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UNG DUNG CHUOI THOI GIAN ANH SENTINEL-1 SAR
VA HOC MAY TRONG QUAN LY THUY LQI: LAP BAN PO LUA
VA XAC PINH THOI KY SINH TRUONG PHUC VU TiNH TOAN
NHU CAU NUGC THEO FAO-56

Nguyén Quéc Hiép, Nguyén Anh Hung,
Nguyén Vin Kim, Poan Anh Hoang
Trung tam Céng nghé phan mém thiiy loi

Tém tat: Cung cdp théng tin chinh xdc va kip thoi vé dién tich va thoi ky sinh truong cua cdy ia la yéu
16 then chot dé quan ly h¢ thong thity loi hiéu qud, déc biét trong viéc tinh todn nhu cau nuoc tuoi theo
cde mé hinh chudan nhie FAO-56. Nghién ciru nay vmg dung chudi thoi gian dnh vién tham Sentinel-1
SAR (phdn cue VV va VH), két hop véi thudt todn Mang no-ron tich chap (CNN) va phwong phap Phdn
tich theo chudi thoi gian dwa trén hién twong hoc dé Idp ban do lia va xdc dinh thot diém gieo cay (khoi
ddu miia vu) tai khu twéi Cira Pat, tinh Thanh Héa. Phwong phdp chinh bao gom viéc tinh todn Chi sé
nuede SAR (SWI) va gan gia tri trung binh cia SWI, VV, VH cho tung khoanh giai thira (parcel-based) dé
ting dé chinh xdc va giam tdi tinh todn & cdp dé quan 1y, Mo hinh CNN 161 wu dwoc xdy dung voi ba
kénh dau vao (VV, VH, SWI) dat @6 chinh xdc phdn logi tong thé (Overall Accuracy) la 85.56% va FI-
score la 85.50%. Két qua cho thdy viéc b sung chi s6 SWI givip cdi thién dang ké hiéu sudt mé hinh.
Phurong phdp phdn tich chudi thoi gian da dwoc sir dung dé xdc dinh thot diém gieo cdy chinh xdc cho
tung giai thira (dya trén nguong SWI >= -0.05), tir do cung. cap dir lidu dau vao (dién tich lia va ngay
gieo cay/giai doan sinh trieong) cho hé thong tinh todn nhu cau sir dung muoc theo FAO-56.

Tw khoa: Sentinel-1, SAR, CNN, FAO-56, SWI, lua, tudi tiéu, vién tham.

Summary: Providing accurate and timely information on rice area and growth stages is
essential for effective irrigation system management, particularly in calculating crop water
requirements using standard models such as FAO-56. This study applies Sentinel-1 Synthetic
Aperture Radar (SAR) time-series data (VV and VH polarizations), in combination with a
Convolutional Neural Network (CNN) and a phenology-based time-series analysis approach,
to map rice areas and identify planting dates (start of the growing season) in the Cua Dat
irrigation scheme, Thanh Hoa Province. The core methodology involves computing the SAR
Water Index (SWI) and assigning mean SWI, VV, and VH values to each parcel to improve
accuracy while reducing computational load at the management level. An optimized CNN
model with three input channels (VV, VH, SWI) achieved an overall classification accuracy
(OA) of 85.56% and an Fl-score of 85.50%. Results demonstrate that integrating SWI
significantly enhances model performance. The time-series analysis determined precise
transplanting dates for each parcel (based on an SWI threshold > —0.05), providing input
data (rice area and sowing/growth period) for FAO-56-based crop water requirement models.

1. GIOI THIEU san xudt va xudt khau gao 16n nhat thé gioi,
1.1. B6i canh va tinh cép thiét ciia van dé v6i dién tich tréng ltia on dinh ¢ mirc khoang
7,1 triéu hecta. San xuét laa gao khong chi

Viét Nam hién 1a mot trong nhitng quéc gia i ; ‘ i
dam bdo an ninh luong thuc quoc gia ma con

Ngay nhan bai: 12/9/2025 dong gop dang ké vao ting truong kinh té. Tuy
Ngay thong qua phan bién: 24/10/2025 nhién, nganh néng nghiép gTangﬂ ddi mat voi
Ngay duyét dang: 02/12/2025 nhitng thach thac 16n tir bién doi khi hau va
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tinh trang thiéu hut ngudn nudc ngdy cang
nghiém trong, dat ra ap lyc 16n 1én cong tac
quan ly tudi tiéu.

Pé t6i uu hoa viée st dung tai nguyén nude va
nang cao hi¢u qua van hanh hé théng thuy loi,
viéc tinh todn nhu ciu nudc tudi phai tuan tha
cac md hinh tiéu chuin khoa hoc. Cu thé, mo
hinh FAO-56 13 chuin muyc dugc chip nhan
rong rai, doi hoéi cac du liéu dau vao quan
trong nhu hé sé cdy trong (Kc) va thoi diém
gieo cdy (khoi dau mua vu) phai duoc xac dinh
chinh xac va cap nhat lién tyc.

