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TOM TAT

Ngay nay, ndng luong tdi tao da va dang phat trién manh mé, trong do, phai ké dén ning
leong gio. Tuy nhién, viéc sir dung nguon nang lwong ndy con phu thugc nhiéu vao thién nhién
do cwong do gio thay doi lién tuc, lam cong sudt phat tir tuabin khong on dinh. Piéu dé gdy anh
hieong om dén hé thong dién. Bai bdo nay trinh bay mét gidi phap diéu khién gidm sdt géc canh
ciia tuabin gié dé gitk on dinh cong sudt phat dién, dudi tac dong cia gié 1on, nham duy tri dién
ap luoi ¢ gia tri dinh mirc. Giai thudt diéu khién goc canh ding mang no-ron mo hoi quy duoc
kiém nghiém thong qua mé hinh mo phong trén phan mém MATLAB/Simulink, trong diéu kién
gid ldp sw thay doi ciia toc dg gio.

Tir khoa: Diéu khién giam sat; Didu khién goc canh; Mang no-ron md hdi quy; M6 phong MATLAB; Tuabin dién gio.
1.MO PAU

Nganh nang luong dong vai troé quan trong trong qua trinh phat trién kinh té xa hoi, nhat la
phat trién cong nghiép. Viée tlep c4n ngudn ning luong tin cdy, giam thiéu chi phi la yéu t quan
trong dé tang truong kinh té bén vimng. Tuy nhién, viéc sir dung qua mirc cac ngudn ning lugng
hoa thach din dén nhiéu hé luy ve bién ddi khi hau va 6 nhiém moi truong ngay cang tang. Nang
luong tai tao dang tr¢ thanh ngudn nang luong tin cy trong thoi gan, day dic biét 1a nang luong
gi6. O Viét Nam véi loi thé duong bién dai va tde do gio trung binh ¢ d§ cao 65 m, tir Bién bong
Viét Nam hang niam 16n hon 6 m/s. RS rang viéc phat trién nang lugng gié & Viét Nam c6 nhiéu
trién vong, nhét 1a ving duyén hai mién Trung, Tay Nguyén va cac dao.

Cac tuabin phat dién gio thuong chiu anh huong cua nhiéu yéu t6 nhu mua, gio, béo,... nén
yéu ciu kiém soét tinh on dinh cua may phat lu6n la mot thach thirc 16n [1]. Khi toc do glo thay
dbi, nhat 1a gi6 16n co6 tbe do vuot 12m/s, bo didu khién can phai kiém soat goc canh dé duy tri
cong suat phat nham dat dugc hiéu suat phat dién téi da [2] va giam thiéu hu hong hé truyén
dong co khi. Pé c6 dugc cong suat truyén tai 16n nhat thi roto can chay véi toe do dinh muec [3,
4]. Vi vay, khi tbc d6 gi6 16n hon toc do dinh muc, goc nghiéng dugc tang 1én dé gitr tbc d6 roto
¢ gid tri dinh muc nham dat dugc cong suét phat cyc dai. Pé giai quyet van dé nay, bo didu khién
PID truyén thng dugc nhidu nghién ctru trién khai [5-7]. Diém bt lgi co ban ctia bo diéu khién
PID 14 van dé ¢b dinh tham sb, nén khi thuc hién kiém soat tuabin gi6 voi hé dong luc hoc bi tac
dong boi cac yéu t6 thoi tiét, nd to ra kém linh hoat. Van dé nay dugc cac nghién ciru [2-4] khic
phuc bang cach ting cuong thém vong diéu khién [4] hodc st dung mang no-ron ham co s
xuyén tam RBF (Radial Basis Function Neural Network [8]) dé t6 chirc thanh bo diéu khién PID
mot no-ron [2]. Nho co ché hudn luyén trye tuyén, tham sb bo diéu khién PID mot no- ron dugc
thay doi thich ing véi sy bién thién cta toc do gié tac dong 1én dbi tugng. Tuy nhién, Khi to chirc
mang RBF thanh bo PID mét no-ron, qua khao sat cho thdy & trang thai xac 1ap, sai biét gitra tin
hiéu tham khao va dap tmg hau nhu khong thay dbi nita nhung co che cip nhat tham s bo diéu
khién vin con tlep tuc dién ra theo chiéu hudng gia ting. Den khi téc d6 gi6 hay diéu kién tac
dong khac thay doi, giai thuat lai phai cap nhat bo tham sé nay theo chidu hudéng giam tro lai.
Diéu nay 1am cho bo diéu khién trd nén phan tng cham.
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Nhitng nim gan day, mang no-ron md hdi quy RENN (Recurrent Neural Fuzzy Networks) da
dugc mot sd nghién ciru trién khai thanh cong trong viéc kiém soat dbi twong phi tuyén [9-11].
Bang su két hop gitta cac 16p no-ron va 16p mo hoa, tinh phi tuyén cua mang RFNN duoc ting
cuong hon [12], phu hop v6i vi€e nhén dang va didu khién truc tuyén dbi tuong. Nghién ctru bay
dé xuat mot gidi phap ung dung mang RFNN dé diéu khién goc canh tuabin gid nham giit 6n
dinh cong suat may phat, thyc hién thong qua mo phong trén phan mém MATLAB/Simulink.

