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TOM TAT

Nghién ciru ndy nham d& xuat mot cau trac diéu khién dung bo nhan dang mang no-ron
RBF két hop véi bd diéu khién tich phan ty 16 PI mot no-ron (goi tit 1a bo diéu khién PI-
RBF), ap dung trén dong co khong dong bo ba pha, phi tuyén va phirc tap véi nhiéu thong
s6. Muc tiéu co ban cua giai thuat 1a kiém soat tdc do dong co dat tde do mong muén véi
thoi gian xac 1ap ngan, han ché vot 16 va sai s6 xac lap. Dé dap ung yéu cau niy, cac thuat
toan cAp nhat truc tuyén bo diéu khién RBF-PI da dugc sir dung. Viéc khao sat dap Gmg cta
dong co khi thay ddi toc do dat va mo-men tai da duoc trién khai. Két qua mo phong cho
thdy hé diéu khién hoat dong 6n dinh va bén viing ngay ca khi c6 tac dong cua nhidu.

Tir khéa: Piéu khién PIL, dong co khong dé)ng bd ba pha, huén luyén truc tuyén,
mang no-ron RBF, nhan dang mo hinh

ABSTRACT

This study aims to propose a control structure using RBF neural network identifier
combined with a one-neural PI controller (so-called PI-RBF controller), applying to
speed control of a 3-phase induction motor that is nonlinear and complex with several
model parameters. The main objective of the algorithm is to control motor speed reaching
the desired speed in a short response time, reducing overshoot and steady-state error. To
meet that requirement, online training algorithms for RBF-PI controller has been used.
The Investigating of induction motor responses when changing the set speed and load
torque has been also carried out. Simulation results show that the control system is stable
and robust even under the affecting of disturbances.

Keywords: PI control, 3-phase induction motor, online training, RBF neural network,
model identification

1. GIOI THIEU dong gop nguon dong niang chii dao [1].

Trong cong nghiép ngay nay hau hét Voi thiét ké don gian, chi phi bao tri thé.p
cac day chuyén san xuit déu c6 sir dung hé  va van hanh dé dang, dong co cam tng
truyén dong dién, trong d6, dong co dién hay dong co khong dong bo (KPB) chiém
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hon 80% ngudn chuyén ddi co — dién trong
truyén dong cong nghiép [1, 2]. Piéu khién
toc do dong co KPB 3 pha luén la véan dé
dugc nhiéu nha khoa hoc va cac hing thiét
bi quan tam [3, 4]. Tuy nghién, do dong co
dién KPB 3 pha phi tuyén va bi tac dong
boi nhiéu yéu té trong qua trinh van hanh
nhu sy thay ddi cua tai, su tac dong cua moi
truong cong nghi¢p... ma cac gidi phap
diéu khién don gian thuong khong dap ung
that sy tot [5]. Ngoai ra, dudi tac dong cua
nhiéu yéu t6 bén ngoai, cac tham s6 cua ddi
tuong thuong bi thay doi trong qué trinh
van hanh. Piéu ndy anh huéng dén chat
lwong diéu khién, nhét 1a cac giai phap thiét
ké doi hoi phai biét trudec mo hinh toan cua
dbi tugng, nhu diéu khién PID truyén thong
[5, 6]. Viéc khong xac dinh chinh x4c mo6
hinh toan ctia dong co s& dan dén bo didu
khién chi duoc chinh dinh gan dung, 1am
cho kha nang vot 16 tdc do 1én dén 30%,
nhu trong [5]. Piéu ndy anh hudng dén hé
truyén dong va tudi tho ciia dong co do qué
toc 16n o giai doan khoi dong [7].

Nghién ctru nay nham phét trién giai
thuat diéu khién thong minh két hop giita
diéu khién tich phan ty 1¢ PI mot no-ron
v61 bd nhan dang mo hinh ddi tuong dung
mang no-ron RBF, goi tat 1a bo diéu khién
PI-RBEF. Tir d6, nghién ctru tién hanh khao
sat kha nang tic dong cua bo diéu khién
PI-RBF 1én dap tmg cua ddi twong khi
¢ su bién thién cua van tdc dit, mo-men

Ael
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tai va su tac dong cta nhiéu trén dong co
KDB 3 pha.