Trén thyc té, phuong phap diéu tra tha cong
truyén thong thudng ton kém vé chi phi, cham
tré vé thoi gian va thiéu tinh dong bo giita cac
vung, dan dén su thiéu hut thong tin dau vao
dang tin cdy. Vi vay, viéc ung dung cong nghé
vién tham ké hop hoc may (Machine
Learning) da tr& thanh hudng di tat yéu nham
tr dong hoa qua trinh thu thap thong tin tong
thé va kip thoi, phuc vu cho cong tac quan ly
tdi nguyén nudc va van hanh hé thong tudi
thong minh, dam bao tinh bén ving cho san
xuét lua.

Hinh 1: So do tong quan hé thong tuéi
Cuwa Pat va khu vuc nghién ciru

1.2. Tong quan nghién ctru
1.2.1. Tinh hinh nghién civu trén thé giéi

Viéc ting dung cong nghé vién tham SAR, dic
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biét 1a dir li¢u tr v¢ tinh Sentinel-1 voi kha
nang cung cap chudi thoi gian lién tuc va do
phan gidi cao, da tr¢ thanh mot trong tam
nghién ctru toan cdu vé giam sat cdy trong.
Céac nghién ctru gan ddy da khang dinh anh
radar Sentinel-1 c6 kha nang vuot trdi trong
viéc theo doi chu ky sinh trudng cua laa, nho
su thay ddi o rét caa hé sd tan xa nguge (0°)
tai cac pha sinh truong khac nhau (dac biét 1a
giai doan ngap nudc va phat trién sinh khoi)
[Clauss et al., 2018].

- Lin et al. (2022) da trién khai mo hinh hoc
sau Multi-Task Spatiotemporal Deep Learning
(LSTM-MTL) sir dung chudi thoi gian
Sentinel-1 SAR dé lap ban do laa quy mé 1én
tai My, dat do chinh xac tong thé 4n tuong 1a
98.3% (OA). Nghién ciru nay dit ra tiéu chuan
cao vé viéc sir dung cac mo hinh hoc sau trong
phan loai lua.

- Clauss et al. (2018) 4p dung phuong phap
phan doan siéu diém anh (superpixel
segmentation) két hgp phan tich chudi thoi
gian Sentinel-1, dat d6 chinh xac tong thé 1a
83% (OA), cho thay tinh kha thi cta viéc sir
dung cac phuong phap ML truyén thong trén
dir liéu SAR.

- Gholizadeh et al. (2020) da ting cuong do
chinh x4c bang cach két hop dir lidu Sentinel-1
(SAR) va Sentinel-2 (quang hoc) dé 1ap ban dd
giai doan sinh truong cia laa, dat do chinh xéc
tong thé 1a 84.15% (OA). Viéc tich hop da
ngudn dir liéu thuong cho két qua phan loai tot
hon, tuy nhién lai bj han ché bai diéu kién thoi
tiét (may che phu).

1.2.2. Tinh hinh nghién ciru trong nwoc

Tai Viét Nam, nghién ctru ung dung vién tham
trong giam sat nong nghi¢p, dac biét la cay
lua, da dat dugc nhitng thanh tyu dang ké. Cac
cong trinh tién phong cia Nguyén Ding V§
(2008) cung cac nhom nghién ctru tai khu vuc
Pong bang song Ciru Long dd ching minh
tinh kha thi ctia viéc st dung dir li€u quang
hoc (nhu MODIS) va radar (nhu
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RADARSAT-2, ENVISAT ASAR) trong viéc
1ap ban dd va theo dbi tién do san xut lua theo
mua vu [Nguyén Piang V¥, 2008].

Gan day, voi su pho bién va tinh sin c6 cua dit
lidu Sentinel-1 SAR mién phi, nghién ciu
trong nudc da dich chuyén manh mé sang viéc
ung dung cac thudt todn hoc may (Machine
Learning) va hoc sau (Deep Learning - DL):

- D46 T.N. Anh et al. (2021) da dé xuit va danh
gia mdé hinh Deep Convolutional Neural
Network (DCNN) st dung dir li¢u Sentinel-1A
da thoi gian dé chiét tach rudng lua, dat do
chinh xé4c tong thé (OA) trén 85%.

- Tuong tu, Pham Quéc Viét et al. (2022) da
g dyung chudi thoi gian Sentinel-1A dé thanh
1ap ban d6 hién trang st dung dit tai tinh Ca
Mau, dat do chinh xac phan loai lua la 89.4%
thong qua phan tich su bién d6i ciia hé sb tan
xa nguoc VH (a2 ) theo thoi gian.

