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Tém tit: Trong nghién ctu nay, ba dang ham kernel: Radial basis function (RBF), tuyén
tinh (Linear) va Sigmoid dwoc st dung trong cac mé hinh may hoc Support Vector
Regression (SVR) véi ba chudi dit liéu dau vao 1a: muc nudc cao nhat ngay (HmaxCL); muc
nudc thap nhat ngay (HminCL); muc nuéc trung binh ngay (HwCL) trong qua khtr dé dy béo
Muc nude trong lai tram Cao Lanh, tinh Dbdng Thép. Két qua cho thay, cac ham nhan trong
mo hinh déu dua ra két qua du béo véi d6 chinh xac cao thé hién qua chi s6 NSE > 0,95 d6i
VGi tit cac céac dir liéu dau vao khac nhau ciing nhu ham nhan khac nhau trong mé hinh
SVR. Trong ba chudi dit liéu ddu vao va cac ham nhan duoc thir nghiém thi chudi dit liéu
HmaxCL cho sai s6 13 t6i wu nhat. Két qua nghién ciru nay 1a tai liéu tham khao tét cho viéc
x@y dung mé hinh may hoc phuc vu dy bdo myc nudc tuong lai cho tram thuy van Cao
Lanh, tinh Bong Thép.

Tir khoa: SVR; RBF; Tuyén tinh; Sigmoid; ML; Cao Lanh.

1. M& dau

Ngay nay, cac nghién ctru vé dit liéu chudi thoi gian dem lai nhitng tmg dung kha quan
trong, dam bao tinh thuc té cao trong céac linh vyc: tai chinh, théng ké, xtr 1y dir 1i€u, du bao
cac hién tuong thién tai,... Mot sb trong d6 1a bai toan vé du bao chudi thoi gian két hop xay
dung cac du bao thich hop. Trong cac nghién ctru vé du béo luu luong, du bao dong chay
déu sir dung cac mo hinh thuy vin phan bd hay ban phan bd khac nhau. Cac mé hinh nay
duogc xay dung dé mé phong qué trinh ctia dong chay do kha nang mo phong c¢6 d chinh xac
cao cac qua trinh vat Iy va phan tich d6 nhay cam mot cach toan dién [1]. Ngoai ra CaC mo
hinh nay rat tot cho cic nha khoa hoc trong viéc giai thich dugc toan bo qua trinh & an dang
sau [2]. Chinh vi vay cac mé hinh nay dugc ap dung nhiéu va rong rdi ¢ nhiéu khu vyc trén
thé gigi. Tuy nhién, viéc str dung cac mo hinh nay can mot sb dir liéu 16n vé thong tin dia 1y,
mua, dong chay... Bén cach dé viéc hi€u chinh va kiém dinh mo hinh con kha phtrc tap doi
hoi phai ¢6 nhiéu thoi gian, kinh nghiém va kién thirc ctia ngudi xay dung, chay mé hinh cho
timg Iuu vye. Chinh vi vay viée sir dung loai mo hinh nay ¢ nhiéu khu vie va trong céac bai
toan du bao thdi doan ngan van con bi han ché [3]. T nhitng han ché ‘cua cac m6 hinh truyen
thng da khuyén khich sy phat trién ctia cac mé hinh dwa vao chudi s6 liéu ma phat trién nhat
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do la phuong phép may hoc (Machine Learning — ML). Cac m6 hinh ML 1a mot trong nhitng
cong cu rat tiém ning trong viéc du bao dong chay do cac mé hinh ML nay c6 thé xay dung
mot cach nhanh chong, d& dang ma khong can doi hoi cé su hiéu biét vé cac qua trinh vat 1y
an dang sau. Ngoai ra, luong dir liéu yéu cau tdi thiéu, cing v6i kha ning tinh toan, hiéu
chinh va kiém dinh nhanh hon so v6i cic mé hinh vét 1y truyén thdng, va cach sir dung it
phtc tap hon 14 nhitng wu diém 16n ma cac mo hinh dua vao sd liéu mang lai [4].

