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Tom tdt—Giam sat rirng 1a viée giam sat cac chi
thé va thiét ché, ra quyét dinh vin hanh, phan ng
mot cach Kip thei va phu hgp véi vai tro, trach
nhiém cua cac bén lién quan trong cong tac bao
ton, phat trién rimg. Viét Nam véi ti 1& dién tich
rung hon 40%, nhiém vu gidm sat va bao vé rung
cang dac biét quan trong. Mac du da co cac ung
dung cong nghé thong tin hd trg, cong tac giam sat
van con phu thudc nhiéu vio ning luc chuyén mén
ctia luce luong Kiém lam qudc gia. Trong bai bao
nay, ching t6i nghién ciru ing dung giup phat hién
va canh bio sém chdy rirng, mot loai bat thuong
trong giam sat rirng, bang cong nghé tri tué nhan
tao (AI), trong dé huéng tiép cin la phat hién dbi
tugng trong video quay tir cic camera tAm cao diit
tai khu vuce rirng. Co ché cia hé théng 1a sit dung
ky thuit hoc mdy trong cac linh vuc xut ly anh va
thi giac may tinh nhu phat hién doi tugng, phan
ving anh. Qua thuc nghiém, hé théng phat hién va
canh béo chay rirng dat két qua vuwet troi voi do
do mAP@0.50 1én tGi 0.89 trén tip thd nghiém va
dd tré thip 10ms.

Tiv khoa—Giam sat rung, phat hién khoi chay,
phat hién doi tuwgng, bao vé ring

I. GIOI THIEU

Ring déng mot vai trd quan trong trong su can
bang sinh thai cla trai dat. Tuy nhién, nhiing tai
nguyén thién nhién nay dang bi de doa bdi thién
tai nhu hoa hoan, nan xay dung trai phép, chat
phé riing,... Nhiing nim gan day, thAm hoa chdy
riing dién ra thudng xuyén hon do tinh trang kho
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han va tan suit ciac dot nang néng do hién tuong
néng 1én toan cau ngay cang ting. Pién hinh nhu
vao dau thang 8 nim 2023, mot loat vu chdy riing
da bung phat & bang Hawaii ctia Hoa Ky, chii yéu
1a trén ddo Maui lam it nhit 115 ngudi ti vong,
1.294 ha khu vuc bi dnh huéng. Thiét hai vé tai
san do vu chay giy ra u6c tinh khoang 5,52 ty
USD.

Chay rung khong nhiing giy thiét hai nghiém
trong tiic thoi ma cong tac khac phuc hau qua rét
t6n kém thdi gian va chi phi. Nhan thic dudc tic
dong nghiém trong clia chdy riing d6i v6i an toan
nhan loai, nén kinh té, hé sinh thdi va co s ha
tang, cic cong nghé, ky thuat phat hién va canh
bao s6m chay rung lién tuc dugc nghién ciu, phat
trién. Trudc day, chdy riing hau hét dudc phat hién
va ngan chdn bdéi con ngudi. Ngay nay, cong tac
giam st bao vé ring hiéu qua hon nhiéu nho su
trg gidp tu cac ung dung khoa hoc va cong nghé
cao. Trong d6, hudng tiép can phat hién chdy riing
bing tri tué nhan tao véi cac ky thuat thi gidc may
tinh dugc dic biét quan tim nhiing nim gan day
(1], [2].

Trong khu riing ching t6i thuc nghiém dudc
quan ly béi don vi bao vé riing dia phuong, hon 30
camera tim cao dudgc lap dit c6 do phan gidi cao,
c6 thé xoay 360 do. Mdi camera bao quét dudc
khu vuc xung quanh véi ban kinh khoang 10km
dudc chia thanh 12 presets, mdi preset tuong ung
v6i khoang 30 do va dudgc 1én lich thay ddi preset
sau mdi 10 phiit. Cic camera nay dudc két ndi
v6i mdy chi dit tai co quan dé ngudi gidm st c6
thé theo doi truc tuyén 24/7. Pon vi mong mudn
xdy dung mot hé théng c6 kha ning giam sat tu
dong dé€ khi xdy ra thAm hoa chdy riing, hé théng
s€ kip thoi glii hinh anh phat hién khéi chdy nay
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Hinh 1: Hé théng phat hién va canh bdo chdy riing.

dén man hinh TV, dién thoai thong minh, may tinh
clia tiing cé4 nhan, t6 chic chuyén trach. Sau do,
luc lugng chiic ndng xac nhin chdy rung va 1én
phuong 4n xt ly. Hé théng phat hién chdy ring
nay can phat hién nhanh chéng, chinh xac trong
truong hgp tai nguyén tinh toan cia don vi bi han
ché ma vin dam bao hoat dong tot véi hang chuc
camera thoi gian thuc.

