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Tom tat

Chady riing la mét trong nhiing thdm hoa ty nhién tan khoc nhdt, tan phd hé sinh thdi, gdy thiét hai cho nén kinh
té va tinh mang con ngudi. Thuc trang riing cd nudc (theo B¢ NN-PTNT, nam 2023) dién tich riing cd nudc co:
13.927.122 ha, ty 1¢ che phii riing toan qudc dat khodng 42,02%. Kiéu riing tiéu biéu la riing ram nhiét déi dm
16 rong thuong xanh. O Viét Nam, chdy riing dang ngay cang phé bién va nghiém trong hon do anh huéng cia
bién doi khi hdu. Trong béi canh dé, phdt hién sém va canh bdo chdy riing kip thoi déng vai tro quan trong dé
gidm thiéu thiét hai tiém dn va tdng cudng cong tdc bdo vé riing. Tuy nhién, cdc phuong phdp truyén thong nhu:
Tudn tra thi cong, lip ddt hé thong camera cé dinh khong bao phii hét dién rong, ton kém nhan lyc va khong
phdt hién s6m nhiing ddu hiéu tiém dn cia chdy. Hién nay, sy phdt trién ciia cong nghé vién tham (Unmanned
Aerial Vehicle - UAV) va mé hinh ngon ngii Ion (Large Language Models - LLMs) nhu Google Gemma, GPT da
md ra hudng tiép cdn mdi ddy trién vong. Cong nghé vién thdm cung cdp dnh UAV c6 do phan gidi cao, chu ky
cdp nhdt nhanh cho phép gidm sdt hién trang riing trén dién rong. Cdac mo hinh ngén ngii 16n c6 khad ndang xi ly
va tong hgp dii liéu, phan tich ddu hiéu bdt thuong dé dva ra danh gid va canh bdo thong minh theo thoi gian
thuc. Viéc tich hgp hai cong nghé nay tao ra mt hé thong canh bdo chdy riing tu dong chinh xdc, thuc hién trén
quy mo 16n va dé mé rong, ddc biét ap dung cho cdc khu vic khé tiép cian. Két hgp vién thdm va mo hinh ngéon
ngit I6n la mot huéng di méi phit hgp véi sy phdt trién khong ngirng ciia cong nghé LLM.

Tis khéa: Chdy riing, moé hinh ngon ngii I6n, dnh UAV, vién thdm.
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Developing a wildfire warning system using remote sensing
technology based on large language model

Abstract

Wildfires are among the most devastating natural disasters that destroy ecosystems, damage the economy, and
human lives. Current forest status nationwide (according to the Ministry of Agriculture and Rural Development,
2023): the total forest area in the country is 13,927,122 hectares, with a national forest coverage rate of
approximately 42.02%. The typical forest type is tropical moist evergreen broadleaf forest. In Vietnam, forest
fires are becoming increasingly common and severe due to the effects of climate change.. Given this situation,
the early detection and timely warning of forest fires are essential for reducing potential losses and enhancing
forest protection efforts. However, traditional methods such as manual patrols and fixed camera systems
cannot cover large areas, are labor-intensive, and fail to detect early signs of potential wildfires. Currently,
the advancement of remote sensing technology (Unmanned Aerial Vehicles - UAVs) and large language
models (LLMs) such as Google Gemma and GPT has opened up a promising new approach. Remote sensing
technology provides high-resolution UAV imagery with rapid update cycles, enabling large-scale monitoring
of forest conditions. Large language models have the ability to process and synthesize data, analyze abnormal
signs, and generate intelligent assessments and real-time alerts. The integration of these two technologies
creates an accurate, automated forest fire warning system that operates on a large scale and is easily scalable,
especially for application in hard-to-reach areas. Combining remote sensing and large language models is a
new approach that aligns with the continuous development of LLM technology.

Keyword: Wildfire, Large Language Model, UAV imagery, remote sensing.

JEL Classifications: Q54, Q55, Q56. Q57.

