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CHAPTER # 4 SIGNAL FLOW GRAPH (SFG)

After completing this chapter, the students will be able to:

e Convert block diagrams to signal-flow graph,

e Find the transfer function of multiple subsystems using Mason’s rule,
1. Introduction
For complex control systems, the block diagram reduction technique is difficult. An
alternative method for determining the relationship between system variables has
been developed by Samuel Jefferson Mason (1953) and is based on a signal flow
graph. The block diagram reduction technique requires successive application of
fundamental relationships (Cascade, Parallel and/or Canonical) 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.
A signal flow graph is a diagram that consists of nodes that are connected by
branches. A node is assigned to each variable of interest in the system, and branches
are used to relate the different variables. The main advantage for using SFG is that a

straight forward procedure is available for finding the transfer function in which it is
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not necessary to move pickoff point around or to redraw the system several times as
with block diagram manipulations. Moreover, Mason’s formula has several
components that must be evaluated first.

SFG is a diagram that represents a set of simultaneous linear algebraic equations
which describe a system. Let us consider an equation, y = a x. It may be represented

graphically as,

Y
Y

2. Terminology

Gels)

Gy(s) Go(s) Gy(s)  Gyls) @ G4(5)
() {7 - L L

- -
Vis) Vis)  C(s)

Hx(s)

Node: A point that denoting a variable or a signal. (e.g. R(s), C(s), Vi(s), ...)
Branch: A unidirectional path that joining two Nodes. Relation between variables is
written next to the directional arrow. (e.g. Gi(s), G2(s), Hi(s), ...)

Forward Path: A continuous sequence of branches that can be traversed from input

node to the output node without touching any node twice.
e.g. Gi(s) Ga(s) Gs(s) Ga(s) Gs(s) G7(s) & Gi(s) Ga(s) Gs(s) Ga(s) Ge(s) G(s)
Loop: A closed path that originates at one node and terminates at the same node.
Along the loop, no node is touched twice.
e.9. G2(S)Hu(s), Ga(s)H2(s), Ga(s)Gs(S)Hs(s), Ga(s)Gs(S)Hs(s)
Non-Touching Loops: Loops with no common nodes and/or branches
e.g. G2(s)H1(S) & Ga(s)H2(s), G2(s)H1(S) & Ga(s)Gs(S)H3(S), G2(S)H1(S) & Ga(s)Ge(S)H3(s)

Input node (Source): node having only outgoing branches (e.g. R(s))
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Output node (Sink): node having only incoming branches (e.g. C(s))

Mixed node: A node that has both incoming and outgoing branches. (e.g. V2(s))
3. Construction of SFG from D.E.

SFG of a single input system can be constructed from the describing equations:

Xy = Q45X + 835X

X3 = QX + Q3 X;, +A53X%;
Xy = A Xy + 85y X3

SFG of a multi input system can be constructed from the describing equations:
Xl = a11X1 + a12X2 + Rl
Xz == a21X1 + a22X2 + Rz

Example (1):

Construct SFG of the system described by the following equations; where R is input
& C is output and X1, X2, and X3 are the system nodes.
X1 =R+ 7x; + 2x, + 5x3
X, = —6x1 + 4x, + 8x5
x3 = 3x1 — 9x, + 6x3

C=2X1+x2+3X3
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On the other hand, the signal flow graph can be given and the student is asked to

obtain the system equations.

4. SFG from Block Diagram

Cls)

Rix) Eln) 1
—»@’1 (A

|
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Example (2):

Draw the DFG from the block diagram given below.

~RI—S

I

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.

5. Mason’s Formula to Calculate Transfer Function

Where: N is the number of forward paths from input to output
Pk is the gain of the k™ path from input to output
Ax is the sub-determinant corresponds the k™ path from input to output

A is the main determinant of the control system

The main determinate (A) can be calculated as:
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A=1— Z Gain of every loop
+ Z Gain product of every 2 non touching loops
— Z Gain product of every 3 non touching loops

+ z Gain product of every 4 non touching loops — ...etc

The sub-determinate (Ak) can be calculated as:
Ap=1-— Z Gain of every loop doesn't touch the path P,

