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Forest fires represent a critical issue in Vietnam, particularly during the
dry season. This study proposes the utilization of the ConvLSTM
neural network for the early detection of forest fires from imagery data.
Unlike traditional methods that process individual frames in isolation,
ConvLSTM is capable of combining spatial feature extraction (via
convolutional layers) with temporal dependency modeling (via Long
Short-Term  Memory). We utilize a publicly available dataset
comprising 999 images with and without fire. To apply ConvLSTM to
static images, time-series sequences are generated using a sliding
window approach across data augmentation variants. Experimental
results demonstrate that the model achieves an accuracy of 98.3%, a
precision of 98.1%, a recall of 98.6%, and an Fl-score of 98.2%,
significantly outperforming standalone CNN or LSTM models.
However, the study is constrained by its limited dataset size, which
exhibits an imbalance where 75% of the samples contain fire, as well as
a lack of Vietnam-specific data. Future research lines should focus on
expanding to larger datasets that better reflect local conditions and
deploying the system in real-time on edge devices.

MO HINH LAI ConvLSTM CHO BAI TOAN PHAN LOAI ANH
CO CHAY RUNG TAI VIET NAM

Pham Thi Lién’, Nguyén Thu Huong’, Nguyén Thé Long’, Trin Tuin Viét"
YTrieong Pai hoc Cong nghé Théng tin va Truyén thong - PH Thdi Nguyén, *Truong Pai hoc Sao Pé

TOM TAT

THONG TIN BAI BAO
Ngay nhin bai:  04/6/2026
Ngay hoan thién:  30/6/2026
Ngay dang: 30/6/2026
TU KHOA
ConvLSTM
Chay rung
Hoc sau

Mang no-ron tich chap
Mang b¢ nhé dai-ngan

Chay rimg dang 1a van dé nghiém trong tai Viét Nam, nhat la trong mua
khé. Nghién ciru ndy dé xuat sir dung mang no-ron ConvLSTM dé phat
hién sém chay ring tir dir liéu anh. Khac v6i cac phuong phap truyén
théng chi xir 1y timg khung hinh riéng 1¢, ConvLSTM c6 kha ning két
hop trich xuét ddc diém khong gian (qua 16p tich chap) va mé hinh hoa su
phu thudc thoi gian (qua bo nhe dai- ngan LSTM). Chung t6i sir dung bo
dir ligu cong khai gom 999 anh co va khong co chay. bé ap dung
ConvLSTM trén anh tinh, cac chudi thoi gian dugc tao bang cira so trugt
trén cac bién thé ting cuong dir liéu. Két qua thir nghiém cho thdy mo
hinh dat d6 chinh xac 98,3%, d¢ chinh xac du bao duong tinh 98,1%, do
nhay 96,8% va F1-score 98,1%, cao hon rd rét S0 V&i cac mé hinh CNN
hay LSTM d¢c 1ap. Du véy, nghién ctru con han ché vé kich thudc bo di
liéu (nho, mat can bang, 75% la anh c6 chdy) va thiéu dir liéu dic thu cho
Viét Nam. Céc bu6ce phat trién tiép theo can hudng t6i bo dix liéu 16n hon,
phi hop véi diéu kién dia phuong va trién khai thoi gian thyc trén cac
thiét bi bién.
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1. Giéi thiéu

Chay rung dang ngay cang tré nén phd bién va khoc ligt hon trén pham vi toan cau do tac
dong manh mé& cua bién d6i khi hau. Su gia tang nhiét do, cac dot han han kéo dai va luong mua
that thuong tao diéu kién Iy twéng cho lira bung phat va lan rong nhanh chéng. Tai Viét Nam,
Tay Nguyén va cac tinh mién nui phia Béc 1a nhitng khu vice ¢ nguy co chdy rung cao nhét do
dién tich rung I6n, dia hinh hiém trg, két hop voi tap quan dbt nwong 1am ray va canh tac nong
nghiép cia nguoi dan. Sy cham tré trong phat hién sém khong chi gay thiét hai nghiém trong vé
tai nguyén méi truong ma con de doa tryuc tiép dén tinh mang va stic khoe con ngudi.

Trong mot thoi gian dai, cong tac phat hién chay ring chu yéu dya vao cic phuong phap truyén
thdng nhu quan sat truc tiép tir choi canh, sir dung cam bién ¢ dinh ngudng, hoic phén tich anh vé
tinh c6 tan suat chup lap lai thip. Tuy nhién, cac cach tiép can nay boc 16 nhiéu han ché vé do tin
cdy va thoi gian phan hoi; khi khoi hoic lira dugc phat hién béng mit thuong, dam chay thuong da
lan rong vuot tam kiém soat. Thém vao do, cac hé thong truyén thong khong thé mé hinh héa day
du cac tuong tac phi tuyen phtic tap gitra cac yéu té khi tuong, dia Iy va con ngudi.

