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Tom tit: Néing lwong gi6 da tré thanh mot gidi phdp thay thé rdt kha thi dé cung cdp
dién. Do dé, dw bdo xdc sudt dién gio, thir khong nhitng dw bdo cdc gid tri chinh xdc, ma con
cho thém nhiéu thong tin vé tinh bdt dinh ciia cdc gid tri dwoc dw bdo, ngay cang quan trong.
Tuy nhién, hau hét cdc phwong phdp dw bdo hién tai chi tdp trung vao dw bdo diém ma khéng
chii y dén dw bdo mdt @o. Do do, vmg dung ciia cdc két qua nay vao cdc van dé ngdu nhién
ctia hé thong dién con han ché. Bai bdo nay trinh bay mét phwong phdp duw bdo xdc sudt
dién gio mdi goi la moé hinh bién dong nngu nhién voi do chinh xdc cao cho du bao mdt do.
Phirong phdp phdn cdp Bayesion dwoc sir dung dé wéc tinh mé hinh d@é xudt. Mo hinh bién
dong ngcfu nhién duoc su dung trong ldp mé hinh va dw bao dién gio dwa trén dir liéu thuc
tai Nhdt Ban vao ndm 2005. B chinh xdc ciia mé hinh bién dong ngcfu nhién cho ca dw bdo
chinh xdc va dw bdo xdc sudt véi cdac khoang thoi gian dw bdo khdc nhau sé dwoc phdn tich
va so sanh voi mé hinh ARMA.

Tir khéa: Mo hinh ARMA, Bayesian; Dy bdo xdc sudt; Mé hinh bién dong ngdu nhién; D
bdo cong sudt dién gié.

Bang ky hi¢u diag(a) Ma tran duong chéo gia tri a
oc ti 1€ thuan voi P Gia tri x4c suit
~ ¢6 phan phdi nhu N(b, ¢) Phan phéi chudn
A Ma tran (vecto) chuyén vi cia A 1G(a, B) Phan ph6i Gamma nghich dao
I. Pit vin dé dién. Tuy nhién, tinh bit dinh cua dién
Vi su can kiét clia cac nguén nhién gid lam thay doi cac van dé truyén thong
liéu hoa thach, niang lugng gié ngay cang trong van hanh va diéu khién hé thong
dugc tich hop nhidu hon vao cac hé thong dién, ching han nhu van hanh ludi dién
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thoi gian thuce, chét luong dién nang, lua
chon td may van hanh, cong sut hé théng
truyén tai va nang cép trong tuong lai,
chao gia thi truong dién[1-4]. Do do, viéc
xay dung cac phuong phap du bao dién
gi6 1a can thiét, dac biét 14 du bao xéc suat.

Trong nhiing nam gan day, da c6
nhiéu nghién ctu trong linh vuc du bao
dién gi6 véi pham vi thoi gian du bao tir vai
gidy dén vai tuan, cu thé 14 phuong phap
vat ly va thdng ké. Cach tiép can vat ly dién
hinh 1a mé hinh dy béo sb tri yéu cau nhidu
dir liéu dau vao nhu tdc do va hudng gio,
nhiét d9, ap suat, bé mat va do go ghé nén
md hinh dy béo trd nén phirc tap va can
nhiéu thoi gian hon dé giai quyét. Do do,
cach tiép can vat Iy nay phi hop véi du bao
dai han (hon mot ngay) [5].

Ngugc lai, phuong phap théng ké st
dung dir li¢u lich st vé dién gio dé xay
dung mo hinh dy bao va huén luyén mo
hinh dua trén sy chénh l€c giira gia tri du
bao va gia tri thuc té. Cac mod hinh dua
trén chudi thoi gian va cac phuong phap
dua trén mang notron nhan tao (NN) 1a hai
loai phuong phap nay. Ca hai déu dé dang,
khong ton kém va chinh xac dé du béo
ngin han [6-8]. Theo [5], cac md hinh dua
trén chudi thoi gian chinh xac hon NN.

