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Tém tit: Phat hién chay som c6 ¥ nghia quan trong trong cong tac phong chay, chita chdy (PCCC),
@6p phan rit ngdn thoi gian phdn g va han ché thiét hai. Cing véi sw phat trién ciia camera gidm sdt va
tri tué nhan tao, phat hién chay bang hinh dnh tré thanh mét hudng nghién ciru nhiéu tiém nang. Bdi bdo
nay tong quan cac phirong phép phdt hién chdy sém bang hinh anh sir dung tri tué nhan tao, gom phirong
phdp truyén thong dwa trén ddc trung, phicong phdp hoc mady cé dién, phiwong phdp hoc sdu trén anh va
phwong phdp xit Iy video ¢é xét thong tin theo thoi gian. Trén co s phdn tich cdc nghién ciru tiéu biéu, bai
bdo lam ré wu diém, han ché va kha nang g dung ciia tirng nhém phwong phdp. Két qua cho thdy cdc mé
hinh hoc sau, ddc biét la mé hinh phdt hién doi twong, dang giit vai tro chii dao. Tuy nhién, phdt hién chdy
& giai doan sém van la thach thive 16m doi véi dam chdy nhd, khéi mong va boi canh gidm sat phire tap. Badi
bdo ciing nhdn manh vai tro cia xir 1y lién khung hinh trong ndang cao dé tin cdy canh bdo.

T khoa: phat hién chay som, tri tué nhan tao, thi giac may, hoc sdu, phat hién khoi, phat hién lva,
camera giam sat.

Abstract: Early fire detection plays an important role in fire prevention and firefighting, contributing
to shortened response times and mitigated damages. With the development of surveillance cameras and
artificial intelligence, image-based fire detection has become a promising research direction. This paper
provides a comprehensive review of early image-based fire detection methods using Al, encompassing
conventional feature-based methods, classical machine learning approaches, deep learning-based image
analysis, and video processing techniques incorporating temporal information. Based on the review of
representative studies, the paper analyzes the strengths, limitations, and applicability of each group of
methods. The results show that deep learning models, especially object detection models, currently play a
dominant role. However, early-stage fire detection remains a major challenge for small fires, with thin
smoke and complex surveillance scenes. The paper also emphasizes the role of inter-frame processing in
improving the reliability of fire alarms.

Keywords: early fire detection, artificial intelligence, computer vision, deep learning, smoke
detection, flame detection, surveillance camera.
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1. Pat van dé

Phéat hi¢n chdy soém c6 y nghia dac bi¢t quan
trong trong coéng tac PCCC, vi gitip rat ngin thoi
gian phan tng, han ché chay lan va giam thiéu thiét
hai vé nguoi va tai san. Trong thuc té, cac hé théng
b4o chay truyén thdng dya trén dau bao khoi, dau
bao nhiét va dau bao ngon ltra da duogc st dung rong
rdi va giit vai tro nén tang trong nhiéu cong trinh [1],
[2]. Tuy nhién, trong mdt sé bdi canh nhu: khong
gian 16n, khong gian mé, khu vuc gidm sat dién rong
hodc cac moi trudong co diéu kién van hanh phtrc tap,
céc phuong phap nay van boc 16 nhitng han ché nhét
dinh vé pham vi giam sat, kha ning cung cip thong
tin tryc quan va mic d6 dap ing ddi véi yéu cau canh
bao som [1], [2].

Su phat trién cia camera giam sat va tri tué
nhan tao dd m¢ ra mot hudng tiép can madi cho bai
toan phat hién chdy, trong do6 céac dAu hiéu cua lta va
khéi dugce nhan dién truc tiép tir anh hoac video. So
v6i cac phuong phap dua trén cam bién diém, cach
tiép can nay c6 uu thé ¢ kha ning quan sat dién rong,
giam sat lién tuc va cung cép bang chimg truc quan
vé hién truong [2], [3]. Trong nhitng nim gan day,
cac k¥ thuat hoc may va hoc sau da dugc ap dung
ngdy cang rong rai trong phat hién chdy bang hinh
anh, cho phép mo hinh ty dong hoc dac trung tu dir
liéu thay vi phu thudc hoan toan vao cac quy tac hodc
dac trung thu cong [4] — [7].

Mic du dat duge nhiéu két qua tich cuc, phat
hién chay ¢ giai doan sém van 12 mot bai toan kho.
O thoi diém nay, dam chay thuong xuét hién dudi
dang ving lira nho hodc khéi mong, chiém rat it
dién tich trong anh va dé bi anh huong boi diéu kién
chiéu sang, khoang cach quan sat, nén canh phirc
tap hodc cac ngudn gdy nhidu nhu: phan xa, dén,
bui va hoi nudce [5], [7]. Do dé, nhiéu mé hinh cé
thé dat két qua tot trén cac b dir lidu tong quat
nhung hiéu ndng lai suy giam khi 4p dung cho cac
tinh hubng chay nho hodc chay méi phat sinh [7],
[8]. Pong thoi, trong hé thong camera giam sat, két
qué phat hién trén tung khung hinh riéng 1é chua du
dé tao ra canh bao tin cay, do dé phat sinh bao gia
hodc bo s6t ngan han [9], [10].

Tu thuc té do, viéc téng quan c6 h¢ théng cac
phuong phap phét hién chay sém bang hinh anh sir
dung tri tu¢ nhan tao la can thiét. Bai bao nay tap
trung phan loai cac hudng tiép can chinh, phén tich
wu diém, han ché va kha ning umg dung cia ting
nhém phuong phap, dong thoi nhdn manh hai van dé
trung tdm cua linh vuc hién nay, gdm phat hién cac
dam chay nho & giai doan dau va ning cao do tin cay
canh bao trong hé théng camera giam sat. Trén co s&
d6, bai bao 1am rd cac thach thic nodi bat va dinh
hudng cac nghién ciru tiép theo dbi voi bai toan phat
hién chdy sém.

