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TOM TAT

Trong bai bao nay, ching toi gi¢i thidu mét huéng tiép can st dung hdi quy tuyén tinh (Linear Regression - LR)
trong hai bwéc, dwoc goi la two-step LR, dé& dw bao cho di¥ liéu cé cAu tric khéng - thoi gian (spatio - temporal data).
O budc dau tién tat ca cac dic trung dwgc chia thanh cac nhém con va st dung hdi quy tuyén tinh cho méi nhém
con dac trwng dé cé céc gia tri hdi quy twong (rng véi mdi nhém. Budc hai ap dung hdi quy tuyén tinh mét 1an niva
cho cac gia tri hdi quy thu dwoc & bwdc mot dé tao ra gia tri hdi quy cubi cling. Cach tiép can st dung two-step LR
c6 hiéu nang tét nhat khi dw bao téc d6 gi6. Dy bao tbc do gié hivu ich cho tich hop ndng lwong gié vao lwéi dién bai
vi nang lwgng gié dwoc sinh b&i tuabin gio, céd mdi quan hé mat thiét véi téc dod gi6. Sy kho dw doan trwéc va thay
déi lién tuc clia tbc do gié la mot trong nhirng khé khan c&n ban nhét cda viéc tich hop nay.

Tu khéa: D liéu khéng - thoi gian, div liéu sé chiéu cao, dy bao téc dd gio.

A Novel Regression Approach for wind Speed Forecasting

ABSTRACT

The paper presents a spatio-temporal data forecasting approach using Linear Regression (LR) in two steps
called two-step LR. In the first step, all features were divided into subgroups and Linear Regressions was utilized
to obtain a regression value for each feature subgroup. In the second step, Linear Regressions was applied again
to these regression values to generate the final regression value. The approach using two-step LR had state-of-
the-art performance for a wind speed forecasting problem. Wind speed forecasting would be useful for the
integration of wind energy into the power grid because wind power generated by wind turbines has an intimate
relationship with wind speed and unpredictability and variability of wind speed is one of the fundamental difficulties
of this integration system.

Keyworks: spatio-temporal data, high dimensional data, wind speed forecasting.

litu 6n dinh hon (Nguyen Hoang Huy & cs.,

1. DAT VAN DE

Céac hé théng thu thap di liéu hién dai c6
kha ning san sinh lugng 16n dii liéu, trong da s6
truong hop sé cho s6 lugng 16n dic trung tng véi
moéi mau dit liéu. Trong mdt s6 trudng hop, cac
mau dit liéu dude thu thap trong thoi gian dai c6
thé din dén phéan bé khéng 6n dinh, hay tham
chi 1a di liéu khéng lién quan, vi du nhu EEG
(Nguyen Hoang Huy & cs., 2014), hoac di liéu
van toc gi6 (Lei & cs., 2009). Trong nhiing
truong hgp nay, ching ta c6 thé phan tich di
litu trong khoang thoi gian ngin hon, véi s6
lugng mAu di liéu it hon, dé lam phan bs di

2014). Tuy nhién trong cac bai toan héi quy
thuc t&, van dé nay sé dan dén tinh trang l1a s6
lugng mau dii liéu n khong da 16n so véi s6
lugng dac trung d (vAn dé dit liéu s6 chiéu cao).
Khong may, khi n khong d 16n so véi d, van dé
hoi quy thong ké trong ca 1y thuyét va thuc t& sé
khé giai quyét hon (Bai & cs., 2019; Bickel &
Levina, 2008; Cai & Zhang, 2019; Hastie & cs.,
2009; Lei & cs., 2018).

