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Nhitng nam gan ddy, cdc cong nghé nhue- tri twé nhdn tao (AD), hoc mdy (ML), thiee 1€ o

(VR), cong nghé thong tin dia &y (GIT), bin sao ki thudt s6 (Digital Twin), vién thim RS} v.v.
dang phdt trién mjt cich manh mé, t@o nén tang thic day cong nghé “Tri twé mhdn tao khing
gian dia V" (GeoAl) phdt trién nhanh hon, nhue mpt xu hudmg ddy tiém ning. GeoAl la sw két
hop giita Geospatial va Al nwrgriodmyeuwcﬁngcdcmﬁmﬁhmnﬁy hoc sdu dé chiet
xudt, cﬁrdam dir bdo cimu.n:mg hién neomg, qud trinh gan vii tpa dg dia iy Lhu_}enngmh
Eanci:-mmgfung burdc tiép cdin, u&rgmonghmc&gug}w phdt irién iimg dung, cung cdp
thong tin, dit ligu, sdn phdm déin xudt theo luring nhanh hon, chink xdc hon, hiéu qud hem va
thong minh hom, trong d6 c6 co so dit ligu (CSDL) nén dia by - mgt sin phim cua do dac vi
ban di cor ban, Befmndup'cmacnayd:uﬁmmcn_gfuencwﬂxmlxu:pﬁwmnhimﬂngdﬁmr
tmg dung, ndm ri cong nghé, hinh thanh dugc quy trinh, xde dinh dwge bai todn va dank gid
dr:pch:éu:wucmcacméhmhhpcnmychammﬁfqrbmdﬂ Trmrgbmbaamsé’f:‘ingqm
cde nghién citu trong va ngodi medc vé GeoAl va dic rit mot sé vin dé Imng qm trink thiee
ﬁwn&em:m*ﬂfmp&}mﬁsé TNMT.2022.02.21, tie do d¢ xudt mot 36 vandec:inquma‘mn
dé cd thé phdt trién GeoAl trong linh vie do dac v bdn dé.

Tir khda: GeoAl, Dit liéu khong gian dia I, GIS, Al ML, DL.

1. DAT VAN BE

I dang phit trién mdt cach manh mé, mdt xu hudng cong nghé cita thé ky 21 [1].
AMlﬁnﬁngcglhg&nmgkhoahpcnﬁyﬁnhtmngchiétxuﬁphhkmidudu&n,

dur hdo cdc déi twong, hign twong ty nhién, kinh & %3 hdi, mdi truomg dwoe ap
dungthanhcﬁngtmngnlu&uhnh vuc khac nhau trong dévi sdng. Céc mé hinh d3 duoc
ph.atmmngé}rcmgnhmh,t&ugbmné—ntmnhunmtcﬁmﬁymptmngmduyltmng
minh cila con ngudi, thure hién cic nhiém vu phie tap hom, tao ra img dung cé thé tir hoe
va tr xir Iy céc dir liéu da ngudn ma chi cin rét it sy can thiép cita con ngudi. Trong céc
humgngh:enclmcua Al hwmav&mgmrwmdlmgmngmnhétdngmqu}etcéc
vﬁnﬁckhmggmhhgdullwkmglmsu Ung dung Al & tao 8p cac dit liéu khong
gmnsommétvnghuqumtnmgduLahuéngtm“m:imghna’quymnhﬂﬂnhlﬁpdu




Hoi thao khoa hoc va cing nghé:
“Cohng nghé dia khong gian théng minh trong quin Iy thi nguyén va moi trudmg”

liéu khéng gian sé. Thue sur Al dang mang lai nhilng tic ddng to lon, d3c biét dbi v cac
to chirc trong linh vire do dac va ban dd.

Trong bdi canh cdng nghé phét trién nhanh chéng, img dung cia tri tué nhin tao
vao cong nghé khong gian dia Iy d3 tao ra mft cong nghé mang tinh cich mang: tri tué
nhin tao khong gian dia Iy - GeoAl (Hinh 1). Hbi nghi chuyén dé vé GeoAl ddu tién da
duoc th chirc vao ndm 2017 tai Hoa k¥, da dit ra nhiéu thach thirc d6i v&i linh virc dia
khéng gian (geospatial), 1 nganh k§ thudt lién quan dén vi tri va cdc d6i twgng, hién
tiromg trong khéng gian, thasi gian, trong d6 céc dir lidu diu vao cho AT co thé bao gom
dit liéu c6 cdu tric va phi cdu tric dwoc nhur anh vién tham, dir liéu dam may diém, dit
liéu ¢é duge nr cic cam biénphl_lcvudiéutm co ban, do dac, qu.-antriu,v.v. va dir hiéu
déu ra 14 cic dir lidu dwoc cu tric héa nham phuc vu cic yéu ciu v& dir liéu cho cic img
dung khac nhau [2]. Trong cac nhanh nghién ciru cia GeoAl hién nay, viéc img dung cua
hoc may, dic bigt 1a cac thuft todn hoc siu, ngoai vige ty dong hoa tao Lip cac dir ligu
truyén théng, s& gop phin tao ra dir lidu din xuit méi va thong tin mdi ma rude diy kho
c6 thé ¢é duoc tir cdc md hinh phin tich dit liéu théng thuémg. Sir dung Al & phén tich
dit lidéu khong gian dia Iy s& ting téc quy trinh tao lap dir liéu, cho phép chiét xust nhimg
théng tin cb gia tr va giai quyét cic vin dé vé& khong gian. N6 sé gitp tao ra nhing sin
phim méi tir théng tin khéng gian, cip nhét dit liéu cii, du bdo cic qué trinh va hé tro ra
quyétdjnhmangl;im@ccﬁchmangdﬁli&uth&ngnﬁnhhmdmchiuhfmhmcd@a
khéng gian vi cac linh vy khéc ¢6 lién quan dén dit lidu vi tri [3]). Hoc méy duge st
dung d& phén tich dir lidu khéng gian va giai quyét cic vin 3¢ khéng gian bing cach sir
dung céic k¥ thuit phin loai, phin cum, dir dodn va dur bdo. Dir lidu khéng gian thé hién
mot s6 thudc tinh dic biét, nhat dinh, khién chimg khéc biét voi céc loai dir lidu khic,
nhu: sy phu thude khong gian, tinh khéng déng nhit khéng gian va quy mé cta khéng
gian. Pay 1a cac théng tin rit co gia tri trong viée nang cao dd chinh xac cua viée chiét
tach thoéng tin nhung trude diy it duoc si dung do thidu cac cong cu hoc may théng minh.
Sur ra din cha cic cong cu hoc sdu (mét nhanh cua hoc may) cho phép sir dung cac théng
tin nay trong viéc tao ldp va phan tich khong gian. Bén canh do, hoc sdu thuémg duoc sit
dung trong GeoAl dé tao ra dir liéu khdng gian phong phu bang cich tr ddng héa viéc
trich xuét, phén loai va phit hién thong tin khéng gian dia Iy tr hinh anh, video, dam maiy
diém va vin ban. B cong cu hoc siu nay di dirge tich hop vao mét sd phin mém, img
dung nhur ArcGIS Pro, Google dé nguiri sir dung khéng ¢6 chuyén mén siu vé Al ¢ thé
sit dung dé ding [4]. Bang cong cy AL cdu hoi “moi thir xay ra & dau d6” s& dugc tra 151
nhanh chong va chinh xac hom, cho phép cung cip cac thong tin cin thiét va kip thasi cho
viéc ra quyét dinh. Diéu ndy s& thiic &y nhimg bude tién méi trong nén kinh 1€ sé, nhin
t6 quan trong trong nén kinh t& toan cdu [5].

