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Tém tit: Nhimg nam gan day, tri tué nhan tao (47 - Artificial Intelligence) da dugc tng
dung trong moi linh vyc ctia doi séng, xa hdi trong d6 ¢6 linh vuc du bao khi tugng thiy van
bién. Nghién ctru nay trinh bay cac két qua trong viéc sir dung mang bd nhé ngén dai (LSTM
— Long Short Term Memory) mot phién ban cai tién cia mang no-ron hdi quy (RNN —
Recurrent Neural Network) dé xay dyng mé hinh du bao song tai tram hai vin Con Co theo
céc han dy bao 06, 12, 18 va 24 gio. S6 liéu quan tric tai tram dwoc phan tich, tinh toan cac
dic tinh thong ké va mdi tuong quan giira cac yéu t6 dé lya chon yéu t6 dau vao cho mo
hinh. Qua phan tich thong ké, hai mé hinh da dugc xay dung, d6 1a mé hinh don bién (chi sir
dung yéu t d6 cao song) va md hinh 02 bién (sir dung d6 cao séng va van tdc gid). Ca md
hinh dugc xay dung dugce st dung dé du bao do cao song co nghia theo cac han du bao 06,
12, 18 va 24 gio. Két qua cho théy, mic di mé hinh hai bién cho d9 tin cdy cao hon, tuy
nhién ca hai m6 hinh chi dap Gng vai thoi han dy bao 06 gio, véi dd tin cdy du bao cua mo
hinh dat duoc 16n nhét véi hé sb tuong quan R? = 0,582, do bdi chét lugng sb liéu quan tric
con han ché vé tan suét quan tric va do tin cay.

Tiwr khoa: Du bao song bién; Machine Learning; LSTM; Al, RNN.

1. Mé diu

Céc thong tin vé du bao séng c6 ¥ nghia dic biét quan trong cong tac phong tranh thién
tai ma con voi cac hoat dong kinh té - xa hoi ven b va trén bién, nd anh huong truc tiép dén
viéc 1én ké hoach xay dung lich trinh di chuyén cia tau thuyén trén bién, xay dung cac
céng/dé bién, hoat dong danh bt hai san va tim kiém ctu nan.... Cac thong tin vé du béo
song cang cd ¥ nghia hon trong diéu kién thoi tiét nguy hiém nhu bao, ap thip nhiét déi va gié
mua manh. Hién nay du bao séng dugc thuc hién chi yéu béi cac mo hinh s6 tri thé hé thir 3
nhu WAM [1], WAVEWATCH III [2] vd SWAN [3]. Ca 3 md hinh nay déu duva trén viéc
giai phuong trinh can bang tac dong song [4]. Mic cac md hinh déu cho két qua du bao twong
dbi t6t, tuy nhién van con han ché bai cac nhan t sau: (1) Sy phat trién cta song gié chu yéu
dua trén cac tham s thuc nghiém; (2) Pau vao ctia mé hinh chu yéu 1a truong gio du béo tir
cac mo hinh khi tugng; (3) PO phan khong gian con han ché do béi thiéu ning luc tinh toan.
Ngoai ra, viéc sit dung cac mo hinh sb tri con c6 nhuge diém 1a yéu cau dung lugng luu trit va
ning lyc tinh toan 16n dé c6 thé cho dy bao chi tiét. Chi phi tinh toan cao nay 1a nguyén nhéan
gi6i han d¢ phan giai vé khong gian va thoi gian tinh toan ciia cac mo hinh.

