>> HOAT DONG NGHIEN Cl*U KHOA HQC DA PHUONG

PIEU KHIEN PONG CO MOT CHIEU
TREN CO SO CONG NGHE MANG
NORON

TOM TAT

Trong bai bao nay da trinh bay st dung bd diéu
khién naron trong diéu khién toc do cila mot
dong ca mat chiéu kich tir doc lap. B diéu khién
noron diéu khién nguén mot chiéu thong qua
bé chinh luu céng suat trung gian. BO diéu khién
ndron gém co hai mang neuron: mdt mang naron
nhan dang (ANNI) va m6t mang naron diéu khién
(ANNC). Mang naron ANNI duing dé nhan dang mé
hinh hé théng va dugc diéu khién thong qua giai
thuat huan luyén lan truyén ngugc dé diéu chinh
cac tham s6 ctia ANNI. Mang noron ANNC dung
dé diéu khién t6c d6 dong co cé thé theo tin hiéu
tham chiéu tuy y va diéu khién théng qua giai
thuat huén luyén lan truyén ngugc dé diéu chinh
cac tham s6 clia ANNC. So vdi phuang phép diéu
khién PID, thi nhimg két qua thir nghiém cho thay
tinh chinh xac va tinh hiéu qua ctia phuong phap
dugc dé xuat.

Tu khéa: Mang noron, bd chinh luu, bd diéu
khién naron.

I. GIOI THIEU

Trong qua trinh san xudt cong nghi¢p ciing nhu
nhiing thiét b phuc vu cho doi séng cua con ngudi
¢6 rit nhiéu dong co dién duge sir dung trong céc
hé théng san xuét hodc thiét bi dién gia dung. Ngay
nay qua trinh céng nghiép hoa va ty dong hoa phat
trién manh m&, cc hé théng diéu khién thuong s
dung dong co DC dé diéu khién, vi dong co DC
d& diéu khién téc do theo y mudn cia ngudi didu
khién va c6 nhiéu phuong phép diéu khién khac
nhau.

Pé didu khién toc do cua dong co DC, thong
thuong st dung cac phu’cmg phap didu khién co dién
nhu: phuong phap diéu khién tich phan, phuong
phap didu khién PI, phu’ong phap diéu khién
PD, phuong phéap diéu khién PID (Proportional-
Integral-Derivative), boi vi cac phuong phap nay
don gian va d& diéu khién, nhung n6 chua chinh
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x4c va thiéu tinh thich nghi néu dbi twong diéu
khién khong 6n dinh va phi tuyén dong.

Phuong phéap diéu khién téc d6 dong co trén
co s& cong nghé mang noron nhu 13 cong cu cho
nhitng vén dé diéu khién kho cia hé thong phi
tuyen dong Trong nghlen cliru ndy, mot ch1en luge
diéu khién duoc dé xuit cho nhung hé thong phi
tuyen Phu’orng phap duge d& xuat 1a sir dung mot
bd dleu khién noron (Neural Controller) dé diéu
khién téc d6 cia mot dong co DC kich tir doc 1ap.
Bo diéu khién noron gdm c6: Mot mo hinh tham
chidu ding dé dinh hudng diéu khién; Mot mang
noron nhin dang ding d& nhan dang déi tuong
diu khién thong qua giai thudt huén luyén lan
truyén nguoc dé tu diéu chinh céc thong so cla
mang; Mdt mang noron didu khién ding dé diéu
khién téc do dong co theo tin higu tham chiéu dinh
huéng didu khién.

Phuong phép didu khién dong co DC trén co s&
mang noron da giai quyét duge nhitng van dé kho
khiin néu trén. Vi vdy, phuong phap nay dugce tmg
dung trong céc linh vuc diéu khién tu dong, co —
dién tir, ddc biét trong diéu khién Robot boi vi n6
didu khién duogc toc d6 dong co theo ¥ mudn cia
ngudi didu khién va tinh thich nghi cao ctia né déi
véi ddi tuong diéu khién.

II. THIET KE BO PIEU KHIEN NORON

Céc bude thidt ké ctia bd diéu khién neuron nhu
sau: Trude tién mot bo nhan dang bang noron
ding d& nhan dang céc ddc tinh cua dong co DC.
Bo nhan dang nay dugc su dung cho thiét ké bo
diéu khién. Pong co DC s& diéu khién theo dau ra
ctia md hinh tham chiéu.
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Hinh 1: Cdu tric ctia bo diéu khién noron

1. Mang noron nhian dang (ANNI: Artificial
Neural Network )

Céc dir liéu huén luyén cho b nhan dang ANNI
la dién ap diéu khién u(k) va téc do w(k). Viéc
khoi dong va phanh ham trong ca hai truong hgp
quay thuin va quay nghich, thi tdp dir li¢u thu
duoc la: [w(k-1), w(k-2), u(k), u(k-1)].

