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TOM TAT

Nghién ctru nay nham khao sat kha niang dap tng ctia bo diéu khién dung mang no-
ron md hoi quy trén dong co khong dong bd 3 pha. Theo d6, co ché diéu khién giam sat
dugc xay dung bang cach két hop gitra bo didu khién PI truyén thong va bo diéu khién
dung mang no-ron md hdi quy dé ty chinh dinh tham sé bo diéu khién, nham thich nghi
v6i cac diéu kién thay doi. Két qua mo phong trén MATLAB cho thiy, khi bo diéu khién
PI chay doc 1ap n6 cho dap tung c6 d6 vot 16 cao. Tuy nhién, khi két hop véi bo diéu
khién giam sat ding mang no-ron md hoi quy thi dap tng cua dbi twong c6 do vot 16
khong dang ké. Két qua khao sat cho thiy cac giai thuat huan luyén truc tuyén bo nhan
dang va bo diéu khién ding mang no-ron mo hdi quy da giam sat va cap nhat tin hiéu
diéu khién phu hop hon, khic phuc dugc han ché vé viéc ¢b dinh tham sd cua bo diéu
khién PI truyén thong.

Tiwr khéa: Bo diéu khién PI, diéu giam sat, dong co khong déng bo, huén luyén tryc
tuyén, mang no-ron mo hoi quy.

ABSTRACT

This study aims to investigate the ability of using recurrent fuzzy neural network
(REFNN) — based controller on 3-phase induction motors. Accordingly, the supervisory
control mechanism was built by combining the traditional PI controller and the RFNN-
based controller for self-adjusting parameters to adapt to changed control conditions.
Simulation results on MATLAB show that, when the PI controller worked independently,
it gave a high overshoot response. However, when combined with a supervisory controller
using a RFNN, the IM speed response had a negligible overshoot. The investigative results
also show that online training algorithms of the RFNN - based identifier and controller
have monitored and updated the control signal more appropriately, overcoming the
limitation of fixed parameter PI controller.

Keywords: Induction motor, online training, PI controller, recurrent fuzzy neural
networks, supervisory control.
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1. GIOI THIEU

Hoat dong san xuidt cong nghiép
thuong dung hé tIuyén dong dién, trong
do, dong co khong dong bo (KPB) 1a mot
nguon dong nang quan trong [1]. Viéc kiém
soat tbe do dong co KPB 3 pha ludn 1a chu
dé thu hat nhidu quan tam [2, 3]. Béi vi,
trong moi truong cong nghlep khic nghiét,
cac kiéu diéu khién kinh dién da t6 ra han
ché [4]. Hién c6 hai huéng nghién ciu da
va dang duoc trién khai. Huéng thir nhat
c¢b gang md hinh hoa dong co KPB 3 pha
cang chinh xac cang t6t [3, 5-7] dé hd tro
cho khau mo phong va hiéu chinh bo diéu
khién, nhat 1a diéu khién PID von dé€ trién
khai [4, 8]. Huéng thtr hai phat trién cac
gidi thuat diéu khién chi dya trén tin hiéu
vao, ra nhu dung mang no-ron nhan tao [9,
10] hay k¥ thuat diéu khién mo [7, 11]. Tuy
nhlen cac ngh1en cliru nay van ton tai mot
s6 han ché vi co ché huin luyén off-line,
ching chi dap tmg tét ¢ thoi diém lap dat.
Theo thoi gian, ddi tugng s& thay doi, trong
khi cac bo diéu khién trén déu khong c6 co
ché ty chinh dinh lai, dan dén két qua diéu
khién bi anh huéng.

Nhing nim gan dy, mang no-ron mo

hdi quy (recurrent fuzzy neural network
- RFNN) ¢6 nhiéu uvu thé vi co ché huin
luyén tryc tuyén cua né. Mang RFNN di
dugc ung dung thanh cong trong diéu khién
robot [13-15] va cac hé phi tuyén khac [12].
Vi vay, y tudng co ban cua nghién ctiru nay
1a tmg dung mang RFNN dé diéu khién 6n
dinh tbc do dong co KPB 3 pha [16] va
khao sat chat luong diéu khién trong nhiéu
diéu kién khac nhau.

