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TOM TAT

Sw ra doi cla tri tué nhan tao la dong Iwc thic déy qua trinh théng minh hoa cdng nghé va dir liéu dia khéng gian.
Tich hop tri tué nhan tao v&i dia khdng gian tao nén cdng nghé dia khéng gian tri tué nhan tao GeoAl (Geospatial Artificial
Inteligence) cho phép tw déng hoa qua trinh chiét xuét théng tin, phan tich, dw bao sw bién déng cac thanh phéan tai
nguyén va moéi trudng theo khdng gian va thoi gian chinh xéc va kip thdi. Béo céo trinh bay téng quan céng nghé dia
khéng gian théng minh GeoAl va danh gia kha ndng trng dung GeoAl trong gidam sat cac thanh phan tai nguyén va méi
trwdng gop phan thye hién hiéu qua cac mé hinh tang trudng xanh huwéng téi muc tiéu phat trién bén virng.

Ttr khoa: Bia khéng gian tri tué nhan tao, GeoAl, giam sat méi trwong.

GEOAI Technology and Application in Environmental Monitoring

ABSTRACT

The emergence of artificial intelligence serves as a driving force for the intelligent transformation of geospatial
technology and data. The integration of artificial intelligence with geospatial science has led to the development of
Geospatial Artificial Intelligence (GeoAl), which enables the automation of information extraction, analysis, and the
accurate and timely prediction of spatio-temporal changes in natural resources and environmental components.This
paper presents an overview of GeoAl technology and evaluates its application potential in monitoring natural resources
and environmental conponents, contributing to the effective implementation of green growth models toward sustainable
development goals.

Keywords: Geospatial Artificial Intelligence, GeoAl, environmental monitoring.

1. MO PAU

Céc thiét bi va cong nghé dia khong gian ngay cang dugc hién dai hoa cho phép thu thap,
khai thac va xir Iy dit liéu ngay cang phong phu va da dang voi chit luong dit liéu ngay cang cao,
gi4 thanh ngdy cang thap. Nho nhitng wu diém ndi trdi nhu: giau théng tin, chu ky thu nhan thong
tin ngén, xu ly trén dién rong, cong nghé va dir licu dia khong gian 1a cong cu hi¢u qua phuc vu
giam sat sy bién dong cac thanh phan tai nguyén va moi trudng theo khong gian va thoi gian. Hé
thdng cong nghé dia khong gian tao thinh mot mang ludi da ting (Hinh 1). Bén canh cac thiét bi
trén mit dat, cong nghé vé tinh duoc coi 1a then chdt trong quan sat Trai dat. O quy dao tim thap
(LEO), ngoai cac v¢ tinh vién tham nhu Landsat, Sentinel, Spot... con cd cac v¢ tinh trong luc, vé
tinh laser chuyén nghién ctru sy chuyén dong ciia cic mang kién tao, xac dinh myc nudc dang cta
bién va dai duong. Hé thong GNSS bao gdbm GPS (M§¥), GLONASS (Nga), Galileo (EU) va
COMPASS (Trung Qudc) khong ngimg dugc ning cip va ngay cang duoc duoc hoan thién ké ca
s6 lugng vé tinh va coéng suét tin hiéu. Trong nhirng nim gan déy, sy ra doi cua céc thiét bj lan
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dudi bién khoéng nguoi 14i UUV (Unmaned Undersea Vehicle) da cho phép do v&, quan tric moi
truong day bién hidu qua, chinh xac va kip thoi. Cac cong nghé dia khong gian co thé thyc hién
cac phép quan tric riéng biét hoic két hop véi nhau tao thanh mét t6 hop da ngudn, da d6 phan
giai va da thoi gian dé giam cac thanh phan tai nguyén va moi trudng toan ciu.

Tang 5 CHUAN TINH °
4

Chuan tinh Thién ha

Tang 4 MAT SAO MOC ’ SAO THO

Mét trang & thién thé a ’ ]
/

/
Tang 3 GLONASS ;fAULE COMPASS
Vé tinh GNSS Gy / yﬂ .
;.\ / * ‘f,l
‘ \ /1 - : ,/, ,/
\/“ \\ 1.7 1 P ’
~{ R 1 ’
\7/ \\\ }‘\\~ ’L,’ //
R AN
Ting 2 . JASON-

Tang 1
Tram mat dat

Tang 0
Dudi ddy bién

Nguon: Vé Chi My & Vé Ngoc Diing (2024)

