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Induction motors play an important and indispensable role in electro-
mechanical transmission in the industry. However, current common
controllers with fixed parameters have proved less flexible to adapt to
harsh industrial conditions. This study proposes a solution using
recurrent fuzzy neural networks (RFNNS) to overcome that limitation.
Accordingly, a PID controller is combined with a supervisory
controller using the RFNN to adjust system responses. Simulation
results show that, with the same parameters, when the PID controller
runs independently, it has given a high overshoot response. However,
when combined with the RFNN — based supervisory controller, the
overshoot of system response is eliminated. The experimental results
show that by the online training algorithm, the RFNN-based system
identifier and the RFNN-based supervisory controller have monitored
and rapidly adapted to the changes of the system such as noise
affecting or load changing, thereby, they can adjust the control signal
is more suitable, overcoming the limitation of fixed parameters of the
traditional PID controller.
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TU KHOA

Huan luyén online

Diéu khién giam sét
Diéu khién PID

Pong co khong dong bo
Mang no-ron mo hdi quy

Pong co khong dong bo 3 pha co vai tro quan trong, khong thé thiéu
trong truyén dong dién cong nghiép. Tuy nhién, cac bo didu khién
thdng dung hién nay véi tham sé c¢b dinh da t6 ra kém linh hoat dé
thich ng voi diéu kién cong nghiép khic nghiét. Nghién ciu nay dé
Xuét giai phap ding mang no-ron mo hdi quy dé khic phuc han ché
trén. Theo d6, bo diéu khién PID kinh dién duoc két hop véi bo diéu
khién giam séat ding mang no-ron mo hoi quy dé chinh dinh dap tng
ctia h¢ théng. Két qua md phong cho thdy, vei cling bo tham so, khi
bo diéu khién PID chay doc lap n6 cho dap umg c6 d6 vot 16 cao. Tuy
nhién, khi két hop véi bo diéu khién giam sét dung mang no-ron mo
hoi quy thi dap ng cua dbi tugng khong xuat hién vot 16 nira. Két
qua kiém nghiém cho thay nho giai thuat huin luyén truc tuyén ma
bo nhan dang mé hinh d6i twong va bo didu khién ding mang no-ron
mo& hdi quy dd giam sat va thich wng kip thoi véi su thay di cua ddi
turong nhu tac dong cua nhidu va su thay dbi dot ngot cua tai, tir do,
ching gép phan diéu chinh tin higu diéu khién pha hop hon, khic
phuc dugc han ché vé viéc c¢b dinh tham sb cua bo diéu khién PID
truyén thong.
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1. Gigi thiéu

Hau hét cac day chuyén san xuat cong nghiép ngay nay déu sir dung h¢ truyén dong dién,
trong d6, dong co dién 1a nguon dong nang chu dao [1]. Pong co dién da dugc phat trién da dang
nhu déng co mot chiéu, dong co xoay chiéu, dong co van ning, dong co khong dong bo (KbB) 3
pha... Thong ké nim 2011 cho thiy c6 hon 16 ty dong co dién dang hoat dong trén thé gioi véi
téc do tang truong khoang 50% trong 5 nam qua [1], [2]. Tuy nhién, do thiét ké don gian, chi phi
bao tri thap va van hanh dé, dong co KPB chiém hon 80% nguon chuyén d6i co - dién [1].