Hinh 1 minh hoa so d6 hé théng bao gdm ba
16p, 1an lugt 1a Tang thu di liéu, Tang tinh toan
va Tang ting dung. Cu thé, hé thong trién khai cic
camera tam cao rai rdc trong riing dé thu thap céc
ludng dit liéu hinh dnh bao quat moi hanh vi ctia
cdc chd thé. Dit liéu hinh anh sé& dudc truyén dén
tang tinh todn & gdm mdy chd dit tai co quan.
Tai tang ndy, ching toi dé xuit mo hinh phat hién
khéi chdy dua trén hoc sdu xi ly cac dac trung
khong gian-thdi gian ctia cic ludng dif liéu anh
thoi gian thuc. Vi tri xuét hién khéi chdy sau d6
dugc dinh vi va chuyén ngay dén luc lugng thudng
truc thudc chinh quyén dia phuong thong qua tang
ting dung. Vi hé théng can xit ly nhiéu video phat
triuc tuyén thdi gian thuc, cdc md hinh, ky thuat
hoc mdy st dung can dam bdo céc tiéu chi nhanh,
gon nhe, ton it tai nguyén tinh todn ma van ddm
bao d6 chinh xac cao.

Phan con lai cia bai bao dudc & chiic nhu sau.
Trong phan II, ching t6i trinh bay nhiing nghién
ctiu lién quan téi ndi dung ctia bai bao. Trong
phan II1, ching toi trinh bay phuong phap dé xuét.
Phan II dua ra nhiing két quéa thuc nghiém. Cubi
cting, chiing t6i két luan bai bdo trong phan V.
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II. CAC NGHIEN CUU LIEN QUAN

D€ phat hién s6m chdy riing, c¢6 thé s dung
nhiéu loai tin hiéu khdc nhau nhu nhiét d6/d6 4m
bang cam bién [3], [4], [5], khéi chdy nhan dang
qua thiét bi thi gidac mdy [6], [7], [8] hay thim
chi bing tiéng chim hét trong trang thai hoing
loan khi phat hién ddm chdy tai moi truong séng
cta ching [1]. Nho su phat trién clia mdy anh
ky thuat s6 c6 do phan gidi cao, khéi chdy dua
trén quang hoc dugc xem la tin hiéu canh bao
chdy riing nghién ciu trong tim trong sudt qua
trinh phat trién thi gidc mdy tinh. Phat hién khéi
bing thi gidc mdy tinh thuc su khé ddi véi ci
ky thuat hoc may cd ban ciing nhu ky thuat hoc
sau st dung mang no-ron. Nhiéu nghién ciu chi
tap trung vao viéc trich xuit cic dic trung hinh
thai ctia khoi chay bang moé hinh mau, thiét ké thi
cong [9], dua trén CNN [10],... v6i uu di€m do tré
thp, tuy nhién, két qua thuc té cho d chinh xac
khong cao vi nhiing dic trung nay rat gibng véi
céc vat thé tuong ty khoi (may, suong mu, tudng
nha,... Hinh 2). Mot s nghién cttu khac trich xut
thém cdc dic trung thoi gian bang LSTM [11],
3D-PFCN [12] cho két qua thuc té tot hon nhung
doi héi mot lugng 16n tai nguyén tinh todn dan
dén do tré xit ly cao.

Trong nghién ctu [13], nhém tac gia ap dung
multitask learning d€ huin luyén mo hinh hoc
song song dic trung chuyén dong va dic trung
hinh thai ctia khéi chdy. Tuy nhién, viéc két hop
nay khién cho khong gian dif liéu dau vao ting
lén dang k€, do chinh xéc thuc nghiém phu thudc
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smoke: 628 (001562

Hinh 2: Minh hoa m6 hinh phét hién sai cac d6i
tugng tuong tu khai.

nhiéu vao mic do téng quét cta dit liéu thu dudc
so véi phan phbi dif lidu thuc té.

