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Tém tit:

Nghién citu nay trinh bay viéc xdy dung va thir nghiém cdc mé hinh hoc mdy nham ty déng phat
hién mat rieng tai tinh Ca Mau. Toan bg quy trinh, tir tién xir Iy dir liéu anh vé tinh Sentinel-2 (Phan xa bé
mdt - L2A) hudn luyén va danh gid mé hinh dwoc thiee hién trén nén tang dién todn dam mdy Google Earth
Engine (GEE). Nghién ciru da sit dung ky thudt loc mdy dé c6 dwoce anh véi mady che phii dwdi 40%, dong
thoi trich xuat 10 kénh phé va 8 chi sé thue vit, trong dé cdc chi sé delta (ANDVI, AEVI, ANBR, ASAVI)
phuc vu hudn luyén va danh gia mé hinh. Ba thudt toan hoc may dwoc sit dung bao gém Random Forest,
Support Vector Machine (SVM) va Gradient Boosting Trees (GBT). Nghién ciru sir dung 2.500 diém mau
duoe thu thdp véi ty 1é can bang 50% mat rirmg va 50% khong mdt rimg, sau khi trich xudt cdc déc trung
cho cdc diém mau tién hanh chia dit liéu hudn luyén chiém 80% (train va validation), 20% dir li¢u kiém
ching (test), dam bdo duy tri ty ¢ 50:50 trong moi tap. Két qua danh gia cho thdy mé hinh Gradient
Boosting Trees dat hiéu sudt cao nhdt véi dg chinh xdc tong thé 85,40%, recall 72,00%, precision 98,36%
va Fl-score 83,14%. Vi recall dat mirc kha quan va precision rdt cao, hé thong cho thdy dé tin cdy cao
khi canh bdo mdt rirng, dong thoi phdt hién dwoc phan I6n cac trieong hop mat rieg thiee té. Nghién civu
dd xdy dung thanh cong mot cong cu phdt hién mat riemg tir dong trén GEE, cung cdp théng tin hé tro hiéu
qua cho cong tac quan ly rung 1ai dia phwong. Tuy nhién, can nghién ciru tiép vé tich hop dir liéu radar
Sentinel-1 dé khdc phuc han ché vé may che phii trong mita mira va ndng cao hon nita kha nang phat hién.
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Abstract:

This study presents the development and testing of machine learning models for automated
forest loss detection in Ca Mau Province. The entire workflow, from preprocessing Sentinel-2 satellite
imagery (Surface Reflectance - L2A) to model training and evaluation, was implemented on the Google
Earth Engine (GEE) cloud computing platform. The study applied cloud filtering techniques to obtain
images with cloud cover below 40%, while extracting 10 spectral bands and 8 vegetation indices, with
delta indices (ANDVI, AEVI, ANBR, ASAVI) serving for model training and evaluation. Three machine
learning algorithms were employed including Random Forest, Support Vector Machine (SVM), and
Gradient Boosting Trees (GBT). The study utilized 2,500 sample points collected with a balanced ratio
of 50% forest loss and 50% non-forest loss, and after extracting features for these sample points, the
data was divided into 80% for training (train and validation) and 20% for testing, maintaining the 50:50
ratio in each subset. Evaluation results showed that the Gradient Boosting Trees model achieved the
highest performance with an overall accuracy of 85.40%, recall of 72.00%, precision of 98.36%, and
Fl-score of 83.14%. With considerable recall and very high precision, the system demonstrates high
reliability when alerting forest loss while detecting the majority of actual forest loss cases. The study
successfully developed an automated forest loss detection tool on GEE, providing effective information
to support local forest management efforts. However, further research on integrating Sentinel-1 radar
data is needed to overcome cloud cover limitations during the rainy season and further enhance detection

capabilities.
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Giam sat blen dong rung dong vai tro quan trong trong nd luc quan ly tai nguyén
bén vimg, bao tén da dang sinh hoc va giam thiéu tac dong cua blen d6i khi hau. Tuy
nhién, cac phuong phap giam sat truyén théng dang boc 16 nhiing ton tai nhu viéc dleu
tra thue dia, méc du cung cap dir liéu & mue dg chi tiét cao, nhung lai rat ton kém vé chi
phi, nhan luc, mat nhiéu thoi gian va khong kha thi dé trién khai trén cac khu vuc rong
16n hozc kho tiép can [, 2]. Céc phuong phap tiép can dya trén vién tham quang hoc, tuy
da khic phuc dugc van dé vé& quy mo khong gian, nhung lai phai d6i mat véi thach thure
vé may che phu, dac biét 1a cac vung nhiét d6i. Vao mua mua, ty 1¢ may trén anh la rat
16m, do vay lam giam kha nang gidm sat trén anh quang hoc [3-5]. Ca Mau la tinh thude
khu vyc Tay Nam B9, v6i 3 mat giap bién do vay anh huong boi yéu td thoi tiét 1a dan
16n dén chat lugng anh v¢ tinh [6]. Sy khéc biét 16n vé cu truc tan 14, dac diém phan xa
pho va dong thai thay doi giira hai loai hinh rimg nay doi hoi cac phuong phap phan tich
chuyén biét, khién cho viéc ap dung mot mod hinh gidm sat chung tré nén kém chinh xéc.
Do d6, can xay dung mot giai phap phat hién mat rimg tu dong, chinh xac cao, phut hop
vé6i diéu kién phuc tap tai Ca Mau va cac tinh ven bién. Chung t61 str dung thuét toan hoc
may dé mo hinh ty hoc dic diém mat rimg tir cc chi sb trich xudt trén anh qua d6 mo ra
co hoi khic phyc han ché cta phuong phap cii [7-11]. M6 hinh huin luyén k¥ ludng s&
cung cap dir liéu mat rimg kip thoi, hd trg quan 1y bén viing hé sinh thdi rimg ngap man
tai tinh Ca Mau.