2. PHUONG PHAP NGHIEN CUU
2.1. Nguyén ly diéu khién

Nguyén ly diéu khién dugc dé xuat
trong nghién ctu nay dugc ké thira va
két hop nhiéu cong trinh dd coéng bd. Bo
diéu khién PID két hop véi bo diéu khién
ding mang no-ron md hdi qui (RENNC)
tro thanh mot ky thuat diéu khién gidm
sat (supervisory control), dugc xdy dung
dua theo [17]. Nguyén tic nhan mé hinh
dbi twong dung mang no-ron mo hdi quy
(RENNID) dé xac dinh d6 nhay cua dbi
tuong, goi la thong tin Jacobian dugc xay
dung dua theo [12-14]. Hinh 1a trinh bay
so dd nguyén 1y cua hé diéu khién duoc
xdy dung trong nghién ctru nay.
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Hinh 1. a) Nguyén ly diéu khién ding RFNN; b) Nguyén tdc nhdn dang mé hinh déi tuong

2.2. Nhian dang mé hinh ddi twong
dung RFNN

B0 nhan dang ddi tuong dugc sir dung
trong nghién ctru nay 1a mot hé suy dién
mo dugc thuc hién bdi mdt mang no-ron
hoi quy nhiéu 16p [18], goi tat 1a bo nhan
dang RFNNID. So d6 nguyén 1y bd nhan

36

dang dugc cho trén Hinh 1b. Goi u(k) va
y(k) 1an luot 13 ngd vao va ngd ra cua dbi
tuong didu khién tai thoi diém ldy mau
thtr k; goi y (k) la ngd ra cua by nhan dang
RFNNID. B9 nhan dang RFNNID str dung
ngd vao u(k) va y(k-1) dé nhan dang ngd
ray (k), gan nhit voi ngd ra y(k) cua doi
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tuong. BO nhan dang gdm 4 16p, véi 16p
vao co6 2 nut, 16p mo hoa c¢6 10 nut, 16p luat
md gom 25 nit va 16p ra c¢6 1 nat. Goi oA
tuong tng la ngo ra cua nut tha i thudc 16p
thi k, ta c6 thé mo ta cau trac bd nhan dang
RFNN theo [12, 18], nhu sau:

Lép 1 — Lép vao: Lép nay gdm 2 nit
vao v6i cac két nbi hoi tiép dé tang kha
ndng dap Umg cua mang. Ngo ra cua nut
thtr i & 1op vao dugc mo ta nhu (1):

O (k)=x!(k)+0'0 (k-1),i=1,2 (1)

v6i 6'1a trong s6 két ndi tai thoi diém
hién tai k. Ngd vao cua b nhan dang RFNN
tuong tng 13 tin hiéu diéu khién hién tai va
ngo ra qua khir cua dap tng:

1
{ 51 (k) =u(h) )
x, (k) = y(k=1)

Lép 2 — Lép mo héa: Lép nay gém
(2x5) nat, mdi nat thé hién mot ham lién
thudc dang Gauss véi tri trung binh m, va
d6 1éch chuan o; vaduoc xac dinh nhu (3)

(0, (k) ~m,)’

(Uv )2

O mdi nat trén 16p md hoa ¢6 2 tham
s6 duoc tu dong diéu chinh trong qua trinh
huén luyén truc tuyén bd nhan dang RFNN,
do la m;; va o

2 . v f—
0;(k)=expy- i=127=12,..,5(3)

Lép 3 — Lép ludt: Lop nay gom (5x5)
nat. Ngo ra cia nut tht ¢ trong 16p nay
duoc xac dinh:

0, (k) =H0§L_ (k),i=1,2,..,5q,=1,

Lép 4 — Lép ra: Gom 1 no-ron tuyén
tinh v&1 ngd ra xac dinh nhu sau:

of(k)=2w03(k)z_1]_12

gy

2,..,5(4)

25(5)

trong d6 1a trong s6 két ndi tir 16p luat 1én
16p ra. Ngo ra cua 16p nay cling la ngd ra
cua bd nhan dang RFNN:
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2, (k)= 0} (k) = f[[x,(k), x, (k)]
= f[utk), y(k-1)] 6)

Muc tiéu cua giai thuat huén luyén truc
tuyén b nhan dang RFNNID Ia diéu chinh
cac bd trong sb cua mang va cac tham )
ctia cac ham lién thudc trén 16p mo hoa dé
dat gia trj cuc tiéu ham chi phi, thong sb 15i
duoc dinh nghia nhu sau (7):

B0)= [0, 60f =3 [»0-0/0)] ()

trong d6 y(k)1a dép tng cia dbi tuong,
»,, (k) ngd ra cua bo nhan dang.