Tuy nhién, mot diém han ché chung ctia hau hét
cac cong trinh trong nudc 1a két qua dau ra
thuong duoc tao ra & cap do pixel hodc cap
ving (regional scale). Viéc chuyén hoa thong
tin tir cip do pixel xudng cip giai thira (parcel-
based) — vbn 1a don vi quan 1y thay loi thuc té
ma cac cong trinh dang sur dung (vi du: khoanh
tudi, kénh cip 3) — van chua duoc khai thac
triét dé. Pay 1a khoang tréng nghién ciru quan
trong ma dé tai hudng téi, nham cung cap dir
liéu dau vao c6 tinh ing dung cao va phu hop
v6i mo hinh diéu hanh tudi théng minh.

1.2.3. Hién trang tai khu twoi Cira Dat

Khu tuéi Cua Dat (tinh Thanh Hoéa) 1a mot
trong nhitng cong trinh thuy loi da muc tiéu
quy md 16n ciia mién Trung, co vai trd cip
nude cho hon 86.000 ha dat nong nghiép. Khu
vuc nay da dugce dau tu cac phan mém quan ly
va diéu hanh tudi (nhu hé thong dugc phat
trién trong khuén khd cac du an ADB-6, WB-
7). Mic du ¢ cac cong cu diéu hanh, hé thong
van dang phu thudc vao dir lidu dau vao tha
cong (bao cao tir cac don vi co so) dé xac dinh
thoi diém gieo cdy va dién tich thuc té. Su

thiéu ty dong hoa nay lam giam dang ké hiéu
qua va tinh kip thoi trong vi¢c tinh toan va
phan phdi nudc theo yéu cau cua md hinh
FAO-56. Do d6, viéc bd sung nguén dir liéu tu
dong, chinh xac, va chi tiét toi cap do giai thira
tir vién tham, nhu d& xuét trong nghién ctru
nay, 1a giai phap chién luoc gitp hoan thién
md hinh diéu hanh tudi thong minh tai khu
tuoi Cira Pat.

Hinh 2: Ban do vi tri khu twéi Cira Dat va
hé thong kénh phdn phoi niée

2. CO SO LY THUYET VA PHUONG
PHAP NGHIEN CUU
2.1. Co s6 khoa hoc

Cong nghé vién tham d3 chimg minh duoc
tiém nang to 16n trong gidm sat néng nghiép.
bac bi¢t, dir ligu SAR (Synthetic Aperture
Radar) tir v¢ tinh Sentinel-1 ciia Co quan Vii
tru Chau Au (ESA) cung cdp mot giai phap
vuot trdi. Sentinel-1 hoat dong ¢ dai tan C,
cho phép thu thap dit liéu doc 1ap véi diéu kién
thoi tiét va anh sang mat troi, rat phu hop cho
cac khu vuc nhiét do1 thuong xuyén bi may
che phu. Hé sb tan xa nguoc (¢°) cua anh
SAR, dac bi¢t ¢ cac phan cuc VV (Vertical-
Vertical) va VH (Vertical-Horizontal), thay
ddi rd rét theo sy hién dién cia nudc va su
phat trién sinh khdi ctia cdy lta, cho phép theo
ddi toan bd chu trinh sbéng cua cay trong [Lin
et al., 2022; Patel et al., 2018].
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Nhiéu nghién ctru quéc t& di st dung chudi
thoi gian Sentinel-1 két hop véi cac thuat toan
hoc may (Machine Learning - ML) va hoc sau
(Deep Learning - DL) dé 1ap ban d6 lta va xac
dinh giai doan sinh trudng:

- Phan loai lta: Cac mo6 hinh hoc may nhu
Random Forest (RF) va hoc sau nhu Long
Short-Term Memory (LSTM) va Mang no-ron
tich chap (CNN) da dugc ap dung. Lin et al.
(2022) dd phat trién mé hinh DL da tac vu
(LSTM-MTL) st dung dir liu Sentinel-1, dat
do6 chinh xic phan loai 4n tuong (OA =
98.3%), dat ra tiéu chuén cao cho cac nghién
ctru tiép theo.

- Xac dinh giai doan sinh truong: Phuong phéap
dua trén hién tugng hoc (Phenology-based)
bang cach theo ddi sy bién ddi cua a° theo
thoi gian 1a phwong phap pho bién
[Gholizadeh et al., 2020]. Clauss et al. (2018)
sir dung phan doan siéu diém anh (superpixel
segmentation) trén chudi thoi gian Sentinel-1
dé 1ap ban do lua, dat OA 83%.

- Két hop da nguon dir liéu: Dé ting cudng do
chinh x4c, mot s6 nghién ctru di tich hop dir
liéu quang hoc Sentinel-2 va SAR. Gholizadeh
et al. (2020) sir dung su két hop nay dé 1ap ban
dd giai doan sinh truong, dat OA 84.15%.

2.2. Phwong phap nghién ciru

Nghién ciru nay dé xuat mot quy trinh tich hop
gifta cong nghé vién tham SAR, xir 1y dit liéu
theo dbi tugng (Object-Based) va mo hinh hoc
sau CNN, nham ty dong 1ap ban do lta va xac
dinh ngay gieo ciy (khoi dau mua vu) & cap do
giai thira. Quy trinh nay duoc chia thanh bdn
giai doan chinh: Tién xt 1y dit liéu SAR, Xay
dung dic trung va Tong hop dit liéu theo giai
thira, Lap ban d6 lta bang CNN, va Phan tich
chudi thoi gian dé xac dinh pha sinh truong.