1. GIOI THIEU TONG QUAN va giam thiéu cac tham hoa vé rai ro chdy rting. Céc
Chay rting véi tan sudt va cuong do ngay cang ting phuong phap phat hién truyén thong nhu giam sat mat
va tré nén nghiém trong hon do bién d6i khi hau, do  dét, cong nghé IoT thuong khong cung cip kha ning
d6 cén c6 nhiing tiép cin sang tao dé€ phat hién kip phat hién nhanh chéng va chinh xac cin thiét dé can
thoi va chinh xdc. Nhu cau cép thiét vé cac hé thong thiép kip thoi [2].
giam sat tién tién va theo thoi gian thuc dé ngén chan
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Viéc giam sat thoi gian thuc trong
giai doan dau cua khoi chay riing tré
nén kha thi, cho phép truyén dat kip
thoi thong tin c6 gia tri cho cac co quan
c6 lién quan. Hé¢ thong phat hién khoi
chay riing hoan toan ty dong dua trén
UAV mo ta nhu trong Hinh 1.1 [3].

- UAV automated field airport: San
bay tu dong cua UAV;

- UAV mobile airport: San bay di
dong UAV;

- Cloud control system ground
station: Tram mat dat hé thong diéu
khién ddm may;

- Forest fire analysis platform: Tram
phan tich chdy riing;

- Fire department: Cuc ctiu hda.

Mot UAV cit canh va ha canh thong
qua sin bay di dong UAV hoac san bay tu
dong UAV. Ban d4u, UAV tién hanh kiém
tra khu rting theo cac tuyén dudng dugc
xac dinh trudc, thu thap di liéu hinh
anh va video vé€ dia hinh doi nai kho tiép
can. Sau do, UAV truyén di liéu dén vin
phong phan tich chay rting, duy tri tuong
tac lién tuc v6i tram mat dat hé thong
kiém soat ddm may trong suét toan bo
qua trinh. Nhan vién tram mat dat c6 thé
theo doi hinh anh thoi gian thuc ctia nui
va rting thong qua camera trén may bay
va dua ra huéng dan diéu khién cho UAV.
Sau d6, van phong phan tich chdy riing sé
xt ly va phén tich cac hinh anh da chup.
Néu phat hién khoi, van phong phan tich
chay rting sé gtii canh bao dén s6 ctiu hoa.
Ngoai ra, nhan vién tram mdt dit c6 thé
cung cdp thong tin lién quan dén chay
ruing kip thoi cho s& ctiu hoa khi can.

2. POI TUQNG VA PHUONG
PHAP NGHIEN CUU

2.1. Déi tugng nghién ciiu

2.1.1. Hién tugng chdy riing va cdc
yéu to lién quan

Chay rting 1a hién tugng xay ra khi
ngon ltia lan rong va khong thé kiém
sodt trong khu vuc c6 tham thuc vat dé
chay nhu rting, cé kho, 1a muc.

- Nguyén nhén chay rting:

¢+ Tuy nhién: Do thoi tiét ndng néng
kéo dai, kho han, sét danh, gié manh.

¢+ Con nguoi: Dot ray, pha riing trai
phép, bat cdn khi sti dung Itia trong riing.
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Hinh 1.1 Téng quan vé quy trinh phdt hién khéi chdy riing bang UAV

- Yéu t6 anh hudng dén nguy co va muic do chay:

¢+ Thoi tiét: Nhiét d6 cao, do 4m thép, gi6 16n la diéu kién thuan
lgi gay chay riing lan nhanh.

¢+ Tham thuc vat: Khu vuic ¢6 nhiéu vat liéu dé chéy (cd, 14 kho, cay bui).

¢+ Dia hinh: D6i nai déc lam Itia lan nhanh hon theo chiéu gio.

- Ung dung anh UAV trong phan tich chdy riing:

¢+ Gidm sat hién trang rling trudc va sau chay.

