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Lecture - 10
Defuzzification techniques (Part - 1) (Contd.)

We are discussing about defuzzification technique. Defuzzification technique is required
in order to find a crisp value for whether it is a fuzzy set or it is a fuzzy relation or it is a
fuzzy rule. So, in the last lecture we have studied lambda curve method to find a crisp
value for a fuzzy set and fuzzy relation fuzzy rule. And also we have discussed about
how a fuzzy rule can be graphically displayed and there are certain graphical way to find
the output of the fuzzy rule. And then today we will discuss about if a fuzzy rule is

portrayed in the form a graph, then how we can obtain the corresponding crisp value .
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Defuzzification Methods

Following defuzzification methods are known to calculate crisp output in the situations
as discussed in the last lecture.
1. Maxima Methods

a) Height method

b) First of maxima (FoM)
¢) Last of maxima (LoM)
d) Mean of maxima(MoM)

2. Centroid methods

a) Centre of gravity method (CoG)
b) Centre of sum method (CoS)
¢) Centre of area method (CoA)

3. Weighted average method
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The additional advantage is that by proper choice of the aromatic group, fuzzifiaction
defuzzification technique there are many methods other than the lambda curve method
that we have discussed. So, all the method can be categorised in to three broad

categories.



They are maxima methods, centroid methods and weighted average method. So, so for
the maxima methods are concerned, there are again many methods like height method,
first of maxima, last of maxima and mean of maxima method. Again so for the centroid
method is concerned, there are three popular methods; centre of gravity method, centre
of sum method and centre of area method weighted average method is only one
approach. Now although we will discussed in the form of a graph, but actually the all
methods belongs to this categories can be obtained is in numerically also. So, you will
get an idea about how numerically the methods can be applied, but we will initially learn
the graphical oh approach and then I will give an idea about the how the numerically the

same thing can be obtained.

(Refer Slide Time: 02:24)
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Maxima methods

1. Maxima Methods
a) Height method
b) First of maxima (FoM)
¢) Last of maxima (LoM)

d) Mean of maxima(MoM)
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So, let us first discuss about the maxima method. As I told you belong to this method
there are four different approaches; one is height method, first of maxima method, last of

maxima method and mean of maxima method.
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Maxima method : High’r e’rhod

This method is based on Max-membership principle, and defined as follows.
He(x") 2 pe(x)forallx € X
—— e ————

Xt

X =
Note:

1. Here, x"is the height of the output fuzzy set C.
2. This method is applicable when height is unique.
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So, let us first discuss about the first method the height method. So, these slides show

how the height method will look like this; this method in fact, based on the max
membership principle. So, max membership principles can be expressed within this
expression. So, it basically find what is the maximum values of membership for an
element and the element which has the maximum value it becomes a crisp value for that.
As an example, suppose this is the one graphical display of the fuzzy sets and if we see
for the different elements. So, there is an element x star for which the membership value

is high.

So, this means the crisp value for this set will be x star. So, here in fact, you can see x
star having the highest membership value is become the height of the fuzzy set. So
obviously, we can observe that this method is applicable only when a unique height is
applicable. So, if there are more than one height. So, we have to follow some other

method.



(Refer Slide Time: 04:12)

‘EPR L QEL L O

]Maxima method : FOM

FoM: First of Maxima : x* = min(x|C (x) = max,, C{w})
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So, method is basically the first method in this line is called the first of maxima method.
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It is the method by which if we have more than one values having the highest
membership values, then we have to take that a element which first highest value. So,
again if we draw this graph, you can see within this portion, it has the highest

membership value is this one.

So, the first element this is the x star which has the highest membership is become the
crisp value. So, in this case the crisp value will be obtained here for this fuzzy set. So,
this is the first maxima method and this method can be mathematically expressed this
one. Now let us consider another method it is called the last of maxima, it is just opposite
to the previous method. So, in this method the element this is the largest element which

has the highest values of membership value.
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]Maxima method : LoM

LoM: Last of Maxima : x* = max(x|C(x) = max,,C{w})
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So, for example, again the same graph if you see. So, here the these are the different
elements which has the highest value and the largest elements this one. So, these become

the crisp value for this fuzzy set.

