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Tém tit - Nang cao do chinh xéc cia céc phwong phdp du bdo
ndng luong gié dugce xem la giai phéap chinh dé giai quyét vén
d& vén hanh khi tich hop ching vao hé thong dién. Do d6, muc
tiéu cua bai bdo la nghién ctru so sanh cic phuong phéap da c6
v6i cdc phuong phap két hop d& xuét ding cho du bdo ning
luong gi6. Trudc tién, m6 hinh ARIMA va phuong phédp lam
min lity thira (EXP) dugc s dung dé du bdo ning luong gié
dang chudi thoi gian. Thi hai, m6 hinh mang no ron dugc huin
luyén dé dy doan cong suét gié phét ra. Hai phwong phép du
béo ning lwong gi6 két hop (md hinh ARIMA + mang no ron,
phuong phiap EXP + mang no ron) dugc dé xuit dwa trén
phwong phép phwong sai-hiép phuong sai. Cudi ciing, ba truong
hop nghién ciru cdc ndng trai gié cia Bi dugc st dung dé minh
hoa hiéu qué cua cdc phuong phdp du bdo. Bai bdo da tim ra
phwong phép du béo t5t nhét trong céc truong hop nghién ciru
theo céc tiéu chi MAE, WAPE va RMSE.

Tir khéa - Dy béo ning luong gié; M6 hinh Ty hdi quy tich hop
trung binh trugt (ARIMA); Phuong phdp lam min lly thira
(EXP); Mang no ron; Phuong phdp phuong sai — hiép phuong sai.

1. Pit van dé

Cic ngudn nhién liéu héa thach c¢6 nhuge diém 16n 1a
gdy 6 nhiém méi truong ciing nhu dang bi can kiét nhanh
chéng. Chinh nhing diéu nay da thic day cho viéc tim
kiém va str dung cdc ngudn nhién liéu sach va than thién
v6i moi truong hon. Trong nhiing thap ky viura qua, céic
ngudn ning lwong tdi tao trong d6 c6 nang luong gi6 da,
dang va sé tiép tuc dugc dau tu va sir dung rong rai _trong
cic hé thong dién vi duoc xem la khong gy 6 nhiém va
duoc xem la nguon dién vo tan. Theo béo cdo thong ké nam
2021 cua hoi dong ning luong gié toan ciu (GWEC) thi
trong nam 2020 da c6 93 GW dién gié da dugc lép dat toan
cAu nang téng cong suat lip dat 1én dén 743 GW, ting 59%
s0 v&i nam 2020 [1]. Piu nay cho thay, dién gi6 dang dugc
dau tu va ldp dat nhidu trén toan thé giGi va s& con ting
theo ting ndm. Tuy nhién, bén canh cdc uu diém da néu thi
cdc ngudn nang luong gié cling gay nhiéu théch thic cho
cOng tac van hanh hé thong dién do ban chét gian doan cta
cdc ngudn ning luong gié vi ching 1a cdc ngudn ning
lugng phu thudc vao khi hau va thoi tiét. Dac biét 1a qua
trinh tich hop ngay cang nhiéu ctia cdc ngudn ning lugng
gié vao hé théng dién ciling duoc xem la mét thach thirc
khong nhé cho cong tic van hanh hé thong. Do d6, viée dy
bdo chinh xdc nang lugng gié dugc xem la mét trong nhiing
van dé then chét trong cong tic van hanh. Vi viy, cdc
phuong phdp va md hinh du bdo nang lugng gié da duoc
nghién ctru va d& xuat trong nhiéu cong trinh nghién ctru.

Abstract - As the integration of wind power energy resources into
power system, the enhancement of the accuracy of wind power
forecasting methods can be considered one of the key solutions for
solving the operational issues. Therefore, the primary objective of this
paper is to make a comparison between the existing methods and the
proposed combined ones for the wind power generation forecasting.
Firstly, two traditional statistical methods consisting of the ARIMA
model and exponential smoothing method (EXP) are used to make the
time series forecasting of wind power. Secondly, a neural network model
is trained to predict wind power generation. Then, two combined wind
power forecasting methods (i.e., the ARIMA model and the neural
network, and the EXP and the neural network) are proposed based on
the variance-covariance method. Finally, the three case studies from
Belgium wind farms are performed to demonstrate the efficiency of the
proposed methods. Three evaluation criteria including MAE, WAPE,
and RMSE are used to identify the optimal wind power forecasting
method in these case studies.

Key words - Wind power forecasting; Autoregressive integrated
moving average (ARIMA) model; Exponential smoothing
method (EXP); Neural network; Variance-covariance method.

