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Lesson - 10

Signal Flow Graph
Introduction

Alternative method to block diagram representation, developed by
Samuel Jefferson Mason.

Advantage: the availability of a flow graph gain formula, also called
Mason’s gain formula.

A signal-flow graph consists of a network in which nodes are connected
by directed branches.

It depicts the flow of signals from one point of a system to another and
gives the relationships among the signals.




Fundamentals of Signal Flow
Graphs

Centurion Consider a simple equation below and draw its signal flow graph:
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The signal flow graph of the equation is shown below;

X o a oy

* Every variable in a signal flow graph is designed by a Node.

e Every transmission function in a signal flow graph is designed by a Branch.
* Branches are always unidirectional.

 The arrow in the branch denotes the direction of the signal flow.




Signal-Flow Graph Models

Y1(S) = G11(8)-Ru(s) + Gya(s)-Ra(s)

imunities...

Ya(8) = Gp1(8)-Ru(S) + Ga(s)-Ra(s)

Ggg (§)




Signal-Flow Graph Models

SciasElc inputs and x; and x; are outputs
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d11:X + dp X + 11 =X

doq1:Xp + dooXo + I = X
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Construct the signal flow graph for the following set of
simultaneous equations.

Xy=Ayx) + Ayx, Xy =Ayx, + Ayxy + Az x, xy=Agpx; + Ayx,

There are four variables in the equations (i.e., X{,X,,x3,and x,) therefore four nodes are
required to construct the signal flow graph.

Arrange these four nodes from left to right and connect them with the associated
branches.

* Another way to arrange this
graph is shown in the figure.



Terminologies

An input node or source contain only the outgoing branches. i.e., X;
An output node or sink contain only the incoming branches. i.e., X,
A path is a continuous, unidirectional succession of branches along which no node is passed more
than ones. i.e.,
X,toX,to X;to X X,;toX,to X
A forward path is alpath f‘rom t3he inp4ut node tolthe OLZJtput zode. i.e., Kz t0Xst0 %,
X, to X, to X; to X,, and X, to X, to X,, are forward paths.

A feedback path or feedback loop is a path which originates and terminates on the same node. i.e.;

X, to X; and back to X, is a feedback path.




Terminologies

A self-loop is a feedback loop consisting of a single branch. i.e.; A, is a self loop.

The gain of a branch is the transmission function of that branch.

The path gain is the product of branch gains encountered in traversing a path. i.e. the gain of forwards
path X, to X, to X;to X, is A,;A;,A,;3

The loop gain is the product of the branch gains of the loop. i.e., the loop gain of the feedback loop
from X, to X; and back to X, is A;,A,;

Two loops, paths, or loop and a path are said to be non-touching if they have no nodes in common.




onsider the signal flow graph below and identify the

following
Gﬁ'{-ﬂ
(ry(s) (ro(s) (r(5) (r4(5) (rs(s) ({5}
) O = ) ) C(s)
w Vals) Vils) Vi(s)
H(5)
H:.I_{-i}
Input node.

Output node.

Forward paths.

Feedback paths (loops).

Determine the loop gains of the feedback loops.
Determine the path gains of the forward paths.
Non-touching loops




onsider the signal flow graph below and identify the
following

(y(s) (ro(s) (r(5) (r4(s)

* There are two forward path gains;

L. G1(s5)Ga(s)Ga(s) Ga(s)Gs(s) G(s) 2. G1(5)Ga(5)G3(5)Gy4(5)Gg(5) G ()




onsider the signal flow graph below and identify the
following

Centurion * There are four loops
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1. Ga(s)H (s)

2. Ga(s)H>(s)

3. Gy(5)Gs(s)H;l(s)




onsider the signal flow graph below and identify the
following

Gﬁ{ 5}
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ching loop gains;




sider the signal flow graph below and identify the
following

nput node.

Output node.

Forward paths.

Feedback paths.

Self loop.

Determine the loop gains of the feedback loops.
Determine the path gains of the forward paths.




Input and output Nodes

nput node X,

Output node X




(c) Forward Paths

X, to X; 10 X, to X; to X to X, to X; to X

X, to X; 10 X; to Xy

X, to X; to X, 0 X, to X, to X, to X
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X; to X, 10 X;

X, to X, to X, Xs 10 X; to X;

X, to X, to X;




(d) Feedback Paths or Loops

Centurion
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X, to X, 10 X; 10 X, Xs to X, 10 X; to X,




(d) Feedback Paths or Loops

X, to X, to X, to X, to X to X,




X, to X; to X, to X, to X; to X; to X,




(e) Self Loop(s)

X, to X,




A6 A7

Ags Az Asy
Ay Ays Ay,
AgsAsq  Aaxdsadn

Ay AsyAys Az Axy
Az Agr A5 Ays Az A3




A42A54AﬁSA?E
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UNIVERSITY The block diagram reduction technique requires successive application of

zm::i"L"’”T;Z:‘.’”I'"”’”"’"'"‘“ fundamental relationships in order to arrive at the system transfer function.
Lesson - 11 On the other hand, Mason’s rule for reducing a signal-flow graph to a single
transfer function requires the application of one formula.

