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Tém tat:

Tién bo trong linh vuc néng lugng téi tao ngdy cang trd nén quan trong khi x& hoi dang nd luc tim
ki€m cac gidi phap bén viing dap ng nhu cau nang lugng toan cau. Trong cac loai ngudn nang
lugng téi tao, ndng lugng mat trdi néi bat vdi tiém nang 16n dé€ cung cip dién nang sach va hiéu
qua. Viéc du bdo cdng sut phét dién tir cac hé théng dién mat trdi trd nén quan trong dé téi uu
héa st dung ngudn ndng lugng mét trdi, dong thdi hd trg quan ly ngudn dién va 1ap k& hoach van
hanh |ugi dién mot cach hiéu qua. D& du bdo cdng suét phat dién mét trdi cho mot nha may & mién
Trung Viét Nam, trong nghién clru ndy, cac tac gia da phat trién mé hinh du bdo 1a mé hinh ndt c6
cdng hdi ti€p hai chiéu (Bi-directional Gated Recurrent Unit-BiGRU). Nghién clfu tap trung vao su
anh hudng clia s lugng 16p &n trong mé hinh BiGRU dén hiéu suét du’ bdo. K&t qua nghién citu cho
thady rang véi mdt tap dir liéu ddy dd, md hinh BiGRU mét I6p an dat dudc hiéu sust du bdo tuong
duang véi mé hinh BiGRU hai I&8p &n, nhung thdi gian tinh toan ctia mé hinh mdt I6p &n thap hon
dang ké. Dua trén két qua nay, nhdm nghién cfu mong muén tim ra giai phap hiéu qua nhat cho du
bdo cong suat phat dién mat trgi, dong thai cung cdp cai nhin rd rang vé Igi ich cla viéc sir dung mo
hinh BiGRU mét I18p &n so vdi BiGRU hai I8p an trong viéc du’ bdo cdng suét phat dién mét trdi tai
Viét Nam.

T khoéa:
Pién mat trdi, du béo, BiGRU, I8p &n.

Abstract:

The progress in the field of renewable energy is becoming increasingly crucial as society endeavors
to seek sustainable solutions to meet global energy demands. Among various renewable energy
sources, solar energy stands out with significant potential to provide clean and efficient power.
Forecasting the electricity output from solar power systems has become essential to optimize the
utilization of solar energy and efficiently manage power resources and grid operations. In this study,
to forecast solar power generation for a plant in central Vietham, the research team developed a
forecasting model known as the Bidirectional Gated Recurrent Unit (BiGRU) with a two-way feedback
node. The research focuses on investigating the impact of the number of hidden layers in the BiGRU
model on forecasting performance. The research findings indicate that, with a comprehensive
dataset, a BiGRU model with a single hidden layer achieves forecasting performance equivalent to
that of a BiGRU model with two hidden layers, while significantly reducing computational time. Based
on these results, the research team aims to identify the most effective solution for solar power
forecasting. Simultaneously, we aim to provide a clear perspective on the benefits of using a BiGRU
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model with a single hidden layer compared to a BiGRU model with two hidden layers in predicting

solar power generation in Vietnam.

Keywords:
Solar power, prediction, BiGRU, hidden layer.

KY HIEU:

GRU: nt c6 cong hoi tiép

BiGRU: n(t c6 cong hoi tiép hai chiéu
GHI: tong xa phuong ngang

GA: giai thuat di truyen

XGB: thuat toan XGboost

KPCA (Kernel Principal Component
Analysis): phan tich thanh phan chinh
nhan hé diéu hanh (kernel)

MAPE: sai s6 phan tram tuyét ddi trung
binh

MSE : sai s6 binh phuong trung binh
RMSE: sai s6 binh phuong trung binh gbc
NRMSE: sai s binh phuong trung binh
gdc dugc chuan hoa

1. GIOI THIEU CHUNG

Tiém nang phat trién ngudn dién mat troi
tai Viét Nam da dat nén mong cho su da
dang héa nguén ning luong va giam thiéu
anh huong cia cac ngudn ning lugng
truyén théng d6i voi méi truong. Theo
quy hoach dién VIII vira dugc Thu tudng
Chinh phu phé duyét theo quyét dinh
500/QD-TTg ngay 15/5/2023 [1] Viét
Nam c6 tiém ning dién mit troi 1én dén
963.000 MW, bao gom ca cac hinh thic
lip dat trén mat dat, trén mat nudc va trén
mai nha. Vao nim 2030 téng cdng sut

dién mat troi muc tiéu dat 12.836 MW
(8,5% tong cong suit cac nha may dién
trong nudc, khong bao gém dién mit troi
mai nha hién hiru) gém cac ngudn dién
mat troi tap trung 10.236 MW, ngudn
dién mat troi tu san, tu tiéu khoang 2.600
MW:; trong khi nguén dién mait troi tu
san, tu tiéu dugc wu tién phat trién khong
giéi han cdng suat. Bén nam 2050, tong
cdng suat ning luong mat troi muc tiéu
dat tir 168.594 dén 189.294 MW (gép 13-
15 lan nam 2030).