Mb hinh trung binh dong hdi quy tu
dong (ARMA) la loai mo hinh dya trén
chudi thoi gian phd bién nhat dé du doan
tdc do hodc strc manh cia gio trong tuong
lai [9-11]. Mic du thuc hién dé dang trong
ca du bao diém va xac suat, mo hinh
ARMA gia dinh sy bién dong c6 diéu kién
lién tuc trong khi diéu nay khong dung
trong thé gidi thuc. Gia dinh nay dan dén
bién dong cua dir liéu di cho cang cao thi
phuong sai udc tinh cia md hinh cang
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cao. Két qua Ia, dieu nay lam giam chat
lugng cua dy bao xac suat.

Trong bai bao nay, md hinh bién
dong ngiu nhién (SV) dua trén md hinh
ARMA dugc dé xuat. Ké thira nhiing uu
diém tir md hinh ARMA; phuong phap dé
Xuét cling xem xét su thay ddi clia phuong
sai ¢6 diéu kién theo thoi gian. Bén canh
do, su két hop giita phuong phap phan
cip Bayesian va mo6 phong Markov Chain
Monte Carlo dugc 4p dung dé khong chi
ude tinh cac tham s6 ciia md hinh ma con
tinh toan mat do duoc du doan. Piéu nay
lam cho viéc tinh toan linh hoat hon. B§
chinh xac cua phuong phap nay sé dugc
so sanh v4i m6 hinh ARMA cho ca du bao
diém va du bao xac suét.

I1. Phwong phap nghién ciru
2.1. Mé hinh bién dpng ngiu
nhién (SV)

Trong md hinh ARMA(p, q) truyén
thdng, hanh vi ctia chudi thoi gian ¢ dinh
dugc mo ta nhu sau:

Ye = @0+ Xhoy OiYe-i
+ Z?=1 wjut_j + ut

Trong do, y, la gai tri quan sat dugc

(D

tai t; u la phan sai s6 tai t véi gia tri trung
binh bing khong va phuong sai khong
dbi; p 1a bac cta phan tu hdi quy (AR); ¢
1a bac ctia phan trung binh dong (MA); o,
v, la hé Sé, cua AR, MA. Trong md hinh
nay, do bién dong ctia chudi thoi gian la
khong ddi vi phuong sai ciia sé hang sai
s6 duoc gia dinh 1a khong doi.

Trong md hinh nay, d9 bién dong ctia
chudi thoi gian 1a khong doi vi phuong sai
ctia s& hang sai s6 duogc gia dinh 13 khong
doi:

Ve = Qo+ @1Ye-1 YU+ U (2)
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u, = e"t/2g,~N(0, M) 3)

Trong do, h, dugc goi la bién dong
logarit cuia chudi thoi gian va lan lugt phat
trién theo mo hinh tu hdi quy véi do tré
1(AR(1)) nhu sau:

he = up + @p(hes —p) + €8 (2)
el'~N(0,07) 3)

Trong do. u, 1a trung binh cua chudi
thoi gian &; ¢, 1a tham s6 ctia mo hinh
AR(1); £l 14 phan sai s0.

Sai s u, va ef dugc gia dinh 1a doc
lap v&i nhau. Gid tri ban dau u, vah, duoc
dat bang khong. Bén canh do, ta ciing gia
sir réng hy~N (i, a7t /(1 = 9})).

Dé dang nhan ra rang do su hién
dién cua bién dong logarit h, bién dong
cua y, thay d6i theo thoi gian.

2.2. Phuong phdp phin cip
Bayesian dé wéc tinh mo hinh bién dpng
ngdu nhién

2.2.1. Co s¢ Iy thuyét cua phwong
phdp phdn cdp Bayesian

Trong phan trudc, mé hinh SV dugc
gidi thi¢u 1a mot mo hinh du bao. Trudce
khi str dung md hinh nay dé du bao dir
lidu trong tuong lai, cin phai khdp né véi
dir liéu lich st va udc tinh cac tham sb
cua no.

