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Tom tit: Dit li¢u dia hinh ven bién déng vai tro then chot trong nghién citu ky thudt va quan ly vung ven
blen Viéc tiép can dit lieu dia hinh da thoi gian, két hop voi théng tin khi twong, thiyy vin va haivan, la yeu
16 quan trong dé hiéu ré dong lyc ven blen Tuy nhién, vigc thu thap dir lieu dia hinh ven bién truyén thong
thuong gap kho khan do han che vé nguon luc, ton kém, doi hoi thiét bi chuyén dung va chiu anh huong boi
diéu ki¢n thoi tiét. Cong nghé vién tham noi lén nhu mot giai phap thay thé hiéu qua. Uu dzem cua viéen tham
bao gom kha nang thu thap dit liéu nhanh chong pham vi bao phui rong lom va kha nang tlep can kho luu triv
anh lich su. Nghlen citu ndy g dung dnh vién tham dé giai dodn dia hinh khu vuc cira Song ven bién va
con cdt tai cia bién Tam Quan, tinh Binh Pinh. Hai phuo‘ng phap glal doan dwoc sur dung va so sanh. cong
thirc ty 6 ciia Stumpf va thudt todn may hoc. Két qua cho thdy ca hai phuong phap déu ¢6 kha nang trich
xudt théng tin dia hinh tiv dit liéu vién tham. Phwong phap Stumpf dat duoc hé so twong quan R? = 0.73 so
VOt dit li¢u khao sat thuc dia. Cac thugt toan may hoc cho thdy hiéu qua vuot tréi hon, trong do thudt toan
rung ngau nhién (RF) dat do chinh xdc cao nhdt véi R? = 0.957. Nghién ciru nay khang dinh tiem nang cua
vién tham, ddc bi¢t khi két hop véi may hoc, trong viéc giai doan dia hinh da thoi gian o ving ven bién, gop
phan hiéu ré hon ve > déng e ven bién va hé tro qud trinh ra quyét dinh.

T khoéa: Vién tham, Dia hinh déy bién, Gidi dodn dia hinh ddy, Méy hoc, cira Tam Quan.

Summary: Coastal terrain data is crucial for coastal engineering and management research. Access to
multi-temporal terrain data, combined with meteorological, hydrological, and oceanographic information,
is essential for understanding coastal dynamics. However, traditional methods for acquiring coastal terrain
data often face limitations due to resource constraints, high costs, specialized equipment requirements, and
weather dependency. Remote sensing technology has emerged as an effective alternative, offering
advantages such as rapid data acquisition, extensive spatial coverage, and access to historical imagery
archives. This study utilizes remote sensing imagery to interpret the terrain of the estuary, coastal areas,
and sand dunes at Tam Quan estuary in Binh Dinh province, Vietnam. Two interpretation methods are
employed and compared. Stumpf's ratio formula and machine learning algorithms. Results indicate that
both methods can effectively extract terrain information from remote sensing data. Stumpf's method
achieves a correlation coefficient of RMSE = 0.73 compared to field survey data, while machine learning
algorithms demonstrate superior performance, with the Random Forest (RF) algorithm achieving the
highest accuracy (RMSE = 0.957). This research highlights the potential of remote sensing, particularly
when integrated with machine learning, for multi-temporal terrain interpretation in coastal regions. This
approach contributes to a deeper understanding of coastal dynamics and supports sustainable decision-
making processes.

Keywords: Remote sensing, Coastal bathymetry, Bathymetry interpretation, Machine learning, Tam
Quan estuary.

1. GIOI THIEU CHUNG tiép dong lyc gitra lyc dia va dai duong, mang
dac diém dia hinh da dang va bién dong phirc

Ving cira séng va ven bién la khu vuc chuyén A o Y "
tap. Pia hinh noi day bao gom 16p phu thuc vat,
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nti d4, cdn cat va cac cong trinh nhan tao, chiu
anh hudng manh mé tur cac qua trinh ty nhién
nhu x6i mon, boi ling, song bién, thuy triéu va
dong chay ven bo. Sy tuong tac giita cac yéu td
nay gop phan tao nén tinh bién dong khong
ngimg cua dia hinh ven bién, ca trén can va dudi
nude. Vi du, gié co thé giy bién dang con cat,
trong khi séng va dong chay ven bo tac dong
dén dia hinh vung ngdp nudc va chan con cat,
giy x6i 10 bd bién hodc hinh thanh cac bai bdi
moi.