2. Tong quan cac hwéng tiép cin trong phat
hién chay sém bing hinh anh

Céc phuong phap phat hién chdy bang hinh anh
¢6 thé dugc chia thanh bon nhém chinh: phuong phap
truyén thong dua trén dic trung, phuong phap hoc
may c6 dién, phuwong phip hoc sdu trén anh va
phuong phép xu 1y video c6 xét thong tin theo thoi
gian [5], [9]. Su phan loai nay khong chi phan anh
tién trinh phat trién k¥ thuat, ma con cho thdy muc do
phii hop khac nhau ciia timg nhém phuong phéap dbi
véi bai toan phét hién chay soém trong céac kich ban
giam sat khac nhau. Cau tric tong quat ctia cic nhom
phuong phép dugc minh hoa trong Hinh 1.

2.1. Phuong phap truyén théng dua trén dic trung

Pay 1a nhom phuong phap xuat hién sém nhét,
chii yéu khai théc cac dic trung tryc quan cia lira va
khoi nhu: mau sic, chuyén dong, két cAu va dao dong
cuong do sang [3], [11]. Mot s6 nghién ciru sir dung cac
mo hinh mau trong khéng gian RGB, HSV hoac YCbCr
dé phan doan vung ltra [3], [11], trong khi cac nghién
ctru khéc khai thac dic trung chuyén dong va hinh dang
ctia ngon Iira hoc khoi trong chudi video [12], [13].

Uu diém ciia cac phuong phép nay 1a ciu trac
don gian, chi phi tinh toan thap va co thé trién khai
trén cic hé thong c6 tai nguyén han ché. Tuy nhién,
nhuoc diém ndi bat 1a phu thugc manh vao dac trung
thu cong, do d6 dé bi anh hudng boi diéu kién chiéu
sang, phan xa, ngudn sang tuong ty ltra hodc cac hién
twong moi trudong nhu swong mu, bui va hoi nude [5],
[9]. Vi vay, khi bdi canh giam sat phuc tap, hiéu ning
ctia nhém phuong phép nay thuong khong 6n dinh.
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Hinh 1: So d6 phdn loai cdc hudng tiép cdn phat hién chéy
som bang hinh anh.

2.2. Phwong phdp hoc mdy cé dién

Nhom phuong phép ndy van dua trén dic trung
thi cong, nhung thay vi ding cac ludt quyét dinh cb
dinh, vi¢c phan loai dugc thuc hién bdi cdc mo hinh hoc
may nhu: b phan loai vector (Support Vector Machine
— SVM), Random Forest, thuét toan phan loai dya trén
cac mau gan nhat trong khong gian dic trung (K-
Nearest Neighbors - KNN) hodc mé hinh hoc may mot
tang 4n (Extreme Learning Machine - ELM) [4]. Cé4ch
tiép can nay gitp cai thién kha ning phan biét gitra viing
chay va viing khong chay, dac biét trong cac bai todn cd
dic trung thi giac twong doi 0.

Tuy nhién, hiéu qua cua cac phuong phéap hoc
may ¢ dién van phuy thudc nhiéu vao chit lugng cua
dic trung dau vao. Khi dit liéu c6 sy bién thién 16n vé
gdc quan sat, diéu kién moi truong hodc kich thudc
d6i tuong chay, cac dic trung thu cong thuong khong

con du kha ning mé ta, din dén suy giam hiéu ning
[5], [6]. Do @6, nhém phuong phép nay phu hop hon
vé6i cac bai toan c6 bdi canh twong ddi 6n dinh hon 1a
cac hé thdng giam sat chay sém trong diéu kién thuc
té phc tap.

2.3. Phwong phap hoc sdu trén dnh

Su phat trién cua hoc siu di tao ra bude tién 16m
trong phat hién chdy bang hinh anh. Cac mé hinh
dung mang no-ron tich chap (Convolutional Neural
Network — CNN) c6 kha nang tu dong hoc dac trung
tor dir 1iéu, nho do cai thién dang ké do chinh xéc so
v6i cac phuong phap trude [6], [14]. Trong thuc té,
céc hudng trién khai chinh gdm phén loai anh, phat
hién doi tuong va phan doan anh.

Trong s6 d6, cac md hinh phat hién ddi tuong
nhu mo hinh phat hién ddi tuong hai giai doan (Faster
Region-based CNN - Faster R-CNN), m6é hinh phat
hién d6i tuong mot giai doan (Single Shot MultiBox
Detector - SSD) va dac biét la m6 hinh phat hién ddi
tuong (You Only Look Once — YOLO) dang dugc su
dung rdng rai nhét, do ¢o thé d@)ng thoi xac dinh vi tri
va loai d6i twong chay hodc khéi véi te d6 xir 1y du
cho thoi gian thuc [15], [16]. Ngoai ra, cac m6 hinh
phan doan anh cling dugc su dung dé xac dinh chi tiét
ving chay ¢ mirc pixel, nhat 13 trong cac tmg dung
can mo ta hinh dang va pham vi ctia dam chay [17].
Tuy nhién, trong bdi canh phat hién chay sém, kho
khian 16n nhat van 1 kha nang nhén dién cac dam chay
nho hodc khoi mong khi ching chi chiém mot phan
rat nho trong khung hinh [8], [18].

2.4. Phwong phdp phat hién chdy tir video va
xu ly theo thoi gian

Déi voi hé thdng giam sat thyc té, dit liéu dau
vao thuong la video, do do viéc khai thac thong tin
theo thoi gian gitra cac khung hinh c6 vai trdo quan
trong. Nhom nay c6 thé chia thanh hai huéng chinh.