2. Phwong phap nghién ciru
2.1. Khu vwe nghién cvwu va di liéu

2.1.1. Khu vuc nghién ciru

Khu vuc nghién ctru 14 tinh Ca Mau, mot tinh thudc viung sinh thai Tay Nam B9,
phia Nam Vi¢t Nam. béi tuong nghién ctru 1a toan b dién tich c6 rung va dat 1am nghi¢p
cta tinh. Tinh dén 31/12/2024, dién tich rung tinh Ca Mau (cii) 1a 74.103,71 ha, trong d6
rung tu nhién la 11.389,03 ha; rung tréng: 62.714,68 ha, ty 1¢ do che phu la 14,05 % [12].
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Hinh 1. Khu vuc nghién cuu (tinh Ca Mau)

2.1.2. Dir liéu anh vé tinh
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Trong nghién ctru ndy, dit lidu vién tham duoc sir dung 1a anh da phd Sentinel-2, 1a
mot vé tinh thudc chuong trinh Copernicus ctia Co quan Vil tru Chau Au (ESA). Chum
vé tinh Sentinel 2 gdm 2 vé tinh song song Sentinel-2A phong nim 2014, Sentinel-2B
phong nim 2017, ngoai ra c6 vé tinh Sentinel 2C phdng nim 2024 nham thay thé khi
Sentinel 2A ngung hoat dong. Ca 3 v¢ tinh hoat dong trén cung mét quy dao va dugce
trang bi bo cam bién da phd (Multispectral Instrument - MSI). B6 cam bién nay thu nhén
dir liéu & 13 kénh phd trai dai tir ving nhin thdy (Visible) dén hdng ngoai song ngin
(SWIR) v6i cac d6 phan giai khong gian lan luot 13 10m, 20m va 60m. Su két hop cua
chum vé tinh mang lai tin suét chup lip lai 1a 5 ngdy, dy 1a mot wu thé vuot trdi cho cac
tmg dung giam sat bién dong [13]. Tai Viét Nam, dir liéu Sentinel-2 da dugc ing dung
hi¢u qua trong nhiéu bai toan 1am nghiép, tir viéc thanh lap ban d6 hién trang rung, phan
loai cac kiéu rimg khac nhau nhu rimg ngap man va rung trong, cho dén giam sat bién
dong dién tich rimg va udce tinh sinh khoi [14-16].

Chung t61 chon dir liéu Sentinel-2 vi d phan gidi 10 m & kénh RGB va NIR gitip
phat hién mét rimg quy mé nhé (tir 0.5 ha), chi tiét hon Landsat [17]. Tan suat chup 5
ngay ting co hoi ldy anh sach may ¢ ving nhiét d6i nhu Ca Mau, dam bao dir liéu lién
tuc [18]. Ngoai ra, kénh Red-Edge nhay v6i di€p luc giap phén biét trang thai rimg, néng
cao do chinh xac mé hinh [19, 20]. Toan bd dit liéu Sentinel-2 dugc cung cip mién phi,
tao diéu kién thuan loi cho cac nghién ciru trén pham vi khong gian rong va theo ddi trong
dai han.

30-01-2024 28-02-2025

Hinh 2. Anh Sentinel-2 tinh Ca Mau tai thoi diém 30-01-2024 va 28-02-2025

Nghién ctru sit dung bo dit liéu Level-2A (L2A): Phan xa bé mat (Surface
Reflectance - SR). Day 1a dir liéu L1C da dugc xur Iy qua mot thudt toan hiéu chinh khi
quyén. Gia tri pixel cta né biéu dién niang luong buc xa phan xa tur bé mat Trai dét, sau
khi di loai bo cac tac dong gy nhidu ctia khi quyén. Trong Google Earth Engine GEE,
bd dir liéu nay dugc ky hiéu la COPERNICUS/S2 SR HARMONIZED. Trong nghién
clru nay chung t6i c¢6 thuc hién viée loc may va may mo, tuy nhién khong st dung nhiéu
ky anh dé bu may. Nghién ctru lwa chon Sentinel-2 thudc 5 ky anh tir 2023 — 2025 dé
phuc vy huin luyén mé hinh (ky 1: 04-02-2023 va 23-08-2023; ky 2: 04-02-2023 va 30-
01-2024; ky 3: 23-08-2023 va 30-01-2024; ky 4: 30-01-2024 va 04-04-2024; ky 5: 30-
01-2024 va 28-02-2025), va 1 ky anh dé phuc vu danh gia mé hinh ky anh 20-01-2022 va
11-03-2023. Cac ky anh thudc tinh Ca Mau trén GEE thudc 4 canh anh bao g6m 48PVR,
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48PWR, 48PWQ, 48PVQ (Thé hién tai Hinh 2 theo thir ty tir trai sang phai, tir trén xudng
dudi).

2.1.3. Dir liéu mat ring, khong mat ring

Bo6 mau cac diém mat rung, khong mét rimg dugc thu thap tir 2 ngudn chinh: i) Dya
trén cac diém mét rimg, ban d6 hién trang rimg tir co s dit liéu theo dbi dién bién rimg
va dat 1am nghiép (FRMS 4.0) dugc Chi cuc kiém 1am tinh Ca Mau cap nhat hang nam
va duoc kiém chimg lai bang phuong phap chuyén gia; ii) Dua trén cac diém diéu tra thuc
dia ctia nhom nghién ctru thuc hién vao thang 10/2024, trong d6 cac diém mat rimg da
duoc xac dinh toa do truc tiép trén thuc dia thong qua chup anh béng thiét bi bay khong
ngudi lai (drone) ¢ gan thiét bi GPS RTK (Real-Time Kinematic) do chinh xéc cao.

Céc diém dit liéu mét rimg dugc thu thap va danh nhan phi hop véi thong tin cac
ky anh Sentinel-2. Nghién ctru di thu thap duge 1.000 diém mat rimg, 1.000 diém khong
mat rimg twong tng voi 5 ky anh phuc vu huin luyén mé hinh. Dit liéu dé dénh gia mo
hinh gom 250 diém mét rimg, va 250 diém khong mét rimg trén 1 ky anh doc 1ap. Dién
tich cac diém mau nam trén cac 16 rimg 6 dién tich tir 0,5 ha tro 1én.

30-01-2024

il

Hinh 3. Mdu dir liéu mat rimg (mau do) va mau dir liéu khong mat rieng (mau xanh da troi) trén anh
Sentinel-2 giita ky dau (30-01-2024) va ky sau (28-02-2025)

2.2. Phwong phdp trich xudt div liéu tiv anh vé tinh va xdy dung mé hinh

2.2.1. Cong cu, luong xir Iy

Toan bd quy trinh phan tich trong nghién ctru nay, tir tién xir Iy dit liéu dén tao ra
san phém cudi cung, déu dugc thuc hién trén nén tang dién toan dam may. GEE la nén
tang dién toan dam may duogc phat trién boi Google, cung cip kha nang xir Iy va phan
tich dit liéu dia khong gian & quy mé hanh tinh [21]. GEE dugc sir dung dé truy cép va
loc kho Iuu trit 4nh Sentinel-2, tao va quan 1y cdc bd mau huin luyén (bao gdm ca 16p
"mét rimg" va "khong mat ring"), tach xuat cac dic trung phd va chi sé thue vat tir chudi
anh thoi gian. Sau do, qué trinh huin luyén moé hinh hoc may, luu trit bd phan loai da
duoc tbi wu, va danh gia do chinh x4c thong qua ma tran nham 14n déu dugce tién hanh
trong cling modt mdi trudng. Nén tang cung cip sin cac thuat toan hoc may nhu Random
Forest, SVM va Gradient Boosting Trees thong qua module ee.Classifier, cho phép huén
luyén va trién khai mé hinh thuc tiép trén ddm may ma khong bi gidi han béi tai nguyén
tinh toan cuc bd [22].
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Luéng xu ly bat dau tir viée thu thap dir li¢u Sentinel-2 tir kho luu trir cua Copernicus
thong qua GEE Data Catalog, sau d6 thuc hién cac budc tién xir Iy bao gdm loc may, tao
anh téng hop va tinh toan céc chi s6 thuc vat. Dit liéu mau dugce thu thap tir khao sat thyc
dia va phén tich anh d6 phan giai cao, dugc chia thanh tap huén luyén (2023-2025) va tap
kiém tra doc 1ap (2022 - 2023) dé dam bao danh gia khach quan kha ning téng quat hoa
cua mo hinh [23].

