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Category of Chain Bundles

P. G. Romeo and Riya Jose

Abstract In this paper, we describe the category of chain bundlesCBC in a category
C with zero object. The objects of CBC are

· · · Mi+1�Mi�Mi−1 · · · �M0 = 0

where Mi ∈ νC ∀i and Hom(Mi+1,Mi )

� denotes the homset Hom(Mi , Mj ); in particu-
lar, the homsets includes sets of the form Hom(Mi , Mi ) and all possible composite
of morphisms in C. The morphisms in this category are appropriate maps (functors)
between objects of CBC called chain bundle maps.

Keywords Category · Subobject · Chainbundle · Cochain bundle · Chain bundle
map · Factorization · Category of chains
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Category theory gained an important position in present-day mathematics. It is a
powerful tool which is still developing and it helps us to see the universal components
of a family of structures of a given kind and how structures of different kinds are
interrelated. Categories were introduced by Samuel Eilenberg and Saunders Mac
Lane in the year 1945. Here, we are discussing certain categories which are termed
as category of chain bundles. There are various situations we come across chains
(sequences of objects and morphisms) in mathematics. In this paper, we introduce
the category of chain bundles with an aim to include all situations dealing with chains
in a general categorical frame work.
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In first section, we provide all basic terminology and results regarding categories,
and in the second section, we define chain bundles and construct category of chain
bundles. It is also shown that this category is with subobjects and has subcategory
with factorization. In third section, preorder chains which are obtained from category
of chain bundles, and in the last section some categorical properties of category of
chain bundles are discussed.

1 Preliminaries

In the following, we briefly recall some basic notions related to category theory and
go through category with subobjects.

Definition 1 A category C consists of the following data:
1. a class νC called the class of vertices or objects
2. a class C of disjoint sets C(a, b), one for each pair (a, b) ∈ νC × νC, an element

f ∈ C(a, b) is called amorphism (arrow) froma tob,written f : a → b; a = dom f
and b = cod f .

3. For a, b, c ∈ νC, a map

◦ : C(a, b) × C(b, c) → C(a, c)

( f, g) → f ◦ g

called the composition of morphisms in C.
4. For each a ∈ νC, a unique 1a ∈ C(a, a) is called the identity morphism on a.
These must satisfy the following axioms:
Cat1 : The composition is associative: for f ∈ C(a, b), g ∈ C(b, c) and h ∈

C(c, d) we have
f ◦ (g ◦ h) = ( f ◦ g) ◦ h

Cat2 : For each a ∈ νC, f ∈ C(a, b), g ∈ C(c, a)

1a ◦ f = f and g ◦ 1a = g

We can identify νC as a subclass of C. With this identification, it is possible to
define categories in terms of morphisms(arrows) alone. The category C is said to be
small if the class C is a set.

For any category C an opposite category denoted as Cop may be defined as follows:

νCop = νC, Cop(a, b) = C(b, a) ∀a, b ∈ νC

and the composition ∗ in Cop is given by

g ∗ h = h ◦ g ∀g, h ∈ Cop = C
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for which h ◦ g is defined.

Example 1 (1) Set: the category inwhich vertices are sets andmorphisms aremaps.
(2) Grp: the category in which vertices are groups and morphisms are homomor-

phisms.
(3) ModR: vertices are right R-modules and morphisms are R homomorphisms.
(4) Cat: vertices are (small) categories and morphisms are (small) functors.

Definition 2 A covariant functor F : C → D from a category C to a category D
consists of a vertex map νF : νC → νD which assigns to each a ∈ νC, a vertex
νF(a) ∈ νD and a morphism map F : C → D which assigns to each morphism
f : a → b in C, a morphism F( f ) : νF(a) → νF(b) ∈ D such that

Fn.1. F(1a) = 1νF(a) ∀a ∈ νC
Fn.2. F( f )F(g) = F( f g) for all morphisms f, g ∈ C for which the composite

f g exists.
F is a contravariant functor if νF is as above and the morphism map assigns to

each f : a → b inC, amorphism F( f ) : νF(b) → νF(a) ∈ D such that they satisfy
axiom Fn.1. and Fn∗.2., i.e., F(g)F( f ) = F( f g) for all morphisms f, g ∈ C for
which the composite f g exists.

Example 2 A categoryD is a subcategory of a category C if the classD is a subclass
of C and the composition in D is the restriction of the composition in C to D. In this
case, the inclusion D ⊆ C preserves composition and identities and so represents a
functor of D to C which is called the Inclusion functor of D into C.
Definition 3 A morphism f in a category C is a monomorphism if

g f = h f ⇒ g = h ∀g, h ∈ C

and a morphism f in C is called a split monomorphism if it has a right inverse.
Every morphism in a concrete category whose underlying function is an injection is
a monomorphism. A morphism f in a category C is an epimorphism if

f g = f h ⇒ g = h ∀g, h ∈ C

and a morphism f in C is called a split epimorphism if it has a left inverse. Every
morphism in a concrete category whose underlying function is an surjection is an
epimorphism.

Definition 4 A PreorderP is a category such that for any p, p′ ∈ P , P(p, p′)
contains atmost one morphism. In this case, the relation ⊆ on the class νP defined
by

p ⊆ p′ ⇔ P(p, p′) �= ∅ (1)

is a quasiorder. When P is a preorder, νP will stand for the quasiordered class
(νP,⊆). Conversely given a quasiorder ≤ on the class X , the subset
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P = {(x, y) =∈ X × X : x ≤ y}

of X × X is a preorder such that the quasiordered class νP defined above is order
isomorphic with (X,≤). If the relation ⊆ on P is antisymmetric then we shall say
that P is a strict preorder.

Definition 5 Let C be a category. A choice of subobjects in C is a subcategoryP ⊆ C
satisfying the following:

(a) P is a strict preorder with νP = νC.
(b) Every f ∈ P is a monomorphism in C.
(c) If f, g ∈ P and if f = hg for some h ∈ C then h ∈ P .

WhenP satisfies these conditions, the pair (C,P) is called a categorywith subobjects.

When C has subobjects, unless explicitly stated otherwise, νC will denote the choice
of subobjects in C. The partial order defined by equation (1) is called the preorder
of inclusions or subobject relation in C and is denoted by ⊆. If c, d ∈ νC and c ⊆ d
the unique morphism from c to d is the inclusion j dc : c → d.

Example 3 In categories Set,Grp, VctK , ModR the relation on objects induced by
the usual set inclusion is a subobject relation.

Definition 6 A morphism f in a category C with subobjects is said to have factor-
ization if f can be expressed as f = pm where p is an epimorphism and m is an
embedding.

Factorization of a morphism need not be unique. Every morphism f with factor-
ization has atleast one factorization of the form f = q j where q is an epimorphism
and j is an inclusion. Such factorizations are called canonical factorization. A cate-
gory C is category with factorization if C has subobjects and if every morphism in C
has factorization. The category has unique factorization property if every morphism
in C has unique canonical factorization.

Example 4 If f : X → Y is a mapping of sets and f (X) = Im f the f (X) ⊆ Y and
we can write f = f 0 jYf (X). Here f 0 denote the mapping of X onto f (X) determined
by f . Since surjective mappings are epimorphisms in Set , this gives a canonical
factorization of f in Set which is clearly unique. Thus Set is a category with unique
factorization.

Example 5 Since surjective continuous mappings are epimorphisms in Top, it fol-
lows as above example that this category has factorization property. However, if Y
is dense in X , h = j XY is an epimorphism in Top and h = 1Y j XY = j XY 1X . Then both
1Y j XY and j XY 1X are canonical factorizations of h in Top. Thus Top doesnot have
unique factorization property.
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Proposition 1 Let C be category with factorization. Suppose that the morphism
f ∈ C has the following property:

(Im. ) f has a canonical factorization f = x j such that for any canonical factor-
ization f = y j ′ of f , there is an inclusion j ′′ with y = x j ′′. Then the factorization
f = x j is unique.

Remark 1 A morphism f in a category with factorization is said to have image
if f satisfies the condition (Im) of the proposition above. In this case, the unique
canonical factorization f = x j with the property (Im) is denoted by f = f 0 j f
where f 0 is called the epimorphic component of f and j f is called the inclusion
of f . The unique vertex Im f = cod f 0 = domj f is called the image of f . Since
categories Set,Grp, etc., has unique factorization, morphisms in these categories
have images. Though the category Top doesnot have unique factorization, it can be
seen that every morphism in Top also has image.

Definition 7 A groupoid G is a small category in which every morphism is an iso-
morphism.A groupoidG is said to be connected if for all a ∈ νG, Ha = G(a, a) �= φ.

Example 6 Every group G is a groupoid with exactly one vertex.

Definition 8 A bundle is a triple (E, p, B), where p : E → B is a map. The space
E is called base space, the space E is called the total space, and the map p is called
the projection of the bundle. For each b ∈ B, the space p−1(b) is called the fibre of
the bundle over b ∈ B.

Example 7 The empty function defines a bundle.

Example 8 Product bundle over B with fibre F is (B × F, p, B), where p is the
projection on the first factor.

2 Category of Chain Bundles

Let C be a category with zero. Here the category of chains as well as the category
of chain bundles in C are described and it is shown that when the category C is with
subobjects and factorization, the category of chain bundles is also a category with
subobjects and having a subcategory admitting factorization.

Definition 9 Let C be category with zero. A chain in the category C is of the form

· · · M3�M2�M1�M0 = 0

whereMi ∈ νC ∀i and� denotes the homset Hom(Mi+1, Mi ). Chain also consists
of all homsets of the form Hom(Mi , Mi ) and all possible composite of morphisms.
A chain in category C is a subcategory of C.

A cochain in a category C is a subcategory of the form
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0 = M0�M1�M2�M3 · · ·

Definition 10 A chain map between two chains in C is a functor F between the
two whose vertex map νF = { fi : Mi → Ni } is a sequence of morphisms in C and
morphismmap is amap between homsets of C, such that resulting diagram commutes

Similarly, we can define cochain map.
A category of chains is a category whose objects are chains in C and morphism

between two chains are chain maps. We denote this category by CC . Note that each
triple (Mi , p, Mj ) where p ∈ Hom(Mi , Mj ) in

· · · M3�M2�M1�M0 = 0

forms a bundle and from here onwards we call the chain, a chain bundle. The chain
map between two chain bundles are called chain bundle map.

Definition 11 Let C be a category with zero. A category whose objects are chain
bundles in C and morphism between two chain bundles are chain bundle maps is
called a category of chain bundles. We denote this category as CBC

Example 9 C be the category of submodules of Z and CBC be category of chain
bundles in C. Consider the two chain bundles

3Z
2
3 a

� 2Z
5
2 b

� 5Z
0
� 0 and 6Z

2
3 a

′

� 4Z
1
4 b

′

� Z
0
� 0

A morphism F between these to chain bundles is as follows:

νF(3Z) = 6Z, νF(2Z) = 4Z, νF(5Z) = 2Z, νF(0) = 0

F

(
2

3
a

)
= 2

3
a, F

(
5

2
b

)
= 1

4
b, F(0) = 0.

Another morphism G between these to chain bundles is as follows:
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νG(3Z) = 6Z, νG(2Z) = 4Z, νG(5Z) = 2Z, νG(0) = 0

G

(
2

3
a

)
= 2

3
a,G

(
5

2
b

)
= 1

4
b,G(0) = 0.