Hinh 1. Hé thong quan tric da ting ciia cong nghé dia khong gian

Su phat trién khong ngung cta hé théng v€ tinh vii try va cac cong nghé dia khong gian tao
nén sy bung nd dir liéu vuot xa cac quy trinh phan tich truyén thong hogc 1ap trinh tily chinh khong
thé dap ung véi khoi lugng dir liéu 16n, da ngudn va da dang. Sy ra doi ciia GeoAl 1a xudt phat tir
nhu cau cua thuc tién ung dung tri tu¢ nhan tao trong bai toan xu ly khdi luong dir li€u 16n nham
dap tng cap bach giai quyét cac thach thirc toan cau. Thé giéi dang ddi mit v6i nhitng van dé phic
tap doi hoi sy phan g nhanh va du bao chinh x4c nhu 6 nhiém va suy thoai moi truong, bién d6i
khi hau, d6 thi hoa, nong nghiép chinh xac, quy hoach ha ting thong minh, quan 1y thién tai v.v.
Trong hau hét cic linh vuc néu trén, GeoAl 1a cong cu hd trg ra quyét dinh théng minh va theo
thoi gian thyc. Cho dén nay, cic mé hinh GeoAl thwong mai trén thé gii duoc coi 1a cac “hop
den”. Déi vi khoa hoc dia khong gian Viét Nam, GeoAl 1a cong nghé mai. Viéc nghién ctru dya
trén thu thap tai li¢u, téng hop, danh gié céc cAu trac, to hop cong nghé, loai hinh dir liéu va kha
ning Gmg dung cta cic mo hinh GeoAl 1a ddi tugng nghién ciru bdo céo tong quan nay. Cac cong
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trinh, cac bao cdo khoa hoc ctia cac tap chi trong nude va quéc té uy tin d dugc tham khao, phan
tich, d6i chiéu, so sanh dé khai quat cac co sé khoa hoc va phwong phép ludn cia cac cong trinh
d3 cong bd, dic biét chu trong két qua nghién ctru va hiéu qua tmg dung trong hai linh vyc nong
nghi¢p va moi trudong.

2. CONG NGHE GEOAI

GeoAl 1a viét tit ctia cum tir Geospatial Artificial Intelligence (tam dich 13 dia khong gian théng
minh) duoc béo cao 1an dau tién tai Hoi thao ciia Hiép hoi May tinh (ACM-Association for Computing
Machinery) ciia Hoi thong tin khong gian SIGSP\ATIAL t6 chirc tai Redondo Beach, California (Hoa
Ky). Ké tir 46, GeoAl khong ngimg dugc nghién ctru va phat trién. Su ra doi ciia cong nghé GeoAl 1a
xu thé tit yéu dé dap ung nhu cau bung nd cua dir liéu, su ting cudng nang luc xtr Iy cua dién toan
dam may, ctia chip d6 hoa (GPU) va dic biét 1a sy 16n manh ca tri tué nhan tao. Tri tué nhan tao da
duoc img dung trurde d6 trong cac nganh khoa hoc Trai dat néi chung va dia 1y néi riéng. Nhung GeoAl
dugc hinh thanh va phat trién ké tir khi xuét hién cac md hinh hoc may va hoc sau voi kha nang xir Iy
hi¢u qua dir liéu 16n, da dang, phtrc tap; tw dong phan loai, phan tich khong gian va chiét xuét cac dbi
twong tir dit lidu tho, kha ning khai quét hod va chuyén giao huan luyén... (VS Chi My, 2014; Nguyén
Phi Son & Nguyén Quang Minh, 2024; Zamani & cs., 2019) (Hinh 2).

Tri tué nhan tao

‘ GeoAl ‘

Dia khong gian

Cac khoa hoc Trai dat

Hinh 2. Hoc may/hoc sdu-cong cu then chét ciia GeoAl

Tri tué nhan tao

Ve tinh khéng gian

1960 1970 1980 1990 2000 2010 2020 2024 2030

Nguon: UN (2025)

Hinh 3. Sy phat trién song hanh ciia vé tinh khong gian
va tri tu€ nhan tao giai doan 1960-2024
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Chi riéng vé hé thong vé tinh vii try, trong 5 nim qua da chtng kién sy ting tc chua timg
6 cé vé khdi luong dir li¢u thu nhén tir hé théng vé tinh 1an mrc d6 truong thanh cua cac ki thuat
tri tu¢ nhan tao, dac biét la cac thuat toan hoc may va hoc sau c6 kha nang khai thac nguén dir liéu
nay (hinh 3). Tinh dén thang 5 ndm 2025, c¢6 hon 12.000 vé tinh dang hoat dong quay quanh Trai
Dét-gap ba lan so v6i ndm 2020-trong d6, khoang mot phan ba duoc danh cho cac nhiém vu quan
sat Trai Dat, lién tuc truyén vé hang petabyte hinh anh mdi ngay (UN, 2025)

3. CAC CONG NGHE SU DUNG TRONG GEOAI

Hoc may (Machine Learning): Hoc may la mé hinh co ban trong GeoAl. M6 hinh hoc may
thuong duoc tmg dung trong cc bai toan hoi quy (regression), phan loai (classification) hodc phan
cum (clustering). C6 thé phan biét hai loai hoc: hoc c6 giam sét (supervised learning), khi dit liéu
huan luyén di duoc gan nhin, va hoc khong gidm sat (unsupervised learning), trong truong hop
nguoc lai (Nguyén Phi Son & Nguyén Quang Minh, 2024). M6t s6 md hinh hoc may tiéu biéu
dugc tng dung trong cic bai toan hdi quy va phan loai bao gdm: M6 hinh Ring ngiu nhién
(Random forest RF), cdy quyét dinh (Decision tree DT), K-Nearest Neighbors (KNN), Support
Vector Machine (SVM).