+ Z Gain product of every 2 non touching loops doesn't touch the path P,
— Z Gain product of every 3 non touching loops doesn't touch the path P,

+ Z Gain product of every 4 non touching loops doesn't touch the path P,

Example (3):
Using Mason’s formula, calculate the T.F. Y(s)/X(s)

)‘(s) 1:

Forward Paths =3
P1=G1G2G:G4GsGs ; P2 =G1G2G7Gs P3=G1G2G3G4Gs
Feedback loops

L1=—G2Ga3G4GsH2 | Lo=-GsGegH1 ; La=-GaH1; La=-G7H2G2 ;
Ls=-—GasHs ; Le =—G1G2G3G4sGsGeH3 |} L7 =-G1G2G7GsH3
Ls=-G1G2G3G5GgH>

Loop Ls does not touch loop Ls: or Loop Ls

Loop L: does not touch Loop L.
All other loops touch

A=1—-(Li+Llo+Llz+Lla+ls+Lle+L7+Lg)+(LsL7+LsLa+Lzls)

Al=Az=1,As=1-Ls=1+G4H4

Y(s) _P1+P3A>+P3
R(s) A
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Example (4):
Find the T.F. Y(s)/X(s)

Forward Paths =2

P1=G1G2G3Gs | Po=G5GsG7Gs

Feedback loops

Li=GoHy ; La=G3H3 ; L3=GeHs ; La=G7H7;
Loops L: and L: do not touch loop L; and L.
A=1-(Li+Lo+Lls+La)+(Lils+Lila+Lals+LaLls)

Ay=1-—(Lz+Lg) | Az=1-(Li+Ly)

Y(S) PiA1+PoAy  G1G2G3Ga(1-L3-L4)+Gs5GeG7Ge(1-Li1-Lo)
R(s) — A T l-(Li+lo+ls+La)y+(Lils+Liba+ Lol +Loly)

Example (5):
Using Mason's Formula, Find the T.F. Y(s)/X(s)
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Pi1=AB; P=A

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

Ar=1; Ap=1

PiA1 +PoAs Al+B)
A T 1+ABC+AB+A

Y_
¥ =

Example (6):
Using Mason's Formula, Find the T.F. C(s)/R(s)

Electrical Engineering Department
Dr. Ahmed Mustafa Hussein

1

P

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

C(s). The forward path gain is
P = GGG,

we see that there are three individual loops. The gains of these loops are

L, = -GG Hy
Ly = —G1GyGy
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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, + G,G;H; + GGG
The cofactor A | 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 P1 touches all three loops, we obtain
A1=1
Therefore, the overall gain between the input R(s) and the output C(s), or the closed-

loop transfer function, is given by
f.'r:.s_} GGG,y

R(s) 1 - GGH, + GGH, + GG,G;s

Example (7):
Using Mason's Formula, Find the T.F. C(s)/R(s)

C. PA +PA
R A
G, G,G,G4 (1 - G) + G,Gs Gy Gy
T 1-1G,G,G, + G3G,Gyg + G, G5G3 G, G1oGy + G5 Gg + Gy
+ [G, G, Gy Gy + G3 G4 Gy Gs Gg + G3 G4 Gy Gyl

Example (8):
Using Mason's Formula, Find the T.F. C(s)/R(s)
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In this system, there are three forward paths between the input R(s) and the output
C(s). The forward path gains are

.P| = Glﬁzgjn[}.’lﬂﬁ
Pg = 51656465
Py, = GGLGy
There are four individual loops, the gains of these loops are
Lt = _{?.1 Hl.
. L: = _G;;_GT Hz
Lg, = _GﬁG4G5H2
.l;.‘ = _Gz'GgG.‘_GSHz
Loop L1 does not touch loop L2; Hence, the determinant A is given by
A=1—(L, + L+ Ly+ L)+ LL;
The cofactor A1, is obtained from A by removing the loops that touch path PI.

