Nghién cuu

AP DUNG MO HINH MANG NO-RON NHAN TAO TRONG
TINH TOAN CUONG PQ MUA TU PQ PHAN HOI RADAR
TAI TINH THUA THIEN - HUE

Nguyén Chinh Kién, Nguyén Thi Hing, Dwong Thi Thanh Huong
Vién Co hoc, Vién Han 1am Khoa hoc va Cong ngh¢ Viét Nam
Tém tit
Tai Viéet Nam, hé théng radar thoi tiét da dwoc dwa vao khai thdc va sir dung de
theo doi va dw bdo muwa Ion gdy lii lut, I quét tir nhitng nam 2000 trén toan quoc.
Lirong mua wée leong tir @6 phan hoi radar bang cdc cong thike thue nghiém da duwoc
nhiéu tdc gia dp dung tinh cho rat nhiéu vimg khdc nhau, tuy nhién két qua nhdn dwoc
con han ché do céng thirc thire nghiém véi cac hé sé don gian chira phan dnh dwoc
méi twong quan phi tuyén giita 2 dai heong nay. Bai bdo trinh bay viéc sir dung mé
hinh mang no-ron nhdn tao ANN dé tim méi quan hé giita lvong muwa va do phan hoi
radar va so sanh véi phwong phdp sir dung cong thire thue nghiém. Két qua dat dwoe
cho thdy kha ning vmg dung tot cia phwong phdp nay so véi phwong phdp sir dung
cong thure thyc nghiém.
Tir khéa: Mang than kinh nhan tao; Phan hdi radar; Luong mua.
Abstract
Applying artificial neural network model in calculating rainfall rate from radar
reflectivity in Thua Thien - Hue province
In Viet Nam, the weather radar system has been put into operation and used to
monitor and forecast rainfall since the 2000s across the country. Rainfall estimated
from radar reflectivity by empirical formulas has been applied by many authors to
many different regions, but the results obtained are limited due to the experimental
formula with simple coefficients, does not reflect well the nonlinear relationship
between these two quantities. This paper presents the use of artificial neural network
model to find the relationship between rainfall rate and radar reflectivity and compares
it with the method using the empirical formulas. The obtained results show the better

applicability of this method compared to the method using the empirical formula.
Keywords: Artificial neural network; Radar reflectivity; Rainfall rate.
1. it van dé mién dan dén khong dap Gmg dugc cac yéu
cau chi tiét theo khong gian ciia cac md
hinh thuy van hién dai.

Trong du bao thuy véan, s6 liéu mua la
yeu to dau vao quan trong cua hau hét cac

mo hinh tinh toan, tuy nhién, nguon s6 liu Hién nay, trén thé gidi da co nhiu

mua dugc st dung phé bién duoc léiy tur
cac tram quan trac tai mat dat voi vu diém
1a c6 d9 tin cdy cao nhung sé luong tram
quan tric hién nay con thua thét, phan bd
rai réc va khong dong déu giira cac ving
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nghién ciru vé viéc khai thac di liéu mua
duogc udc luong tir anh vién tham. Trong
d6 viéc st dung anh radar thoi tiét dé
ude luong lugng mua dua vao mé hinh
thiy van tinh todn cho céc luu vuc song
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khong c6 hoac thiéu tram do mat dat da co
nhiéu két qua kha quan, thém vu diém vé
thoi gian cap nhat anh radar thuong ngan
(khoang 5 - 10 phut).

Céc nghién ctru trén thé gidi co thé ké
dén trong viéc khai thac hiéu qua ngudn
dir liéu anh radar nhu: Céc nghién ctru xay
dung mdi quan hé dinh lugng giira lugng
mua va hé b phan xa vdi su phan bd theo
khong gian trén khu vuc 16n va tan suat
thoi gian cao (Wilson va Brandes, 1979
[7]; Krajewski va Smith, 2002 [4]); Smith
va J. A, 1991 [5] da chi ra do chinh xac
cua luong mua radar con bi anh hudng
boi dia hinh va tham thuc vat vi ching
c6 thé che séng dién tir do radar phét ra
nén trudc khi st dung dir liéu mua radar
cho mé phong mua - dong chay, can thiét
phai hiéu chinh dif liéu mua radar dé giam
thiéu sai s6; Seng Wang va ccs (2021) [6]
su dung lvong mua udc lugng tir radar va
vé tinh dé du doan tich hop cac nguy co li
lut va sat 1¢ dat.

