TU CHINH PO LQOI MO THiCH NGHI PIEU KHIEN HE PHI TUYEN
ROI RAC
AUTO TURNING GAIN OF AN ADAPTIVE FUZZY CONTROLLER
FOR NONLINEAR DISCRETE TIME SYSTEMS

Tran Khanh Ninh

Hoc vién Cao Hoc K14, Nghanh Piéu Khién Hoc K§ Thuat, Bai Hoc Bach Khoa Tp Hd Chi Minh
Email: trankhanhninh97@yahoo.com
trankhanhninh@gmail.com

TOM TAT

Bai bdo nay trinh bay giai thuét ty chinh do loi b6 cua diéu khién mo thich nghi truc tiép cho hé
phi tuyén roi rac, giai thuat tu chinh dya trén myc tiéu cyc tiéu hoa ham ning lugng ngd vao. Thuat
todn cdp nht hoi quy thich nghi hé roi rac dugc gidi thiéu trong bai bio mang tinh tong quat nén bo
diéu khién 4 ap dung cho h¢ MIMO. Viéc cédp nhat d6 lgi ciia bo diéu khién thich nghi ngoai ti€u chi cuc
tiéu nang lugng van phai dam bao hé théng phai 6n dinh, do d6 do loi cua hé théng chi duoc thay ddi
trong pham vi cho phép, bai bao ciing s& dan giai ra tim chinh gidi han d6 logi nay. Thuét toan trinh
bay dugc minh hoa voi dbi tugng bon kép, két qua md phong duya trén Matlab Simulink.

ABSTRACT

The paper represents an algorithm for the auto-tuning adaptation gain of a direct adaptive fuzzy
controller in discrete time, the adaptation gain are obtained by minimizing the instantaneous control
energy. Because the algorithm recursive methods for discrete time systems is general, so it can be
applied for MIMO systems. Beside the purpose minimizing the instantaneous control energy, the
system must be stable so that the adaptive gain must change in a limit boundary which the paper will
represent. The algorithm for example is used to control couple tank, the result of simulink is based on

Matlab Simulink.

1. GIOI THIEU

‘Trong nhimg ndm gan day. diéu khién phi
tuyén 1a linh vic dugc rt nhidu tac gia quan
tam. Bai toan diéu khién hé phi tuyén van con
la dé tai dé mo cho nhiéu tac gia nghién ctu.
D3 c6 rat nhidu phuong phap didu khién ap
dung cho hé phi tuyén nhu phuong phap tuyén
tinh hoa, phuong phap diéu khién truot, diéu
khién bing mang neural, phuong phap diéu
khién mo. Hau hét cac phuong phap didu khién
phi tuyén nay déu dwoc nghién ctru ki ddi véi
ddi tuong 1a hé lién tuc va hé roi rac, cung mot
phuong phap khi ap dung véi hé lién tuc va hé
101 rac thi cho cac két qua khac nhau. Mot hé
thong c6 thé én dinh khi tinh toan thiét ké véi
mién lién tuc nhung cing két qua d6 hé thong

co thé khong on dinh v6i mién roi rac, co
nhitng van d& ma khi xir Iy ¢ hé lién tuc réat
don gian nhung lai phirc tap khi xtr 1y & hé roi
rac. Ciing chinh vi vdy ma hién nay co rat
nhiéu bai bao dé cap dén hé lién tuc, tuy nhién
sO lwong bai cdo vé hé roi rac thi lai rat khiém
t6n. Tir 1y do trén nén trong bai bao nay tac gia
s& dé cap toi phuong phap diéu khién mo thich
nghi cho hé phi tuyén roi rac.

