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Hello, welcome to the video lecture serieson digital image processing.Now,till our last class, we
havediscussed or we have completed one aspect of image processing.That is we have done the
morphological image processing techniques on the segments where we have seen that if the
segments after segmentation operation, the segments that we obtain those are not regular;thenthe

segments can beregularized by using the morphological image processing operations.
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So, till last class, what we have done is once an image is segmented, we have said that the
purpose of image segmentation is that an image is partitioned into a number of regions which we
call as segments. Someof the segments that we obtain correspond to theobjects present in the
scene and some of the objects or some of the segments correspond to the background region in
the image and as we have said that because of the presence of noise, the segments that we get,
those segments may not be regular segments.There may be some noises present in the object
regionor even some noises present in the background region.



Ifthere are more than oneobjects present in the image, then it may appear that because of the
presence of noise, those different object segments may be joined.One may be joined to the other
by some spurious deadlinesand these deadlines arealso due to the noise.So, what we haveseen for
during our last few lectures is that we can employ morphological techniquesto remove such kind
of noises and after doingthe morphological transformations, the segments that we get are quite
regular.So, for that we have talked about various morphological operations like dilation, erosion
and other morphological transforms which are generated which are developedusing the basic
morphological transformations like dilation and erosion.

Now, from today’slecture, we will gradually move to some other aspect of imageprocessing
whichwe will call as image understanding.So, what we want to do in image understanding topic
is that given the segments or the segmented output of an image or regularized segmented output
of an image whether it is possible to understand or make the computer understand what is the
object present in the image or what is the object whichcorresponds to a given segment present in
the image.

So, in order to do this, in order to make the computer understand theobjects present in the image,
we must have some proper description of the segments or some proper description of the objects
present in the image so thatthese descriptions may be matched againstsome knowledge present or
stored in the computer beforehand.So, once you have such a description which can be generated
from the segments present in the image, these descriptions may be matched against the
description which pre-stored in the computer memory in the form of model base or in the form of
knowledge base and once we findthat a description generated from a particular segment matches
against the description of a particular object; we can immediately infer, thecomputer can
immediately infer that this is the objects of object X or object Y which is present in the image or
a segment sayl is a segment 1 corresponds to say object X which is already there in the
knowledge base.
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So, in order to do this, what we have said is the first operationthat we have to do is we have to
find out a proper representation mechanism.That is given a segment, how do | represent that
particular segment.Sohere,2 possible representations; the segments can be represented in 1 of the
2 possible ways.One of the possible ways is the boundary based segmentation and the other
possible way is region based segmentation.

So, in case of boundary based segmentation, what we do is you take the boundary or contour of
the segment and represent the boundary in some form so that it helps us to generate some
description of that boundaryand then finally, using this boundary based description, we can try to
match this description against similar such description present in the knowledge base.Whereas,in
case ofregion based description or region based representation, what we are interested is not only
in the boundary of the region or boundary of the segment but we are also interested in the surface
property.So, we can have a region based representation,from that we can have a region based
descriptor, description generated from the regions and these descriptors can again be matched
against the similar descriptors present in the knowledge base to identify a particular object.

So, it is quite clear from this that if we are going for boundary based representation and boundary
based description, then what we are interested in is mainly the shape of the object.Whereas if we
are also interested in the surface reflectance propertysuch as the color texture and so on; in that
case, simple boundary based representation and boundary based description is not
sufficient.What we have to go for is region based description andregion based representation.

So, we can have one ofthese2 types of representations as well as the descriptions;the boundary
based representation andboundary based description.Similarly, we can have region based
description ah representation and region based description.Andfinally,once you obtainthe
descriptorswhether the descriptors are boundary based descriptors or the descriptors are region
based descriptors; finally what we have to go for is some matching mechanism which will match
these descriptors against similar such descriptors present in the knowledge base to identify a
particular object.

So, in today’s lecture, we will mainly concentrate on the boundary based representation and what

arethe different types of the descriptors that we can obtain from boundary-based representation.
So, the first such representation scheme that we shall consider is called chain code.
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So, as we said that this chain code is a boundary based representation scheme and from this
boundary based representation, we can find out what is the boundary descriptors that arepossible
to obtain.So, let us see what is this chain code.Thechain code is something like this,say given a
boundary in digital domain, as we are talking about the digital image processing techniques; this
boundary is nothing but a set of points set of boundary points,discrete boundary points on the
object contour.