Bo nhan dang ANNI la mdt mang noron truyén
théng hai 16p, voi cac dau vao w(k-1), w(k- 2)
u(k), u(k-1); ¢6 hai 16p an; s6 noron trong 16p an
10 noron va mot dau ra u’(k). Viéc hudn luyén Ia
giai thudt lan truyén nguoce duge sir dung, & day
dd 1€ch sy nhén dang la: ¢, = w(k) u’(k) dugc su
dung dé diéu chinh céc tham s0 cua bg nhén dang
ANNI. Xung hrgng cho viéc hudn luyén lan truyén
nguoc dugc lwa chon la m = 0,2 va h¢ s6 hoc h,
= 10%. Ham gia ctia b ANNI dugc xac dinh nhu
sau: | i1
EI(k) = —[w(k) -1 (k)]* =—e{ (1.1)

2 2

Qué trinh hoc 1a d& diéu chinh cac tham s6 trong
luong ctia mang, vi vy phai cuc tiéu hoa ham gia
El. Giai thuat lan truyén ngugc xac dinh dugc sy
gia tang cua h¢ s6 trong luong.

AW, = - JEI (12)
oW,
OEI _ OEI ow'(k) dnet (1.3)
OW; ou'(k) Onet OW,
Trong d(’):"el:);”w’, X, déu vao thtr J, W, h¢ )

trong lugng thit J ciia by nhédn dang.

ou'(k) 6110[

=a'(net) x;(k)
onet oW,
SEI a 1 OW(K)
R (k)a[w(k) w' (k)P = [wk)-u (k)]au'(k)
GEI _ S 1dw(k) 14
oW, = ' (net)x; (K)[wlo) —u' ()] - ) (1.4)

Ta c6 d¢ gia ting ctia hé sb trong lugng:
ow(k)
w (0] 2 (15)
ou'(k),
Vecto trong lugng tai bude (k+1) duge céi-tién
cong thire (1.6)
W, (k +1) = W; (K) + AW, + u[W; (k) — W, (k

AW, =mna'(net)x; (k)[w(k)—

B6 ANNI duge huin luyén theo u’(k) =
N[w(k-1), w(k-2), u(k) u(k—l)] :
2. Mang noron diéu khién (ANNC: Artificial
Neural Network Control)

Tin hiéu tham chiéu:

k) =w _(k+1)-w (k) -w (k-1) (I 7)

Muc dich ctia bo diéu khién ANNC la dé diéu
khién dong co DC nhwr 1a mot phwong phap diéu
khién ma d sai léch diéu khién phai nho nhét, tire
lae(k)=w,_(k)- w(k) 1a nho nhat dugc sir dung dé
didu chinh cée tham s ctia b nhén dang ANNC.

B diéu khién ANNC la mdt mang neuron truyén
thang hai 10‘p, vm céc dau vao r(k), u(k 1), wk-1);
¢6 hai 16p an; s6 noron trong 16p an 13 noron va
mét dau ra u(k). Viéc huin luyén la giai thuét lan
truyén nguoc dugce sir dung, & day do 1éch sy nhan
dang la: e (k) = wm(k) W(k) duoc st dung dé didu
chinh céac tham sb ciia bo diéu khlen ANNC. Xung
lugng cho viéce huén luyén lan truycn ngugc dugce
lya chon la m_ = 0,08 va h¢ s6 hoc h.=10". Ham
gi ciia bd ANNC duogc xac dinh nhu sau:

1

EC(k) = ;[wm (k) - w(k)]? = Eeﬁ (1.8)

Giai thuit lan truyén nguoc xéc dinh duge d6 gia
tdng cla h¢ so trong lugng.
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JEC

AW, = —
i Tléﬂﬁ/i

(1.9)

JEC _ JEC Jdu(k) dnet
OW; ou(k) Onet OW;

(1.10)

Trong do: x, déu vao thir J, W, h¢ s6 trong luong
thir J cua bo dleu khién.

net =) x;Wj
J
au(k) Onet
=2a'(net — =x;(k)
b (net) Wi
EC ow(k)

2‘-‘._
2u(k) au(k)i[ () = WO =~y (k) - wik} ==

du(k)

PEC _ ow(k)
oW, = a'(net)x; (k)[wp, (k) - \(k)] Slks (1.11)

Ta co biéu thic (1.12) @6 gia ting cla hé sb
trong lugng:

AW, =1 (e (00 (0 ~wOO (1,12

Vecto trong lrong tai bude (k+1) duge cai tién
cong thire (1.13)
W, (k +1) = W, (k) + AW, + u[W; (k) — Wi (k—1] (1.13)

Tai thoi diém k téc do ciia dong co 1a w(k) duge
do cung vai gia tri delay cua no 1a w(k-1), va cic
gid tri toc do duge do co thé st dung cing véi tin
hiéu tham khéo da biét r(k) dy doan toc d¢ tai thoi
diém mau (k+1) la:

wik+1) = w(k) + w(k -1) + r(k) (1.14)

O day, ludt didu khién ¢ thé thu duogc nhu sau,
Dién 4p diéu khién c6 thé dat duge tir w(k+1),
w(k) va w(k -1) boi bj diéu khién ANNC:

u(k) = N[r(k), u(k 1), wk -1)] (1.15)

3. Giai thuft diéu khién: Giai thuat didu khién
thé hién qua céc budc sau:

Buéc 1: Hai théng s6 W, clia bo noron nhén dang
va WC cua bd noron dleu khién duoc khéi chay
ngau nhién vdi nhitng gia tri nho.

