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Tom tat:

Tri tué nhan tqo hién nay da va dang dwoc 1ng dung rat hiéu qua trong nhiéu linh viee. Pd cé nhitng nghién
ciru sir dung cac thugt toan hoc mdy dé phan logi 16p phu sir dung ddt tir anh vé tinh Nghién cizu nay siz dung Al véi
thugt hoc mdy Random Forest dé phan logi, giam sét cac 16p phi bé mat siz dung dat tir anh vé tinh Sentinel-2 tgi
khu virc qudn Bac Ter Liém, Ha Néi giai doan 2019-2023. Két qua cua nghién cieu da cho thay suy giam dién tich
cua lop thuc phu Thuc vdt day la 5.32%, nguoc lai, sau nam 5 dién tich khu vuc ddn cw tang 5.27% twong dwong
232.80ha..
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Abstract:

Artificial Intelligence is currently being applied with great effectiveness in various fields. There have been
studies utilizing machine learning algorithms to classify land use, land cover from satellite images. This research
employs Al with the Random Forest machine learning algorithm to classify, and monitor land use, land cover from
Sentinel-2 images in the Bac Tu Liem District, Hanoi, during the period 2019-2023. The results of the study have
indicated a decrease of 5.32% in the area covered by dense vegetation, while, conversely, the residential area has
increased by 5.27% equivalent to 232.80 hectares after 5 years.
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1. Mé dau

Cong nghé vién tham va hé thong tin dia 1y da va dang phat trién rat manh, cac phuong phap
phan tich, d4nh gia vé bién dong sir dung dét, vé do thi hoa ciing ngay cang trd nén thuan tién va co
higu qua [1].

Trudc day da co nhitng nghién cau sir dung mot sb thuat toan nhu Maximum Likelihood
Classifier (MLC), Minimum Distance Classifier (MDC), K-Nearest Neighbor (KNN), Support
Vector Machine (SVM), Random Forest (RF) va Classification and regression tree (Cart) [2-5] dya
trén cac phan mém thuong mai chuyén dung dé phan loai 16p phii bé mat dat tir anh vé tinh, mot sé
nghié ciru ndy c6 thé ké dén nhu cua cac tac gia Talukdar ndm 2020, Szuste nam 2011 [6, 7]. Cac
hé thong phan mém nay da chimg minh dwoc hiéu qua caa minh, tuy nhién tén kém kinh phi cho
viéc thué, nua cua cac don vi s¢ hitu ban quyeén.

Hién nay, di c6 nhitng nghién ctu trén thé giGi sir dung cac thuat toan hoc may dé phan loai
I6p phu nhu 1a cia Swetanisha nam 2022 [8] Tai Viét Nam trong nhitg nam gan ddy ciing c6 mot
s6 nghién ctru da ung dung tri tué nhan tao (Artifical Intelligence - AT) dé phan loai 16p phu st dung
dat tir dit liéu anh vé tinh, c6 thé ké dén nhu nghién ctru cua tac gia Pang Thanh Tung nim 2023
[9]. Hoic nghién ciru ctra tc gia Nguy@n Thi Huyén Trang va cong sy ciing da sir dung thuat toan
hoc may SVM dé phan loai, xac dinh cac 16p phu sir dung dat tai khu vuc Bac Tir Liém Ha Noi ndm
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2023 [10]. Két qua cua cac nghién ciru nay da st dung thuét todn hoc may dé phan loai duoc mot
s6 16p phu bé mat caa khu vyuc nghién ctu, tuy nhién dé nang cao hiéu qua hon nita can co két qua
phan tich cua nhiéu nam lién tuc dé theo doi, giam sat bién dong 16p phu sir dung dit theo cac giai
doan khac nhau.

Ngoai ra, mét trong nhiing nén tang ang dung hitu ich khac cd thé ké dén nhu 1a Google Earth
Engine (GEE), ddy 13 nén tang dit liéu dién toan dam may, c6 kha ning xir Iy dir liéu vién tham
online dap ng kip thoi céc yéu cau cung cap thong tin, dix liéu phuc vu cong tac giam sét bién dong
sir dung dat [11].

