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SFG and Mason’s Rule



e SFG: Signal-Flow Graph
e SFG is a directed graph
e SFG is used to model signal flow in a system

e SFG can be used to derive the transfer function
of the system by Mason’s Rule / Mason’s Gain

Formula.
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SFG terminologies

e Node e LOOp

e Edge e Self loop

e Gain e Loop Gain

e Input / Sources e Non-touching loop
e Output / Sinks

e Path

e Path gain

e Forward path

e Forward path gain

SFG and Mason’s Rule 3



SFG terminologies

e Node: variables. e.g. X1, X5, X3, X4

e Edge: directed branches. e. g. X; X,

e Gain: transmission of that branch. e.g. A,

¢ Input/Sources: nodes with out-going branches only e. g. X;
e Output/Sinks: nodes with incoming branches only e.g. X,
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SFG terminologies

e Path: successive branches without repeated nodes,
e.g8. X1 XX,
e Path gain: the gain of the path

e Forward path: path from input to output, e. g. X; X, X3 X, or
X1X2X4

e Forward path gain: gain of forward path
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SFG terminologies

e Loop / Feedback path: a closed path which originates and
terminates on the same node, e. g. X, X3 X,

o Self loop: loop with only one branch, e.g. X5X;

e Loop gain: gain along the loop

e Non-touching loop: two loops are non-touching if they do
not share any nodes nor branches
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Some SFG simplifications

e Branch in parallel: +€35-> OO

b b
e Branch in series: ™ O0—0—0O 0L~
X y Z X <
G

G
a a b
e Isolated loop: +0~ Lo >0 O30

=
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SFG Example 1

Gh( 5)

Gy(s) GH(s) Gs(s) Gals)
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H(s)
o TWO forward path. GleG3G4GSG7 & GleG3G4GGG7

o FOUF |OOpSZ GZH]_I G4H2, G4GsH3, G4GGH3

e Non-touching loops: G,H, & G,H., G,H; & G,GcHs, G,H; & G,G¢H;
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e Three forward path:

A32A43A54A65A76

Az

A42A54A65A74
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o AszAsz, AgzAzg, AsgAgs, AgsAse, AzeAs7, Az

o ApAzA3, AgsAzeAsy

o *AiAAAc s is not aloop since Xg is repeated on the path!
o A72A57A45 A34A23

o A7AG7AseAL5 AzaAys
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Mason’s Rule

. How to derive transfer function: block diagram (BD)

reduction or signal flow graph reduction.

. BD approach requires successive application of
fundamental relationships in order to derive transfer

function.

. SFG just applies one formula — Mason’s Rule
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Mason’s Rule

#forward path

: 1
Equation 7 gy — - Z P.A,
i=1
e P.=the it forward-path gain.
e A =Determinant of the system

e A =Determinant of the it" forward path

e A=1-(sum of all individual loop gains)
+ (sum of products of gains of all 2 loops that do not touch each other)

— (sum of products of gains of all possible three loops that do not touch
each other) + ...

e A, =Afor part of SFG that does not touch i-th forward path
e A =1 if no non-touching loops to the i-th path, or if taking out i-th
path breaks all the loops

SFG and Mason’s Rule 12




Example 1

R 1 1 X5 1 C
L - -— -
X1 X6
e Input: X;
e Output: Xg

e Two Forward paths: paths along X; X, X5X,XcX,
e Two Forward path gainS: P1 = G162G4 and P2 = G1G3G4_
e Loops: X,X3X, and two loops along X,X3X,X:X,

] LOOpS gainS: L1 — GlG4H1, LZ — —GleG4H2 and L3 — _G1G3G4H2
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Example 1

e A= 1 - (sum of all individual loop gains) + (sum of
products of gains of all 2 loops that do not touch each
other) — (sum of products of gains of all possible three
loops that do not touch each other)

¢ Since no non-touching loop, thus

e A =1-(sum of all individual loop gains)
o A= 1_(L1+L2+L3)

SFG and Mason’s Rule 14




Example 1

e A; = A for part of SFG that does not touch i-th forward
path (A =1 if no non-touching loops to the i-th path)

e Since no non-touching loop, thus A;=A, =1
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Example 1

. LI S S
Xy Xe
1 #forward path
TF — Z PiAi

i=1
1
= Z(PlAl + P,Aq)
1
(P, + P,)

T1— (L + Ly + L)
GGG, + G,G5G,

" 1= G1G4Hy + G1G,G,H, +Gy1 GG, H,
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e Input X;, Output Xg

e Two Forward paths:

X, X,XsXXg and X XeXcXoXg

e Two Forward paths gain:

P1 — G1G6G7G8 P2 — G1G263G4
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® LOOpS X2X3X2, X3X4X3,

’ X6X7X6

¢ Individual Loop gains:

Li; = GgHg Ly, = G;H7,

Li4 = G3H3
e Two non-touching loops:

o Ly =1L, Ly = Ly1L1s Lyz =Ly, Lyy = LiyLq4
e Three non-touching loops: no

o A=1—(Lyg +Lip+Liz+ L)+ (Lyg + Loy + Loz + Lay)
SFG and Mason’s Rule
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e A, = A for part of SFG that
does not touch i-th forward
path (A; = 1 if no non- x.¢
touching loops to the i-th
path.)

A, = A for part of SFG that does

not touch 2nd forward path

A, = A for part of SFG that does

not touch 1%t forward path

H, H
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SFGs without the i-th forward path:

For these SFGs, compute their A as:

A =1 - (sum of all individual loop gains) + (sum of products of
gains of all 2 loops that do not touch each other) — (sum of
products of gains of all possible three loops that do not touch
each other)
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Both SFGs do not have two/more non-touching loops

Ay =1—(Lyy +Ly5) Ay =1—=(Lis+ L)
—_ 1 — G6H6 — G7H7 — 1 — GZHZ — G3H3
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#forward path

B PA; + PyA,
1—(Lyg + Ly +Liz+Lyg)+ (Lyg + Loy +Lyz+ Lyy)

_ G1GeG,Gg(1 — GyHy — G3H3) + G1G2G3G4(1 — GgHg — Gy Hy)

END
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