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Nghién ciiu nay nham khdc phuc han ché ciia dnh vé tinh truyén thong trong nhdn dang lodi riing ngdp mdn,
khi cdc loai c6 phé phdn xa tuong dong va bi dnh huéng béi may, nuéc duc va nhiéu cam bién. Phuong phdp
dé xudt tich hgp biéu dién phd sau (Deep Spectral Embedding) biéu dién ddc trung 64 chiéu dugc hoc tir diy
liéu vé tinh da ngudn theo chudi thoi gian - vdi cdc thudt todn phan cum khong gidm sdt K-Means dé phan logi
loai thuc vt ricng ngdp mdn. Thuc nghiém dugc trién khai tai Vuon quéc gia Xuan Thuy (tinh Ninh Binh),
khu Ramsar ddu tién ciia Viét Nam, noi c6 hé sinh thdi ngdp mdn phdt trién dién hinh. Két quad cho thdy, dii
liéu phan biét hiéu qud cdc loai ddc hitu nhu mdm, dudc voi, trang vdi do chinh xdc 86.7%, viigt troi so vdi cdc
nguon dii liéu dnh vién tham truyén thong. Nghién ciiu khdng dinh tiém ndng ciia embedding hoc sdu trong
bdn do héa hé sinh thdi va nhdn dang lodi risng ngdp mdn 6 quy mé chi tiét.

Tii khod: Biéu dién phd sau, phdn cum K-Means, riing ngdp man, Vidn quic gia Xudn Thity, nhdn dang lodi.
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Application of deep spectral embedding
and clustering algorithms for mangrove plant species
identification in Xuan Thuy National Park area

Abstract

This study aims to overcome the limitations of conventional satellite imagery in mangrove species identification,
where spectral signatures are often similar among species and affected by clouds, turbid water, and sensor
noise. The proposed approach integrates Deep Spectral Embedding, a 64-dimensional feature representation
learned from multi-source satellite time series data, with an unsupervised K-Means clustering algorithm to
classify mangrove species. Experiments were conducted in Xuan Thuy National Park, the first Ramsar site
in Vietnam, which hosts a representative mangrove ecosystem. The results demonstrate that the embedding
effectively discriminates endemic species such as Rhizophora, Avicennia, and Sonneratia, achieving an overall
accuracy of 86.7%, outperforming traditional remote sensing datasets. This study confirms the potential of
deep spectral embeddings for ecosystem mapping and fine-scale species identification in mangrove forests.
Keywords: Deep Spectral Embedding, clustering; K-Mean, mangrove species, Xudn Thiiy National Park; multi-
source satellite data.

JEL Classifications: Q51, Q52, Q53.

1. GIOI THIEU

Riing ngdp min (RNM) la mot trong nhiing hé
sinh thai ven bién c¢ gid tri sinh thai cao, dong vai tro
quan trong trong bao vé bd bién, gidm thiéu thién tai,
luu tri carbon va duy tri da dang sinh hoc (Alongi,
2014). Tai Viét Nam, Vuon qudc gia Xuan Thay (tinh
Ninh Binh) khong chi la khu Ramsar dau tién dugc
cong nhan & Pong Nam A ma con 13 noi tap trung
nhiéu loai thuc vat ngap man ddc hiiu va cé gia tri bao
ton cao. Tuy nhién, 4p lyc tli nudi trong thuy san, xo6i
16 bo bién va bién ddi khi hau dang de doa nghiém

trong cdu truc va thanh phan loai ctia hé sinh thai nay
(Friess, 2019). Vi vay, viéc nhan dang chinh xdc cac
loai thuc vét trong hé sinh thai riing ngap mén la diéu
cap thiét d€ phuc vu quan ly, phuc hoi sinh thai va hach
toan von tu nhién.

Céc nghién ctiu lap ban do riing ngdp man trudc
day chu yéu dua vao chi s6 thuc vat phé nhu NDVI,
EVI hoac cac phuong phap phéan loai c¢é gidm sat
(supervised classification) tii anh Landsat, Sentinel-2,
SPOT va UAV (Kuenzer, 2011; Maurya, 2021). Cac
chi s6 nay phan anh stic khoe va mat do tham thuc
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vat, nhung lai thi€u kha ndng phan biét cac loai c6 dac
tinh sinh ly va cdu truc 14 tuong tu nhau, dan téi sai s6
16n & cdp do loai (Giri et al,, 2016; Pham & Yoshino,
2017). Bén canh d¢, dii liéu quang hoc & viung ven bién
thuong chiu anh hudng manh ctia myc nudc thuy triéu,
d6 mén, bun cit lo lting va d6 dm dat, lam bién dang
duong cong phan xa phd, khién hiéu suéit phén loai bi
giam dang ké (Tran, Reef & Zhu, 2022; Sun, 2024).

Dé khac phuc cac han ché trén, mot s6 nghién
ctiu da thu nghiém cac ky thuat hoc may nang cao
va hoc sau nhu Random Forest, Support Vector
Machine, Convolutional Neural Networks (CNN)
hodc Autoencoders nham cai thién kha nidng phén biét
loai rting ngap mén (Zhang, 2023; Behera, 2021). Tuy
nhién, hiu hét cac phuong phap nay van phu thudc
16n vao dii liéu hudn luyén gan nhan, trong khi di liéu
thuc dia vé loai tai cac vung ven bién nhu Viét Nam
thuong khan hiém, ton kém va kho thu thap.

Gan déay, xu hudng tng dung biéu dién phd sau
(Deep Spectral Embedding) da dugc dé xudt nhu mot
giai phdp tiém nang nhdm nén di liéu phd da chiéu
thanh khong gian dic trung thip chiéu nhung van git
dugc cac thong tin phi tuyén quan trong vé ciu tric
phd - khong gian (Yaseen, 2023; Guo, 2024). Phuong
phdp nay giup tach biét cac loai c6 phé phan xa tuong
dong nhung khac biét tinh vi vé€ ham lugng diép luc,
cdu truc mo 14 hodc miic do ngap mén (Boykis,2023).
Tuy nhién, cho dén nay, chua c6 nghién ctiu nao ap
dung phuong phép nay dé nhin dang loai rling ngép
madn tai Viét Nam, diac biét 6 cdc khu Ramsar nhu
Vuon quoc gia Xuan Thay, noi ¢ tinh da dang sinh
hoc cao nhung diéu kién phéan xa phd phtc tap do thay
van anh hudng.