2.2.1. Thu thip va tién xir ly dii liéu vién tham

Giai doan dau tién tap trung vao viéc chuén bi
chudi thoi gian anh radar khau d6 tong hop
Sentinel-1 SAR (San phim Ground Range
Detected - GRD) voi cac phan cuc VV
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(Vertical-Vertical) va  VH  (Vertical-
Horizontal). Dir li¢u thé thu dugc phai trai qua
mot chudi cac budce tién xur 1y nghiém ngat dé
loai bo sai sb va chuyén ddi thanh hé sb tan xa
nguogc (6°) c6 thé sir dung dugc:

1. Hiéu chinh nhiéu nhiét (Thermal Noise
Removal): Loai bé nhiéu dién tir khong mong
mubn tir cac bd phan cam bién cta vé tinh, dic
biét 13 ¢ ria dai anh, dé dam bao chit luong tin
hiéu dong nht.

2. Hiéu chinh birc xa (Radiometric Calibration):
Chuyén d6i gia tri s6 (Digital Number - DN) tho
thanh gia trj hé sd tan xa nguoc (¢°) thuc té
(thuong dugc biéu din dudi don vi decibel, dB),
cho phép so sénh gia tri phan xa giita cac anh chup
vao céc thoi diém khac nhau.

3. Loc nhiéu dém (Speckle Filtering): Ap dung
bd loc da phuong tién (vi du: Lee filter, Refined
Lee filter) dé giam nhidu dém dic trung ctia anh
SAR, gitp tang cuong chit lugng hinh anh va
cai thién d¢ chinh xac phan loai.

4. Hiéu chinh dia hinh (Terrain Correction):
St dung M6 hinh s6 d6 cao (DEM), cu thé 1a
SRTM 30m, d¢ hiéu chinh c4c sai léch hinh hoc
do dia hinh va goc chup ctua v¢ tinh giy ra
(geometric distortion), ddm bao anh SAR dugc
chiéu vé h¢ toa do va mit dét chinh xéc, cho
phép chdng ghép chinh xac véi ban d giai thira.
5. Chuyén ddi Logarit: Hé sd tin xa nguoc
o sau khi hiéu chinh dugc chuyén sang thang
do logarit (dB) bang cong thuc o5 =
10.log,0(0).Cac gia tri o0 va a2y thu duoc
1a dir liéu dau vao co s& cho cac budc phan
tich tiép theo.

2.2.2. Xdy dwng dic trung va tong hop di
liéu theo gidi thira

D¢ nang cao tinh tmg dung cho quan 1y thuy
loi, nghién ctru nay 4p dung phuong phap phan
loai d6i twong (Object-Based Classification)
thay vi phan loai pixel truyén théng. Budc nay
sir dung ban do giai thira (parcel map) da duoc
s6 hoa cta khu tudi Ctra Pat 1am co s6.
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2.2.2.1. Tinh todn chi s6 nuéc SAR (SAR
Water Index - SWI)

Bén canh hai phan cuc oy va oy tho, nghién
ctru tinh toan thém Chi s6 nwéec SAR (SWI)
nhu mot dic trung bd sung. SWI duoc chimg
minh 1& hi€u qua trong vi¢c lam ndi bat su
khac bi¢t gitta khu vuc ngdp nudc (dac trung
cho giai doan lam dat va gieo ciy lua) va khu
vuc khong ngap:

SWI=0.1747 x oy, + 0.0082 % o, X ow +
0.0023 x gin? - 0.0015 x &y +0.1904

Chi s6 SWI, duoc tinh toan cho timg pixel va
ting thoi diém, phan dnh sy thay doi ciia phan
xa radar do nudc mat. Gia tri SWI thép thuong
tuong ung v&i hiu Gng phan xa guong
(specular reflection) manh, xay ra khi cé nudc
mit trén dong lta méi gieo cy (tin hidu phan
hoi yéu vé phia vé tinh). Viéc bo sung SWI
gitp md hinh CNN nhédn dién chinh x4c hon
giai doan ngap nudc ban dau — ddu hiéu quan
trong nhét cua viéc bat dau mot mua vu laa.

2.2.2.2. Tong hop diF liéu theo gidi thira

Dit lidu 6y , 6.0y, va SWI duge tong hop bang
cach tinh gia tri trung binh (mean value) cho
toan bd pixel nim bén trong ranh gidi ctia mdi
giai thira. Didu nay dat dugc cac myc tidu sau:
- Giam nhiéu: Loai bé nhiéu pixel ngau nhién
(residual speckle noise) va cac bién thé khong
can thiét trong mot thira dét, gitp tang tinh on
dinh cuia chudi thoi gian.

