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TOM TAT. Bo diéu khién hoc tap cam xitc ndo duge xay dung dua trén mo hinh hoat dong cta bo ndo con ngudi; bo didu
khién nay st dung mang ludi than kinh dé bit chudce cac yéu to phan dodn va cam xuc cua ndo. Trong sy phat trién ctia thuat
toan théng minh, yéu t6 cam xtic ludn bi bé qua. Bai bao nay dé xuit mot thuat toan thong minh hoc tdp cam xuc ndo dya
trén sinh 1y than kinh; cung vai thuat toan hoc tip nhu mang huedi than kinh, né ciing bao gdm thuét toan kém theo yéu té cam
xuc. Ngoai viée tu diéu chinh viéc hoc cac trong s6, thuat toan d& xuét trong bai bao nay co thé tur phan doan yéu t6 cam xtic
va dua n6 vao thuit toan tinh toan dé dat dugc thudt toan thong minh hon c6 thé gan dung hon véi thudt toan tinh toan ciia
ndo. Hai vi du dugc str dung la h¢ thong ba bé chira thong nhau va hé thong nang tir truong dugc mo phong dé minh hoa tinh
hi¢u qua cua phuong phap diéu khién duoc dé xudt. Két ‘qua md phong cho thdy bo diéu khién dé xuét c6 thé dat dugc hidu
suat diéu khién cao va hi¢u qua thoa déng cho diéu khién mirc chat 1ong ctia h¢ thong ba bé chira thong nhau va hé thong
diéu khién qu¥ dao qua cau sét bang tir trudng.

TU KHOA. B¢ diéu khié’n’cdm xile dai ndo, hé thong phi tuyén khong chdc chdn, hé thong diéu khién mirc chat [ong ciia ba
bé chira thong nhau, hé thong ndng tir truong

ABSTRACT. In this paper, a brain emotional controller is designed based on the activity model of the human brain for
uncertain nonlinear systems. The proposed controller uses a neural network to imitate the judgment and emotion factors of
the brain. In the development of an intelligent algorithm, the emotional factor is always ignored. This study proposes a brain
emotional learning intelligent algorithm; in addition to the learning algorithm like a neural network, it also included the
calculation algorithm of emotional factor. Beside self-adjust the weight through learning, this algorithm can self-judge the
emotion factor and included it into the calculation algorithm so as to achieve more intelligent algorithms that can more
approximate to the calculation algorithm of the brain. Two examples that are the three-tank system and magnetic levitation
system are used to illustrate the effectiveness of the proposed control method. Simulation results show that the proposed
controller can achieve satisfactory control performance for the liquid level control of the three-tank system and for the
trajectory of a metal ball of the magnetic levitation system.

KEYWORDS. Brain emotional learning controller, uncertain nonlinear systems, three-tank system, magnetic levitation
system

1. GIOI THIEU kinh va hé théng cam xuc, vi vdy ma mang no-ron co thé
giam 13 theo ddi mot cach hidu qua va hé thong cam xuc co
thé diéu chinh 16i hoc nhanh chéng. Trong nhitng nghién ctru
truge day, yéu té cam xuc d bi bo qua trong thiét ké bo diéu

Nhitng bo diéu khién c¢b dién da giai quyét thanh cong
héu hét cac Ve‘in‘dé cua h¢ thdng diéu khién, nhung hién nay
céc'm(‘) hinh diéu khién da tré nén cuc ky Phﬁc tap va phi khién thong minh; tuy nhién, trong nhitng ndm gin day, bo
tuyen tinh, do d6 nhicu nghién ctru da bat dau tim cach giai 43 'y hién BEC :ﬁ duoc sf’r dyng cho chc hé théng &iéﬁ
quyet van dé nay [1-3]. Trong bai bao ndy, chiing t6i dé xuat khién khac nhau trong nhidu linh vue [6-8]. ’
bo didu khlen hoc tdp cam xuc ndo co thé dugc st dung dé ,
giai quyét rt nhiéu vin dé kiém soat cho cac mé hinh khac
nhau.