13



i :I i .
gkl e i L T
| | — 3 Level of Conpecttic®y
i Fast Teteraet & B3]
7. Dl | |

= [ g 11| — L um- Teohmdeezien
5. 5u ¢ Terb y
@ [ — gt il e

Hinh 2: mmuhﬁngdmgﬂké:mpvmph&m?mMGﬁmbﬁsmﬂTm:mm

Trong béi canh phét trién manh mé ciia GeoAl vdi nganh do dac va ban db, cac
quan,auuﬁumgnuaccﬁnn&mb&tmxuﬂ:-éphﬁ:uiéncfmcangnghe,d&ngm
nhmﬂlchéngtiépcﬁncécphélniéncﬁngnghémngﬁhhmné}fﬁénﬁngmhiéuq
trong su phét trién ciia nganh, ﬁﬁnggépvinphéthiénkjnhté-ﬁhﬁicﬁadﬁt nude.
bao nay cmgcﬁpcﬁakiénﬂzﬁcvﬁﬂﬁngﬁnt&ngqum vé s phét trién ciia Al va @
dm]gcﬁﬂnétrmglfnhw&ud&cvibﬁndﬁ,d@i&mwsﬁchuﬂécimgdmgmﬁtcﬁ
hiéu qua GeoAl tai Viét Nam.

2. DU LIEU VA PHUONG PHAP NGHIEN CU'U

2.1. Dir liéu nghién ciru

Dis liéu sir dyng trong nghién ciru ndy bao gbm:

—Eéccﬁnguinhng]ﬂ&nc&u,béihéﬁkhoah@cﬁmg va ngodi nude hén quan.
linh virc GeoAl va img dz.mgcﬁanﬁunﬂgﬁnh vuc dia Iy, do dac va ban db.
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Héi thio khoa hoc va cong nghé:
“Céng nghé dia khong gian thing minh trong quan by tal nguyén va moi truomg™

~Cac tai lidu hirdmg dan v& céc cong nghé Al, ML, DL va GeoAl cia céc hing cing
& & nhur ESRI, Google, v.v.

= D ligu khing gian dja Iy da duge sir dyng trong cac thir nghiém img dyung mo
E G bao gbm: Anh vé tinh, dnh may bay, dir litu nén dia Iv dang sé.

- K&t qua thir nghiém cic md hinh GeoAl duoc thyc hién trong khuén khi dé tai
 Boc cing nghé cip Bd mi sd TNMT 2022.02.21.

22 Phwong phip nghién ciru

- Phuong phap thu thip, phén tich, tdng hop tai ligu: Céc tai lidu nghién ciru trong
godi mude vé GeoAl duge thu thip qua cc ngudn khéc nhau, sau d6 duge phin tich,
@ Bop va danh gia dé nit ra céc nhin dinh vé xu hudmg phét trién va img dung GeoAl
vire dia ly.

- Phuomg phéip thir nghiém: Cac md hinh GeoAl dwuge dp dung thir nghiém vai dir
I¥ ciia Viét Nam nhim dénh gis kha ning (mg dung thirc t€ ctia chiing trong cong
&ac va thanh lip ban d6 & Viét Nam.

. ~Phsomg phap chuyén gia: Tham vén ¥ kién ciia cac chuyén gia trong linh vye Al va do
(hem & &€ dinh gia tiém nang, thach thirc khi trién khai tmg dung GeoAl & Viét Nam.

3. KET QUA NGHIEN CUU VA THAO LUAN
3.1. Cong nghé GeoAl
3.1.1. Céc méd kink Al co bén

HSktnhb&ycicmﬁhtuhhchdangdm;csﬁdmgnhiéuMgﬁnhmh@c
'my-ﬂécm&hhhnéyduqcchialﬁmhainhﬂmﬁagﬁmh@cmﬁymbﬁnvéhx
-ﬂﬁ:mﬁhinhh‘;rcnﬁ}rmbénﬂﬁﬂléduw&ngdungdmcéﬂhéiménnhﬁ}'éubaﬂ
= Boc may khong gidm sét, hoc may bdn gidm sat va hoc may ¢é giam sat. Trong cac
g mdy, hoc may co gidm sit 13 phuong phip duge sir dung nhiéu trong hai bai toan
e ahom |3 phin loai (classification) va héi quy (regression). C4c mé hinh co ban c6
# & r2 bao gom: Rimg ngfu nhién (Random Forest) [7], K-Nearest Neighbour (KNN)
B Cay quyét dinh (Decision Tree - DT) [9]. X4c suit cyrc dai - Gaussian Naive Bayes
2B, Support Vector Machine (SVM) [10], Gradient Boosted Machines (GBM) [11].
cic mé hinh hoc siu bao gom cic md hinh lén nhu: mang no ron siu (mang no
1 lop) - Deep Neural Network [12], mang no ren tich chip (Convolution Neural
%) [13, 14], May Boltzman (Restricted Boltzmann Machine — RMB) [15], Sparse
seencoder (SAE) [16], Recurrent Neural Network (RNN) [17], Long Short-Term
femory (LSTM) [18], Deep Belief Network (DBN) [19], Hybrid.




Hbi thio khoa boc va obng nghé:
“Cong nghé dja khong gian théng minh troag quin Iy ti nguyén vi mbi tredmg”
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3.1.2. Quy trinh trién khai phit trién vé img dung md kink hoc mdy
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Hinh 4: Quy trinh trién khai img dung Al

Quytmhch]mgkhlﬂn&lgpmétmhmhhocmay{hﬂ}bmcmxm(ﬁmhmgmn
cée bude: 1) Thu thap dir liéu; 2) Tién xir Iy dit lidu; S}Xacdmhmu:ﬂnﬁcunh,dmvmm
hmhhocsauthicacﬁuﬂctfnhsédumﬁmnhm“dinhimngqmtrmhhmnlwén 4)
Tachdﬁh&.lhrmnlu}énvakiémﬁmi)chﬂnmhinhhqcr:r&}rhogchocsau 6) Xay dung
muhmhv&t&uheuhuﬁnluy?:ﬂ,T}DHEglimﬂhmhvmduht;ukiémﬂ)mﬂ}Tmhtrﬁn
c&:ﬂmsﬁcmmhhuh,?)fmhchinhvﬁmﬂnmmhmh,li})Chmm&hmhtmlm,11)
Tn&nk:tmmﬁh]:nh.f]ﬁivélmlEnhwcmmmmchkhacnhaumadulwuiﬁuﬁukjm
nhau, kém theo cach tién xir Iy di lién dAu vao khéc nhau [21]. Ty thude vao vén dé cu
ﬂ:ecﬁdmnmhtnhﬁmhlnp:ﬂmhmquy,phmhm,mangmxmhmquy,mmgmmn
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“Cong nghé dia khdng gian thong minh trong quéin Ly tai nguyén va moi trurong”™

Boc sdu. Su khac biét co ban va dic trung chuyén biét gifr cic md hinh ML, DL ctia mbi
Eoh virc chuyén nganh 14 & cac bude lién quan dén chuwin bi dit lidw DSi véi md hinh hoc
sy binh thutmg, ngudi dimg cén phai xéc dinh céc thuc tinh cia dir lidu, dng théi xdy
@mg bd dit liéu thude tinh nay dé lam déu vao cho m6 hinh. Véi céc mé hinh hoc sdu, mé
snh cho phép nhén dir liéu thé ma khong cin phai x4c dinh thudc tinh lam dir lidu dau vao,
= nhién do mé hinh lém, ¢6 nhiéu tham s nén ddi hoi mét sd hrong miu hudn luyén lon.
BN vdi cic img dung dia khong gian, dit liéu thé diu vao c6 thé 13 dit lidu dang anh nhu
‘wién tham, 4nh UAV, 4nh may bay hodc céc dit lidu nhir d4m may didm quét tir cong nghé
LIDAR hoic cing nghé do anh trong khi do dir liéu dau ra 13 dir lidu dja 1y bao gém ca vi
kbiae gian va dif liéu thudc tinh [22].