Now, one thing we can note that different method if we follow, so far we have discussed
about the height method. Height method and faster maxima method is basically same if it
is a unique anyway. So, all the methods if we follow they give the different result for the
same input in fact. So, this means that result can vary from one approach to another, but

all results are acceptable.
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Maxima method : MoM

o/

where, M = {x;|u(xt ) = h(C)} where h(C) is the height of the fuzzy set C
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Now so this is the another method is called the mean of maxima method. So, in this case

if we have more than one element having the highest value of their maxima then which
will be the as crisp value. So, it basically takes the average of all the values that is their
for which the height is more than 1. So, as an example this is basically expressed in this
form where M; M is the set of all elements which has the membership value its same as
the height of the fuzzy set. And then for all element x i that is M, we have to take the

summation.

So, it basically this way we can take the mean of the maximum. Here M is basically size
of the set n which has the membership value same as the height of the fuzzy set. So, this
is a simple formula although it can be displaying the graph, but in the numerically if we
have a fuzzy set and then we can use this expression to calculate the crisp value where x

star is the crisp value for the fuzzy set.
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MoM : Example 1

Suppose, a fuzzy set Young is defined as follows:
Young = {(1\5}{5), (2008),(2398), (30,0.5)&5%)}\/

Then the crisp value of Young using MoM method is

. 20425

2

Thus, a person of 22.5 years old is treated as young!

—— e —

X
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I would like to give some examples so, for the min or maxima is concern one example.

Let us consider this is the fuzzy set, and if we follow the first of maxima method then
this is the crisp value. If we follow the last of maxima method then this is the crisp value.
And if we follow the mean of maxima method, then we see in these sets these are the 2
element which have the highest heights or have the membership values same as the
height. So, taking the average of the 2 values and we can use we can get it that this is the
crisp value for this fuzzy set. So, a fuzzy set is like this then the crisp value for this fuzzy
set can be obtain as 22.5. For example, if this fuzzy set denotes the young as a fuzzy set

then the person of the year 22.5 years old is treated as young.

So, for the crisp value is concerned, but according to the fuzzy 15 is also young 35 is

also young 20 is also young 25, but according to the crisp the 22.5 is the young.
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MoM : Example 2

What is the crisp value of the fuzzy set using MoM in the following case?

Lt /o
x'== )

e
Note:

* Thus, MoM is also synonymous to middle of maxima.
* MoM is also a general method of Height.
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Now this is the another example, here if it is basically if you see the is a is a continuous

sets right. So, these are the so many values which belongs to this are basically having the
membership value same as the height. Then the average of this according to the mean of
the method can be obtain as a plus b by 2. So, this is the a and b and this is basically
average of all the values which belongs to in this range, then this is the crisp value. So,
crisp value. So, crisp value in this case if we say that this is the a and this is b then crisp

value.

That can be obtained as in the min of the method is this one. Now here actually this
becomes a middle of maxima; because a plus b by 2 is basically middle of this one. So,
sometimes min of max also it is called the middle of maxima method and in fact, this is
the one method it is a generalise a generalised method, far the maxima method is

concerned.



(Refer Slide Time: 10:06)

‘PP e QHs e BN

Centroid methods

2, Centroid methods
a) Centre of gravity method (CoG)
b) Centre of sum method (CoS)

¢) Centre of area method (CoA)
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Now, let us discuss about the another approach it is called the centroid methods. Belong
to this category there are methods centre of gravity method, centre of sum methods and
centre of area methods, we will discuss each method one by one this method; however,
compared to maxima method is computationally much expensive; however, it gives more

result better result than the maxima method .
Now, first we will discuss about centre of gravity method.

(Refer Slide Time: 10:40)
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Centroid method : CoG

1) The basic principle in CoG method is to find the point x where a vertical line would
slice the aggregate into two equal masses.

2) Mathematically, the CoG can be expressed as follows :
L Jru(0d@) /
l -
fe ()d(x

/Center of gravity
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3) Graphically,




This method is popularly called CoG method. It is a short form of the centre of gravity
method. Now we know exactly for a any for any geometrical object what exactly a centre
of gravity means, it is basically similar to the centre of mass calculation of an object a
geometrical object whether it is A 2 dimensional object or three dimensional object
whatever it is there. So, it is basically centre is a centre where a vertical line can
segregate the things into A 2 equal size of masses. So, that is a general concept of centre

of gravity; that means, the entire mass will process through this point sort of thing.

Now so for the geometrical object is concern, the same thing looks like this. So, if it is an
object then centre of centre is basically this one. So, this is basically centre of gravity
sort of thing. Now the same concept it is applicable here, now in this graph this is a
graph of a fuzzy set and this graph is look like this and the centre of mass suppose it lies
here. Now if we draw a vertical line from this here on the x axis, which cut at this point
this point is basically called the centre of mass point; now having this centre of mass
point this basically the crisp value for this fuzzy set. Now so for the computation is
concern how this can be calculated. So, there is an expression for calculation of doing

this thing assuming that.