B diéu khién hoc tip cam xiic ndo (BEC) 1a mot md
hinh toan hoc gin ding voi sy phan doan va cam xic cua
mot bd ndo. Bo diéu khién BEC ¢ hé théng v0 ndo trudc
tran va hé théng hach hanh nhan. Hé théng v0 ndo trudc tran
la mgt mang ludi than kinh cam giac va hé théng hach hanh
nhan 1a mot mang ludi than kinh cam xuc cho phép hoc _
nhanh cho bd didu khién BEC [4]. Mot mang ludi thainkinh 2. NOIDUNG
cam xuc trai qua su kich thich boi cac yéu td bén ngoai va 2.1 VAan dé 1y luan
¢6 tac dong gian tiép dén mang ludi than kinh cam giac. Hai
hé théng v0 nao trudc tran va hé théng hach hanh nhan c6
anh huéng 1an nhau va lam cho dAu ra ctia bd didu khién hoc

Trong nghién ciru nay, biang cach két hop hé théng céap
nhat tham s vao BEC, sau d6 hé théng diéu khién dugc dé
xuét duoc 4p dung cho hai hé théng phi tuyén bao gdm mot
hé théng diéu khién mirc chat long ctia ba bé chira thong
nhau va hé théng diéu khién quy dao qua ciu sit bang tir
truong. Cac mé phong cho hai hé thdng nay s& minh hoa cho
sy wu viét va sy hidu qua cua bo diéu khién BEC duoc dé
xuat.

Mot hé théng phi tuyén nhidu ngd vao va nhiéu ngd ra
cap thtr n dugc mo ta theo phuwong trinh sau:
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hoc tap cam xuc ndo [5]. B dicu khién c6 mang ludi than
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() = f(x(t) + G(x () u(t) +d(t) (1)

u, (H]" € R™ 1a vecto tin
khién cla hé

Trong d6 u(t) =[u,(t),u,(?), -,
hiéu
x(t) =[x, (£), x5 (2), -, x,,(1)]" € R™ 1a vecto trang thai cua
h¢ théng. d(t)=[d,(t),d,(t), -+, d,, (O]" eR™ 1a nhidu
ngoai chua t?iét duoc gidi han va m 1a sb ngd vao va s ngd
ra cua hé thong.
x(0)=[x" (1), x" (1), -, x" DT ()] e R™ 1a vecto trang
thai hé théng va né duoc coi 14 c6 thé do ludng duoc. Ngoai
ra, f(x(1)eR" va G(x(1))eR™"™ la cac ham khong
chic chafm phi tuyén, duoc gia dinh 1a bi chdn nhung kh()r}g
duoc bict chinh xac. Trong truong hop bo qua sy khong chac
chan mo6 hinh h(’)z} va nhicu loan bén ngoai, hé thong danh
nghia (1) duoc viét thanh:

x"(0)= fo(x(0)+ Gy u(0) @

diéu thong va

fo(x(©)eR"va ma tran hiang sd

GO = diag(gOI > 802> " gOm) e R"™
danhnghiacta f(x(¢)) va G(x(t)) . Trongdd gg; >0 voi
i=1,---,m. Gia dinh ring hé théng phi tuyén (2) co thé didu

Trong do

la nhitng phan

khién duoc va G, ! kha nghich. Néu c6 sy khong chic chin
vé mo hinh va nhiéu loan bén ngoai, hé théng phi tuyén (1)
c6 thé dugce viét lai thanh

X0 = fo(x()+ Gou®+ x5

Trong @6 I(x(¢),r) dugc goi la sy khong chic chin tong
hop, bao gdm sy khong chzic chin ciia hé ,thél}g va cac nhjéu
10?11 bén ngoai. Van dé kiem soat 1a thiét k§ mot hé thong
dicu khién thich hop trong d6 dau ra cua hé thong vecto trang
thai x(f) co thé theo ddi mot vecto quy dao mong mudn
(1) =[x (0, %0 (D), %, (O] € R

Lai theo ddi dugc xac dinh la:

e(HAx,(t) - x(t) e R" @

va vecto 16i theo ddi hé théng dugc dinh nghia la:

eA e (1), 6" (@), " T (O] eR™ -

Trong trudng hop cac chirc ham danh nghia f(x(?)),

G, va su khong chéc chin téng hop I(x(¢),f) duoc bibt

chinh x4c, mot bo diéu khién 1y tuong co thé dugc thiét ké
nhu sau:

u; =Gy [x§" — fo(x)-I(x.0)+ K ]

(6)
Trong 46 K=[K,,---, K5, K;]' e R™" 1a ma tran
khuéch  dai phan hdi chta cac sb thue, va

K, =diag(k; ki, k) € R™"
chéo hing §6 duong.

Thay the b di€u khién 1y twong (6) vao (3), cho ta phuong
trinh d9ng 10i sau:

la mdt ma trén duong

e” +K'e=0

(7
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Tur phuong trinh (7), néu K dugc chon dé thoa man cac

hé s6 clia ma tran Hurwitz, khi d6 ta c¢6 lim ||¢_z|| =0. Tuy
t—>0

nhién, sy khong chic chin tong hop I(x(¢),£) thuong khong
thé thu dugc cho cac ing dung thyc té, do d6 b didu khién
ly tuong u, & phuong trinh (6) khong thé c6 duoc. Do do,
b(f)‘diéu,khién h(,)’c t;}p cam xﬁq nao BEC dugce thiét ké trong
phan tiép theo dé xap xi bd diéu khién 1y tudng.