Theo ti€u chi phén loai 1a thoi gian, cac phuong phdp du
béo dién gi6 dugc chia thanh 4 loai co ban la du bao rat ngan
han, du bao ngan han, du béo trung han va du bdo dai han
[2]. V& co ban, cdc du bdo nay khéac nhau do cac khoang thoi
gian do dac cdc dit liéu vé nang luong gi6. Véi céc dang dir
liéu ning luong gié dudi dang chudi thoi gian nay, cédc
phuong phép dy bédo di dugc st dung bao gdbm céc phuong
phép thdng ké truyén thdng, cac phuong phap st dung tri tué
nhdn tao va céc phuong phép két hop. Cic phuong phap
thong ké da dugc sir dung 1a mo hinh ARIMA trong [3 — 5]
va EXP trong [6 — 8]. Céac phuong phdp st dung tri tué nhan
tao trong du bdo nang luong gié nhu mang no ron [9 — 13],
logic mo [14 — 16] va may hoc vec to [17 — 19]. Céac phuong
phap két hop 1a két hop céc phuong phap da st dung & trén
v6i nhau theo cic tidu chi va quy trinh khac nhau, chang han
nhu trong [20 — 24]. Ngoai cdc phuong phdp dy bdo ning
luong gi6 sir dung chudi thoi gian cong suat phat ra cta cac
nha may dién gi6 thi mdt hudng nghién ctru khéc l1a st dung
céc thong sb dau vao ciia nha mdy dién gié dé du bédo cong
suat phét & dau ra cua céc turbine hay cia cd nha mdy dién
gi6. Tai lidu [25] sir dung céc bién dia 1y va khi quyén dé du
béo cong suat phat ra hang thang ciia cic nha mdy dién gio.
Céc md hinh todn hoc du bdo thoi tiét béng s6 (numerical
weather prediction) duoc sir dung dé dy bdo cong suét phat
ra cua cac nha may dién gié trong [26]. Tai li¢u [27] da dé
xuit phuong phdp dép tGmg bé mit (response surface
methodology) nhu 1a mét giai phdp mdi trong du bdo cdng
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sut phét ra cta céc turbine, trong d6 céc thong sé van hanh
dwoc nhu tée d6 gio, vi tri nacelle, géc pitch va nhiét dé moi
trudng duoc xem nhu 1a d4u vao va cong sudt phat ra duoc
xem nhur 14 dau ra cta céc turbine trong phuong phép nay.

Véi myc tiéu xem xét, so sénh cac phuong phép du bao
nang 1u0ng glo sit dung cho dir lidu dang chudi thoi gian
cia cong suat phat ra voi trudng hop nghlen ctru cy thé 1a
cong sudt ddu ra cia céc nong trai gié cta Bi trong ba
khoang thoi gian khéc nhau, do la toan bo théng 07/2021,
toan bo thang 08/2021 va ca thang 07 va thang 08 nim
2021, trude tién bai béo nay da tmg dung céc md hinh théng
ké truyén thng thuong duoc sir dung trong du bao do la
mo hinh ARIMA va phuong phép lam min liy thira dé du
bdo cong suit phét ra trong ba trudmg hop nay. Tiép theo
dé, trong cac phuong phap tri tué nhén tao, bai béo dé Xuat
str dyng mang no ron dé dy béo ning lwong gi6 phatra. Bé
6 két qua du bdo tét nhit, bai bdo di sir dung thuat todn
lan truyén nguoc chuin the Bayes (Bayesian regularization
backpropagation — trainbr) dé huin luyén mang no ron
trong truong hop nay. Céc két qua du béo ning lugng gio
6 dugc tir mang no ron di dugc huin luyén 1an lugt dwoc
két hop vai céc két qua du béo ning lwong gid ¢ duge tir
md hinh ARIMA va phuong phap lam min lily thira bang
céch str dung phuong phép phuong sai — hiép phuong sai.
Trong nim phuong phdp du béo di sir dung bao gom mod
hinh ARIMA, phuong phap 1am min iy thira, mang no ron
da duoc huan luyén, phuong phép két hop gom mo hinh
ARIMA - mang no 1on va phuong phap két hop gdm
phuong phap lam min lity thira — mang no ron thi bai béo
d3 chi ra ring cac phuong phap két hop theo phuong phap
phuong sai — hiép phuong sai cho két qua dy bao cong suat
phét ra ctia cac ndng trai gio tdt hon so véi timg phuong
phap don 1¢ frong cé4 ba truong hop nghién ciru nong trai
gi6 cia Bi khi xét theo céc tiéu chi danh gid sai s6 du béo
la MAE, WAPE va RMSE.
2. Cac phwong phap du bao
2.1. M6 hinh ARIMA