Hoc sdu (Deep Learning): La mdt phan nganh ctia hoc may, str dung cdc mang no-ron nhan
tao nhiéu 16p dé hoc céc biéu dién dir liéu c6 do phuc tap cao (hinh 4). Buoc léy cam hing tr cAu
tric ctia ndo ngudi, mang no ron bao gdm cac 16p “no-ron” dugc két ndi voi nhau bang cac trong
sO ¢6 thé diéu chinh, cip nhat trong qua trinh huin luyén. Nhém cac mé hinh hoc sau c6 thé ké
dén bao gom: Mang no ron da 16p (MLP), mang no ron tich chap (CNN), mang than kinh hoéi quy
(RNN), Long Short-Term (LSTM) v.v. Hoc sau c6 kha nang ty dong nhan dang va phan loai céac
dbi tuong phirc tap truc tiép tir dit liéu tho, diéu nay dic biét hiru ich d6i voi dit liéu phi cdu trac
nhu anh v¢ tinh, am thanh hoac van ban

Tri tué nhan tao

Hinh 4. Hoc may va hoc sau la nhitng cau phan cia tri tu¢ nhan tao

Vién tham vé tinh: Cac vé tinh quay quanh Trai dat thu thap mot khoois lugng 16n hinh anh.
Tinh dén thang 5 ndm 2025, hon 12.000 vé tinh dang hoat déng quay quanh Tréai dat, gip ba lan
so voi nam 2020, truyén tai hang petabyte hinh anh mdi ngay (UN, 2025). Trong nhiing nim gan
day, cong nghé chum vé tinh ngay cang phat trién. Vi nhidu vu diém ndi troi nhur c6 thé tich hop
da nguén dix liéu tir nhiéu loai cam bién khac nhau, do phan gidi thoi gian cao, bao phu lién tuc,
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cac chum v¢ tinh nhu DMC (Disaster Monitoring Constellation), Rapid-eyes, Planet hodc mang
ludi vé tinh THEIA cho phép x4c dinh su bién dong cac thanh phan tai nguyén va méi trudng trén
bé mit Trai dat voi do chinh xac, do tin cdy cao va theo thoi gian thyc.

Hé théng tin dia Iy (GIS): Céc phan tich GIS cb dién tir 1au di tip trung vao viéc mo ta va
so sanh dit liéu khong gian. Chung cho phép xac dinh cac mdi quan hé cua cac ddi twong, mé hinh
str dung dit va su phan bd cua cac yéu té tai nguyén moi trudng. Tuy nhién, cac phan tich nay
phén 16n 1a tinh. Trong GeoAl, cac thuat todn hoc may va hoc sau phan tich dit li¢u GIS da chiéu
va da thoi gian, phan tich xu hudng va cac mdi quan hé phi tuyén tinh. GeoAl trong hé thong GIS
khong chi nang cao do chinh xac phan tich khong gian ma con tang téc do xir Iy cac tap dit liéu
16n 1én mirc gan thoi gian thuc. Nho cac cong cu tich hop, GIS hd tro chuyén doi tir tu duy phan
mg, xir 1y tinh hudng sang phuong phap du bao 1 nhan t6 quyét dinh ngan ngira va giam thiéu
hiéu qua cac tdc dong moi truong.

Dir liéu I6n (Big Data): Dit liéu 16n dong vai tro then chét trong viéc “thong minh hoa” dix
lidu dia khong gian, khong chi & quy mé dit liéu ma con & chiéu sau phan tich va toc do xir Iy. Khi
két hop véi cac cong nghé nhu GIS va Vién tham, Big Data cung cip ha tang dir liéu 16n da nguon
bao goém dir liéu khong gian, phi khong gian, ¢ cdu triic, ban cau trac va phi cau truc.

Pién todn dam may (Cloud Computing): Dién todn ddm may 1a nén tang ha tang khong thé
thiéu cho sy phat trién ciia GeoAl, cung cip quyén truy cip dir liéu mién phi hodc chi phi thap dén
cac kho dir li¢u petabyte véi cac cong cu phan tich manh mé. Pi¢n todn ddm may khong chi giai
quyét bai toan vé& khi lugng dit liéu khong 16 va stitcc manh tinh todan ma con thay ddi cin ban
phuong phép hop tac, chia sé va khai thac thong tin tir dir liéu dia khong gian.

Internet van vat (I0T): Trong hé sinh thai GeoAl IoT la “gidc quan” thu thap dir li¢u thyc
dia theo thoi gian thyec. Néu Big Data la “kho dir liéu” va Al 1a “bg nao”, thi IoT chinh la nguén
cung cip cho cac mo hinh dir liéu sdng lién tuc va chinh xac theo khong gian va thoi gian tir thé
gidi thuc. Sy phat trién cua céac thiét bi cam bién va dién toan dam may da tao diéu kién cho IoT
tré thanh ngudn dir liéu quan trong, gop phan nang cao ning luc ctia GeoAl trong céac linh vuc
quan 1y tai nguyén, giam sat moi truong va phong chdng thién tai.

Chudi khoi (Blockchain): Chudi khdi 1a cong nghé nén tang gitip dam bao tinh minh bach,
bdo mat, do tin cdy va chia s¢ dit li€u phi tap trung trong h¢ sinh thai GeoAl. Trong GeoAl, dix
lidu duoc thu thap tir nhidu ngudn khac nhau nhuw UAV, anh vé tinh, IoT, GIS v.v. chudi khéi 1a
“thanh tra” xac thuc nguén géc dir 1i€u, ngan chan viéc sua ddi hodc gid mao dir li€u. Voi dac
trung phan tan, bat bién va minh bach, chudi khdi cung cép giai phap hiéu qua trong quan 1y va
khai théac dir liéu dia khong gian phuc vu giam sat tai nguyén va moi truong.