Hau hét cic nghién ctiu truée day khong c6 tinh
thuc tién cao do chi tip trung xi ly mot hodc mot
vai ludng dit liéu anh, hodc tham chi chi trén tiing
hinh 4nh. Chua c6é hé théng nao dugc thiét ké dé
c6 thé xtt 1y dong thdi nhiéu ludng di liéu hinh
anh thoi gian thuc véi lugng tai nguyén tinh toan
han ché. Pay ciing 12 muc tiéu nghién citu chinh
cua bai bao nay.

IIl. PHUONG PHAP DPE XUAT
A. Pinh nghia bai todn

Trong bai bdo nay, nhém nghién ctu dé xuit
mot hé thdng c6 kha niing cdnh bio sém thiam
hoa chdy riing bang viéc ting dung tri tué nhan
tao trong cong tac phat hién khoéi chdy qua céac
camera tam cao. Cu thé, yéu ciu cla hé thong
canh bdo chdy riing bao gdm:

o Phat hién khéi chay xut hién tai cac khu vuc
riing qua camera tim cao;

 Dinh vi vi tri, khu vuc xuit hién khéi chdy;

o Cénh bdo phat hién khéi chdy dén luc lugng
thudng truc qua céc thiét bi thong minh;

Hé thong thiét ké dam bao cic tiéu chi:

o Phat hién nhanh chéng khu vyc xay ra khoi
chay theo thoi gian thyc, ddm bdo canh bdo
kip thoi dén chinh quyén dia phuong.

o Do phiic tap tinh toan thip, dim bio hoat
dong 6n dinh véi lugng tai nguyén tinh toan
han ché.

Dé thyc hién dudc nhitng muc tiéu ndy, nhém
nghién ctiu 4p dung hai cong nghé chinh, bao gdm

Théng bao tir Camera Lam Bong Inbox x

LAM DONG NOTIFY <mabifone.deeplearning@gmail.com>

to me, liethoa018, viettien9%2 «

Phét hign cé smoke tir Camera ma sé: 9_lamdong!

Hinh 3: Minh hoa canh bao khdi chay qua email.

mo6 hinh phat hién ddi tuong thdi gian thuc dé phat
hién khéi chdy (khéi YOLO-NAS trong Hinh 4)
va mo hinh phan vung anh, cac ky thuit xu ly
4nh gidp giam cinh bdo sai False Positive (khoi
Motion M1, M2 trong Hinh 4). Pau ra cia mod
hinh t6ng 1a hinh anh khoi chdy da khoanh ving
dudc canh bao qua email cung vé6i cac thong tin
vé camera, do tu tin phat hién va dién tich ving
khoi chay (Hinh 3).

B. Phdt hién dbi tuong khoi chdy

V6i yéu cau tit dinh nghia bai todn, nhém
nghién ctiu xdc dinh yéu cau chific ning cta mo
hinh hoc may phat hién khéi chdy bao gém phat
hién khéi chdy va khu vuc xdy ra khéi chay. DE
thuc hién muc tiéu nay, nhém nghién ciu ap dung
mo hinh hoc sau phat hién déi tuong.

Phat hién dbi tugng 1a mot tic vu thi gidc may
tinh nham muc dich xdc dinh vi tri va phan loai
cdc dbi tuong trong hinh 4nh hoic video. Muc
tiéu chinh 1a xay dyng mdt md hinh c6 kha nang
xédc dinh su hién dién cta cac dbi tugng cu thé va
vé cac hop gidi han (bbox - bounding box) xung
quanh ching dé phan dinh chinh xdc vi tri cua
chung. Bbox la mot vung hinh chtt nhat bao boc
vi tri ctia mot dbi tuong, dudc biéu thi bang bon
toa do (x, y) clia goc trén bén trdi va (chiéu rong,
chiéu cao) ctia hinh hop.

Cu thé, nhém nghién ctiu st dung md hinh
YOLO-NAS la mdt mo hinh phét hién dbi tuong
theo thai gian thuc cii tién, san phdm tri tué ctia
Deci.ai tan dung nhiing tién bo gan day nhét trong
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Ludng dir liéu anh

