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Tom tat:

Bai bdo nay dé xuét so sanh 3 loai mang nd ron nhan tao bao gdém mang nd ron truyén thidng — MLP,
mang na ron RBF, mang nd ron Elman dé€ du bao siéu ngdn han cdng suét phat cta tua bin gid. Sau
khi chay thir nghiém trén s6 liéu cla tua bin gié 5SMW clia nha may dién gié Thai Hoa, Binh Thuan cho
k&t qua mang na ron truyén thang — MLP dam bao dugc téc do tinh todn va sai s t6t nhat. Nghién
clfu nay gidip dua ra phuong phap phi hop cho bai todn du bao siéu ngan han cong sudt phat cla tua
bin gié trong trudng hgp giGi han nang luc tinh toan ctia may tinh va s6 liéu dau vao.

T khoa:

Du bdo céng sudt phat siéu ngan han cla tua bin gié, mang nd ron truyén thang MLP, mang nd ron
RBF, mang nd ron Elman.

Abstract:

This paper proposes a comparison of three types of artificial neural networks, including the multilayer
perceptron neural network (MLP), the radial basis function (RBF) neural network, and the EIman neural
network, for ultra-short-term forecasting of wind turbine power generation. Experimental results,
based on the power generation data from the 5SMW wind turbines at the Thai Hoa, Binh Thuan wind
farm, indicate that the multilayer perceptron neural network achieves optimal computational speed
and accuracy. This research helps to provide a suitable method for the ultra-short-term forecasting of
wind turbine power generation in cases with limited computational capacity and input data.

Keywords:

Ultra short term wind power forecasting, multilayer perceptron neural network, radial basis function
(RBF) neural network, Elman neural network.
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1. GIOI THIEU CHUNG

O Viét Nam, ning lugng gié ngay cang
duoc dau tu phat trién va ting dan ty trong
trong co cdu ngudn dién. Theo quy hoach
dién VIII, tinh dén nam 2030, téng cong
suat dién gio dat 26.066 — 38.029 MW.
Tuy nhién, do tinh bién thién lién tuc cia
ngudn dién gioé nén sé anh huong 16n dén
van hanh hé thdng dién. Do d6 du bao siéu
ngin han (khoang thoi gian dudi 4 gid)
cong suat phat cua tua bin gio 1a diéu rat
quan trong nham gitp cho cip nhat ké
hoach van hanh va cung cip thong tin cho
thi truong mua ban dién canh tranh theo
thoi gian thuc. Co nhiéu phuong phap dé
du bao siéu ngrfm han nhu st dung phan
tich chudi thoi gian, hoc may va hoc sau
nhu da trinh bay chi tiét trong nghién ctru
[1] trong d6 sir dung mang no ron nhan tao
1a mot giai phap mang nhiéu tinh vu viét.
Nghién ctru [2] du bao siéu ngan han va
ngan han cong suit phat cua tua bin gid
bang phuong phap trung binh trugt ty hoi
quy - ARMA (Autoregressive Moving
Average), mang no ron nhan tao - ANN
(Artificial Neural Networks), mang no ron
mo thich tng - ANFIS (Adaptive Neuro-
Fuzzy Inference Systems). Trong do, véi
du bao siéu ngén han, str dung mang no ron
nhan tao cho két qua t6t nhat trong 3
phuong phép dé xuat. Nghién ciru [4] dé
Xuét s dung mo hinh dy bao dya trén két
hop mang no ron tich chip — CNN
(Convolutional neural network) va
LightGBM, mang no ron tich chap dé du
bo siéu ngan han cong suat phat cia tua
bin gid voi ddy du cac thong sé dau vao
g@)m nhiét dJ, trang thai cua tua bin, tbc do
gi6, tbc do quay motor, hudng gio, dién