Tuy nhién, dién mat troi mang dén mot
thach thac dac biét, d6 1a sy khong 6n
dinh, phu thudc nhiéu vao diéu kién thoi
tiét va cac yéu té dia ly. Dé giai quyét van
dé nay va tbi uu hoa quan Iy van hanh, Bo
Cong Thuong dd ban hanh quyét dinh
67/QD-DTPL ngay 10/8/2021 [2] vé quy
trinh du béo cong suat phét caa cac nguon
dién tai tao, bao gom cac nha may dién
mat troi ndi luéi va nha may dién gio.
Tuy nhién, du bao chinh xac va hiéu qua
van dang 12 mot thach thie, dic biét khi
cac nha may dién mat troi ngay cang phat
trién. Hién nay tai Viét Nam c6 rat it cac
nghién ctru khoa hoc vé dir bdo cong suat
phat dién mat troi. Bang 1 théng ké céc
nghién ctu khoa hoc tiéu biéu vé du béo
cdng suat phat dién mat troi do cac nhom
nghién cau tai Viét Nam thuc hién.
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Vé6i muyc tiéu cai thién du bao cong suat
phat dién tir ngudn nang lwong mat troi tai
Viét Nam, nhom nghién ciru dé& xuat su
dung mé hinh BiGRU dé dy béao cong
suat phat dién mat troi cho mot nha may
tai mién Trung Viét Nam. Md hinh
BiGRU duoc ky vong khong chi gitp du
bdo chinh x4c hon ma con c6 kha nang
hoc tir hai hudéng (ca qua khir va tuong
lai) cua dir liéu, diéu nay quan trong dé
ng pho vai tinh khong 6n dinh caa dién
mat troi. Bac biét, nghién ciru nay quan
tam tai viéc so sanh gitra sir dung mo hinh
BiGRU mot 16p an va BiGRU hai 16p an

Bang 1. C4c nghién clru khoa hoc vé dy bao

(ISSN: 1859 — 4557)

dé hiéu rd hon vé anh huéng cia ciu trdc
md hinh d6i véi hiéu suit du bao.

Bai bdo gém céc noi dung sau: phan 1
gidi thiéu vé hé thong dién mat troi va cac
nghién ciu vé dy bao cong suat phat dién
mit troi tai Viét Nam. Phan 2 gioi thiéu
ban chit va tham sé cho mé hinh du béo
BiGRU gém md hinh mét 16p an va hai
I6p an. Phan 3 trinh bay céac két qua vé du
bao cong suit phat dién mat troi caa mo
hinh BiGRU vé&i mot 16p an va hai 16p an.
Cudi cung la thao luan vé két qua va két
luan.

cdng suat phat dién mat troi tai Viét Nam

S6 A xis A s o Mb hinh P
T Tén bai bao Tén tac gia dr béo Két qua thu dwgc
. o - Khi &p dung vai tap dir liéu lich
Arﬁg:ﬂgeAnLtéf;glal Nguyén Quang ;‘S;-'\:’ su cua hha may thi MAPE bang
9¢! Ninh, Bui Duy | 2P 99 1 1 506 va MAPE,, bing 1,085%.
Forecasting the ) s cho nha L . A
1 - Linh, Doan Van . - Khi &p duyng tap dix liéu caa bén
Output of Industrial X x may ) . g .
- Binh, Nguyén ther ba thi RMSE tang tir 0,996
Solar Power Plant in \ Phong .
Vietnam [3] Dinh Quang Didn MW Ién 3,216 MW. MAPEin
tang tir 1,085% Ién 4,432%
A new method for | Nguy2n Quang - Str dung dir liéu thoi tiét du bao
forecasting energy | Ninh, BUi Duy | LSTM, | gay ra sai so MAPE lén hon so
output of a large- | Linh, Poan Van | ap dung | voi viéc su dung dir ligu thoi tiet
9 scale solar power Binh, Nguyén | chonha | lich sir (10,857% so v6i 3,491%).
plant based onlong |  Dinh Quang, may | - Sau khi cai thiégn md hinh, bd
short-term memory | Eleonora Riva Thanh | sung tinh ning méi va xir ly sai
networks a case Sanseverino, Cong 1 | sb tir du béo thoi tiét, MAPE giam
study in Vietnam [4] Dario Di Cara tr 10,857% xuéng con 9,881%.
Forecasting energy LSTM
output of a so_lar . két hop
power plant in Nguyen Quang Vi ky
curtailment Ninh, Bui Duy | ot | So véi mé hinh cii sai s6 MAPE
condition based on | Linh, Poan Van . . L
3 . N chia giam 6,059% va sai so6 RMSE
LSTM using P/GHI Binh, Eleonora , ..
- . khoang | giam 6,710%
coefficient and Riva GHI VA
validation in training Sanseverino . \é
process, a case study C‘QIL]?GS |
in Vietnam [5] S0
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S6
TT