Therefore, by removing Li, L2, L3, L4, and L1, L> from A equation, we obtain
A1=A=1

The cofactor Az is obtained by removing Lo, Ls, Ls, and L1, Lo from A Equation,
giving

As=1-L1
The closed-loop transfer function

Cis) GLG‘ZGﬁG-iGS PG GGGy + G:GJG?{I + GdHl}
R(s) 7 1 4 G,H, + G,G:H, + GsG,GsHy + GyG3GyGsHy + G H,G,GH,

Example (9):

Consider the control system whose signal flow graph is shown below. Determine the
system transfer function using Mason’s formula.
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* There are SIX Forward Paths:
P, = GG, Gg

P, = G365 Gy

Py = G,G,- G,

P, = Gacsé;s

Ps = ~G,G,-H,Gg- G

Pg = -G3GgH,G, G,

* There are THREE feedback loops:
P, =-HG,

Py =~ H,G;s

Py = G, H, Gg H,

* There are ONE combination of two-non-touching feedback loops:
=H,H,G,G;

l - G]HzcsHl + HZGS - Gl HzcsHl + H1H20465

=1-(-H,Gy) =1+ H,Gy
A2=1—(-HlG4)=l+ch4

A=A, =A =A, =1

Using Mason's Formula, the system Transfer Function is:
T PA +PA, + PA; + PA, + PBA, + PA
A

Example (10):
For the signal flow graph of a certain control system shown below, find the system
characteristic equation.

11 I Chapter Four: Signal Flow Graph Dr. Ahmed Mustafa Hussein




Benha University /:i=\ Electrical Engineering Department
Faculty of Engineering at Shubra 7~ 2 Dr. Ahmed Mustafa Hussein

-H4

The characteristic equation obtained from mason's formula is A=0

A=1 - (X alldifferent loop gains )
+ ) gain products of all combinations of 2 non-touching loops )
- (X gain products of all combinations of 3 non-touching loops )

+ Z gain products of all combinations of 4 non-touching loops )

Loop Gains Two non-touching Loops Three non-touching Loops

LiL3 = G,G4H H3
L,L, = G,G,H,H, L,L;L, = —G,G,G,HH3H,
LiLs = G,GgH,Hs LiL3Ls = —G,G4GgH H3Hs
L,L¢ = G,GyH,H, LiL3;Ls = —G,G,GoH H;H
L,L, = G3G,H,H, LiL4Lg = —G,G,GoH{H H,g
L,Ls = G3GgHyHs LyLyLe = —G3G,GoH HyHe
L,Ls = G3GoH,H, L;L,Lg = —G4G,GoH3H Hg
L3Ly = G4G7H3H,

Ls;Ls = G,GgH3Hs Four non-touching Loops

L3L6 = G4G9H3H6 L1L3L4L6 = GzG4G7GgH1H3H4H6
L4L6 = G7G9H4H6

A=1—{L;+L,+Ls+ L+ Ls+ Lg}
+{L,L3 + L{Ly + L;Ls + LyLg + +L,Ly + LyLs+ LyLg + L3L,
+ L3Le + LyLg + LyLg}
—{LyL3L, + LyL3Ls + L{L3L¢ + L{L4Lg + LoLyLg + L3LyLg}
+{L1L3L4Le} =0
Example (11):

Consider the control system whose signal flow graph is shown below. Determine the
system transfer function using Mason’s formula.
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* There are TWO Forward Paths:

P1=G1G2G3G4G5

P2=G6

* There are EIGHT feedback loops:

L1=- G2H1 L2=- G3H2

L3=- G4H3 L4=- G2H4

L5=- G3H5 L6=- G4H6

L7=- G6H7 L8=- G1G2G3G4G5H7

* There are TEN two-non-touching feedback loops:

L1L3 = G2G4H1H3 L1L6 = G2G4H1H6

L1L7 = G2G6H1H7 L2L7 = G3G6H2H7

L3L4 = G2G4H3H4 L3L7 = G4AG6H3H7

L4L6 = G2G4H4H6 LAL7 = G2G6H4H7

L5L7 = G3G6H5H7 L6L7 = GAG6HEH7

* There are EFEOUR three-non-touching feedback loops:

L1L3L7 =- G2G4G6 H1H3H7 L1L6L7 = - G2GAG6H1H6H7
L3L4L7 = - G2GAG6H3H4H7 LAL6L7 = - G2GAG6H4H6H7

A =1 + {G2H1+G3H2+G4H3+G2H4+G3H5+G4H6+G6H7+G1G2G3G4G5H7}+{
G2G4H1H3+G2G4H1H6+G2G6H1H7+G3G6H2H7+G2G4H3H4+G4G6H3H7+
G2G4H4H6+G2G6H4H7+G3G6H5H7+G4G6HEH7}+{G2G4G6H1IH3H7+
G2G4G6H1IH6H7+G2G4G6H3H4AH7+G2G4G6H4AHGHT}

Al =1

A2 =1 + {G2H1+G3H2+G4H3+G2H4+G3H5+G4H6}+{ G2G4H1H3+G2G4H1H6
+G2G4H3H4+ G2G4H4H6}
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Using Mason's Formula, the system Transfer Function is:
Y(S)
R(S)
G1G2G3G4G5 + G6{1 + {G2H1 + G3H2 + G4H3 + G2H4 + G3H5 + G4H6} + { G2G4H1H3 + G2G4H1H6 + G2G4H3H4 + G2G4H4H6}}

1y {G2H1 + G3H2 + G4H3 + G2H4 + G3H5 + G4H6 + G6H7 + G1G2G3G4G5H7} + { G2G4H1H3 + G2G4H1H6 + G2G6H1H7 + G3G6H2H7 + G2G4H3H4 +
G4G6H3H7 + G2G4H4H6 + G2G6H4H7 + G3G6H5H7 + G4G6H6H7} + {G2G4G6H1H3H7 + G2G4G6H1H6H7 + G2G4G6H3H4H7 + G2G4G6H4H6H7}

Example (12):

For the control system whose signal flow graph is shown below, using Mason’s formula,
find the system transfer function Y (s)/R(s).

Forward paths

P1= G1G2G3Ga4 P>= G1G2Gs

P3= G1G2Go P4= G6G7GsG3G4

Ps= G6G7GsGs Pe= G6G7GsGo
Feedback Loops:

L: =— GeHs L> = — GgH4

L3 =— G1G2H: Ls =— GeG7Gg H1

Ls = — G1G2 G3G4 H2 Le = — G1G2 GsH2

L7 = - G1G2 Gy H2 Ls = — GeG7 GgG3Gs H2
Lo = — G6G7 GsGs H2 L1o = — GeG7 GgGo H2
Two non-touching Feedback Loops:

LiLo = GeGgHsH4

A1= Ao= As= A4= As= As=1
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A = 1+{ GeHs+ GgHat+ G1G2 Hi+ GeG7 Gg Hit+ G1G2 G3Ga Haot G1G2 GsHat+ G1G2 Go H2 +
Ge6G7 GeG3GaHa + GeG7 GgGs Ho + GeG7 GeGo Ho}+ GeGsHsH4

R(S) A
Example (13):

For the control system whose signal flow graph is shown below, using Mason’s formula,
find the system transfer function Y (s)/R(s).

—H1

Forward Paths:

P1=G1G2G3 G4 P2 = G5 G6 G3 G4
P3=G1G2 G7 G8 P4 = G5 G6 G7 G8
P5=G9

Feedback Loops

L1=-G5H3 L2 =-G7H4
L3=-G1G2H1 L4 =-G3 G4 H2
L5=-G5G6 H1 L6 =-G7 G8 H2
L7= G9H2H1

Two non-touching Loops

L1L2=G5H3G7H4

L1L4=G5H3G3G4H2

L1L6=G5H3G7 G8H2

Al=A2=A3=A4=1

A5=1+G7H4

A=1-{L1+L2+L3+L4+L5+L6+L7} +{L1L2+L1L4+L1L6}

Using Mason's formula
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C(S) _ P1A1+ P2A2 + P3A3 + P4A4 + P5A5
R(S) A

Example (14):

For the control system whose signal flow graph is shown in Fig. 1, using Mason’s
formula, find the system transfer function.