Hudng thtr nhét 1a cac mé hinh hoc sau khai
thac truc tiép dic trung khong gian - thoi gian, nhu
CNN két hop mang bd nhd dai — ngin han (Long
Short-Term Memory - LSTM), 3D CNN hoic bién
thé LSTM c6 tich chap (ConvLSTM) [10], [18], [19].
Céc mo hinh nay hoc truc tiép su bién ddi cua lira va
khoi theo chudi khung hinh, nhd d6 c¢6 thé ting do
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nhay déi voi cac du hiéu chay con yéu va giam tac
dong cua nhidu nén.

Huéng thir hai 13 cac kién tréc lai, trong d6 mé
hinh phat hién theo anh hodc theo tung khung hinh
duoc két hop vé6i co ché xir Iy lién khung hinh nhu
x4c nhan theo s6 khung lién tiép, phan tich tinh bén
viing cua hop bao hodc loc theo thoi gian [9], [27].
Day 14 hudng tiép can dic biét phu hop véi hé thong
camera giam sat vi vura tan dung duogc hi¢u qua cua
mo hinh phat hién ddi tuong trén anh, vira céi thién
do tin cdy canh bdo ¢ murc video.

So vé1 phat hién trén danh don, cac phuong phép
c6 xét thong tin theo thoi gian c6 wu thé & kha ning
nang cao d9 tin cdy canh bao, giam bao gid va phu hop
hon véi hé thong camera giam sat. Diéu nay dic biét
quan trong trong cac bdi canh c6 hoat dong nén cao,
noi viéc chi dya vao tung khung hinh riéng 1¢ thuong
khong du dé dua ra quyét dinh 6n dinh [9], [10].

3. So sanh va danh gia cac phuwong phap

Nhin chung, cdc nhém phuong phap phat hién
chay bﬁng hinh anh khac nhau r6 rét vé do phuec tap,
yéu cau dir liéu va kha nang thich img vé&i bdi canh
trién khai. Mot s6 két qua tiéu biéu dugc tong hop
trong Bang 1. Cac phuong phap truyén thong va hoc
méy c6 dién c6 vu diém 1a nhe, dé trién khai, nhung
hiéu qua thuong suy giam khi nén canh phirc tap hodc
¢6 nhidu ddi tugng gdy nham lan. Trong khi dé, cac
moO hinh hoc sau cho théy wu thé 13 rét vé kha nang hoc
dac trung va do chinh xac, dac biét trong cac bai toan
phat hién khoi, Itra tir &nh va video giam sat [14], [20].

Néu xét theo yéu ciu cta bai toan phat hién
chdy sém, cac phuong phép khong nén chi duge danh
gia bang d6 chinh x4c tong thé ma can xem xét kha
nang nhan dién khi ddu hiéu chay con yéu. O goc do
nay, cac mo hinh phat hién dbi tugng thudc nhém hoc
sau trén anh c6 wu thé hon cac mo hinh phan loai anh
do vira xac dinh dugc vi tri, vira phtt hop véi hé thong
camera giam sat. Tuy nhién, hi¢u qua ctia ching phu
thudc manh vao kich thuéc dam chay trong anh va do
phan giai lam viéc. Trén D-Fire, m{t bo dir li¢u ndi
bat vé chiay nho va khoang cach xa, cdu hinh
YOLOVSI chi dat d6 chinh xac trung binh khi IoU >
0,5 (MAP@0.5) bang 79,10%; khi chuyén sang danh

gi4 & murc video voi phan tich theo thoi gian, ciu hinh
YOLOVS5s két hop kiém tra tinh bén vitng ctia hop bao
dat d6 chinh xac 72,86% va chi s6 trung binh diéu hoa
(F1-score) bang 0,78 [21]. Két qua nay cho thiy ngay
ca vdi CAC mo hinh phat hién ddi tuong hi¢én dai, phat
hién chay sém trong diéu kién ddam chay nho van con
12 mot thach thire déang ké.

Hiéu niang ctia mod hinh ciing thay d6i manh
theo didc diém bo dix liéu. Trén RISE, mot bd dit liéu
vé khoi cong nghiép voi bdi canh phuc tap hon,
Timeception dat F1-score trung binh 0,823 trén 6 cach
chia dir 1iéu, trong khi EFFNet cai thién 1én 0,837 nho
tang cuong biéu dién tién canh va thong tin theo thoi
gian [22], [23]. Hai phuong phap nay déu thudc nhom
xtr 1y video c6 xét thong tin theo thoi gian, va két qua
ctia chung cho thdy wu thé cia viéc khai thac dic
trung khong gian - thoi gian trong cac bdi canh kho.
Trén FiSmo, KutralNet chi dat do chinh xac kiém tra
77,43%, sau d6 KutralNet+ cai thién 1én 80,62% voi
Fi-score tang tir 0,8094 1én 0,8407 [24], [25]. Day la
vi du cho théy cac mo hinh hoc sau trén anh, du c6 cai
tién, van chiu anh hudng 6 rét boi d6 kho cia dit liéu
va chua thé bao dam kha ning téng quat hoa cao trong
moi tinh hudng.

T Bang 1 ¢6 thé thay, mdi nhoém phuong phap
cO pham vi ap dung khac nhau. Cac phuong phap
truyén thong dya trén dic trung co wu diém 1a don
gian, toc d6 nhanh va chi phi tinh toan thip. Do do,
chung c6 thé phu hop véi cac bdi canh giam sat 6n
dinh, noi camera cb dinh, nén canh it thay ddi va dau
hiéu chay tuong dbi rd. Tuy nhién, nhom phuong
phédp nay khong con gilr vai tro chu dao trong céc
nghién ctru hién nay, vi hiéu ning dé suy giam khi
gip diéu kién anh sang phuc tap, phan xa, vét thé co
mau turong tu lira hodc cac hién tuong gidng khoi.

