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TOM TAT
Thu thdp di liéu sinh khéi trén mdt dat (AGB) vdi dé phén gidi khéng gian cao
tir mdy bay khéng ngudi Iéi (UAV) cho phép thu thdp di# liéu anh RGB vdi d6

Théng tin chung: phdn gidi khéng gian siéu cao dé€ wdc tinh chinh xdc sinh khéi trén mdt dét
Ngay nhén bai: 16/11/2025 (AGB) cho tirng kiéu rirng la rét cén thiét dé ddnh gid kha néng hép thu
Ngay phdn bién: 18/12/2025 carbon. Trong nghién ctru ndy, di¥ liéu UAV-RGB thu thdp tai rirng kin Id réng

Ngay quyét dinh ddng: 22/01/2026  thuwong xanh & x& A Ludi 4, Thanh phé Hué duoc xi Iy dé tao mé hinh sé do
cao (DEM) va énh truc giao ky thudt sé. Tt cdc bién trich xuét, nghién ctru xdy
dwng mé hinh wdc tinh AGB cho kiéu rirng nghién ctru. M6 hinh dé Iwa chon
dugc phuong trinh téi wu dé wdc tinh AGB tir dif liéu UAV-RGB. Mé hinh wdrc
tinh AGB nay dat d¢ chinh xdc voi R2=0,91, RMSE=32,95 Mg ha-1, va
MAE=29,84 Mg ha-1. Két qud cho thdy, Rirng kin Id réng thudng xanh trung
binh (TXB) va Rirng kin Id réng thwéng xanh nghéo (TXN) cé phdn bé AGB
twong tw nhau vdi phan I6m dién tich ném & ngudng AGB trung binh 100-150
Mg ha™"va AGB cao 150-200 Mg ha™, véi khodng mét nira dién tich roi vao
khodng 50-150 Mg ha~"va hon 30% & ngudng 150-200 Mg ha™". Ngodi ra,
nghién ctru cho thdy phuong phdp sir dung dir liéu UAV-RGB d€ trich xuét cdc
chi sé vat ly, két hop mé hinh hoi quy da bién la mét kyj thudt thuc tién va hiéu
qua dé wdrc tinh AGB & rirng kin Id réng thudong xanh mua m nhiét ddi.

ABSTRACT

Collecting aboveground biomass (AGB) data at high spatial resolution using
unmanned aerial vehicles (UAVs) enables the acquisition of
ultra-high-resolution RGB imagery. This allows for accurate estimation of AGB
for each forest type, which is essential for assessing carbon sequestration
capacity. In this study, UAV-RGB data acquired over evergreen broadleaf
forest in A Luoi 4 commune, Hué city, were processed to generate a digital
elevation model and orthomosaic imagery. Based on the extracted variables,
an aboveground biomass AGB estimation model was developed for the target
forest type. The selected optimal equation for estimating AGB from UAV-RGB
data. The AGB estimation model achieved accuracy with R?=0.91,
RMSE=32.95 Mg hal, and MAE=29.84 Mg ha. The results indicate that the
two forest classes, medium evergreen broadleaf forest and evergreen
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broadleaf forest, exhibit similar AGB distributions, with most areas falling
within the moderate AGB range of 100-150 Mg ha™" and the high range of
150-200 Mg ha™"; approximately half the area lies between 50-150 Mg ha™'
and over 30% within 150-200 Mg ha™". The study further demonstrates that
extracting physical indices from UAV-RGB data combined with multivariate
regression modeling is a practical and effective technique for estimating AGB
in tropical humid evergreen broadleaf forests.

1. DAT VAN DBE

Sinh khdi trén mat dat (Above-Ground
Biomass — AGB) la mot chi tiéu quan trong phan
anh ndng lyc hap thu carbon téng thé cua rirng,
doéng thoi 1a nén tdng ndng lwong va ngudn vat
chat cho su van hanh cda toan bd hé sinh thai
rirng [1]. Uéc tinh AGB cd y nghia then chét déi
V@i quan ly rirng bén virng, danh gid dong thai
carbon va xdy dwng cac chién lugc irng phé véi
bién d6i khi hau [2]. Gidm sat hiéu qua tai
nguyén rirng la mot trong nhitng phuong thic
then chét dé thyc hién cong tac bao vé hé sinh
thai [3]. Tuy nhién, cadc phuong phap diéu tra
thue dia truyén théng gdp nhiéu han ché do yéu
cau nguon lyc I&n va kho trién khai trén dién
réng, dac biét trong cac khu rirng cé dia hinh
phtrc tap va do che pht cao [4]. D liéu vién
tham vé tinh dwoc s&r dung rong rai trong giam
sat va l1ap ban d6 sinh khéi trén mat dat & quy
mo 1&n [5]. Tuy nhién, d6 phan giai khong gian
han ché, hién tuwong bdo hoda tin hiéu trong cac
khu rirng cé sinh khdi cao va chu ky thu thap dir
lieu chua linh hoat lam giam hiéu qua cla
phuong phdp nay trong cac nghién clru chi tiét.
Trong khi, viéc quan ly va quy hoach rirng bén
virng tai Viét Nam doi hdi hé théng dir liéu chi
tiét, cAp nhat va cé dod tin cay cao nham trang
bi cho cdc nha quan ly rirng sy hiéu biét toan
dién hon vé ddng thai cda rirng. Dién hinh rirng
kin 1& rong thudng xanh 13 ki€u hé sinh thai
rirng nhiét ddi dac trung, trong dé tham thuyc
vat cht yéu gém cdc loai cay 1a rong khéng rung
Ia theo mua, cé6 mat d0 cao va tan rirng khép
kin, hinh thanh cdu tric nhiéu tang phurc tap,
han ché blrc xa mat troi xudng tang dudi. Day
la mot trong nhirng hé sinh thai rirng cé sinh
khéi cao, déng vai trd quan trong trong duy tri
da dang sinh hoc, diéu hoa khi hdu va luu trit
carbon [2].