Hiéu rd bién dong dia hinh ven bién 14 yéu té then
chdt trong nghién ciru k¥ thuat va quan 1y ving
ven bién, phuc vy cho viéc quy hoach khong gian,
bao v¢ mdi truong va phat trién kinh té-xa hoi bén
vimng. Thong tin vé bién dong dia hinh gitip danh
gia tac dong cua bién do6i khi hau, du bao x6i 16
bo bién, hd trg thiét ké cong trinh ven bién va
quan ly tai nguyén thién nhién.

Céc phuorng phap nghién ctru bién dong dia
hinh truyén thong thuong dua trén do dac thuc
dia. Tuy nhién, phuwong phap nay ton tai mot sd
han ché. Viéc do dac thuc dia thuong tdn kém,
doi hoi nhidu nhan lyc, thiét bi chuyén dung va
phu thudc vao diéu kign thoi tiét. Hon nira,
phuong phép nay chi cung cép thong tin dia
hinh tai mot s6 diém roi rac va thoi dlem khéao
sat nhat dinh, kho khan trong vi¢c nam bét birc
tranh toan canh va dién bién dia hinh theo thoi
gian.

Su phat trién cta cong nghé vién tham di mang
dén mot giai phap hiéu qué cho viéc thu thap dit
lidu dia hinh ven bién. Anh vién tham, véi kha
nang bao quat di¢n rong, thu thap dir li€u nhanh
chéong, da thoi gian va c6 tinh dong bd cao, cho
phép quan sat va phén tich bién dong dia hinh mot
cach chi tiét va toan dién. Viéc ung dung anh vién
tham gitp khic phuc nhimng han ché ciia phuong
phap do dac truyén thong, cung cap dit liéu phong
pht phuc vu cho nghién ctru, gidm sat va quan ly
ving ven bién.

Bén canh d6, su phét trién cta tri tué nhan tao
(AD), dac bi¢t 1a k¥ thuat may hoc, da mo ra
hudng di méi trong gidi dodn thong tin tir anh
vién tham. Cac thuat todn may hoc c6 kha ning
tir dong phan tich, xtr Iy dit liéu anh va trich xut

thong tin dja hinh v6i d6 chinh xac cao. Su két
hop gitta vién tham va may hoc hira hen mang
lai hiéu qua vuot trdi trong nghién curu bién
dong dia hinh ven bién, gop phan nang cao hiéu
qua quan 1y va phét trién bén vilng ving ven
bién.

2.SO LIEU VA PHUONG PHAP NGHIEN CUU
2.1. S6 li¢u sir dung

S6 liéu st dung duoc thu thap tir 02 Dé tai cap Bo
NN& PTNT. Trong d6 s liéu do dac dia hinh
dudi nude, khu vuce bai bién, cao do dinh dé cira
Tam Quan duoc thu thap tir Dé tai “Nghién ciru
ung dung gidi phdp chuyén cdt, chong boi ldp cho
cdc cura song mién Trung"[1]. S6 lidu do dac dia
hinh trén can va cac khu vuc con cat dugc thu thap
tir Dé tai “Nghién ciru gidi phdp quan Ly, bao v,
phuc héi va phdt trién con cdt ven blen tr quang
binh dén binh thudn véi vai tro la tuyen dé bién tu
nhién gin véi bdo vé méi trweong sinh thai”[2].
2.2. Phuwong phap xiac dinh dia hinh theo
cong thirc ti s6 ciia Stumpf

Giai doan dia hinh day bién cho ving nuéc
ndng ven bo bang anh vé tinh da pho ¢6 do phan
giai cao dang dugc phat trién manh trong thoi
gian gan day, khi ngudn anh v¢ tinh da phd ¢6
dd phan giai cao mién phi nhu LANDSAT,
IKONOS, SENTINEL ngay cang nhiéu.
Stumpf va cac cong su dd phat trién phuong
phap giai doan do sau day bién dya trén ti 18
bién dbi tin higu theo ham logarit cta cac dai
tan 4nh sang cta anh vé tinh. Phuong phép cua
Stumpf déd ap dung kha rong réi do c6 chi phi
hop 1y va sb lugng anh c6 chét lugng tot ngay
cang nhiéu.

