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1. Pit van dé

Céc vu chay thuong xay ra bat ngd va gay ra cac
thiét hai 16n vé tai san va tinh mang con nguoi. Theo
cac quy dinh cua Phap luat Viét Nam [1], cac nha
xudng, khu nha & phirc hop déu c6 trang bi cac hé
thdng phat hién, canh béo va dap cac dam chay. Tuy

Tom tit

CA&c vu chdy thwong gay ra hdu qua nghiém trong
Véi céc thiét hai lon vé tai san va nguoi. Cac hé
thong phat hién va canh béo chay dua trén cac b
cam bién nhiét, khéi thwong chi phat hién khi dam
chdy d@a ¢ giai dogn nguy hiém va do dé han ché

Vé kha ning dap ddém chéy dé giam thiéu thiét hai. nhién, céc h¢ thong phat hién dam chy truyen thong
Trong bai bdo nay, ching t6i dé xuat mgt phwong nay deu dua trén cac by cam bién’ nhiég, khoi Ya
phép phat hién chay sém dua trén viéc ap dung thuong duge dat kha cao so véi mat dat. Biéu nay dan
phirong phdp hoc chuyén tiép véi mé hinh mang tGi mot thuc té 1a hé thong chi ¢ thé phét hién dam
CNNs EfficientNet-B3. Tur dit lieu hinh anh duoc chay mot cach hiéu qua (chinh xac) khi dam chay da
thu thap tir camera theo thai gian thuc, hé thong I6n va & giai doan nguy hiém (khé dap tit). Két qua la
c6 thé phan tich va dua ra dy dodn xem c6 dim khi phét hién ra dam chdy thi viéc dap tit da tro nén

chay hay khéng mgt cach nhanh chéng, tir do dwa
ra c&c canh bao sém va c6 thé kich hogt hé thang
ddp chay tw dong. Chuwong trinh da dwoc thyc
nghiém vai thu vién Tensorflow va co so it liéu

kho khin va hau nhu khong thé ngan chin duoc cac
thiét hai vé tai san va doi khi ca tinh mang con ngudi.
Mot han ché nita cua céc hé théng phat hién dam chay
anh cdng cgng. Két qua cho thdy do chinh xac ma ‘f}ly?“ t,héng 14 chung khong cung cap dugc hinh :émr}
hé théng dat dirot rét cao (97,5% trén b di lieu va vi tri cua cac dam chay cho bo phan quan 1y dé cé
cong cong) va cb khd ndng trién khai trén thyc té. || the xac thuc va dua ra cac phuong an dap dam chay,

Tu khoa: Fre classification, nhgn dang dnh dim Ciru nguoi va tai san hop ly nhat.

EfficientNet, Tensorflow, Keras. thi gidc may tinh su dung phuong phap hoc chuyén
Abstract tiép (transfer learning) vai md hinh mang EffcientNet,

mot mé hinh mang CNNs hiéu qua méi duoc phat
trién trong thoi gian gan day dé du doan xem mot birc
anh c6 chtra dam chay hay khong. Md hinh mang
EfficientNet-B3 da huin luyén véi co so dit liéu anh
ImageNet dugc ching tdi st dung dé huin luyén véi

Fires often cause huge damage of wealth and
lives. Traditional fire detection systems based on
temperature and smoke sensors are able to detect
fires when they are in dangerous stages and thus
have limitations in extinguishing to minimize

damages. This paper proposes a new method for co 5o d liéu anh cong cong. So sanh két qua Vi céc
early fire detection by applying transfer learning cong bo gan day cho thay h¢ thong dat dugc do chinh
with EfficientNet-B3, a CNNs model. Images Xac cao (97,5%) va c6 kha nang ap dung trén thuyc te.
captured from camera are predicted to quickly Noi dung cua bai bao nay duoc bd cuc nhu sau:
discover if there is fire or not. If there is fire, then trong phan tiép theo ching toi s& trinh vé mét sé cach

the alarm and fire extinguishing systems might be
activated. Our system is implemented with
Tensorflow and experimented upon public
dataset. The obtained results show that its
accuracy is high (97.5%) and can be applied in
real life applications.