3.1.3. Di liéu dia I diu vao cho cic mé hink GeoAl

Csc md hinh tri tué nhin tao img dung cho linh vyuc dia khong gian (geospatial)
@ &m viéc duge voi nhicu loai dit liéu khac nhau bao gbm dir lidu vector va dir liéu
@er [23]. D6i voi dir lidu raster, gdm cic 6 vudng dwoc xép theo hing va cot thi dir lidu
'w#0 hodn toan thich hop cho cac md hinh hoe s2u nhr mang no ron tich chip CNN
Tuy nhién, dbi véi cic dit lidu vector thi phirc tap hon nhidu va d& mé hinh tri tué
%20 hién nay c6 thé nhin dugc di lidu tir cac loai d6i twong nhu diém (points), dudng
@slines). hay ving (polygons) cin phai ¢6 mdt qué trinh duoc goi 14 ma héa vi tri
estion encoding). Viée ma hoa vi tri 1a qua trinh trich xufit cdc dac tinh cia méi dbi
pe i liéu tir vi trf véi dau vao 1a dit liéu vi o (vi du tea 6 cia mét diém bao gbm 2
ol phin toa d6 x, y) v dAu ra 1a mdt vector nhidu chidu trong d6 mdi chidu 13 mét dac
b i d6i twgng khong gian, ching han nhir khoang cch dén cac déi tuong lin cin,
' dﬁnghﬁvﬂicéc:iéitugnglénc&x\?ﬁm}rdénmnhiéuchiéunéyduwgl;:ilﬁ
sn embedding vector s& lai dwoe st dung lam vector ddu vao cho mdt mé hinh tri
siin tao & giai doan tiép theo goi 12 downstream model dé co thé phan tich két qua
pr= I céc théng tin mong mudn (Hinh 5).

Location Encoding Dieranisriisn Tl
| Lozation Embedding
50 =) T i
N s || testiral Menwark Cagt
= N =
S | - o Locatien (A S == P

i Encoder = OO~
=] 50 :

Lengiuds

5: Qud trinh md hoéa cdc thing tin vi tri ciia cdc doi tuong khong gian (SO) thanh
o mhiéu chiéu gom cdc dic tink cla doi tuong & tir d6 sir dung lam vector dau vao
cho cde mang no ron hoc sdu nhdm tao ra thing tin can thiét F23]
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Hinh 6: Md héa vi tri cho doi tuong dang duimg [24]

M3 loai déi twong duge md héa vi tri theo mdt mé hinh khac nhau va cho két qua diu
ra khéc nhau. Dit liéu dang diém duoc ma hoa thanh mdt vector pdm cic dic tinh cia diém
trong khi dir liéu dang duémg duge ma héa thinh mét ma trén cia céc dic tinh ciia mbi diém
niit trén dutmg (Hinh 6) tneée khi & qua mét mang no ron dang chudi (sequence model) dé
chuyén di thinh mét vector chira cac dac diém cia d5i twong dang dudmg [24].

Dir lidu dén vao cia cac md hinh hoc may khac ngoai mé hinh hoc siu thuémg [a
mét vector. Khi sir dung dit li¢u raster, chiing han dit lidu anh vién théam, d& phén tich va
xac dinh céc théng tin theo vi tri thi mbi diém anh (pixel) sé twong (ng véi mdt vector
trong d6 d¢ xam (grey value/digital number) cita diém anh d6 trén mdi kénh anh s& trong
fmg v&i mOt phin tir cia vector. Déi véi cac loai di lidu khéc, ching han diém trong d4m
méy diém thi dit lidu d3u vao cb thé 14 céc thude tinh cia diém 46 nhu cuémg dé phan
héi, d5 cao, v.v. Khi sir dung cac mé hinh hoc may nay vai dir lidu vector thi can c6 budc
phin tich, tinh to4n x4c dinh cac thudc tinh cia cic d6i nrong dir liéu va ket hop cac thude
tinh nay thinh mét vector ddu vao cho cac mé hinh.

3.1.4. Cong nghé cho GeoAl

(/ng dung lién quan dé sir dung tri tu& nhin tao cho hoc méy cho phép tich hop cdc
cong nghé co bian nhir hoe may, hoc siu, vién tham, loT. GIS, BigData, Cloud Computing.

a) Machine Learning 1 tru cdt co ban sir dung thudt toan d& phén tich va giai thich
dir lidéu khong gian dia 1y. Nnchnphepnﬁchéthﬂngﬂmﬂlumhmucaﬂmulunhvama
quan hé trong dir liéu khong gian dia 1y. cho phép lip mé hinh dy dodn, phin loai va
nhém nhiém vy, Céc thuit todn ndy 6 thé duge 4p dung cho cac loai dir liéu khéng gian
dia Iy khac nhau (anh v& tinh da phé va siéu phd, anh UAV, 4nh hang khong, dit liéu GPS
v dit liéu dang vin ban duge gin ma dia 1§).

bj Hoc sdu vugt tréi trong viée phin tich dir ligu khéng gian dia ly phirc tap va
khéng cé ¢u tric, ching han nhu cic khéi dir liéu da théi gian va anh vé tinh, hang khéng
va diém d4m may. Cac mé hinh nay cb thé tu dong trich xuét céc tinh nfing va mau tir bd
di liéu khong gian dia I¥ 16n cho céc tac vu cu thé. Trong hoc sdu con c6 cic md hinh
nén ting nhw Segment Anything, Presto hodc Prithvi-100M, dong vai tro 12 nén ting dé

18




Héi thao khoa hoc vi cong nghé:
“Cong nghé dia khong gian théng minh trong quan Iy tii nguyén va mbi truémg”™

mb hinh cy thé cé thé duoe ddo tao thém cho cée nhidm vu chuyén bidt. Tinh ning
cita cc md hinh nén ting 14 kha ning sir dung ddo tao trude rong rii dé thich img
cic nhigm vy khic nhau vai dit lidu dao tao bd sung thi thidu, khién chiing cue ky
qua. Ditu ndy trii nguroc véi céch tiép cin ML truyén théng, trong d6 cic mé hinh
duge dao tao tir dau cho timg nhiém vu.
erdeénngrﬁl&xmg&éugcﬁaGmM,cmg cépcﬂc:ﬁng cu dé lap ban do,
‘giin tich khong gian vi trire quan héa. GIS tao didu kién thudin loi cho viée tich hop céc
8% dit liéu khong gian dia Iy da dang va h{ tro vide ra quyét dinh cho nhidu linh vire khac
‘mhau [25]

d) Vién tham sir dung nhiéu loai cam bién trén vé tinh v may bay d2 thu thip dir
Béu vé bé mit, khi quyén va trén bién, cung cip nhimg goc nhin toan dién dé phén tich
% gidm st cac d6i twong, qud trinh, hién twong dia ly. Chudi dit lidu vién thdm da théi
ﬁmh&uqquanu‘pngchnhgcﬁumngm&hinhdubﬁuk]ﬁnggim thin gian.

d) Diz ligu Iém va dién todn ddm mdy cung cip co siv ha ting cén thiét dé xir 1§ higu
gua luong dir lidu khéng gian dia Iy khing 18, cho phép kha ning xir 1 va hru trit c6 thé
ma rong.

e) Cic thiét bi Internet of Things (IoT) duge trang bi cam bién, b thu GPS va mé-
&un truyén théng tao ra lwong dit liéu khéng gian dia Iy khéng 16 lién quan dén diéu kién
moi truong, higu sufit co s& ha ting va hoat ddng ciia con ngudi. GeoAl tich hop céc
luong dir liéu IoT cho céc img dung, cho phép dira ra cic quyét dinh dua trén di lidu va
can thiép chu donge.

3.2. Ung dung GeoAl trong linh vwe dia khéng gian
3.2.1. Ung dung cdc mé hink hoc mdy thong thuimg

Cac mé hinh hoc may thong thuémg dugc img dyng nhiéu trong xir 1y va phén tich
dir ligu khong gian [26] trong d6 cic md hinh phd bién duoc sir dung nhidu nhét 1a: naive
Bayesian, decision tree, Support Vector Machine, img ngiu nhién, mang no ron. Cac
thudt todn hoc may nhim gidi quyét mdt trong hai nhiém vy chinh 13 phin loai
(classification) va héi quy (regression). Bai todn phén loai nhim giai quyét viéc phin mét
d6i tugng dwoc dai dién bai mGt vector x vao mdt Ip . Mot trong céc bai todn phan loai
dién hinh 13 phén loai 16p phu tir anh vi&n tham. Bai todn hdi quy 14 vide sir dung cic
thudt todn hoc may dé xdc dinh gid tri diu ra twong Ung clia mdt vector x, vi du nhir bai
todn dinh gia dit tir cac yéu 16 thc dong dén gia 34t nhu khodng céch t&i dudmg giao théng
chinh, 4 réng mat tién, dién tich, v.v. Nhu vy, khi tim hiéu cac thujt to4n hoc may co
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thélamgnaidﬁli@uaiakhanggmmicénmdinhravénaénsngiaiquyétmiimidﬁ
liéu dia khong gian 1 gi? N6 thudce nhém phai thure hig¢n nhiém vu phén loai hay hdi quy.

