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Hello this is Professor C.A. Murthy from ISI Kolkata and Professor Sugandu Das from IIT, Chennai. We

are both responsible for the lectures of pattern recognition in the empital phase 2 program. Thank you.

Good Morning to you all. This is the lecture on, we are going to give forty lectures on pattern recognition,

the responsibility of this lectures is given to Professor Sugandu Das, IIT, Madras and myself I am C.A

Murthy, from Indian Statistical Institute, Kolkata. 
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Before I start going into the details of the subject pattern recognition let me actually tell you the uses of

pattern recognition and why it is necessary to learn pattern recognition. For that let me tell you a few

examples, I start with the example of finding criminals or identifying criminals from photographs. Let us

say you are an inspector in a police station and you have records of the criminals. 

Let us say the number of such records is of the order of say 1 lakh and at some place a new crime was

committed and someone has taken a  photograph of the criminal  who had committed the crime.  The

photograph comes to you. Now your responsibility is to see whether this photograph is one among the

existing photographs that you have in your database. Now let us say your database has 1 lakh photograph,

what is the meaning of having 1 lakh photographs?

For each individual or for each criminal there you would say, you would write the name of the criminal,

may be the height, the sex, the finger prints, the photograph and also the types of crimes that he or she

commits. So for each criminal probably there is a page giving all these details. So if you have 1 lakh

criminals you have 1 lakh such pages. So now you have one photograph so you would ask probably one

of your people to get all these 1 lakh pages which are put in a file, the file size may be like this. 

So you would take the first page look at the photograph and the photograph that is given to you, no it is

not matching, take the second one, it is not matching, third, it is not matching. How many times you are

going to do it? Note that your eyes after doing this sort of checking for around 50, 60 photographs, your

eyes will lose the sensitivity to differentiate between two photographs. Then in such a case naturally a

human being is sort of incapable of going through all these 1 lakh photographs to find out whether the

criminal is existing in the database or not.

So you would like a machine to do this job. Now how does a machine do this thing? This has simply too

many components. The first thing is this information has to be recorded, it must be stored as a file, that is

the first one and like that you need to store the photographs or the information about this 1 lakh criminals.

Then after that what you are going to is when a new photograph comes you are supposed to do the

matching. now how does one do the matching for each photograph, are you going to go through all these

photographs in your database, is there any way you can reduce or you can say that these photographs  I

need not see them, I need not check them, is there any way that you can do this thing? Yes you can do

this. 

For example, say the height of the criminal that is the photograph that is given to you then that one who

has taken the photograph if you says that the height of the criminal is say less than 5 feet, 6 inches, he is

not really tall, he is less than, his height is less than 5 feet, 6 inches. Now in your database who saw your

height is more than let us say 5 feet, 7 inches you need not look at their photographs, right? 



Secondly suppose the person, the one who is there in the photograph is a male, you need not go through

the  photographs  of  all  the  females.  So  basically  what  you  are  doing  is  that  you  are  putting  some

constraints or you are finding the features of, features corresponding to this photograph. In computer

language  basically  you  are  making  a  tree  corresponding  to  this  database.  So  that  you  can  do  the

identification faster, you can do the identification faster. 

Now note that I used one word feature, sex of the person is a feature, height is a feature. You can features

of many types. For example, the colour of the hair, the colour of my hair is grey and that can be a feature.

Colour of eyes, colour of skin. Apart from height, weight and there are many other such things you may

also have colours, you may also have very, many features depending on the problem at hand. The problem

that I told you is known as face recognition problem. 

The literature on pattern recognition, this problem is known as face recognition problem. Let me tell you

some more examples, One example is regarding classification of pixels in satellite images. I hope you are

aware of what a satellite image is. The satellite takes the photographs of earth, depending on the type of

satellite and depending on the uses the resolutions of the images that it is taking it varies. 

India has a satellite, Indian remote sensing satellite. It has several versions. IRS 1A, IRS 1B, IRS 1C. Let

me talk about one version where the resolution is 36.25 metres. That is each pixel on an average occupies

36.25 multiplied by 36.25 square metres area. On an average each pixel occupies this much area. Usually

these images are multi spectral images, that is for each location on earth you have four images taken at

the same time, these images correspond to the wave lengths, blue, green, red and infrared. 