Thoi gian gén déy, cac phuong phap du bdo song theo hudng sir dung phuong phap may
hoc dang duoc cac nha khoa hoc trén thé gidi tich cyc nghién ciru va phat trién. Nhiéu cac
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nghién ciru di chi ra rang viéc sir dung phuong phap méay hoc khong yéu cau co s ha tang
tinh toan c6 hi¢u nang cao, chi phi tinh toan ré, co thé thuc hién tic thoi vai chudi dix liéu qua
khir c6 sdn, thoi gian tinh toan nhanh hon cac mé hinh vat 1y rat nhiéu véi do chinh xac tuong
duong. Mot phuong phap may hoc dién hinh dugc sir dung trong du bao song 1a phuong phap
img dung cong ngh¢ mang than kinh nhan tao (ANN - Artificial Neural Network), trong do6
mang no-ron h01 quy (RNN — Recurrent Neural Network) véi phién ban cai tién cta né 1a
mang bd nhé ngin dai (LSTM — Long Short Term Memory) [5] dugc st dung phd bién trong
du bao chudi thoi gian néi chung (timeseries data) va du bdo song néi riéng. Mot tmg dung
gan day ciia LSTM duoc thyc hién boi [6] dé du bao song va so sanh v6i két qua dy bao tur
md hinh sd tri, tc gia nhan thiy rang mo hinh LSTM tao ra cac du bao chinh xac hon so voi
mo hinh sd tri. [7] cling ap dung m6 hinh LSTM dé du tinh d6 cao song co nghia tai mot sb
tram phao trén toan cau va mo hinh LSTM cua ho c6 thé cung cap du bao do cao song co
nghia chinh xac hon khi so sanh véi mét sé mé hinh hoc may khéc. [8] dd ap dung RNN bao
g6m mot mo hinh LSTM don gian va mot md hinh ma hoa va giai ma LSTM (encoder — and
— decoder LSTM) dé dy doan mot bién (d6 cao song co nghia) va hai bién (d6 cao song co
nghia va nang luong rdi). [9] da trinh bay mdt cach tiép can tich hop viéc sir dung mang
LSTM va phuong phéap phan tich thanh phan chinh (PCA) d¢ du doan d6 cao song c6 nghia.
Phuong phap PCA cua ho dugc sir dung dé trich xuét cac thanh phan chinh tir mot tap hop cac
tin hiéu dau vao trong khi LSTM duogc ap dung dé tranh sy doc 1ap 1au dai trong qua trinh du
bao. [10] da phat trién moét LSTM phure hop (convolutional LSTM) va mét trinh ma hoéa ty
dong giam nhidu dé dy bao thoi tlet bién bao gom ca thong so song gio.

O Viét Nam du béo song chu yeu dua trén két qué cua md hinh so tri. Cac két qua du bao
cia mo hinh SWAN duoc thiét 1ap tai Trung tdm Dy bao khi twong thiy van qubc gia la
ngudn tham khao chinh dé dua ra cac ban tin dy bao song hiang ngay tai Viét Nam. M6 hinh
SWAN hién tai dugc thiét 1ap chay trén hé théng may tinh hiéu nang cao (HPC) ctia Téng cuc
khi tuong thily vin véi d phan giai xAp xi 4km x 4km véi thoi gian du bao 1a 10 ngay, budc
thoi gian dy bao 14 03 gid voi thoi gian tinh toan khoang 30-40 phit. Mic du di duogc thiét
1ap trén HPC nhung do tai nguyén tinh toan van con han ché nén chua thé chi tiét hon cho cac
khu vuc ven bo, quanh déo. Chua c6 kha nang dap tng du bao phuc vu chi tiét cho cac khu
vuc kinh té trong diém nhu: bai tim, tuyén hang hai, dao du lich, gian khoan ... Vi vay, viéc
nghién ciru va xay dung duge mét chuwong trinh du bdo song sir dung phuong phap may hoc
s€ la mot giai phap tich cuc trong viée khic phuyc cac van dé vé tai nguyén tinh toan ciing nhu
thiéu hut s6 liéu quan tric song bién tai Viét Nam.

Trong nghién ciru nay, 02 mo hinh sir dung mang bd nhé ngan dai — LSTM s& duoc xay
dung dé du bao do cao song co nghia tai tram Con Co 1a:

(1) M6 hinh don bién: Tirc 1a chi sir dung chudi s6 lidu quan tric do cao song cd nghia
lam dau vao dé huan luyén mé hinh.

(2) M6 hinh 02 bién: St dung chudi sé liéu quan trac do cao song c6 nghia va van tdc gio
tai 6 cao 10m lam dau vao dé hun luyén mo6 hinh

Céc mé hinh sau khi dugc huin luyén s€ dugc thir nghiém du bao theo cac han du bao
06, 12, 18 va 24 gid. Cac gia tri dy bao cia mo hinh sau d6 s€ dugc so sanh lai voi cac gia tri
thuc do dé danh gia kha nang ing dung ctia cac mo hinh trong thuyc té.

2. Phwong phap nghién ciru

2.1 Mang bé nhé ngan dai — Long Short Term Memory (LSTM)

M6 hinh mang LSTM (Long short term memory) la mot dang mo hinh Recurrent neural
network (RNN) ma mang network ctia né dugc tong hop tir nhiéu cac don vi Long short term
memory. LSTM &3 duoc gi6i thiéu 1an dau tién vao ndam 1997 bai Sepp Hochreiter (linh vucy
sinh va hoc may) va Jurgen Schmidhuber (Iinh vuc tri tu¢ nhan tao) [5], sau d6 cong trinh da
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dugc phat trién boi [11] vao nam 2000 bang viéc dua thém forget gate vao cau tric ban dau
cua mang LSTM.