M hinh ARIMA duoc d& xuit boi Box va Jenkins nim
1970 [28] ding cho phén tich va dy béo céc dir lieu dudi
dang chudi thoi gian. Phuong phép du bdo dya trén mo hinh
ARIMA duoc thuc hién dya trén cac budc sau: Xac nhan mo
hinh thir nghiém, wdc lwong tham sb, kiém dinh bing chin
do4n va wéc luong. M6 hinh ARIMA t6ng quét dimg cho dy
béo dir lidu dang chudi thoi gian duge cho nhu sau:

Vi =CH+AYi et Vip HO& 0+ H 06

Trong d6: ¢ la hang sb; y, 1a gia tri woc lugng (hay
gid tri dy bdo) ciia y tai thoi diém t; y, 4,...,y, , lacéc

gid tri cha y tai thoi diém t—1,.,t—p; Et1reer Etg la

t-p;vag (i=10p)
va 6, (j=1q) la céc thong s6 cha md hinh. M6 hinh
ARIMA ’cc‘)n dugc goi la mo hinh ARIMA (p, d, q) trong
d6 céc so nguyén khong am p, q va q lan lugt la so thir tu
(s6 lwong do tre thoi gian) ctia mo hinh ty héi quy, mirc do
cua su Khac biét (s6 1an dir lidu da bi trir di cac gia tri trong
quéa khtr) va thir tu ctia mo hinh trung binh trugt.

cAc sai sb co tré tai thoi diém t-1,...,

2.2, Phuong phap lam min liy thira

Phuong phap 1am min Ity thira duge dé xuat boi Brown
nam 1959 [29] ciing 1a m6t dong céc phuong phap théng
ké ding dé phén tich va du béo dir liéu dang chudi thoi
gian. Nguyén ly ciia phuong phép nay la dy béo dya trén
dit licu gan nhit cong voi phan tram chénh léch giira sé du
doan va sb thyc té tai thoi diém du bao. Dong phuwong phap
nay gém cO nhiéu phuong phép chinh, tuy nhién trong
pham vi nghién ctru cia bai bao nay sir dung phuong phap
lam min liy thira giam din xu huéng (damped trend
exponential smoothing method) [30] nhu sau:

Vi =L g +ob o+

lt = lt—l + ¢bt—l + (1—0!)8t

b =¢b, +(1_,3)5t
Trong dé: {y,} la chudi quan sét, {l,} 1a muc ctia chudi,
{b} la gradient ctia Xxu hudng tuyén tinh ctia nd, va {&, }
14 sai s6. Cac théng sb a, B va ¢ lan luot 1a céc hé sb
mire, XU hudng va giam dan xu hudng,
2.3. Mgng no ron

Mang no ron nhan tao (hay mang no ron} dugce st dung
rong Tél trong nhidu linh vuc ciia khoa hoc va ky thuit.
Mang no ron duge xem nhu 1a “hép den” vai céc dau vao
va dau ra tuong g clia nd. V& co ban, mét mang no ron
c6 mot 16p dau vao, mot 16p diu ra va mot 16p an & giira.
L6p an & gitra ¢6 thé c6 mét hodc nhidu 16p 4n v6i nhidu
nit an bén trong mdi 16p. Cau tric tong quat ciia mot mang
no ron nhén tao 6 thé duge mo ta trong Hinh 1.

L |

Lép dau vao: x Lop dura: y

Hinh 1. Céu tric co ban ciia mang no ron
Phuong trinh todn hoc biéu dién médi quan hé gitra dau
Va0 va dau ra ctia mot mang no ron dugc bicu thi dudi dang

y=f [iwixij
i=1

Trong bai toén dy béo thi ddura y 14 gia tri dy bdo cta dau
vao X la gié tri ning luong gié dau vao dudi dang chudi
thoi gian, f 1a ham truyén va w; 1a trong sé két ndi cia
C&C no Ton.

Két qua dy béo ning luong gid cta mang no ron phy
thuge v&0 nhiéu yéu t6 nhu s6 16p 4n, sb no ron trong CaC
16p 4n, epoch, ham truyén, thuat toan hoc, ... Cac ham truyén
sir dung phd bién trong mang no ron la hyperbolic tangent
sigmoid transfer function (tansig), log-sigmoid transfer
function (logsig), linear transfer function (purelin),... Cac
thuat todn huin luyén sir dung phé bién trong mang no ron
la levenberg-M arquardt backpropagation (trainlm), resilient
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backpropagation  (trainrp),  bayesian  regularization
backpropagation  (trainbr), = BFGS  quasi-Newton
backpropagation (trainbfg),...