G5

Forward paths:
P1=G1G2G3G4 P2 =G7 G6
P3=G1 G2 G6 P4 =G7 G3 G4

Feedback Loops:
L1=-G1H1 L6 = G6 H3 H4
L2=-—G2H2 L7 =G7 H1 H2
L3=—G3H3 L8 =—G1 G2 G3 G4 H6 H5 H7
L4 =-G4 H4 L9 =—G7 G6 H6 H5 H7
L5=—G5H5 L10 =— G1 G2 G6 H6 H5 H7
L11 =—G7 G3 G4 H6 H5 H7
Two non-touching feedback loops:
L1L3 =G1 G3 H1 H3 L2L5=G2 G5 H2 H5
L1L4=G1 G4 H1 H4 L3L5 =G3 G5 H3 H5
L1L5=G1 G5 H1 H5 L4L5 = G4 G5 H4 H5
L1L6=—G1G6H1H3H4 L4L7=-G4 G7H4 H1H2
L2L4 = G2 G4 H2 H4 L5 L6 =— G5 G6 H5 H3 H4
L5L7 =—G5 G7 H5 H1 H2
Three non-touching feedback loops:
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LIL3L5=-G1 G3 G5 H1 H3 H5 L1L4L5=-G1 G4 G5 H1 H4 H5
L1L5L6 = G1 G5 G6 H1 H5 H3 H4 L2L4L5 =—- G2 G4 G5 H2 H4 H5
L4L5L7 = G4 G5 G7 H4 H5 H1 H2

A=1-{L1+12+L3+L4+L5+L6+L7+L8+L9+L10+L11}+{LIL3+
L1L4 + L1L5+ L1L6 + L2L4 + L2L5 + L3L5 + L4L5 + L4L7 + L5L6 +
507} —{L1L3L5+ L1L4L5+ L1L5L6 + L2L4L5 + L4L5L7}

ALl=A2=A3=A4=1-{L5}=1+G5H5

The system transfer function is obtained by Mason’s formula as follows:

Y(S)/R(S) = { P1A1 + P2A2 + P3A3 + P4A4 } | A

Example (15):

For the control system whose signal flow graph is shown below, using Mason’s formula,
find the system transfer function Y (s)/R(s).

G7

Forward paths

P1= G1G2G3G4 Po= G1G2Gs

P3= G1G2Gy Ps= GeG7GgG3Ga

Ps= GG7GsGs Pe= GeG7GsGo

Feedback Loops:

L1 =— GsHs Lo =— GgH4

Ly =—-G1G2H: Ls=— GeG7GsgH1

Ls = — G1G2 G3G4s H2 Le = — G1G2 GsH>

L7 = - G1G2 Gy H2 Ls = — GeG7 GsG3Ga H2
Lo = — GeG7 GsGs H L1o =— GeG7 GsGo H2

Two non-touching Feedback Loops:
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Lils = GeGgH3zH4

ot

A1= Ao= A= As= As= A= 1
A = 1+{ GeHa+ GgHs+ G1G2 H1t+ GeG7 Gg H1t+ G1G2 G3Ga Hot G1G2 GsHot G1G2 GoHa +
G6G7GsG3GaHz + GeG7 GsGs Ha + GeG7 GsGo Ho}+ GsGsHzHa
Y(S)  PiA; + PyAy + Pydy + PyA, + PsAg + Pelg

Electrical Engineering Department
Dr. Ahmed Mustafa Hussein

R(S)
Example (16):

A

Using Mason's formula, find the transfer function of the control system shown below.

<

<

—H5

* There are THREE Forward Paths:

P1 = G1G2G3Gy,

P2 = G1G2Gs,

* There are ELEVEN feedback loops:

L1 =- Gy Hy;

Lz =- Gs Hg;

Ls = Gs Has Hy;

L7 = - G1G2G3G4Hs;
Lo = - GeHs;

L1 = GeHaHsHzHy;

Lo =- G2 Hy;
Ls=-Ga Hg;

Le = - G1 G2 He;
Ls = - G1G2GsHs;
Lio = - GeHaHsHs;

* There are SEVEN combination of two-non-touching feedback loops:

Lil3=G1Hi GsHs
Lils =- Gy H1 Gs Hs Hy
L2Lo = G2 H2 GeHs

Lals = Gs Hs G1 G2 Hs

Lils =G1Hi GsHy
Lols = G2 H2Gs Ha
L3lg = G3 H3 GgHs
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Al=A2=1
A3=1-[Lo+L3]=1+G2H2+ Gz Hs
A=1-{Li+Lo+Ls+ ...+ Ly} +{Lils+ Lila+ Lils + ...+ Lsle}
Using Mason's Formula, the system Transfer Function is:
Y(S)  PiA; + PA, + P3A;
R(S) A

Example (17):
Consider the control system shown below, draw the corresponding signal flow
graph, and obtain the closed—loop transfer function using Mason’s gain formula.

