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Lé Hai Trung

KHONG THEO CHUAN R. E. KALMAN

Tom tét: Noi dung cda bai bao trinh bay vi du cho hé ding tuyén tinh dang &t) = Bx(t) + Du(t) ma tinh

didu khién Ia khéng théa mén tiéu chudn R. E. Kalman, tuy nhién thuc té lai 1a didu khién dwoc theo [4],
[6]. Trong [5] bdng phwong phap dai bang ma tran, cac tAc gia 3bi6uH E. tO, MucpuxaHos M. LI,
Ps6ueHko B. H cling da dwa ra dwoc khang dinh vé tinh diéu khién dwoc cha hé, tuy nhién khéi lwong
tinh toan Ia rat phirc tap va kho khan. Bang cac két qua nhan dwoc theo [4, 6] trong viéc chuyén van dé
didu khién cta hé ban dau vé van dé didu khién cta hé twong duong trong khéng gian nhd hon thong
qua vai trd cla cac ham twa diéu khién ta cling nhan dwoc két qua twong tw vé&i cach tinh toan thuan

tién hon.

Twr khéa: hé dirng; tinh diéu khién duoc; tiéu chudn Kalman; ma tran; ham twa diéu khién.

1. Gidithiéu
Xét hé dimg tuyén tinh dang:
¥t) = Bx(t) + Du(t) Q)

VO X(t) = (4(t) X ). % ()
u() = (U @) Up -t )75 B =) 0n;
D = (dj)pem; t€[0.T].

V6i hé (1) thi cau hoi rat quan trong d6 chinh la
tinh diéu khién duogc cua hé [1, 4, 5, 6]. Trén co sé cua
dinh 1y 2 ta xét mot vi du dé khao sat tinh diéu khién
dugc ma khong thoa man tiéu chuin Kalman.

Dinh nghia 1 [1]. Matran: K =(D|BD]|...|B"'D)

dugc goi la ma tran didu khién cua (1).

Pinh ly 1 (Tiéu chuin Kalman [1]). Bé hé (1) la
diéu khién duwoc thi diéu kién can va di 1a:
rank(D|BD|...| B"D) =n. 2)

Bing phuong phap phan tach khong gian [4, 6] da
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chuyén dugc van dé diéu khién dugc cua (1) vé tinh
dicu khién duoc cua hé twong duong sau:

% (t) = B, X, (t) + Dyu, (1),
va ¢ duoc noi dung dinh ly sau:

Pinh ly 2 [6]. Hé (1) la diéu khién duwoc khi va chi
khiton tai pe N™ @é D 1a ma trdn toan anh.

Sau day ta s& trinh bay mot hé ma khong diéu khién
duoc theo (2) nhung lai 1a diéu khién duoc theo Binh Iy 2.

2. 'ng dung
Xét hé ding tuyén tinh sau day:
% =5X; +8X, + 3%3 + 6%, +5X5 — Xg + 2X; +6xg +5U
& =8x + 7X, + X3 +3X, +8x5 +3X; +6Xg +7U
& =T7X + 4%, + 2X3 +3X, +4Xs + TXg +4X%; +5U
% =5X; + X, +3X%3 — X, + TXg + 2%; +3Xg +9u (3)
8 = 4% + Xy + 4Xg +8X%, + 9X5 + 6Xg +5X; +5x%5 +3u
& = 4%, +9X, + Xg + 4Xy +6X5 + 2Xg + T X7 +4Xg
& = 4%, + Xy +9Xg + 5%, +8X%5 +6Xg +5X; +7Xg +9U

=X +6Xy +6X5 +8X, +4Xg +2Xg +9X; +9x%g +4U,
& day x =x (t),i =18;u=u(t), nhu thé hé (3) c6 dang (1)

vol n=8, m=1. Hé da cho viét duoc dudi dang ma tréan:
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%) (5 8 3 6 5 -1 2 6)x) (5
& |87 1 3 8 0 3 6|x]||7
| |7 42 3 4 7 40|x||5 (@
%| |5 73 10 7 23x)| |9
%) |4 14 8 9 6 5 5(x| |3
| |4 91 4 6 2 7 4|x]| |0
& |4 19 5 8 6 5 7|x/||9
%) 166 8 4 2 9 9)lx) (4

Trong [5] 3ws6ur E. O, Mucpuxanos M. III,
Psi6uenko B. H dd chung to6 hé (4) 1a khong diéu khién
duogc theo Kalman va trén co sd cia phuong phap bang
tdn ma tran cac tac gia trén di khing dinh duogc tinh
diéu khién dugc cua hé di cho. Bing phuong phap
chuyén vé& ham twa diéu khién trong khong gian “hep
hon” ta di ching t6 tinh didu khién duoc cua (4) dua
trén co s¢ cua Pinh 1y 2. Tir phuong trinh thir nhit cia
hé ta c6 duoc:

u(t) = 0.2(x&—5x, —8x, —3X, —6X, —5X, + X, —
—2X, —6X;).