Trong cé4c bai toan vé mo phong, du bao dong chay, cac md hinh tri tué nhan tao nhu
Artificial Neural Network (ANN) da duoc g dung tir nhitng nam 90 [5-6]. Nhung nhirng
nam tré lai dy, vé6i tién bo vuot bac ciia cac nganh khoa hoc may tinh cing véi sy quan tim
ctia cong dong khoa hoc tdi cac van dé lién quan dén dir liéu 16n (big data), cac mé hinh tri
tué€ nhan tao, may hoc ngay cang dugc st dung rong rai hon va da dang hon. Cac thuat toan
ANN, Random Forest (RF) va Support Vector Machine (SVM) la ba thuat toan ML dugc st
dung kha rong rii trong cic nghién ctru vé du bao dong chay [7].

SVM, mdt thuét toan hoc may ¢ giam sat dugce dé xuat boi Vapnik (1963), 1a mot mé
hinh dugc sir dung phd blen trong du bao dong chay. M6 hinh nay cho thay tiém ning cao
trong dy bao dong chay ngan han va dai han [8-9]. Khi so sanh véi cic phuong phép khac,
mo hinh SVM véi céc bién thé LS—SVR hay SVR cho két qua tot hon va cho thdy kha ning
du bao dong chdy chinh xac véi nhiéu loai dit liéu khac nhau [10-12]. Viéc ap dung mo6 hinh
SVM/SVR cho du béo dong chay, dong xa i ctia hd ciing duoc nghién ctru ¢ trén nhiéu luu
vuc & Trung Qudc vi du nhu nghién ciru [13] vé du bao dong xa thoi doan dai ciia hd thity
dién Manwan, hay nghién ctru ciia Guo va nnk [14] vé du bao dong chay téi khu vuc dap
Tam Hiép trén song Duong Tir. Nhimg nghién ctru nay déu dua ra két qua khang dinh rang
mo hinh SVR cho kha nang du bado dong chay chinh xac.

DPdng Thap 1a mot tinh c6 nhidu hé thdng song ngoi day dic, nam ¢ dau ngudn séng Tién
thuong luu anh huong boi dong chay tur bén Campuchia con ha luu thi anh huong boi thuy
tridu, vi vdy viéc du bao myc nude cho tinh Dong Thap noi chung, Tp Cao Lanh noi riéng
gap rat nhiéu kho khan, mat rat nhiéu thoi gian va do chinh x4c chwa cao. Tir nhitng kho khan
do6 viéc xay dung mot mo hinh may hoc dé phuc vu du bao muc nudce la rat can thiét ddi véi
cac du bao vién. Chinh vi vy céc tac gia dd nghién ctiru xay dung cac mé hinh hdi quy hd
tro véc to du bao muc nudc tram Cao Lanh, tinh Déng Thép.

2. Phwong phép nghién ciru va sé liéu sir dung

2.1. Khu vuc nghién ctru

Df)ng Thap 1a mot trong 13 tinh cua vung dong bang song Ciru Long, nam ¢ dau nguf)n
song Tién, 1anh tho ciia tinh Pong Thap nam trong gidi han toa dd 10°07°—10°58” vi d¢ Bic
va 105°12’-105°56” kinh do Pong. Phia bac gidp voi tinh Long An, phia tay béc giap tinh
Preyveng thu¢c Campuchia, phia nam giap An Giang va Cén Tho. Tinh Dong Thap c6 duong
bién gidi qudc gia giap voi Campuchia voi chiéu dai khoang 50 km tir Hong Ngu dén Tan
Hong, Vv6i 4 cira khau 1a Thong Binh, Dinh Ba, My Cén va Thuong Phude. He thong duong
qudc 16 30, 80, 54 cung véi qudc 16 N1, N2 gan két Pong Théap véi thanh phd HO Chi Minh
va cac tinh trong khu vuc (Hinh 1). Tram thay van Cao Lanh dugc dat tai phuong 6, thanh
phé Cao Lanh, tinh Dong Thap, ¢6 toa do 10°25°0.41” vi d6 Béc va 105°38°38.79” kinh do
Dong, phia bic giap v6i khu dan cu, phia nam hudng ra song Tién, phia Pong 1a bén pha
dang hoat dong cach tram gan 100 m, phia tay 1a bai dat trong (Hinh 1).