Keywords: Fire detection, convolutional neural
network, CNNs, EfficientNet, Tensorflow, Keras.

tiép can dua trén phan tich hinh anh cho bai toan phat
hién dam chay, tiép dén phan 3 cua bai béo s trinh
bay vé phurong phap hoc chuyén tiép va mé hinh mang
EfficientNet, cai dat va két qua thuc nghiém cua hé
thong dé xuit. Phan 4 1a két luan va hudng phét trién
cua bai bao.
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2. Mt sb cach tiép can hién dai cho bai toan
phéat hién dam chay

C6 hai céch tiép can chinh trong viéc ap dung cac
k¥ thuat cua linh vuc thi gidc may tinh vao giai quyét
bai toan phat hién dam chay dwa trén phan tich hinh
anh: str dung cac phuong phap phat hién d6i tugng
(object detection) va sir dung cac phuong phap phan
I6p/nhan dang hinh anh (image classification). Trong
bai bao nay, ching ti tap trung vao cac phuong phap
theo hudng nhan dang/phan 16p hinh anh.

Ké tir khi md hinh mang CNNs dau tién, mang
AlexNet [2], thanh céng trong mot bai toan thi giac
may tinh quan trong l1a phé&n I6p hinh anh trén tap dir
liéu ImageNet, rat nhiéu mé hinh mang méi da duoc
phét trién cho nhiéu bai toan khac va phat hién dam
chay cling khong phai 1a mot ngoai 1€. Dunnings va
cong su [3] da khao sat su hiéu qua cua cac mo hinh
mang CNNs nhu AlexNet, VGG [4], InceptionNetV1
[5] va d& xuat mot mé hinh mang FireNet riéng cho
bai toan phat hién dam chay. Két qua ma nhém tac gia
nhan dugc kha kha quan khi dé chinh xé&c cao nhét 1a
93,4% (v6i mé hinh InceptionNetV1). Nhom céc nha
khoa hoc khéac [6] ciing theo d6i hudng ap dung cac
md hinh mang CNNs cho bai toan phét hién dam chay
nhu m6 hinh ResNet [7], InceptionNetV4 [8] va da cai
thién duwoc dd chinh xac Ién 96% vai md hinh
InceptionNetV4 trén cing co so dit liéu hinh anh da
duoc sur dung trong [3].

3. Hoc chuyén tiép véi EfficientNet cho bai
toan phét hién dam chay tir dir li¢u hinh anh
3.1. Hoc chuyén tiép

Hoc chuyén tiép (transfer learning) [9] 1a phuong
phép hoc méay cho phép sir dung lai céc tham sé cua
mot mang no ron da huan luyén trong mot bai toan dé
giai quyét mot bai toan mai. Pidu nay ciing tuong tu
nhu viéc st dung céc kién thac vé todn hoc dé lam nén
tang cho viéc hoc vat ly. Trén thuc té, phuong phap
hoc chuyén tiép kha hiéu qua trong nhiéu bai toan nén
trong bai bao nay chung toi dé xuét st dung cach tiép
can nay véi viéc st dung cac md hinh mang
EfficientNet da dwoc huan luyén trén co so dit liéu anh
ImageNet [2].

3.2. M6 hinh mgng EfficientNet

K& tir khi md hinh mang CNNs dau tién 1a AlexNet,
céc nha nghién ctu da di theo huéng mé rong céc
tham sé ciia mang nham cai thién d6 chinh xac, cac
tham sé d& mo rong mot mang CNNis 1a d6 sau (depth),
d6 rong (width) va d6 phan giai (resolution). D6 sau
dugc mé rong biang cach thém vao nhiéu 16p hon. Do
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rong 1a sé kénh hay s6 bo loc dwoc sir dung & mdi 16p
nhan chap cia mang. Mé rong do phén giai tuong tng
V6i viée tang kich thudc anh dau vao cho mdi mang.
Do phan giai chuan cua cac mang CNNSs 1a 224x224.
Trén thuc té, viéc mo rong cac mang CNNs theo céc
tham s trén c6 cai thién duoc d6 chinh xac cua mang
1én nhung cich tiép can nay ciing c6 nhiing van dé:
viéc mé rong mang s& dan t6i chi phi tinh toan ting
I&n nhanh chong (1), muc d¢ cai thién vé do chinh xéac
s€ nhanh chong bao hoa khi dat t6i ngudng hon 80%
do hién tugng suy giam gia tri ctia dao ham (gradient
vanishing) (2), va nhiéu khi viéc mo rong mang ciing
khong cai thién dugc nhiéu (3), vi du nhu @6 chinh
xac cia mang ResNet-1000 ciing khong hon mang
ResNet-101.

