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1.13 SIGNAL FLOW GRAPH 

The signal flow graph is used to represent the control systeim graphically and it was developed by 
S.J. Mason. 

A signal flow graph is a diagram that represents a set of simultaneous linear algebraic equations. B 
taking Laplace transform, the time domain differential equations governing a control system can be 
transferred to a set of algebraic equations in s-domain. The signal flow graph of the system can be 

constructed using these equations. 

It should be noted that the signal flow graph approach and the block diagram approach yield the 
same information. The advantage in signal fow graph method is that, using Mason's gain formula the 
overall gain of the system can be computed easily. This method is simpler than the tedious block diagram 

reduction techniques. 
The signal flow graph depicts the flow of signals from one point of a system to another and gives 

the relationshipsamong the signals. A signal flow graph consists of a network in which nodes are connecte
by directed branches. Each node represents a system variable and each branch connected between two 
nodes acts as a signal multiplier. Each branch has a gain or transmittance. When the signal pass through 

a branch, it gets multiplied by the gain of the branch. 

In a signal flow graph, the signal flows in onily one direction. The direction of signal flow i 
indicated by an arrow placed on the branch and the gain (multiplication factor) is indicated along the 

branch.
EXPLANATION OF TERMS USED IN SIGNAA FLOW GRAPH 

Node A node is a point representing a variable or signal. 

:A branch is directed line segment joining two nodes. The arrow on the branch 
indicates the direction of signal flow and the gain ofa branch is the transmittance

:The gain acquired by the signal when it travels from one node to another is 

called transmittance. The transmittance can be real or complex. 

Branch 

Transmittance 

Input node (Source) : It is a node that ha_ only outgoing branches. 

Output node ( Sink): It is a node that has only incoming branches. 

Mixed node :It is a node that has both incoming and outgoing branches. 
A path is a traversal of connected branches in the direction of the branch 

arrows. The path should not cro_ss a node more than once. 
Path 

Open path A open path starts at a node and ends at another node. 

Closed path : Closed path starts and ends at same node. 

Forward path 
:It is a path from an input node to an output node that does not cross any nod 

more than once. 
:It is the product of the branch transmittances (gains) of a forward path. 

:It is a closed path starting from a node and after passing through a certain pa 

of a graph arrives at same node without crossing any node more than once. 

:It is the product of the branch transmittances (gains) of a loop. 

Forward path gain 
Individual loop 

Loop gain 
Non-touching Loops : If the loops does not have a common node then they are said to be non-. 

Downloaded From: www.EasyEngineering.net touching loops 



OPERTIES OF SIGNAL FLOW GRAPH 
The basic properties of signal flow eraph are the following: 

) The algebraic equations which are used to construct signal flow graph must be in the form 

of cause and effect relationship.

i) Signal flow graph is applicable to linear systems only.

A node in the signal flow graph represents the variable or signal.

(iv) A node adds the signals of all incoming branches and transmits the sum to all outgoing
branches. 

(v) A mixed node which has both incoming and outgoing signals can be treated as an out 

node by adding an outgoing branch of unity transmittance 
(vi) A branch indicates fanctional dependence of one signal on the other. 

(vi) The signals travel along branches only in the marked direction and when it travels it gets 

multiplied by the gain or transmitance of the branch. 

(vii) The signal flow graph of system is not unique. By rearranging the systom equations diferent

types of signal flow graphs can be drawn for a given system.

SNAL FLOW GRAPH ALGEBRA
Signal flow graph for a system can be reduced to obtain the transfer fuinction of the system using 

e following rules. The guideline in developing the rules for signal flow graph algebra is that the signal at 

ode is given by sum of all incoming signals.
Rule1: Incoming signal to a node through a branch is given by the product of a signal at previous

node and the gain of the branch.

Example:

Rule 2: Cascaded branches can be combined to give a single branch whose transmittance is 

equal to the product of individual branch transmittance. 

Example:

Rule 3: Parallel branches may be represented by single branch whose transmittance is the sum 

of individual branch transmittances. 