2.2. Thudt toan SVR

Thuat toan Support Vector Regression (SVR) la thuat toan hoc voi co ché hdi quy cia
md hinh Support Vector Machine (SVM) — mét thuat toan hoc may c6 giam sat dugc dé xut
lan dau tién boi [15] va duogc sir dung rong rii trong viée giai quyét cac bai toan phi tuyén
tinh. Thuat toan SVM bao gém hai bude chinh. Dau tién, dir liéu diu vao s& duoc anh xa lén
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khong gian nhiéu chiéu hon sir dung cac ham kernel. Sau d6, thuat toan s& tim kiém mot siéu
phang (hyperplane) dé phan tach dir liéu thong qua viéc danh gia khodng cach tir cac diém
dir liéu anh xa dén siéu phang nay.

Phuéng 6, TP Cao Lanh, Tinh Dong Thap

Vi tri nghtén cirn

Hinh 1. Ban d6 hanh chinh tinh Dong Théap va khu vuc nghién ctu.

Vi du v6i tap dir liéu huan luyén 13 {Xi, Yi}'i=1 trong d6 I 12 s6 luong diém dit lidu.
Ham udc lugng SVR c¢6 dang
f(x) = (Wwxe(x)) + b 1)
. Trong d6 ¢(x) la ham anh xa dir liéu dau vao 1én khong gian da chiéu; w 1a vecto trong
50, va b 1a h¢ so thién 1¢ch [16]. Nhu vay, dé tim ra siéu phang, can phai t6i da héa duoc
khoang cach giita vector gan nhét v&i mit sidu phang theo w va b, nhu & phuong trinh duéi
day:
min G I w 12+ C T, & + &) @)
V6i diéu kién rang budc:
yi—(Wxex) +b) < e+
wWxeX)+b) -y <&+ @)
Elfl* Z O,l = 1, ,I

Trong d6 C > 0, 13 hang s diéu chinh sy thay dbi giita gia tri ciia ham muc tiéu va sai
s0 dao tao; §; va & la cac bien bu, xdc dinh khoang cach gidi han cho phép tur bien dung
sai €. Ap dung nhan tir Lagrange vao phwong trinh s6 (1), ta co:

fO) = Xioi(a; —a)K(xx) +b (4)

Véi a; vaa; 1a cac nhan tir Lagrange, K 1a ham kernel. Khai trién dang toan phuong
cua phuong trinh (3) nhu sau:

* * * 1 *
w(ay,ai) = Li=1yi(a; — aj) — € Xizg(ai + af) — 5 Xizg Xj=1(a — af)(a; +
a;)) K(x,x)  (5)

Vi diéu kién:

Yici(ai—a) =0 (6)
0 < a; < C,l = 1,...,[
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0<a; <Ci=1,..,1

Céc ham kernel phd bién la RBF, tuyén tinh,va Sigmoid dd duoc thir nghiém trong
nghién ctru nay c6 phuong trinh lan lugt nhu sau [17]:
Ham RBF K(x,x;) = exp(—B|x, x;|?) (7

Ham tuyén tinh K (x, x;) = x.x;
Ham Sigmoid K (x, x;) = tanh((y(x.x;) + 1)

2.3. Lwa chon s0 liéu dau vao

Lua chon s liéu dau vao 1a mot phén rat quan trong trong viéc xay dung mo hinh ML.
Muc tiéu chinh cta viéc lya chon cac bién dau vao cho mé hinh gém: Cai thién két qua du
béo ctia md hinh, ting téc d6 tinh toan, va dé hiéu rd hon cac qua trinh an ding sau [18].

Vi muc tiéu xay dung va danh gia kha nang du bao cua mé hinh SVR, cac ham kernel
duogc thir nghiém lan luot dé du bao muc nude tuong lai trude 1 ngay cho tram thuy van Cao
Lanh.

Céc s6 liéu muc nudce 16n nhat ngay, nho nhat ngay, trung binh ngay cia tram thuy van
Cao Lanh tir thang 1/2000 t6i thang 12/2020 da duoc tong hop.