St dung thuat toan lan truyén nguoc
(back propagration), b trong sb két ndi
cua mang RFNNID s¢ duoc diéu chinh
theo nguyén tic sau:

W (k) =W (k—1)+ AW (k)

OE (k)

=W(k-D+n| - )

trong do, 5 € (0, 1) 12 hing s6 téc d6 hoc va
W 1a tham so can dicu chinh trong qua trinh
huan luyén bd nhan dang RFNNID.

Goie(k) = y(k) -y, (k) val =[0,m,c,w]
1a sai s0 huan luyén va véc-to trong so két
ndi ciia bd nhan dang RFNNID, thi gradient
cua E(.)trong (8) theo W '1a[12-14, 18]:

4
6E(k) _e() 2h) Oym(k) _e(k) 20 K) 80 (k)
ow
Véi nguyén tac nay, bo tr()ng s6 clia
tung 16p mang dugc cap nhat nhu sau [12-
14, 18]:

w;(k+l) = w;(k)+77w [_ aE(’f)j
=w; (k) +7"e(k)0; (10)
my(k+1) = my(k)+77m [_@]
k O-ij
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zay(k)+n02e(k)mj(0£M(l2)

0
s ol OE()
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(o))

trong do n’_, ... la cac hang s6
téc do hoc. Bo RFNNID ciing dugc ding
dé udc lu0'ng thong tin Jacobian Gy(k)/
6u(k) dé huan luyén tryc tuyén bo diéu
khién RENNC. Théng tin Jacobian duoc
xac dinh nhu (14) [12, 18].

Jaco(k) = —Zz E’;

3 1
:ZW; ZaOZ ( 2)|:Oij(k3 mi/':| (14)
=T ()
2.3. B) diéu Kkhién giam sat két hop
PID-RFNN
Nguyén tic diéu khién giam sat két hop
bd PID truyén théng va bo RENNC duoc
thue hién dwa theo [17]. BO diéu khién
giam sat nay duoc goi tit 1a PID-RFNNC.
Bo diéu khién PID dugc st dung bo tham
s6 tiéu chuan cia MATLAB trong [19], dé
thuén 1gi cho viéc so sanh chat luong gitra
kiéu diéu khién PID va kiéu diéu khién
giam sat PID-RENNC. Tin hiéu diéu khién
giam sat dugc xac dinh nhu sau:

w(k) =u, (k) +u, (k) (15)

trong do, u (k) tin hiéu diéu khién PID
va la u (k) t1n hiéu diéu khién giam sat
RFNNC.

Tin hiéu diéu khién PID u (k) dé dang
xac dinh, nhung tin hiéu diéu khién gidm sat
RFNNC duoc tinh toan tir mang RFNN. Chu
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trac mang RFNNC duoc thyc hién gidng
nhu ciu trac cia bd nhan dang RFNNID.
Tuy nhién, ngo vao cua mang RFNNC su
dung tryc tiép tin hiéu tham khao y WOAE!
thong tin Jacobian (14) tai thoi diém k do
bd RFNNID cung cép [18, 20]. Hai ngd vao
cua bd RFNNC khong sur dung (2) ma dugc
thay bang (16). Ngoai ra, theo [17], ham
hiéu suit huan luyén mang RFNNC duoc
thyc hién bang cach thay (7) bang (17).

xll(k)zyref(k) (16)
x) (k) = Jaco(k)
E(k)= %[un (k) —u(k)] (17)

2.4. Két qua md phéng

Hinh 2 trinh bay so d0 diéu khién
RENN trén dong co KDB 3 pha chuan cua
MATLAB (cong suat 50 HP, dién ap 460V,
tan s6 60 Hz, toc do tdi da 1.780 vong/phut,
dién tro stator Rs= 0.09961 Q, dién cam
stator va rotor Ls=Lr=0.000867 H, dién tr&
rotor Rr=0.05837 Q) véi tai va tc do tham
khao bién doi.