Now, what we can do is once we move from one point on the object contourto the neighbouring
point in the same object contour;then I can haveone possibleone of 8 possible moveif | move,go
for 8 connectivity.So, it is simply like this;sosuppose,| havelet us consider a regular grid,so as we
have said earlierthat if | assume thatl have a center pixel somewhere here and then this center
pixel has 8neighbouring pixels,4 in the diagonal direction,2 in the vertical directions and 2 in the
horizontal directions.

So,since as we have said that the boundary is nothing but a set of points or set of pixels present
in the image and if | assume that this set of pixels are connected and assuming 8connectivity;
then starting from any point on the boundary if I want to move to the next point on the boundary
following some mechanism, either we can move in the clockwisedirection or we can move in the
anticlockwise direction.

Now, as we move say fromi'thpoint on theboundaryto say i plus first point on the boundary; then
| can have only 1 of 8 possible movesand this possible moves are | can move either in the right
direction or | can move in the diagonal direction -right top or I can move in the vertically upward
direction or I can move in the diagonal direction to the left top or I can move in the horizontal
direction to the left or I can move in the diagonal direction,in the directionof left bottom or I can
move in the vertically downward directionor I can move in the diagonal direction that is in the
right bottom direction.



Now,you find that as amove from one boundary point to the next boundary point, the
displacementorthe length that 1 move is lbecause I am moving from 1 pixel to 1 of the
neighbouring pixels.So, the length of this move is equal to 1and at the same time, each of these
moves has a specific direction.So, if | represent these moves by numerical numbers; say for
example,l say that move in the right direction is represented by a number sayO,move in the top
right direction is represented by a number 1, move in the vertically upward direction is
represented by number 2, move in the top left direction is represented by a number 3, move in
theleft direction is represented by number 4,move in the left bottom direction is represented by a
number 5, move in the bottom direction downward directionis represented by a number 6 and
move in the right bottom direction is represented by a number 7.

So, if I represent each of these moves by using this 7 this 8 distinct numerals; then it is possible
that as we move along the boundary, the inter move, when | complete the cycle that is when |
come back to my starting point from where | have started my move either in the clockwise
direction or in the anticlockwise direction, this entire boundary can be represented by a sequence
of such moves and as each of the moves has got a specific number, so we can say that this entire
boundary is represented by a sequence of such numerals where the numerals vary from 0 to 7.

So, what | getisa code, a numerical code for the boundary which we call aschain code.Now, let
us see that for a given boundary; how we can represent how we can obtain a particular chain
code?Now, as we have said just now that I move from 1 boundary point to the next boundary
point.Now, if | simply apply this, the problem is because we are considering discrete points
representing the object boundary; so what happens because of the presence of noise, say for
example i have 3 consecutive pixels say something like this,let me draw it in a bigger way.

So, these are the 3 consecutive pixels that we have in an image.Now, it may so happen that
because of the discretizationprocess and also because of the presence of noise, the middle point
that is this one is slightly shifted.So, instead of thismiddle point being present over here, the
middle point may be shifted somewhere here.So,we find that because of the slight amount of
noise, the type of chain code that we will get will be totally different.Myideal chain code should
have been a move in this direction and a move in this direction.So, the chain code should have
been ideally 11.Butbecause this point is shifted due to noise or due to discretization whatever
that is may be,what practically the chain codethat | get isa chain code this thatis move in the
vertically upward direction which is 2 and then followed by a move in the right directionwhich is
code 0.

So, instead of obtaining a chain code 11, what | am getting is a chain code 20 which is totally
different from chain code 11.So, this is the major disadvantage of trying to find out the chain
code from the original boundary points.So, instead of trying to find out the chain code from
theoriginal boundary points, what is usually done is we go forresemblingofthe boundary points
or the resembling of the discrete pointsrepresenting a boundary.So, let us see how that is done.
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Sosuppose,| have a set of points representing a boundary say something like this.So, these are
say set of points which represents a boundary.Now, the approach that I am taking is instead of
trying to find out the chaincode from this original boundary points,|I am trying to resample these
boundary pointsby placing a grid.So, as shown in this figure that 1 have agrid which is
superimposed on this set of boundary points;then what I do is I assign the boundary points to one
of the grid locations based on its proximity or a boundary point will be assigned to one of the
grid point,one of the grid location which is nearest to it.So,based on that, you find thatl can
identify a set of boundary set of grid points which can approximately represent the boundary.

