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Abstract

application of deep learning technology to existing image based application systems. In this

Recently, the development of machine learning technology has led to the

context, some researches have been made to apply CNN (Convolutional Neural Network) to the
field of fire detection. To verify the effects of existing preprocessing and feature extraction
methods on fire detection when combined with CNN, in this paper, the recognition performance
and learning time are evaluated by changing the VGGI19 CNN structure while gradually
increasing the convolution layer. In general, the accuracy is better when the image is not
preprocessed. Also it's shown that the preprocessing method and the feature extraction method

have many benefits in terms of learning speed.
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Table 3 Structure of Model2

RGB Image
Table 1 Image Size by Image Type Lay Filter Input Output
er
Image Type Image Size 1 (256, 256, 3) (256, 256, 3)
RGB (256, 256, 3) C | 33 16 (256, 256, 3) | (256, 256, 16)
Preprocessed (256, 256, 1) C | (5 3, 16) (256, 256, 16) | (256, 256, 16)
Hog (64, 64, 9) p (256, 256, 16) | (128, 128, 16)
C | (33 32 | (128, 128, 16) | (128, 128, 32)
Hed BRES FAs 1 AeE HUbE 2 C | (33 32) | (128 128 32) | (128, 128, 32)
shizel, WA wEe Table 290 we sAs [P [ URIRD | GLolD
7(‘] o] A KN S| S22 A _;: » ) ) ) )
SAAE NNE FAstel opE AR el e T (64 6k 64 | (64 64 64)
A EET dEs A dolofelM A gk C | 3,364 | (64, 64, 64) (64, 64, 64)
S FEE FHAA A Fege Fus 2 [ C [ 33,64 | (64,6464 | (64, 64, 64)
whoolvAE geaFo) A6 334 ge he L Dol | i I
*
Zo] 256, A= Zo] 256, A 370)S 7HA = o] D+ 5G12) 512)
A2 129 (256x256x3 = 196608) 0.2 WHEo] 0 (512) (2)
Fotr d#E =9 ¢uHe AlLdY RGBo|W x]’ Preprocessed Image
. I (256, 256, 1) (256, 256, 1)
A olm x|, &1 o]n|x| A7 ==l P L
12l elwlA 1= foll whet 2t C | (3 3, 16) (256, 256, 1) | (256, 256, 16)
ot C | (3, 3 16) | (256, 256, 16) | (256, 256, 16)
P (256, 256, 16) | (128, 128, 16)
Table 2 DNN Structure (Modell) C (3, 3, 32) (128, 128, 16) | (128, 128, 32)
C | 33 32 | (128, 128, 32) | (128, 128, 32)
Image Type Layer Input Output P (128, 128, 32) (64, 64, 32)
Input (196608) | (196608) C | (3 3 64 (64, 64, 32) (64, 64, 64)
dense (196608) (64) C | (3 3 64 (64, 64, 64) (64, 64, 64)
RGB
dense (64) (64) C | 3,3, 64 (64, 64, 64) (64, 64, 64)
output (64) @) C | (3 3 64 (64, 64, 64) (64, 64, 64)
Input (65536) (65536) P (64, 64, 64) (32, 32, 64)
Dense (65536) (64) D+ (65536) (512)
Preprocessed Dense (64) (64) Dx (512) (512)
output (64) (2) 0 (512) (2)
Input (36864) (36864) Hog Image
HOG Dense (36864) (64) I (64, 64, 9) (64, 64, 9)