Cac mé hinh hoc méy duoc sir dung rit nhidu trong img dung dja tin hoe, dic biét
14 céc (mg dung lién quan dén chiét tach thong tin tir dir ligu thd trong d6 phd bién nhét
I3 dir lidu vi&n thim da phé hodc siéu phd [26]. Phuong phap co ban nhit va diu tién duge
sir dyng 12 mé hinh hoc may Naive Bayesian, trong phén loai anh vién tham duge goi la
phumgphépxinsuﬂtcucdqi,ﬁuqcphathiéntﬂ'ﬁécxkdinhm swit ciia mdi diém anh
thude v& mét 16p ndo 36 dya vao x4c suit tién nghi¢m duoc tinh ra tir dir lidu mau [27].
Khi cac thuit todn hoc méy khéc dwgc phat trién, céc thudt todn nay déu din din droc
émg dung cho nhiém vy phan loai anh vién tham. Pau tién, thuit t04n céy quyét dinh cho
két qua khé tot va nhanh chéng dwoc img dung trong linh vyrc phin loai anh vién thim
sau khi duoc thir nghiém boi Friedl and Brodley vao nam 1997 [28]. Ciing cung trong
thisi gian ndy, mé hinh hoc may béng mang no ron da l6p (multilayer perceptron - MLFP)
hay con goi la mang no ron truyén théng (feed forward neural network) drgc sir dyung va
cho két qua cai thién nhidu so véi cic phuong phip sir dung mé hinh xdc sudt truyén
théng [29, 30]. Cac md hinh mang no ron da 16p nay thudmg sk dung thujt toan husn
luyén lan truyén nguoe (back propagation) véi mét 16p no ron diu vao, mot lop dau ra va
mﬁtlﬂ'pén(I-th?},Méhjnhnhﬁngiiuidéuvéﬂlﬁcﬁcgiéuid@xﬁmcﬁamﬁidiéménh
va diu ra la phan 16p cho diém anh d6. Vi du nhu trén Hinh 7 c6 4 kénh 1a Xanh 14 cay,
Pé, Cén Héng ngoai va Song ngén cin hing ngoai, gia tri ddu ra 1a cac 10p nude, xdy
dung, dét chua sit dung, d4t ndng nghiép, dét tréng, v.v. Tuy c6 mdt s6 nghién et thiy
nghiémmldmgmangnﬁmnsﬁuhcnvﬁhajl:ﬁpﬁnnhungvﬁisélumgmﬁuhﬁnlu}f&n
it nhur trong cac bai todn phan loai 16p phu thi diéu ndy d& din dén tinh trang overfitting,
nghia 12 mé hinh cé thé (mg dung 16t v6i di¥ liéu hudn luyén nhung lai cho ket qua khing
t5t khi trién khai [31].

Mt trong nhimg mé hinh hoc méy dugc (g dyng nhiéu trong phin logi 16p phi 14
VM [10]. Dy la thujt toén dua trén viéc sir dyng céc diém miu nam & gin bién giita cic
Iép trong khdng gian dbi tromg (feature space) va dwoc goi La cic support vector. M hinh
phin 16p s& tim cAc mit siéu phing (hyperplanes) dé phin tich giita céc diém nay theo
npuyén thc do rong tbi da (largest margin) (Hinh 8). MG hinh hoe may SVM duge img
dung va cho két qua rit tt theo cic dénh gid so sanh véi cic phuong phap nhu sir dung
mang no ron truyén thing, phwong phép cdy quyét dinh hay nhom cac phuong phap thong
k& nhir x4c suét cuc dai hay khoang cach toi thiéu [32].
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Hinh 8; Phdn logi bdng support vector machine ddi véi dit liéu ndm trong khong gian
doi twomg (2D) dua vie cde support vector (Cédc diém ném rén domg bién) [32]

Mot trong nhitg mé hinh hoc may duge dinh gis tit nhét hién nay 12 mé hinh rimg
mgiu nhién (random forest) [34]. Phuong phdp nay dwge phat trién tir phuong phap ciy
quyct dinh, wong do gidi quyét duyc vin dé thudng mic phai ciia phuong phép ciy quyét
dinh 14 hién tuong overfitting do viée phén nhénh ¢y quyét dinh duge thyc hién rit chi
fiét trén dir liéu mAu hudn luyén ma thiéu kha ning ting quit héa. Trong mé hinh ciy
gquyét dinh, viéc phén loai duge dua vio céc diém 1& nhanh, dirge quyét dinh bai cac didu
kién cho mdi thuge tinh cia dir lidu. Viée thyc hién r& nhanh s& két thic sau khi tit ca cac
didu kién déu cho phép phin loai dugc tip dit liéu méu. Breinan [7] d2 phit trién phuong
phap dyua vao nhiéu cdy quyét dinh trén cac tip miu con Ay tir tip mAu hudn luyén va sau
@6 sir dung tt ca céc ciy nay 38 phin loai cho dit liéu kiém chimg. K& qua phan loai wr
moi ciy quyét dinh tir cac tp con ¢b thé khic nhau, va két qua cubi cung s& 13 két qua
chiém da 6. Cé4c nghién ciru, dénh gis déu cho thiy mé hinh ciy quyét dinh 13 md hinh
hoc may ludn cho két qua t6t nhét khi tién hanh phin loai 16p pha di véi dir lien din vao
& céc 3 phan gizi khic nhau [35, 36].
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Hink 9: Cdy quyét dinh dwoc xdy dung tir cde diéu kién phdn nhdnh [37]

Nggodi bai todn phin loai 16p phit dé x4c dinh thong tin khong gian trén bé mit trai
dét 12 bai todn duoc s dung nhidu nhét, thust toin hoc méy con dwoc dp dyung véi nhiéu
vén d2 lién quan dén dif lidu dia khéng gian khic nhyr phan tich thong tin dja Iy trong dd
thi [25]. Naik va nnk [38] da sir dung mé hinh SVM dé phén tich vi chim diém mic dé
an toan ciia duémg phd bing viée so sanh timg cip anh dugc gén toa d6. Céc md hinh
mang no ron, thong ké Bayes, SVM v ciy qu}'étd.i_nhdm;lcsﬁdungkéthqpvﬁieécﬂmﬁl
todn ndi suy nhu Kriging hodc khoang cach t6i thiéu dé phan tich mirc d¢ & nhiém khong
khi [39, 40]. Thuit toan mang no ron nhén tao va SVM dugc sir dung d¢ du béo hrong
réc thai tai cac khu vuc 86 thi & Johannesburg, Nam Phi [41].

Céc md hinh hoc méy ciing c6 thé 4p dung mot cach hiru higu dé giai quyét cac phén
tich dit lidu khong gian phuc vu céc van d& vé ti nguyén nudc va cdp nuée [42]. M6 hinh
hoc may két hop voi phén tich théng k& da duge st dung dé phén tich nguy co 1o ri cta
nude dwéi dit vao nirde thai va nguoc lai trong nghién ciru cia Ting va nnk nam 2021 [43].
Dix lidu 16p phit, ciu triic thing dimg va cic tham s kinh té x4 hdi duge sir dung nhur ngubn
dit liéu diu vio cho mé hinh rimg nglu nhién dé xac dinh nhu cau st dung nude ngodi nude
sinh hoat cho cac thanh phé mién Tiy cia Hoa ky [44].

3.2.2. Ung dung cic mé hinh hoc siu

Céc fmg dung mang tinh phé qudt hién nay ciia hoc may déu lién quan dén st dung
cac mé hinh hoc su. Trong d6 tmg dung iy tiéng vang nhit 13 ChatGPT cia OpenAl 1
{mg dung thyc hién trén mé hinh ngdn ngir ln dugc pht trién tir méd hinh Transformer cia
Google [45]. Pi véi cic img dung trong linh vuc dia khong gian, cac nghién ci va img
dung hoc sdu chit yéu dugc phat trién tir nhimg nghién cim trong finh vire gin gifi 14 thi
giae méy tinh (Computer Vision) [46]. Nhimg img dung déu tién ciia hoc siu ciing dugc 4p
dmchﬁyéud:uﬁnhnmﬂdgﬁcmﬂyﬁnhwﬁnﬂﬂnhmgmmnﬁchd&p
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(Convolution Neural Network) do Hinton va nnk. phét trién tir ndm 2012 [14]. Mang no
ron ndy duge thye hién trén hai qua trinh dugc goi 1 convoluion va pooling.