Tén bai bao

Tén tac gia

M6 hinh
dw béo

Két qua thu dwoc

Photovoltaic Power
Generation
Forecasting Utilizing
Long Short Term
Memory [6]

Nguyén Duc
Tuyén, Vi
Xuan Son Hiu,
Lé Viét Thinh

GA-
LSTM

- Phuong 4n 1: du bao cong suat
dién mat troi trong thang 9-2006
v6i RMSE la 4,9 W/m? va
MAPE la 10,3% khi du béo
trugc 1 ngay (thip hon mo hinh
tham khao RMSE = 6,74 W/m?,
va MAPE = 13,12%. Trong
truong hop du bao trudc 2 ngay,
RMSE va MAPE lan luot 13 4,48
W/m? va 8,78%, thap hon so v&i
mé hinh tham khao (RMSE=
5,08 W/m?® va MAPE= 12,05 %).

- Phuong 4n 2: du béo cong suat
dién mat troi trong thang 12-
2006, cho thdy RMSE la 4,03
W/m? va MAPE 4 6,92% khi dy
bao truegc 1 ngay (so vai mé hinh
tham khao RMSE: 4,52 W/m® va
MAPE = 10,51%). Ddi voi du
bao truéc 2 ngay, RMSE va
MAPE cua phuong 4n dé xuat
lan lwot 1a 9,14 W/m* va
12,91%, thap hon so véi md hinh
tham khao (RMSE = 10,7 W/m?,
MAPE = 13,86%).

- Két luan md hinh GA-LSTM
hoat dong hiéu qua hon mo hinh
tham khao dya trén so sanh két
qua RMSE va MAPE.

A Novel Forecasting
Model for Solar
Power Generation by
a Deep Learning
Framework With
Data Preprocessing
and Postprocessing

[7]

Phan Québc
Thing, Yuan-
Kang Wu, Phan
Quéc Diing,
Hsin-Yen Lo

KPCA-
XGB-
GRU

- Két qua thyc nghiém cho thiy
mé hinh KPCA-XGB-GRU c¢6
sai s6 NMAPE va NRMSE trong
phan dy bao lan luot 12 1,52% va
2,92% chinh xé4c du béo tét hon
cic md hinh dién hinh khac
(ANN, GRU, XGBoost).
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T Tén bai bao Tén tac gia

M0 hinh

du b4o Két qua thu dwoc

- Viéc tién xir ly dir liéu va hau
xu ly dr liéu dong vai tro quan
trong vi thu thap cac dac trung
quan trong nhat cua tap di liéu
va cai thién chat luong cua tap
dit ligu dé dao tao mo hinh.

2. XAY DUNG MO HINH DY BAO
BIGRU

Mo hinh BiGRU dugc phét trién nhu mot
bién thé ctia mé hinh nit c6 cong hoi tiép
(GRU), BiGRU nbi bat voi kha ning két
hop thdng tin tir ca hai hudng cua dir ligu
dau vao, tao ra mot cong cu manh mé cho
viéc du bao chudi thoi gian, xt ly ngon
ngit tw nhién, va nhiéu ung dung khéc
trong linh vyc hoc siu. Diéu nay gidp
BiGRU vuot troi trong viéc nam bt cac
méi quan hé phuc tap trong dir liéu va 1am
cho md hinh nay tré thanh moét lua chon
phd bién trong cong dong nghién ctu va
ung dung.

