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TOM TAT

Bai b4o nay nghién ctru ap dung mot phuong phép téng quat mai dé thiét ké bo diéu khién cho mot
16p cac hé théng dong hoc phi tuyén lai roi rac lién tuc — d6 1a phuong phép thiét ké bo diéu khién hop
thé. Phuong phap nay nham xéac dinh quy luat diéu khién roi rac tdi vu dé dua diém biéu dién tir mot
diém ban dau véi nhitng diéu kién ban dau bat ky dén mot ving da tap cho trude rdi giit cho no &
trong ving nay khi tiép tuc chuyén dong dén vi tri cdn bang. Bai bao ciing nghién ctru dé ra diéu kién
on dinh ctia hé. Két qua vi du ap dung vao mot hé phi tuyén cu thé va mo phong trén MATLAB ching
t6 phuwong phap dé ra 1a hoan toan kha thi va quy luat diéu khién tim dugc dam bao cho hé 6n dinh va
thoa man nhitng yéu cau toi uu chat luong dé ra.

ABSTRACT

This article investigates the application of a new comprehensive approach to design controller for
dynamic nonlinear discrete continuous systems — the aggregate controller approach. This method is
applied to determine the optimal discrete control law to move an operating point from its initial
position with unspecified conditions to a given assorted field then maintain it in this field while it
continues to move to its equilibrium potision. The article also proposes stability conditions for the
system. The results of the example are put into a particular nonlinear system and simulated on
MATLAB to verify that the proposed method is feasible and the computed control law ensures system
stability and satisfies given optimal performance index.

bién cho trudc theo truong phai 1y thuyét méi

1. GIOITHIEU goi 1a “ The synergetics theory of control ” .Gia

Dé dap mg yéu cau ngay cang cao cua khoa sir ta co ddi tuong diéu khién :
hoc, cong nghé va thyc te san xuét, 1y thuyét
diéu khién cac hé phi tuyén lai rdi rac — lién tuc x;()= fj (X15ees X)), j=12,..,n-1

ciing phat trién khong ngimg. Nhiéu nha nghién . _
ctru 1y thuyét da tim toi va dd dua ra nhicu K (0= fn (5 )

phuong phap, nhiéu céch giai dé gidi bai toan Ta phdi tim quy luat diéu khién wu(x;,...,x,) dé
diéu khién ddi tugng dong phi tuyén. Tuy nhién
theo cac cong trinh da gong bd thi chua c6 cong
trinh nao nghién ctru tong quat dé giai mot 16p

dua d6i tuong ndy tir trang thai ban dau
(X105e-»Xp0) t61 MmOt vung da tap cho trude

cac dic tinh phi tuyen ma chi gidi cho timg bai W (x5, X, )= 0 v sau d6 ddm béo n6 tiép tuc
téan cu thé. Trong so nhimng ngudi di du dé ra chuyén dong theo y =0 t6i diém gbc toa do cua
nhiing phuong phép nghién ctru méi c¢6 nha bac khong gian trang thai
hoc ngudi Nga, truong Pai hoc Kazan, A.A. (x5 =Xop ==X, =0). Giai bai toan nay

Kolesnikov.[1]. Nha bac hoc nay da dua ra mot
phuong phap thiét k& moi : Phuong phap bét
bién hop thé thiét ké hé diéu khién phi tuyén roi
rac-lién tuc dya trén co sé cua vung da tap bat

chia lam 2 giai doan .Giai doan thir nhét 1a dam
bao chuyén dong on dinh tiém can cua diém
bieu dien dén vung da tap cho trudc va sau do la



chuyén dong doc theo ving da tap d6 dén diém
gbc toa do. Trong bai bao nay s& nghién clru ap
dung cu thé 1y thuyét nay vao bai toan thiét ké
bd diéu khién hop thé cho hé phi tuyén rdi rac
lién tuc.

2. PAT BAI TOAN
Cho h¢ phuong trinh mo ta chuyén dong cua ddi
tugng dong hoc phi tuyeén :
X1 () = f1 (¥ ey Xy )
.................................. (1)