Nhu ta dad biét diéu khién mo 1a phuong
phap diéu khién thong minh dya vao qué trinh
xu ly thong tin khong rd rang dé ra lénh diéu
khién gidng cac quyet dinh nhu ¢ con nguoi.
Mot bo diéu khién mo thong thuong s€ dua
vao quan diém, kinh nghiém cua nguoi thiét ké



va theo cach suy nghi riéng ctia ho. Nguoi thiét
ké nay s& chuyén nhing kinh nghiém ctia minh
thanh cac quy tic hop thanh mo dé két hop cac
bién ngon ngir da dugc mo héa lai voi nhau tir
d6 ra quyét dinh didu khién. Nhu vdy bo diéu
khién mo mang ning tinh thir sai hon la
phuong phap nghién ctru tong quat. Dé cai tién
cac khuyet diém nay, ta co6 phuong phap diéu
khién mo thich nghi. Phuong phap diéu khién
mo thich nghi 14 phuong phap thiét ké bo diéu
khién sao cho co kha nang ty chinh dinh céac
thong sé diéu khién cua chinh no6 tir d6 giup hé
thdng 6n dinh trude thay doi cuia diéu kién lam
vi€c, chinh nho cac ty chinh dinh nay 1a cho bd
diéu khién mé tré nén linh hoat hon va han ché
vé kinh nghiém nguoi thiét ké duoc giam bét.
C6 rat nhiéu phuong phap ty chinh bg diéu
khién mo thich nghi, trong d6 phuong phép tu
chinh thong sé b didu khién mo 1a dé thu’c thi
hon ca. Viéc chon ludt cdp nhat thong s6 doi
hoi hé théng thiét ké phai on dinh bai toan phai
hoi tu d6 1a diém quan trong cua bit ky bai
toan diéu khién thich nghi nao. Bai bao [3] dé
cap toi luét cap nhat hoi quy theo trong s6 bod
diéu khién thich nghi, viéc chon d¢ loi thich
nghi cia bo diéu khién phai dam bao cho h¢
thong 6n dinh theo ham Lyapunov. D¢ lgi s&
anh huong dén chat luong viée diéu khién, tuy
nhién bai bao [3] khong dé cap dén cach chon
d6 loi nay, ma viéc chon lya phu thudc vao
kinh nghiém nguoi thiét ké bo diéu khién va
hiéu biét vé& ddi tuong didu khién d6. Trong bai
bao [3] tac gia chi dé cap dén hé SISO thi bai
bao [2] 1a md rong cua bai bao [3] dé cap cho
hé MIMO viéc cap nhat ciing dya vao tinh 6n
dinh, tuy nhién luat cap nhét trong bai bao [2]
mang tinh tong quat hon. Khi diéu khién viéc
chon d0 loi 1a hang s6 ¢ dinh nhu bai bao [2]
va [3] chi dam bao 1a hé théng 6n dinh chua
quan tdm dén chat luong diéu khién , dé dam
bao thém cac chi tiéu chat luwgng khac nhu cuc
tiéu hoa ham ning luong ngd vao hay thoi gian
xac 1ap thi viéc chon d¢ loi theo [3] va [2] nhu
vay la khong thich hop. Bai bao [1] dé cap t6i
vi€c cap nhat do lgi theo hudng ty chinh, bai
bao [1] trinh bay mot cach chat chd vé tinh én
dinh cta hé phi tuyén dé tir d6 rit ra dwoc luat
cap nhat thich nghi co thé 4p dung cho phuong
phap didu khién mo hay phuong phap diéu
khién dung mang neural, viéc tu chinh d¢ loi
theo huéng cuc tiéu hod phiém ham nang
luong dugc dua vé dang bac 2 theo ham d¢ 1oi.

Tam chinh d6 loi duge chon lua hop 1y sao cho
bao dam hé théng 6n dinh. Bai bao [1] chi
trinh bay trong pham vi hep cho hé¢ SISO, luat
cap nhat trong bai bao nay khong thé ap dung
cho h¢ MIMO, d6 ciing 1a han ché cua bai bao.

Do vay trong bai bdo nay tac gia s€ trinh
bay mot ludt cap nhat thich nghi mang tinh mé
rong hon dé phuong phap co thé ap dung cho
hé MIMO, d¢ loi s€ dugc tu chinh theo hudng
cuc tiéu ham chi phi ngd vao diéu khién.