¢+ Phat hién s6m cac d4u hiéu nhu khéi, di€ém néng, khu vuc
nhiét do bat thuong.

¢+ Xac dinh chinh xdc vi tri chdy d€ h6 trg luc lugng tng ctiu.

2.1.2. Dit liéu vién thdm bao gom

- Anh mau RGB:

¢+ Thu thap béi may bay khong nguoi lai.

¢+ Phu hgp d€ nhén dién truc quan khdi, viing bi chay, thay d6i
tham thuc vat.

¢+ Do phan gidi cao, cap nhat nhanh, bao phu linh hoat.

- Anh UAV cam bién nhiét (Thermal/Infrared Image):

¢+ Dung dé phat hién diém nhiét bat thudng, xac dinh noi c6
chay am, chdy ngam.

¢+ Phat hién ngay ca trong diéu kién anh sang yéu hodc khi chua
co Itia 16 rang.

2.1.3. Cdc mé hinh

2.1.3.1. M6 hinh ngén ngii lon

- La mo6 hinh hoc sau c6 kha nang hiéu, tong hop va phan tich di
liéu ngon ngi va phi cau tric.

- Vai tro trong hé thong canh bao chay:

¢+ Phén tich mo ta tli bao cdo hién truong.

¢+ Tu dong sinh bdo cdo bang ngdn ngii ty nhién.

¢+ St dung dii liéu anh UAV dé€ ho trg ra quyét dinh.

Vi du: Google Gemma, GPT.

2.1.3.2. M6 hinh da tdc nhdn (LLM-MA)

- La kién trac gom nhiéu tac nhén (agent) Al hgp tac, moi tac
nhan ddm nh4n mot nhiém vu cu thé, st dung hodc tich hgp LLM.
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- Vi du vé cac tac nhan trong hé thong canh bao chay riing.

¢+ Tac nhan phat hién chay (Fire_finder_agent): Phat hién hai dau
hiéu khoi va lta.

¢+ Tac nhan canh bao chay (Fire_warning_agent): Canh bao chay
néu c6 it nhat mot trong hai dau hiéu khoi/lta.

- M6 hinh LLM-MA cho phép:

¢+ Phéi hop linh hoat gitia cac nguén di liéu va tac vu.

¢ Mo6 rong quy mo hé thong theo tling vung riing khac nhau.

¢+ Giao tiép bang ngo6n ngti tu nhién véi con ngudi (qua chatbot,
dashboard).

2.2. Phuong phdp nghién ciiu

2.2.1. Phuong phdp thu thap dii liéu

- Dii liéu anh UAV: Dung thiét bi bay khong nguoi lai c¢6 trang bi
camera dé€ thu thdp anh RGB va anh hong ngoai (camera hong ngoai)
tu thuc dia.

2.2.2. Phuong phadp ving dung mé hinh ngon ngit I6n

- St dung m6 hinh ngén ngii 1én (LLM) Gemma 3 do Google phat trién.

- Phén tich, tong hgp mo ta d liéu anh.

- Dua ra danh gid chdy biang ngoén ngii tu nhién.

- Tao canh bao ty dong.

2.2.3. Thiét ké hé thong canh bdo chdy riing

Kién trac hé thong da tac nhan dya trén mo hinh ngoén ngi 16n
(Large Language Models — Multi-Agent). Trong d6 mdi tac nhin dam
nhiém mot vai tro: Nhu phén tich, danh gia dau hiéu chay (lta, khoi)
tu d6 dua ra canh bao.

2.2.4. DBdnh gid va kiém thiy

banh gia hiéu qua mo6 hinh bang cach st dung tép di liéu véi cac
chi s6: Precision, Recall, F1-score [7].