Mot cach tiép can rét co ban dé udc
tinh tham sd la phuong phap udc lugng
hop ly cuc dai(Maximum Likelihood-ML)
tim cac tham sd dua trén viée tdi da hoa
ham kha ning ctia cac tham s va dir liéu
da cho. Mic dii phuong phép nay rat hiru
ich, nhung né van c6 mot s6 nhuoc diém.
Vi du: udc tinh ML ¢6 thé khong xac dinh
duoc néu kich thuée mau nhé. Ciing kho
tim cuc dai ctia ham hop 1y khi ¢6 nhiéu

tham s6 trong md hinh [ 12 ]. Trong nhiing
truong hop nay, viéc su dung Phuong
phap phan cap Bayesian 1a can thiét.

Goi x va lan luot 1a dir liéu va tham
sd can udc lugng. Phuong phap Bayesian
duoc trién khai dua trén viéc coi 0 12 mot
bién ngau nhién. Him mat do xac suét
1(6) trude khi ¢6 dir liéu quan sat dau tién
dugc goi 1a phan phdi trude. Phan phdi ¢6
diéu kién f{x|6) duoc goi la ham kha nang
Bayes. Phan phdi sau f{f|x), md ta 6 ¢o
tinh dén dir liéu x da cho, ty 1¢ thuan v&i
tich ctia ham tién nghiém va kha nang:

f(8lx) o< f(x|6)f(6)

Trong khi phuong phap ML tdi da
héa ham kha ning cua tham sé 0 va quan
sat x, phuong phap Bayes tim thiy tham
s& 6 ti da hoa phan phdi sau £(8)x).

Néu mé hinh duoc diéu chinh ¢6
nhiéu tham sb, vi du: hai tham sb a va B;
mdt hé thong phéan cip thuong duge st
dung dé chi dinh mo hinh nhu sau:

a~f(a)
Bla)~f(Bla)
(x|a, B)~f (x|, B)

Ham méat do xac suét chung duogc
tinh don gian bang tich cua phan phdi co
diéu kién f (x|, B), f(B|a), va cac phan
phéi trude fla):

fxa,B) < f(xla,B)f (Bla)f (a)

Pé x4c dinh ham phan phdi sau
flalx) va ching t6i coi ham phan phbi
chung f{x,a,f) 1a ham cia a va g dbi voi
x ¢b dinh va cac tham s khac. Cac két
qua nhu phan phdi sau bién, gia tri trung
binh hodc phuong sai ctia a va S ¢6 thé
thu duoc bang md phong Markov Chain
Monte Carlo (MCMC), cu thé la bd lay
mau Gibb, theo cac budc sau [ 12 ] : 1)



Lay o tir flo); 2)Lay Bt f(B | a, x); 3)Lay
atuflo|p x).

C6 thé thiy ring phan phdi sau
khong chi phu thudc vao ham kha nang
Bayes ma con phu thudc vao phan phdi
truge. Cu thé, viée chon phan phéi trudc
khong cung cap thong tin va md phong
v6i ¢& mau 16n s& lam giam tac dong cua
phan phdi trude vé 0.

2.2.2. Uéc tinh mé hinh bién dong
ngau nhién

Trong phan nay, phuong phap phan
cip Bayes duoc ap dung dé udc luong mod
hinh bién dong ngiu nhién dugc mo ta
trong phan II-A véi gia tri quan sat VpVp
Vo oos Vi
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biaty=/(y, y,.. v,I' 0=[0, 0,] h=[h,
h, ... h,]'ching i gia str phan phdi trude
cho céac tham so ctia m6 hinh nhu sau:

¢~N(0,Z¢) voi |¢1|<1

W~N (o, 0) V6i [y < 1

tn~N (Uno, Uﬁh)

®n~N(Pro, 05,) Vi [$] < 1

o ~1G (ay, Br)

Trong d6, |¢,| < 1 1a diéu kién dimg
cho (2), |y|< 1 d kha nghich. Ngoai ra,
$,/ <1 1a diu kién dimg cho (4).

