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Tém tit: San xuat ndong nghiép toan cau dang phai d6i mat véi ap luc ngay cang ting bao
gdm: gia ting dan sb, nhu céu dinh dudng, va diéu kién khi hau khac nghiét. Bé dbi pho véi
nhimg thac thirc nay, yéu cau cap thiét 1a phai giam sat lia mot cach chinh xéc, trén quy mo
rong 16, voi tin suat déu dan. Nghién ctiu nay dé xuit mot phuong phap méi dé uée tinh
céc chi s6 hoa sinh dic trung cho su phat trién cua ciy laa, tir dir liéu anh vé tinh da pho va
bd xtr 1y hoa sinh thyc vat PROSAIL. Két quéa ciia nghién ciru da thanh 1ap ban do chi s6
hoa sinh theo cac giai doan phat trién cta cay lta & tinh Pong Thap dua trén chudi anh vé
tinh Sentinel-2 tir thang 10/2022 dén thang 12/2023. Nghién ctru d4 sir dung thudt toan phan
loai hoc may Random Forest va 994 diém thyc dia di phan anh chinh xac vé diéu kién canh
tac l0a thuc té & tinh Pong Théap. Tir d6 cho phép giam sat theo thoi gian cac mé hinh trong
lGa trén quy mo khong gian d6i véi cac khu vure ¢6 lich canh tac riéng biét. Pinh luong céc
bién s6 hoa sinh va ap dung dé quan st trén chudi dit liéu vé tinh da thoi gian cho phép hiéu
biét sdu sic trong canh tac lta tai ddng bang song Ctru Long cua lanh tho Viét Nam.

Tir khéa: Sy phat trién cua cay lta; Sentinel-2; M6 hinh PROSAIL; Dong Thép.

1. Giéi thi¢u

Lua 13 thiue pham chinh cho hon mét nira dan sé trén thé gidi - v6i 90% san luong trong
va tiéu thy trén thé giéi duoc san xudt tai chau A [1, 2]. Ving dong bang séng Ctru Long
(PBSCL), dugc biét dén 1a khu vuc cung cip san luong laa phuc vu nhu cau an ninh luong
thyc khong nhiing cho qubc gia, ma con cho khu vure va qubc té [3, 4]. San xuét lta  PBSCL
no6i chung va ctia Bong Thap néi riéng dong vai tro quan trong trong san xuat nong nghiép
cua Viét Nam, do do viéc giam sat duoc cac giai doan sinh truong va phat trién cua cdy laa
dwa vao cac chi s6 sinh hoc s& gitp cho viéc quan 1y san xuat noéng nghiép dugc kip thoi,
giip cho néng ho cling nhu nha quan 1y c6 ke hoach cu thé cho san xuat. Tuy nhién, viéc diéu
tra thuc t& vé sinh trudng cua cdy laa ton rat nhiéu thoi gian cling nhu chi phi. Do do, cac
bién phdp giam sat lta mot cach chinh xac, trén quy mo khu vuce rong lon, voi tan suét déu
din 1a rat can th1et dé dam bao van dé 6n dinh va gia ting lwong thyc toan cau [5].

Céc tham s6 cla qua trinh sinh truéng cia céy lua (chiéu cao, khdi luong kho, chi 5O
dién tich 14, v.v.) chu yéu dugc giam sat thong qua hai phuong phéap, bao gom: phuong phap
do luong truc tiép boi nhitng nguoi néng dan va thu thap thong tin tir dit liéu vién tham [5—
7]. Trong khi vi¢c do luong trén thuc dia mat thoi gian, vién tham c6 thé thuc hién viée do

Tap chi Khi twong Thiyy van 2024, 764, 93-108; doi:10.36335/VNJHM.2024(764).93-108 http://tapchikttv.vn/


mailto:lethithuha@humg.edu.vn
mailto:lethithuha@humg.edu.vn

Tap chi Khi tiwong Thaty van 2024, 764, 93-108; doi:10.36335/VNJHM.2024(764).93-108 94

ludng cac tham s6 cua laa trén quy m6 16n ma khong can tiép xuc truc tiép voi cay trong [8,
9]. Phuong phap nghién ctru vé ddc tinh hoa sinh cua thyc vat bang dir liéu vién tham da
dugc nhidu nghién ctru trén thé gidi chimg minh c6 tinh hiéu qua trong theo doi qua trinh
sinh truéng cua laa [10-22]. Stir dung dir li€u vién thdm nhdm nghién ctru vé dic tinh hoa
sinh cua thyc vat c6 thé chia ra 3 phuong phép khac nhau [5]: (1) M0 hinh dya trén thuc
nghiém (empirical based model) str dung chi s6 thuc vat, phuong phap danh gia twong quan
hodc cac thudt toan hoc may (machine learning) dé nghién ctiru mbi quan hé giita cac tham
s6 do dac thuc té va gia tri tinh toan trén anh vién tham; (2) M6 hinh dya trén vat ly (phy5|ca|
based model) dua trén cac quy ludt vat Iy nhu dic tinh phd phan xa dé ude tinh cac chi s0 va
dic tinh sinh hoa cua thyuc vat; (3) Phuong phap két hop ca cach thic tiép can dua trén 1y
thuyét va thyc nghiém. Hudng tng dung dua trén cac mo hinh vét ly trong nhiéu nim trd lai
day dang ngay cang phd bién khi sd luong co so dir liéu vé déc tinh thyc vat ngay cang nhiéu
hon cling nhu nham giam thiéu viéc diéu tra thyc dia chi tiét trén ting khu vye nghién ctru
cu thé ma van dam bao do chinh xac [12]. Cung véi sy phat trién cua vién tham, nhiéu mo
hinh tinh toan da st dung nguén $6 liéu vé blre xa thu nhan tir dir liéu vé tinh dé tinh toan
truy xuat cac dic tinh sinh hoa cua tung loai thyc vat cu thé mot cach chinh xac [12, 13].