2. NOI DUNG
2.1. Chu tric diéu khién

So d6 diéu khién hé thong duoc thiét
lap dua theo [8], nhu trén Hinh 1. O day,
mang no-ron RBF duogc huin luyén truc
tuyén dé gitr vai trd nhan dang mo hinh
khong tham sé cua ddi tugng didu khién
va xac dinh dugc d¢ nhay cua dap ung ddi
v6i tin hiéu diéu khién, con goi 1a thong tin
Jacobian. Tur thong tin Jacobian nay, mot
no-ron tuyén tinh cdu hinh thanh b diéu
khién PI, dugc huin luyén. No-ron PI nay
co bo trong ) c}linh 1a 2 tham sd Kp va [(i
cua bd diéu khién. Trén co s& do, bo dieu
khién PI duoc diéu chinh truc truyén theo
su thay d6i ddc tinh dong ctia hé thong.

B6 diéu khién _u
PI 1 no-ron

-+ ¢e DPéng co
'®' KDB 3 pha

Dref

v

>
I
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A delay
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Jacobian _ L B6 aha ,_®
-ay =
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Hinh 1. Cdu tric diéu khién PI-RBF

dang mang
no-ron RBF

2.2. By nhian dang mang no-ron RBF

Mang no-ron RBF vdi céu tric 3 16p,
thé hién trén Hinh 2a, dugc huin luyén dé
nhan dang mé hinh khong tham s6 cia dbi
tuwong. Chi tiét vé bo nhan dang mang no-
ron RBF c6 thé tim thiy ¢ tai liéu [8-10].

A
{ W11=Kp

b)

Hinh 2. a) B6 nhédn dang mang no-ron RBF; b) Cdu triic b6 Pl mét no-ron
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Hiéu sudt cua giai thuat huan luyén
duoc danh gia thong qua ham chi phi (1),
1a sai s6 binh phuong trung binh giita ngd
ra bd nhan dang va ngo ra cua ddi tuong.
Giai thuat Gradient Descent duoc dung dé
cap nhat bo tham sd (wj, ¢, bj) cua ham co
SO xuyén tam hj nhu sau [11]:

MSE(0= (o) -0, ) (1)
w; (k)= w,;(k=1)+nerr(k)h, +
a(w (k-1)-w,(k-2)) (2)

2
Ab= err(k)wh, @ 3)
b,=b,(k—1)—nAb, N
a(b;(k=1)=b,(k=2)) )
2
Ac,= err(k)w, @ (5
J

c,(k)y=c,(k=1)+nAc, +
a(c,(k—D)—c,(k-2)) (6)
VOi err(l)=a(k)— e, (k)1a sai s6 giira
dap ung cua hé thong va ngd ra by nhan
dang; 5 € (0,0.2] 12 hing sb toc d6 hoc; va a
€ [0.8,1) 14 hang s6 momen [9-11].

Tt bo nhan dang nay, théng tin vé mirc
d6 bién thién cua dap ung dbi voi su thay
d6i cua tin hiéu diéu khién, hay do nhay
cua dap ung, goi l1a thong tin Jacobian dugc
xac dinh nhu sau:

dwk) ow (k) & xl

oulk)  outk) ,Z::‘Wf J @)
voi x,=u(k). Thong tin Jacoblan s duqc
st dung cho gidi thudt cap nhat tryc tuyén
trong s6 bd diéu khién PI mot no-ron.

2.3. B diéu khién PI mot no-ron

CAu trac cua bo diéu khién PI mot no-
ron thé hién trong céc thong sb ¢ Hinh 2b.
Trong do 2 thong 5O K vak, dugc cap nhat
truc tuyen dé nhan dang thong tin Jacobian
tir ty s6 do nhay tuc thoi gitta ngd ra va ngd
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vao cia ddi twong didu khién [9, 12, 13].

Phuong trinh toan bd diéu khién PI duogc

thiét 1ap nhu sau:
u(k)=u(k—1)+(K,Ael+ K ,Ae2) ()

Sai biét ¢ thoi diém ldy mau tha & gitra
tinhi¢udat o, ,va dap tmg o cua hé thong:

e(k)= ref(k) (k) ©)

Hai ngd vao cua bo PI dugc xéac dinh,
v6i chu ky lay mau Ts:

x, =Ael =e(k)—e(k—1), (10)

x, =Ae2 =T.e(k)

Cau triic bd diéu khién PI mot no-ron
trén Hinh 2b, 4p dung trong nghién ctru nay
duogc biéu dién boi phuong trinh (11).

n=(w,Ael+w,,Ae2)
du(k) = f(n)=n

u(k) = u(k — 1)+ du(k)
trong do, w,, _, , la cac trong s6 két nbi cia
no-ron, chinh 1a bo hai théng sd (K K)

ctiia bo diéu khién PI va chung duoc cap
nhat trye tuyén trong qué trinh diéu khién.