Now your problem is for whatever pixels that are there. I hope all of you understand the meaning of the

word pixel. I was mentioning to you, I was asking you a question whether you know what a pixel is?. I

assume that you know what a pixel is so I am going to proceed further.  The main problem in satellite, one

of the main problems in satellite image is classification of pixels.  You are given the photograph of areas

on earth. 

The photograph may consist of let us say it has 512 rows and 512 columns. So basically it has 512 by

512, these many pixels. 512 is number of rows, 512 is number of columns, so usually they have these

many pixels. As I was mentioning to you every location it has a four images corresponding to every

location. That is you have these are known as multi spectral images and using those four images you are

supposed to classify each pixel to one of the land cover types. 

What is the meaning of a land cover type? A land cover type is, maybe the pixel is corresponding to a

water region on earth. The pixel maybe corresponding to a hilly region on earth, maybe there is a building

on the location of the pixel. So these are the land cover types. Now how many land cover types you may



have? Well there are simply too many. You may have water, then among the pixels corresponding to land

you may be having pixels corresponding to vegetation where you have rice fields.

And then you can have open spaces; that is barren land, you may have one particular category which is

known as concrete structures where you have many, where you have buildings present, and you may have

forest, you may have hilly regions, you may have snow like if you go to Himalayas or some such places

you may have snow, you might be having sand if you go to the desert area you will find sand. Similarly if

you go to the sea area there also you will find sand. So here I mentioned some land cover types. 

Then, and the question is for the given region under consideration how many land cover types it may

possess, and once you know the land cover types the number of land cover types then the next question is

how do you classify each pixel  to  one of  the  land cover  types? Before  I  come to the  procedure of

classification there is a valid question why do I need to do it? What is the use of doing this classification?

Well it has many uses. Let me tell you some of the civil uses. 

The government may be interested in knowing how much of forest area may be getting depleted every

year because that has long term impact. Now if you ask human beings to do it due to several reasons you

may be not be getting accurate estimate of this. Someone may want to give, may want to say that more

forest area is getting depleted. Someone may give, someone may say that though quite a bit of forest area

is getting depleted he may say that well the area that is getting depleted is not really much depending on

one's own bias towards a specific situation. You might be interested in planning something. 

For example here in Chennai you are planning to construct or maybe construction has already started for

about a metro. Surely when people did this thing, when people have made this plan surely they must have

looked at the soil content, where, at what place you should build this thing, whether you have barren land

or not or how much money is to be given if you have to find that particular thing, okay and when you

want to make a route then you should see how much time it may be taking?. So basically you need to

know the complete zoology of that location. Now if you want to do it on a massive scale then again you

need to do, you need to use machines to do it. 

On a massive scale many of these things you need to have machines to do it. That is very much necessary.

Now this is one use, there are many uses from the point of view of a military. Suppose you want to know

in the border areas the amount of construction that is taking place in your neighbouring country. This

every government would be interested in knowing since it has implications on the defence capabilities of

the government. 

So you would really like to know what concrete structures or what new structures are connecting up in the

border areas. Now it is difficult for you to send always people to find out what new constructions are



taking place. Rather if you take photographs of those places and find it out automatically it will be helpful

to you and like that one can think of many, many uses. 

How much of, how much area is devastated in the floods? How does one know it? You might have the

photographs of that region before the floods, you might be having the photographs of the region after the

floods and you can look at the differences between them, you can do pattern recognition to find out that

the amount of area that was devastated by floods. It may be because of, it may floods can be one of the

things you might have earthquakes, you might have drought. 

Like that you can have several other such natural calamities for which you will be needing this sort of

information. Satellite images is one example where you need to use pattern recognition. Let me tell you

there  are very many other many examples.  One other  example that  I  would like to  mention here  is

example, corresponding to the human intelligence. 

Look at this. This is a chalk piece. Okay, now you see what I am doing. I get down this steps, I just put

the chalk piece on the floor. The chalk piece is now there on the floor. Now suppose I ask anyone of you,

I myself, suppose I have to walk on this floor. Now what I would just to I would just walk like this. Okay,

I do not, I know this is a chalk piece and I also know that it is not dangerous. So I just walked over this.

Now I know that this chalk is not dangerous, but instead of this chalk suppose there is a snake here. 

Then surely I would not walk like this. Surely I would not walk like this. So basically I have made a

differentiation between what a chalk is and what a snake is. The purpose of a chalk and what a snake can

do and I would make a decision about whether I should cross or I should move over the chalk piece or I

should move over the snake. 