Chuén bi dir Liéu

Dit liéu huan luyén Thu thap va tién xit 1y Dit liéu danh gia Thu thap va tién xit ly
m6 hinh anh Sentinel-2 m6 hinh anh Sentinel-2

I I I I
! !

Trich xuét cac bién Trich xuit cac bién
theo toa d§ diem mau theo toa d§ diém mau

Huén luyén

Huén luyén md hinh
RF, GBT, SVM

Mo hinh da dwoc

huin luyén

va danh gii mo6 hinh

Panh gia mo hinh
Accuracy, Precision,
Recall, F1 Score

Hinh 4. So dé thuc hién quy trinh chudn bi, chia tép dir liéu, huédn luyén mo hinh va danh gia mo hinh

2.2.2. Thu thdp va tién xir Iy anh

D&t liéu 4anh Sentinel-2 Level-2A dugc thu thap tor by suu tép
"COPERNICUS/S2 SR HARMONIZED" trén GEE cho khu vuc tinh Ca Mau (8°35'-
9°35'N, 104°43'-105°20'E) trong giai doan 2022-2025. Viéc lya chon Level-2A dam bao
dir liéu da duoc hiéu chinh khi quyén, cung cap gia tri phan xa bé mit phi hop cho phan
tich thuc vat [24]. Quy trinh loc may dugc thuc hién theo hai budc chinh. Kénh QA60
dugce sir dung dé xac dinh va loai bo pixel may théng qua phép toan bit-masking vai bit
10 (may mo) va bit 11 (may day). Sau d6, ap dung ngudng xac suat may 40% tir kénh
MSK_CLDPRB dugc ap dung dé loc thém cac pixel may khong dugc phat hién [25].
Ham updateMask() trong GEE dugc st dung dé ap dung cloud mask 1én timg anh trong
collection.

2.2.3. Trich xud't dac trung phé va chi s6 vién tham

Viéc trich xuat dic trung pho tir dir liéu Sentinel-2 dugc thyc hién thong qua hai
nhém bién chinh: gia tri phan xa goc cua cac kénh phd va cac chi sO thyc vat tinh toan.
Mudi kénh phd tir ving nhin thiy dén hong ngoai song ngin dugc st dung dé nam bit
dac trung phd da dang ciia rimg ngap min [26]. Cac Kénh Red Edge (B5, B6, B7) dic
biét c6 gia tri trong viéc phat hién sém su suy thodi rimg do nhay cam véi thay d6i ham
luong chlorophyll va ciu trac tan 14 [27]. Kénh SWIR (B11, B12) phan 4nh ham luong
nude trong thuc vat, yéu td quan trong dé phan biét rirng ngap min khoe manh véi rimg
bi stress hodc chét kho do xam nhdp méan [28].

Chung t61 tinh toan chi sb thuc vat dé nhdn manh sy khac biét phé gilta rung va
khong rimng, giam nhiéu moi trudng. NDVI [29] va EVI[30] danh gia sinh khéi, véi EVI
uu tién cho rimg ngap man day. SAVI [31] diéu chinh nén dit 4m ven bién, con NBR
[32] phat hién thay doi céu trac do chat pha hodc chuyen d6i thuy san [23]. Chi sb delta
(ANDVI, AEVI, ANBR, ASAVI [33-35]) do luong bién d6i gitra cac ky anh, giup mé
hinh phan biét bién dong tu nhién (thity triéu, mua vu) v6i mat rimg thyc té tai Ca Mau.
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Viéc trién khai trén GEE thong qua cic ham téi wu nhu normalizedDifference() va
expression() dam bao xir 1y hiéu qua cho khdi lwong dit liéu 16n & quy mo tinh.
2.2. Phwong phdp hudn luyén mé hinh

2.2.1. Chia tép dir liéu

Viéc phan chia dir liéu duoc thiét ké theo nguyén tic doc lap hoan toan gitta tip
huén luyén va tap kiém tra dé dam bao danh gia khach quan hiéu suit mé hinh [36].
Nghién ctru tién hanh phén chia dit liéu thanh 2 tép doc 1ap. Trong mdi tép dir liéu déu
gdm 50% la dir liéu mat rimg va 50% 1a dit liéu khong mat rimg.

(1) Tap huén luyén va hiéu chinh mé hinh (train va validation) gdm 2.000 diém thu
thap trong giai doan 2023-2025, dir li¢u dugc phan chia véi ty 1€ gitra train va validation
1a 80:20). Nghién ctru ap dung phuong phap xac thuc chéo (cross-validation k-fold) nhim
dam bao toan bd dung lugng mau 1an lugt duoc huin luyén va danh gia, t61 uu hoa viéc
st dung dir liéu [37]. Nghién ctru ap dung k=5, két qua cudi ciing 1a trung binh ciia 5 1an
danh gia, qua d6 giup danh gia do tin cay vé hiéu suat ciia mo hinh va phat hién overfitting
[36].

(2) Tap danh gia mo hinh (test) gdm 500 diém cho ky anh 2022 — 2023. Tép nay
hoan toan dgc 1ap chi st dung cho danh gia mo hinh trén 1 4nh mdi hoan toan khong sir
dung trong qua trinh huan luyén.

Bdng 1. Phdn bé dit liéu mdu theo tdp va lop phdn logi

Tap dir liéu Thoi gian Tong s6 | Khong cé rirng Mat rirng Muc dich

Huan luyén 2023-2025 1500 750 750 Train md hinh
(train)

Dinh gid 2023-2025 500 250 250 Dicu chinh tham
(Validation) s0
Kiém chimg Danh gia hiéu
(Test) 2022 - 2023 500 250 250 sudt mé hinh
Tong cong 2500 1250 1250

2.2.2. Hudn luyén mé hinh

Trong nghién ctru ching toi str dung 3 mo hinh hoc may bao gdm Random Forest
(RF), Gradient Boosting Trees (GBT), Support Vector Machine (SVM).