LSTM da dat dugc hi€u qua cao trong cac md hinh xt Iy ngén ngit tu nhién, nhan dién
chit viét tay va danh chién thing trong cudc thi ICDAR dugc t6 chirc vao nim
2009. LSTM ciing 1a mot trong nhiing thanh phan chinh ctia mang dat dugc 17,7% phoneme
error rate (mot chi s6 dugc dung dé do mirc do sai khac gilta cac am) trén b dir liéu am
thanh TIMIT. Céc hing céng nghé 1én nhu Google, Facebook, Apple, Microsoft déu sir
dung LSTM nhu mét nén tang trong cac (mg dung nhén dién giong noi cua minh [12].

Khac voi mang RNN chudn chi c6 mot tang mang no-ron, mang LSTM c6 t6i 4 tang tuong
tac v6i nhau mot cach rat dic biét. Mang LSTM rat phu hop véi cac bai toan phan loai va du
bao duya trén dit liéu dang chudi thoi gian béi vi model c6 kha ning ghi nhd tirc thoi cac sy
kién xay ra & gan no6. LSTM dugc thiét ké dé giai quyét sy bung nd va triét tiéu gradient, hién
tuong ma khién cho cac mé hinh truyén théng cia RNNs ¢6 thé gap phai.
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Hinh 1. So dd cia mét don vi mang LSTM (Long short term memory).

O so d6 trén, mdi mot duong mang mdt véc-to tu dau ra ciia mot nat t&i dau vao ciia mot
nut khac. Cac hinh trong mau hong biéu dién cac phép toan nhu phép cong véc-to chang han,
con cac 6 mau vang duogc st dung dé hoc trong cac timg mang no-ron. Cac duong hop nhau
ki hiéu viéc két hop, con cac duong ré nhanh am chi ndi dung cia ndé dugc sao chép va
chuyén t&i cac noi khac nhau. Pau vao 1a input trang thai t x,, trang thai 4n (hidden state) ciia
trang thait - 112 h,_, va trang thai 6 (cell state) ctia trang thai t - 11a C,_,va dau ra 1 hidden
state ctia trang thai t 1a h, va cell state ctia trang thai t 1a C,. Khoi dau voihyg = 0vaCy = 0,
cac ham dugc dinh nghia nhu sau:

VOiW € R™m*" U € R™*" b € R™*": c4c ma trn hé sb va vecto sai s6 duoc hoc
trong qua trinh training. Vi n 14 sb chiéu ciia x va m 1a s6 chiéu ciia cac vecto kich hoat.
o va tanh lan luot 1a 2 ham kich hoat s1gm01d va tanh [13-17].

Trong nghién ctru nay, thu vién phin mém ma ngudn mo  TensorFlow cia  Google,
cac thu vién Numpy, Pandas, Keras cung v&i ngon ngit 13p trinh Python 3.6 da dugc sir
dung dé thiét 1ap mo hinh LSTM.

2.2. Phwong phap danh gia

Pé danh gia mirc do phi hop gitra cac gia tri du bao d6 cao song tir mé hinh véi cac quan
tric thuc té, chung t61 sit dung moét loat cac chi sb sau:

- Hé s6 twong quan R? 14 thudc do d6 chit ché cia mdi quan hé tuyén tinh giita b gia tri
thuc do va mo phong hay cho biét mé hinh dang nghién ciru phu hop véi dit lidu & miic bao
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nhiéu %. Muc dich ciia mo6 phong khi h¢ sb tuong quan’duqc s dqu 1a dé ham muc tiéu cuc
dai hoa téi1 1. pr nhién, kha ndng dat gia tri tuy¢t doi kho co thé dat duge nén gia tri R?
thuong duoc chap nhan khi dat trén 0,5 [17].

n —0 ._P)2
2 (Zl=1ol O)(Pl P) (1)

<\[Z?ﬂ(oi‘a)z)(JE?:ﬂPi—ﬁ)2>2

- Sai s6 binh phuong trung binh (Root Mean Square Error - RMSE): la can bac hai cua
MSE va la thudc do cua bién do sai so.

RMSE = \[%Z?’zl(Pi —0,)? )

Chi s6 RMSE cho biét bién d6 trung binh ctia sai s6 du béo, nhung khong cho biét hudng
cua do léch.