The formula was derived by S. J. Mason when he related the signal-flow

graph to the simultaneous equations that can be written from the graph.




Mason’s Rule:

« The transfer function, C(s)/R(s), of a system
represented by a signal-flow graph is;

es
imunities... n

Where

n = number of forward paths.

P. = the i forward-path gain.

A = Determinant of the system

A, = Determinant of the it" forward path

» Ais called the signal flow graph determinant or
characteristic function. Since A=0 is the system
characteristic equation.




Mason’s Rule:

C(S) . EIPiAi

R(s) A

of all individual loop gains) + (sum of the products of th
pf all possible two loops that do not touch each other)
f the products of the gains of all possible three loops that d
puch each other) + ... and so forth with sums of highe
per of non-touching loop gains

alue of A for the part of the block diagram that does not touc
I-th forward path (A, = 1 if there are no non-touching loops t
2 I-th path.)




Systematic approach

Cention Calculate forward path gain P;for each forward path i.

UNIVERSITY Calculate all loop transfer functions
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Consider non-touching loops 2 at a time
Consider non-touching loops 3 at a time
etc

Calculate A from steps 2,3,4 and 5

SRl em e

Calculate A, as portion of A not touching forward path i

27




Example#1: Apply Mason’s Rule to calculate the transfer function
of the system represented by following Signal Flow Graph

L E
*

¥i=

There are two forward paths:

Pl = G]_G:Gq P: = GIGJG,‘

Therefore, C B PlAl + P2A2

R A

There are three feedback loops

|—1 — GlG4H1a |—2 — —GleG4H2, |—3 — _GIG3G4H2
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o non-touching loops, therefore

A = 1- (sum of all individual loop gains)

A=1-(L, +L, +Ls)

A =1-(G,G,H, - G,G,G,H, — G,G,G,H,)
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)rward path-1
A; = 1- (sum of all individual loop gains)+...
A =1

ate forward path-2

A, = 1- (sum of all individual loop gains)+...
A =1
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Example#1: Continue

PA + PA, GGG, + G,G:G,
ﬁ 1 = G]G4 H[ + G]GzGde + GIGSGd HI

_ G\G,(G, + Gy)




Example#2

transfer function, C(s)/R(s), for the signal-flo
In figure below.

Gi(s) G(s) G3(s) Gy(s) Gs(s)
R(s) O —() —) —() —) - C(s)
Vals) Vs(s) w Vi(s)
Hy(s)

Gel(s)

G7(s)

Ve(s) Vs(s)

H y(s)




Example#2

There is only one forward Path.

Gy(s) Ga(s) G3(s) Ga(s) Gs(s)
= - = - = - = - = C(s)
Va(s) V3(s) w Vi(s)

Hj(s)

Gel(s)

G7(s)

V(}(S) VS (S‘)

H y(s)

G, ()G, (s)G, ()G, (s)G,(s)




Example#2

There are four feedback loops.

r|-||_.'.':| ﬁ:[.-.‘_l {:11 | d':_;u. | I:-.'-lcl_'. |
P 'y

imunities...

Ill:lllﬁ

Lt s

.IIII_| I:'._I

L1. G,(s5)H,(s5) L3. G,(s)H,(s5)
L2. G,(5)H,(5) L. G,(5)G5(5)G,(5)G(5)G4(5)G,(5)G(5)




Example#2

Ctin Non-touching loops taken two at a time.
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‘.I-||_.'|':| f.l-:-l:.'l'_l {:1{ ol

{igl8) (rsl%)
ﬁl--G - "H"I - "H"I. - . - "ﬁ‘_ - v
' :|.1||_1 55} W 5]

Hyl5)
L4

Ggix)

H |[.'|'_|

L1and L2: G,(5)H,(5)G,(5)H,(5s) L2and L3: G,(s)H,(s)G;(s)H,(s)
L1and L3: G,(s)H,(s)G,(5)H,(5)




Example#2

Non-touching loops taken three at a time.

imunities...

i | |_.'.'] f.l-:-l:.'l'_l {:1{ ol d'}_;l 5l iz %1
o 'y

Ill:lllli_\k

Lt (R

H |[.'|'_|

L1, L2, L3: G,(5)H(5)G,(5)H,(5)G,(5)H,(5)