- Chuyén d6i quy mo: Chuyén doi dir lidu vién
tham tir cap do pixel sang cip d6 ddi tuwong
quéan ly (giai thira), truc tiép phuc vu cho hé
thdng GIS thiy 1.

- Tang toc d6 xir ly: Giam dang ké s6 lugng
d6i tugng can xir Iy trong md hinh hoc may (tir
hang triéu pixel xudng hang nghin giai thira).
Két qua cua giai doan nay la mdt tap dir licu
chudi thoi gian (time series) véi ba kénh dau
vao (69, 0%, SWT) cho mdi gii thira, trai dai
sudt mua VUL

2.2.2.3. Ldp ban do lia bang mang No-ron
Tich chap (CNN)

Mo hinh hoc may mang No-ron tich chap
(Convolutional Neural Network - CNN)
duoc lya chon dé phan loai giai thtra thanh hai
16p: “Luia” va “Phi lia”. CNN, von 13 mot mo
hinh hoc sdu manh mé¢, c6 kha nang hoc cac
dac trung khong gian-thoi gian tor dir liéu
chudi thoi gian SAR:

1. Céu triic md hinh CNN: M6 hinh dugc xay
dung véi kién tric bao gdm cac 16p tich chap 1
chiéu (1D Convolutional Layers) dé xir 1y chudi
thoi gian, 16p gdp (Pooling Layers), va céac 16p
két ndi day du (Fully Connected Layers) & phan
cudi dé thuc hién phéan loai. M6 hinh dugc thiét
ké dé chdp nhan chudi thoi gian 3 kénh
(69, 0%, SWI) cho mdi giai thra.

2. Pao tao va tdi wu héa: Mo hinh dugc dao
tao trén tap dir liéu da dugc gan nhan, st dung
ham mat mat Binary Cross-Entropy va thuat
toan toi wu hoa Adam. K§ thuat Cross-validation
duoc 4p dung dé danh gia 46 6n dinh va tranh
hién tugng qué khop (overfitting).

3. Panh gia hiéu suit: Hiéu suit phan loai
dugc danh gia bang cac chi s6 khoa hoc tiéu
chuan nhu Do chinh xac tong thé (Overall
Accuracy - OA), Do chinh xac theo 16p
(Producer's/User's Accuracy), va Fl-score.
Viéc phan tich ndy xac nhan rang viéc bo sung
SWI gitip ting cuong kha ning nhan dién lua
cuia mo hinh.

2.2.2.4. Xdc dinh thoi diém gieo cdy

Sau khi 1ap ban d6 lta, cic giai thia duoc
phan loai 1 “Liia” s& tiép tuc dugc phan tich
chudi thoi gian dé xac dinh ngiy gieo cdy,
phuc vu truc tiép cho tinh toan nhu cu nuéc.
Phuong phdp nay dua trén hién twong hoc
(Phenology-based) ctua cay lta, khai thac su
thay d6i vat Iy cua tin hiéu SAR:

1. Xac dinh ngudng Gieo cdy: Giai doan
gieo céy lua dic trung boi sy hién dién cua
nuéc trén dong (ngdp nudc). Su thay doi 16n
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nhit trong tin hiéu SAR 14 sy suy giam manh
clia oy va o0y, dan dén su gia ting dot ngodt
cia SWI. Dya trén khao sat thuc dia va phan
tich théng ké, mot ngudng SWI dugre thiét
1ap. Trong nghién ctru nay, ngay gieo cay dugc
xac dinh 13 thoi diém ma gia tri SWI trung
binh ciia mdt giai thua dat ngudng >= -0.05
(hoac mdt ngudng da dugc hi€u chinh) va gia
tri nay dugc duy tri trong mot sd luong anh
nhét dinh (vi du: it nhat 3 anh lién tiép) dé loai
trlr cac tin hiéu nhidu ngau nhién hodc ngap lut
khong lién quan.

2. Phan tich chubi théi gian: Chudi gid tri
SWI dugc lam tron (smoothing) va phan tich
hoi quy theo thoi gian. Ngay ma diéu kién
ngudng va tinh duy tri dwoc dap tung lan dau
tién s& dugc ghi nhan 1a Ngay bit dau mua vy
(Start of Season - SOS).