3. CAC CONG TRINH LIEN QUAN

3.1. M6 hinh ngon ngit

Mo hinh ngon ngii LLM(Large Language Model) c6 dic diém chinh
la kha nang xt ly khoi lugng 16n di liéu bao gom vian ban phi cau tric
va ndm bt méi quan hé ngli nghia gitia cac cum tu. Cdc mo hinh nay
6 thé xti ly dit liéu truc quan (hinh anh), am thanh, cing nhu di liéu
da phuong thtic (thong tin ti cac nguon khac nhau hodc cam bién khac
nhau nhu vin ban, hinh anh, 4m thanh, video, dii liéu cam bién, di liéu
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Hinh 3.1 Trinh bay cdc mo hinh ngon ngit I6n
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khoéng gian, GPS, ban do) va tim hiéu
quan hé ngii nghia gitia ching. Cac
mo hinh nay dugc nang cao va c6 kha
nang tao ra ngdn ngii gidng con nguoi.
Tom lai va nhu c¢6 thé thdy tit Hinh
3.1 nghién ctiu mo6 hinh ngén ngi
LM(Language Model) da nhan dugc
su quan tam rong rai va da trai qua bén
giai doan phat trién quan trong bao
goém: mo hinh ngon ngi thong ke, mo
hinh hoc mdy, mé hinh hoc sau va mo
hinh dya trén kién tric Transformer
(Hinh 3.1).

- Statistical Language Models: Mo
hinh ng6n ngi thong ké.

- Machine Learning Models: M6
hinh hoc may.

- Deep Learning Models: M6 hinh
hoc sau.

- Transformer Based Models: M6
hinh dya trén kién tric Transformer.

Trong nghién ctiu nay, chung toi
cht yéu tap trung vao mo hinh LLM
va mo hinh AT (Artificial Intelligence)
nén tang cho cac nhiém vu ngon ngi
va thi giac [4].

3.2. Tac nhdn Tri tué nhan tao

Tac nhan (agent) giao ti€p véi
moi trudng thong qua bd cam bién
va by truyén dong. Doi véi mot
chuéi nhan thtc c6 thé, mot tic
nhan sé chon mot hanh dong ma
toi da hoa hiéu suét ctia né dua trén
chiing ct cung cép boi chudi nhan
thic va kién thiic ma tac nhan cé.
Tac nhan co thé cai tién hiéu suit
thong qua viéc hoc.

Mot tac nhan hoc tap (Learning
agent) c6 thé chia thanh bon thanh
phan nhu trong Hinh 3.2, yéu t6 hoc
tap (Learning element), yéu t6 hiéu
sudt (Performance element), nha
phé binh (Critic) va trinh tao van dé
(Problem generator). Viéc hoc & cac
tac nhan thong minh la mot qua trinh
stia dGi tting thanh phén cta cac tac
nhan d€ phu hgp véi thong tin phan
héi ¢o sdn, do do cai thién hiéu suit
chung cua tac nhan [1].

- Performance standard: Tiéu
chuén hiéu sudt, tiéu chi danh gia
tac nhan;
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Hinh 3.2 Tac nhan cé khd ndng hoc

- Environment: Méi truong, Khong gian noi tac nhéan
hoat dong;

- Critic: B tiéu chi danh gia;

- Sensor: Cam bién, d€ tac nhan thu thap thong tin tii moi trudng;

- Learning element: Phan tu hoc, d€ tic nhén cai thién
hiéu suit;

- Performance element: Thanh phan thuc thi;

- Problem generator: Bg tao van dé, gitp tdc nhan kham
pha va hoc tot hon;

- Actuator: Bo chdp hanh, tic nhan thuc hién cac hanh
dong trong moi trudng.

Tac nhan dya vao mo hinh ngon ngii 16n (LLM agent) la tac
nhan thuc hién cac yéu cau ctia con ngudi dua vao kién thic
ndi tai trong mo6 hinh LLM va c¢6 kha nang cap nhat kién thtic
ti bén ngoai, dong thoi c6 kha ndng ty danh gia. Tac nhan
thuc hién co ché ERC (Execution Reflection Correction) la qua
trinh thyc thi ¢6 phan hoi va tu diéu chinh néu c6 sai sét, dé
tao ra cdu tra 16i cu6i ciing hiéu qua nhat.