Random Forest la thuat toan dugc lua chon wu tién cho bai todn phat hién mat rung
do kha nang xir Iy hiéu qua dir liéu da chidu va do chinh xac cao trong phan loai anh vién
tham [38]. Thuét toan hoat dong bang cach xay dung nhiéu cdy quyét dinh doc 1ap va
téng hop két qua dy doan, giup giam overfitting va ting do 6n dinh cia mé hinh. Trong
GEE, RF duoc trién khai thong qua ham ee. Classifier.smileRandomForest() voi tham s6
chinh 14 s6 luong ciy (numberOfTrees) duoc dat ¢ 100, gi tri dwoc chimg minh hiéu qua
cho phan loai rung nhiét doi [39]. Uu diém ndi bat ciia RF trong nghién ctru nay 1a kha
nang danh gia tim quan trong cua cac bién (variable importance), giup xac dinh chi so
thuc vat nao dong vai trd quan trong nhit trong phat hién mat rimg ngap man, tir d6 tdi
uu hoa viée thu thap dir liéu cho céc nghién ctru tlep theo.

GBT dugc trién khai trén GEE qua ham ee. Classifier.smileGradientT reeBoost(), ap
dung k¥ thuat boosting dé x@y dung mo hinh manh tur chudi cac md hinh yéu [40]. GBT
dic biét hiéu qua trong viéc nam bat cac mdi quan hé phi tuyén phire tap gitra cac chi s6
thyc vat va trang thai rimg, phu hop cho moéi truong ring ngdp mén voi sy bién dong cao
do anh huéng cua thuy triéu va mua vu [23]. Tham s6 learning rate dugc dat ¢ 0.05 dé
can bang gitra d6 chinh x4c va tbc d6 hudn luyén, trong khi s6 luong cdy dugc gidi han &
150 dé tranh overfitting trén GEE.
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Support Vector Machine duoc trién khai trén GEE thong qua
ee.Classifier.libsvm(), phtt hop cho viéc phan tach dit liéu phi tuyén tinh trong khong gian
dic trung nhiéu chiéu [41]. SVM c6 wu diém hoat dong hiéu qua véi s6 luong mau huan
luyén han ché, quan trong trong bdi canh thu thap dir liéu thuc dia tai vung ring ngap
man kho tiép can. Thuét toan tim kiém siéu phang t6i wu phan tach hai 16p v6i margin
16n nhét, giup ting kha ning tong quat hoa cho dir liéu méi. Trong nghién ctru vé ring
ngap man, SVM da dugc chiing minh hi€u qua trong viéc phan bi¢t cac giai doan suy
thoai rimg khac nhau, tir rirng nguyén sinh dén ring thi sinh va dat tréng [42].

Viéc huan luyén tit ca cac mo hinh duoc thyc hién hoan toan trén nén tang dam
may cua GEE, tan dung kha nang xtr Iy song song va tranh gidi han bd nhé ciia may tinh
cuc bo [21]. Quy trinh huén luyén dugc thuc hién thong qua céac budce: (1) Chuén bj dit
lidu (training collection) véi ham sampleRegions() dé trich xuat gia tri pixel tai cac diém
mau; (2) Huén luyén mo hinh véi ham train() st dung danh sach bién dau vao va nhan
phan loai; (3) Ap dung mé hinh cho toan bo anh véi ham classify() dé tao ban d6 phan
loai. Viéc so sanh hiéu sut gitta cdc md hinh dugc thuc hién thong qua ham
confusionMatrix() va accuracy() cho phép lua chon mé hinh t6i wu.

2.3. Phwong phap danh gia do chinh xac

Nghién ctru nay ap dung phuong phap danh gia do chinh xac ctia mé hinh phan 16p
nhi phan, str dung trén 4 chi s6 chinh tir mo hinh nham 1an (confusion matrix) bao gom
Do chinh xac téng thé (accuracy), do chinh xac du doan muc ti€u (precision), Do nhay —
ty 1& phat hién dting muc tiéu (recall) va Trung binh diéu hoa giita Precision va Recall (F1
score). Piéu nay nham dam bao tinh toan dién va muc d6 dang tin ciy ctia mo hinh [43,
44]. Accuracy thé hién ty 18 phan loai ding tong thé, dugc tinh bang tong sd diém phan
loai diing chia cho tong s6 diém kiém tra [45]. Tuy nhién, trong bai toan mat can bang di
liéu, accuracy khong phan anh day du hiéu suat mo hinh [46].

Precision (User's Accuracy) do ludng d6 tin ciy cia két qua phén loai, thé hién ty
1¢ pixel duoc phan loai chinh xéac trong tong so pixel duge gan vao 16p mat rimg [47].
Recall (Producer's Accuracy) phan anh kha ning phat hién day du cac diém mét rimg thyc
té, dugc tinh bang ty 1¢ gitra sé diém mat rimg phat hién dang vé6i tong sé diém mat rimg
thuc dia [48]. Trong giam sat rimg, recall cao dic biét quan trong dé tranh bo sot cac khu
vuc mat rimg [49].

Fl-score la trung binh diéu hoa ciia precision va recall, cung cap d4nh gia can bang
vé hiéu sudt mé hinh, dic biét hitu ich khi chi phi cta false positive va false negative
tuong duong nhau [50]. M6 hinh phat hién mat rimg dugc coi 1a hiéu qua khi dat F1-score
trén 0,80, vai recall tdi thiéu 0,75 dé dam bao phat hién ddy du cac khu vuc mét ring
[51]. Viéc két hop danh gi4 da chi s cho phép danh gia toan dién hidu suat m hinh trong
bdi canh tng dung cu thé [52].

Trong nghién ctru nay du doan muc tiéu (positive) 1a du doan mat rimg, du doan
negative 1a du doan khong mét rimg. Tong hop cong thuc tinh cac chi sb danh gia do
chinh xac dugc xéac dinh & bang 2 dudi day.
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Bdng 2. Tong hop cong thire tinh todn ddanh gid g chinh xdc trong nghién ciru

M6 hinh du doan la M6 hinh du doan la
mit rirng (Positive) khéng mit rirng (Negative)
i i False negative (FN)
Thuye té 1a mat rirng True positive (TP) .
(Loi loai IT)
Thue té 1 khong mit rimg (c6 False positive (FP) .
. N True negative (TN)
rirng) (L0oi loai I)
X i (TP +TN)
Do chinh xac tong the (Accuracy) (TP + TN + FP + FN) (1
D¢ chinh xac cia du doan muc (TP) @
tiéu (Precision) (TP + FP)
Do nhay — Ty 1¢ phit hién ding (TP) o)
muc tiéu (Recall) (TP + FN)
Trung binh diéu hoa giira 2 X (Precision x Recall) @
Precision va Recall (F1 Score) (Precision + Recall)

3. Két qua nghién ctru va thio luin
3.1. Két qui nghién ciru

3.1.1. Ket qua hudn luyén mo hinh

Két qua huan luyén mo hinh cho thiy ca ba thuat toan déu dat hiéu suat huan luyén
tdt. Random Forest dat do chinh xéac trung binh cao nhét (97,99%), tiép theo 1a GBT
(97,94%) va SVM (97,73%). Hé s6 Kappa twong tng 1a 95,97%, 95,87% va 95,45%,
khang dinh muc d6 phu hop rat tét ciia cic mo hinh. Do léch chuan thap gitta cac fold
(+1%) chung t6 tinh on dinh cao trong qué trinh huan luyén. Ca ba mé hinh déu vuot
ngudng 96% vé accuracy va 93% vé Kappa ¢ moi fold, cho thdy kha ning hoc tap dic
trung pho va chi sb thuc vat dé phan biét mat rimg/khong mat rimg hiéu qua.

