Digital Image Processing
Prof. P.K. Biswas
Department of Electronics & Electrical Communication Engineering
Indian Institute of Technology, Kharagpur
Lecture - 34
Mathematical Morphology — 11
Hello, welcome to the video lecture series on digital image processing.Since our last lecture, we
have started discussion onmathematical morphology and the application of mathematical
morphology in digital image processing.
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So in the last class, what we have seen iswe have said what is morphology and we have said that
morphology is basically a topic which was used extensively in the field of biology to talk about
the structure or shape of animals and plants and in our image processing, we use mathematical
morphology as a tool for doing various structure or shape related operationsand we have seen
that to use this morphological operations or image morphology, we must represent an image in
the form of a point set and all the morphological operationsare nothing but different set
operations and the kind of set operations that we have to use depend upon what kind of
morphological transformation we want to do and a morphological transformation of a given
image x describes a relation of the image x with another small point set say b but this small point
set is what we call as structuring element. So, any mathematical morphological operations or
image morphological operation isalways defined with respect to a given structuring element.



Then,in our last class, we have discussed about what is dilation.Wehave seen how the dilation
can be implemented and we have seen how this dilation operation can be used to remove some
noisy points within the object region within an image. Then, we had defined another operation
which is called erosion and in today’s lecture, we are going to discuss elaborately what is
erosion.

So, in today’s lecture, we will have an elaborate discussion on the morphological operation
called erosion.Then, we will see what are the properties of dilation and erosion operations and
when we have discussed about dilation in our previous class,wehave said that as the dilation
operation removes noisy pixels within which are present within an object region; at the same
time, the simple dilation operation also tries to expand the object region.That is after performing
dilation operation; the object area gets expanded whereas we will see today that erosion
operation is just an inverse operation where because of erosion operation, the object area gets
reduced along its boundary.

So, in image processing operations, we use combination of this dilation and erosion operations.
Inone case, the dilation is done first followed by erosion and in the other case, the erosion is done
first followed by the dilation operation and accordinglywe have two different operations; one is
called a morphological opening operation and the other one is called a morphological closing
operations.
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Wewill see with examples, what are the effects of this morphologicalopening and morphological
closing operations on a binary image. Now,| talk about binary image because as we said that
initially we will discuss about application of these morphological operationson binary images
andlater onwe will try to expand the definition or the use of morphological operations to grey
level images as well. Butagain in that case, our assumption will be that given agrey level image
can be represented in the form of point set.Then, we will come to another application of this



morphological operation which is called as hit or miss transformation and this hit or miss
transform is actually aimed to detect anobject of a specific shape and size in a given image.

So, if we know what is the shape of the object and what is the size of the object that we are
trying to locate within a given image, then we can make use of this morphologicalhit or miss
transformand we will see thatthis hit or miss transform is nothing but basic morphological
operations that is erosion and dilation operations in combination with other set operations which
we have reviewed in our previous lecture.

(Refer Slide Time: 6:25)

So, just to have a recapitulation, let us see what we have done in case of dilation operation. So,
for dilation operation, suppose we have an object of this form; so suppose, this shaded region
represents our object region and the black pixels in this figure represent the background region,
so you find that here in this case, these pixels within the object region which appears to be
black,these we assume that these pixels are because of the presence of noise.This should actually
belong to object and along with this, we take a structuring element a3 by 3 structuring element
like this where the center of the structuring element, we take the origin at the center of
thestructuring element.

So, this is our given image x and this isour structuring element B. So, if we dilate this given
image x with this structuring element B,then as we have said in the last class that after dilation,
these black pixels inside the object region will turn out to be object pixels and at the same time,
the pixels along the boundary of the object region, they will also turn out to be white indicating
that these are also converted to object pixels. So, these are the pixels which are actually
convertedto the object pixels.

So, as we have said that when we do this dilation operation, the dilation operation removes the
noisy pixels inside the foreground region or inside the object region but at the same time, this
dilation operation expands the area of the object region along the boundary.So, this is aside



effect of the dilation operation. Thenwe have defined another kind of operation which we have
said as erosion.

(Refer Slide Time: 9:15)

E~vosiom
X B

xOB = &pezzhﬂbéx fox
eve'y b&;&}

¥ (v mEanEm -] [(AASATOAR L [8]mens 55 H

So, let us see how we have definedour erosion operation. Wehave defined erosion as, so now we
are going to discuss about erosion. So again, we assume that we have given an image X,
obviously x is in the form of point set and along with image x say we are also given with a
structuring element say capital B and in the last class, we have just mentioned that erosion
operation image, x eroded with structuring element is represented by this symbol, it is a circle
and within the circle you have a negative sign.