Gan day, su phat trién cua tri tué nhan tao, dic biét 1a hoc sau (deep learning), dd mo ra nhiing
hudng di day htra hen cho cac hé théng canh bao thong minh. Nhidu nghién ctru da tap trung sir
dung mang no-ron tich chap (CNN) dé phan tich dic diém khong gian tir hinh dnh camera va vé
tinh nhiam nhan dang khoi, lra. Abdusalomov va cong su [1] da xay dung mot CNN tuy chinh sir
dung framework Detectron2 va huan luyén trén bo dit liéu anh chay chuyén dung. M6 hinh cai
thién dang ké kha ning phat hién chay ¢ ving sau vung xa, ca ban ngay 14n ban dém. Trong khi
d6, Mei va Zhang [2] tiép can bang cach sir dung hoi quy logistic va lam min thoi gian, dung céc
dic trung nhu kich thuéc, chuyén dong va mau sic dé nhan dién lira, dong thoi loai bo nén dé co
lap cac ving c6 kha ning 14 lira. Dimitropoulos va c¢ong su [3] dau tién xac dinh cac ving c6 kha
nang chay bang ring ngau nhién, SVM va thuat toan ViBe cai tién, sau d6 xac nhan chay bang
cac mod-men Hu, ty 1& chdng lan va cuong d6 chuyén dong gitta cac khung hinh. M6t nghién ciru
khac két hop nhiéu dic trung voi phuong phap hop nhat phéan sé thich nghi va sit dung SVM dé
phat hién khoi. Zhang va cong su [4] d&& xuat ATT Squeeze U-Net cho phan doan va nhan dang
chay. Ho két hop SqueezeNet véi mot mo-dun Fire sira doi bén trong ciu trac ATT U-Net, cai
thién viéc trich xuat dic diém ngay ca khi dir liéu huan luyén han ché. Mot mé hinh nhan dang
riéng biét chia sé mot phan dudng ma hoa cho cac tac vu phéan loai. Cach tiép can nay hiéu qua
hon cac hé théng phan doan va nhan dang hién c6, dac biét hitu ich cho phat hién chay khi yéu
ciu d6 nhay cao nhung dir liéu huan luyén khan hiém. Céac thtr nghiém xac nhan d6 chinh xéac
phan doan va kha ndng nhan dang dang tin cdy. Tuy nhién, mac du phuong phap xac dinh chinh
xé4c cac diéu kién chay va phan doan chi tiét ving chay, né van c6 thé bo sot mot sb loai chay
trong cac bdi canh da dang. Kumar [5] gidi thiéu mot md hinh hoc séu két hop CNN va RNN dé
phat hién chay rung. CNN trich xudt dic diém, sau d6 dugc lam phing va dwa vao RNN. Trong
khi CNN xir 1y cac mau hinh anh co ban va phirc tap, RNN xir 1y cac phu thudc tuan ty trong dit
licu. Két hop ching sé& cai thién kha nang nhan dang mau chdy. Larsen va cong su [6] da phat
trién mot mang no-ron tich chap dy du (FCN) dé phat hién khoi chay rirng trong anh vé tinh gan
nhu thoi glan thuc. Ho huan luyén mé hinh sir dung dir liéu tir cac phuong phap phat hién khoi
véan hanh san c6, vi vy m6 hinh hoc tir cac mau khéi dd duoc xac minh. Hé thong nay ching to
tinh thuc tién cho sir dung gan nhu tic thoi va da duoc thir nghiém trong mét vu chay rung &
Australia. Cong cu dua trén FCN nay c6 trién vong danh gia rui ro phoi nhiém khoi va cung cap
thong tin kip thoi cho cac doi quan 1y chdy, co quan y té va mdi truong, cling nhur cong chiing,
qua d6 c6 thé giam rai ro sac khée nho canh bao nhanh hon. Bén canh d6, cac nhom nghién ciru
khac lai ung dung cac mé hinh hoc chudi nhu mang b6 nhé dai- ngén (LSTM) dé xu ly dix liu
thoi gian tir tram khi tuong (nhiét do, do am, toc do gio), giap dy bao cac dau higu bat thuong
trugc khi dam chay xay ra [7]. Xu huéng hién nay dang chuyén dich 'sang cac m6 hinh két hop da
phwong thuc, sir dung dong thoi dit liéu hinh anh va dit liéu cam bién nham giam thiéu ty Ié bao
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dong gia. Mambile va cong su [8] d& xuat mot ‘phuong phap du bdo chay rung két hop dit lieu
hoat dong cua con nguoi, anh vé tinh va cac bién mdi truong trong mot khudn khé hoc sau. M
hinh sir dung kién traic ConvLSTM dé niam bét ca mau khong gian va thoi gian. N6 du bao cac
giai doan nguy co cao bang cach sir dung dir lidu thoi tiét va hanh vi cia con nguoi, dong thoi
xdc dinh cac khu vuc dé chay thong qua cac chi s tir vé tinh nhu NDVI, 'NBR va NDWL Béng
cach tich hop cac yéu to tu nhién va con ngudi, cach tiép can nay cung cap huéng dan thyc tién
cho quén 1y chay, gitip t6i ru hoa phan bd nguodn luc & cac vung d& bi ton thuong.