Tinh méi ctia nghién ctiu nay ndm & viéc dé xuit
ting dung Deep Spectral Embedding, mdt phuong
phap hoc dédc trung phd sau khong giam sat, két hgp
v6i thuét todn phan cum (K-means va DBSCAN) dé
phén loai loai riing ngdp mdn tai Vuon quoc gia Xuan
Thuy. Khac véi cac nghién ciu truyén thong, phuong
phap nay khong phu thudc hoan toan vao di liéu huan
luyén gan nhan va c6 kha nang nhan dang tot cac loai
c6 phd phan xa tuong dong nhung khac biét tinh vi
trong cdu truc té bao 14 va chat diép luc. Pong thoi,
nghién ctiu xay dung mot quy trinh ty dong gom: xu
ly anh Sentinel-2, gidm chiéu di liéu phd, nhing phé
sau (embedding), phan cum loai va kiém chiing bang
di liéu thuc dia.

Bai viét tap trung giai quyét ba ndi dung chinh: (i)
phat trién quy trinh Deep Spectral Embedding cho di
liéu vién tham riing ngdp mén; (ii) danh gia hiéu qua
cta thuét todn phan cum trong nhan dang loai; (iii)
phan tich tiém nang ting dung trong giam sat va bao
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ton hé sinh thai. Muc tiéu cudi cling la xay dung mot
cong cu nhan dang loai hiéu qua, it phu thudc di liéu
gan nhan, nham ho trg quan ly va quy hoach bao tén
tai Xuan Thuy.

2.POI TUQNG VA PHUONG PHAP NGHIEN CUU

2.1. Co s6 ly thuyét va khung nghién ciiu

2.1.1. H¢ sinh thdi riing ngdp mdn va yéu cdu phdn
logi tGi cdp loai

Ruing ngédp mén la mot trong nhiing hé sinh thai cé
ndng sudt sinh hoc cao nhat trén Trai dat, dong vai tro
phong ho bo bién, hdp thu carbon xanh (blue carbon)
va duy tri da dang sinh hoc vung ctia song - ven bién
(Alongi, 2018). Viét Nam hién c6é khoang 150.000 ha
riing ngdp mdn, tdp trung chu yéu ¢ Dong bing song
Ctiu Long, Dong béing song Hong va ven bién mién
Trung (Nguyen, 2021), trong d6 Vudn qudc gia Xuan
Thuyla khu Ramsar dau tién va noi sinh canh cia nhiéu
loai cay ngap mdn ban dia va phuc hoi (Truong,2021).

Maic du nhiéu nghién cttu da lap ban d6 rling ngap
mdn, phan 16n chi diing 6 mtc phan loai 16p pht hodc
nhém thuc véat (man, 1g, hon giao), chua dat dén cép
do loai (species-level mapping) (Behera, 2021; Tran,
2022). Viéc nhan dang t6i cdp loai la yéu clu thiét yéu
dé danh gid ciu truc quén xa, tri lugng sinh khéi va
carbon, theo d6i xdm 14n sinh hoc va thiét ké phuc hoi
sinh thai (Friess et al., 2019). Trong hon mot thap ky
qua, 14p ban d6 ring ngdp méin chua yéu dua trén ba
nhom phuong phap: (i) st dung cac chi s6 phé thuc vét
nhu NDVI, EVI, NDWI tt anh Landsat va Sentinel-2
dé xac dinh vung phu thuc vat ngdp man (Kuenzer et
al., 2011); (ii) phan loai c6 gidm sat bang cac thuat toan
nhu SVM, Random Forest, CART (Pham & Yoshino,
2017; Pham, 2019) va (iii) ting dung anh UAV két hgp
mo hinh hoc sau (CNN, ResNet, U-Net) nham ting
chi tiét khong gian va d¢ chinh xac (Hao, 2023). Tuy
nhién, cac phuong phap nay phan 16n chi diing lai &
viéc phan biét rliing ngdp man véi cac loai dat ngap
nudc khédc chii chua dat dugce phan cap chi tiét téi mic
loai (species-level) mdt yéu cdu quan trong d€ danh gia
da dang sinh hoc, sinh khoi carbon va kha niang phuc
hoéi hé sinh thai. Ly do la vi ph6 phan xa ctia nhiéu
loai rting ngdp mdn gan nhu trung ldp & cac dai xanh -
do - can hong ngoai, khién NDVI, EVI hoac phén loai
supervised kho phan biét gitia cac loai cé cau truc tan
la tuong tu (Tran, Reef & Zhu, 2022). Trong khi do,
anh vé tinh bi anh hudng manh bdéi thuy triéu, d6 dm
dat, tram tich lo lting, hién tugng ngap man theo mua
va nén bun ven bién, lam suy giam tin hiéu quang pho
va gay sai s6 khi phan loai. Bén canh d6, cic moé hinh
hoc may c6 gidm sat (supervised learning) doi hoi di
liéu gan nhan 16n va chinh xdc ti thyc dia, trong khi
di liéu loai riing ngap mén tai Xuan Thuy va nhiéu



khu vyc Viét Nam con rat han ché, phan b6 loai khong
dong déu, tham chi sai léch do bién dong theo thuy
triéu hodc dién tich bai boi méi hinh thanh.