Trong nhitng ndm gin day, sy phat trién
nhanh chdng cla cong nghé thiét bi bay khong
nguoi ldi (Unmanned Aerial Vehicle — UAV) da
m& ra hudng ti€p can mai trong nghién ctu
sinh khéi rirng [6]. Ung dung cong nghé may
bay khong nguoi di (UAV) trong nganh lam
nghiép mang lai nhiéu lgi thé vuot trdi, phu
hop véi cac dinh hudng phét trién bén virng
(SDGs 9,12,13) & ca cap qudc gia va toan cau.
Dic biét trong bdi cdnh SDG 13, nhan manh vai
tro quan trong cla rirng nhu mét trong nhirng
bé chira carbon [7]. Viéc &rng dung céc cong cu
hién dai nhuw UAV trong nghién ctru va giam sat
rirtng cho phép thu thap dit liéu lién tuc vé bién
dong trit lvgng carbon theo thoi gian [8]. UAV
da bat dau dugc ing dung trong mot s& nghién
ctru va dv an thi diém tai Viét Nam, tuy nhién
viéc khai thac di¥ liéu UAV, dac biét la UAV-RGB
cho muc tiéu dinh luvgng sinh khéi rirng van con
han ché va thiéu cac mé hinh wdc tinh duoc
hiéu chinh phu hop véi diéu kién cta tirng hé
sinh thai rirng. Mac du cac phuwong trinh sinh
khoi dya trén dir liéu vé tinh d3 duoc ap dung
rong rai, khd nang chuyén giao cla chung sang
cac hé sinh thai rirng tai Viét Nam con han ché.
Su thi€u hut cdc md hinh sinh khéi dwoc hiéu
chinh tir di¥ liéu UAV-RGB va sé liéu thuc dia,
trong khi m&i quan hé giira cac chi s6 UAV-RGB
va sinh khéi mang tinh phi tuyén, phu thuéc
manh vao cau truc rirng, cho thdy nhu cau cap
thiét phai phat trién cdc phuwong trinh sinh khoi
phu hgp nham nang cao dd chinh xac va hiéu
qua giam sat tai nguyén rirng.

Xuat phat tir nhirng van dé trén, nghién clru
nay hudng té&i xay dwng mé hinh udc tinh sinh
khoi trén mat dat dua trén anh UAV-RGB cho
mot hé sinh thai rirng di€n hinh |a Rirng |3 rong
thuong xanh. Nghién clru tap trung phan tich
ma&i quan hé gilta AGB do thuc té va cac bién

118 TAP CHI KHOA HQC VA CONG NGHE LAM NGHIEP TAP 15, SO 3 (2026)



Quan ly Tai nguyén & Méi truo'ng

dac truwng trich xuat tir &nh UAV-RGB, déng
thoi danh gia hiéu qua cda mod hinh héi quy
trong viéc wdc tinh sinh khéi rirng. Két qua
nghién ctru ky vong cung cdp co sé& khoa hoc
cho viéc ing dung UAV-RGB trong giam sat tai
nguyén rirng va danh gia dong thai carbon &
quy md chi tiét.
2. PHU'ONG PHAP NGHIEN CU'U
2.1. Dac diém khu ve nghién ciru

Khao sat thuc dia duoc tién hanh tai moét
khu rirng kin 18 rong thwong xanh & trung tam
x3 A LuGi 4, thanh phé Hué (toa dd 107°10'30"E
—107°21'35"E; 16°09'00”N — 16°11'00”N), & do
cao 456 - 837 m so v&i muc nuwdc bién (Hinh 1).
Khu vuc nghién ciru thudc dai nui phia Tay
thanh phd Hué, dac trwng bdi dia hinh déi nai
déc, cac thung Iling sdu va sy phan hda do cao
manh mé&. Diéu kién khi hau tai day twong déi
mat mé. Khu vuc déng thdi ndm & vung bién
gidi tiép gidp vdi Lao, thudc dia ban xa A Ludi 4,

noi s& hitu hé sinh thai rirng da dang, dong vai
trd quan trong trong bdo tén da dang sinh hoc
va gop phan gidm thiéu tac dong cla bién doi
khi hdu. Trong pham vi khu vyc thi&r nghiém, ba
kiéu hé sinh thai rirng kin 14 rong thuwong xanh
chi dao d3 duoc xac dinh, bao gébm: Rirng kin
Ia rong thuong xanh trung binh (TXB), ngheo
(TXN) va phuc hdi (TXP). Viéc phan loai duwoc
thuc hién dua trén dir liéu kiém ké rirng ndm
2025 do Vién Dbiéu tra, Quy hoach rirng — Bd
Nong nghiép va Méi trudng cung cap. Tuy nhién,
trong nhitng nam gan day, khu vuc dang chiu
ap luc suy gidm dién tich rirng va mat mat da
dang sinh hoc do hoat déng khai thac gob trai
phép va m& rdng dat canh tac. Do d46, viéc tang
cuong giam sat dinh ky dién tich va trir lwvgng
rirng, két hop vai cac bién phap bao vé nghiém
ngat, 13 yéu cau cap thiét nhdm han ché suy
thodi, thic day phuc hoi hé sinh thai rirng va
bdo tén da dang sinh hoc.

107°20'0"E

107°21'0"E

16°10°0"N

107°21'0"E

107°21'30"E

Hinh 1. Vi tri khdo sat OTC trong rirng kin 13 réng thuwdng xanh trén hinh anh UAV-RGB nam 2025
tai khu vwre trung tdm x3a A Luéi 4, thanh phd Hué, Viét Nam

2.2. Phwong phap nghién ciru va dir liéu st
dung
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Nghién ctru s&t dung cac chi s6 vat ly trich
xuat tir anh UAV-RGB lam bién du dodn dé xay
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dung mé hinh héi quy da bién duogc tinh chinh
nham wéc lwong sinh khdi trén mt dat (AGB).
Gid tri AGB du doan tr mo6 hinh dyua trén dir
litu UAV-RGB dugc so sanh truc tiép vdi AGB

do tai hién truong dé danh gia do chinh xac.
Toan bd quy trinh x& ly dit liéu, trich xuat bién
va xay dung, hiéu chinh md hinh dwgc minh
hoa trong Hinh 2.