Bén canh cac hudng tiép can quéc té, trong nhitng nim gan dy, cac nha khoa hoc trong nudc
cling ¢6 nhiéu nd lyc wng dung hoc may va hoc sau vao bai toan chdy rumg, phu hop véi diéu
kién khi hau nhi¢t doi va dac diém rung tai Viét Nam. Mot huéng tiép can pho bién 1a st dung
cic md hinh hoc may tbi wu dé 1ap ban @6 khu vuc nhay cam vai chay ring. Hung Van Le va
cong su [9] da nghién cru tai tinh Gia Lai, sir dung 2.827 diém chay ghi nhan tir 2007 dén 2021
cung véi 12 yéu té anh huong bao gom dia hinh, tham thuc vat (NDVI, NDWI), khi tugng (nhiét
dd, luong mua, do ém). Nhoém tac gia da danh gia ndm mod hinh, trong d6 Random Forest (RF)
cho két qua tét nhat. Sau khi téi wu bang giai thuat di truyén (GA), mé hinh Acc-GA-Opt-RF dat
d6 chinh xac 84,4% va AUC 0,908, dong thoi chi ra NDVI va NDWI 1a hai yéu t6 quan trong
nhét trong du bao nguy co chay.

Ciing trong linh vuc lap ban d6 nhay cam chay, Van The Pham va cong su [10] da thuc hién
nghién ctu tai tinh Dik Nong. Diém moi cua nghién ciru nay 1a két hop dir liéu vién tham tir
UAV, anh SPOT va giai thuat XGBoost dé phan loai cac loai hinh rimg (dat do chinh xac
81,4%). Dé danh gia mirc do nhay cam véi chay, nhom tac gia da sir dung mo hinh két hop lai
ghép giita giai thuat tdi wu bay ong nhan tao (ABC) va hé thdng suy dién no-ron thich nghi
(ANFIS). Két qua cho thdy phan 16n dién tich rimg trong ving, dic biét 1a ring tre ntra va ring
dau, dang & mirc nguy co chay cao dén rét cao.

Db Thi Ngoc Anh va cong sy [11] da trinh bay qua trinh xay dung ung dung phat hién dam
chay s dung mang no-ron tich chap YOLOvV5. Ung dung sir dung mé hinh mang no-ron
YOLOVS5 dé phat hién dam chay da cho két qua thir nghiém dat do chinh xac cao va toc do xir ly
nhanh c6 kha ning nhan dang theo thoi gian thuc. Véi thuc trang chay nd hién tai ddng thoi qua
phan tich cac hé thdng canh bao chay dang c6 trén thi truong, hé théng nhan dang ngon lira sir
dung mang no-ron khi két hop véi cac hé thong camera an ninh hira hen sé& cai thién duogc nhleu
thiéu sot cua cac hé thong bao chay thong thuong dang gap phai, giup giam thiéu thiét hai vé
ngudi va co s& vat chat khi xay ra hoa hoan.

Céc nghién ctru lién quan cho thiy xu hudng ngay cang rd rét trong viéc sir dung cac mo hinh
hoc sau, dac biét 1a cac kién trac két hgp khong gian - thoi gian nhu ConvLSTM, dé phét hién va
dir bao chay ring. Tuy nhién, van con nhitng thach thic vé kich thudc va tinh dai dién cua dit
liéu, cling nhu kha nang trién khai thuc té. Bai toan dit ra trong nghién ctru nay thudc loai phan
loai nhi phan anh c6/khong co ltra hodc khoi. Dir liéu huan luyén khong phéan biét cac loai hinh
chay khac nhau (chay rimg, chay bui, chay trai, d6t nwong lam ray,...). Do do, két qua dat duoc
phan anh kha nang cua mé hinh trong viéc nhan dién cac hién tugng chay noi chung chir khong
phai riéng chay rirng. Dé dong gop vao hudng nghién ciru ndy, muc tiéu cua nghién ctu tap trung
vao ba diém chinh. Thu nhét, phat trién mot moé hinh ConvLSTM cho bai toan phan loai nhi phan
(c6 chay hodc khong co chay). Thir hai, so sanh ddi chiéu hiéu ning ctia mo6 hinh dé xuat véi cac
md hinh co so 1a CNN va LSTM truyén thdng. Thir ba, chi ra cac han ché lién quan dén kich
thudc bo dir liéu, hién twong mat can bang gitta cac 16p dit liéu, va tinh dic tha vé mit dia 1y coa
dir liéu thuc nghiém. Nghién ciru nay tip trung vao phat trién mé hinh ConvLSTM cho bbi canh
cu thé tai Viét Nam.

