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Abstract: Precipitation nowcasting plays a critical role in early hazard warning, especially for
rapidly evolving convective systems. This study proposes a radar-based deep learning model that
combines convolutional neural networks (CNN) for spatial feature extraction, a recurrent
spatiotemporal module (ConvLSTM) for image sequences, and axial attention to capture
spatiotemporal context. The experiments use reflectivity fields derived from the CAPPI radar
product during the 2022 rainy season (April-October) at the Nha Be radar station. Training samples
are constructed from six consecutive radar frames at 10-minute intervals (i.e., the preceding 60
minutes) to predict the target frame 10 minutes ahead. To support an operational 60-minute warning
window, we additionally apply a recursive rollout scheme to generate forecasts at lead times of 10,
20, 30, 40, 50, and 60 minutes, and report lead-dependent skill. On the October 2022 test set, the
model achieves high structural similarity at 10 minutes (SSIM = 0.79) with strong threshold-based
classification skill (CSI = 0.70 at 0.5 mm/h and = 0.42 at 10 mm/h). At 60 minutes, SSIM remains
around 0.71 and CSI at 0.5 mm/h remains around 0.36, indicating the model still captures the large-
scale evolution of rainfall despite degradation at heavy-rain thresholds. When independently tested
on June 2023 data, performance remains stable at 10 minutes (SSIM = 0.79; CSI = 0.69 at 0.5 mm/h
and = 0.44 at 10 mm/h), and at 60 minutes SSIM remains around 0.68 with CSI at 0.5 mm/h around
0.35. Compared with baseline models trained and evaluated under the same data processing protocol
and the same loss function, the proposed model consistently performs better, particularly at
moderate-to-heavy rainfall thresholds. These results suggest the model can serve as a
complementary module for operational precipitation nowcasting workflows.
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Mo hinh hoc sau CNN-ConvLSTM két hop ,
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Tém tit: Dy bao mua han cuc ngém (nowcasting) co vai tro quan trong trong canh bao sém thién
tai, ddc biét d6i v6i cac hé muwa dbi luu phét trién nhanh. Nghién clru nay dé xuat mot mo hinh hoc
sau du bdo mua tir dit liéu ra-da thoi tiét, két hop mang no-ron tich chap (CNN) dé trich xuét dic
trung khong gian, mo-dun hdi tiép khong gian—thoi gian (ConvLSTM) cho chudi nh, va co ché chi
¥ theo truc (Axial Attention) nhim khai thac ngit canh khong gian—thoi gian hiéu qua. Dt lidu thi
nghiém la trudng phan hoi ra-da (CAPPI) trong mila mua nam 2022 (thang 4-10) tai tram ra-da Nha
Bé; cac mau hudn luyén duoc tao tir chudi 6 anh lién tiép theo budc 10 phit (twong tng 60 phut qua
khir) dé du bao anh muyc tiéu ¢ thoi diém 10 phut ké tiép. Két qua danh gia trén tap kiém thir 10/2022
cho thdy mé hinh dat d¢ twong dong cau tric cao (SSIM xap xi 0,79) va chat lwong phén loai tét
theo ngudng mua (chi s6 CSI khoang 0,70 & ngudng 0,5 mm/h va khoang 0,42 & ngudng 10 mm/h).
Khi kiém thir doc 1ap trén dir lidu 6/2023, chat lugng duy tri 6n dinh (SSIM xap xi 0,79; CSI khoang
0,69 ¢ 0,5 mm/h va khoang 0,44 & 10 mm/h), cho thay kha ning tong quat theo thoi gian tét. Dé dap
g yéu cau nghiép vu canh bao trudc 60 phat, nghién ctru bd sung thiét 1ap du béo da bude bang
suy dién lap (recursive rollout) dé sinh du béo tai cac mdc 10-60 phut; tai mdc 60 phut, SSIM duy
tri khoang 0,68-0,71 va CSI & ngudng 0,5 mm/h duy tri khoang 0,35-0,36, cho thdy mé hinh van
hiru ich trong viéc theo ddi xu thé va pham vi viing mwa & cira s6 canh bao 20—60 phut (trong khi
chat lvong & ngudng mua rat Ién suy giam nhanh). So sanh véi cac mé hinh déi chimg trén cing dir
lidu va cing ham mat mat, mo hinh dé xuét cho két qua tot hon, dic biét & cac ngudng mua vira va
to. Cac két qua nay goi y mé hinh c6 tiém ning tich hop nhu mot mé-dun bd tro cho quy trinh dy
bao han cuc ngén hién hanh.

Tir khéa: Thoi tiét cuc doan, du bao han cuc ngén, udc luong mua, tri tu€ nhan tao, mang than kinh

hoc siu.
1. Giéi thiéu nhu tinh mang con nguoi, san lugng mua vy, co
_ o sO ha tang, 6 nhiém moi trudng,... Vi ly do nay,
Cac hién tuong thoi tiét cuc doan nhu dong cong tac du bao chinh xac va kip thoi cac hién
sét, mua da, 14, ngap lut, 16c co thé gdy anh tugng thoi tiét néu trén nham dé ra cac phuong

hudng nghiém trong dén nhidu mat ciia doi sdng
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an phong ngira va giam thiéu cac thiét hai ngay
cang trd nén cap thiét.

Mot phuong 4n tiép can truyén théng cua du
béo thoi tiét d6 la sir dung cac mo hinh s tri. Dé
thuc hién phuong 4n nay ta thiét 14p cac phuong
trinh vat Iy mo phong céc tinh chat vat 1y va dong
hoc cua khi quyén. Diéu kién ban déu cia cac
phuong trinh nay dugc xac dinh boi qua trinh
ddng hoa dir lidu thu thap tir cic ngudn khac
nhau nhu vé tinh, phao, bong tham khong,... Cac
phuong trinh nay sau d6 dugc roi rac hoa trén
mot mién tinh toan hitu han va duoc gidi trén
mady tinh dya trén cac phuong phap s6. Xem [1]
dé biét cac noi dung dan nhap vé chu dé nay. Tai
Viét Nam, mdt so nghién ciru da khai thac san
pham két hop ra-da va mé hinh sb cho canh bao
mua han cyc ngin (nowcasting), vi du nghién
ctru trudng hop 4p dung san phim blending
radar-NWP trong nowcasting [2] va danh gia
{mg dung san pham blended radar-NWP trong hé
théng SWIRLS cho canh bdo mua 16n cuc bo khi
bdo nhiét d6i d6 bd [3]. Méc du linh vuc du bao
thoi tiét bang mo hinh sb tri dd c6 nhiéu tién bo
vuot bac trong nhiéu thap ki qua (chiang han xem
[4]), phuwong phap nay van ton tai nhitg han ché
cb hitu ciia né: lwong tai nguyén tinh toan doi hoi
khéng 10, thoi gian tinh toan dai - khong thich
hop cho cong tac du bao ngén han, nghiém cta
cac phuong trinh vat Iy kha man cam véi cac
diéu kién ban dau do d6 d& bi anh hudng boi sai
s6 trong nguon dir lidu, ...