Bit dau tir nhitng nghién ctru dau tién nhitng nam 80 cho tdi nay, di c6 mot sd luong 16n
cac nghién ctlru, véi da dang dir liéu sir dung nhu da phé, siéu phé, cho dén ap dung cac thuat
toan mo hinh.khac nhau nhu. M6t s6 mé hinh chuyén d6i birc xa duoc ap dung phd bién nhu
PROSPECT, Scattering by Arbitrary Inclined Leaves - SAIL, Fast Canopy Reflectance -
FCR, SAIL-2, 4SAIL2, Soil Canopy Observation Photochemistry and Energy fluxes - SCOPE,
hodc GEOSAIL [19]. Trong s0 cac mo hinh ndy, mo hinh chuyén dbi bic xa PROSPECT
(cAp do 14) va SAIL (cap d6 tan) duoc sir dung nhleu nhat [18, 22]. PROSAIL ciing dugc sir
dung dé phat trién cac phuong phap méi nham 13y vé dic tinh sinh hoc cua thuc vat [20]. N6
lién két sy thay doi pho phan xa & cip do tan toi ham lugng sinh hoa ciia 14 va céu tric tan
cdy ciling nhu twong tac giira d6i trong dat va thuc phu. Lién két nay 1a chia khoa dé udce tinh
mo phong cac tham s sinh hoa va cdu tric tan cay ung dung trong ndng nghiép, sinh hoa
thuc vat, hodc sinh thai, véi cdc quy mod khéac nhau.

Trong pham vi nghién clru nay, tai Viét Nam moi c6 mot s6 nghién ciru dién hinh tai
ddng bang song Ciru Long c6 thé ké dén nghién ctru [26] da sir dung anh do phan giai trung
binh MODIS 250 m x 250 m, chu ky 8 ngay cho nghién ctru theo di cac tién do xudng giéng,
cac giai doan phat trién va hién trang sau bénh cay lua khu vuc dong bang song Ctru Long.
Hoang Phi Phung da dé xuét quy trinh xac dinh tudi cua cay lda, ngay gieo trong, ngay thu
hoach bang cach sir dung chudi anh Sentinel 1 trén toan b ving dong bang séng Ciru Long
[27].

Nghién ctru [23] d4 tién hanh danh gia vé hién trang canh tic san xuat ndng nghiép tai
khu vue Dong Thap Muoi, trong d6 ¢6 tinh Dong Thap giai doan 30 nam tro lai day (1990-
2020). Két qua nghién ctru cho thay trong giai doan 30 nam, dién tich dét trong lua ting manh
trd thanh cdy trong chi luc chiém 45,1% tong dién tich toan ving Dong Thap Mudi nim
2020, chtrng minh uu thé cua cay lua tai khu vuc nghién ctru. Nhu vay, tai Viét Nam, cac
cong trinh cong bd vé viéc mo hinh héa khong gian cac dic tinh sinh 1y cia cdy trong nong
nghiép hién nay gan nhu chua dugc thuc hién [23]. Cac nghién ciru chu yéu tip trung vao
viéc str dung cac chi s6 thuc vat nhu NDVI dé thanh 1ap ban dd va phan tich sy sinh truong
phat trién cua cdy trong, thanh l4p cac ban d6 hién trang dé danh gia vé su phan bd khong
gian cac loai hinh nong nghiép chu yéu, hodc phan tich bién dong sy thay doi dién tich dat
nong nghiép theo thoi gian [23-25].

Nghién ctru nay dé xuat quy trinh tich hop dif liéu vé tinh quan sat trai dat da thoi gian
theo chu ky tirg thang va mé hinh PROSAIL trong giam sat sy phat trién cta cy lda tai tinh
Dong Thap thudc vung dong bang séng Ciru  Long, Viét Nam. Viéc dinh lugng dugc cac bién
s0 hoa sinh va ap dung dé quan sat trén chudi dir liéu vé tinh da thoi gian cho phép hiéu biét
sdu sdc trong canh tac lGa tai dong bang song Ctru Long.
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2. S6 liéu sir dung va phwong phép nghién ciru
2.1. Gidi thiéu vé khu vuee thuc nghiém

DPdng Thap 12 mot trong 13 tinh thudc ving ddéng bang song Ciru Long va 1a tinh duy
nhét c6 dia ban ¢ ca hai bd séng Tién, ¢ dién tich ty nhién 1a 3375,4 km?. Péng Thap nam
& toa d6 10°07°-10°58” vi 6 Béc va 105°12°-105°56° kinh d6 Pong, phia bic giap tinh Pray
Veng (Cam pu chia) trén chiéu dai bién gi6i 48,7 km véi 4 cira khau: Thong Binh, Dinh Ba,
M3 Can va Thuong Phudc, phia nam giap Vinh Long va thanh ph Can Tho, phia tiy giap
An Giang, phia déng giap Long An va Tién Giang (Hinh 1). Tinh ly cua Péng Thap hién nay
1a thanh phb Cao Lanh, cach thanh phé Ho Chi Minh 165 km vé phia Tay Nam [28].
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Hinh 1. Khu vuc nghién ctu.