3.3. Tac nhdn mé hinh ngén ngii I6n

Cau trd 10i cudiclng

{ 1
USER LLM AGENT

O ®
- B

<Yéu ciu 1>

Nhiém vu cip cao
Sinh néi dung cho miu

<Yéu cau 2> Chon cong cy
L T Qu trinh thyc thi
- M6 ta nhiém vy chinh
- M6 té cong cu |
- Vidy

Hinh 3.3 Tac nhan mé hinh ngoén ngii Ion
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3.4. LLM Agent tich hgp vdi kién triic RAG
Kién tric RAG (Retrieval-Augmented
Generation) két hgp gitia mo6 hinh ngoén ngii
16n va hé thong truy xuét thong tin d€ gitp tac
nhan (AI agent) tra 16i chinh xac hon. Trong
mo hinh phan tich chdy riing WildfireGPT, tac
nhan LLM dugc tich hgp véi kién truc RAG.
Tac nhan LLM danh gia thong tin dau vao cta
ngudi dung dé€ xdc dinh nhu cdu vé thong tin
bé sung. Néu can, no sé truy xuét cac du bdo
vé khi hau va cic bai bdo khoa hoc. Sau d6, tac
nhan sé hgp nhat di liéu da truy xuét véi bo
nhé ctia n6 va 16i nhac tiy chinh d€ cung cap
phan hai dua trén thong tin dugc cap nhat [5].
3.5. Tich hgpp mé hinh ngén ngit I6n vao hé
thong phdt hién va dy dodn chdy riing

Dic biét, cac mo6 hinh ngon ngii 16n (LLM)
va cac mo hinh thi gidc mdy tinh quy mé l6n
(Large Vision Model) da ndi 1én nhu nhiing
cong cu manh mé co thé tiép thu mot lugng
16n kién thtic bao gom logic ctia con ngudi,
cac nguyén ly toan hoc va ly thuyét khoa hoc
thong qua qua trinh dao tao trudc trén cac tap
dii liéu da dang. Cac mo6 hinh nay phat trién
nhiing gi c¢6 thé dugc coi la mot thé gidi ndi
tai: mot kho luu trii phong phu vé kién thtic
tiém 4n va kha ning lap ludn dugc nhing
trong cac 16p gitia ctia chung. Hoc séu véi cac
16p "Thé gidi ndi tai' dugc dao tao trudce: Kién
tric mo-dun dua trén Gemma 3 dé€ du dodn
chay riing. Google Gemma 3 c¢6 kién thtc
tiém 4n phong pht tii qua trinh dao tao trude
da phuong thtc, la mot mo-dun thé gidi noi
tai trong kién tric du doan chay riing [6].

4. MO HINH DE XUAT

4.1. Muc tiéu cia hé thong

- Xay dung hé thong da tac nhan Al st
dung kién thiic néi tai cia LLM d€ c¢6 dugc
kha nang ti€p nhan, phan tich hinh danh dé tim
dau hiéu ctia chdy rling, c6 kha nang suy luan
va dua ra thong tin canh bao.

- Hién nay, viéc trién khai mot mé hinh
LLM yéu cau tai nguyén rét 16n, ddc biét la qua
trinh huén luyén mo hinh, vi vay day la mot
thach thuc trong viéc trién khai ting dung Al
RAG gitip trang bi m¢t cong cu manh mé cho
phép tac nhan Al truy xudt thong tin ti nhiéu
ngudn khac nhau (ngoai nhiing kién thiic ma
mo hinh LLM dugc hudn luyén) nhu: text,
image, pdf, ... d€1am co s& suy luén va ra quyét
dinh ctia cdc tac nhan Al Viéc cung cdp nhiing
tri thiic bén ngoai LLM théng qua RAG cho tac



nhan AI da m& ra mot trién vong rét
16n trong viéc khai thac kha ning cua
tac nhan Al sti dung cac mo hinh LLM
da dugc huén luyén san.

