5.6 Signal-Flow Graphs of State Equations

P254 of edition 7 book
Forms:

1. Phase variable

2. Cascade

3. Parallel

4. Controller canonical
5. Observer canonical
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Phase variable

Phase 1

— x(s+3)
variable (52 + 105 + 24)

=24 -10
[3 1]x

y

define X1(s) = R(s)/(s™ + ap_18" 1 +...+ag)\
Then define Xa(s) = sX1(s), -+, Xn(s) = sXn_1(s)\
So Xi(s) = s*1X4(s)

then

R(s) = (8" + an 18" "+... +ag) X1(s)
$Xn(8) + (an-1Xn(s)+... +aeX1(s))

rearrange it

sX1(s) = Xgi1(s)
sXn(s) = —(apX1(8)+. .. +a,1X,(s)) + R(s)

Moreover
C(S) = (bm8m+. .. +b0)X1(S)
= mem+1(3)+- .. —I—boXl(S)
So
[ 0 1 0 0]
0 1 0 0
A= : B=
0 0 0 1
|—ap —a1 —a2 —Qp—1 | _1_
C - [bo bm+1 O]

and X = AX +Br,Y =CX

X+

0 -
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Cascade

1 | 1 3 [—6 1
3 3 5 5 3 X=
Cascade L ® (5+3) R(s)O) 1 ) () ) C(s) 0 -4
(s+4) (s+6) U‘(:m U)ﬁm y=[=3 1]x
-4 -6

1 S — Dk
G(S):HS—SkHS—Sk K

define X, (s) = R(s)——, here sX,,(s) = 5,X,,(s) + R(s)

S—8y,°

define Ay (s) = Agi1(s) Lt

S—S8k
moreover

Ag1(8) + s Xk(s) = sXk(s)
sXi(s) — prXi(s) = Ax(s)

SO

sX1(s) = prXi(s) + Ar(s)
= ppXk(s) + (s — sp—1) Xp—1(s)
s[Xk(s) — Xp-1(s)] = prXr(s) — sp—1Xk-1(s)


af://n85

Parallel

Parallel

-1/2
(s+4)

+ 3/2

s+6

then define X (s) = R(s) -

SO

S—Sk

sX1(8) = spXr(s) + trR(s)

Y(s) = Z Xi(s)
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Controller canonical

Controller 1

. - _ s (s+3)
canonical (s + 105 + 24)

reverse X1,...,Xpto X,, ..., X1\
So the matrix A is flipped across the main diagonal

—Qp-1
1 0
A= 0 1
0 0
cC=[0 0

and X = AX + Br,Y = CX

—ay
0
0

1

bm+1

—ayg
0
0

. [~10 =24
)

y=[1 3]x



af://n93

Observer canonical

Observer
canonical 1 +10 . 24

reverse C'(s) & R(s)\
reverse X < X\
change direction of arrows

Sohere A <= AT\

B < C™\
C < BT\
So
— - [ 0 ]
—a,-1 1 0 0 O 0
—Qn—2 1 0 O .
A= : B = )
) bm+1
—ai 0 0 1 .
| —ay O 0 0] 3
| bo |
C=[1 0 0 O

and X = AX + Br,Y =CX
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