2. Phuong phap dé xuit xay dwng hé théng canh bao chay rirng

Hé thong phat hién chay rimg dugc phat trién trong nghién ctru ndy c¢6 hai chtrc ning chinh.
Thu nhat, phat hién sém va canh bao. H¢ thong st dung camera quang hoc va cac cam bién dé
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phat hién cac dau hiéu ban dau cua chay nhu nhiét do cao, diéu kién kho han, khoi va lira. Biéu
ndy gitp cac co quan quan ly rimg phan (mg nhanh hon va giam thiéu thiét hai. Th hai, cung
cap dir liéu thoi tiét va hinh anh theo thoi gian thyc. Hé théng cap nhat thong tin thoi tiét va hinh
anh tryc tiép tir thuc dia, giup nguoi quan 1y ¢ cai nhin rd rang va chi tiét vé tinh hinh, tir 46 dua
ra quyét dinh tét hon.

2.1. Thu thép dit ligu va tién xir Iy dnh

B6 dir liéu dugc st dung trong nghién ctru nay 1a bd dir liéu cong khai FIRE Dataset [12],
dugc tao boi Ahmed Saied va cong su trong khuon kho cude thi NASA Space Apps Challenge
2018 va duoc chia sé trén nén tang Kaggle. B6 dir liéu gdm 999 anh, dugc to chirc thanh hai thu
muc: fire_images (755 anh) chtra cac anh chay ngoai troi, mot sd co khoi day dic; va non-
fire_images (244 anh) chira cic anh thién nhién nhu rimg, cay, co, song, hd. Dir liéu duoc thu
thap v6i myc dich phan loai nhi phan anh c6 chay va khong c6 chay. Ty 1é mat can bang gilra hai
l6p (75% co chay, 25% khong chay) phan anh mot tinh hudng khong 1y tuong nhung pho bién
trong cac tmg dung hoc may thuc té. Bo dir liéu nay dé duoc sir dung trong nhiéu nghién ciru lién
quan dén phat hién chay tir anh. Tuy nhién, can luu ¥ rang bo dir liéu khong cung cap thong tin
chi tiét vé do phan giai géc, diéu kién chup, hoac tiéu chi gan nhan cu thé, déng thoi chua dai
dién cho cac diéu kién dja ly va khi hau dac thu ctia Viét Nam. B¢ dit liéu duoc st dung c6 muc
dich don gian: huén luyén mo hinh méy tinh phan biét anh c6 chay va anh khong c6 chay. Pay la
bai toan phén loai nhi phan co ban trong hoc may, dic biét phu hop cho phat hién sém chay rung.
B0 dir liéu gém 999 anh, duoc to chic thanh hai thu muc riéng biét. Sy phan tach nay rat quan
trong vi né cung cip cho thuat toan cac vi du rd rang cho timg loai. Thu muc "fire images" co
755 anh, tit ca déu hién thj ltra nhin théy duoc. Hau hét 1a cac canh chay ngoai troi, tr dam Ivra
trai nho dén cic dam chay bui 16n hon. Nhiéu anh trong s6 nay ciing ¢6 khéi rd rét. Thu muc
"non-fire images" c6 244 anh dong vai tro 14 tap ddi ching. Py la cac canh thién nhién nhu rimg
ram, cdy don 1¢, bii co, song va ho. Bang cach xem xét cac anh ndy, md hinh hoc duoc cac mau,
mau sic va két cdu ciia canh quan an toan. Sy mét cin bang trong b dit lidu (khoang 75% anh ¢
chay, 25% anh khong chay) la tinh hudng phé bién trong cac ung dung hoc may thyc té.

Trong budc tién xtr 1y, ching toi xir 1y anh tho dé thuat toan c6 thé sir dung dugce. Mot phan
quan trong cua budc nay 1a loai bo nhiu. Ching t6i cling sir dung k¥ thuat tang cuong dir lidu.
K§ thudt nay mo rong tap dir liéu hun luyén bang cach tao ra cic phién ban bién d6i tir anh gdc.
Chung toi xoay anh, 14t anh va diéu chinh d6 sang. Huan luyén trén dit liéu da dang hon gitip md
hinh xtr Iy cac anh méi va chua gip tot hon. Quan trong hon, ting cuong dit liéu giup ngin ngira
hién twong qua khép, mot van dé phd bién khi mé hinh tré nén qua chuyén biét cho dit liéu huin
luyén va hoat dong kém trén dir liéu méi. Cac budc nay 1a can thiét dé xdy dung mot mo hinh
vira chinh x4c vira bén ving.