Burée 2: Tinh diu ra u(k) ciia bo didu khién.

Bude 3: Tinh van toc w(k) ctia dong co DC.

Budce 4: Tinh d4u ra u’(k)cta bo nhan dang.

Budéce 5: Tinh ham gia EI(k) va EC(k).

Budc 6: Tinh 0EI/W, va @EC/W,dua vao cong
thirc (1.6) va (1.11)

Bude 7: Cap nhat cac thong 56 W, cho bd noron
nhén dang va W . cho bd noron didu khlen dva vao
cbng thire (1.6) va (1.13).

Budc 8: Lap lai tir bude 2 dén budce 7 cho téi khi
b6 diéu khién huén luyén dat gia trj nho nhét.

III. CAC KET QUA THU NGHIEM TRONG
THOI GIAN THU'C
Bé diéu khién noron duogc thir nghiém trén mo.
hinh doéng co DC - may phat dién DC va dugc,
chay trén phan mém Matlab. Céc thong s ciia mo
hinh str dung: Pong-co DC - May phat DC c6 Vdéné‘“
=24V = 1000 v/ph; V = 24V

DC? d Ong co may phat | DC’

nmél I 1000v/ph Tai 1a ba bong dén thuan tro co
tong cong sudt 1a: P =60W (P, thay dbi dugc ba
nac: 20W, 40W va 6OW) Xét cac tru’orng hop sau:

1. Tin hi¢u tham chiéu 13 hang s0 va tai thay
doi

Kh1 tin hiéu tham chiéu c6 gié tri w =100 (rad/s)
thi toc do cua dong co theo tin hleu tham chleu
lubn 6n tde va cé van toe goec w=100 (rad/s), du

cho tai thay ddi. Két qua mo6 phong & nhu hinh 2.

Bdp tuyén vin téc cia d4ng co DC khi tin hiéu tham chiéu ing s6°
T T T

-

BLe
L

w (rad/s)
S
T

Bow s a8e
T

— Viun e
— Tham chi€u
0 i i I i i
0 10 2 0 40 &0 60
Time (s} i

Hinh 2: Ddp tuyén téc dé cia dong co DC
khi tin hiéu tham chiéu la héng sé.

2. Tin hi¢u tham chiéu 1 hinh sin va tai thay
déi

Pap tuyén toc dd clia dong co theo sat tin higu
tham chiéu 1a hinh sin, du cho tai thay dbi. Két
qua md phong dugc trinh bay & Hinh 3.

3. Tin hiéu tham chiéu la xung vudng va tai
thay doi
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Hinh 3: Ddp tuyén téc do cia dpng co DC khi tin higu
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Hinh 4: Bdp tuyén téc dd déng ca DC
khi tin hiéu tham chiéu la xung vuéng
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Hinh 5: DBdp tuyén téc d6 déng co DC
khi st dung phuong phdp diéu khién PID
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Dap tuyén téc do cua dong co theo sat tin hiéu
tham chiéu 14 xung vudng, du cho tai thay déi. Két
qua md phong dugc trinh bay ¢ Hinh 4.

So v6i phuong phap diéu khién PID c6 két qua &
Hinh 5 [3], thi bo diéu khién cho hiéu qua t6t hon
va tinh chinh x4c cao.

IV. KET LUAN

Bai béo nay di thiét k& mot bd diéu khién noron
ding dé didu khién téc d6 cua mot dong co DC
kich tir doc 1ap theo tin hi¢u tham chiéu dinh
hudéng diéu khién trén mé hinh déng co DC —may
phat DC — tai thudn tré trong thoi gian thue. Cac
két qua md phong cua bd diéu khidn noron cho
thiy tinh hiéu qua va tinh chinh x4c cao, va ciing
thé hién dugc tinh thich nghi cao qua cac truong
hop thir nghiém trén md hinh thyc khi tin hiéu
tham chiéu 14 xung vudéng hay hinh sin ca trong
tredng hop ma sat dong co 1én. So véi, phuong
phép diéu khién ¢b dién nhu phwong phap PID, thi
bo diéu khién noron c6 tinh chinh x4c va hiéu qua
cao hon. Tir nhimng két qua dat duoc clia bo diéu
khién noron véi tinh thich nghi cao, cong véi tin’
higu tham chiéu dinh huéng didu khién 1a xung
vudng thay doi tily ¥, thi d& tai s& dugc ng dung
trong trong cac linh vuc diéu khién tu dong, hoic
didu khién canh tay Robot.
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