YOLO-NAS ‘ >

1 i w: kich c& clra s truot

| s:budcnhau

i t: chi s& thai gian khung hinh

| 4: d6 do chuyén déng vurot ngudng ngudng

Motion Canh béo
M1 yes khéi chay

‘ Motion no Khong
M2 canh bao

Hinh 4: M6 hinh hoc may phat hién khoi chay

cong nghé hoc sau. YOLO-NAS danh du mot cot
mbc quan trong trong ho YOLO, gidi quyét cic
han ché chinh ctia cdc phién ban YOLO trudc diy
va ddy kha ning phat hién dbi tuong theo thdi gian
thyc 1én mot tam cao méi. Ky hiéu NAS lién quan
dén thuat todn tim kiém kién tric mang tdi uu
(Neural Architecture Search) do YOLO-NAS tng
dung thuit to4n nay dé tim kiém kién tric mang
YOLO. Ngoai ra m6 hinh YOLO-NAS khai thac
stic manh ctia co ché tap trung (attention) va tham
s6 hoa lai thoi gian suy luin dé ting cudng kha
ning phat hién d6i tuong. Nhin chung, YOLO-
NAS cho két qua t6t véi d6 do mAP cao va thdi
gian suy dién thap.

Céc thuat todn phat hién dbi tugng phd bién chi
st dung dac trung hinh thai, phat hién hiéu qua
v6i cic dbi tugng tinh nhung té ra kém hiéu qua
v6i cac dbi tugng can thém dic trung chuyén dong
theo thoi gian d€ phan biét. dién hinh nhu khoéi
chdy rat kho6 phat hién néu khong c6 céc dic trung
chuyén dong theo thdi gian do vé hinh thdi, khéi
tuong d6i gidng v6i mady, suong mu hoic khéi
bui,... X ly thém dic trung chuyén dong gitp
ting kha ning phan biét dbi tuong khéi véi nhitng
dbi tuong tinh nhung can thém chi phi tinh toan.
Nhin chung, cin bang mifc tiéu thu tai nguyén
mady tinh va phat hién khéi chdy chinh xac la mot
thach thic. Do d6, nhém nghién ctiu nd luc cai
thién do chinh xac phat hién khoéi chay vdi rang
budc han ché ting do phiic tap tinh todn bang viéc
stt dung phuong phép trich chon déc trung hiéu
qua. Cu thé, dic trung phat hién khéi chdy dudc
chia thanh dédc trung khong gian (hinh thai) dudc
trich chon bang mang backbone cia YOLO-NAS
va dic trung thoi gian (chuyén dong) trich chon
bing cic ky thuat hoc mdy va xit Iy 4nh sé dudc

trinh bay trong phan sau.

C. Gidm ti I¢ phdt hién nham khoi chdy

Xem xét dic trung hinh thdi, mot sd dbi tuong
tuong tu khéi chdy c6 thé bi phat hién nham. Tuy
nhién, mang hoc siu van c6 th€ phan biét dudc
nhém ddi tugng nay néu dugc hoc ting cudng miu
dbi nghich. Nhém nghién cttu st dung mot ky
thudt hoc tuong phan (contrastive learning) dugc
st dung phd bién trong linh vic hoc may la hard
negative samples. Cu thé, ngoai huin luyén mo
hinh véi dit liéu khoéi chdy, chung toéi xdy dung
thém di liéu d6i nghich 1a cic d6i tuong gibng
kho6i chay ma md hinh hoc sau phat hién sai khi
thuc nghiém hé théng tai khu vuc ring.

Dua trén thuc t& quan sit thay déi tugng khoi
thudng chuyén dong manh vé hinh thai, nhém
nghién cudu thuc hién trich chon dic trung chuyén
dong nhu sau: gia st khung hinh hién tai G thoi
gian t, chung t6i lya chon cac khung hinh trudc
dé bdi mot ciia s6 trugt kich ¢d w va co ché budc
nhdy s d€ tinh do do chuyén dong. Cu thé, dau
tién w khung hinh lién tiép [t,t —1, ...t — (w —1)]
dugc chon, sau d6 bd qua lan lugt s — 1 khung
hinh lién tyc s€ con lai [t,t —s,..t — (w — 1)].
Tai khung hinh ¢ véi méi d6i tugng khéi chay O,
chiing t6i tinh hai d6 do chuyén dong:

e Motion M1 tinh do do chuyén dong tich liy
theo co ché bbox-to-bbox nhu (1) bén dudi:

l
M; = Z ’Ot—n*s - Otf(n+1)*s|

n=0

)]
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H,W,,C,
|0; — O;| = Z 0izy.c = Ojaycl