Remark 2 The two morphisms in the above example are same when considered as
functors but are different when considered as chain bundle maps.

Example 10 C be category of subgroups of symmetric group S3 and CBC be the
category of chain bundles in C. Consider the two chain bundles

S3
0
� A3

0
� 0 and K

Hom(K ,S3)
� S3

0
� 0

K = {e, (2, 3)} ⊂ S3. A morphism F between these to chain bundles is as follows:

νF(S3) = K , νF(A3) = S3, νF(0) = 0. p can be any morphism from A3 to S3.
The map 0 : S3 → A3 can be mapped to any g : K → S3.

Example 11 Consider category of chain bundles CBVectK of the category of vector

spaces. c : R2

⎡
⎣a
b

⎤
⎦

� R
0
� 0 and d : R3

⎡
⎢⎢⎣
a
b
c

⎤
⎥⎥⎦

� R
0
� 0 are two chain bundles in CBVectK .

A morphism F between c and d is as follows:

Any T ∈ Hom(R2,R) is a linear transformation

T
[
x y

] = [
x y

] [
a
b

]
= ax + by
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and T ′ ∈ Hom(R3,R) is a linear transformation

T
[
x y z

] = [
x y z

]⎡
⎣a
b
c

⎤
⎦ = ax + by + cz.

F has the vertex mapping ( f3, f2, 0), where f3 is the linear transformation given by

f3
[
x y

] = [
x y

] [
1 0 0
0 1 0

]
= [

x y 0
]

and f2 is the linear transformation given by

f2(x) = x

Morphism mapping between homset Hom(R2,R) and Hom(R3,R) is given by

[
a
b

]
�→

⎡
⎣a
b
0

⎤
⎦

Definition 12 Let C be a category with subobjects. Let M1, M2, M ′
1, M

′
2 ∈ νC such

that M ′
1 ⊂ M1, M ′

2 ⊂ M2. A morphism f : M ′
1 → M ′

2 is said to be corestriction of
a morphism g : M1 → M2 to inclusion j : M ′

2 → M2 if (g|M ′
1
)0 = f .

Definition 13 A chain bundle c′:

· · · M ′
3�M ′

2�M ′
1�M ′

0 = 0

is a subchain bundle of the chain bundle c:

· · · M3�M2�M1�M0 = 0

if M ′
i is a subobject of Mi and for each f ′ ∈ Hom(M ′

i , M
′
j ) there is an f ∈

Hom(Mi , Mj ) such that f ′ is corestriction of f to j : M ′
j → Mj .

The relation “is a subchain bundle” is a strict preorder on vertex class of category of
chain bundles.

Let C is a category with subobjects and CBC be the category of chain bundles.
For c′ a subchain bundle of c there exists a chain bundle map F from c′ to c such
that νF = { j : M ′

i → Mi } and for each f ′ ∈ Hom(M ′
i , M

′
j ) , F( f ′) = f , where f

is a morphism in Hom(Mi , Mj ) of which f ′ is the corestriction. Also F is injective
on each homset.
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LetP be a choice of subchain bundles in CBC , then (CBC,P) is a category with
subobjects, since

(1) P forms a strict preorder with νP = νCBC .
(2) Every F ∈ P is a monomorphism since νF consists of inclusions and morphism

map of F are injective on each homset.
(3) If F = HG where F,G ∈ P, then H ∈ P

For,

If F = HG, then we have j
M ′′

i
Mi

= hi j
Mi

M ′
i

⇒ hi = j
M ′

i

M ′′
i
., i.e., each component

of νH are inclusions. Also morphism map of H satisfies the condition that F(h)

has corestriction h since

h = j Mi

M ′′
i
F(h) = j

M ′
i

M ′′
i
j Mi

M ′
i
G(H(h)) = j

M ′
i

M ′′
i
H(h)

hence c′′ becomes subchain bundle of c′ and F ∈ P.

Thus we have the following lemma.

Lemma 1 If C is a category with subobjects, then category of chain bundles in C,
CBC forms a category with subobjects where being subchain bundle is the subobject
relation.

Example 12 Consider the chain bundle c : 3Z � 2Z � 8Z � 0 in category of
chain bundles in category of submodules of Z. c itself is a subobject.
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c′ : 6Z � 4Z � 16Z � 0 is a subobject of c.

Morphism map is identity on each homsets. Thus we get an inclusion from c′ to
c.

Whereas c′′ : 9Z � 4Z � 16Z � 0 is a not a subobject of c. Though each vertex
of c′′ is a subobject of c, the morphisms in Hom(9Z, 4Z) is not corestriction of that
in Hom(3Z, 2Z).

Category with Factorization
Let C be category with factorization and CBC the category of chain bundles. For
c, d ∈ νCBC and F : c → d then νF = { fi : Mi → Ni } admits a factorization f 0i j
and corresponding chain bundle c′ forms a subchain bundle of d.

Let the chain bundle map F be full and for each g ∈ Hom(Mi , Mj ) there exists
F(g)′ ∈ Hom(N ′

i , N
′
j ) which is the corestriction of F(g) to j , define E : g �→

F(g)′ = (F(g)|N ′
i
)0, then F(g) = J ((F(g)|N ′

i
)0) = J (E(g)) and so F = E J is a

factorization., i.e., CBC has a subcategory with factorization.

Remark 3 Similarly we can construct category of cochain bundles CCB and can
show that it is a category with subobjects.

Example 13 Consider the following chain bundles and functor F between them in
the chain bundle category of submodules of Z.
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νF(3Z) = 6Z, νF(2Z) = 4Z, νF(5Z) = Z

F

(
2

3
a

)
= 2

3
a, F

(
5

2
b

)
= 1

4
b,

Also F can be factorized as G ◦ H where G is an epimorphism and H is an
inclusion as follows:

Next we consider the case when the category C is a groupoid G. Then the chain
bundles CBG obtained from G is described and it is shown that CBG is a groupoid.
Since G has no zero object we consider category G ∪ 0 by adjoining a zero object 0
to νG. Consider the category CBG of chain bundles formed from G ∪ 0. Consider
two chain bundles

c : · · · M3�M2�M1�0

and
d : · · · N3�N2�N1�0

in CBG . If there exists a vertex mapping between vertices of these chain bundles
then it will induce a chain bundle map between c and d and it is invertible. Consider
the following chain bundle map F between two chain bundles

F( f ) = f −1
i f f −1

i−1 for each f ∈ Hom(Mi+1, Mi ) and for any g ∈ Hom(Ni+1,

Ni ), F−1(g) = f3g f −1
2 .
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3 Category of Preorder Chains

C be a category and CBC the category of chain bundles. Let

c : · · · M3�M2�M1�M0 = 0

be a chain bundle in CBC . By choosing atmost one morphism from each homset in
the chain bundle, we obtain a sequence of chains called preorder chains.

· · · Mi+1 → Mi → 0, Mi−1 → · · · Mj → 0, ...., Mj−1 → · · · M1 → 0

Define preorder chain maps as follows:

Definition 14 Achainmap between two preorder chains is a sequence ofmorphisms
in C, { fi : Ni → Mi } such that the resulting diagram commutes.

Note that the preordered chains obtained from a category of chain bundles CBC is
again a category whose objects are preorder chains and morphisms are chain maps
between such chains.

Example 14 Consider the chain bundle in category of submodules of Z.

c : 18Z � 9Z � 3Z � 8Z � 4Z � 2Z � 5Z � 0

By choosing only inclusions from each homset we obtain the chains:

18Z → 9Z → 3Z → 0, 8Z → 4Z → 2Z → 0, 5Z → 0.

Given a category C and the category of chain bundles CBC . By choosing a mor-
phism from each homset we obtain chains, depending on the choice we have different
collection of chains from CBC . Let ν� be one such collection of chains obtained
from CBC , we obtain a category � whose vertex class is ν� and morphisms between
two preorder chains is chain map defined above.

Example 15 Let C be category of abelian groups. Consider the category CBC .
Choose preorder chain from a chain bundle

c : · · ·Cn+1 � Cn � Cn−1 � · · · � 0

by choosing one ∂i from each homset Hom(Ci+1,Ci ) such that ∂i+1 ◦ ∂i = 0. If we
can choose such a ∂i from each homset we obtain a chain of the form
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c1 : · · ·Cn+1
∂n+1→ Cn

∂n→ Cn−1
∂n−1→ · · ·

Note that given a chain bundle category CBC , it is possible to obtain a category
� whose vertices are preorder chains from chain bundles in CBC and morphisms
between two preorder chains is a sequence of morphisms in C from vertices of first
preorder chain to that of second one which make the resulting diagram commutative.
The category of chain complexes in C then coincides with the category �.

For a category C with subobjects, so is CBC and also the category of preorder chains
obtained from it are categories with subobjects.

Definition 15 A preorder chain c′:

· · · M ′
3

f3→ M ′
2

f2→ M ′
1

f1→ M ′
0 = 0

is a sub preorder chain of the preorder chain c:

· · · M3
f ′
3→ M2

f ′
2→ M1

f ′
1→ M0 = 0

if M ′
i is a subobject of Mi and for each f ′

i+1 : M ′
i+1 → M ′

i there is a fi+1 : Mi+1 →
Mi such that f ′

i+1 is corestriction of fi+1.

Lemma 2 The relation “is a sub preorder chain”which is a strict preorder on vertex
class of category of preorder chains.

Lemma 3 If C is a category with subobjects, then category of preorder chains
obtained from chain bundles in C is a category with subobjects where being sub
preorder chain is the subobject relation.

Example 16 Let C be category of submodules of Z. Consider category of chain
bundles CBC . � be category of preorder chains obtained from CBC by choosing
inclusions from each homset. In �, c′ : 16Z → 8Z → 4Z → 0 is a subobject of
c : 8Z → 4Z → 2Z → 0.

If C is a category with factorization, then so is the category of preorder chains �

obtained from CBC . F be a chain map in �, then factorization of components in νF
induces a factorization of F .
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4 Some Categorical Properties of Chain Bundles

General categorical properties like product, coproduct, kernel, cokernel, etc. need
not carry over to the bundle categories. However, under certain restrictions some of
these categorical properties may carry over to bundle categories.

Let C be a category with products. Then product inCBC may be defined termwise.
For two chain bundles having different lengths we add zeros as vertices to left of
chain bundle to make length of both equal. Consider the following chain bundles c
and d:

c : · · · M ′
3�M ′

2�M ′
1�M ′

0 = 0

d : · · · M3�M2�M1�M0 = 0

The product c × d is the chain bundle

c × d : · · · M ′
3 × M3�M ′

2 × M2�M ′
1 × M1�M ′

0 × M0 = 0 × 0

For any F : l → c and G : l → d where l is the chain bundle

l : · · · N3�N2�N1�N0 = 0,

there exists a chain bundle map L : l → c × d such that for any k ∈ Hom(Ni , N j )

and L(k) ∈ Hom(M ′
i × Mi , M ′

j × Mj ) there corresponds a F(k) ∈ Hom(M ′
i , M

′
j )

and G(k) ∈ Hom(Mi , Mj )

In a similar manner, one can define coproducts in CBC .