Nghién cttu nay st dung dit liéu anh vé tinh Sentinel-2 duoc xir ly truc tuyén trén nén tang
dién toan dam may cua GEE véi ngon ngit 1ap trinh Javascript dé tinh toén, phan tich két qua. DBay
ciing 12 wu diém I6n va 1a xu thé dang phat trién manh trong thoi ky cong nghé 4.0. Thuat toan RF
1a thuat toan hoc may (Machine Learning) dua trén mé hinh Al duoc sir dung dé thyuc hién viéc tu
dong hoa va nang cao hiéu qua trong viéc phan loai, theo ddi bién dong cac 16p phu st dung dat trén
dia ban quan Bac Tir Liém Ha Noi, giai doan 2019-2023.

2. Khu vuc va dir liéu nghién cau

2.1. Khu vec nghién ciu

Quan Bac Tir Liém nam céach trung tam thanh phd Ha Noi 10 km vé phia tay, cé dia hinh bang
phang, d6 cao so véi mat nudc bién trung binh khoan tir 6m dén 8m. La khu vyc ¢6 nén dia chét on
dinh, khi hau chiu anh huéng cua ché d6 gié mua nhiét dgi néng 4m, mua nhiéu, mia mua tir thang
5 dén thang 10, mua kho tir thang 11 dén thang 4, nhiét do trung binh 24°C, lugng mua trung binh
nam khoang tir 1600mm dén 1800mm, d6 am cao. Khu virc ¢6 nhiéu séng, ho 12 nguén du trit nude
ngot cho dia phuong [12].

Quan c6 dién tich 45,24 km2, dan s nim 2020 la 340.605 nguoi, mat do dan sb dat 7.529
ngudi/km?2 [12]. La quan duoc thanh lap thang 12 nam 2013 dang c6 tde do phat trién va do thi hoa
nhanh, kém theo d6 14 cac bién dong vé quan ly, sir dung dét trén dia ban [13].

105°48°E 105°49'E

21020

105°20'

o 105740"

105°50"

Thanh pho Ha Noi

105°3

106°

¢,
T
Vl

>z

10

-

1%

21°8N

Q

uan Bac

TU Liém

Pai

Mac

hi

Kim Chuy

TR NG T
ing

A

2108

Hal BSI

256N

oan-J—Du

5 Pha Thuong

L7ay HY
< 2

2105

2102

ang

ch Dich Vong

Th
vinh Phiic

213N

20020

20040
2040

2100
12.66.25

12.5 25 37.5 50

Thinh ¢
Esii, TomTom, (GarmitgFoursquare, MET]/
NASA, USEGS, Ferl, TIASA, NGA, USGS

= 2N

NASA, NGA, USGS| Esri, TomTom,
itscuare, FAG METI/NASA USGS | &

Tay M3

105°50" 106° 106°10' 105743 105°44E 105°45E 105°46'E 105°47€ 105°48°E 105°49'F

Hinh 1. V; tri khu vc nghién cizu

2.2. Dir ligu nghién caru

Anh vé tinh Sentinel-2 bao gom Sentinel-2A va Sentinel-2B do co quan hang khéng vil tru
Chéu au quan ly, thuc hién. Dt li¢u c6 do phan giai thoi gian 1a 5 ngay, d¢ phan giai khong gian ¢
kénh toan sic 1a 10m. D liéu anh nay c6 d6 phan giai buc xa cao duoc luu giit & mic do 12 bit. Do
d6, diéu nay dem lai kha ning phan biét mtrc 6 sang trén anh c6 pham vi tiém nang tir 0 - 4 095,
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DPé dam bao chit luong cua anh vé tinh quang hoc Sentinel-2 dugc tét nhat c6 thé cho khu
vuc, nghién ctru da lya chon thu thap dir liéu la anh duoc téng hop tir cac anh Sentinel-2 thu nhan
trong thoi gian gitra mua kho khoang tir thang 1 dén thang 3 hang nam trong giai doan 2019-2023.
Do pha may caa cdc anh tham gia xr ly dit liéu dam bao dudi 5%.