Dense (64) (64) C | 3 3 16 (64, 64, 9) (64, 64, 16)
output (64) 2) C | 3 3 16) (64, 64, 16) (64, 64, 16)
P (64, 64, 16) (32, 32, 16)
T A e Table 33 2o CNNS o] & C | 3, 3, 32 (32, 32, 16) (32, 32, 32)
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C | 3 3, 32 (32, 32, 32) (32, 32, 32) A AR REe 7 dlA RdHYE o B2 5
p (32, 32, 32) (16, 16, 32) Ae FE7] Y8 2EFAZS 531G 2 F
C | (3 3 64 (16, 16, 32) (16, 16, 64) - .
C | 3364 | (6 16 64 | (16, 16, 64) #5 Table 49h 20
C | (3 3 64 (16, 16, 64) (16, 16, 64)
C (3, 3, 64) (16, 16, 64) (16, 16, 64) Table 4 Structure of Model3
P (16, 16, 64) (8, 8, 64) RGB Image
D+ (4096) (1024) La Filter Input Output
D3 (1024) (1024) yer
0 (1024) (2) I (256, 256, 3) | (256, 256, 3)
C | (3,3, 16) | (256, 256, 3) | (256, 256, 16)
AHF=S Ea& 7= A 256, AR A7 256, C | 3,3, 16) | (256, 256, 16) | (256, 256, 16)
IR EA K e o p—— SR
H gre 22 ‘T/d el FEl= Oh=, A=, TeT37373) [ (128, 128, 32) | (128, 128, 32)
A M) E D3t FEFAZAA T = P (128, 128, 32) | (64, 64, 32)
B 7t SPEls AL ol fsle] EXS F& C | (33 64 | 64, 64, 32) (64, 64, 64)
U EASE RREATAN Pohd Ry e R T B e B
AFele ARe ddAth WaFE o8 W T 733 640 | 64 64 64 | (64 64 64)
oldl EAS BEF dAste] 7w UEYa »d P (64, 64, 64) (32, 32, 64)
S mEeQth @A s 4= 2o AW AA C (3,3 128) | (32 32, 64 | (32, 32, 128)
_ . = = G = s C |3, 3 128 | (32, 32, 128) | (32, 32, 128)
?OReluH(Flg 2% Agetel SF =T MY e s | ee, a2 129 | (2 32 12)
o] w3k ghke] AbgA= Vanishing Gradient C |, 3 128) | (32, 32, 128) | (32, 32, 128)
2 WA =S gt} P (32, 32, 128) | (16, 16, 128)
D (32768) (1024)
D (1024) (1024)
flu) = max(0, u) 0 (1024) (2)
Processed Image
I (256, 256, 1) | (256, 256, 1)
C | 3,3 16) | (256, 256, 1) | (256, 256, 16)
C | (3,3, 16) | (256, 256, 16) | (256, 256, 16)
p (256, 256, 16) | (128, 128, 16)
C | (3,3 32) | (128 128, 16) | (128, 128, 32)
C | (3,3 32 | (128 128, 32) | (128, 128, 32)
-1 P (128, 128, 32) | (64, 64, 32)
C | (3,3 64 | (64, 64, 32) (64, 64, 64)
C | (3,3 64 | (64, 64, 64) (64, 64, 64)
Fig. 2 Relu Function C | 3,3 64) | (64, 64, 64) | (64, 64, 64)
C | (33 64 | (64, 64, 64) (64, 64, 64)
o gAm = Ewa " p (64, 64, 64) (32, 32, 64)
AR Hag, 5 RS Softmax (4 e e T e, 3, 1)
2Ds elgste]l Zzbel A g WM&, = 2;E [TE (373 128) | (32, 32, 128) | (32, 32, 128)
7%*4 S YEHEE . =3 EHF S dx C |, 3 128) | (32, 32, 128) | (32, 32, 128)
=0 olo]Z7] 93 EASS 149 Juz uty C |3 3 128 | (32, 32, 128) | (32, 32, 128)
o1et P (32, 32, 128) | (16, 16, 128)
TR Dx (32768) (1024)
¥ D (1024) (1024)
el
Softmax(yi) = oz 0 (1024) (2)
Zk:l eYk (4 9] Hog Image
o I (64, 64, 9) (64, 64, 9)
C | 3316 | (64 64, 9 (64, 64, 16)
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(3,3,16) | (64, 64, 16) | (64, 64, 16) | a02s ] 2)