MO hinh ti s6 udc tinh do sau thuc té cua Stumpf

(2003) [5] theo cong thirc sau:
In(nRy ()

1 ln(an(Aj)) — Mo

Trong d6: Z la d6 sau udc tinh

7= (1)

m; 1a hang so c6 the di€u chinh dugc dé chia ti
1€ voi do sau

n 1a hang s6 ¢6 dinh cho tat ca cac khu vuc

Rw la gia tri phan xa ctia nudc & kénh i1 hodc j

mo la do 1éch tai 6 sau Om
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2.3. Phwong phap xac dinh dia hinh bang
thuat toan may hoc

Hoc may (Machine Learning - ML) la mdt
nhénh cua tri tu¢ nhan tao, trao cho may tinh
kha nang hoc tir dit liéu ma khéng can 1ap trinh
tuong minh. Thay vi dua trén cc quy tic duoc
lap trinh san, may tinh str dung thuat toan dé tu
dong nhan dién cic miu, quy luat an trong dit
liéu. Bang cach ndy, may tinh c6 thé du doan
két qua cho dir liéu méi dya trén nhing gi da
hoc duoc.

Céc mo hinh tri tué nhan tao trong nghién ctru
nay gdm 07 mé hinh dugc ung dung dé giai
doan anh v¢ tinh:

- RF (Random Forest): M6 hinh rimg ngau
nhién 1a moét phwong phap hoc tap hop
(ensemble learning), s dung nhiéu ciy quyét
dinh dé dua ra dy doan.

- LR (Linear Regression): M6 hinh hdi quy
tuyen tinh thiét 1ap mo6i quan hé tuyén tinh giita
bién dau vao va dau ra.

- DT (Decision Tree): M6 hinh cay quyét dinh sir
dung cau triic cay dé phan loai hodc dy doan.

- SVR (Support Vector Regression): M6 hinh
hoéi quy sir dung may vector hd tro dé du doan
cac bién lién tuc.

- GB (Gradient Boosting): M6 hinh tang
cuong do doc 1a mot ki thuat hoc tap hop, xay
du’ng cac md hinh theo chudi, mdi mé hinh c6
gang cai thién do chinh xac bang cach sira chira
16i ctia mé hinh truge do6.

- KNN (K-Nearest Neighbors): M6 hinh K
lang giéng gan nhét 1a mot thuat toan don gian,
du doan dua trén cac diém dir liéu huan luyén
gan nhat véi diém dit liéu can du doan.

NN (Neural Network): M6 hinh mang no-
ron nhan tao md phong cach hoat dong cia nao
ngudi, duoc thiét ké dé nhan dién mau va dua
ra du doan.

Giai doan dia hinh day bién bang thuat toan hoc
méy 1a mot phuong phép tién tién, khai thac sirc
manh cua tri tu¢ nhan tao dé phan tich dir liéu
va trich xuat thong tin vé do sau, hinh dang day
bién. Thay vi dua trén céc phuong phap truyen
thong nhu do dac thuc dia tdn kém va han ché
vé mat khong gian, phuong phap nay st dung

[_kHoAHOC STV
anh vé tinh hodc dit liéu sonar 1am dau vao cho
cac thuat toan hoc may. Cac thuat toan nay, sau
khi dugc huén luyén trén tap dit liéu 16n gdm cac
diém do sau thuc té va cac dic trung tuong tng
trén anh, c6 kha nang ty dong nhan dién cac mau
va mdi quan hé phirc tap giita dit liéu anh va dia
hinh d4y bién.

Mot sb thuat toan hoc may thuong dugc st
dung trong giai doan dia hinh day bién bao gdm
mang no-ron nhan tao (NN), may vector hd trg
(SVM), cay quyét dinh (DT) va rimg ngiu
nhién (RF). Uu diém cua phuong phap nay la
kha nang xur ly dir liéu 16n, tu dong hoéa quy
trinh giai doan, va tiém nang dat do chinh xac
cao. Két qua giai doan dia hinh day bién déng
vai tro quan trong trong nhiéu Gmg dung, tir 18p
ban d6 hai duong, quan Iy tai nguyén bién, dén
dinh vi tau thuyén va khao sat dia chat bién.