(ISSN: 1859 - 4557)

ndng cua tua bin gi6 tao ra trong 5 phut
trude, goc doc, cong sudt phat tic thoi cia
tua bin. Mic du nghién ctru nay cho sai s6
t6t, tuy nhién yéu cau nhiéu thong sd dau
vao va hé thong may tinh téc do cao dé dao
tao va du bao. Nghién ctru [5] str dung toc
do gio tir két qua du bao thoi tiét -NWP
(Numerical Weather Prediction) két hop
phuong phap phén tich da phan giai, [7] két
hop phuong phidp hoc may - ELM
(Extreme learning machine) va mang bo
nh¢ dai ngan han — LSTM (Long short-
term memory network), [8] su dung mang
no ron niém tin siu — DBN (Deep belief
network), [11] két hop bo nhé dai ngan han
—LSTM va thuét toan limg mat ong cai tién
— HBA (Honey Badger Algorithm) dé du
bao siéu ngan han cong suét phat cia tua
bin gi6. Nghién ctru [3], [6], [9], [10], [12]
[13], [14] su dung mang no ron truyén
thang, mang no ron RBF, mang no ron
Elman dé dy siéu ngin han cong suét phat
cua tua bin gi0, cua gian pin mat troi, cong
sut tiéu thu cua phu tai dién.

Céac nghién ctu trén cho thdy, phuong
phap mang no ron nhan tao c6 thé gitp du
bao siéu ngan han cong suat phat cla tua
bin gié va dam bao thoi gian tinh todn véi
kha nang tinh toan cua cac by may tinh ca
nhan. Trong d6 mang no ron truyén thang,
mang no ron RBF, mang no ron Elman
thuong duoc st dung cho bai toan du bao
nay.

2. MOT SO LOAI MANG NO' RON NHAN
TAO SU DUNG CHO DY BAO

2.1. Mang no ron truyén thang

So d6 ciia mang no ron truyén thang nhu
trong hinh 2. Cu tao chung ctia mang no
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ron truyén thang thuong gdm dau vao, 16p
an va 16p dau ra. Trong d6, mang no ron c6
thé c6 mot hodc nhiéu 16p 4n. Vi cac bai
toan du bao thi mang no ron s& bao gdm
16p dau vao, 1 16p 4n va 1 16p dau ra. Trén
hinh v& 2, mang no ron ¢6 n;, dau vao,
Npiq 1O TON 16p 4n VA Ny, ddu ra. Nhu vay
véc to cac tri ddu vao IP gdbm n;,, phan tu,
véc to cac gia tri dau ra OP gém n,,,, phan
tu. Céac gia tri dau vao s& duoc két ndi voi
cac no ron 16p an bang cac trong sb iw, i
clia ma tran trong s6 dau vao IW, trong do
jla sb thtr tu cua dau vao (sé tho tu tur 1
dén ny,), [ 1a sb thir ty caa no ron 16p an
(s6 thir tu tir 1 dén dén ny;,). Tong cac gia
tri két ndi nay s€ dugc dua vao cac no ron
16p an. Sau khi qua ham truyén cua cic no
ron 16p an, cac gia tri dau ra nay s& duogc
két nbi voi cac no ron 16p dau ra bang cac
trong s6 Wy, clia ma tran trong sd dau ra
OW, trong d6 m 1a s6 thir tu ctia dau ra (sd
thir tw tir 1 dén n,y,,). Tai cdc no ron sé& bd
sung thém cac tham sb bi cho 16p an va bo
cho 16p dau ra. Pau vao cho ham truyén no
ron th / ctia 16p an 1a si; dugc tinh theo
cong thirc 2.1:

sip =Y liwy . ipj + bi;  (2.1)
Gia tri si; s& trd thanh dau vao cho ham
truyén ctia no ron 16p an :

yiy = fu(siy) (2.2)

Cac ham truyén thuong duoc st dung cho
mang no ron truyén thang 14 tansig, logsig
va purelin nhu trong hinh 1

a = logsig(n)

a = tansig(n) a = purelin(n)

Hinh 1. Ham logsig, tansig va purelin
Cac gia tri dau ra cia ham truyén s€ dugc

két ndi véi cac no ron 16p dau ra. Xét véi
no ron thir m cia 16p dau ra, tong cac két
nbi va tham sé dén no ron 14 so,,, dugc tinh
theo cong thuc 2.3:
SO, = Yt OWp . Yi; + boy, (2.3)
Gié tri so,,, s& trd thanh dau vao cho ham
truyén ctia no ron 16p dau ra:

Yom = fo(S0m) (24)
Gi4 tri nay chinh ra gia tri dau ra thir m cua
mang op,.
Sai s6 duoc tinh dya trén gia tri dau ra op,,
clia mang va gia tri dau ra trong Gng cua
b6 s6 liéu thu thap duogc tg,,. Sai sé tai bd
s6 thtr k cua dau ra th m duoc tinh nhu

Sau:

eny” = tgy — opy, (2.5)

Ngoai ra, khi dao tao va danh gid mang no
ron thi ham sai s6 con tinh theo cac cong
thie tir 2.13 dén 2.16 & muyc 2.4. Thong
thuong s& st dung gia tri sai s6 binh
phuong trung binh (theo cong thuc 2.13)
dé dao tao mang.
Dao tao mang no ron truyén thang chinh 1a
tim gid tri trong sd iwyj ; OWp, ; va tham sd
bi, ; bo,, dé gia tri sai s6 nho nhat. Bang
cach cho cac dao ham riéng ctia ham sai sd
(mse) theo cac bién trong s va tham sb
bang 0, ta s& tinh duoc cac gia tri twong
g cua trong sd va tham sé dé ham sai s6
nho nhét.
Trong qua trinh dao tao thuc té, ngudi ta s&
dung cac phép lip dé tién toi gia tri tham
sO va trong s6 toi wu theo phuong trinh
(2.6)

Wh&k+D = WwpE+q gH)  (2.6)
Trong d6 Wh®) Wh*+1D 13 ma tran gom
cac gia tri trong sb iWyj; OWp; vVa Cac

tham sb bi; ; bo,, can tim tai budc lip thi
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k va thtt k+1; a® 1a téc do hoc ; G 1a
ma tran d6 ddc tinh toan duoc xac dinh dya
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trén dao ham cua ham sai so (mse) theo cac

bién trong ma tran Wb.

Ylnpia

Ownout’nhid

bOn out

Hinh 2. So’ d6 ciu tao mang no’ ron truyén thang (Multilayer perceptron neural network)

Gia tri cua céc trong s6 va tham sb sau khi
dao tao s& duogc str dung dé tinh cac gia tri
dau ra dya vao cac gia tri dau vao tuong
g theo cac cong thirc tir 2.1 dén 2.4.

2.2. Mang no’ ron RBF (RBF neural
network)

So d6 ciia mang no ron RBF nhu trong
hinh 4. Twong ty nhu mang no ron truyén
thang, cAu tao cia mang no ron RBF gém
16p vao, 16p an va 16p dau ra. Trén hinh vé&
4, mang no ron RBF ¢6 n;, dau vao, nyg
no ron 16p an va n,y,, dau ra. Cac gi tri
dau vao s& dugc két ndi véi cac no ron 16p
an bang cac trong s6 iw, j Cua ma tran trong
s6 dau vao IW, trong d6 j 14 s6 thir ty ctia
dau vao (sd tha tu tir 1 d&én nyy,), 113 s6 tha
tur ctia no ron 16p an (s thu tu tir 1 ¢én dén
Nniq)- Cac gia tri dau vao (ip) va cac gia tri
trong s6 (iw) s& dugc dua qua mot ham
khoang cach véc to (dist) dé tinh khoang
cach trong khong gian gitra véc to gia tri
dau vao va véc to trong s6. Khoang cach

tai no ron thr / so vdi cac gia tri trong $6
tuong g dugc tinh theo cong thuc 2.7:

. in ( N2
dll = \/Z;lzl(lp] - lle) (27)
Sau khi qua ham tinh khodng céch, gia tri

khoang cach tinh dugc s€ dugc nhan véi
tham s6 tai no ron d6 (bi;) theo cong thirc
2.8:
mi; = di;. bi; (2.8)

Gia tri mi; s& la ddu vao ctia ham radbad
theo cong thuc 2.9.