2.4, Két hop cac phwong phap dw biao dwa trén phwong
phap phuwong sai — hiép phwong sai

Dé néng cao d6 chinh xac cia két qua dy béo thi céc
phuong phap du béo thuong duge két hop lai voi nhau theo
céc phuong phap két hop khac nhau. Trong bai béo nay, mot
phuong phép két hop phd bién trong théng ké 1a phurong phép
phuong sai — hiép phuong sai duoc sir dung dé két hop hai két
qua du béo ning luong gid. Bicu thirc tng quét ciia phuong
phép du béo két hop dua trén két qua du béo clia hai phuong
phép du bao khéc nhau tai thoi diém t dwoc cho nhur sau:

Yt.combined = W1 ¥11 W2 ¥

Trong d6, Yy compized » Y1 VA Yo 1an luotla gi tri du béo

két hop, két qua du béo tai thoi diém t s dung phuong
phép thtr nhit va tha hai. Cac gié tri trong sb trong biéu
thitc tinh dugc theo phuwong phdp phuong sai — hiép
phuong sai nhu sau:

zeZt zelteZt
ze1t+ze2t ZzelteZt

Zelt Zeltezt
Zelt+ze2t_zzelte2t

Trong dé, e, va e,, lacéc sai s6 riéng khi sir dung phurong

phép thir nhat va phuong phép thir hai tai thoi diém t .
2.5. Cac tiéu chi danh gia

Trong linh vuc dy béo thi ¢6 rit nhiéu tiéu chi dé danh
gia hidu qua cua cac phuong phép va moé hinh dy béo. Tuy
nhién, trong bai béo nay céc tiéu chi danh gié co ban sau
dugce sir dung dé danh gid hidu qué cta cac phuong phap
va mo hinh dy béo:
2.5.1. Sai s6 tuyét doi trung binh (MAE)

1, 1
MAE ==3 Ja[==>[v. -
t=1 t=1

Trong dé: n 1a s6 diém dy bao.
2.5.2. Sai s6 phan tram trung binh c6 rong sé (WAPE)

1 1
Z|et| Z|Yt - yt|

WAPE = =L &=l
I

Sl Sl

t=1 t=1

2.5.3. Can bdc hai sai sé binh phwrong trung binh (RMSE)

RMSE = 13762 = 1S ?
= Hzet = HZ(Yt_Yt)

=1 =1

Trong cac tiéu chi nay thi céc tiéu chi MAE, WAPE va
RMSE c¢0 gia tri cang nho thi chimg t6 phuong phap da sir
dung cho két qua du béo cang tot.

3. Cac trudng hgp nghién ciru

Trong bai bdo ny sir dung cac dir liéu gio tong hop tir
C&C trang trai gid ciia Bi dé lam truong hop nghién ctru [31].
Ba truong hop nghién ciru khac nhau 1a trudng hop 1 voi
cong suit phat ra tir cac trang trai gié do dugc tir ngay
01/07/2021 dén hét ngay 31/07/2021 (thoi gian 31 ngay),
truong hop 2 voi cong suat phat ra do dugc tir ngay
01/08/2021 dén hét ngay 31/08/2021 (thoi gian 31 ngay)
va truong hop 3 voi cong suat phat ra do duge tir ngay
01/07/2021 dén hét ngay 31/08/2021 (thoi gian 62 ngiy).
Cac truong hgp nghién ciu 1 va 2 khéac véi truong hop
nghién ctu 3 & khoang thoi gian nghién ctru tuong ung véi
su chéch 1&ch nhiéu vé s diém do. Dir liéu gi6 tir trang trai
nay duoc do trong mdi mudi lim phut. Do dé, téng sb diém
do trong timg trudng hop nghién ciru 1 va 2122976 va tong
s6 diém do trong trudng hop nghién ctru 3 1a 5952.
3.1. Truong hop nghién ciru 1: Céng sudt phdt ra tir cdc
trang trai gi6 do tir ngay 01/07/2021 dén hét ngay 31/07/2021

Cong suit phat ra tir c&c trang trai gié cta Bi trong
truong hop nghién ciru 1 duge vE trén Hinh 2.