(11)

Muc ti€éu cua qua trinh huin luyén bd
diéu khién PI mot no-ron 1a diéu chinh bo
trong $6 Wi icia cua mang dé cuc tiéu hoa
ham chi phi.

B0 =te 0)=1[o, 0 -] (12)

Dé diéu chinh bo trong sb W o1 Phuong
phép gradient descent duoc &p dung:
Kp =w,(k+1)=w, (k) +Aw,, (k), (13)
K, =w,(k+D)=w,,(k)+Aw,, (k).
trong do, Awllk J =12 la cac gradient xac
dinh boi (14) va (15), duoc kiém ching
thanh cong baoi [9, 14]:
OE (k)
A k)=n""| -
Wll( ) 77 ( aW“ (k)J
«» OE (k) 0w(k) ou(k)
o (k) ou(k) ow, (k)
a)(k) Ael

=n"e(k) ou (k)

(14)
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OF (k)
ow, (k)

Awy, (k) = nK’( ]

« OE (k) dco(k) ou(k)
O (k) ou(k) ow, (k)

(15)

ow(k)

=175

ek . N XA A .
VoL, 0"k, ki la cac hang so toc do hoc;

Ael, Ae2 xac dinh theo (10); 9« (k) (i)
u
la d§ nhay xac dinh thong qua b nhan dang
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mang no-ron ham co s¢ xuyén tam (7).
2.4. Két qua mé phong

So d6 diéu khién PI-RBF trén mo
hinh dong co KPB 3 pha chuan (cong
suat 50 HP, dién ap 460V, tan s6 60 Hz,
tbc do tdi da 1.780 vong/phut, dién tré
stator Rs= 0.09961 Q, dién cam stator va
rotor Ls=Lr=0.000867 H, dién tré rotor
Rr=0.05837 Q) ciia MATLAB, duoc thé
hién trén Hinh 3.

wret
Constant
‘torque
= o]
o
= rt &
bl Sposd_out i Torque (N.m) T;':'p” J [(Ab
ri h&T >
9 Tm ]
L >
i i A A7 (ot
-l vbc
T (780 B B | 5 W
'ﬂ—c- <Elgctromagnetic forque Td (N'm)>
c c
1GBT Inverter O
Filter White Noise
09 % 0
=01 +

Hinh 3. So dé bé diéu khién PI-RBF.

Trén Hinh 3, bd nhan dang m6 hinh ddi
trong duoc xay dung bang mot S-function
cua MATLAB. Nhiém vu co ban cia bd
nhan dang nay la udc lugng thong tin
Jacobian ciia d6i tuong, 1am co so dé cap
nhat trong s6 cuia bo diéu khién PI mot no-
ron. Bo diéu khién PI truyén théng ciing
duogc tich hop va co thé kich hoat béng mot
khoa lya chon, dé so sanh kha nang kiém
soat toc do dong co KPB ba pha giira hai
kiéu diéu khién.

Hinh 4a trinh bay két qua kiém soat toc
d6 dong co, trong d6 2 gidy dau tién toc do
dong co bam tbt toc do dat & 80 rad/s va 2
gidy cubi dap tmg bam tbt toc do dat o 120
rad/s, v6i do vot 16 khong dang ké va sai sd
xac lap tién vé 0. O gidy thtr 3, mo-men tai
thay d6i 50%, nhung toc do dong co van

TRUGONG BAI HOC SU PHAM KY THUAT VINH

dugc bo didu khién PI-RBF kiém soat bam
t6t toc do dat. Hinh 4b trinh bay kha ning
nhan dang tbc do dong co va udc lugng
thong tin Jacobian ciia mang RBE. O Hinh
4b, mang RBF hoi tu sau khoang 0,3 giay
va cho két qua nhan dang tbe do dong co
trung khop véi toe do cua ddi tuong. Didu
nay cho thdy hiéu qua cao cua ky thuat
huén luyén truc tuyén bo nhan dang. Hinh
4c trinh bay két qua so sanh dép tmg téc do
dong co dbi v6i bo diéu khién PI-RBF va
b6 diéu khién PI truyén thong. Két qua so
sanh cho thay bo diéu khién PI-RBF cho
dap tng tot hon bo PI truyén thong véi thoi
gian qué do duogc rat ngén dang ké, do vot
16 giam va phan tng vé6i sy thay d6i mo-
men tai tai gidy th 3 duogc cai thién tot.
Chi tiét so sanh 2 bo diéu khién nay duoc
trinh bay ¢ Bang 1.
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,gng dien labe - Dieu khien PI-RBF voi tai thay doi . Nhan dang toc do dong co
w
= i :ta> B 100 {
0 ft g w
8 i Ic 8 s0 "
© g — = W
-1000 -~ o0
o] 1 2 3 4 0 1 2 3 4
Thoi gian(s) Thoi gian (s)
. Dap ung toc do dong co s Thong tin Jacobian
w B
B 100 / 5
= —— = 1 l
|8 s0 ref S
o Wi 8 0.5
o -
= 0 o
e L Thoi 2 = 3 0 1 2 3 4
i gian(s) Thoi gian (s)
Momen xoan cua dong co
’é‘ 1000
< b
= Te )
] o k o) So sanh PI va PI-RBF voi tai thay doi
£
o
= ©° 100 —
0 1 2 3 a4 - f
Thoi gian(s) £ 8o [y p
8
£ 2000 Tin hieu dieu khien 5 60 ('l Tai thay doi
- = 8 ol N == o
= Lo — — — T
& 1000 ,fcham & vot lo pi
@D 20 wm
B l y pirbf
[
= 0 o
8 o] 1 2 3 4 o 1 2 3 4
Thoi gian(s) Thoi gian(s)
a) c)