Example 17 C be the category of submodules of Z and CBC be category of chain
bundles in C. Consider the two chain bundles

c : 3Z
2
3 a

� 2Z
5
2 b

� 5Z
0
� 0 and d : 6Z

2
3 a

′

� 4Z
1
4 b

′

� Z
0
� 0

The product c × d is the chain bundle

c : 3Z × 6Z
2
3 a, 23 a

′

� 2Z × 4Z
5
2 b,

1
4 b

′

� 5Z × Z
0,0
� 0 × 0

For any l : mZ

n
m a′′

� nZ
p
n b

′′

� pZ
0
� 0 in νCBC and for any F : l → c and

G : l → d there exists a chain bundle map L : l → c × d such that the following
diagram commutes
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Let C be a category having kernels and c : · · · M3�M2�M1�0 ∈ CBC . The kernel
of c is given by

ker(c) : · · · ker(M3)�ker(M2)�ker(M1)�0

provided there exists a chain bundle map K : ker(c) → c whose morphism map
satisfies the condition K F = 0 for any chain bundle map F : c → d.

Similarly one can define cokernels in CBC .
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Abstract— This paper conducts a comprehensive study on 

the application of big data and machine learning in the 

electrical power grid introduced through the emergence of 

the next-generation power system the smart grid 

(SG).Connectivity lies at the core of this new grid 

infrastructure, which is provided by the Internet of Things 

(IoT). This connectivity, and constant communication 

required in this system, also introduced a massive data 

volume that demands techniques far superior to 

conventional methods for proper analysis and decision 

making. The IoT-integrated SG system can provide efficient 

load forecasting and data acquisition technique along with 

cost-effectiveness. Big data analysis and machine learning 

techniques are essential to reaping these Benefits. In the 

complex connected system of SG, [1]cyber security 

becomes a critical issue; IoT devices and their data turning 

into major targets of attacks. Such security concerns and 

their solutions are also included in this paper. Key 

information obtained through literature review is tabulated 

in the corresponding sections to provide a clear synopsis; 

and the ndings of this rigorous review are listed to give a 

concise picture of this area of study and promising future 

elds of academic and industrial research, with current 

limitations with viable solutions along with their 

effectiveness. 
 

Introduction  

The electrical power system is poised to move towards the 

next generation smart grid (SG) system, and thus this topic 

has acclaimed significant attention in the research 

community. SG is the integration of information and digital 

communication technologies with power grid systems to 

enable bi-directional communication and power that can 

enhance security, reliability, and efficiency of the power 

system. Smart grid solutions aim at calculation of optimum 

generation transmission-distribution pattern and storing 

power system data.[2] For the growing concern about 

environment along with efficient generation and 

distribution, distributed energy resources (DER) with smart 

micro grid can be a potential solution. It can be said that 

distributed smart micro grid can bring additional benefits for 

global power system planning.[2] In other words, SG is the 

integration of technologies, systems and processes to make 

power grid intelligent and automated and the figure shows 

basic constructions of conventional grid and smart grid to 

demonstrate their dissimilarities. This paper presents a 

concise picture of the electricity grids transition towards the 

smart grid, the ensuing rise in IoT usage, and the challenges 

this new system brings forward. 

In the internet of things each object has its own identity in 

the digital world. Everything is connected through a 

complex network. IoT comprises of smart objects which 

possess self-awareness, interaction with the environment 

and data processing. Smart devices are capable to 

communicate with other such devices in this system. Most 

common smart devices employed in the grid, such as the 

smart meter, falls into this category. These devices provide 

the detailed data required for accurate information and 

automated decision support which give the smart grid the 

unique capabilities it demonstrates over the legacy system. 

The most obvious trials are of course the handling of the 

huge amount of data in this connected system, their proper 

analysis and safety, as well as protecting this new power 

grid from attacks generated in both physical and cyber 

dimensions. This work can act as a base for future academic 

and industrial researchers, while pointing out the current 

limitations with possible solutions along with their 

effectiveness. 
 

1. SMART GRID 
The smart grid refers to an advanced electricity supply bond 

which runs from a major power plant to all the way inside 

your home. For example, there are many power plants in the 

United States and these power plants produce electricity by 

using the wind energy, nuclear energy, hydro, natural gas 

and from other resources.[4] These producing stations 

produce electricity at a fixed electrical voltage and this 

certain level of voltage is enhanced to very high voltages so 

that the power transmissions efficiency is enhanced over 

long distances. When this electrical power gets near your 

town or city or village then the high electrical voltage is 

decreased in a process called stepped down, the voltage 

value is decreased in an electrical substation for the 

distribution in an area.   

The most important concept of the smart grid is to include 

the capabilities of monitoring, analysis, control and 

communication in the national electrical delivery system to 

improve the output of the system while decreasing the 

consumption of energy 

                          

A. Features of the Smart Grid  

The smart grid has the numerous range of factor and the 

features of the smart grid are as below 

 • Reliability  

• Flexibility in network topology  

• Efficiency 

• Load adjustment/ load balancing  

• Peak curtailment/ leaving  

• Time of use pricing  

• Sustainability  
• Market                
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B. Components of the Smart Grid 
 

The commonly used components of smart grid as follows  

 

• Smart meter 

Is a generic term for electronic meters with a 

communication link. ”Advanced Metering Infrastructure” 

(AMI) allows remote meter configuration, dynamic tariffs, 

power quality monitoring and load control.  

 

• Phasor measurement 

A phasor measurement unit (PMU) is a device used to 

estimate the magnitude and phase angle of an electrical 

phasor quantity (such as voltage or current) in the electricity 

grid using a common time source for synchronization.  

 

• Information transfer  

In telecommunications, information transfer is the process 

of moving messages containing user information from a 

source to a sink via a communication channel. In this sense, 

informationtransferisequivalenttodatatransmissionwhichhigh

lights more practical, technical aspects 

 

• Distributed generation 

The concept of distributed generation (DG), power 

generated from numerous micro-scale sources for local 

distribution or to be fed back into the main grid, certainly 

makes for an enticing picture. 
 

      2. MACHINE LEARNING 
 

Machine learning (ML) is the scientific study of algorithms 

and statistical models that computer systems use to perform 

a specific task without using explicit instructions, relying on 

patterns and inference instead. It is seen as a subset of 

artificial intelligence. Machine learning algorithms build a 

mathematical model based on sample data, known as 

”training data”, in order to make predictions or decisions 

without being explicitly programmed to perform the task. 

Machine learning algorithms are used in a wide variety of 

applications, such as email filtering and computer vision, 

where it is difficult or in feasible to develop a conventional 

algorithm for effectively performing the task. Machine 

learning is closely related to computational statistics, which 

focuses on making predictions using computers. 

 
 

The study of mathematical optimization delivers 

methods, theory and application domains to the field of 

machine learning. Data mining is a field of study 

within machine learning, and focuses on exploratory 

data analysis through unsupervised learning. In its 

application across business problems, machine 

learning is also referred to as predictive analytics 
 

 

3. BIG DATA 

 

Big data can be defined as the massive datasets that are 

collected from a variety of data sources for business needs 

to reveal new insights for optimized decision making. It 

consists of large data set that cannot be managed efficiency 

by the common DBMS.Big data challenges include 

capturing data, data storage, data analysis, search, sharing, 

transfer, visualization, querying, updating, information 

privacy and data source. Big data was originally associated 

with three key concepts: volume, variety, and velocity. 

Big data can be described by the following characteristics  

• Volume  



• Variety  

• Velocity 

 

4. STRUCTURE OF CONVENTIONAL GRID AND 

SMART GRID 

In the conventional system power flows from in one 

direction only; but for smart grid, there is no strict structure. 

Generation can occur at the consumer side too, such as the 

wind and the solar farms at the outer periphery of the 

topology. Power flow can also be bidirectional, 

demonstrated by the energy storages and the house in this 

illustration. 

A. Conventional grid 

The Conventional Grid System remains one of Civil Air 

Patrol’s lasting contributions to Search and Rescue. The 

CAP (Conventional) Grid system was originally developed 

in the early 1960s by CAP members in Washington State.  

 

 

 

 

 

B. Smart grid 

The smart grid is an alliance of hardware, management 

and reporting collection of programs; in the world of 

the smart grid, the consumers and profit firms have the 

equipment to manage, monitor and respond to the 

energy problems. 

 

 
 

5. APPLICATION OF INTERNET OF THINGS (IOT) 

IN DISTRIBUTED POWER SYSTEM 

 

The underpinnings those make the smart grid do so many 

things that the legacy grid is incapable of are a lot of 

connected devices, which are capable exchanging 

information, and receive commands to act in a certain way. 

This extensive communication is made possible by the 

internet, and all these devices are connected to their 

respective networks. Devices connected to the internet are 

currently part and parcels of the daily life, and more and 

more of such devices are emerging every day. An example 

of such devices can be smart thermostats. 

These devices, which use the internet to stay connected to 

resources located elsewhere physically, and carry out their 

tasks through the resulting exchange, are termed as IoT 

devices. IoT stands for internet of things which can be 

dened as the interrelated system that links up such devices, 

and facilitate data transfer without any human intervention. 

IoT is an inter connection of sensing and actuating devices 

providing the ability to share information across platforms 

through an unied framework, developing a common 

operating picture for enabling innovative applications. This 

is achieved by seamless ubiquitous sensing, data analytics 

and information represent action with cloud computing as 

the unifying framework. Each of those objects has its own 

embedded computing system which enables it to be 

identified and to be interconnected with each other. 

 

 
 

 



6. MACHINE LEARNING APPLICATION IN SMART 

GRID 

 

The obvious question that arises from the big data 

generation from smart grid is efficient ways to analyze them 

for extracting valuable information. Without the extraction 

of useful information, the collected data holds little or no 

value. Machine learning appears as the tool required for the 

tall task of going through the massive amount of data 

generated in an IoT-based grid system. It as the final piece 

of the smart grid system which is driven by data collection, 

analysis, and decision making. 

Machine learning techniques provide an efficient way to 

analyze, and then make appropriate decisions to run the 

grid; and thus enables the smart grid to function as it is 

intended to. Machine learning (ML) is a term which refers 

to learning and making predictions from available data by a 

system. It is comprised of various algorithms which analyze 

the available data through a set of instructions to produce 

data-driven predictions and/or decisions. Machine learning 

undergoes the rigorous process of designing and 

programming explicit algorithms with expected 

performance. Machine learning functionalities include 

predictions of consumption, price, power generation, future 

optimum schedule, fault detection, adaptive control. 

 

 

 

 
 

 

 

 

 

 

 

A. Machine Learning: Wind Energy Forecasting 

 

 

Wind power is one of the fastest growing renewable energy 

sources in the world. About 12 percentage of the world’s 

electricity will be supplied by wind generation by 2020. 

Integration of wind power sources with the grid provides 

several technical, economic, and environmental benefits. 

But due to the intermittent and stochastic nature of wind 

power, it provides some obstacles during power generation 

and distribution. Variation in wind speed causes fluctuation 

in the output of wind power plant, which leads to instability 

in the grid. 

 

 
 

 

Hence proper forecasting is required for wind energy based 

power grids, and can aid in making operational strategies 

Previously, several prediction models such as fuzzy 

modeling, auto regressive moving average , artificial neural 

network , K-nearest neighbor classification , computational 

fluid dynamics pre-calculated flow fields , extreme learning 

machine , adaptive neuro-fuzzy inference system , 

combination of relevance vector machine and differential 

empirical mode. This proposed system was validated by 

applying on a74MW wind farm at Oklahoma, United States. 