+

Ga(s) Ga(s) Gs(s) Ga(s)

Ha(s) Ha(s)

e
forwond path (2 paths)

= 6G,G,6,

P = GG GGy
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Example (18):
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Forward paths:

P1= ABCDEFGHIJ = 7x2x-5x-4 = 280

P, = ABCDEFIJ = 7x2x6 = 84

Ps = ABEFGHIJ = 5x-5%-4 = 100

Ps = ABEFIJ =5x6 = 30

Ps = ABGHIJ = 2x-4 = -8

Ps = ABCDIJ = 7x9 = 63

P; = ABGHCDIJ =2x9 =18

Ps = ABGHCDEFIJ = 2x2%6 = 24

Po = ABGHEFIJ = 2x-6X%6 = -72

P10 = ABEFCDIJ = 5x-3x9 = -135

P11 = ABEFGHCDIJ = 5x-5%9 = -225

P12 = ABGHEFCDIJ = 2x-6x-3x9 = 324
Loops:
L:.=CDC=-4 L, =EFE =-2
Ls=GHG =2 L; = CDEFC =2%x-3=-6
Ls = EFGHE =-5%-6 =30 Le¢=CDEFGHC =2x-5=-10

Two Non-touching Loops:

LiL>=-4x-2=8 LiLz=-4x2=-8

L: Ls =-4x30 =-120 L, L3=-2x2 =-4

LzLs=2%-6=-12

Three Non-touching Loops:

L1 Lo Ls=-4%x-2x2 =16

A=1-{-4-2+2-6+30-10} + {8-8-120-4-12} — {16} =-161

Al=1-{0}=1

A2=1-{Ls}=1-2=-1

A3=1-{Li}=1+4=5
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A4=1— {Lit+Ls} +{LiL3} =1—{-4+2}-8=-5
A5=1—-{Lit+Lo+La} +{LiL2} =1 - {-4-2-6}+8 =21
A6=1—{Lo+Ls+Ls} +{LoL3} =1 {-2+2+30}-4 = -33
AT=1-{lL2}=1+2=3

A8=1-{0}=1

A9=1-{Li}=1-{4}=5

A0=1-{Ls}=1-2=-1

Al1=1-{0}=1 A12=1-{0}=1

{280 x 14+ 84 x (—=1) + 100 X 5+ 30 X (=5) + (—8) x 21 + 63 x (—33) + 18 X 3 +
Cls) 24x1—-72%x5-135%x(—1) —225x 1+ 324 x 1}
R(s) —-161
C(s) _ —1749 — 108634
R(s) -—-161

Example (19):

Consider the control system described by the signal flow graph given below.

G G
R(s) o ;l "——6 O C(s)

Obtain the closed—loop transfer function using Mason’s gain formula.

In this system, there are three forward paths between the input R(s) and the output
C(s). There are EOUR forward path gains which are:

P1 = G1G2G3G4GsGe P2 = G1G7G4GsGe
P3 = G1G2GsGs P4 = G1G7H2GsGse
There are TWELVE individual loops, the gains of these loops are

L1 = G4H1 Lz = Gst

L3 = Gsz L4 = G7H2H5

Ls = G2G3G4Gs Hy Le = G7G4Gs Hy
L7 = Gng H4 Lg = G7Hst H4
Lo = G2G3G4Gs Hs Lio = G7G4Gs Hs
L1 = G2GgHs L2 = G7H2Gg Hs
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There are THREE pairs of non-touching loops, the gains of these loops are

LiLs = GsH1G2Hs
LiL7 = G4sH1G2GsgH4
Lil11 = G4H1G2GgH3
A= Ay=AD,=1, Ay=1-—1,

A: 1 - {Ll + -+ le} + {L1L3 + L1L7 + L1L11}

C(S) _ PyAy + PyAy + P3Az + PyA,
R(S) A

Example (20):

For the control system, whose signal flow graph is shown below, using Mason’s
formula, find the system transfer function Y (s)/R(s).