Nhom hoc may cb dién 1a bude phat trién tiép
theo, khi cac dic trung thu cong duoce két hop voi
cac bd phan loai nhu SVM, Random Forest hodc
KNN. So véi cac luat ngudng ¢ dinh, nhom phuong
phép nay c6 kha nang hoc ranh gidi phan loai tur dix
li¢u, nho do cai thién hi€u qua trong mdt s6 boi canh.
Tuy nhién, ban chit ciia phuong phap van phuy thudc
vao dic trung do con ngudi thiét ké. Vi vay, khi d6i
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twong chay nho, khoi mong hodc nén canh thay dbi
manh, cac dac trung thu cong thuong khong du kha
nang mo ta.

Cac mo hinh hoc sau trén anh, dac biét la cac
mo hinh phat hién dbi tugng nhu YOLO, SSD va
Faster R-CNN, hién dang la hudng nghién ctru chu
dao. Uu diém ndi bat cia nhom nay 1a kha ning ty
dong hoc dic trung tir dit liéu va dong thoi xac dinh
vi tri vung chdy hodc khoi trong anh. Trong do,
YOLO thuong dugc danh gia cao vé tbe do, phu hop
v6i yéu ciu xir 1y thoi gian thyc; Faster R-CNN
thudng c6 d6 chinh xac tét hon trong mot s6 bdi canh
nhung chi phi tinh todn cao hon; SSD ¢6 wu diém vé
tdc do nhung co thé kém hiéu qua hon véi muc tiéu
nho. Diéu nay cho thay lya chon mé hinh can can cir
vao muc tiéu trién khai cu thé, thay vi chi dua trén
mét chi sd do chinh x4c.

Pbi voi dir liéu video, viée xir Iy ting khung
hinh riéng 1¢ chua du dé tao ra canh béo tin cdy. Céac
mo hinh khai thac thong tin theo thoi gian nhu CNN-
LSTM, 3D CNN, ConvLSTM hoac cac kién trac lai
giita m6 hinh phat hién ddi twong va co ché xac nhan
lién khung hinh ¢6 wu thé trong viéc giam bao gia va
tang do 6n dinh canh béo. Tuy nhién, nhom phuong
phap nay thudng cé chi phi tinh toan cao hon va can
dix liéu video dugc gan nhan phu hop. Vi vay, trong
cac hé thong camera giam sat thuc té, hudng tiép can

c6 trién vong 1a két hop mé hinh phat hién da nhanh
v6i co ché xir 1y lién khung hinh dé x4c nhén sy ton
tai bén vitng ctia ddu hiéu chay.

Ngoai cac chi s6 vé do chinh xéc, viéc danh gia
phuong phap phét hién chay sdm bang hinh anh can
xem xét thém chi phi tinh toan, téc d6 xt 1y, yéu cau
phan ctng va kha ning trién khai thuc té. Cac phuong
phap truyén théng va hoc may c6 dién c6 wu diém 1a
nhe, d& trién khai trén hé thong tai nguyén han ché,
nhung kém bén viing khi diéu kién chiéu sang, nén
canh hodc moéi truong giam sat thay doi.

Trong s6 d6, cac md hinh phat hién ddi tuong
nhu: Faster R-CNN, SSD va YOLO dugc st dung
phd bién do c6 kha niang xac dinh vi tri ving chay
hoac khoi trong anh. Faster R-CNN |a mé hinh phat
hién d6i tuong hai giai doan, thuong c6 do chinh xéc
t6t nhung chi phi tinh toan cao hon; SSD va YOLO
la cac m6 hinh phat hién d6i tuong mot giai doan, co
tdc do xir Iy nhanh hon va phu hop hon véi yéu ciu
thoi gian thyc. Dbi véi video, cac mod hinh nhu 3D
CNN, CNN-LSTM hoac Transformer khai thac duoc
thong tin theo thoi gian, gitp ting do 6n dinh canh
bao va gidm bdo gid, nhung cling doi hoi tai nguyén
tinh toan 16n hon. Vi vay, lwa chon phuong phap can
can béng gitra d6 chinh xéc, tdc do xur ly, do tré canh
bao va diéu kién trién khai cua timg hé théng PCCC
cu thé.

Bdng 1: So sanh mét s6 nghién ciru tiéu biéu theo b di liéu va két qua danh gid.

xtt Iy va ty 1¢ bao gia

Nhém Nghién ciru Két qua/chi so Chi phi tinh toan va Nhin xét
phuong tiéu biéu chinh kha ning trién khai
phap
Truyén thong | Téreyin et al. Chu yéu danh gia Thap; c6 thé chay trén | Phu hop bdi canh don gian,
duya trén dac [12]; Celik va bang d6 chinh xé4c phan cimg han ché; dé nhung nhay véi anh sang,
trung Demirel [3] thuc nghiém, tbc d6 | tich hop nhu bd loc so | phan xa, suong, bui va ngudn

bd sang giong ltra

Hoc sau trén | KutralNet [24]; Acc =77,43%,;

Trung binh; c6 thé toi | Phu hop nhén biét c6/khong

F1-score = 0,78

anh - phan | KutralNet+ [25] KutralNet+ Acc = | uu dé chay trén thiét bi c6 chay trong anh, nhung
loai 80,62%, F1-score = han ché khong cung cip chinh xac vi
0,8407 tri Itra/khoi
Hoc sdu trén | Faster R-CNN, YOLOVSI: Trung binh dén cao; La hudng chu dao hién nay.
anh - phat | SSD, YOLO; de | mAP@0.5 =79,10%; | SSD va YOLOlamd | Faster R-CNN c6 wu thé vé
hién ddi Venancio et al. YOLOVS5s + thoi hinh mot giai doan nén | dd chinh xac nhung tinh toan
tuong [21] gian: Acc = 72,86%, ¢6 toc d6 nhanh hon nang hon; SSD ¢6 tde do