- Trong khuon khé bai bao nay
chung t6i xay dung mo hinh st dung
nhiéu tac nhan Al véi nhiing vai tro
chuyén biét stt dung RAG dé€ truy xuét
thong tin ti hinh anh v€ cac dam chay
riing tti d6 dua ra canh bao chay rting.

4.2. Kién triic tong quan

- LLM: M6 hinh ngén ngii I6N;

- RAG (Retrieval-Augmented
Generation) Tool: Cong cu tao sinh cé
tang cuong truy xudt;

- Agent AI: Tac nhan tri tué nhén tao;

- Fire_finder_task: Nhiém vu phét
hién chay;

- Fire_warning task: Nhiém vu
canh bao chdy (Hinh 4.1).

- Agent Al: la mét tadc nhan chuyén
biét duoc thiét ké d€ thuc hién mot vai
tro cu thé, chuyén sau va c6 kha ning
cong tac v6i nhiing tac nhan khac.
Chuing c6 kha nang ly luin bang cach
st dung kién thtic cia LLM va thuc
hién mot tac vu chuyén biét dua vao
kha ndng suy luan va st dung cac cong
cu da dugc trang bi.

Dé dam bdo hiéu qua, cac tdc nhan
can hiéu dugc vai tro va muc tiéu ctia
minh. Qu4 trinh thiét ké cic tdc nhin
can tap trung vao viéc dua ra cac chi
dan vé vai tro, muc tiéu va két qua
ma tac nhan can dat dugc cling nhu
cac cdng cu trang bi cho tic tién hanh
cong viéc.

Cu thé véi méi tic nhin cAn xac dinh 16:

- Role: tac nhan dong vai tro gi;

- Goal: muc tiéu cong viéc ma tac
nhén can dat dugc;

- Backstory: nhiing ky nang, kinh
nghiém chuyén mon lién quan;

- Task: 1a mo6t nhiém vu cu thé duogc
hoan thanh bai tdc nhan. Vi moi task
can cung cdp nhiing thong tin chi tiét
cin thiét dé thyc hién, ching han nhu
mo ta cach thic (qui trinh) thuc hién,
tac nhan chiu trach nhiém, cong cu
can thiét, di liéu can thiét, két qua
codng viéc..., tao diéu kién cho nhiéu
hanh dong phtic tap.
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Hinh 4.1 Kién triic tong quan ctia hé thong cdnh bdo chdy riing

Cu thé, v6i méi tdc nhan cin xdc dinh ro:

- Description: mo ta qua trinh thuc hién nhiém vu;

- Context: la két qua clia mot agent khac, dugc sti dung nhu di
liéu dau vao;

- Agent: tac nhan chiu trach nhiém thuc hién;

- Expected output: két qua ctia cudi cung khi agent hoan thanh
nhiém vu.

4.3. Tong quan phuong phdp

Trong khuon khé bai bao nay, chung t6i xay dung mo hinh véi 2
tac nhan thuc hién l4n lugt 2 nhiém vu 1a tim ddu hiéu chay va dua
ra canh bdo.

- Fire_finder_agent déng vai tro 1a mot chuyén gia phong chong
chay riing, st dung cong cu phan tich anh d€ tim ddu hiéu chay bao
gom déu hiéu cta Ita, ddu hiéu cta khoéi. Fire_finder_agent suy luan
dua vao mo hinh ngon ngii 16n Gemma 3 va thuc hién nhiém vu
Fire_finder_task. Fire_finder_task dugc trang bi cong cu Vision Tool
dé c6 thé tién hanh phan tich va tim ddu hiéu chay. Két qua ctia Fire_
finder_agent 1a mot bo dii liéu json bao gom:

{Fire: Boolean

Smoke: Boolean }

- Fire_warning_agent déng vai tro 1a mot chuyén gia phong chong
chay rting, sti dung mo6 hinh ngén ngti 16n Gemma 3 va thuc hién
nhiém vu Fire_warning task. Fire_warning_task nhan thong tin dau
vao la két qua cua Fire_finder_agent gom 2 dau hiéu Itia va khoi. Néu
c6 it nhat mot trong hai dau hiéu Itia hoac khdi thi sé dua ra thong
tin canh bdo chdy, ngugc lai thi khong chdy. M6 hinh ngon ngii 16n
st dung la Gemma 3 4B, trién khai local. Cach trién khai nay c6 uu
diém 1a tiét kiém chi phi va c6 thé trién khai trén céc thiét bi ¢ tai
nguyén han ché.