So,what are the grid points that | can have?Now,| marked them ingreen.So, this is one of the grid
points which can be used to represent the boundary, this is one of the grid points which can be
used to represent the boundary, this isanother grid point,this is another grid point, this is another
grid point,this is another grid point,this is another grid point, this is another grid point, similarly
this one, this one, say this one.So, these are the different grid points which may be used to
represent the boundary.

Now,oncel do this, what | do is | represent a chain code,l find out a chain code for this grid
points; not for the original boundary locations, not for the original boundary points.Sogiven this,
you find that this particular representation or grid points can be represented by a boundary by
code like this.So, | can have this move here,l have this move, here | have this move; so this is
what will be my chain code representation.

Now, if you remember the chain codes, the code for different reactions that we had is this
direction was given a code 0, this direction was given a code 1, move in this direction was given
a code 2, move in this direction was given a code 3, move in this direction was given a code 4,
move in this direction was given a code 5, this was given a code 6 and this was given a code 7.
So, by using these codes, you find that if I assume that this is my starting point; this move is
represented by code 0, this move is represented by code 7, this move is represented code
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6,similarly here it is code 6,here it is 7, here it is 6 again, here it is 4,here it is 5,4,3,4, then
2,2,2,1,1.

Sofinally, my chain code representation that | get for this shape starting from the indicated
starting point will be like this; it will be 0,7,6,6,7,6,4,5,4,3,4,2,2,2,1 and 1.So, this will be the
chain code representation of this particular boundary pixel.Again, you note that when we have
obtained this chain code representation, we have not found out the chain code representation of
the original boundary points but what we have done is we have resampled the boundary points
by placing words and based on the grid locations; we have obtained this chain code
representation.

Now,more advantages of this is, this can also take care of the scaling.That is by having a control,
by varying the grid spacing, we can have the same boundary represented at different scales and
accordingly I will have different chain code.Now, though the chain code representation appears
to be very simple in this particular case, but it is not so simple because you find that the chain
code that we have obtained here is not rotation invariant.

Though the chain code will be translation in variant, we can take care of the scaling bya proper
grid size but the chain code in this case is not rotation invariant.Butwhat we have said earlier is
our purpose of representation is that give once we decide a particular representation, we want to
generate some descriptor out of that representation and these descriptors will be used for final
recognition of the object or identification of the object.

Sonaturally, the descriptors that we want to have should be ideallyrotation, translation and
scaling invariant.Butas we have seenin this case thatthis particular representation, though it is
translation invariant,I can make it scale invariant by having differentgrid sizes butit is not
rotation invariant.Toillustrate that this chain code representation is not rotation invariant, let us
take a very simple figure.Sayfor example,| take a figure something like this.
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Now, find that for this or let me consider even a simple figure this, again becomes a complicated
one.So, let me consider even a simplefigure.Suppose | have a figure, a simple boundary of a
square and if you remember our different directions were something like this; so, this was
0,1,2,3,4,5,6 and 7.

So, here you find that this simple square, a square boundary; the chain code of this will be if I
start from this starting point, will be 0,0,6,6,4,4, then | have 2,2.So, this is a chain code which
corresponds to this square boundary.Now, what | do is | simply rotate this square figure by an
angle 45 degree.So, what | get?fl rotate the same figure by an angle of 45 degree; the
corresponding figure, the boundary will be like this. Thisis the boundary ifl simply rotate this
square by anangle 45 degree either in the clockwise direction or anticlockwise direction.

And, if I want to find out the chain code of this rotated boundary, then let us see what is the
chain code that will have.Againl assumethat suppose this is my starting pointto find out the chain
code; here, the chain code will be 7,7,5,5, then 3,3, then 1,1.So, you find that the chain code of
this rotated figure comes out to be like this.So, it is the same figure and now if you compare this
chain code with this chain code, you find that the chain codesare totally different.

So, it is the same figure which is rotated and after rotation,l get totally different chain code
representation. So,this clearlyillustrates that the kind of chain code that we get in this particular
case is not rotation invariant,whereas rotation invariance is our requirement. So, how we can
obtain a chain codewhich is rotation invariant?So, for rotation invariant chain code, we don’t go
for the simple way of chain code extraction or chain code representation but what we go for is
what is called a differential chain code, the differential chain code is something like this.

