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Giam sat su thay déi khong gian xanh dé thi
st dung di lieu Sentinel-2 MSI da thoi gian tai

tinh Thanh Hoa, Viét Nam
Maonitoring Urban Green Space Changes Using Multi-Temporal Sentinel-2 MSI Data in Thanh

Hoa Province, Vietnam
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TEM TAT:

Khang gian xanh da thj dang vai tra quan trong trong vigc cai thign mai
truing da thi, nang cao chat lwgng cudc séing va dang gop vao sur phat
trién bén virng cia da thi. Tuy nhién, qué trinh da thi hoa nhanh chang
dé dén dén nhitng thay ddi dang ke vé dién tich dat, ddc bigt [ su suy
giam ciia dét khang gian xanh da thi. Nghién ciru nay sir dung hinh anh
vé tinh Sentinel-2 va cac thut toan hoc méay nhim giam sat va phan
tich sy thay ddi cia khong gian xanh da thi tai thanh phd Thanh Haa,
tinh Thanh Hoa, Viet Nam. Dir ligu Sentinel-2 véi di phén gigi khang gian
can va kha nang da thivi gian da duge xir Iy dé tinh toan céc chi sd thue
vat bao goim NDVI, NDWI, NDBI, BUI va SAVI. Tiép theo, céc tac gia da sir
dung hai thuét toan hoc méy 13 Random Forest (RF) va Support Vector
Machine (SVM) dé& phan loai cac ddi trong vao ba nhom: thyc vat, phi
thue vat va mat nudc. Trong da, ket qué phan loai chinh xac nhat da
duge str dung dé phan logi lai khu vic thanh hai nham: khang gian xanh
da thi (thuc vat) va ddi twgng khac (phi thye vat va mat nuac). Phan
doan dd dugc thyc hien béng thuat toan Simple Non-lterative
Clustering (SNIC) d& higu chinh cac ranh gigi ddi trgng. Phan tich cho
thay nhiing thay ddi dang ké trong khang gian xanh da thj theo thai gian,
|am ndi bat tac dang cia si mi rang da thi ddi vai phan bd khang gian
xanh. Dang theri, nhitmg phat hién ndy cung cép nhitng thang tin vé su
phat trién va suy thoai cia khang gian xanh trong céc khu da thi. Ket
qué nghién cru co thé giup céc nha hoach dinh chinh séch va cac nha
quy hoach da thi xay dung cac chign lrge phat trién da thi bén ving,
dam béo s can bang giira do thi hoa va bao tdn mai trudng tai thanh
phil Thanh Haa va cac khu vure da thi tuong tu.

Tir khéa: khang gian xanh da thi, vién tham, tinh Thanh Haa, Viet Nam.
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ABSTRACT

Urban green spaces play a vital role in enhancing the urban
environment, improving quality of life, and contributing to the
sustainable development of cities. However, rapid urbanization has
resulted in substantial changes in land use, particularly the reduction
of urban green spaces. This study leverages Sentinel-2 satellite
imagery and machine learning algorithms to monitor and analyze
changes in urban green spaces in Thanh Hoa City, Thanh Hoa Province,
Vietnam. High-resolution, multi-temporal Sentinel-2 data were
processed to calculate vegetation indices, including NDVI, NOWI, NDBI,
BUI, and SAVI. Two machine learning algorithms, Random Forest (RF)
and Support Vector Machine (SVM), were applied to classify land cover
into three categories: vegetation, non-vegetation, and water. The most
accurate classification result was further refined to reclassify the
area into two groups: urban green space (vegetation) and other
objects (non-vegetation and water). Object boundaries were calibrated
using the Simple Non-lterative Clustering (SNIC) algorithm for
segmentation. The analysis revealed notable changes in urban green
space over time, emphasizing the effects of urban expansion on green
space distribution. These findings provide valuable insights into the
development and degradation of urban green spaces, offering critical
information for sustainable urban planning. The results can aid
policymakers and urban planners in devising strategies that balance
urbanization with environmental conservation in Thanh Hoa City and
other similar urban areas.