 

7. SMART GRID WITH BIG DATA ANALYSIS 

 

Integrating IoT devices in every sector of the grid 

infrastructure is a mandatory step for moving towards smart 

grid. It has also been 

statedthatthedeningfeatureofthesedevicesistheirabilitytocom

municate with other devices and control centers, and send 

useful information. Thus, an unprecedented amount of data 

gets generated in an interconnected network, posing 

challenges to the conventional methods of data transfer, 

storage, and analysis. Monitoring of transmission line, 

generation unit, substation state, smart metering , and data 

acquisition from smart home-all produce a large amount of 

data from the smart grid, which are to be stored in a cloud-

based system for proper analysis. Cloud supported IoT 

system has been proposed in to manage all those data. 

 

 

 

 
 

 



 
 

Analyzing big data is stated as a key functionality for energy 

management systems (EMS) for smart grids, control 

algorithms, and future energy market models. Although big 

data means a massive amount of data, technically it covers 

the predictive and behavioral analysis using those data. This 

huge amount of data is available at every aspect of our lives, 

and demands critical analysis. Scientists, businessmen, 

social welfare organizations, economists, and many others 

need to process through this large volume of information 

that is available online. 

 

 

1.BIG DATA: FAULT DETECTION 

The carbon emission reduction and sustainability of 

environment are the driving force and construction purpose 

of smart grid, which is designed in a decentralized structure. 

The employment of distributed generator units in modern 

power distribution system now provides an effective means 

for the utilization of wide spread renewable energy such as 

wind and solar energy. 

These emerging micro grids are vital for the expectation of a 

low carbon society. Moreover, the close distance between 

the generator and loads in micro grid improves the 

reliability of power delivery and reduces the power 

transmission loss. The ability to operate in an island model 

so protects the load from damages caused by power system 

including voltage fluctuation, frequency deviation 

While the two general schemes discussed here may remain 

the first order choice for implementing feeder automation, 

there are evolutions of each of these basic architectures that 

can provide utilities with a combination of the advantages 

provided by both. 

 

 
 

A semi-distributed system is a model-driven scheme in 

which the FDIR algorithm is hosted at the substation level 

instead of at the control center. In this configuration, an 

intelligent substation controller serves as the field host for 

FDIR, utilizing a local network connectivity model updated 

with real-time topology for the area of automation. All 

feeder devices that are part of the automation scheme 

communicate back to the substation level only, and 

specialized field hardware is not required.  

                              The FDIR controller at the substation can 

also act as a data concentrator, communicating back to a 

primary SCADA or DMS system for enhanced system 

visualization at the control center level. Expansion to 

multiple substations and feeders within the automation 

island is accomplished through the appropriate updates to 

the network model. The model can be updated offline when 

network updates or additions are made, and then 

downloaded to the controller remotely or loaded locally at 

the substation. 

 

CONCLUSION 

 

The electricity grid is transitioning towards an IoT-based, 

connected smart grid, and with the benefits of such a 

system, concerns are also emerging that were unprecedented 

until now. The big data generated in the smart grid is 

requiring no analysis techniques such as machine learning 

methods for proper handling and data extraction. The 

connected devices, and the data they generate are also 

bringing forth the dire necessities of proper protection, as 

they are being targeted to attacks of varying magnitudes 

which highlighted the lack of proper counter-measures in 

place. In an attempt to present an overall picture of these 

issues, this paper had presented a brief timeline of the grids 

journey to the smart grid, and how internet of things (IoT) 

had become a part and parcel of the electricity grid. 

Challenges associated with IoT-generated big data, namely 

their analysis and protection, as well as other security 

concerns in the smart grid had also been discussed. 
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INTRODUCTION
The multidirnensional word'social exclusion',

indicates the existing inequalities in society. Social
exclusior.r is the by-product of poverty, unemployrnent
etc. It relates not sirnply to a lack of material resources,

but also to rnatters like inadequate social participation,
laok of cultural and educational capital, inadequate
access to services and lack of power. Social exclusion
relates to the cornplexity of powerlessness in rnodern
society. It is thc failurc of society to provide certain
individuals and groups with those rights and benefits
normally available to its mernbcrs, such as ernploynrent,
adequate housing, health care, education and training
ctc. In the social world, whethcr one is heartily
welcomed or not is tlre outconre of collection of social
practices. So we can say tl.rat social exclusion is the
creation of society whether it is appreciable or not.
Social exclusion is social clisaclvantage and relegation to
the fiinge of society. Whenever our attentiorl fbcused on
elderly population, it throws sorne light on their
alienation in society.

In tliis cornputerised era, demographit:
stnlcture leads to kaleidoscopic changes in socicty. Onc
of the major issues recognised by demographers is
ageing of population. Agcing lras becor.rrc incrcasingly
rccogniscd as an inrportant issuc lacing individuals,
fanrilies, conrn-runities and nations. h'rcrcasing agr- is

related to long-telnr hcalth conditions, highel rates of
disability and poorer reported health status. As Indian
society is based on patriarchal theories, it favours men.
In this modem era several initiativcs have been taken to
bring social inclusion in the society, still women arc
facing social exclusion in different walks of life, and be
it social, political, economic etc. 'Greying population'
and 'demographic feminization in ageing' are the two
major challenges faced by the twenty first century. Our
Society concentlated on the negative impact of these
factors. Society's rnajol concentration on negative
impact of greying population made elderly population
in utter confusion and alienation. In this context
descriptive n.rethod was undertaken to explore the
factors of social cxclusior.r of eldelly women. Analysis
was based on primary data collectcd through structured
interuiew schedule. Samples were selccted with randorn
sampl i n g rneth od fi'om Th iruvananthaputam ditri ct.

Social exclusion in old age is one of the rnost
colTlrnolr issues that are affecting older womell
constantly. In this industrialised era, social exclusion
faced by elderly wolnen is nrainly because of the
con.rplcxity of porvcrlcssness in modem society. Oider
womell, rvho are still living with tlicir sons/daughters
and grand-childrcn are also suffcring fi'om cnrotional
exclusion. Due to fast changing socio-cconouric
sccnario of the country, f-ast paced nrodenr life stylc and
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Abstract: Modern socicty hzrs overburden feeling of ageing. Our society blessed rvith
long life expectancy lbl lerlale rvhich beconles a curse due to the inability to
incorporate this into lnodern atmospliere. Kerala is uot an cxccption to this. Objcctivc
of this str.rdy is the nrajor factors lead elderly to social exclusion. In tlris context
descriptive rnethod was turdertaken. Analysis was based o11 primary and secondary
data. Primary data is collected through structnred interview schedule. Sarnples were
selected with random sar.npling rnethod fi'onr Thiruvananthapuram district. 100

sarnples selected from Thiruvananthapurar.n district, 50 are fi-onr hotre and 50 fi'onr
old age horre. To identify tlie factors which lead thenr to social cxclusion, rescarcher
asked questions ir.r connection with it. According to theil answer they are categorised.
Based on the ranks given by the respondents to each factor a ranking analysis was
can'ied out. Through this sfudy researchcr understood that the severity of the factors
are diffelent among elderly residing in home and old age home. Any one problern
alone can acts as a leading lactor for elderly to social exclusion. Several factors are
together work hard to make an easy entrance to social exclusion. As age increases,

the severity of the economic factor decreases arrong members residing in home and

old age home.
Keyrvords: Elderly, Ageing, Social exclusion.
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::r,r:ti iu-i-llliziriion ac j-r)ss tltc cou:i:'\' \/oiil)!'ci-

-Lr)r)e 
laiions irarcly iniernct u,ith thcir c)de r 1v liinriiy

:rcnrbcrs. I'optrlalitl, ol' nLrclcar lunrily syslcnr lras
'. iilLlull), cruslrcd stronq tratlitional bond bctu'cctt siiinci-
eirilcircrr and glandnrothcrs. L.ongitr.rdinaJ crpJosion of
lorori,lcclgc arrd lranslcl o1- cconottric authority nradc tlris
irlicnation nrorc scvclcly anci pathctically.

R !],VI E\\/ OF- LITE RAl'URE
A litcratulc lcvicw is a lcxt ol' i,r suholarl_v

papcr^ u,hich includcs thc currcnt knor.r,lcdgc including
subslantive Iindings, as rvcI as theorctica] and

nrethodologic:al con{ritrutir.rns to a pnrticulal trrl'ric.

Litcraturc rcvicrvs arc a staplc lbr- rcscarch in ncarly
crrcry acaclenric ficlcl. Litcraturc rcvicr.r,s arc trscrl as

secondary sources. In the article, "On being old and

I'ernale: some issues in quality of lfe of elderly wolren
in India" by Indira Jai Prakash [1] analyscs the socio-
ccononric effect ofageing. Though ageing is a universal
phenonrcnor.r, all aged persorls are not alil<e. Ageing
proccss is different fbr different persons. This is

confirmed in this article. Sorre of the factors which
aft-ect the quality of lifb are race, gender, social status

and rnarital status. In these, gender is rnost powcrful
factor. Due to low social status, poor reproductive
health care, economic dependence, malnutrition and

domestic violence women's wellbeing is adversely
affected. 'Gender ageing' increases the intensity of
poverty. ln countries like India, with a predorninantly
patriarchal ethos, older wolren facc triplc jeopardy-that
of being female, of being old and of being poor. The
factors which affcct the quality of life of ageing women
are nrarital status, living conditior.r, and health status,

socio-econor.nic and political status. Chronic illr.ress

increases with age. Older wornen havc more factors
with activities of daily living. Probable widowhood is
one of the after efl'ects of prolonged lifb. Widowhood
rnuch lowers the socio-economic status of the women.
This brings not only loneliness and depression but also
economic dependence. Social and political power is

achieved by active involvernent in public and
community life. In gencral older wornen do not
participate in conllnunity activities. Rural elderly
engage in agricultural work which has no retiren.rent age

as such. In the wcst 'grey powel'' l.ras become visible
ar.rd viable. Older peoplc go ther.nselves organized to
fight for their rights. They could achieve ir.rcreased

palticipation of wonren in labour force, policies of
reservatior.r for women in the political process and in
decision r.naking bodies. "Inct'eased awarcness
regarding thc dcmographic changes, improvcnrents in
the medical field that help control age related
disabilities and more awareness on the part of the older
people themselves could create a better society for older
wolnell of the next millennium".

H.S. Srivastava 12) anaiyzcs the socio-
cconor.r.ric effect of ageing along with hcalth factors jn

his book, 'Managing Agc'. Thcre arc thrce indcl.lcndcnt
facts of agc-physical agc, nrcntal agc and nroral agc.

-1-lrcv 
irin c rr-lrotc t'clrilioilslt:p. ,\ cll:cllic ()l citr-a-

shlicjilcd attitLrcic ol'irrinti bcais a riiicct re)at:oirsirip
r,r'i'L)i agcing. InclivitiLlai coLrlci bc consiricrcrl as oicl.

u,hur lrc is unablc to ircrlirlnr lris nolrral drrtics. Agcing
is nntioubtcdly a nolnral biological 1)r'occss and thclc is

no wrry of avoidrng it. tirough lhcrc arc nrany viabic
u,ays lbr slowing thc 1.r'occss. Many changcs tlrat occut'
in old agc alc nrainly duc to cliscasc and physical
clistrcss arrcl thc social ancl cconomic conscqucnccs of
grorving old. Tlie loss of porvet ancl authority is a grt'at
clisconcerting thing to happen ancl thc individual
suddenly finds himself at a loss to understand the
phenornenon. The individuals ir.r old age find it very
hard to accept this situation when they are no urolc in
power or authority. They feel as if adversity has caught
theur cou.rpletely tlie characteristics r'vhich imbibe in
young agc tcnd to becorle more acute and cornpulsivc
in old age. A religious person can turn into a fanatic, a

liar into a damn liar, a fastidious persorl irrto a cynic at.rd

so on. Life lias becorre fircfighting operation
pur.rctuated all thc way by unanticipated enrergerrcies.
To the individual in old-agc condition the long
cl.rcrishcd values seern overturned. The things which old
gcncrations find as avoidable extravagance, the younger
generations considered it as an urlavoidable necessity.