Letus consider this simple example.What we do is once | get the first order chain code that is
chain code as given state from this procedure, then | take subsequent codes,| take 2 subsequent
codes and try to find out that if from the first code | have to move to the second code, then how
many rotations let us say in the anticlockwise directionl have to perform; so by doing that you
find that in this particular case andbecause this is differential chain code,l have to take the
difference, so insteadof considering chain code as a string, you consider the chain code as a
cycle.That means the first codehas to be obtained by rotation from the last code in our chain code
string.

So, by applying that you find that if I want to move from 0 to 0 because the previous code was 0,
the next code is also 0;s0 the number of rotations thatl have to perform is 0 rotations.So, when |
move from this 0 to 0, the number of rotations that we have to perform is O rotations.Whenl
move from this 0 to 6, so you come to this particular figure,I have to move from 0 to 6; so the
number of rotations that | have to perform is 1,2,3,4,5,6,1 have to perform 6 rotations,| represent
this by 6.

When | go from 6 to 6, the number of rotations thatl have to perform is 0.Aswemove from 6 to 4,
this is 6 and this is 4; how many rotations that | have to perform?1,2,3,4,5,6,6 rotations
again.Whenl go from 4 to 4, the number of rotationsis 0.Whenl move from 4 to 2;so this is 4,
this is 2, again you find that | have to perform 6 rotations.Aswe move from 2 to 2,1 have to



perform O rotations.Asl move from2 tosayO,l have to perform; this is 2, this is 0,soyou can
compute that again | have to do 6 rotations.

So,now this deferentialchain code, it becomes 0,0,6, then 0 again, then 6 again, then 0 again, then
6 again,then Oagain, then 6 again.Now, what happens in this particular case if the figure is
rotated?Letus see that firstlyl have to move from 7 to 7, so | have to perform 0O rotations.Letme
use some other colour.Sohere, first | have to perform 0 rotations.Then | have to move from 7 to
5; so this is 7, this is 5.Again, in theanticlockwise direction you find that the number ofrotations
that 1has to perform is6 rotations.5 to 5, again O rotations;5 to 3 - this is 5, this is 3, again you
can compute that you have to perform 6 rotations;3 to 3 again 0;3 to 1 - this is 3, this is 1, have
tocalculate the number ofrotations in theanticlockwise direction, soagain you find that this will
be 6 rotations;1 tol,0 rotations;1 to 7 - this is 1, this is 7, number of rotations in the
anticlockwisedirections again that will be 6.

So, the chain code in this particular casel get that is the differential chain code is
0,6,0,6,0,6,0,6.Herealso, what | have obtained is 0,6,0,6,0,6,0,6. So,you find thatinstead of taking
the direct chain code, if | go for the differential chain code,then whatever be the rotation,l get the
samechain code representation and what | am doing is instead of consideringthis as a chain,l
consider this as a cycle.Similarly, this has to be consideras a cycle.

So,this differential chain code, it will betranslationinvariant, it will be rotation invariant and the
scaling, the scale invariance has to be done by choosing the gridspacing properly.So, I can have
translation, rotation and scale invariant chain code representation, differentialchain code
representation of any given boundary.

Soupto this, what we have done is a differential chain code representations of a boundary.But
what we have said is we need a description so that the description which can be matched
againstthe description present in the knowledge base.So, what is the kind of descriptor that we
can obtain from this differential chain code representation?
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Sosuppose,l have a chain code representation something like this; say 5,3,2,1,6,3,2 something
like this and as I said that instead of considering this as a chain,l consider this as a cycle.So, a
kind of descriptor that | can obtain from this particular differential chain code representation; so
what | am saying is a differential chain code representation is that if | consider this as a cycle
instead of a chain, then depending upon the starting point, this chain will be different.When |
consider this as a chain, depending upon the starting point from where | start finding out the
chain code, this chain will be different but the cycle will remain the same.

So, what | have to do is | have to redefine a starting pointfrom this cycle so that from that the
chain code that | get that will be say minimum, that will have say minimum numerical
value.So,you find that from this particular code, if | take my starting point here; then what will
be thenumerical value of this?1,6,3,2,5,3,2.Forthe original starting point from where this chain
code, differential chain code has been obtained; the numerical value is 5,3,2,1,6,3,2.Ifl take the
starting point here, say at 2, the corresponding numerical value will be2,1,6,3,2,5,3.