Do véy, ton tai mot khoang trong khoa hoc quan
trong: chua cé phuong phap hiéu qua nao cho phép
phan loai riing ngdp man téi cap loai trén di liéu vé
tinh quang hoc, ddc biét trong di€u kién pha tron loai
va nhiéu dong thiy van ddc thu viung ctia song ven
bién Viét Nam. Diéu nay dat ra nhu cau cap thiét vé cac
phuong phap méi, cé kha ning khai thac sau cac dic
trung phd - khong gian phtic tap, it phu thudc di liéu
gan nhan va thich ting véi diéu kién thay triéu dong.

2.1.2. Biéu dién pho sau (Deep Spectral Embedding)

Deep Spectral Embedding la mot hudng tiép can
mdi trong hoc bi€u dién (representation learning),
trong d6 mdi diém anh khong con dugc mo ta bang
cac gia tri phan xa phd don 1€ tai cac kénh do, xanh,
NIR hay chi s6 NDVI, ma dugc anh xa thanh mot
véc-ta co tli 64 dén 256 chiéu trong khong gian dic
trung ngii nghia (spectral-semantic space). Cac véc-
to nay dugc hoc tii hang triéu chudi thdi gian anh vé
tinh da nguon (Sentinel-2, Landsat, Sentinel-1 SAR,
LiDAR, DEM...), thong qua cac mo6 hinh hoc sau tu
giam sat nhu Autoencoder, Contrastive Learning hodc
Transformer (Tran, Reef & Zhu, 2022; Guo, 2024).
Phuong phép nay cho phép mé hinh ty tim kiém
cac ciu truc an trong di liéu pho-thai gian, thay vi
phu thudc hoan toan vao di liéu gan nhan nhu cach
phén loai truyén théng. Mot vi du dién hinh 1a b da
liéu AlphaEarth v2 - Google Earth Engine Satellite
Embedding, trong d6 moi pixel 10 m dugc biéu dién
bang mot véc-to 64 chiéu da dugc: (i) chudn hoa trén
khong gian ciu don vi; (ii) hiéu chinh méy, cam bién
va bién thién thai gian; (iii) dong bd hoéa gitia cac hé
quy chiéu quang hoc - radar (c). Cac véc-to embedding
nay khong chi ndm giti thong tin phd, ma con ma héa
cac ddc trung sinh thdi sau hon, bao gom:

- Hinh hoc tan 14 va c4u tric tham thuc vat: d6 cao
tuong doi, goc tan, mat do 14, muic che phu.

- Bién dong mua vu va sinh ly thuc vat: thay déi
néng do diép luc, do man nudc, ham lugng nudc trong
tan, trang thai ngap triéu - phoi bai.

- DPdc trung bé mdt ti radar va LiDAR: do go
ghé, cdu truc than - ré khi sinh, d6 cao dia hinh nho
(microtopography), ciu tric ba chiéu cta céy.

Nh¢ kha nang téng hop dong thoi dic trung quang
hoc - radar - khong gian - thdi gian, embedding sau
c6 thé tach biét cac loai riing ngédp man c6 phd phan
xa gan nhu gidng nhau nhung khac nhau vé sinh ly
14, c4u tric tan, chu ky sinh truéng va kha nang thich
nghi man. Trong khong gian embedding nay, cdc loai
sé hinh thanh cac cum (clusters) r6 rang hon theo
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ddc tinh sinh thai - ciu tric, hod trg hiéu qua cho céc
thuat todn phan cum (k-means, spectral clustering,
DBSCAN) hodc phan loai ban giam sat (Willett, 2016).
Nho vay, Deep Spectral Embedding cho phép trich
xudt thong tin sinh thai & muc cao hon ma khong can
lugng 16n mau huén luyén, tao ra mot giai phap ban tu
dong - it di liéu thuc dia - nhung van dam bao d¢ tin
cdy, rit phtt hgp cho cac viing ven bién nhu Xuéan Thuy,
noi cong tac diéu tra loai con nhiéu han ché. Tl nhiing
phén tich trén cé thé thay rang, cac phuong phap phan
loai dua trén phé quang hoc truyén thong, mac du da
dugc ting dung rong rai, van ton tai nhiing han ché
¢6 hitu nhu phu thu¢c nhiéu vao di liéu gan nhan,
khé nhén dién cac loai c6 phé tuong dong va thiéu kha
ndng khdi quat khi dp dung trén nhiing khu vuc khac
nhau. Diéu nay ddt ra yéu ciu can c6é mot cach tiép can
mdi, linh hoat hon va giam su phu thudc vao di liéu
thuc ching.

Trong boi canh do6, Deep Spectral Embedding dugc
xem nhu mot hudéng tiép can day tiém nang. Nho kha
ndng hoc biéu dién két hgp phd - khong gian & muc
triiu tugng cao, phuong phap nay khong chi giam nhu
cau vé di liéu thuc dia ma con cai thién d6 chinh xac
trong phén tach loai, dac biét tai cac hé sinh thai phtc
tap nhu riing ngdp mén. Day la lgi thé dang ké trong
nhiing khu vuc thiéu di liéu khéo sat nhu Vuon quéc
gia Xuan Thuy.

Trén co s6 do, nghién ctiu nay xay dung mot khung
phuong phép téng thé, nhdm khai thdc uu thé cua
Deep Spectral Embedding trong phén loai da loai rting
ngdp man va danh gia da dang sinh hoc. Khung nghién
ctiu gobm ba hgp phan chinh: (1) Tién xt ly va chuidn
héa dii liéu embedding anh vé tinh; (2) Anh xa khong
gian ddc trung va phan cum trong khong gian Deep
Spectral Embedding; (3) Panh gid, truc quan hda va
phan tich da dang sinh hoc

2.2. Pham vi va khu viic nghién ciiu

Khu vuic nghién ctiu la Vuon quéc gia Xuan Thuay,
nam tai ctia song Ba Lat - noi séng Hong d6 ra bién
bong, thudc xa Giao Thuy, tinh Ninh Binh (20°10'-
20°20' N; 106°20'-106°32" E). bay la khu Ramsar d4u
tién ctia Viét Nam véi dién tich khoang 15.000 ha, bao
gdm rling ngdp mén ty nhién, riing phuc hai, bai triéu,
dam nuoi thuy san va bai boi méi (Tue, 2012).