<«
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Example (21):

For the signal flow graph of a control system shown below, using Mason’s
formula, find the system transfer function and the system characteristic equation.
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* There are FOUR Forward Paths:

P1=Gy P, = G1G2G3G4
P3s = G1G2GeGs Ps=GsGs
* There are TWENTY ONE feedback loops:
Li= G1Hy; L= G2 Hy;

Ls = Gz Hs; La= GaHg;

Ls = Gs Hs; Le = Gs Hs;

L7 = GzHy; Ls = GiHs;

Lo = GeHsHs; Lio = GsHaHsH7Hs;
L1 = GgHsHsH7/H1;  Li2 = GgHaHsH2H3;
L1z = GgHaHsH2Hs;  Lisa = G7HsH4HsH7HS;
Lis = G7HsHaH3H7H1; Lis = G7HsHaH3HoH4;
L17 = G7HsHsHsH2Hs; Lis= G7HeHaH3H7Hs;
L19 = GrHeHsHsH7H1; Lao = GrHeHsH3sH2H:;
L21 = G7HsH4H3H2HEs;

* There are EIGHTEEN combination of two-non-touching feedback loops:
Lils=Gi1 Hi1 G3 Hs Lils = G1 Hi Ga Hsa
Lils = G1H1 Gs Hs Lile = G1 H1Gs He
Lilo = G1 H1 GeHa H3 LoLs = G2 Ha GaH4
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L2ols =Gz H2 Gs Hs L2ole = G2 H2Gs He
Lsls = GsHs Gs Hs Lsle = Gs H3Gs He
Lals = Gz Hsz G1 Hs Lsl7 = Gs Hs G2 Hy
Lsls = Ga Hs G1 Hs LsL7 = Gs Hs G2 Hy
LslLs = Gs Hs G1 Hs LelL7 = Gs He G2 H7
LeLs = Gs He G1 Hs LslLo = G1 Hg Gs Hsa H3

* There are EOUR combination of three-non-touching feedback loops:

Lils Ls = G1 H1 G3 H3 Gs Hs Lils Le = G1 H1 Gz H3 Gs He

LsLs Ls = Gs H3z Gs Hs G1 Hs LsLe Ls = Gs H3 Gs Hs G1 Hs
A=1-[Li+L2+...+Ls]—[Libks+ Lilsa+ ... + Lg Lo] + [ LiLsLs+ ... + LsLeLg]
Al=1-[Lo+Ls+ La+ L7+ Lo]+[LoLs+ LslLr]

A2=A3=1

Ad=1-[L2+ L3+ L]

A=1-{Li+Lo+Ls+...+La}+{Lils+Lila+ Lils+ ..+ LaLe}

Using Mason's Formula, the system Transfer Function is:

R(S) A

The characteristic equation is:
A=1-[Li+Lo+...+Lis]—[Lils+ Lila+ ... + LgLo] +[ Lilsls + ... + LaLeLg] =0

Example (22):

For the signal flow graph of a control system shown below, using Mason’s formula,

find the system transfer function and the system characteristic equation.
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There are SIX forward path gains which are:

P1 = G1G2G3Gs5Gs Go P2 = G1G2G3Gs5G7Go
P3 = GlG4GsGeG9 P4 = GlG4GsG7G9
Ps = G1G4H2GsGo Ps = G1G2GsGg

There are Fifteen individual loops, the gains of these loops are

L1 =GoH:

L, = GsH2

L3 = GsH2H:

Ls = GsHs

Ls = GsHa4

Le = G7H4

L7 = GsGsHs

Ls = GsG7Hs

Lo = G3Gs5GsHs
L1o = G3GsG7Hs
L11 = GsHs

Li2 = GgH4H3H:
Lis = GgHsH:

L1s = G4GsGeHsH1
Lis = G4GsG7HsH1

There are Ten pairs of non-touching loops, the gains of these loops are

L1L4 = G2H1 GSHS
L1L5 = G2H1 GeH4
L1L5 = G2H1 G7H4
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LiL7; = GoH1 GsGeHs
Lils = G2H1 GsG7Hs
LoLs = GsHz2 Ge Ha
LoLe = GsHz G7 H4
LsLs = GsH2H1 Gs Hs
LsLe = GaH2H1 G7H4
Lsl11 = GsHs Gs Hs