©)

(64, 64, 16) (32, 32, 16) Preprocessed Image

(3, 3, 32) (32, 32, 16) (32, 32, 32) (256, 256, 1) (256, 256, 1)

(3, 3, 32) (32, 32, 32) (32, 32, 32) (3, 3,16 (256, 256, 1) | (256, 256, 16)

(32, 32, 32) (16, 16, 32) (3, 3, 16) | (256, 256, 16) | (256, 256, 16)

, 64) (16, 16, 32) (16, 16, 64) (256, 256, 16) | (128, 128, 16)

, 64) (16, 16, 64) (16, 16, 64) (3,3,32) | (128, 128, 32) | (128, 128, 32)

3

(3, 3, 64) (16, 16, 64) (16, 16, 64) (3, 3,32) | (128, 128, 16) | (128, 128, 32)
3
3

, 64) (16, 16, 64) (16, 16, 64) (128, 128, 32) (64, 64, 32)

llollelleoliellvlieliolieliellioliolirie)

(16, 16, 64) (8, 8, 64) (3, 3, 64) (64, 64, 32) (64, 64, 64)

(3, 3, 128) (8, 8, 64) (8, 8, 128) (3, 3, 64) (64, 64, 64) (64, 64, 64)

(3, 3, 128) (8, 8 128) (8, 8, 128) (3, 3, 64) (64, 64, 64) (64, 64, 64)

(3, 3, 128) (8, 8, 128) (8, 8, 128) (3, 3, 64 (64, 64, 64) (64, 64, 64)

(3, 3, 128) (8, 8, 128) (8, 8, 128) (64, 64, 64) (32, 32, 64)

(8, 8 128) (4, 4, 128) (3, 3, 128) (32, 32, 64) (32, 32, 128)

D (2048) (1024) (3, 3, 128) | (32, 32, 128) (32, 32, 128)
D (1024) (1024) (3, 3, 128) | (32, 32, 128) (32, 32, 128)
0) (1024) (2) (3, 3, 128) | (32, 32, 128) (32, 32, 128)

(32, 32, 128) (16, 16, 128)
(3, 3, 128) | (16, 16, 128) (16, 16, 128)
(3,3, 128) | (16, 16, 128) (16, 16, 128)
(3,3, 128) | (16, 16, 128) (16, 16, 128)

o|F|Z|x|olclo|o|v|o|alalalm|ol|o|ololk|olo|v|o|o|—

. (3, 3, 128) | (16, 16, 128) (16, 16, 128)
(16, 16, 128) (8, 8, 128)
Table 5 Structure of Model4 (8192) (1024)
RGB Image (10;4) (10224)
Filter Input Output (1024) 2)
er HOG Image
(256, 256, 3) (256, 256, 3) (64, 64, 9) (64, 64, 9

(3,3, 16) | (256, 256, 3) | (256, 256, 16) (3, 3 16) (64, 64, 9) (64, 64, 16)

(3, 3, 16) | (256, 256, 16) | (256, 256, 16) (3, 3, 16) (64, 64, 16) (64, 64, 16)

(256, 256, 16) | (128, 128, 16) (64, 64, 16) (32, 32, 16)

(3, 3, 32) (32, 32, 16) (32, 32, 32)

(3, 3,32) | (128, 128, 16) | (128, 128, 32)
3

, 32) | (128 128 32) | (128, 128, 32) (3, 3,32 (32, 32, 32) (32, 32, 32)

(128, 128, 32) | (64, 64, 32) (32, 32, 32) (16, 16, 32)

(3,3,64) | (64, 64, 32) (64, 64, 64) (3,3, 64 | (6, 16, 32) (16, 16, 64)

(3, 3, 64) (64, 64, 64) (64, 64, 64) (3, 3 64 (16, 16, 64) a6, 16, 64)

(3,3,64) | (64, 64, 64) (64, 64, 64) (3,3 64 | U6, 16, 64) (16, 16, 64)

(3, 3, 64) (64, 64, 64) (64, 64, 64) (3, 3, 64) (16, 16, 64) (16, 16, 64)

lioliolioliolklielleliolioliriiolielielielilivliolivlielells

o|Z|Z |z |ololo|o|v|o|alalalm|o|o|ololt|alo|v|o|o|—

(64, 64, 64) (32, 32, 64) (16, 16, 64) (8, 8, 64)
(3,3, 128) | (32,32, 64 | (32, 32, 128) 3, 3, 128) (8, 8 64) (8, 8, 128)
(3,3, 128) | (32,32, 128) | (32, 32, 128) (3,3 128) | (8, 8, 128) (8, 8, 128)
(3,3, 128) | (32, 32, 128) | (32, 32, 128) (3,3, 128) | (8,8, 128) (8, 8, 128)
(3,3, 128) | (32, 32, 128) | (32, 32, 128) (3,3,128) | (8,8, 128) (8, 8, 128)
(32, 32, 128) | (16, 16, 128) (8, 8, 128) (4, 4, 128)
(3,3, 128) | (16, 16, 128) | (16, 16, 128) (3,3, 128) | (4, 4, 128) (4, 4, 128)
(3,3, 128) | (16, 16, 128) | (16, 16, 128) (3,3, 128) | (4, 4, 128) (4, 4, 128)
(3,3, 128) | (16, 16, 128) | (16, 16, 128) (G, 3,128) | (4, 4, 128) (4, 4, 128)
(3,3, 128) | (16, 16, 128) | (16, 16, 128) (3,3, 128) | (4, 4, 128) (4, 4, 128)
(16, 16, 128) (8, 8, 128) (4, 4, 128) (2, 2, 128)
D (8192) (1024) (512) (1024)
D (1024) (1024) (1024) (1024)
(1024) (2)
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