—
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Hinh 2. Quy trinh wé'c tinh AGB rirng Ia rong thwong xanh dwa trén div liéu UAV-RGB

2.2.1. Thu thdp dir liéu thuc dia

B dit liéu thuc dia gdm 119 6 diéu tra (OTC)
duwoc thu thdp va cap nhat trong nam 2025
nham dai dién cho sinh khéi trén mat dat &
RUng kin 14 rong thuong xanh; cac 6 mau duoc
lwa chon theo tiéu chi phan anh day dud trang
théi rirng va diéu kién dia hinh, bao pht cac I6p
kich thwdc cay khac nhau va wu tién khu viece it
bi xdo tron cé cay lén. Mbi 6 cay gb kin 14 rong
thuong xanh cé dang hinh tron dién tich 500 m?
(bdn kinh 12,62 m) vé&i tam trung tdam cum 06
trong lwdi mat 300 m x 300 m; muc tiéu la thu
thap dir liéu vé cay gb ca & rirng trong trén dat
va trén nén da. Cac cdy cé duong kinh tai 1,3 m
(D1,3) 2 6 cm dugc kiEm dém va do chi tiét
(dwong kinh, chiéu cao) bang thiét bj do
khoang céch va do cao, c6 hiéu chinh theo dd
déc khi can, trong khi cac cdy c6 D1,3 < 6 cm chi
duoc kiEm dém s6 lwgng trong 6 mau phu. D
liéu thu dugc duoc st dung dé tinh AGB thuc
té bang cac phuwong trinh sinh khéi chuyén biét
phu hop vdi hé sinh thai rirng tai xa A Lwédi 4
[9]; gid tri AGB quan st nam trong khoang

15,7-360,7 Mg ha™, véi gia tri trung binh 133
Mg ha™' va d6 léch chuan 65,4 Mg ha™. Trong
nghién ctru nay, cac 6 mau duoc phan bd theo
tirng kiéu hé sinh thai rirng, bao gdm 30 6 thudc
rirng kin 13 rong thuong xanh trung binh (TXB),
61 6 thudc rirng kin 13 rong thwong xanh ngheo
(TXN) va 28 6 thudc rirng kin 1d rong thuwong
xanh phuc hoi (TXP). Viéc b6 tri 6 mau dugc
thuc hién theo phwong phap phan tang ngau
nhién, bao ddm phan anh dung ty 1é phan bé
cla cac hé sinh thai rirng chu yéu tai x3 A Ludi
4. Tap di¥ liéu thu thap duogc sau dé dugc chia
thanh hai nhém déc 1ap, trong dé 70% s& 6 mau
duoc st dung cho qud trinh huan luyén mé
hinh va 30% con lai dwgc dung dé kiém dinh va
danh gia do6 chinh xac ca mé hinh dy doan.
2.2.2. Thu thép va xw ly div liéu anh UAV-RGB
Nghién ctru st dung anh UAV-RGB duoc thu
thap bang thiét bi Phantom 4 Pro. Cac anh duorc
chup & d6 cao bay trung binh khoang m so vai
mat dat trong diéu kién thoi tiét 6n dinh, troi
quang may nhe, khdng mua va gié yéu, vdity 1é
chong phu anh khodng 80%. Tap dit liéu dau
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vao gom 407 anh JPEG, duwoc x ly bang quy
trinh sdu budc st dung céng cu OrthoEngine
tich hop trong phan mém PCl Geomatica Banff.
Do dac thu rirng kin 13 rong thudng xanh, mat
do cay cao va cau truc tan phirc tap. Quy trinh
tién x&r Iy nham tao anh tryc giao, m6 hinh s6
dé cao la budc then chét trudc khi trich xuat
cac chi sd vat ly. Cac budc quan trong trong qua
trinh tién x&r ly dir liéu UAV s& dugc gidi thiéu
ngan gon nhu sau: (i) Thiét lap hiéu chuan
camera: Xac dinh va hiéu chinh céc bién dang
do thau kinh, tiéu cy va phdi cdnh. Cac tham sd
dugc nhap thd cong gdm tiéu cu, do l1éch diém
chinh, kich thudc cdm bién (chiéu réng, chiéu
cao chip), hé sé ty 18 Y, hé s6 xuyén tdm va hé
s6 léch tdm; (ii) Thu thap cac diém ndi: Piém
ndi la cac diém nhan dang dugc trong vung
chong 1ap gitta hai hodc nhiéu anh. Ap dung k¥
thuat twong quan anh dé tim cac diém ndi toi
wu; téng cong 23.040 diém néi dugc phat hién
trén 407 anh, déng vai trd then chét trong viéc
lien k&t toan bd tap anh; (iii) Tinh chinh diém:
Loai bd cac diém ndi co sai s& I&n bang cach
kiém tra RMS (phan duw x va y trén mdi diém).
Sau buédc tinh loc, con lai 19.540 diém ndi; cac
diém c6 RMS > 0,5 bj loai khdi md hinh tinh
toan; (iv) Nam chinh hinh hoc véi GCP: St dung
15 diém kiém soadt mat dat (GCP) do thuc dia
v@i d6 chinh xac 0,5 pixel dé cai thién dinh vi
dia ly. Cac GCP dugc nhan dién rd trén anh thé
va toan b dit liéu duwoc hiéu chinh theo hé toa
dé WGS84/UTM Zone 48N; (v) Tao anh truc
giao dya trén DEM: Tao anh truc giao cho tirng
khung bang cach két hop anh thé, anh cip cuc
va M6 hinh sé d6 cao (DEM) thu dwoc trong
qua trinh bay. Viéc nay nang cao hiéu qua
twong quan anh va giam kha nang khép sai; d6
phan giai khong gian cia DEM dat 0,31 m; (vi)
Ghép anh: Chinh slra thd céng 407 anh truc
giao dé ghép thanh mét anh hop nhat vdi can
bang mau dong nhat. V&i ty 1& chong lap
khoang 80%, cac 16i lién quan dén may anh va
toa d6 d3 duoc loai bd bang cdng cu ghép anh
cla PCI Geomatica Banff. Sau khi anh hop nhat
va cac mo hinh dia hinh dugc tao, khu vue rirng
kin 14 rong thuwong xanh s& dwoc st dung dé
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trich xuat céc chi s6 vat ly phuc vu phan tich; chi
tiét phuong phap trich xuat dwoc trinh bay
trong phan 2.2.3.
2.2.3. Lwa chon chi sé vién thdm va mé hinh
wd'c tinh sinh khéi trén mdt dét