2. HE THONG PIEU KHIEN

Xét hé théng roi rac tong quat c6 n ngd vao va
n ngd ra voi phuong trinh bién trang thai nhu
sau :

X(k+1)=F(X(K))+G(X(k)U (k)

(1)
U (k) = [u, (K),uy (K) oo, (K]
Vi céc biéu thirc nhu sau :
X (K) = [XT (k)5 (K)o X (KO )

X (k) 1a bién trang thai cua h¢ théng véi cac
phan tir bién trang thai

X; (k) =[x, (K0, 5 (K)srccs Xy (K] €R™

Tin hi¢u vao U(k)=[u,(k),........u,K)] eR"

Tin hi¢ura Y (k) = [y, (K),........, y,(K)] €R"

Cac ham f;; () va g;; (.)1a ham phi tuyén
dic trung cho hé thdng . Ta dinh nghia

U510 = 0, (0, (0] X1, (00 =[x, (), (O]

j=2,...n
Phuong trinh trang thai ctia hé thong (1) c6 thé
viét dang tuong minh nhu sau

s kD=1, (x1y, (K)) + Gy (X (KX (K)
o (k1) = £, (XKD + gy, (X (KU, (K)
ip=1.n -1

. Xy (k+1) = (G () +955, (K, ()X (K)
HXpe, (kD= (XKD +9,, (XK (K)
i;=l.n;-1



s {xmn(k +1) = fy Ko, (K) + Gy (X, (KX, 0 (K)
Xy, (K1) = 0 (XKD + 0, (XK, (K)

i,=1.n,-1

yik)=x;,(k) j=1l.n

Muc tiéu cta bai toan 1a tim tin hiéu diéu
khién U(k)=[u,(K)........,u, (k)] sao cho tin hi¢u
ngo ra bam theo tin hi¢éu mong muén va dat
duogc chat lugng tot

2.1 Piéu khién mo thich nghi tryec tiép

Trong bai bao nay tac gia trinh bay
phuong phap thiét ké ham diéu khién U(K)
bang phuong phap md thich nghi sao cho ngd
ra bam theo tin hi€éu mong mudn Y, (k). Ham
mo & diy dung theo phuong phap Takagi-
Sugeno, ham lién thudc ¢ tap mo két luan ngo
ra co dang vach don, phuong phap giai mo
theo phuong phap trung binh ¢6 trong s6. Theo
cong thirc mo voi bién trang thai 1a X(k) dé
xap xi ham @(k) bat ky. Him md c6 dang

(k) =W (K)E(X (K)) 3)
Trong dé ¢(x)=[e,(x) . . .
. k
D
g=1..p
Z(me (k))]

q=1\ j=1

gp(X)J voi

G (X) =

1a tap hop md hoa bién trang thai theo p luat
md. g ,(X;(k)) 1a ham lién thudc cla tap
J

mo. Ngd ra gidi mo cd dang vach don
(singleton)

W =[wk) . . w0

Muc tiéu thiét ké by diéu khién mo thich nghi
truc tiép cho hé théng (1) ta s& xdp xi ham
U(k) bang ham md. Thong sé W phai duoc cap
nhat sao cho tin hiéu U(k) phai x4p xi tin hi¢u
diéu khién 1y tudng cta hé thong U’ (k)

U (k) =W T (K)E(X (k) Q)
W =arg min fuplU” ~WTE(X)|}

2.2 Cip nhat thong s6 va diéu kién 6n dinh
Xét phuong trinh trinh tht i; cua (1), dat ham
mdi ta co : - -

Xj,iJ k+D= fj,iJ (X, k) + gj,il (Xii, (k))xj,iﬁl(k)

I1<j<nl<i;<n; -1

Xy, (K+1) = 71 (X0 (K)=

i, 6, () + G5, (X, (KX (K)

Nhu vy dang ma trén téng quat 1a

(k) || (xg2(k)

= F) (X (K))
Phuong trinh ngd vao theo (1) 1a
Xy, (k+D) = £, (X)) +9,,, (X)), (k)
Thuyc hién budc tiép theo dit