So,you find that out of these3 different options that we have considered,this is the one which
gives you the minimum numerical value.So, whatwe have to do is once we get the differential
chain code, considering the differential chain code to be a cycle; once it is a cycle that means the
starting point is open,l can choose the starting point anywhere | like.So, what | do isl choose a
starting point so that from thatstarting pointif |1 open if |1 form the chain code, the differential
chain code, the numericalvalue of the differential chain code will be minimum.

So,oncel do that, in that case,l have a unique descriptor, unique description from the chain code
representation or differential chain code representationwhich can be used for the recognition or
understating purpose.So, this particular chain code that we have obtained having the minimum
numerical value; this is what is called the shape number.So, this is what is called the shape
number of the boundary of the object.
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So, you can use this shape number to represent,to describe any given boundary and as we said
earlier that these kinds of descriptors are used for shape understanding or shape recognition.If we
want to find out or ifwe are interested in the reflectance property of the surface such as
colourtexture and so on,then this shape number is not helpful.So, along with the shape
number,we have to use some of thedescriptors that we will see in our subsequent lectures.So, this
shape number is one of the boundary descriptors that we can use for object understating or object
recognition.There are many other boundary-based descriptors.

(Refer Slide Time: 37:35)
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So, let us see one more boundary based descriptor which is by using polygonalapproximation of
the boundary.So, what is thispolygonalapproximation of theboundary?Suppose,we are given
withanarbitrary boundary like this;what we wantto do is this boundary has to be represented
orapproximated by a polygon following some criteria.So, there are numerous polygonal
approximation techniques which have been reportedin the literature.Obviously, we cannot
discuss all of them but we will consider some simpler polygonal approximation techniques.

So, by polygonalapproximation, what | mean is this given arbitrary boundary, we want to
represent by a polygon.So, a polygon may be like this; say what I do is | represent the boundary
by a polygon of this form.So, this is a polygonal approximation which | have shown in pink
colour is a polygonalapproximation of this given boundary.Now, let us see that how we can
obtain such a kind of polygonalapproximation?Now,one of the polygonalapproximations that we
will discuss first is what is called minimumperimeter polygon.This is called minimum perimeter

polygon.

Here, the concept is something like this; you enclose this original boundary, the arbitrary
boundary by a set of connected cells.So, when | enclose this boundary by a set of connected
cells, then those connected cells define 2 sorts of restriction or 2 sorts of valves;one is the
external wall,the other one is the internal wall. And once | enclose this boundary by such
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connected cells, then if I assume that this boundary is composed of say rubber code and let the
rubber code contact itself within that within that set of cells.

So, if we allow the robber code to contract, following the constraints thatwe have putby using the
connected cells that means by specifyingthat what is the outer wall and what is the inner wall;
then within that restriction, this rubber code will try to fit itself such that its perimeter will be
minimum.So, that is a kind of polygon that we get which is called a minimum perimeter
polygon. Now, let us illustrate this with an example.

(Refer Slide Time: 40:42)

Sosuppose here, | have a boundary say something like this and when | do that you find thatl have
a set of polygons which enclose this boundary,a connectedaset of connected cells which enclose
this particular boundary.Now, what are those connected cells?Thisis 1cell, this is 1 cell, this is
another cell, this is another cell, this is another cell, this is another one, this is another one,this is
another one, this is another one,similarly this, this, this, this, this.So, these are the connected cells
which actually enclose this particular boundary.

Andonce we have that, you find that | have a set of inner walls. So, in this particular case, the set
of inner walls is this.So, these are the inner walls and theseare the outer walls.So, given this kind
of situation, if I now allow this boundary to contract; what this boundary will do is it will fit
itselfwithin these cells, these connected cells following the restriction given by the inner wall
andthe outer wall and possibly,the kind ofboundary representation,the polygonal
representationthat | will get in this particular case will be something like this asgiven by this blue
colour.

So, this blue colouredone will be a polygonrepresentation of this given boundarywhich is in the
pink colour.So, this is a kind of polygonal approximation that we get which we term as minimum
polygon minimum perimeter polygon. Now, we can have other kind of polygonal approximation
as well.We can have a polygonal approximation by splitting the boundary.

12
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Here, the concept is something like this; say suppose | havea boundary of arbitrary shape,so what
I do is somehow following some criteria,l choose 2 points on this boundary and split this original
boundary in 2halves by joining these2 points by a straight line.So, you find thatthis boundary has
now been divided into 2 different codes;one on the upper side and one on the lower
side.Thenwhatl do is for each of these boundary segments; as the boundary has been divided
into2 differenceboundary segments, for each of the boundary segments what | do is | find out a
point lyingon every boundary segment whose distance from the line joining theend points is
maximum.