Faster R-CNN; YOLO
thuong duoc uu ti€n
trong yéu cau thoi gian
thuc

nhanh nhung c6 thé han ché
v61 muc tiéu nhd; YOLO can
bang tt giita toc do va do
chinh x4c, nhung van khé véi
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dam chay nhd, khéi mong va
dbi twong & xa
Hoc sau Frizzi et al. [17] banh gia theo do Cao hon md hinh phat C6 gia tri khi can xac dinh
phan doan chinh xac phan doan, hién ddi tuong; can pham vi chay/khoi chi tiét,
anh IoU/Dice trong cac nhin pixel, kho trién nhung chi phi gan nhan va
nghién ciru lién quan | khai thoi gian thuc néu tinh toan lon
tai nguyén han ché
Xuly video | Hsuetal. [22]; Timeception F1- Cao hon xt 1y anh Hiéu qua trong bdi canh nén
theo thoi Cao et al. [23] score = 0,823; don; can chudi khung | phtc tap nho khai thac bién
gian EFFNet Fl-score = | hinh va tai nguyén luu thién theo thoi gian
0,837 trit/tinh toan 16n hon
Kiéntraclai | Nguyenetal. | Tingdé on dinh canh | Trung binh d&én cao; c6 Phu hop thyc t& PCCC vi
anh-thoi gian | [10]; Xie etal. | bao so v6i xir Iy ting | thé trién khai theo mé | giam béo gia va han ché canh
[27] khung hinh hinh phat hién ddi bao do nhiu ngin han
tuong + bo loc lién
khung hinh

4. Nhirng thach thirc noi bat trong phat hi¢n
chdy sém bing hinh dnh

Mic dui cac phuong phép phat hién chay bang
hinh anh di dat dugc nhiéu tién bg, phat hién chay &
giai doan s6m van 1a mot bai toan kho. Cac thach thire

¢ aem—m— 57—

a. Bam chay nho
Hinh 2: M6t s6 théch thire dién hinh trong phdt hién chdy sém bang hinh dnh.

4.1. Han ché ciia dit ligu hién cé

Mot trong nhiing thach thirc 16n nhat cua linh
vuc nay 1a dit liéu huén luyén va danh gia con han ché
ca vé quy mo 1an tinh dai dién. Nhiéu bo dit liéu cong
khai c6 s6 luong mau con it, diéu kién thu thap khong
ddng nhat, hodc tap trung cha yéu vao céac tinh hudng
chay di phat trién rd rét [7], [9]. Trong khong it
truong hop, video duong tinh bat dau khi lira hodc
khoéi da hién rd trong khung hinh, nén khé danh gia
ding nang luc phat hién sém cua mo hinh.

Ngoai ra, dir li¢u am tinh trong nhiéu bd dit licu
chwra that sy phan anh day du cac yéu té gay nham 1an
trong moi truong giam sat thuc té, nhu dén pha, phan xa
anh sang, hoi nudc, bui, khoi khong do chay hodc cac

ch yéu cuia bai toan nay khong chi dén tir ban chat
thi giac cta lira va khoi ¢ thoi diém méi phat sinh
(Hinh 2), ma con lién quan dén chit luong dit liéu, boi
canh giam sat va cach thic danh gia hé théng trong
thue té [5], [7], [9].

b. Khoi mong

vat thé c6 mau sic gan véi lira [9]. Piéu nay lam cho
mot s6 md hinh c6 thé dat két qua tot trén tap kiém tra
nhung khi trién khai thuc té lai phat sinh nhiéu bao gia.

4.2. Thich thirc déi véi dim chdy nhé va
khoi mong

O giai doan dau, ddu hiéu chay thuong biéu hién
dudi dang dam Itra nhé hoac khoi méng, chi chiém
mot ving rat nho trong anh. Pay 1a nguyén nhan
khién phat hién chay sém c6 1i€n hé chat voi bai toan
phat hién muc tiéu nho [8]. Khi kich thudc ddi tuong
qua nho so véi toan bd khung hinh, théng tin dac
trung dé bj mat trong qua trinh thay d6i kich thudc
anh, trich xuat dic trung hodc qua cac tang giam kich
thudc cua mang no-ron.
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Céac nghién ctru gan day ciing cho thay nhiéu
hé théng dat hi¢u qua tdt trén cac bo dir licu téng
quat, nhung hiéu ning giam rd khi ddi tuwong chay
nho6 hoic & xa [9], [21]. Trong cac tinh hubng nhu
vay, viéc chi tang dd sdu mang hoac dung kién trac
manh hon chua chic di giai quyét triét dé van dé,
néu bo dit liéu huin luyén chua du mau chay nhé va
quy trinh hudn luyén chua huéng t6i dic diém cua
bai toan phat hién som.

4.3. Anh hwong ciia nén cinh phirc tap va
bdo gid

Trong moi trudong giam sat thuc té, nén canh
thudng khong 6n dinh va c6 thé chira nhiéu yéu t6 dé
gdy nham 1an véi lira hodc khoi. Cac ngudn sang
manh, phan xa trén bé mat kim loai hodc kinh, khi thai
xe ¢, bui, hoi nude, swong mu hay céc chuyén dong
bat thuong trong canh déu c6 thé lam ting xéac suat
bao gia [5], [9]. Pay la van dé dic biét dang cha y
trong cac khu vuc nhu duong ham, nha xuong, bai xe,
kho hang hodc day chuyén san xuat.