2.4. Phuong phap danh gia mo hinh

Pé danh gia duoc hiéu qua dy bao cua ciia cac mo hinh, nghién ctru nay di sir dung cac
chi s6 danh gia mo hinh bao gom Nash-Sutcliffe Efficiency (NSE) [19] va chi sb sai s6 cin
quéan phuong (RMSE-Root Mean Square Error) [20].

NSE 1a chi s6 thong ké thuong duoc sir dung dé danh gia chat luong ciia cac mo hinh
thity van. Chi s6 nay dugc tinh toan theo cong thirc sau:
'l(1=1(yiobs_yisim)2
NSE =1-—|

2
Z?=1(Yi0bs_ ?)

] (8)

Trong d6 Y °PS 1a gia tri myc nudc thyc do tai thoi diém i; Y™ 1a gid tri myc nudc tinh
toan/ mo phong tai thoi diém i; ¥ 1a gia tri trung binh ctia muc nudce thuc do; n 1a do dai
chubi gia tri thuc do.

NSE c6 gia trj trong khoang —oo dén 1, vdi NSE = 1 1a gia tri t6i wu nhat, chi ra sy tuong
ddng tuyét dbi giita gia tri thuc do va tinh toan. Tiéu chi dé danh gia chat lugng cho chi sb
NSE c¢6 thé chia ra nhu sau: NSE < 0,5 13 xép loai khong dat; 0,5 < NSE < 0,65 1a xép loai
dat yéu céu 0,65 <NSE <0,751a xép loai tbt; 0 JJS<NSE<11la xép loai rat tot [21].

Chi s6 NSE, RMSE duoc nhiéu nghién ciru vé ‘ap dung md hinh dy bao ap dung. RMSE
cling 1a dugc s dung nhu 1a mot ham muyc tiéu dé t6i vu hoa cac mo hinh. Cong thirc tinh
toan chi s6 RMSE nhu sau:

21 1( yobs Y51m)2

RMSE = V( . ) 9)
Trong do d6 YiObS 1a gia tri myc nudc thyc do tai thoi diém i; YS™ 14 gia tri myc nudc
tinh toan/ mo phong tai thoi diém i.
Céc chi sé nay dugc str dung dé danh gia giira cac ham kernel trong mé hinh SVR.

2.5. Thiét lgp mé hinh SVR

Dé ap dung mo hinh SVR trong dy bdo myc nudc tram thiy vin Cao Lanh tinh Dong
Thap, nghién ctru da st dung thu vién Scikit—learn chay trén nén Python. B¢ sb lidu dau vao
ctia md hinh dugc chia 1am 3 phan: huin luyén (training), tham dinh (validation) va kiém tra
(testing). S6 licu tir 01/01/2000 t&i 12/9/2014 duoc dung dé huin luyén mo hinh, sé liéu tir
13/9/2014 t6i ngay 5/11/2017 dung dé thim dinh va phan con lai tir 06/11/2017 t6i
31/12/2020 dung dé kiém tra.
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Do s6 liéu phan huan luyén con han ché va dé tranh tinh trang khép qua nhiéu (overfiting)
voi1 dir liéu dao tao cua mo hinh, nghién ctru da sir dung phuong phap kiém dinh chéo nhiéu
16p (k—fold cross validation) [22]. Dau tién, s6 liéu huan luyén s& dugc chia 1am k phan nho.
Sau d6, mot phan cua bo sb lidu duoc giir lai dé klem tra, (k—1) phan con lai s€ dugc st dung
dé huin luyén. Qua trinh nay dién ra lién tyc va tuan tu cho den khi tat ca cac phan duoc st
dung lam s liéu kiém tra. Néu két qua du bao ¢ mdi phan 14 tét va tuong ddng nhau thi mo6
hinh s& phut hop dé ap dung cho dit lidu kiém tra néu trén. Thuyc té trién khai cho théy, viéc
thay d6i gia tri k khong mang lai két qua khac biét dang ké vi vay tac gia da lua chon k = 10
thudng duge dung phd bién dé ap dung cho nghién ciru nay.