- NSE (Nash Sutcliffe Efficiency — hé s6 Nash): Hé s6 hiéu qua: duoc sir dung dé do mirc
do lién két giita cac gia tri thuc do va mo phong.

Xit1(0i-P)?
NSE =1 - m 3)

Trong d6 P; 1a gi4 tri du bao, 0; 1a gia tri quan trac, P 1a gi4 tri trung binh ciia chudi

gia tri du bao va O 1a gid tri trung binh cua chudi gia tri quan trac.

2.3. Dit liéu dau vao ciia mo hinh

Tép dir liéu trong nghién ctru nay la s6 licu quan trac song va gio tai tram hai van Con Co
c6 toa dd 17°10°N - 107 ° 21” E bao gdm céc yéu t6 van tdc gid (m/s), va hudéng gio ¢ d6 cao
10m trén bé mat bién, d6 cao séng cé nghia (m) va hudng séng. Cac yéu to duoc quan tric
4obs/ngay vao cac thoi diém 1 gio, 7 gio, 13 gio va 19 gio (gio Viét Nam). Riéng dir liu
song (d9 cao va hudng) khong co s6 liéu quan trac luc 1 gi0, do do 1 ngay chi c6 3obs. Thém
vao do, quan trac song chu yéu dugc ude lugng bang mat nén tinh chinh xac khong cao
nhung ddy 14 ngudn s6 lidu quan tric dang tin cdy nhat ma nhom nghién ctru thu thap dugc.
Dir liéu quan tric tai tram Con C6 duoc thu thap tir 1 gio ngay 01 thang 7 nam 2016 dén 19
gi0 ngay 30 thang 6 nam 2021.

M6 hinh LSTM duoc xay dung dya trén chudi thoi gian tudn tu va lién tuc, chinh vi vay
truée khi tién hanh xdy dung m6 hinh 6 liéu can phai dugc xir Iy céc gia tri khuyét thiéu
(missing data), trong d6 yeu t6 chii yéu can phai xtr ly la yeu t6 song. Trong nghién ciru nay
phuong phap noi suy tuyen tinh s& duoc dp dung dé 1ap day cac gia tri khuyet th1eu trong tap
dir lidu. Qua bang mé ta thong ké cac yéu té cua tap dir liéu trong Bang 1 thdy rang sé quan
trac do cao song ban dau thong ké duogc chi 13 5478 sau khi noi suy 1a 7304 gi4 tri nhung do
1€ch so véi gié tri trung binh chi thay d6i 0,01 don vi (0,52 xuéng 0,51 don vi) cac gia tri khac
nhu gi tri trung binh, gia tri nho nhét, gia tri 10n nhat va trung vi 1a khong thay do6i. Noi suy
s liéu cling khong 1am thay d6i xu thé ciing nhu tinh chu ky cia chudi s6 liéu nhu dugc thé
hién trén hinh 2.

Bing 1. Mo ta thong ké cac yéu té quan tric trong tap dit liéu trudc va sau khi xir 1y gia tri khuyét

thiéu.
v X Cic yéu tb ban diu Cic yéu td sau khi ndi suy
Mo ta thong ~ " X " ~ " N "
Ké Do cao Huwénmg  Van toc Huwdng Do cao Hwéng  Véan toc Huwdng
song song gio gio song song gio gio
S6 quan tric 5478 5171 7304 7109 7304 7304 7304 7304
Trung binh 0,85 139,81 3,71 152.83 0,85 139.85 3,71 152,73
Gid trl nho 0 0 0 0 0 0 0 0
nhat
Do 1éch 0,52 100,49 2.14 101,82 0,51 94,80 2,14 101,05
25% 0,5 45 2 90 0,5 45 2 90
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e X Cic yéu td ban diu Cic yéu tb sau khi ndi suy
Mo ta thong " N NS N ~ . A LA e
Ké Do cao Hwéong  Van toc Huwéng Do cao Hwéng  Van toc Huéng

song séng gio gio song song gio gioé

50% 0,75 135 3 135 0,75 135 3 135

75% 1 225 5 225 1 225 5 225

4 tri 13
Cra trt lon 6 315 22 337.5 6 315 22 3375
nhat

Tram Con CO (LAT: 17.15N / LON: 107.33E)

Tram C6n CO (LAT: 17.15N / LON: 107.33E)

6 cao séng (m)

D6 cao séng (m)

i

2017 2 18 29 020 221

3
=

&

Van téc gi6 (m/s)

Van téc gié (m/s)

220 221 i i

220 221

019
Thai gian (Nam)

219
Thai gian (Nam)

Hinh 2. Bién thién d6 cao song va van tbc gi6 tai tram Cdn C6 (giai doan 7/2016 — 6/2021) trudc (a)
va sau (a) khi dd noi suy tuyén tinh.