Cach tiép can cua md hinh mang EfficientNet [10]
la céch tiép can téng hop bang cach mé rong ca ba
tham s6 v& d6 sau, do rong va do phan giai cua mang
CNNs trong khi van giit cho chi phi tinh toan cua
mang khong ting 1én qua nhiéu (xem Hinh 1: (a) - md
hinh co s&, (b) - m& rong vé chiéu rong, () - mé rong
vé chiéu sau, (d) - ma rong vé do phan giai va (e) - mo
rong tong hop). Piéu nay tuong tng vai s6 tham sb
cua mang khéng qué 1én va sé cho phép cdc mé hinh
mang c6 thé thuc hién trong thoi gian thuc va trién
khai trén cac thiét bi di dong, thiét bi xu ly tai bién.

EfficientNet: Rethinking Model Scaling for Convolutional Neural Networks
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Hinh 1. Céch tiép cdn ciia mé hinh mang

Mot ky thuat nita duoc cac tic gia cuia md hinh
mang EfficientNet sir dung la ky thuat d¢ao nguoc khdi
thang du (Inverted Residual Block) [11] véi viéc két
ndi mét sé lwong nho cac kénh va tach phép nhan chap
s& lam giam chi phi tinh toan xuéng dang ké ma khong
lam mét tinh hi¢u qua cua khoi tinh toan nhu trong
doan gia ma 1énh sau:
from keras.layers import Conv2D, DepthwiseConv2D, Add
def inverted_residual_block(x, expand=64, squeeze=16):
block = Conv2D(expand, (1,1), activation="relu’)(x)
block = DepthwiseConv2D((3,3), activation="relu’)(block)
block = Conv2D(squeeze, (1,1), activation="relu’)(block)
return Add()([block, x])
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EffcientNet bao gdm mét ho cac md hinh mang
duwoc xay dung tr mot mdé hinh co ban goi la
EfficientNet-B0 c6 kién tric nhu trong Bang 1 sau:

Bdng 1. Kién tric mang EfficientNet-B0

Stage Operator Resolution | #Channels | #Layers
i Fi ; = W; G Ly
1 Conv3x3 224 % 224 32 1
2 MBConvl, k3x3 112 x 112 16 1
3 MBConv6, k3x3 112 x 112 24 2
4 MBConv6, k5x5 56 x 56 40 2
5 MBConv6, k3x3 28 x 28 80 3
6 MBConv6, k5x5 14 x 14 112 3
7 MBConv6, k5x5 14 x 14 192 4
8 MBConv6, k3x3 TxT 320 1
9 Convlx1 & Pooling & FC TxT 1280 1

Trong d6 cot F la cac thao tac nhan chap (Conv)
va khéi dao nguoc thang du (Inverted Residual Block)
cia mang MobileNetv2 [11], cot Resolution la do
phan giai cua cac ban dd dic trung dau ra caa cac khoi
(tir cot F), cot #Channels 1a s b loc, cot L 1a sé lan
lap lai cua céc khéi cuia cot F.

Cac mé hinh mang tr B1 t6i B7 sau d6 dugc xay
dung bang cach mé rong mang BO st dung phuong
phap két hop véi viée thay doi cac tham sb vé do sau,
d6 rong va do phan giai phu hop trong khi van kiém
soat chi phi tinh todn ctia mang khong tang 1én qua
nhidu (B1 c6 chi phi tinh toan ting khong vuot qua 2
1an BO, B2 c6 chi phi tinh toan ting khéng vuot qua 2
lan B1, ...).