00 T T T
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Hinh 2. Cong sudt phat ra trong rruong hop nghién cuiu 1
Dé dy bao cong suit phét ra trong truomg hop nay, bai
béo str dung phan mém SPSS véi mo hinh ARIMA (1, 1,
1) va phuong phap 1am min lity thira giam dan xu huéng
v6i a=1, f=1va ¢=0,395. Mang no ron c6 mét 16p 4n
d3 duoc huin luyén dé cho két qua dy bao cdng suat phat
ra bang céch 1ap trinh trén MATLAB. Céc thong sé ciia md
hinh mang no ron di dwoc huin luyén nhu sau: S6 no ron
trong 16p an 1a 301, thuat todn huan luyén la trainbr, ham
truyén da sir dyng la tansig, va sb epoch thiét 1ap 1a 5000.
Dya trén phuong phap phuong sai — hiép phuong sai thi
mang no ron da huén luyén lan luot két hop véi mo hinh
ARIMA va phép lam min Ity thira giam dan xu hudng tao
thanh phuong phap ARIMA + NN va phuong phap EXP +
NN. Céc trong s6 trong cac phuong phap két hop trong
nghién ctru nay duge mo ta trong Bang 1.
Bing 1. Céc gid n trong s6 trong truong hop nghién ciiu 1

Phwong phap wp Wy
ARIMA +NN 0,5111 0,4889
EXP +NN 0,5064 0,4936

Céc két qua dw bdo khi sir dung mé hinh ARIMA,
phuong phap lam min Iy thira giam dan xu hudng, mo
hinh mang no ron di dugc huan luyén, phuong phéap
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ARIMA + NN va phrong phap EXP + NN v6i cong suét
gid thuc te trong trudng hop nay duoc cho trén Hinh 3.

0o —catiiwe

I-»~Gif r dy béo sk dyng mb bish ARIMA
ool |+~ Gi ] dy b s dymg phong phip EXP

[~+-Gié tr] dy bdo stk dyng mang no ren.

|-+~ r dy béo s dymg md sk ARTMA + NN
00 |-+~ Gif r d béo sk dyng m inh BXP+ NN

g
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Hinh 3. Céc kéf qua dy hao véi cdng sudt phat ra trong
trudng hop nghién ciru 1
Trong Hinh 3, cong sudt do dugc duge minh hoa béng
dudng nét lién. Cac két qua du bao sit dung md hinh
ARIMA, phuong phép lam min Ly thira giam dén xu huéng,
mb hinh mang no ron di dugc huin luyén, phuong phéip
ARIMA + NN va phuong phap EXP + NN lan luot dugc
biéu thi bang duomg nét dit danh diu *, dudng nét chim
danh dau o, dudng nét dit— chdm dénh dau +, duong nét dit
danh ddu x va dudng nét cham danh d4u ngdi sao nim canh.
Hau hét cac gia tri du bao déu xAp xi véi cong sudt do duoc.
Diéu nay chimg t6 hiéu qué ctia cac phuong phap va moé hinh
du bao dugce str dung trong trudong hgp nghién ciru nay. Cac
tiéu chuén dénh gia ctia mo hinh ARIMA, phuong phap lam
min liy thira giam dan xu huéng, mé hinh mang no ron di
duoc huan luyén, phuong phap ARIMA + NN va phuong
phap EXP + NN duge cho trong Bang 2.
Bing 2. Céc tibu chudn danh gia hiéu qud cia cac md hinh va
phwong phap dy bao trong truong hop nghién ciu 1

M6 hinh va
phuong phép MAE WAPE % RMSE
ARIMA 35,1413 3,9827 59,9999
Lam min Ity thira | 35,0229 3,9693 60,2051
Mang no ron 33,1170 3,7533 60,5009
ARIMA +NN 32,4121 3,6734 54,3166
EXP +NN 32,2626 3,6564 54,2626

Dua trén céc két qua c6 duoc tir Bang 2 ¢6 thé thiy,
phwong phdp mang no ron (véi MAE = 33,1170,
WAPE =3,7533 % va RMSE = 60,5009) cho két qua 6t
hon 50 v&i cac phuong phép théng ké truyén théng dé 1a mod
hinh ARIMA (v6i MAE =35,1413, WAPE =3,9827 % va
RMSE =59,9999) va phuong phép 1am min liiy thira giam
din xu hudng (véi MAE = 35,0229, WAPE =3,9693 % va
RMSE =60,2051) néu xét theo hai tiéu chi MAE vaWAPE.
Hon thé nira, cac phuong phép két hop dua trén phuong
phap phuong sai — hiép phuong sai bao gdm phwong phap
ARIMA + NN (v6i MAE =32,4121, WAPE =3,6734 %
va RMSE = 54,3166) va phuong phép EXP + NN (v6i
MAE =32,2626, WAPE =3,6564 % va RMSE =54,2626)
c6 thé cho két qua du bdo tét hon so v&i ba phuong phép
don 1& trong truong hep nghién ciru 1. RS rang, phuong
phép két hop EXP + NN cho két qua du béo ning luong gio
t6t nhat khi xét theo céc tiéu chuan MAE, WAPE va RMSE
trong truong hop nghién ciru 1.