[_KHOAHOQC
3. Cap nhat Co sé dir licu Thuy lgi: Ngay
gieo cdy di xac dinh nay dugc gan tryc tiép
vao thudc tinh cua ting giai thtra trong co s&
dir liéu GIS. Pay 1a dir lidu dau vao thiét yéu
(thoi diém khoi dau K.) dé tinh toan nhu cau
nudce tudi theo mo hinh FAO-56 cho timg khu
vuc quan ly cu thé.
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@m tran 48 duydt hét anh “'"'9

Chura duyét hét

Duyédt gidd thirm tiép heo

Tét cd cac énh cd gia th SWI <-0.08 ==>
cip nhd dnh ma 43 Jugpe mdce dinh va 3

anh thp sau nd vao bang gal thira cd
k ik ligu loa

= n2M8vuxua n2018vux n2018vuxua n2018vuxua_s n2018vuxua n2MM8vux n2018vux n2M8vu n2018vux n2018vuxua n2018vux n2018vuxua n2018vuxua

£ o _swil ua_swil _swi2 Wil _=swid va_vv0 ua_wvl xua_vvZ ua_vvd  _vhi ua_vh1 _wh2 _wh3 olass

» 1| -D.358673| -0.448164| -0.424938 -0.434019| -0.465227|-11.058787| -0.23219 -8.30961| -8.34415| -16.659277|-14.17330z] -15.031108) -14.434043 0
2| -0.403252 -0.415803| -0.335784 -0.4083683| -0.381372| -0.471260|-0.838184 -2.77027¢| -0.582412| -15.7468025|-15.307012] -16.402908 -15.911768 1]
3 -0.473475) -0.41951 -0.41183 -0.441249| -0.390585| -9.586852|-10.35844 -9.22711¢| -9.176086| -14.083832|-15.351982) 15318007 -14.130843 ]
4| -0.161598| -0.253835 -0.15729 -0.157066| -0.294103|-12.83650¢ -11.20002|-13.0234|-13.005602| -19.277027| -18.29089| -19.838266| -19.343591 1]
& -0.301788| -0.316006| -0.241052 0297617 -0.31848|-11.104587 -10.93337 -12.2417¢| -11.51874| -17.8028487|-17.380245| -12.408855 -17.511816 1]
[ -0.08185| -0.180743 0147285 -0.288257|  -0.43155|-13.291615)-11.99251 -15.6778|-11.322203| -19.178364|-21.13105f] -22.288168 -17.608383 ]
7 -0.23998) -0.322323|  -0.370448 -0.404622|  -0.303724|-11.127337-10.97678 | -6.807| -7.169891| -19.564552|-16.39530¢) -18.172483| -15.174591 1]
8| -0.121075) -0.317388  -0.283304 -0.375353  -0.248862|-13.22880°|-9.855032 -10.2126¢| -7.849914| -20.702286|-18.846674 -20.825308 -17.33083% ]
9 0.347422| -0.005245 0.126875 -0.183821|  -0.176956|-17.00023°|-13.91200, -15.3283(|-12.563504| -23.443603|-21.745062| -22.414993 -19.535429 1
10| -0.393852| -0.413747|  -0.44381 -0.415559|  -0.367001|-10.70293¢ -0.660531 -2.84200¢| -2.043104| -16.076437|-15.55426;) 14730483 -15.260204 1]
11 -0.430588| -0.480187| -0.3%8918 -0.385647|  -0.382338| -8.502248-10.67387 -7.36304°| -9.091224| 14311411 |-13.77061¢] 15854547 -17.333832 ]
12 -0.40504| -0.382333|  -0.375951 -0.459927| -0.415493| -8.124062| -7 441467 -10.3480¢|-11.848421| -15.282367|-15.716761 -16.397968  -14.43049 1]

Hinh 4: So' d6 quy trinh xir Iy, dit liéu va xdc dinh ngay gieo cdy
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3. KET QUA THUC HIEN VA UNG DUNG

Nghién ciru d trién khai thanh cong quy trinh
1ap ban db lta va xac dinh ngay gieo cdy & cap
do giai thira bang cach két hop chudi thoi gian
Sentinel-1 SAR v61 mo hinh hoc sdu CNN va
phan tich hién tugng hoc (Phenology-based).
Céc két qua chinh duoc trinh bay dudi day, tap
trung vao hiéu suat phan loai va tinh Gmg dung
thuc tién trong cong tic quan ly tudi tiéu tai
khu tudi Cira Dat.

3.1. Hi¢u suit phan loai mé hinh hoc siu CNN
Viéc xay duyng mo6 hinh phan loai lta dya trén
mang no-ron tich chap (CNN) véi dir li€u
chudi thoi gian 3 kénh dau vao (E, E,
SWI) di cho thay hiéu suit phan loai cao va
6n dinh. Két qua danh gia hiéu suit ctia md
hinh t4i wu dat dugc céc chi sd sau:

- Overall Accuracy (OA): 85.56%

- Fl-score: 85.50%

- Chi s6 Kappa: 0.78

Hiéu suit nay duoc danh gia 1a rat tt trong
linh vuc phan loai ciy trong quy md 16n, dic
biét khi st dung dir liéu radar, vn d& bi nhiéu
va khé xur 1y hon dir li¢u quang hoc. B¢ chinh
xac cao cia mO hinh CNN ching minh kha
nang hoc cac dac trung thoi gian-khong gian
phtrc tap tir chudi gia tri tin xa nguoc, gitp
phan biét hi¢u qua gitra cac loai hinh st dung
dét khac nhau, dic biét la gitra laa va céc loai

rau mau, cay an qua khéc.