Keywords: Urban green space, Remote sensing, Thanh Hoa Province,
Vietnam.
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1. GIGI THIEU
Viéc bdo vé va phat trién khéng gian xanh dé thi dang tré thanh
thach thuic quan trong trong béi cdnh dé thi héa nhanh va bién déi
khi hau nghiém trong (Olivadese va Dindo, 2024). Khéng gian xanh
khoéng chi gitp caéi thién chat lugng khéng khi, giam hiéu ing dao
nhiét, tang da dang sinh hoc ma con déng goép Ién vao suc khde
céng dong thong qua cac hoat dong gidi tri (Zhang va Qiuan, 2024).
Tuy nhién, su ma& rong dé thi va cong nghiép héa da thu hep khong
gian xanh, de doa moi trudng va hé sinh thai do thi (Zhanwen va
Islam, 2024).

Tai Viét Nam, cac thanh phd 16n nhu Ha Noi, TP. H6 Chi Minh, Da
Néng va Thanh Héa dang chiu ap luc I16n trong viéc duy tri khéng
gian xanh trudc su phat trién nhanh chong (Huong va Tuan, 2024).
Riéng Thanh Hoéa, qua trinh d6 thi héa va cong nghiép héa da lam
gia tang ap luc l1én khong gian xanh, anh hudng dén moi trudng
s6ng va stc khoe cong déng (Manika va Dhyani, 2024).

DU nhan thic vé bao vé moi trudng tai Thanh Hoa ngay cang cai
thién, viéc gidm sat khéng gian xanh dé thi van con han ché do chi
phiva kho khan trong bao phu dién tich rong. Co6ng nghé vién tham
va hinh anh vé tinh, dac biét la Sentinel-2, da tr& thanh giai phap
hiéu qua nh& cung cap dir liéu da thai gian, dé phan giai cao, hé trg
giam sat su thay déi khong gian xanh dé thi mét cach chi tiét va kip
thai (Shaikh va Birajdar, 2024). Céong cu da quang phd (MSI) cla
Sentinel-2 cung cap thong tin vé pham vi va tinh trang 16p phu
xanh, cho phép phat hién cac xu huéng va bién dong khéng gian
xanh theo thai gian. Nghién ctu itng dung cong nghé nay tai Thanh
Hoéa nham phan tich su thay déi dién tich va chat luong khong gian
xanh, dong thai cung cap dir liéu quan trong cho quy hoach dé thi
bén virng (Nguyén va nnk, 2021; Phuong va nnk, 2024).

Bai bao tap trung vao viéc st dung dit liéu Sentinel-2 MSI dé
déanh gia su thay déi khong gian xanh tai Thanh Héa, nhan dién xu
huéng phét trién va suy thodi, tir d6 dé xuat cac giai phap bao tén
va phat trién bén vimng. Nghién ctu nay hé trg quy hoach dé thi,
nang cao chat lugng maéi trudng va stic khoe céng dong trong boi
canh d6 thi hoa va bién déi khi hau.

2.DU LIEU VA PHUONG PHAP NGHIEN CUU
2.1 Khu vu'c nghién citu va dir liéu sir dung
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Hinh 1: Vi tri dia Iy cGa thanh phd Thanh Hda (tinh Thanh Hoa, Viét Nam)

Thanh ph6 Thanh Héa la d6 thi tré 3 Bac Trung Bo Viét Nam, ndm
hai bén s6ng Ma véi dién tich 147 km?, cé vi tri chién lugc két néi
mién Bac va mién Trung qua cac quéc 16 va cang L& Mén. Dia hinh
c6 su két hgp gilta ddng bang ven bién va nudi nhé. Thanh phd cé
khi hau nhiét dgi gio mua, anh huéng ré rét dén néng nghiép va doi
s6ng. Hé sinh thai da dang vai cac cay luong thuc va cay an qua phat
trién & déng bang ven séng M4, cling riing nguyén sinh chia nhiéu
loai cay quy. Tuy nhién, d6 thi héa va bién déi khi hau da lam suy
gidm ring tu nhién, anh hudng dén nang suat va loai cay tréng.

D liéu Sentinel-2, thuéc chuang trinh Copernicus ctia Co quan
V@ tru Chau Au, cung cdp hinh anh vé tinh chat lugng cao hé trg
nghién cltu moi truéng, ndng nghiép, tham hoa va quy hoach do
thi. Hé théng gém hai vé tinh Sentinel-2A (2015) va Sentinel-2B
(2017), trang bi Cong cu da quang phd (MSI) thu thap da liéu tir 13
kénh phé véi d6 phan gii khéng gian 10-60 m va pham vi phl séng
290 km x 290 km. V&i chu ky 5 ngay, Sentinel-2 cho phép giam sét
mdi trudng gan nhu thoi gian thuc, hitu ich trong phan tich dat, thuc
vat, nudc va khu vuyc dé thi, ciing nhu danh gia tai nguyén nuéc va
ma& rong do thi.