Theo phéan tich ctia Gragnaniello va cong su,
murc do hoat dong nén la mot trong hai yéu t6 co anh
hudng quyét dinh dén do kho cua bai toan phat hién
chay tir video [9]. Khi hoat ddng nén ting, ca nguy co
bao gia 14n nguy co bo sét déu tang theo. Vi vy, mot
phuong phap cho két qua tdt trong bdi canh tinh chua
chic con duy tri dugc higu qua trong méi truong giam
sat dong va phuec tap.

4.4. Khé khan khi chuyén tiv phdt hién trén
dnh sang canh bdo trén video

Mot thach thue quan trong khac 1a khoang cach
gitta phat hién trén anh va canh bdo chay trong hé
thong giam sat video. Trong bai toan anh, mo hinh
thuong dugc danh gid dya trén do chinh xac phan loai
hoac phat hién ¢ tirng khung hinh. Tuy nhién, trong h¢
thong thyc té, yéu ciu quan trong hon 1a kha nang duy
tri phat hién on dinh theo thoi gian va tao ra canh bao
du tin cay [9], [10].

Néu chi dua trén két qua cia timg khung hinh
riéng 1¢, h¢ théng rat dé tao ra canh béo sai do nhiéu
ngén han hodc bo sot khi lira, khoi chi xuat hién mo
nhat trong mot ) khung hinh dau tién. Vi vay, voi
video giam sat, phat hi¢n chdy som khong nén dimg &

muc nhan dién d6i tuong trén anh, ma can gén V01 cac
co ché xur 1y lién khung hinh dé xac nhan sy ton tai bén
vitng cta du hiéu chay. Pay 13 hudéng di ngay cang
duoc nhin manh trong cac nghién ctiru gan day vé phat
hién chay va khoi tir video [9], [10], [18], [19].

4.5. Han ché trong ddinh gid khd ning phdt
hién som

Mot kho khan nita 13 cac chi sb danh gia théng
dung nhu Accuracy, Precision, Recall hay mAP chua
phan anh day du yéu cau cta hé théng canh bao chay
som. Trong thuc té, can quan tim thém dén kha ning
phat hién ¢ giai doan déu, do tré canh bao, murc do 6n
dinh ctia canh bao va tan suit bao gia theo thdi gian van
hanh [9]. Tuy nhién, do thiéu cac bo dit liéu dugc chi
thich 15 thoi diém xut hién chay va thiéu cac giao thirc
danh gia thdng nhat cho bai toan canh bao sém, viéc so
sanh giira cac nghién ciru van con gip nhiéu khé khan.

Tir cac phén tich trén c6 thé thiy rang thach
thirc ciia phat hién chdy som khong chi nim ¢ lya
chon mo hinh, ma con gén chat vai dit liéu, bdi canh
trién khai va cach dénh gia hé thong. Day ciing 13 co
s& cho thdy cac nghién ctru tiép theo can tap trung
d6ng thoi vao xay dung bo dit liéu chuyén biét, nang
cao kha nang phat hién myc tiéu nho va phat trién cac
co ché xtr 1y theo thoi gian nham nang cao d¢ tin cay
canh bao trong h¢ thong camera giam sat.

5. Xu hwéng phat trién va kha ning img dung

Tir céc nghién ciru hién nay c6 thé thay rang
phat hién chay som bang hinh anh dang chuyén dan
tr cac phuong phéap dua trén ddc trung thu cong sang
cac mod hinh hoc sau va xtr ly video theo thoi gian.
Céc phuong phép truyén thng va hoc may cd dién
khong con 1a huéng chii dao, nhung van cé gia tri
trong hé théng don gian, tai nguyén han ché hoic lam
16p tién xir 1. Trong khi d6, cic mo hinh hoc sau trén
anh, ddc bi¢t 1a mo6 hinh phat hién dbi tuong, dang gilr
vai tro trung tdm; cac phuong phap xur Iy video theo
thoi gian ngay cang quan trong trong viéc giam bao
gia va nang cao d6 6n dinh canh béo [9], [10].

5.1. Xu hwéng phdt trién mé hinh theo huéng
phat hi¢n chady som

Xu hudng ndi bat hién nay 1a phat trién cac mo
hinh phu hgp hon véi bai toan phét hién muc tiéu nho.

S0 12,2026 — TAP CHIPC&CC DIEN TU



HAY., .
CHUACHAY

>> oifn U

JOURNAL OF FIRE ONLINE __ e-1SSN 3093-3595

PHAM THANH TUNG

Do lira va khoi ¢ giai doan dau thuong chiém dién
tich rat nho trong anh, cac nghién ctru tip trung cai
thién trich xuat dic trung da ti 1¢, tdng cudng co ché
attention va toi wu md hinh nhe dé trién khai trén
camera hoic thiét bi bién [8], [18].

Déi voi cac phuong phap truyén thdng va hoc
may cb dién, xu hudng hién nay chu yéu 1a st dung &
vai tro hd tro, nhu sang loc ving nghi ngo, tién xir 1y
hozc két hop trong cac kién trtc lai. Ddi véi hoc sau
trén anh, trong tdm la ndng cao kha ndng phat hién
chay nho, khéi méong, dbi twong ¢ xa va bao dam tdc
d6 thoi gian thue. Vi dit li¢u video, nhiéu nghién ctu
chuyén sang két hop mé hinh phat hién ddi tugng theo
khung hinh véi xir 1y theo thoi gian dé ting d6 nhay
va giam nhidu nén [10], [18], [19].

5.2. Xu hwéng phdt trién dit ligu va giao thivc
danh gia

Dir liéu dang tro thanh yéu td quyét dinh trong
phat hién chay som. Céc nghién ctru can xay dyng bo
dir liéu phan anh sat hon diéu kién thuc té, dic biét 1a
cac tinh hudng chay nho, khéi mong, nén canh phrc
tap va mau am tinh kho nhu anh deén, phéan xa, bui,
hoi nudc hoac khoi khong do chay [7], [9].

