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Signal Flow
Graphs

e Signal flow graph is a graphical representation of algebraic
equations. In this chapter, let us discuss the basic
concepts related signal flow graph and also learn how to
draw signal flow graphs.
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Basic Elements of Signal Flow Graph

Signal Flow
Graphs

Nodes and branches are the basic elements of signal flow graph.
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Signal Flow
Graphs

Node is a point which represents either a variable or a signal.
There are three types of nodes input node, output node and
mixed node.
e Input Node It is a node, which has only outgoing
branches.
e Output Node It is a node, which has only incoming
branches.
e Mixed Node It is a node, which has both incoming and
outgoing branches.




18EC45

Example
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Signal Flow
Graphs

a b c
— > >—
Y1 Yz Y3 Ya

-d

The nodes present in this signal flow graph are y1, y2, y3 and
y4.

yl and y4 are the input node and output node respectively.
y2 and y3 are mixed nodes.
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Signal Flow
Graphs

Branch is a line segment which joins two nodes. It has both
gain and direction. For example, there are four branches in the
above signal flow graph. These branches have gains of a, b, ¢
and -d.
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Construction of Signal Flow Graph

Signal Flow
Graphs

Y2 = a121 + Q42Ys

Y3 = a3y2 + as3yYs

Yy = Q343

Ys = Q45Ys + A35Y3

Y6 = A56Ys5

There will be six nodes (y4, Y2, Y3, V4, ¥5 and yg) and eight branches in this signal flow
graph. The gains of the branches are a4, 833, 834, 845, 855, 842, 853 aNd A3s.
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Signal Flow
Graphs

Step 1 - Signal flow graph for 42 = @131 + aq2ys is shown in the following figure.

ajz
[ ] ] L ]
Y1 Y Y3 Ya Ys Y6
Az

Step 2 - Signal flow graph for yq = asaye + asays is shown in the following figure.

aszz
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Construction of Signal Flow Graph

Signal Flow
Graphs

Step 3 - Signal flow graph for ¥4 = agqys is shown in the following figure.

azq
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Y1 Y2 Y3 Ya Ys Ve

Step 4 - Signal flow graph for ys = agsys + azsys  is shown in the following figure.

aszs

Y1 Y2 Y3 Ya ¥s Ve
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Construction of Signal Flow Graph
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Signal Flow
Graphs

Step 5 - Signal flow graph for ys = asgYs Is shown in the following figure.

QAs56
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Step 6 — Signal flow graph of overall system 15 shown in the following figure.

azs

Az
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Signal Flow
Graphs

Mason's Gain Formula

Suppose there are N forward paths in a signal flow graph.
The gain between the input and the output nodes of a
signal flow graph is nothing but the transfer function of
the system. It can be calculated by using Masons gain
formula.

Weve seen how to reduce a complicated block diagram to
a single inputtooutput transfer function.

Masons rule provides a formula to calculate the same
overall transfer function.

Before presenting the Masons rule formula, we need to
define some terminology.
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Loop Gain

Signal Flow
Graph
Terminology

Guls)

Ris) 1 Hls) - Gafs) Xals) 1 Xfs) 1 Xds)  Ga(s)  Xsls) Ga(s) Hals)  Gals) ¥(s)
TR "

-Hs(s)

Ha(s)
-Ha(s)

Loop gain — total gain (product of individual gains) around
any path in the signal flow graph

o Beginning and ending at the same node

o Not passing through any node more than once

Here, there are three loops with the following gains:
1. —GH,

2. GyH;

3. —GzG3H2
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Forward Path Gain
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Signal Flow
Graph Gs(s)
Terminology

Ris) 1 X5} Gals) Xals) 1 Xds) 1 Xafs)  Ga8)  Xsis) Gals) Xels) Gals) ¥(s)
¢ U u
-Hyls) Hy(s)
Hals)

Forward path gain — gain along any path from the input
to the output

o Not passing through any node more than once

Here, there are two forward paths with the following
gains:

. G,G,G4G,

2. 616265
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NonTouching Loops

Signal Flow

Gs(s)
Graph
Terminology
Ris) 1 Xils)  Gafs) Xals) 1 Xds) 1 Xals)  Gals)  Hsls) Gals) Hefs) Gals) ¥(s)
TR T R
-Hs(s) Ha(s)

Non-touching loops — loops that do not have any
nodes in common

Here,
1. —G4H; does not touch G, H,
2. —G1H; does not touch —G,G3H,
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NonTouching Loop Gains

Gels)
Signal Flow
Graph

Terminology Ris) 1 Kl Gis)  Xels) 1 Xefs) 1 X(s) Gafs) x\sm Yis)
TR T R
- w
-Ha(s)
Non-touching loop gains — the product of loop gains

from non-touching loops, taken two, three, four, or
more at a time

Here, there are only two pairs of non-touching loops
L [—GyHs] - [GoH, ]
2 [=GiH;] - [-G,G3H,]
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Masons gain formula is

Mason's Gain
Formula Where.