Now suppose instead of me a human being you want the same thing to be done by a robot. Now how does

a robot do this thing? But before we go about how does a robot does this the main question is why do we

want to make a machine to do this job? There are several reasons for it.  Let me tell  you one of the

reasons. Suppose you would like to send a rocket to Mars, Jupiter, Saturn, or any one of these planets.

Now surely you cannot send a human being to that place because the atmosphere there whatever it is it

might not be suitable for a human being, so a human being may die. 

So initially you would like to send a machine to those the places to investigate, to understand about the

general nature of the soil, general nature of whatever may be the atmosphere etcetera. And you cannot

send a human being so you would like to send a machine there. Now when a machine is placed in that

alien region on a planet this machine is supposed to navigate the entire region. It should be able to move

from one place to another, so how does the machine move? That is the problem for which I was giving

you this example.



Now let us see how does a machine move. You see when I am asked to move from one place to another

on this floor I just moved, there are some steps, I just went up the steps and I just came down. Now when

a machine, when it sees the whole scenario first it needs to know what is what. That means it needs to

know that this is a camera, this is a TV screen, this is a bulb here and this is a table, this is a laptop, that is

blackboard, all these things it needs to know, it needs to know the uses, it also needs to know whether any

one of these things its harmful to it, it needs to know somehow all these things. 

Now how does it do it? How does know it? Now a whole stuff literature is there on this problem. You

have the whole of image processing, computer vision and a few other aligned subjects depending on the

applications on hand; you have many subjects which are trying to tackle this same problem. The main

subjects are image processing and computer vision and you have a few other subjects. Medical imaging is

one subject where people, where the doctors and the image processing people they are trying to see what

is happening inside the body, there are many machines available which take photographs or which sense

the, which sense what is there inside our body. 

You have x-rays, you have several types of scans, you have ECG, EEG, etcetera, okay and all  these

things. Earlier, in fact in India even now also the human beings would interpret all these things and they

would give their  judgments about  the properties or the about the decision of the human being under

consideration, but then these are very costly. If you have a machine which does, once the photograph or

once the scan is given to the machine if it automatically says that at this place this portion is not proper so

that is to be rectified. 

If a machine says this then the, we will be spending less on this thing. Rather if you want a human being

to say this thing then on the doctor we will  be spending more money whereas machines we will  be

spending less money. This is about medical imaging and we also have as I said the usual recognition of

objects like what is a table, what is a chair, how does one define what a table is, how does one define what

a chair is, how does, how do you know that what is a chair, what is a table?

Apart from these things, apart from all these objects one also needs to know the relationship between

these objects. For example, let us just see, for example in different rooms the location of switches that is

at different places you will be having. Generally when you enter the room in some rooms the switchboard

may be put on the right hand side, in some other room the switchboard may put on the left hand side of

the door, okay. 

Now whether it is put on the left hand side or the left hand side, in whatever side it is, it is basically a

switchboard; that is what this robot should understand. If you are looking at what all the things the robot

needs to understand you will actually look at the whole gamut of what we see and understand. You see the



whole entire earth, whatever objects that we see, you want a machine to know what that objects is, this is

only one part of it, there is another part. 

Look at this table, this is hard, this surface is hard, I know it, but look at the carpet or look at this place,

this carpet is not hard so when I walk and on a carpet I will be slightly more careful than when I walk on

a hard surface. When this robot is put in a alien conditions in say Mars, on Mars or say Jupiter or Saturn,

one of these planets if it  needs to move from one place to another place it needs to know that the place

that is moving, the floor, it is not soft. How does the robot know it? 

Suppose you are asked to stand in front of a hill and then you are asked, okay, would you like to climb the

hill, then you will say well I think I can climb the hill because I am sure that I can come down the hill.

Some person may say no, no, no, I do not want to climb because I may not be able to come back properly,

I may not be able to climb the whole hill also properly.  These decisions we make without actually doing

the job. Now here the robot in on a planet, say Jupiter, Saturn or Mars whatever may be the planet, it must

be able to make the decision. 