Khu vuc chiu anh huéng manh cta thay triéu nhat
triéu khong déu (bién do 1,5-2,5 m), bién dong do
man va lugng phu sa tii séng Hong, khién tin hiéu phé
ctia thuic vat dé bi nhiéu do nudc, bun va trdm tich lo
lting. Dia hinh thap va ngap theo chu ky thay triéu lam
giam d¢ 6n dinh cua anh vé tinh, gy kho khén cho
phén loai téi cip loai bing cac phuong phap quang hoc
truyén thong.
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Hinh 1. Pham vi khu viic Viion quoc gia Xuan Thiy

Nguén: Vién Khoa hoc Khi tugng Thity van va Bién doi khi hdu

Bang 1. Bang thong s6 ky thuét caa bo Dataset Satellite
Embeddings (AlphaEarth Foundations) ciia Google

Thong s6 Mo ta
Tén Dataset Satellite Embedding V1 (GOOGLE/SATELLITE _
EMBEDDING/V1/ANNUAL)
Nha phat trién Google DeepMind (AlphaEarth Foundations)
Do phan giai 10m x 10m méi pixel
Chiéu khéng gian 64 chiéu (64 bands: A00 dén A63) khong mang y
Embedding nghia quang ph6 ma la cdc truc nhing

Pham vi thoi gian

Nam 2023

Pham vi khéng gian | Khu vic vuon qudc gia Xuan Thuy

Kich thudc tile Khoang 163.840m x 163.840m mdi dnh
Nguén di liéu - Anh quang hoc va nhiét: Sentinel-2, Landsat
dau vao - Radar: Sentinel-1

- LiDAR, md hinh d¢ cao, dii liéu khi hiu, truong
hép dan, van ban mo ta, Gbif

S6 lugng dit liéu
huin luyén

Hon 3 ty frame anh tt hon 5 triéu vi tri toan cau

Kién tric mo6 hinh

Space Time Precision (STP)

Gidy phép CC-BY 4.0
Nén tang truy cap Google Earth Engine (mién phi véi tai khoan)
Anh download '
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Véi su da dang sinh thai nhung diéu
kién quan sat phtic tap, Xuan Thuy la
khu vuc ly tudéng dé€ kiém chiing cac
phuong phap hoc biéu dién sau (Deep
Spectral Embedding) nhdm phan biét
cac loai rting ngdp mén trong diéu kién
thiéu dii liéu gan nhan thuc dia.

2.3. Dii liéu nghién ciiu

Nghién ctiu st dung hai nhom di
liéu chinh: (i) dii liéu embedding trich
xudt ti anh vé tinh; (ii) dt liéu thuc dia
vé thanh phan loai riing ngap man.

2.3.1. Dit liéu embedding tir dnh
vé tinh

Dii liéu embedding dugc st dung
trong nghién ctiu la cac véc-to dédc trung
(feature vectors) cé s6 chiéu c6 dinh (64
chiéu), dugc sinh ra tit mo hinh hoc sau
tién hudn luyén trén tap anh v¢ tinh da
thoi gian va da ngudn toan cau. Khac
v6i anh quang hoc truyén thong chia
gia tri phdn xa phé theo tiing kénh,
embedding biéu dién méi pixel bang
mot khong gian dic trung triiu tugng
hon, phan anh thong tin hinh thai, cdu
trac thuc vat, trang thai sinh thai va
bién dong theo thoi gian.

Nguén di liéu dugc ldy tu bo
Google Earth Engine Satellite Image
Embeddings (AlphaEarth), dugc xay
dung tii Sentinel-2 (10-20 m), két hop
Landsat-8, d0 cao SRTM, di liéu khi
héu, da dang sinh hoc... M6 hinh sinh
embedding dugc hudn luyén theo co
ché ty giam sat (self-supervised), cu
thé du dodn thoi gian hodc ving lan
cin dua trén chudi anh, nén véc-to cudi
cung khong phu thudc kénh phé don
1é¢ ma chua thong tin ngti canh khong
gian-thoi gian ctia canh quan (Brown
etal., 2025). Thong s6 ky thuat ctia anh
dugc thong ké theo Bang 1.

Viéc stt dung embedding thay cho
phé anh truyén théng cho phép mo
hinh phén biét to6t hon gitia cac loai c6
phd phan xa tuong tu, do embedding
tich hop ca bién dong theo mua la, cdu
trac tan, do 4m nén va tuong quan
khong gian.

2.3.2. Dt liéu thuc dia

B¢ di liéu thuc dia gom 30 diém
khao sat dai dién cho ba loai rling ngép
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Bang 2. Cac diém khao sat thuc dia riing ngdp mdn tai Vuon qudc gia Xuan Thiy, tinh Ninh Binh nam 2024

FID X Y Loai FID X Y Loai
1 20.242325 106.575110 Duéc voi 16 20.235467 106.532742 budc voi
2 20.241705 106.576494 Pudc voi 17 20.234483 106.532219 Trang
3 20.240846 106.578199 Dudc voi 18 20.233920 106.531207 Mim
4 20.227849 106.574638 Trang 19 20.232767 106.531874 Mim
5 20.227707 106.576411 Trang 20 20.232134 106.527278 Trang
6 20.226234 106.577940 Duéc voi 21 20.231299 106.526697 Trang
7 20.219032 106.568086 Pudc voi 22 20.230367 106.520776 Trang
8 20.217686 106.569432 budc voi 23 20.236108 106.515819 Trang
9 20.216286 106.570631 Duéc voi 24 20.235327 106.516306 Trang
10 20.218941 106.548864 Pudc voi 25 20.234529 106.516912 Trang
11 20.216698 106.548646 Trang 26 20.230469 106.508413 Trang
12 20.214287 106.547716 Trang 27 20.229422 106.509142 Trang
13 20.229868 106.541732 Pudc voi 28 20.228543 106.509775 Trang
14 20.229771 106.540257 Trang 29 20.225856 106.500468 Trang
15 20.230266 106.538607 Trang 30 20.224814 106.501213 Trang

mdn chu yéu trong khu viic Vuon quoc gia Xuan Thuy,
tinh Ninh Binh. Cac diém dugc dinh vi bang may GPS
cam tay co sai s6 < 3 m va dugc thu thap trong mua
kho nam 2024.