Ta phai x4c dinh quy luat diéu khién
ulk]=u(x,....,x,)

dé dam bao dwa diém biéu dién ctia hé thong tir

mdt trang thai ban dau bat ky X(x;,.....Xu0) t6i
diém gbc toa d6 (x; = .= x, = 0). Khi d6 phai
dam bao cuc tiéu phiém ham :

o
J = [Fly.par, @
0
Trong d6 F(y,y) 1a ham kha vi lién tuc xac
dinh duong; w(x|,...,x,)- 1 bién hop thé, 1a
ham kha vi bat ky hay lién tuc timg doan .
2.Thiét ké b diéu khién
Ap dung phuong phap xip xi hoa cho phuong
trinh (1) ta ¢o :
Ax [k]= f1(x K]
.................................................... 3)
Axy (k1= [ Gey[k],....x, [K]) + bulk]
1a hé phuong trinh hé roi rac-lién tuc ban dau.
Khai trién cac dao ham ta cé :
xilk +1]-x,[k]

Axi [k]: T

4
Thay (4) vao (3) ta c6 md hinh cta d6i tugng:

= [k X KD
................................................... (5)

S+ 1= £ [k, [K]) + blulk]

Trong d6
N Ao
b' =bT

X kD = x; + Tf; (xy [k, ..o % [K],

T — budc gian doan hoa theo thoi gian.
Phiém ham (2) c6 thé viét lai nhu sau :
o0
J = Y F(ylkl,Aylk]) (6)
k=0
Chon ham F(y[k],Ay[k])c6 dang binh
phuong :
Fylk], ApTk]) = m*y *[k]+ ey (AplkD? (7)

thi phiém ham c6 dang :

7=y

Ta c6 thé viét phuong trinh Euler- Lagrange :

AFpy, (ylk], Aplk]) -
Fy, (wlk +11,Aplk +1])=0

2051+ 2 (Aplk))? ) ®)

)

Trong do6 : F, (y[k +1],Ay[k +1])1a dao ham
cua F(w[k+1],Aylk+1])theo . Thay (7)

vao (9) ta co :[hé tim duoc phuong trinh cac
duong cuc tri dan dén phi€m ham (8) :

wlk +2]- (2 + ATZ)//[k +1]+ylk]=0 (10

2
Trong d6 A= m—2 xac dinh ho cac duong cuc tri
¢
6n dinh va khong 6n dinh. Tir phuong trinh (10)
¢6 thé tim dugc ho cac duong cuc tri 6n dinh |
mo ta boi phuong trinh :

wlk +1]+ aylk]=0 (11)

a=1+05iT2 —AAT? +02522T> . Pidu
kién dé 6n dinh tiém can 1a a <1

Tir phuong trinh (11) c6 thé ac dinh vo sb cac
dinh ludt diéu khién c6 thé wu(x[k],...,x,[k]),
dam bao dua diém biéu dién tr diéu kién ban
dau bat ky téi vung da tap w[k]=0 va gitt no
trong ving d6 khi tiép tuc chuyén dong theo
w(x;[k],....x,[K])=0 d& t61 vi tri can bang
X (£ [NT1=...= x,; [NT]
khu vyc da tap wlk]=

=0. Chuyén dong theo
0sé dugc mo ta boi
phuong trinh :



Xiy [k+1]= fin (xll// (K], X(n-lyy (k]
i=12,..,n-1

(12)

Hé théng gian doan on dinh theo Kalman-
Belman thi £ bj chin theo chuan ddi v&i moi
x[k]. Diéu kién bi chin c6 thé viét :

o
mgx{zc—’_|hg(x)|}<1 voimoix (13)

1 jZIC]

n .
max{z Si

h,-j(x)|}<1 véimoix  (14)
J li=1¢5

trong do h;la cac phin tir ciia ma trin

oKD q
HA{k]] = % . Didu kién dé gi6i han "
i

theo chudn (13) va (14) cung voi diéu kién
a <1 s& dam bdo cho h¢ thong 6n dinh tiém cén

3. Vidu ap dung
Cho dbi tugng didu khién mé ta boi hé :

)'C] (t)=x12 + Xy

. (15)
xp (1) = ulk]
Ta c6 thé viét ¢ dang :
X[k +1]= x)[k]+ Txt [k] + Txp [k] 16)

X[k +1]=x,[k] + Tulk]

Theo phuong phap bét bién da gia tri thi ta dat
thém bién :

pilk1=xy[k]+ B [k]+ Boxi[k] - (17)
vatréncosd cua(ll)taco:
Xk + 11+ Boxy[k + 11+ ByxE[k + 1]+ ayxo[k]
+ a1 foxi[k]+ @y B [k]=0
(18)
Thay (18) vao (17) taco :
Bolaq +Dxi[k]+ 1+ ay + TBr)xp[k]+
+ (o By + TB)XT (k) + By (xy [K] + T [k] +
+ Ty [k])? + Tu[k]=0