Bdng 3. Két qua danh gid hudn luyén mé hinh

Gradient Boosting Trees Random Forest Support Vector Machine
Fold Accuracy Accuracy Accuracy
(%) Kappa (%) Kappa (%) Kappa
1 98,68 0,9735 98,41 0,9683 98,68 0,9735
2 97,09 0,9414 97,62 0,9520 97,09 0,9414
3 98,15 0,9629 98,15 0,9629 97,88 0,9576
4 99,21 0,9841 98,94 0,9788 98,68 0,9735
5 96,58 0,9316 96,84 0,9368 96,32 0,9263
Mean 0,9587 + 97,99 + 0,9597 + 97,73 + 0,9545 +
xsp | TMELO T 0207 0,85 0,0169 0,98 0,0196

3.1.2. Phdn tich ma trdn nham lan ciia két qua kiém chitng

Sau khi huan luyén, nghién ctru da tién hanh danh gia 3 thuat toan hoc may trén tép
dir liéu kiém chung doc 1ap (test) gdm 250 diém mat rimg, 250 diém khong mat rimg
duoc thu thap trén 1 cdp anh mdi vao thoi gian 2022 — 2023. Ma tran nham 14n cta md
hinh dugc trinh bay tai Bang 4.
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Bang 4. Ma tragn nham lan cua cac mo hinh hoc mdy

M hinh TP | TN FP FN T"I‘I‘I% td;-"iri‘;a“ T‘";% ‘:i-‘:ndg"a“
Gradient Boosting
Trees (GBT) 180 247 3 70 183 317
Random Forest 162 248 2 88 164 336
Support Vector
Machine (SVM) 147 247 3 103 150 350

Ghi chii: TP - True Positive (phdt hién diing mat rirng); TN - True Negative (phdt hién diing
c6 rimmg); FP - False Positive (nhdn dién sai la mat rimg); FN - False Negative (b6 st mdt rimg).

3.1.3. Phan tich két qua kiém chitng mé hinh

MB® hinh GBT dat két qua tdt nhat v6i 180/250 diém mat rung dugc phat hién dung
(TP=180) va bo s6t 70 diém (FN=70). M6 hinh chi c6 3/250 diém c6 rimg bi nhan dién
nham 13 méat rung (FP=3), thé hién do tin cdy cao trong vi¢c canh bao. Ty I¢ phat hién
dung mét rimg dat 72%, mot cai thién dang ké so v6i nhiéu nghién ctru trudc day.

Mo hinh Random Forest cho két qua tét thir 2 v6i phat hién 162/250 diém mat rimg
(TP=162), bo s6t 88 diém (FN=88). Vi chi 2 canh bao sai (FP=2), m6 hinh thé hién tinh
on dinh cao va do chinh xac dy doan Xudt sic.

Mo hinh SVM c¢6 hiéu suét thdp hon nhung van dat két qua kha quan véi 147/250
diém mat rimg duoc phat hién (TP=147), b6 sot 103 diém (FN=103). Vi 3 canh bao sai
(FP=3/250), m6 hinh van duy tri dugc db tin cdy cao khi phat hién mat rimg, mic du kha
nang phat hién toan dién con han ché hon so véi hai mé hinh con lai.

Ca ba mé hinh déu cho ty 1 canh béo sai rat thap (FP < 3), diéu nay dic biét quan
trong trong tmg dung thyc té vi gitp tranh lang phi ngudn lyc khi kiém tra thuc dia cac
canh bao nham 1an.

3.1.4. Cdc chi s6 danh gid hiéu sudt

Mo hinh GBT cho hiéu suét cao nhat v&i do chinh xac tong thé 85,40% va F1-score
83,14%, cao hon dang ké so voi Random Forest (82,00% va 78,26%) va SVM (78,80%
va 73,50%). Tt ca cac md hinh déu dat Precision trén 98%, chtng to khi mé hinh du
doan mot diém 1a mét rimg, kha nang dy doan dang rat cao. Sy khac biét giita cac mo
hinh 12 chi s6 Recall - kha niang phat hién day du cac diém mat rimg thuc té. M6 hinh
GBT véi Recall 72,00% phét hién duoc gan 3/4 s6 diém mat rimg, trong khi Random
Forest phat hién duoc 64,80% va SVM dat 58,80%. Diéu nay cho thdy GBT c6 kha ning
can bang tbt nhét giita viéc giam canh bao sai va phat hién day du cac truong hop mat
rung. F1-Score cua GBT la 83,14%, Random Forest 1a 78,26% va SVM voi 73,50%. Két
qué x4c dinh GBT 1a md hinh phu hop nhat cho trién khai thyc té tai Ca Mau.

Bdng 5. Két qua danh gid hiéu sudt tong hop cdc mé hinh

Mo hinh Accuracy (%) Precision (%) Recall (%) F1-Score (%)
Gradient Boosting Trees 85,40 98,36 72,00 83,14
Random Forest 82,00 98,78 64,80 78,26
Support Vector Machine 78,80 98,00 58,80 73,50

Két qua nghién ctru cho thdy khong c6 sy chénh 1éch dang ké vé do chinh xéc gitra
3 mé hinh khi huan luyén (Bang 6). Random Forest cho két qua cao nhéat 97,99%, cao
hon 0,05% so vi GBT va 0,26% so v6i SVM, qua d6 cho thay giai doan huan luyén mé
hinh cho két qua tot. Két qua kiém chimg mé hinh cho thdy GBT giam it nhat vdi -12,54%,
Random Forest 14 -15,99% va -18,93% ¢ SVM. Két qua nay phan anh muc do phirc tap
khi nghién ctru mét rimg trén ddi trong cha yéu 1a rimg ngdp man. Trong nghién ctru sir
dung tép test doc 1ap trén madt ky anh hoan toan khac (2022-2023), do vay co thé d3 co
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s6 m&i nham nang cao d6 chinh xac du doan ctia mo hinh.