No1 dung con lai cua bai bao dugc céu triic nhu sau: Phan 2 trinh bay vé phuong phap xay
dung b diéu khién va két qua mo6 phong kiém ching giai thuat dé xuat; va cudi cung, phan 3 1a
két luan va dé nghi cta nghién ciru.

2. THIET KE HE PIEU KHIEN
2.1. Nghién ciru diéu khién géc canh tuabin gi6
Diéu khién goc canh tuabin 1a gié cho phép diéu ’khién cong §u€it co hoc tao ra tir viéc xoay
canh tuabin va duoc st dung cho cac tuabin gi6 c6 toc d6 thay doi. Voi toc do gio thay doi theo

thoi gian, tuabin gi6 c6 ba truong hop hoat dong chinh, gom: ving dudi toc do gié dinh muc,
ving toc d6 gié dinh mirc va ving trén toc d6 gioé dinh mirc.

- Truong hop 1: Khi toq do gi6 dudi tdc do cho phép phat cong suét dinh muc, goc nghiéng
canh tuabin s€ phai dugc dieu khién sao cho nhan dugc nang lugng gié 16n nhat [4].

- Trudng hop 2: Khi viing toc d gi6 hoat dong & gia tri dinh mure, lac nay, tc do quay cua rotor la
dinh murc. Cong suat phat ra ¢ truong hop nay duoc chuyén hoa thanh nang luong dat hiéu suat cao [5].

- Truong hop 3: Khi téc d6 gi6 cao hon tc do gié cho phép phat cong suit dinh muc. Lic
nay, hé thong sé€ diéu khién goc canh tuabin gi6 lam cho canh tuabin huéng don it gié hon. Gitr
cho may phat dién c6 thé phat dugc cong suat dinh mic.

Cong ngh¢ tuabin gi6 dang ngay cang tién bo doi hoi hé thdng diéu khién phai manh mé hon,
cai thién tot hon cong suat ghét V?flq tin cay }}on dé dat loi nhudn cao hon [13]. C6 nhi€u nghién
clru da img dung ky thuat di€u khién vao kiém soat tuabin gi6. Trong d6, mang no-ron nhén tao
c6 kha nang moé hinh hoéa cac hé thong phi tuyén, c6 kha nang thich nghi va dap tng tot, nén da
dugc tng dung.

Trong nghién ciru nay, mang no-ron mo hoéi quy dugc sir dung, 7dé giiéu k}lién gdc canh cua
tuabin gid. H¢ thong di€u khién s€ dugc mo6 phong trén MATLAB dé di€u khién goc canh quat ¢
truong hop 1 va 3 lam cho cong suat may phat dién sé dugc giit on dinh tai gia tri dinh muec.