Bén canh do, giao thirc danh gi4 ciing can gan
v6i yéu cau van hanh thuc té. Ngoai Accuracy,
Precision, Recall hay mAP, cin quan tim thém dén
dd tré canh bao, d6 6n dinh theo thoi gian, tan suat
bao gia va kha nang xu 1y trén thiét bi bién. Didu nay
giup danh gia dang hon kha nang tmg dung cuia mo
hinh trong hé théng camera giam st.

5.3. Khi ning ing dung trong hé thong
camera giam sat PCCC

Phat hién chay bang hinh anh c6 thé img dung
trong nha xuong, kho hang, bai xe, dudng ham, khu
dan cu, cong trinh cong cong va mot s khong gian
md ¢6 nguy co chay [2], [9]. Uu diém cta hudng tiép
can nay la tan dung dugc ha téng camera san co, cung
cap thong tin tryc quan vé vi tri va dién bién ban dau
cua su cd.

Tuy nhién, viéc lwa chon phuong phap can phu
thudc vao ting bdi canh. Véi méi truong it nhidu,
pham vi quan sat ngan, cac mo hinh nhe hosc phwong
phap truyén théng c6 thé dap tmg & muc nhét dinh.

Vé6i khu vuc phirc tap, nhiéu ngudén gdy nham lan
hoac yéu cau phat hién rit sém, can uu tién md hinh
hoc sdu két hop xir 1y lién khung hinh dé bao dam do
tin cay [9], [27].

5.4. Dinh huéng nghién civu tiép theo

Huéng nghién ctru tiép theo can tip trung vao
ba ndi dung chinh: xay dung bd dir li¢u chuyén biét
cho phat hién chay som; phat trién mé hinh phat hién
tdt hon dbi vai chay nho, khoi mong va muc tiéu 6 xa;
két hop phat hién trén anh véi xir 1y theo thoi gian dé
nang cao d6 6n dinh canh bao trong video gidm sat.

Nhu vay, xu hudéng phat trién cta linh vuc
khong phai 1a thay thé hoan toan cac phuong phap cil,
ma 13 t6 chtre lai vai tro ciia timg nhom phuong phép.
Céc phuong phép truyén théng va hoc may co dién
chu yéu gilt vai tro hd trg; cac mo hinh hoc sau trén
anh gilr vai tro trung tdm trong phat hién va dinh vi
chay/khoi; con cac phuong phap xtr Iy video theo thoi
gian 12 huéng quan trong dé nang cao d¢ tin cdy canh
bao trong thuc té.

6. Két luin

Phat hién chay som bang hinh anh st dung tri tué
nhén tao 12 huéng nghién ciru c6 nhiéu tiém ning trong
cong tic PCCC, dic biét khi hé théng camera giam sat
ngdy cang dugc trién khai rong rdi. Qua téng quan cac
nhém phuong phap chinh, c6 thé thiy linh vurc nay da
phét trién tir cac phuong phép truyén thong dua trén
ddc trung, sang hoc may ¢d dién, hoc sau trén anh va
xu 1y video c6 xét thong tin theo thoi gian.

Céc phuong phap truyén thng va hoc may ¢
dién hién khong con 1a huéng chu dao do phu thudc
nhiéu vao dic trung thi céng va kém bén ving trong
moi truong phire tap. Tuy nhién, chiing van c6 gid tri
trong cac hé thong don gian, tai nguyén han ché hoic
vai tro tién xir 1y. Nguogc lai, cdc md hinh hoc sau trén
anh, ddc bi¢t 1a mo6 hinh phat hién dbi tuong, dang gilr
vai tro trung tdm nho kha nang ty dong hoc dac trung
va xéc dinh vi tri vung chay/khoi. Bén canh do, cac
phuong phap xtr ly video theo thoi gian ngady cang
quan trong vi gitp giam bao gia va ning cao do 6n
dinh canh bao.

Tuy vay, bai todn phat hién chay sém van con
nhiéu thach thire, nhat 13 thiéu dir liéu vé chdy nho,
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khoi moéng, nén canh phirc tap va cac miu am tinh
khé. Vi vay, huéng phat trién tiép theo can tap trung
vao xay dung bd dir li€u chuyén biét, phat trién mo
hinh pha hop véi muyc tiéu nho, tdi wu mé hinh cho
thiét bi bién va két hop phat hién trén anh voi xu ly
lién khung hinh. Dy 1a co s& dé phat trién cac hé
théng canh bao chay sém bang hinh anh c6 kha ning
tmg dung thyc té trong cong tac PCCC.m

TAI LIEU THAM KHAO

1. National Fire Protection Association, 2017, Fire
Detection Systems Handbook, NFPA, Quincy, MA.

2. A. E. Cetin, K. Dimitropoulos, B. Gouverneur,
N. Grammalidis, O. Giinay, Y. H. Habiboglu, et al.,
2013, Video fire detection — review, Digital Signal
Processing, vol. 23, no. 6, tr. 1827-1843.

3. T. Celik, H. Demirel, 2009, Fire detection in
video sequences using a generic color model, Fire
Safety Journal, vol. 44, no. 2, tr. 147-158.

4. B. Ko, K.-H. Cheong, J.-Y. Nam, 2009, Fire
detection based on vision sensor and support vector
machines, Fire Safety Journal, vol. 44, no. 3, pp. 322—
329, doi: 10.1016/j.firesaf.2008.07.006.

5. A. Gaur, A. Singh, A. Kumar, A. Kumar, K.
Kapoor, 2020, Video flame and smoke based fire
detection algorithms: A literature review, Fire
Technology, vol. 56, no. 5, tr. 1943-1980.