So, x eroded with B, this can be defined as the set of points of p belonging to the two
dimensionalspace say Z square such that p plus b belongs to the set x for every b belonging to
the structuring element capital B. So, this is the first definition of the erosion operation thatwe
have said. This is the set of points p in the two dimensional space Z square such that p plus b
where b is an element in the structuring element capital B. So, this pplus B must belong to our
image capital X.

Wehave also said that there is an alternative definition of the erosion operation.As we have seen
that for dilation, we have two definitions but both the definitions lead to identical results
meaning that the definitions are equivalent; same way, in case of erosion, we can have two
definition. So,the alternate definition for the erosion operation is given like this.
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Say, X eroded with B, the structuring element B can be defined as the set of points or the set of
vectors X; as we said that in two dimensional space a point and a vector is equivalent where the
vector is drawn from the origin of the coordinate system, so it is the set of vectors or set of points
x such that the structuring element B translated by vector x is a subset of our image capital X.
So, this second definition is very very interesting that it simply says as we have told in our
previous lecture that the way we compute the morphological transformation is similar to the way
we compute convolution.

That is you try to translate you translate or shift the structuring element over the image in a
systematic fashionand this one says that for those shifts of the structuring element or of those
translations of the structuring element in the image such that the shifted or the translated
structuring element is fully contained within the point set capital X, then those translationsor
those points by which the structuring element has been translated are part of erosion.
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So, that is what is meant by this particular definition that it is the set of all the translations such
that thestructuring element translated by that particular translation vector will be a subsetof our
given imageX. Now, let us see what does this actually mean.

(Refer Slide Time: 13:50)

Sonow, let us take another binary image, say | have a binary image like this. So, these are the
points in our binary image and | take a structuring elementB which is given by these points and |
assume that the local origin is at the center of the structuring element. So, this is the origin of the
structuring element marked in green colour and what | want to find out is this is our given
imageX and this is the structuring element B, | want to find out the erosion of X with the
structuring capital B.



Now, if | follow our first definition that saysthat this is the set of all the points p or all the vectors
p such that p plus b belong to x where b is an element in the structuring element capital B; so,
following thisdefinition, you find that ifl consider this particular point and | take a particular
vector say this vector which is say (minus 1, 0) from this structuring element and | translate or
and | add this particular value of B to this particular point, then after addition you find that this p
plus b gets translated to this particular point. So, this point is so this point should be a part of the
erosion.

But if I consider this particular point in our structuring element B, the point in this case is (1, 0)
and | consider this b, now you find that this p plus b, in this caseb is (1, 0); so p plus b, the point
get shifted to this particular location and this point is not a member of X. So, infer that because
our definition was that this condition should be true for all b, this is for all b belonging to the
structuring element capital B. So though this condition is true for b equal to (1, 0) but this
condition is not true for B equal to (1, 0).

So, from this we can infer that this point will not be a member of the erosion and if you continue
the same operation for all other points in the given image X, you will find that these are the points
which will not belong to the erosion.Similarly, these points will also not belong to the erosion.
So, the given xthe given image x when eroded with this particular point, this particular
structuring element capital B; the eroded output will be given only by these points and the other
points will be removed from the eroded output.So, this is whatwe get in erosion.

(Refer Slide Time: 18:16)

Now, let us see how this erosion can be applied in the image processing operation.Again, let us
take a particular image of this form say | have an image like this.Then say,| have few pixels over
here and | have some distributed pixels like this. So, this is our given image capital X and
lassume that my structuring element is a 3 by 3 structuring element capital B and the centerof the
structuring element is taken as the origin.



Now, if I erode this imagewith this particular structuring element; in that case, you will find that
all these points following the same operation that we have just done now, you will find that this
point will be removed from the eroded image, this point will also be removed from the eroded
image, all these points will be removed from the eroded image, all these points will be removed
from the eroded image, these points will be removed from the eroded image and these points will
also be removed from the eroded image. So,your erodedimage output will simply be only these 3
pixels.