2.2 Thiét ké b diéu khién hoc tap cam xiic nio

Bo diél} khién hoc tap cam xtc ndo BEC dwogc dé xuét co
cau trac gom hai mang riéng biét tic dong anh hudng qua lai
1an nhau va ¢6 toc d hoi tu nhanh, do d6, n6 c6 thé ap dung
cho nhi€u h¢ thong di€u khién phi tuyén khac nhau. B di€u
khién hoc tdp cam xtic ndo dau ra don duoc thiét ké voi hinh
thirc sau [9]:

m n m n
Uype =a=0=3 3 5,%; = 2.2 5, (®)

i=1 =l i=1 j=1

sl-j=[,. xky

©
Trong d6 s; 1a dau vao hé théng vo ndo trude tran va dau

vao hé thong hach hanh nhan cho diu ra vo gidc quan. Thong
thuong gid tri cua s; duge xac dinh dya vao mot ham thanh

vién Gaussian , _ 1 ex (—(1 —m)’ jhoac mot ham wavelet
/A p 2

5, _l(li_mjexp(_(li_zm)zj (trong d6 m 1a gia tri trung
20 v v

binh va v 1a d6 1&ch chudn) [9]. Bai bdo nay sir dung cong
thitc (9) dé tinh toan s;; trong d6 I, 1a dau vao bo diéu khién
va ) la cac hé s6 d9 loi. Cac hé s6 do loi ); dugc xéc dinh
theo phuong phép thu sai, néu 6 su tac dong cua nh’iéu
ngoai hodc sy khong chac chan cua cac tham so hé thong
lam cho ngd vao didu khién thay ddi, khi d6 cac gia tri Xy
can dugc thay Q6i cho phu hop. B diéu khién hoc tap cam
xuc ndo dugc dé xuat nhu trong Hinh 1.

Trong 6 V.
2 i

Ngd vao

Ned ra

A
Vo

idc quan

m

Hinh 1. Bé diéu khién hoc tdp cam xuc ndo
Trong b cap nhat cho Av; va Aw; dugc tinh toan nhu
sau [9]:
Av, :qx[sijx(max(o, di—a))J (10)

Aw; :BX[SUX(”BEC_di)} (1)
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Trong d6 o va B lahé s6 hoc tap. Theo cong thirc (10) va
(11), d; 1a tham $6 didu chinh dugc tinh nhu sau:
d; =b,x 1, + Xt gy (12)
Thuét toan diéu chinh tham s dugc hién thi trong Hinh

2, trong do6 cac gia tri b; va ¢ la cac d6 loi.

Hinh 2. Thudt todn diéu chinh tham s6 cia diéu khién hoc tap
cam xuc ndao
Hé théng diéu khién thong minh dua trén hoc tap cam
xuc ndo dugc duogc trinh bay trong Hinh 3.

[ Hé thong phi tuyén khéng chac chan | —

x(n= f(\'{f))-'-(x(-\(f)}"(-‘}+d(f} TENG

H

| 4

Hé thong diéu khién | '
hoc tap cam xuc ndo |

Hinh 3. H¢ thong diéu khién hoc tdp cam xiic ndo cho cac hé
théng phi tuyén

3 KET QUA MO PHONG

He¢ thong diéu khién mirc chit 1ong cila ba bé chira thong
nhau va hé thng nang qua ciu st trong tir truong dugc
nghién ctru d& minh hoa tinh hiéu qua va wu viét ciia phuong
phap thiét ké dwoc dé xuét.

3.1 Hé théng didu khién mirc chit 16ng ciia ba bé chira
thong nhau

Bom | Bom 2
Bl Bés VBe2

Toe do dong chay

Ronbél

s Roribe2
&
Hinh 4. H¢ thong diéu khién mirc chdt long ciia ba bé chira
thong nhau

 Xem xét mot hé théng diéu khién mirc chit 16ng ctia ba
bé chira thong nhau nhu trong Hinh 4, cac phuong trinh dong
luc hoc ctia nd duoc cho trong [10] nhu sau:

(=28, sgn(x; — x3),/2gJx; = x3| + 1)

X = y + 1 (x,u)

13)

(=235, sgn(x, *x3)\l28‘xz 7x3‘ —2,8,328%, +uy)