3. KET QUA NGHIEN CUU
3.1. Giai doan dia hinh day bién viing ven bor
theo phuwong phap Stumpf

Theo phuong phap mé hinh ti s d¢ su cua
Stumpf (2003) [5], viéc gidi doan do sau dugc
thyc hién véi anh tuong tng thoi gian khao sat
dia hinh day bién khu vuc ctra Tam Quan Ung
v6i dot do 7/2022 thude dé tai KHCN cap Bo
NN&PTNT “Nghién ciu ung dung gidai phap
chuyén cdt chéng boi ldp cho cdc cira séng
Mién Trung”

Hinh 1a thé hién quy trinh thyc hién tinh toan
dd sau theo cong thuc Stumpf ng véi 6 budce
chinh dugc mo ta. Trudc day viéc thyc hién
thong thuong trién khai kha thu cong. O Viét
Nam, tac gia Tran Thanh Tung (2020) da ung
dung anh Sentinel 2 dé giai doan bai ngép triéu
cho khu vuc ctra Tién Chau tinh Phu Yén. Tran
Thanh Tung (2023) [4], nghién cGru va Gng
dung anh Sentinel 2 danh gia dién bién dudng
bo va bién d6i dia hinh day bién khu vuc cira
Nhat L¢, Quang Binh. Trong hai nghién cuu
trén, viéc thuc hién thu cong kha phirc tap va
ton nhiéu thoi gian cho mdi canh anh. Pdi voi
nghién clru trong bai bdo nay, nhom tac gia thuc
hién ty dong hoa dé giam thiéu thoi gian tinh
toan cho mdi nghién ctru. Viée ty dong hoa
duoc tién hanh trén nén tang Google Earth
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Engime (GEE), thé hién nhu Hinh 1b. Két qua
tinh toan tu dong tir GEE dugc triét xuat va biéu

dién theo Raster va thang mau twong tmg nhu
Hinh 2.

Budc 1. Tai anh vé tinh, cac anh vé tinh duogc
tich hop san trén GEE

Budc 2. Tach ranh gi6i dit va nude theo cong
thire cua Gao 1996

Cong thuc chung: NDWI = (NIR — SWIR) /
(NIR + SWIR)(2)

Pbi véi mdi loai ngudn anh thi NDWI tinh toan
tuy theo nhan hi¢u cac kénh anh sur dung tuong
ung nhu sau

NDWI (Landsat 8) = (B3 -B5) /(B3 +BS5) (3)
NDWI (Landsat4—7)=(B2-B4)/(B2+B4) (4)

NDWI (Sentinel 2) = (B3 —-B8) / (B3 +B8) (5)
Budc 3. Hi¢u chinh anh sang theo Xu (2006)
R’i = Ri - bi (RNIR — MinNIR) (6)

Budc 4. Tinh toan chi s6 d6 sdu theo Stumpf
(2003) [5]

Budc 5. Xay dung phuong trinh twrong quan chi
s6 do sau va do sau thyc té

Budc 6. Tu phuong trinh trong quan, tinh toan
qui ddi tir chi s6 d6 sdu Stumpf sang d6 sau thuc
té

Ghi chii: NIR: can hdng ngoai, SWIR hong ngoai
song ngan, Ri 13 gia tri pixel phan xa tir kénh nhin
thay, bi 1a do doc hoi quy, RNIR 1a gia tri pixel
tai budc song can héng ngoai, MinNIR 12 gid tri
min ctia NIR tai tdp hop mau.

= =W =_1T—_T-=No]

\}ﬁng GEE Code

Hinh 2: Cdc diém do thiee té (a), két qud tinh theo cong thire Stumpf biéu dién raster

Ung véi viée str dung cong thuc ti s6 d6 sau clia
Stumpf (2003)[3] [5], ket qua dat dugc la

phuong trinh twong quan gitta d6 sau giai doan
va dd sau do dac thuc té dat duoc la: y =181.45x
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-180.81; trong d6 x l1a d6 sau giai doan tir anh
ve tinh va y 1a d6 sau do dac), tuong quan gilta

sO lidu giai doan va sd liéu do dac c6 hé sb
RMSE =0.73

Qua két qua giai doan cho thiy kha ning Gmg
dung phuong phap ti sd cua Stumpf (2003)
[3][5], dbi véi khu vire nghién ciru da dat duoc
1a trong ddi t6t. Tuy nhién phuong phap nay
khong mo ta duoc dia hinh khu vuc & phan
khong ngap nudc.