2.2. M6 hinh tuabin gié

Mo hinh tuabin gi6 thong thudong bao gdm 3 thanh phan: hé théng khi dong hoc, hop sé va

may phat dién. Nang lugng khi ddng hoc Pt duoc xac dinh boi (1) [14].

p- % prRNC, (4, ) o)
trong d6, hiéu suat chuyén doi ning lugng C, 1a mot ham cua 4 va gdc canh .
C C —C, 1%
Cp:(ﬂ,ﬂ)=Cl[Iz—C3,3—C4ﬂ5—Ceje " )
1 ¢ )
/ll = - 39 (3)
A+c B B +1
CAc gia tri tir ¢, — Cq 12 hé s6 dong hoc cia mé hinh tuabin gi6 [6], c6 c4c gia tri nhu sau:
€, =0.73 c, =151 c3=0.58

4 N. T. X. Nhi, ..., T. T. Luan, “Ung dung mang no-ron mé hoéi quy ... goc canh tuabin gi6.”
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¢, =0.002 c;=2.14 Cs=13.2
c;=18.4 cg = 0.02 Co = 0.003
Hé s6 4 dugc tinh theo cong thic:
L_Ro,
V

v

Véi R 12 ban kinh quat (m), Q, 1a van tdc rotor (rad/s) va V, la van téc gié (m/s).

(4)

0 cong thuc (4), khi toc do gid thay d6i theo thoi gian thi hé s6 cong suat A ciing thay doi, lam
cho hé s6 cong suat C, ciing bi thay ddi. Ta c6 quan hé giira mé men tac dong T; va véi cong suat

dong hoc Py
R=TQ,

Tt = %pﬂRa\/vzct (ﬂ“’ﬁ)

trong d6, hé s6 md men C; dugc tinh:

C (4p
C, ( A, ﬂ) - M
A
Thé (7) vao (6) ta duoc (8):
A,
T, = 1 prRV}; 2 G, (44)
2 A
Pong lyc cua hé thong truyén dong duoc mo hinh hoa nhu (9) [8]:
aQ, 1 F

e U vy

)
(6)

()

(8)

9)

Hé théng truyén dong caa canh tua-bin bao gdm: hé théng co khi va thay lyc. Ham truyén cua

md hinh hé truyén dong canh tua-bin [6] dugc cho bai (10):

1
G, (S) =
7,5+1
trong do, 7, 1a hang sb thoi gian co hoc.
2.3. Thiét ké b diéu khién
rer e IRAEIPEN o WIND
+ :’ TURBINE

/ A 1/z

n V-1 RFENNID

Uy
r Jaco

Hinh 1. So do nguyén Iy diéu khién ding mang RFNN cho tuabin gio.

(10)

So dd nguyén Iy cia bo diéu khién duoc trinh bay trén hinh 1. Bo diéu khién PID duoc két
hop vai b diéu khién dung mang no-ron mo hoi quy, goi 1a RENNC, duoc x&y dung dya theo
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[8]. M6 hinh ddi twong dwoc nhan dang bang mot mang no-ron mo hdi quy khac, goi la
RFNNID, dé xac dinh d6 nhay cta doi tugng hay con duoc goi 1a thong tin Jacobian, dugc xay
dung dwa theo [9-10, 12].

Trong hinh 1, canh quat gi6 dugc kiém soét boi by diéu khién PID. Tuy nhién, dé tinh chinh
va nang cao tinh linh hoat nham nhan nhfrng‘ tin hiéu dao dong, bién thién nén bo dieu khién
RFNNC dugc dua thém vao. Giai thuat nay,canwthéng tip Jacobian nén bo nh@n dang'RFlﬂ\lNID
cling dugc xay dung va huan luyén truc tuyen dé cung cap kip thoi thdng tin ve su bien doi cua
doi twong cho b dieu khién.