4. UNG DUNG GEOAI TRONG GIAM SAT MOI TRUONG

Su tich hop giira dir lidu dia khong gian 16n tir nhiéu ngudn khac nhau véi cac thuat toan hoc
méy va hoc sau cho phép GeoAl trg thanh céng cu hiéu qua trong giam st cac thanh phan moi
truong theo thoi gian thuc va du bao chinh xac cac sy bién dong ké ca 6 nhiém mai trudng, suy
thoai méi truong va tai bién moi trudng.
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4.1. GeoAl trong giam sat bién dong 16p pha dat

GeoAl 1a cong cu hidu qua 14p ban dd 16p phu va sir dung dét, cling nhu phat hién su bién
dong 16p phi/str dung dat theo thoi gian. Cac ban dd chuyén dé nay déng vai tro quan trong trong
giam sat moi truong, quy hoach khong gian va quan 1y tai nguyén thién nhién. Viéc ap dung tri tué
nhan tao di lam ting dang ké téc do, do chinh xac va kha ning mo rong cua cac quy trinh phan
loai (Zhang & cs., 2020).

Bang 1. Hiéu qui ciia GeoAl trong giam sat bién dong 16p phi

Giai doan Phwong phap truyén théng GeoAl
Thoi gian thye hién trén dién tich 500km2 6-8 tuan 72 giv
D6 chinh xac xac dinh cac 16p phu 76-80% 92-95%
Sé lwong 16p pha 5-7 9
Théi gian xac dinh bién dong Theo chu ky Theo thoi gian thwe

Nguon: Gérniak & Kunz (2025)

Ung dung céac thuat todn hoc sau vi du: mang no-ron tich chap (CNN) tich hgp véi cac dién
toan dam may GEE, cho phép tu dong hod qua trinh trich xuét cac dbi tuong trén anh vién tham.
Cach tiép can nay tao ra giai phap xir Iy song song céac tap dir liéu vé tinh 16n, qua d6 rat ngin
dang ké thoi gian phan tich dir liéu dau vao. Su phat trién ctia GeoAl khong chi dugc danh gia
bang hiéu qua tinh toan ma con ¢ viéc nang cao do chinh xac ctia phan loai, kha ning phan biét
nhiéu hon cac 16p phit bé mit trong cting mot thoi diém quan sat, ciing nhu kha ning mé rong cta
mo hinh va ning luc phan tich cac bién dong dong theo khong gian va thoi gian (Biswas & cs.,
2023; Chen & cs., 2023; Kang & cs., 2024). Bang 1 cho théy su so sanh hiéu qua thuc tién cua
GeoAl so voi phuong phép truyén thong trong giam sat sy bién dong 16p phu.

4.2. GeoAl trong giam sat 6 nhiém moéi truong

GeoAl ngiy cang duoc tng dung rong rai trong gidm sat 6 nhiém méi trudong va xac dinh
ngudn phat thai, hd trg cac hoat dong lién quan dén quan 1y chat luong khong khi, dat va nudc,
cling nhu kiém soat phat thai cong nghiép. Cac hé thong giam sat truyén thong, dua trén cac tram
do ¢b dinh hoic cac diém ldy mau khong khi, tiéng 6n hay nudc mat cung cp dit liéu co do tin
cdy cao, nhung mang ludi quan tric thuong qua thua hodc phan b khong dong déu, va cac phép
do dugc thuc hi¢n theo dinh ky, theo ngudng, chi ty dong canh bao khi vuot qua cac tiéu chuin
cho phép. GeoAl cho phép noi suy cac gia tri tai nhing vi tri chua duoc ldy mau, du bao muc do
6 nhidm trong tuong lai va xac dinh ngudn gay 6 nhiém théng qua phan tich cac mé hinh phat thai
theo khong gian va thoi gian (Gonzales-Inca & cs., 2022; Razavi-Termeh & cs., 2024). Tu dit li€u
cac cam bién thong minh IoT, cac thudt toan trong GeoAl c6 thé phan tich va cho két qua chinh
xéac khi giam sat cac phat thai cong nghiép. Cac cam bién ghi nhan dir liéu theo chu ky 5 phut va
truyén vé md hinh Al noi cac gia tri do dugc dugc phan loai 1a dat chuan hoic bat thuong. Sau
khi tich hop hé thong véi thanh phan GIS, viéc 1ap ban d6 quy dao lan truyén ciia chét 6 nhiém c6
thé thuc hién theo thoi gian thuc. GeoAl co thé tich hop méd hinh mang no-ron sau xir Iy chudi di
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lidu (transformer) véi mang no-ron héi tiép xtr 1y thoi gian (LSTM), két hop t6i wu hoa siéu tham
s6 bang thuét toan PSO (Particle Swarm Optimization) dé xac dinh mot s6 thanh phan maéi trudng
kho xac dinh nhu 6 nhiém bui min PM2.5 (Zamani & cs., 2019). Trong linh vic quéan 1y 6 nhiém
mdi trudng ty nhién, GeoAl con hd trg phat hién cac ngudn 6 nhidm méi xuét hién. Viée ap dung
mang no-ron tich chap CNN hodc mé hinh ring ngau nhién (random forest) trén anh anh radar
(Sentinel-1) va anh quang hoc (Sentinel-2) cho phép phat hién cac su ¢ tran dau trén bién hoic
cac bii rac thai bat hop phap voi do chinh xac cao vé ca khong gian va thoi gian (Garcia-Pineda
& cs., 2019). Bang 2 thé hién mot sé tmg dung tiéu biéu trong giam sat 6 nhiém méi trudng.