There is only ONE three non-touching loops, the gains of this loops are
Lil4l11 = GoH1 GsH3 GgHs
A1= A2= A3= A4= A5= 1
A6=1_L4:1_L4=1_65H3
A=1—{Ly + -+ Lz} + {L1Ly + LiLs + -+ LyL11} — {L1L4L11}
R(S) A
Example (23):

For the control system, whose signal flow graph is shown below, using Mason’s
formula, find the system transfer function C(s)/R(s).

Hg

There are SIX forward path gains which are:

P1 = G1G2G3G4GsGe P2 = G1G7G4GsGe

P3 = G1G7H3GsGe Ps = G1G2GsGs

Ps = G1G2G3GoGs Pe = G1G7GeGs

There are Nineteen individual loops, the gains of these loops are

L1 = Gz2H4 Lo = G3H3
Ls = GsH2 Ls = GsH1
Ls = G7HsH4 Le = GsH1H2 Hs
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L7 = GoH1 H> Ls = G2G3G4Gs Hs
Lo = G2G3G4Gs Hs L1io = G7G4Gs Hs
L11 = G7G4Gs Hs Li2 = G7H3Gs Hs
Lis = G7H3Gs Hs L1s = G2GsHs

L1s = G2GsHe L16 = G2G3GoHs
L17 = G2G3GoHe Lig = G7GoHs

L1o = G7GoHe

There are Seven pairs of non-touching loops, the gains of these loops are

Lils = GoH4aG4H2

Lils = G2HsGsH:

LiL7 = G2Ha GoH1 H2
LoL4= G3H3GsH1

LsL14= G4H2G2GgHs

LsL15= G4aH2G2GsHe

LsLs= GsH1 G7H3zH4

A= DAy=A3=As=Ag=1, A,=1-1L;,

A= 1 - {Ll + -+ ng} + {L1L3 + L1L4 + -+ L3L15}

C(S) _ PyA;y + PyAy + PaAz + PyAy + PsAs + PeAg
R(S) A

Example (24):

Consider the control system described by the signal flow graph given below. Obtain

the closed—loop transfer function using Mason’s gain formula.

There are EIVE forward path gains which are:

P1 = G1G2G3G4GsGe G7 P2 = G1G2G3G11G7
P3 = G1G2GsGoGs5GsGr Ps = G1G2GgG9GsH2G11G7
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Ps = G1G2GsG10G7

There are SIX individual loops, the gains of these loops are

L1 = GgHs

Lz = H4

Ls = G2 GsH:

Ls = G4GsH2

Ls = G2GgGoGsH2H1
Le = GsHs

There are SIX pairs of non-touching loops, the gains of these loops are

LiLs = GgH3z GaGsH>
LiLe = GgHz Gs Hs
LoLs = Hs G2 GsH1
LoLs = Ha G3GsH>
LzLe = H4 G5 H5

LsLe = G2 GaH1 Gs Hs

There is only ONE three non-touching loops, the gains of this loops are
LoLsle = Ha G2 GsH1 Gs Hs
A1= 1 - L2

Ay=1—{Ly + Le} +{L2Le}
A= A= 1
As=1—Lg—L,
A=1—{Ly+ 4L} + {LiLy + LiLg + -+ L36} — {L,LsL¢)

C(S) _ PiAy + PAy + PsAg + PyAy + PsAs
R(S) A
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Sheet 3 (Signal Flow Graph)

Problem #1
Consider the signal flow graph shown below, identify the following:

a) Input node.

b) Output node.

c) Self loop.

d) Determine the loop gains of the feedback loops.
e) Determine the path gains of the forward paths

Problem #2

For the control systems represented by block diagrams shown in figures below, Draw
the corresponding signal flow graph (SFG), then using Mason's rule to obtain the
system transfer function.

a)

R(s) g

T
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e)

Problem #3

Using Mason's Rule, find the transfer function for the following SFG's

Aqq
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