Cac loai dugc ghi nhin gom: Mam bién - loai tién
phong phan bé vung ctia song; Dude voi - loai chiém
uu thé tai khu triéu trung binh; Trang - loai ddc trung
vung bai triéu thap ven séng 16n.

Tap hop dii liéu nay dugc dung dé d6i chiéu két qua
phan cum va nhén dang loai ti di liéu embedding vé
tinh, ho trg danh gida d6 chinh xac ctia mo6 hinh phan
loai dya trén hoc sau (Bang 2).

2.4. Phuong phap nghién ciiu

2.4.1. Thiét lap cdu hinh va tham s6

Toan bd phén tich dugc thuc hién trén nén tang
Google Earth Engine bang ngdén ngti JavaScript APL
Cac tham s6 dugc chuén hoa d€ dim bao kha nang tai
lap két qua. Nam phan tich dugc chon la 2024, tuong
tng véi giai doan 6n dinh ctia I6p phu riing ngdp man
tai Vuon qudc gia Xuan Thuy. Cac tham s6 khong gian
gom do phan gidi 10 m/pixel va sai s6 don gian héa
hinh hoc 200 m, nhdm can béng gitia do chi tiét va toc
do xu ly. Thuét toan phan cum dugc thiét lap véi k =
3 cum, phan anh 3 nhém loai chinh. Tap di liéu huidn
luyén gom 2000 diém mau dugc 14y ngau nhién trong
vung nghién ctiu, véi gia tri seed = 42 d€ dam bao tinh
nhat quan gitia cac lan chay mo hinh.

2.4.2. Tién xit ly dit liéu

Nguén di liéu chinh st dung trong nghién
ciiu la bd Google Satellite Embedding Annual
Collection (GOOGLE/SATELLITE_EMBEDDING/

VI1/ANNUAL), cung cdp cac ddc trung nhing
(embeddings) da chiéu bi€u dién théng tin phd va
két cdu bé mat Trai dat. Moi diém anh dugc mo ta
bdi vector 64 chiéu, phan anh tdng hgp cac dic trung
quang pho, két cdu va bién thién theo thoi gian. Ranh
giéi rung ngap man dugc xdc dinh ti di liéu ranh
giéi Vuon quoc gia Xuan Thuy, dugc nhap vao GEE
duéi dang FeatureCollection va don gian hoa dé€ giam
do phtic tap hinh hoc. Anh embedding dugc loc theo
khodng thoi gian tii thang 1 dén thang 12 ndm 2024 va
cat theo pham vi rting ngdp man. Mot clia s6 phan tich
vudng v6i ban kinh 2 pixel (tuong duong 5x5 diém
anh) dugc sti dung dé trich xuit thong tin ngt canh
khong gian va két cau dia phuong.

2.4.3. Phan cum va phan viing sinh cdnh

Qua trinh phan loai khong giam sat dugc thuc hién
bang thuat todn Weka K-Means tich hgp trong GEE.
Mo hinh dugc huédn luyén tii tip mau embedding da
trich xudt va sau do6 ap dung trén toan bo ving riing
ngdp médn d€ tao ra ban d6 phan cum véi 3 nhém sinh
canh. Thuat todn nay t6i thiu hoéa sai s6 noi cum trong
khong gian dac trung 64 chiéu, qua d6 nhoém cac diém
anh c6 dac trung phé - két ciu tuong dong. Két qua
phan cum thé hién cac viing dong nhét vé ciu tric sinh
thai, phan anh sy khac biét vé mat do tan, thanh phan
thuc vat va diéu kién nén ddy trong hé sinh thai riing
ngap man.

2.4.4. Danh gia chdt lugng phan cum va ddc trung
cum (Cluster Signature Analysis)

Trudc khi kiém chiing bing di liéu thuc dia, chat
lugng mo hinh phan cum dugc danh gia bang cac chi
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s6 noi tai (internal validation) nham xdc dinh mtc do
6n dinh ctia ciu tric cum trong khong gian embedding
da chiéu. Cac chi s6 dugc st dung gom:

- Within-Cluster Sum of Squares (WCSS): dai dién
cho téng phuong sai ndi cum, phan dnh d6 chit cua
cac diém trong cung mdt cum. WCSS thip hon cho
thay cac diém anh gan két chat trong khong gian 64
chiéu ctia embedding, biéu hién sy thuin nhét vé sinh
canh (Jain, 2010).

- Silhouette Coefficient (SC): do ludng dong thoi
do gan két ndi cum va do tach biét gitia cac cum
(Rousseeuw, 1987). Gia tri SC > 0.50 thuong dugc coi
la cum c6 ranh gidi rd vé mét phé - két cdu va cé su
khac biét sinh thai dang ké.

- Davies-Bouldin Index (DBI): phan danh mtc do
chong lan gitia cac cum béng cach so sanh d¢ phén tan
ndi cum véi khoang cach gitia cac tim cum (Davies &
Bouldin, 2009). DBI < 0.50 cho thiy cac cum dugc phan
tach tot va it bi chong lan trong khong gian dac trung.