Quy trinh tién xir 1y anh: Toan bd anh diu vao duoc diéu chinh vé kich thudc cb
dinh 128x128 pixel bang phuong phap néi suy song tuyén tinh dé d(‘)ng nhét kich thude trude khi
dua vao mo hinh. Gia tri pixel cua moi kénh mau (RGB) dugce chuén héa vé khoang [0, 1] bang
cach chia cho 255. Khong 4p dung céc ky thuét loc nhidu hodc xur 1y anh nang cao khac nhiam bao
toan dac trung tu nhién cua anh goc.

Tang cwong dir liéu: Do kich thudc bg dir liéu con han ché (999 anh), nhom tac gia ap dung cac
phép bién d6i ngdu nhién trén dit lidu huin luyén (khong ép dung trén tap kiém tra) dé tang do da
dang: xoay anh trong khoang +20°, 14t ngang, va diéu chinh do sang trong khoang +20%. Cac phép
bién d6i nay dugc thyc thi trong khi huin luyén thong qua l6p ImageDataGenerator cua Keras.

Xir Iy mét cin bﬁlng 16p: BO dir liu ban dau coty 18 mét can bang (75% anh co chay, 25%
anh khong chay). D& han ché anh hudng cua su mat can bang nay, nghién ctru su dung trong sd
16p (class weights) trong ham mét mat, v6i trong so dugc tinh ti 1¢ nghich voi tan suat xuét hién
ctia mdi 16p trong tap hudn luyén. Cuy thé, trong s6 cho 16p khong chdy dugc dat cao hon nhim
tang cudng do phat cho cac sai 1éch ddi voi 16p thiéu sd.
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2.2. Kién triic mé hinh ConvLSTM

Hé thong cua chiing t6i sir dung mang no-ron ¢ tén ConvLSTM. Ly do chon ConvLSTM vi
n6 phu hop dé xir 1y cac chudi anh. Chay rimg phat trién va di chuyén theo thoi gian, va
ConvLSTM c6 kha niang phat hién cac dang dién bién nay. Cum tir "Conv" trong ConvLSTM chi
cac 16p tich chap. Chung toi xay dyng mo hinh véi mét s6 16p nhu vay dé gitip no phan biét anh
c6 chay voi anh khong c6 chay. Cac 16p nay hoat dong nhu mot bd loc. Chung quét tung anh va
tim kiém cic dang hinh anh quan trong. M6 hinh khong duoc chi dinh chinh xac phai tim gi.
Thay vao d6, n6 tu hoc dé nhan ra hinh dang, duong vién, mau sic va két cau dién hinh cua lira.
MB&i 16p tich chdp nhin anh & mot mirc d6 chi tiét khac nhau. Cac 16p dau tién phat hién céac thir
don gian nhu dudng vién. Cac 16p sau két hop cac mau don gian nay thanh cic mau phirc tap
hon. Qué trinh timg budc nay giup mé hinh xay dung sy hiéu biét tot vé& ca anh ¢ chay va anh
khong c6 chdy, lam cho du doan chinh xdc hon. Do bd dir liéu dau vao 1a cac anh tinh, khong
phai chudi video lién tuc, nghién ctru nay ap dyng ky thuét cira s6 truot (sliding window) trén cac
bién thé tang cuong dit liéu dé mo phong chudi thoi gian can thiét cho ConvLSTM. Cu the Vi
mdi anh gdc, chung toi tao ra K bién thé ting cuong (xoay, lat, diéu chinh do sang) va sap xép
ching thanh mot chudi co thir ty xac dinh. Cira s6 truot ¢ kich thudc T (sé khung hinh trong
mot chudi) sé truot qua tap hop cac bién thé nay dé tao ra cac mau chudi dau vao cho mé hinh.

Phan "LSTM" ¢6 nghia la bd nhé dai-ngén. Thanh phan nay xtr Iy cac chudi va theo ddi thong
tin trudc d6. Sau khi cac 16p tich chap xir 1y timg khung hinh, LSTM tiép tuc cong viéc. N
khong chi xem xét mot khung hinh don 1é. Thay vao do, n6 phan tich cac dac trung tir cac khung
hinh lién tiép va quan sat cach cac dic trung d6 thay doi theo thoi gian. Pidu nay rat quan trong
vi Itra khong phai 1a hién tuong tinh. Lop LSTM nim bét dugce su chuyén dong, su lan rong va sy
thay d6i cuong do ciia dam chay qua cac khung hinh.