yi, = radbas(mi,) = e~™i (2.9)
Pic tinh ham radbad dugc thé hién trong
hinh v€ 3

0.0 n

0.833 | +0.833
a = radbas(n)
Hinh 3. Ham radial basis (radbab)
Céc gia tri dau ra cta ham radbad s& dugc
két ndi véi cac no ron 16p dau ra. Xét véi
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no ron thtr m cta 16p dau ra, téng cac két
nbi va tham sé dén no ron 14 so,,, dugc tinh
theo cong thuc 2.3 tuong tu nhu mang no
ron truyén thang. Gié tri so,, s& tré thanh
dau vao cho ham truyén ctia no ron 16p dau
ra theo cong thic 2.4 tuong tw nhu mang
no ron truyén thang. Véi mang no ron RBF
thudng st dung ham tuyén tinh purelin cho
no ron 16p dau ra. Gia tri nay chinh ra gia
tri dau ra thir m ciia mang op,,,.

Sai s6 1a két qua so sanh giita gi4 tri ddu ra
twong Ung va gia tri du ra thu thap duoc
tr bo 6 licu. Mang RBF thuong st dung
sai s6 binh phuong trung binh theo cong
thie 2.13 dé 1am sai sd chuan khi dao tao
va danh gid hi¢u qua cua mang. Qua trinh
dao tao mang RBF gdm 2 budc :

+ Budc 1 : Chon tdm va xéac dinh d rong
ban kinh.

+ Budc 2 : Hudn luyén trong sb 16p dau ra.

Yo,=op;

binhid

OWy out>Nhid

bOnow

Hinh 4. So d6 cau tao mang no ron RBF (Radial basis network)

Chon tam chinh 1a lga chon céc gia tri cia
ma tran IW (gom céc gia tri iw, i) duge
thuc hién theo cac budc sau:
+ Budc 1.a : Lya chon ngau nhién céac gia
tri IW® bao gdm cac trong sb ndi tir dau
vao 1 dén nam n;, dén no ron thu /
(iwy;) trong bo s lidu dau vao (vi du chon
gia tri dau vao thir u - IP™ trong bo sd
ligu) goi 1a tdm IW. Sd luong tam chinh la
s6 no ron 16p an ny;, dat trudc.
+ Bud6c 1.b : Tinh khoang cdch mdi diém
dit liéu IP™ dén tit ca cac tim theo cong
thirc 2.10 va gan gia tri IP® vao tAm co
khoang cach gan nhat.

d(IPW, 1w ®) = ||IP@ — 1w D|| (2.10)
+ Buédc 1.c : Vi mdi nhom tAm thir / vira

gan, tinh lai tam IW® bang trung binh
cong cua tat ca cac diém thudc nhom do.

Lap lai budc 1.a, 1.b dén khi hoi tu hodc
vuot qua s6 lan lap dat trude. Sau khi chon
duogc tam, tinh d§ rong theo cong thuc
2.11. Trong d6 d,qy 12 khodng céch 16n
nhét tir tim thir / dén céc s6 lidu dau vao
tinh theo cong thuc 2.10
Amaxi
Nex
Sau khi chon dugc tam va khoang cach sé
tinh dugc gia tri dau ra cia no ron 16p an
theo cong thirc 2.7 dén 2.9. Két hop gia tri
dau ra ctia no ron 16p an va gia tri dau ra
cta bd sd lidu tuong Ung ta s€ tinh dugc

o = 2.11)

cac trong so cua lop dau ra OW dé sai so
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binh phwong trung binh nhé nhét tuong tu
nhu dao tao mang no ron truyén thing.
Trong qua trinh dao tao, khi sai s6 khong
dam bao ta s& ting sd no ron 16p an 1én dén
khi sai s6 ndm trong gia tri cho phép hoic
s6 no ron 16p an 16n hon gia tri cho phép
dat trudc.