Bén canh d6, d€ dinh danh déc trung sinh thai ctia
tting cum, nghién ctiu tinh toan vector embedding trung
binh (cluster signature) va d¢ léch chuén theo tting chiéu
embedding. Nhiing chii ky ph6 - két cdu nay gitip mo ta
ban chat sinh canh: vi du, cum c6 gia tri embedding cao
tai cac chiéu lién quan dén viung Red-edge/NIR thuong
dai dién riing tan day, sinh trudng khoe; trong khi cum
c6 d0 bién thién 16n tai cac chiéu Blue-Green phan anh
vung triéu hodc sinh canh chiu anh hudng manh cta
thay tri€u va baéi tu. Viéc két hgp cac chi s6 ndi tai va
chii ky embedding gitip dam bao tinh khach quan cua
két qua phan cum trudc khi tién hanh kiém dinh béing
da liéu thuc dia va ma tran 16i 6 phan

2.4.5. DBanh gid dj chinh xdc

Do chinh xac cua két qua phan cum dugc danh gia
dua trén 30 diém khao st thuc dia thu thap trong nam
2024 tai khu vuc Vuon quéc gia Xuan Thuy. Moéi diém
dugc dinh vi bang mdy GPS cim tay véi sai s6 nho hon
3 m va dugc ghi nhén thong tin vé loai chu dao, mét

do tan che, va dic diém nén ddy. Cac diém nay dugc
chong ghép 1én ban d6 két qua phan cum dé xac dinh
moi tuong quan gitta nhém sinh canh phén cum va
ddc trung thuc dia.

Do chinh xdc dugc dinh lugng bing ma tran 16i
(confusion matrix) va céc chi s6 thong ké co ban nhu
Overall Accuracy (OA), Producer’s Accuracy (PA),
User’s Accuracy (UA) va hé s6 Kappa (k). Cac chi s6
nay dudgc tinh duya trén phép so sanh gitia nhan thuc
dia (ground truth) va nhan cum tuong ting tu két qua
phan loai.

3. KET QUA VA THAO LUAN

3.1. Két qua phan cum lodi riing ngdp mdn dua
trén dii liéeu Embedding

3.1.1. Ddc trung embedding cua tiing cum

Cac gia tri embedding thu dugc tii anh vé tinh dong
vai tro nhu “chii ky ph&” (spectral signature) ctia tiing
cum hé sinh thai ngap man. Mdi vector embedding
phan anh sy khac biét vi mé trong sinh khéi, d6 dm
bé mit va ciu truc tan 14, cho phép tach biét cic nhom
thuc vat c6 dac trung hinh thai va sinh thai khac nhau.
Bang 3 téng hop cac dic trung phd dua trén di liéu
embedding cta tling loai rliing ngap mdn dugc phan
tich va thong ké truc tiép trén phan mém Google Earth
Engine (Bang 3).

So sanh gia trj trung binh - d¢ 1éch chudn cho thay
cum 3 (Trang) c6 d6 6n dinh quang phd cao nhat, phan
anh mot quan xa dong nhat, trong khi cum 1 (Mam)
thé hién miic da dang 16n do chiu anh hudng truc tiép
tl moi trudng ngap triéu va qua trinh boi lang.

3.1.2. Ddnh gig chdt lugng phin cum (WCSS,
Silhouette, Davies—Bouldin Index)

Céc chi s6 dinh lugng dugc trich xuit dé€ danh gia
muc do tach biét - chonglan gitia cic cum embedding.
Nghién ctiu st dung téng hgp cac chisé danh gia phan
cum gom: WCSS (Within-Cluster Sum of Squares),
Silhouette Coeflicient va Davies—Bouldin Index (DBI)
dugc tinh toan trén GEE tdng hop trong Bang 4.

Bang 3. Pic trung phd va sinh thai cta cac cum phén loai

Cum Loai chiém Pic diém embedding D¢ léch chuin Giai thich
: uu thé trung binh (6n dinh ndi cum) sinh thai
Céc gid tri phé trong viing A02-A07 Do lech chudn a0 hon Khu vyc dau triéu, thudng
p ) . > + | (=0.03-0.05), biéu hién o i in S
Cum1 Mam c6 xu huéng duong, phan dnh do | ., . - xuyén chiu tdc dong triéu va
. s 1S 14 tinh da dang sinh canh || ; i
dm cao va tan la thua N béi tu phti sa méi
ving ria ngap
Gid trj trung binh 6n dinh quanh 0, | B¢ 1éch chuén thidp hon | Khu vyc trung triéu, nén dat
Cum 2 Puébc phd hep, phan énh tén ram va ciu | (=0.02-0.03) > noi cum [ 6n dinh va it bién dong do
truc 6n dinh dong nhat main
C6 phd phan xa cao 6 viung A05- Phan b6 chu yéu vung cao
Cum 3 Tran A08 va thidp 6 viing A01-A03, ddc | D6 léch chuén thdp nhdt | triéu, it ngdp, sinh trudéng 6n
: & trung cho tan day va ham lugng | (<0.03) - cum thuén nhdt | dinh quanh dé chin séng va
diép luc cao ctia song chinh
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Bang 4. Hiéu qua thuit toan phan cum qua cac chi s6 WCSS, Silhouette
va DBI

Gia tri Y nghia

Chi s6 danh gia trung binh sinh thai

Dién giai

Gid tri nhé > céc
diém embedding
trong ciing cum
kha déng nhét

WCSS (Within-Cluster

Sum of Squares) 0.042 Do chit ndi cum

Gia tri >0.5 > cac

Silhouette coefficient 0.63 D,Q tach bict giia cum co ranh giéi
cac cum Sy
rd rang
, N 1x Gia tri <0.5 > cac
Davies-Bouldin Index 0.47 M}I N cbong lan cum dugc phan
gitia cac cum [ x
tach tot
-' IR v y
* _ HOROTHIY L

. Loai ngap mén i é«ﬁ”f.
Mam %

'« I ouoc

e

Hinh 2. Két qud phan logi cdc loai ngdp man dua trén thudt todn phan cum
va dit liéu Embeddings

T6ng hop cho thdy mo hinh phan cum dat d6 tach biét tuong doéi tét
(Silhouette = 0.63), trong khi cac gia tri WCSS va DBI cho thdy cau truc
embedding phan anh r6 rét su khac biét gitia cdc nhém loai ngép man.