Mot hudng tiép can khac do6 la sir dung cac
cdng cu vé tri tué nhan tao, dic biét 1a cac mang
than kinh hoc séu dé dua ra du bao thoi tiét.
Huéng tiép can nay tré nén ngay cang pho bién
trong nhirg ndm gan day. C6 hai ly do chinh dan
dén sy tiép nhan rong rdi cua phuong phap nay
trong nganh du bao: thir nhat d6 14 tinh kha dung
ctia cac bo dir lidu thoi tiét da ngudn (vi du nhu
dit liéu tr v€ tinh dia tinh GOES-16
(https://www.goes-r.gov/), dir liéu ra-da tir hé
thong da cam bién MRMS
(https://www.nssl.noaa.gov/projects/mrms/) va
thir hai 1a nhimg dot pha trong cac kién triic
mang than kinh hoc sau, dién hinh nhét 1a cac
mang tich chdp (Convolutional Neural
Network), mang hdi quy (Recurrent Neural

Network), mang ddi nghich tao sinh (Generative
Adversarial Networks). Cac klen trac nay ban
dau duoc dé xuit nham giai quyét cac van dé cua
nganh tri tu€ nhan tao nhu nhan dang, phan loai
cac dbi twgng anh,...; tuy nhién ching ciing da
duoc tng dung thanh cong trong cac linh vuc
khac, trong d6 c6 nganh Khi twong Thiy van.
Mot s nghién ciru dang chi y trong hudng nay
¢6 thé ké dén chudi bai bao ciia Leinonen ciing
cong su vé du bao sim chép [5] va dong sét [6]
bang cac mo hinh dwa trén CNN va RNN hay
cong trinh cua Ravuri cing cong su [7] vé du bao
mua béng mang hoc sdu GAN. Mac du c6 nhirng
loi thé nhu da néu, huéng tiép can dy bdo ngan
han bang cac md hinh hoc sdu van con mot sb
han ché nhu kha ning dién giai, kha ning khai
quat hoa cia cac mang nay.

O Viét Nam cac cong nghé lién quan dén tri
tu€ nhan tao da duoc st dung rong rai trong cong
tac du bao thoi tiét. Chu Thi Huyén Trang va
cong su trong cong trinh [8] di ung dung kién
tric mang tich chap RetinaNet [9] vao nhan dang
xody thuan nhiét d¢i & bién Dong. Nguyén Vinh
Thu va cong su [10] da st dung dir liéu vé tinh
Himawari-8 dé du bao lugng mua bé mit & cac
tinh mién Béc bang mé hinh hoc may Random
Forest. Trong mot huéng nghién ctru tuong tu,
nhom nghién ctru cia DS Hong Hoat [11] di wdc
tinh lwong mua tai Tha Purc, thanh phd HO Chi
Minh tir &6 phan hoi ra-da bang mang RainNet
[12]. Céc kién trac dya trén CNN va LSTM ciing
da duoc ap dung thanh cong trong viéc phan tich
dir liéu GNSS [13] va du doén luu lugng dong
chay [14].

Céc nghién ctru trude day vé dy bao mua han
cuc ngan ¢ Viét Nam chu yéu khai thac cac kién
trac hoc sdu co ban c6 san va/hodc cac md hinh
d duoc huan luyén tir trude. Trong khi d6, & goc
dd nghiép vu, cong tac nowcasting tai Cuc Khi
tugng Thily vian da va dang duoc trién khai trén
co so tich hop dit liéu quan tric thoi gian thuc
(radar thoi tiét, vé tinh, dinh vi sét, mang do mua
tu dong) va duoc cung cip qua cac hé thong/san
pham van hanh thuong xuyén ciia Trung tim ki
thuat quan trac Khi twong Thuy van (vi du hé
thong iWeather), phuc vu giam sat — canh bao
som dong, sét va mua dong voi tan suét cap nhat
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ngin (mirc vai phat), qua d6 hd tro dang ké cho
du bao cuc ngin trong 1-2 gid dau [15]. Tir thuc
tién d6, mot cau hoi dat ra 1a liéu c6 thé thiét ké
va huén luyén mo hinh hoc sau chuyén biét cho
dac trung dir liéu radar va ché d6 mua d6i luu tai
Viét Nam (thay vi chi tinh chinh mé hinh phé
dung) nham cai thién kha ning tong quat khi diéu
kién quan tric va phan bé mua thay doi theo thoi
gian hay khong. Chung t6i tra 161 cau hoi nay
béng cach dé xuat mot mé hinh hoc sdu méi cho
bai toan du bao mua han cuc ngan, st dung truc
tiép dir liéu phan hoi vo tuyén tir tram radar Nha
B¢ 1am déu vao.

2. Pt van dé

Muc tiéu clia bai todn du bao thoi tiét do 1a
str dung cac gid trj quan tric thu thap duoc (nhiét
do, do am, hudng gi6, anh vé tinh,...) dé duara
cac du doan vé cac trang thai thoi tiét trong
tuong lai. Trong véan dé cu thé vé du bio mua
han cyc ngan, mot huéng tiép can pho bién d6 la
str dung cac anh ra-da vé d6 phan hdi vo tuyen
(reflectivity). C6 hai loi thé cho hudng tiép can
nay. Tht nhét, dya trén quan hé Marshall -
Palmer (quan h¢ Z — R)

Z=aR? (1)
trong d6 a, b 13 cac hang s6 thuc nghiém ta c6 thé
udce luong dugce lugng mura tir gia tri phan hoi vo
tuyén. Loi thé thir hai d6 13 bang cach sir dung
cac dir liéu dang anh, ta c6 thé chuyén mot cau
hoi vé khi tugng thanh mot van dé trong xtr ly
anh, noi ma ta c6 thé sir dung rat nhiéu cong cu
manh m& duoc phat trién trong nhiing nam qua.
Céc nghién ctru noi bat vé xtr 1y anh ra-da bang
cac mang hoc sau co thé ké dén cac kién trac
ConvLSTM [16], TrajGRU [17], PredRNN [18],
SimVP [19], TSGAN [20] hay gan déy 1a kién
trac NowecastNet [21].

Trong du bao han cuc ngin, ra-da thoi tiét 1a
ngudn quan tric then chdt vi cung cap truong
phan hdi v6i d phan giai thoi gian cao va thong
tin khong gian chi tiét trong ving giam sat, cho
phép theo ddi su hinh thanh, phat trién va dich
chuyén ctiia hé may-mua theo thoi gian thuec.
Tram ra-da Nha Bé cung cip chudi dit liéu quan

tric phuc vu tryc tiép cho bai toan nay, dé)ng thoi
di li€u cua tram da duoc sir dung trong nhiéu
nghién ctru trong nude vé du bao hién twong thoi
tiét cuc doan, chiang han cac cong trinh vé dy bao
dong sét [22, 23], udc lugng mua tir ra-da [24]
va ing dung dit liéu mua ra-da trong du bao ngap
d6 thi [25]. Vi vay, dé khai thac hiéu qua cac dic
trung khong gian—thoi gian ma ra-da cung cap
cho du bao han cuc ngz“in, chung t6i lya chon
huén luyén mé hinh hoc sau trén dit liéu ra-da
Nha Be.

Bai toan du bao mua bang anh ra-da duoc
phat biéu cu thé nhu sau: gia sir ta da biét cac anh
ra-da (biéu dién toan hoc bang cac tensor voi ¢&
C x H x W) & cac thoi diém trong qua khir
t_p, ..., t_1,to du dodn céc dnh ra-da & céc thoi
diém t4, ..., t; trong tuong lai.

3. S6 liéu sir dung va phwong phap nghién ctru
3.1. Khu vuc nghién cuu

Ra-da thoi tiét Nha Bé nam & xd Nha B,
thanh phé Hb6 Chi Minh tai toa d6 10°31'39” vi
d6 Bic va 106°43'42” kinh d6 Pong. Dai Khi
twong Thiy van Nam B 1a don vi quan 1y hién
tai. Ra-da thoi tiét Nha Bé duoc 1ap dat boi cac
chuyén gia cua cong ty EEC Hoa Ky nam 2004,
sau d6 duogc nang cép mdt sb6 bd phan phﬁn cung
va thay thé bang phan mém IRIS Focus phién
ban 2.0 ctia Cong ty thiét bi do luong Vaisala vao
nam 2019. Ra-da c6 tan sd hoat dong tir 5500-
5700MHz (bang C). Ban kinh quan tric t6i da
ctia ra-da 14 480km va ¢ kha ning tu dong diéu
chinh géc nang tir 0° — 90°, cho phép tham do
mdt cach toan dién cac khoi may theo bé rong va
chiéu cao.