e Lua chon chi sé vién thdm wdc tinh AGB

Céng nghé cam bién tlr xa dd gdp phan nang
cao dang k& hiéu qua gidm sat tham thuc vat
[10]. Céc chi sé thuc vat quang hoc (OVIs), vdi
cbng thirc todan hoc don gian hodc cac phép
bién d6i phan xa gitra hai hay nhiéu kénh phd &
cac dai song khac nhau, cho phép thé hién rd
rang trang thai thdm thuc vat va giam thiéu anh
hudng cla cac yéu t6 gay nhiéu nhu dic diém
bé mat hay tac dong cua khi quyén [11]. Nho
kha nang tap trung vao théng tin cot 18i cla
tham thuc vat, OVIls duoc ing dung rong rai
trong nhiéu nghién clru tir quy mé dia phuong
dén toan ciu dic biét la trong nghién cru sinh
thai rirng [12]. C4c chi s& nay dwa trén nén tang
vat ly cha phan xa ph6 thu nhan tir cam bién tw
xa, phan anh sy twong tac phic tap gitta anh
sang, khi quyén va tham thuc vat. Tuy nhién,
qua trinh wéc tinh AGB bang md hinh hoc may,
viéc tich hop qud nhiéu chi s6 vién tham cé thé
lam tang dd phirc tap khdng can thiét, gay ra
hién twgng da cdng tuyén giita cac bién dau vao
lam gidm tinh 6n dinh cdia md hinh, kéo dai thoi
gian xr ly va anh huwdng dén dd chinh xac cla
két qua dy doadn. Do d6, mét budc quan trong
trong t6i wu hda quy trinh nghién cru sinh khdi
trén mat dat 13 loai bo cac chi s6 vién tham ¢o
muirc d6 déng gop thadp hon trong md hinh.
Trong bdi canh d6, anh UAV-RGB c6 dé phan
giai khong gian siéu cao, kha nang linh hoat
trong thu nhan dit liéu cho phép md ta chi tiét
ciu trdc tan cay, chiéu cao, mat dé va cac dac
trung hinh thai cia thdm thuc vat ma nhiéu chi
s6 quang hoc truyén théng khé thé hién. Nho
vay, viéc str dung OVIs tir dit liéu UAV-RGB gilp
tang cudong khd nang mo ta bién déng tham
thuc vat va cai thién hiéu qua udc tinh sinh khéi
rirng. Dyra trén cac tai liéu hién ¢, trong nghién
clru ndy, cac chi s6 vién tham duoc trich xuat tir
UAV-RGB duwgc mo6 ta trong Bang 1.
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Bang 1. Cac bién dy dodan tir anh UAV-RGB

Bién ddc lap Phuong trinh/Tén

Y nghia sinh thai

Chi s6 TRRI ¢6 lién hé chat ché vai sinh khéi trén mat dat
(AGB) vi né phdn dnh mirc dé sdng cliia bé mat va mirc dé che
ph( tan rirng. Gia tri TRRI thap thudng twong ¢ng vdi rirng
c6 tan day, xanh tdt va sinh khéi cao do hap thu manh 4nh
sang. Nguwoc lai, TRRI cao cho thay rirng thua, suy thodi hodc
bé mat dat 16 nhiéu hon, din dén AGB thap.

Chi s8 ExG nhdn manh tin hiéu mau xanh trong anh RGB, nén
phan anh tryc ti€p mirc d6 che phu va sirc séng cla tham
thwe vat rirng. Gid tri EXG cao cho thay tan 1 xanh tét, mat
dé day va sinh khéi (AGB) cao; nguwoc lai, ExG thap thudng
lién quan dén rirng thua, suy thodi hodc bé mat dat 16. Nho
khad ndng nhay vdi bién déng tan 14 tir &nh RGB, ExG la bién
dau vao hitu ich gilp cai thién dé chinh xac ciia cdc mé hinh
dy doan AGB.

Chi s8 VARI ¢ y nghta d6i vai udc tinh sinh khéi trén mat dat
(AGB). VARI phan danh mic d6 xanh va mat d6 che phu cla
tan 13, gia tri VARI cao thudng twong &ng vdi sinh khdi I&n do
tan rirng day va hoat dong quang hgp manh. Nguwoc lai, gia
tri VARI thdp cho thdy tham thyc vat thwa hodc suy thoai,
dan d&n AGB thap.

CIVE cao thudng xuat hién & khu vire cé it vat chat xanh, nhw
rirng thua, suy thodi, 1a khd hodc dat tréng. CIVE thap phan
anh thdm thyc vat xanh tét, tan 14 day va hoat ddong quang
hop manh.

NGRDI I3 chi s6 quang hoc cé y nghta sinh théi r& rét, phan
anh mic do xanh, hoat dong quang hop, mat do tan 1a va
tinh trang sinh trudng clda tham thuc vat. Nhitng dac tinh
nay cé mai quan hé chit ché vdi sinh khéi trén mat dat (AGB),
khi€n NGRDI tr& thanh bién giai thich quan trong trong cac
mo hinh uwdc tinh AGB tlir dit liéu UAV-RGB.