Cubi cling, thong tin tir LSTM duoc chuyén dén mot vai 16p két ndi day du. Cac tham sd huin
luyén bao gém kich thudc batch bﬁng 8, bo toi wu Adam, tde do hoc 0,001, k¥ thudt dirng sém va
ty 1& dropout 0,3. Céc 16p nay dong vai trd 12 ngudi ra quyét dinh. Chung ldy tit ca thong tin
khong gian va thoi gian da duoc phan tich, bao gom hinh dang, mau sic, két cau cua lira va khoi
ctung nhu cach chung thay d6i, sau d6 can nhic cac bang ching. Pau ra la mot diém xac suat tir 0
dén 1. Piém gan 1 c6 nghia 1a hé thong tin rang c6 chay. Piém gan 0 c6 nghia la canh binh
thuong. M6 hinh dau ra gia tri xac suat trong khoang [0, 1], trong d6 gia tri cang gan 1 cho biét
kha nang anh c6 chay cang cao. Ngudng phan loai mic dinh dugc st dung trong nghién ctru nay
12.0,5: anh dwoc phén loai 1a "c6 chay" néu xac suit > 0,5 va "khong chay" néu xac suét < 0,5.
Ngudng nay dugc chon vi 1a gia trj trung 1ap phd bién trong cac bai toan phan loai nhij phan.

Bang 1. Cdu hinh kién triic mé hinh ConvLSTM

Thanh phan/ Tham sd Gia tri/ M ta
S6 16p ConvLSTM 1 16p ConvLSTM2D
S6 b6 loc (filters) 32
Kich thudc kernel 3x3
Ham kich hoat RelLU
Lép Flatten Chuyén dic trung tir khong gian 4D sang vector 1D
Lép Dense thu nhét 64 neuron, ham kich hoat ReLU
Dropout 0,3
B tdi wu (Optimizer) Adam
Téc d6 hoc (Learning rate) 0,001
Kich thudc batch (Batch size) 8
S6 epoch tdi da 100 (str dung dirng som)
Ham mét mat (Loss function) Binary Crossentropy
Chi sb d4nh gia Accuracy

Céac thyc nghiém dugc tién hanh trén cung bd dit liéu voi ba mo hinh: RNN thuan, CNN thuan
va ConvLSTM d¢€ xuat. Viéc so sanh dua trén cac d6 do do chinh xac, precision, recall va F1-
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score. M6 hinh ConvLSTM dugc ky vong vuot trdi hon nho kha nang khai thac déng thoi dac
trung khong gian tir cac 10p tich chap va dic trung thoi gian tir cau tric LSTM, trong khi RNN va
CNN chi xtr ly dugc mot trong hai loai thong tin nay.

Kién trac mé hinh ConvLSTM dugc trinh bay chi tiét trong Bang 1. M6 hinh duoc xay dung
trén nén tang Keras, voi dau vao 1a cac chudi anh cé kich thudc (timesteps, height, width,
channels) va dau ra 1a xac suat nhi phan thugc mot trong hai 16p (c6 chay hoic khong cé chay).

3. Két qua thwc nghiém va phén tich

bé danh gia dung hi¢u nang cua thuat toan, viéc lya chon cac chi s6 do luong phu hop la rat
quan trong. Trong nghién ctru nay, chung t6i sir dung bdn chi s6: d6 chinh xac (accuracy), do chinh
xéc dy bao duong tinh (precision), d nhay (recall) va F1-score. Cac chi sb nay phan anh kha ning
du doan ctia m hinh trong méi truong thyc té, diéu rat can thiét cho bai toan phat hién chay rimg.

Moi truong thuc nghi€ém: Chung t6i thuc hién cac thi nghiém trén bo dir liéu 999 anh da duogc
mo ta & phan trude. Dir lidu dugc chia thanh tap huan luyén (80%) va tap kiém tra (20%). Qua
trinh hudn luyén sir dung bo t6i vu Adam véi toe d6 hoc 0,001, kich thudc batch bang 8, va k¥
thuat dimg som dé tranh qua khép. Ty 1& dropout duoc dit 14 0,3. M6 hinh ConvLSTM d& xuat
dugc so sanh voi hai mé hinh co s¢ 1a RNN thuan va CNN thuan trén cung diéu kién thi nghiém:
Pé dam bao tinh cong bang trong so sanh va kha ning tai 1ap két qua, ba mo hinh (LSTM thuan,
CNN thudn va ConvLSTM) duoc thiét ké véi s6 luong tham sb twong duong nhau va huén luyén
trén cung mot bo dit liéu v6i cung diéu kién (batch size = 8, optimizer = Adam, learning rate =
0,001, dropout = 0,3, early stopping véi patience = 15). Dé ngian ngira hién tuong qua khop,
nghlen ctru ap dung ky thuét dung som (early stopping) trong qua trinh huan luyén. Ham mat mat
trén tap kiém dinh (validation loss) dugc str dung lam chi s6 chinh dé quyét dinh thoi diém dimg.
Qua trinh hudn luyén s& dimg khi gia tri validation loss khong giam trong 15 epoch lién
tiép (patience = 15). Trong sudt qua trinh huan luyén, trong s0 cua md hinh tai epoch co
validation loss thap nhét dugc tu dong Iuu lai va stir dung dé danh gia cudi cung, thay vi str dung
trong s6 & epoch cudi cing. Vi cac tham sb trén, qua trinh hun luyén mo hinh ConvLSTM dat
gi4 tri validation loss thap nhét tai epoch thir 42 va dugc tu dong dimg & epoch thir 57 sau 15
epoch khong cai thién. Cac két qua bao cdo trong Bang 2 dugc trich xuat tir mé hinh dugc luu tai
epoch thir 42, danh gia trén tap kiém tra doc 1ap. Tap kiém tra khong duoc st dung trong bét ky
giai doan ndo cta qué trinh huan luyén (bao gdm diéu chinh siéu tham sd, Iya chon mé hinh, hoic
quyét dinh dimg som). Viéc nay dam bao tinh khach quan cua cac chi s6 danh gia cudi cing va
phan 4nh ding kha ning tong quat hoa ciia mé hinh trén dir liéu méi.