Bang 2. Mt s6 ing dung tiéu biéu ciia GeoAl trong giam sat 6 nhiém méi truong

L e Thuat toan D6 phan giai
Doi twong giam sét Di liéu dau vao tri tué nhan . . .
tao khoéng gian/thdi gian
Phat thai cong nghiép loT, PM10, PM2,5. Nox CNN 30 km2/5 phut
Phat thai & nhiém dau Sentinel 1 CNN 10-30m/ngay
Sentinel 2
Bai rac thai trai phép Anh vé tinh, di liéu dia hinh RF 10-30 m / thang
Lan truyén 6 nhiém D liéu khi twong, LU/LC, cdm LSTM, Khu vye/thang
bién XGBoost

Nguon: Gérniak & Kunz (2025)

4.3. GeoAl trong mé6 hinh héa sinh canh va bao ton da dang sinh hoc

ALY

Pa dang sinh hoc khong chi 1 “kho bau ty nhién” ma con 1 nén tang cho phat trién kinh té
xanh va an ninh sinh thai qudc gia. Trong céc chién lugc bao ton da dang sinh hoc va quéan 1y sinh
canh, GeoAl 1a cong cu hién dai phan tich khong gian trén nén tang tri tué nhéan tao. GeoAi dugc
g dung dé du bao phan bé loai, phat hién nguy co va du bao nhimng thay doi phan b sinh canh
dudi tac dong ctia cac yéu td nhan sinh va khi hau. GeoAi cho phép mé hinh hoéa phan bé sinh
canh trén cac mo hinh khong gian vé kha ning xuat hién ctia cac loai dwa cac diéu kién moi truong
nhu khi hau, dia hinh, 16p phu bé mat hay cAu trac tham thyc vat (Elith & Leathwich, 2009). GeoAl
cho phép ngoai suy thong tin tir dit liéu thyuc dia va tu liéu vién tham phan méanh ca vé khong gian
va thoi gian, cung cép thong tin day di hon vé sy phan bd loai va hién trang sinh canh. GeoAl
ciing dugc tmg dung trong “bao ton du bao” (predictive conservation). Cac md hinh Al c6 thé két
hop dit liéu theo di tir xa (vi du cam bién GNSS) véi thong tin méi trudng, cho phép du bao sém
nhing sy bién dong, nhitng rui ro, cac tic dong tiéu cuc dé chu dong co cac giai phap can thiép va
bao ton. GeoAl giup du bao nhitng thay doi phan bd sinh canh do tac dong ctia bién d6i khi hau
va thoi tiét cuc doan. Mang no-ron dugc ung dung dé mo hinh hoa cac vung tra an tiém nang trong
tuong lai cho quan thé khac nhau, xac dinh cac khu vuc tiém 4n tic dong cua thoi tiét cuc doan
qua d6, dé xudt cac ving uu tién can ting cudng bao vé. Trong nghién ciru moi truong bién, GeoAl
duogc st dung dé phan loai bao tdn cua céc ran san ho dya trén anh chup tir cac thiét bi UUV dudi
nudc (Aruna & Thamarai, 2023). M6 hinh CNN nhén dién céc giai doan suy thoai cua ran san hd
vo1 do chinh xac 93% cho théy tiém nang cua GeoAl trong viéc nhan dién nhiing mau hinh vuot
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ngoai kha ning cam nhén ctia con ngudi (Aide & cs., 2013). Tom lai, GeoAl c6 thé tdi wu hoa cac
hoat dong quan ly va bao tdn sinh canh va da dang sinh hoc cho phép hd tro hiéu qua hon cac hoat
d6ng bao ton trong bdi canh didu kién ngoai canh dang thay d6i nhanh chong.

5. KET LUAN

Bién d6i khi hau, cic qué trinh d6 thi hod va cong nghiép hoa lam cho cac thanh phan m6i
truong ngay cang bi suy thoai trAm trong voi tdc d6 nhanh chong. Véi kha ning xt 1y, phan tich
khéi lwong dir liéu dia khong gian 16n da ngudn, da do phan giai, da thoi gian ké ca dit liéu khong
gian, phi khong gian, dit liéu c¢6 cdu trac, ban cu tric va phi cdu tric, Geo Al ngay cang dugc
cong nhan 1a mot cach tiép can dot pha trong linh vuc giam sat cac thanh phan tai nguyén va moi
truong. Két qua tong quan cac nghién ctru GeoAl cho thy tiém nang va trién vong to 16n cua loai
hinh cong nghé mai ndy trong nghién clru giam sat tai nguyén va moi truong theo khong gian va
thoi gian chinh x4c, minh bach va tin cay. GeoAl vira 1a co hoi nhung ciing c¢6 céc thach thuc. Div
lidu dja khong gian thuong khong dong nhét, da ngudn, kho khin trong viéc chuan hod va lién két
theo khong gian va thoi gian. Mit khéc, véi khdi lugng dir liéu rt 16n doi hoi ha tang tinh toan
manh, dung lugng 16n va can dir liéu dan nhan chat lugng cao. M6 hinh GeoAl, doi hdi mdt khéi
luong dir lidu huan luyén rét 16n, trén ddy 13 nhitng bai toan khong dé dang trong diéu kién Viét
Nam. Con duong phat trién GeoAl trong nghién ctru méi trudng doi hoi su tich hop cong cu, cac
chuong trinh ddo tao lién nganh trén nén dia khong gian két hop véi cac kién thirc vé tri tué nhan
tao, khoa hoc dir liéu va cong nghé thong tin. Pay 1a yéu cau két hop k¥ nang doi hoi sy dot pha
d6i véi cac co s¢ dao tao dia khong gian Viét Nam. Cach tiép can d6 cho phép khai thac day di
tiém ning ctia GeoAl trong nghién ciru méi truong gop phan thuc hién hiéu qua cac mo hinh ting
truong xanh ciia dat nude hudng téi muc tiéu phat trién bén viing.