Nhu d3 trinh bay ¢ trén, dit liéu quan tric tai tram Cén Co bao gdm cac yéu t6 van toc gio
(m/s), hudng gio, do cao song (m) va hudng song. Muc dich ctia nghién ctru nay 1a du bao do
cao song st dung mo hinh hoc may, chinh vi vay bién muc tiéu cia nghién ctru s€ 1a 49 cao
song co nghia. Dé lya chon cac tham s dau vao cho mot mé hinh hoc may, trudc hét can phai
phan tich trong quan thong ké gitra cac yéu té voi nhau (vi du: Fan va cong sy, 2020; Kim va
cong su, 2020b).

Trén hinh 3 thé hién hé sb tuong quan Pearson (r) giita cac yéu té (bién) quan tric thu
thap duogc tai tram hai vian Con Co. Cé thé thiy rang ngoai viéc twong quan véi chinh né thi
d6 cao song c6 nghia co twong quan rat 1on véi gid tri van tdc gié tai do cao 10m véir =0,8.
Trong khi d6, 6 cao séng lai c6 twong quan nghich rat thap véi cac bién hudng gi6 va hudng
song voir=-0,2 var=-0,16 tuong img. Nhu vay cac tham sb duoc lua chon cho mé hinh hoc
may chi ¢ thé 1a do cao song c6 nghia va van toc gio6 tai do cao 10 m.

Tap dir liéu tai tram Con Co s& duoc chia lam 2 phén, phﬁn thtr nhat 1a chudi sb liéu quan
trac tir 01 gid ngay 01/7/2016 dén 19 gio ngay 31/12/2020 (90% chudi sb liéu) dugc dung dé
huan luyén (training) mo hinh va phan thtr 2 1a chudi sd liéu quan tric tir 01 gid ngay
1/1/2021 dén 19 gid ngay 30/6/2021 (10% chudi sb liéu) dugc sir dung dé danh gia (test) mo
hinh.
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Feature correlation heatmap
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Hinh 3. Ma trin hé sb twong quan Pearson giita cac bién.

Béang 2. Lya chon cac tham s tai tram Cdn C6 cho mé hinh hoc may.

TT Bién M0 ta Sir dung
1 Hs Do cao song co nghia (m) C6 (Bién myc tiéu)
2 HsDir Hudng song Khoéng
3 WIo Vian téc gi6 tai d6 cao 10m Co
4 Wdir Hudng gi6 tai do cao 10m Khoéng

Trong nghién ctru nay mé hinh hoc may sir dung mang LSTM duoc xay dung dé du bao
d6 cao song c6 nghia lan lugt cho ting trudng hop: 06 gid, 12 gio, 18 gid va 24 gid. Cac mo
hinh du bao s€ duogc xay dung theo céc kich ban nhu sau:

- Xay dung mo6 hinh dy bao d6 cao song c6 nghia st dung tap dir licu don bién, tuc 1a sir
dung chinh gia tri d6 cao song 1am tham s6 dau vao dé huan luyén va xay dung mé hinh du
bao theo (1) thoi han du bao 06 gio; (2) thoi han du bao 12 gio; (3) thoi han du bao 18 gio va
(4) thoi han dy bao 24 gio. Sau day s€ goi 1a mo6 hinh (kich ban) lan luogt 1a CC111, CC112,
CC113 va CC114 tuong tng.

- Xay dyng mo hinh dy bao d6 cao song c6 nghia st dung tap dit licu da bién, tirc 12 sir
dung cac yéu t6 do cao song c6 nghia va van toc gio 1am tham s6 dau vao dé huan luyén va
xay dung mo hinh du bao theo (5) thoi han du bao 06 gid; (6) thoi han du bao 12 gio; (7) thoi
han dy bao 18 gio va (8) thoi han du bao 24 gio. Sau day s€ goi 1a mo hinh (kich ban) CC121,
CC122, CC123 va CC124 tuong Gng.

Bang 3. Tong hop cac mé hinh dy bao duya theo céac kich ban.