3.2. Giai do4n dia hinh day bién vang ven bo
bang thuit toan may hoc

Trong bdi canh Cach mang Cong nghiép 4.0, tri
tu¢ nhan tao (Al) dang tr¢ thanh cong ngh¢ cha
chét, dugc tmg dung rong réi trong nghién ctu
trén toan cau. Nghién ctru gan ddy di chi ra rang,
ap dung cac phuong phap hoc sau c6 thé mé ra
nhirng kha nang mai trong viéc ude luong do sau
tir anh v¢ tinh, cho phép cai thién do chinh xac va
giam thiéu sy phu thudc vao dir li¢u thuc dia
(Najar et al., 2021; Gupta et al., 2023) [6] [7]. Su
phat trién cua cong nghé va cac thuat toan moéi
gitp tang cuong kha nang tir anh v¢ tinh, lam cho
no tré thanh cong cu hitu ich trong k¥ thuat va
quan ly (Pacheco et al., 2015; Sukmono et al.,
2022; Apicella et al., 2023)[8] [9] [10].

Tac gia Rifqi Muhammad Harrys [11] xay dung
cong cu SDB_GUI trén nén tang Python va
cung cap ma ngudn md trén Github. Cong cu co
giao dién db hoa va 4 mé hinh may hoc KNN,
MLR, RF, SVM dé du doan do sau day bién.
Cong cu c6 han ché ¢ sd lugng gidi han 4 mod
hinh, khéng dong thoi duge 4 mé hinh cing lic,
khong thyc hién tinh toan hang loat anh v¢ tinh
dé cho két qua d6 sau. Ma ngudn chuong trinh
SDB_GUI [11] duoc tac gia ké thira va cai tién
b6 sung lwong 16n mé hinh may hoc dong thoi,

Property
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bd sung kha ning sir dung mé hinh t6t nhat dé
du dOZ:ll’l v6i hang loqt anh vé tinh tr mot thu
muc dau vao khong can phan loai.

Tai Viét Nam, viéc timg dung Al van con kha
méi mé nhung day tiém ning. Nghién ctru nay
tan dung cac thuat toan Al dé gidi doan thong
tin tir anh vé tinh, cu thé 1a trich xuét thong tin
dia hinh tir gié tri cac kénh phd ciia anh két hop
voi dit lidu khao sat thuc dia. Hinh 3 thé hién
cac dir liéu dau vao gém nam loai gia tri tuong
mg véi cac bang anh tir Bandl dén Bands,
trong do6 cod gia tri thuc do vé cao do dia hinh &
phan trén can, va gia tri thyc do vé do sau day
bién & phan dudi nude. Gia tri cac bang anh 1a
gia tri nhan dugc tir anh vién tham. Gi4 tri tai
céc diém do dudi nude 13 gi tri d6 sau day bién
dugc do dac tir dé tai “Nghién citu iing dung
gidi phdp chuyén cdt chong boi lap cho cdc cira
song Mién Trung” [1]. Gia tri tai cac diém do
trén can 1a gia tri d§ cao duoc thu thap va do
dac tir dé tai Nghlen cuu giai phap quan ly,
bdo vé, phuc héi va phdt trién con cdt ven bién
tir Qudng binh dén Binh thudn véi vai tro la
tuyén dé bién tw nhién gan véi bdo vé méi
trieong sinh thdi” [2]. Dit lidu duoc dong bod
cung h¢ toa dg, bao phu dugc phﬁn trén can va
dudi nudec.

Budre 1: Tién xir ly

Dtr liéu dau vao bao g@)m 2 loai t¢p: 1) Dit ligu
anh v¢ tinh dudi luu trir dudi dang tép raster co
dudi mo rdng tif chtra 5 band anh; 2) Dir li¢u
cac diém do dac c6 dudi md rong shp chira cac
thong tin toa do x,y va do sau z. Viéc xu ly ban
dau nham ddng bo diém do dac va rater anh &
cung mot hé toa d§. Hinh 3 thé hién két qua
cong doan tién xtr 1y.

Vats
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Hinh 3: Cac diém do dwoc déng bo hé toa do theo anh vé tinh chira cdac band anh

Buwdc 2: Lam sach dir liéu

Dit liéu duge 1am sach dé chuén bi cho huin luyén
va kiém dinh mé hinh may hoc. Cac dit liéu band
anh va dit liéu diém do dugc ddng bd hoa theo tiéu
chi léy toa do diém do x,y. Nhu vay tai vi tri tirng
diém do s& co dit lidu do sau z, dit liéu gia tri band
1 dén band 5. Nhiing vi tri khong c6 diém do duoc
lam sach béng cach loai bo

Buéc 3: Chia doan dit liéu dé huin luyén va
kiém dinh mé hinh may hoc

Viéc chia ‘,1& liéu duoc thu:c h%én voi ti 1é
75% dé huan luyén, 25% d¢é kiém dinh. Cu
phép train_size = 0.75 dugc dat dé thuc
thi.