3.2. Truong hop nghién ciru 2: Cong suét phdt ra tir cdc
trang trai gio do tir ngay 01/8/2021 dén hét ngay 31/8/2021

Cong suit phat ra tir cac trang trai gi6 cta Bi trong
truong hop nghién ciru 2 duge vE trén Hinh 4.
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Hinh 4. Cong sudt phat ra trong rriweong hop nghién cui 2

Dé dy béo cong suat phét ra trong truomg hop nay, bai bao
str dung phan mém SPSS véi md hinh ARIMA (1, 1, 1) va
phuong phép 1am min Iy thira giam dan Xu huéng véi a =1
, f=1va ¢=0,300. Mang no 1on ¢ mét 16p n di dugc
huén luyén dé cho két qua dy béo cong sudt phat ra bang cach
lap trinh trén MATLAB. Céc thong s6 ciia m hinh mang no
ron d4 dugc huén luyén nhu sau: s6 no ron trong 16p 4n 1a 341,
thuat todn huin luyén 13 trainbr, ham truyén di sir dung la
tansig, va s6 epoch thiét 1p 1a 5000. Dya trén phuong phap
phuong sai — hiép phuong sai thi mang no ron da huén luyén
1an Tugt két hop voi mo hinh ARIMA va phap 1am min Iy
thira gidam dan Xu hudng tao thanh phuong phép ARIMA +
NN va phuong phdp EXP + NN. Céc trong sb trong céc
phuong phép két hop nay duoc md ta trong Bang 3.

Bing 3. Céc gia # trong s6 trong trirong hop nghién ciru 2

Phwong phap wp Wy
ARIMA +NN 0,4665 0,5335
EXP +NN 0,4449 0,5551

Céc két qua dw bdo khi sir dung md hinh ARIMA,
phwong phép lam min Liy thtra gidm dan xu hudng, mo hinh
mang no 1on di duge huan luyén, phuong phap ARIMA +
NN va phuong phép EX P + NN véi cong suat do dugc thuc
te tr cac trang trai gio trong trudng hop nghién ciru 2 dugce
cho trén Hinh 5.
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Hinh 5. Céc kéf qua dy hao véi cdng sudt phat ra frong
truong hop nghién ciu 2
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Trong Hinh 5, cong sudt do dugc duge minh hoa béng
dudng nét lién. Cac két qua du bao sit dung md hinh
ARIMA, phuong phép lam min Ly thira giam dén xu huéng,
mb hinh mang no ron di dugc huin luyén, phuong phéip
ARIMA + NN va phuong phap EXP + NN lan lugt dugc
biéu thi bang duomg nét dit danh diu *, dudng nét chim
danh dau o, dudng nét dit— chdm dénh du +, duong nét dit
danh ddu x va dudng nét cham danh d4u ngdi sao nim canh.
Hau hét cac gia tri du bao déu xAp xi véi cong sudt do duoc.
Diéu nay chimg t6 hiéu qué ctia cac phuong phap va moé hinh
dy bao dugce st dyng trong truong hop nghién ctru nay. Cac
tiéu chuan danh gi4 cia mo hinh ARIMA, phuong phép 1am
min lity thira giam dan xu huéng, mo hinh mang no ron da
duoc huan luyén, phuong phap ARIMA + NN va phuong
phap EXP + NN dugc cho trong Bang 4.

Bing 4. Céc tibu chudn danh gia hiéu qua cia cac md hinh va
phwong phap dy bao trong #ruong hop nghién ciiu 2

M0 hinh va MAE WAPE % RMSE
phuong phap
ARIMA 116737 3.0118 658121
T.am min iy thia| 42,0171 3.9743 66,8275
Mang no on__|_ 38,6689 3.6576 64,0969
ARIMA +NN | 37.5977 3.5563 58,1728
EXP + NN 37.8793 3.5829 58,8706