So, in this particular case, you find that may be on the left side, this is a point whose
perpendicular distance from the line joining these2end points, theseare the end points; these2 end
points aremaximum.Similarly in this case, this is a point on this boundary whose perpendicular
distance from the line joining these2 end points is maximum.Now, what | do is | put a threshold
on this perpendicular distance.So, if | find that this maximum perpendicular distance is more
than the threshold, then again I split the corresponding boundary segment.

So, in this particular case, suppose thisone, this particular distance is more thanthe threshold; so
what | do isl immediately break this upper segment of the boundaryinto 2 sub
segments.Onesegment for one segment, this is the starting point and this is the ending point and
for the other segment, this is the starting point, this is the ending point. Again | do the similar
operation;l join a line between these2 end points,ljoin a line between these2 end points, again |
find outwhat is the maximum distance of a point on each of the segments from the line joining
theend points.Again, | compare these maximum distances against the threshold.

Now, in this case, it mayso happen thatthis maximum distance is less than the threshold.So, if
this maximum distance is less than the threshold,l donot break them further.Similarly, in this
particular case;l join here,l join here,l find out what is the maximum distance,l find out what is
the maximum distance.

13



Now, suppose this maximum distance is less than the threshold but this maximum distance is
greater than the threshold; so what | will do is | will again segment, break this particular
boundary segment into 2 parts, one will be represented by this and the other onewill be
represented by this.Now, at this point, suppose these perpendicular distances are less than the
threshold, so | can stop my algorithm there.

So, what 1 get is given this arbitrary boundary, this arbitrary boundary has now been represented
bya polygon which is this. So, this polygon shape that | get is this one.So, this is just a replica of
this pink coloured polygon that we have drawn within this arbitrary boundary.So, | can get a
polygonalrepresentation of this particular boundary in this manner.Thisis what is calleda splitting
techniqueor boundary splitting technique becauseat every stage, we are splitting the boundary
into 2 halves depending upon whether the maximum distance of a pointlying on the
boundaryfrom the line joining the 2 end points of the boundary segment is morethan the
threshold or less than the threshold.

So, if it is more than the threshold, we again sub divide that particular segment of the boundary 2
halves.Ifit is less than the threshold, then we donot go forsub division any more.So, based on
this, we have also got a polygonalapproximation, a polygonalrepresentation of this arbitrary
given boundary.So, there are various such ways for polygonal approximation.
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Sayfor example,one of the polygonalapproximation technique may besomething like this; say
start from a particular point,then you keep on then you trace other points lying on the boundary
and go on representing these 2 end points by a straight line something like thisand for every such
position, you find out what is the maximum distance of apoint lying on the boundary from this
straight line segment.lfthis maximum distance which is the threshold, then | consider this as my
next starting point.
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So,l start the same operation from here again, something like this.Again, | find that this
maximum distance touches the threshold; so this becomes my starting point,l start from here,
solike this.So,there are various ways in which a polygonal approximation of agiven boundary
can be done and a number of such techniques have been reported in the literature.Wewill not
discuss all of them but the essence is once | have a polygonalrepresentation ofa boundary,the
polygon captures the basic essence ofthe shape of the boundary that is what we wantto generate
our descriptor.

Now, the question is once | havea polygonal approximation of an arbitrary closed boundary;what
are the kinds of descriptors that we can obtain from this polygonal approximation?
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So, what we are interested in is say we have a polygonal approximation ofa boundary,so | have
anysuch polygon,say something like this. Now, what is the descriptor that I can generate from
this polygonal representation?So, | have to find out a description of this polygon.Now, there is a
technique where to find out this descriptor, people havegone forauto regressive model.So,incase
ofauto regressive model, what is done is suppose I consider any of thevertices in this polygon, so
| consider this particular vertex;now this vertex if | call it say n'th vertex, it has a subtended
anglesay theta n.Now, if | trace this polygon in say clockwise direction, suppose | trace it in the
clock wise direction, then the given autoregressive model, what isassumed is this angle theta n is
representedby a linear combination of k number of previous angles.