3.1.3. Bdn d6 phan logi riing ngdp man va phdn b khéng gian

Két qua phén loai embedding dugc tric quan héa trén ban d6 phan bo
khong gian loai ngdp mdn (Hinh 2).

NGHIEN CUU

Cac cum thé€ hién sy phéan
bé theo gradien triéu - do man,
tuong ung véi ddc trung sinh thai
cta tling loai (Bang 5).

Nhu véy, ban d6 phan loai thé
hién r6 quy luat phan b6 khong
gian theo diéu kién ngap man -
triéu — dd mén, phan dnh cu trac
dién hinh cta rling ngdp méan ven
bién Bic Bo.

3.2. Danh gid d6 chinh xdc

Dua trén bang 7 cho thdy mo
hinh phén loai dat d6 chinh xac
tong thé 86.7%, hé s6 Kappa =
0.79, phan anh mtc d6 phu hgp
cao gitia dii liéu thuc va két qua
du bao. Trong do, loai Budc dugc
nhén dién t6t nhit v6i Producer’s
Accuracy dat 91.7%, do c6 phd
phan xa 6n dinh va ciu truc tan
dédc trung. Ngugc lai, loai Mam
ghi nhan d¢ chinh xac thap hon
(80.0%), chu yéu do phan bs &
vung ria triéu c6 diéu kién thay
van bién dong, khién phd phan xa
dé bi nham sang loai Trang.

Loai Trang c6 xu huéng bi
nhim 1an vé6i Dudc tai cac vi tri
tiép gidp dé chan song, noi diéu
kién d6 d4m va mét do tan thay
d6i khong ro rét. Tuy nhién, véi
do chinh xac nguoi dung (UA)
dat 84.6%, nhom nay van thé hién
kha nang nhan dién dang tin cdy
(Bang 6,7).

3.3. Thdo Ludn

Két qua phan loai loai trong
nghién ctu nay dat do chinh xac
téng thé (Overall Accuracy - OA)
86,7%, cao hon dang ké so véi
mot s6 nghién ctiu trudc day ap
dung cac phuong phap phan loai
“truyén thong” trén rling ngap

Bang 5. Pic trung sinh thai cac loai riing ngdp man dugc phan loai theo vi tri dja hinh - thay van

Khu vuc Cum chiém uu thé DPic diém dija hinh - thay van Ghi chi sinh thai

Ven bién, sét ria bai boi Cum 1 - Mam Ngap triéu thudng xuyén, boi tu méi

Thuc vat tién phong, chiu
man cao

Gitia vung triéu Cum 2 - Duéc Nén dét 6n dinh, ngdp trung binh dinh sinh théi

Tan day, sinh khdi 16n, 6n

Gan dé chin s6ng, cao triéu Cum 3 - Trang It ngap, d6 min thép, 6n dinh dia hinh

Ciu trac tan khép kin, sinh
trudng bén viing
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Bang 6. Ma tran nham lan (Confusion Matrix)

Thucté\Dubdo | Pudcvoi | Miam Trang | Tong thuc
Pudc voi (n=12) 11 0 1 12
Mim (n=5) 0 4 1 5
Trang (n=13) 1 1 11 13
T6ng du bao 12 5 13 30

Bang 7. Cac chi s6 danh gia do chinh xac phan loai ti dii liéu
kiém chung thuc dia

3 2 Cong thic / QR i ix .
Chi s Céch tinh Gia tri Dién giai
Overall Ty 1¢ diém phén loai
86.7% | dung trén tdng s6
Accuracy (OA) diém kiém ching.
Dbudc voi: 11/12 S AT
< Kha nidng moé hinh
) —_ ) .
Producer’s ;/59 I'Z /ggol\gan;(; . nhin dién dung tiing
Accuracy (PA) [ Trang: 11/13 = 16p p h}l (d9 chinh xdc
84.6 % theo hang).
budc voi: 11/12
User's Accuracy | = 91.7 % Mim: Mtic db tin cay khi mo
(UA) Y145 = 800 %|— hinh dy béo mét 16p
Trang: 11/13 = (d6 chinh x4c theo cot).
84.6 %
. . Mitic do dong thuin
Kappa (k) )scgcsa;iléif) I?iﬂvr? : 0.79 thyc — mé hinh; >0.75
pp nodu nhién sY cho thdy phén loai dat
& chit lugng tét.

man. Vi du, mot nghién ctiu so sanh hiéu ndng phan loai cap loai
gitia Sentinel-2, Landsat-8 va Pléiades-1 ghi nhan OA khodng
70,95% cho kich ban phén 16p cong dong loai bang cac phuong
phap chudn(Wang, 2018). M6t nghién ctiu khac vé phén loai loai
riing ngdp man st dung di liéu Sentinel-2 két hgp AVIRIS-NG
bdo cdo OA khoang 74% cho bai toan phan biét ba loai ngap
mdn (Behera, 2021). Nhu vay, OA = 86,7% trong nghién ctiu nay
vugt khodng 12-15 diém phén tram so véi cac két qua néu trén,
lam ndi bat loi thé cta cach tiép can duya trén embedding hoc
sau trong viéc bao toan cac dic trung phé-khong gian tinh vi va
giam nham lan gitia cac loai c6 phd tuong dong. Tl d6 cho théy,
viéc sti dung embedding hoc sau tii anh Sentinel-2 mang lai kha
néang biéu dién khong gian—phd vugt trdi so véi cac di liéu vién
tham truyén thong. Céc di liéu nay chi phan anh mdt hoac vai
khia canh don 1é cua trang thai tham thuc v4t (nhu sinh khéi
hodc d¢ xanh 14), trong khi embedding la mét dang biéu dién
da chiéu, hoc tu dii liéu (data-driven), c6 kha nang ma héa dong
thoi cac dic trung phd, cdu truc tan ciy, do 4m, sic t6 va trang
thai suy thodi rting (Zhu, 2017; Ma, 2019).