DPoéng Thap ndm trong ving khi hau nhiét d6i v6i 2 mua rd rét mua (thang 5 dén thang
11 hang nam) va kho (thang 12 dén thang 4 nam sau). Cac dac diém khi hau dién hinh bao
gém do am trung binh nam 82,5%, s6 gio nang trung binh 6,8 gid/ngay, lrong mua trung
binh 1.170-1.520 mm v&i 90-95% luong mua tap trung vao mua mua, tao diéu kién thuén loi
cho canh tac san xuat nong nghiép. Pong Thap c6 4 nhom dét chinh: (1) dat phu sa (dién tich
khoang 191.769 ha, chiém 59,06% dién tich dat ty nhién); (2) dat phén (84.382 ha, 25,99%);
(3) dét xam (28.150 ha, 8,67%); va (4) nhom dat cat (120 ha, 0,04%). Dat dai cia Pong Thap
c6 két chu mit bang kem bén viing lai tuong dbi thap, nén lam mat bang xdy dyng doi hoi
kinh phi cao, nhung rat phu ‘hop cho san xut lwong thuc. Véi lgi thé 1a ngudn nudc ngot va
ngudn lao dong doi dao, Pong Thap 1a mot trong nhiing dia phuong san xuét laa 16n nhat
Viét Nam. Dong Thap ciing la tinh co téng so canh dong mau 16n, 10n nhat ca nude. Cay lua
van la cay trong chiém uu thé trong san xuat néng nghiép cua tinh, chiém ty trong l6n va c6
gia tri san xuat toan nganh néng nghiép. Tuy vay, nang suat laa cua tinh Pong Thép trong
giai doan 10 nam trd lai day cho thdy cac déu hiéu blen dong that thuong. Trong do, giai
doan 2014 dén 2017 ching kién su suy giam ning suit lta tr 62,42 ta/ha xudng thap nhat
59,57 ta/ha [23]. Mic du so véi 10 ndm trudc ddy, ning suat lua da tang 1én gan 5 ta/ha, tuy
véy viéc theo dbi su sinh trudng va phat trién cua cdy lua, dam bao san lwong va ning sut
van 1a mot cong tic quan trong dbi véi mot dia phuong cé dién tich trong lta 16n nhu Bong
Thép.
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2.2. Quy trinh nghién curu

So db quy trinh nghién ctru tong thé cta nghién ctru ndy duoc thuc hién dya trén ngudn
dir liéu anh vé tinh Sentinel-2, ngudn di lidu thyc dia, ngudn dit liéu nén dia 1y tinh Dong
Thap. Anh vé tinh thong qua cac budc tién xtr Iy duwoc dwa vao mé hinh wdc tinh cac dic tinh
hoa Iy thuc vat dé tinh toan cac chi sé dién tich 14 (Leaf Area Index - LAI) va ham lugng diép
luc (Chlorophylla+s - Cab). Ban d6 hién trang 16p phu tinh DPong Thap ciing dugc thanh lap
tir ngudn dir liéu vé tinh nay. Cac san pham dugc danh gia do chinh xac, sau do tinh toan cho
toan bd tép dir li€u anh, tai cAu trac dir liéu dé hoan chinh bd san pham. Cac san pham nay
dugc trinh bay ban d6 va st dung dé phan tich thong ké trén quy mo khong gian. Chi tiét cac
bude dugc trinh bay dudi day (Hinh 2).
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Hinh 2. So db quy trinh tong thé cia nghién cu.

2.3. 86 liéu sir dung

a) Dit liéu 4nh vién tham

Chum vé tinh Sentinel-2 (2A va 2B) bao gom hinh anh quang hoc hai dai khong gian
rong, d6 phén giai trung binh - cao (10, 20 va 60 m), tan suat quan sat 5-10 ngay. Toan bd
280 canh anh giai doan thang 10/2022 dén thang 12/2023 trén khu vyc nghién ctru dugc thu
thap. Vi tri cia khu vue nghién ciru nam trong khu vyc can nhiét doi am cua Nam B¢ voi
dieu kién c6 nhiéu may kéo dai hang nam. Trong s6 13 band v4i do phan giai khac nhau tur
10-60 m, 10 band dé duoc chon. Trong nghién ctru nay, band véi d phén giai 60 m dugc
loai khoi phan tich. Mudi band con lai dugc tai chia mau vé cung d§ phan gidi thanh 10 m.

Bang 1. Thong sb anh vé tinh Sentinel-2.

Kénh Min Max Buwdéc sdng trung tam FWHM SNR
2 4575 5225 490 65 154
3 5425 5775 560 35 168
4 650 680 665 30 142
5 6975 7125 705 15 117
6 7325 7475 740 15 89
7 773 793 783 20 105
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Kénh Min Max Buéc song trung tam FWHM SNR
8 7845 8995 842 115 174
8a 855 875 865 20 72
11 1565 1655 1610 90 100
12 2100 2280 2190 180 100

FWHM (Full width at half maximum) 1a d6 rong toan phén tai nira cuc dai. SNR (Signal-to-noise ratio) la
ty s6 tin hiéu cyc dai trén nhidu.