Trong phan phdi trudc néu & trén,
hing s6 ZW,IPO,UI/Z;, Unor Os Pros Ogps
@y, Br. duogc chi dinh bdi ngudi sir dung.
Phan phdi trude chung la:

f(h, @, 0, tn, @n, 67 13) & fF(r|R, @, V) f (Rlin, @n, 02) *F (@) f W f (un) f (@) f (o) (6)

Céc phan phdi sau dugc 13y theo trinh
tur tir mau MCMC nhu sau : 1) flp|y.hy);
2) fhye.wu,0,0m 3f (kR 1, @n)
va f(unlh, o, @) Df (@nlh, tn, o7 ) 5)
f@l1y, h, @)

e Budc mot: Lay tir

Biéu thac (1) dugc viét lai dudi
dang ma tran nhu sau:

y =Xy + Hyu 7
Trong do6:
u=[u u ur]’'~N(0,S,)
S, = diag(e",eM,...,e");
1 1 0 0 0
. zf’ 1 0 0
X=1 7 [Hy=[0 ¥ - 00
L yra 00 .. v 1

bt ¥=Hy'yvaX=H,'X (7)
duoc viét lai nhu sau:
y=Xp+u ®

Theo [12], ta ¢6 phan b sau:
(@ly, b, P)~N(p, D) )
Trong do:
D,=X'S;* X +z,)7"
@ =D, X'S;'y

Biéu thirc (9) ¢6 rang budc [¢,| < 1.
e Budc hai:

Lay tir f (hly, 9,9, tn, ¥, 1)

Pé tinh phan bd mat do
fhy.o.p.1,,0,,02), trude tién can x4c dinh
j =3 — X¢. Tur (8), ta c6 phuong trinh
sau:

y=u (10)
Dé& thay, y la mot vecto cot c6 T
phan tir

y=1[1 V2 - V7l

Do d6, hang thir £ cua (10) duoc viét
lai nhu sau:

Ve =u (11)
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Tir (3) va (10), dat y; = In(§,)%va
g = In(g)% taco:
yi =he + € (12)
Theo [13], ham mat d xac suét cua
¢6 thé duogc xap xi bang md hinh hdn hop
Gaussian bay thanh phan:
st €{1,2,...,7} (13)
P(se =10) =p; (14)
(gflsy = )~N(u; — 1.2704,62) (15)

Trong do, s, 1a chi s6 thanh phan;
Di,i;,07 1an luot 1a xac suat hdn hop, gia
tri trung binh va phuong sai cia thanh
phan thir i duoc dua ra Bang 1.

Bdng 1. Cdc tham sé ciia mé hinh hon
hop Gaussian

Thanh | Xacsuat | Trung | Phwong
phin | hén hop binh sai
1 0.00730 [-10.12999| 5.79596
2 0.10556 | -3.97281 | 2.61369
3 0.00002 | -8.56686 | 5.17950
4 0.04395 | 2.77786 | 0.16735
5 0.34001 | 0.61942 | 0.64009
6 0.24556 | 1.79518 | 0.34023
7 0.25750 | -1.08819 | 1.26261
bat
s=[s1 S2 . St],

y=bt y2 -~ »rl’
Ta ¢6 phan phdi sau chung la:

vag*=[g & ... &f].
Tu (12), ta co:
y  =h+¢ (16)

Trong d6 (¢* [s)~N (g, 2,) Vi gia
tri trung binh va phuong sai nhu sau:
te = [4s, — 1.2704 ts, — 1.2704]

28 = dlag(O'Szl. 0-5‘221 LR O-SZT)
Nhu véy, ta co:
(y* |S,h)~N(h+I”'£;Z£) (17)

Mat khac, (4) dugc viét lai dudi
dang ma tran nhu sau:

Hh = @ ppp + € (18)
Trong do6:
=01 1-@n 1-@y 1=l
egp=1[el e .. ef~N(0,Zp)
2, = diag (o, of,...07)
1 0 0 0
—on, 1 .. 0 0
0 0 . -, 1
C6 thé thay ring:

(hl@n i 02)~N(H opt, (H'E; ' H)™) (19)

f(h, s, pn, @, 07 ly™ ) &< f(¥™ |s, h) f (hlpn, @n, 0F)
<f($)f (un)f (@n)f (o7)

Tir (17), (19) va (20), ta thay:
(hly", @ tin, G)~N (R, D) (17)