2.1. Xay dwng md hinh nat ¢6 céng héi
tiép hai chieu BiGRU

Do mé hinh BiGRU la mot bién thé cua
mod hinh GRU do d6 qua trinh xay dung
md hinh nay dua trén cac dic diém co ban
cia GRU, dong thoi mé rong va téi uu
hoa chung dé dap ung nhu cau cua cac
ung dung phuc tap hon.

*) M6 hinh GRU

Mo hinh GRU dugc Kyunghyun Cho va

cac cong su [8] gigi thiéu vao nam 2014
nham giai quyét cac van dé vé gié tri dao
ham quéa nho (vanishing gradient). Cau
tric caa GRU bao gém cac cong cap nhat
va cong khoi phuc, gitp mé hinh hiéu qua
hda qua trinh truyén nguoc gradient va
giam thiéu tinh trang mat mat thdng tin
trong qua trinh dao tao. Hinh 1 cho thiy
cau tric cua moét mang GRU bao gom
céng cap nhat z; (update gate) va cong
khoi phuc r; (reset gate).

) Céng cap
1 nhit

h(t) Diu
j vao

rj Céng
khoi
phuc

Hinh 1. C4u triic ctia GRU [8]
Caong cdp nhdt (update gate) z;: dugc tinh
bai cong thire [8]:
7= o ([W,X]; + [Ushy)]. )
Trong do:

1)

W, va U,: cac ma tran trong sb cho cong
cap nhat;
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o: ham sigmoid logistic dé chuyén ddi gia
tri dau ra thanh mot gia tri nam trong
khoang (0, 1);

X: dau vao tai budc thoi gian hién tai;
he1): trang thai an & budc thoi gian trudc
do.

Cong cap nhat quyét dinh muc d6 thong
tin mai s€ dugc cap nhat vao trang thai
an. Cong nay giup md hinh quyét dinh
xem thoéng tin méi ¢6 nén duoc git lai
hay khong, dua trén thong tin cii va thong
tin dau vao mai.

Cong khoi phuc (reset gate) rj: ¢6 cong
thire nhu sau [8]:

1y = o ([W,X; + [Urhg)] ) 2
Trong do:

W, va U,: cac ma tran trong sé cho cong
khéi phuc;

o: ham sigmoid logistic dé chuyén doi gia
tri dau ra thanh mot gia tri nam trong
khoang (0, 1);

X: du vao tai budce thai gian hién tai;

he-1): trang thai an & budc thoi gian truéc
do.

Cong khéi phuc quyét dinh muac d6 thong
tin can phai duoc quén tir trang thai an
truge d6. Cong nay gilp md hinh quyét
dinh viéc cé can phai dit lai trang thai an
dé lam méi thang tin hodc khdng

Ngi dung nhg hign tai (current memory
content): théng tin néi dung cua bo nho
méi s& st dung cong reset dé luu triv

thong tin c6 lién quan dén qua khar duoc
tinh nhu sau [8]:

B =f([WX]; + 1;[Uhge1))]) 3)

Trong do:

ﬁ].(t): noi dung nhé hién tai;

W va U: c&c ma tran trong s6;

f: ham kich hoat (tanh,...);

X: dau vao tai budc thoi gian hién tai;
he1): trang théi an & budc thoi gian trudc
do.

Bé nhé tgi théi diém hién tgi (final
memory at current time step): trang thai
an duoc cap nhat duya trén ca thong tin cii
va thdng tin méi. Qua trinh cap nhat dugc
diéu chinh bai cong cap nhat va cong khoi
phuc. Cong thtc tinh toan trang thai 4n
moi b 1a [8]:

h(® = zh™Y + (1 — z)h" 4)
Trong do:

h®: vector chtra toan bo théng tin & tai
thoi diém t va truyén thong tin nay di;
h{*"": bg nhé trude do;

zj: cong cap nhat.

*) M6 hinh BiGRU mét I6p 4n

BiGRU Ia su két hop cua hai l6p GRU
don hudng doc lap. Mot I6p duy tri cac
trang thai 4an phia trudc, trong khi 1op kia
duy tri c&c trang thai an phia sau. Cau trdc
cua mot mo hinh BiGRU nhu sau [9]:

6
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Déu ra Két qué dy bao
A — PR PE—

Chiéu GRU, + — — —»GRU, +— 1— — * *<-=GRU,
ngugc

Chiéu L ., .,
thudn GRU;, — — 4 *GRU; <= — == = *GRU,
Dir ligu e o o
diiu vao T T Tn

Hinh 2. C4u tric ctiia mé hinh BiGRU
mét |&p an [9]

M6 hinh BiGRU véi mot 16p an sir dung
ca hai chiéu (thuan va nghich) cia mang
noron GRU dé xir ly dir liéu dau vao. Lop
GRU thuan cua m6é hinh xu ly théng tin
theo chiéu thuan tir thoi diém trude dén
thoi diém hién tai (thong tin dau vao theo
cac buadc thoi gian Ty, To...Ty), trong khi
I6p GRU nghich xir ly theo chiéu nghich
tir thoi diém hién tai dén thoi diém trudc
d6 (Tn,..., T2, T1). Mdi 16p GRU bao gom
cac cong cap nhat va cong khdi phuc,
gitp diéu chinh thong tin dugc truyén di
va quén théng tin khong can thiét.