Example#2

A=1-[G,(5)H,(5)+ G,(5)H,(5)
+ & (5)H, (5)+ Gy (5)G5(5)G, (5) G5 (5) G5 (5)G, (5) G (5)]
+[Gy (5)H, (5)G, (5)H, (5) + Gy (s)H, ()G (s) H, ()
+G,(s)H,(s)G; (s)H, (5)]
— Gy (5)H(5)G,(5)H,(5)G,(5)H,(5)]

Ay =1-GLi(5)H,(s)

.II.II_| I:'._l



A




Example#3: Forward Paths

A32A43A54A65A76




|—5 = A76A67
L6 = A77

|—9 — A72A57A45A34A23

Lio = A7 Ac7AseAusAsy Ao
Ly = ApAsiAos

L8 — A65A76A67
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From Block Diagram to Signal-Flow Graph Mode
Example#5

A =1+(G;G,G3G,4H3 +G,G3H, +G3G,4H;y )
Pl = GlGZGgGAr , Al - 1
G C(s) _ 516,636,

R(s) 1+G;G,G5G4H3+G,G3H, +G3G,4H;4




Example#6

C(s)
¢




Example#6
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-0}, Gy (-D];, (G (-1)-Gy-1);  [(-1)-Gp-1-(-D)];
D)-G-(-1)-Gy-1-(- 1)L, [I-Gy-1-(-1)};  [I-Gy-1-Gy-1-(-1)],
on-touching loops’ :

(DG (-D|;  [(-1)-G;-1-(-D]-[Gy-(-D)];
-G, 1-(~D][Gy (- D]




Example#6

Centurion
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Then: A=1+ 262 +4GlGZ

4 forward paths: pl=(_l),Gl.]_ Al =1+Gz
p,=(-1)-G;-(-1):Gy-1 4 =1
p3=1°62'1 A3=1+Gl
P =1-G,-1-G, -1 4, =1
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Example#6
We have

C(s) _ 2. PrAy
R(s) A
G, — G, +2G,G,

T 1 2G, +4G,G,




Example-7: Determine the transfer function C/R for the block diagram
below by signal flow graph techniques.

Hy

* The signal flow graph of the above block diagram is shown below.

* There are two forward paths. The pathlgains are

PI - GIG?GJ and 'FZ - G,‘ & > -1— Gi

L B

o} ]

* The three feedback loop gains are
P,=-GH, P, =G G H, P, = -GG, H,.

* No loops are non-touching, hence
A=1-(P,+P, +P)

* Hence the control ratio T=C/R is

* Because the loops touch the nodes of P1,
hence 4;=1
PA, + P8, GGG, + Gy + GG H, - G,G,G, H, + G,GyG, H,

* Since no loops touch the nodes of P2, A 1+G.H - G.G.H + G,G.H
therefore A, =A. s e e




Example-6: Find the control ratio C/R for the system given below.

> G4

The signal flow graph is shown in the figure.

1

L s

R
The two forward path gains are

Pl = G]GEG?‘ aﬂ.d 'PZ = GIG4

'_

L B

1 @

The five feedback loop gains are
P\, = G\GyH), Py =GG 1y, Py = —G,G56s, - touching | "
. ere are no non-touching loops, hence
Py = G, H,, and Py, = — GGy, 810oP
A=1-(P,+Py+P+Py+P)

All feedback loops touches the two forward =1+ G,G,G, — G,G, H, — G,G: H, — Gy H, + GG,

paths, hence A, =4,=1
i - C PA +PA, G,G,G; + GGy
Hence the control ratio T = E - A 1+ G,G,6, — GG, H, — G,GH, - G, H, + G,G;




Feedback characteristics of control system

In control system Ihe feedback & uged to redace the déjperence between

| the rejerence énpat and the controlied oudpadt. The€z dépperence &x caled an exvor

£n control ;?tdx‘fem oncuax&’. The reedboCk £n control zgy2tem not onlﬁ reducer the

error bul alzo reduceg tne ;zenx:“rc"uéh! Of the =ygtem to parometer varéatfong

and unwanted tntermnal and exiernad dégturbances. Tne parameter of the gyztem

moy hove o tendoncy to vory under the varcely Of chon9€n9 conclEtéons. Such

parameter varcatfonc Qffect the =qftem perjormance adversly. Hence & & necegzary

To make dhe gyxRtem cngengiiéve +o Luch parameter uvordolbong , ag far ag pogxible
The benepéccal eppedx of teedback €n jeedback gygfem are :-

1, The confrolled uaréable ocu.mqe)“ [ollowg the dexérea uvalue.

n Erred” on 1he contfrolleda varéable of external désturbance other than +haoge
azkgoccaled wcth the feedback gemgor are greally reduced.
Iy, En—ecr of varcoitan #n controller and procexx parameter (the porward podh)

v, Feedhack €n conirol gvetem grea é’mprouex the zpeed o'—&x resporse compare

to the regponge xpeed capobc‘léﬂj of the plant ¢ componente wmpoxfng s
AYygiem ( forword podh)