Mot s6 hudng tiép can da dude dua ra dé
gidi quyét van dé héi quy dit litu s6 chiéu cao
néi trén (nghia 1a khi n 16n hon so véi d). Hau
hét cac phuong phap nay st dung cac mé hinh
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don gian véi s6 tham s it hon, nhu “naive
Bayes”, hay héi quy thua (sparse regression)
(Bickel & Levina, 2004; Hastie & cs., 2009;
Hastie & cs., 2015), dé tranh viéc phai uée lugng
qua nhiéu tham s¢ trong cadc mé hinh hdi quy.
Tuy nhién, trong thuc t& dii liéu khong phai ldc
nao ciing théa mén cac gid thiét cia phuong
phap nay. Vi du nhu trong nhiéu tinh huéng di
liéu khong thoéa man gia thiét thua, tham chi
ngay ca khi giad thiét nay dudc thdoa méan thi
phuong phap héi quy dua trén gia thiét thua,
cling khong dam bao sé& hoat ddng t6t do van dé
tudng tac gitia cac déc trung (Cai & Liu, 2011).
Khi dit liéu khong théa man gia thiét thua,
mot tinh chat quan trong khac ctia dii liéu s6
chiéu cao thudng théa man trong thuc t& va
dudge khai thac d6 14 tinh kha tach (trong dii liéu
khong - thoi gian) (Bai & cs., 2019; Genton,
2007). Loai di liéu nay c6 ma tran hiép phuong
sai phan tach dudc, nghia 1a c6 thé viét thanh
tich tensor cia ma tran hiép phuong sai khong
gian va ma tran hiép phuong sai thoi gian. Cho
dén nay, chi c6 mét vai phuong phap st dung
tinh ch&t nay dé giai quyét cic bai todn phéan
loai hodc héi quy déi véi dit liéu s6 chiéu cao,
tuy nhién nhiing phuong phap nay yéu cau
thém cac gia thiét nhu mé hinh trung binh coéng
tinh (Huizenga & cs., 2002; Leiva & Roy, 2014).

Hoang & cs. (2014) da dé xuit phuong phap
two-step LDA dé tranh viéc phai uéc lugng ddng
thoi nhiéu tham s6 khi 4p dung mé hinh phan
tich khac biét tuyén tinh (LDA). Two-step LDA
ap dung LDA trong hai buéc thay vi mot 1an
duy nhat cho tat ca cac thudc tinh. Dau tién,
LDA duge ap dung cho cac tap con dic trung.
Sau d6 LDA dugc ap dung vao cac gia tri két
qua thu dudc tir budc thi nhat. Two-step LDA
yéu cau tinh toan it hon bdi vi né khong can trai
qua cac quy trinh t6i vu cac tham s6 nhu tham
s6 chinh héa trong phan tich khéac biét tuyén
tinh chinh héa (regularized LDA), va c6 hiéu
ning t6t nhat trong phan loai EGG. Déi véi dit
liéu c6 tinh chat kha tach (di liéu théa mén gia
thiét ma tran hiép phuong sai kha tach), ching
téi da chiing minh dugc ty 1& 16i Iy thuyét cua
two-step LDA tuong duong véi phucng phap
Bayes véi ti 16 15i t6i uwu nhat, dong thoi dua ra
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huéng dan cach nhém cac dic trung trong budc
d4u tién ctua two-step LDA.

Trong khi two-step LDA duge thiét k& dé
gidl quyét bai toAn phan loai dii liéu s6 chiéu
cao c6 tinh kha tach, nhu trong di liéu khong -
thoi gian EEG va van 1a cau héi md, néu phuong
phap nay c6 thé dudec mé rong cho bai toan hoi
quy. Trong bai nay, ching td6i md rong two-step
LDA thanh two-step LR dé xt ly di liéu khong
- thoi gian kha tach s chiéu cao. Giéng nhu
two-step LDA khi phén loai dit liéu EEG, ching
t6i chi ra bing thuc nghiém rang two-step LR
hiéu qua véi bai toan du bao toc dd gi6 (dii lieu
khéng - thdi gian), cho két qua tét hon phuong
phap méi nhat dua vao hudéng tiép can hoc sdu
(Deep Learning).