Dé danh gia hiéu qua cia moé hinh, cac thong sd chinh ctia mé hinh duoc téi uu bang
cong cu GridSearchCV san co trong thu vién scikit—learn. GridSearchCV sé& ap dung cac bo
thong sb khac nhau cia cac mé hinh duogc thiét 1ap, qua d6 tim duoc bo thong sb toi wu nhat
ctia cac ham kernel trong mé hinh. Tir cac thiét 1ap d6, chiing ta chay cac ham kernel ciia mo
hinh dé tim ra ham kernel t5i wu nhat.

3. Két qua va thao luin

Sau khi chay hiéu chinh GridSearchCV, céac thong s6 tdi uu va cac chi sé danh gia trong
qua trinh huan luyén va tham dinh ctia cac mé hinh dugc thé hién ¢ Bang 1.

Bang 1 cho thdy chudi s6 lidu cho may hoc (training) ¢6 chi sé twong quan rat 16n, & moi
ham kernel déu cho hé sé tuong quan 16n hon 0,97; thap nhét 14 0,974 ¢ chudi dit liéu muc
nude thip nhat va cao nhat 14 0,976 & chudi muc nude cao nhat. Piéu nay cho thdy viéc may
hoc dat két qua cao. Con & chudi tham dinh thi hé sé twong quan cho két qua ciing kha t6t
(R2 > 0,95). Tuong quan thap nhat 14 0,952 ctia ham rbf cta chudi dir liéu muc nudc thap
nhat va tuong quan cao nhat 1 chudi dir liéu myuc nude 16n nhét véi ham rbf.

Bang 1. Gia tri cac thong sb t6i wu cia cac ham kernel trong mé hinh SVR.

HmaxCL HminCL HtbCL
RBF Linear  Sigmoid RBF Linear  Sigmoid RBF Linear  Sigmoid
C 1000,0 501,18 1000,0 1000,0 3,98107 501,187 501,187  3,98107 251,188
Gamma 0,002 0,004 0,004 0,002 0,001 0,008 0,004 0,001 0,0158
Epsilon 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1

R? (méy hoc) 0,976 0,976 0,976 0,974 0,975 0,976 0,975 0,975 0,975
R2(thAm djnh) 0,962 0,958 0,960 0,952 0,954 0,955 0,958 0,958 0,958

Sau khi c¢6 dugc bo thong sb toi uu nay, ta sir dung dé chay kiém tra cac ham kernel coa
md hinh trong chudi dit liéu tir 06/11/2017 téi 31/12/2020. Dt liéu dung dé kiém tra ndy mo
hinh chua str dung nén ta ding chudi nay dé dénh gia cac ham kernel trong mé hinh cta cac
chudi dir liéu khac nhau. Két qua duoc thé hién trong bang 2.

Bang 2. Sai s ctia cac ham kernel trong mé hinh SVR.

HmaxCL HminCL HtbCL
RBF Linear  Sigmoid RBF Linear Sigmoid RBF Linear Sigmoid
NSE 0,959 0,957 0,958 0,950 0,952 0,953 0,958 0,959 0,959
RMSE 7,37 7,71 7,45 12,43 12,16 12,03 8,17 8,16 8,15

3.1. Két qua hiéu chinh va kiém dinh mé hinh SVR véi chudi dit liéu myc nuede cao nhat ngay
tram thuy van Cao Lanh

Két qua bang 2 cho thiy chi s6 NSE cua cac ham kernel trong mé hinh déu 16n hon 0,95,
két qua nay 1a rat tot, va thiy duoc sy trong ddng cao giita gia tri myuc nudc 16n nhat ngay
thuc do va tinh toan. Tir két qua tinh toan chi s6 NSE va RMSE cho ta thiy dugc ham kernel
RBF cho sai s6 thap nht, tdi uvu nhat va cho twong quan cao nhét gitta cac ham kernel trong
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md hinh cho chudi dit liéu muc nude 16n nhat ngay. Mot sb hinh anh so sanh giita chudi thuc
do va tinh toan gitra cac ham kernel trong mé hinh dugc trinh bay trong cac Hinh 2—-4.
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Hinh 2. Chudi dir liéu muc nudc cao nhit ngdy tai tram Cao Lanh tir nim 2000—2020.
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Hinh 3. Két qua du bao ciia ham kernel RBF trong m6 hinh véi ) liéu muc nudc cao nhét ngay thuc
do trong giai doan kiém tra tur 06/11/2017 t6i 31/12/2020 st dung (a) ham kernel RBF va (b) ham
kernel tuyén tinh.
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Hinh 4. Két qua du bao ciia ham kernel Sigmoid trong mé hinh véi s6 liéu muc nuéc cao nhit ngay
thuc do trong giai doan kiém tra tir 06/11/2017 t6i 31/12/2020.
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3.2. Két qua hiéu chinh va kiém dinh mé hinh SVR véi chuéi div liéu muc nude thd'p nhat
ngay tram thuy van Cao Lanh