Viéc kiém soét toc do dong co KPB 3 pha la chu dé duoc nhiéu nha khoa hoc va cac hang
thiét bi quan tam [3], [4]. Tuy nhién, do ban chat dong co KPB 3 pha la phi tuyén va bi tic dong
boi cac yéu td khac nhu sy thay doi cua tai, sy tac dong cua moi truong Cong nghiép... ma cac
kiéu diéu khién truyén thong khong dap ung that su tot [5]. Ngoai ra, tham sb cua dong co dién bi
thay doi trong qué trinh van hanh s& anh huong dén chét luong diéu khién, dac biét ddi véi cac
giai phap thiét ké doi hoi phai biét truéc md hinh toan cua doi tuong [5], [6]. Viéc khdng xac
dinh chinh x4c mé hinh toan ciia dong co s& dan dén bo diéu khién chi dwoc chinh dinh gan ding,
1am cho nguy co vot 16 toc do (qua tdc) 1én dén 30% [5]. Piéu nay anh huong dén hé truyén dong
va tudi tho cua dong co [7]. Vi vay, hién co hai hudng nghién ctru da va dang duoc trién khai.
Hudéng thir nhat ¢é gang mé hinh héa dong co KPB 3 pha cang chinh xac cang tét [4], [8]-[10]
dé hd trg cho khau higu chinh bo diéu khién, nhat 1a diéu khién PID (Proportional-Integral-
Derivative controller) vén d& ap dung [5], [6]. Theo do, cac hang thiét bi d3 quan tim déau tu va
thwong mai cac bo diéu khién theo chuan cong nghiép [4], [11] hay tich hop vao cac PLC
(programable logic controller) chuyén dung [12]. Biém han ché co ban cua ky thuat diéu khién
PID Ia thiéu linh hoat khi d4i twong diéu khién bi tac dong bai cac yéu té bén ngoai, do khéng co
co ché tu diéu chinh lai tham s cua no khi dang van hanh. Huéng thir hai khong dat nang van dé
dd chinh xac caa mé hinh todn, ma phat trién cac giai thuat diéu khién dya trén tin hiéu vao - ra
cia doi twong, nhu ding mang no-fon nhan tao [13], [14] hay diéu khién mo [10], [15]. Tuy
nhién, cac nghién cau nay van ton tai mot s6 han ché nhat dinh. That vay, viéc thu thap di lieu dé
huan luyén off-line bo diéu khién ding mang no-ron nhan tao [13] s& cho dap ung kém tin cay
theo thoi gian, khi tham sé cua dbi twong thay dbi. Trong [14], bo diéu khién ding mang no-ron
ham co s¢ xuyén tdm da duoc sir dung, nhung nghién ctu nay phai can thém giai thuat di truyén
dé t6i wu bo diéu khién, 1am phuc tap héa va cham giai thuat. Trong nghién ctu [10], [15], bo
diéu khién mo phu thudc nhiéu vao kinh nghiém va thir sai cua nguoi thiét ké. Ngoai ra, bo diéu
khién mo kho cé thé van hanh tét khi tin hiéu bién thiéng ngoai mién xac dinh dugc mo héa, co
kha ning xay ra khi d6i tuong thay doi.

R6 rang, cho du str dung b diéu khién PID truyén thng hay bo diéu khién mo hoidc bo diéu
khién ding mang no-ron nhan tao véi co ché huan luyén off-line, chiing chi c6 thé dap ung tot &
thoi diém trién khai thiét bi. Theo thoi gian, do diéu kién cong nghiép khic nghiét, cac dic tinh
Ky thuat ciia dong co sé& bi thay ddi, khi d6 cac b diéu khién trén déu khong c6 co ché tu chinh
dinh lai, dan dén két qua diéu khién bj anh huong.

Nhirng nim gan diy, mang no-ron mo hdi quy, goi tit 1a mang RFNN (recurrent fuzzy neural
network) ching té dugc nhidu wu thé vi kha niang xap xi ham phi tuyén [16] va co ché huan luyén
truc tuyén ciia nd. Mang RENN di duoc tng dung thanh cong trong diéu khién robot Delta [17]-
[19] va c4c hé phi tuyén khac nhu hé cau can bang [16]. Vi vay, ¥ tudng co ban cua nghién ciu
nay la tng dung mang RFNN dé kiém soat dong co KDB 3 pha. Trong nghién cttu nay, mo hinh
todn cia dong co KPB 3 pha van duoc ding d¢é md phong. Tuy nhién, quatrinh thiét ké hé diéu
khién khéng st dung mé hinh toan, ma duya theo tin hi¢u vao, ra cua d6i tugng. Viéc huan luyén
cac mang RFNN duoc thuc hién online ma khéng can giai doan huin luyén off-line truéc, nhu
cac nghién ctu dung mang no-ron nhén tao thong thuong [13]. Trong pham vi bai bao nay, thuat
toan diéu khién dong co KPB 3 pha chi méi ding lai & mic d6 mo phong trén MATLAB.