Buwéc 4: Thiét 1ap mé hinh may hoc

Cac m6 hinh dugc thanh 1ap dya trén thu vién
sklearn trong phan mém Python [11]. Trong
nghién ctru nay, bd cong cu duoc cai tién dé

thuc hién 7 m6 hinh may hoc vdi cac thiét lap
cu thé nhu Hinh 4.

# Khoi tgo 7 md hinh mdy RF- LR- DT- SVR- GB- KNN- NN

models = {

‘Random Forest':
‘Linear Regression':
‘Decision Tree':
'SVR': SWR(),

‘Gradient Boosting':
"KNM®: KNeighborsRegressor(n_neighbors=5),
"Neural Network'

LinearRegression(),|

RandomForestRegressor({n_estimators=388,

GradientBoostingRegressor(n_estimators=388,

random_state=random_state, n_jobs=-1),

DecisionTreeRegressor({random_state=random_state),

random_state=random_state),

: MLPRegressor(random_state=random_state, max_iter=18888)

Hinh 4: Bé théng sé mé hinh may hoc

Buéc 5: Huén luyén va kiém dinh mé hinh
may hoc

S6 liéu da chuén bi & cac budc trude duoc st
dung trong budc nay nhu Hinh 5 dé huan luyén
va kiém thir mé hinh theo ti 1&. Trong d6 75%
s6 liéu duoc dung dé huan luyén véi cac tham
s6 dau vao la features_train 1a 75% s liéu cua
5 band anh, z_train 1a 75% s6 liéu ctia diém do
dac. Luong con lai 25% dé kiém dinh dugc thé
hién bdi features test va z test. MO hinh hoc
tap théng qua sd liéu huan luyén sau d6 thuc
hién tinh toan vé&i dir liéu kiém thtr, két qua dat
duoc la z_pred.

Budc 6: Panh gia hiéu sudt md hinh

Sau khi thuc hién tinh toan kiém thir va dat
duogc két qua dau ra 1 z_pred, tién hanh dénh
gia hiéu suat mo hinh théng qua danh gia cac
chi s6 MAE (sai s6 tuyét ddi trung binh), MSE
(sai s0 binh phwong trung binh), RMSE (sai s6
binh phuong trung binh) giita s6 liéu z_pred va
z_test. Qué trinh nay dugc didu khién nhu Hinh
5.

# Hudn Luyén va ddnh gid cdc mé hinh

results = {}

for name, model in models.items():
model.fit(features_train, z_train)
z_pred = model.predict(features_test)
mae = metrics.mean_absolute_error(z_test, z_pred)
mse = metrics.mean_squared_error(z_test, z_pred)
r2 = metrics.r2_score(z_test, z_pred)
results[name] = {'MAE': mae, '"MSE': mse,
print(f ' {name}: ")
print(f 'MAE: {mael’)
print(f'MSE: {msel}")
print(f'R*2: {r2}\n"}

"R"2°: r2}

Hinh 5: Hudn luyén va danh gid cdc mé hinh
Buée 7: Tim mé hinh t6t nhét va du tinh tir
anh tif moi
Nghién ctru tién hanh dong thoi 7 mo hinh, do
d6 can xem xét moé hinh nao dat hiéu suét tot
nhit. Tir d6 luu cac tham s6 m6 hinh d€ thuc hién
tinh todn tir dnh tif méi va tinh todn hang loat dia
hinh tir cdc anh vé tinh twong tmg. M6 hinh t6t
nhit 13 mé hinh ¢6 cac chi s& MAE, MSE,
RMSE dat gia tri nho nhét. Tién trinh nay tu
dong hoéa trén bo cong cu, déng thoi chi ra tén
ctia md hinh tot nhat va ty dong luu cac thong tin
ctia mo hinh tt nhét, xuét théng tin ra dang tép
txt dé nguoi dung kiém soét thong tin.
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# Tim md hinh tot nhdt
best_model =

|  KHOA HOC

CONG NGHE

min{results, key=lambda x: (results[x]['MAE'], results[x]['MSE'], -results[x]['R*2']))

# Xudit sidu tham sd cda md hinh td&t nhdt ra tép .txt
with open('best_model params.txt', 'w', encoding="utf-8') as f:
f.write(f"5idu tham s& clua md hinh t&t nhdt:\n")
# Ldy vé ghi siéu tham sd cua md hinh

f.write(f"{best_model.get_params()}in")
else:
# Tai md hinh t&t nhdt
best_model loaded = joblib.load( best_model.pkl™)