2.3. Mang no
network)

So dd ctia mang no ron Elman nhu trong
hinh 5. Twong ty mang no ron truyén

ron Elman (Elman

thang, mang Elman ciing c6 16p dau vao,
16p an va 16p dau ra. Tuy nhién, mang no
ron Elman c6 thém mot 16p hdi quy lay tin
hiéu dau ra ham truyén 16p an tur dir liéu
dau vao ctia sb liéu thoi gian trude va dua
tré lai thanh dau vao mang qua trong $6
DW. Gia thiét gia tri dau vao tai thoi diém
ipit), ipj(.t)
vao nay s& két hop vai cac trong s ma tran

tla ) e lp,(ltlzl Céc gia tri dau

dau vao IW dé dua dén dau vao cua no ron

(ISSN: 1859 - 4557)

16p 4n. Ngoai ra, ddu ra cta no ron 16p 4n
tir cac gid tri dau vao tai thoi diém ngay
truge d6 t-1  s& duoc két hop v6i ma tran
hdi quy DW dé dua nguoc trd lai thanh
gi4 tri diu vao cua no ron 16p 4n theo cong

thirc 2.12
. =1 (@) =1 .(t-1) ,
siy = Yo, wyjip;” + X dwq.yig  + biy

(2.12)
Gia tri si; s& dugc dua vao ham truyén 16p
an va tiép tuc duoc dua dén 16p dau ra
tyong ty nhu mang no ron truyén thing
theo cong thirc 2.2 dén 2.4.
Dao tao mang no ron Elman 1a tim cac gia
trj trong s6 iwgj, AWy, OWyy va cac tham
s bi;, bo,y, d sai sd binh phuong trung
binh theo cong thirc 2.13 cuyc tiéu. Cac gia
tri trong s6 ndy duoc tinh theo cong thuc
2.6 trong d6 Wh® 1a ma tran cac gia tri
trong sb iwyj, Awyq, OWpy; va cac tham s6

bil, bOm.

&

_ @
OWI,I SOI f yOI—Op]

. O
L '
ip; v“ bo,

. . t
U ow,,i so, yomzopn(l)
P >

: bo
.
ip}, 8

. 1
0 OWhournpia 2

! Yl
i

b Ontous

Hinh 5. So’ dd cau tao mang no ron Elman
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2.4. Panh gia sai s6

Trong bai toan st dung mang no ron nhan
tao dé dy bao, sai s6 thuong dugc danh gia
duya trén cac chi tiéu sau day:
+ MSE (Mean Square Error) : Sai s6 binh
phuong trung binh

MSE = =37, (tg; — op)? (2.13)
trong do: n: s6 mau thyuc hién trong du bao;
tgi, op;: gia tri thuc té va gia tri dau ra dy
bao cua mang no ron trong bo $6 liéu;
+ RMSE (Root Mean Square Error) : Can
béc hai clia cac sai s6 binh phuong trung
binh

RMSE = [H=lOm0Ps 14

+ MAE (Mean Absolute Error) : Sai s6
tuyét d6i trung binh

MAE = 2=90Pl (g 15)

+ MAPE (Mean Absolute Percentage
Error) : Sai s6 phan trim tuyét ddi trung
binh

n |tgi-opy

i g X100

MAPE = (2.106)
Céc cong thirc 2.13 dén 2.16 s& duge st
dung dé danh gia sai s6 khi thir nghiém két
qua ¢ muc 3.
3. KET QUA THU NGHIEM
Nha may dién gi6 Thai Hoa tai xa Hoa
Théng, huyén Bic Binh, tinh Binh Thuén.
Téng cong sudt dit ciia nha may 13 90 MW
gdm 18 tuabin gidé do hing Siemens cung
cap, mdi tua bin gid cong suat 5000 kW.
S liéu thu thap duoc tir ngay 01 thang 07
nam 2023 dén ngay 30 thang 09 nam 2023
bao gom 12348 s6 liéu cong suat phét ciia
tua bin gi6 s6 5, mdi lan ghi sé liéu cach
nhau 10 phut. Dya trén bd s6 liéu thu thap
duoc, nghién ctru st dung cdc md hinh

mang no ron ¢& muc 2 dé du bao cong suét
phat ctia tua bin gid d6 ¢ thoi diém 10 phat
tiép theo. Trong bd sb liéu gdm 12348 s
liéu s& dugc chia ngau nhién thanh 20% sir
dung dé kiém tra, 80% duoc st dung dé
dao tao. Voi mang no ron truyén thang sé
sir dung 10% dé uéc lugng va dimg sém
va 70% dé dao tao.