So, what we have done in this case is we have taken a binary image where there was anextrusion
in the binary image, just one pixel white and there were few pixels distributed over the image
which actually should have beenin the background.Butbecause of noise, they have been
converted to object pixels. So, if | erode such a kind of image with a 3 by 3 structuring element
and we have assumed that the origin of the structuring element is the center, element is the center
pixel; in that case, all those distributed points as well as the extrusion that gets eliminated but at
the same time, we have a side effect.That is all the boundary pixels of the object region, they also
get eliminatedand because of this the area of the object region gets reduced as if the object has
been shrinked.

So, we find thatthis is just an opposite operation, opposite to what we have got in case of
dilation. Incase of dilation, the object region gets expanded whereas in case of erosion, the object
region is reduced. So, these two are two opposite operations, opposite effects. Sonaturally, if |
want to apply these morphological operations in image processing,l would like to retain the size
of the object region. So, if | apply the dilation operation at any point, then that has to be
compensated, the expansion of the object region has to be compensated by subsequent
application of the erosion operation.

Similarly, if 1 apply erosion operation first, then since the object region gets reduced to
compensate for this, this operation has to be followed by the corresponding dilation operation
and this erosion and dilation has to be done with the same structuring element. So, we will see
the combination of these two operations when we talk about the opening morphological opening
and morphologicalclosing operations.

Now, before we come to the morphological opening and morphological closing operations, let us
see some of the properties of dilation and erosion operations.
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Sofirst, let us see some properties of dilation. So, we will talk about say some properties of
dilation first and then we will see some properties of erosion. The first property of the dilation
operation is the dilation operation is commutative. So, what do you mean by saying that the
dilation operation is commutative? So, this means that given an image say capital X and a
structuring element say capital B; then if I dilate the given image capital X with the structuring
element capital B, then the result that I get will be same as if | dilate the structuring element
capital B with the given image capital X.Soessentially,X dilated with B is same as B dilated with
X.

Now, proof of this is quite trivial because as we have said that we can define this morphological
dilation operation by vector addition; so this X dilation with B is nothing but all the resultant
vectors when we compute x plus p where x belongs to our image capital X and b belongs to our
structuring element capital B.So, this what is X dilated with B.

Now, if | take the other one that is B dilated with X; this is nothing but b, the vector b plus vector
x again for b belonging to the structuring element capital B and x belonging to the given image
capital X. Now obviously, this x plus b; thus this resultant vector is same as b plus x resultant
vector. So, that clearly slows that the dilation operation is commutative that is X dilated with B is
same as B dilated with X.

(Refer Slide Time: 25:41)
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Thesecond property of the dilation operation is the dilation operation is associative. What do you
mean by that? So, this associative property says that if we have two structuring elements say we
have a structuring element capital Band we have a structuring element capital D, then this image
capital X dilated with capital B dilated with capital D. So, here we have said that we have two
structuring elements; one structuring element is capital B, the other structuring element is capital
D.

So, the operation that we are doing in this case is first we are dilating capital B with the second
structuring element capital D, so this dilation output gives me a point set and if | take this
resultant point set as a structuring element and then wedilateour given image capital X with this
resultant structuring element, then what should we get? So, this X dilated with B dilated with D,
this is same as first you dilate X withthe structuring element capital B and then you dilate
thisresultant with the second structuring element capital D.

So, this is what is the associative property of dilation that is x dilated with B dilation capital D is
same as X dilation capital B dilated with capital D where capital B and capital D are two
structuring elements and X is our assumed image.

Now, the third property is I should not call it a property but this is an implementation, how we
can implement the dilation operation more easily. So, from the definition of the dilation
operation we have said that if | want to dilate a given image capital X with a structuring element
capital B, then what | do is | take an element a vector from capital X, take a vector from capital
B; just do vector addition of these two vectors and the resultant vector will belong to the dilation
output and this I have to do for every element, for every vector in the imagecapital X which is to
be added with every vector in a structuring element capital B.

Now, addition of a vector to a pointis nothing but translation of the point by that vector. So, if |
add a vector; a vector b from the structuring element capital B to all the points in x that is
equivalent to or that is same as translating x by that vector b in structuring element capital B. So,
this simple definition follows that | can simply interpret the dilation operation in another way.



So,l can interpret it like this that X dilation with B is nothing but given X is translated by a
vector b, so this b is a vector in our structuring element capital B and | have to consider all the
vectors present in the structuring element capital B; so for all the vectors,I will get for every
vector in capital B,l will get one translated point set X b. So, what | will do is I will take the
union of all these translated point sets.