Trong nghién ctru nay, toan b cac canh anh Sentinel-2 trong giai doan tur 1/10/2022 dén
31/12/2023 dugce thu thap phu tram khu vyc nghién ctru tinh Bong Thap, voi ly do cac mua
canh tac s€ bat dau tur thang 10 hoac 11 nam trudc.

b) Ngudn dit liéu khac

Ngoai ra, cac dir liéu bd tro ciing dugc st dung nhu dir liéu thuc dia, dit liéu nén dia ly
va cac s6 liéu khac bao gdm: dit lidu vé nén dia 1y, dia hinh, sb liéu thong ké kinh té xa hoi,
s6 liéu khi tuong thuy van dugc st dung dé danh gia diéu kién ty nhién cua khu vuc nghién
ctru, cling nhu hd tro cho viée thanh 1ap cac ban d6 chuyén dé cho tinh Pong Thap.

Co s¢ dit liéu dugc luu trir dudi dinh dang geodatabase (*.gdb). Cac 16p thong tin trong
CSDL dugc thiét ké trong hé quy chiéu va hé toa d6 chuan Qudc gia VN-2000. Trong qué
trinh thuc nghiém, dé phu hop cac 16p thong tin co thé dugc chuyén doi vé hé toa d6 WGS84
phuc vu chong xép véi két qua phan tich tir anh vién tham.

2.4. Phuong phap nghién ciru
a) Phan loai 16p phu

Khu vyc nghién ctru trén dia ban tinh Pong Thap bao gém nhiéu loai hinh 16p phii khac
nhau nhu thyce vat (néng nghiép, rimg), cong trinh xay dyng, mat nudc...Trong khi do dé
tién hanh giam sat laa trén quy md khong gian, mét trong nhiing véan dé tién quyet la phai
xac dinh dugc cac khu vire trong laa mot cach chinh xac. Chinh vi vady ma ban d6 hién trang
16p phu tinh Pong Thap dugc thanh 1ap. Tir d6 6 thé triét tach va thanh 1ap ban dd hién trang
canh tac lta tinh Pong Thap phuc vu cho cac phan tich tiép theo. Theo dé, anh Sentinel-2
tinh trung binh nam 2023 toan tinh Déng Thap s€ dugc st dung dé phan loai thanh lap ban
d6 hién trang 16p phil.

Dit ligu thyc dia bao gdm 994 diém thé hién cho 7 loai hinh 16p phu chu yéu dugc diéu
tra trén toan tinh Dong Thap bao goém: (1) lua, (2) dan cu, (3) thuy h¢, (4) rung, (5) cay an
trai, (6) hoa mau, (7) dat tréng cay bui. Trong sé diém dir liéu thyc dia nay, 70% (696 diém)
s& duoc ding dé huin luyén mé hinh va thyc hién phan loai va 30% (298 diém) con lai dugc
ding dé danh gia do chinh xac sau phén loai. Phuong phap phén loai str dung thuét toan hoc
méy Random Forest trén nén tang Google Earth Engine.

Phuong phap ma tran sai sé d6 chinh x4c nha san xuét (DCXsx) do chinh xac nguoi
ding (BCXng), d6 chinh xac tong the (DCXt), duge st dung dé danh gia do chinh xéc sau
phan loai. P chinh xac nha san xuét 1 xac sudt ma mot loai 16p phii nhat dinh trén anh vé
tinh dugc phan loai ding véi loai hinh 16p phu d6 ¢ ngoai thuc dia, con do chinh xac nguoi
ding 1 x4c sudt ma mot loai hinh 16p phu nhét dinh trén thyuc té dugc xac dinh tring khép
v6i chinh n6 trén két qua phan loai anh vé tinh.

PCXgy =~ PCXpg = 2 PCXy = 1)
Nt nyj’

Trong do k: s s6 16p (k = 7); n: tong s6 diém thyc dia duoc dung dé danh gia do chinh xéc;
nij: tong sé diém thudc 16p i (i=1, 2, ..., k) trén anh dugc phan loai vao 16pj (=1, 2, .

k
Yz Djj

k) ngoai thyuc té, day 1a nhimng diém du’(_)’c phan loai ding; n,, = ZT N la tong s6 mau tir

két qua phan loai anh vé tinh; n = Z:llnij 13 tong s6 mau ¢ dugc tir dit liéu tham khao.
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b) Udc tinh cac dic tinh hoa sinh