Do viéc thu thap s liéu chi bao gdbm cong
suat phat nén mdi mang no ron chi c6 1 dau
vao va 1 dau ra la cong suét phat cia tua
bin ¢ thoi diém can du bao va cong suit
phat cua tua bin trude dé 10 phut.

Dua vao sd dau vao va dau ra nén chon sb
no ron 16p 4n cua mang no ron truyén
thang, mang no ron Elman sir dung cho
tinh toan thtr nghiém dugc chon 1a 10 no
ron. Con dbi véi mang no ron RBF, do gidi
han vé téc do tinh toan va thoi gian tinh
toan nén chon sb no ron tdi da 1a 2000 no
ron. Ham truyén no ron 16p 4n 1a ‘tansig’,
ham truyén no ron 16p dau ra 1a “purelin’.
Do thi két qua du béo theo mang no ron
truyén thfmg, mang no ron RBF, mang no
ron Elman so v&i muc tiéu thuc té trong tap
sO liéu kiém tra nhu trong hinh 6. Bang két
qua sai sb cta tap dao tao (train) va tap du
bao (test) khi st dung cac mang no ron &
muc 2.1-2.3 nhu trong bang 1 theo cac
danh gia sai s6 trong muc 2.4.

Tir bang 1 ta thiy ring mang no ron truyén
thang MLP s& cho két qua sai s6 tot nhat so
v61 mang no ron RBF va mang no ron
Elman. Ngoai ra, sai s6 du bao con cao do
nha may dién gié Thai Hoa c6 tham gia
chuong trinh ty dong sa thai nguén — AGC
(Automatic Generation Control). Khi cong
suat duong day truyén tai bi qua tai hoic
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cong sudt phat 16n hon cong suat tiéu thu
thi trung tam diéu d6 co thé diéu khién
khong cho tua bin gi6 phat dién. Do d6 dan
t61 mot s6 thoi diém, cong suat phat cua tua
bin gi6 dang rat 16n d6t ngdt giam vé 0 1am
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tang sai sO dy bao.

Wind Power Target and ANN forecast
T

cua trung tam diéu do.

pé tang do chinh xac dy bdo, nha may can
thu thap cac sb liéu vé toc do gio, huong
gio tai diém dit tua bin va cac vung lan cén,
sO lidu thoi tiét va du kién sa thai ngudn

Target

— — = “MLPNNoutput
REFNNoutput

~ = ElmanNNoutput

Test data (10 minutes)
Hinh 6. Két qua sai sé khi cia 120 dir liéu trong tap dw bao
Bang 1. Két qua sai s6 khi dao tao va dw bao

120

Tap Thoi
Mang sO mse (kW?) | rmse (kW) | mae (kW) | mape (%) gian
lidu
Train | 182421 427,11 286,55 35,93 0.672
MLP 0128
Test | 188105 433,71 289,15 29,65
Train | 161124,6 401,4 298,08 65,54 3h38min
RBF | 1est | 1365368 | 369,51 122,98 74,07 51s
Train | 3508382 1873,07 1203,59 | 89,81 1104
Elman 1o 667392 816,94 570,51 132,56
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Gigi thiéu tac gia:

Tac gia TS. Bdng Thanh Trung t6t nghiép dai hoc va nhdn bang Thac si tai Trudng Dai
hoc Bach khoa Ha Noi, nhan bang Tién sy tai Hoc vién khoa hoc va cdng nghé, vién Han
Lam Khoa hoc va Cong nghé Viét Nam vao cac nam 2006, 2008 va 2023. Hién nay tac gia
cong tac tai Trudng Dai hoc Dién luc.

Hudng nghién ctu chinh: Tinh todn diéu khién t8i vu hé thng dién, tich hgp ndng lugng
tai tao vao ludi dién, du bdo cong suat phat ngudn nang lugng tai tao, cong sudt phu tai,
tinh do tin cay hé thong dién...
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