3.3. H¢ thang phét hign ddm chdy

Input Image

v
Load ImageNet
pretrained model

Pretrained model

Training

New model l

[ Classification |

l

Fire/NoFire

Hinh 2. Thugt todn phat hién dam chday sir dung hoc
chuyén tiép véi mo hinh mang EfficientNet

Hinh 2 minh hoa cac bugc trong hé thong phat
hién dam chay dé xuat: hinh anh tir camera giam sat
s& duoc thu thap dé huan luyén, viéc huan luyén sé bt
déu bing thao tac liy c4c hé sé caa mod hinh mang da
duoc hudn luyén truée trén tap dit lieu ImageNet, sau
d6 qua trinh huan luyén vai cac anh c6 dam chay va
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khong ¢6 dam chay s& duoc thyc hién. Sau khi huin
luyén, md hinh mang méi s& dwoc sir dung dé phét
hién dam chay tir cac anh test.

3.4. Cai dat va thuc nghiém

Chuong trinh demo dugc cai dat trén nén tang thu
vién Tensorflow 2.4 va ngbn ngit Python 3.8. Hé
thdng duoc chay thir nghiém trén mot méy tram 2820
véi 1 card GPU 1080 Ti 11 GB b6 nhé.

Dir liu thir nghiém 1a co s¢ dir liéu céng cong
duogc coéng bd trong [3], ching tdi sir dung cung tap
huan luyén co kich thudc 224x224 bao gom 23408
anh huan luyén va 2931 anh test. Hé théng thuc hién
huan luyén véi 50 epoch. M6t s6 anh trong tap di liéu
sir dung dugc minh hoa trong Hinh 3.

Hinh 3. Mgt sé énh minh hog

Két qua thuc nghiém véi cac md hinh mang
EfficientNet khac nhau dugc thé hién trong Bang 2.

Bdng 2. Két qud so sanh cac md hinh mgng EfficientNet

TT | M6 hinh P chinh xac trén | P§ chinh xac
mang tap huan luyén trén tap test
1 BO 98,8 95,5
2 B1 98,5 95,7
3 B2 98,8 95,8
4 B3 99,2 97,5
5 B4 98,7 96,1
6 B5 97,9 96,6
7 B6 97,8 97
8 B7 98,4 96,7

Tir Bang 2 c6 thé thiy ring do chinh xéc 16n nhét
dat dugc cua hé thdng 1a khi sir dung m6 hinh mang
EfficientNet-B3 vai 97.5% trén tap test.

Bdng 3. Két qud so Sanh véi cdc phwong phdp khdc

TT | MO& hinh mang Do chinh xac trén tap test
1 InceptionV1 [3] 934
2 InceptionV4 [6] 96,0
3 | Hé théng dé xuit 97,5

Tir Bang 3 c6 thé thay hé thong dé xuét c6 d¢ chinh
xac cao hon cac cach tiép can duoc cong bd gan day.
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Diéu nay khing dinh cach tiép can ma bai bao dé xuét
1a dung dan va két qua nay hoan toan cd kha nang trién
khai trong céc @ng dung thyc té.

4. Két luan

Vi myc tiéu xay dung mot hé théng phét hign
dam chay tir hinh anh, bai bao da dé xuit sir dung
phuong phap hoc chuyén tiép va sir dung md hinh
mang EfficientNet-B3. M6 hinh huin luyén trudc

duoc thuc hién trén co s dir liéu cdng cong ImageNet.

Hé thong dugc cai dat bang ngébn ngir Python vai thu
vién Tensorflow 2.4 va chay thtr nghiém trén hé diéu
hanh Windows 7 64 bit v6i 1 may tram Z820 dwoc
trang bi 1 card GPU Geforce 1080 Ti cé 11 GB Ram.
Két qua thuc nghiém trén co s& dir liéu anh cong cong
cho thay hé théng da dat dugc do chinh xac cao
(97.5%) va tét hon so v6i mot sé cach tiép can duoc
cong bb gan day. Biéu nay ching té cach tiép can cua
bai bao 1a ding dn va hiéu qua.