TRRI TRRI=(R+G+B)/3
EXG ExG=2xG -R - B
VARI VARI=(G-R)/(G+R-B)
CIVE=0,44xR — 0,88%xG
CIVE +0,38xB + 18,78
NGRDI NGRDI = (G - R)/(G +R)
16 TGl = -0.5 x {190%(R-G)

-120%(R-B)}

TGI cang thap (gia tri &m I&n) cho thay tham thuc vat cang
xanh, tan 14 day va hoat ddng quang hop manh, thuong gén
v&i AGB cao. Nguoc lai, TGl cao phan anh tan 1a kém xanh,
rirng thua hodc suy thoai, twong &ng véi AGB thap. Nhe do
nhay v&i ham lwgng diép luc, TGl 13 chi sd hitu ich trong ddnh
gia strc khoe tan rirng va ho tro wéc tinh sinh khéi.

e M6 hinh wdrc tinh sinh khéi trén mdt dat
s dung thudt todn hoc mdy

Trong cac md hinh héi quy hién nay, phuong
phap hoi quy tuyén tinh da béi tirng budc da
duogc st dung dé xac dinh cac bién dau vao
quan trong, dadc biét 13 cac chi sé thyc vat lién
quan dén sinh khéi [13]. Bén canh d6, mé hinh
hoc may Random Forest (RF) cho thdy wu thé
trong viéc x&t ly cdc méi quan hé phi tuyén va
tap bi€n dau vao co kich thuwdc 16n [14]. Trong
nghién clru nay, RF duoc sir dung nhw mot cong
cu hd tro sang loc bién thong qua danh gid mrc
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dd quan trong cla tirng bién, trong khi mé hinh
hoi quy da thirec duoc si dung cho viéc uéc tinh
sinh kh&i trén mat d4t va trinh bay két qua cudi
cung. Théng qua co ché téng hop tir nhiéu cay
quyét dinh, RF gitip gidm sai s6 va han ché hién
twong qua khép, tir d6 ho tro lwa chon cac chi
s6 vién tham phu hop dé xay dung phuong
trinh wdc tinh AGB. Dya trén két qua sang loc
bién tir RF va budc hiéu chinh mé hinh héi quy
da thire, phwong trinh wéc tinh AGB duwoc lya
chon dé ap dung trong nghién ctu nay duwoc
trinh bay & céng thirc 5.
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AGB =~ ¥, Ty(X) (1)
Trong do:

N: sd lwgng cay trong Random Forest;

Ti(X): gia tri AGB dy dodn tir cdy quyét dinh
th i;

X: tap bién doc 1ap (cac chisé vién tham trich
xuat tir dir liéu UAV-RGB).

e Ddnh gid d6 chinh xdc cua mé hinh wéc
tinh sinh khéi trén mat dét

Nghién ctru tién hanh don gidn héa cac md
hinh thuc nghiém va lwa chon mé hinh tdi wu
dé uwdc tinh sinh khdi trén mat dat (AGB) tir dir
lieu UAV-RGB. Quy trinh nay dwoc thuc hién
théng qua viéc wdc tinh sai s6 du doédn ky vong
va s dung cac chi s6 danh gid d6 chinh xac cla
md hinh. Trong mdi vong I&p hudn luyén md
hinh Random Forest, 83 & mau AGB thuc do
(twong &ng 70% téng s& mau) duogc st dung
lam di¥ liéu huan luyén, trong khi 36 6 m3u con
lai (30%) duoc dung dé kiém tra va danh gia
murc dd phu hop cla md hinh. D& ddm bdo mé
hinh khéng chi dat hiéu suat cao trén dir liéu
huan luyén ma con cé kha nang téng quat hda
tét d6i vai dit liéu chuwa tirng thay, nghién clru
ap dung phuong phdp xac thuc chéo dé danh
gia hiéu suat cha md hinh wdc tinh AGB. Cu thé,
ky thuat xac thyc chéo 10-fold dugc st dung
theo khuyén nghi ctia cac nghién clru trudce [2].
D lieu dwoc chia ngiu nhién thanh 10 tap con;
tai moi vong 13p, mot tap con dugc dung dé
ki€m tra md hinh, trong khi chin tap con lai
duoc dung dé huan luyén. Qua trinh nay duoc
|3p lai 10 [an d€ dadm bao tat ca cac tip con déu
duwoc st dung cho cd hai muc dich hun luyén
va kiém tra. Hiéu suat cia mdé hinh RF dwoc
danh gia dua trén ba chi s6 chinh: Hé s6 xac
dinh (R?) theo cong thirc 2, sai s6 binh phuwong

trung binh géc (RMSE) theo cong thirc 3 va sai s6
tuyét déi trung binh (MAE) theo cdng thirc 4.

2 _ 4 2e* _ B2 Xy xze+Bs Ty xae
5. )2
RMSE = ?=1 @i nYL) (3)
n s
MAE = Zl:ll:l Vil (4)
Trong do:

e: sai sO du dodn (chénh léch giira gia tri dy
dodn va gia tri thuc té);

y: d6 léch gitra gid tri thuc té va gia tri trung
binh cta bién phu thuéc;

n: s6 lwong mau;

yi: gia tri thyc té cha quan sat thi /;

¥;: gia tri dy dodn tuong &ng.

Gia tri R? cang cao va RMSE, MAE cang thap
phadn dnh hiéu sudt md hinh tét hon, cho thay
kha nang udc tinh AGB chinh xac va 6n dinh hon.
3. KET QUA VA THAO LUAN
3.1. M0 hinh wédc tinh AGB dwa trén thuat toan
hoc mdy Random Forest

Trong nghién clru nay, sinh khéi trén mat dat
(AGB) dugc md hinh hda bang hoi quy da thirc
bac hai st dung cac chi s& quang phd dugrc tinh
tlr anh UAV-RGB (TRRI, ExG, VARI, CIVE, NGRDI,
TGI) lam bién ddc 1ap. Trudce khi xdy dwng md
hinh, céc bién dwoc sang loc nham loai bd hién
tuong da cdng tuyén va han ché dua vao nhitng
chi s cé déng gbp thap, qua dé cai thién tinh
on dinh va do6 chinh xac cia md hinh hdi quy.
Trong téng s& 70 md hinh du dodn AGB tiém
nang tlr md hinh RF, mé hinh tét nhat dat hiéu
suat cao véi R?=0,91, RMSE=32,95 Mg ha™" va
MAE=29,84 Mg ha™'. Phwong trinh cudi cung
dugc chon dé wéc tinh AGB cho rirng kin 14
rong thuong xanh tai x3 A Ludi 4 (thanh phé
Hué) duoc trinh bay & céng thirc 5.