= C(s) is the output node

= R(s) is the input node

“ Tis the transfer function or gain between R(s) and C(s)

= Pjis the il" forward path gain

A =1— (sum of all individual loop gains)
+(sum of gain produets of all possible two nontouching loops)

—(sum of gain products of all possible three nontouching loops)+. ..

A, is obtained from A by removing the loops which are touching the 1" forward path
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Example: Mason’s Gain Formula
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Consider the following signal flow graph in order to understand
the basic terminology involved here.

Mason's Gain
Formula
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Example: Mason’s Gain Formula

Path

It is a traversal of branches from one node to any other node in the direction of branch
arrows. It should not traverse any node more than once

Mason's Gain
Formula

Examples - 3o — Y3 — Yy —+ Y5 and ¥Ys — Yz — W

Forward Path

The path that exists from the input node to the output node is known as forward path

Examples- y1 =% — U3 =Y+ =¥ — ¥ and y1 =¥ =S =Y U -

Forward Path Gain

It is obtained by calculating the product of all branch gains of the forward path.

Examples - abede is the forward path gain of 1 — 1 — Y3 — Yy — UYs — U

and abge is the forward path gainof 17 — Y2 — Y3 — UYs — Us .
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Example: Mason’s Gain Formula

Loop

The path that starts from one node and ends at the same node is known as loop. Hence, it
is a closed path

Mason's Gain
Formula

Examples - 9 — 43 — ¥ and ¥y3 — Y5 — Y2

Loop Gain

It is obtained by calculating the product of all branch gains of a loop

Examples - b;

j I the loop gain of ¥ —¥y3 — Y2 and gy Iis the loop gain of

Ys =¥ — Y .

Non-touching Loops
These are the loops, which should not have any common node

Examples - The loops, y» — y3 — ¥ and yy — yYs — ¥y are non-touching
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Calculation of Transfer Function using Masons
Gain Formula

Mason's Gain
Formula

Number of forward paths, N = 2.

]

First forward pathis- @1 —¥2 — Y3 —+ Ys — Us —+ Y6 -

o

First forward path gain, p; — abede

]

Second forward pathis- 4 — Y2 — Y3 — ¥Ys — Ys

o

Second forward path gain, ps = abge .

o

Number of individual loops, L =5
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Calculation of Transfer Function using Masons
Gain Formula

, “loops are - Yl . YU =W Y2 —Us U
Mason's Gain

Formula
Y~ Ys —ys and ys —ys

“ Loopgainsare- Iy =bj, la=gh , Is=cdh , Iy=di and Is=f .

= Number of two non-touching loops = 2.

“ First non-touching loops pair is - Yo U3 Y2 . Ya > UYs Y1 .

-]

Gain product of first non-touching loops pair, 111y = bjdi

L]

Second non-touching loops pairis- y2 — Y3 —+ 42 . Ys —+ Ys -

® Gain product of second non-touching loops pairis - l1ls = bjf
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Calculation of Transfer Function using Masons

Gain Formula

Higher number of (more than two) non-touching loops are not present in this signal flow

graph.

We know,
Mason's Gain o .
Formula A =1— (sum of all individual loop gains)

+(sum of gain products of all possible two nontouching loops)

—(sum of gain products of all possible three nontouching loops)+. ..

Substitute the values in the above equation,

A =1-— (bj+ gh+cdh +di + f) + (bjdi + bjf) — (0)

= A =1—(bj+ gh+cdh +di+ f) + bjdi + bjf

There is no loop which is nen-touching to the first forward path.

So, A;=1 .