Dua trén cac két qua c6 duge tir Bang 4 ¢ thé thiy ring
phwong phép mang no ron (véi MAE =38,6689, WAPE =
3,6576 % va RMSE = 64,0969) cho két qua t&t hon S0 véi
cac phuong phép théng ké truyén théng dé 1a md hinh
ARIMA (v6i MAE = 41,6737, WAPE = 3,9418 % va
RMSE =65,8121) va phuong phép lam min I{iy thtra giam
dan xu huéng (voi MAE =42,0171, WAPE =3,9743 % va
RMSE =66,8275). Hon thé nita, cac phurong phép két hop
dya trén phuong phap phuong sai — hi€p phuong sai bao
gdm phuong phép ARIMA + NN (voi MAE = 37,5977,
WAPE = 3,5563 % va RMSE = 58,1728) va phuong phép
EXP + NN (v6i MAE = 37,8793, WAPE = 3,5829 % va
RMSE =58,8706) c6 thé cho két qua dy béo tét hon so véi
ba phuong phap trén trong trudmg hop nghién ctu 2. RO
rang, phuong phép két hop ARIMA + NN cho két qua du
béo ning luong gié t6t nhat khi xét theo céc tiéu chuin
MAE, WAPE va RMSE frong truong hgp nghién ctu 2.
3.3. Truwong hop nghién ciru 3: Céng sudt phdt ra tiv cic
trang trai gié do tir ngay 01/7/2021 dén hét ngay 31/8/2021

Cong suat phat ra tir ciia cac trang trai gio cila Bi trong
trudng hop nghién ciru 3 duge v& trén Hinh 6.
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Hinh 6. Cong sudt phat ra trong trucng hop nghién ciru 3

Dé dy bao cong suit phét ra trong truomg hop nay, bai
béo str dung phan mém SPSS véi mo hinh ARIMA (1, 1,
1) va phuong phap 1am min lity thira giam dan xu huéng
véi a =1, B=1va ¢=0,301. Mang no ron cé mét 16p 4n
d3 duoc huin luyén dé cho két qua dy bao cdng suat phat
ra bang céch 1ap trinh trén MATLAB. Céc thong sé ctia md
hinh mang no ron di dugce huén luyén nhu sau: sé no ron
trong 16p an 1a 466, thuat todn huan luyén la trainbr, ham
truyén di sir dung la logsig, va s6 epoch thiét 1ap 1a 5000.
Dya trén phuong phap phuong sai — hiép phuong sai thi
mang no ron da huén luyén lan luot két hop véi mo hinh
ARIMA va phép lam min Ity thira giam dan xu hudng tao
thanh phuong phap ARIMA + NN va phuong phap EXP +
NN. Céc trong sé trong cac phwong phép két hop nay duoc
mo ta trong Bang 5.

Bing 5. Cac gia 1 trong s trong truong hop nghién ciru 3

Phwong phap w Wy
ARIMA +NN 0,6182 0,3818
EXP +NN 0,6102 0,3898

Céc két qua dy bdo khi sir dung md hinh ARIMA,
phuong phap lam min ldy thira giam dan xu huéng, md
hinh mang no 1on di dwoc huin luyén, phuong phap
ARIMA + NN va phuong phép EXP + NN véi cong suat
do dugc thyc té tir cic trang trai gi6 trong truong hop
nghién ciru 3 dugce cho trén Hinh 7.
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Hinh 7. Céc két qua dw bao vii cdng sudt phat ra trong
truong hop nghién ciiu 3

Trong Hinh 7, céng suit do duoc duge minh hoa béng
duong nét lién. Cac két qua dy bao sit dung mo hinh
ARIMA, phuong phap 1am min lily thira giam dan xu
hudéng, mé hinh mang no ron di dwoc hudn luyén, phuong
phap ARIMA + NN va phuong phap EXP + NN lan luot
dugc biéu thi bing dudng nét dit danh déu *, dudng nét
cham danh d4u o, dudng nét dut — chAm danh dau +, duong
nét dut danh dau x va duong nét cham danh diu ngbi sao
nim canh. Hau hét cac gia tri du bao déu xap xi véi cong
sut phat ra. Diéu nay ching té hiu qua clia cac phuong
phép va md hinh du bo duge sir dyng trong trudong hop
nghién ctu ndy. Céac tidu chuin danh gi4 ciia mé hinh
ARIMA, phuong phap 1am min lily thira giam dan xu
hudéng, mé hinh mang no ron di dwoc hudn luyén, phuong
phap ARIMA + NN va phuong phap EXP + NN dugc cho
trong Bang 6.