x,Yy,C

()
V6i | = 2= —1, O, 1a anh cia dbi tugng
RA>wxe tit khung hinh 4; H,, W,, C, 1a kich
cd anh cta d6i tugng O; On,zy,.c la gia tri
diém 4nh cta O,. Cong thic (1) chi tinh
dugc khi moi O tif cing dbi tugng va kich
¢d. Vi md hinh phit hién nhiéu ddi tuong
tai mdi khung hinh nén cin phin biét cic
phat hién truéc d6 1a thudc vé dbi tuong
nao trong khung hinh hién tai dva vao do
do~ I 0[{ = ATfZ;Zf_ ;;T(eﬁf;:m nhu sau: véi
moi doi tugng phat hién & khung hinh t,
chiing toi lip tim kiém dbi tuong gin nhit
truéc d6 cho dén khi khong c6 ddi tuong
trung khdp hoidc gip khung hinh cudi trong
cac khung hinh dudc lua chon. Sau d6 dua
cdc anh ddi tuong dudc cit ra vé cing mot

kich cd va ap dung cdng thic (1).

e Motion M2 tinh dd do chuyén dong tinh
lily dua trén co ché Lastest-Bbox. khic véi
M1, M2 chi dung Bbox tai thdi diém t, tit
ca O dudc cat theo Bbox nay (khdi motion
measure bén dudi Hinh 4). Phan con lai va
cong thuic tinh tuong ty M1.

Viéc kiém tra dbi tugng chuyén dong nhu trén
c6 thé loai bo cdc dbi tugng bat dong vé hinh thai
va vi tri tuong tu nhu khoi (bic tudng trong Hinh
2) nhung khong thé loai bé cac dbi tugng chuyén
dong (cac dam mAy trong Hinh 2). May man thay,
vi nhiing d6i tugng nay nim trén bau trdi nén c6
thé dé dang loai bé. Chiing t6i st dung mot mo
hinh nhdé gon d€ phan ving anh thanh hai phan
bau troi va mit dit, sau d6 loai bé ddi tuong néu
ti 1& dbi tugng nam trén phan bau trdi vudt qua
nguong xac dinh.

IV. KET QUA THUC NGHIEM

Dé danh gia mé hinh hoc siu YOLO-NAS dugc
ung dung trong bai toan nay, ching t6i thit nghiém
hiéu ning ctia mo6 hinh trén tap dit liu diu vao
12 bo dit liéu dudc thu thap truc tiép tai khu vuc
ring thuc nghiém. Tap dif liéu 9397 anh bao géom
6709 anh chia d6i tugng khéi chdy va 2688 &nh
chita dbi tugng tuong tu khéi chdy. Hinh 5 thé
hién mot s6 mau hinh anh va nhan cta tip dit
liéu phat hién khoéi chay.

Céc thong s6 thuc nghiém dugc liét ké nhu sau.
Tham s6 inputSize dudgc dit 1a 640, nghia 1a dnh

Hinh 5: Minh hoa dit liéu huin luyén.

tuong tu 5 37 - 500
khdi chéy

- 400

khéi chay 0 - 300

True label

- 200

khac 94 0 - 100

tuong tu khac

khai chay

khoi chay

Predicted label

Hinh 6: D9 chinh xdc m6 hinh phat hién khéi thé
hién qua confusion matrix v6i confidence score
0.5 va iou threshold 0.5.

dau vao dudc resize thanh kich thudc 640x640
pixels. Tap di liéu phat hién khéi dugc chia thanh
ba tap bao g6m train, validation, test set véi ti 1€
tuong dng 0.7:0.2:0.1. Ddi véi tp huin luyén mo
hinh, ching t6i st dung cac ky thuit ting cudng
anh phd bién trong thi gidc mdy tinh gitip ting sb
luong 4nh 1én gip 3 1an tuong duong véi gan 20k
anh. Tap dif liéu phan ving 4nh trdi gém tuong
tu dugc chia thanh ba tap véi ti 1¢ 0.8:0.1:0.1.Dbi
vGi tap dir liéu nay, chung t6i chi ap dung cac ky
thuat tang cudng anh phu hdp do rang budc dic
thu bai toan phan vung anh trdi. M6 hinh dugc
huin luyén tif dau va khong st dung pretrain
Hinh 6 mdé td d6 chinh xac dat dugc cua
md hinh dé xuit bing confusion matrix. Chi
nhiing tién doan véi confidence score va iou 16n
hon ngudng 0.5 dugc théng ké. Miu tuong tu
khéi chdy 1a nhiing dbi tuong khong phai khoi
chdy bi tién dodn nhan khi md hinh dudc huin
luyén ma khong st dung ky thuit hard negative
samples. Két qua cho thdy ring, viéc ung dung
hard negative samples gan nhu loai bd dudc céc
dbi tuong nay véi chi 2 1an sai sét. Tuy nhién ky
thuat nay ciing gdy anh hudng tiéu cuc lam cho
mo hinh khé phat hién cac dbi tuong thuc su 1a
khéi nhung dic trunghinh thai gan véi dbi tuong
khéi chdy. Nhin chung, chi viéc ting dung hard
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negative samples c6 thé gitip md hinh phan biét
dugc nhitng d6i tuong tuong tu khéi. Cu thé, mo
hinh phat hién khéi chdy dat mAP@0.50 1én dén
0.89. Ddi v6i mo hinh phan ving 4nh trdi cling
cho két quéa cao véi do chinh xac 1én dén 99%.