Can luu ¥y rang, du bao toc do gi6 1a mot
trong nhiing bai toan quan trong trong khoa hoc
khi tuong (Lei & cs., 2009). Gan day da c6 nhiéu
hudng tiép can dua vao di liéu dé giai quyét bai
toan nay ti cac phuong phap phan tich théng ké
theo chudi thdi gian nhu Persistence Forecasting,
Autoregressive Model cho dén sii dung mang
than kinh nhan tao nhu Wavelet Transform-
Based Artificial Neural Networks (WT-ANN),
ANN-based ST va LS-based ST (Bali & cs., 2019;
Sanandaji & cs., 2015; Tascikaraoglu & cs.,
2016). Trong khi ANN-based ST, LS-based ST la
nhiing phuong phap khai thac ciu tric khéng -
thoi gian (ST) cua dii liéu toc d6 gié, st dung
mang than kinh nhén tao, binh phuong t6i thiéu
(LS). Gan day thi cac tac gia trong bai bao
Ghaderi & cs. (2017) da2 dua m6 hinh hoc sau
LTSM cho toan bd dit liéu dé du béo tée do gid,
ma bd qua viéc xem xét cdu tric khong - thoi
gian. N6 dugc coi 12 phuong phap tot nhat hién
nay dé giai quyét bai toan du béo téc d6 gié (Bali
& cs., 2019; Ghader1 & cs., 2017).

2. PHUONG PHAP NGHIEN CUU

Trong nghién ciu nay, ching t6i phén tich,
tong hop lai co sé 1y thuyét cta héi quy tuyén
tinh, rdi trén co s6 d6 ching téi dé xuat phuong
phap héi quy méi two-step LR. Trong mé hinh
héi quy tuyén tinh, gia st c¢6 cac mau huin luyén
doc lap {(x,, y) € R'x R, s = 1, .., n} tit mdt dam



doéng chua xac dinh c¢6 phan bs P(x, y) nao dé.
Cho mdt mau méi x ca dam dong trén, ching ta

~

cAn tim ham héi quyy = cho vector dic

\
trung x, dé c6 thé du doan gia tri y chua biét tng
véi quan sat méi x cang chinh x4c cang t6t. Trong
nghién ctiu nay, ching t6i md rong two-step LDA
(Hoang & cs., 2014) thanh two-step LR dé xéac

~

dinh ham héi quy tuyén tinh . - Tuong tu

nhu two-step LDA, two-step LR ap dung héi quy
tuyén tinh trong hai buéc.

2.1. Hoi quy tuyén tinh

Hoi quy tuyén tinh da chiing minh hiéu qua
cao cho nhiéu tap dii litu khac nhau néu dua

a . . . d+/logd
nhiéu mau huan luyén, sao cho —g—>0,

Jn

xem Bickel & Levina (2008) va Hastie & cs.
(2009). Tuy nhién néu n khéng dua 1én so véi d
thi phuong phap nay c6 hiéu ning khoéng tét,
tham chi ngay ca khi phan bé dii liéu xap xi hay
14 phan bé chuén. Chinh x4c hon, khin <d +1
ma tran hiép phuong sai mau X1a ma tran ky
di, va héi quy tuyén tinh mau la khong xac
dinh. Mot s6 phuong phap da dude dua ra dé
gidi quyét van dé nay nhu Hastie & cs. (2009)
va Lei & cs. (2018). Cac phuong phap phd bién
thuong dua vao ky thuat chinh héa, nhu héi quy
Ridge va héi quy tuyén tinh Lasso. Cac phuong
phap Lasso dua trén gidi thiét thua. Tuy nhién,
¢6 nhiing thudc tinh c6 thé lam giam ti 1é 151 caa
hoi quy tuyén tinh Lasso ho#c phan tich khac
biét Lasso théng qua méi tuong quan véi nhiing
dic trung khac miac du méi thuoc tinh d6 khong
c6 anh hudng gi 1én ham phan biét hoic héi quy.