O Viét Nam, dit liéu mua ude lugng
tur radar da dugc cac nha khoa hoc quan
tdm vi nhiéu vu diém nhu luong mua
radar thudong chinh xac hon trong pham
vi quét hi€u qua cia radar. Dya trén cac
50 liéu @6 phan hdi cia radar thoi tiée dat
tai 4 tram do mua da dua ra cong thirc
thuc nghiém udc lugng mua cho khu
vuc Pong Nam Bo (Nguyén Hudng Dién
2015) [1].

Tuy nhién céc cong thuc thuc
nghiém phan 16n sa dung “dang
Marshall-Palmer” Z = a.R® nén két qua
thu duge con han ché. Trong nghién
cuu nay s€ ap dung phuong phap méi
1a st dung m6 hinh mang no-ron nhan
tao (ANN) dé phan tich d6 phan hdi
v6 tuyén ra luong mua tai tinh Thira

Nghién ciru

Thién - Hué. Trong nhiing nim gin
day, m6 hinh ANN da dugc nhom tac
gia nghién ctru ung dung hi¢u qua trong
nhiéu bai toan khac nhau.

2. Phuong phép va thu thap sé liéu
2.1. Phwong phdp nghién ciru

a) Phuwong phap sw dung cong thuc
thuc nghiém

Phuong phip do mua bing radar
dugc st dung rong rai nhét 1a dya trén
quan hé gitta d6 phan hdi vo tuyén véi
cuong d§ mua st dung cong thuc quan hé
co ban c6 dang Marshall-Palmer.

DP6i Z = a.R? sang dang R = c. 104Z" (1)
. z b S
TrZ =100 =a.R°* >R = %1010.b

' 1 1
> R=c10%% véic=5=;d =

Va

10.b
trong do:

- Z 1a d6 phan héi vo tuyén, trong do
Z = 10" (Z’ trong don vi dbZ);

- R 1a cuong do mua;

-a, b, ¢, dlacac hé s thue nghiém.

DPé c6 thé tng dung vao du bdo
nghié€p vu thi cac cong thirc thuc nghi¢m
can dugc hiéu chinh va kiém dinh cac hé
s6 thuc nghiém cho timg ving.

Dé do tim cac hé sb thuc nghiém nay,
nhém tac gia st dung phuong phap tién
héa xdo tron phirc hop (Shuffled Complex
Evolution - SCE) [2]. Phuong phap SCE
duoc khéi tao béng céch chon céc tham sb
p vam voi p 1a s6 phirc hop, m 13 sb diém
trong modi phic hgp. Khong gian mau s
1a miu lay ngau nhién trong khong gian
kha thi ctia thong s6 st dung mot phan
phéi xac sut thdng nhit va tinh toan gia
tri ham muc tiéu tai mdi diém d6. Sau do,
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cac diém trong s déu dugc sip xép theo
thtr ty gid tri ciia ham muc tiéu tot dan.
Cac diém nay s& duoc chia thanh p phirc
hop, mdi phic hop gdm m diém. Mdi
phirc hop s& tién héa theo mot cach doc
1ap theo phuong phdp Downbhill Simplex.
Budc tiép theo, xao tron, két hop cac diém
trong cac phirc hop dd phét trién thanh
mot tp mau mdi dua trén thong tin cla
tap mau ban dau. Sy phat trién va xdo tron
nay s€ duogc lap di lap lai cho td1 khi nao
cac tiéu chi hoi tu dugc théa man.

b) Phwong phap diing mang no-ron
nhan tgo

Mang noron nhén tao (ANN) goi tit 13
mang no-ron, la m§t moé hinh xit ly thong
tin phong theo cach thirc xtr ly thong tin cta
cac hé no-ron sinh hoc. N6 dugc tao nén tir
mot s6 luong 16n cac phan tir (goi 1a phan
tir xtr Iy hay no-ron) két ndi v6i nhau théng
qua céc lién két (goi 14 trong sé lién két) lam
viéc nhu mot thé thong nhat dé giai quyét
mot van dé cu thé nao do.

He sf higu

Cic tin
higu diu
vio

B t& hop
tuyén tinh

Cio trong 56
synpase

Hinh 1: Ciu triic ciia mt no-ron nhén tao
trong do:

+x.(i = 1,m): Tap c4c dau vao la cac
tin hi€u vao (input signals) ctia no-ron.