Mo hinh chuyén d6i burc xa (Radiative Transfer Model-RTM) di duoc biét dén rong rii,
trong d6 cd PROSAIL [20], 14 sy két hop ctia mo hinh dic tinh quang hoc ctia 14 PROSPECT
va mo hinh phan xa hai chiéu cua tan 14 SAIL va da duoc sir dung dé nghién ctru quang phd
va phan xa dinh hudng cua tan ciy trong mién mit trdi. Sentinel cung cap mot giai phap cho
phép tinh toan cac chi sb sinh hoa ctia thuc vat & cAp do tan cy théng qua anh vé tinh, chinh
1a phan mém ESA SNAP (Sentinel Application Platform). SNAP 1a cong cu dwoc phat trién
boi ESA nham xir Iy va phan tich chuyén biét cho anh Sentinel level 2 tirc 14 anh d3 duoc
hiéu chinh khi quyén. SNAP cung cap mot kién trac chung cho tat ca cac Toolbox cua
Sentinel, cting nhu cac toolbox dé xir 1y dit liéu tir cac ngudn vé tinh khac nham hiéu chinh
khi quyén dé tao ra anh véi mutrc xtr 1y level 2. Trong cac cong cu xtt 1y ciia SNAP, c6 bd
cong cu tinh toan va xtr ly sinh héa (Biophysical Processor) duoc st dung dé tinh toan cac
chi s6 bao gdm chi s6 dién tich 14 LAI va sic t6 diép Cab thong qua phd phan xa cia anh vé
tinh Sentinel.

LAI (Leaf area index): Chi s6 dién tich 14 1a ti 1¢ giira téng di¢n tich 14 con xanh (tinh
bang mz) trén tong dién tich dat rudng (tinh bang mz) Chi s6 dién tich la thay d6i theo loai
va giéng cay trong, mua vu trong va trinh d6 thdm canh. Chi s6 nay tang dan trong qua trinh
sinh trudng cia cay, dat dén dinh cao roi giam déan khi sap thu hoach. Ddi véi laa, chi sb dién
tich 14 thuong cao nhat khi laa sap trd. Chi s dién tich 14 n6i 1én mirc do hap thu chat dinh
dudng trong dat canh tac nham tao ra san pham sinh hoc trong cay trong [17, 18].

Cab (leaf chlorophyll content): Ham Iuong chat diép luc trong la Chlorophyll.
Chlorophyll ¢6 y nghia v6 cting quan trong ddi véi su séng trén Trai Pat. Nho ¢o chlorophyll,
qua trinh quang hop dugc thyuc hién, tao ra nang lugng nudi song tat ca sinh vat trén Trai Dat
bu dép lai nhimng chat hitu co da tiéu hao trong qué trinh song; can bang khi CO, va 02 trong
khong khi; quang hop lién quan dén moi hoat dong song kinh té ctia con ngudi. Ham luong
chét di€p luc 1a mét chi sb danh gia rat tt cho tinh trang strc khoe cua thyce vat [15, 18].

¢) Thuat toan tai cau trac dir liéu khong gian

Mot trong nhitng van dé dan dén viéc that bai trong cac nghién ctru vién tham sir dung
anh v¢ tinh quang hoc la sy anh huong boi may che phu. Trong diéu kién khi hau dién hinh
nhiét o1 gi6 mua tai Viét Nam, méy thuong xuét hién v6i tan suat cao. Dicu nay dan dén cac
san pham ban d6 thuong khong day du trén quy mé khong gian. Vi vdy, can ap dung cac
thudt toan tai cau tric dir liéu dé phuc hoi ddy du thong tin khong gian trén timg pixel cho
cac san pham vién tham trén khu vuc nghién ctru. Trong nghién ctru ndy, thudt toan tai ciu
trac chudi dir liéu Whittaker duoc ap dung cho chudi ban d6 dic tinh hoa sinh LAI va Cab.
Whittake st dung hé s6 lambda ) dé xéac dinh murc d6 1am muot sau qua trinh tai cau trac
dir liéu. Trong nghién ctru ndy thir nghiém A 1an luot 13 0,1; 1; va 10 va so sanh voi chudi dir
lidu gbc dé tién hanh chon gia tri A phu hop [29, 30].

3. Két qua nghién ctru va thao luin

3.1. Két qua xay dung bdn do hién trang 16p phai tinh Pong Thap

Mo hinh phan loai dya trén thuat toan hoc may RF duogc thyc hién ty dong trén nén tang
dién toan dam may GEE nham muc dich xir 1y cc dit liéu vién thim mot cach nhanh chéng.
Toan b cac budce xu ly s€ duge 1ap trinh chay tir dong va cho ra két qua tirc thoi. Panh gia
d6 chinh xac voi tp so liu kiém dinh thyc dia (298 diém) dai dién cho 7 loai hinh 16p phu
chu yéu tai Pong Thap, 246 diém dugc phéan loai vao ding vé6i 16p phu caa néd. Ddi véi do
chinh x4c nha san xuat, loai hinh dat d6 chinh cao nht 1a rung (92,86%), theo sau 1a lua
(88,51%), trong khi loai hinh dat do chinh xac thip nhat 1a rau mau (76,92%) va dat trong
(76,47%). Trong khi d6, d chinh xac nguoi dung dat dugc cao nhét 13 lua (86,52%), trong
khi thap nhat lai 14 rimg (74,29%). D6 chinh xac theo cic hang muc déu trén 74%, cho thy
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muc do tin cay C}ia mo hinh phan loai. Lua, dbi tugng nghién c(}’u chir;h, 1a loai hinh c6 d6
chinh xac cao nhat. M6 hinh phan loai hoc may dat do chinh xac tong thé cao (82,55%) (Bang

3).
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Hinh 1. Ban d6 hién trang I6p phi tinh Dong Thap nam 2023.

Bang Error! No text of specified style in document.. B¢ chinh xac ctia phuong phap phén loai hién trang l6p

phu tinh Dong Thap nam 2023.