Trong tdm cta nghién ctGu nay la dua ra
huéng ti€p can méi cho xay dung ham hoéi quy
cho cAc m6 hinh tuyén tinh trong khéng gian s6
chiéu trung binh:

y=XB+e

trong d6 y = (y,, .., y.)%, X 1a ma tran thiét
ké& Gaussian kich thudc n x d, v6i méi hang doc
lap sinh ti cing moét phan bé x;, ~ N(O, ), p la
vector tham s6 thuc su véi kich thuée d x 1, va e
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la vector 16i ngau nhién kich thuée n x 1 véi cac
phén ti €, .., €, 14 cAc bién ngiu nhién doc lap
c6 ctuing phan bd va E[e] =0, Var (¢) = 6*< o, d
¢6 thé 16n hon n (d = 0(n)). D& don gian hoéa va
khéng méit tinh téng quat, chung ta cé thé gia
st hé s6 tu do cia ham héi quy va gia tri trung
binh ctia tdt ca cac bién déu bang 0. Gia thiét
nay c6 thé dat dugc bing cach trung tdm héa bdi
trung binh mau. Hé s§ cia moé hinh héi quy
tuyén tinh (LR) c6 thé dudc x4c dinh bing
phuong phap binh phuong t6i tiéu, nghia 14 tim
B lam téi tidu 16

B =argmin i“uyi - X:F B"2

BeRY =1

D& to6i tiéu 161 nay, 14y dao ham tuong tng
v6i B dé dugc hé phuong trinh gém n phuong
trinh, d 4n. Néu d < n, giai hé phuong trinh nay
ta dudc:

B= (XTX)—1XTy(1) n<

Khi d + 2 > n, X"X 12 mot ma tran kich
thuéc d x d, nhung hang cta né thap hon n. Néu
n< , ma tran X'™X khéng kha nghich, tham
chi diéu kién x4u (ill-conditioned) v6i hau hét
cac gia tri riéng bang 0. Xay dung mé hinh héi
quy tuyén tinh st dung phuong phap binh
phuong t6i tiéu trong trudng hop nay hoan toan
that bai. Cach don gian nhét dé xi ly trudng
hop nay la thay thé ma tran nghich dao béng
ma tran giad nghich ddo Moore-Penrose. Mot vai
huéng ti€p can khac 1a dua trén ky thuat chinh
héa nhu héi quy Ridge, héi quy Lasso ciing da
dugc dua ra. Ching t6i dé xuat hudéng tiép can
mdéi, duge goi la two-step LR.

2.2. Phuong phap two-step LR

Tuong tu nhu two-step LDA (Nguyen
Hoang Huy & cs., 2014), two-step LR ciing xii 1y
trong hai bude. O bude diu tién two-step LR
phan chia tat ca cac dic trung thanh q cac tap
con rdi nhau x,, x, € R®, g=1, ., q,s=1,.., 1,

T T
T T T T —
x:[xl,...,xJ , X, :[xsl,...,xsq] , P1t o D=

d. Cach x4c dinh cac tap con dic trung la rat
quan trong va ching toéi k& thia tu two-step
LDA. Dé don gian hoéa, trong bai bao nay ching
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to1 thiét 1ap p, = .. = p,va d = pq. Sau d6 hoi quy
tuyén tinh dudc 4p dung cho mdi tip con dic

trung x, dé duge ham héi quy tuyén tinh e

trong d6, B,dudc xac dinh bang cach ap

dung phuong phéap binh phuong t6i thiéu trén
cac mau huan luyén:
x,e€Rhg=1,.,qs=1,..,n}

Trong truong hgp p + 2 > n, ma tran nghich
dao & cong thiic (1) dugc thay thé béi ma tran gia
nghich dao Moore-Penrose dé xac dinh B.. Trong
buéc hai, héi quy tuyén tinh duge ap dung mot
lan niia véi diém két qua tinh & bude mot:

[\ 1) 2 \ay

[\ sty 7\ say

v6i s = 1,.., n d& duge ham héi quy two-step
f*(x) cudi cung. Diéu dé c6 nghia f*(x) xac dinh
nhu sau:

~ A A ~

\J AN W V|

trong d6  1a2 ham héi quy tuyén tinh. Hinh
2 md ta luge dd ciia qua trinh thuc hién two-
step LR.