Phan con lai caa bai bdo gdm: Phan 2 trinh bay vé& phuong phap thiét ké bo diéu khién; Phan 3
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trinh bay két qua mod phong dé kiém nghiém giai thuat; Cudi ciing, Phan 4 1a két luan va d& nghi.
2. Thiét ké h¢ thong diéu khién
2.1. Nguyén Iy diéu khién

So do nguyén ly cua hé dieu khién dugc trinh bay trén Hinh 1. B diéu khién PID dugc két
hop véi bo dieu khien dung mang no-ron mo hoi qui, goi Ia RENNC, tro thanh mot ky thuat dieu
khién giam sat (supervisory control), duoc xay dung dua theo [20]. M6 hinh dbi tuong duoc nhan

dang bang mot mang no-ron mo hdi quy khéc, goi 1a RFNNID, dé xac dinh do nhay cua ddi
tuong hay con dugc goi 1a thong tin Jacobian, dugc xay dung dya theo [16]-[18].

Vref u, u v
K £ ™\ Pong co /
7 i O KDB 3 pha
) —
8 8 4
Jaco| RENNC e
"4 Vo
Vi1
RFNNID Tods
u,

Hinh 1. Nguyén Iy diéu khién dung mang RFNN cho déng co KPB 3 pha
Trong Hinh 1, dong co KDB 3 pha duoc kiém soét bai bo diéu khién PID. Tuy nhién, dé tinh
chinh dap tng va nang cao tinh linh hoat nham thich tng véi sy bién thién cua déi twong, bo diéu
khién RFNNC duoc ting cudng. Giai thuat cap nhat trong s6 ciia bp RFNNC duoc trién khai theo
[21] va céc cai tién trong [16]-[19]. Giai thuat nay can thong tin Jacobian, nén bo nhan dang
RFNNID ciing duoc xay dung va huan luyén truc tuyén dé cung cap kip thoi théng tin vé su bién
ddi cua ddi twong cho bo diéu khién.

2.2. M6 hinh dong co khéng dong by

M® hinh toan cua dong co KDB 3 pha khong dung cho muc tiéu thié't‘ké' bo diéu khién, ma duoc
str dung trong mo phong dé kieém ching giai thuat dieu khien. Do do, phan nay khong phan tich sau
vé phuong trinh mo ta dong co, von da dugc xay dung trén hé toa d6 dq nhu sau [22], [23]:

Ay __[ 1 1-0); +(o, -, )ig + 1o, + 1y
T S A O R R e R L

r

dig, . 1 1-0). 1-0 1
=—Wlgg — + Isq - O g +O__usq

dt ol, o, ol, L )
dl//rd — I-m i 1
dt - Tr sd Tr Y
dyig Ly
dt :T_rrnlsq ( r)l//rd O
L, .
Ve =V lsg
r I 1 STr S (2)
T 3L, T Jdo
e_EL_rpV/rdlsq_ L+EE

Trong do, Uy, iy lan luot 1 dién ap va dong dién cua stator; e, 1a van téc gdc cua tir thong
stator so Véi rotor; «, 1a van toc géc cua tir thdng rotor so vai stator; y, 1a tir thong rotor; L la
hé cam gitra rotor va stator; Ls, L, lan luot 1a dién cam stator va rotor; Ts, T, lan luot 13 hing sé
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thoi gian stator va rotor; o la hé sb tiéu tan; Te, Tu1a mdmen quay va momen tai. Chi tiét vé mo
hinh dong co KPB 3 pha xin xem chi tict & [22], [23].
2.3. B diéu khién PID