Két qua vé chudi dit liéu muc nudc thip nhiy ngay cho thiy chi s NSE cia cac ham

kernel 16n hon 0,95; thip nhat 1a 0,95 ddi voi ham rbf va cao nhét 1a 0,953 ¢ ham sigmoid
(Bang 2). Cho thiy su twong dong rat cao giira gia tri HminCL thuc do va tinh toan. O chudi
dir liéu nay thi cho ta thiy ham sigmoid cho sai s6 thdp hon ham rbf va ham tuyén tinh. Két
qua so sanh gitra muc nude du bao va thuc do quan tric trong giai doan kiém tra tir
06/11/2017 t&1 31/12/2020 duge trinh bay trong Hinh 5-7.
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Hinh 5. Chudi dir liéu muc nude thip nhat ngay tai tram Cao Lanh tir nam 2000—2020.
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Hinh 6. Két qua du bao cua ham kernel RBF trong mo hinh véi sb liéu muc nuée thdp nhét ngay
thyc do trong giai doan kiém tra tir 06/11/2017 t6i 31/12/2020 st dung (a) ham kernel RBF va (b)
ham kernel tuyén tinh.
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Hinh 7. Két qua du bao cua ham kernel Sigmoid trong mé hinh véi s6 liéu muc nu6ce thap nhit ngay
thuc do trong giai doan kiém tra tir 06/11/2017 61 31/12/2020.
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3.3. Két quad hiéu chinh va kiém dinh mé hinh SVR véi chuéi div liéu muc nude trung binh

ngay tram thuy van Cao Lanh

Két qua & Bang 2 cho thdy chi sé NSE c6 sy twong ddng rit cao giita gia tri thuc do va
tinh toan, & chudi dit liéu Htb nay thi chi sé NSE cua ham rbf cho két qua 0,958 thap hon
ham tuyén tinh va sigmoid déu c6 chi s6 NSE = 0,959. Nhu vdy & chudi dit liéu myc nudc
trung binh ngay thi ham sigmoid cho sai s thap hon va c6 su twong dong 16n hon ham rbf
va tuyén tinh. Két qua so sanh gitta myuc nude dy bdo va quan tric trong giai doan kiém tra

06/11/2017 t61 31/12/2020 dugc trinh bay trong Hinh 8-10.
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Hinh 9. Két qua dy bao vdi sb liéu muc nude trung binh ngay thuc do trong giai doan kiém tra tir
06/11/2017 t&1 31/12/2020 st dung: (a) ham kernel RBF va (b) ham tuyén tinh.
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Hinh 10. Két qua du bao cua ham kernel Sigmoid trong mé hinh véi sé liéu muc nuéc trung binh
ngay thuc do trong giai doan kiém tra tir 06/11/2017 t&i 31/12/2020.
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Hinh 11. Sai s6 cac ham kernel trong mé hinh SVR gitra cac chudi dit liéu dau vao.

Chi s sai s6 NSE cho ta thy dir liéu dau vao bét ké nao cling nhu ba ham kernel RBF,
Linear, Sigmoid déu cho sai sé NSE déu 16n hon 0,95, khang dinh sy twong dong cao giita
dir liéu thuc do vai tinh toan cia mo hinh SVR.

V6i chudi dir lidu dau vao 1a myce nude cao nhat ngay: sai s6 RMSE kha tot & ca ba ham
kernel trong md hinh SVR va c6 d6 chénh léch khong dang ké. Nhung véi ham kernel RBF
thi cho sai sb thép nhét véi RMSE = 7,37.