Khong chi vay, embedding cho phép giam phu thudc vao
nhan thuc dia - von kho thu thap day du trong viing riing ngap
man ven bién (He, 2021). Thay vi yéu c4u phan loai truc tiép tiing
loai rting, mo hinh hoc biéu dién tiém 4n (latent representation)
giup phat hién su tuong dong va khac biét gitia cdc cum hé sinh
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thai dua trén cdu triac phd-khong gian, ngay
ca khi chua c6é nhan day du (Ayush, 2021).
biéu nay khién phuong phdp co tinh téng
quat cao va kha nang tng dung & cac khu
vuc khac.

Mot uvu difm quan trong khic la
embedding c6 kha nang nhan dién cac bién
dong tinh vi qua thoi gian - ching han nhu
suy giam mat d¢ tan l4, xdo tron do nuoi
trong thuy san hodc chit pha nho 1é - ma
cac chi s6 phd don gian thuong kho phat
hién (Belgiu & Dragut, 2016). Cac ddc trung
trong khong gian embedding thé hién sy
tach biét ro rang gitia cac cum theo thoi
gian (yearly clusters), phan anh ca su phuc
hai sinh thai va suy thodi cuc bé.

Tuy nhién, viéc ting dung embedding ti
mo hinh nén tang (foundation model) cua
Google nhu Prithvi/ViT-GEO trén Google
Earth Engine van con ton tai mot s6 thach
thuc dang luu y. (i) Mac du caic mo6 hinh
nay hoc dugc biéu dién phd-khong gian
da chiéu, nhung tinh kho dién giai (non-
interpretability) van la han ché 16n - moi
chiéu embedding khong phan anh truc tié€p
mot dic trung sinh thdi cu thé nhu ham
lugng chlorophyll, d6 mén hay cdu truc tan
14, khién viéc két ndi embedding véi cac
qué trinh sinh thai trong riing ngadp mén
con kho khan. (ii) Cac mé hinh ctia Google
dugc tién huén luyén cha yéu trén da liéu
toan ciu (global-scale), do d6 chua hoan
toan pht hgp véi diéu kién vung ven bién
nhiét déi co tinh di sinh thai cao (salinity
gradient, thuy triéu, sinh khdéi ngédp mén),
nén can hiéu chinh (fine-tuning) hodc tiép
tuc hudn luyén theo tling hé sinh thai déc
thu. (iii) Viéc trich xuét va huin luyén lai
embedding doi hoi tai nguyén tinh toan
l16n ngay trén nén tang Earth Engine hodc
két hgp GPU ngoai, gay kho khan véi cac
nhom nghién ctu khong c6 ha tang tinh
toan manh (Reichstein, 2019).

Trong tuong lai, nghién ctiu c6 thé phat
trién theo cac hudng: (i) két hgp embedding
v6i dit liéu LIDAR/UAV @€ khac phuc han
ché vé chiéu cao tdn va céu tric rting 3D
ma Google foundation model hién chua
biéu dién day du; (ii) 4p dung cac chién lugc
hoc ty gidm sat nhu contrastive learning
hoédc masked autoencoding tai ch6é dé giam
phu thudc vao nhan thuc dia; (iii) tich hgp
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Vudn quoc gia Xudn Thiiy c6 tinh da dang sinh hoc cao nhung diéu kién phdn xa pho phiic tap do thily van dnh hudng

embedding v6i mo hinh thiy van - mén - ngot hodc chi
s6 thuy triéu d€ giai thich rd hon cach bién dong thuy
van chi phéi dac diém pho - khong gian va suy thoai
ring ngap man.

4. KET LUAN

Nghién ctiu nay da ching minh rang viéc hoc biéu
dién phd sau la moét hudng tiép can kha thi va hiéu
qua cho nhan dang loai rling ngap man, dac biét trong
diéu kién thiéu nhan thuc dia. Dya trén cdc muc tiéu
dé ra, chung t6i khong chi x4y dung thanh cong quy
trinh Deep Spectral Embedding ti di liéu vé tinh
chudi thoi gian, ma con kiém chiing kha nang phan
tach loai thong qua phan cum K-Means, dat do chinh
xac 86,7% - vugt troi ro rét so véi cac phuong phap
dua trén chi s6 quang phd truyén thong. Két qua nay
cho thdy embedding cé thé nam bat nhiing khac biét
phd - khong gian tinh vi gitia cac loai nhu mam, duéc
voi hay trang, von thudng bi bo sét trong cac cach tiép
can dya trén NDVI, EVI hodc chi s6 két cdu tan riing.

Mic du dat két qua kha quan tai Vuon quoc Xuin
Thuy, phuong phép van can dugc kiém chiing thém
& cac hé thong riing ngap mdn c6 diéu kién thuy van
va cu trac khac biét. Dong thoi, nhiing han ché nhu
thi€u di liéu thuc dia da thoi gian va do nhay cua
K-Means déi véi lua chon s6 cum cling doi hdi cac giai
phép khac phuc trong tuong lai.

Dé nang cao hon nita, ching t6i du kién két hop
embedding véi dii liéu tti LIDAR/UAV hodc cac thuét
toan phan cum tién tién nhu DBSCAN va GMM,
nhdm cai thién nhin dang loai hiém cing nhu cac

vung chuyén tiép sinh thai. Mot huéng phat trién khéc
la tich hgp hoc sau da nhiém, cho phép dong thoi phan
loai loai va danh gia muc d6 suy thoai — bién dong stic
khoe rting ngap man.

Ngoai gia tri ky thuét, phuong phap dé xuit con
mang y nghia ting dung thuc tién: n6 ho trg giam sat
gan thai gian thuc, giam su phu thudc vao diéu tra tha
codng, dong thoi cung cap thong tin quan trong cho quy
hoach bao tén, phuc hoi sinh canh va danh gia chinh
sach ung pho bién ddi khi hiu tai khu vuc ven bién.

Léi cam on: Tap thé tic gid xin cdm on dé tai ma
s6 TNMT.DL.2023.04 da hé trg nghién ctiu va cong bd
két qudm
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