AGBgo =20 x (—1,724 + 0,276 X ExG — 0,00084 X ExG* — 12,712 X NGRDI + 68,63 X NGRDI?) (5)

Phuwong trinh biéu dién AGB duéi dang ham
bac hai cda hai chi s6 quang phd ExG va NGRDI,
do d6 méi quan hé gitta mbi chisé va AGB mang
tinh phi tuyén. Sy xuat hién déng thoi cta cac
thanh phan tuyén tinh va bac hai cho thay anh
hwédng cda tirng bién 1én AGB phu thudc vao gia
tri hién tai cta bién dd6, khong chi phu thudc vao
ma&i twong quan thudn-nghich va d6 1&n cla hé

s6 tuyén tinh. Déi v&i ExG, hé sb tuyén tinh
thun (dwong) cho thdy & vung gid tri thap, AGB
c6 xu hwdng tang khi ExG tang. Tuy nhién, hé sé
bac hai nghich (dm) lam cho dudng cong quan
hé c6 dang |6i xuéng v&i AGB tang dén modt mirc
cuwc dai roi giam khi ExG tiép tuc tdng vuot qua
ngudng do. Vi vay, su gia tang ExG khéng phai
ldc nao ciling twong &ng vdi gia tdng AGB; can
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xac dinh vj tri cGa quan sat so v&i diém cyc dai
dé danh gia dung chiéu va cwdng dé tdc dong.
Nguoc lai, NGRDI ¢6 hé s6 tuyén tinh &m nhung
hé sé bac hai dwong, tao nén mot duwdng cong
Idm 1én v&i AGB giam khi NGRDI tang trong mot
khoang ban dau, dat diém cuc tiéu, roi tang trd
lai khi NGRDI vuwot qua ngudng dé. Diéu nay cé
nghta Ia NGRDI c6 thé tac dong tiéu cuc |én AGB
& vung gid tri thap nhwng chuyén sang tac dong
tich cwc & vung gia tri cao hon; do d6 phan bd
gid tri NGRDI trong mau dit liéu quyét dinh hiéu
ng trung binh quan sat duworc.

3.2. Danh gia phan bd khdng gian AGB rirng
kin 1a rong thwong xanh tai xa A Luéi 4

Dua trén cong thirc 5, badn d6 phan bd khong
gian sinh khoi trén mat dat rirng kin 13 réng
thuong xanh da dwoc xay dung (Hinh 4). Cac
khu vue khong cé rirng, chang han nhuw dat
tréng, dat néng nghiép va vung nwdc mat da bj
loai khéi két qua cla ban dé dinh lvong AGB.
Ban d6 phan bd khéng gian AGB dugc phan loai
theo cac mirc mat do sinh khéi khac nhau, bao
gdm: dudi 50 Mg ha't, 50-100 Mg ha't, 100-150
Mg ha, 150-200 Mg ha, va trén 200 Mg ha™.
Pong thoi, két qua tong dién tich dugc cung
cap cho tirng ngudng sinh khéi twong &rng cho
cac hé sinh thai rirng kin 13 rong thwong xanh
tai xa A Ludi, thanh phé Hué.

Bang 2. Phan bd sinh khéi trén mat dat cha cac kiéu rirng kin 13 rong thwéng xanh

<50 50-100 100-150 150-200 >200 Dién tich (ha)
Mg ha Mg ha Mg ha! Mg ha Mg ha ;
TXB 13,02 48,69 62,72 75,24 17,22 216,89
TXN 38,33 106,64 137,51 158,64 33,83 474,94
TXP 34,09 51,33 60,66 52,58 3,08 201,73
Dién tich (ha) 85,44 206,65 260,89 286,45 54,13 893,56

Tir Bang 2 cho thay, phan I&n dién tich cla
ba ki€u rirng kin 14 rong thwdng xanh (TXB, TXN,
TXP) c6 sinh khai trén mat dat (AGB) tir 50 Mg
ha™' dén 200 Mg ha™. Trong d6, TXN (rirng
nghéo) cé dién tich Ién nhat 474,94 ha, tiép
theo la rirng trung binh 216,89 ha va rirng phuc
hoi (TXP) 201,73 ha. TXB va TXN c6 phan bé
AGB twong ty nhau: phan 1&n dién tich nam &
ngudng AGB trung binh 100-150 Mg ha™ va
AGB cao 150-200 Mg ha™, véi khoang mét nira
dién tich roivao khoang 50-150 Mg ha™' va hon
30% & ngudng 150-200 Mg ha™. Sy twong
ddng nay cho thay hai kiéu rirng cé cau truc cay
trwdng thanh twong ddi déng nhat va cé thé cé
lich s& st dung dat hodc mic dd suy thodi

(A)

R

AGB ( <50 Mg ha"")

AGB (50 - 100 Mg ha™")

AGB (100 - 150 Mg ha'")

twong ty, dan tdi AGB trén mat dat duy tri &
murc tuwong d6i cao. Nguoc lai, TXP (rirng phuc
hoi) phan bd khac biét rd rét: khoang 25% dién
tich cd AGB < 50 Mg ha™, trong khi chi 3% dién
tich dat AGB > 200 Mg ha™ (Hinh 3). M6 hinh
nay phan anh nhiéu khodng tréng, mat do cay
trwdng thanh thap va thdm thuc vat chua phat
trién day du, phu hop vdi giai doan tai sinh
hodc phuc hoéi sau tdc ddng. Nhu vay, TXB va
TXN thé hién cau truc sinh khdi 6n dinh va AGB
tuwong doi cao, trong khi TXP dang & giai doan
non tré véi AGB thap hon, cho thdy nhu cau
theo ddi tién trinh phuc hoi va cac bién phap
quan ly nham ting mat do cay trwdng thanh.