4.4. Quy trinh lam viéc ciia hé thong
Hinh 4.2 Quy trinh lam viéc ciia hé thong

- Fire_finder_agent: Tac nhén phat hién chay;

- Fire_warning_agent: Tac nhan canh bao chay;

- Image input: dii liéu anh dau vao;

- Json output: dii liéu dau ra dinh dang Json.
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Hinh 4.2 Quy trinh lam viéc cia hé thong

4.5. Thi nghiém va ddnh gid
4.5.1. Tap dit liéu
Tap di liéu (dataset) nay dugc xay dung bai

cong trinh nghién ctu (El-Madafri I, Pefia M,
Olmedo-Torre, 2025) [7].

Bao géom 2.700 hinh anh trén khong va trén
mat dét, bo dit liéu nay dugc tuyén chon tii nhiéu
nén tang truc tuyén khac nhau nhu co s6 di liéu
ctua chinh phu, Flickr va Unsplash. Tap di liéu
bao gobm mot loat cac kich ban mdi truong, cac
bién thé riing, vi tri dia Iy, hé sinh thai rting va cac
su kién chay, bo dii liéu nay dugc xay dung cho
nghién ctiu vé phat hién chay rting. Thong tin chi
tiét dataset:

Nhan Train Validate Test

Fire 730 157 159
No fire 1.157 246 251
Ve do phan giai:

- Trung binh: 4057x3155 pixel

- T6i thiéu: 153%206 pixel

- T6i da: 19699x8974 pixel

(Hinh 5.1).

4.5.2. Phuong phdp ddanh gid

Dé danh gia hiéu qua ctia mo hinh ching toi
dung phuong phap Confusion Matrix:
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- TP (True Positive): du bao dung anh Fire (Chay).
- TN (True Negative): du bdo ding anh No Fire

(Khong chay).

- FP (False Positive): du bao anh No Fire thanh Fire.
- FN (False Negative): du bao anh Fire thanh No Fire.

Do chinh xac (Accuracy)

A _ TP+TN
CUraY = Total sample

Precision

Precision =

Recall

Recall =

4.5.3. Két qua

TP

Total predicted Positive

TP

TP + FN

Du doan/Thyc té
Chay (Positive)

Thuec té

Khong chay
(Negative)

Chay
Du (Positive)

155
(True
Positive)

26
(False
Positive)

doan ~ -
Khong chay

(Negative)

4 (False
Negative)

225
(True Negative)

Tong s

159

251

Accuracy =

Precision =

Recall =

F1_Score=2%

Hinh 5.1 M6 td ddu hiéu chdy, hinh bén trdi cé khéi va liia, con hinh bén phdi chi c6 khéi

155+ 225
410

1
(155 + 4)

85.6%97.5
85.6+97.5

155
(155 + 26)

=97,5%

=92,7%

= 85,6%

=91.2%




4.6. Két qua va thdo ludn

4.6.1. Két quad chinh ctia hé thong

- Hé thong canh bao chay rting theo mo hinh dya
trén kién truc da tac nhan dya vao mo hinh ngon ngi
16n Gemma 3. Trong d6 moi tac nhan dugc st dung
vao mot nhiém vu chuyén biét: Tac nhan thd nhat
dé phén tich anh UAV phat hién d4u hiéu chay (lta,
khoi), tac nhéan thi hai 14y két qua dau ra cua tdc nhan
tht nhat d€ dua ra canh bdo.