These x varies over a continuous range of values, and the graph of the membership
values for this fuzzy set is like this, then the method by which the CoG of this set or a
graphical things can be calculated within this formula. So, it is basically x mu C x d x
divided by mu C x into d x. You can note that these basically represents area of the curve
under the curve mu c. So, if this is a mu c. So, these basically area of the these portion.
So, it basically represent this one and the numerate the this portion is basically is a
weighted. So, x into a particular area of this portion or x into corresponding mu cdx, and
then next x into another mu cdx and this one. So, if you take the instigation of all over

the things it will gave the coverage of all the entire portion.

So, this is the formula that will be used to calculate the centre of gravity and the same

formula can be also extended in case of discrete value also.
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Centroid method : CoG

Note:

1) x"is the x-coordinate of centre of gravity.
2) [ ue(x)d(x) denotes the area of the region bounded by the curve g,

3) If . is defined with a discrete membership function, then CoG can be stated as :

4. Here, x; is a sample element and 71 Tépresents the number of samples in fuzzy set C.
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So, in case of discrete value the formula is like this. So, instead of integration we can use
a summation formula if we know the value of mu C x i for different x 1 mathematically,
then mathematically this can be calculated easily. So, this is applicable for if the fuzzy
set has the discrete set of elements and the previous example that we have discussed if it

has the value for the continuous elements.
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CoG : A geometrical method of calculation

Steps:
1) Divide the entire region into a number of small regular regions (e.g. triangles,
trapezoid, etc.)

fo| B

]

XX X X X X
X =

2) Let A; and x; denotes the area and c. g. of the i*® portion,
3) Then x* according to CoG is

*_ Z'iilxi' (Al)

n A
i=14%
where n is the number of smaller geometrical components.
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Now, this is one example hoe the CoG method can be applied to calculate manually, and

I will give another example have the same method can be calculated numerically.



Now suppose, this is the one fuzzy set that is shown here and. So, the in this fuzzy set,
we can do one thing we can have some segmented area, so that the area of each segments
can be easily calculated. Now for example, if the this is the entire we can find one area of
this one and then next area this one and then next area this one and so one so on. So,
different portion of the area if we can indentify manually, then for each area applying a
same method CoG formula, we can calculate its centre of gravity and then taking the
sum of each then we can obtain this one . So, alternatively the method also can be like

this one if we say this is the area of a ith segments.

And x 1 is its centre of gravity, then taking the some for all the centre gravity and their
corresponding area and dividing by the total area of the curve, the we will get the crisp
value for this fuzzy set. So, this is the one geometrical method by which the centre of
CoG can be calculated and hence the crisp value of this can be calculated. So, this is a
graphical method, now for each graphical segment this is just simply using are area of
triangle we can calculate, and this is suppose using area of a trapezium we can calculate.
So, calculation will not be tedious only the thing is a number of more calculation is
involved, because there are n number segments then we have to calculate n areas and

then there is a product and then average divided by the total area like.

Now, I can give an example of the same method but say is in numerically.

(Refer Slide Time: 16:23)
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]CoG: An example of integral method of calculation
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Now let us see these graph again here. So, suppose this is the one fuzzy set, this is a
another fuzzy set and this is another output of the fuzzy set. So, output of the fuzzy set is
basically taking the union of the 2 and. So, if we take the union of the 2 and plot on the
same graph it will give this one. Now so for the geometrical method is concern, again we
can do the segmentation. So, it has A1, A2 A3, A4 and AS. So, the five segments and for
each segments, we can calculate how the area of the each area of each segment can be

calculated we have an idea and also the centre of gravity.

One thing if this is the one triangle I just forgot to mention it, then how you can calculate
the point here which is the centre of gravity and therefore, we take the this one as the
what is call the centre of gravity point say x star like. So, idea is that if we take some
geometrical method of this one and then this one who is basically point we intersect this
one. So, it basically the centre of gravity for the circle it is very simple. So, it will. So,

this one. So, this is the centre of gravity and like this one.

So, there is a geometrical formula by which the centre of gravity can be calculated area
can be calculated accordingly. Now let us consider the same, but with the help of some
numerical calculation. Now so we can calculate the area if we know what is the equation

of this curve.