Cadu tric bé nhdn dgng RFNNID:

Bo nhén dang m6 hinh déi twong ding mang no-ron hoi quy nhiéu 16p, goi tat 1a bo nhan
dang RFNNID, dugc trién khai theo [12]. B6 nhan dang RFNNID dugc x@y dung gom 4 16p,
véi 16p vao c6 2 nat, 16p mo hda ¢ 10 nat, 16p luat mo gdm 25 ndt va 16p ra ¢ 1 nat. Goi Of
tuong tng 1a ngd ra cua nit thir i thuoc 16p thir k, ta ¢ thé mé ta cdu trdc bo nhan dang
RFNNID nhu sau [12]:

- Lop 1 — Lép vao: Lop nay c6 2 ndt, nhiém vu cia né la chuyeén tai cac gia tri ngd vao dén
I6p ké tiép. Ngo ra cua nat thir i ¢ 16p vao dugc mo ta nhu (11).

0} (k) =X (k) + GOf (k—1),i=1,2 (12)

trong d6: @' 1a trong s6 két ndi tai thoi diém hién tai k. Ngd vao caa bo nhan dang RFNNID la
tin hiéu diéu khién hién tai va ngé ra qua khi cua dap @ng:
T T
[XK). %5 (k)| =[u(k), y(k-1)] (12)

- Lép 2 — Lép mo hda: Lop nay gdom (2x5) nit, mdi nit thé hién boi mot ham lién tuc thudc
dang Gauss Vvéi tri trung binh m;; va do Iéch chuan oy va duoc xdc dinh nhu (13).
(O (k) —m;)?

(O-ij)z

O mdi nat trén 16p mo hda c6 2 tham sé duoc tu dong didu chinh trong qué trinh huan luyén

tryc tuyén bo nhan dang RFNNID, d6 1a m; va o .

Oif(k)zexp{— },i =1,2j=12,..,5 (13)

- Lop 3— Lop lugt: Lép ndy gom (5x5) nat. Ngd ra cua ndt thir g trong 16p nay duogc xac dinh:
Ol (k)= I:IOifqi k),i=12,..,50q =12,...,5 (14)
- Lép 4 — Lép ra: Gom 1 no-ron tuyén tinh véi ngd ra xac dinh nhu sau:
Oi“(k):Zvvi‘j‘Of’(k),i =1j=12,.25 (15)
i

Trong d6, wj; 1a trong s6 két néi tir 16p luat th j 1én 16p ra i. Ngd ra cua I6p nay ciing 1a ngd
ra cua bd nhan dang RFNNID:

Yo (K) =OF (k) = f [x (K), X, (k)] = f [u(k), y(k ~1)] (16)
Gidi thugt hudn luyén truc tuyén bg nhdn dang RENNID:

~ Muc tiéu cua giai thuat huan luyén tryc tuyén bo nhan dang RFNNID 1a diéu chinh b trong
0 va cac tham so cua cac ham lién thugc trén I6p mo hoa dé cuc tiéu ham chi phi (17):

£ =3 [¥0 -y, (W] =3[y -0} (0] a7

6 N. T. X. Nhi, ..., T. T. Luan, “Ung dung mang no-ron mé hoéi quy ... goc canh tuabin gi6.”
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trong d6, y(k) 1a dap tng caa di tuong, ym(K) 1a ngd ra ciia bo nhan dang.
Str dung thuat toan lan truyén nguoc (back propagration) sai s6, bo trong sb két néi cua mang
RFNN s& duoc diéu chinh theo nguyén tic sau:

W (k) =W (k =1) + AW (k) =W(k—1)+77(—%v(\i()) (18)
trong do, ne (0, 1) 1a hing sé téc d6 hoc va W 1a tham sé can diéu chinh trong qué trinh huan
luyén b6 nhan dang RFNNID.