Bdng 6. So sanh d¢ chinh xdc giita két qua hudn luyén va kiém chimg mé hinh
Mb hinh Huén luyén (%) Kiém chirng (%) Chénh léch (%)
Gradient Boosting Trees 97,94 85,40 -12,54
Random Forest 97,99 82,00 -15,99
Support Vector Machine 97,73 78,80 -18,93

3.1.5. Bdan do mat rieng tai khu viee nghién civu

Nghién ctru str dung mé hinh GBT dé xay dung ban d6 mét rimg cho khu vuc nghién
ctru str dung ky anh 20-01-2022 va 11-03-2023. Ban d6 nay da dugc vector hoa dé tién
cho cong tac xac minh, dbi chiéu véi dir liéu mat rung trong qua khir. Nhom nghién ctru
cling da phat trién thanh céng cong cu tao ra ban dd mat rimg ngay mot cach ty dong trén

nén tang GEE.

0-01-2022

11-03-2023

Hinh 5. Ban do mat rieng sw dung mo hinh GBT va minh hoa dy doan mat ring (vién mau vang, diém
mau kiém chung mat rieng mau do, va diém khong mat rieng mau xanh da troi).
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3.2. Thao ludn

Nghién ctru d3 xdy dung thanh coéng hé thong phat hién mét ring ty dong véi mo
hinh Gradient Boosting Trees dat d0 chinh xac 85,40% va F1-Score 83,14%. Pac biét 1a
chi sb precision cao (>98%) & tat ca cac mo hinh, cho thdy do tin ciy cao khi hé thong
canh bao mat rimg. Do chinh x4c ctia nghién ctru ndy cao hon so voi nghién ciru tai tinh
Thira Thién Hué khi chi chi st dung chi sb chénh Iéch chi s6 NDVI giita 2 ky (70%) [34].
Céc chi sb vé ty 1& phat hién dung diém mat rimg, ty 18 bo sot (recall 72%) va F1-Score
(83,14%) cho thdy m6 hinh GBT la dang tin cay va co thé dua vao mg dung trong thuc
té. Viéc trién khai toan bo quy trinh phat hién mat rung trén nén tang GEE chtg minh
tinh kha thi cta gidm sat rimg quy mo 16n véi chi phi thap, phi hop voi didu kién cua cac
dia phuong.

Két qua xéac thuc chéo (k-fold cross validation) cho thiy sy 6n dinh cao trong qua
trinh huan luyén vé6i do léch chuan thap (~1%). Tuy nhién, chénh léch gitta do chinh xéac
huan luyén (~98%) va kiém chl'mg (78,8 - 85,4%) cho thy thach thirc trong viéc tong
quat hoa mé hinh cho dit liéu méi. Diéu nay phu hop véi dac thu phire tap cua rimg ngép
man Ca Mau chiu anh huéng manh boi thuy triéu va bién dong mua vu [51].

Han ché ctia nghién ctru 1a chua khéac phuc dugc hoan toan anh huéng cua ty 16 may
16n trong mua mua, dan téi viée ¢6 thé phat hién rimg chdm. Nghién ctru hién dang dimg
lai & viéc danh gia mat rimg theo diém, chua danh gia duoc dién tich thiét hai do mé hinh
du doan va dién tich thuc té. Ty 1€ bo sot diém mat rung con ¢ muec trung binh (28%). Do
d6, chiing t6i du kién tiép tuc nghién ctru nay va tich hop Sentinel-1 radar c6 xuyén may
nham khic phuc cac han ché vé may trén anh Sentinel-2 [53, 54]. Phuong phap nay duoc
ky vong s& cai thién ca d6 chinh xac va kha ning phat hién kip thoi mat rimg, dic biét
trong diéu kién thoi tiét bét loi ciia ving nhiét d6i gié mua.

4. Két lun

Nghién ciru da xay dung thanh cong hé thong phat hién mat rimg ty dong tai Ca
Mau sir dung anh Sentinel-2 va thuét toan hoc méy trén nén tang Google Earth Engine.
Gradient Boosting Trees dugc xac dinh la thuat toan phu hop nhét v&i do chinh xac
85,40%, recall 72 OO%, precision 98,36%va Fl1-score 83,14%. Mic du recall con han ché
nhung precision rat cao cho thiy do tin cdy ctia hé thong khi canh bao mét rimg, gitp tdi
wu nguon lyc kiém tra thyc dia.

Viéc ap dung k-fold cross-validation dd cung cap dénh gia toan dién vé hiéu suat
m6 hinh, v6i d6 chinh xac huin luyén 6n dinh (~98%) qua cac fold. Tuy nhién, han ché
vé may che phu trong mila mua va kha nang phat hién chua toan dién (recall 72,00%) can
duoc cai thién trong cac nghién ctru tiép theo. Do d0, can tiép tuc nghién ctru tich hop dir
lidu radar Sentinel-1 dé khic phuc van dé may che phii va nang cao kha nang phat hién
mat ring.

Két qua nghién ciru cung cp cong cu hitu ich cho Chi cyc Kiém 1am Ca Mau trong
cOng tac giam sat va quan ly rung, voi kha nang phat hién 72% cac truong hop mat ring
va d¢ chinh xac canh béo trén 98%. Phuong phap duogc phat trlen c6 thé nhan rong cho
cac tinh ven bién c6 diéu kién sinh thai twong tu, gop phan vao nd luc bao vé va phat trién
bén ving tai nguyén rimg ngdp man tai Viét Nam.

Loi cam on

Nhom tac gia xin tran trong cam on Uy ban Nhan dén tinh Ca Mau va So Khoa hoc
va Cong nghé tinh Ca Mau di phé duyét, cp kinh phi va tao diéu kién thuan lgi cho viéc
thue hién nghién ciru nay. Nghién ctru 1a mot phan két qua cua dé tai cap tinh "Ung dung
cong nghé vién tham, anh vé tinh dé quan 1y, giam sat tai nguyén rimg va sat 10 ven bién
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trén dia ban tinh Ca Mau". Ching t6i cung xin gui 101 cam on Chi cyc Ki€m lam tinh Ca

Mau da ho trg chung t6i trong qua trinh khéo sat, thu thap dir liéu di€ém mau trén dia ban

tinh.

Cam két cia cac tac gia

Tat ca cac tac gia co tén trong bai bao cam ket sy dong thuan va khong co xung
dot loi ich trong cong bo khoa hoc tai bai bao nay.

Tai liéu tham khao

[1] Knehtl, M., Petkovska, V., and Urbani¢, G., "Is it time to eliminate field surveys from
hydromorphological assessments of rivers?—Comparison between a field survey and a remote sensing
approach,” Ecohydrology, vol. 11, no. 2, p. €1924, 2018.