When it  looks at  the  terrain it  needs  to  know whether  there  is  a  valley there  or  a  hill,  it  needs to

understand that it is a hill or a valley and once it understands it, it also needs to make a judgment about

whether it can move up the hill or down the valley, so that if it is moving down the valley it must be

confident to be able to be come up. Now all these are actually part of pattern recognition where the main

input, the system is a set of images. The main input in a system is a set of images. If you look at the

problem of identifying each and every thing that we see you will understand it is an entire gamut of what

pattern recognition is.

And if I say that you need to know the interrelationship between the objects that also need to be stored in

the computer then you would see not only just identification of the objects but also something more. Look

at the name, pattern recognition, you are supposed to recognize patterns and the patterns may be existing

at many, many places. If you look at the gamut of the set of problem that I mentioned you will  see

practically very many subjects coming into the whole spectrum of the subject pattern recognition. What is

the meaning of subjects coming into it? 

Let me ask you a question, how do you solve a problem in mathematics? How do we think? Pattern

recognition people want to model the thinking process, the human brain. There is a subject which is

known as neural likeness where the first algorithm of neural likeness which is actually known as single

layer or spectrum or in those days algorithm was known as a spectrum. It tries to mimic the thinking of

human being so that it does the classification. So if you want to also understand how a human thinks and



that you want to put it in the brain of the computer then what is that you want to achieve in this subject

pattern recognition? 

We actually want  to  achieve everything that  a human being can think logically, we want  to  achieve

everything that a human being can think logically, can make logically. What is logic? The world logic has

several implications. Let me tell you the general implications that we have in computer science literature.

Basically the logic that we follow there is what is known as binary logic. 01, a statement is either true or it

is not true, there is nothing in between that, but let us look at human beings, is there a statement, is it

always true or is it always not true? 

Dose  not  there  is  exist  anything in  between that?  For  a  human being it  is  not  necessarily  true  that

something is true or false, only these two possibilities that is not a case for a human being, there is

generally something in between these two possibilities for in many, many applications. Let me give an

example, you say that he is a good man but is he really good always? You would say no, or he is it bad

always, and you would say no, then what is this good and bad? 

You are not giving complete, completely bad, that is zero to him or completely good you are not giving

the value one to him, you are giving something in between, 0 and 1. Like that in all human, in all dealings

of human beings we tend to use these sorts of adjectives and we actually have our own logic also when

we use these adjectives. For example when I am teaching I am teaching one specific way, my statements

need  not  be  always  mathematically  precise  but  the  people  who  are  sitting  in  front  of  me  they  do

understand even if the statements are not mathematically precise but for a machine you have to always

give precise and perfect statements.

So there is a difference between what a machine needs and what, how a human being thinks, so even this

gap we would like to bridge in pattern recognition. Then you try to look at what are the, what is the

complete gamut of problems in pattern recognition. I think I gave you the uses of pattern recognition, now

the next topic I will try to go into how does this subject work? I will go into the mathematics part of it

slowly. I was mentioning to you the whole gamut of problems in pattern recognition, so let me tell you the

gamut of problems.

Human beings have eyes to see something and to know what is what, human beings have ears with which

we hear and we understand what the other person is speaking and we also understand who is speaking

depending on the pattern of speech. We have nose which smells and by smell we understand quite a bit

about the object under consideration, and we also have tongue.



(Refer Slide Time: 36:50)

Which tells you that taste of an object okay, and we also understand whether an object  is hard or soft

when we touch it. So let me just write hard/soft.

(Refer Slide Time: 37:19) 



These are the five basic senses of a human being, with eyes we see and understand what an object is, with

ears we hear and understand what the person is speaking and we smell on object and we understand some

of its properties, we taste and we also understand whether an object is hard or soft by just touch. These are

the basic five senses of a human being. Now once we get input from these five senses the input from these

five senses it goes to our brain and our brain does analysis.

(Refer Slide Time: 38:14)



And it gives some output. We want to put this whole process in a machine. Apart from all these things

human beings have one another characteristic. What is that? Human beings learn, what is the meaning of

learning?

(Refer Slide Time: 38:52)



Well there are several examples for the meaning of learning, okay, let me just give you just one small

example. This is my fourth or fifth time I have come to Madras, this city Chennai. Suppose a person does

not know anything about Chennai and he is given an address and is he asked to find, he is asked to go to a

particular location, find a particular house or flat and this person has never been to Chennai, then how

does this person find it? If you ask this question to anyone of the people and even though the person has

not been to that specific place under consideration the person is confident he will be able to find it out,

how?