# Ldy danh sdch cdc dnh tir thu muc
new_images =

# Ham dy dodn va Luu dnh du dodn
def predict_and_save(image_path, model, save_folder):

[os.path.join(new_images folder, f) for f in os.listdir(new_images_folder) if f.endswith('.tif’')]

Hinh 6: Cdc tién trinh chinh dé xdc dinh hiéu sudt mé hinh, bé tham sé
va dy tinh hang loat dia hinh tw anh tif

Nghién ctru da thé hién cac budc nghién ciu
chu yéu ddi v6i phuong phap may hoc duoc
trién khai trén bd cong cu dugc lap trinh trén
Python [11]. Bang 1 trinh bay két qua danh gia
cac mO hinh may hoc. Trong 7 md hinh may
hoc d3 huan luyén thi mé hinh rimg ngiu nhién
(RF) du bao dat do chinh xac cao nhét (Bang

Random Forest
MAE: 1,87, MSE. 6 90, R*: 0.8

Linnar Regresston
MNAE 2.65, MSE: 11.47, R 079
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1). M6 hinh dugc huan luyén va kiém dinh dat
d6 chinh xac dugc dung dé giai doan hang loat
dia hinh theo thoi gian tir cac anh tif. Két qua
cho thay phan b6 dia hinh theo khong gian c6
su twong dong kha rd khi ddi chiéu tryc quan
v6i anh Google Earth nhu Hinh 9.

Decision Tree SV
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Hinh 7: Twong quan gia tri khao sat va gia tri giai doan tw anh L5
Bing 1: Két qua danh gia mé hinh du doan

Vé tinh | Thong sb MG hinh tri tu€ nhan tao

y RF LR DT SVR GB KNN NN
MAE 1.869 2.651 2.436 2.631 1.993 1.929 2.221

L5 MSE 6.901 11.467 12.425 12.947 7.295 7.295 8.394
RMSE 0.874 0.790 0.773 0.763 0.867 0.867 0.846
MAE 0.845 2.219 1.097 1.697 1.051 0919 1.341

L9 MSE 2.326 9.108 4.730 5.504 3.412 2.497 3.856
RMSE 0.957 0.833 0.913 0.899 0.938 0.954 0.929
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Ghi chu: Trong nghién cieu sw dung ky thudt Cross-validation, khong co over fitting.

Hinh 7 thé hién két qua tinh toan Gmg véi 7 méd
hinh may hoc v&i ngudn dir liéu anh Lansat 5.
Tryc tung thé hién gia tri dy doan, truc hoanh
thé hién gia tri thuc té. Ung v6i ngudn anh
Landsat 5 thi viéc tinh toan cho két qua tt nhat
mg v6i md hinh Rimg ngau nhién (RF), hé sb
RMSE = 0.874 (Bang 1).

Hinh 8 thé hién két qua tinh toan v&i ngudn dit
liéu anh Lansat 9. Ung v6i ngudn anh Landsat
5 thi viéc tinh toan cho két qua tot nhat ing véi
m6 hinh Rimg ngdu nhién (RF), hé sé RMSE =
0.957 (Bang 1).

Hinh 8: Twong quan gia tri khao sat va gia tri giai doan tir anh L9

Qua nghién ctru nay cho thdy viéc img dung cac
thuat toan tri tué nhan tao dé giai dia hinh tir anh
vé tinh dat duoc két qua kha tot. Hé sd tuong
quan dat dugc theo cac mo hinh hoc may déu dat

RMSE > 0.76 cao hon so v6i phuong phap
Stumpf hién chi dat dugc RMSE = 0.73. Ung
dung Al c6 uu diém giai doan dong thoi duge
phan trén can va phan dudi nudc.
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Hinh 9: Xu thé bién dong dia hinh khu vuc cira Tam Quan

Hinh 9a dén Hinh 9f thé hién xu thé bdi 1ap khu
vuc cira bién tir nim 1988- 2000 cho thiy
nhitng dic diém chinh 1a:

Khu vyc ranh gigi trong va ngoai cira dién ra
qué trinh thu hep va mé rong, doi cat phia Nam
c6 xu thé kéo dai theo hudng ciia @& NCGS hién
nay. Ngay ranh gidi phia ngoai ctra bién c6 xu
thé boi ling tao thanh con ngam c6 dang vong
cung. Trong mot sb thoi diém ving nay tach
han bd va dich chuyén vé phia Nam nhu 6 thang
6/1995.