In the book 'The ageing world' which is
written by Anil Bagchi [3], the socio-economic status of
elderly exatline d. According to the author, elderly
becornc out of step with the econorric environment and
the changing technology. The o1d get cast off fi'orn the
r.nainstrear.r.r of life. Social interaction with younger
people becomes infi'equent. Thus society makes the
pelson old. The convcntional definition of old age
definition is not realistic. It leads to excessive
depressing forecasts. In this changing social
circumstances, evon ccntenarians, show mental acuity
comparable to those who ate decades younger.
According to the author, mental senility is a creation of
society. Thus ageing cannot be considered as a

physiological process wholly. It has some social factors
also. Sorne people live their old age excellently and to
some purpose. Fast living people are likely to age faster
and die eal'lier'. It is not a disease. It is the consequence
of normal course of living. It is not the mischief of any
foreign body. It is not due to any aberrant cell. The
wealth difference existing between the nations is due to
the difference in knowlcdge of sociology, sciet.rcc aud
technology. The increased wealth leads to the beginning
of tl.re fbmration of grcater proportion ol old age
people-the greying of the developed counh'ies. Thus
there is a strong correlation between knowledge, wealth
and greying. Wealth and culture among nations and
communities are the irnportant factors of grey
dynarnics. The less modern countries are no\ r young.
The traditional dependence of tlie elderly index is the
number of thc pcoplc abovc 65 divided by the nnmbcr
of pcoplc in thc agc group 1 8 to 64. Rcsponsibility of
eldcrly is considcrcd as a rrational burden. In fulure, as

thc youngcr -l:lcncratiotr kccps grorving u,calthicr than
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lljr
u rll llrvc lin cll'cct on tlrc intcr'-gcncrtaiional
riu1,rcnclcncc. l'his Icacls Lo t)rc indcpcrrcicncc o1'tiil'lclcnt

!tcncr-atiolr. Sonrc c0nst|aints associatccl ."r,itlr g|ef inr
li1<c politicai arrd sccLrriLl, issucs. cthical considcrations
:rr.c hunrarn crcations ancl arc thcrclillc anrcnablc to sorr.rc

cxtcnl. Within tlre bounclaly conditions wc urLlst look
fbl solutions to thc lactors of our lirturc. This bool<

reveals the inil.rortance o1'sooiological study in ageing.

Vijay Prakash Sl.ralma [4], in his paper, '1'r'ibal
Aging in Jharkhand I-lealth Perspective' analyzed
elderly ir.r traditional region. Thc old have traditior.rally
been hor.rouled and respected. Those who neglected
their old parents eamed social disrespect and were
ridiculed. Governrnent of Jliarkhand in its new health
policy-2004 has annoutrccd that provisions for care of
aged will be rrade. ln 2002-03 Govt. of Jharkhand
reportcd constructior.r of two old age l.ronres for elderly.
This gave an idea about thc involvenrent of Statc for thc
wellbeing of o1d.

h.r thc paper,'Status and Role of E,lderly
Persons in Tribal Communities of Chotanagpur (With
Special Reference To Chik Baraik Of Jharkhand) by
Karma Oraon and Pravin Kumar Jha [5] analyzed tlie
social role performed by elderly. Changing pattern ol
family life brought rcpcrcussiolls on elderly folk.
Elderly lead a happy life since time irnnrcrnorial. Onc of
the valucs of our society is the respect for eiderly. They
create a strong bond of uniou among the fanrily
menrbers. Now the tribal family structure undergoes
changes. This may be due to the inrpact of urbanization,
industrialization, education, globalization and
modernization. This paper gives the indication of
factors which atfect the elderly. According to the
authors both generations have to make complomises
and the lailure to compromise leads to breakage of the
farnily. Migration of children prompted older generation
to migrate as well. But they don't get a1ly engagements
and are friendless. Thus they lcft for their village in
despail and frustration. Their guardianship vanished.
Educated youngel generations are reluctant to respect
them. Now a days, modernization leads to various
attitudinal clashes. Elderly have to comprornise to their
fate. If this trend continues. India will lose her cultural
glory.

However, an ongoing criticisrn of the social
scientilic study of ageing is that it lacks "theoretical
rigor" and tend towards the descriptive. Thus research
on ageing being primarily factor-driven rather tharr

theory-driven. Kerala's elderly female folk are
heterogeneous group. Factors of social exclusion of
cldcrly wofilen are different. We have to find out thosc
faotors which lcad thcm to social exclusion.

N'llr I-lIODOt.OCY
ln I(crir]a as pcr 2()l I clrsr.rs. 11rc pciccirtagc o1'

(r0. uls 1 I 7 pcl ccnt iinci is pxr.jcctcd to bc I5.(r pcr
ccnt in 202 1 'l'hc clclcrly \\/()nrcn rcl)rcscnt thc lirstcst
glorvinu aqc group in tlrc ;ropulatron o1' Kcrala. Tlrc
thrcat of- population agcing is r.rr,rrc sr-r'clc in Kcrlla
than thc rcst o1'thc courrtr-v. Cienclcr dirlorsion o1'

a-qcing is very significanl in I(clala attd f'cllalc

1'lopulatiorr predorninatcs at all thc slagcs of oldcr agcs.

I'opulation ageing could have prcrlbuncl inrplication fbr
the ecor.rornies as well as the societies. Tlu,rs the

dependency ratio is greater.

A large number of eldcrly fcn.rales are in the

status of widowhood, illitcratcs, and non-working and

belong to lower and or no incorne brackets. All these
finding leads to the couclusion that the agcd fcuralcs arc

the vulnerable within r,ulnerable. Thcir miscrable status
r.nakcs tlrenr to appear more aged than actually what
they are.'World Hcaltlr Organisation Rcport 'states that
thc percentage of the aged wornen who are 60+is
going to be doubled within two decades. But so far no
specific study has beeu done to elevate thcir status.

There will be lesser and lesser people taking carc of tlie
elderly as the decades roll by. Traditional life guards of
family care are dwindling due to industrialization, onr
migration, dual career, female job participation and
growing consun-ierisrn. All these make the well-being of
the elderly, a growing challenge of the 21st century. A
significant aspect of challer.rge courprises the depressed

elderly along with society who are unwilling to accept
therr.

An ovcrview of availablc studics rcvealed the
fact that the majority of researches concentrated on the
factors faced by the elderly womerl. A study based on

the Social Exclusion Faced by Elderly Women has not
been done. So the present study is undertaken with a

view to explore infonnation to filI the existing research
gap. It is hoped that such a study would be helpful to
the policy makers and society.

The scope of study is limited to the elderly
wornen (60 years and above) residing in
Thiruvanar.rthapuram district, Kerala. The study on
factors which lead therrr to social exclusion was being
prirrarily problem-driven. Kerala elderly wornar.rkir.rd is

a heterogeneous group. They have to face a lot of
factors of social exclusion during their existence. So
this analysis is based on these factors. A siugle theory
cannot explain all these factors. Various factors deeply
intertwined to each of it. Descriptive research design
has been adopted for this study. The purpose of this
research design is to explore the factors wliich lead
elderly women to social exclusion and elicit new
inforrnation abor.it tlie elderly wolllcn rcsiding in old age
homes in Kerala.

Thc objective of this stud1, is to find ont nrajor'
factors lcad cldcrly to social cxclusion. Thc rlcsign ust-s
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lrrinrarv and secondary data. Thc primary data about the

elderly lbr the str.rdy have been collected through
structut'ed intelview schedulc atllong elderly u,oureu in
l-hiruvanarrthapuraur district. Two questionnaires are

used for it. One is for rr.rer.nbers residing irr honre and
the other is for nrenrbers belonging in old age horne.
The secondary data are derived fronr books, journals,
reports, newspapers and ouline media on the
subject.100 subjects fiorn Thiruvananthapuram district
is selected on simple random method. In the 100

elements, 50 residing in home and the remaining 50
from old age home. Data collected through structured
interview schedule were analysed with SPSS.

OBJECTIVE
To explore the factors of social exclusion of

elderly women.

Table- Rank G

Old age is onc of the stages in lifecycle. It is

natural. In this stagc they have to face Iife's ntost
stressful experiencc [6]. In the above table (No.l) rank
of thc major factors of social exclusion of elderly
residing in home and old age home are analysed. Major
factors of social exclusion of elderly worlen are social,
econornic, familial, cultural, health and psychological.
All factors are lnore severe in old age home. A11 these
factors are faced by elderly residing in home, but not in
a severe forrn. Frorn this researcher found out that
ranking of factors of elderly wolren residing in home
and old age horne are different. Elderly womell residing
in horre give first rank to health factors while eldcrly
residir.rg in old age horrie give fifth rank to it. For
elderly women residing in old age home, social factors
are cor.rsidered to occupy in the first rank. For both of
them, ecor.romic factors have second lar.rk and familial
factors have third rank. Social factors have fourth place
in ranking ar.ralysis for elderly in hon.rc. Psychological

DISCUSSIONS AND ANALYSIS
In this study 100 sanrples selected ll'om

Thiruvananthapuraul district are considered as samplcs
with the help of sirnple random sarnpling. Based on
eallier studies the factors lead eiderly to social
exclusion are as: economic, farnilial, social, health,
psychological ar.rd cultural. To identify the factors
which lead them to social exclusion, reseatcher asked
que stiorr in connectiorr witlr it. According to their
answel'they are categorised. Based on the tanks given
by the respondents to each factor a ranking analysis was
carried out. Through this study researcher understood
that the severity of the factors are different alnong
elderly residing in home and old age home. Any one
problem alone can acts as a leading factor for elderly to
social exclusion. Several factors are together work hard
to make an easy entrance to social exclusion.

Exclusion

factors have fifth rank and cultural factors have sixth
rank for elderly residing in home. Cultural factors liave
fourth place in ranking analysis for elderly in old age
l.romc. Health factors have fifth rank and psychological
factors have sixth rarrk fbr elderly residing in old age
home. Elderly residing in old age home are in a

deteriorated position due to the high intensity of factors
like, economic, familial, social, health and
psychological. From this researcher found out that
elderly residing in oid age home are in a deteriorated
position due to the high intensity of factors like,
economic, familial, social, health and psychological.
They are vulnerable within the vulnerable. Elderly
residing in home have factors but their perccnt is very
minute and the order of intensity is different. Number of
clderly in home have high level factors are very meagre.
Then the social, economic and familial factors analysed
separately based on the indepcndent variable.

ven by Elderlv Wonren to the l'actors of Socia
Maior factors of elderly

Rank Hor-ne Rank otd Age Home

I Hcalth factors I Social factors
2 Economic factors 2 Economic factors
J Farnilv factors J Family factors
4 Social factors 4 Cultural factors
5 Psychological factors 5 Hcalth factors
6 Cultural factors 6 Psychological factors

able-2 e and Social Factor

Ag"
Social Factor

TotalHome Old Age Home
Low Mediurn I{ieh Total Low Medium Hieh Total

60-69 -. ),) tn4 {nl er 34' ,, 19 ,* 19' 53 53

l0-79 )o8 4 l2 45 22 ii I

44 LL z+ 34
>80 3 501 84 ,ru I 68 g' l3

Total 40I00 tot, 8 2 roo 50 1 nu 49 ,u5o ""'
I

100 100
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Thc tablc no.2 analyses age rvith social factor.

