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Lecture - 04
Fuzzy Sets and Fuzzy Logic Toolbox in MATLAB

So, welcome to lecture number 4 of the course on Fuzzy Sets, Logic and Systems and
Applications. So, in today’s lecture we will be discussing Fuzzy Sets and Fuzzy Logic

Toolbox in MATLAB and this will be in continuation to my previous lecture.
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Fuzzy Sets: Example

Let X = {Delhi, Agra, Mumbai, Kolkata, Kanpur, IIT Kanpur} be
the universe of discourse X with places one may choose to

live in and a fuzzy set A represents “desirable place to live in”.

If fuzzy set A is represented as:

A = = {(Delhi, 0.9), (Agra, 0.6), (Mumbai, 0.7), (Kolkata, 0.7), L
(Kanpur, 0.1), (IT Kanpur, 1.0)}

The same fuzzy set A here can also be represented as;

A —@Delhl + 0.6/Agra + 0.7/Mumbai + 0.7/Kolkata +
0.1/Kanpur + 1.0/IIT Kanpur

So, let us take some examples and then whatever we have understood so far let us try to
understand even further. We have a set of cities and this set is here for this example taken as
universe of discourse. So, capital X is the universe of discourse. It means that whatever

elements that will be taking or including in our fuzzy set will be taken from this fuzzy set.

So, these are the places the cities which we may choose and then if we want to write a fuzzy
set like this that a fuzzy set A that we would like to write. So, a fuzzy set that we would like

to write is based on the desirable places to live in.

So if we write this in form of a fuzzy set we will write it like this. So, A if A is a fuzzy set
and this will be equal to the collection of all the elements. So, if I take Delhi. So, Delhi is the

element which is drawn from the universe of discourse and then since if since this is a fuzzy



set I must have the belongingness or the membership value. So, we will have a pair of city

and then corresponding membership value.

So, corresponding membership value can be any value in between 0 plus and 1. Why I am
saying 0 plus 1? Because this value must be some value which is more than 0. This value can
be 0 plus epsilon. So, if it is 0 we are not we will not be including the corresponding element.

So, this value this membership value must be more than 0.

So you see if we are writing like this. So, this membership value will indicate as if it is the
desirable place to live in means the it is my liking to live in a particular city. So, Delhi has 0.9
membership value. It means that the I am liking this comparatively you know if we have

other places to choose.

So, Delhi with 0.9 means that we are writing we are liking this 90 percent or something like
that. So, if one 1s a 100 one is taken as a 100 percent and then if | take Agra, so I may choose
Agra with 0.6 membership value. It means I like Agra less than Delhi and then if I choose
Mumbeai then I like Mumbai more than Agra and less than Delhi that is with 0.7.

If I take Kolkata, Kolkata is 0.7. So, it means I like Kolkata same as Mumbai and if I take
Kanpur. So, Kanpur membership value is 0.1. So, I like Kanpur you know less than all the
cities as discuss like Delhi, Agra, Mumbai, Kolkata, and then if I talk off IIT Kanpur, I like
100 percent. So, that is why you know Kanpur IIT Kanpur has the membership value 1, so, 1

means 100 percent here.

So, as I mentioned when I when we write fuzzy set. So, fuzzy set we will have the pair of the
elements and the corresponding membership value. So, if you see here in this fuzzy set you
see here this fuzzy set includes the city and then corresponding membership value. So, this

way this is a this can be called as a fuzzy set.

So the same fuzzy set see this is the crude this is the form which I mentioned above before.

So, the same fuzzy set A can be written as
A=0.9/Delhi+0.6/ Agra+0.7 / Mumbai+0.7/ Kolkata+0.1/ Kanpur+1.0/(IIT Kanpur)

So, we see that the same fuzzy set will have first membership value and then we separated by
the slanted line and then we write the corresponding elements. So, like that all the elements in

the fuzzy sets are included.
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Fuzzy Sets: Example

Example Fuzzy Set A is defined as below. V‘V/me Ain f/ummatuon format

v
A= ((\“_1?)( (ﬁ(\,oﬂ((, 1.0), (x5, 0.9), (x4, 0.6), (x5, 0.3), (l,,()l))

Answe ZoEX
A X, @ X3 +0.7/x3+ 1.0/x, + 0.9 /x5+ 0.6/x5 + 0.3 /x5 + 0.1 /x4
E» ple: Fuzzy Set A is defined as u(x) = mx? ¥ x € X. Write Fuzzy set 4 in
continuous format.
Answer: A= fu(x /__3 = J‘.'r,\"/,}'_ J \/

e X X

For Fuzzy Set A = mx? ¥ x € X, A is a dependent variable.