So, what | do is in this case,this theta n that is the angle subtended at the n’th vertex is
represented by a linear combination of k number of previous angles.So,Irepresent it as alpha jsay
theta n minus i, take the summation for i equal to 1 tok.So, | have an auto regressivemodel like
this where | consider k number of previous angles to represent, the linear combination ofwhich
represents this n'th angle.
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So, what | have in this case is if | expand this equation, what | have is theta n is equal tosay alpha
k theta n minus k pluscontinuing like this, say alpha ; theta n minus 1.So, you find that here |
havek number ofunknowns; k number of alpha k is which are thecoefficient ofthis linear
equation,sol have k number ofunknowns.Tosolve for this,| have to generate k number of
equations;so you take k number of such vertices which are represented by such linear equations.

So,for each of these k number ofvertices,I can generate k number of linear equations and by
solving those k number of liner equations,| can solve for alpha iwhere i varies from 1, 2 kand this
set of alpha jcan be used as a descriptor which can be used to describe a given polygonalshape or
because the polygonis an approximate representation of our arbitrary boundary.So, this can be
used asdescriptor of theboundary.So, these are the 2 types of descriptors that we can use.Wecan
alsouse another descriptor, another kind of descriptor which is known as signature.
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Now, what is this signature?This signature is some 1-dimensionalmappingof a boundary.So, as
we have seen,the boundary is nothing but a 2-dimensional closed curve.So, if it is an object
ideally,I shouldget a closedcurve and that closedcurve is a 2-dimensionalclosed curvethe
signature represents, signature is a 1-dimensional mapping of this closedcurve.So, how do we get
it?This is represented by a function.Say for example,l have so let us havewe have a circle like
this and 1 find out the centroid of the circle.l find out what is the distance ofdifferent points on
this closed curve on this boundaryfrom this centroid and if | trace this boundary in say
anticlockwise direction, then what | have is from this starting point,I have a displacement
angulardisplacement theta.

So, all these distance values,| represent it | representas a function of theta.So, you find that if it is
a circle, in that case,the distance r theta versus theta it will be a straight line which is parallel to
the horizontalaxis.Whereas, if | have a boundary which is say square or a rectangle like this and
this is the centroid,| compute r theta and this is my angle theta; so if | plotr theta versus theta in
this particular case, this is theta and this is r theta, then what | have is a representationof this
form, like this.

So, what I am doing is this 2-dimensional boundary is converted to a 1-dimensional function and
this 1-dimensional function that is r thetaversus theta is what is known as signature of this
boundary.Nowobviously, in thisparticular case,as we said that the descriptors or the
representations have to be translation, rotation and scale invariant; in this case, you find that this
particular representation is translation invariant butit is not scale invariant because if this
particular dimension, from centroid to this, it has a value equal to A, then the maximum value
that we will get is also A.

So,to make it scaled invariant, what we can do is we can normalize this particular signature
between 0 and 1 by dividing it andby giving adizzy offset equal to the minimum valueand
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dividing by the maximum value.So, we can have a normalization between 0 and 1 that will make
this signature scale invariant.

Now, the signature is already translation invariant.Butif we want to make it rotation invariant,
then what we have to do is lhave to define or identify a starting point, from where
tostartscanning this boundary or what is the directionwhich will correspond to say theta equal to
0.So, to obtain this, what | have to do is | have to get a unique point on the boundary ifit is
obtainable.Sayfor example, incase ofa circle, I cannot find out a unique point.So, whatever be
my starting point or whichever location corresponds to theta equal to 0,1 will always get this
particular signature.

Butin such cases,where the boundary is not uniform, it is not of circular shape;itis possible to
have a unique point on the boundary and what we can do is we can choose 2furthest points,I can
choose the pair of points on the boundarywhose distance is maximum and out of that whichever
is at a larger distance from the centroid, that | can use as a starting point.

Sayfor example, if | have a shape something like this; so you find that these are the 2 points
which arefurthestand the centroid is somewherehere.Saypoint on this boundary which is furthest
from the centroid,sol can start my scanning.So, this may be my direction of theta equal to Oor
similarly 1 can have a similarl can choose such a point by using the principall can access.So, |
can choose 2 points on the boundary which lies on the principall can access and out of
these2whichever is furthest from the centroid,l can choose that my starting point orthe reference
theta equal to 0 and using this | can have a 1-dimensional mapping of a boundary which give us
a signature.

So with this, westop our lecture today.Wewill continue this topic in our next lecture.

Thank you.
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