(Refer Slide Time: 30:08)

So, if | take the union of such x b for all b belonging to our structuring element capital B, then
what | get is this X dilated with the structuring element capital B and in fact, following this
interpretation, this dilation operation can be implemented very easily. So, what | have to do is
given a point set capital x,I translate this point set by every vector in our structuring element
capital B and all these translated point sets,| take the union of all these translated pointsets and
this union output is nothing but x dilation with x dilated with the structuring element capital B.

So,this is the third property.l will say that this is an interpretation and following this
interpretation,our implementation of the dilation operation becomes very easy.

(Refer Slide Time: 31:14)
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Then, the fourth property of the dilation operation is translation invariance.What it says is that if
the given image x is translated by a vector say h and this translated pointset is dilated with the
structuring element capital B, this will be same as x dilated with capital B and this dilation output
is translated with the same vector h.

So, whether I translate the given pointset x first and then dilate with the structuring element
capital B or 1 first dilate x with capital B and then I translate by the same vector h; the output
remains the same.So, this is what is meant by the translation invariance.

(Refer Slide Time: 32:26)
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Thenext property of dilation, this is also very interesting which is called the dilation is and
increasing transformation.Itis an increasing transform.So, what do we mean by this? This



increasing transform, by increasing transform what we mean is say if we are given two point
sets; capital X and capital Y such that capital X the point setX is a subset of the point set capital
Y, so if it is so,then if | dilate both this point sets capital X and capital Yby the same structuring
element say capital B, then X dilated with capital B, X dilation B will be a subset of Y dilation
B.So, this is what is meant by an increasing transform.

So, if one set is a subset of the other, then if both of them are dilated by the same structuring
element, then the corresponding dilations, the subset relation; for the corresponding dilations, the
subset relation will also hold.So, these are some of properties of the dilation operation.

(Refer Slide Time: 34:09)
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Now, let us see that what are the properties of the erosion operation and then we will see that
where the dilation operation and the erosionoperation,they differ. So now, we will see some
properties of erosion. So here again, the first one we will see that we will say that it is an
interpretation as we have seen in case of dilation that given apoint set x and erosion of point set x
with structuring element capital B, this can be interpreted as x translated by minus b and you take
the intersection of all these translated point sets for every b belonging to the structuring element
capital B.

So, it means that | take every point or every vector belonging to the structuring element capital
B; then negate it, translate x, the given image x by that negated vector.So, | get a translated
pointset X minus b and for all these translated point sets if | take the intersection of all these
translated point sets, then the point set that | get that is nothing but my erosion output or x
erosion B.

Now, following this interpretation, you find that if the origin that is (0, 0) is a member of the
structuring element B; in such case, it is always true that x dilation B will always bea subset of
X.Hereagain, the proof of this is very very trivial.Youcan take a very simple example and tryto
do this and you will always find that if the origin, local origin of the structuring element is the



member of the structuring element; in that case, x dilated with B whatever the dilation output
that you get that will always bea subset of the original set, the original point set capital X.

Thenext property is translation.So, | will put this as one.So, as incase of dilation, we have
translation invariance property in this case which says that x translated by vector h dilated with
the point set B will be x dilated with structuring element B and this is translated by the same
vector h whereas x dilated with B translated by the vector h will be x dilated with B which is
translated by the vector minus h. So, these two are the translation properties of the erosion
operation.

(Refer Slide Time: 37:42)
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Asincase of dilation, the erosion is also an increasing transformation.So, the increasing
transformation property in case of erosion, increasing transform; incase of erosion, the increasing
transform property is something like this that again for two pointsets - capital X and capital Y; if
X is a subset of Y, then if | dilate this capital X and capital Y by the same structuring element
capital B, then the relation will be that x dilated with capital B will also be a subset of y dilated
with capital B.

So, you find that this is similarto what we have done; the property that we have seen in case of
dilation. So, if x is a subset of y, then x dilated with B is a subset of y dilation B. Sosimilarly, in
this case, if x is a subset of y; then x erosion B will also b a subset of y erosion B. The next
property is like this that if we have two structuring elements B and D, say these are the two
structuring elements and structuring elements are such that D is a subset of B; so if it is such and
then a given pointset X is dilated with B and D separately, then X sorry eroded with B and D
separately, then X eroded with B will be a subset of X eroded with D.