The dependent variable is nothing, but a continuous function called fuzzy
membership functions. Fuzzy membership functions can take any shape
but the highest value at any instant can never be more than 1.

)

Now, if we take another example here to make it more clear. So, fuzzy set A is defined as
below right A in summation format. So, here A is given like this. If this is a fuzzy set that is
given to you and please understand that these X, X,,X5,Xy4, X5,Xg,X;,Xg all these elements

must be drawn from the universe of discourse x.

So I am writing here x;’s for all these and this is the capital X which is my universe of
discourse. Where i is the first i is equal to 1 to 8. So, i if I change this i is equal to 1 this will
become x;. So, x; and then similarly up to x4 so, all these elements will be drawn from the

universe of discourse capital X.

So, how we will be writing in this summation this a fuzzy set in the summation format. We
have already seen that how fuzzy set can be written in this summation format. So, let us know
quickly write and understand. So, you see here this x in summation format can be written as;
can be written as in summation format what do we do we first write the membership value.
See the membership value here which is coming from here for the first element. So,

membership value and then we separated by a slanted line we can also call this as oblique.

So, 0.6/x; and then 0.2/Xx, you see here this is the membership value here which is coming
here and then this is the corresponding you see here corresponding element. So, this way we
first write the, we first write the membership value and then the corresponding elements
separated by a slanted line and we also use plus in between just to show the collection of

these elements in the fuzzy set.



So, this way we write the same fuzzy set in the summation format. Now let us take another
example here if we are interested in writing a fuzzy set in continuous form whose
membership function is given as p(x) is equal to 77 x% So 7 x? is a continuous function. So,
and of course, needless to mention that this x should be coming from, all x's should be

coming from the universe of discourse.

So, if we are interested in writing fuzzy a continuous fuzzy set. So, we will be writing it like
this. So, A is the continuous fuzzy set and as I mentioned that when we are writing a
continuous fuzzy set we use integration sign of integration. So, here you see the sign of
integration and then just below this we write the universe of discourse and which is x and

then we write the continuous membership function you see the continuous membership

function is given as 5 x°.
A:f y(x)/x=f nx’lx
X X

So, we write this here and then we write the corresponding elements and this elements is
coming from again the universe of discourse which is a generic variable normally we call
generic variable, so we write the generic variable x here and now if you replace this p(x) by
n x> So, in place of p(x) we write 7 x* and then we separate by a slanted line the generic

variable and then this becomes our, the fuzzy set in continuous format ok.

So, this is how we write of continuous fuzzy set in this format. So, similarly if we have the
other continuous functions for p(x) we can replace we can write and that will be our
continuous fuzzy set, okay. So, and one more thing I would like to tell here is that the fuzzy
membership functions can take any shape, but the highest value at any instant can never be
more than 1, this is because you know these fuzzy membership functions they provide the

membership values and the membership value cannot be more than 100 percent.

So, that is why the 100 percent is actually for is represented as 1. So, that is why any

membership function can never go more than the value of 1.
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What criterion we should follow to
choose membership functions?

* Nature of the variables

* Resolution or level of details to be included
* Nature of applications

* Design and Optimization suitability

* Concepts to represent the variables

So, this way we understand that how do we write a fuzzy set and we also understood at this
point that why it is necessary to include the membership values along with its elements in a
fuzzy set. I would like to repeat here that since in fuzzy set all the elements can be either
present are partially present. So, all the elements are included that is why the membership
values are necessary to be included along with the elements and these membership values

from where do we get these membership values these membership values functions.

So, we will discuss this in more detail in coming slides coming lectures and but these
membership values are also known as the belonging belongingness our degree you know are
these other names. So, membership functions are very important and these membership
functions provide us the membership values and there are certain criteria’s. Which we

normally follow while we choose the membership functions.

So at this point I would just like to tell you that the nature of the variables are very important
when we choose the membership functions because these membership functions as I
mentioned they are providing us the belongingness they are providing us the membership
values. So, we need to be very intelligently choosing these membership functions in order to

have the proper fuzzy set. In order to form right fuzzy set.

So, nature of the variable is very important and then resolutions are the level of details to be
included and then the nature of applications design and optimization, suitability, concepts to

represent the variables. So, all of these the factors which we normally take into account and



based on these we try to choose the membership functions. So, this will be discussed in detail
in coming lectures, but at this point I would just like to like you to know that these points are

these factors are important for taking choosing the membership functions.