The person is confident that he will be able to learn about that particular thing even though he has not

seen it, he has not read about it, this thing, this confidence and the process with which this person goes

about learning about that particular phenomena and that particular thing under consideration, this is an

example of learning and there are in fact very many such examples of learning. So this sort of thing also

we would like to put into the computer, this is also we are understanding about the patterns that is existing

in the nature.

So once you put the process of learning and you put all these things then basically what it is that we are

trying to do? We are actually making a machine which somehow is replacing human being. Human beings

apart from all these characteristics they also have one other characteristic; that is we people are emotional

so when we are emotional many times we may not able to be think logically. Now if you make a machine

and if you make it without any emotions then that machine would be a much better machine than a human

being, it does not have the negative characteristics of a human being, this is the ultimate aim of this

subject. The ultimate aim is to make a machine basically to be a computer which have all this.

(Refer Slide Time: 41:59)



I should say faculties because these faculties human beings possess and you would like to devise one such

machine so that it can walk, it can speak, it can hear, it can see, and it is able to know how an object

smells and it also, it must also know whether an object is hard or soft, all these things you would like to

number one, simulate, number two model in the machines. This is the ultimate goal of this subject pattern

recognition. That means practically everything under the sun it is a part of this subject. 

Practically everything under the sun is a part of this subject and look at the aims of the subject, it is

enormous. You would like to recognise patterns wherever they are in whichever phenomena so the aims

are enormous, there are naturally several, several subjects which came out of this which have become

independent subjects now like image processing, computer vision, neuro networks, fuzzy logic and other

subjects  like  medical  imaging,  some things regarding biomedical  engineering and if  you look at  the

thinking process, modelling thinking process that is extremely complicated and till now the number of

good results on this really very, very small.

The subject is still in the nascent stage so it is enormous and you have too many uses of this. Now looking

at the whole gamut of problems what is it that we are going to talk in these lectures? Looking at the whole

gamut of problems the literature that is existing in the subject is in mathematics terminology it is only

epsilon. I hope you understand the meaning of epsilon. 

Epsilon in mathematics is used as a very, very small quantity, it is greater than zero but it is very, very

small quantity; that is looking at the whole gamut of problems the results that are existing, they are really

very, very small, it is only epsilon. Now within that epsilon in our lecture series we will cover epsilon. I



hope it is clear, let me tell you once again within that epsilon in our lecture series we will cover epsilon,

that is which is very, very small and very insignificant portion. 

The number of journals associated with pattern recognition and other derived subjects, it is at least 15 if

not  more  international  journals,  so you have vast  amount  of  literature  available  on several  different

problems in this subject. So with this brief introduction I hope I have made you understand what the uses

of this subject are, in my next lecture I will start going into the mathematics portion of this subject, thank

you. 

End of Module 01 – Lecture 01

Online Video Editing / Post Production
M. Karthikeyan

M. V. Ramachandran
P. Baskar

Camera
G. Ramesh

K. Athaullah
K. R. Mahendrababu

K. Vidhya
S. Pradeepa
D. Sabapathi
Soju Francis

S. Subash
Selvam

Sridharan

Studio Assistants
Linuselvan

Krishnakumar
A. Saravanan

Additional Post – Production
Kannan Krishnamurty & Team

Animations
Dvijavanthi

NPTEL Web & Faculty Assistance Team
Allen Jacob Dinesh

Ashok Kumar
Banu. P

Deepa Venkatraman
Dinesh Babu. K.M

Karthick. B
Karthikeyan. A

Lavanya. K



Manikandan. A
Manikandasivam. G

Nandakumar. L
Prasanna Kumar. G
Pradeep Valan. G

Rekha. C
Salomi. J

Santosh Kumar Singh. P
Saravanakumar. P
Saravanakumar. R

Satishkumar. G
Senthilmurugan. K

Shobana. S
Sivakumar. S

Soundhar Raja Pandian. R
Suman Dominic. J

Udayakumar. C
Vijaya. K.R

Vijayalakshmi
Vinolin Antony Joans

Administrative Assistant
K.S. Janakiraman

Principal Project Officer
Usha Nagarajan

Video Producers
K.R. Ravindranath

Kannan Krishnamurty

IIT Madras Production

Funded By
Department of Higher Education

Ministry of Human Resource Development
Government of India

www.nptel.ac.in

Copyrights Reserved

http://www.nptel.ac.in/