)

B AGB (150 - 200 Mg ha') [l AGB ( >200 Mg ha")

Hinh 3. Ty I& phan trdm sinh khdi trén mat dat cia Rirng kin 13 rong thwéng xanh trung binh (A),
Rirng kin 13 réng thwéng xanh nghéo (B) va Rirng kin 13 rdng thuwdng xanh phuc héi (C)
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Phan b6 khéng gian sinh khéi trén mat dat
(AGB) tai xa A Ludi 4 thé hién tinh twong thich
rd rét vai phan tich thuc dia: cdc mang xanh
dam trén bdn d6 twong (ng vdi gid tri AGB >
200 Mg ha™, cdc mang xanh luc nhat va xanh
ndn chudi [an lvot biéu thi AGB trong khoang
150-200 Mg ha™" va 100-150 Mg ha™", trong khi
cac dai vang nghé va vang nhat phan anh AGB
trung binh dén thap (50-100 Mg ha~'va <50 Mg
ha™). Viéc dinh lvgng AGB tai quy md pixel

khéng chi cung cap co s& khoa hoc cho uéc tinh
trit lwgng carbon ma con nhdn manh vai tro
then chét cda rirng kin 18 réng thuong xanh
trong chu trinh carbon khu viyc va toan cau néi
chung va khu vyc nghién clru ndi riéng. Dac biét,
theo nhu két qua nghién ctru thi cic khu viee cé
gia tri ngwdng AGB >200 Mg ha™ can duogc wu
tién bao tén dé duy tri kho carbon va gid tri da
dang sinh hoc.

v Nk ] 107220007 E 107°20'30"E

1072210"E 107°21°30"E. SR E - T o

AGB (<50 Mgha') [ AGB (50 - 100 Mg ha)

AGB (100- 150 Mg ha') [l AGB (150 - 200 Mg ha) [ll AGB ( >200 Mg ha)

Hinh 4. Ban d6 phan b khdng gian sinh khdi rirng kin 1 réng thuwdng xanh tai khu ve xa A Lwéi 4

Trong b8i canh phat trién kinh t&-x3 hoi tai A
Ludi 4, cac khu rirng nay dang chiu ap lyc I6n
tir viéc gia tang tir khai thac gd, chuyén déi dat
va cac hoat dong st dung dat khéc. Chinh vi vy,
can két hop cac bién phdp quan ly bén virng bao
gbébm: bao vé cac khu vire AGB cao, phuc hoéisinh
théi & viing AGB thap, thiét |ap hanh lang sinh
thai va gidm sat dinh ky bang anh UAV-RGB dé
phat hién sém suy giam. Péng thoi khuyén
khich co ché& tham gia cong déng va céc chinh
sach khuyén khich bao ton nham can bang muc
tiéu phat trién va bao vé dich vu hé sinh thai.
4. KET LUAN

Danh gia dinh luvgng sinh khéi trén mat dat
(AGB) cla rirng kin 1a réng thudong xanh la nén
tang dé danh gia diéu kién sinh trwdng va kha

nang tich Illy carbon. So vé&i cac phuong phap
khdc, vién tham bang UAV-RGB cung cap mot
giai phap khao sat khong pha huy, cé do phu
khong gian cao va chi phi hgp ly thuan lgi cho
viéc wdc tinh AGB. Nghién clru dé xuat mo hinh
uwédc tinh AGB cho rirng kin 14 rong thudng xanh
dua trén dir lieu UAV-RGB, tap trung vao viéc
lwa chon cac chi s6 quang phd phu hop,
phuong phap xdy dung md hinh hdi quy va
danh gid dé tin cay cha két qua uwdc tinh. Két
qua nghién ctru cho thdy mé hinh hoi quy da
thirc bac hai st dung céc chi sd ExG va NGRDI
la phu hgp va c6 do chinh xac cao trong uwdc
tinh AGB d6i vdi rirng kin |a rong thudng xanh.
Do d6, md hinh dwoc khuyén nghi dp dung cho
céng tac gidm sat sinh khoi va danh gia triv
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lwgng carbon rirng & quy mé dia phuong tai
cac khu vuc c6 cau triuc rirng twong déng va
sinh khéi tir trung binh dén cao. Trong céc
nghién ctru ti€p theo, huwéng phat trién nén wu
tién xdy dwng cac mé hinh ¢ hiéu qua cao hon
va kha nang chuyén giao tét gitra cac kiéu rirng
va vung sinh thai khdc nhau. Diéu nay gilp
tang cudng do chinh xac thdng qua hiéu chuan
hién truong va tich hop dir liéu da ngubn,
dong thoi xay dwng quy trinh chudn dé danh
gid va bdo cdo mirc dé khong chic chan cla
mo hinh. Thyc hién nhirng budc nay sé nang
cao nang lyc gidm sat dong thai carbon rirng
va déng gbp truc ti€p vao quan ly rirng bén
virng hwdng dén muc tiéu phat trién mot cach
tuan hoan va bén virng.
L&i cam on

Nghién ctu nay dugc tai trg bdi B6 Nong
nghiép va Méi trwdng, Vién Diéu tra Quy hoach
rirng, thudc dé tai “Nghién ctru trng dung dnh
chup bdng thiét bj bay khéng ngudi Idi trong
gidm sdt rirng va wdc tinh sinh khéi cho mét sé
kiéu rirng & Viét Nam”.
TAI LIEU THAM KHAO

[1]. Taiyong Ma, Chao Zhang, Liping Ji, Zheng Zuo,
Mukete Beckline, Yang Hu, Xiaojuan Li & Xiangming Xiao.
(2024). Development of forest aboveground biomass
estimation, its problems and future solutions: A review.
Ecol Indic. 159: 111653.
DOI: 10.1016/j.ecolind.2024.111653