Trong do:

Dy =(H'2*H+2;H)71
h=Dy(H  @pun + Z71(v" — 1))

(20)

e Budc ba: Lay tUr f(07|h, tn, @n)
va f (unlh, o7, @)
Tu (18), ta co:

(Hh|@p, in, ) ~N (@nin, Zn)  (22)

Theo [12], cho h, phan phéi gamma
nghich dao nhu sau:

T 1 - , -
(07| h, s ) ~IG (ay + > B + > (Hh — @ppp) (Hh — @piy)) (23)
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Phén phéi sau cua 1a: h—un = (Xy — ) @n + €n 25)
(nlh, 07, @n)~N (fin, Dy,) (24) Vi h, phan phdi sau ctia ¢, 1a:

Trong do: (@rlh, up, O-if)’“’N(@h' Dy,,) (26)

Dy, = (Pn' 27 @+ ;)" Trong do: 1 .
fin = Dy, (@n'E Hh + 0,2 1no) Dy, = (X = 1n)' 2~ (Xn = p) + 0,

P = Dy, ((Xn = ) (h = pn) + 0,7 o)
. e Budc nam: Lay tir f(¥|y, h, @)
baéu tién, dat X,=1[hy hy .. hr4], Tir (6), voi y, h, @, ham logarit kha
(4) duoc viét lai dudi dang ma tran nhu sau: nang cua vy la:
Inf @ly, h, @) ccinf @) +Inf (yle, h )
1, 5 toelre o
«<inf @) —;0 —X9)'S; (7 —Xo)
D@ dang tinh dugc v bang cach téi da (27).
2.3. Dw bdao

e Bu6c bon: Lay tir f(@p|h, up, 07)

Gia st = [@g, 91, Y, tn, @n, 07, phan phdi du dodn sau dé du doan dit liéu y trong k
budc thoi gian tir T+1 dén T+k duge cho bén dudi:

fOrsrr+cly) = f (]h fOrsrrerlhrerrss)

hr,0 T+1:T+k (28)

*f(hrirr+kly, 0, hp)d(heirri)) X f(6, hely)d(6, he)
Hinh 1. Luu dé thudt todn du bdo Phuong trinh (28) cho thdy mat do
__ du doan c6 tinh dén do khong dam bao cua
céc tham sb va dir liéu khong chi ¢ diém
i-1 gbe du bao (f(6, hy|y)) ma con trong ca
T 92:[¢6,¢].-:/,i,”;'1,¢;;,0;<i>] twong lai (f (hr1r+k|Y, 6, he)). Mat dé
s bién dugc du bao cua dir licu y duogc lay

Lay hi to f(hy N N o A Lo , .
- il trn, vong ldp dugc mo ta dudi dang luu
Ll dd trong Hinh.1.
1
| Ly )N} | II1. Két qua va thio luin
j=j+1 | l
oo =t 0 eet | L 3.1. Bj dir lt.etf
| _ lN(O o | Phuong phap dé xuat dugc sir dung dé
Léy up,;~ he N A 1Y \ r EUN Py ~ ~
I 1ap mo hinh va du bao dién gi6 dua trén dir
Yraj = 00+ BV rjor VUi + liéu thuc duoc thu thap cir mdi 5 phut tai
trang trai gi6 6 Nhat Ban vao nam 2005. Nha
may dién gi6 ndy ¢6 cong suit 51,7SMW.

Dua trén md hinh ARMA, m6 hinh

SV ciing yéu cau dir li€u dau vao phai co
dinh. Tuy nhién, cong suat giéo khong co
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dinh nén can phai chuyén dbi dir liéu ban
dau sang dang méi ¢6 tinh ¢d dinh. Hai
phép bién ddi thudong duoc sir dung la
bién dbi chénh léch va logarit chénh léch
giita hai dir liéu dugc quan sat lién tiép
[14]. Bay gio, ching t6i tinh toan chudi
dir liéu chénh 1éch theo phuong trinh sau:

r=P-P, (29)

t

Trong do, r 1a chénh I¢ch tai thoi
diém t; PvaP, lan luot 14 cong suét gio
tai thoi diém t va t -1

P4 thi cua chudi chénh léch trong
Hinh 2 cho thiy chudi thoi gian nay la ¢
dinh. Nhu vay, m6 hinh SV s€ duoc su
dung dé mo hinh héa chudi chénh léch cua
dién gi6. Dua trén cac chudi chénh léch
du béo va dir liéu do duoc, ¢ thé d& dang
tinh toan nang luong gid trong tuong lai.