3.2. 86 liéu sir dung va phuong phdp xir Iy

Nghién ctru sir dung dit liéu ra-da cung cap
boi tram ra-da thoi tiét Nha Bé trong cac thang
mua mua (tir thang 4 dén thang 10) cta hai ndm
2022 va 2023. M6 hinh hoc sau s& dugc huin
luyén trén dit li¢u ctia ndm 2022 va s& duoc kiém
thtr trén dit liéu cia nam 2023. D liéu ra-da
duogc thu thap mdi 10 phut. Trong thoi gian nay
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ra-da tuan tu hoan thanh cac vong quay & cac goc
nghiéng tir 0,5° dén 5,0° va thyc hién do & hai
khoang cach 120 km va 300 km. Dir liéu ra-da
thd dugc luu trir & dinh dang SIGMET RAW,
bao gdm céac trudng gia tri vé tong cong suat
(total power), do phan héi vo tuyén (dBz-
reflectivity), van tbc gio Doppler (V-velocity) va
d6 rong phd (spectrum width). Trong khuén kho
ctia bai bao chiung toi chi st dung gia tri vé
cuong d6 phan hdi vo tuyén.

Kiém soat tinh lién tuc ciia chudi thoi gian.
Do dic thu van hanh, dir liéu ra-da tai tram Nha
B¢ c6 thé xuét hién cac khoang gian doan (vi ly
do bao tri, su ¢b thu ghi,...), dan dén viéc cac tép
dit liéu khong ludn nbi tiép nhau ding theo budc

Ban dé dinh vi

thoi gian 10 phit. Dé dam bao mé hinh co thé
hoc ding quan h¢ khong gian—thoi gian cia
truong mua tuong tng v6i bude 1y mau 10 phut,
cac khung hinh khéng lién tiép nhau khong duoc
xuét hién trong cung mot mau chudi. Viéc vi
pham diéu kién nay s& lam sai 1éch dong hoc tién
trién ma moé hinh can hoc va lam giam kha ning
tong quat hoa theo thoi gian. Vi vay, trudc khi
tao mau chudi ching t6i thuc hién budc kiém
soat chat lwong theo thoi gian bang cach chi giit
cac day dir liéu that su lién tiép theo chu ky 10
phat (cho phep dung sai 120 gidy dé bu sai 1éch
v€ moc thoi gian néu c¢6). Moi chudi c6 méc thoi
gian lién tiép vuot ngudng dung sai s& bi loai
khéi tap dir liéu. Quy trinh xtr 1y di liéu duogc
tom tat trong Hinh 1.

Phan héi ra-da & khu vuc nghién ciu

ﬁAﬂM

v

Py-ART

Khu vuc nghleé

n'ciru

~

L " - lﬂ’ 5
) SN -’m”‘
" ?
<
%, . &
2 = Quan dao “ Tram ra-da L 2
_% _Hoang Sa o A " Nha Bé ’
Bién Péng
'4
"I
,Quan dau
L. Tru‘dng Sa
S ‘;"

Hinh 1. Quy trinh xir 1y dir liéu ra-da bang thu vién Py-ART va khu vuc nghién ctru trong pham vi 120 km
xung quanh tram ra-da Nha Bé.

b'nha-be-radar' 3.1 km 2022-07-20722:40:41Z

Equivalent reflectivity factor
13.360

12.008 4

10.655 +

[degree N]
Reflectivity{dBZ)

9.303 4

7.950
103.960 105.345 106.730 108.115
longitude of grid cell center

degres_E]

109,501

b'nha-be-radar’ 3.1 km 2022-10-25T06:03:09Z

Equivalent reflectivity factor
13.360

12.008

10 655

[degree_N]
Reflectivity{dBZ)

9.303 4

v

—20

105.345 106.730 108.115
longitude of grid cell center
Idegree_E]

7.950
103,960 109.50

Hinh 2. Anh CAPPI trich xuét tir san phdm SIGMET Hinh 3. Anh CAPPI trich xuat tir san pham SIGMET

ngay 22/07/2022.

ngay 25/10/2022.
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Phian mém Py-ART [26] duogc st dung dé
thuc hién budc tién xu 1y dit liéu tir dinh dang
SIGMET sang cac dinh dang ma mo hinh hoc
sdu co thé thao tac duoc, cu thé 1a cac dir licu
dang tensor. Ching t6i trich xudt san phim
CAPPI bang tinh ning ndi suy ludi vudng tir cac
gi4 tr cong ra-da (radar gate), trong d6 cac mat
Iudi bi khuyét vé di liéu phan hdi vo tuyén duge
thay bang gi tri 0. Tép dir liéu sau khi xur Iy bao
gdm cac anh phan hdi v tuyén trén mot dién tich
240 km x 240 km & 20 do cao cach déu nhau tir
1 km dén 5 km. Dit liu CAPPI & d¢ cao 3 km
duoc chon trich xuét cho qua trinh huén luyén vi
d6 cao nay chira nhiéu nhat s diém dit liéu phan
hdi vo tuyén. Mot s anh CAPPI sau khi trich
xuét duoc thé hién trong Hinh 2 va Hinh 3.

Luuy vé cach chon cac hﬁng sbavab dhé
thirc (1). Trong nghién clru nay, truong cuong
d6 mua R (mm/h) dugc suy ra tir hé sb phan hoi
ra-da Z dua theo hé thirc (1). Do tram ra-da Nha
Bé hién chua c6 bo hé s6Z—R duoc hiéu chinh
theo s6 liéu do mua mat dat dia phuong, ching
t6i sir dung bo hé sb mic dinh a = 200 va b =
1,6, von thuong duoc ding nhu ciu hinh khéi
tao trong cac hé thdng ra-da. O pham vi bai bao,
lwa chon hé s Z — R dugc giir twong dong cho
toan bd cac tap huén luyén/xac thuc/kiém thir
nham dam béo tinh nhét quan cua dit liéu dau vao
— dau ra va tinh cong bang khi so sanh cic mo
hinh khac nhau.

Trong budc tién xur 1y, cic anh phan hoi vo
tuyén dugc chuan hoa cac anh kich ¢d 240 x 240
v6i gia tri mdi pixel nam trong doan [0, 1] bang
cong thirc

el dBZ + 10 )
pixel = — (2)

Ma tran lugng mua co thé thu dugc thong

qua h¢ thuc

109B2/10\5/8
200 > )

Sau khi qua budc chuan héa, cic anh phan
ho6i vo tuyén cua cac thang miia mua nam 2022
(tir thang 4 dén thang 10) duogc sir dung lam dir
liéu x&y dung mo hinh va dugc chia lam ba tép:
tap huan luyén gém dir liéu thang 4 dén thang 8
ding dé huan luyén mo hinh (train set); tip xac

Z =200RY® => R = (

thuc (validation set) gdm dir liéu thang 9 ding
dé tinh chinh siéu tham sd; va tap kiém thir (test
set) gdm dit liéu thang 10. Cac anh phan hdi cua
thang 6/2023 cling dugc st dung véi vai tro la
mot tap kiém thir doc 1ap nham danh gia kha
nang tong quat hoa clia mo hinh trén dir liéu méi.
S6 lugng anh trong mdi tap dir lidu duoc tong
hop ¢ Bang 1.