[2] Mumby, P. J., Green, E. P., Edwards, A. J., and Clark, C. D., "The cost-effectiveness of remote sensing
for tropical coastal resources assessment and management," Journal of Environmental Management,
vol. 55, no. 3, pp. 157-166, 1999.

[3] Asner, G., "Cloud cover in Landsat observations of the Brazilian Amazon," International Journal of
Remote Sensing, vol. 22, pp. 3855-3862, 2001.

[4] Eberhardt, I. D. et al., "Cloud Cover Assessment for Operational Crop Monitoring Systems in Tropical
Areas," Remote Sensing, vol. §, no. 3, 2016.

[5] He, J. et al., "Recent advances and challenges in monitoring and modeling of disturbances in tropical
moist forests," Frontiers in Remote Sensing, Mini Review vol. Volume 5 - 2024, 2024.

[6] Thanh Son, N., Chen, C.-F., Chang, N.-B., Chen, C.-R., Chang, L.-Y., and Bui, X.-T., "Mangrove
Mapping and Change Detection in Ca Mau Peninsula, Vietnam, Using Landsat Data and Object-Based
Image Analysis," IEEE Journal of Selected Topics in Applied Earth Observations and Remote Sensing,
vol. 8, pp. 503-510, 2015.

[7] Chitra, N. T., Anusha, R., Kumar, S., Chandana, D. S., Harika, C., and Kumar, V. U., Satellite Imagery
for Deforestation Prediction using Deep Learning. pp. 522-525, 2021

[8] Nichols, K. and Hosein, P., Estimating Deforestation using Machine Learning Algorithms. pp. 82-87,
2021

[9] Saha, S., Bhattacharjee, S., Shit, P. K., Sengupta, N., and Bera, B., "Deforestation probability
assessment using integrated machine learning algorithms of Eastern Himalayan foothills (India),"
Resources, Conservation & Recycling Advances, vol. 14, p. 200077, 2022.

[10] Torres, D. L. et al., "Deforestation Detection with Fully Convolutional Networks in the Amazon Forest
from Landsat-8 and Sentinel-2 Images," Remote Sensing, vol. 13, no. 24, 2021.

[11] Vo, Q. T., Oppelt, N., Leinenkugel, P., and Kuenzer, C., "Remote Sensing in Mapping Mangrove
Ecosystems — An Object-Based Approach," Remote Sensing, vol. 5, no. 1, pp. 183-201, 2013.

[12] Uy ban nhan dan tinh Ca Mau, (2025), Quyét dinh vé viéc cong bd hién trang rimg tinh Ca Mau nim
2024.

[13] Drusch, M. et al., "Sentinel-2: ESA's Optical High-Resolution Mission for GMES Operational
Services," Remote Sensing of Environment, vol. 120, pp. 25-36, 2012.

[14] Pham, T.-D., Xia, J., Baier, G., Le, N., and Yokoya, N., Mangrove Species Mapping Using Sentinel-
1 and Sentinel-2 Data in North Vietnam. 2019

[15] Hoang, T. T., Truong, V. T., Hayashi, M., Tadono, T., and Nasahara, K. N., "New JAXA High-
Resolution Land Use/Land Cover Map for Vietnam Aiming for Natural Forest and Plantation Forest
Monitoring," Remote Sensing, vol. 12, no. 17, 2020.

[16] Nguyen, H.-H., Bich, N. T. N., Nghia, N. H., Lan, T. T. N., Nguyen, T. T. H., and Dang, H. V.,
"Estimation of changes in above-ground biomass and carbon stocks of mangrove forests using sentinel-
2a in Thai Thuy district, Thai Binh province during 2015 - 2019," Vietnam Journal of Science and
Technology, vol. 60, no. 1, pp. 73-91, 2022.

[17] Immitzer, M., Vuolo, F., and Atzberger, C., "First Experience with Sentinel-2 Data for Crop and Tree
Species Classifications in Central Europe," Remote Sensing, vol. 8, p. 166, 2016.

[18] Hoscilo, A. and Lewandowska, A., "Mapping Forest Type and Tree Species on a Regional Scale Using
Multi-Temporal Sentinel-2 Data," Remote Sensing, vol. 11, p. 929, 2019.

[19] Schuster, C., Forster, M., and Kleinschmit, B., "Testing the red edge channel for improving land-use
classifications based on high-resolution multi-spectral satellite data," International Journal of Remote
Sensing, vol. 33, pp. 5583-5599, 2012.

78 The Magazine of Geodesy - Cartography has been in operation since 1970.


https://www.geocartagis.org/
https://www.geocartagis.org/

Magazine of Geodesy — Cartography Tap chi Tric dia - Ban db
Vol 11, N° 04 (08/2025), ISSN: 2615-9481 Tap 11, S6 04 (08/2025), ISSN: 2615-9481

[20] Pradhan, S., Tiwari, K., and Dhar, A., "Evaluation of Sentinel 2 Red Edge Channel for Enhancing
Land Use Classification," 2021, pp. 79-89.

[21] Gorelick, N., Hancher, M., Dixon, M., Ilyushchenko, S., Thau, D., and Moore, R., "Google Earth
Engine: Planetary-scale geospatial analysis for everyone," Remote Sensing of Environment, vol. 202,
pp. 18-27, 2017.

[22] Pratico, S., Solano, F., Di Fazio, S., and Modica, G., "Machine Learning Classification of
Mediterranean Forest Habitats in Google Earth Engine Based on Seasonal Sentinel-2 Time-Series and
Input Image Composition Optimisation," Remote Sensing, vol. 13, no. 4, 2021.

[23] Chen, B. et al., "A mangrove forest map of China in 2015: Analysis of time series Landsat 7/8 and
Sentinel-1A imagery in Google Earth Engine cloud computing platform," ISPRS Journal of
Photogrammetry and Remote Sensing, vol. 131, pp. 104-120, 2017.

[24] Main-Knorn, M., Pflug, B., Louis, J., Debaecker, V., Miiller-Wilm, U., and Gascon, F., Sen2Cor for
Sentinel-2. p. 3, 2017

[25] Skakun, S. et al., "Cloud Mask Intercomparison eXercise (CMIX): An evaluation of cloud masking
algorithms for Landsat 8 and Sentinel-2," Remote Sensing of Environment, vol. 274, p. 112990, 2022.

[26] European Space, A., "Sentinel-2 User Handbook," in "ESA Standard Document," European Space
Agency2015.

[27] Delegido, J., Verrelst, J., Alonso, L., and Moreno, J., "Evaluation of Sentinel-2 Red-Edge Bands for
Empirical Estimation of Green LAI and Chlorophyll Content," Sensors, vol. 11, no. 7, pp. 7063-7081,
2011.

[28] Wang, L., Silvan-Cardenas, J., and Sousa, W., "Neural Network Classification of Mangrove Species
from Multi-seasonal Tkonos Imagery," Photogrammetric Engineering & Remote Sensing, vol. 74, pp.
921-927, 2008.