TAI LIEU THAM KHAO

Aide T.M., Corrada-Bravo C. & cs (2013). Real-time bioacoustics monitoring and automated species identification.
Peer]. 1: €103.

Aruna S., Thamarai M., 2023. Stressed coral reef identification using deep learning CNN techniques. Journal of
Electronic & Information Systems. 5(2).

Biswas J., Jobaer M.A., Haque S.F., Shozib M.S.I., Limon Z.A., (2023). Mapping and mon- itoring land use land
cover dynamics employing Google Earth Engine and machine learning algorithms on Chattogram, Bangladesh.
Heliyon. 9(10): e21245.

Chen H., Yang L., Wu Q., (2023). Enhancing land cover mapping and monitoring: An inter- active and explainable
machine learning approach using Google Earth Engine. Remote Sensing. 15(18).

Elith J., Leathwick J.R., (2009). Species distribution models: Ecological explanation and prediction across space and
time. Annual Review of Ecology, Evolution, and System- atics. 40: 677-697.

Garcia-Pineda O & cs. (2019), Classification of oil spill by thicknesses using multiple remote sensors. Re- mote
Sensing of Environment, 236 111421.

Gonzales-Inca C., Calle M. & cs (2022), Geospatial artificial intelligence (GeoAl) in integrated hydrological and
fluvial systems modelling: review of current applications and trends. Water. 14(14): 2211.

Grzegorz Gorniak, Mieczystaw Kunz (2025). GeoAl-analiza potencjatu integracji systemow informacji geograficznej

i sztucznej inteligencji w modelowaniu wybranych zjawisk srodowiskowych, Srodowisko przyrodnicze jako
obszar badan. Vol. VII. Bogucki Wyd. Nauk., Poznan 2025

600



Kang J., Zhang B., Dang A., (2024). A novel geospatial machine learning approach to quan- tify non-linear effects of
land use and land cover change on carbon dynamics. In- ternational Journal of Applied Earth Observation and

Geoinformation. 128: 103712.

Nguyén Phi Son, Nguyén Quang Minh (2024). GeolA: Cong ngh¢ va mg dung trong dia khong gian. Tuyén tap béo
cao Hoi nghi khoa hoc “Cong ngh¢ dia khong gian thong minh trong quan ly tai nguyén va méi trudéng”. Vién
Khoa hoc Po dac va Ban d6, Ha Noi.

Razavi-Termeh S.V., Sadeghi-Niaraki A. & cs (2024), Exploring multipollution variability in the urban environment:
geospatial Al-driven mode- ling of air and noise. International Journal of Digital Earth. 17(1).

United Nations (2025). Mapping Disaster Resilience: GeoAl Best Practices from the UN-SPIDER Network, United
Nations platform for spaced-based information for disaster management and emergency response-united nations
office for outer space affairs, Viennam.

V6 Chi My (2024). Dia khong gian thong minh GeoAl trong hanh trinh thyc hién cac muc tiéu phat trién bén viing,
Hoi nghi Khoa hgc Quoc gia “Cong nghé bia khong gian vi Sy phat trién bén vitng (NCGSD2024)”, Truong Pai
hoc Mo - Dia chat, Ha Néi.

V6 Chi My, V6 Noc Diing (2024). Vai tro cua cong ngh¢ va dir li¢u dia khong gian trong hanh trinh thyc hién muc
tiéu cac mo hinh ting truong méi cua dat nude. Tuyén tap bao cdo Hoi nghi khoa hoc toan qubc “Cong ngh¢ dia
khong gian thong minh trong quan 1y tai nguyén va méi truong”. Vién Khoa hoc Po dac va Ban do, Ha Noi.

Zamani M., Cao C., Ni X., Bashir B., Talebiesfandarani S., (2019). PM2.5 prediction based on random forest,
XGBoost, and deep learning using multisource remote sensing data.

Zhang X., Cheng J., Luo P., Yang W., (2020). Random forest model for the estimation of fractional vegetation
coverage based on a UAV-ground co-sampling strategy. Acta Sci- entiarum Naturalium Universitatis Pekinensis.
56(4): 695-704.