2.3. Dy bao dw liéu khong - thoi gian dya
trén two-step LR

Tuong tu two-step LDA (Nguyen Hoang

Z

)

[

LR

Huy & cs., 2014), khi ap dung two-step LR cho
dii liéu khong - thai gian, ching t6i st dung dit
liéu ti t4t ca cac dia diém tai ting thoi diém dé
du bao tai mot thoi diém cu thé & bude dau tién.
Sau d6 tat ca két qua du doan & budc dau tién
duge két hop dé tao ra két qua du bao cudi ciing
tai mot thoi diém xac dinh. Trong phin nay
ching t61 dua ra quy trinh ap dung two-step LR
dé du bao dii liéu tai cac dia diém khac nhau,
tai h thoi diém tié€p theo st dung di liéu 6 1 thoi
diém trudc d6. Ching téi thuc hién diéu d6 bang
h buée sau:

Budc 1: Du bao dii liéu & mbi dia diém, tai
thoi diém t + 1 bing cach ap dung two-step LR
cho khéi di liéu tai 1 thoi diém, tit thoi diém
t—1+ 1 dént, & tit ca cac dia diém.

Budc 2: Du bao dii liéu & mbi dia diém, tai
thoi diém t + 2 bing cach ap dung two-step LR
cho khoi dit liéu bao gém dit liéu thuc tai 1 - 1
thoi diém tit t — 1+ 2 dén t, & tat ca cac dia diém,
gbp v6i dit liéu duge du béo tai thoi diém t + 1,
day 1a két qua tu buée 1.

Budc 3: Du béao dit liéu 6 mdi dia diém, tai
thoi diém t + 3 bing cach ap dung two-step LR
cho khéi dii liéu bao gébm dii liéu thyc tail - 2
thoi diém tir thoi diém t — 1 + 3 dén t, § tat
ca cac dia diém, gop véi dit lieu du béo tai 2
thoi diém tu t + 1 dén t + 2, day 1a két qua tu
buée 1, 2.

LR

(1) - f(zy)]

f* ()

Hinh 2. Lugc do6 ctia two-step LR
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Buée h: Dy doan di liéu 6 mbi dia diém, tai
thoi diém t + h bang cach ap dung two-step LR
cho khoéi dit liéu bao gbm dit thuc tail —h + 1
thoi diém tit thoi diém t — 1 + h dén t, & tat ca
cac tram, gop v6i dit liéu du bao tai h — 1 thoi
diémtit+1dént+h -1, day 1a két qua tit cac
bude 1, 2,.., h — 1. Qua trinh du bao trong h bude
cho h thdi diém sau thoi diém t, st dung di liéu
tail thoi diém trude @6 duge mo ta nhu sau:

(Sdt71+i,...,sdt,sdt+1,...,Sdt+i71)M)Sdtﬂ

i=1,2,.,h

trong d6 h, 1 1a nhiing tham sé cho trudc,
sd; gd,lan lugt 1a khoi di liéu thuc va du doan
tai tit ca cac dia diém (spatial data) vao thoi
diém t.