Thuc hién bién d6i trong phan mém Mathematica ta
nhan duogc:

)&—Zx‘%— —Ex —Ex —gx +X +z +Ex 12
g T g T g MR TR TNy
& — &= 2%, — 4%, — X, — 3%, — X, + 8% + 2%, —6X,

)&—9&7—4 —ﬂx —Ex —@x -9X, +ﬁx —§x —§x ©)
5 Xl 5 2 5 3 5 4 5 5 6 5 7 5 '8

)&—g)&— —gx +Ex +Qx +6x, +§x +@x +Z
5 Xl 5 2 5 3 5 4 5 5 6 5 7 SXB

%g

K= 4AX 9%, + X, +4X, +6X +2X; + 7%, + 4%,

9 67 18 29 39 7. 19
)&—g)&:%xif?xz+€x37€x4—x5+€x6+fx =X
4 218 16 14 37 21

— =3 =X F X =X = X X — X,
e A e A

Thuyec hién phép d6i bién:

7 9
Y1=X2_gxi1 Yo =X =X Y =X4_gX1’

YA:X5_§X1’ y5:X61y6:X7_gX’
5 5
_ 4
Yz —Xs_gxl

ta dua duoc hé (5) vé hé phuong trinh tuong duong sau day:

21 16 27 7 1 12 469
ﬁ:_g)ﬁ_gyz_EY3+YA+gy5+gYG_Ey7_275X1
59
x%=—4y1—yz—3y3—y4+8y5+2y6—6y7—gx1
3 1259 o 44 8 39 1313
%——gyl—gyz—gya— Vet Y=g Vs~ V= % (6)

v&——gy +Ey +§y +6y +§y ﬁy +zy (11

g g St g Yt N T
21

%:9y1+y2+4y3+6y4+2y5+7y6+4y7+?xl

g 1,8 & m 7 1 7%
5Y1 5y2 5y3 Ya 5Y5 5Ya 53’7 25X1

ﬂ—_gy +§y +@y +Ey +£y +§y +@
gt g Nt st et ek

Trong hé (4) thi u=u(t) dong vai tro 1a ham diéu
khién con x =% (t),i=18 la ham trang thai vector. Khi
thuc hién qua trinh phéan tach khéng gian thi vai tro ham
diéu khién sé bi thay ddi, do d¢ tai trong nhitng khéng
gian “hep” hon - v6i y nghia la ¢& cua ma tran B, D,
s& nho dan di, thi u, =u, (t) s& duoc goi Ia cac ham tya
diéu khién con x, = x, (t) la cac ham tya trang théi. Nhu
trong hé (6) thi vai tro tya diéu khién bay gio 1a ham
X (t), con y;(t),j=17 déng vai trd la ham tya diéu
khién.

Lai tir phuong trinh thir nhat caa hé (6) ta rat X
theo cac bién con lai:

25 21 16 27 7
X1:@(—ﬁ‘—gyl—gyz—?)’fryﬁrg%
+1y —Ey)
5°° 5777

va thuc hién tinh toan trong Mathematica ta nhan dugc
hé phuong trinh tuong duong sau:
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295 1163 475 186 764
%00 = 335 V1t 260 2 Y 260 " 260 Nt
+ﬂys +@ye _@W
67 469 469
1313 8456 3076 1556 5534
%‘_ng %‘: _ﬁ Y1+T69 2 +T69y3 _T69 Ys
327 1013 507

+7 —_ —_
67 7° 169 % 169"

R A LA
67 1675 67 67 67 67
5, 5,
677" 67"

%‘+1105 P 2352 y 3067 y _4091y , 3019 y
469 335 7' 469 °° 469 7 469 7!
355 3504 776

Vet — Ve ——
67 0" 459 ¥ 69

793 20066 4226 1526 1262
%—Twﬁ:—ﬁyﬁﬁyﬁﬁﬁ—ﬁyzx
364, 48 121 7
67 % " 4697 T 269”7
R R A L
469 16757 469°° 469 °° 4697

67 °° 469 °° 469°"

Ta dua vao phép doi bién sau:

295 1313 62
Z=Y, _rﬁgyl’zz =Y; _TG9 YinZ3=Y, +67 Yir

z—y+@yz—y—7793yz—y+5762y
C75 469 TV 48970 T 4697

va chuyén duogc (7) vé hé:

475 186 764 477 879 _ 2106
=Lt L, ——— Lt —— L, —— L ————— I
469" 4697 469 ° 67 469 ° 469
&_30762 1556 5534 327 1013 507
! o469 7 67 Y 469 ° 469 °

469 469
51 40 464 - 529 . 267 55 9587552

21694676
&

110 1534 562 300 3583 621

(8)

Nhu vay tai budc thir hai nay ta nhan dugc hé diéu
khién tuong duwong v&i hé ban dau va kich ¢& cua cac
ma trén trang thai va diéu khién twong tmg B,,D, di

gidm xuong con bac sau so vdi bac tAm ban dau.

