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Mason’s Rule (Mason, 1953)

« The block diagram reduction technique requires successive application of fundamental
relationships in order to arrive at the system transfer function.

* 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 Gain Formula:

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

n
c(s) - EiPiAi Where,

R(s) A

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. 2
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C(S) . ié PiAi

R(s) A

« A =1- (sum of all individual loop gains) + (sum of the products of the gains of all
possible two loops that do not touch each other) — (sum of the products of the gains of all
possible three loops that do not touch each other) + ... and so forth with sums of higher
number of non-touching loop gains.

« A; = value of A for the part of the block diagram that does not touch the i-th forward path
(A; = 1 if there are no non-touching loops to the i-th path.)

Systematic approach for problems:

Calculate forward path gain P, for each forward path i.
Calculate all loop transfer functions

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

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

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

L
(=1
e

| I

Solution:

There are two forward paths,
Therefore, C PRA+PRA,
‘Pl = G]_G:Gq Pz = 616364 R - A

There are three feedback loops
L, =G,G,H,, L, =-G,G,G,H,, L3 =-GG;G,H,

There are no non-touching loops, therefore

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

Shadab. A. Siddique Maj. G. S. Tripathi



Example#1: Continue

PA, + PA, G,G,G, + GGG,
& 1 = G]G‘t H[ + G]GEGH-HI + GIGSG&I HI
_ G\Gi(G, + G;)

C
R

Example#2: Apply Mason’s Rule to calculate the transfer function of the system
represented by following Signal Flow Graph

Solution:

1. Calculate forward path gains for each forward path.
P =G G,G;G, (path 1) and P, =G;G,G,G; (path 2)

2. Calculate all loop gains. L, =G,H,, L, =H;G;, L,=G.H,, L,=G,H,
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Example#2: Continue

3. Consider two non-touching loops.
L,L; L,L,
L,L, L,L,
4. Consider three non-touching loops: None.
5. Calculate A from steps 2,3,4
A=1—(L, +L, +Ly+L,)+( s+, +L,Ls+L,L,)
(GL,H,GHy; + G, H,G H, + H;G,GH, + H,G,G,H )

Eliminate forward path-1 Eliminate forward path-2

Ay =1—(Ls +Ly) Az =1-(L + o)

Ay =1—(GgHg +G,H-) Ay =1—(GoH, +G;3H3)
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Example#2: Continue

Y(s) PRPA, +P,A,

R(s) A
Y(s) _ G,G,G;G, [1 _(G6H6 +G7H7)]+GSG6G7GS [1_(GzH2 +G3H3)]
R(s) 1-(G,H, +H3G; +GcH, +G,H, )+(G,H,GcH¢ + G,H,G H, + HyG,GH + H,G,G,H, )

Example#3: Find the transfer function, C(s)/R(s), for the signal-flow graph in

figure below.
: Gi(s) _ Gas) Gy Gus) Gs)

R( - - - o o
() O Va(s) w V1(s)

Va(s)
H>(s)

C(s)

Ge(s)

G7(s)

Ve(s) Vs(s)

H 4(s)

Solution:
» There is only one forward Path

P = G,(s)G,(3)G;(s)G,(s)G(s)
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Example#3: Continue

There are four feedback loops.
LT . i8] — Crql s — LIE - Crcl®]

Hyis)
L1. G,(s)H (s5) L3. GL(5)H,(5)
L2 G,(5)H,(s) Ld. G, (5)G;(5)G,(5)G;(5)G:(5)G,(5)Gg(5)

Non-touching loops taken two at a time.

L1and L2: G,(5)H,(s)G,(s)H,(s) L2andL3: G,(s)H,(s)G,(5)H,(s)
L1and L3: G,(5)H,(s)G,(s)H,(s)

* Non-touching loops taken three at a time.
L1, L2 L3 G,(s5)H,(5)G,(5)H,(5)G,(s5)H,(5)
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Example#3: Continue

A=1-[G,(5)H,(5)+ G,(5)H,(5)
+ G (5)H, (5) + Gy (5) G5 (5) G, (5) G5 (5) Gy (5) G, (5) Gy (5)]
+[Gy (5)H, (5)G, (5)H, (5) + Gy (s)H, ()G (s) H, ()
+ G, (5)H,(5)Gy(5)H, (5)]
=[Gy (5)H\(5)Gy(5)H,y(5)G,(5) H  (5)]

« Eliminate forward path-1

A, =1-G,(s)H,(s)

H4(s)
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Example#5: From Block Diagram to Signal-Flow Graph Models

H, |e———
R(s E(s) X4 \ — X C(s)
) @ >G1 —T—Gz >®XD|G3 3>G4 e
—_ 2

R(s)
O
A =1+ (G,G,G3G,H3z +G,G3H, +G3G,H,) (o) 5.1G,GaGs
=) G = ]
Pl =Gl(326364; Al =1 R(S) l+Glenge4H3 +6263H2 +GgG4H1
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Example#4: Find the control ratio C/R for the system given below.

—— G‘

Solution:

The signal flow graph is shown in
the figure.

L B
'_

R

ol |

* The two forward path gains
are P, =G,G,G, and P,=G,G,

» The five feedback loop gains
are P, =G\G H,, Py =G,GH,, Py = -GGGy,

Py =G Hy, and Ps; = — GGy « There are no non-touching loops,
» All feedback loops touches the two hence
forward paths, hence A, =a,=1 A=1-(P,+Py+P+Py+P)

. =1+ 6G,G,G. — G,.G,H, — G,G:H, — G, H, + GG,
e Hence the control ratio et At S

C PA+PA, G,G.G; + GG,

R A 1+G,G,0x— GGy H, — GGy Hy - Gy H, + GGy mpll

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

- Xl_> G1 .Y1
v+ C(s)
y X
:. 2 GZ 9
A Yz
Solution:
R(s
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Example#6: Continue

7 loops:
[G;- (- D] (G2 (= D]I; (G- (—1)-G;-1]; l((—=1)-G;-1-(—-D];
I((—D)-Gy-(—1D-G-1-(—D]; [1-Gz-1-(—-1D)]; [1-Gz-1-Gy-1-(—1)].

3 ‘2 non-touching loops’ :
(G- (—D]- G- (—D]; [(—1)-G;-1-(—D]-[G;-(—DI;
[1-G>-1-(—D]-1Gy-(—D].
Then: A=1+2G, +4G,G,
4 forward paths: Pp1=(—-1)-G;-1 4, =1+G,
P, =(—1)-G,-(—=1)-G,-1 A, =1

p3=1'62°1 A3=1+Gl
p4=1°62°1°Gl’1 A4=l

We have C(s) _ > Pl
R(s) A
G, — G, +2G,G,
1+2G, +4G,G,
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