3. KET QUA VA THAO LUAN
3.1. Bai toan du bao téc do gi6

Ning lugng gi6 da dudc phat trién nhanh
chéng va ngay cang trd thanh ning ludng tai
tao quan trong 6 nhiéu vung trén thé giéi, dac
biét & nhiing nudc chau Au (Lei & cs., 2009).
Tich hgp nang lugng gi6 vao luéi dién trén dién
rong 1a thiét yéu va nhiéu thach thtc do ban
chat ngau nhién cta gi6. Su tich hgp sé thuan
tién hon néu du bao chinh xac duge niang lugng
gi6 trong ngin han (Ghaderi, 2017). C6 nhiéu
hudng tiép can dé du doan niang luong gié, tuy
nhién huéng tiép can dua vao du doan tdc dd gié
van duge xem 1a huéng tiép can ndi bat nhat
(Tascikaraoglu & cs., 2016).

Nhiéu phuong phap du bao téc do gié duge
dua ra, c6 thé chia lam 2 loai: phuong phép vat
1y, va phuong phap théng ké (Lei & cs., 2009).
Phuong phap vat 1y khai thac nhiéu thuoc tinh
vat 1y nhu dia hinh, 4p suat, nhiét do, c6 1gi thé
trong du bao téc dd gi6 dai han. Phuong phap
thong ké thuong dya vao gia tri lich sti, nhu mé
hinh ARMA, va thudng cho két qua tot trong du
bao toc do gi6 ngin han. Bai bao nay tap trung
vao du bao téc d6 gi6 ngan han dua vao dit liéu
toc do gié lich st.

M6 hinh ARMA va mot s6 truong hdp dac
biét nhu mé hinh AR, mé hinh Persistence rat
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théong dung trong du bao toc d6 gié (Lei & cs.,
2009). Ching dudc xem 14 cAc md hinh chubi
thoi gian don gian nh&t nhung c6 thé vugt troi
nhiéu moé hinh phiic tap khéc trong du bao téc
do gi6 ngidn han (Sanandaji & cs., 2015;
Tascikaraoglu & cs., 2016). Dé cai tién d6 chinh
x4c du doan, nhiéu mé hinh tuong quan khong
gian duge dua ra dé khai thac méi quan hé téc
do6 gi6 ¢ nhiing vi tri khac nhau. Tuy nhién
ching chi gan nhu 4p dung cadc phuong phap
hoc may nhu mang noron nhan tao (ANN-based
ST), phuong phap binh phuong téi tiéu (LS-
based ST) ddi véi tat ca dit liéu khong - thoi
gian hodc véi dii liéu da dudc bién d6i thong qua
bién d6i Wavelet (WT-ANN),... (Lei & cs., 2009;
Sanandaji & c¢s., 2015; Tascikaraoglu &
Uzunoglu, 2014; Tascikaraoglu & cs., 2016).

Gan day cac thuat toan hoc sadu nhu Deep
Learning-based Spatio-Temporal Forecasting
(DL-STF) dudc st dung dé du bao téc do gi6
(Ghaderi & cs., 2017; Yu & cs., 2019; Wu & cs.,
2019). Tuong ty nhiing phuong phap trén, né
khai théac toan bo di liéu khong - thoi gian nhu
dii lidu dau vao cho thuat toan du doan, st dung
Recurrent Neural Networks (RNN) va Long
Short Term Memory (LSTM) (Ghaderi & cs.,
2017). Phuong phap nay vugt troi cac két qua
du bao téc d6 gi6 gan day. Tuy nhién, tat ca cac
phuong phap trén déu khéng dua vao cdu tric
khéng - thoi gian bén trong ctua dii liéu téc
d6 gi6, nhu tinh kha tach cha ma tran hiép
phuong sai.