3. Phuwong phap nghién ctiru

Nghién cttu st dung anh vé tinh Sentinel-2 1am dit li¢u dau vao d€ tinh toan, phan loai 16p phi
sir dung dat. Céc dit liéu anh da duoc lya chon téng hop 1a nhitng anh c6 d6 phu may thap, va st
dung thuat todn hoc may RF trén nén tang dién toan dam may GEE dé phan loai anh, két hop voi
phan mém ma ngudn mé QGIS phan tich theo dbi bién dong 16p phu sir dung dat. Khu vyuc Béc Tir
Liém duoc lya chon thtr nghiém phan loai véi 5 16p phu sir dung dat bao gom: 1) 16p phu Dét tréng,
2) 16p phu Mét nuéc, 3) 16p phu Thyc vat day, 4) 16p phu Cay bui, tham co, 5) 16p phu Dan cu. Cac
|6p phu duoc lua chon dé phan loai 12 hién trang tai thoi diém thu nhan anh. Pic diém cua lép Pat
trong duoc lua chon 1 cac khu vuc nhu bai dét, cat, bai bdi, khu vuc dang san lap, cac khu vuc dat
dang chuan bi xay dung. Lép phi Mt nude gom cac khu vuc ao hd, song sudi, kénh muong. Lép
phi Thyc vat day bao gom nhiing khu vuc c6 cdy cbi day dic, cay Ion, cay c6 bong mat. Lép phu
Dan cu gdm cac cdng trinh xay dung doc 1ap, va cac khu vuc nha cira, cong trinh xay dung tai lang
mac, khu chung cu, cac tdoa nha cao tang. Viéc thuc hién phan loai cac 16p phua st dung dat duoc
thuc hién tu dong dua trén viéc 1ap trinh bang ngdn ngit 1ap trinh JavaScript.

Quy trinh thyc hién tuan ty theo cac budc lan lugt bao gom: Trich xuat dit liéu anh vé tinh Sentinel-
2 cua khu vuc nghién ctu; Tién xir Iy dit liéu anh dam bao c6 dit liéu tt nhat c6 the; Tién hanh viéc
tao mau, huan luyén dé cho chuong trinh hoc va ghi nhan cac thong tin vé cac mau cho tung loai
I6p phit; Phan loai cac 16p pha theo mau da huan luyén; Thu nhan két qua va danh gia do chinh xéac
phan loai; Theo di, phan tich bién dong. Hinh 2 minh hoa tdng quan quy trinh thuc hién nghién
cuu.

Anh vé tinh Sentinel-2

Tién xur ly
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Ly mau
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Hinh 2. So d@6 quy trinh nghién cizu
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3.1. Thudt todn RF

Thuat toan RF két hop céc tinh nang ngiu nhién dé tao ra mot ciy. Pay 1a mot thuat toan hoc
may c6 thé tich hop nhiéu cay quyet dinh va sau do tao thanh mot khu rimg. Phuong phéap dong bao
duoc st dung dé tao cac mau huan luyén va mdi tinh ning di chon duoc rit ngau nhién bang céch
thay thé N kich thudc cua tap huan luyén ban dau. Sau do, két qua du doan cudi cung thu dugc biang
cach két hop nhiéu cay quyét dinh [14]. Cong thirc (1) thuc hién quyét dinh phan loai cudi cing nhu
sau:

H(x)=argmaxY)}'i=1kIl(hi(x)=Y) (1)

Trong d6 H(x) 12 md hinh két hop, hi 1a md hinh phan loai ciia cdy quyét dinh don 1¢, Y 1 bién
dau ra (hoac bién muyc tiéu) va I () 1a ham chi bao. Cong thiic cho thiy rang RF sir dung da sb cac
quyét dinh biéu quyét dé xac dinh phan loai cudi cung.
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Hinh 3. M hinh phan loqi theo thugt toan RF

Thuat toan RF dugc danh gia cao boi tinh chinh xac caa md hinh. Cac tham sé diéu chinh cua
thuat toan RF 1a sé luong cay thuong duoc chon theo kinh nghiém. Trong céc bai toan phan 16p dit
lieu thi thuat toan RF dugc sir dung phé bién. Nhuoc diém chinh caa thuat toan RF 1a khéi luong
tinh toan Ié6n. Mac du khdi lugng tinh toan Ién nhung ciing c6 wu diém 12 téc do xir 1y tuong doi
nhanh [15, 16]. Nghién citu str dung ngon ngit lap tinh Javascript dé tinh toan, xu ly di liéu va phan
loai anh céc I6p phu sir dung dat tir dit liéu anh vé tinh Sentinel-2 trén nén tang dién toan dam may
GEE tir d6 dua ra két qua caa 5 loai 16p phi st dung dt trén dia ban quan Bac Tur Liém, Ha Noi.