Lép GRU thuan va 16p GRU nghich st
dung céc tham sé (trong sb va do léch) dé
tinh todn dau ra va trang thai 4n cho mai
thoi diém. Két qua tir hai chiéu duoc tich
hop bang cach st dung cac phép toan nhu
cong, trung binh, hoic cac ky thuat két
hop khéc tuy thuoc vao muc tiéu cua mod
hinh. Qua trinh nay gitp mé hinh BiGRU
hiéu dugc ngir canh tir ca hai phia cua
mdi thoi diém, lam ting kha ning hoc va
md hinh hdéa cac mdi quan hé phic tap
trong dit liéu dau vao.

(ISSN: 1859 - 4557)
*) Md hinh BiGRU hai 16p 4n

M6 hinh BiGRU véi hai 16p 4n c6 cac dic
diém gidng véi md hinh mét 16p an, tuy
nhién s6 16p 4n trong mo hinh ting thém
mét 16p. Cau tric cia mé hinh BiGRU hai
I6p an nhur hinh 3 [9]:

Két qua dy bao
t

GRU; * =— — —GRUy #==—=" * *<—GRU,

2
Diura

Lép én
thir hai
GRU, * —=——GRU; =—— =+ ««—(RU,
GRU,; — — — *GRU; — — =+ * *—»GRU,
Lép dn
thir nhét
GRU; —— —*GRU, —— —*+ « «—*GRU,
t
Dir liu
diu vao Ty T, " Ta

Hinh 3. C4u tric md hinh BiGRU hai |&p an [9]

= Lép an tha nhit (Forward GRU): Lép
nay chiu trach nhiém xu ly dir liéu theo
chiéu tir trai sang phai (T, Ta,...,Ty). L6p
nay nhan dau vao tir bugc thoi gian hién
tai va trang thai an cua Iop truée d6. Qua
trinh nay gidp 16p an tha nhat nam bat
thong tin quan trong tr qua khar va tiép
tuc truyén thong tin d6 qua chudi.

= Lép an thir hai (Backward GRU): Lép
nay xu ly dir liéu theo chiéu tir phai sang
tréi (Tp,...,To, T1). Tuong tu nhu 16p an
thir nhat, 16p nay ciing nhan dau vao tir
buéc thoi gian hién tai va trang thai an
cua lop trude d6. Qua trinh nay giup 16p
an thar hai nam bat thong tin twong lai va
truyén nguoc lai qua chudi.

Két hop thdng tin tir ca hai 16p an:
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= Téng hop trang thai: trang thai an cua
mdi l6p duoc téng hop lai dé tao ra trang
thai an cudi cting cho mdi budc thoi gian.
= Thong tin dau ra: 12 qua trinh két hop
céc trang thai an cudi cang cua mot hay
nhiéu 16p 4n dé tao ra két qua du béo.

2.2. Céc théng sé cia mé hinh BiGRU
mét I&p &n va hai I&p an
e Thuat toan tdi vu hoa: adam

Chtic nang: thuat toan téi vu Adam duogc
st dung dé diéu chinh trong s6 caa md
hinh dua trén d6 Ion cua gradient. Adam
giup md hinh hdi tu nhanh hon so vai cac
thuat toan ti wu truyén théng va giam
nguy co roi vao cac diém cuc tiéu cuc bo.

e Ham kich hoat: Tanh

Chtric nang: ham kich hoat Tanh duogc su
dung dé gidi han dau ra cua md hinh trong
khoang [-1, 1]. Gi6i han dau ra gitp md
hinh hoc dugc mdi quan hé phic tap va
cha dong trong viéc xu ly di liéu dau vao.

e Ham sai s6 (Loss function): MSE

Chtc ning: MSE dugc sir dung dé do
ludong d6 16n cua sai sb giira dy béo cua
md hinh va gia tri thuc té. MSE 1a mot
ham phé bién trong cac nhiém vu du bao,
gitp md hinh hoc dugc cac thay ddi nho
va dong thoi giam d6 16n cua sai sb.

