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Multiple Input System.
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Multiple-Input System
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Multi-Input Multi-Output System
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When R1 = 0,

When R2 = 0,



Associate Prof. Dr . Mohamed Ahmed Ebrahim



Associate Prof. Dr . Mohamed Ahmed Ebrahim



Associate Prof. Dr . Mohamed Ahmed Ebrahim



Associate Prof. Dr . Mohamed Ahmed Ebrahim

Cascaded system nodes

Cascaded system

signal-flow graph;

Parallel system nodes

Parallel system signal-

flow graph;

Feedback system

nodes

Feedback system

signal-flow graph
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Convert the block diagram to a signal-flow graph.
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Signal-flow graph

development:

a. signal nodes;

b. signal-flow

graph;

c. simplified

signal-flow

graph
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Loop gain “Lk”: The product of branch gains found by traversing a

path that starts at a node and ends at the same node, following the

direction of the signal flow, without passing through any other node

more than once. G2(s)H1(s), G4(s)H2(s), G4(s)G5(s)H3(s),

G4(s)G6(s)H3(s)

Forward-path gain “Pk”: The product of gains found by traversing a

path from input node to output node in the direction of signal flow.

G1(s)G2(s)G3(s)G4(s)G5(s)G7(s), G1(s)G2(s)G3(s)G4(s)G6(s)G7(s)
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Nontouching loops: loops that do not have any nodes in

common. G2(s)H1(s) does not touch G4(s)H2(s),

G4(s)G5(s)H3(s), and G4(s)G6(s)H3(s)

Nontouching-loop gain: The product of loop gains from

nontouching loops taken 2, 3,4, or more at a time.

[G2(s)H1(s)][G4(s)H2(s)], [G2(s)H1(s)][G4(s)G5(s)H3(s)],

[G2(s)H1(s)][G4(s)G6(s)H3(s)]
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The Transfer function. C(s)/ R(s), of a system represented by a signal-
flow graph is

Where

K   =  number of forward paths

Pk =  the kth forward-path gain

= 1 - loop gains + nontouching-loop gains taken 2 at a time -
nontouching-loop gains taken 3 at a time +        nontouching-loop gains taken 4 
at a time - …….

=  1 - loop gain terms that does not touch the kth forward path.

𝐺(𝑠) =
𝐶(𝑠)

𝑅(𝑠)
=
σ𝑘 𝑃𝑘Δ𝑘

Δ

  


k





Associate Prof. Dr . Mohamed Ahmed Ebrahim

Problem: Find the transfer function for the signal flow graph

Solution:

forward path 
G1(s)G2(s)G3(s)G4(s)G5(s)

Loop gains 
G2(s)H1(s),  G4(s)H2(s), G7(s)H4(s),

G2(s)G3(s)G4(s)G5(s)G7(s)G8(s)

Nontouching loops
2 at a time

G2(s)H1(s)G4(s)H2(s)

G2(s)H1(s)G7(s)H4(s)

G4(s)H2(s)G7(s)H4(s)

3 at a time G2(s)H1(s)G4(s)H2(s)G7(s)H4(s)

Now  

= 1-[G2(s)H1(s)+G4(s)H2(s)+G7(s)H4(s)+ G2(s)G3(s)G4(s)G5(s)G7(s)G8(s)] + 

[G2(s)H1(s)G4(s)H2(s) + G2(s)H1(s)G7(s)H4(s) + G4(s)H2(s)G7(s)H4(s)] –

[G2(s)H1(s)G4(s)H2(s)G7(s)H4(s)]

= 1 - G7(s)H4(s)

[G1(s)G2(s)G3(s)G4(s)G5(s)][1-G7(s)H4(s)]



1

𝐺(𝑠) =
𝑃1Δ1
Δ

=
Δ
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draw signal-flow graph for:

place nodes;

interconnect state variables and 

derivatives;

form dx1/dt ;

form dx2/dt

1 1 2 3

2 1 2 3

3 1 2 3

1 2 3

2 5 3 2

6 2 2 5

3 4 7

4 6 9

x x x x r

x x x x r

x x x x r

y x x x

= − + +

= − − + +

= − − +

= − + +
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(continued)

form dx3 /dt;

form output

Signal-Flow Graphs of State Equations
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With Our Best Wishes
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