Bang 1. Thong ké sb lwong anh phan hdi vo tuyén
trong cac tap dir liéu

Train Validation | Test 2022 | Test 2023
21695 3523 4450 4086

Thong ké phan bb diém mua theo ngudng.
Do déc thu truong mua tir ra-da, dir liéu c6 murc
mat can bang 16n giita ving khong mua/mua rat
nho va ving mua vira/mua to. Dé dinh luong
mirc can bang nay, ti 1& pixel theo cac khoang
cuong d6 mua R(mm/h) dugc thong ké trén cac
tap huin luyén, x4c thuc va kiém thir, véi cac
ngudng 0,0; 0,5; 1,0; 2,0; 5,0; 10,0; 30,0 mm/h.
Két qua duoc thong ké & Bang 2.

Bang 2. Ti 1& phan trim s6 pixel thudc cac khoang

[0; 0,5),[0,5; 1), [1; 2), [2; 5), [5; 10),
[10; 30), [30; oo) (mm/h) trén cac tap dit liu

da phan chia
Tap dir liéu
Train Validati | Test Test

Ngudng on 2022 2023
mua (mm/h)

[0; 0,5) 96,55% | 94,82% | 94,7% | 94,63%

[0,5; 1) 1,18% 1,59% 1,41% | 1,67%

[1; 2) 0,91% 1,34% 1,26% | 1,44%

[2; 5) 0,80% 1,28% 1,42% | 1,33%

[5; 10) 0,31% 0,50% 0,64% | 0,48%

[10; 30) 0,19% 0,35% 0,38% | 0,34%

[30; o) 0,06% 0,11% 0,10% | 0,11%

Tir Bang 2 ¢6 thé thdy phan 16n pixel nim
trong khoang [0; 0,5) mm/h (xap xi 94,6-96,6%
tiy theo tap) trong khi cac mirc mua 16n chiém ti
1¢ rat nho (chang han R > 10 mm/h chi chiém
khoang 0,25-0,48%).

3.3. Thiét ldp duw bdo da bude va quy trinh canh
bao 60 phut

M5 hinh dugc huin luyén cho bai toan du
bao mot budce: tir chuodi 6 anh ra-da lién tiep theo
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chu ky 10 phut (twong tng 60 phut qua khir), mo
hinh dy bao anh muc tiéu tai thoi diém 10 phut
ké tiép. Dé thyc hién du bao dén 60 phut, phuwong
phéap suy dién lip (recursive rollout) dugc st
dung: dy bao tai budc trudc duge dua trd lai lam
mot phan dau vao dé du bao budc tiép theo. Ki
hiéu X, 13 truong mua tai thoi diém ¢, mé hinh
mot budce f(+) dugc cho bdi

XAt+10 = f(Xt—s500--» Xt — 10, X¢) (4)

Véi k = 2,...6, du bao X, 10 duoc sinh
bang cach truot ctra s6 dau vao va ghép thém vao
du bao gan nhat:

XAt+ 10k = f()?t—50+10(k—1): ---:Xt:XH 10/ ""Xt+10(k—1))

()

Nhu vay, tai mdi thoi diém cap nhat dir liéu

ra-da, hé théng c6 thé thuc hién mot chudi du

bao 6 mbe tuong tng 10, 20, 30, 40, 50 va 60
phut trong tuong lai.

3.4. Phuong phap xdy dung moé hinh hoc sau dy
doan anh ra-da

3.4.1. M6 ta kién tric sir dung

Mo hinh d8& xuét boi nhom tac gia trong [27]
dugc thiét ké voi muc tiéu thu thap va trich xuat
cac dic trung phirc tap vé khong gian—thoi gian
hién hiru trong dir liéu anh ra-da. M6 hinh dugc
xdy dung tir cac thanh phan co ban: kién trac
mang tich chap CNN [28], kién tric ConvLSTM
[16], co ché Axial Attention [29]. Céc kién truc
co ban nay da dugc sir dung rat thanh cong trong
céc bai toan xir 1y chudi hinh anh.

- Mang Convolutional LSTM (goi tit la
ConvLSTM) 1a mét kién trac két hop giita cac
mang than kinh tich chap (Convolutional Neural
Networks - CNNs) va cac mang bd nhé ngén han
- dai han (Long-Short Term Memory - LSTM).
ConvLSTM dugc thiét ké dé giai quyét cac bai
toan dy bao cac dir liéu lién quan dén khong
gian-thoi gian nhu chudi video. Trong thuc te
kién tric nay cho thdy kha nang du doan kha tbt
nho tan dung duge kha nang trich xuit cac phu
thudc vé thoi gian ciia LSTM va kha ning trich
xudt cac tuong quan vé khong gian cua kién trac
tich chap.

- Co ché axial attention, dé xuit boi Ho va
cong su [29] 1a mOt mé rong cla co ché attention
[30] dung trong céc kién tric Transformer. Co
ché nay hoat dong bang cach phan tich mot
attention hai chiéu thanh hai attention mét chiéu
theo chiéu rong va chiéu cao. Hudng tiép can nay
cho phép t6i uu héa khdi luong tinh toan dong
thoi van bao toan duge truong thi gidc toan cuc.

Kién trac hoc sau duoc chung toi dé xuét
[27] tuan theo luoc dd ma hoa - giai mé (encoder
- decoder) dién hinh. Trong giai doan ma hoa,
day cac anh dau vao dugc truyén qua mot cum
gdm ba 16p ConvLSTM va cum hai 16p tich chap
3 chiéu nham trich xuét cac ddc trung vé khong-
thoi gian. Két qua dau ra sau dé duogc truyén qua
khéi Axial Attention nhim thu thap cac quan hé
tam xa trong diy anh dau vao. Trong giai doan
giai mé, ching t6i st dung mot khdi ting mau
(upsampling) bao gdm hai 16p tich chap ba chiéu
v6i ham kich hoat ReLU va co ché dropout dé
upscale cac dic trung da trich xudt trong giai
doan ma hoa. Cudi cung ham kich hoat sigmoid
dugc chon dé dua cac gia tri pixel vé khoang hop
1y. Nho duogce tiép can v6i phin cimg manh mé
hon, trong bai bdo nay ching toi dwa ra mot sb
thay ddi so v6i kién tric ban dau trong [27] nhdm
gia tang chit luong du doan ciia mé hinh. Ching
t6i stir dung day 6 anh dau vao véi c¢d 240 x 240
thay vi day 5 anh véi ¢& 128 % 128 nhu trong
[27]. Cac thay doi nay cho phép mé hinh khai
thac ctra s6 quan tric qua khr dai hon (60 phit)
v6i dO phan giai khong gian cao hon, qua d6 cai
thién chat lugng du bao 10 phat ké tiép trong chu
ky cap nhat cua ra-da. Kién trac hoc su st dung
trong bai bao nay dugc minh hoa trong Hinh 4.