So, you find that in this particular case, we have these two structuring elements B and D such
that the structuring element D is a subset of structuring element B. So, in such case, if X is
eroded with structuring element B which is a superset, this will be a subset of X erosion D where



D is a subset. So, following the properties of the erosion and dilation, you can find that the
erosion and dilation,they are different in certain cases.

(Refer Slide Time: 40:40)
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Incase of dilation, we have seen that x dilation B is same as B dilation X whereas in case of
erosion, X erosion B is not same as B erosion X. So here, the properties of erosion and the
property of dilation, they differand the other one was the associated property that is in case of
dilation,we have said that X dilation B dilation D, this is same as X dilation B dilation D in case
of dilation.However, this is not so incase of erosion that is X erosion B erosion D is not same as
X erosion B erosion D. So, these are the cases where the properties of erosion and the properties
of dilation, they are different.

Now, given this properties, we have just said earlier that if I apply the dilation operation, then the
area of the object region increases; if | apply the erosionoperation, then the area of the object
region decreases.However,both the dilation and erosion operations are useful to remove the noise
present in the image. The dilation operation removes the noisy pixels belonging to the object
region; at the same time, it reduces the object sizeit increases of the object size.

Onthe contrary, the erosion operation removes the noise present in the background and while
doing so, it reduces the size of the object region.So, if | apply one that has to be compensated by
the other.Soaccordingly,as we have said that we have two different operation; one is called
closing operation and other one is called opening operation.

(Refer Slide Time: 43:07)



Sonow, let us see what are those opening operation and closing operation.So, | take this
particular binary image.Sohere,you find that apparently, this image contains two different object
regions and there are two noisy regions in this image. Oneis this one, it appears that this inter
region should have been object but may be due to noise, these two object pixels have turned out
to be background pixelsand on this side, this is another object region another object where
internallywe donot have any noise but these two object regions are connected by a thin line
which is just one pixel white. Sogenerally, we can assume that this connection is nothing but
because of the presence of noise.

Sonow, let us see that how we can apply the morphological operations to remove these noises
present in the image. So here again,l assume that my structuring element is a 3 by 3 structuring
element.SO, this is my structuring element — B, capital B and the center of the structuring
element, the center pixel is taken as the local origin. So, the operation that | want to perform first
is dilating this given image with the given structuring element, the 3 by 3 structuring element -
capital B.

So, if I dilate this image with this structuring element capital B, then what is the effect that we
are going to have?

(Refer Slide Time: 45:05)



Theeffect will be something like this that these internal noisy pointsas we have assumed, these
will be filled up but simultaneously, the boundary of the object will also be expanded by one
pixel all around the boundary.So, this is what the dilation output that I am going to have. So, this
is the dilation output,all thesepixels will turn out to be object pixels.

So, | have achieved anintended operation.That is | wanted to fill this gap,l wanted to convert
these two background pixels into object pixels which has been done but at the same time, there is
a side effect that the objects have become expanded by one pixel all along the boundary.

(Refer Slide Time: 46:13)




So, to negate this expansion, what I do is this dilated image is now eroded by applying the same
structuring elements.So, if | erode this by applying the same structuring element, then after
erosion, as we have said that the effect of erosion is to shrink the boundary, to reduce the object
region all along the boundary; so because of this shrinking, all these additional pixels which have
been introduced by the dilation operation will be removed.

So, all thesepixels will be removed but the effect that | have is that internal noisypixelswhere an
object pixel was turned to be a background pixel that has been reconverted to objected pixel. So,
all the internal noise, the internal noise within an object region has been removed by the dilation
operation and the expansion of the area has been converted by the following erosion operation.

(Refer Slide Time: 47:34)

Sohere, the operation that | havedone is first x is x is first dilated with B and this dilated output is
eroded with the same structuring element B. Sofirst, we are doing the dilation operation followed
by the erosion operation and this is an operation which is called morphological closing
operationand the closing operation is represented by this symbol.Sohere,what we have done is a
morphological closing operation. So, the effect is quite clear.After doing the morphological
closing operation, we have removed the internal noise.

(Refer Slide Time: 48:23)



Butthe other noise that is this one where two different object regions have been connected by a
thin line which is one pixelwhite that has not been removed. So, in order to remove this,I do the
inverse operation.That is first | apply the erosion and by applying the erosion,I will have
reduction in the object region. Tocompensatefor this reduction,l will have the subsequent dilation
operation.And, this erosion and dilation will also be done by the same with respect to the same

structuring element.