[29] Rouse, J., Haas, R., Schell, J., and Deering, D., "Monitoring Vegetation Systems in the Great Plains
with ERTS," NASA Special Publication, vol. 1, 1974.

[30] Huete, A., Didan, K., Miura, T., Rodriguez, E. P., Gao, X., and Ferreira, L. G., "Overview of the
radiometric and biophysical performance of the MODIS vegetation indices," Remote Sensing of
Environment, vol. 83, no. 1, pp. 195-213, 2002.

[31] Huete, A. R., "A soil-adjusted vegetation index (SAVI)," Remote Sensing of Environment, vol. 25,
no. 3, pp. 295-309, 1988.

[32] Key, C. and Benson, N., "Landscape Assessment: Ground measure of severity, the Composite Burn
Index; and Remote sensing of severity, the Normalized Burn Ratio," 2006, pp. LA 1-51.

[33] Lu, D., Mausel, P., Brondizio, E., and Moran, E., "Change Detection Techniques," International
Journal of Remote Sensing, vol. 25, 2004.

[34] Thai, V. V. ,Nguyén, H.-H. H., L& Thi Quynh, Ngoc, N. M., Hiéu, T. P. H., and Liém, N. D., "Sir dung
chi s vién tham phat hién mét ring trén anh Sentinel-2 tai t1nh Thura Thlen Hué," Tap chi Khoa hoc va
Cong nghé Lam nghi¢p, vol. 4, 2021.

[35] Miller, J. D. and Thode, A. E., "Quantifying burn severity in a heterogeneous landscape with a relative
version of the delta Normalized Burn Ratio (AINBR)," Remote Sensing of Environment, vol. 109, no. 1,
pp- 66-80, 2007.

[36] Lyons, M. B., Keith, D. A., Phinn, S. R., Mason, T. J., and Elith, J., "A comparison of resampling
methods for remote sensing classification and accuracy assessment," Remote Sensing of Environment,
vol. 208, pp. 145-153, 2018.

[37] A. Ramezan, C., A. Warner, T., and E. Maxwell, A., "Evaluation of Sampling and Cross-Validation
Tuning Strategies for Regional-Scale Machine Learning Classification,” Remote Sensing, vol. 11, no.
2. doi: 10.3390/rs11020185

[38] Belgiu, M. and Dragut, L., "Random forest in remote sensing: A review of applications and future
directions," ISPRS Journal of Photogrammetry and Remote Sensing, vol. 114, pp. 24-31, 2016.

[39] Rodriguez-Galiano, V. F., Ghimire, B., Rogan, J., Chica-Olmo, M., and Rigol-Sanchez, J. P., "An
assessment of the effectiveness of a random forest classifier for land-cover classification," ISPRS
Journal of Photogrammetry and Remote Sensing, vol. 67, pp. 93-104, 2012.

[40] Friedman, J., "Greedy Function Approximation: A Gradient Boosting Machine," The Annals of
Statistics, vol. 29, 2000.

[41] Mountrakis, G., Im, J., and Ogole, C., "Support vector machines in remote sensing: A review," ISPRS
Journal of Photogrammetry and Remote Sensing, vol. 66, no. 3, pp. 247-259, 2011.

Tap chi Tréc dia — Ban dé hoat dong tir nam 1970. 79


https://www.geocartagis.org/
https://www.geocartagis.org/

Magazine of Geodesy — Cartography Tap chi Tric dia - Ban db
Vol 11, N° 04 (08/2025), ISSN: 2615-9481 Tap 11, S6 04 (08/2025), ISSN: 2615-9481

[42] Pham, T. D., Yokoya, N., Bui, D. T., Yoshino, K., and Friess, D. A., "Remote Sensing Approaches for
Monitoring Mangrove Species, Structure, and Biomass: Opportunities and Challenges," Remote
Sensing, vol. 11, no. 3, 2019.

[43] Rainio, O., Teuho, J., and Klén, R., "Evaluation metrics and statistical tests for machine learning,"
Scientific Reports, vol. 14, 2024.

[44] Congalton, R. and Green, K., Assessing the Accuracy of Remotely Sensed Data: Principles and
Practices, Third Edition. 2019

[45] Foody, G. M., "Status of land cover classification accuracy assessment,” Remote Sensing of
Environment, vol. 80, no. 1, pp. 185-201, 2002.

[46] He, H. and Garcia, E. A., "Learning from Imbalanced Data," Knowledge and Data Engineering, IEEE
Transactions on, vol. 21, pp. 1263-1284, 2009.

[47] Olofsson, P., Foody, G. M., Herold, M., Stehman, S. V., Woodcock, C. E., and Wulder, M. A., "Good
practices for estimating area and assessing accuracy of land change," Remote Sensing of Environment,
vol. 148, pp. 42-57, 2014.

[48] Story, M. and Congalton, R. G., "Accuracy assessment: a user’s perspective," Photogrammetric
Engineering, vol. 52, no. 3, pp. 397-399, 1986.

[49] Hansen, M. C. et al., "High-Resolution Global Maps of 21st-Century Forest Cover Change," Science
(New York, N.Y.), vol. 342, pp. 850-853, 2013.

[50] Sokolova, M. and Lapalme, G., "A systematic analysis of performance measures for classification
tasks," Information Processing & Management, vol. 45, pp. 427-437, 2009.

[51] Bullock, E. L., Woodcock, C. E., and Olofsson, P., "Monitoring tropical forest degradation using
spectral unmixing and Landsat time series analysis," Remote Sensing of Environment, vol. 238, p.
110968, 2020.

[52] Pontius, R. and Millones, M., "Death to Kappa: Birth of quantity disagreement and allocation
disagreement for accuracy assessment," International Journal of Remote Sensing, vol. 32, pp. 4407-
4429, 2011.

[53] Dascilu, A., Cataldo, J., and Navarro, A., "Detecting Deforestation Using Logistic Analysis and
Sentinel-1 Multitemporal Backscatter Data," Remote Sensing, vol. 15, no. 2, 2023.

[54] Vargas, C., Itoh, T., Tsuji, S., Koide, T., Hirose, K., and Okonogi, H., "Automatic Deforestation
Detection Methodology Using Sentinel-1," in IGARSS 2019 - 2019 IEEE International Geoscience and
Remote Sensing Symposium, 2019, pp. 6590-6593.

Article © 2024 by Magazine of Geodesy - Cartography is licensed under CC BY 4.0

80 The Magazine of Geodesy - Cartography has been in operation since 1970.


https://www.geocartagis.org/
https://www.geocartagis.org/
https://www.geocartagis.org/thong-tin-khoa-hoc
https://www.geocartagis.org/
https://creativecommons.org/licenses/by/4.0/?ref=chooser-v1