Xy = y —qa + M (x,u)

(14)

)+ 113 (x,u)

(15)

_ (=28, sgn(x, _x3)\/2g‘xl —X3| = 235, sgn(x; —xz)\IZg‘xz -x))
A

Trong d6 x = [xl,xz,x3]T 14 vecto biéu thi muc chat long
cho cac bé, u= [ul,uz]T 1a vecto diéu khién luu lwong chit
long, g la gia tbc trong truong, n;, voi i=123 dai dién
cho sy khong chic chan cua mo hinh do tinh khong chinh
Xxac trén madt ct ngang cua Cac ong két nbi.
G20 =21Sp+J2gx, 14 toc dd dong chay tir bé 2. Mit cét
ngang A =0.0154m? va tiét dién cua cac dng két ndi la
S, =5x% 1075 m?
s6 dong chay khong c6 chidu. Cac tham sé dwoc chon cho
bo dicu khiénla ¢ =0.04, B =0.1va ¢=0.8 cho tatca cac
gia tri i. Diéu kién ban diu duoc dit 1a mic chét long
%,(0) =x,(0) =x,(0)=0.13m, va muc tiéu kiém soat 1a giir

. z;=1, 2, =0.8 v z; =1 biéu thi cac h¢

tAt ca cac murc chat long & mirc 0,3m.

Cac két qua md phong dugc hién thi trong Hinh 5-7.
Hinh 5 biéu thi mirc chit 1ong ctia hé théng ba bé chira thong
nhau, c¢6 thé théy réng hé théng dat duge mirc chét léng
mong mudn 0,3m tai thai diém khoang 4,5 gidy ; Hinh 6 biéu
thi cac 16i theo di cua hé théng nay, cac 16i ciia ba bé chtra
déu x4p xi biang khéng sau khoang 4,5 gidy ; va Hinh 7 biéu
thi ddu ra didu khién cta hé théng nay. Két qua moé phong
cho théy réng b6 diéu khién BEC dugc dé xuét co thé dat
duogc hiéu qua kiém soat mirc chét 1ong ciia hé théng ba bé
théng nhau kha tét.

0.3

0.28

x2
x3 | 7

0.26

0.24

0.22

0.2

0.18

Mirc chit 16ng (m)

0.186

0.14

0.12 L L L L L L L
0 1 2 3 4 5 6 7 8

Thoi gian (gidy)

Hinh 5. Mitc chat long ciia hé thong ba bé chira théng nhau
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Hinh 6. Ldi theo dbi ciia hé thong ba bé chira thong nhau

4
15:(10

Tin higu diéu khién
luu lwgng chat long

Thoi gian (gidy)

Hinh 7. Bdu ra bg diéu khién cia hé thong ba bé chira thong
nhau

3.2 Hé théng didu khién quy dao qua ciu sit bing tir

troeong
Nam cham dién
—0D
o IR
Mach chuyén N
u doi dién dp o ST
sang dong C.,_______b
dién b
(""=-—___5
Bo dicu khién F(x,1)
BEC
x | Bonhan tia > Bo phat tia
+ hong ngoai 7| hong ngoa
Xd
Mg,
Qua cau sat

Hinh 8. H¢ thong diéu khién quy dao qua cdu st bang tir
truong

Hinh 8 1a h¢ théng diéu khién quy dao qua cau sit bang
tr truong. Dau vao diéu khién la mot dién ap, dugc chuyén
d6i thanh dong dién thong qua mach chuyén doi. Khi dong
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dién chay qua, nam cham dién tao ra mot tlr truong tuong
(g trong méi truedng xung quanh nd. Qua ciu sit di chuyen
doc theo truc doc ctia nam cham dién. Vi tri ctia qua ciu sat
duoc do bang cam bién hong ngoai.

Theo dinh luat hai ctia Newton, phuong trinh dong luc
hoc cta qua ciu sit duoc xac dinh theo phuong trinh sau

[11]:

Ma=F(x,I)-Mg, (16)