Dua trén cac két qua cé dugc tir Bang 6 c6 thé thiy,
phuong phdp mang no ron (véi MAE = 38,2573,
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WAPE = 3,9450 % va RMSE = 68,9815) cho két qué tdt
bang hon vdi cc phuong phdp thdng ké truyén théng do 1a
mo hinh ARIMA (véi MAE = 38,5138, WAPE =3,9715%
va RMSE = 63,0727) va phuong phdp lam min liy
thira giam dan xu huéng (véi MAE = 38,7454, WAPE =
3,9954 % va RMSE = 63,6559 khi xét theo cac chi ti€u
MAE va WAPE. Hon thé nira, cic phuong phap két hop
dua trén phuong phdp phuong sai - hi€p phuong sai bao
gdm phuong phip ARIMA + NN (véi MAE = 36,6470,
WAPE = 3,7790 % va RMSE = 59,1378) va phuong phap
EXP + NN (voi MAE = 36,9243, WAPE = 3,8076 % va
RMSE = 59,7072) c6 thé cho két qua du bdo t6t hon so vai
ba phuong phdp trén trong trudng hop nghién ctu 3.
R rang, phuong phép ket hop ARIMA + NN cho két qua
du bdo ning lugng gi6 t6t nhat khi xét theo céc tidu chuan
MAE, WAPE va RMSE trong trudng hop nghién ctu 3.
Bing 6. Cdc tiéu chudn danh gid hiéu qua ctia cdc mé hinh va
phuwong phdp du bdo trong truong hop nghién ciru 3

pl;:[lfo,ll':;‘}l;; 21) MAE WAPE % | RMSE
ARIMA 38,5138 3,9715 63,0727
Lam min liy thira | 38,7454 3,9954 63,6559
Mang no ron 38,2573 3,9450 68,9815
ARIMA + NN 36,6470 3,7790 59,1378
EXP + NN 36,9243 3,8076 59,7072

Nhu vay, trong ca ba truong hop nghién clu, ca hai
phuong phap két hop 1a phuong phip ARIMA + NN va
phuong phap EXP + NN déu cho két qua dy béo tét hon so
v6i tiing phuong phdp hay moé hinh don 1¢ trong du bao
cong suat phét ra ciia cdc nong trai gio.

4. Két luan

Trong bai béo nay, cdc phuong phép thong ké truyén
thong gdm md hinh ARIMA va phuong phép lam min liiy
thira giam dan xu huéng di duogc st dung dé dy bdo ning
luong gi6. Cac phuong phdp nay c6 thé dugc ting dung
twong ddi thuan loi trong thyc té vi c6 thé thao tic dé dang
trén phin mém théng ké SPSS. Trong céc phuong phép
dy bdo nang luong gid sir dung tri tué nhan tao thi mang
no ron thuong duge sur dung. Dé ¢ duoc hiéu qua dy bdo
ning luong gié t6t nhat thi mang no ron cin dugc huin
luyén dya trén cédc thuat todn hudn luyén cé sin trong
mang no ron. Viéc g dung mang no ron nay vao du béo
néng luong gio trong mot s6 trudng hop du bdo cho két
qua dy bdo tuong ddi t6t hon so véi cdc phuong phdp
thdng ké. Tuy nhién, dé c6 két qua dy bdo t6t thi viéc huén
luyén mang no ron doi hoi cdc thuat ton huan luyén phirc
tap va ton nhiéu thoi gian huin luyén. Trén co so cdc két
qua dy bdo cua cdc md hinh va phuong phéap trén, mang
no ron sau khi hudn luyén lan luot duoc két hop v6i mo
hinh ARIMA va phwong phap 1am min lity thira giam dan
xu hudng theo phuong phap phuong sai — hi¢p phuong
sai dé cho ra phuong phdp két hop ARIMA + NN va
phuong phdp két hop EXP + NN. Tir ba truong hop
nghién ctru voi mot trudng hop c6 céc s lwong diém quan
sat khdc nhau twong ddi nhiu so voi hai truong hop con
lai ctia céc trang trai gié ciia Bi di cho thiy phwong phép
két hop ARIMA + NN va phuong phdp két hop EXP +

NN cho két qua du bdo ning lugng gi6 tot hon so véi timg
phuong phdp hodc moé hinh don 1€ khi xét theo céac tiéu
chi MAE, WAPE va RMSE.

Trong tuong lai, bai bdo c6 thé duoc tiép tuc mé rong
khi xét dén phuong phap két hop khic ngoai phuong phap
phuong sai — hiép phuong sai da st dung trong bai. Dong
thoi cdc phuong phap da sir dung c6 thé duge két hop dé
4p dung cho trudng hop cdc dir liéu cong suét phat ra cia
céc nong trai gié do dugce nhung bi thiéu trong thuc té vi
céc 16i dung cu do hoic 16i clia con ngudi gay nén.
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