Dan Mat Cay an Rau

Pit  Tong

Loai hinh Luda : Rirn .. . A P PCXnd
: cw nudc tral mau trong 50
Lda 77 1 0 1 3 3 2 87 88,51
Dan cu 1 28 1 1 2 2 1 36 77,78
Mit nude 1 2 19 1 1 0 0 24 79,17
Rimg 0 0 1 26 1 0 0 28 92,86
Cay an trai 5 0 0 3 40 0 2 50 80,00
Rau mau 3 1 0 2 2 30 1 39 76,92
Pit trong 2 2 2 1 0 1 26 34 76,47
Tong s6 89 34 23 35 49 36 32 298
DCXsx 86,52 8235 8261 7429 8163 8333 81,25

Do chinh xic tong thé DCXxn): 82,55%

Vi két qua danh gia do chinh xac nhu trén, san phém dugc tao ra tir dit liéu vién tham

hoan toan dap ung do chinh xac theo yéu cau. Ban d6 hién trang 16p phu tinh DPong Thap
nam 2023 cho thay phan l6n hién trang dién tich cua tinh Bong Thap tép trung vao canh tac

lta, voi phan bb hau hét toan tinh (Hinh 3). Cac loai hinh 16p phu con lai méac du ¢6 dién tich

khong nhiéu nhung dugc phan biét kha rd rang, bao gom rimg, khu déan cu, mat nudc va hé

thng séng sudi. Hai loai hinh canh tac nong nghiép con lai cia Dong Thap bao gém ciy an

trai va rau mau cting dugc phan biét kha rd rang doi vdi dién tich trong laa.
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3.2. Két quda mé hinh wéc tinh dac tinh hda sinh thuc vdt PROSAIL

Cac két qua ctia m6 hinh udc tinh dic tinh hoa sinh thuc vat PROSAIL trén cong cu
SNAP bao gém chi s6 dién tich 14 LAI va ham lugng dié€p luc td Cab. Céc san phém duoc
wéc tinh cho toan bo dit liéu anh Sentinel-2 tir thang 10/2022 dén thang 12/2023. Theo cac
két qua cho ngay 16/03/2023 va 13/08/2023 c6 thé nhan thiy cac khu vuc c6 chi sb LAI cao
tap trung tai cac huyén Thap Mudi va Cao Lanh, trong khi thap hon ¢ cac khu vuc khac (Hinh
4).
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Hinh 3. Két qua uéce tinh ham lwong diép luc té Cab tinh Bdng Thap.

Tuong tu cac san pham ude tinh ham lugng diép luc t& Cab ciing cho két qua tuong tir
(Hinh 5). C6 thé nhan thay rang, du 1a mua kho (vi du ngay 16/03/2023) hay mua mua (vi du
13/08/2023) toan bd cac san pham déu bi khuyét dir lidu. Diéu nay 1a do trong qué trinh tién
xtt 1y, anh Sentinel-2 can phai loai bo cac pixel anh hudng boi may do diéu kién khi hau nhiét
d6i gio mua khién tan suat may che phu xuat hién ¢ hau hét cac khoang thoi gian trong nam,
dic biét 1a trong muia muwa. Trong diéu kién khi hau dién hinh nhiét d6i gié mua tai Viét Nam,
may thuong xuat hién véi tan sudt cao. Didu nay din dén cac san pham ban dd thuong khong
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day du trén quy mo khong gian. Vi vay, can ap dung cac thuat toan tai cau trac dir lidu dé
phuc hoi day da thong tin khong gian trén tung pixel cho cac san pham vién tham trén khu
vuc nghién curu.

3.3. Tai cdu trdc di liéu

Quy trinh tai cdu trac dit liéu dugc thir nghiém véi cac mirc hé s 1an lwot 13 0,1, 1 va
10. Muc dich ctia viéc nay 1a hoan thanh cc san pham vién tham bi anh huéng bi may che
phu. Biéu db cho thiy gia tri trung binh cta dit lidu raster LAI va Cab khi so sanh giira gia
tri ban dau trude khi tai ciu trac va cac san pham tai cdu trac twong g voi cac mirc hé s6
(Hinh 6, Hinh 7). Nhin chung khi tai cAu truc dit liéu khi st dung cai hé so6 Lamda khéac nhau
thi dir liéu cling c6 muc d sai khac 16n dan so voi dit lidu géc. Dir liéu géc cling xuét hién
nhitng gia tri bat thuong ¢ thé do anh hudng ciia chat lugng anh vé tinh va mé hinh wéc
tinh.
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Hinh 7. Két qua tai cAu trdc dit liéu Cab toan tinh Bong Thap.