Trong d6 M (kg) 1a khéi luong clia qua cau sat, g, (m/s’)
la gia tbe trong trudng, a (m/s’) 1a gia tbe, x (m) 1a khoang
cach gita qua ciu sit va nam cham dién, 1 (4) 1a dong dién
va F(x,I)(N) 1a Iyc tir diéu khién. Luc tir diéu khién dugc
tinh theo cong thirc sau [10]:

wN'I’S +(th) | R R \
Fledy=25g— (e in \/R; hY xm\R N

W, (Wb/Am) 1a 46 tir tham, % (m) 1a chiéu dai cudn day, N
1a s6 vong diy quéan, S (m?) 1a tiét dién ma tir thong di qua,
R, (m) 1a ban kinh t6i thiéu cia cudn day va R, (m) la ban
kinh ti da cua cudn day.
Cac thong so k¥ thudt cia hé thong nang qua cau sat trong
tur truong nhu sau:
N =2850, 1, =0.012(m), r, = 0.038(m), A =0.005515(m"),
= 45107 (Wb / Am),M =0.0216(kg), and g, =9.8(m/ s>).
Céc tham sd dugce chon cho bd diéu khién 1a o =0.04,
B =0.1va ¢=0.8 cho tAt ca cac gié tri i . D& ching minh
su hiéu qua cua phwong phap dé xuét, b didu khién PID, bd
didu khién tiéu nio mod dung phwong phap da tiéu chi
TOPSIS (DTFC) [11] va bo dlgu khién dé xuat‘BEC dgqc
st dung cho h¢ thong diéu khién quy dao qua cau sat bang
tur truong. Trong vi du nay, hai treong hop mé phong duge
th\l}‘C hjén dé khao sat deip ung yé hiéu suat ciia bo diéu khién
dé xuat so vdi hai bo diéu khién PID va DTFC.

Truwong hop 1: Qua ciu sit duge diéu khién bam theo quy
dao hinh sin cho trude 1a 0,005 x sin(2x f)(m), v6i tan sO
f=0,15 Hz; vi tri ban ddu coa qua clu sdt 1a -1lmm.

Truwdng hop 2: Qua ciu sit duge diéu khién bam theo quy
dao hinh sin cho truée la 0,01 xsin(2x f#)(m), voi tan s6
f=0.15 Hz; vi tri ban d4u ciia qua ciu sit 1 -5mm.

Hai két qua md phong dugc thé hién ¢ Hinh 9 va 10 cho
thay vi tri ctia qua cau sit dwoc didu khién kha chinh xac khi
str dung ba bd didu khién néu trén. Khi str dung bd didu khién
d& xuat BEC qua cAu sit co thé bam theo tin hiéu mong mudn
sau khoang 1 gidy mo phong cho trueong hop 1 va khoang 2
gidy cho trudng hop 2. Sai s giam vé khéng nhanh chong
va duy tri trang thai én dinh theo tin hiéu diéu khién dé xuét
BEC. Tin hiéu diéu khién va sai s6 co gia tri nho hon so voi
cac bo diéu khién PID va DTFC. Bang 1 liét ké 13i binh
phuong goc (Root mean square error) cho ca ba b diéu
khién. Két qua so sanh ¢ Bang 1 cho thay hiéu qua cua hé
théng diéu khién quy dao qua ciu sit bang tir truong dugc
cai thién khi sir dung phuong phap @& xuét BEC.
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—— Vi tri thyre clia qua cAu sét khi sir dyng bo diéu khién BEC 4 KET LUAN
45 - \\::l :: [:D‘r;gcumam:ﬁ cau sat khi str dyng bé diéu khién PID ) A 4 A
g U e Vit thirc cla :ué céu sét khi sir a:ng b diéu khién DTFC »Nghién clru nay da d¢ xuat thanh cong mét b dicu
= ] khién thong minh dya trén cam xic ndo BEC cho cac hé
§ B théng phi tuyen Bo didu khién BEC duoc dé xuét c6 thé
= £ giam sai s6 mot cach hiéu qua va diéu chinh 16i hoc nhanh
i.o o1 i £ e g chong. B6 diéu khién BEC duoc dé xuit duoc 4 ap dung cho
Thi gian (gidy) hai m6 hinh cu thé 1a h¢ thong diéu khién iy chat long cho
Tin higu didu khién BEC ba bé thong nhau va hé thdng nang qua cu sit trong tur
£ 10 = = = Tin higu diéu khién PID truome d3 cht inh tinh hié h hanp kié
< s Tin higu diéu khidn DTFC| g da chimg minh tinh hiéu qua cta phuong phap iém
7 I L e soat dugce dé xuat. Két qua md phong cho thay bo diéu khién
'(E EypB dé xuét c6 thé dat duoc diéu khién chinh x4c va hiéu qua cho
z ; ‘ ‘ murc chat long ctia hé thng ba bé thong nhau va vi tri cia
g o 5 10 15 20 qua cau sat .
Thai gian (gidy) - X
5 TAI LIEU THAM KHAO
0.01 Sai s6 khi st dung bd didu khién BEC
. ‘ i B 88 Ky s i ot [1] Huynh, T.T;Le, T.L.; Lin, C. M. A TOPSIS Multi-Criteria
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