6. S. Geetha, C. Abhishek, C. Akshayanat,
2021, Machine vision based fire detection techniques:
A survey, Fire Technology, vol. 57, no. 2, tr. 591-623.

7. J.Jin, T. Wang, N. Alhusaini, S. Zhao, H.
Liu, K. Xu, et al., 2023, Video fire detection methods
based on deep learning: Datasets, methods, and
future directions, Fire, vol. 6, no. 8, tr. 315.

8.Z. Li, Y. Liu, W. Jin, 2020, Deep learning for
small object detection: A survey, Pattern Recognition.

9. D. Gragnaniello, A. Greco, C. Sansone, B.
Vento, 2024, Fire and smoke detection from videos:
A literature review under a novel taxonomy, Expert
Systems with Applications, vol. 255, tr. 124783.

10. M. D. Nguyen, H. N. Vu, D. C. Pham, B.
Choi, S. Ro, 2021, Multistage real-time fire detection
using convolutional neural networks and long short-

term memory networks, IEEE Access, vol. 9, tr.
146667-146679.

11. T.-H. Chen, P.-H. Wu, Y .-C. Chiou, 2004,
An early fire-detection method based on image
processing, Proceedings of the International
Conference on Image Processing, tr. 1707-1710.

12. B. U. Toreyin, Y. Dedeoglu, U. Giidiikbay,
A. E. Cetin, 2006, Computer vision based method for
real-time fire and flame detection, Pattern
Recognition Letters, vol. 27, no. 1, tr. 49-58.

13. K. Dimitropoulos, P. Barmpoutis, N.
Grammalidis, 2014, Spatio-temporal flame modeling
and dynamic texture analysis for automatic video-
based fire detection, IEEE Transactions on Circuits
and Systems for Video Technology, vol. 25, no. 2, tr.
339-351.

14. A. Krizhevsky, I. Sutskever, G. E. Hinton,
2012, ImageNet classification  with  deep
convolutional neural networks, Advances in Neural
Information Processing Systems, tr. 1097-1105.

15. J. Redmon, S. Divvala, R. Girshick, A.
Farhadi, 2016, You only look once: Unified, real-time
object detection, Proceedings of the IEEE Conference
on Computer Vision and Pattern Recognition, tr. 779—
788.

16. W. Liu, D. Anguelov, D. Erhan, C.
Szegedy, S. Reed, C.-Y. Fu, et al., 2016, SSD: Single
shot multibox detector, Proceedings of the European
Conference on Computer Vision, tr. 21-37.

17.S. Frizzi, M. Bouchouicha, J.-M. Ginoux, E.
Moreau, M. Sayadi, 2021, Convolutional neural
network for smoke and fire semantic segmentation,
IET Image Processing, vol. 15, no. 3, tr. 634-647.

18. H. Lin, G. Zhang, Y. Xu, Q. Zhang, 2019,
Smoke detection on video sequences using 3D
convolutional neural networks, Fire Technology, vol.
55, tr. 1827-1847.

19. H. Tao, M. Lu, Z. Hu, Z. Xin, J. Wang,
2022, Attention-aggregated attribute-aware network
with redundancy reduction convolution for video-
based industrial smoke emission recognition, IEEE
Transactions on Industrial Informatics, vol. 18, no.
11, tr. 7653-7664.

S0 12,2026 — TAP CHIPC&CC DIEN TU



HAY., .
CHUACHAY

JOURNAL OF FIRE ONLINE__¢-1SSN 3093-3595 3 =5 3 iEn T

PHAM THANH TUNG

20. K. Mardani, N. Vretos, P. Daras, 2023,
Transformer-based fire detection in videos, Sensors,
vol. 23, no. 6, tr. 3035.

21. P. V. A. de Venancio, R. J. Campos, T. M.
Rezende, A. C. Lisboa, A. V. Barbosa, 2023, A hybrid
method for fire detection based on spatial and
temporal patterns, Neural Computing and
Applications, vol. 35, no. 13, tr. 9349-9361.

22. Y.-C. Hsu, T.-H. K. Huang, T.-Y. Hu, P.
Dille, S. Prendi, R. Hoffman, et al., 2021, Project
RISE: Recognizing industrial smoke emissions,
Proceedings of the AAAI Conference on Artificial
Intelligence, vol. 35, tr. 14813-14821.

23. Y. Cao, Q. Tang, X. Wu, X. Lu, 2021,
EFFNet: Enhanced feature foreground network for
video smoke source prediction and detection, IEEE
Transactions on Circuits and Systems for Video
Technology, vol. 32, no. 4, pp. 1820-1833, doi:
10.1109/TCSVT.2021.3083112.

24. A. Ayala, B. J. T. Fernandes, F. Cruz, D.
Macédo, A. L. I. Oliveira, C. Zanchettin, 2020,
KutralNet: A portable deep learning model for fire
recognition, Proceedings of the International Joint
Conference on Neural Networks, tr. 1-8.

25. A. Ayala, B. J. T. Fernandes, F. Cruz, D.
Macédo, C. Zanchettin, 2022, Convolution
optimization in fire classification, IEEE Access, vol.
10, tr. 23642-23658.

26.Y. Zhao, J. Zhang, K. L. Man, 2020, LSTM-
based model for unforeseeable event detection from
video data, International Journal of Design, Analysis
& Tools for Integrated Circuits & Systems, 2020, Vol
9, Issue 1, p41.

27.Y. Xie, J. Zhu, Y. Cao, Y. Zhang, D. Feng,
Y. Zhang, et al., 2020, Efficient video fire detection
exploiting motion-flicker-based dynamic features and
deep static features, IEEE Access, vol. 8, tr. 81904
81917.

S0 12,2026 — TAP CHIPC&CC DIEN TU