Because it is basically mu x into d x formula if the equation is defined by this one now
this is suppose a straight line. So, the equation of this line can be easily obtain if we now
the slope of this line. And similarly this is the area, area can be obtained if we know this
one and this is the line. So, this is the straight line into the d x this one. So, eventually the
idea is that if we know the different portion and they are corresponding equation
mathematically, then taking the simple numerical method of equation integration we can
find the area of each pieces each piece and then the area of the entire curve and then the

CoG can be can be roughly can be taken as the middle of this point then.

So, it is a basically little bit not so, much accurate whether inaccurate calculation, but
this can be useful for it. Now let see detailed example about that how taking this into this

using this information how we can calculate numerically.
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CoG: An example of integral method of calculation

0.35%y 0<x<2

25x<2.7\/

pt(x) = 27<x<3
3<x<4
] 4<x<6

Ford;:  y-0= %(x -0), 0ry=0.35x/
ForA,: y=0‘7\/

For A3 —0=%%x—amry=x—2¢/
=?(x —4),0ry= —0.5x+3‘/

4

y 3
Ford,: y=1 j
W=l

For A
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So, here is the idea the mu C that is the membership function of the output function can
be expressed using this expression. This can be obtain readily for A 1 for example, as it is
passes through 0 0 and having the slope this one. So, we can this is the slope of the line
and it passes through 0 O the first line rather. So, again we can see it. So, this is the area

of the curve A 1.

Similarly, area of the curve way to is like this which has the equation this one and area of
the curve A 3 A 4 and A 5 can be calculated having these are the equations of the
membership function it is there. So, this is basically can be. So, this this way area of the

each parts can be calculated using some numerical form.
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] CoG: An example of integral method of calculation

[ xpc(x)d(x) _ N

2 e

2.7

2 2 } 2 ! ° 2
N=L 0.3596\?&]2 O.7x\d}/+ Lj(x —Z{ytﬂjs x‘c'lx/\L (—9 + 3x)dx
=10.98
J)

2 2.7 3 4 6
D:fo.ssxdx f o.yﬂj (x<2 x+jdx¢,f/(—. +3)dx
0 \/ 2 hg 3 4 Qj{

=345 J/
UL ,
Thus, x T 3445 @
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Now having this is the area then we will be able to calculate the CoG value for this fuzzy

set, and this is the formula that we have already discussed now you can have shown here

separately now the numerical component and then denominator component can be

calculated. So, for the numerator component it as the different parts, for each piece

actually. So, this is for the A 1 this is for the A 2, this is for the A 3 this is for the a four

and this is for A 5. So, the numerical result that can be obtained using this integration

method is this one likewise for the denominator for the five parts, which is shown here

the value can be obtain this one, and therefore, CoG x star can be calculated as this one

this one. So, this means that the output fuzzy set for the output fuzzy set it has the

corresponding crisp value according CoG method is like this.
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Centroid method : Co$

If the output fuzzy set C = C; U €y U+ .......Cy, then the crisp value according to
CoS is defined as

Here, A, denotes the area of the régtorboumded by the fuzzy set ¢; and x; is the
geometric centre of the area 4, .
Graphically,
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Now. So, this is an example how using an integral method, the CoG can be calculated.
Now I want to give another example for the another method which belongs to the centred
method it is call the centre of sum method. |It is relatively computationally very easy

compared to the previous method CoG .

Now this method can be better explained if we consider let C the output fuzzy set
obtained from the n number of fuzzy tests C 1, C 2, C n etcetera. Then according to this
method according to method the fuzzy crisp value the crisp value for the fuzzy set C can
be obtain using this formula, where x 1 is basically the middle value of the fuzzy set and
A C 1 is basically the area of the fuzzy sets C i and this is basically the sum of all areas.
Now as an example suppose this is the C 1 and this is C 2 and this is C 3 and C is the
output fuzzy sets. So, in CoG method we have plotted the three graphs together, but here

we do not have to do these things rather we can take individually one by one.

So, the first one we can calculate the area A 1 it can be calculated either within
geometrical method or within some numerical method, and X 1 is basically middle of the
two; that means, this is the middle . So, X 1 into A 1 and for this X 2 into A 2 and X 3
into A 3 is the numerator component and A 1 plus A 2 plus A 3 is the denominator
component then the co method CoS method will give you the crisp value for this fuzzy

set. So, this is similar that of the CoG method, but in case of CoG method we have to



plot all the graphs together and then taking the resultant graph and then for the resultant

graph we have to calculate CoG, but here we do not have to do.