bé phuc vu cho viéc phéan tich ddc tinh vu mua tinh Déng Thép theo cac giai doan va
phan bd khong gian khac nhau, nghién ctru lya chon ngudng A = 10 dé ap dung cho chudi dix
lidu dac tinh hoa sinh tinh Dong Thap. Ngudng nay dam bao cho chudi dir liéu dugc hai hoa
loai bd cac gia tri nhiéu ciling nhu gitr nguyén duoc xu thé thay doi cta dic tinh héa sinh thuc
vat. Sau qué trinh tinh toan, cac ban do trung binh thang tur 10/2022 dén thang 12/2023 duoc
xay dung (Hinh 8, Hinh 9). Ngoai viéc tai ciu truc dir liéu, thuat toan Whittaker ciing cho
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phép 1am muot chudi dir liéu dé khic phuc mot s6 gia tri ude tinh cao hodc thap bat thuong.
Nham muc dich 12 tai cdu trac dir liéu va gitr lai cac gia tri sau tai cAu tric dit liéu it bi thay
d6i nhét, nghién ctru lya chon bd dir li€u sau tai cAu tric voi hé s6 10 phuc vu muc dich thanh
1ap ban d6 va phan tich khong gian.
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Hinh 8. Ban d trung binh thang LAI tinh Dong Thap giai doan 10/2022 - 12/2023.
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Hinh 9. Ban d trung binh thang Cab tinh Ddng Thap giai doan 10/2022 - 12/2023.
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3.4. Phan tich dac tinh canh tac vu mua tinh Bong Thap

Cac dac tinh hoéa sinh udc tinh

trong nghién ctru nay kha dung cho
loai hinh 16p phu la cay lua, tuy nhién
khong kha dung cho loai hinh 16p phu
khac nhu thuy hé, dan cu, tham chi la
dbi twong rimg (do dic tinh phin bd
ctia ring 13 tan cay khong dong nhét).
Vi vdy, can tién hanh loai bo cac khu
vuc dugc nhan dién khong phai 1a khu
vuc trong lta. Trong nghién clru nay,
két qua hién trang 16p pht va hién
trang trong lGa tinh Pong Thap da
duoc xay dung nham muc dich tao mt
na chong xép 1én cac ban dd dic tinh
hoa sinh cta cay lta. Tir d6, cac ban d6
dac tinh hoéa sinh danh riéng cho cay
laa tinh Bong Thap duoc thanh 1ap.
Chi tiét hon, tai mdi ving, nghién
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cuiu lua chon mot khu vuc nhé hon
phuc vu phan tich. O vung trén dai dién
la huyén Tam Nong va vung dudi la

Hinh 10. Hién trang phan b6 ving trdng lua tinh Dong
Thap nam 2023.

huyén Thap Muoi. S¢ di lya chon 2 huyén nay lam dai dién cho vi¢c tinh toan la do Tam
Nong la khu vuc canh tac lua 3 vu va Thap Mudi 1a huyén canh tac 1Ga 2 vu. B§ 1éch chuan
so vOi gia tri quan sat cling da duogc tinh toan, tr d6 danh gia dugc mic y nghia cia gia tri

quan sat so voi do 1éch chuan cua gia tri

LAI va Cab cua hai huyén 1a Thap Muoi va Tam

NOng.
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Hinh 11. Chudi dit liéu LAI va Cab vyc huyén Tam Nong tinh Bong Thap.
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Hinh 12. Chudi dit liéu LAI va Cab vuc huyén Thap Mudi tinh Bong Thap.

Dbi v6i huyén Tam Nong, do anh hudng bai mua li viing thugng ngudn d6 vé hang nam,
nén dia phuong chi canh tac 2 vu ltia. Hai vu ltia 1a Pong Xuan va Hé Thu théng thuong bat
dau tir cudi thang 11 dau thang 12 nam trude dén hét thang 7 ndm sau. Lich thoi vu ciing co
thé bi diéu chinh dé phu hop vai thoi gian mua 1i ¢6 vé hang ndm. Phan tich chudi dir liéu
giai doan 10/2022 - 12/2023 tai huyén Tam Néng (Hinh 11) cho thay LAI dat dinh mua vu
vao céc thoi diém 9/2 va 4/6, trong khi Cab dat dinh mua vu ngay 4/2 va 30/5. Nguoc lai,
huyén Thap Mudi thudc ving dudi cua tinh Pong Thap, it bi anh huéng boi 1ii hon nén
thuong canh tac 3 vu lia hang nam, bao gdm vu Pong Xuan, Heé Thu, va Thu Déng Cac két
qua phan tich chudi dit liéu theo thdi gian (Hinh 12) da cho thay gia tri cao nhat theo mua vu
cua LAI va Cab déu roi vao thang 12, ‘thang 3 va thang 7. Két hop phén tich chudi dir liéu
trén anh vién tham va kién thire thye té trong qua trinh thuc dia tai dia phuong, co thé nhan
thiy viéc str dung cac bién sd hoa sinh ctia cay lta cho phép quan sat duoc dién bién ciia mua
vu theo quy m6 khdng gian va thoi gian.

Cac thach thire trong nghién ctru nay bao gdém phuong phap wdc tinh va diéu kién cy thé
cua khu vue nghién ctru. Lién quan dén phuong phap, moé hinh PROSAIL két hop véi dir lidu
vién tham di dugc chimg minh c6 thé st dung cho muc dich giam sat néng nghiép trén quy
mo khdng gian - thoi gian. Trong khi do, déc tinh canh tac khong dong nhat tai Dong Thap
noi riéng va dong bang song Ciru Long noi chung 1a mot thach thirc dang ké. Diéu nay lién
quan ca dén cac tic dong ctia tu nhién (mua li hang nam, han min) va con nguoi (lich thoi
vu khac nhau), dan téi kho khin hon khi so snh véi viée giam sat trén cac canh dong 16n ap
dung dong bo quy trinh canh tac. Tir d, cac nghién ctru trong twong lai can phat trién mé
hinh wdc tinh riéng c6 kiém dinh d6 chinh xac cho ting khu vic nghién ctru cu thé, huéng
t6i viéc giam sat chinh x4c toan bo dién tich laa ving dong bang song Ctru Long.