2.2 Phuong phdp nghién citu

Quy trinh phan tich khong gian xanh dé thi st dung hinh anh
Sentinel-2 da thoi gian dugc trinh bay trong Hinh 2. Trudc hét, cac
tac gia lua chon hinh anh phu hgp véi khu vuc nghién cdu, ddm bdo
bao phu day du pham vi dia ly va thiét lap thai gian phan tich theo
mua hoac hang ndm, tuy thudc vao muc tiéu nghién ctu. Ngudng
d6 che pht may duoc dat ra dé loai bd cac hinh anh cé su can thiép
qua muic, ddm bao chat lugng di liéu. Sau khi lua chon, hinh anh
Sentinel-2 sé trai qua qua trinh tién xt ly, bao gobm loc may, hiéu
chinh khi quyén dé chuin hoa gia tri phan xa va téi ldy mau cac kénh
phé vé cuing d6 phan gidi khéng gian. Qua trinh nay dam bao dir
liéu nhat quan, chinh xac va sach, tao nén tang cho phan tich khéng
gian dang tin cay. D{ liéu st dung trong nghién ctiu c6 sén trén nén
tang Google Earth Engine (GEE), noi da thuc hién tién xu ly can thiét
dé hé trg phan tich tiép theo.
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Hinh 2: Quy trinh phén tich khdng gian xanh d thi st dung hinh anh Sentinel-2 da thai
gian

Mét s6 chi s6 thuc vat dugc tinh toan dé trich xuat thong tin déi
tugng cé lién quan st dung hinh anh Sentinel-2. Cac chi s6 thuc vat
nhu NDVI, NDWI, NDBI, BUI va SAVI thudng dugc tinh toan dé danh
gia stc khée thuc vat, quan ly tai nguyén nudc, phan loai khéng gian
xanh va theo déi ma rong dé thi. Chiing cung cap théng tin dang
tin cdy, ho trg quy hoach bén viing va gidm sat moi trudng hiéu qua.
Cong thiic ctia cac chi s6 nhu sau:
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trong d6 L la yéu té diéu chinh, thudng dugc datla 0.5 & cac khu
vuc ¢6 1&p pht thuc vat vira phai (Ismayilova va Timpf, 2022).
Dua trén dir liéu Sentinel-2 va céc chi sé thuc vat, ba mé hinh
phan tich dugc xay dung: Chi si dung cac kénh Sentinel-2; S&r dung

Green — NIR :
NDWI = ——(2) .

Green + NIR

SWIR — NIR ekl
NDB] = ——

WS4 1054 0547 [054% 10547 054 054 (05T WS AY 10549 109
1054 105746 (0547 (054 T08ea 30 105 (05T 10SE 1080 108

Iy

war 1

\oan

Sentinel-2 va NDVI, tap trung vao thuc vat; Két hop Sentinel-2 véi tat " Hinh 4: Hinh anh Sentinel-2 cia khu VUC nghlen ctiu duoc thy thap vao ngay 02 thang
cd cac chi s6 thuc vat. B6 dif liéu mau dugc tao ti khu vuc nghién 6 nam 2020 va cic chi s6 thuc vat
ctiu, gém ba I6p pha chinh: thuc vat, phi thuc vat va mit nuéc. Mau e e T T e T VO e e B e Ve o W g Wi i e e 0 e e

thuc vat bao gom ca thuc vat day dac va cay bui; phi thuc vat dai
dién cho cac khu vuc xay dung va dat tréng; mat nudc bao gobm
séng, hé va cac dac diém thay sinh, hé trg hudn luyén va xac thuc
mo hinh phan loai hiéu qua.