+ w,: Tép céc lién két, mdi lién két
gitta tin hi¢u vao thu j v4i no-ron k dugc
thé hién boi mot trong sb, dugc khoi tao
mot cach ngau nhién ¢ thoi diém khai tao
mang va dugc cdp nhat lién tuc trong qua
trinh hoc mang.

+Y: Bo tong dung dé tinh tong cua
tich cdc dau vao véi trong sb lién két
cua no.

+b,: Ngudng (con goi la mot do légh
- bias), dugc dua vao nhu mét thanh phan
ctia ham truyén.

+ ¢(.): Ham truyén con goi la ham
kich hoat. Haim nay dugc dung dé gi6i
han pham vi dau ra cua mdi no-ron. N6
nhan dau vao la két qua cia ham tong va
ngudng da cho.

Mic di mdi no-ron don 1¢ ¢6 thé thuc
hién nhing chtrc nang xur ly thong tin nhat
dinh, sitc manh cuia tinh toan no-ron chu
yéu c6 duoc nhd su két hop cic no-ron
trong mot kién tric thong nhat. Hinh 2 thé
hién moé hinh mang truyén thang nhiéu
16p duoc sir dung rong rdi nhat trong céc
mo hinh ANN hién nay.

Hinh 2: Mang no-ron lan truyén thing

Uu diém cia mot mang no-ron
nhan tao 1a né cho phép xdy dung mot
mo hinh tinh todn c6 kha nang hoc dir
liéu rat cao.

Qu4 trinh huén luyén mang no-ron
dwa trén sai s6 hdi quy gitra gid tri tinh
toan va gia tri thuc do, giai thuat huin
luyén sé diéu chinh cac trong s6 két ndi
ciia mang no-ron nham cuc tiéu hoa sai s6
héi quy trén cdc mau hudn luyén. Sau khi
mang dugc huan luyén thanh céng, bo ma
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tran trong sb s& duoc cap nhat dé su dung
trong qué trinh dy béo.

2.2. Thu thdp sé liéu

Thira Thién - Hué 1a mét trong cac
tinh nim & phia Pong diy Trudong Son
ctia mién Duyén hai Trung B6 nén ché d6
mua, luong mua & day vua chiu sy chi
phéi ciia co ché hoan luu gié mua Pong
Nam A, vira bi tac dong manh mé cua vi
tri dia 1y (dia thé) va diéu kién dia hinh.
Trong nam 2022, Thira Thién - Hué co
nhiéu dot mua 16n dién ra, dién hinh 1a
ngay 14 - 15/10 va ngay 2 - 3/12, Thua

Ty T

B, &
........ m‘ﬂ’l:ﬁ: P
THOCHU: = | Hit .
CONBAD u o
e 7
BUAN DAO TRUTNG SA
e o

Nghién ciru

Thién - Hué xay ra mua 16n gay ngap lut
va chia cit giao thong nghiém trong. Do
vay, nhom tac gia lya chon st dung s6 lidu
nam 2022 dé hi¢u chinh va kiém dinh cho
phuong phap tinh lugng mua tor d§ phan
hoi radar bang mé hinh ANN.

Dit lidu d6 phan hoi radar dugc
trich xudt tai cac diém lan cén vi tri tram
khi tugng Hué, tram khi tuong A Ludi
thuoc tinh Thira Thién - Hué véi ban
kinh khoang 8 km dugc ldy tir trang web
cung cip mién phi ciia Pai Khi tuong cao
khong - BO Tai nguyén va Moi truong [8].

| mikiean 5 M‘-,.-mﬁuunommsm
- I!_..ﬁﬁt'_\ru.",' ‘.;
|1 cameuema ¢

A =" §  BIENBONG

Hinh 3: Anh dp phén hoi radar liic 15h30 ngay 15/10/2022

350
300
5250
= 200
= 150
§ 100

m Hué m A Ludi

Thoi gian
Hinh 4: Lwong mwa thuwe do tai tram Hué va A Lwé6i dwoc siv dung dé hi¢u chinh, kiém

dinh mo hinh

139

Tap chi Khoa hoc Tai nguyén va M6i trweong - S6 47 - nam 2023



Nghién cuu

Chudi sd liéu phuc vu phuong 4an
hiéu chinh mé hinh trong thoi gian tur
07h00 ngay 01/01/2022 dén 19h00 ngay
30/11/2022, chudi sb liéu trong thoi gian
tir 07h00 ngay 01/12/2022 dén 19h00
ngdy 31/12/2022 & kiém dinh mé hinh.
Dt li¢u mua tai Tram Khi tugng Hué va
A Luéi sau khi thu thap, can chuan héa dir
li¢u va loai bo cac gia tri cyc doan (sé liéu
am, sai s khach quan,...) va ddng bo thoi
gian véi s6 lidu @6 phan hoi radar.