L6p Convolution ¢6 vai trd chii yéu trong cde mé hinh mang no ron tich chap
(CNN). Diu vao ciia l6p tich chip thuémg 13 mét dnh, dwoe biu thi dudéi dang mét ma
trin c6 cde gia trj diém anh twong fmg véi 6 xdm. é tinh todn dwge 16p tich chip c6 thé
chay mdt cira s, cdn goi 14 kernel, thuong I cia 58 c6 kich thude 3 * 3, déi khila 5 x 5.
Saukhim’rasﬁchaytréntﬁ'm&nhﬂﬂdugcnﬁtmatrﬁnmfdcﬁgja’tithaydﬁi.ﬁduu‘én
Hinh 10 (2) cho thiy v6i cira 36 mau vang vai céc trong s tuong img véi mdi 8 1a {(1.0,
1) (0. 1, 0), (0, 0, 1)} khi chay qua s& cho gié tr ciia phin tir méi trén ma trdn ¢6 gid tri
=4. Nhur viy mdi mot kemnel s& cho mét lop dir liéu méi, 56 lwong 16p dit lidu ddu ra san
qud trinh convolution phy thudc vao sb luong kernel. Céc gid tri trong s cia m3i cira sb
duge xic dinh qua qua trinh hufn luyén mang.
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Hinh 10: Qud trinh thuc hién Convolution va Pooling trong mang tich chdp CNN {47]
iz i BT

Bach b dlicel @
Single Wter [F,) comision Sews Geenss (i, 6y, &) gl Uk 1 e DU MZisEion map
For 3 mal of 27 weights. (38 353 % 1) st
g kgt brirs = 18 raimabie VBT

Carranisgien Jpaemon Ay Rt
far a Srnta Fili Lssibion

Hinh 11: Tik di liéu ddu vao, thong qua qud trink convelution xdc dinh duoe Iop mdi
(ngudn: hitps:/learnopency. com/understanding-corvolutional-nevral-networks-cnm/)

23




Hii thao khoa hoc va chop nghé:
“Céng nghé dja khong gran théng minh rong quén 1y tdi nguyén va mdi wuwime”

Qui trinh convolved @81 voi mot tap anh din vao duge két thic bing vide céc gid
tri cia ddu ra dugc chay qua mot ham kich hoat. Trong cic mang CNN thi ham kich hoat
dirgre sir dung phé bién 12 ham ReLu [48] do tinh chit don gian va hiéu qua cta nd. Qud
trinh tinh todn mét lép convolution ur dir lidu ddu vio, thdng qua cic cira so va sir dung
ham kich hoat dugc trinh bay trén Hinh 11.

BcglamhuhthlmcmangmmnENNﬂumntphucngphnpﬂuﬂc sir dung d:':glam
kich thude duge goi 1a pooling. K thudt Pooling cho phep giam kich thwdc mang ma vén
gludugccécdﬁnunh{feanm}cuadﬁuwng PwlmglﬂqWMnhcmgsudmlgmﬂtm
sO (thudmg cé kich thuée 2 = 2) chay trén cic &nh nhung céc cira sd ndy chay noi tiep
nhauchukhﬂngchﬂngianiénnhaudoglamsmdu Zdummdungphublén.Hmhlﬂ
(b) biéu thi qu trinh Pooling tir mt anh ¢o kich thudc 4 x 4 xudng thanh 2 x 2 trong dé
mét cita $6 2 * 2 dwoc s dung. Qué trinh Pooling nay duge thl,rc hién vai thudt todn Max
Poulmg,tmngdoglamdlemanh:mh‘énénhdﬁumdut;-claylﬁglémlﬁnnhatcuacén
diéménhnémtmngmmsﬁl’mlmg Ngoai thudt toan Max Pmlmgthmmgmmaw
dung thuit todn Average Pooling, lay trung binh cua céc gis tri trong cira 56 Pooling.

Beraduquﬁquﬁphﬁnlnmcuﬁlcmgml\rmmﬁlmehthNNsEcnmﬁtmang
ncrmntruyénth.ﬁnglamn!fur:mmxécrimhcacketquﬁmﬂlcungmcacdacunhcménh
dwoc khii quat héa thong qua qua trinh convolution v pooling. Cae 16p dir lidu duge
chumbﬁavﬂl&mphﬁngﬂmﬂmawmmr Vector nay 1a ddu vao cho mang no ron truyén
th.ﬁngmngﬁnmmuﬁmnséhmngmg véi mét dac tinh (feature) duce mang no ron
kahmthéaﬂmmmmmgmmnfwd fbm*m‘dchmhlacacketqu&phﬁn
loai. Tuanhur.::k:ﬂmmsﬁcuammnhcmnhugiaujwﬂgsucmcéckmldmm
amhthﬁngquaquamnhhuﬁnlu én mang. Dusulucmgnamntmngnmgﬂﬂ?h&tlﬂn
mu&mI:mmluungdﬁhcumtlmmmdudéchnnmhmhhﬂcdumcachphanluw
Tuy nhén,nﬂlmanhmam@gh:cs&unhu%hkh&nﬁng“nhc"rﬁ:tatnmkhmﬁ
hmhtﬁth:qchuénlu}én‘d'ucuﬂienhﬁndangcacdmumngrﬁtﬁadang, giai quyét dirge
nhiéu bai toan thyc & nhu nhin dang chi¥ viét, nhin dang mit ngudi.

Dukh:inﬂzngnhucuamuhmhréllﬁl:umﬁcmnhmhhocsﬁurﬁrtth}chhupwuiﬁe:
g:hquy&tmcmdelsenqmndm@lu:ulm Mt khéc, w:.:n:l.mgdmg{:écmﬁhmhhoc
ﬁusegipkhékhhkhltﬁpduhéunhavammuduhcuhuénluvén din dén md hinh ¢6
déchmhxackmﬂuwmcammgdungvmﬂﬁngundmty viéc img dung hoc siu co
mét sb ru diém nhit dinh [49]. Néunhungmndulléuhlﬂnluyénlunﬂnnm:ghmsau
sElanmtglaJphiptoLhuan1u3¢nm&rtlﬂu3&dungmmmm,hnﬁcmlﬁnmmnmdmg
umnﬁtdﬁlmgngduhuunnnmt[nhchaltum:gh:thichicﬁnhuanluyfmbosxmg;’tmh
chinh mé hinh d& may co thé hoc duge. Hon nira, khic v6i mé hinh "hoc nong”, tic 1a
mcmﬁhmhthnngﬂmﬁngy&umuduhf;udauvéulﬁmtlchh:ﬁcﬁnphhhnhmén
thongqmgnaldc-auchuanb:duh&x,d&heudmwancuamanghocsauﬂmngﬂmhgl&
céc dir liéu thd ma ngudi dung khing phai xir 1y, ch.ﬁ.nghanu:vmhumutcénhmhuen
ﬂ:mn,ho&umattapmmnémmgdmgta} dlmgtumﬁhh]hho-csaultcannglrmmmg
phai c6 chuyén mdn siu vé dif lidu khong gian.
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Hinh [2: Sir dung hoc sdu dé phdn canh anh vién thém [50]

Céc mé hinh hoc sdu duge img dung mét cich nhanh chéng d& giai quyét céc vén
& lién quan dén dir liéu dia Iy ngay sau khi dwoc phét trién [51]. Péu tién 13 img dung
Boc sdu dé phin canh anh vién thim hojic dnh hang khéng theo thyc té trén mit dit dya
&én k¥ thudt dan nhén cho dnh cia khoa hoc may tinh. Viéc gin nhin anh nay khé c6 thé
thuc hign duge voi cée thudt todn hoc may théng thudmg do khéng thé chiét tich dugc
&5c tinh ciia mdi canh 4nh. Céc img dung niy chi yéu dira trén céc mé hinh da duge huin
fuyén (pre-trained model) v&huﬁrnluyénbémmgv{ﬁénhﬁénﬂﬁmdégﬁn nhin cho cic
canh anh (Hinh 12) nhu céc nghién ciru cia cic nhém Jiang vi nnk thyc hién nam 2016
wdi md hinh mang no ron hoc siu dwge hudn luyén sin VGG-16 va mé hinh XGBoost
152], Xu va nnk. [53] sir dung md hinh RNN két hop vai Random Forests (Rimg ngiu
shi¢n) 4 gén nhin anh vién thim, Petrovska va nnk [50] vao nim 2020 sit dung hang
foat cic md hinh hoc sdu duge dio tao sin nhu DenseNet121, ResNet50, InceptionV3,
Xception dé gin nhin cic cinh anh hang khong vdi d6 chinh x4c cao nhét 18n t6i 98%
ic canh anh duoc nhén dang bang mé hinh ResNet50.