Nghién ctfu st dung hai thuat toan hoc mdy, Random Forest (RF)
va Support Vector Machine (SVM), két hgp phuong phap phan loai
huéng d8i tuong dé ddm bao dé chinh xéc cao trong phan loai I6p
pha dat. Phuong phéap nay st dung thuat toan SNIC dé nhém cac
diém anh thanh cac d6i tugng, gidm sai s6 va phan anh chinh xac
hon mé hinh thuc té. K&t qua phan loai tir ba mé hinh dugc danh
gia qua d6 chinh xac téng thé va hé s6 Kappa, véi mé hinh t6t nhat
dugc chon dé phan tich. Lép thuc vat dugc phan loai thanh khéng
gian xanh, cac 16p khac thudc d6i tugng khac. Di liéu téng dién tich
va ty 1é khéng gian xanh qua céc thai ky duge phan tich, cung cap
théng tin vé xu hudng thay d&i va dong thai phat trién khéng gian
xanh do6 thi.
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Hinh 5: Hinh anh Sentlnel 2 clia khu vuc nghién ctfu dugc thu thap Vao ngay 16 thang
6 nam 2024 va cac chi so thuc vat

Ba kich ban dugc mé ta & trén dugc thiét ké dé thi nghiém cac
t6 hgp dau vao khac nhau cho viéc phan loai. Méi kich ban dugc x
. R } g § b X | ly béng cac thuat toan RF va SVM dé danh gia hiéu suat clia ching
vao'ba ngay k\hac\nhau: ”Qay 29 Ehang : narp 291 6, pgay 02 thang trong viéc phan biét cac I6p pha dat (thuc vat, phi thuc vat va mat
6 nam 2020 va ngay 16 thang 6 nam 2024. Cac hinh anh dugc chon nUGC).
dua trén chat lugng cao, dd pht may t6i thiéu va tinh lién quan dén W e W 0 0 e W W W e e W e g e
mua sinh trudng ctia thuc vat, dam bao dd chinh xac ctia cac chi sé ' [ 1 3 o 13 ' ‘
thuc vat va phan loai dat. Sau d6, cac chi s6 thuc vat da dugc tinh
toan bao gom BUI, NDBI, NDVI, NDWI va SAVI. Cac chi sé nay dugc
tinh toan tu cac kénh quang phé clia hinh anh Sentinel-2. Hinh 3,
Hinh 4 va Hinh 5 lan lugt trinh bay hinh anh Sentinel-2 g6c va cac
chi s6 thuc vat da tinh toan.
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Nghién ctru da s&r dung hinh anh vé tinh Sentinel-2 dugc chup
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Hinh 6: Két qua phén loai hudng ddi tugng theo cac kich ban st dung thudt toan RF: (@)
Chi st dung cdc kénh Sentinel-2; (b) Cdc kénh Sentinel-2 va NDVI; (c) Két hgp cdc kénh Sentinel-
2 va cdc chi s thuc vit.
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TR e, ] Hinh 7: Két qua phan loai huéng doi tuang theo cic kich ban st dung thuat toan SVM:
H|nh 3 H|nh anh Sentmel 2 clia khu VUC nghlen ctiu dugc thu thap vao ngay 29 thang (a) Chi st dung cdc kénh Sentinel-2; (b) Cdc kénh Sentinel-2 va NDVI; (c) Két hgp cdc kénh
5nam 2016 va cac chi so thuc vat Sentinel-2 va cdc chi s thuc vit.
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Bang 2: D chinh xac téng thé va chi s6 Kappa cla cac thuat toan hoc may va kich ban

SVM RF
. 2 D6 chinh xac ’ D6 chinh xac y
Kich T . . is6 T . . isé
ich ban t8ng th Chi s6 Kappa téng thé Chi sé Kappa
Chi st dung cac kénh anh Sentinel-2 90.45% 0.735 96.59% 0.895
Cac kénh anh Sentinel-2 va NDVI 90.91% 0.748 97.72% 0.926
K&t hgp cac kénh anh Sentinel-2 va cac chi s6 thuc vat 92.27% 0.778 98.18% 0.941

Bang 2 so sanh hiéu suat cta hai thuat toan SVM va RF qua ba
kich ban du liéu. Khi chi s&r dung cac kénh Sentinel-2, RF dat d6
chinh xac 96.59% va chi sé Kappa 0.895, vuot trdi so v6i SVM (90.45%
va 0.735). Khi thém NDVI, ca hai thuat toan déu cai thién, véi RF dat
97.72% d0 chinh xac va Kappa 0.926, trong khi SVM tang nhe |én
90.91% va 0.748. 0 kich ban thi ba, két hop céac chi s6 thuc vat, RF
ti€p tuc dan dau véi 98.18% va 0.941, trong khi SVM dat cao nhat la
92.27% va 0.778. K&t qua cho thay RF vugt troi trong ca ba kich ban,

Bang 3: Dién tich va ty |& dién tich cla cac d6i tugng

vdi hiéu suat ting dan khibé sung NDVIva cac chi s thuc vat, khang
dinh viéc tich hgp dirliéu phong pht va s& dung RF la phuong phap
t6i uu cho phan loai chinh xac.

