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HANDCUT #3

Given the simulation diagram in Fig.l, construct the
corresponding state model.
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Fig.l.
For input-output relationship
yff/+5yf/+r7y/+3y2x/+zx

form the observable, controllable and parallel state
models and draw all three simulation diagrams.

Given the multi-inpui multi-ocutput system




Vi r3y, 2V, =u t2U,
5}2+4Y1+3Y223u2+u1

find a state model that correspends to it.

Write state eguations for the circpit in Fig.2.
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Fig.2.

Write state equations for the circuit in Fig.3.
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The states are already indicated in the block diagram, so
we can write out the appropriate relationships directly.
We have: I .

X, =X, x,;m—3xi+{<:5
X,=u Xe=-3Xz+U

YEE Xy T8y Xy~ 83X T ARy T A Xt 8 X

In matrix form, the state model can be written as:



01 0 0 o o 0]
X, 00 0 0 0 0o [|% 1
X _ 003 1 0 0 |% . |0 ;
z, 00 0-3 1 o |x 0
% 00 0 0=3 0f |x 1
2] 00 0 0 01 | 1]

tox

y:{al -a, ~a, -a, -a. as]

We are given I1/0 relationship:

v Byl ple3y=x/e2x

By the notation we usad before, ws have
a,=3 ; &, =7 ; a,=5
and
Bo=2 ; Pi=1 ;  P,=0

OBSERVABLE FORM

1 -5 10} |% 0
Xi = |-7 0 1] |{X] + (1|l u
X5 -3 0 0] |x, 2

y=[1 0 O] X

We write the above representatlion directly, simply
substituting values for a; and f; (i=0,1,2). The
corresponding simulation diagram is:
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b) CONTROLLABLE FORM
X g 1 ¢ Xy
X2 = 0 a 1 Xz
;?:3 -3 -7 -5 X5

yz[z 1 0] ,,;g

!

The simulation diag‘ram will be:




c) PARALLEL FORM

For this form, we first need the transfer function.
Irn this case, taking the Laplace transform, we obtain

(83+582+78+3) ¥(38) =(s+2) X(5)
Therefore,

(8} _ S+2

After factoring the denominator, we have:

G(s) = £2
(s+1)2(5+3)

Applyving partial fraction expansion, this becomes:

1 1

Y L 1
4

: 2 4
G(sg) = + -
f ) S+l (g+1)2 s+3

We can now write the state model directly as:

Xy -1 1 o] [* 0
X, = 0 -1 0} |X] + |1} u
X, 0 0 -3 X, 1
<
J1 1 1
y[z; 2 4}*

The corresponding simulation diagram is:



1/4

We are given

V37, t2Y,=U, t2U,
Vo #d Y, +3¥,=3U,+U,
which 1s a multi-input, multi-oubpub system. As we

normally do in sudh;cases, with each output we will
assoclate state variables asgs:

X173 X352
=Y KTV

[

The state variables are now related as follows:

X =Y =X
X, =P, =3y, "2y, +U, +2U,=~3X,~2X, +U, +2U,

Xy =Y =X,

X,=V,5 -4y, -3Y,+3U,+ U, 74X, -3X, +3U,tU,




Consequently, the state model is:

X 0 1 00 00
Lio_ 03200 (B 12| |w
Xy 0 0 01 |x 00 u,
X%, 0 -4 -3 0 X, 13
Xl
yl B 10 O O XZ
v, 0010} |x
X4
Rz L

[
In order to write the state equations for the above
circuit, we will first recall that in any circult the
state wvariables are always the inductor currents and
capacitor voltages. Since these quantities are related by
Kirchoff’s laws, we need to write the appropriate current
and voltage law equations. We have:

KCL: i.=1

KVL: Vi, =€g~ Ve, "V =€, Ryd; ~V,



kRecalling that

L 4 v,-1,2n
'1(.'4_ 4 dt ary Lam 3 dt
we have:
av,
4 = 7
C@ dt 14’;3
L dlL3=e ~R,i, -V,
3 dt g 2 Ly Cy
The state model is now:
dve, 0 * 0
dt Cy Ve,
C o= 2l | v | Lleg
di,, 2 R | I,
dt Ly L,

(The output eguation is not specified.)




Now we are getting a bit more fancy. Following what we
said earlier, the state wvariables here are the two
capacitor voltages. The appropriate current and voltage
law equations are given below. To simplify the notation,
the currents and voltages are numbered consistently with
the element they represent {eg. V;=Vy). Note also that
here V;=e,. We have
KCL: 1)y  1,+1i,-1,=0

2)  dgtiy-ig=0

KVL:  3)  V,+V,~V,=0
4) V-V, +V,=0

5} V-V, +V -V,=0

From ecquation 5) =

Vy=Vg+V,-e,
From eguation 4) =
Vs=e,~Vq
From equation 3} =
: Vy=e Vv,

Consequently, V,, Vi and V, are now all expressed in terms
of state variables and the input e,. Observing that

b d

i R3 ) R2 RB

adv4£~l+}“VlV6+(l+le
C4R2 C4R3 g



and

. ( 1, 1 ) .1 ( 1, 1 )

v, CR, C,R, CyR, v, C,R, C,R,
. = + e
Vs L (e Vs..(1+1)g

C.R, CyRs CiRy/ C,Ry (4R,

As in the previocus problem, the ocutput was not specified.
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