Xp; (k+2)= £ (X2 (K0) = f; (X, (K+1))
0y, (K, (K D)X (kD) = F 1 (2 (X (K))
+05 (F (i ()% 7 (X2 (K))

F i i (k) = F1  (FL L (X, (K))

Gy, (Xiny (KD =G0 (FFa (X, (K))

X, (K+2) fjn,i‘fl(}j,iﬁz(k))
= F/ 7 (X,02(K) T =1,...,n; =2

Theo (1) ta co -
XJ.anl(k +2) = fJ,anl(XL”r' (k +1))

+0;0, 1 (Kina K+ D)X, (K+1)
= Fy 2 (Fi 1 (X, (K)))
+ 00,1 (F L (i, (KX, (K1)
= Fp ot (X, (KD +G L (X, (K))x X (K+1)

Thuc hién tiép tuc nhu vay ta co



Xy, (k40 =1 = £ (X, (K)) = £, (F}y (Xin, 1 (K)))
+ 05 (FJ (X (K)))x £, (Xin, (K)
Fio(Xaa, (k) = £, (F, (X, (k)
G, Xy, (K)) = 9, (F, (X1, (K)))
X, (k+n, =) =F,,(Xin (K)
+G, (Xin, (KX X5 (k+1; —2)

Tiép tuc nhu vay ta c6

X, (k+n)=F;, (Xin, (K))+G (X, (K)))
><xj,2(k+nj -1

Fiu (i, (K) = £, (F 7 (Xin, (K)))

G, (Xin, () =0, (2 (X, (K)))

Téng quan phuong trinh ¢ thé viét lai nhu sau

x”(k+nj): FJJ(k)+G“(k)><xjiz(k+nJ -1)

Xin, Gk+2)=F,, ,(k)+G (k)xxjvni(k+l)
Xin, (k+D)= fj)nj (k)+ 9, (kyu; (k)
yj(k) = Xj,l(k)

JEI jonj-1

Véi cach viét gon biéu thirc

F, (0 =F (Xin, (K)),G,; (K) =G (Xin, (K))
fin, (O =F 0 (X(K)), G, (K)=9;, (X(K))

Ta can tim tin hiéu trang thai 1y tuéng cua
X;;()1a o ;(K) 1a ham nhu sau :

@), (K) =X, (k+n; =) =, (Xjn, (K), Yy (K+N))
a5 (K) = X3 (k+1; =2) = ¢, , (Xin, (K), @}, (K))

&, (K) = X0 (K4 1) = 00 (Xin, (K), @) 1 (K))

u (k) =g, (X(K),a;, (k) )
¥, (k) = x;, (k)

Péy y;(k+n)=x,(k+n))

Vi cac thong so 1y tudng nhu sau

@1a00= g g o (1) = F 0]

O e SECRLRG)

i, :m[a;n,—l(k)_ Fj‘nj—](k)]

U () =———la;, (0=, (k)]

Ui, (k)
Céc ham @, ()., () j=1..n la cac
ham phi tuyén. Tin hiéuu;(k) 1a tin hiéu diéu
khién ly tuong can tim. Ta s€ dung ham mo
theo cong thic (3) d€ xap si ham nay
aj; () =W, (0F; ,(z;; () i;=2..n,
u; (k) =W, (K)E;, (2, (K)
2,,(K)= [i (K.Y, (k+ nj)T
2;, (k) =X, (k>,aj,i,(k)T

2., 00=[X®).a,, (O

)

Gia str tin hiéu ly tuong xap xi 1a
. T
o’y (k) =W J'»irl(k)é:j,irl(Xj,irl(k))
Dit sai s thong sb udc luong 1a

ij,ii :Wj,ij -Wj;

i
Str dung luat cap nhat trong s6 nhu sau

W, (kD) =W, ()T, [€5,, (K)e;,, (k+1)
+0j,iJV\7j,ij (k)] (10)

r,, =7,,1 1a do loi cua b dicu khién thich
ngh1 ;, . 1a hé s6 duong. o, la hé s6 phu

ej,l (k) = Xj‘l (k) - Yd, (k)
e,,(K) =, (K)—a,,(k—n, +1) (an
€40, (0=, (0a,, (k-1
Chon ham Lyapunov nhu sau
le(k)_?e]|(k)+zw (k +p)r]| Jl(k +p)