Foature maps

Gonvelufions Subsamping Comoiuions Subsamoiing  Fully connected

Hinh 13: Mang CNN phuc vu gein nhan cho canh dnh
(Nguon: Pengyuan liu, Filip Biljecki. 2022
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Mé hinh hoc sdu ciing dwge sir dung kha nhidu trong tién xir 1y 4nh vién thém [54].
Mé hinh CNN hoc sdu cé thé duge img dung dé khir nhiu trén anh [55, 56]. Pic bigt
trong tién xir Ij anh vién tham, viéc st dung céac k¥ thudt tron rét quan trong trong viéc
néng cao 46 phin gidi khéng gian cia dnh da phé bing cich wdn dir liéu anh toan sic va
anh phé d2 c6 dir liéu anh phd méi c6 d§ phin giai khong gian ciia anh toan sic. Cic md
hinh hoc siu da dugc sir dung dé 1dm nét anh phd bing anh toin sic (pan-sharpening)
trong cac nghién ciru cia Masi va nnk (2016) [57] va Ciotola v nnk (2022) [58]. Péu
tién thi mang no ron CNN duge sir dung dé 1am nét anh phé, sau @6 mé hinh nay duge
ting crdmg bang dir liéu hudn huyén & nhidu dé phan giai khac nhau da cho két qua tbt so
v&i chc phuong phép truyén théng. Ngoai viée sir dung anh todn sic d€ ning cao d6 phin
gidi anh phd, cic mb hinh hoc sdu ciing dirge sit dung dé tién hanh ning cao 46 phan gidi
ciia anh phd ma khéng dimg dén anh toan sic trong dé sir dung cic mé hinh hoc siu da
duoc hudn luyén 42 thuc hién siéu phin gidi anh thong thudmg [59]. Hang loat cic md
t&nheﬁitiéuc&amgngmmnhc}csiumﬂdﬁduqc sir dung trong cic nghién ciru cia
Miiller va nnk [60], Salvetti va nnk [61] d& nang cao d phén gisi ctia c4c anh da phé theo
timg kénh hodc da kénh.

Ddi voi img dung phén loai anh vién tham/hang khéng thi nghién ciru thuimg sir
dung céc mé hinh mang hoc sdu U-Net 14 két hop cia hai mang no ron tich chip dé thwe
hién qué trinh segmentation nhu ng dung phin doan trong sit dung céc mé hinh hoc may
dbi vai dit lidu anh phé théng [62]. Diém khéc bigt ddi véi mé hinh hoc méy théng thuémg
trong phén loai kyp phu thi md hinh hoc sdu cin bé dir lidu husdn huyén rat lém. Mét s6 bd
dir lidu chudn di dvge x4y dung d2 gitp hudn luyén mé hinh nhu bd dir lidéu cia FuroSat
[63]. P4 c6 nhiéu md hinh hoc siu dwoc sir dung dé phén loai dir lidu trong d6 c6 phin
logi theo timg diém anh va phin loai ci cinh anh (Hinh 14). Phin loai timg diém 4nh s3
nhin diu vao 1a mét cira 55 va dén ra s 14 l6p phi ciia diém 4nh rung t3m hodc 13 1ép
phti cia ca cira s6. Nhir viy, mé hinh phin loai diém anh 32 gidng nhu cdc mé hinh mang
no ron CNN théng thuémg voi 16p cudi cing 13 mdt mang no ron truyén thang két n6i
toan phin, trong d6 nhin d4u vao 14 cac dac diém nhin dang 3 duge cc 16p convolution
va Idp pooling tinh todn. Phén loai & canh anh s& nhan diu vao 12 mét canh 4nh va diu
ra li canh anh d6 &3 dugc gan 16p phit cho tat ¢a cdc diém anh trong canh dnh. Phin loai
ca canh anh st dung mang U-Net, trong d6 gbm hai qui winh & downsampling va
upsampling. Qua trinh downsampling sir dung mét mang no ron CNN thdng thudmg cho
dénl&pcué-icﬁnglémc}tvector.@ﬁh‘inhupsamp!inglﬁquétinhngu@claicﬁa
downsampling, chi c6 khac biét 14 16p cudi cing 13 mot 16p gdm céc Iop phit. Cac md
hinh hoc siu khac nhau nhu VGG, Inception ResNet, DenseNet di duoc thir nghiém de
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Ioai anh vién thdm va d2u cho két qua co d¢ chinh x4c cao hon nhidu so véi cic
phép hoe mAy nhir SVM, rimg ngAu nhién [64].
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Hinh 14: Mé hinh hoc sdu phdn logi timg diém anh vi phin loai cd canh anh [62]

Ngumbmﬂinp!mnlaa;cﬁcmﬁhmhhocsaucﬁn&u{mungdlmgmétmchmng
ﬁmﬂmhéﬂl,mdmhdélhmgdmlynﬁnhh[ﬁﬂ] Cécﬂmluwgnhuduﬁng,nha
S V.V ha}rc;:iclimhrqngmucueuquﬁnsutrmanhnhumﬁyba}',xcﬁngnért!r:nhﬂn
ﬁ:gvﬁduﬂ]ﬂmbﬂﬂgcmmﬁhjnhhgcmumdﬁhéu&nhﬂmthém,hnécdﬁhé_u
&nh may bay khéng ngudi 1di [66]. Cacmﬂhmhtn:saumménhﬁndangmcdélumg
-&cﬂchdadangvacacnﬂhinhse&u{;vchuanluyf;nmdmhbnungdechinhﬁndang
-kmdétnrmlgnhﬁtmuhﬂlmmanhcﬂacécmmmgulaﬂuﬂngnhmdgng
iheo cd hinh dang va kich thudc, kha:vhmmﬁhinh'!mcuong chuyr:unhéndang
theo gia trj phd, tirc 1 mau sic, dnxmncuadﬁtmm:gduwnh&dang Viée img dung
€ac md hinh hoc sdu s& mé ra kha nang nhén dang cac ddi trong dia Iy theo céc dac didm
hinh hoc, kich thude va mau séc.

Ngodi cic img dung véi dir ligu anh vién thém, cic mé hinh hoc siu con hd tro phin
tich cdc loai dif liéu khong gian khéc. Cac mé hinh hoc siu ciing cho phép phén tich céc
lﬁ!hwdammﬁy&]em [67]. Dﬁl:cudammﬁyd‘:émauﬂmdocm:chepbangc&mang
hwsﬂnﬁchﬂkéiquadm]mlﬂmdmmﬂngﬂmggmnhutmngnghn?ncirucun@
vannk [68]. ManghncsﬁuDNCNNduwcxaydgmgbmWaugvﬁmk[ﬁQ}chnp]Rpphan
uﬂdﬂhéudangsud&dlemdelﬁydmmﬂwngnnktfmggm Céc mé hinh hoc siu
uﬁ:gdmphépﬁmw&ummdﬁhéu&mgnh&vﬁngnmmdécmgmpmﬂﬁnghn
khéng gian can thiét [70].