Goi e(k) = y(k) -y, (k) va W =[6,m,o,w]"Ia sai s6 hun luyén va vector tham sé cua bd
nhan dang RFNNID, thi gradient caa E(.) trong (18) theo W dugc xac dinh nhu sau [8-12]:

OE (K k ao“ k
ER_ ay()__() () 19)
ow
Vi nguyén tic nay, bo trong sé cua ting 16p mang dugc cap nhat nhu sau [8-12]:
w| OE(K N
Wi (k+1) =Wl (k) +7 [— (4)J=vvij-‘(k)+77 e(K)O? 20)
ij

m; (k +1) =m; (k) + 7" {_ aéf(k)

]:mﬂk)mmze(k)w;osw @
P Oj

ij

aE(")J oy ()+ 1" Ze<k)w.kosw 22)
(O-ij)

(-2)[ 0j (k) —m; |Of (k1)
(03)°

trong d0,77_,, ., 12 céc hang sb toc 6 hoc. Ngoai viéc wdc lwong ngd ra caa ddi tuong ym(K),

oy (k+D)=0;(k)+7° [

ij

SE(K)

Hﬁ(k+1)=0ﬁ(k)+n[ (23)

] 0 1" eluio}

bo nhan dang RFNNID con phai udc luong thong tin Jacobian dy(k) / du(k) dé huan luyén truc
tuyén bo didu khién RENNC. Thong tin nay duoc xac dinh nhu (24) [9, 12].

k 4 803 (-2) O; (k)_mij
Jacolk)= Zy Ek; 2. {Zs:ao2 [(a.)z ]}

(24)
q
Bé diéu khién giam sat PID-RFNN
BO diéu khien gidm st nay goi tat 1a b diéu khien PID-RFNNC, duoc dya trén nguyén tic dicu
khién giam sét két hop b diéu khién PID truyén thong va b diéu khién RFNNC hinh 2 [8].
Tham s6 bo diéu khién PID duoc st dung la bo gia tri da lam tron (K;=120, Ki=0.5, Ks=10),
dugc st dung tir két qua hoi tu ciia bo didu khién PID mét no-ron trong [2], trén cung md hinh

tuabin gi6, nham danh gia chat luong gitra kiéu diéu khl@n PID ddc lap va kiéu diéu khién giam
sat PID-RFNNC. Tin hiéu diéu khién giam sat trong so d6 hinh 2 duwoc xac dinh:

u(k) =u, (k) +u, (k) (25)
trong d6, u,(K) Ia tin hiéu diéu khién P1D va Ia u,(K) tin hi¢u diéu khién giam sat RFNNC.

Tin higu diéu khién giam sét un(k) chinh 1a ngd ra cia mang RFNNC, dugc xéc dinh theo
(16). Trong khi tin hi¢u dieu khién PID uy(k) dugc xac dinh nhu sau:

Tap chi Nghién ciru KH&CN quin su, S6 80, 6 - 2022 7
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u, (k) = K &(k) + K,dé(k) + K;ié (k)
€(K) = Y (K) = y(K)
trong d6, dé(k) va ié(k) lan luot 1a dao ham va tich phan cua sai biét (k) trong (26).

(26)

u

n

RFNNC

Jaco@;

WIND y(k)

+
Y re](k) uP + f,\ u(k)
o TURBINE

PID

Hinh 2. Nguyén Iy diéu khién giam sat PID-RFNNC.

Céu triic cia mang RFNNC duoc thyc hién gidng nhu cau tric cia bo nhan dang RFNNID.
Tuy nhién, ngd vao caa bo RFNNC sir dung truc tiép tin hiéu tham khao y.(k) va thdng tin
Jacobian (24) tai thoi diém k do bo RFNNID cung cip, dua theo thiét ké cua [12]. Hai ngd vao
ctiia bd RFNNC khéng sir dung (12) ma duoc thay bang (27). Ngoai ra, ham muc tiéu huan luyén
mang RFNNC dugc thuc hién theo [8], bang céch thay (17) bai (28).