TT M6 hinh Tham sb dau vao (X) Tham sb du bao (Y) Han du bao (gio)
e = = CcC111 Hs;_; Hs; 06
= = ccl12 Hse_y Hs, 12
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TT M&b hinh Tham s6 dau vao (X) Tham s6 dy bao (Y) Han du béo (gid)
CC113 Hs,_, Hs, 18
CC114 Hs;_; Hs; 24
=z CC121 Hs_1, W10,_; Hs, 06
g £ CC122 Hs_y, W10,_; Hs, 12
= = CC123 Hse_q, W10,_; Hs, 18
= CC124 Hs_y, W10,_; Hs, 24

2.4. Toi wu hoa cac siéu tham so

Viéc Iya chon mot bo siéu tham sb phu hop anh huong dang ké dén hiéu suét cia mo
hinh. Trong nghién ctru nay, cac siéu tham s6 lién quan dén mo hinh sir dung mang LSTM
dugc hi€u chinh s€ 1a: mini-batch size, ty 1¢ Dropout, s6 don vi 16p a an, carly stopping va s6
Epochs. Cac siéu tham s6 s& duoc lwa chon bang phuong phép tim kiém ngau nhién dé tim
duogc bo tham sb thich hop nham tdi wu hda md hinh mang LSTM. CAu hinh dé tim kiém céc
siéu tham sd s& duoc thiét ké theo cac mo hinh dua theo cac kich ban di dugc lwa chon. Bé
khéo sat anh hudng cia cac siéu tham s6 da duogc lya chon dén hiéu suit ciia mo hinh, hé sd
twong quan R? va sai s6 quan phuong RMSE s& duoc sir dung dé danh gia. Cac siéu tham s
phu hop nhit cho mé hinh dy bao s& duoc lya chon dya vao hé s twong quan 16n nhét va sai
sO quan phuong nho nht dat duoc trong qua trinh huén 1 luyén va xdc thyc mo6 hinh mé hinh.
Pham vi ciia cac siéu tham s6 d¢é tién hanh tim kiém ngdu nhién va cac siéu tham s6 phu hop
duoc lya chon dugc thé hién trén Béng 3.

Bang 4. Pham vi va cac siéu tham ) phu hop duogc lya chon cho cac mo hinh.

c R M4 hinh
Siéu tham so Pham vi diéu chinh
CC111-CC112-CC113-CC114  CC121-CC122-CC123-CC124
$6 don vi 4n [100, 200] 100 100
Ty 1¢ Dropout [0,25,0,5] 0,25 0,5
Early stopping [10, 50] 50 50
[10, 100, 200, 500,
Epochs 200 200
1000]
Batch_size [32, 64, 128, 256, 512] 64 32

3. Panh gia m6 hinh du bao song sir dung mang LSTM

Cac md hinh LSTM da duoc huén luyén sir dung cac siéu tham sb da duoc lya chon sé
dugc danh gia lai (kiém dinh) theo cac han du bao 06, 12, 18 va 24 gio, béng cach so sanh két
qua du bao cia mdi mé hinh véi gia tri do cao song thuc do.

Trén cac hinh 3 (a, b, cvad) la két qua so sanh gilia gia tri du bao cua mo6 hinh sur dung
chudi sb liéu don bién (chi stt dung d0 cao song) theo cac han du bao 06 (CC111), 12
(CC112), 18 (CC113) va 24 gio (CC114) twong tng véi gia tri thuc do. Co thé thiy rang véi
mo hinh nay han du bao 06 gio cho d¢ tin cdy cua du bao 16n nhat v&i hé sb tuong quan binh
phuong R2 va chi s6 NSE tuong tmg 14 0,57 va 57,1% va sai s6 quan phuong nho nhat RMSE
= 0,218m. Han dy bao 24 gi¢ c6 d¢ tin cay thap nhat v6i R2 = 0,088 va NSE = 2,6%, dong
thoi sai s ciing ting 1én véi RMSE = 0,329 m. Tir han du bao 12 gio, do tin c@y cia mo hinh
chi con R2=10,279 tirc 1a di giam xudng dudi 0,5. Piéu nay c6 nghia rang mo hinh khong du
dd tin cay voi cac han du bao 12, 18 va 24 gio, hay ndi cach khac mo hinh khong thé sir dung
dé dy bao v6i han du bao 16n hon 06 gio.
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Hinh 4. So sanh giira gia tri quan tréc voi két qua du bao ctia mo hinh duoc xiy dung tir chudi s6 liéu
don bién (chi st dung do cao song c6 nghia) theo cac han du bao (a) 06 gid, (b) 12 gid, (c) 18 gio va

(d) 24 gio.