Similarly, As =1 _ Since, no loop which is non-touching to the second forward path
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Calculation of Transfer Function using Masons

Gain Formula

Substitute, N = 2 in Mason’s gain formula

o Cls) _ 2 RA

Mason's Gain R(s) A
Formula

C(S) _ PiA + P Ay

T=Rs) A

Substitute all the necessary values in the above equation

I C(s) (abede)1 + (abge)l
" R(s)  1—(bj+gh+cdh+di+ f)+bjdi + bjf
T C(s) (abcde) + (abge)

R(s) 1 (bj+gh+cdh+di+ f)+bjdi+bjf
Therefore, the transfer function is -

I C(s) (abede) + (abge)
" R(s) 1—(bj+gh+ecdh+di+ f)+bjdi+bjf




O Example 1
Using Mason’s Formula, Find the T.F. Y(s)/X(s)
Examples ) _ Fl_,_ _
ot A A/ B 1 \ 11
A L \_\/ Ll > / L b L s » ;‘r: > I
X \ \\ C P // /,4
\ S
~~— 1 -
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Example 1 Solution

P1=AB; P:=A

A=1-(-ABC-AB-4)
A=1+ABC+AB+A

Examples

A1=1: Ax=1

Pid1+ Paiha A(l+B)

T 1+ABC-AB+A

¥
X A
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Example 2

Using Mason's Formula, Find the T.F. C(s)/R(s)

Examples
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Solution Example

In this system there is only one forward path between the input R(s) and the output

C(s). The forward path gain is

Examples

P, = G,G,G,

we see that there are three individual loops. The gains of these loops are
L, = G,G,H,
Ly = ~GyGyH,y
Ly = -GGG,
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Solution Example 2

Note that since all three loops have a common branch, there are no non-touching
loops. Hence, the determinant A is given by

A=1— (L, + L+ L)
1 = GG H, + GG Hy + GGG

Examples

The cofactor A 1 of the determinant along the forward path connecting the input node
and output node is obtained from A by removing the loops that touch this path. Since
path P; touches all three loops. we obtain
Ar=1
Therefore, the overall gain between the input R(s) and the output C(s), or the closed-
loop transfer function, is given by
C(s) G.G,G,

R(s) 1 - GGH, + GGH, + GGG,
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Example 3

Using Mason's Formula. Find the T.F. C(s5)/R(s)

Examples
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Solution Example 3

Two forward Path
Four Loops
Two non-touching loops: Three

Examples

PiA + P4
A .
G,G,G,G; (1 - G) + G, GG Gy
=1 -1G,G,G, + G;G, Gy + G, Gs Gy G4 G1oGy + G5 Gg + Gi)
+ [G G, Gy Gy + G3 G4 Gy G5 Gg + G3G4 GGyl

C.
R
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Example 4

The signal flow graph of a system is shown in figure. The transfer function

Cls)
sIc>f the system is

Examples R 1 1
R(s) 1 s o s
L 3 w 3
) / 4 \ 3
! e T
6 6 s(s+2) s(s+27)
(2) (b) X (c)

§°+295+6 s7+295+6 s’ +295+6 s 42956
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Solution Example 4

Examples




18EC45

Solution Example 4

P" i ’{'M'J’-U\ao- ll’
by = T—(L\_H«b) = \-ri‘*/s—f!/s - +2

Examples

K4

cw v Llat-ﬂ—?v/s) i (S-{-L?)Q'/_‘):

B B JQ—::/:Z«) _ (;*”"*[)(‘/{v)
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Example 5

The signal flow graph for a system is given below. The transfer
function Y(s)/U(s)

Examples

1
U(s)o—>»
( )55 2465+2 { )s +4s+2
5+1
( )sz+65+2 ( ) sz+65+2
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Solution Example 5

Soln. The forward path transmittance P, = S~ x §*' = —

The forward path transmittance P, = §~! = %

Examples Alz l,AZ: 1

A=1—(—25"2-25"1—45"1—4)

(552 + 65 + 2)/S?
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Construction
of Signal flow

graph for
closed loop
control
systems

Signal flow graph from Block Diagram

R(s)

Gs)
(s)

Gis)

O
R(s)

E(s) Cls)
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Nis)
EV[S}
* 1
R(s) (s ) ! Gils) ks
N e T
» s
Construction His) 2
of Signal flow ]
graph for
closed loop
control Nis)
systems / 7
N(s)
{ | 1
‘ ct) ! o { ,

Ris) e E(5)
Gis — o o
—_— % ®_ Rish Wc‘(«) Cils)
—H(s)
!
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Construction
of Signal flow

graph for
closed loop
control
systems

Ryls)
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Construction
of Signal flow

graph for

closed loop
control
systems

Example: Signal flow graph from Block Diagram

Draw the DFG from the block diagram given below.




taECas Solution of Example:Signal flow graph from Block
Diagram

Choose the nodes to represent the variables say 1. 2. .. 5 as shown in the block

diagram above. Connect the nodes with appropriate gain along the branch. The signal

flow graph is shown below.

Construction
of Signal flow
graph for
closed loop
control
systems
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The End

of Signal flow

graph for
closed loop
control
systems
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