[2]. Do Thi Nhung, Dang Do Lam Phuong, Nguyen Thi
Diem My, Bui Quang Thanh, Pham Ngoc Hai & Pham Van
Manh (2024). Assessing Carbon Stocks in A Tropical Forest
Ecosystem of High Conservation Value: A Case Study in Bac
Kan province, Vietnam. VNU Journal of Science: Earth and
Environmental Sciences. 40(3): 92-110.
DOI: 10.25073/2588-1094/vnuees.5069

[3]. Janine Oettel, Bettina Thalinger, Aglaia Szukala,
Linus Munishi & Katharina Lapin. (2025). Monitoring
Methods for the Protection of Connectivity in Forest
Ecosystems. Ecological Connectivity of Forest Ecosystems.
Springer Nature Switzerland, Cham. 143-169.
DOI: 10.1007/978-3-031-82206-3_8

[4]. Zoltdn L., Tanacs E., & Standovar T. (2023).
Validation and limitations of large-scale forest condition
indicators — An example from Hungary. Ecol Indic. 154:
110539. DOI: 10.1016/j.ecolind.2023.110539

[5]. Latterini F., Camarretta N., & Watt M.S. (2025).
Remote sensing for planning harvesting operations and
monitoring their effects on the forest ecosystem: State of

the art and future perspectives. For Ecol Manag. 597:
123175. DOI: 10.1016/j.foreco.2025.123175

[6]. Yang Liu, Yiguang Fan, libo Yue, Yanpeng Ma,
Fugin Yang, liejie Fan, Rigiang Chen, Mingbo Bian &
Haikuan Feng. (2025). UAV-based remote sensing
estimation of above-ground biomass in different crops: A
review. Int J Appl Earth Obs Geoinformation. 144: 104938.
DOI: 10.1016/j.jag.2025.104938

[7]. Giribabu Dandabathula, Sudhakar Reddy
Chintala, Sonali Ghosh, Padmapriya Balakrishnan &
Chandra Shekhar Jha. (2021). Exploring the nexus
between Indian forestry and the Sustainable Development
Goals. Reg Sustain. 2(4): 308-323.

DOI: 10.1016/j.regsus.2022.01.002

[8]. Suman S., Gupta A., & Srivastava P.K. (2026).
Chapter 15 - Role of airborne datasets in forest monitoring.
Advanced Geospatial and Ground Based Techniques in
Forest Monitoring. Elsevier. 327-343.

DOI: 10.1016/B978-0-443-18949-4.00001-4

[9]. Bao Huy, Krishna P. Poudel & Hailemariam
Temesgen. (2016). Aboveground biomass equations for
evergreen broadleaf forests in South Central Coastal
ecoregion of Viet Nam: Selection of eco-regional or
pantropical models. For Ecol Manag. 376: 276-283.

DOI: 10.1016/j.foreco.2016.06.031

[10]. Aishwarya, Meenu Rani, Preeti Kumari, Pankaj
Lavania, Garima Gupta, Prabhat Tiwari, Ram Kumar Singh,
Manoj Kumar, Manmohan Dobriyal, Manish Srivastav &
Pavan Kumar. (2026). Chapter 2 - An overview of remote
sensing technology in forest management. Advanced
Geospatial and Ground Based Techniques in Forest
Monitoring. Elsevier. 37-59.

DOI: 10.1016/B978-0-443-18949-4.00017-8

[11]. Yelu Zeng, Dalei Hao, Alfredo Huete, Benjamin
Dechant, Joe Berry, Jing M. Chen, Joanna Joiner, Christian
Frankenberg, Ben Bond-Lamberty, Youngryel Ryu, Jingfeng
Xiao, Ghassem R. Asrar & Min Chen. (2022). Optical
vegetation indices for monitoring terrestrial ecosystems
globally. Nat Rev Earth Environ. 3(7): 477-493.

DOI: 10.1038/s43017-022-00298-5

[12]. Kai Yan, Si Gao, Guangjian Yan, Xuanlong Ma,
Xiuzhi Chen, Peng Zhu, Jinhua Li, Sicong Gao, Jean-Philippe
Gastellu-Etchegorry, Ranga B. Myneni & Qiao Wang.
(2025). A global systematic review of the remote sensing
vegetation indices. Int J Appl Earth Obs Geoinformation,
139: 104560. DOI: 10.1016/].jag.2025.104560

[13]. Gudisa A., Taddese H., & Garbole J. (2025).
Remote sensing and field-based estimation of
aboveground biomass of plantation forests: Kofale, South
East Ethiopia. Environ Sustain Indic. 26: 100680.

[14]. Dang An Thi Ngoc, Subrata Nandy, Ritika Srinet,
Luong Nguyen Viet, Surajit Ghosh & A. Senthil Kumar
(2019). Forest aboveground biomass estimation using
machine learning regression algorithm in Yok Don National
Park, Vietnam. Ecol Inform. 50: 24-32.

DOI: 10.1016/].indic.2025.100680

126 TAP CHI KHOA HQC VA CONG NGHE LAM NGHIEP TAP 15, SO 3 (2026)


https://doi.org/10.1016/j.ecolind.2024.111653
https://doi.org/10.25073/2588-1094/vnuees.5069
https://doi.org/10.1016/j.ecolind.2023.110539
https://doi.org/10.1016/j.foreco.2025.123175
https://doi.org/10.1016/j.jag.2025.104938
https://doi.org/10.1016/j.regsus.2022.01.002
https://doi.org/10.1016/B978-0-443-18949-4.00001-4
https://doi.org/10.1016/j.foreco.2016.06.031
https://doi.org/10.1016/B978-0-443-18949-4.00017-8
https://doi.org/10.1016/j.jag.2025.104560
https://doi.org/10.1016/j.indic.2025.100680

	Ước tính sinh khối trên mặt đất trong rừng kín lá rộng thường xanh
	bằng viễn thám UAV‑RGB: Nghiên cứu điểm tại xã A Lưới 4, thành phố Huế
	UAV-RGB based remote sensing estimation of above-ground biomass
	for evergreen broadleaf forests: A case study in A Luoi 4 commune, Hue city

