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Block diagrams and signal flow graphs  [Ch. 2.6,2.7,2.8]

• Objective of this set of slides
• To learn how to manipulate and simplify interconnected dynamical 

systems represented by block diagrams of transfer functions.

ELEC 341
Systems and Control

Signal Flow Graphs   

• Recall DC motor with inertial and viscous load model:

This is a:

• Graphical representation of dynamic system relationships

• It consists of unidirectional, operational blocks representing transfer 
functions of components or subsystems
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Block diagrams and signal flow graphs  [Ch. 2.6,2.7,2.8]
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Closed-loop transfer function 

• To compute transfer function, 
start with the error… and follow 
the loop until back to the error 
again:

• Good practice to list signal multiplication in the order it occurs… 
because everything works for multi-input multi-output systems
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Closed-loop transfer function 

• Sometimes, we are interested in other transfer functions, e.g output 
disturbance/noise to output, or actuator disturbance to output. 
Because all blocks are linear superposition applies…
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Special block diagram manipulations 
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Special block diagram manipulations
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Special block diagram manipulations
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Signal Flow Graphs 

Node 
variable

node variable 

A branch

loop
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Signal flow graph definitions

• Input (Source) Node: Has only outgoing branches:  R(s)
• Output (Sink) Node: Has only incoming branches: C(s)
• Path: A branch or a continuous succession of branches traversed in the same 

direction from one node to another node, e.g. G5 G4 G3, ,, -H1 G2 G1, 

• Forward Path: Path connecting a source to a sink without visiting any node 
more than once: G5 G4 G6

• Loop: Closed path not visiting any node more than once: -H1 G2 ,, -H2 G4 

• Path Gain: Product of gains on path: G5 G4 G3

• Forward-path Gain: Product of gains on forward path: G5 G4 G3 G2 G1

• Loop Gain: Product of gains on a loop: -H1 G2 ,, -H2 G4 

• Non-touching Loops: Loops that have no node in common: -H1 G2 ,, -H2 G4 

• Non-touching Loops and paths : Loops and paths that have no node in 
common -H1 G2 ,, G5 G4 G6
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Mason’s Gain Formula

The gain between the input node and the output node is given by:

kkMT 


 1

......1
 , ,

 
 touchingnonpmn

pmn
touchingnonmn

mn
n

n LLLLLL

removed  path forward   touchingloops all   with

path forward 

k
th

k

th
k

Mk ΔΔ

kM





 loops) touching-non  twoof products gain possible (all

 loops) touching-non  threeof products gain possible (all

...loops) touching-nonfour  of products gain possible (all

 gains) loop possible (all1

) gain loop  ( thnLn 



6

ELEC 341
Systems and Control

Signal Flow Graphs   11

Example 1
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One loop –G(s)H(s)

One forward path G(s)

R(s) C(s)

No loops not touching the forward path
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Example 2
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Example 3

1 2 1 2 3 2 4 2 1 2 3 1 4

1 2 1 2 3 2 4 2 1 2 3 1 4

1 ( ) ( ) ( ) ( 1)

1

G G H G G H G H G G G G G

G G H G G H G H G G G G G

          
      

1 1 2 3 1

2 1 4 2

1 2 3 1 4

 th e n  1

 th e n  1

T h e n  

( )

( )

M G G G

M G G

G G G G GY s

R s

  
  








8

ELEC 341
Systems and Control

Signal Flow Graphs   15

Disturbance Response
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Feedback accelerometer design example



9

ELEC 341
Systems and Control

Signal Flow Graphs   17

ELEC 341
Systems and Control

Signal Flow Graphs   