3.2. TAm quan trong ciia chi sé6 nuwéc SAR
(SWI) trong Phéan loai

Mot trong nhiing dong goép quan trong cua
nghién ctru 14 viéc khang dinh vai tro ciia Chi
s6 Nwée SAR (SWI) nhu mot kénh dau vao
thiét yéu. Thuc nghiém da so sanh hi¢u suét
phéan loai cua m6 hinh CNN khi sir dung to
hop 2 kénh (a3, 0%,) so v6i td hop 3 kénh
(0, P> SWI).

Kénh diu vao Overall Accuracy (%) F1-score (%)
VV, VH 81.25 81.18
VV, VH, SWI 85.56 85.50

Két qua thyc nghiém khang dinh rang viéc bd
sung SWI 1a kénh dau vao thir ba da lam ting
dang ké do chinh xac (ting 4.31% OA va 4.32%
Fl1-score). Diéu nay chimng minh SWI 1a mot dic
trung hiéu qua dé phan biét lua, dic biét trong
giai doan dau mua vu (lam dét, gieo cdy) khi
dong rudng dugc ngdp nude. Trong giai doan
nay, nudc mat gy ra hién tuong phan xa guong
(specular reflection), lam giam manh tin hi€u tan
xa nguoc VV va VH, dan dén gia tri SWI ting
dot bién, gitp mo hinh phén biét lua véi cac loai
hinh tham thue vat khac.

3.3. X4c nhén tinh ding din cia giai doan
qua phén tich chudi thoi gian da nim

Tinh dung din ctia phuong phép giai doan
khong chi dugc xac nhén béng cac chi sb
thong ké (OA, Fl-score) ma con thong qua
viéc ddi chiéu truc quan dién bién chudi thoi
gian ctia cac chi s6 SAR véi anh vé tinh quang
hoc do phan giai cao (vi du: Google Earth) qua
cac nam.

3.3.1. Phan tich dit liéu dién hinh cia gidi
thira lia

Giai thua c6 ma dinh danh gid = 202926
12 mot vi du dién hinh cho thiy su twong
quan chat ché gitra dién bién thyuc té va
tin hiéu SAR.
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e e

Dién bién SWI cua giai thira ndm 2018

Dién bién SWI cua giai thira ndm 2020

Wi e o TR e gk S PIR

Vi tri gidi thira vao thang 5 nam 2023 Dién bién SWI cua giai thira nam 2023

e e e AT e s b

Vi tri gidi thira vao thang 3 nam 2024 Dién bién SWI cua giai thira nam 2024
Hinh 5: So sanh két qua gidi dodn lia tir chi s6 SWI va anh Google tir 2018 dén 2024
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«% Doi chiéu dién bién trén anh quang hoc Google:
+ Nim 2018 va 2020: Anh Google Earth cho
thiy giai thira nay duoc trong lua.

+ Thang 5/2023: Anh quang hoc ghi nhan
giai thura dang trong qua trinh lam dudng giao
thong (hodc xy dung co s& ha tang), khong c6
hoat dong trong la.

+ Thang 3/2024: Anh quang hoc xac nhan
doan duong dat di kéo dai qua giai thira, duy

tri trang thai phi laa.
< Dién bién chudi
(2018-2024):

thoi gian SWI

+ Sw twong quan v6i mua vu lia: Biéu do
dién bién gia tri SWI qua cac nam tai vi tri giai
thira nay cho thiy sy gia ting dot ngdt cua
SWI tai cac thoi diém twong tng véi cac vu
laa nim 2018 va 2020. Diéu nay khép hoan
toan vdi quan sat quang hoc.

+ Phan anh sy chuyén déi dat dai: Vao giai
doan 2023-2024, khi giai thira dugc chuyén
d6i sang muc dich xay dung (lam duong), gia
trt SWI khong con cac dinh nhon dac trung
cua giai doan ngap nudc. Thay vao do, tin hi¢u
SWI duy tri & mic on dinh hoic thay doi
khong rd rét, phan anh sy thay d6i vinh vién
ciia 16p phu bé mat (tir rudng lta sang dat
kho/duong dat).

Su dong bo giira cac dinh ciia chi s6 SWI va
thoi diém gieo cdy lta dugc quan sat bang anh
quang hoc do phan giai cao da xac nhan rang
phuong phap phan tich chudi thdi gian dwa
trén ngudng SWI (véi ngudng >= -0.05) 1a
chinh x4c va tin cdy dé xac dinh lta va dic
biét 13 ngay bt dau mua vu ctia no.

3.4. Ung dung truec tiép trong quan 1y thiy
loi va van hanh hé thong twéi thong minh

Két qua dau ra cua nghién ciru da tryc tiép
giai quyét van dé thiéu hut dir lidu dau vao
te dong cho cong tic quan ly tudi tai khu
tuoi Ctra DPat:

3.4.1. Cung cip dit liéu diu vio FAO-56
chi tiét

Nghién ctru da thanh cong tao ra mdt bg dir
liéu co tinh rng dung cao:

- Ban d6 lha cip giai thira: Mot ban d6 lua
chi tiét, duoc phan loai chinh xéc toi cdp giai
thira (Object-based), cung cap dién tich lta
thuc té theo thoi gian.