[0, %] =[ Yo (k) Jaco(k) | 27)

E (k)=

3. KET QUA VA THAO LUAN

M6 hinh mé phong dé kiém ching phuong phap diéu khién goc canh vai bo diéu khién sir
dung mang no-ron mo hdi quy (hinh 3) dwgc thuc hién dya trén md hinh tuabin 2,4 MW cua
hang Mitshubishi, vei tén phién ban MWT 92 va b thong s6 cua tuabin dugc thé hién trong
bang 1. Cac tham s6 khai tao cua qué trinh huan luyén cho bo nhan dang mang no-ron mo hdi
quy RFNN duoc thé hién trong bang 2.

o, 0-uf (28)

Bdng 1. Thong sé tuabin Mitshubishi MWT 92.

Théng s6 Giatri | Ponvi
buong kinh rotor 42 m
Téc d6 gio dinh muc 12,5 m/s
Ti s6 truyén cua hop sé 100 -
Tbc d6 may phat dinh muc 1800 rpm
Cong suat dinh muc 2,4 MW
M&-men may phat dinh mac 12732 Nm

8 N. T. X. Nhi, ...,

T.T. Luan, “Ung dung mang no-ron mé héi quy ..

. g6c canh tuabin gi6.”
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Bdng 2. Cac tham sé khai tao bg nhan dang RFNN.

Ky hiéu Y nghia Giatri
n Téc d6 hoc 0.01
~15-0.7500.7515]
G Véc-to tim 15-0.7500.7515)
. Notng Kich hoat 0505050505
' guong Kich hog 0505050505
w]" Trong sé gitra 16p 3 va 4 (25x1) [0.10.1... 0.1]T
e b i 16m 2 s 0101010101
W fong so glua fop < va 01010.10.10.1

W_ref 4:|_'
w

l_|<—| | Speed} * B
<« Wind speed
188.5 - L P+
[estlesle)— mngirtesrof] |
L
el PID Ctr
on/ —
off
Wréf Ten g Pitch Angle
| Jaco Pitch Actuator
RFNN_Ctr

WIND TURBINE

Jacobian l \_’ Wm_1

P u(k)

Jacobian

RFNN_ID

Hinh 3. M6 phéng bé diéu khién gc canh diing mang no-ron me hai quy trén MATLAB.

Két qua md phong da thé hién thong qua viéc giit on dinh téc do va cong suét cua méay phat
dugc minh hoa trén hinh 4. Trong @96, toc do gio dugc gia lap ¢ cap dudi dinh mac & 10 m/s, sau
do tang 1én trén dinh muc tai 15 m/s va ticp tuc nang Ién muc gié manh 20 m/s (hinh 3). Mo
phong s& chitng minh cong suat phét cua tuabin s¢ dugc gitr on dinh tai 2,4 MW du toc do gio

Tap chi Nghién ciru KH&CN quin su, S6 80, 6 - 2022 9
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bién dong. Ngoai ra, ¢6 thé thiy duoc mang no-ron mo hoi quy RFNN ¢6 thé nhan dang tot mo
hinh cta doi tugng, tir d6 tinh toan dugc théng tin Jacobian (hinh 5).

_
]

@200

rad/
S @
g 38

o
=]

Speed refirotor |

=]

/ ——Wind speed

20

Wind speed (m/s)
=

o

ldle Power
Power 7

L)

Power (MW)

=]

T Pitch Angle
=y T T T T
E‘ZD / Pitch Angle
20 7
=4
<
ﬁ o 1 | 1 | ]
o o 5 10 15 20 25 30
Time (seconds)
Hinh 4. Ddnh gid cdc gia tri vao va ra cua hé thong.
RNNMN_Model Identification

= == Wrfnn

W/Wm (rad/s)
s o
(=] (=]
T T T
=
1 1 I

50 =
0 —
] ] ]
w107 Jacobian
T T T T
0 | |
@
S 5 | | |
[=]
[&]
[+
8
10} .
1 1 1 | 1
0 5 10 15 20 25 30

Time (seconds)
Hinh 5. Két qud cia bg nhdn dang téc dé gi6 va thong tin Jacobian
ciia Mang no-ron mo hoi quy.