Chung t6i thtt nghiém kha nang xt ly ciia md
hinh hoc mdy tong quat v6i thong tin tai nguyén
tinh toan st dung gém: Vi xi ly (CPU) 11th Gen
Intel® Core™ i9-11900 @ 2.50GHz, Dung lugng
bo nhé RAM: 32GB, 0 cung: SSD 512GB, Card
dd hoa: NVIDIA Quadro RTX 4000 8GB, H¢ diéu
hanh: Ubuntu 22.04.1 LTS. Két qua thyc nghiém
cho thdy chi vé6i luong thi nguyén tinh toin han
ché nhu trén, hé thong c6 thé hoat dong 6n dinh
v6i toi da 34 ludng camera 4 fps. Vi mot hiéu
ning cao nhu viy, chiing toi tin rang viéc trién
khai ting dung thuc t& 1a rit kha thi.

V. KET LUAN

Trong bai bao nay ching t6i da trinh bay mot
hé thong canh bdo chdy ring dua trén phat hién
khéi chdy qua hinh 4nh thu dudc tif camera tAm
cao dit tai khu vuc riing. Hé thdng dua chd yéu
vao mo hinh phat hién dbi tuong YOLO-NAS gitip
phat hién khéi chdy va cac ky thuat x& ly dnh co
ban gitp giam canh bao sai. Qua thuc nghi€ém véi
cac do do la do chinh xac, mAP@.50 va do tré
da dugc chiitng minh hé thdng c6 kha ning phat
hién chay rung nhanh va chinh x4c v6i muc ti€u
thu tai nguyén thap. Cu thé, hé thong da dat duogc
mAP@0.50 0.89 v6i YOLO-NAS trén bd du liéu
phat hién khai chay tht, do chinh xac 99% v6i mo
hinh phan vung anh trén bd dit liéu phan vung anh
trdi. Ngoai ra md hinh hoc sau c6 do tré thap xap
xi 10ms ddm bao phat hién khoi chdy trong thoi
gian thyc.

Chiing tdi c6 ké hoach tich hgp thém nhitng mo
hinh hoc sau dé€ phat hién céc bat thudng khac nhu
cong trinh xay dung trai phép, khu vuc dit tréng
doi troc, va cac hanh vi pha hoai tai san riing gidp
giam sat va bao vé rung triét d€ hon.
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Vi Quang Vinh, Tran Anh Pat, Tran Tién Céng

SO 04 (CS.01) 2023

ANOMALY DETECTION IN FOREST
MONITORING USING ARTIFICIAL
INTELLIGENCE

Abstract: Forest monitoring is the monitoring
of subjects and institutions, making operational
decisions, and responding in a timely and appro-
priate manner to the roles and responsibilities of
relevant parties in forest protection. Due to the fact
that Vietnam has a forest area ratio of more than
40%, the task of monitoring and protecting forests
is important. Although there are supporting appli-
cations applying modern technologies, the moni-
toring task still depends heavily on the profes-
sional capacity of the national forest ranger force.
In this article, we study an application to help
detect provide early notifications of forest fires, a
type of anomaly in forest monitoring, by applying
the object detection approach to videos recorded
from high-altitude cameras located within the
forest area. Through intensive experiments, our
forest fire detection system achieves outstanding
results with the measuring metric mAP@0.50 of
up to 0.89 on the test set with low latency.

Keywords: Forest monitoring, forest protection,
fire smoke detection, object detection
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