Con d6i véi chudi dir liéu dau vao 1a myc nudc trung binh va thap nhat ngay thi ham
kernel Sigmoid lai cho sai sb tét hon ham kernel Rbf va Linear.

4. Két luin

Nghién ciru di budc dau thir nghiém thanh cong giita cac ham kernel Rbf, Linear,
Sigmoid trong md hinh SVR du bao myc nudc tram thiy vian Cao Lanh tinh Pong Thap. Ba
truong hop tinh toan 1a dy bao myc nudc cao nhét, trung binh va thip nhat ngay véi cac ham
kernel khac nhau. Két qua cho thay, véi dit lidu dau vao 1a HmaxCL thi ham kernel Rbf cho
két qua cé do chinh xac kha cao, vdi dir li¢u dau vao 1a HtbCL va HminCL thi ham kernel
Rbf lai cho sai s6 khong t6t bang ham kernel Sigmoid. Nhu vay viéc lua chon dit liéu dau
vao va ham kernel trong mé hinh 1a rit quan trong quyét dinh hiéu qua cia viéc du bao cia
md hinh SVR. Duya trén nhitng phan tich va két qua tinh toan, chlng toi dé xuét sir dung dir
liéu myc nude ngay 16n nhat dé 1am dit liéu dau vao cho mé hinh SVR v&i ham kernel Rbf.
Ngoai ra con mot s6 han ché ctia nghién ctru ndy 13 céc tac gia chua dua hét dugc cac ham
kernel vao str dung dé so sanh va danh gia cac ham kernel nay trong mé hinh SVR. Viéc chay
cac ham kernel con rat mét thoi gian do nang luc tinh toan ctia hé thdng may tinh cua céc tac
gia c6 b vi xu ly chua cao.

DPong gop cia tac gia: Xay dung y twong nghién ciru: N.T.G., LX.H.; xu ly s6 lieu L.X.H.;
thiét 1ap cac mé hinh: L.X.H.; N.T.G.; Viét ban thao bai béo: L.X. H Chinh sua bai bao
N.T.G.
Loi cam on: Nghién ctru ndy c6 sy hd tro vé& mit dit lidu va phuong phap luan tir dé tai ma
s6 NDT.58.RU/19 do B Khoa hoc va Cong ngh¢ tai trg. Bai bao dugc su gop y, chinh stra
boi TS. Lé Vi Viét Phong.
Lo cam doan: Cac tac gid cam doan bai bdo nay 1a cong trinh nghién clru cua céc tac gia,
chua duoc cong bd ¢ dau, khong dugc sao chép tir nhirng nghién ciru trude day.
Tai liéu tham khao

1. Elsafi, S.H. Artificial Neural Networks (ANNs) for flood forecasting at Dongola

Station in the River Nile, Sudan. Alexandria Eng. J. 2014, 53(3), 655-662.



Tap chi Khi twong Thity van 2022, 740(1), 87-97; doi:10.36335/VNJHM.2022(740(1)).87-97 96

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

VanderKwaak, J.E.; Loague, K. Hydrologic—Response simulations for the R-5
catchment with a comprehensive physics—based model. Water Resour. Res. 2001,
37(4), 999-1013.

Nayak, P.C.; Sudheer, K.P.; Rangan, D.M.; Ramasastri, K.S. Short-term flood
forecasting with a neurofuzzy model. Water Resour. Res. 2005, 41(4), W04004.
Mosavi, A.; Ozturk, P. Flood Prediction Using Machine Learning, Literature
Review. Water 2018, 1-40.

Jain, S.K.; Das, A.; Srivastava, D.K. Application of ANN for Reservoir Inflow
Prediction and Operation. J. Water Resour. Plan. Manag. 1999, 125(5), 263-271.
Maier, H.R.; Dandy, G.C. The Use of Artificial Neural Networks for the Prediction
of Water Quality Parameters. Water Resour. Res. 1996, 32(4), 1013-1022.

Mosavi, A.; Rabczuk, T.; Varkonyi—-Koczy, A.R. Reviewing the Novel Machine
Learning Tools for Materials Design. International Conference on Global Research
and Education: Recent Advances in Technology Research and Education, 2018, 50—
58.