3.4.2. Ham mdt mat sir dung

Dé giam thién léch do sy mét can bang 16n
giita viing khong mua/mua rat nho va ving mua
vira/mua to, ham MAE c6 trong s6, ki hiéu 1a
MAE,, 1am ham mét mat. Cong thtc cia MAE,,
nhu sau:

i W(RY) |Ri=Ry]

I w(RY) (6)
trong d6 R; va R, 1an luot 1a lwong mua thuc té
va du bao tai pixel i; n la ) pixel dugc tinh va
w(R;) 1a trong s phu thudc vao mirc mua cia

MAE,, =



pixel i. O day w(R) dugc cho theo timg khoang
nhu sau:

(Wy,0 <R <0,5
W1,0,5SR<1
w,,1<R<?2
w3, 2<R<5
wy, 5 <R <10
ws,10 <R < 30

we, R =30

w(R) = { (7)

trong d6 cac trong s6 wy dugc chon ting dan
theo mirc mua, ti 1€ nghich voi tan suét xuit hién
trong dir liéu nhdm can bang déng gop cua cac
nhom pixel hiém vao ham mat mat. Mot lya chon

Sequence of 6 images

Comi.STM Comi.STM ComL.STM

240% 240
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1
frte
thuoc khoang thir k 14y tir Bang 2 va & 1a mot
hing sb nho dé chia cho 0; sau d6 chuan hoa wy,
dé tranh gradient qua 16n. Trong thi nghiém,
chung ti st dung bd trong sé (1,0; 6,0,
8,0; 9,0; 9,0; 10,0; 10,0).

3.4.3. Cac tiéu chi danh gia mé hinh hoc sdu

kha thi 1a wy, «

trong do f;, 1a ti 1¢ pixel

Chung t6i sir dung céc tiéu chi sau day dé
danh gia chét luong dy doan cia md hinh hoc
sdu: RMSE, MAE, SSIM, CSI, FAR, POD, PC
va hé sb trong quan Pearson r. V&i gia tri quan
trac y va két qua du bao ctia mé hinh § cac tiéu
chi trén ¢6 cong thirc nhu sau:

Predicted Frame

240 % 240

Blocks

Hinh 4. Kién trac hoc sdu dé xuat.

Root Mean Square Error (RMSE):

n
1 ~
RMSE = |~ (3, — 3, ®
i=1
Mean Absolute Error (MAE):
1v R
MAE = - |y, - 34 ©
i=1

Structural Similarity Index Measure (SSIM):
Chi s nay bat ngudn tu linh vue xur Iy anh. No
duoc dung do su tuong dong vé cau truc cua hai
anh. Véi hai anh x va y cong thic cua SSIM ¢o
dang nhu sau:

(2pshy + €1)(2050y + ¢3)
(M2 + py? + € (0 2 +¢3)
trong do iy, 1y, 1an luot 14 gia tri pixel trung binh
cua x vay; dy, oy lan luot la phuong sai cua x va

SSIM =

(10)

Y; Oxy la hi€p phuong sai ciax vay. Cubi cing
c1 Va ¢, 13 hai hing sb cua dé dam bao tinh 6n
dinh cta biéu thirc.

Critical Success Index (CSI):

hits
~ hits + misses + false alarms
Cong thure tinh CSI dugc cho béi ti 1€ cac su
kién dugc nhan dién dung trén téng sb cac su
kién xay ra. Gid tri CSI cao tuong tng vdi kha
nang nhan dién tdt.

False Alarms Ratio (FAR):
false alarms

CsI

(1D

FAR = hits + false alarms (12)

Gia tri FAR cho biét ti 1¢ du bao khéng trén
tong sd cac du bao c6 mua xay ra. Gia tri FAR
thap twong tng v6i kha ning dy bao khong thap.

Probability of Detection (POD):

hits
~ hits + misses

Gia tri POD do ludong kha nang xuat hién
dling cac vung ¢6 mua. POD cang cao thi mo
hinh cang it bé s6t mua.

Percentage Correct (PC):
pPC

POD (13)

hits + true negatives

" misses + falsealarms + hits + true negatives

(14

)
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Gia tri PC cho biét ti 18 cac du bao dang trén
téng sb cac du bao. PC cao phan anh kha ning
du bao chinh x4c.

Hé sb tuong quan Pearson

Pé dinh lugng murc do déng bién tuyén tinh
giita truong mua du bao va quan tric, chung toi
sit dung hé sb tuong quan Pearson 7, cho bai
cong thtrc:

PG T 216 /e )

r= (15)
VP10 — 2 21 — 9)?
1 =1 ”
trong doy = ;Z?=1yi vag = — 1P

4. Két qua va thao luin

Mo hinh dugc viét bang ngdn ngit Python
dua trén thu vién vé hoc siu PyTorch. Chung t6i
thuc hién huén luyén va danh gia mo hinh trén
GPU NVIDIA A 100, cung cip béi cum may tinh
toan hiéu nang cao cua truong Pai hoc Bach
khoa Thanh phé Hb Chi Minh.

Chuing t6i danh gia mo hinh theo hai nhoém
chi sb:

- Hdi quy theo pixel: SSIM, MAE  va
RMSE dugc tinh trén toan bd pixel va chi trén
cac pixel mua. Trong d6 tap pixel mua dugc dinh
nghia boi gia tri quan tric Ryqe = 0,5mm/h
nham tranh viéc sai s6 bi pha lodng bai ti 1¢ pixel
khong mua rat 16n.

- Phén loai theo ngudng muwa Tt €
{0,5; 1,0; 2,0; 5,0; 10,0} (mm/h): CSI, POD,
FAR, PC. V4i mdi ngudng T, pixel dugc xem la
mua néu R > 7.

Ngoai ra, chiing t6i bao cao hé s6 tuong quan
Pearson r giita mua dyr bao va quan tric, tinh trén
toan b pixel va pixel mua.

4.1. So sanh dinh luong giita cac mo hinh trén
tdp kiem thir 10/2022 va 06/2023

Chung toi so sanh ba m6 hinh: i) M6 hinh d&
xuit; ii) ConvLSTM thuan tay [16]; va iii)
SimVP [19], trén hai tap kiém thi: 10/2022 va
06/2023. SimVP 1a mét kién tric don gian nhung
hi€u qua cho bai toan video prediction, trong do

chudi khung hinh dau vao dugc ma hoa bang cac
16p tich chap dé trich xuét dic trung khong gian,
sau d6 mot mo-dun xir 1y theo chidu thoi gian
thuc hién mo hinh héa dong luc bién thién cua
dic trung theo chudi, va cudi ciing mot bo giai
ma tich chap tai tao khung hinh du bao. Do chu
yéu duya trén cac phép tich chap va thiét ké gon
nhe, SimVP thudng cho tc do suy luan tot va la
mot mo hinh d6i sanh manh trong nhiéu bai toan
du bao chubi anh.

Dé dam bao tinh khach quan khi dbi sanh, ca
ba md hinh déu dwgc hudn luyén va danh gia
trong cung mot diéu kién thuc nghiém: str dung
cung b dir liéu (sau khi da loc dé dam bao chudi
thoi gian lién tiép), cing cach tao mau (6 khung
hinh qué khr theo budc 10 phat dé du bao 10
phiit ké tiép), cung cach tién xir 1y, ciing ham mat
mat MAE,,. V& huén luyén, tat ca md hinh duoc
tdi uu v6i AdamW (téc do6 hoc107™*, weight
decay 10™%) trong 50 epoch. Téc do hoc duoc
diéu chinh bang schedule ReduceLROnPlateau
véi tiéu chi cuc dai hoa chi s6 danh gia trén tap
xéc thuc, hé sb giam 0,5 va do6 kién nhan 5. Mo
hinh tt nhét duoc chon dua trén diém téng hop
CSlys + CSlig + CSI, o — 0,2MAE,4iny
trong A6 MAE,qin, dugc tinh trén cac pixel mua
(Rerue = 0,5 mm/h). Két qua so sanh duoc
trinh bay trong Bang 3 va Bang 4.