3.2. M6 ta dit liéu

3.2.1. Tap du' liéu NCHMF

Tap dit liéu gi6 NCHMF tu trung tdm du
bao khi tugng thiy vin qudc gia Viét Nam duge
do 6 13 tram thoi tiét Ha Giang, Cao Bang,
Tuyén Quang, Hoa Binh, Nam Dinh, Ha Dong,
Phi Lién, Lang Son, Bai Chay, Tién Yén, Méng
Cai, Bach Long Vi, H61 Xuén. Nhiing tram nay
6 mién béc Viét Nam véi kinh d6 tir 104.044220
dén 107.848208, vi do tu 20.020846 dén
22.401052, nhu trong hinh 3. Téc do gié 6 tram
Bach Long Vi thay d6i nhanh va khong 6n dinh
nhu cac tram khac khac. Dii liéu quan sat tu
ngay 01/10/2016 dén 01/01/2019. Téc do gié dugc
do ba gio mot 1an.
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Hinh 3. Vi tri tram khi tugng do téc do gio
ctua Trung tam Dy bao khi tugng thiy van quéc gia Viét Nam

Hinh 4. Vi tri tram do di liéu téc do gi6 METAR

3.2.2. Tap dir liéu METAR

Tap dii liéu téc dd gi6 hang gic METAR
dugc thu thap ti cac bao céo thoi tiét tai 57
cang sin bay & bo bién phia dong Hoa Ky, bao
gom Massachusetts, Connecticut, New York,
New Hampshire. Hinh 4 cho thay vi tri ctia céc
cang san bay nay. Dau d6 1a san bay ACK, nim
trén mot hon dao. Téc d6 gi6 ¢ dao d6 thay doi
rat nhanh, tuong tu nhu nhiing gi 6 tram thdi
tiét Bach Long Vi ctia Viét Nam, mot trong 13
tram thoi tiét 6 hinh 3. Téc d6 gi6 tir 06/01/2014
dén 20/02/2014 duge st dung dé kiém tra hiéu
ning cua cac phuong phap hoc may duge nghién
ctu. Pay 1a thoi diém, toc d6 gié khéng on dinh
hon t4t ca cac khoang thdi gian khac.
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3.3. K&t qua ting dung two-step LR

Tuong tu two-step LDA (Nguyen Hoang
Huy & cs., 2014), two-step LR xac dinh cac
nhém con dic trung gbm tit ca cac dic trung tai
mbi thoi diém. Chung t6i ciing khong ap dung
bat ky ky thuat hoc may nao nhu chinh héa dé
nang cao hiéu ning ctia héi quy tuyén tinh dudc
thuc hién 6 médi budc. Do dé khong cé su thiét
lap siéu tham s6 nao khéc ctia two-step LR. Hon
nita d6 phtc tap tinh toan cta two-step LR
giam di do chi 4p dung héi quy tuyén tinh trén
mobi nhém con déc trung.

Bang 1 so sanh hiéu suét cia phuong phap
dugce ching t6i dua ra v6i cac phuong phap khac
trén tap di litu METAR. Dé so sanh sai s§ caa



cac phuong phap, ching t6i st dung ba do6 do
thong dung 1a MAE, RMSE va NRMSE. Trong
thit nghiém nay ching téi chon 1= 12, h = 6 theo
Ghaderi (2017), day la tham s6 cho hiéu ning
tot nhat cia DL-STF trén tap di lieu METAR.
Lua chon 1 =12, h = 6 ¢6 nghia la two-step LR
va cac phuong phap khac st dung d = 684 = 57 x
12 gi4 tri quan tric (d#c trung) tit 57 tram va 12
thoi diém (gio) trude d6 dé du doan gia tri toc do
gi6 trong 6 gio tiép theo. Ching t6i st dung dii
liéu téc do gi6 tir 6.012 gio lién tiép (250,5 ngay),
hinh thanh 6.000 mau huén luyén dé hoc mé
hinh du bao va cac mAu kiém tra 1a téc do gi6
trong giai doan khong 6n dinh nh&t tu
06/01/2014 dén 20/02/2014 nhu da néu trong bai
béo ctia Ghaderi & cs. (2017). Cu thé hon vé cac
phuong phap khac duge trinh bay cu thé trong
cac bai bao ctia Sanandaji & cs. (2015) va
Tascikaraoglu & cs. (2016).