Tir day ta tim duoc quy luat diéu khién u[k]

ulk]=—(ay + D fox [k]/ T — (1 +ayTBy)x,[k)/ T
— (a1 By + Por )X{ K/ T -
By (e [k] + T (k] + Txp [k /T
(19)

Trong qué trinh chuyén dong theo ving da tap
wlk]=0tacod:

xlx//[k+1]_(l_Tﬂ2 +
(1= py)xyy, [kDxy, [£]1=0
(20)

Piéu kién 6n dinh cua phuong trinh phi tuyén
bacl:

xlk +1]— f(k,x[k])x[k]=0 21)
c6 dang :
v <1—|f(k,x[k])| (22)
Ap dung v =0 vao phuong trinh (20) ta c6 :
=T, +T(1 = py)x k] <1
hay :
0<fy — (=B lk1<2/T  (23)
Khi =1 diéu kién (23) c6 dang :
0< B, <2/T
NéuT=0.01taco:
0< B, <200 (24)
Két qua mo phong trén MATLAB :
a; =-0.9
By =P =1

Hinh 1 :



xEx2y
15

o 0s 1 15 2 25 3 35 4 45 El
Time (=ec)
Hinh 1:
. = -0.9
Hinh 2 :
Br=1 Br=10

Tir Hinh 1 va Hinh 2 ta thiy khi ting hé s6
B, thi lam giam thoi gian qua do. Nhung dé
dua diém biéu dién tir trang thai ban dau dén
trang thai can bang thi tiéu tén nhiéu ning
luwgng hon.

xf, 2y
15 T

o o1 0z 03 04 0s 0 o7 05 o9 1
Time (=ec)

Hinh 2
Néu tir diéu kién (23) ta cho B, =10 thi
0< By +9x,,[k]< 200

Khi B, =1 hé théng s& 6n dinh trong ving
w[k]=0 néu v&i toa d6 x;[k] thoa min diéu
kién :

~1/9<x1,[k]<199/9

Véi B, =10 hé thong s& on dinh néu thoa méin

~10/9 < x1,[k]<199/9

Pé dam bao do nhay cua quy luat diéu khién t6i
dau cua ham toan phuong ta dat thém bién :

wolk]=xo[k1+ y1x [kl [K] + ;i [K] - (25)
Khi d6 theo (11) va (16) ta cé :
y2(l+ap)xi[k]+ A+, + ap)xp [k] +

+ (7aT + apyysignx [k [k] +

y1signy [K10e [ + T [k]+ Txp [KD)? + Tulk]
(26)

Tir day ta xac dinh quy luat diéu khién :

ulkl==y, M+ ay)x|[k]/T — A+ y,T + ay)x,[k)/ T
— (72T + ayyysigna [KDxE[k]/ T -

— yysignxy [K]Ce [k] + TeE [k + Ty [kD* /T
27)

Phuong trinh chuyén dong cua diém biéu dién
doc theo vung da tap w[k]=0 c6 dang :

Xy [k +11=(1=Try +
T(1 - yysign xy,, [K])xy,, [k]=0

biéu kién on dinh khi v = 0 dugc viét lai nhu
sau :

(28)

1= Tyy + T - yysign xy,, [k] <1
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Hinh 3: Chén dung pha ciia hé thong




4. KET LUAN

V6i phuong phap nay viée thiét ké hé¢ thdng
phi tuyén lai roi rac lién tuc s& giai quyét twong
dbi triét dé hon so véi cach giai thong thuong 1a
dung phuong.phap Liapunov truc tiép din dén
phai thoa min diéu kién :

2oV
S(xy, Xy u,1) = za—f, (X yoe Xy s U] vy )
1

i=1

oV
+W(x1a n’t)"'E<0

(29)

Viéc tim kiém nghiém 6n dinh bang cach thoa
mén bat phuong trinh (29) 1a rat kho vé mit tinh
toan . Vi vay chua c6 phuong phap tim quy luét
diéu khién 6n dinh Ug (xl, X, ) cho chung mot
16p cac d6i twong phi tuyen .Bai toan nay ngay
cang phuc tap hon néu s6 chiéu cua hé tang lén.
Mait khac viéc chon ham Liapunov thoa man cac
yéu cau (29) ciing gap nhiéu kho khian. Do vay
viéc mg dung phuong phap thiét ké bo dleu
khlen hop thé hé phi tuyén roi rac lién tyc 1a rat
can thiét va qua bao céo niy cho thiy cong viée
thiét ké da don gian hon va mang tinh téng quat
hon. H¢ thong on dinh va dap Gng cac yéu cau
chat luong dé ra.
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