B0 diéu khién PID trén Hinh 1 duoc md ta boi (3) véi K, Ki va Ky lan luot 1a do loi ti 18, tich
phan va vi ph@n cua b6 diéu khién [24]. !\lhiém Vu Ccua ngu:c‘yj trliét ké la chon bd gié tri {K,, Ki,
Kq} thoa yéu cau chat lugng dieu khién. O nghién ctu nay, dé dé danh gia, tham so bo PID duoc
stir dung gia tri mac dinh caa MATLAB.

u, (t) = K e(t) + KijE(t)dt +K, de(t)

®)
e(t) = Yrer (1) - y(1)

2.4. Nhdn dang mé hinh déi tweng ding RFNN
2.4.1. Cdu tric bé nhdn dgng RFNNID

Bo nhan dang mo hinh d6i twgng diing mang no-ron hoi quy nhiéu lop, goi tat 12 by nhan dang
RFNNID, duoc trién khai theo [21]. So d6 nguyén ly va cau tric b nhan dang RFNNID duoc
trinh bay trén Hinh 2. Goi u(k) va y(k) lan lugt la ngd vao, ngd ra cua doi tuong vay, (k) la ngd
ra ciia mo hinh tai thoi diém lay mau tha k, thi nhiém vy cia b RFNNID 1a wéc luong ym(k) gan
nhat véi y(k), dua theo tin hiéu u(k) va mau qua khu y(k-1) cua ngd ra doi tuong.

B6 nhan dang RFNNID dugc xay dung gom 4 16p, vai l6p vao co 2 nat, 16p mo hda co 10
nat, 16p luat me gom 25 ndt va 16p ra cé 1 ndt. Goi OF twong tng 1a ngd ra caa nut thi i thude
I6p thir k, ta ¢ thé md ta ciu trdc bo nhan dang RENNID nhu sau [16], [21]:

of
Lopra
k)
w} wii
Y

Vs O QOG-
4 Yotk

YD RENNID

u(k) Pong co

KDB 3 pha

—
uck) Jacobian

Y

Laopvao

(a) (b)
Hinh 2. Bg nhdn dang RFNNID: a) Nguyén tdic; b) Cdu tric mang [16]

Lép 1 — Lop vao: Lop nay gdom 2 ndt c6 nhiém vy chuyén tai cac gia tri ngd vao dén lop ké
tiép. O day cac két ndi hdi tiép dugc thém vao dé ting kha ning dap wng cia mang. Ngd ra caa
nat thur i 6 16p vao dugc mo ta nhu (4).

O (k) =% (k) +8'Of (k=1),i =12 4

Vvéi 0'1a trong sé két ndi tai thoi diém hién tai k. Ngd vao cua bo nhan dang RENNID tuong
g 1a tin hiéu diéu khién hién tai va ngd ra qua kht cia dap ung:

[0, )] =[uk), yk -] 5)
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Lép 2 — Lép mo héa: Lop nay gom (2x5) nat, mdi nit thé hien mot ham lién thudc dang
Gauss Véi tri trung binh m;; va d¢ léch chuan o va duge xac dinh nhu (6).
(Of (k) —m)*

2

(Uij)

O mdi ndt trén 16p mo hda c6 2 tham s6 duoc tu dong diéu chinh trong qua trinh huan luyén
truc tuyén bo nhan dang RFNNID, d6 la m;vao .

oij?(k):exp - i=12;7=12,..5 (6)

Lép 3 — Lap lugt: Lop ndy gdm (5x5) nit. Ngd ra ciia ndt thir g trong 16p nay duoc xac dinh:

Os(k)=HOih (k),i=12,..,5,q,=12,..,5 )
Lop 4 — Lop ra: Gom 1 no-ron tuyén tinh véi ngd ra xac dinh nhu sau:
O/ (k) = Zw” ’(k),i=1j=12,..,25 (®)

Trong d6, wij 1a trong sb két ndi tu 16p luat thar j 1én Iop ra i. Ngd ra cua 16p nay ciing 1a ngd ra
cua bo nhan dang RFNNID:

Y (K) =0 (K) = f [ %, (K), %, (k)] = f [u(k), y(k -D)] ©)
2.4.2. Giai thugdt hudn luyén triec tuyén bé nhdn dang RFNNID
~ Muyc tiéu cua giai thuat huan luyén truc tuyén bo nhan dang RFNNID 1a diéu chinh bg trong
6 va cac tham so6 cua cac ham lién thugc trén 16p mo hoa dé cuc tiéu ham chi phi (16):
1 2 1 4 2
E(k) = [y() =y (O] =3[ ¥() -0 ()] (10)

trong d6 y(K) 1a dap ing ctia ddi twong, y,, (k) ngd ra cua by nhan dang.
Str dung thuat toan lan truyén nguoc (back propagration) sai sb, bo trong sé két ndi cua mang
RFNN sé& duoc diéu chinh theo nguyén tic sau:

W(k):W(k—1)+AW(k):W(k—1)+n(—a§—v(\;()J (11)
trong do, n e (0, 1) 1a hing s6 toc do hoc va W 1a tham sé can diéu chinh trong qué trinh huan
luyén bd nhan dang RFNNID.

Goi e(k) = y(k) - ¥, (k) vd W =[6,m, o, w]' I sai s6 huin luyén va vector tham s cuia bo nhan
dang RFNNID, thi gradient cia E(.) trong (11) theo W duoc xac dinh nhu sau [16]-[18], [21]:

) _ o Xall) g4y @900 (12)
Véi nguyén tic nay, bo trong sé cua tirng Iorp mang duqc cap nhat nhu sau [16]-[18], [21]:
w:}(k+1)=w;}(k)+nW(—%(i'}‘)J=vv§(k)+nWe(k)05 (13)
my (kK +1) = m; (k) +7" ( aE(k)] m; (k) +7" Ze(k)w“oam (14)
om, (O'i,-)
ol ot(k)—m. |
oyk+D =0, () +17 ( aE(k)J 7,00+ 1" Y} 2000-m,] (15)
o0 (o)
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(-2)[0} () -m, ] (k-1)
2
(o)
trong d6 7°_,moo 12 CAC hdng 6 tée do hoc. Ngoai viée udce lugng ngd ra cia doi twong
Ya(K), b6 nhan dang RFNNID con phai uéc lwgng thong tin Jacobian dy(k)/ou(k)dé huan
luyén tryc tuyén bo diéu khién RENNC. Thong tin nay duoc xac dinh nhu (17) [16], [24].

ay(k 00 (-2)[ O5(k)—m,
Jaco(k)—a Ek; Z ij Zslaoz( )[(O_)z }

q
2.5. Bé diéu khién giam sat két hop PID-RFNN

Nguyén tic dieu khién gidm sat ket hop gitra bo diéu khién PID truyén théng va bo dieu khien
RFNNC dugc thuc hién dqa theo [20] va duoc minh hoa trén Hinh 3. B diéu khién giam sat nay
duoc goi tat 1a bo dieu khién PID-RFNNC.

GE(K)

(16)

6 (k+1) = 6:(K) +7° [ j 0HK) 7" L e(w0;

(17)

Yretk)
> 1’]7
Jaco(k) RFNNC
—>
+ 2
] olD ", . u(k) Pong co k) .
Vreflk) T KDB 3 pha T

Hinh 3. Nguyén Iy diéu khién giam sat PID-RFNNC

Tham s bo diéu khién PID dbi véi mé hinh dong co KPB 3 pha duoc gitr gid tri tiéu chuan
ciia MATLAB di duoc hiéu chinh sén trong [23], dé thuan loi cho viéc danh gia chét lugng giita
kiéu diéu khién PID kinh dién va kiéu diéu khién giam sat PID-RFNNC. Tin hiéu diéu khién
giam sat trong so do Hinh 3 dugc xéac dinh nhu sau:

u(k) =u, (k) +u, (k) (18)
trong d6, up(k) tin hiéu diéu khién PID va 1a un(k) tin hiéu diéu khién giam sat RFNNC.