We have to take on an individual output and then take the summation of all those things
and then average, and then the result can be obtained. So, result definitely will be

different than the CoG method if course, but it is the computationally less expensive.
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CoS$: Example

Consider the three output fuzzy sets as shown in the following plots:

‘Hﬁ 1.0

/ucl
05 H G 05
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025 0.25 025
————— Il I |

0123456 012345678 012345678

nli “all e,
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Now, so this is the ca method and this is an example we can again exercise. So, this is
the one curve C 1 this is the C 2 and C 3. So, for this C 1 we can easily calculate the area
of this one and this one let see, what is the area of the 3 components here and we can

calculate.
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] CoS$: Example

In this case, we have
1
Acl=§x0.3x(3+5),x1=2.5 \/
1
AC2=%x0.5x(4+2),x2=5\/
Acg=§x1.0x(3+1),x3=6.5/

1 1 1
=X0.3X(345)X2.5+=X0.5X (4+2)X5+-X1.0X(3+1)X6.5
Thus,x*:’ 1( ) 21 (4+2) 12 (3+1) \/
Ex0,3x(3+5)+5x0.5x(4+2)+5x1.0x(3+1)

Note:
The crisp valye-g €y U C3 U C3 using CoG method can be found to be

calculated a @
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So, we can calculate here for example, for the first fuzzy set C 1 this is the area second
and second and using the formula we can obtain the crisp value for this, and this is the
result this one. Now again if we apply if we apply the CoG method to the same graph;
obviously, the result will be different it can be observe that result that the CoS method
will give little bit higher values than the CoG method, because it will take area for the 2
curves more than twice whereas, the same area will taken only into one in case of CoG
method. So, these are the CoS method and there is another is the simplest method it is

called the centre of largest area.
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Centroid method: Centre of largest area

If the fuzzy set has two sub regions, then the centre of gravity of the sub region with the
largest area can be used to calculate the defuzzified value.

!
bl
Mathematicaly, x* = L -3 400,

T lep () d(x)
Here, C,, is the region with largest area, x' is the centre of gravity of C,p,.
Graphically,
@ G
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It is just one another what is called the simplification of the centre of sum method rather
it will rather consider only the one fuzzy sets which having a largest area. So, if this is
the fuzzy set having a largest area then it will take only that fuzzy sets and then it has the
area of this one and this one divided by x. So, it basically gives this is the crisp value of
this fuzzy set. So, this method is very simplified form of the previous method hardly it is
used, but the mostly used method is CoG and then the co then the CoS method is

preferable yeah.

(Refer Slide Time: 25:29)

‘PP e Qus e BN

Weighted average methods

3. Weighted average method
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So, this the different method that we have discussed about and then weighted average

method I will just discuss quickly.
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Weighted average method

1) This method is also alternatively called “Sugeno defuzzification” method.
2) The method can be used only for symmetrical output membership functions.

3) The crisp value according to this method is

T b ()3
i Zln=1 .“ici(x[)

¥

where, Cy, Cg, o v oo C, are the output fuzzy sets and (x;) is the value where middle of
the fuzzy set C; is observed.
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So, it is very simple to know and. So, the weighted average method it is similar to that
one. So, similar to the this one this method also called popularly called sugeno
defuzzification method and; however, this method is a simplification of the previous

centroid method, but it is it is only applicable.

For the symmetrical output membership; that means, if a fuzzy set has the symmetric in
shape then only we can apply this method symmetric means so, these are the symmetric

method.

(Refer Slide Time: 26:18)
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Weighted average method

Graphically,

\ 4
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And then we can have it this is a symmetric, this is all the curve this is also symmetric
this is also symmetric and this is also symmetric. Then for this symmetric method we can
have the middle value of this x 1 and this x 2 and this is x 3 they taken individually and
then area of this one area of this, one area of this one divided by this one it is there. So, it
is basically same as the CoS method or CoG method we can say in some extent, but it is
applicable only for CoG if it is for if we can use it for the symmetrical fuzzy set then it
gives a better result that is why if we know that the fuzzy sets are symmetric, then
without any second thought we can use for this method and then we can get it. Now in

the last few slides I have plan few examples so that you can understand it.
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Exercise 1

Find the crisp value of the following using all defuzzified methods.

[
10

05

A J

=
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1w
s
1
I
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For example, this is the one output having the 2 fuzzy sets C 1 and C 2, we can easily
calculate the either using maxima method or CoG method or CoS method. So, you
should try using the different method, how the crisp value can be obtain and you can

compare the results easily.
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Exercise 2

Find the crisp value of the following using all defuzzified methods.
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And this is the another example. So, we can find defuzzified method following either

maxima method or CoG method or CoS method and then weighted method.

