I BT R 2 9 ERRGAT O o X TE] T A SCHE
) SRR 2 A0 B0 02 8 A A0, 2 1 BB AN K b A1
P AR I IUE I s e NN I SRR R LR IE R NS 2 7/0% S P\
5T, FEAS SO 4t H %) 08 2 A 00 AE 42 v A 4%
HEXIEM.

RS5OSR A 45

A

S5 JLMTRG I 21 08 25

S S

Z%Z ik ;)f;):;& Mobile Netv3 Botnet SCHR[ 27 ] ATk R
ik (F2BREERUAAZS A )

Videol SN RIS HL 6042 1165 1161 976 0 893

Video2 SN HUOR 18 3 A4 5956 492 497 523 1119 443

Video3 U Ly ST SV SR S DA 2324 13 13 59 1 13




%3 WA, F A TR E KA 52 2B 6 AL T A 289
E =S el
AT gg A PR ——
G’ Hik SN Uik Mobile Netv3 Botnet  3CHK[27] JER AT
Videod  TIERAZ LA KGN 8208 0 0 0 2148 0
VideoS WRNRS , HEsh 49, T A 7310 63 1 0 7310 0
Videot 5RO A5 ) 1992 0 0 0 45 0
MCCE 2017) ,2017.
5 LHRiE [4] LIU Z, YANG X, LIU Y, et al. Smoke-Detection
Framework for High-Definition Video Using Fused
W T A PR AR AR K IR L 28 A AR IX ) — Spatial- and Frequency-Domain Features[ ] ]. IEEE
A =B 0 A AR T KB X BE SIS A7 LY 3 Access,2019,7 .89687-89701.
KR I, B, X BRAR KO AT A 25017 10 et (8 A5 [5] GAO Y, CHENG P. Forest Fire Smoke Detection
JUREE, WHE =4 T K Z 0T, 38 5 A AR X 4 Based on Visual Smoke Root and Diffusion Model
PRATORT A0 55 10 A 280K 00 £ T A i b, 085 R0 351 577 AR A [J]. Fire Technology,2019,55(5) :1801-1826.
KRWKE . RERTHRE ISR S AR 22 Wi [6] WANG S,HE Y,YANG H,et al. Video smoke de-
RT3 7 B AR AL 2 4 T 5 I 1 B R 257 DX AR tection using shape, color&nbsp ; and dynamic fea-
TEMCEER I 3t T — Rl B T2 Al e 2 1k tures[ J]. Journal of Intelligent & Fuzzy Systems,
P2 ARG | T LA 0 HRAY SBE AL R 55 Bl R A7 PR i ) 2017,33:305-313.
AR TR T Al S TR0 ASE 76 7 0 35 U R ) U R [7] ZHOU Z,SHI Y,GAO Z,et al. Wildfire smoke detec-
i 3 A AR T AP RE . SR A R R tion based on local extremal region segmentation and
A, 2 SCT R A 178 5 1 R MR A A T B35 v A L T A surveillance[ J ]. Fire Safety Journal ,2016,85 :50-58.
[RI A  AEARE I B A5 3 T AR AT, ELE [8] WANG L, LI A. Early fire recognition based on
R B R JE e 2 e I R 2 s S 3 B S 40K 25 A multi-feature fusion of video smoke[ C ]. proceed-
REACENAERR LI B A I, A2k, T e AT M 25 1 ) ings of the 2017 36th Chinese Control Conference
A SO A 580375 1 B A 55 1 I 23 R AE, S B0R (€CC),2017.
NGNS B BN B AR IR, R TAETHRI M [9] ZHANG F,QIN W,LIU Y, et al. A Dual-Channel
BH A A L) o 5 DR 5 A TR R R AT R 25 U3 AR R A 6 convolution neural network for image smoke detec-
tion[ J]. Multimedia Tools and Applications,2020,
S Lk - 79(45) :34587-34603.
[10] YUAN F,ZHANG L,WAN B, et al. Convolutional
(1] P=# G%E, 58K, 5 A TAMAMLG K neural networks based on multi-scale additive
B[ )], i AEAE A BFR,2008 (4) - merging layers for visual smoke recognition|[ J].
1075-1078. Machine Vision and Applications,2019,30(2) :
[2] RUSSO A U,DEB K,TISTA S C,et al. Smoke De- 345-358.
tection Method Based on LBP and SVM from Sur- [11] YIN M,LANG C,LI Z, et al. Recurrent convolu-
veillance Camera[ C]. proceedings of the 2018 In- tional network for video-based smoke detection
ternational Conference on Computer, Communica- [J]. Multimedia Tools and Applications,2019,78
tion, Chemical , Material and Electronic Engineer- (1) .:237-256.
ing(IC4ME2) ,2018. [12] XU G,ZHANG Q,LIU D, et al. Adversarial Ad-
[3] TIANTIAN T,LINHAN D, ZHIJIAN Y. Smoke Im- aptation From Synthesis to Reality in Fast Detec-
age Recognition Based on Local Binary pattern tor for Smoke Detection[ J]. IEEE Access,2019,
[ C]. proceedings of the Proceedings of the 2017 7:29471-29483.
5th International Conference on Mechatronics, Ma- [13] TAO L, WANG X, YAMASAKI T. Rethinking