- Co sé dir liéu ngay gieo cdy chinh xac:
Quan trong nhét, nghién clru da tao ra mot co
so dit lidu thudc tinh bao gdm ngay gieo ciy
chinh xac cho tirng giai thira.

Ngay gieo cdy nay chinh 1a dau vao truc tiép
va déng tin cdy dé thiét lap giai doan phat trién
ban dau cia cdy la, tir d6 tinh toan chinh xéac
hé sb cay trong (Kc) theo chu ky sinh truong
theo m6 hinh FAO-56. Dir li¢u nay gitp loai
bo su phu thudc vao cac bdo cdo thu cong,
thiéu dong bo, von 1a diém yéu cia hé thong
quan ly tudi ti€u hién tai.

3.4.2. Hoan thién mé hinh diéu hanh twéi
théng minh

Véi dir lidu gieo cdy va ban d6 laa duoc cip
nhat ty dong va lién tyc, hé théng diéu hanh
tudi tai Cira Pat o thé thuc hién:

- Tinh toan nhu ciu nuwérc tirc thoi: He thong
co thé tu dong tinh todn nhu cAu nudc cho
tung khu vyc khoanh tudi dua trén ngay gieo
ciy thuc té va diéu kién khi tuong thuy vin,
thay vi str dung lich thoi vu chung.

- Phan phéi nwéc tdi wu: Gitp Ban Quan
ly diéu hanh hd chua va hé théng kénh
muong phan bd lwu luong nudec dén ting
khu vuc mot cach chinh xac, tranh thét
thoat nudc do cung cip thira hodc thiéu hut
nudc tai cac giai doan sinh truong nhay
cam cua laa.

- Giam sat bién dong san xuit: Cung cip kha
ning giam sat bién dong dién tich laa theo vu
va theo nam, hd trg t6t cho cong tac thong ké
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va lap ké hoach san xuit néng nghiép trong
diéu kién bién doi khi hau.
4. KET LUAN

Nghién ctru da chung minh mot cach khoa hoc
tinh hi¢u qua va dd tin cdy cua quy trinh tich
hop gitta vién tham radar Sentinel-1 SAR, md
hinh hoc sdu CNN va phuong phéap phan tich
chudi thoi gian dua trén hién tuong hoc. Cu
thé, md hinh CNN duogc dao tao voi chudi thoi
gian 3 kénh (69,02, SWI) da dat hiéu suét
phan loai tét véi Overall Accuracy 85.56% va
F1-score 85.50%.

Két qua thyc nghiém da khfmg dinh vai tro then
chét cua chi s6 nudec SAR (SWI). Chi sé nay,
khi dugc bod sung vao mod hinh, lam tang do
chinh xé&c phan loai dang ké, dic biét hiéu qua
trong viéc nhan dién giai doan ngdp nudc ban
dau, von 1a dic trung sinh hoc quan trong nhét
dé phan biét lua voi cac loai cdy trong khac.

Tinh dtng dn cua giai doan da dugc xac nhan
chit ché thong qua viéc dbi chiéu truc quan
dién bién chudi thoi gian SWI véi dit liéu anh
quang hoc d6 phan giai cao qua nhiéu nam. Su
ddng bo gitta cac dinh nhon cua SWI va thoi

TAI LIEU THAM KHAO
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diém gieo cdy da chimg minh kha ning cia hé
théng trong viéc xac dinh chinh xac sy hi¢n
dién va ngay bat ddu mua vu cho timg giai
thira l0a.

San pham dit liéu diu ra — bao gdbm ban dd lua
chi tiét & cap do giai thira va co so dir liéu vé
ngdy gieo cdy chinh xac — 1 két qua c6 gia tri
tmg dung cao, truc tiép giai quyét duoc bai
toan vé dir liéu dau vao khong chinh xac va
thiéu kip thoi trong quan 1y thay loi. Ngay
gieo cdy chinh xac 1a thong sd thiét yéu dé
thiét 1ap hé sd cay trong (Kc) va tinh toan nhu
cau nude tudi theo tiéu chuan FAO-56.

Tom lai, nghién ctru khong chi dong gop vé
mat ky thuat vién tham bang cach xay dung
mot quy trinh giai doan lua tu dong, chinh xac,
va on dinh ma con mé ra huéng ing dung thiét
thuc. Viéc cung cép dit liéu dau vao chinh xac
va kip thoi gitip Pon vi quan 1y chii dong diéu
tiét ngudn nude, giam thiéu that thoat, tir do
nang cao hiéu suét sa dung nudc trong nong
nghiép, gép phan dam bao an ninh luong thuc
va phat trién bén viing trong bdi canh bién doi
khi hau ngay cang phuec tap.
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