Trong twong lai nhom tic gia s& tiép tuc thyc
nghiém véi cac co so dir liéu anh I6n hon, st dung
thém cac ky thuat ting cudng di liéu nham xac thyc
su hiéu qua cuia hé thong dé xuit va tang do chinh xéac
1én cao hon.

Loi cadm on

Nghién cliru nay dugc tai trg boi Truong
Pai hoc Hang hai Viét Nam trong dé tai ma sb:
DT20-21.52.

TAI LIEU THAM KHAO

[1] Nghi dinh 79/2014/NBP-CP huéng dan Luat
Phong chay va chira chay.
https://luatvietnam.vn/an-ninh-trat-tu/nghi-dinh-
79-2014-nd-cp-chinh-phu-88482-d1.html
(accessed Apr. 23, 2021).

[2] A. Krizhevsky, I. Sutskever, and G. E. Hinton,
ImageNet classification with deep convolutional
neural networks, Commun. ACM, Vol.60, No.6,
pp.84-90, May 2017.
doi: 10.1145/3065386.

[31 A. J. Dunnings and T. P. Breckon,
Experimentally Defined Convolutional Neural
Network Architecture Variants for Non-Temporal
Real-Time Fire Detection, in 2018 25th IEEE
International Conference on Image Processing
(ICIP), pp.1558-1562, Oct. 2018.
doi: 10.1109/1CIP.2018.8451657.

[4] K. Simonyan and A. Zisserman, Very Deep
Convolutional Networks for Large-Scale Image
Recognition, arXiv:1409.1556 [cs], Apr. 2015,

LJOURNAL OF MARINE SCIENCE AND TECHNOLOGY-

Accessed: Apr. 22, 2021. [Online]. Available:
http://arxiv.org/abs/1409.1556.

[6] C. Szegedy et al., Going deeper with
convolutions, in 2015 IEEE Conference on
Computer Vision and Pattern Recognition
(CVPR), Boston, MA, USA, pp.1-9, Jun. 2015.
doi: 10.1109/CVPR.2015.7298594.

[6] G. S. C.A, N. Bhowmik, and T. P. Breckon,
Experimental  Exploration = of  Compact
Convolutional Neural Network Architectures for
Non-Temporal Real-Time Fire Detection, in 2019
18th IEEE International Conference On Machine
Learning And Applications (ICMLA), pp.653-
658, Dec. 2019.
doi: 10.1109/ICMLA.2019.001109.

[7] K. He, X. Zhang, S. Ren, and J. Sun, Deep
Residual Learning for Image Recognition, in
2016 IEEE Conference on Computer Vision
and Pattern Recognition (CVPR), pp.770-778,
Jun. 2016.
doi: 10.1109/CVPR.2016.90.

[8] C. Szegedy, S. loffe, V. Vanhoucke, and A. Alemi,
Inception-v4, Inception-ResNet and the Impact of
Residual Connections on Learning,
arXiv:1602.07261 [cs], Aug. 2016, Accessed:
Apr. 22, 2021. [Online]. Available:
http://arxiv.org/abs/1602.07261.

[9] D. Sarkar, R. Bali, and T. Ghosh, Hands-on
transfer learning with Python: implement
advanced deep learning and neural network
models using TensorFlow and Keras. 2019.

[10] M. Tan and Q. V. Le, EfficientNet: Rethinking
Model Scaling for Convolutional Neural
Networks, arXiv:1905.11946 [cs, stat], Sep. 2020,
Accessed: Apr. 22, 2021. [Online].

Available: http://arxiv.org/abs/1905.11946.

[11] M. Sandler, A. Howard, M. Zhu, A. Zhmoginov,
and L.-C. Chen, MobileNetV2: Inverted
Residuals and Linear Bottlenecks,
arXiv:1801.04381 [cs], Mar. 2019, Accessed:
Apr. 22, 2021. [Online].

Available: http://arxiv.org/abs/1801.04381.

Ngay nhan bai: 23/4/2021
Ngay nhan ban sta: 02/5/2021
Ngay duyét dang: 09/5/2021

SO 67 (8-2021)