@7
labc
@" PID('an|

L PID Ctr

on/
ere off 7
mEpIm
Teon!
_ Tel
induction Motor
7
) +
L RFNN Supervi
upervisory | Discrete ot Nase
Jeeo Control System 5e-05s.
powergui

RFNNID

Hinh 2. So dé diéu khién PI-RFNN déng co KDB 3 pha

Pap ung toc do dong co duge dbi voi
bd diéu khién RFNN va b PI truyén théng
dugc so sanh trén Hinh 3a. Két qua nhan
dang mo hinh va thong tin Jacobian dugc
cho trén Hinh 3b, dong thoi két qua so
sanh tin hiéu diéu khién tuong tmg duoc
thé hién trén Hinh 3c. RS rang két qua nay
cho thy bo diéu khién RFNN cho dap tng
c6 d0 vot 16 khong dang ké, ciing nhu phan
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mg cua bo diéu khién khi tai thay doi tai
thoi diém 3 gidy ciing tot hon bd diéu khién
PI truyén thong. Khao sat nhiéu tinh hudng
mo phong, két qua diéu khién toc d6 dong
co KDB 3 pha boi b diéu khién PI truyén

RFNN-based Supervisory Control of IM
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thong va b diéu khién RFNN cua nghién
ctru nay dugc trinh bay thong qua Bang 1.
Két qua nay ching t6 duoc bo diéu khién
RFNN d4 cai thién han cac han ché caa bd
diéu khién PI, nhét 1a tiéu chi vé& do vot 14.
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Hinh 3. a)So sdnh ddp ting téc d6; b)Nhdn dang mé hinh; c)Tin hiéu diéu khién
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Hinh 4. a)Pdp ting téc dé déng co khi cé nhiéu va tdi thay déi;
b)Két qua nhdn dang mé hinh khi cé nhiéu va tdi thay déi

TRUGONG DAl HOC SU PHAM KY THUAT VINH LONG 39




Jour>na| ol( Science - \/ L U T E

Hinh 4 trinh bay két qua mo phong
trong 3 gidy vai truong hop tang 100% tai
tai thoi diém 1,5 gidy, dong thoi co su tac
dong cua nhidu tring gia 1ap nhidu cam
bién tdc d6 dong co tac dong 1én hé thong.
O Hinh 4a, khi tang tai tai gidy thir 1,5 tbc

ISSN 2681 5-9945

do dong co giam va sau do, bo diéu khién
da nhanh chong dua téc do dap ung vé gia
tri dat. Hinh 4b minh ching dugc kha nang
nhan dang m6 hinh ddi tuong voi bd nhan
dang RFNN cho két qua tot ngay ca khi hé
théng bi nhidu tic dong.

Bang 1. So sanh dap iing toc do dong co KPB 3 pha véi 2 kiéu diéu khién

Tiéu chi danh gia | Pon vi Pi¢u khién RFNN | Piéu khién PI
Thoi gian tang giay (s) 0,22 0,21

Do vot 16 phin tram (%) |0,12 30,6

Sai s6 x4c lap rad/s 0 0,8

Thoi gian xac 1ap gidy (s) 0,45 0,53

Mic du k§ thuat diéu khién PI-RFNN
t6 ra wu thé hon b diéu khién PI truyén
théng, nhd co ché tu cap nhat tham s6 cua
n6. Tuy nhién, han ché co ban cua nghién
ciru nay la chi méi dung lai & mirc do
md phong dé kiém chung thuat toan trén
MATLAB, chua c6 diéu kién dé tién hanh
thuc nghiém trén dbi twong thyc té.

3. KET LUAN

Nghién ctru da dé xuét giai phap két
hop giita bo diéu khién PID va bo diéu
khién giam sat dung mang no-ron mo hdi
quy, ap dung cho dong co KPB 3 pha. V¢i
cung bd tham sd, khi bo diéu khién PID
chay doc 1ap n6 cho dap ung vot 16 cao,
lén dén 30%. Tuy nhién, khi két hop véi
b6 diéu khién giam sat dung mang RFNN
thi dap tmg cua dbi tuong khong xuat hién

vot 16 nira. Diéu nay cho thiy, nho co ché
tur chinh bang giai thuat huin luyén online
ngay trong qué trinh van hanh ma bo diéu
khién ding mang RFNN di tinh chinh
dugc dap Ung cta hé théng. Giai thuat
huén luyén bo diéu khién giam sat c6 dung
thong tin Jacobian, dé cap nhat cac tham
s6 cua nob. Thong tin nay dugc nhan di¢n
boi mdt mang RFNN thtr hai, ciling duoc
huén luyén truc tuyén. Nhu vay, c6 thé noi,
nhd cac giai thudt huan luyén truc tuyén
ma bd nhan dang va bd diéu khién da giam
sat kip thoi su thay ddi cua ddi twong, tir
d6 diéu chinh tin hiéu diéu khién phu hop
hon, khic phuc dugc han ché vé viéc cd
dinh tham s6 ctia bo diéu khién PID truyén
théng. Thoi gian t6i, nghién ciru ndy can
dugce tiép tuc duogc trién khai trén thiét bi
thuc té.
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