Tin hiéu diéu khién PID kinh dién up(k) d& dang xac dinh theo (9). Nhung tin hiéu diéu khién
giam sat RFNNC phai duoc xac dinh thdng qua mang RFNN. Cu tric cua mang RFNNC duoc
thuc hién gidng nhu cau trdc cua bo nhan dang RENNID. Tuy nhién, ngd vao caa bd RENNC sir
dung tryc tiép tin higu tham khao yrer(k) va thong tin Jacobian (17) tai thoi diém k do bo RFNNID
cung cap, dua theo thiét ké cua [21], [25]. Hai ngd vao cua bo RFNNC khong st dung (5) ma
dugc thay bang (19). Ngoai ra, ham muc tiéu huan luyén mang RENNC duoc thyuc hién theo [20],
bang céach thay (10) bai (20).

(%K), %) =[ v (), Jaco(k) | (19)
€ (k) = 2 u, () -u()f 20)

3. Két qua va thao luan

So d hé diéu khién dong co KDB 3 pha duoc xay dyng trén MATLAB/Simulink nhu Hinh 4.
Dong co dugc su dung co cong Suat 50 HP, dién ap 460 VAC, toc do t6i da 1780 vong/phut. Bo
diéu khién PID dé kiém soat toc do dong co dugc giir gia tri mic dinh cua [23], v6i Kp =30, Ki=
200 va Kq = 0. Viéc khao sat va danh gia chét luong cua bo diéu khién dwoc trién khai gdm céc
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thi nghiém co ban sau: (i) so sanh két qua diéu khien dong co KPB 3 pha bang bo PID truyén
thong va bo dicu khién dé xuat PID-RFNNC; kiém tra b dicu khién PID-RFNNC thong qua viéc
(ii) gia lap nhieéu cam bién toc d6 va (iii) thay doi tai trong qua trinh van hanh.

3.1. So sdnh diéu khién giam sat két hep PID-RFNN va PID truyén thong

Mic dinh so d6 Hinh 4 cho phép mé phong bo didu khién PID-RFNNC. Khi can cd lap bo
diéu khién RFNNC dé chi md phong véi bo diéu khién PID, ta chi can nhap gia tri zero cho khdi
on/off. Két qua md phong so sanh tac dong cua bo diéu khién dé xuat va bo PID truyén thong
dugc trinh bay trén Hinh 5. Tir hinh 5a ta thiy bo diéu khién PID cua [23] cho d6 vot 16 cao
(~30%), nhung khi két hop né véi bo diéu khién RFNNC thi dép ing khdng con vot 16 nira. Thoi
gian xac 1ap khoang 0,5 giay phu hop veéi thuc tién. Hinh 5b cho thay bo nhan dang RENNID c6
thé udc luong toc do dong co rét tot, sai s6 khong déng ké. Ngoai ra, Hinh 5b ciing cho thay su
tham gia cua cac tin hiéu diéu khién thanh phan, bao gom tin hiéu diéu khién cua bo PID va bo
RFNNC. Két qua so sanh nay cho thay bo diéu khién RFNNC da tham gia va khic phuc dugc
han ché ciia bo PID truyén théng, 1am cho chat lugng diéu khién duoc cai thién, nhat 1a do vot 16

cua dap ung.
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Hinh 4. So do diéu khién théng minh déng co KPB 3 pha

RFNN-based Supervisory Control of IM

RFNN-based Model Identification

@ 1s0
L.‘. labc_PID 2
500 & labc_RFNN .:: 100
= ] = W_m
= 50
H U‘ EE - — —W_rfnn
= = o . . R . . . l
soo I | 0 0.5 1 1.5 2 25 3 a5 4 45
rf
0 0.5 1 1.5 2 2.5 3 35 4 45 c 02 Jaco |
k-]
g o
S 02 1
z 04 . . N . . . R . |
2 0 0.5 1 1.5 2 25 3 35 4 45
= Time (s)
] R
= Control signals
- 2000 T T T T T
=" Te,
o L L L L I L
0 0.5 1 1.5 2 25 3 35 4 45
T T T
130 Te
=
s
125
0 0.5 1 1.5 2 25 3 35 4 45
2000 -
\ —=—=-—Te"_PID
'
. . : ' : : Te*_RFNN
0 0.5 1 1.5 2 2.5 3 3.5 4 45 = 1000 e k
Time (s) ok =" . ) ] !‘f \ i
0 0.5 1 15 2 25 3 3.5 4 45
Time (s)
(@) (b)