Hinh 4. a) Két qua mé phéng diéu khién PI-RBF, b) Két qua nhdn dang mé hinh déng co,
¢) So sdnh bé diéu khién PI-RBF va bé PI truyén théng

Bdng 1. So sanh ddp iing ciia doi twong véi diéu khién PI-RBF va PI truyén thong

TT |Tiéu chi so sanh B) diéu khién PI-RBF | Bj diéu khién PI
1 | Thoi gian tang/giam (s) 0,22 0,48
2 | Thoi gian dat dinh (s) 0,51 0,85
3 | Phéan tram d6 vot 16 (%) 0,166 1,5
4 | Sai s xac 1ap (%) 0 0,8
5 | Thoi gian xac 1ap (s) 0,75 1,2

Pé khao sat tinh on dinh bén viing
cua b diéu khién PI-RBF, nghién cliru
da tién hanh mo phong hé diéu khién voi
tai thay doi (taing 100% tai tai thoi diém

120Dap ung toc do dong co voi tai & nhieu

100
£ 80 (105 ;
o
: 60 100 PP 2>
=l
(]
2 40 95

20 90 - == Wier |

1.21.41.61.8 Wm
(0]
(0] 1 2 3

Thoi gian(s)

1,5 gidy), dong thoi dung nhiéu tring
gia 1ap nhidu cam bién van tc cua dong
co. Két qua mo phong nay dugc thé hién
trén Hinh 5.

- Nhan dang toc do voi tai & nhieu

100

80

60

Toc do (rad/s)

40

20 m

o}

(o] 1 2 3
Thoi gian (s)

Hinh 5. Két qua mé phéng truong hop tdi thay déi va cé nhiéu cam bién téc dé
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Tir két qua Hinh 4-5 va Bang 1 ta thdy
b6 diéu khién PI-RBF c6 uu diém vuot troi
va 6n dinh bén vimg so v6i bo diéu khién
PI khi 4p dung trén dong co khong dong
bd 3 pha. So di dap Gng dat dugc két qua
nay vi ciu tric bd diéu khién PI mét no-
ron va by nhian dang mang no-ron RBF
déu duoc cap nhat tham s6 mot cach truc
tuyén. Didu nay 1am cho bo diéu khién tré
nén linh hoat, thich nghi tot v&i sy bién ddi
cua cac diéu kién tac dong 1én dbi tuong,
khéc phuc tot han ché vé viéc ¢d dinh tham
s0 ctia bo diéu khién PI truyén thong.

3. KET LUAN

Nghién ctru nay da xay dung dugc giai
thuat diéu khién toc d¢ dong co khong dong

ISSN 2615-9945

b ba pha bang bo diéu khién PI mot no-ron
két hop voi bd nhan dang mé hinh khéng
tham s6 cua ddi twong ding mang no-ron
RBF (goi tit 12 bd diéu khién PI-RBF) trén
cong cu Simulink cia MATLAB. Ddng
thoi, nghién ctru cling da khao sat dap ung
ctia hé diéu khién trude sy thay doi toe do
dit, tac dong cua nhidu va tai, nhiam danh
gia do 6n dinh va bén viing cua bd diéu
khién. Két qua cho thiy bo diéu khién PI-
RBF dap tng tot va kiém soat dong co dat
tdc do mong mudn mot cach 6n dinh va bén
virng trudc su thay ddi cua cac diéu kién cu
thé. Tuy nhién, thoi gian t6i, nghién ctu
nay can duoc tiép tuc kiém tra trén thiét bi
thuc nghi¢m nham so sanh va danh gia voi
két qua mo phong.
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