Véi mé hinh dwoc xay dung tir chudi s lidu 2 bién (st dung dé cao soéng va van tbe gio),
két qua so sanh gia tri du bao voi thuc do theo cac han du bao 06, 12, 18 va 24 gi¢ (hinh 4 - a,
b, ¢, d) ciing cho thdy rang han du bao 06 gid cho d tin cdy 16n nhit va sai s6 nho nhit voi R?

0,582, NSE = 58% va RMSE = 0,216m. Han du bao 24 gi¢ cho d¢ tin cay thap nhét v6i R?
=0,097, NSE = 3,6% va RMSE = 0,328m. Tt han du bao 12 gid, d0 tin cay ciia mo hinh du

bao cling giam chi con R? = 0,292 tirc 1a du6i 0,5. Nhu vay md hinh dugc xay dung tur chudi
s0 liéu 02 bién ciing khong the sir dung dé du bao dg cao song vadi cac han du bao 16n hon 06

gio.
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Hinh 5. So sanh giira gia tri quan tric véi két qua du bao ctia mé hinh dwoc xay dung tir chudi s6 liéu
02 bién (sir dung do cao song co nghia va vén tdc gio) theo cac han dy béo (a) 06 gid, (b) 12 gid, (c)
18 gior va (d) 24 gio.

Dua vao cac két qua so sanh c6 thé thay rang, cac mo hinh déu c6 chung xu thé 1a d6 tin
cay cua mo hinh giam va sai sb6 du bao tang khi han du bao cang xa. Véi tap dir liéu tai tam
C6n Co, md hinh str dung chudi s6 liéu 02 bién c6 d6 tin cay cao hon mé hinh sir dung chudi
s6 liéu don bién. Nhung chénh 1éch giita d6 tin cdy cia mé hinh don bién (R? = 0,57) va mo
hinh 02 bién (R? = 0,582) 1a khong 16n, diéu nay cho thiy anh hudng cua van toc gio toi két
qua du bao trong m6 hinh nay la khéng nhleu Nhung cting c6 thé thay rang, viéc xem xét day
da anh hudng cua cac yéu td dau vai ti yéu tb can dugc du bao s& 1am tang do chinh xac ciia
mo hinh du béo.
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Kich ban

Hinh 6. Danh gia dy béo cia cic md hinh duoc xdy dung voi chudi sb 1iéu don bién, 02 bién va 03
bién theo cac han du bao 06 gio, 12 gid, 18 gid va 24 gio.

Thém vao dd, cac mo6 hinh dugc xay dung dua trén tép dir li¢u tai tram Con Co duge
danh gia la du 4o tin cay dé du bao nhung d¢ chinh xac ciia mé6 hinh du bao van con kha thép
so véi mong doi (d6 tin ciy cia mo hinh 16n nhat ciing chi dat R2 = 0,582). Nguyén nhan ciia
viéc nady mot phan 1a do chét luong cia s6 liéu quan tric. Mot nguyén nhan khéc nita 13 trong
qua trinh huin luyén, mo hinh da khéng du bao duoc cac gia tri cuc tri cia chudi sb lidu (Hinh
6). Cac gia tri cuc tri nay khong thuong xuyén xay ra, né thuong xay ra khi c6 hién tuong thoi
tiét nhu bio hodc gié mua manh. Diéu nay da khong duoc phan tich ddy du trong qua trinh xir
Iy s6 liéu ban dau di dan dén sai s6 cia mé hinh dy bao. Mot cach khic phuc 1a trong qué
trinh phan tich, xir ly s liéu, cac gia tri cyce tri ¢o thé duoc phan tach ra thanh céac séng thanh
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phan tir chudi s6 liéu ban dau (co6 thé sir dung phuong phap bién dbi Wavelet). Sau do cac
song thanh phan duogc phan tach nay ciing c¢6 thé dugc coi nhu 1a mot bién dé tham gia vao
qué trinh huan luyén mo hinh.
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Khong bat dwgc dinh

6

w - h

D0 cao song (m)

(]

|
| 1
TN i [T 1 b |
1 1‘u | i 'l 1L Hy\\‘ fl “‘Zw \

‘\ |N.UhL \ o igmv].ufwlrru‘rm wdw umn I B N

I L
2/29/2020 0:00 4/19/2020 0:00 6/8/2020 0:00 7/28/2020 0:00 9/16/2020 0:00 11/5/2020 0:00 12/25/2020 0:00 2/13/2021 0:00

Thoi gian
Hinh 7. Khéng dy bao diing cic gié tri cyc tri trong qua trinh huin luyén mé hinh.