Dua trén két qua phan loai st dung céc kénh Sentinel-2 két hop
véi cac chi s6 thuc vat va thuat toan Random Forest véi d6 chinh xac
va hiéu qua cao, cac déi tuong dua trén két qua nay dugc nhém
thanh 2 16p: khéng gian xanh va déi tugng khac.

Ngay 29 thdng 5 nam 2016 Ngay 02 thang 6 ndm 2020 Ngay 16 thang 6 ndm 2024

ha % ha % ha %
Khong gian xanh 3115.02 58.06 2658.92 49.56 1718.19 32.02
DaGi tugng khac 2250.19 41.94 2706.29 50.44 3647.02 67.98

Bang 3 cung cap dir liéu vé dién tich (ha) va ty |1é phan tram cua
hai loai str dung dat: khéng gian xanh va déi tugng khac qua ba thai
diém: ngay 29 thang 5 ndm 2016, ngay 02 thang 6 ndam 2020, va
ngay 16 thang 6 nam 2024. Dit liéu néu bat nhimng thay d6i dang ké
trong viéc phan bé dat qua cac nam, dic biét cho thay su suy gidm
déang ké ctia khégn gian xanh va su gia tdng tuong ing cla nhém
d6i tugng khac.
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Hinh 9: Ti I dién tich khong gian xanh tai timg thdi diém nghién ctu: (a) Ngay 29 thdng
5 ndm 2016; (b) Ngay 02 thdng 6 ndm 2020; (c) Ngay 16 thdng 6 ndm 2024

Nam 2016, khéng gian xanh tai khu vuc nghién ctu chiém
3115,02 ha (58,06% dién tich), thé hién sy uu tién |6n cho thdm thuc
vat va canh quan xanh d6 thi. Tuy nhién, dén ngay 2/6/2020, dién
tich nay gidam con 2658,92 ha (49,56%), lan dau bi nhém doi tugng
khac vuot qua. Su suy giam gan 456 ha trong 4 ndm phan anh qua
trinh d6 thi hoa va phat trién cd s& ha tang. Dén ngay 16/6/2024,
khong gian xanh tiép tuc giam manh xuéng 1718,19 ha (32,02%),
trong khi nhém déi tugng khac ma rong lén 3647,02 ha (67,98%).
Sumat mat 1396,83 ha khéng gian xanh trong 8 néam la déang lo ngai,
cho thay su chuyén d&i dat dai nhanh chéng do d6 thi héa, thiéu
bién phap bao tén, anh hudng dén moéi trudng, da dang sinh hoc va
tinh bén vimng d6 thi.

4 KET LUAN

Nghién ctu nay st dung dir liéu Sentinel-2 va thuat todn hoc
may dé theo dbi su suy gidm khéng gian xanh tai Thanh phé Thanh
Hoa tir nam 2016 dén 2024, vai dién tich gidm tur 58,06% xudng con
32,02%, tuong duong mat 1.396,83 ha. K&t qua cho thady ap luc ngay
cang I6n tr d6 thi héa, khi khéng gian xanh bi thay thé béi co s& ha
tang va khu dan cu, gay anh hudng nghiém trong dén moi trudng
va chat lugng s6ng. Nghién ctu nhan manh tam quan trong clia viéc

ap dung céc giai phap quy hoach d6 thi bén viing, bao gém bao vé,
khoéi phuc va mé&rong khong gian xanh théng qua tich hop cosé ha
tang xanh, thuc thi chinh sach st dung dat nghiém ngat va thuc day
phat trién can bang. Bén canh dé, viéc s&t dung hinh anh vé tinh va
cac thuat todn hoc may nhu RF va SVM da ching minh hiéu qua
trong viéc phan tich va hé trg ra quyét dinh dua trén di liéu. Nhiing
phat hién nay kéu goi hanh dong khan cp ti cac nha hoach dinh
chinh sach nham d&m bao 6n dinh sinh thai, kha nang chéng chiu
d6 thi, va nang cao chat lugng s6ng cho cac thé hé tuong lai.
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