3. Két qua nghién ctru

3.1. Két quda phwong phdp céng
thire thue nghiém

Tlr cong thirc quan hé co ban cé dang
Marshall-Palmer, nhom tac gid su dung
ngudn sd lidu dau vao 1a do phan hoi radar
(dbZ) va luong mua thuc do da thu thap
duoc dé do tim cac hé sb thuc nghiém cho
Tram Khi tugng Hué va A Ludi. St dung
phuong phép tién héa xao tron phirc hop
SCE dé ty dong do tim thong sé ¢ va d
trong cong thuc (1).

Két qua do tim hé s6 ¢ va d cho cong
thirc co ban dugc xac dinh cho ting tram
Hué, A Ludi va sau d6 cho chung 2 tram
dugc li¢t ké theo Bang 1.

Bing 1. Két qud do tim hé so ¢, d cho tirng
tram va chung 2 tram

Tén tram c d
Hué 4,837 0,055
A Ludi 11,113 0,029
Chung 2 tram 8,876 0,038
a) Hiéu chinh

Str dung chudi s6 liéu hiéu chinh mé
hinh thay vao cong thuc thuc nghiém ma
nhém tac gia da xay dung, két qua luong
mua tuong Ung vdi tram Hué, tram A
Ludi va chung 2 tram dugc thé hién trong
Hinh 5, 6 va 7.

Thyc do Hiéu chinh

Lugng mua (mm)
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Hinh 5: Két qua lwong mwa tinh tir cong
thiec thuwe nghiém voi chuoi so liéu hi¢u
chinh tram Hué
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Hinh 6: Két qud lwong mwa tinh tiv cong
thirc thue nghiém voi chuoi so liéu hiéu
chinh tram A Luoi
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Hinh 7: Két qud luong mua tl’l”lh tir cong
thire thuc nghiém voi chuoi so liéu hiéu
chinh chung 2 tram

Chi s6 danh gia4 hiéu qua Nash
Sutcliffe Efficiency (NSE) véi phuong
phap uéc luong lwong mua bang cong
thirc thuc nghiém sau khi do tim hé séc,d
thu duoc tai tram Hué 13 NSE = 0,53; Tai
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tram A Ludi la NSE = 0,3 va chung 2 tram
la NSE = 0,33.

b) Kiém dinh

St dung chudi s6 liéu kiém dinh mo
hinh thay vao cong thtrc thuc nghiém vai
hé sé ¢, d da tim duge & budc hiéu chinh,
két qua lugng mua tram Hué, tram A Luéi
va chung 2 tram twong (mg dugc thé hién
trong Hinh 8, 9 va 10.

120
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Hinh 8: Két qua lugng muwa tinh tir cong
thirc thuc nghiém voi chuoz 56 liéu kiém
dinh tram Hué
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Hinh 9: Két qua luong mua tinh tir cong
thirc thwe nghiém véi chudbi sé lidu kiém
dinh tram A Luwoi
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Hinh 10: Két qud lzro'ng mua tinh tir cong
thive thwe nghiém véi chudi s6 liéu kiém
dinh chung 2 tram

Nghién ciru

Chi s6 (NSE) cua phuong 4n kiém
dinh v6i phuong phap udc lugng luong
mua b?mg cong thue thuc nghiém tai tram
Hué 1a NSE = 0,33; Tai tram A Ludi la
NSE =0,24 va chung 2 tram la NSE =0,3.