I

VOi k =k-n;+1 VA g <G, ()<g;; ¥X(K)

la cén trén va can du(n cua gji(k),va 51 Eo <l

Chtrng minh nhu [3 ]’de hé théng 6n dinh ta
phai chon céc thong s6 do loi



! (12)
]/-’ <— i <—
" 1+11+g,111 i (1+gj,1)7/j,1
Vi < 1* » 0 < *1 (13)
' 1+|j,il "'gj,ijlj,iJ (1“‘91',i1)7/,',iJ
Vin, < 1 o, <t (14)

S R PP B 9,0 )70,
2.3 Tw chinh d9 lgi thich nghi

Tir cong thirc ding ham mo x4p xi cac ham
dieu khién va ham trang thai u;(k)> a;; (k)

theo (9) u; (k) =WJ, (K&, (2., (k) ta s€ 6

u () =W, ()xg, (z;, (K)=

E/\"/J.Tnj (k=1)-T;, [g,.,nl (250, (K, ()0, W, (K —1)H

Xé:an] (ijnI (k))
Viét gon bicu thitc ¢ (k)=¢,, (z;, (k) V&
W, =W, (k-1)

5.n
Viay nang lugng ngd vao c6 dang

w0 =W, &, -
P i, 000y, 00+ 0, W, [ &, 0]
Vima trdn I'j; =y;; | nén
wio =W ¢ <70 e 0o, w, e |
AT PSR
= rinEnenn 0vo, W, Fe
=27, ([gln €in, (k)“’i,n,wj,n,]T‘fi,n, JT.n,‘fj,nJ
+6Nj.n,‘fj,n,
=730 T =27, T, () + T, (k) (15)
Vaéi
0=z, 0+ 0, W, T e
T, (k) = ([gi,n,ej,n, (K)+0, Wi, ]T Sin, )‘NJT,n, Sin,
Too =W g, f

Vay viéc tu chinh d6 lgi 1a viéc tim Vjn Sa0
o]
cho uf(k) 1a cyc tiéu.

uZ(k>=y,,nle<k)—} (16)

73"1* = arg min
‘ {mm,n(k)ﬂ(k)

bay la dang bac 2 theo Yin nén co thé giai dé

dang. Twong ty nhu vay ta c6 thé thiét ké tu
chinh d¢ loi theo hudng cuc tiéu ham chi phi
cho céc thong s6 ngd vao khac véi j=1,....n

3. KET Ql?IA} MQ PHONG VOI DPOI
TUONG BON KEP

Thuat toan diéu khién md thich nghi trén
dugc ung dung diéu khién bon 1 keép lién thong.
2 bodn lién két v6i nhau va & mdi bdn c6 van xa
riéng. Nudc dugc bom vao ca 2 bon nhd 2 may
bom doc lap. Muc ti€u la diéu khién sao cho
muyc nudc trong 2 bon bam theo tin hiéu dat
truée . Ngd vao diéu khién 1a tin hiéu ap & 2
dau may bom.

Hé thong bdn kép co phuong trinh toan
hoc mo ta nhu sau

ul(k)Qlimax -
T |Cay2gh (k)
2, (K) |- Cpya,,4/20h, (k) — hy (k)|

sign(h, (k) —h, (k))

h,(k+1)=h,(k)+

U, (K)Q, oy —
T Czazvzghz(k)+
2, (K) |C,a,,+/2g|h, (k) —h, (k)|

sign(h, (k) —h, (k))

h,(k+1)=h,(k)+

Trong d6 u,;(K),u,(k) 1a 2 tin hiéu vao,
hy(k),h,(k)1a 2 tin hi¢u ra. Q, ,..,Q, ., 12

thong sé dat trung cho luu lwong chay vao
bon. Cy, a; 1a thong s6 thiét dién xa cua bon 1.
C,, a, la thong sb thiét dién xa cua bon 2. Cui,
a; la thong 0 xa lién két giira 2 bon. ar(k) va
ax(k) 1a thiét dién ngang ctia bon 1 va bon 2.