(Refer Slide Time: 27:56)
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Exercise 3

* The membership function defining a student as Average, Good, and Excellent
denoted by respective membership functions are as shown below.

»y ] Excelent

10

T
60 65 7 75 80 85 90 10.0

* Find the crisp value of “Good Student”
Hint:
Use CoG method to the portion Good to calculate it.
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Now if I ask you how the crisp value for the good student whether this is a fuzzy set for
the three set is given, but as the good is the only our objective. So, we can limit our
fuzzification to this portion only and then we can calculate. Again the same method

either centroid method or maxima method or weighted method can be applied to



calculate it easily then you can understand what is the crisp value corresponding to this

fuzzy set.

(Refer Slide Time: 28:29)

Exercise 4

* The width of a road as narrow and wide is defined by two fuzzy sets, whose
membership functions are plotted as shown above.

+ If a road with its degree of membership value is 0.4 then what will be its width (in
crisp) measure.
Hint:

Use CoG method for the shaded region
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Now, this is an another example. So, here the 2 fuzzy sets namely the narrow of a road
and wideness of a road is given. So, the fuzzy sets are described for the narrow this one
and then wide fuzzy set is this one now here. So, suppose here actually the width of a
fuzzy set having different what is called the degree is known to you, then we have to

calculate what is the road if its degree of membership value is 0.4.

So, we can the simplest is that the 2 graph can be plotted on the same plots and then
taking the common area corresponding the qualified value of the membership value. For
example, in this case the qualified value for the membership is 0.4. So, if we take this
curve 0.4 and then this is a common area and so, we have to take the fuzzified value of
this is the fuzzified value of this result. Now we can take the crisp value taking again
CoG method or CoS method or maxima method or some weighted method and then we
can calculate the crisp value. Crisp value basically if the road is narrow and wide is

defined by some fuzzy sets then for a particular road having some width.

And its degree of membership 0.4 then the crisp value can be obtained. So, the area and
then corresponding the crisp value gives that if the road is having what is call the width
say some value and its degree of membership 0.4, then this basically gives you the a

crisp value.
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Exercise 5

* The faulty measure of a circuit is defined fuzzily by three fuzzy sets namely
Robust(R) , Fault tolerant (FT) and Faulty(F), defined by three membership

functions with number of faults occur as universe of discourses and is shown below.
Hx) u(x) H(x)
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Robust Fault tolerant Faulty
* Reliability is measured as R* = F U FT U R With a certain observation in
testing (x,0.3) € R, (x,0.5) € FT,(x,08) € F.
+ Calculate the reliability measure in crisp value.
* Calculate with 1) CoS 2) CoG .
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Now there is another example that is more interesting to note; say suppose here the faulty
measure of a circuit that is that can be defined fuzzically fuzzily by three different fuzzy
sets. There are three fuzzy sets namely robust fault tolerant and faulty. So, these are the
three fuzzy sets and corresponding the membership value is defined for this robust and

fault tolerant and then faulty.

Now, suppose reliability is measured this is basically reliability whether it is a faulty or
fault tolerant or a robust. So, it basically reliability of a system is measured by this
formula. Now if we define all these are the fuzzily then their resultant value is also can
be obtain fuzzily. So, union of the three fuzzy sets can give you the reliability of the
fuzzy sets.

Now the same thing can be plotted on the same graph and then we can have the
reliability measure. As an particular instance say suppose one circuit is tested with some
x value and then degree of membership is 0.3 that is basically belongs to the robust and
then x is the number of circuit fault that is obtained with degree of membership 0.5 and
this is the belongs to with the fault tolerant, and there is a x is the number of test

performed with degree of membership which basically gives the faultiness.

So, we can obtain its crisp value; that means, crisp for the reliability if we take this is the
output for the first component; that means, robust and this is for the second fault tolerant

and this is the area occupied by mu equal to 8.0. So, it is 8.0. So, this is the area and then



we can take either CoS method or CoG method and then we will be able to calculate the
crisp value and that basically the crisp value for the reliability of the circuit. So, these are
the few example that we have discussed and so this way the defuzzification method for
the different according to the different techniques can be obtained. Now in the next
lecture we will apply this defuzzification technique in more general sense whenever we
will discuss about fuzzy system design. So, our next topics will be how we can design

fuzzy sets using the different concepts that we have learn so far. So.

Thank you we will meet again in the next lecture