601



Trau Quy - Gia Lam - Ha No6i

Email: nxb@vnua.edu.vn

www.nxb.onua.edu.on

NHA XUAT BAN HOC VIEN NONG NGHIEP

Dién thoai: 0243. 876. 0325 - 024. 6261. 7649

Chiu trach nhiém xuit ban

Bién tap
Thiét ké bia

Ché ban vi tinh

ISBN: 978-604-924-827-6

NXBHVNN-2024

ThS. PO LE ANH
Giam déc, Tong bién tip
TRAN THI HOAI ANH

PAO THI HUONG

TRAN THI HOAI ANH

In 40 cudn, khd 21 x 29,5cm tai Cong ty TNHH In Anh Duong.
Dia chi: Binh Minh - Trau Quy - Gia Lam - Ha Noi.
S6 dang ky ké hoach xuit ban: 2834-2024/CXBIPH/11-131/DHNN.

S6 quyét dinh xuit ban: 54/QD-NXB-HVN ngay 15 thang 08 nim 2024.

In xong va ndp luu chiéu: quy II nam 2026.




  ±  


  ±


  ±


  ±


  ±


    ±


  ±


  ±


  ±


  ±


  ±


  ℃


  ±


  ±


  ±


  ±


  n =   N   ( 1 + N ) e ²


  ±


  ±


  ±


  ±  


    ±


  ±  


  ±


  ±  


  %   kh ử   DPPH =      A 0 −    A x   A 0 . 100   ( % )


  P A R I =   w 1 S   O 2 +   w 2 N   O 2 +   w 3 A O D +   w 4 R a i n +   w 5 T r a n s p o r t +   w 6 T e r r a i n −   w 7 N e u t r a l i z a t i o n


    X ∗ =   X −   X  m i n    X  m a x −   X  m i n


  % ức chế=    (   Ac + -    Ac - )-(As-Ab)    Ac + -    Ac - ×100 (%)


    q  t =    (   C 0 −   C  t ) × V  m


    q  e =    (   C 0 −   C  e ) × V  m


  SASI=  a 1 (1-pH)+  a 2 (1-CEC)+  a 3 Slope+  a 4 Leaching+  a 5 SoilType


    q  e =    (   C 0 −   C  e ) × V  m


    ln ⁡   (  q e -  q t ) =   ln ⁡   q e -  k 1 t


  AEI=  b 1 CropArea+  b 2 CroppingIntensity+  b 3 PhenologyOverlap


   t   q t =  1   k 2  q e 2 +  t   q e


   q t =  1 b   ln ⁡   ( ab ) +  1 b   ln ⁡ t


  AAIR=PARI×SASI×AEI


   q t =  k B  t   1 α


     C e   q e =  1   K L .  q  max +    C e   q  max


    log ⁡   q e =   log ⁡   K F +  1 n   log ⁡   C e


   q e =  b T   ln ⁡   K T +  b t   ln ⁡   C e


     q e   q m =  K E  C e  e  -    q e   q m


  L   C 50


  K n o w l e d g e _ I n d e x   =   ( 𝛴   c o r r e c t   a n s w e r s )   /   5


  PControl   =   ( PC 1   +   PC 2   +   PC 3 )   /   3


  F r e q _ U s e   =   𝛽 0   +   𝛽 1   P E _ H a r m   +   𝛽 2   P H e a l t h _ R i s k   +   𝛽 3   K n o w l e d g e _ I n d e x   +   𝛽 4   C o n v e n i e n c e   +   𝛽 5   P r i c e   +   𝛽 6   D u r a b i l i t y   +   𝛽 7   H a b i t   +   𝛽 8   E n v _ A w a r e n e s s   +   𝛽 9   P C o n t r o l   +   𝜀


    𝛽 0
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    C × V m


  ×


  E = A × EF × (1 - ER)


  𝜋 = T R − T C  


  T R


  T C


  T R


  T C


    khối lượng dịch chiết nằm trong hạt nano  khối lượng hạt nano  × 100%


  N P V =   ∑  t = 0  n    C   F  t   ( 1 +  r  )  t  
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  C   F  t


  N P V > 0


  N P V = 0


  N P V < 0


  ±


  N P V = 0


  ±


    ∑  t = 0  n    C   F  t   ( 1 +  I R R  )  t = 0   ( 3 )
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  B / C =     ∑  t = 0  n      B  t   ( 1 +  r  )  t    ∑  t = 0  n      C  t   ( 1 +  r  )  t
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   X  ENSEMBLE,t  =  1 N   ∑  i=1 N   X  i,t


    B  t


    C  t


  B / C > 1


  B / C = 1


  B / C < 1


  ∆R = Runof  f  2023  - Runof  f  2020


   Q p   (  DOY = d ) =   Percentile p  ( {  X t : t∈Baseline,DOY(t)=d} )


  p ∈ { 0 . 10 , 0 . 90 }


     Q ~ p   ( d ) =  1 5   ∑  k=-2 2   Q p   ( d + k )


  𝜋


    max ⁡  t ( t a s m a   x  t )


    max ⁡  t ( t a s m i   n  t )


    min ⁡  t ( t a s m a   x  t )


    min ⁡  t ( t a s m i   n  t )


   1  n   ∑  t  ( t a s m a   x  t − t a s m i   n  t )


  SU35 =   ∑  t  𝟏 ( t a s m a   x  t ≥ 35 ° C )


  FD0 =   ∑  t  𝟏 ( t a s m i   n  t < 0 ° C )


    TX90p  y =  1    n  y   ∑  t ∈ y  𝟏  (  t a s m a   x  t >      Q ~  0 . 90   ( DOY ( t ) ) ) × 100 %