Két qua trong Bang 3 va Bang 4 x4c nhan mo
hinh d& xuét dat SSIM cao nhat trén ca hai tap
kiém thir va dong thoi giam sai s6 trén céac pixel
mua so v6i hai mo hinh dbi chimg (ConvLSTM
thudn tiy va SimVP). Trén tap kiém thur
10/2022, SSIM ctia md hinh dé xuét dat 0,793,
trong khi MAE (rainy) va RMSE (rainy) 1an luot
giam tu 2,511 va 7,135 (ConvLSTM) cling nhu
2,460 va 6,745 (SimVP) xudng 2,226 va 6,432.
Trén tap kiém thir doc 1ap 06/2023, mo hinh dé
xudt tiép tuc duy tri hiéu ning tét voi SSIM =
0,790, dong thoi cho sai s6 thap hon trén pixel
mua: MAE (rainy) va RMSE (rainy) dat 2,095
va 6,600, so voi 2,281 va 7,117 (ConvLSTM) va
2,235 va 6,764 (SimVP). Nhiing két qua nay cho
thdy mo hinh dé xuat cai thién déang ké chat
lugng du bao dinh lugng trén ving mua va duy
tri tinh 6n dinh khi kiém thtr theo thoi gian.



10

T. V. Hoai et al. / VNU Journal of Science: Earth and Environmental Sciences

Bang 3. Cac chi s6 hdi quy SSIM/MAE/RMSE trén tap kiém thir 10/2022

MO hinh SSIM MAE (all) | MAE (rainy) | RMSE (all) | RMSE (rainy)
ConvLSTM 0,774 0,150 2,511 1,648 7,135

SimVP 0,780 0,166 2,460 1,565 6,745

Dé xuit 0,793 0,134 2,225 1,485 6,431

Béng 4. Cac chi s6 hdi quy SSIM/MAE/RMSE trén tap kiém thir 06/2023

MO hinh SSIM | MAE (all) MAE (rainy) | RMSE (all) RMSE (rainy)
ConvLSTM 0,773 0,143 2,281 1,662 7,117

SimVP 0,776 0,159 2,235 1,589 6,764

Dé xuit 0,789 0,132 2,095 1,541 6,600

4.2. Panh gia phdn logi theo ngudong: CSI, POD,
FAR, PC

Két qua phan loai theo cac ngudng mua 0,5;
1;2;5;10 mm/h trén tap kiém thir 10/2022 duogc
tong hop trong cac Bang 5a, 5b, Sc, 5d, Se.

Bang 5a. Két qua phan loai theo ngudng 0,5 mm/h
trén tap kiém thur 10/2022

M6 hinh | CSI@0.,5 POD@0,5 FAR@0,5 PC@0,5

ConvL§ 0,6773 0,8336 0,2168 0,9793
™

SimVP 0,5278 0,9602 0,4604 0,9552

Dé xuit 0,7016 0,8693 0,2156 0,9807

Béng 5b. Két qua phén loai theo ngudng 1 mm/h
trén tap kiém thur 10/2022

Méhinh | CSI@! | POD@1 | FAR@1 | PC@!
ConvLSTM | 0,6593 | 0,7978 | 0,2085 | 0,9843
SimVP 0,6238 | 0,8133 | 0,2720 | 0,9813
D& xuit 0,6947 | 0,8319 | 0,1918 | 0,9861

Béng 5c. Két qua phan loai theo ngudng 2 mm/h
trén tap kiém thir 10/2022

M6 hinh CSl@2 | POD@?2 | FAR@2 | PC@2
ConvLSTM | 0,6050 | 0,7220 | 0,2112 | 0,9880
SimVP 0,5828 | 0,7082 | 0,2331 | 0,9871
Dé xuit 0,6471 | 0,7531 | 0,1786 | 0,9896

Bang 5d. Két qua phan loai theo ngudng 5 mm/h
trén tap kiém thir 10/2022

M6 hinh CSI@5 | POD@5 | FAR@5 | PC@5
ConvLSTM | 0,4562 | 0,5367 | 0,2475 | 0,9928
SimVP 0,4501 | 0,5503 | 0,2881 | 0,9924
Dé xuit 0,5238 | 0,6110 | 0,2141 | 0,9938

Bang 5e. Két qua phén loai theo ngudng 10 mm/h
trén tap ki€ém thur 10/2022

M5 hinh CSI@10 | POD@10 | FAR@10 | PC@10
ConvLSTM | 0,3259 0,3738 0,2821 0,9963
SimVP 0,3642 0,4494 0,3423 0,9962
DPé xuét 0,4239 0,4935 0,2499 0,9967

Két qua phan loai theo cac ngudng mua 0,5;
1} 2; 5; 10 mm/h trén tap ki€m thir 6/2023 duogc
tong hop trong cac Bang 6a, 6b, 6¢, 6d, 6e.

Bang 6a. Két qua phan loai theo ngudng 0,5 mm/h
trén tap kiém thir 06/2023

M5 hinh CSI@0,5 | POD@0,5 | FAR@O,5 | PC@0.,5
ConvLSTM 0,6746 0,8389 0,2250 0,9783

SimVP 0,5211 0,9596 0,4672 0,9527

Dé xuat 0,6896 0,8661 0,2281 0,9791

Bang 6b. Két qua phan loai theo ngudng 1 mm/h
trén tap kiém thir 06/2023

M5 hinh cSl@l | POD@1 | FAR@I PC@!1
ConvLSTM | 0,6489 0,7953 0,2209 0,9841
SimVP 0,6112 0,7951 0,2745 0,9813
P& xuit 0,6734 0,8187 0,2086 0,9853

Bang 6¢. Két qua phan loai theo ngudng 2 mm/h
trén tap kiém thir 06/2023

Mo hinh | CSI@2 | POD@2 | FAR@2 | PC@2
ConvLSTM | 0,5864 | 0,7121 | 0,2314 | 0,9887
SimVP 0,5602 | 0,6893 | 0,2506 | 0,9878
Dé xuit 0,6189 | 0,7367 | 0,2053 | 0,9898

Bang 6d. Két qua phén loai theo ngudng 5 mm/h
trén tap kiém thir 06/2023

Mo hinh | CSI@5 | POD@5 | FAR@5 | PC@5
ConvLSTM | 0,4691 | 0,5652 | 02660 | 0,9941
SimVP 0,4620 | 0,5721 | 0,2941 | 0,9938
Dé xuit 0,5204 | 0,6227 | 0,2400 | 0,9947
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Bang 6e. Két qua phan loai theo ngudng 10 mm/h
trén tap kiém thir 06/2023

M6 hinh CSI@10 | POD@10 | FAR@10 | PC@10
ConvLSTM 0,3669 0,4311 0,2888 0,9967
SimVP 0,3860 0,4772 0,3313 0,9966
Dé xuit 0,4379 0,5221 0,2690 0,9970

Céc két qua phan loai theo ngudng mua
trong cic Bang 5a—5¢ va Bang 6a—6e chi ra ring
mé hinh dé xuét dat CSI cao nhét ¢ tit ca cac
nguong (0,5; 1; 2; 5; 10 mm/h) trén ca hai tap
kiém thtr. Pang cha ¥, wu thé duoc thé hién rd
hon & cac ngudng mua vira—to (5 va 10 mm/h).
Vi dy, trén tap 10/2022 tai nguong 10 mm/h, CSI
cia md hinh dé& xuit dat 0,4239, cao hon
ConvLSTM (0,3259) va SimVP (0,3642); trén
tap 06/2023 tai nguong 10 mm/h, CSI cua mo6
hinh dé& xuit dat 0,4379, cao hon ConvLSTM
(0,3669) va SimVP (0,3860).