e S lan huan luyén (epochs): 30

Chtic ning: epochs 1a sd 1an huan luyén
trén toan bo dir liéu. S6 lwong epochs Ion
giup mo hinh c6 co hoi hoc duoc nhiéu

hon tir dit liéu, ting kha nang hiéu biét va
du bao.

e Kich thudc dir liéu cap nhat trong
sb (batch size): 64

Chtic nang: batch size 1a s6 lwong mau dix
licu duoc st dung trong mdi 1an cap nhat
trong s6 (iteration). Viéc sir dung batch
size gitp tang tbc d6 huan luyén va giam
&p lyc tinh toan, ddng thoi duy tri tinh dai
dién cua dir liéu trong qua trinh cap nhat
trong sé.

3. KET QUA VA THAO LUAN

3.1. So d6 thuat toan dw bao cta mbd
hinh BiGRU mét I&p an va hai |&p an
dwoc dé xuat

Dit ligu thai tiét, dir ligu
- i N
cing suat trong lich s

Tidn xir Iy dit ligu

Xir Iy dir ligu Tao dit li¢u Phan chia tp dit ligu
P ’ x (huiin luyén va kiém
dau vao chuoi i
tra)
Mi hinh BiGRU
Chudin héa Lép BiGRU (1 lép Huéin luyén
dir ligu 4n, 2 16p dn) mé hinh

Dinh gis két qui dl(l‘“bél) dya trén tp dir li¢u
kiem tra

Hinh 4. So d6 thuat toan dw bao véi mé hinh
BiGRU mét I&p 4n va hai I&p an
3.1.1. Cac bwérc thyc hién thudt toan

= Tap dir liéu dau vao: tap dit liéu duoc
thu thap tr mot nha may dién mat troi voi
cong suit lip dat 1a 40 MW tai mién
Trung Viét Nam trong khoang thoi gian
mot nam (01/01/2022-31/12/2022), véi
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budc thoi gian 5 phat. Tap dir liéu bao
gom céc thong sé quan trong: cdng suét
phat dién tir ngudn ning luong mat troi,
chi s6 bic xa mat troi, nhiét do moi
truong va nhiét 6 cua tim pin mit troi.

= Phén chia tap dir li¢u theo ty I¢ 70%
huan luyén (train) va 30% kiém tra (test).

» Chuan hoa dit liéu: dé dam bao tinh
ddng nhat va str dung hiéu qua, phuong
phap chuan hoa dugc ap dung dé dua dir
licu vé khoang tir 0 dén 1. Qua trinh
chuan hoa dya trén xac dinh gia tri toi da
(max) va gia tri toi thiéu (min) cua tap dir
liéu. Viéc nay gilp cai thién hiéu suat cua
c4c thuat todn nhu hdi quy tuyén tinh va
hoi quy logistic. Cong thuc chuan hoa
duoc biéu dién nhu sau [10]:

P—Puj
Pn — min

Pmax—Pmin

()

Trong d6: P, la cong suat sau khi duoc
chuan hoa, P 1a cong suat dau vao trudc
khi chuan héa dit liéu, Prax 1a cOng suét
I6n nhét trong khoang thoi gian lay di
liéu V& Ppin 12 cong suat nho nhat trong
cung thoi gian. Dir liéu dau vao sau khi
duogc chuan hoa theo cong thirc (5) thi cac
dit liéu sau khi dugc chuin héa s& nam
trong khoang [0,1], khi mé hinh BiGRU
duoc huan luyén véi dir liéu nam trong
khoang [0,1] s€ c6 kha nang hoc dugc
mdi quan hé phuc tap giira cac bién dau
vao va dau ra trong khoang gié tri chuan
héa d6. Cic mo6 hinh hoc may thuong
hoat dong t6t hon khi dit liéu dugc chuan
hoa vi gilp giam d6 Ién cua cac trong

(ISSN: 1859 — 4557)

s6 va lam cho qua trinh hoc trd nén 6n
dinh hon.

= Huén luyén md hinh véi tap dit liéu da
duoc chuan hoéa.

= Péanh gia két qua nhan duoc tir mo
hinh du bao.