Khu vyc cach cira bién khoang 600-650m ton
tai con ngam phan bd lién tuc, con ngdm nay co
hinh dang twong dbi thang, chin ngang ctra, nbi
thang tir mili da dén vi tri bo Nam noi cach ctra
bién khoang 650m.

Hinh 9g dén Hinh 91 thé hién xu thé bdi 1ap khu
vuc ctra bién tr nam 2000- 2023 cho thdy
nhitng dic diém chinh 1a:

Toan bd khu vyc ¢6 xu thé bdi lang, hinh dang
cac khu vuc boi lang khong thay doi rd rét sau khi
¢ dé NCGS. Toan bd khu vuc bdi lang van chi
dao nam trong mot khu vye tam giac gidi han gitra
canh bo 650m va mili da phia bd Béc

Khi d&¢ NCGS c6 d6 dai ngin hon so voi hién
nay thi hinh dang ving bdi ling hau nhu twong
duong véi dang boi ling tuy nhién trudce khi co
deé NCGS. Thoi gian dé NCGS kéo dai nhur hién
nay, khu vyc bdi cang trd 1én rd rét hon trén birc
tranh tong thé dia hinh khu vuc.

4. KET LUAN VA KIEN NGHI

Nghién ctru da trinh bay phuong phap giai doan
dia hinh da thoi gian khu vyc cura song Tam
Quan, tinh Binh Dinh bé‘mg anh vién tham. Hai
phuong phép duoc sir dung bao gém giai doan

TAI LIEU THAM KHAO

theo cong thirc ty sé ciia Stumpf va giai doan
bang thuat toan may hoc. Két qua cho thiy ca
hai phuong phép déu dat duoc d6 chinh xac
chép nhan duoc. Déi v6i phuong phap Stumpf,
viéc giai doan chi thyc hién phu hop dbi voéi
phan dia hinh dudi nuéc, két qua cho thiy sy
phan b6 dia hinh kha phu hop véi thuc té. Do
chinh xé4c thé hién qua twong quan giira két qua
giai doan va két qua khao sat dat dugc RMSE =
0.73. Tuy nhién, phuong phap ung dung thuét
toan may hoc cho thdy hiéu qua vuot troi voi hé
s6 twong quan cao hon dang ké so véi phuong
phap Stumpf. Pac biét, thuat todn rirng ngau
nhién (RF) cho kbt qua c6 do chinh xéc cao
nhat, RMSE = 0.874+0.957 ttng v&i anh vé tinh
Lansat 5, 7.

Nghién ctru nay da khang dinh tiém ning cua
k¥ thuat vién tham, ddc biét khi két hop véi tri
tu¢ nhan tao, trong viéc gidi doan dia hinh da
thoi gian viing ven bién. Phuong phap img dung
cong nghé méi nay cung cap mot giai phap hiéu
qua vé chi phi va thoi gian, dong thoi cho phép
thu thép dir li¢u trén dién rong va & nhitng khu
vue kho tiép can. Két qua nghién ctru c6 ¥ nghia
quan trong trong viéc quan 1y va khai thac bén
vitng ving ven bién, gop phan vao su phat trién
kinh té- xa hoi cua dia phuong.

LOI CAM ON:

Nghién ctru nay duogc thyc hién trong khudn
khé cac dé tai cip Bo NN va PTNT “Nghién
ciru giai phdp quan ly, bao vé, phuc héi va
phat trién con cat ven bién tir Qudng Binh dén
Binh Thudn véi vai tro la tuyén dé bién tu
nhién gdn véi bao vé méi trieong sinh thdi” va
dé tai “Nghién ciu tmg dung gidi phdp
chuyén cdt, chong boi ldp cho cdc cira song
mién Trung”.

[1] Tran Thanh Tung, 2022. Bé tai KHCN cip Bo Néng nghiép va Phat trién Nong thon “Nghién
ctru Gmg dung giai phap chuyén cat, chdng bdi 1ap cho cac ctra song mién Trung”. SO liéu va
béo c4o khao sat dia hinh khu vuc bién Tam Quan tinh Binh Dinh.

[2] Nguyén Tiép Tan, 2022. Dé tai KHCN cip Bo Nong nghiép va Phat trién Nong thon “Nghién
ctru giai phap quan 1y, bao vé, phuc hdi va phat trién con cat ven bién tir quang binh dén binh
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[3]
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