3.2. Két qua phwong phdp ANN

a) Hiéu chinh

Str dung céc dit liéu dau vao bao gdm
cac dit liéu anh radar va lugng mua thyc
do tuong g vdéi khoang thoi gian hi¢u
chinh dé huin luyén mé hinh ANN. Céc
két qua lugng mua tinh toan dugc tir md
hinh thé hién cung véi cac dit lidu thuc do
tai cac tram Hué, A Luéi va chung 2 tram
nhu Hinh 11, 12 va 13.
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Thuc do ~ === Hudn luyén

300

Luong mua (mm)
— — (] [ )
f=3 w [=3 wn
=} (=} (=} =}

w
=}

] ~
0 M‘MN MJ’\ Mau
150 200

0 50 100

Hinh 11: Két qud lwong mua tinh bing
phuwong phdap ANN véi chuoi so liéu hiéu
chinh tai tram Hué

Thyc do

----- Huén luyén

Luong mua (mm)
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Hinh 12: Két qud lwong muwa tinh bing

phwong phdp ANN véi chudi sé liéu hiéu
chinh tai tram A Luoi
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Hinh 13: Két qud hiéu chinh ciia phwong
phdp woc luwong lwgng mwa tw dnh radar
bing phwong phdp ANN chung 2 tram
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Két qua hiéu chinh véi lugng mua
duoc trich xuat tir anh radar cho hé s6 NSE
= 0,82 d6i véi tram Hué, NSE = 0,57 v&i
tram A Ludi va NSE = 0,8 vé6i chudi két
hop ca hai tram. V&i chi s6 NSE dat (0,5
<NSE <£0,65) ¢ tram A Ludi va § mac do
rat t6t (0,75 <NSE < 1,0) ctia tram Hué va
chung 02 tram, cho thiy du d6 tin ciy dé
léy bd ma tran trong s6 da huan luyén dé
str dung cho kiém dinh mé hinh.

b) Kiém dinh

St dung bd ma tran trong s6 thu
duoc tir két qué hi¢u chinh vdi céac dir ligu
dau vao bao gom céc dit liéu anh radar va
lugng mua thuc do twong tng vdi khoang
thoi gian kiém dinh dé kiém tra mo hinh
ANN. Céc két qua lwong mua tinh toan
duoc tir mo hinh thé hién cung vdi cac dir
ligu thyc do tai cac tram Hué, A Ludi va
chung hai tram nhu Hinh 14, 15 va 16.

Chi s6 NSE dugc tinh giita gid tri
lvong mua trong phuong an kiém dinh
voi gia tri lugng mua thuc do twong Ung
1a NSE = 0,54 tai Hué, NSE = 0,34 tai A
Ludi va NSE = 0,6 chung ca hai tram. Chi
s6 NSE cua két qua kiém dinh ¢6 mutc do
tin cay dat.
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Hinh 14: Két qud kiém dinh tinh bing
phwong phdap ANN tai tram Hué
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Hinh 15: Két qud kié’m dinh tinh bzing

phwong phap ANN tai tram A Luoi
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Hinh 16: Két qua kiém dinh tinh bing
phwong phdap ANN chung 2 tram

3.3. Tong hop két qua

150

Dudi day la thong ké céc sai sd: Sai
sO trung binh ME, sai s trung binh tuyét
d6i MAE, sai s quan phuong RMSE va
hé s6 hiéu qua NSE dé danh gid d6 chinh
xéc gitta két qua tinh toan va gia tri thuc
do cua cac phuong phap sir dung cong
thirc thue nghiém hay phuong phdp ANN.
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M&i phuong phap déu c6 hai két qua hiéu
chinh (HC) va kiém dinh (KD) so sanh
gitra cac tram riéng 1¢ va truong hop gop
chung hai tram.

BHC cong thie ®=HC ANN % KD cong thirc KD ANN
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2
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0 -y
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4

Hinh 17: Biéu dé so sdnh sai sé trung binh
ME giita phwong phdp sir dung cong thirc
thwe nghi¢gm va phwong phdap ANN
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Hinh 18: Biéu d6 so sdnh sai sé tuyét doi
MAE giita phwong phdp sw dung cong thirc
thwe nghiém va phwong phap ANN
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BHC cong thtc = HC ANN %KD cong thee  ~ KD ANN
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RMSE

Chung 2 tram

Hinh 19: Biéu dé so sdnh sai so quin
phwong RMSE giita phwong phap s dung
cong thirc thuc nghiém va phwong phdap
ANN

Nghién ciru
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Hué A Luéi Chung 2 tram

Hinh 20: Biéu do so sanh vé chi sé higu
quda NSE giira phwong phdp sw dung cong
thire thuc nghiém va phwong phap ANN