Ung dung cita mé hinh hoc sdu cho dif liéu GPS c6 thé c6 thé k& dén nhu: S dung
di ligu théi gian thyc dwoe thu thip tir céc tram thai tiét dia phuong, hrong mua va dong
27
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hé do céng dé thu thap dir liéu thai gian thuc trong cac mé hinh thity déng luc hoc nhim
cdi thién du dodn i lut; kéthapcécquana&ttﬁnsécaﬂdiaphuungvﬂigjémsitv&&
béo khu vue, ciing véi viée theo doi tin nhdn x3 héi theo khéng gian dia Iy (vi dy: bé
dangmécﬁcsuhéndmgmgnra}démmgcﬁpcﬂnhbéﬂwmdumcmthlénvécacu
ﬁunghmurﬁﬂg,sudmgduhf;uc&uamemdumxulyhmhe’mhdéhltui..ﬁunum uhh‘
han nhu vi tri bé mit nudc va ngudn cap dir lidu tir mang xi hdi d& xdc thue theo thin
gian thyc cac mé hinh 1 Iyt ndi lén, hay tich hop dit lidu cam bien khéng dong nhit thes
khong gian tir dong chay va chuyén dong véi tin nhan xa hdi theo khong gian dia Iy, cée
camera cong cong va dir liéu khac d& dat duoc hidu biét tot hon vé déng luc hoc tam thés
ctia céc tac dong [71].

Viée xir Iy dit lidu GPS, dic biét la dir lidu GPS dong tir nhiéu loai cam bién vi =
khac nhau ciing cin c6 sy tham gia clia céc mé hinh hoc sdu. Mt tmg dung tha vi la sy ke
hop gitra RNN va Restricted Boltzmann machine [72] duwoc dp dung dé phén tich dir iée
GPS nhim dir dodn sur tién trién ciia the nghén trong mét mang luéi giao thong. K thui
ndy dur doan hiéu qua cach ma tic nghén & mét noi c6 anh hirdmg lan toa dén cac dia didm
khéc. Dir liéu GPS ciing d3 dugc phén tich béng cac k¥ thudt hoc sdu 3¢ quan Iy tii nguyés
mit cach higu qua. Vi du, trong nganh xdy dymg, mo hinh hoc siu s& giup cho viée sir dung
hidu qua xdy dung cac thiét bi c6 GPS thong qua gidm sit va phin tich [73].

1.3, Thao luin

3.3.1. Hiéu qud ma GeoAl mang lgi cko thanh lgp bin db dia Iy

GeoAl trude hét s& thic diy thic diy qua trinh tr ddng hoa cac mét sd bude xir Iy
va phén tich dir lidu GIS, dic bi¢t trong nhén dang, giai doan, phan loai anh hang khéing.
UAV, vé tinh dé thanh lip. cdp nhat CSDL nén dia Iy, nhr d& tai KHCN ma s
TNMT.2022.02.21 dang thuc hién. Ty dong héa céc quy trinh ma & 36 sit dung nhiéu las
déng s& gitp giam théi gian va nguén huc can thiét cho phin tich thi céng, d4m bao ting
ning suft.

Mét yéu cau quan trong ciia ban do dia 1y dd 1a chat heomg va dd chinh xéc
GeoAl s lam tang hiéu quﬁvﬁdﬁchinhxéccﬁaﬂ:ﬁngﬂn,dﬁ:liéudﬁura.ﬂécﬂ:u&tmh
tn'tuénhhtgﬂ&ngdgmgchadﬁliéukh&nggim-(}mﬂlcﬁﬂ;éu,rd@ngpb.ﬁnﬁchluﬂ
16m dit liéu dia 1y khéc tir cc mAn, mdi nrong quan va xu huéng, da dinh dang, da npude,
co thé tr ddng héa cic tac vu Lip di 1ap lai... (https://mapscaping.com/geoai/) dé tao ra
dit lidu méi c6 36 chinh x4c s& cao hon so véi vide phin tich thi céng khi xir Iy thudt toés
danh gia. phén tich va méit nhiéu théi gian hon.
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Hzn ché, kié khin kbi ing dung GeoAl trong di lifu khéng gian dia Iy

| hét,d&laphﬁnmncacmahmheeumaaammjéﬂapmennaydéudu
& béo tir anh v§ tinh, hang khong, UAV, nhumg chira 6 nhidu tmg dung ddi véi
¥ector. Thir hai 14 cic md hinh GeoAl hién nay phén I6n doi héi mét lugng dir
myem‘ﬂan,aaikmmmméammmtmngdiéukienﬂemmnﬁham
ﬁlp:gmétbéIrﬁudaiiliénIﬂndédéutauméhinhhwsﬁurﬁztﬁnkérn,ﬂovay,
stic can thiét 14 phai xdy dume céc bé miu dbi tugmg dia 1y riéng cia Viét Nam
wchnmphﬂttrién&ngdunghlnmgﬁnhmkhnahocdiakhénggian.Sukhﬁng
: ﬁtcﬁac&chié-nlm,mgdialigéykhékhﬁnchuﬁéckhéiquﬁih&at&ﬁngdungn&y
3 ingd%,mgkhéc.ﬂﬁikhﬁdéu&mﬁtmﬁhinhﬁen.ﬁlkhéiquﬂlhﬁan‘rnguénmﬁuénh
. %20 nay sang dp dung cho mé hinh khée, do ¢6 céc dic diém quang phé khac nhau
khdng 6 hudn luyén bd sung dé tinh chinh mé hinh. Thi ba, cic md hinh GeoAl
I;iitcﬁngbé\'éms&khnahqohaylj'muyétdacmmgcﬁcmﬁmnhﬁngdmgm
mygiéngnhum@thﬁpdmnénngu&imkdmgkhﬁngnﬁmbétdmméiquanh&
c&cbién&énv&nvéﬁumkhisﬁdl_mgmﬂhinhhgcsﬁ:;gi&puguéidpcglﬂ.iﬂﬁch
qué, vi vy han ché kha niing giai thich mé hinh.
Khﬁnggiéngnhunhi?mmﬁhhmmémgkémﬁngthuﬁng,nhiéumﬁhlnhmmuﬁng
:ﬂmmétgi.-itridu}rnhﬁrmékhﬂngcungcé‘ipmﬁt“phamﬁkhéﬂgchécchﬁn”.Kétquﬁ
ﬁyuﬁﬂ:émétphﬁnlﬁdnc&cmﬁﬂnhﬂﬁu&ngcuidﬁli&;daﬂml&cécbﬁnghidfr
B2 don gidn, thay vi céc mAu duoc nit ra tir c4¢ ban phin phéi nhir hiu hét cic mé hinh
ifmgk&Tmngkhirmjtséphucngphépdinhlmgk}ﬁugnhécchﬁndﬁdumdéxuﬁldé
Boc siu wong tii ligu, chimg ta c6 thé cin suy nghi v& cich tich hop va cai thién cac
ﬁrmgphépnhuviytongngtﬁéncmﬁmﬁdvécichdch.r&mgs:,rkhﬁng chéc chin
khdc nhau trén cac vi tri dja Iy khic nhan,
3.3.3. Mt 55 vin dé cin quan tim
Céﬁnglﬁéncﬁucmgcﬁpmahinhdﬁntgn,muﬁénnﬁucﬁEmdétn‘:dénguﬁidimg
<6 thé phit trién va khai thac t4i nguyén dimg chung [74]. ESRI di cung cdp 50 mé hinh
DLduchéﬂtaaaﬁn,nguﬁidimghnécnhfmgnguéimﬁiﬁépcﬁnﬁLDL,h[Lxemliéu
mot md hinh co phit hop vai tinh hudng cia minh hay khéng. Céc m hinh niy duoc thiét
kéﬂéﬂmchi%nﬁctécwﬂﬁcnhmgchﬁnghgnnhummmmg,phénlﬂ@gbié:l
t:fp,phzithiénvéthmdﬁi,'sfrdgngnﬂlmnghnhhhhﬂ;viv@ynguﬁd]mgmﬂlébét
dﬁuh‘id‘trnﬂiphﬁn]@ﬂivﬁphéthiéndﬁﬂéumékh&ngmﬁtﬂ;&rigianvéﬁjnguyénchuy&n
ﬁudédénhnmﬂhhh[ﬂ].ﬁgm&idﬁngmhgcﬁﬂmmgﬁnhchhhcécmahinhm
ﬂom&nuﬁythmnhuﬁ?nwmémhm.wgﬁimmﬁvﬁngummmqu}rum
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l4m viéc tity chinh, ho cd thé xem lai danh sach nhiéu mé hinh hoc sdu ¢6 siin va sir dung
chiing dé dao tao m6 hinh cua ho bing cach sir dung di¥ lidu cia riéng ho, tuy nhién vige
sit dung che mé hinh c6 sin s& thiéu hiéu qua vi cdc dir liéu thiéu céc dic tinh dia phuong
& Viét Nam. Vi vy, rit cin thiét c6 cic bd dir liéu huéin luyén d& gitp cho phép hudn
luyén bo sung/tinh chinh cic md hinh nay.