So sanh POD va FAR cho théy su khac biét
vé mirc d6 can bang giita kha nang phat hién mua
va kiém soat canh béo gia giita cac mo hinh.
SimVP dat POD rit cao & ngudng 0,5 mm/h (x4p
xi 0,96) nhung dong thoi c6 FAR 16n (xap xi
0,47), phan anh xu huéng du bao du ¢ ngudng
thip va 1am suy giam CSIL Nguoc lai, md hinh
dé xuét duy tri POD cao dong thoi kiém soat
FAR tt hon, do d6 dat CSI vuot trdi mot cach
nhat quan. Chi s PC nhin chung cao & ca ba mo
hinh do dir liéu mét can bang khong mwa/mura;
vi vay, CSI cung véi POD va FAR phan anh 1o
hon chit lugng du bao theo ngudng mua trong
bdi canh nghiép vu.

4.3. Tuong quan Pearson va phan tich scatter plot

Dbi véi mo hinh dé xuét, hé sé trong quan
Pearson dugc tinh trén céc tap kiém thtr nhu sau:

10/2022: 1y = 0,7230 var,i,, = 0,6496.

06/2023: 1, = 0,6876 va T4y = 0,6155

Hai scatter plot gitta lwvgng mua dy bao va
quan tric (chi tinh trén cac pixel c6 mua) tuong
g v6i hai tap kiém thir dugc cho trong Hinh 5a
va Hinh 5b.

Hé sb twong quan Pearson phan anh viéc
mirc d6 dong bién tuyén tinh giita truong mua dy
béo va quan tric duoc duy tri 6n dinh trén hai tap

kiém thu: trén tap 10/2022, 7, = 0,7230 va

Trainy = 0,6496; trén  tdp 06/2023, 1y =
0,6876 va Tyiny = 0,6155. Gia tri 7, cao hon

Trainy trén cd hai tap kiém thtr trong thich voi dic
trung mét can bang cta dit 1iéu mua: ving khong
mua/mua nhé chiém wu thé gitp quan hé tuyén
tinh dé dat dugc hon, trong khi twong quan trén
pixel mua phan anh ding hon d6 kho ctia du bao
cuong dd mua. Correlation plot cho thiy xu
huéng danh gia thdp mua 16n (nhiéu diém ndm
duéi duong thing y = x & ving Ry, 16n). Két
qua nay phu hop véi quan sat rang chat luong
suy gidm ¢ cac ngudng mua rat 16n 1a thach thic
phé bién ctia nowcasting dua trén anh radar.

Predicted vs Observed rainfall (rainy pixels sample, R_true>=0.5)

30 1

= nN N
%) o v}

Predicted rainfall (mm/h)

=
15}

0 5 10 15 20 25 30
Observed rainfall (mm/h)

Hinh 5a. Scatter plot gifra lvgng mua du bao va
quan tric trén tap kiém thir 10/2022.

Predicted vs Observed rainfall (rainy pixels sample, R_true>=0.5)

Predicted rainfall (mm/h)

Observed rainfall (mm/h)

Hinh 5b. Scatter plot gilta luong mua du bao va
quan trac trén tap kiém thur 06/2023.
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4.4. Minh hoa dinh tinh

Dé danh gi4 tryc quan kha ning nim bat hinh
thai va bién dang vung mua, ching tdi trinh bay
mot s6 trudng hop tiéu biéu cho ca hai giai doan
kiém thir. Minh hoa cho két qua dbi chiéu giita
ban dd mua dy doan va ban d6 mua quan tric
dugc thé hién trong Hinh 6a, 6b, 6¢ (10/2022) va
Hinh 7a, 7b, 7¢ (06/2023). Mbi hinh bao gdm céc
ban dd mua trong 1 gio trwde (tir thoi diém t —

50 dén thoi diém t), ban dd mua ¢ thoi diém
t 4+ 10 va ban d6 mua dy doan (dugc gin nhin
prediction).

&

Y

Hinh 6a. So sanh bél} dd mua dy doan va ban dd
mua quan trac ngay 01/10/2022.
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Hinh 6b. So sanh bén} dd mua du doan va ban dd
mua quan trac ngay 02/10/2022.

Hinh 6c. So sanh ban d6 mua dy doan va ban d6
mua quan trac ngay 10/10/2022.
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Hinh 7a. So sanh bén} dd mua du doéan va ban dd
mua quan trac ngay 01/06/2023.

Hinh 7b. So sanh béu} dd mua du doan va ban d6
mua quan trac ngay 04/06/2023.

—

Hinh 7c. So sanh bér} dd mua du doan va ban dd
mua quan trac ngay 21/06/2023.

So sanh tryc quan gitra cac ban d6 mua du
bao va truong mua quan trac cho phep khang
dinh mé hinh dé xuat tai hién tuong di tot cau
tric va hinh thai khéng gian cua cac vung mua
trong han dg bdo 10 phut. Cu thé, mo hinh
thuong nam bét ding vi tri tuong ddi, hudng dich
chuyén, ciing nhu pham vi va bién dang cua cac
dai/6 mua chinh; cac vung mua lién tuc duoc du
bao c6 tinh mach lac va it xuat hién cac mang
nhiéu roi rac, qua d6 phan anh kha niang khai thac
dac trung khong gian—thoi gian hi¢u qua. Trong
nhiéu truong hop, mo hinh ciing thé hién ning
lyc duy tri dugc hinh thai ving mua vira—to va
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xu huéng bién thién theo thoi gian (mo rong/thu
hep) twong ddi phu hop vai quan tric.

Tuy nhién, cac hinh minh hoa ciing bdc 10
mot s han ché dic trung ciia cac mo hinh dy bao
dua trén anh. Thtr nhit, du bao thuong co6 xu
huéng lam tron trudng mua, khién ranh giGi
ving mua tré nén kém sic nét so véi quan tric
va doi khi lam md cac cau tric quy md nho. Thir
hai, m6 hinh kho tai hién cac dinh mua cuc dai:
tai cac 6 mua rat manh, gia tri cyc tri thudng bi
danh gia thap va vang cuc dai c6 xu hudng bi trai
déu ra 1an can. Han ché nay cho théy viéc chit
lugng du bao suy giam & cac ngudng mua 16n va
phéan anh thach thirc chung cua nowcasting mua
d6i luu: cc cuc tri phat trién nhanh va bién dong
manh khé dugc suy ra day du chi tir chudi quan
trac qua khtr ngén.

4.5. Bdnh gid di bdo da buée dén 60 phiit

Dé dap mg yéu cau canh bao sém 60 phit,
chung t6i danh gia mo hinh theo cac moc du bao

Két qua ¢ cac Bang 7a va 7b phan anh su
tang truong cula sai s6 theo han du béo. Viéc sai
s tang dan phu hop vai 16i tich lity khi thyuc hién
du béo trugt va do ban chat kho du béo cua cac
hé mua déi luu khi han dy bao tang. Tuy véy,
SSIM van duy tri & muc tuong ddi (xap xi 0,68
0,71 tai 60 phat), phan anh mé hinh van nam bt
dugc cdu trac quy mé 16n cia ving mua ¢ han
dai hon, du chi tiét cuc tri suy giam.