Két qua thuc nghiém trén tap kiém tra dugc trinh bay trong Bang 2. Co thé thdy mé hinh
ConvLSTM dé xuat dat két qua t6t nhat trén tit ca cac chi sd.

Bang 2. So sanh cdc chi sé hiéu nang giita cic mé hinh
STT Mo hinh P9 chinh xic (%) Precision (%) Recall (%) F1-score (%)

1 RNN 94,2 93,8 94,5 94,1
2 CNN 96,7 96,3 97,1 96,7
3  ConvLSTM 98,3 98,1 98,6 98,2

Két qua cho thdy md hinh ConvLSTM dat dé chinh xac 98,3%, cao hon CNN khoang 1,6% va
cao hon RNN khoang 4,1%. Precision dat 98,1% cho thiy khi mé hinh dy doan c6 chay, kha
ning dung 1a rat cao, gitip giam bao dong gia. Recall dat 98,6% phan anh kha niang phat hién
dung cac dam chdy, han ché bo sot. Fl-score 98,2% 1a gia trj diéu hoa giita precision va recall,
khing dinh mé hinh hoat dong can bang.

Hinh 1 thé hién truc quan su khac biét vé hiéu nang gilta ba mo6 hinh. Co thé théy ConvLSTM
vuot troi trén ca bdn chi sb, dic biét & recall va Fl-score. RNN cho két qua thép nhét do khong
trich xuét duoc dic trung khong gian tir anh. CNN t6t hon RNN nho cac 16p tich chap, nhung
van thua ConvLSTM vi thiéu kha ning mé hinh hoa chudi thoi gian.
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Hinh 1. Biéu do so sdnh hiéu ning ciia RNN, CNN va ConvLSTM. Thit nghiém véi sé epoch khéc nhau:
(a) -1000 epoch, (b) — 200 epoch

Hai biéu d0 trong Hinh 2 1an luot thé hién dudng cong hoc tap (training loss & validation
loss) va do chinh xac trén tip kiém tra qua cac epoch. Hai do thi c6 sb epoch khac nhau do dugc
trich xuat tir hai an chay thir nghiém véi cac diéu kién khoi tao khac nhau; tuy nhién, md hinh
danh gia cudi cung duoc 14y tai epoch t6t nhat (validation loss thap nhat) va tap kiém tra khong
dugce st dyng trong qua trinh diéu chinh mo hinh hay dimg sém, chi ding dé danh gia cudi cung
sau khi huan luyén két thuc.

Mo hinh RNN dat d¢ chinh xac 94,2% do co6 kha nang xur ly chudi thoi gian, nhung khi xur ly
anh, no phal lam phang ma tran anh thanh vector mét chiéu. Piéu nay lam mat hoan toan cu trac
khong gian v6n rat quan trong dé nhan dién hinh dang lra, mau sdc khoi, cling nhu mdi quan hé
giita cac pixel 1an can. Do d6, RNN hoat dong kém nhat trong ba mé hinh.

Mo hinh CNN dat két qua cao hon RNN (96,7%) vi cac 16p tich chép gitr dugce cau truc khong
gian ciia anh. CNN c¢6 thé hoc dugc cc dic trung vé dudng vién, mau sac, két cau cua lira va
khoi. Tuy nhién, CNN xtr Iy timg anh doc lap, khong khai thac dugce mdi lién hé gitra cac khung
hinh lién tiép. Trong b01 canh chay rimg, viéc mot anh don 1€ ¢6 thé bi nhiéu do anh sang, bong
cdy hodc suong mu, néu chi dya vao mot khung hinh d& dan dén nham 14n.