Example:
a+b 
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ducu Beel8: 

Rule4: A mixed node can be eliminated by multiplying the transmittance of outgoing branch
(from the mixed node) to the transmittance of all incoming branches to the mixed node 

Example

C 

Rule S:A loop may be eliminated by writing equations at the input and output node and rearranging 
the equations to find the ratio of output to input. This ratio gives the gain of resultam
branch.

Example 80 ab 

1-bc 

b 
1-bc 

Proof 
Xaax +Cx3 X^ = bx2 

Put, x2 ax +Cx3 in the equation for xg. 

3 =b (ax,+x) x = abx, + bex x-bcx =ab x, %1-bc)=abx 

X2-
X 1-be 

SIGNAL FLOW GRAPH REDUCTION 
The signal flow graph of a system can be reduced either by using the rules of a signal flow graph 

algebra or by using Mason's gain formula.

For signal flow graph reduction using the rules of signal flow graph, write cquations at every nods 
and then rearrange these equations to get the ratio of output and input (transfer function). 

The signal flow graph reduction by above method will be time consuming and tedious. S.J.Maso
has developed a simple procedure to determine the transfer function of the system represented as a signa 
flow graph. He has developed a formula called by his name Mason's gain formula which can be directh

used to find the transfer function of the system.

MASON'S GAIN FORMULA 
The Mason's gain formula is used to determine the transfer function of the system from the signa 

flow graph of the system.

Let,. R($) = Input to the system 

C($) = Output of the system 

Now, Transfer function of the system, T(s) = 

R(s) 
(1.34 

Mason's gain formula states the overall gain of the system [transfer function] as follows,

Overall gain, T 2 Fxax Downloaded From : www.EasyEngineering.net 



T Ts) = Tran_fer functionof the systenm 

Px = Forward path gain of Kh forward path 

where, 

K Number of forward paths in the signal flow graph 

1-(Sum of individual loop gains) 
Sum of gain products of all possible

combinations of two non-touching loops 
Sum of gain products of all possible
combinations of three non - touching loops 

A 

Ax= Afor that part of the graph which is not touching K forward path 

DNSTRUCTING SIGNAL FLOw GRAPH FOR CONTROL SYSTEMS
A control system can be represented diagrammatically by signal flow graph. The differential equations

Dverning the system are used to construct the signal flow graph. The following procedure can be used to 
onstruct the signal flow graph of a system.

Take Laplace transform of the differential equations governing the system in order to 
convert them to algebraic equations in s-domain. 

1. 

2. The constats and variables of the s-domain equations are identified. 

3. From the working knowledge of the system, the variables are identified as input, output and 
intermediate variables.

For each variable a node is assigned in signal flow graph and constants are assigned as the 
gain or transmitance of the branches connecting the nodes.

4. 

For each equation a signal flow graph is drawn and then they are interconnected to give 
overall signal flow graph of the system.

5. 

ROCEDURE FOR CONVERTING BLOCK DIAGRAM TO SIGNAL FLOW GRAPH 
The signal flow graph and block diagram ofa system provides the same information but there is no 

andard procedure for reducing the block diagram to find the transfer function of the system. Also the 
ock diagram reduction technique will be tedious and it is difficult to choose the rule to be applied for 
mplification. Hence it will be easier if the block diagram is converted to signal flow graph and Mason's

ain formula is applied to find the transfer function. The following procedure can be used to convert
ock diagram to signal flow graph. 

1. Assume nodes at input, output, at every summing point, at every branch point and in between
cascaded blocks.

2. Draw the nodes separately as small circles and number the circlesin the order 1, 2, 3, 4,. 
etc. 

From the block diagram find the gain between each node in the main forward path and 
connect all the corresponding circles by straight line and mark the gain between the nodes. 

3. 

Draw the feed forward paths between various nodes and mark the gain of feed forward path 
along with sign. 

Draw the feedback paths between varigSMEdAEAPHJRerk AIEngsneenmwith sign. 

4. 

5. 
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