a, (k) =((L1_max - L1_min)h, (k)/h]_max + L1_min)W1)
a,, (k) = ((L2_max-L2_min)h, (k)/h2_max +L2_min)W2)
W, W, 1a thiét dién day bon.

Hé mo phong cho thuat toan diéu khién
mo thich nghi dya vao cac cong thirc nhu da
trinh bay & phan 2.2 va 2.3. Thong sb chay véi
mo hinh bon 1 [Lmax Lmin W a hmax Qmax
C] =118 99 0.33 40 130 0.8]. Bon 2 [Lmax
Lmin W a hmax Qmax C]=[18 99 0.40 40
130 0.8] thong sb lién két [al2 C12] = [0.25
0.8]. M6 hinh diéu khién bon kép thuc hién
trén Simulink. Tin higu ngd vao bo diéu khién
fuzzy bao gém 2 tin hiéu sai sd, 2 tin hiéu



mong mudn ciia 2 bon nudc. Céc tin hidu nay
duge md hoa boi 5 ham GAUSS phan b déu
tr [0 1] véi tin hiéu mong mudn va tir [-1 1]
véi tin hiéu sai s6

Qmax Q,max

1_max LZJIE
<+—>

A

uy(t)

hl_max

L1_min L2_min
Hinh 1: M6 hinh bdn kép

O day thuc hién bai toan diéu khién véi
bién trang thai

u, (k) = F (2(k) = [, (K),&, (K), 1, (K), 1, (K)])
u, (k) =W," (K)&(z(k)) ,u, (k) =W, (k)& (z(k))

Luat cap nhéat thong sb

W; (k) =W, (k =1) =G[& (X (k))e; (k) + oW, (k =1)]
i=12

Tu chinh d6 lgi va cap nhat thong s6 duogc tinh
theo cong thic (16) (10). Tin hi¢u ngd ra mong
mudn 14 2 xung vudng bién do thay dbi tir [15 ;
30] , tin hiéu diéu khién da chuan hoa trong
khoang[0 1]. Tam cap nhat thay doi tir [0.004 ;
0.2]. Théng s6 o; = 0.0001 cho ca 2 h¢ thich

nghi. Ta c6 két qua mo phong :

T luén ngd va | Tun hiw it 1a 2

Hinh 2 : Két qua diéu khién

T It ngd ra 1 Tim higw ped va 2

w0 0 fs0 00 20 s

T e deent e w2

EE

Hinh 3 : Két qua diéu khién khong cap nhat

Nhin xét két qua: Két qua mo phong cho thiy
hé théng 6n dinh hé thong bam theo muc tiéu
mong muén. Chon lua tu chinh d6 loi theo s&
cai thién chat luong diéu khién, hé thong cho
dap Gng nhanh hon so voi truong hop khong
cap nhat 1a do d6 lgi tu thay ddi sao cho phu
hop véi hé thong nhat. Tin hiéu ngd vao dicu
khién s& nhé hon so v6i trudng hop khong cép
nhat.

4. KET LUAN

Luat cép nhat thich nghi da trinh bay mang
tinh mé rong, phuong phap c6 thé ap dung cho
hé MIMO hay SISO. D¢ lgi sé dugc ty chinh
theo hudng cyc tiéu ham chi phi ngd vao diéu
Kkhién, tuy nhién tam cap nhat phai chon sao
cho dam bao hé théng 6n dinh nhu di trinh bay
o cong thic (13) va (14). Bai bao da trinh bay
giai thudt mot cach tong quat va chung nhat dé
¢6 thé ap dung cho hé didu khién mo va c6 thé
ap dung cho mang neural.
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