Hinh 5. So sanh bg d@iéu khién PID-RFNNC va PID truyén thong trén dong co KPB 3 pha
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3.2. Khao sét chdt lwong bé diéu khién PID-RFNN

Hinh 6 trinh bay két qua md phong dép tng ciia hé didu khién dudi tac dong cua nhiéu va sy
bién thién cua tai. Trén Hinh 6a, nhiéu tring cong suat 0,001W duoc thém vao dé gia lap nhiéu
cam bién tdc d6 (xem Hinh 4). Két qua md phong nay cho thiy dudi tac dong cia nhidu, bo diéu
khién PID-RFNNC van giit duoc toc do dong co ban theo toc do tham khao, khdng xuat hién vot
16 va sai sb xac 1ap khong dang ké. Hinh 6b cho phép danh gia chat lwong diéu khién cua bo PID-
RFNNC khi tai cua dong co tang gap d6i (moomen tai tang ttr 80 N.m 1én 160 N.m tai thoi diém
1 gidy). Ngay khi tang gap doi tai, toc do dong co cd giam, nhung sau khoang 1,5 gidy, toc do
dap ung da bam duoc téc do tham khao. Trong ca 2 thi nghiém Hinh 6, bo nhan dang RFNNID
déu cho két qua nhan dang mé hinh ddi twong tét, véi sai s6 khong dang ké.

_ RFNN-based IM Control with noise - RFNN-based IM control with changed loads
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Hinh 6. Pdnh gid bé diéu khién PID-RFNNC véi (a) tdc dong cua nhiéu va (b) thay doi tai
4. Két luan va dé nghi

Nghién ctru nay dé xuit giai phap két hop gitra bo diéu khién PID kinh dién va bo diéu khién
giam sat dung Mang no-ron mo hdi quy, &p dung cho dong co khong ddng bo 3 pha. Vi ciing bd
tham s, khi bo diéu khién PID chay doc lap n6 cho dap tng vot 15 cao, 1én dén 30%. Tuy nhién,
khi két hop véi bo didu khién giam sat dung mang no-ron mo hdi quy thi dap ang cua doi tuong
khéng xuat hién vot 16 nita. Biéu nay cho thay, nho co ché ty chinh bang giai thuat huan luyeén
online ngay trong qué trinh van hanh ma bo diéu khién ding mang no-ron mo héi quy da tinh
chinh dugc dap tmg cua hé théng. Giai thuat huan luyén bo diéu khién giam sét c6 dung thong tin vé
d6 nhay ciia d6i tuong, goi 14 thong tin Jacobian, dé cap nhat cac tham sb cua nd. Thong tin Jacobian
nay dugc nhan dién bai mot mang no-ron mo hdi quy thir hai, ciing dwoc huan luyén tryc tuyén. Nhu
vay, ¢6 thé ndi, nho cac giai thuat huan luyén truc tuyén ma b nhan dang va bo diéu khién da giam
sét kip thoi sy thay doi ciia dbi tuong, tir 6 diéu chinh tin hiéu diéu khién phd hop hon, khic phuc
duoc han ché vé viéc cb dinh tham sb cua bo didu khién PID truyén thong.

Han ché co ban ciia nghién cau ndy la chi méi dung lai & mic d6 md phong dé kiém chang
thuat toan diéu khién dung mang no-ron mo hdi quy. Thoi gian téi, nhém nghién ciu du dinh s&
tiép tuc kiém nghiém giai thuat diéu khién trén dong co KDB 3 pha thuc té. Bo diéu khién trén
MATLAB s& truyén tin hiéu diéu khién xudng mach tao xung PWM va nhan vé gia tri cam bién
toc do dong co dé tao thanh vong diéu khién kin, théng qua mo-dun giao tiép DSP C2000 cua
Texas Instrument.
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