terials , Chemistry and Computer Engineering ( ICM-

Motion Representation ; Residual Frames With 3D



290 RO O OB T OB K F F R %38 %

ConvNets[ J]. IEEE Transactions on Image Pro- Representation Learning [ C ]. International Con-
cessing ,2021,30,9231-9244. ference on Learning Representations,2022.

[14] HE K,SUN J, TANG X. Single Image Haze Re- [21] LIU Z,MAO H,WU C-Y et al. A convnet for the
moval Using Dark Channel Prior[ J]. IEEE Trans- 2020s[ C]. proceedings of the Proceedings of the
actions on Pattern Analysis and Machine Intelli- IEEE/CVF Conference on Computer Vision and
gence,2011,33(12) :2341-2353. Pattern Recognition, F,2022.

[15] SANDLER M, HOWARD A,ZHU M, et al. Mo- [22] KRIZHEVSKY A,SUTSKEVER I,HINTON G E.
bilenetv2 ; Inverted residuals and linear bottle- ImageNet classification with deep convolutional
necks[ C]. proceedings of the Proceedings of the neural networks [ J ]. Communications of the
IEEE conference on computer vision and pattern ACM,2012,60.84-90.
recognition , F,2018. [23] SIMONYAN K,ZISSERMAN A. Very Deep Conv-

[16] HOU Q,ZHOU D, FENG J. Coordinate attention olutional Networks for Large-Scale Image Recog-
for efficient mobile network design[ C]. proceed- nition[ J]. CoRR,2015.
ings of the Proceedings of the IEEE/CVF confer- [24] HE K,ZHANG X, REN S, et al. Deep Residual
ence on computer vision and pattern recognition , Learning for Image Recognition[ C ]. proceedings
F,2021. of the 2016 IEEE Conference on Computer Vision

[17] VASWANI A,SHAZEER N,PARMAR N, et al. and Pattern Recognition( CVPR) ,2016.

Attention is all you need[ J]. Advances in neural [25] HOWARD A, SANDLER M, CHEN B, et al.
information processing systems,2017 ;30. Searching for MobileNetV3 [ C]. proceedings of

[18] SRINIVAS A,LIN T Y,PARMAR N, et al. Bottle- the 2019 IEEE/CVF International Conference on
neck Transformers for Visual Recognition [ C ]. Computer Vision(ICCV) ,2019.
proceedings of the 2021 IEEE/CVF Conference [26] LIU Z,LIN Y,CAO Y,et al. Swin Transformer:
on Computer Vision and Pattern Recognition Hierarchical Vision Transformer using Shifted
(CVPR) ,2021. Windows [ C ]. proceedings of the 2021 IEEE/

[19] SHAW P,USZKOREIT J, VASWANI A. Self-At- CVF International Conference on Computer Vision
tention with Relative Position Representations (ICCV) ,2021.

[ C]. proceedings of the NAACL,F ,2018. [27] Kk, Ze4, B, 5. A TR SR A2

[20] LI K,WANG Y,PENG G,et al. UniFormer: Uni- W &0 5 KAV FAER [ J]. i HEAE AL
fied Transformer for Efficient Spatial-Temporal # 4+ ,2019,36(9) :236-242.

Video Smoke Detection based on Smoke Area and Lightweight Model

PU Jianfei, WEI Wei, WU Diyong, CHENG Peng, YUAN Dingshen
(College of Software Engineering, Chengdu University of Information Technology, Chengdu 610225, China)

Abstract ; Smoke is a typical feature of early fires, and intelligent detection of smoke can effectively reduce the damage
caused by forest fires. In order to achieve early detection of smoke in surveillance video, this paper proposes a smoke de-
tection algorithm based on the smoke area and lightweight model. The algorithm first obtains the motion regions in the
video by stacking the residual frames,and then uses the adaptive dark channel mask to further screen the motion regions
to obtain suspected smoke blocks. On this basis, this paper proposes a lightweight neural network model for smoke recog-
nition. This model uses the characteristics of convolutional local perception to extract the shallow features of smoke,and
in the deep layer of the network , convolution and self-attention are related. The global information of smoke is obtained on
the basis of shallow feature maps by comparing the global similarity. The experimental results show that the algorithm in
this paper has strong robustness,and it has a good detection effect for long-distance smoke and short-distance smoke.

Keywords : early smoke; dark channel; self-attention mechanism; convolutional neural network