3.1.2. Cac sai sé ap dung trong mbd
hinh

= Sai s6 phan tram tuyét d6i trung binh
(MAPE): ¢6 tac dung danh gia hiéu sut
cua moO hinh dy b&o trong viéc do luong
d6 chénh léch tuong d6i giira gia tri du
bdo va gié tri thuc té. MAPE gitp danh
gia mic do chinh xac caa md hinh bang
cach biéu thi sai khac du bao dudi dang
phan trim so véi gié tri thuc té. Biéu nay
gilp hiéu rd hon vé d6 chinh xéac cia md
hinh dy bédo, MAPE cang thap, md hinh
du bédo cang chinh xéac [11]:

1 i—¥i
MAPE = 137, |yy—y| x 100 (6)

Trong do:

MAPE: sai s phan tram tuyét ddi trung
binh %;

¥;: gia tri du bao cua cdng suat phat du
béo thi i (KW):

y; . gi4 trj céng suat trong thuc té thir i
(KW); n 1a s lugng diém dix ligu.

= Sai s6 trung binh binh phwong gbc
(RMSE): 1a mét thuée do danh gia do
léch gitra gia tri dyu bao va gia tri thuc té
trong mot chudi dir liéu. Puoc st dung
rong rdi trong linh vuc du bao va thong
ké, RMSE gitp do luong muac d6 chinh
xac cua mo hinh du béo [11]:
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RMSE = 252, (v - 902 ™

Trong do:

¢, : céng suat du bao (KW);
y; : c6ng suat thuc té (KW);
n : s6 luong diém di liéu.

e Sai s trung binh binh phuong gbc da
chudn héa NRMSE (Normalized Root
Mean Squared Error): 1a thudc do danh
gia hiéu suat cua mé hinh du bao, twong
ty nhu sai s6 RMSE nhung sai s6 nay da
duoc chuan hoa dé so sanh hiéu suat trén
cac tap dur liéu c¢6 don vi do khac nhau.
Cong thirc tinh NRMSE nhu sau [7]:
%2{1=1(Yi_37i)2
NRMSE = ¥"——— x 100 (8)

dm
Trong do:
¥; : cong suat dy bao (KW);

y; : cdng suat thyuc té (KW);

n : s6 luong diém dit liéu;

Pam : toNg cONg suét lip dat cua nha may
(KW).

3.2. Két qua khi 4p dung md hinh
BiGRU mét |&p an va hai I&p an véi
tap div liéu thwc té

Trong céc kich ban so sanh hiéu suat du
bao gitra hai md hinh BiGRU mat 16p an
va hai 16p 4n, nhém nghién cau thuc hién
chay hai mé hinh véi tap dit liéu day dua va
khong day du (bang cach loai bo ting 16p
dir liéu theo cac mirc cong suat khac nhau).
Két qua cho thiy ring viéc loai bo cac
diém cong suat c6 thé anh huong dang ké
dén hiéu suat du bao caa mé hinh. Cac két
qua cia md hinh du bao vai tap dir liéu
lich str dugc trinh bay trong bang 2.

Bang 2. Két qua cta m6 hinh BiGRU mét |&p an va hai I&p &n

| Thoigianhoan | pyaer ) NRMSE (%) MAPE (%)
Tap dir ligu|  thanh (s)
1lépan|2lépdan| 1lépdn | 2lépdn |11épdn|21épdn|1lépdn| 2 lép dn
bay dudit | g)5 34 1144841 | 2247.421 | 2248367 | 5618 | 5620 | <NONg | Khong
liéu xac dinh | xac dinh
Bo diém di
licu cong | 55 59 | 81954 | 3200353 | 3240641 | 8,0008 | 8101 | 2762,37 | 2546,04
suat bang
0 kW
Bo diém dix
liéu cong
UCONY | 335 44 | 561,73 | 3262,817 | 4491,345 | 81570 | 11,228 | 27,92 | 3599
suat dudi
100 KW
Bo diém dix
liéu cobng
UCONG | 576 56 | 515,02 | 3516,641 | 3704501 | 8791 | 9261 | 2321 | 2283
suat duoi
1000 kKW
10 S5 34
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| Theigianhoan | pyee o NRMSE (%) MAPE (%)
Tap dirligu|  thanh (s)
1lépdn|2lépan| Llépdn | 21épan |1lépan|2lépan|1lépdn| 2 lép dn

Bo diém dir

liéu cong

suét bang

0 KW va 37,62 | 88,51 | 165,355 | 164,412 | 0,413 0,411 | 3240,44 | 1960,48

trén 1000

kW

Tir bang 2 ta thay véi tap dir liéu lich st
day du thi RMSE va NRMSE déu cho két
qua sai sb giira 2 md hinh BIGRU mét 1op
an va hai 16p an gan nhu twong duong
nhau. Diéu nay thé hién rang ca hai md
hinh déu c6 kha ning du bao twong duong
véi tap dir liéu cu thé nay.