Asefa, T.; Kemblowski, M.; McKee, M.; Khalil, A. Multi-time scale stream flow
predictions: The support vector machines approach. J. Hydrol. 2006, 318(1-4), 7—
16.

Londhe, S.; Gavraskar, S. Stream Flow Forecasting using Least Square Support
Vector Regression, Soft Comput. Civ. Eng. 2018, 2(2), 56-88.

Adnan, R.M.; Yuan, X.; Kisi, O.; Adnan, M.; Mehmood, A. Stream Flow Forecasting
of Poorly Gauged Mountainous Watershed by Least Square Support Vector
Machine, Fuzzy Genetic Algorithm and M5 Model Tree Using Climatic Data from
Nearby Station. Water Resour. Manag. 2018, 32(14), 4469-4486.

Maity, R.; Bhagwat, R.; Bhatnagar, A. Potential of support vector regression for
prediction of monthly streamflow using endogenous property. Hydrol. Process.
2010, 24(7), 917-923.

Rafidah, A.; Suhaila, Y. Modeling River Stream Flow Using Support Vector
Machine. Appl. Mech. Mater. 2013, 315, 602—605.

Lin, J.; Cheng, C.; Chau, K. Using support vector machines for long—term discharge
prediction Using support vector machines for long—term discharge prediction.
Hydrol. Sci. J. 2006, 51(4), 599-612.

Guo, J.; Zhou, J.; Qin, H.; Zou, Q.; Li, Q. Monthly streamflow forecasting based on
improved support vector machine model. Expert Syst. Appl. 2011, 38(10), 13073-
13081.

Vapnik, V.N. The Nature of Statistical Learning Theory. Springer, New York, 1995.
Vapnik, V.N. An overview of statistical learning theory. IEEE Trans. Neural
Networks 1999, 10(5), 988-999.

Londhe, S.N.; Gavraskar, S. Stream Flow Forecasting Using Least Square Support
Vector Regression. J. Soft Comput. Civ. Eng. 2018, 2-2, 56-88.

Guyon, |.; Elisseeff, A. An Introduction to Variable and Feature Selection. J. Mach.
Learn. Res. 2003, 3(3), 1157-1182.

Nash, J.E.; Sutcliffe, J.V. River Flow Forecasting Through Conceptual Models Part
la Discussion of Principles. J. Hydrol. 1970, 10, 282-290.
https://en.wikipedia.org/wiki/Root—mean—square_deviation.

Lam, B.H.; Phuong, N.H.; Pat, N.D.; Giang, N.T. Xay dung m6 hinh MIKE 11 phuc
vu cong tac du bao thiy van va xdm nhdp man tinh Bén Tre. T ap chi Khi twong Thuy
van 2022, 740(1), 38-49.

Hai, C.H.; Phuong, T.A.; Nhu, T.Q.; Cuong, T.M. Ap dung mo hinh tri tu¢ nhan tao
vao dy bdo luu lugng dén hd luu vuc song Ba. Tap chi Khi twong Thuy van 2019,
705, 22-33.


https://en.wikipedia.org/wiki/Root-mean-square_deviation

Tap chi Khi twong Thily vin 2022, 740(1), 87-97; doi:10.36335/VNJHM.2022(740(1)).87-97 97

Building support vector regression models for water level
forecasting at Cao Lanh station, Dong Thap province
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Abstract: In this study, 3 kernel functions Rbf, Linear (Linear) and Sigmoid are used in the
Support Vector Regression (SVR) model and 3 input data series are: daily highest water
level (HmaxCL); lowest water level of the day (HminCL); average daily water level
(HtbCL) in the past to forecast the future water level at Cao Lanh station, Dong Thap
province. The results show that all kernel functions in the SVR models give forecast results
with high accuracy as shown by the NSE index > 0.95 for all different input data. Among
the 3 input data series and tested kernel functions, the predicted HmaxCL data series has
smallest error. This result is a good reference for building a machine learning model for
forecasting future water levels for Cao Lanh Hydrological Station, Dong Thap province.

Keywords: SVR; RBF; Linear; Sigmoid; Machine Learning; Cao Lanh.