3.2. Két qud woc tinh

Pau tién, chung i dat phan phdi trude
clia tham s6 véi £, = diag(50,50), 1, = 0,
0-1,% =50, Uno = 0, O-l%h = 59 ®no = 0.9,
O'qz,h =La, = 10, ,Bh =05 Sau do6 léy
10000 mau theo thuat toan dugc mo ta
trong Phéan II, phan phéi hau nghiém thu
duoc dugc thé hién trong Hinh 3. Ngoai
ra, gia tri trung binh hau nghiém va d¢
léch chuan dugce minh hoa trong Bang 2.
Hinh 4 trinh bay gia tri trung binh sau cua
h, ciing nhu cic khodng tin cdy trong 24
gio dau tién ctia cac mau. Mat khoang 250
gidy dé udc tinh mau SV véi 4320 mau
trén Intel® Core™ i5-3320M 2.6GHz
(RAM 4GB).

Du béo trude 15 phut (3 budc) duge
thuc hién trong hon 24 gi¢ dugc trinh bay
trong Hinh 5. Khoang du béo tir 10% dén
90% duoc minh hoa bang bong mo.

Do chinh xac cta du bdo diém su
dung m6 hinh SV dugc dénh gia bang sai
sd can quan phuong (RMSE):

1 1 a
RMSE =—— /ﬁ N_ (P, - B)?2.100% (30)

=
=]

-18

Wind Power's Differenced Series (My)
o

Hinh 2. Chudi dit liéu chénh léch cia
cong sudt gio.

Ho

a
0.05 0.1 n.1s 02 025 -1 -05 o 05 1

Hinh 3. Ham phdn phdi cia cdc tham sé

1y

Mean

5% quantile
95% guantile

0 5 10 15 0
Time(hours)

Hinh 4. Gia tri trung binh va khoang tin
cdy cua ht

Badng 2. Gid tri trung binh va dg léch chudn ciia cdc tham sé

Thong sb po p1 v ph oh o,
Trung binh -0.0294 | -0.2085 | 0.1681 [ 1.0854 | 0.9522 [ 0.1237
Pj léch chuin 0.029 02398 | 02402 [ 0.1421 | 0.0092 | 0.0215




Trong dé P, va B, lan luot la cong
suét gi6 thuc té va du doan tai thoi diém n;
P lacong suét lap dat cua nha méy dién
gid; N la thoi gian du bao.

S0

———Predicted Data
Actual Data

Wyind Powervh
o
=]
n‘__y
=
s
==
_——
=

. . L .

g 10 15 20
Tirne(hours)

B 00 |

0 0.1 02 03 04 05 06 07 08 03 1

Hinh 5. Két qua duw bdo 15 phiit toi

Du béo xac suét duge danh gia don
gian theo tiéu chuén Coverage Rates. Theo
tiéu chuin nay, chung toi tinh toan tan suét
ma gia tri thuc t& nam trong khoang tin
cy phan trim o cta du bdo. Ving phu
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song chinh x4c twong mg v&i tin suét
khoang a%. Néu tan suit 16n hon (hodc
nho hon) so véi phan trim a, diéu d6 ¢
nghia 1a mat d6 du bao sau qua rong (hoac
hep) [15].