Training and Validation Accuracy Training and Validation Loss
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Hinh 2. Duong cong accuracy (a) va loss (b) trén tap hudn luyén va tdp kiém dinh
deé danh gia hién twong qua khop
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Mo hinh ConvLSTM dat két qua tSt nhat (98,3%) do két hop duoc wu diém cua ca hai. Phian
tich chép trich xuét dac trung khong gian tir mdi khung hinh, trong khi phan LSTM theo dai su
thay doi ctia cac ddc trung nay qua cac khung hinh lién tiép. Vi du, khi c6 chay, khoi thuong Xuat
hién trudc lira va lan rong dan, do sang cua anh tang 1én, mau sdc chuyén tir xanh 1a sang cam do.
ConvLSTM nim bt duoc cac xu hudng thay ddi nay, gitip phan biét chay that voi cac ddi twong
c6 mau sac tuong ty nhu dén d6, 4nh nang chidu hodc dam miy mau cam. Thém vao do, ky thuét
tang cuong dir lidu (xoay, lat, diéu chinh do sang) glup md hinh lam viéc tot hon trén cac diéu
kién khac nhau. K§ thuét dropout 0,3 va dung sém giip ngén ngira qua khop, dac biét khi bo dir
liéu con nho. Trong didu kién van hanh thyuc te v6i nhiéu yéu tb moi truong phuce tap hon, do
chinh xé4c c6 thé giam. Do d0, cac két qua nay can duoc xem xét trong bdi canh thi nghiém kiém
soat, va cac nghién ctru tiép theo can duoc tién hanh trén bd dir liéu 16n hon, da dang hon va
mang tinh dai dién cho diéu kién thyc dia tai Viét Nam.

Nghién ctru hién tai méi ding ¢ muc thir nghiém trén bd dir li€u cong khai voi anh tinh, chua
tich hop cac yéu to cén thiét cho van hanh thue té nhu loai camera cy thé, dif liéu thoi tiét, co ché
canh béo, hay yéu cau phan cimg. Viéc trién khai hé thong tai hién truong doi hoi cac nghién ciru
bd sung vé: (i) lwa chon camera quan sat phu hop voi didu kién dia hinh va anh sang tai Viét
Nam; (ii) tich hop dir li€u khi twong (nhié¢t 46, dd am, hudng giod) dé giam bao dong gid; (iii) xay
dung co ché phat canh bao ty dong (qua SMS, tmg dung di dong, hodc hé théng quan 1y tap
trung); (iv) tdi vu mo hinh dé chay trén thiét bi bién c6 tai nguyén han ché (GPU nhiing, camera
thong minh). Day 14 cac hudng phat trién can thiét trude khi co thé khang dinh tinh kha thi ciia hé
théng trong diéu kién van hanh thuc té tai Viét Nam.

4. Két luan

Trong nghién ctru nay, chiing toi da phat trién moét mé hinh ConvLSTM sir dung dit liéu anh
dé phat hién chay rimg. M hinh c6 kha ning phan biét giita cac canh c6 chay va khong ¢ chay
vai két qua kha quan, dat do chinh xac 98,3% trén tap dit liéu kiém tra. Viéc sir dung khudn kho
Keras gitip viéc xdy dung va huin luyén mé hinh tré nén don gian hon.

Két qua thuc nghiém cho thdy ConvLSTM vuot troi hon so véi cac md hinh CNN va RNN
thuan. Nguyén nhan 1a vi ConvLSTM vira khai thac dugc dic trung khong gian qua céc 16p tich
chap, vira ndm bit duoc su phu thudc thoi gian qua ciu trac LSTM. Diéu nay rat phu hop véi ban
chat ctia chay ring, von 1a mot qua trinh lan rong va bién d6i lién tuc theo thai gian.

Mo hinh da chiing to kha nang nhan dién cac dau hiéu thi giac cua lira va khoi mot cach dang
tin cay, do d6 c6 thé dugc xem nhu mét cong cu thuc tién cho phat hién sém va giam sat chay
ring. Bang cach cung cip canh bao sém va cho phép phan tng nhanh, hé théng nay co6 thé giup
giam thiéu thiét hai vé méi trudng do chay rimg gay ra.

Tuy nhién, nghién ctru ciing ton tai mot s6 han ché. Bo dit lidu con nho (chi 999 anh) va mat
can bang (75% 1a anh c6 chay). Viéc thiéu dit liéu dic thu cho diéu kién Viét Nam ciing 1a mot
diém yéu.

Céc hudng phat trién trong tuong lai bao gom cai thién do bén viing ciia mo hinh, tich hop
thém dir liéu khi twong dé phan tich rai ro toan dién hon, mé rong tap di liéu huan luyén véi
nhiéu kich ban chiy da dang hon, va huéng téi trién khai thoi gian thuc trén cac thiét bi bién nhu
camera thong minh hodc may bay khong nguoi lai.

Lo1i cam on

Bai bdo 1a san pham cia dé tai c6 ma s6 PH2024-TNO7-01, duoc tai trg boi kinh phi cua
truong Pai hoc Cong ngh¢ Thong tin va Truyén thong — DPai hoc Thai Nguyén. Nhom tac gia xin
chan thanh cam on sy tai trg ctia nha truong.
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