14

+ —
1099805

149194952
5499025

&_ — L — Lt —— L t—— [t —— I+t —1 +M
2697 460 2 469 67 4 469 469 5499025 °*

Thyc hién twong tw budc trén bang cach rat Y,

theo céc bién con lai va thé vao cac phuong trinh trong
hé (8) va thuc hién phép ddi bién:

37298738 16778216 4540869
h=2- 4,h=2— L, L=+ ———1,
27118345 27118345 21694676
27629193 64048227

4, =

" r11sa5 % 108473380
ta nhan dugc hé diéu khién:
Bt) = B,r(t) + D,z (t)
ma cac matran B,, D, da giam xuéng con bac nam:

. 75178208 = 250225342 133101033
27118345 1 27118345 2 27118345 °
128478623 138170877  1672187329789609
27118345 ¢ 27118345 °  735404635539025
e 22844104 = 215136336 = 94662619
27118345 ' 27118345 27118345 °
76622889 53079659 = 8333147288858671
27118345 % 27118345 °  1470809271078050
&e 03718889 = 43471328 147277679
10847338 * 5423669 21694676
170506005 ~ 28143005  19280340395579613
21694676 10847338 °  2353294833724880
_ 79359968 = 27963002 = 49373843
27118345 © 27118345 > 27118345 °
22087473 131062687 = 10102203888546584
27118345 % 27118345 °  735404635539025
190097159 58579363 29716563
K= 54236690 " 27118345 2 ' 108473380 °
708660403 215615709  54470279065436059
10847338 54236690 11766474168624400

1

2

1

2 3

4 1

&

1

1

4 5 1

Tai budc thir tur sau khi thuc hién phép bién ddi ta
nhan duoc mot hé phwong trinh vi phan cip bén dang:
B:=31.7514p, +15.7286 p, +14.6304 p, ~10.7381p, +103.079r,
& =-26.4273p, ~10.908p, —9.20705 p, +15.7639 p, ~80.8195r;
' | B =56.718p, +27.8511p, +27.7743p, - 25.9481p, +194.944r,

Bm ol T e Ll DL Py, % = 21.6213p, +10.2732p, +16.1785p, —6.39763p, +105.448k,.
&:—@z —@z +%z +§z +@z _LYBZ _4540869y Tai budc thir nam va thir sau cac hé nhan duoc
469 ' 469 ° 469 ° 67 ' 469 ° 469 ° 1099805 twong ung la:
g0, 150, 1260, 34, 4B, 121, 1IOS16772
269 21 189 2 260 2" 57 269 5t 269 % + 529008 )t & =1.424010; +2.26393q|, +7.34464¢, +12.2111p,

& =—1.89494q, +0.105191q, - 5.64019q, — 7.41559p, V&
& = -5.81600;, +1.21185q, -+ 4587260, + 0.685466 p,,

W, =1.48004w; —1.17991w, —1.9952¢,
W, =1.08477w;, +4.17497w, —6.32123q, .

Thuc hién cac phép bién dbi tuong tu trong phan
mém Mathematica tai budc tht bay ta nhan duogc
phuong trinh:
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1< 7.91315h — 28.674920093w;
véi ham gia trang thai 12 h(t) va ham twa diéu khién Ia
W, (t) . Bén day ta xac dinh duoC b, =-28.6749200930, dO

d6 theo cac két qua nhan duoc trong [4, 6] thi tinh diéu
khién duoc caa hé (4) dugc xac dinh.
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AN INVESTIGATION INTO CONTROLLABILITY OF THE LINEAR STATIONARY SYSTEM
THAT DOES NOT CONFORM TO KALMAN’S CRITERION

Abstract: The article presents an example of a linear stationary system in form of X&t) = Bx(t) + Du(t) whose controllability

does not satisfy Kalman’s criterion; however, the system is actually controllable according to [4,6]. In [5], using a band matrix, the
authors 3bibyH E. O, MucpuxaHos M. LU, PsabyeHko B. H also confirmed the controllability of the system but their calculation work
appeared to be very complex and difficult. By transferring the controllability of the system to that of an equivalent system in a smaller
space via the role of pseudo-controllability functions, following the results obtained in [4] and [6], we have also achieved the same

results with a more convenient calculation.

Key words: stationary system; controllability; Kalman'’s criterion; matrix; pseudo-controllability function.
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