Khi str dung tap dir liéu nay dé tinh sai s6
MAPE thi két qua 1a khong xac dinh,
nguyén nhan 13 do c6 cac diém dir ligu
bang 0 giy ra, diy la nhugc diém cua
cach tinh MAPE theo cdng thuc (6). Mot
nhuoc diém nita cua MAPE 13 khi du bao
cho céac diém cong suat nho (trong khoang
I6n hon 0 t6i 1000kW) thi chénh léch sai
sb rét 16n trong khi chénh léch cong suat
rat bé cho thay su nhay cam cia MAPE
d6i voi céac gia tri nho. Khi tinh véi cac
diém cdng suat nho trén thi sai s6 MAPE
cia md hinh BiGRU hai 16p an thap hon
kha nhiéu so véi md hinh mot Isp an.
Piéu nay cho thdy méd hinh BiGRU hai
I6p an xtr Iy diém dix liéu c6 gia tri nho tot
hon mé hinh BiGRU mat 16p an.

Thoi gian tinh todn caa mé hinh BiGRU
hai 16p an lau hon rat nhiéu so voi md
hinh BiGRU mét 16p an. Piéu nay cho

thdy mo hinh hai lép an tiéu tén tai
nguyén va chi phi cao hon dang ké cho
qua trinh tinh toan trong khi sai s6 gan
nhu tuong dwong véi md hinh mét 16p an.
Nhu vay, md hinh BiGRU mét 16p an
khong chi c6 ciu trac don gian hon ma
trong qua trinh tinh toan con ton it tai
nguyén va chi phi hon so véi mé hinh
BiGRU hai l6p an.

4. KET LUAN

Hai md hinh BiGRU mét 16p an va hai
I6p 4n déu co két qua dy bao tdt cho bai
toan du béo cong suat dién mat troi. Viec
quyét dinh lya chon gittra md hinh BiGRU
mot 16p an va hai 16p an can phai xem xét
can nhic giita hiéu suit du bao va tai
nguyén tinh toan. Viéc tiéu ton tai nguyén
va chi phi cao hon ctia md hinh hai I6p an
dbi voi qua trinh tinh toan nén dugc can
nhic k¥ ludng, dic biét khi sai s6 khdng
cO su cai thién dang ké so véi md hinh
mot 16p 4n didu nay cho thay kha ning dy
bao cua md hinh BIGRU mot lép an
khong thua kém qua nhiéu so véi md hinh
hai 16p an. Néu su cai thién vé hiéu suat
du bédo cua md hinh hai 16p an khong
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dang ké va thoi gian tinh toan 1a yéu tb
quan trong thi mé hinh maot 16p an 1a lra
chon hiéu qua hon.

Sai s6 MAPE thuong gap nhiéu kho khin
trong viéc udc lugng chinh xac cho cac
diém cdng suat bang 0 va céc gia tri nho.
MAPE tro nén khong 6n dinh do su xuit
hién cua cac diém dir liéu bang 0 va dong
thoi ting chénh léch Ion trong sai s6
MAPE khi xtr Iy c4c gid tri cdng suat nho.
Trong khi d6, sai s6 RMSE va NRMSE
mang lai sy cai thién bang cach khic phuc
nhuoc diém cua MAPE. DPdi véi céc
truong hop 6 bién dong Ién trong dit liéu
hodc thuong xuyén xuat hién cac gié tri
cdng suat nho hoac bang 0, viéc xem xét
st dung cac phép do sai sé6 nhu RMSE
hoac NRMSE Ila kha hop ly. Nhitng phép

do nay c6 kha ning cung cdp cai nhin
téng quan va can bang hon vé hiéu suat
cua mé hinh trong bai todn dy bao cong
suit phat dién mit troi.

Véi tap dir liéu lich sir ddy da, mé hinh
BiGRU mét Iép an 1a lua chon hop ly do
cau tric don gian hon, kha ning du bao
twong duong va thoi gian tinh toan thap
hon. Mic du mé hinh hai 16p an giam
thiéu chénh léch trong sai s6 MAPE tai
cac diém cong suat nho, nhung thoi gian
tinh toan lau va chi phi cao lam cho su lya
chon vao m6 hinh nay khéng hiéu qua.
Tom lai, trong treong hop nay, lua chon
md hinh BiGRU mat I6p an 1a phi hop
V6i yéu cau vé hiéu suat va chi phi tinh
toan.
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