3.2. DPdanh gia dé chinh x&c phan logi énh

Nghién ctru ndy sir dung ma tran sai 1an (Confusion Matrix) dé danh gia do chinh xé&c phan
loai cac 16p phu sir dung dét. Day 1a phuong phap quan trong va phé bién duoc st dung dé dénh gia
do chinh xéc, c6 thé md ta do chinh xac ctia phéan loai va chi ra sy nham Ian gitra céc I6p doi twgng
[17]. Cac thdng ké co ban cho ma tran nham Ian bao gdbm: Sai s6 tong thé (Overall Accuracy - OA)
va hé sé Kappa. Trong d6 hé s6 Kappa c6 gié tri tir 0.4 dén 0,6 dugc danh gia la dat két qua trung
binh, gia tri tir [6n hon 0.6 dén 0.8 1a tot va hon 0.8 dén 1.0 14 rat tét [16]. Trong do sir dung 70%
s6 lwong mau dung dé phan loai anh va 30% sb lugng mau dung dé kiém tra déanh gia [18].

3.3. Phan tich, theo ddi bién déng cac 16p pha sir dung dit

Két qua cac I6p phu st dung dat tir viéc phan loai anh vé tinh tai khu vuc nghién ciru duoc sir
dung lam dir liéu dau vao dé phan tich, theo ddi cac bién dong tai khu vuce trong giai doan 2019-
2023. Viéc phan tich, theo ddi blen dong lop phu st dung dat duoc thuc hién véi phan mem ma
ngudn mai QGIS. Pay 1a phan mém mién phi hién dang dwoc sir dung phé bién trén toan cau, nhat
1a ddi véi cac linh vuc nghién ciu va Gng dung trong nganh khoa hoc trai dat [19]. Cac 16p dit liéu
duoc tinh toan tong hop va tién hanh chong xép khong gian dé tim ra cac thay doi qua timg nam va
thay d6i tong thé cua ca giai doan 5 nam tir 2019 dén 2023.
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4. Két qua nghién ceu va thao luan
4.1. Phan logi cac lép phii sit dung dat.
Két qua phan loai bao gém 5 16p pha st dung dit cua timg nim theo giai doan 2019-2023.
Nghién ctru di cho thay su bién dong rd rét caa cac 16p phu sir dung dit tai khu vuc nghién ciu
trong giai doan 2019- 2023. Hinh 4 thé hién san pham céc 16p phu bé mit sau phan loai tai khu vuc
nghién ciu. Céc két qua chi tiét cua cac 1op phu sir dung dat trong bang 1 tai khu vuec Ha Nai cho
thy rang trung binh trong 5 nim tir 2019 dén 2023, I6p Dt tréng chiém 8.40%, Mit nude 41.31%,
Thyc vat day 22.65%, Cay bui, tham co 13.01%, Dan cu 14.64% so voi téng dién tich ty nhién.
DPdng thoi, ket qua cling thé hién c6 su ting, giam khéc biét qua timg nam, diéu nay ciing thé hién
thuc trang vé st dung dat c6 su thay dol khac nhau phu thudc nhiéu yéu to trong d6 c6 céc yéu té
anh hudng caa tde do phat trién kinh té xa hoi tai dia phuong, nhét 1a nhu ciu phat trién khu vuc dit
xay dung trén dia ban nghién ctu.
2019 2020