Converage Rate of 10% CT

Corverage Rate of 30% CI

13 6 12 18 2% 13 6 12 18 24
Look-ahead Steps Look-ahead Steps

Converage Rate of 50% CI Converage Rate of 70% C|

LA 2 12 18 24 13 B 12 18 24
Look-ahead Steps Look-ahead Steps

[ 5v ——ARMA(LT) —o— ARMAR T} |

Hinh 6. Hé s6 Coverage Rate ciia cdc mo
hinh SV, ARMA(1,1) , ARMA(2,1) twong
ung voi khoang tin cdy la 10%, 30%,
50% and 70%

Bdng 3. Sai 56 cin qudn phirong (%)

Steps 1 3 6 12 18 24
SV model 3.59 5.69 8.35 12.69 16.17 19.00
ARMA(1,1) 3.75 5.89 8.62 13.12 16.69 2047
ARMA(2,1) 5.61 12.47 14.70 15.91 20.46 23.54

Dua trén tiéu chuin RMSE va
Coverage Rate, m6 hinh SV dugc danh
gia va so sanh véi mo hinh ARMA(1,1) va
ARMA(2,1) véi cac budce nhin trude 1a 1,
3,6, 12, 18, 24 tuong Gng vd&i thoi gian téi
lan luot 1a 5 phat, 15 phit, 0,5 gio, 1 gio,
1,5 gio va 2 gio.

Két qua vé tiéu chuan RMSE cho ca
hai m6 hinh dugc mo ta trong Bang. III. Rd
rang tor bang nay la do chinh xéac cua du
bao diém s& giam néu khoang thoi gian du
bao tang tur trude 1 bude 1én trude 24 bude.
Tuy nhién, sai s6 ctia mo hinh SV nhé hon
nhau trong moi khoang thoi gian. Piéu nay
¢6 nghia 1a mé hinh SV chinh xac hon hai
md hinh ARMA trong du bao diém.

Hinh 6 cho thay ty 1& bao phi ciia ca
hai mé hinh ARMA cao hon nhiéu so véi
o -phan trim véi o bang 10%, 30%, 50%
va 70% cho tit ca cac khoang thoi gian du
bao. Nhu vay, du bdo mat dd cia cac md
hinh nay 1a qua rong. Do do, viéc danh gia
do bét dinh cta dir liéu du doan s& khong
chinh xac. Trong khi dd, ty 1€ bao phu cta
md hinh SV gan bing a -phan tram cho tat
ca cac khoang thoi gian du béo. Két qua
nay cho thdy mé hinh SV chinh xac hon
cac md hinh khéc trong du bao xac suét.

IV. Két Luén

Mot cach tiép can du bao nang
lugng gid x4c sudt ngan han dugc trinh
bay trong bai bao nay. Su két hop cia
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Phuong phép phan cip Bayesian va md
phéng Markov Chan Monte Carlo dugc
sir dung dé mo hinh hoa phuong phap dé
xuat cling dugc thao luan. Phuong phéap
dé xuét 1a thir nghiém trén dir liéu thyc té
tai Nhat Ban. Két qua cho thdy tinh hiéu
qua va chinh xac cua phuong phéap du
bao nay khong chi ddi véi du bao diém
ma ca du bao x4c suét.
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SHORT-TERM PROBABILITY FORECASTING FOR
WIND POWER OUTPUT BASED ON STOCHASTIC
FLUCTUATION MODEL

Do Phuong Nhung', Nguyen Trong Khiem®, Dang Minh Quan®,
Dang Hoang Anh’, Quach Thi Hanh’, Nguyen Thi Phi Doan®

Abstract: Wind power has become a very viable alternative solution to provide
electricity. Consequently, probabilistic wind power forecast, which provides not only predictive
deterministic wind power but also information about the uncertainty of the predicted values,
becomes more important. However, most existing forecast approaches focus on point forecasts
without considering density forecasts. Thus, the application of their results in the power
system's stochastic problems is limited. This paper presents a new probabilistic wind power
forecast approach called the Stochastic Volatility model, which has high accuracy for density
forecasting. The Hierarchical Bayesian Method is used to estimate the proposed model. The
stochastic volatility model is applied to forecast wind power based on accurate data from
Japan in 2005. The accuracy of the Stochastic Volatility model for both deterministic and
probability forecasts with different forecast horizons will be analyzed and compared to the
ARMA model.

Keywords: ARMA model, bayesian, probabilistic forecast, stochastic volatility, wind power
Sforecast.
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