4. Két luan

Trong nghién ctru nay, cac mo hinh sir dung mang LSTM da dugc xay dung dé du bao do
cao song co nghia tai tram Con C9, Quang Tri, Viét Nam theo cac han duy bao 06, 12, 18 va 24
gi0. Kha nang du bao ctia cac md hinh duoc xay dung dua vao cac yéu td dau vao va bo siéu
tham sb thich hop da dugc lua chon, danh gia béng cach so sanh cac gia tri du bao cuia mo
hinh véi quan tric. Tir cac két qua so sanh, danh gia, cac két luan chinh ctia nghién ciru dugc
dua ra nhu sau:

- B9 chinh xac ciia mé hinh dy bao phu thudc rt 16n va chét lugng cua chudi s6 lidu va
cac yéu t6 dugc lya chon lam dau vao. M6 hinh st dung chudi s6 liéu 02 bién (do cao song va
vén toc gid) cho do tin cay 16n hon v6i mé hinh 1 bién (chi sir dung d6 cao song), tuy nhién do
chinh xdc dugc cai thi¢n khong nhiéu, c6 nghia 1a khi xem xét t6i van tc gié do tin cay ting
khong déng ké véi hé s6 twong quan cho mé hinh 1 bién va 2 bién twong ing 1a R2= 0,57 va
Rz=0,582.

- Hau hét cac kich ban du bao déu cho dd tin cdy cua cac mo hinh du bdo cao nhét 1a &
thoi han 06 gio, sai sb ting dan khi han du béo cang xa. Do véy, dé c6 thé du bao tdt cho cac
thoi han xa hon can sir dung két hop giira s6 liéu quan tric va két qua du bao tir mo hinh 6 tri
nhu 13 cac bién dau vao cho mé hinh hoc may nhu cac nghién ctru trude da dé cap.

- Céc gia tri cuc tri trong chudi sb lidu cling anh huong tdi d9 chinh xac ctia mo hinh du
bao. Nghién ctru di chi ra rang trong qué trinh hun luyén mé hinh, cac diém cuc tri da khong
duoc du bao lai mdt cach chinh xac hay noéi cach khac mo hinh da khong hoc dugc hoéc tim
ra dugc cac trong so tai cac diém cuc tri nay. Cac diém cyc tri 1a cac gia tri khong thuong
xuyén xdy ra, chung thuong xudt hién khi c6 cac diéu kién thoi tiét bat thuong nhu béo, ap
thap nhiét hay gi6 mia manh. Do d6, trong budc phan tich va xtr ly . s6 liéu dau vao can phan
tach riéng r& cac cyc tri ndy thanh cac song thanh phan tir chudi sd liéu ban dau va coi cac
song thanh phan nay nhu 1a mot bién dau vao dé tham gia vao qua trinh huén luyén mé hinh.

- Qua danh gi4 d6 tin cdy ctia mé hinh cho thdy néu c6 chudi s6 liéu quan tric du dai va
tin cdy dé dam bao xac dinh cac dic tinh thong ké sdu hon thi hoan toan c6 thé xay dung duoc
md hinh du bao séng tmg dung phuong phap hoc may ap dung duge trong thuc té.
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Building a regression neural network model to predict significant
wave heights at Con Co station, Quang Tri, Vietnam
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Abstract: In recent years, artificial intelligence (Al) has been applied to many different
sectors and industries, including marine hydrometeorological forecasting. The application
of Long Short-Term Memory (LSTM) technique which is an improved version from
Recurrent Neural Network (RNN) and its results for wave prediction at the Con Co station
in Quang Tri province, Vietnam is presented in this paper. The observations of wave height
have been analyzed with the statistical characteristics and correlation with the observed
parameters to select the inputs for training the prediction model. Two models have been
built based on the numbers of inputs that are univariate model and two-variable model.
These models were implemented to predict the significant wave height with the prediction
periods of 06, 12, 18 and 24h. The results show that these developed models are good to
compute significant wave height for the period of 6 hours only. At that predict period, the
accuracy of prediction is R* = 0,582 for two-variables. The quality of wave observation data
at Con Co station is not reliable and detailed, which is the cause of large forecasting errors at
longer forecast periods.

Key words: Wave forecasting; Machine Learning; LSTM; AI, RNN.
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