105"44'0"E 105°46'0"E 105748'0"E 105°44'0"E 105"46'0"E 105"48'0"E 105°44'0"E
| | 1 | 1 | | | 1 | | | 1

2021

105°46'0"E 105°48'0"E
1 |

21°F0°N 21°40°N 21°5'0°N 21°6'0'N
T

21°3'0°N 21°4'0"N 21°50'N  21°80°N

21°3'0"N 21°4'0"N 21°5'0"N  21°6'0"'N
21°3'0°N 21°4'0"N 21°5'0"N 21°6'0"'N
21°30°N 21°40"N 21°50°N  21°¢'0"N
21°3'0"N 21°4'0"N 21°5'0"N  21°8'0"N

T T T T T T
105“4‘14'0"E 105“4‘5‘0"5 405’0!8'0'45 105°44'0"E 105°46'0"E 105°48'0"E 105°44'0°E 105°46'0"E 105°48'0"E

10
I Kilometers

2022

1 US“%S‘U“E

2023

105“4|5'0"E

105’4‘4‘0"E

105"4‘8'0"E 105“1}4'0'5 105° 4‘5‘0”5

21°60'N
1

Quan Béc Tir Liém

Dét tréng
Mat nuéc

Thuc vt day
Cac lop phu

st dung dat
Giai doan 2019-2023

Cay buli, tham cé

T

21°30"N  21°4'0"N 21°5'0°N 21°6'0'N
=
@,

Z130'N 21%4I0"N 21°5'0°N 21°6'0"N
2173'0'N 21°4'0"N 21°5'0'N 21°8'0"N

21°3'0"N 21°4'0"N 21°5'0"N
|
+
T

Dan cw

e e e e T T !
105°44'0"E 105°46'0"E 105°48'0°E 105°44'0"E 105°46'0"E 105748'0"E

Hinh 4. Két qua phan logi 16p phui giai doan 2019-2023 tai qudn Bdc tir Liém, Ha Ngi

Bdng 1. Di¢n tich cac lép phu sir dung dat giai doan 2019-2023
Di¢n tich I6p phii (ha) | Niam 2019 | Niam 2020 | Nim 2021 | Niam 2022 | Nim 2023
Dit tréng 265.06 301.51 322.28 362.78 334.29
Mt nu6e 2000.45 1959.87 1900.11 1834.64 1860.03
Thyc vat day 1182.99 1161.63 1127.21 1013.36 947.72
Cay bui, tham co 532.90 538.91 548.49 596.73 606.56
Dan cu 436.94 456.38 520.22 610.83 669.74

Viéc phan loai cac 16p phu st dung dat tir anh vé tinh Sentinel-2 tai khu vuc quan Bac Tur
Liém, Ha Noi bao gdbm I6p phu Pat tréng, 16p phit Mat nudc, 16p phi Thuc vat, 16p phu Dat xay
dung cho thay tirng khu vue dugc phan loai rd rang, véi do tin cay dam bao. Cu thé do chinh xac
phan loai theo Ma tran sai 1an di dua ra hé s6 Kappa véi gia tri 0.75, 0.72, 0.83, 0.77, 0.75, d6 chinh
Xéc tong thé OA dat 0.83, 0.80, 0.87, 0.84, 0.83 twong (ng lan luot theo cac nam 2019, 2020, 2021,
2022, 2023. Cac két qua danh gia do chinh xac phan loai nay 1a twong ddi cao, do d6 dii do tin cay
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dé sir dung cho cac phan tich, theo ddi bién dong st dung dit trong giai doan 2019-2023 tai quan
Bic Tur Liém, Ha Noi.

4.2. Bién dgng lop phii sir dung ddt 2019-2023

Bang 2 thé hién két qua bién dong dién tich cua tirng 16p pha sir dung dat tai khu vyc nghién
ctu theo timg nam tir 2019 dén 2023. Cac két qua cho thay rang 16p c6 xu hudng tang dién tich la
|6p Dét trong, 16p Cay bui, tham co, 16p Dan cu. Trong khi d6 cac 16p Mat nudc, 16p Thuc vat day
¢6 xu hudng giam dién tich che phu.