4.6.2. DB§ chinh xdc mo hinh phat hién chdy

- D¢ chinh xac tdng thé (Accuracy): 92.7%;

- B chinh xdc khi du dodn c6 chdy (Precision): 85.6%;

- Kha nang tim dung tat ca cac dam chay (Recall): 97.5%;

- F1-score: 91.2%.

biéu nay chiing t6 mo hinh c6 hiéu suét can bang
tot gitia canh bdo ding va giam canh bao sai.

4.6.3. Thdo ludn

4.6.3.1. Uu diém ctia hé thong

- Phén chia nhiém vu r6 rang, chuyén mon héa
tiing tac nhan: Moi tac nhan dam nhiém mot chic
ning cu thé€ nhu: phéan tich anh, nhan dién khoi/lta,
xu ly ngén ngii, dua ra canh bao. Gidp tang hiéu qua,
giam do¢ tré va dé quan ly logic hé thong.

- Kha nang mé rong linh hoat: C6 thé thém/bét tac
nhan (agent) dé dang theo yéu céu thuc té: Thém khu
vic giam sat mai, loai cam bién mdéi.

- Khai thac thé€ manh moé hinh ng6n ngti 16n (LLM)
trong viéc phén tich anh d€ phat hién ddu hiéu chay, ho
tro ra quyét dinh va dua ra canh bdo.

4.6.3.2. Han ché cua hé thong

- Phu thu¢c vao chat lugng va tan sudt thu thap di
liéu: Hinh anh UAV cén thu thap dinh ky, da ro nét
va bao phu toan b khu vuc riing. Trong mdt s6 riing
nhiéu méy, suong m, tan riing che khuét can bd sung
anh UAV cam bién nhiét (Thermal sensor).

- Chi phi trién khai ban dau cao: Dau tu vao UAV,
cam bién nhiét, tram mat dat, ha tang dién toan dam
may va xay dung hé thong phan mém da tac nhan cé
thé doi hoi ngan sach 16n.

4.6.3.3. Khuyén nghi va dé xudt

DE€ trién khai mo hinh canh bdo chay riing trong
diéu kién thuc tién cta nudc ta, cin dép ting mot s6
diéu kién va dé xuit cy thé nhu sau:

- Trang bi UAV hién dai c6 tich hgp cam bién nhiét,
da phé v6i kha ndng bay xa, bay tu dong, truyén du
liéu theo thai gian thuc.

- Xay dung hé thong luu trii va xti ly di liéu trén nén
tang dién toan ddm may (Google Cloud, AWS, Azure...)
nham dam bao kha ning md& rong va truy cép linh hoat.

5. KET LUAN

Nghién ctiu nay da dé xudt va xay dung thanh cong
mot hé thong canh bao chéy riing ing dung cong nghé

NGHIEN CUU

vién tham két hgp v6i moé hinh ngoén ngii 16n (LLM),
g6p phan nang cao hiéu qua giam sat va phat hién chay
riing trén dién rong. Cu thé, nghién ctiu da dat dugc
cac két qua chinh sau:

(1) Stt dung di liéu vién tham (anh UAV) c6 kha
ndng cép nhat lién tuc hién trang rting nham theo doi
va phat hién cac d4u hiéu chay.

(2) Ung dung mo hinh ngdn ngi 16n (LLM) dé
phan tich, t6ng hop va dién giai di liéu (anh UAV)
nham ho trg ra quyét dinh va dua ra canh béo.

(3) Phat trién hé thong da tac nhan (LLM-MA)
gom cdc agent (tdc nhan thong minh) nhu: phat hién
khoi/ltia tii dnh, tong hgp canh bao theo thai gian thuc
véi dd chinh xéc cao.

Hé thong dé xuét co tinh tuy dong, chinh xdc va dé
md rong, gop phan ning cao ning luc phong chdéng
chay riing nudc ta trong bdi canh bién déi khi hau
ngay cang phtc tapm
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