(Refer Slide Time: 16:06)

Fuzzy Logic and MATLAB

Stand-alone
Fuzzy Engine

Now, since in fuzzy logic fuzzy in this course we will be doing some exercise we will be
doing certain tasks by using MATLAB. So, I would like to briefly introduce the fuzzy logic
tool box in MATLAB and with this I would like you to get yourself acquainted that a fuzzy
logic toolbox is available in the MATLAB those of you who have not done any prior exercise

in MATLAB or do not know anything in mat lab you can start from here.

And this is the this is basically I thought that this will be very helpful while going through the
fuzzy logic and the corresponding exercises you can implement using MATLAB, but
MATLAB is not the only platform you can use other platforms like R ,you can use you know
Java, C whatever you are interested with, but here I will be going through the MATLAB
platform.

So, fuzzy logic toolbox is there in the MATLAB and if we see if we have a MATLAB in
MATLAB the fuzzy inference system is already there and then we have fuzzy logic toolbox,
we have fuzzy simulink and then here if you want we can write the MATLAB files. So, in

MATLAB like other tool boxes if fuzzy logic tool boxes also there.
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Reference to Fuzzy Logic Toolbox in
MATLAB

@ MathWorks® Proscs Scitins Academia Suppast Communty Events

e —=

Image Courtesy: MATLAB Fuzzy Toolbox User’s Guide (hi1g Jthwork help/tuzzy/)

So, I would like to very briefly tell you that if you are interested you can go to this MATLAB
fuzzy logic toolbox and this is the snapshot which you see here of that of the fuzzy logic
toolbox page.
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Reference to Fuzzy Logic Toolbox in
MATLAB

* Fuzzy Logic Toolbox provides various MATLAB functions, apps, and a Simulink block for analyzing,
designing, and simulating systems based on fuzzy logic. It majorly includes following sections

‘-/» Setting Started: It explains the basic theory about fuzzy and guides towards the beginning of
the toolbox with basic functions

7 Fuzzy Inference System Modeling: It explains the building tools for Mamdani's and Sugeno’s
type-1 and type-2 fuzzy inference systems.

» Fuzzy Inference System Tuning: It explains the commands and functions required for the tuning
of the membership functions and rules for the fuzzy inference systems

» Data Clustering: It explains the tools and commands used for finding the clusters in the data
being provided as input/output through fuzzy c-means clustering.

» Fuzzy Logic in Simulink: It provides the blocks for simulation of fuzzy systems in Simulink

» Deployment: Using this feature, one can deploy a fuzzy inference system by generating code in
either Simulink or MATLAB

And if we go to that we have these pages available like getting started. So if you do not have
any prior idea of a MATLAB either with a reference to the fuzzy logic toolbox or even

otherwise you should go to a fuzzy logic toolbox and then go to getting started. So, this



explains the basic theory about fuzzy and guides towards the beginning of the toolbox with

basic functions and then fuzzy inference system modeling.

So, this explains the building tools for Mamdanis and Sugenos type 1, type 2 fuzzy inference
systems. This also has the fuzzy inference systems tuning. So, it explains the commands and
functions required for tuning of the membership functions and rules of the fuzzy inference

systems, this also has data clustering.

So, in data clustering we have the tools and commands that are used for finding the clusters in
the data being provided as input output through fuzzy ¢ mean clustering and then the fuzzy
logic simulink is there where we have graphical user interface and we can you know connect
these the blocks and then, so, same thing can we can implement using this and then we have
the deployment, so using this feature given in the MATLAB one can deploy a fuzzy inference

system by generating code in either simulink or MATLAB.
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MATLAB Functions for Fuzzy
Inference System (FIS) Modelling

* mamfis: Mamdani fuzzy inference system

* sugfis: Sugeno fuzzy inference system

* genfis: Generate fuzzy inference system object from data

* genfisOptions: Option set for genfis command

* mamfistype2: Interval type-2 Mamdani fuzzy inference system
* sugfistypel: Interval type-2 Sugeno fuzzy inference system

* fistree: Network of connected fuzzy inference systems

* convertToSugeno: Convert Mamdani fuzzy inference system into Sugeno fuzzy
inference system

* convertToTypel: Convert type-2 fuzzy inference system into type-1 fuzzy inference
system

* convertToType2: Convert type-1 fuzzy inference system into type-2 fuzzy inference
system

So, here are some functions some inbuilt functions that are provided in the MATLAB. So,
you may like to go through. So, like a mamfis which is a nothing, but the inbuilt function for
Mamdani fuzzy inference system and then sugfis is the sugeno fuzzy inference system. So,

like that we have so many functions you can go through all these are listed in these slides.