V6i bo diéu khién diing mang no-ron mo hoi quy, 1am cho cong suét va dap tng toc d¢ cua
may phat dugc gitt 6n dinh tai gia tr} dinh mac 2,4 MW. Khi toc d gid tac dc}‘ng I(’)-nv hon 12 In/‘S,
gia tri géc canh Cua tuabin dugc kiém soat mot céch‘linh hoat. Khi do, bo diéu khién s& tu dieu
chinh céac thdng s6 dya theo thong tin Jacobian tra vé tir bd nhan dang mang no-ron mo hoi quy
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Nghién ctru khoa hoc cong nghé

RFNN, nham thich nghi véi sy bién doi ciia hé thong, tir d6 cho thay hiéu qua cua giai thuat diéu
khién duoc ap dung.
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Hinh 6. So sdnh diéu khién PID truyén thong va diéu khién két hop mang RFNN.

Hinh 6 trinh bay két qua so sanh giira tinh hung kiém soét goc canh tuabin gi6 véi bo diéu
khién PID dpc lap co tha}m S0 (Kp:120, Ki=0.5, K;=10) va tinh‘hu()ng diéu khiéq giém sat PID-
RENNC. Keét qua cho thay, khi toc do gio 16n hon 20m/s, bo dieu khien PID truyen thong khong
thé gitr 6n dinh cdng suat phat tai 2,4 MW tot nhu bo diéu khién giam sat.

4. KET LUAN

Bai bao da trinh bay mot phuong phap thiét ké bo diéu khién goc canh cia tuabin gio sir dung
mang no-ron md hdi quy, nham gitr 6n dinh tdc d6 va cong sudt may phat dua trén cac kich ban
thay ddi vé& tbc do gi6. Tir d6 cho thdy, co ché tu chinh bing giai thuat huén luyén truc tuyén
ngay trong qua trinh van hanh ma bo diéu khién ding mang no-ron md hdi quy da tinh chinh
duoc dap ing cua hé thdng. Giai thuat hun luyén bo diéu khién giam sat sir dung thong tin vé do
nhay cua ddi tuong, goi la thong tin Jacobian, dé cap nhat cac tham s6 cta no. Thong tin
Jacobian nay dugc nhan dién bdi mdt mang no-ron mo hdi quy tht hai, cling dugc huén luyén
tryc tuyén. Nhu vay, nho cac giai thugt huén luyén tryc tuyén ma b nhan dang va bo diéu khién
da giam sat kip thoi sy thay dbi cua dbi tuong, tir 46 diéu chinh tin hiéu diéu khién phu hop, gitip
tuabin quay 6n dinh va gilr vimg cong suét phat. Ngoai ra, két qua m6 phong cling cho théy, bo
diéu khién giam sat dung mang no-ron mo hdi quy cho dap tng tot hon bd didu khién PID truyén
théng. Trong thoi gian t6i, giai thuat dé xudt s& duogc tiép tuc kiém nghiém trén thiét bi thyc té dé
danh gia toan dién hon kha ning diéu khién ciia no.
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ABSTRACT

An application of recurrent fuzzy neural networks
in wind turbine pitch angle control

Nowadays, renewable energy has been developing strongly, including wind energy.
However, the use of this energy source is still dependent on nature conditions because the
wind intensity changes continuously, making the power generated from the turbine is
unstable. That has a huge impact on the electrical system. This paper presents a solution
to control and monitor the pitch angle of the wind turbine to generate the rated power
aiming to maintain the grid voltage at a stable level. A supervisory controller using
recurrent neural fuzzy networks is proposed and tested on MATLAB/Simulink, under the
condition of changing wind speeds.

Keywords: MATLAB simulation; Pitch angel control; Recurrent fuzzy neural network; Wind turbine; Supersisory
control.
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