Out ol 100 elderly 53 pelcent belong to young old, 34
percent to rnediurn old and 13 percent to old old. Out o{

50 elderly rcsiding in horre, 80 percerrt (40) have low
social factor', l6 percent (8) mediurn factor arrd 4
percent (2) high factor. Out of 50 elderly residing in

Table no.3 ar.ralyses education and social
factor. Out of 50 elderly residir.rg in hot.nc, 80 pelccnt
(40) belong to low factor category, 16 pcrccnt (8) to
rnediurr and 4 pelcent (2) to high. Out of 50 elderly
residing in olil age holne, 2 pcrccnt (8) bclong to
rnedium and 98 percent (49) to high. From the above

Table no.4 analyses marital stafus with social
factor. Out of 100 elderly 29 percenl (29) belong to
married, 57 percent (57) to widows, 3 percent (3) to
separated and 1l perecnt (11) to unmarried. Frorn this
researcher found out that there is relationship existed
between marital statns and social factor. There is very
meagre percent have high levcl social factor residing in

Table r.ro.5 ar.ralyses regior.r and social l?rctor.
Out of 43 nrral elderly residing in houre 76 perecnl (35)
belong to low social factor, 22 percent (6) to rnediurn
and 2 percent (2) to high. Out of 48 rural elderly
residing in old ase lronre l percent ( I ) belong to
nrcdiurl and 99 perccnt (47) to high. Village is
considcrcd as thc basic unit of social policy. The

old age hclrrc, 2 percellt (1) have ureditrm lactor and 98

percent (a9) high factor. Based on the above table
(No.2) researcher for,rnd out that as age incrcases, the
social exclusion also increases in horre but in old agc
l.ronre as age increases, the significance of social factor
in social exclusion decteases.

table (No.3) rcscarclrer found out that nrajor share of
elderly residing in home have low level factors
irrespective of their educational qualification. But thc
rnajor shale of elderly residirrg in old age horne have
high level social factors which lead to social exclusion
irrespective of their educational qualification.

home. In the high level category widows and separated
are included. This indicates the imporlance of marital
status. In old age home the situation is different. Marital
status has no significance in old age home. Majority of
them belong to very high social factor. The atmosphere
is horrible there.

inhabitants of the village had intinrate social and
econoric lelationship regulated by age old traditions
and institutions [7]. From this researcher lound out that
there is n.rore deterioratcd positior.r obser-ved arrong
rural elderly residing in horre. But in old age home the
urban cldcrly is more deteriorated.

Table-3: llducation and Social Factor
Social lractor

TotalIIorle Old Age Home
Eclucation Low Mecliur.n Hich Total Lor'v Medium Hish Total
I I I iterate 3

al
6J t6 16' s19

Prin.raly st20 u8 tut2 nn 30 roo I tr29 ..,n 30' nu 60

Secondary el J 13 1,J 63 a16
Deqlee 4-1 3 I I 44
>Degree 2r 21 I I
Total 40 8 1 ,50' 1 tnn49 roo 50 roo100'

Table-4: Marital Status and Social Factor
Social Factor

TotalHorne Old Aee Home
Marital status Low Mediunr Hieh Total Low Mediunr Hieh Total
Married oo27 1 ,n28tu" I I 29',
Widow ,o I 2u' 88 1 ,n1 qo2o' ,o 3J tt ) I ,57
Separatcd 1 I 2 ar

-1

Ur.rmarried 2l 27 'nn 
I 9 ,ul 0 il

Total ,u40 
o'

8 11
|(t L ,5 0' roo 1 49 ,uu50' 100'

able-S: R and Social I'actor
Social Factor

TotalI'Ior-ne Old Age Hon-re

Region Low Medium Hieh Total Low Mediurrr Hieh Total
Rulal ** 35 ,r6 n,, 2 *n 43 ,un1 n, 4J uo 48' 91

Urban 5 ).2 al
4t 2 ai

4L 9'
Total ,40 ,nn 8 1

,nu 50 ' 1 tnn 49 ,un 50 ' oo 100
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Tablc-6: Incomc and Social Factor
Social Factor

TotalIIornc Old Aue Hornc
lnconrc Low Mcdiurl H ish Total Low N4 cclir.rnr IJieh Total
Nil ,r29 ') al J I e146 

t"u n, 46 ,, J7
<500 I a,, I

a,1 L rl I -1

500- I 000 2' 1l
-1 L I I 3

I 000-2000
>2000 8 ,r6 I l5' I rl ')

)L t17
Total ,uu40 

o"
,nn 8 14

I OOL ,,',,5U nnl ,nu49 " rno 5U ,r,n 1 00

Oul of 100 eldelly, 77 pelcent (77) belong to
norl-incorne class, 3 llel'cent (3) 1o less than 500 lrpees
category 3 pcrcent (3) to 500-1000 r'upees categol'y alld
l7 pcrccnt (17) to abovc 2000 rupccs category. Frorn
this researcher found out that incotle has not n.ruch

influence in social factor. Arlong high level factor

able-

Thc tablc no.7 analyses age arld econolnic
factor of elderly. Out of 50 elderly residing in hon.rc 68
percent (34) belong to young old, 24 percent (12) to
rredium old and 8 percent (4) to old old. Out of 50
elderly residing in old age home 38 percent (19) belong
to your-rg old, 44 percerlt (22) to mediurrr old and 18

TIte table no.8 analyses education and
ecouonric factor of elderly. Out of 100 elderly 19
percent (19) belong to illiterate, 60 percent (60) to
prirnary, l6 percent (16) to secondary,4 pelcent (4) to
degree and I percent (1) to abovc degree. Frorn the
above table (No.8) researcher found out that as

eductrtion increases the severity of economic factor
decreases in irome, but tiiis kind of relationship is
absent in old age home. Arnong lou, factor holders
residing in home, a gradual increase is observed as

holders eclual nurnber of elderly htrve less than 500
rupees category along with above 2000 rupees category.
But the situatioll in old age horle is entirely diffcrcnt.
Thcre major share has high level factors irrespective of
their incor.ne. Their situation is vely poor. They are

vulnerable within the vuhlerable.

percent (9) to old o1d. Frorn tl'ris researcher found out
that mctnbct's residing irr old age home have severe
econolnic factor thau the members in home. By
analysing the above (Table No. 7) researcher found out
that as age increases the severity ofthe factol decreases
among members residing in home and old age honle.

education increases. This gives an indication about the
impot'tance of cducation in economic factor. Anrong
elderly residing in old age hor.ne, majority of thern have
high ecorromic factor without any exception of any
educational levels. Knowledge explosion and
industrialization made a gigantic challge to society. This
upset socio-economic set up of society. Tlansfer of
econornic authority fi-om father [o son nrade a social
conflict.

t'. and Economic l'actor

Age
Economic f'actor

TotalHonre Old Age Honre
Low Medium Hieh Total Low Mediurn Hieh Total

60-69 ,, 13 19 2 34', t,t 19 19', ,53
70-79 t4 )47 ::1 .^ 12 roo 1 qq 27 a1 I

4,T LL v34
>80 dl ,n 3 4 tou

rnnl tA 8 o' g ruu l3'"
Total ,nn18 tnn29 ,nn 3 ,nn 50 roo 1 ioo 1 roo 48 ,nn 5U ' nn100'

Table-8: Education and Economic factor
Economic Factor

TotalHotne Old Ase Home
Education Low Medium Hieh Total Low Medium Hich Total
Illiterate oo3 r.J ,.16' n16 rs 19'
Primary .n6 *, 24

"n 
30 '" 1 29 ro 30 nn 60'

Secondary .n8 1',l 5 ,n 13' .l
6) 6) 1(\ 16'

Degree 3 . 3'" ,nnl I 4
>Degree I I I

Total nn18 ,rrr, 29 r ooJ ,nn 50 ' I I ,nn48'o on 50 Iool00'
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Table-9: Marital Status and Economic Factor

Economic Factor T-

n.rcr.nbers residing in hon're rn high
be considered zrs the in'rportance o1-

deteriorated position ol' elderly
old agc horne is also confimed

--l

Table number 9 is analysecl nrarital status with
econor.uic firctor of elclerly. Among high factor
category, 67 percelrt (2) belong to rvidows and 33
percent (l) to unmarried. From the above table (No.9),
resealcher fonnd ont that malital status lias significancc
in hon.rely atr.r.rosphere and not in old age horne.

Table no.10 analyses region and econornic
factor. Arlong high factor category, 33 percent (1)
belong to rural and 67 percent (2) to urban. Arnong high
factol category, 95 perccnt (47) belong to rtu'al arrd 5

percent (1) to urban. From this rcsearcher found out that

The table r.ro.1 1 analyses income and econornic
factor. Out of 100 elderly 77 percerrl (77) to non-
incor.ne class, 3 percent (3) to less tlian 500 rupees
category, 3 percent (3) 500-1000 rupees category and
l7 percent (17) to above 2000 lupees catcgory. Frorn
this researcher found out that econorric factor highly
influenced by income arnollg elderly residing in old age
home but the influence is very mr"rch limited among
eldelly residing in hon.re. As income increases, the
severity of factor decreases.

CONCLUSION
Thc dau,n of trveuty first ccntury llresents a

ncw denrographic structrtrc to sociefy. 'Ageing
population' and 'Fenrinization among cldcrly' are the
rrrajor ingredients of this prcscr-rtation. Morc a\\iarclless
about thc ncgativc conseqllcnccs of thesc nral<es thc

rural elderly residing in horne have less complicated
economic factors tlian urban elderly. But the situation is
entirely revcrsed alnorlg elderly residing in old age
honre. There rural elderly have morc conrplicated
cconornic lactor for their social exclusion.

elderly fcmale folk in utter confusion and misery which
lead thern to social exclusion. They struggle hard to
acquire adequate spaces in society and n-rajority of tlrerl
fail to achjeve. Objective of this study is major factors
lead cldcrly to social exclusion. The design uses
primary and sccondary data. Primary data collected
through sh'uctured intervicw schcdule. Secondary dtrta
collccted fi'orn books, joutnals, rcports, nervspapers and
online r.nedia or.r the subject. Out of 100 sarnples fi'om
Thiruvananthapuram, 50 are fi'om home aud 50 fi'om
old age horle. Collected data were analysed with SPSS.

Major findings of thc prescnt study arc
o The rank ordcr of factors of social cxclusion of

clderly wonrcn residing in hornc and old age home
arc drf}'crent. EIder.ly \ /or.ncn rcsiding in hotrre give
1l-st rank to hcaltlr factor u,lrilc cldcrly residirrg ilr

Absence of marricd
f-tictor category may
niarital statr"rs. The
wo11rcr1 rcsiding in
through this table.