So, I will just read these functions like genfis and then genfisoptions, mamfistype 2

sugfistype 2. So, type 2 means the there are the fuzzy system is actually divided into two



types. So, first there is a first is a type 1 and then type 2. Now type 3 is also coming up, but
whatever we will be dealing here with we will be with respect to type 1 initially and then

fistree convert to sugeno, convert to type 1, convert to type 2.
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MATLAB Functions for Fuzzy
Inference System (FIS) Modelling

* convertToStruct: Convert fuzzy inference system object into a structure

* Convertfis: Convert previous versions of fuzzy inference data in current
format

* addinput: Add input variable to fuzzy inference system

* addOutput: Add output variable to fuzzy inference system

* removelnput: Remove input variable from fuzzy inference system

* removeOutput: Remove output variable from fuzzy inference system
* fisvar: Fuzzy variable

* Mfedit: Open Membership Function Editor

* addMF: Add membership function to fuzzy variable

* removeMF: Remove membership function from fuzzy variable

So, all these functions are given and then here we have few more functions that you can go

through.
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MATLAB Functions for Fuzzy
Inference System (FIS) Modelling

* fismf: Fuzzy membership function

* fismftype2: Interval type-2 fuzzy membership function
Ruleedit: Open Rule Editor

Ruleview: Open Rule Viewer

addRule: Add rule to fuzzy inference system

showrule: Display fuzzy inference system rules

fisrule: Fuzzy rule

update: Update fuzzy rule using fuzzy inference system
evalfis: Evaluate fuzzy inference system
evalfisOptions: Option set for evalfis function
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MATLAB Functions for Fuzzy
Inference System (FIS) Modelling

plotfis: Display fuzzy inference system

plotmf: Plot membership functions for input or output
variable

surfview: Open Surface Viewer

gensurf: Generate fuzzy inference system output surface
gensurfOptions: Option set for gensurf function

readfis: Load fuzzy inference system from file

writeFIS: Save fuzzy inference system to file

evalmf: Evaluate fuzzy membership function
gaussmf: Gaussian membership function
ghellmf: Generalized bell-shaped membership function

All these functions all these functions are and these functions will be helping you to directly
use, give the input and get the output.
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MATLAB Functions for Fuzzy
Inference System (FIS) Tuning

RuleSettings: Tunable parameter settings of fuzzy rules

VariableSettings: Tunable parameter settings of fuzzy
variables

MembershipFunctionSettings: Tunable parameter settings
for fuzzy membership functions

MembershipFunctionSettingsType2: Tunable parameter
settings for type-2 fuzzy membership functions

ClauseParameters: Parameter settings for rule clauses

NumericParameters: Tunable numeric parameter settings
of membership functions
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MATLAB Functions (Clustering)

* fcm: Fuzzy C-means clustering

* subclust: Find cluster centers with subtractive
clustering

* findcluster: Open Clustering tool

| —
So, these are the functions that are included in the MATLAB.
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MATLAB Functions (Deployment)

» evalfis: Evaluate fuzzy inference system
* evalfisOptions: Option set for evalfis function

* getFISCodeGenerationData: Create homogeneous
fuzzy inference system structure
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MATLAB Main Window

Editor Window

(To view and edit the MATLAB script files)

{mage Courtesy: htlg athwork

So, please go through these functions and uh try to use these functions and get yourself

acquainted. So, further for those of you who do not have any idea of MATLAB before? So,
when you open the MATLAB you basically you get to see this slide and in this slide you get

to see this page and in this page you will have the four boxes.
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MATLAB Main Window

Path for showing
the current
operating folder
for MATLAB

If you see here the first box is the editor and then the current folder.
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MATLAB Main Window

Command Window for running simulation

image Courtesy: hitg

And then the work command window.

(Refer Slide Time: 23:20)

MATLAB Main Window

|
i
i

»

“Workspace for
storage of
variable data

image Courtesy: hit;

And then the workspace. So, let me quickly tell you what are all these the editor window

where you can basically write your program in m file MATLAB m is designated as a

MATLAB. So, here you can write your program and edit the MATLAB subscripts and then

the current folder will tell you as to the paths for showing the current operating folder then

the command window basically will show you the running simulation. This is the, this is

where you get to see all your results.



Work space window will show you the space for storage of variable data and that’s how we
can start working on the MATLAB and if we go through all these functions that were

mentioned we will certainly have a fair idea of MATLAB with respect to fuzzy systems.

So, I would suggest you to go through all these inbuilt function first, but at the same time |
would like to tell you that you try to build your, you try to write your own MATLAB code in
a MATLAB editable file and avoid using these slowly avoid using these functions and try to

learn further in writing the better programs with respect to the fuzzy logic.
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In the next lecture, fuzzy
membership functions will be
covered.

In the next lecture I will be covering the fuzzy membership functions of different types.