Mt sb nghién cira dirge thure hién tai Viét Nam 2 va dang thiét 13p mdt sb thust todn
hoc may mé ring cho mét loat cac dir lidu c6 cu tric va phi clu tric trong “danh muc d6i
twong dia IV co s&” trong CSDL nén dia ly qudc gia ty 18 1:2.000, 1:5.000. Tuy nhién, 4¢ dat
duroc hiéu sudt va db tin ciy cao cin phai c6 bd miu tip hudn du kom, &4 da dang, di phic
tap kém theo cdc bd didu kién phi kbéng gian 8¢ mé hinh “thong minh” hom.

Ciing nhir dbi v6i céc dit lidu khac, dir lidu (mg dung cia GeoAl thudmg lién quan
dén vigc thu thap va xir I dix liéu vi i tir nhidu nguda khic nhau, bao gdm thiét bi GPS,
dién thoai thong minh va cam bién... vi viy cin sém c6 nhimg nghién clru, dé tao hanh
lang phap I lién quan dén phat trién GeoAl va dit lidu lién quan dén thang tin ¢4 nhin,
béo mét va bao vé bi mit nhi nude d8 tmg dung cho nhiéu Iinh vyce lign quan dén théng
tin khong gian va dia ly.

Sur “khé hifu/mér duc™ ciia mot sb thudt 1oan Al co thé 1am lo ngai vé tinh minh
bach va trach nhiém gidi trinh. Néu cic quyét dinh duoc dira ra bévi cac hé thing GeoAl
khdng thé giai thich hodc khong hiéu dugc, thi giita cic bén ¢6 trich nhiém chiu trach
nhiém khi tao ra két qua tiéu cuc sé trar nén kho giai quyét. Do vy cin c6 quy dinh vé
danh gid d6 chinh xac, yéu ciu vé d6 chinh x4c khi 5ir dung cac mé hinh GeoAl

Can xdy dimg quy trinh va hwémg din, d3o tao va ning cao ning lyc cho img dung
trong nganh Po dac ban d6 va thong tin dia 1y: Xiy dung sb tay trf tué nhin a0 khong
gian dia 1y 13 tAi liéu quan trong cho cac nha gido dyc, sinh vién, nhi nghién ciru va céc
k§ thuit vién sit dung GeoAl trong céc linh virc khoa hoc thong tin, méi trudmg va tai
nguyén thién nhién, khoa hoc dia I¥ va bin dé. Trong d6 cin phai d& cap dén: Ly thuyét,
phuong phdp. cong nghé, ‘mg dung va quan diém twong lai cia GeoAl; Cac ing dung
GeoAl va nghién ctru dién hinh trong thurc t&; Cung cdp céc tai liéu bd sung nhir di¥ ligu,
mi 1ap trinh, cong cu va nghién ciru dién hinh: Thio luin nhitg phat trién gin diy cia
phuong phip va cdng cu GeoAl; Cac déng gop cia cac chuyén gia hing diu trong cac
chui d& v& GeoAl tién tién.

Cho dén nay mét loat cic giai phip GeoAl - bao gbm cic md hinh dugc déo tao sin
(ctia ArcGIS. Trimble), céc md hinh c6 thé dugc tinh chinh 3 gii quyét céc vin dé cu thé
va chc md hinh ty chinh - dap img céc nhu cau suy gisi d6i tugng dia 1y theo cac tidu chuan
quéc gia hoac quéc té, tuy nhién dp dung trong suy gidi, du doan doi tugng dia Iy cha Viét
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ﬁiphéicﬁnglﬁ&cﬁuchuyénsﬂuch);ﬂlﬁhqpvéicécchitiéukfmuéicﬁa‘hfiét
ﬁcﬁétlﬁﬁgk:h‘tmgdialj’nimdéimqngdialfﬁnuﬁcm.ﬂv@ychﬁngbﬂikiénngtﬁ
' ﬁnﬁi:hmgnhﬁmﬂlﬁcdé}'mnhméﬁngdmtgﬁmhln'mgmgiéi,dl_:dﬁén,giéi
ﬂmwgm_al;;phmwcmgmmanhlapvaaspnhatcsuméndiawu.uécgiahm
ﬁydwgmﬁhinhhocnﬁy,hqcsﬁudénglﬁénc&ugiéiquyétréchéimmwdéng
_ tnngﬂ:ﬁnhlap\'ﬁcipnhétCSDLnéﬂﬁialj.Thﬁhain‘nngnghiéncﬁudialjud&liéu
nnﬂmbngﬁuqcthuth#mmétkhuwmdial?nhénﬁnhvﬁdodé,c&thékhéﬂﬁn
: nﬁtmﬁhinhduch‘ﬁﬂtacs&dmgdﬁﬁéur&m@tk]mwcdialfdéﬂmchi&nﬁtu'én
iﬁuﬁrcﬁckhuwukh&c,ﬂudé,séncécénb@nﬁuhuénlu}'éntréﬂnhiéukhuvuckhﬂc
i Thit ba, hiu hét cae mé hinh Al ngdy nay duge phit trién dua trén b dir liu dao a0
i viy cn thiét I3p dugc yéu ciu vé dd chinh xéc cho di liéu nay.

4. KET LUAN

GeoAl 14 mét linh vyc dang phét tridn nhanh chéng véi nhidu hirang di kha thi cho
e img dung cao cAp, giai quyét hay quyét dinh cac vén dé vé dir lidu cho nganh do dac,
Hnaé.usmaugﬁnigamvéndédauﬁmdalacénphﬂchﬂmgmngmmm
sgudn nhan lyc nghién ci c6 nén tang va hdi di chuyén mon v& khoa hoc may tinh va
Soa hoc khong gien dia 1y, méi dip ing duoc yéu cdu nhi¢m vy. LA mt cong nghé doi
h:':ing:r&riﬂiamgiacét.rinhﬂ@chuyénsﬂuvﬂc&u,sﬁdungcéccﬁngcugﬁmcécﬂmét
sodn phitc tap, va céc k¥ thudt doi héi sir sang tao cua riéng timg ngudi xiy dymg md hinh,
ﬁv@yuﬁnmquanmﬁnhlﬁpbandéphammmm@xmaimwmvieuhuﬁu
ngﬁ.}p,ﬁrdiéukienhgtﬁngaénmhumgngmencmaambéumﬁngmhaumvﬁ
mthéphanriéumhi@nmy,mamdﬁchﬁngmphﬁdimm@tbmdémnaﬁmm
mmtrﬁnmxlgchucécchu}ﬁnngéﬂlkhécphﬂui&.
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Summary

GeaAl: Technology and tools for application in geospatial domain
Newyen Phi Son

The Viet Nam Insiitute of Surveying and Mapping

Neuven Quang Minh
Hanoi University of Mining and Geology

In recent years. technologies such as artificial intelligence (Al), machine learning
(ML), virtual reality (VR), geographic information system (GIS), digital twins, remote
sensing (RS), and so on. have been developing rapidly, laying the foundation to accelerate
the development of "Geospatial Artificial Intelligence” (GeoAl) as a promising trend.
GeoAl is the combination of Geospatial and Al. primarily using machine leaming and
deep leaming models to extmract. predict, and forecast objects, phenomena, and processes
associated with geographical coordinates. The geospatial community has also been
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gradually approaching, enhancing technological capabilities, developing applications,
and providing information, data, and derivative products in a faster, more accurate,
efficient, and intelligent manner, including the geographical database (GDB) - a basic
geospatial product. To achieve this, scientific research must be application-oriented,
thoroughly understand the technology, establish processes, identify problems, and
evaluate the performance of machine learning maodels for geospatial data acquisition. This
paper reviews both domestic and international research on GeoAl and focuses on several
issues encountered during the implementation of the Ministry-level scientific project code
TNMT.2022.02.21, thereby proposing several concerns that need attention to develop
GeoAl in the geospatial domain.
Keywords: GeoAl Geospatial data, GIS. AL ML, DL.
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