Hornc Old Asc Homc Total
Marital status Low lr4 ccliurrr IJ ish Iotal Low Mediunr I Ii.slr Total

Mar.r'icd ,t 6' 11-1(t LL ,028' I l ,, 29
Wiclou, Il" 47 .) lu

6',1 L i *,,20 II 0{) ts 36 .- t00
tqJl 51

I00
51

Separated 6l ,l 42 .lt
4L

.)

U tr n-ralliccl I I ,,u I re 9 ,u l0 ''u ,, 1l'uu
Total ro,r l 8 ,0029 roo 3 , ur5o ""' roo I I ,u,, 48 ,,,,50 '

roo l 00

able-10: R n and Economic Factor
Econorric Factor

IJor.nc Old Ase Home Total
Region Low Mediunr Hish Total Low Mediunr Hieh Total
Rural 14' ,n 28 y1 * 43' roo I ss 47 ,o 48' 9t 91

Ulbar.r zzl I a,7L ra7 I I aI4L 9

Total 18 ,29 ,nn 3 10050' 100 1 too 1 roo 48 roo 5o ' 160 100 '

Table-l 1; Income and Economic tr'actor
Econorric Factor

TotalHome Old Ase Horre
Incomc Low Medium Hish Total Low Medium Hieh Total

Nil I es 27 a l0
t ooJ oz3 I 46 ,46' n77

<500 1 1
a4L I I 3 J

500- 1 000 1 1
al

4L 0.6 I 1 J

I 000-2000
>2000 15 ,01 5' l0o I ,nn 1

1t4. t1l
Total ,nn 18 29 r oo3 , nn50 1 I , nn48 r oo5 0' 166100'
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o)d agc honrc givc lllth ranl< to it. For cldcrly
wourelr residing in old age home, social thctors ale
corrsidclcd to occul)y in thc first lank.
Fronr this rcsearclrcr found out that elderly residing
irr old age horle are in a deteriorated positiorr due
to the high intensity of factors like, econouric,
fanrilial, social, health and psychological.
As age increases, the social exclusion also
increases in horne but in old age home as age

increases, the significance of social factor in social
exclusion decreases.

Marital status has significance in social exclusion
only for elderly residing in horne but not in old age
home.
Researcher found out that there is more
deteriorated position obserued among rural elderly
residing in home. But in old age home the urban
elderly is more troubled.
As age increases the severity of the economic
factor in social exclusion decreases among
members residing in home and old age home.
As education increases the severity of economic
factor decreases in home, but this kind of
relationship is absent in old age home.
When consider economic factor, researcher found
out that marital status has significance in homely
atmosphere and not in old age home.
Rural elderly residing in home have less
complicated economic factors than urban elderly.
From this researcher found out that economic
factot' highly influenced by income among elderly
residing in old age home but the influence is very
much limited among elderly residing in home.

SUGGESTIONS
. Take necessary steps to increase awareness among

elderly and society about their significant role have
to play in old age.

. Make adecluate action plans to increase their power
and economic status.

r Steps should be taken to strengthen our familial and
social bonds.

o Take necessary steps to increase the educational
skills which help them an easy living in ncw
advanced cra and transferring this to increase
inconre

. Help thcn.r to develop necessary precautions for
marragirrg thcir ageirre pl'ocess

. Sliould rrodify their cornrnuuicative skills to
prevenl social cxclusiou

. Take necessary steps to increase their income.

. Make awarelless aniong society mer-nbers and
elderly themselves about the irnportance of elderly.

o In this consulner world elderly must have
corrtrjbutc sorrretlring {o socicty.
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Introduction 

                 Gender is a multifaceted, construct, a complex phenomenon viewed differently in 

different societies. The most important impact that gender created in the society is the assigning 

or segregating the work load among the two dominant group the male and female. The relatively 

smaller group in population, the transgender is facing inequality and condemnation by this 

patriarchal society. Living as a transgender someone who identifies with a gender different than 

one assigned at birth is an experience filled with stress, strain and tensions. Transgender persons 

who are largely marginalized from the mainstream society because of the social stigma related to 

the gender identity. It is negatively affects their mental wellbeing. The social exclusion results the 

different types of discriminations towards this minority group.  

              The God’s own country, Kerala is the first state to introduce a transgender policy in 

2015. The State has passed the Transgender Bill in an attempt to bring them to the mainstream of 

social life. However, discrimination, exclusion, suppression and oppression against transgender 

persons still continue from all walks of life. Transgender suffer from the lack of continuity in 

their identity, lack of self esteem, over emphasized and unwanted distinctiveness and injustice at 

every turn. This study intended to expose sufferings, discrimination and marginalization of 

transgender and try to explain every day issues of transgender through the sociology of third 

gender.   

             Gender equality refers to people receiving equal opportunities to realize their full human 

potential according to their wish, irrespective of gender. This includes equality in opportunities 

to take part in social, economic, cultural and political developments and benefiting equally from 

the results. It can also refer to the equality in protection of human rights. People are not aware 

about the gender issues especially transgender problems in the present society. Our constitution 

is guaranteeing fundamental rights for all human beings. But we are creating variety of 

boundaries for the transgender.  
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 Methodology 

The objective of the study is to identify the major problems confronted by the 

transgender. Research design of the study is descriptive in nature.  Transgender people who are 

living in Kerala formed the Universe of the study. Fifty Samples are taken from the Thrissur 

district in Kerala. Snowball sampling method was used to collect the data. For this study, both 

primary and secondary sources of data are used. Primary data collected through interview 

schedule. Secondary data were collected from books, journals and internet.  

Discussion and Results 

           In the modern complex society transgender confronted a lot of problems. Discrimination, 

disrespect, inequality, rejection, unwanted attention are the major difficulties of their life. They 

have restricted access to education, health services, and public spaces. They are denied from the 

political, religious and recreational involvements with the public. The Constitution provides for 

the fundamental right to equality, and not allowed any discrimination on the grounds of sex, 

caste, creed or religion. The Constitution also guarantees political rights and other benefits to 

every citizen. But the third community continues to be oppressed. The analysis reveals the 

present conditions of the transgender in our society. 

              The study shows that 94% of the respondents are not satisfied with their present 

condition. Transgender faces avoidance in all spheres of life. People living together in a 

community make up a society, and anything connected to that group can be described 

as societal. Societal pressures are expectations that influence the entire community, especially 

the existing social stigmas effect negatively to the transgender. So they are not gratifying by 

the present condition. The analysis indicates nobody is happy with the attitude of society 

towards them. All of them are opined that the societal attitude is not favorable to them. It 

means society is not giving any consideration to the transgender. The study shows in Kerala 

people are more conservative in nature. Society have very negative attitude to these persons. It 

creates the adjustment problems in the life of transgender The study clearly revels that a great 

majority of the respondents openly said that people are more conservative and they have a 

negative attitude towards them. This situation creates discrimination and a lot of adjustment 

problems in the everyday life of Transgender. 

      In Kerala the transgender faces extreme type of avoidance from their fellow beings. This 

is mainly due to the conventional culture of gender binaries. A well proportion (90%) of the 
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respondents in this study feel that the society is  not considering them and always avoiding  

them.. This avoidance and negligence always pull them back from public spaces. Actually 

transgender are very talkative, enthusiastic and friendly in nature. But the people are not ready 

to communicate with them. The exclusion from the social interactions leads transgender people 

into several distresses, tribulation, deprivation which further limits their opportunities. It also 

denies their visibility in all major domains of society.  

           The study reveals that a little more than half (54%) of the respondents often face 

negative experiences from the society. The society considered the transgender as a social 

deviant who have certain psychological problems. There no acceptance from the family and 

their community. At present our society is not successful in providing the facilities for the 

transgender to get their livelihood requirements. Not only providing the opportunities but also 

blaming for their mistakes. 

             Equality is a fundamental human right. It guarantees in our constitution. The right of 

equality before law and equal protection of law is guaranteed under Article 14 and 21 of the 

Constitution. The right to chose one’s gender identity is an essential part to lead a life with 

dignity which again falls under the ambit of Article 21.The Court has given the people of India 

the right to gender identity. Further, they cannot be discriminated against on the ground of 

gender as it is violation of Articles 14, 15, 16 and 21. But transgender people are discriminated in 

our society in all walks of life. In public places like bus stands, railway stations, theatres, 

temples, educational institutions, offices, malls, beaches, playgrounds, even within the public 

toilets they are offended and insulted.  The society considers transgender are not normal as the 

other members of the society.  One of the largest reasons that transgender face inequality and feel 

inferior is due to the lack of public understanding of transgender people. This cause low self 

respect, self esteem self confidence and self acceptance within them. 

Table-1: Feelings of Respondents 

Feelings of respondents Number of   respondents Total 

Yes  No 

Self respect 12(24%) 38(76%) 50(100%) 

Self esteem 10(20%) 40(80%) 50(100%) 

Self confidence 18(36%) 32(64%) 50(100%) 

Self acceptance 13(26%) 37(74 %) 50(100%) 
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On respondents feelings about themselves shows that only one fourth (24%) have self 

respect, while about three fourths do not have any self respect. About one fifth only have self 

esteem, while a great majority does not have any self esteem. A little more than one third feels 

self confidence. While others (64%) do not have self confidence.  A little more than one fifth 

only accepted themselves. Self respect helps to fulfill our potential, develop healthy relationships. 

If we truly respect ourselves, then we can accept ourselves as well as others. The present study 

shows they have low level of self respect, self confidence and self esteem. Healthy self esteem 

originates in the environment found in the family, school, peer group, work place, and 

community. For healthy self esteem individuals need to receive nurturing from the people in their 

environment. Self control is the ability to regulate one’s emotions, thoughts, and behavior. The 

ability to control ourselves helps to boost our feeling of self esteem. Here the transgender persons 

are very poor in the self respect, self esteem, self confidence, self acceptance, and self control. 

Our society has a vital role in these personality traits. They feels the society is under valuating 

and under estimated them. This attitude of transgender itself acts as a barrier to uplift their life.  

Table-2: Types of Difficulties  

Types of difficulties  

 

Number of   respondents Total 

Yes  No 

Economic difficulties 46(92%) 4(8%) 50 (100%) 

Lack of family support 39(78%) 11(22%) 50 (100%) 

Difficulty with identity 38(76%) 12(24%) 50 (100%) 

Avoidance based on transgender  45(90%) 5(10 %) 50 (100%) 

Difficulties in social participation 48(96%) 2(4%) 50 (100%) 

Difficulties in political participation 49(98%) 1(2%) 50 (100%) 

Difficulties in religious functions 46(92%) 4(8%) 50 (100%) 

Difficulties while using public facilities 48(96%) 2(4%) 50 (100%) 

Difficulties in Education 47(94%) 3(6%) 50 (100%) 

  

The table 2 on distribution of Respondents by their difficulties in various life situations 

shows that  Except a few almost all suffer from various difficulties such as economic difficulties 

(92%), participation in social activities (96%),political participation (98%), religious participation 
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(92%) and   feel avoidance (90%). A more than three fourths (78%) are not getting any support 

from family and feel homelessness. Another three fourths (76%) feel identity crisis 

   We have to experience all kinds of difficulties throughout our lives. Everyone has 

problems in life. For the most part, we are able to quickly solve them without much trouble. 