Bdng 2. Bién dgng dién tich céc lop phu sik dung ddt giai doan 2019-2023

Chénh léch dién tich lép phia (%) | 2020-2019 | 2021-2020 | 2022-2021 | 2023-2022 2023-2019
Pt tréng 0.83 0.47 0.92 -0.64 1.57
Mat nu6c -0.92 -0.14 -1.48 0.57 -3.18
Thuc vat day -0.48 -0.08 -2.58 -1.49 -5.32
Cay bui, tham cé 0.14 0.02 1.09 0.22 1.67
Dan cu 0.44 0.14 2.05 1.33 5.27
Bién dong dién tich 2019-2023
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Hinh 5. Biéu do bién dong cac 16p phui sir dung dat tai qudn Bdc T Liém, Ha Ngi

Nghién ciru da cho thay su bién dong rd rét cua cac 16p phu sir dung dat tai khu vic nghién
ctru trong giai doan 2019- 2023. Hinh 5 14 biéu do thé hién sy bién dong dién tich cac 16p pha bé
mat sau phan loai tai khu vuc nghién ciu theo thuat toan RF. Két qua giam sét bién dong 16p phu
mit nudc giai doan 2019-2023 tai khu vyc Bac Tir Liém, Ha Noi cho thay rang cé su suy giam déng
ké vé dién tich 16p phu Thuc vat day va I6p Mit nuée qua timg nam tai quan Bac Tir Liém, Ha Noi.
Cu thé, sau khoang 5 nam tir 2019 dén 2023 phét trién, 16p Mt nudc ¢6 dién tich giam 3.18% twong
duong khoang 140.42 ha. Lép Thuc phu day giam 235.27 ha twong tng giam 5.32%. Céac lop co
dién tich ting trong giai doan nay la I6p Dat trong, 16p Cay bui, tham co, I6p Dan cu véi dién tich
tang tuong (ng 1a 69.23ha (1.57%), 73.65ha (1.67%), 232.80ha (5.27%). Céac 16p phu st dung dat
c6 sy tang giam khéac nhau theo timg nam, tuy nhién nghién ciru di chi ra rang I6p Déan cu c6 xu
huéng ting lién tuc nhat I trong thoi gian tir ndm 2021 dén 2022 di ting 2.05% twong dwong
90.61ha va nam 2022-2023 tang 1.33% twong dwong 58.92ha. Diéu nay ciing phu hop véi su phat
trién chung vé kinh té xa hoi caa khu vuc nghién cau.

5. Két luan

Cong nghé tri tué nhan tao, thuat toan hoc may RF sir dung trong nghién ctru da cho thay hiéu
qua vé viéc phan loai cac 16p phu sir dung dit trén dia ban quan Bac Tir Liém duoc nhanh chéng va
c6 do tin cay cao. Két qua bién dong trong giai doan 2019-2023 cho thay su gia ting lién tuc hang
nam vé dién tich cua 16p phi dan cu, sau 5 nam dién tich da ting 5.27% tuong duong 232.80ha.
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Nguoc lai 1a xu hudng suy giam dién tich mot cach ro rét cua I6p pha Thuc vat day dac vai mic do

giam dién tich sau 5 nam la 5.32% tuong duong 235.27ha.

Dé co nhitng két qua chuyén sau hon ciing nhu c¢6 d6 tin cdy cao hon nita, can bd sung cac
nghién ctru chi tiét, khao sét thuc dia va céc tai liéu so sanh ddi chiing & nhitng nghién ciu tiép theo.
Tuy nhién, két qua nghién ciru nay c6 thé cd kha ning str dung tham khao cho cong tac quan 1y dét
dai, giam sat tinh hinh st dung, thuc hién quy hoach st dung dat tai dia ban nghién cau.

Lol cam on

Nhom tac gia xin tran trong cam on Cuc Vién tham Quéc gla B Tai nguyén va M6i trudng
d3 hd trg nghién ciru nay, dong thoi ciing xin cam on cac co quan, tb chirc qudc té nhur Google Earth
Engine, National Aeronautics and Space Administration (NASA), Chuong trinh Copernicus cua
Co quan hang khong vil tru chau Au (ESA) d3 cung cip nén tang xu ly va cung cip di liéu anh vé
tinh Sentinel-2 mién phi cho nghién ciru nay cua ching toi.

Cam két ctia c4c tac gia

Tat ca c4c tac gia co tén trong bai béo cam két sy ddng thuan va khong co xung dot loi ich
trong céng bd khoa hoc tai bai bao nay.
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