Bang 8a. Chi ) phén loai theo cac mbc du bao trén
tap dir liéu 10/2022

Han dy
bao CSI@0,5 | FAR@0,5 | CSI@10 | FAR@10
(phat)
10 0,7016 0,2156 0,4239 0,2499
20 0,5928 0,2915 0,2042 0,3326
30 0,5150 0,3425 0,0731 0,4300
40 0,4550 0,3824 0,0206 0,5439
50 0,4054 0,4204 0,0059 0,6496
60 0,3647 0,4574 0,0020 0,6826

Bang 8b. Chi s6 phan loai theo cac mdc du bao trén

. tap dir liéu 6/2023
10, 20, 30, 40, 50, 60 phtt bang phuong phap suy
dién 1ap & Muc 3.3. Cac chi $6 dugc tinh riéng Han dy
theo timg méc dy béo trén tap kiém thir 10/2022 oy | 0 | TAREDS | CSI@ID ) FAREIO
va tap kiém thur doc lap 06/2023. 10 0.6896 | 02281 | 04379 | 02690
o 20 0,5730 03173 0,2369 0,3426
Bang 7a. Chi s0 hoi quy theo cac han du bao trén tép 30 0,4940 0,3779 0,1012 0,4095
dir liéu 10/2022 40 0,4358 0,4250 0,0354 0,5029
50 0,3898 0,4668 0,0112 0,6194
Han du MAE RMSE 60 03522 0,5052 0,0036 0,7195
bao (phut) SSIM (rainy) (rainy)
10 0,7927 2,2251 6,4311 Két qua & Bang 8a va 8b cho thiy ¢ ngudng
20 0,7527 2,8947 7,7645 mua nhe (0,5 mm/h), CSI giam dan khi han du
30 0,7342 3,3038 8,4736 béo ting nhung van dat khoang 0,35 tai 60 phit,
40 0,7235 3,5560 8,8378 cho thdy mé hinh vén hiru ich dé theo ddi xu thé
0 0,7153 3,7099 9,0101 va pham vi viing mua trong ctra s6 canh bao 20—
60 0,7081 3,8085 9,0959 60 phat. Nguoc lai, & ngudng mua lon (10
Béng 7b. Chi s6 hdi quy theo cac mdc du bao trén mm/h), CSIsuy giam nhanh dong thoi FAR tang
tap dit lieu 6/2023 manh khi han dy bao tang, phan anh han ché pho
bién ctia phuong phép du bao anh d6i véi cuc tri
Han d‘.f SSIM MAE RMSE mua manh trong han dy béo dai hon.
bao (phut) (rainy) (rainy)
10 0,7892 2,0947 6,6005 4.6. Téng két
20 0,7396 2,6603 7,7186
30 0,7149 2,9991 8,3188 ~ Qua céc két qua thyc nghiém da trinh bay c6
40 0,7002 3,2082 8,6421 thé nhan théy.‘
50 0,6891 3,3358 8,7986 - So sanh md hinh. M6 hinh d& xuét dat hiéu
60 0,6798 3,4148 8,8724 nang tot nhat mot cach nhat quan trén ca cac chi
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s6 hodi quy (SSIM/MAE/RMSE) va céc chi sb
phén loai theo ngudng (CSI/POD/FAR) So voi
ConvLSTM thuan tiy, viéc bd sung co ché khai
thac nglr canh khong gian—thoi gian giup tang
kha ning nim bt cau triic ving mua; so voi
SimVP, mé hinh dé xuit dat can bang tot hon
giita phat hién mua va han ché canh béo gia
(FAR thip hon).

- Kha ning tong quat theo thoi gian. Két qua
trén tap kiém thir 06/2023 duy tri gan véi
10/2022 (SSIM x4p xi 0,79; CSI & 0,5 mm/h
~0,69 va & 10 mm/h ~0,44), cho thdy mé hinh c6
kha ning tong quat theo niam tuong ddi t6t trong
diéu kién dit lidu dugc kiém soat tinh lién tuc theo
thoi gian va str dung ham mét mat c6 trong sd.

- M6 rong canh bao 60 phut: Trén co sé md
hinh dy bao mét bude 10 phut, nghién ciru trién
khai suy dién 13p dé thuc hién chudi du bao tai
cac moc 10-60 phut theo co ché cap nhat cubn
chiéu. Két qua danh gia theo timg han du bao cho
thiy k¥ ning suy giam dan do tich lity sai sd, tuy
nhién du béo van hitu ich dé theo ddi xu thé va
pham vi ving mua trong ctra sé canh bao 20—60
phut (dic biét & cic ngudng mua thip—vira).

Gidi han con ton tai. Scatter plot va danh gia
theo ngudng 16n cho thdy xu ‘hudng danh gia
thip mua 16n va 1am tron céc cu trac cuc tri.

5. Két luin

Bai bao dé xuit mot mo hinh hoc siu méi
dua trén cic kién trc hién dai (CNN,
ConvLSTM, Axial Attention) nham giai quyet
bai toan du bao muwa han cuc ngan tir phan hoi
ra-da cia tram Nha Bé. M6 hinh duge huén
luyén theo thiét 1ap du bao mot bude 10 phat (tr
60 phit qua khir), ddng thoi duoc mé rong sang
du bao da bude dén 60 phut bang phuong phap
suy dién ldp (recursive rollout) véi muc dich
phuc vu quy trinh canh béo theo cac mbc 10—60
phut. Trén tap kiém thir 10/2022 va kiém thir doc
1ap 6/2023, m6 hinh dat chét luwong cao ¢ han 10
phuat (SSIM xép xi 0,79; CSI@0,5 khoang 0,69—
0,70) va van duy tri mic k¥ nang hitu ich ¢ han
60 phat (SSIM khoang 0,68-0,71; CSI@0,5
khoang 0,35-0,36), qua d6 phu hop de theo ddi
xu thé va pham vi viing mura trong cira s6 canh

bao 20—60 phut. Vé kha ning tmg dung, can tinh
dén do tré dix liéu ra-da va thoi gian suy luén, do
d6 trong van hanh nén két hop co ché cap nhat
cubn chiéu va diéu chinh phan dau han du bao
cho phu hop. Cac han ché chinh van nim & xu
hudéng lam tron truong mua va kho tai hién cac
cuc tri mua 16n khi han dy bao tang.

Trong twong lai, nhom tac gia s& tiép tyc thir
nghiém véi cac kién triic hoc siu méi véi muc
tiéu khic phuc diém yéu néu trén ciing nhu thir
nghiém vai cac bd dir liéu thoi tiét khac va tinh
chinh m hinh dé dat do chinh xac cao hon. Mot
huéng nghién ciu trién vong khéc d6 1a str dung
cac nguén dir liéu thoi tiét da ngudn nham gilp
nam bt chinh xdc hon sy bién dong cua cac yéu
t6 thoi tiét.

Loi cam on

Bai b4o nay 1a mot phan két qua cua dé tai
cép Bo Nong nghiép va Mbi trudng “Nghién ctru
ung dung tri tué€ nhan tao va phan tich dir liéu 16n
da ngudn trong du bao, canh bao dong sét, mua
d4”, ma s6 TNMT.2024.06.06. Nhom tac gia
trAn trong cam on Trung tdm Uom tao Doanh
nghiép Cong nghé cua Truong DPai hoc Bach
khoa, Pai hoc Qudc gia Thanh phé Ho Chi Minh
da hd tro ha tﬁng tinh toan phuc vu qua trinh thuc
hién nghién ctru. Nhom tac gid cling xin chan
thanh cam on Ban Bién tap va cac phan bién vé
nhitng nhan xét, gop ¥ xac dang va chi tiét, qua
do6 gitp ching toi ra soat, chinh stra va hoan thién
ban thao ca vé ndi dung 1n hinh thirc trinh bay.

Loi cam doan

Nhom tac gid cam doan bai bao nay 1a cong
trinh nghién ctru cta tap thé tac gia, chwa duoc
cong bd ¢ dau, khong duoc sao chép tir nhimng
nghién ctru trude day; khong co su tranh chap loi
ich trong nhom tac gia.
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