(Refer Slide Time: 49:02)

So, if | do erosion what I will get is something like this. Bydoing the erosion operation, these are
the pixels which are going to be removed, all theboundary pixels which are going to be removed;



thesepixels will be removed from this image. This one pixel white thin line will also be removed
and at the same time, these boundary pixels are also going to be removed.

So, what | get at the end of this erosion operation is two object regions; one is this, a shrinked
version of the object and here another shrinked version of the object.So, this shrinking has been
done because first we have applied erosion. Now, to compensate for this shrinking, as we said
that now will perform the inverse, the dilation operation.But in this case, the dilation operation
will be done by the same structuring element capital B.

(Refer Slide Time: 50:30)

So, if | do this dilation, then the output that | am going to get will beall these regions will be
restored, these regions will be restored,this internal noise which was filled up earlier that will
remain as it is.Butwhat | remove is this thin pixel,this thinline of one pixel white which was
connecting these two object regions, this I had been able to remove.

So, you find that this image has now been separated into two object regions and the noises
present in the image which were present in the image that has been removed. So, in this case,
what we have done is first we have done the erosion operation.
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So, x is eroded with B and subsequently, it has been dilated by the same structuring element
capital B and this is an operation which is known as the opening operation and the opening
operation is represented by asymbollike this a small circle B. So, you find that we have applied
two different operations; one is the opening operation the other one is the closing operation. By
using the closing operation, we remove all the internal noise present in the object region and by
using the opening operation; we remove the external noise which are present in the background
region.

Soinitially, when we said that this morphological operations are also very very useful to remove
the noise or for filtering operation, so by filtering what we mean is we have to use the opening
and closing operation one after the other and by using this opening and closing operations, we
can remove the noise present in the image.
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Now, let us talk about another operation, another transformation which we call as hit or miss
transform.So, what is this hit or miss transform? Hitor miss transform is normally a
transformation which is used to detect or to locatean object of a given shape and size in animage.

(Refer Slide Time: 53:20)

So, let us assume that we have an object say something like this - a 3 by 3 square object.So, this
is our object and the image that we have is something like this. So here,l have an object region
which is 4pixelby 3pixel and here,l have say another object region which is 3pixel by 3 pixel.



Now, to detect this object within this given image X, the kind of operation that have to do is let
us assume that this is our image A and this is the object x that we are looking for.

Now, what we do is we embed this X into a higher into a larger size window and suppose that
window is W. Sohere, we have two different sets; one is x and other one is the boundary of this
X which is represented by W minus X and now, the kind of operation that we have to do is first
let us do one thing that we will perform A erosion with X. So, here you find that if you erode A
with X, then the output will be something like this. There will be two pixels in the eroded output
and here we will have 1, 2, 3 -these pixelsin the eroded output.

So, this is our first operation when | do A erosion with X and the next operation that | will do is |
will take complement of A which will be eroded with W minus X. So, if | erode A complement
with W minus X, then | will get only one pixel which is this. So now, if | take the intersection of
A eroded with X, this is one set and | take the intersection of this with A complement eroded
with W minus X, then | get a single point which is only this point and you find that this point
identifies that this particular object X is located in this particular location.

So, here you find that though this object region is a superset of this object X but still this has not
been detected.What we have detected is only a single location where this particular object is
present. So,this operation that is A erosion with X intersection with A complement erosion with
X, this is what is known as hit or miss transform and thishit or miss transform is used to locate an
object of a given shape and size within a given image.
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Now, this operation can be generalized, this particular transform can be generalized and the
generalized definition is something like this.Suppose, we have a structuring element B and if |
represent this structuring element B if | can represent this as By and B, if | can break the
structuring element B into two structuring elements B; and B, then for a given image A, the hit



or miss transform of A with B is given by A erosion with B intersection with A complement
erosion with B,. So, this is a general definition of hit or miss transform.

So, with this, we stop our lecture today.Wewill continue with our morphological operations in
subsequent classes.
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What is Morphology?
What are opening and closing operations?
Show that dilation operation is commutitave.

What are the translation properties of
dilation and erosion operations?

What is meant by - dilation and erosion are
increasing transformations?

Define Hit-or-Miss Transform.

What is the application of Hit-or-Miss
Transform? '

Now, let us see some of the quiz questions of today’s lecture.

Thank You.



