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•• To compute transfer functions of To compute transfer functions of 
complex diagramscomplex diagrams

•• Mostly uses signal flow graphsMostly uses signal flow graphs
•• With care it can be used with block With care it can be used with block 

diagrams as welldiagrams as well
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–– Linear systemsLinear systems
–– Nodes:Nodes:

•• signalssignals
–– Branches:Branches:

•• transfer functionstransfer functions
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•• PathPath::
–– a succession of branches in the direction of a succession of branches in the direction of 

the arrows that do not pass any node more the arrows that do not pass any node more 
than oncethan once

There is 1 path fromThere is 1 path from
U to YU to Y

HH1 1 HH2 2 HH3 3 HH4 4 = = path gainpath gain
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•• LoopLoop::
–– a a closedclosed succession of branches in the succession of branches in the 

direction of the arrows that do not pass direction of the arrows that do not pass 
any node more than onceany node more than once

There are three loopsThere are three loops

--HH1 1 HH2 2 HH6 6 = = loop gainloop gain
--HH3 3 HH4 4 HH7 7 = = loop gainloop gain

--HH2 2 HH3 3 HH5 5 = = loop gainloop gain
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•• TouchingTouching::
•• Loops with one or more nodes in common are called Loops with one or more nodes in common are called 

touchingtouching. A loop and a path are touching when they . A loop and a path are touching when they 
have a common node.have a common node.

Touching loops:Touching loops:

--HH1 1 HH2 2 HH66 with with --HH2 2 HH3 3 HH55

--HH3 3 HH4 4 HH77 with with --HH2 2 HH3 3 HH55

NonNon--touching loops:touching loops:
--HH1 1 HH2 2 HH66 and and --HH3 3 HH4 4 HH77
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•• DeterminantDeterminant::
–– The determinant The determinant ∆∆ of a signal flow graph of a signal flow graph 

is: is: 

∆∆ = 1 = 1 --(sum of al loop gains)(sum of al loop gains)

+ (sum of products of gains of all possible + (sum of products of gains of all possible 
combinations of 2 noncombinations of 2 non--touching loops) touching loops) 

-- (sum of products of gains of all possible (sum of products of gains of all possible 
combinations of 3 noncombinations of 3 non--touching loops)touching loops)

+ ...+ ...
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•• CofactorCofactor::
–– The cofactor of the The cofactor of the ii--thth path, denoted path, denoted 

by by ∆∆ii, is the determinant of the signal , is the determinant of the signal 
flow graph formed by deleting all loops flow graph formed by deleting all loops 
touching path touching path ii..
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type 0type 0 type 1type 1 type 2type 2

1
1 K+step: step: rr((tt) = ) = CC 00 00

ramp: ramp: rr((tt) = ) = tt ??
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type 0type 0 type 1type 1 type 2type 2

1
1 K+step: step: rr((tt) = ) = CC 00 00

ramp: ramp: rr((tt) = ) = tt ∞∞ ...... ......
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type 0type 0 type 1type 1 type 2type 2

1
1 K+step: step: rr((tt) = ) = CC 00 00

1
K

ramp: ramp: rr((tt) = ) = tt 00∞∞

1
K

rr((tt) = ) = tt22 ∞∞ ∞∞
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•• Determine the steady state errors of Determine the steady state errors of 
the last row of the previous slidethe last row of the previous slide

•• Simulate type zero and type one Simulate type zero and type one 
systems with step inputs and ramp systems with step inputs and ramp 
inputsinputs
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