4. Két luan

Nghién ciru da 4p dung md hinh PROSAIL trén phan mém SNAP d¢ truy xuat chi s
sinh hoa cua lba tai khu vuc nghién ctru, cu thé ¢ day la chi so6 dién tich 1a - LAl va ham
lugng chat di€p luc trong 14 - Cab. Viéc udce tinh thanh cong chi so sinh hoa diép luc to mo
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ra cac nghién ciru tiép theo trong viéc xem xét dinh luong cac yéu té sinh hoa khac nhu ham
luong nude, ham lugng kho, 46 xam, mic d6 dinh dudng cia 14 dya trén tu liéu vién tham.

Nghién cttu dd 4p dung mo hinh wée tinh cho tong s6 hon 280 canh anh vé tinh quang
hoc Sentinel-2 quan sat phu tram toan tinh Dong Thap. Két hop véi ban d6 hién trang lua da
duogc thanh 1ap st dung str dung thuat toan Whittaker phuc vu cho viéc téi cAu trac dir liéu
cho thoi véi cac gia tri Lambda khac nhau. Tir d6 chon ra gia tri Lambda pht hop nhat, tir d6
chudi ban d6 di duoc thanh 1ap trong giai doan tir thang 10/2022 dén thang 12/2023.

Céc két qua phan tich cho phép nang cao hiéu biét vé su khac nhau trén quy mé khong
gian ciing nhu thoi gian, cing véi d6 cho phép nhin nhan sy thay déi theo timg mua vu trong
nam. Viéc nghién ctru theo chudi thoi gian cta dit liéu anh vé tinh sé cho phép theo dOI theo
thot gian cac khu vuc trong laa trén quy mo 16n dé nang cao kién thuc, su hleu biét vé cac
thoi diém gieo trdng cu thé dé phuc vu cho muc dich nang cao hi¢u qua, nang sut cay trong.
Cac su thay d6i theo thoi gian c6 thé hd trg viée ra quyét dinh ddi voi cac giai phap quan ly
toan dién ddi vé6i cay lta, 1a mot loai cdy lwong thuc quan trong dbi voi sy phat trién kinh té
ctia dat nude.

DPong gop cua tac gia: Xay dung y tuong nghién ctu: L.T.T.H.,, G.T.P.T.; Xt ly sd lidu:
G.T.P.T.; Viet ban thao bai bao: L.T.T.H.; Chinh sua bai bao: G.T.P.T.

Loi cam on: Bai bdo hoan thanh nho véao két qua ciia dé tai thudc cac huéng KHCN wu tién
cap Vién Han 1am KHCNVN do Vién Han 1am KHCNVN 14 co quan chil quan va Vién Dia
1y tai nguyén thanh phé H6 Chi Minh 1a co quan chu tri thyc hién véi tén: “Nghién ciru ude
tinh ham lugng dam (Nito) trong lta dya trén m6 hinh m6 phong quang pho vat ly va dir liéu
vién tham phuc vu muc tiéu giam thiéu phat thai khi nha kinh trong sinh ké nong nghiép ving
ddng bang song Ctru Long: thi diém tai tinh Dong Thap”, ma sé VAST05.02/24-25.

Loi cam doan: Tap thé tic gia cam doan bai bao nay 1a cong trinh nghién ciru cta tap thé
tac gia, chua dugc cong bo ¢ dau, khong dugc sao chép tir nhitng nghién ctu trude day;
khong c0 su tranh chap lgi ich trong nhom tac gia.
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Integration of satellite earth observation data and PROSAIL
model in monitoring the growth of rice in the Mekong Delta: A
case study in Dong Thap province
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Abstract: Global agricultural production has been facing mounting pressure due to a
confluence of factors, including dynamic population growth, nutritional demands, and
severe climate conditions. In response to these challenges, there is an urgent requirement
for accurate, large-scale, and regular monitoring of rice paddies. Such an approach is crucial
for ensuring the stability and augmentation of the global food supply. This study proposes
a novel approach for modeling and estimating biochemical variables representative of rice
growth, Leveraging multispectral satellite imagery and the radiative transfer model
PROSALIL. The results successfully generated spatiotemporal maps depicting biochemical
variables corresponding to various rice development stages within Dong Thap province
following time series of Sentinel-2 satellite images captured between October 2022 and
December 2023. Furthermore, a classification model was developed utilizing the Random
Forest machine learning algorithm and incorporating a comprehensive dataset of nearly 700
field points, resulting in accurate characterizations of the prevailing rice cultivation
conditions in Dong Thap province. This enabled the identification of temporal dynamics
and cultivation patterns among areas with distinct crop calendars. Quantifying biochemical
variables based on multi-temporal satellite series fosters a deeper understanding of rice
cultivation over the Mekong Delta. This knowledge can serve the purpose of improving
farming methods as well as optimizing productivity of this key crop.

Keywords: Rice Growth Map; Sentinel-2 satellite image; PROSAIL model; Dong Thap
Province.