Bang 2 trinh bay 3 sai s6 trung binh cua tat
ca céac tram trén tap di liéu METAR. Ching ta
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c6 thé thay hiéu nang du doan trén ACK hoac
tat cd cac tram cua two-step LR troi hon DL-
STF, phuong phap tot nhat hién nay.

Hinh 5 biéu dién di liéu téc d6 gié thuc t&
(duong mau xanh) va téc do gié du doan (dudng
mau dd) ti di liéu kiém tra trén 16 tram quan
sat. D6 thi dau tién trong hinh tng véi tram
quan sat 6 cang san bay ACK.

Trong tap dit lieu NCHMF, c6 3 gia tri toc
do gi6 bi thiu va ching to6i da thay thé ching
bing gia tri toc do gié do tai thoi diém trude dé
(3 tiéng trudc), & cung tram. Bang 3 bidu dién
hiéu néng cta DL-STF va two-step LR khi st
dung tat ci dii liéu tu 13 tram thoi tiét véi
1= 12, h = 6. Bang cach nay thi DL-STF va two-
step LR c6 thé khai thac tdt ca cac thong tin
tuong tac 4n gitia cac tram. Qua bang 3, chung
ta c6 thé thdy two-step LR c6 hiéu ning du bao
téc do gi6 tot hon hodc bing phuong phap dang
cho két qua t&t nhat hién nay 1a DL-STF, xem
bai bao Ghaderi & cs. (2017).

Bang 1. Sai s6 clia cac phuong phap khac nhau trén tram ACK

Method MAE (m/s) RMSE (m/s) NRMSE (%)
Persistence Forecasting 2,14 2,83 16,86
AR of order 1 2,07 2,76 16,44
AR of order 3 2,07 2,76 16,40
WT-ANN 1,82 2,47 14,68
ANN-based ST 1,80 2,30 13,69
LS-based ST 1,72 2,20 13,08
DL-STF 1,63 2,19 13,08
Two-Step LR 1,40 1,93 11,48

Bang 2. Sai s6 trung binh trén tat ca cac tram st dung DL-STF, two-step LR

Method MAE (m/s) RMSE (m/s) NRMSE (%)
DL-STF 1,18 1,62 16,28
Two-Step LR 1,09 1,44 14,32

Bang 3. Sai s6 trung binh ctia DL-STF va Two-Step LR trén tram Bach Long Vi va ca 13 tram

Method Locations MAE (m/s) RMSE (m/s) NRMSE (%)
DL-STF Bach Long Vi 1,70 2,36 13,86
All Stations 0,82 1,16 19,09
Two-Step LR Bach Long Vi 1,67 2,27 13,34
All Stations 0,82 1,07 18,04

449
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Hinh 5. So sanh giita toc d6 gi6 thyc t& va du bao trén dit liéu kiém tra

4. KET LUAN

Hiéu suat cua hoéi quy tuyén tinh bi anh
hudng béi s6 chiéu. Dé gidi quyét van dé nay,
ching toi gi6i thiéu phuong phap ap dung hoi
quy tuyén tinh trong hai buéc, duge goi 1a two-
step LR. Huéng tiép can nay dudc gdi y tit two-
step LDA va tinh kha tach cta ma tran hiép
phuong sai cta dii liéu toc do gi6. Véi dii lidu téc
do gi6 c6 sd chiéu cao trung binh, hidu néing cua
cach tiép can nay to6t hon cac phuong phap méi
nh4it. Ngay nay, c6 nhiéu phuong phap diéu
chinh héi quy tuyén tinh cho dii liéu cé s6 chiéu
cao nhu 1a hoi quy Lasso va cAc cai tién ctia né.
Tuy nhién, v6i hiéu biét ctia téi, cac thuat toan d6
chua dugc thi nghiém cho du bao téc do gié.
Trong tuong lai, huéng tiép can hai buéc st dung
nhiing thuat todn nay nén duge khio sat ti mi.
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