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From Last Time

• State-Space Representation
• Transfer Function � State-Space Representation
• Linearization
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Block Diagrams & Signal Flow Graphs

• Schematic of the system (vs. mathematical 
description)

• Visualize the flow of the various signals within a 
system

• Modular design

• System Integration
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Elements of Block Diagrams

Signals

System/
Plant

Summing 
Junctions

Pickoff Points
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Common Interconnection Topologies

Cascade Form
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Common Interconnection Topologies

Parallel Form
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Common Interconnection Topologies

Feedback Form

Positive or Negative
Feedback
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Equivalent Forms

8

Equivalent Forms
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Block Diagram Reduction – Example 1

Answer:
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Block Diagram Reduction – Example 2

Answer:
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Signal Flow Graphs

Signals

System/
Plant

Block Diagram
Equivalents Summing junction is

just a node
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Mason’s Gain Formula/Rule

• Allows signal flow graphs or block diagrams to be easily 
reduced

• Can be used INCORRECTLY!

Definitions:
• Source Node:

• A node for which signals only flow away from the node

• Sink Node:
• A node for which signals only flow towards the node

• A sink node can be created by adding a branch of gain 1.0

Example: v

1

C(s)
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Mason’s Gain Formula/Rule

Definitions (continued):
• Path:

• Continuous connection of branches in the same direction

• Loop:
• A closed path in which no node is traveled through twice

• Forward Path:
• A path that connects a source node to a sink node in which no node is 

traversed more than once

• Path Gain:
• The product of all the transfer functions in the path, G1(s)G2(s)G3(s)

• Loop Gain:
• The product of all the transfer functions in the loop

• Nontouching
• Two loops are nontouching if they have no nodes in common
• A loop and a path are nontouching if they have no nodes in common
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Mason’s Gain Formula/Rule

The transfer function from a source to a sink node

• p = number of forward paths
• Tk = kth forward-path gain
• D= 1-S individual loop gains + S nontouching-loop gains 

taken 2 at a time - S nontouching-loop gains taken 3 at a 
time + S nontouching-loop gains taken 4 at a time ...

• Dk = D - S loop gain terms in D that touch the kth forward-path 
gain

15

Mason’s Formula – Example 1

Answer:
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State Equations => Signal – Flow Graphs

• Step 1:
• Assign 1 node/state variable

• Assign 1 node/derivative of state variable, place left of state nodes

• Step 2:
• Interconnect state nodes with derivative nodes w/ weight 1/s

X3 X2 X1

X3 X2 X1
sX3 sX2 sX1

X3 X2 X1sX3 sX2 sX1

1/s 1/s 1/s
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State Equations => Signal – Flow Graphs

• Step 3:
• Use your equation to add remaining edges

X3 X2 X1sX3 sX2 sX11/s
1/s 1/s

Y

R

1

1-2

1

-3

1

-5

-3

-4
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Uniqueness of State – Space Representation

The systems are
SIMILAR
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Similarity Transformations

• Similar systems have the same transfer functions
• Transformations can be achieved WITHOUT transfer 

functions or signal flow graphs

• Given the system

• Assume,                 , then the above system can be rewritten
as

• P is the transformation matrix
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Matrix Diagonalization

Given an nxn square matrix A, A is diagonalizable if and only if 
A has n linearly independent eigenvectors.

Eigenvalues Eigenvectors