    TN10p  y =  1    n  y   ∑  t ∈ y  𝟏  (  t a s m i   n  t <      Q ~  0 . 10   ( DOY ( t ) ) ) × 100 %


    n  y


  y


    WSDI  y =   ∑  spell ∈   S  y    L  spell ,   S  y = { spell :     L  spell ≥ 6 ,    t a s m a   x  t >     Q ~  0 . 90   ( DOY ( t ) )    ∀ t ∈ spell }


    b  t = 𝟏 ( t a s m a   x  t >     Q ~  0 . 90   ( DOY ( t ) ) )


  L ≥ 6


    PRCPTOT  y =   ∑  t ∈ y  p   r  t ⋅ 𝟏 ( p   r  t ≥ 1  mm )


    Rx1day  y =   max ⁡  t ∈ y ( p   r  t )


    Rx5day  y =   max ⁡  i   ∑  k = 0 4  p   r  i + k , i ∈ [ 1 ,   n  y − 4 ]


    SDII  y =     ∑  t ∈ y  p   r  t ⋅ 𝟏 ( p   r  t ≥ 1  mm )    ∑  t ∈ y  𝟏 ( p   r  t ≥ 1  mm )


  p   r  t ≥ 1


    R10mm  y =   ∑  t ∈ y  𝟏 ( p   r  t ≥ 10 ) ,   R20mm  y =   ∑  t ∈ y  𝟏 ( p   r  t ≥ 20 )


    Q  p r , p =   Percentile  p  ( { p   r  t :   t ∈ Baseline , p   r  t ≥ 1  mm } ) , p ∈ { 0 . 95 , 0 . 99 }


    CDD  y =   max ⁡  [ a , b ] ⊆ y  { b − a + 1 :   p   r  t < 1  mm ,    ∀ t ∈ [ a , b ] }


   { (   t  i ,   Y  i )  }  i = 1  n


    Y  i =   𝛽 0 +   𝛽 1   t  i +   𝜀  i ,   𝜀  i ∼ 𝒩 ( 0 ,   𝜎 2 )


      𝛽 ^ 1


      𝛽 ^ 1 =     ∑  i = 1  n (   t  i −   t ˉ ) (   Y  i −   Y ˉ )    ∑  i = 1  n (   t  i −   t ˉ  ) 2 ,     𝛽 ^ 0 =   Y ˉ −     𝛽 ^ 1   t ˉ


  t


  t =       𝛽 ^ 1  SE (     𝛽 ^ 1 ) , SE (     𝛽 ^ 1 ) =   𝜎 ^    [   ∑  i = 1  n (   t  i −   t ˉ  ) 2 ]  − 1 / 2 ,     𝜎 ^ 2 =     ∑  i = 1  n      𝜀 ^  i 2  n − 2


  p


  t


  n − 2


  𝛼 = 0 . 05


    R 2 =   r 2


    t 0


    N T L  l o g =  ln ⁡  ( N T L + 1 )


    Y ^ (   t 0 ) ± 1 . 96 ⋅   𝜎 ^  1 +  1  n +    (    t 0 −    t ˉ  ) 2    ∑  i = 1  n (   t  i −   t ˉ  ) 2


    N T L  l o g


    N T L  n o r m =     N T L  i −   N T L  m i n    N T L  m a x −   N T L  m i n


  S =   ∑  k = 1  n − 1    ∑  j = k + 1  n  s g n ⁡ (   x  j −   x  k )


    N T L  i


  V a r ( S ) =   n ( n − 1 ) ( 2 n + 5 ) −   ∑  p    t  p (   t  p − 1 ) ( 2   t  p + 5 ) 18


    N T L  m i n


  𝛽 = m e d i a n ⁡  {     x  j −   x  k  j − k } ,   ∀   k < j


    N T L  m a x  


      C x V 2  V 1


  Mean   NTL   =    1  n   ∑  i = 1  n    L  i


      X ˉ  Era   ( s )


  s


    L  i  


   Δ   ( s ) =     X ˉ  Eval   ( s ) −     X ˉ  Base   ( s )


  Sum   NTL   =   ∑  i = 1  n    L  i


  Δ


    L  i  


  Med ( CDD )


  T ố c   đ ộ   t ă n g   t r ư ở n g =     N T L 2025 −   N T L 2014    N T L 2014 × 100 %


  Med ( Rx5day )


   { (   CDD  y ,   Rx5day  y ) :     CDD  y > Med ( CDD )   v à     Rx5day  y > Med ( Rx5day )   }  


    N T L 2025   v à     N T L 2014


   ln ⁡    N T L  i = β 0 ​ + β 1  ln ⁡  (   R D  i ) +   β 2  ln ⁡  (   M D  i ) +  ε  i


    N T L  i


    R D  i


    M D  i  


   ε  i  


  𝛴


  𝛴


  𝛴


  𝛴


    R D  i


    M D  i


    x ˉ


    x ~


  =


  ×


  C V = S D /   x ˉ × 100 %


  ≈


  𝜇 =   x ˉ


  𝜎 = S D


    H 0


    H 0


    p 0


  𝛼  


  ×  


  ×  


  ×  


  ≈  


  ×  


  ×  
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  𝛴
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  ×  


    ×  


  ×  


  ×


  ≈


  𝛴


      x ˉ  G 3


      x ˉ  G 4


      x ˉ  G 5


      x ˉ  G 6

