ME 343 — Control Systems

Lecture 36
November 16, 2009
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Model Representation

Scalar Differential Equation

3,y 2,y e agy =b,u™ b, U s b+ by

\ Transfer Function
Y(s) b,s"+b, s""+--+bs+by

G(s) =

U@) as"+a, 5" +--+a5+a,

State Variable Representation
X = Ax+Bu

y=Cx+Du \ Transfer Function
G(s) =) _c(si—Ay'B+D

u(s)
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Model Representation: Diff. Eq. — State Space

Y(s) b,,s"t+b, " P+ +bs+b,  Y(s) X(s)

G(S) = U n n-1 -
(s) s"+a,,S" +---+asS+a, X(s) U(s)

X(s) _ 1 Y (s)

= , =b " +b, 8" +---+bs+b
UGs) s"+a " +---+as+a, X(s) "2 b +h,

Choosing  x, =x"Y,x, =x"? _x  =x¥ x =x
- a, —a, Ty _ao_ —1—
1 0 -« 0 0 0
A=l 0 1 - 0 0 |B=l0|C=[b, b, - b b]D=0
. 0
] 0 0 1 0 | _0_ Controller Form
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Model Representation: Diff. Eq. — State Space
Y(s) _ b8 +b, 8"+ +his+by
U(s) s"+a, s+ +as+a,
(s“ +a _S"" 4+ +as +ao)Y(s) = (bn_ls”‘1 +b, 8" +---+bs +b0)J (s)
Y(s)=s"(b, U(s)—a,,Y(s))+s?(b,_U(s)—a,,Y(s))+:-
+57(bU (s)-aY (s))+57" (U () -2, (5))

G(s)=

Choosing X, =y"™¥ x, =y"? . x_,=yYx =y
00 - 0 -a ] [b]
10 - 0 -a
A=l0 1 - 0 : |B=| : |C=[0 0 -~ 0 1}D=0
' "2 " Observer Form
00 - 1 -a,| b, |
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Model Representation: Diff. Eq. — State Space

Y(s) b .s"'+b .s"?+..-+hs+h k k
G(S): ( ) — n—ln n—r]271 bl 0 _ 1 4t n
U (s) s"+a,,S" +---+aS+a, S+p, S+ p,
Choosing )'(i =—p;X +U n
y:zyi
Y =kiX i1
-p, 0O - O o1 [1]
0 -p, =~ O 0 1
A=l 0 0 . 0 0 [|B=|1|,C=[k, k, - k., kD=0
! _pn—l 0 1
| 0 0 0 -p, 1] Modal Form
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