Mot vai gia tri mua lon tinh toan tur
tho1i doan hiéu chinh mé hinh da duoc so
sanh tuong duong vai gia tri thuc do, nhu
luong mua 16n nhét trong chudi gia tri hiéu
chinh tai Hué 13 296 mm trong khi két qua
tinh toan b?mg ANN dat 294,7 mm, sai s6 1a
1,2 mm (twong duong 0,4 %), két qua tinh
toan tur cong thure thuc nghiém 1a 134 mm
chénh I¢ch 162 mm (twong duong 55 %)
vao luc 13h00 ngay 14/10/2022. Thoi
diém 07h00 ngay 15/10/2022 gi tri mua
thuc do tai tram A Ludi 1a 240 mm va gia
tri mua tinh todn 13 237,5 mm, sai s6 gitra
gia tri mua tinh todn va gia tri mua thyc
do 1a 2,5 mm (tuong duong 1 %).

Trong chudi s liéu kiém dinh, tai thoi
diém 13h00 ngay 02/12/2022 c6 lrong mua
16n nhét tai tram Hué 13 68 mm két qua
phuong phap ANN 13 60,6 mm, sai s6 13 7,4
mm (tuong duong 13 10,8 %), con két qua
cua phuong phéap cong thure thuc nghi¢m la
42 mm (sai s6 12 38,8 %). Tai tram A Ludi
thye do 58 mm trong khi két qua kiém dinh
phuong phap ANN dat 21 mm, sai s6 14 63 %,
trong khi két qua twong duong cia cong
thure thue nghiém 1a 17,9 mm.

4. Két luan

Viéc tinh cudong d§ mua tor o phan
hoi radar tai Thira Thién - Hu¢ (cu thé tai 2
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Nghién cuu

tram khi twong 1a Hué va A Lud6i) da dugc
thtr nghiém véi cong thire thuc nghiém va
moé hinh mang no-ron nhén tao. Két qua
thu dugc:

- Tinh dugc cac hé s6 thuc nghiém hay
bd ma tran trong s6 mang no-ron cho ting
tram Hué, A Ludi cling nhu chung 2 tram;

- Két qua cho thdy kha niang ap dung
t6t hon cia mo hinh mang no-ron nhan
tao so voi phuong phdp st dung cong
thirc thuc nghiém;

- Két qua cho thy tinh mua tai tram
Hué cho két qua tot hon tai tram A Ludi,
didu nay c6 thé giai thich do tram Hué ndm
& ving dia hinh bang phang, tham thyc vt
it anh huong dén do phan hoi radar nhu tai
tram A Ludi tai dia hinh nui cao;

- Ciing do tinh khong dong déu vé
dia hinh va tham thuc vat nén sai sd khi
ghép chung 2 tram thuong 16n hon tirng
tram riéng 1¢;

- Do viéc dit liéu d6 phan hdi radar
dugc tai phan tich tir anh radar thu thap
dugc theo bang gia tri mau nén do chinh
xédc chua cao (khong phai 1a s6 liéu gdc)
nén két qua tinh toan con chua t6t. Ngoai
ra, voi viéc chi st dung $6 1iéu 01 nam dé
lam dau vao nén két qua cé duge tir md
hinh phén tich dif liéu vin con han ché,
c6 thé chua phan 4nh chinh xdc mdi quan
hé gitra lvong mua va d6 phan hoi radar,
can tiép tuc thu thap s liéu qua khi ciing
nhu cap nhat s6 liéu hién tai va tuong lai
dé 1am dau vao cho viéc phan tich, huan
luyén mo hinh.

Bai b4do da minh chimg dugc kha néng
ap dung ctia phuong phap ANN budc dau
c6 trién vong kha quan hon so véi phuong
phdp udc lugng luong mua tir radar theo
cac cong thirc thuc nghiém, hoan toan cd
thé st dung két qua dé tham khao trong cac
nghi¢p vu duy bdo mua hién nay.

Lo&i cam on: Nhom nghién ctru xin
chan thanh cam on sy hd trg cua dé tai
co sO chon loc cép Vién Co hoc “Nghién
cuau 4ap dung céac ky thuat phan tich dir
liéu 16n (big data analysis) va hoc may
(machine learning) trong du bao khai thac
mo dau khi. dy béo 6 nhiém méi truong
khong khi va phan tich anh v¢ tinh”. Ma
s6 CSCL03.01/22-23 trong viéc thuc
hién va cong bd nghién ciru nay.
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