Problems become more difficult it is impossible to lead a happy life. Here the table shows 

different types of difficulties faced by the transgender. The major difficulties faced by the 

transgender are the economic problems, absence of family support, identity crisis, different types 

of avoidance, and difficulties in social, political and religious participation. The mentality of the 

society is not strong enough to support the transgender as to accept them in the mainstream of the 

society. 

           Transgender experience discrimination in their everyday life. The major one is they 

have very limited employment opportunities. This study shows that 96 % respondents are say 

that government is not giving opportunities to them.4 percentage of the minority respondents 

are says that the government giving opportunities to them. In real life situations in any of the 

areas government is not taking any actions to support them. But The Transgender Persons 

(Protection of Rights) Bill 2016 was introduced in Lok Sabah on August2,2016 highlights a 

transgender person must obtain a certificate of identity as proof of recognition of identity as a 

transgender person and to invoke rights under the bill. The bill prohibits discrimination against 

a transgender person in areas such as education, employment, and healthcare. It directs the 

central and state governments to provide welfare schemes in these areas.  

           The study shows that 92%of respondents are believe that the new generation accepts the 

third identity. Teens are more broadminded persons and they accepting all changes in the 

society. They oppose the entire conservative and traditional outlook and believe. The study 

also reveals the other problems that are being faced by the transgender community are 

unemployment, lack of educational facilities, homelessness, and lack of medical facilities, 

depression, social exclusion and problems related to marriage.  

           The rule of law is supreme and everyone is equal in the eyes of law in India. Yet, the 

transgender community is in a constant battle as they have to fight oppression, abuse and 

discrimination from every part of the society, whether it’s their own family and friends or society 

at large. The life of transgender people is a daily battle as there is no acceptance anywhere and 

they are ostracized from the society and also ridiculed. 
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Implications of the study 

Transgender are constantly targeted for abuse. They suffer cruel, inhuman and degrading 

treatment, including a constant threat of violence that amounts to torture, forced disappearances 

and sexual violence. The International Protection for the Human Rights of Transgender 

guarantees all people are entitled to enjoy the protection afforded by international human rights 

law. Transgender are no exception. The non-discrimination principle, recognized in the UN 

Charter, the Universal Declaration of Human Rights, and other basic human rights treaties, 

including the International Covenant on Civil and Political Rights, mandates that the rights 

recognized in these treaties are ensured to all individuals, without any distinctions based on race, 

color, sex, national origin, religion or political opinion or other status. The “other status” clause 

invites the recognition of new grounds upon which discrimination is prohibited, such as sexual 

orientation and gender identity. It is now well-recognized that discrimination based on sexual 

orientation and gender identity violates the non-discrimination principle. The obligation to 

“respect” the right to equality prohibits any discrimination to “ensure” that right requires states 

parties to protect individuals from discrimination. This study recognized, affecting basic aspects 

of ordinary life such as work or housing, individuals are to be protected from discrimination 

within the article of right to equality. The right to personal security also obliges States parties to 

take appropriate measures in response to death threats against persons in the public sphere, and 

more generally to protect individuals from foreseeable threats to life. Unfortunately, Kerala has 

failed in this obligation. The high number of murders and other violent attacks against 

transgender individuals is stark evidence of the very hostile and violent environment for the 

transgender population that persists in Kerala. By failing to take adequate measures to protect 

transgender individuals from such attacks, Kerala is violating its positive obligations with respect 

to the rights to life and personal security under different Articles. 

Conclusion 

           In Kerala Transgender face discrimination within their own family units and schools, in 

employment and housing, within government settings, and under the justice and legal systems. 

The main problem in the society is that there is no proper awareness and understanding of the 

transgender community and many of them are not accepting even they are human beings. Support 

from family and society is very essential for their upliftment. The transgender are averse against 

the society when the basic respect is refused by the society and when they receive ill-treatment 
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from the society they expose their arrogant activities to safeguard themselves. Marginalization 

deprives the transgender from their maximum potential for prosperity and denies even in gender 

related opportunities. It is wrong to judge and discriminate the persons who are different from the 

stereotype, which is created by human beings. A radical change in the life of transgender people 

is possible only through powerful legislation. The transgender policy bill introduced by Kerala 

government shows light on transgender issues and further steps for the upliftment of transgender 

people. The urgency of the era is the inclusion strategies for overcoming discrimination, 

inequality and stigmatization. 
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ABSTRACT 

 
Entrepreneurship was a male dominated phenomenon in the world. But in the modern era we 

are witnessing the gender equity between in all spheres of life. Today a transgender 

entrepreneur enjoys high status and positions in our society. But transgender entrepreneurs 

face multiple types of problems and challenges. It negatively affects their efficiency. The 

major objective of the study is to find out the major constraints confronted by the transgender 

entrepreneurs. Another aim is to provide the effective suggestions for the development of 

transgender entrepreneurship. In this study primary data collected through interview schedule 

and observation. Secondary data were collected from books, journals and internet. Samples 

are taken from the Thrissur district in Kerala. Snowball sampling method was used to collect 

the data. The study was concentrating 50 samples from the universe. The study shows both 

the internal and external factors affected the development of their entrepreneurship. 
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Introduction 

 
The emergence of the entrepreneurs in a society mainly depends upon the economic, 

social, cultural, religious and psychological factors. An entrepreneur is essentially a person 

who through his foresight and ability directs the application of human energy for organizing 

the enterprise. Entrepreneurship has been a male dominated phenomenon from the very early 

age, but time has changed the situation. The transgender also emerging as today‟s most 

memorable and inspirational entrepreneurs in the different parts of the world. Transgender 

entrepreneurship plays a vital role in creating jobs, innovation, growth as well as development 

in their life. It will helps to enhancing the gender equality, empowerment and social inclusion 

of the transgender community. 

In the words of Sharma “entrepreneurship demonstrates the inner quality, a creative 

and innovative response of the entrepreneur to changing environment.” It is a perennial and 

perpetual process of development and reformation in every field of socio-economic 

endeavour. It connotes the philosophy of enterprise promotion, creation, proliferation, 

modernization and rehabilitation in the field of commerce, trade and industry. Actually small 

scale industrial units act as outlets for entrepreneurial talents and initiative. In the changed 

scenario awareness has motivated to transgender. Entrepreneurship opens up a new field for 

them and transgender can achieve their cherished profession which has independence and self 

support. Max Weber the classical sociologist says the spirit of entrepreneurship and its 

effectiveness is to a large degree affected by the prevailing climate of the region and culture. 

Culture through its values has a strong effect on entrepreneurial growth. 

Today a transgender entrepreneur enjoys high status and positions in our society. But 

transgender entrepreneurs face multiple types of problems and challenges. It negatively 

affects their efficiency. The major objective of the study is to find out the major constraints 

confronted by the transgender entrepreneurs. Another aim is to provide the effective 

suggestions for the development of transgender entrepreneurship. In this study primary data 

collected through interview schedule and observation. Secondary data were collected from 

books, journals and internet. Samples are taken from the Thrissur district in Kerala. Snowball 

sampling method was used to collect the data. The study was concentrating 50 samples from 
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the universe. The study shows both the internal and external factors affected the development 

of transgender entrepreneurship. 

Small Tempo of Transgender Entrepreneurship. 

 
Transgender face different types of discriminations in all areas of life, especially in 

employment. The unstable careers and economic insufficiency is a major challenge for the 

transgender. 

The socially constructed ideas are mainly unflavored for these people. Due to their gender 

identity and sexual nonconformity society considered them as a curse. The assigned gender 

role also creates a contradictory effect for their all initiatives. The cross gender characteristics 

and behavior pattern not accepted in the larger society. It is very difficult to come forward to 

the mainstream. They are struggling for a space in the community. 

Discrimination, lack of social support, social stigma results the internal conflict and 

mental depression. The social hierarchy assigned to the transgender group is based on the 

nature of their professional engagement for their livelihood. In Kerala the people never give 

the mythical supernatural status to the transgender persons. They receive the supernatural 

status in other states of the country. They are considered as the sex workers and treated as the 

most vulnerable section of the society. The widespread nature of discrimination related with 

their gender expression also resulted they feel unsafe and ashamed in our social settings. The 

lower status of the minority group creating a separate category will lead to the stagnant lower 

position in the different spheres of life. In light of recent legislation the rise in successful legal 

action and a greater awareness of the rights of transsexual people in the workplace, it is clear 

that failure by employers and employees to eradicate such discrimination will have serious 

legal and economic implications. Transgender face several unique problems for their free 

movements in the highly gendered society. The unsupportive and rejection from family and 

society deletes their self confidence and self esteem, it is essential for a successful happy life. 

The talented transgender in different fields fear the discouraging societal attitude .They are 

unwilling to take the responsibility of the entrepreneurship. 
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Exclusion from the main stream of society 

 
The existing patriarchal structure and social norms in our country have always 

suppressed the identity, dignity and even eligibility of those who belong to the „transgender‟ 

category. They are the most marginalized and vulnerable communities with very pathetic and 

miserable living conditions and life situations. In Kerala context transgender subjugated to 

tortured and unvalued in the society. The inhuman treatment compelling them to migrate in 

other states of the India. The study reveals they are not significant persons in their family and 

fear of rejection from the society which caused their invisibility. 

Transgender people who have always treated as inferiors in the mainstream .the 

unequal treatment and hesitation transgender forced to develop a unique life style. These 

differences are mainly in beliefs, habits, dress code, hair style, ornaments, cosmetics, food 

wear, entertainment, toilet practices, clapping and travelling nature. They confronted a series 

of issues from the public. The exclusion includes they cannot participate in social functions 

like engagement, marriage, housewarming, cultural and religious ceremonies.  They  are 

afraid the societies‟ unfavorable attitude, avoidance and humiliation. In some times they hide 

their transgender identity to their own protection. They are extremely excluded in the Kerala 

culture. It limits their freedom and living opportunities. They are highly invisible in the entire 

major domains of society. Not only discrimination but also exploitation in every parts of life  

is a serious problem. The society not accept and tolerant to this marginalized community. 

Harassment, abuses and reckons threaten their peaceful mind and normal life. 

The social exclusion mainly reflected in all social institutions. The unfavorable 

attitude of staff and students caused the increasing dropouts among transgender people. It also 

limits their employment opportunities. It is a hurdle to get a better job. The enforced marriage 

and sexual exploitation is the major issues of the transgender. The lack of social integration 

leads to the increasing rate of suicide among transgender people in our state. The denial of 

basic necessities, rejection from the family and society are the important reasons for their 

suicide attempt. In Kerala has a lot of misconceptions related with gender identity. A radical 

change will happen through only with the powerful legislation. The transgender policy bill 

introduced by the Kerala government is a revolutionary step towards the upliftment of the 

transgender people in Kerala. The direct outcome of the policy bill is the better living 

condition and visibility of the transgender in our society. The transgender persons as the 

entrepreneurships are the remarkable achievement of the implementation of transgender 
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policy bill. The government provides more opportunities and financial help to this minority 

for new innovative strategies. The powerful legal support is very powerful and useful in the 

existing situation. 

Factors Affecting Development of Transgender Entrepreneurship 

 
Entrepreneurship is the outcome of certain traits which is found in the individuals 

that make them the successful entrepreneurs. The economic theory explains entrepreneurship 

emerges with the presence of certain economic conditions favorable to entrepreneurial 

activities. The socio-cultural theorists emphasis the entrepreneurship develop if a particular 

socio-cultural environment is Psychological theory proposes some psychological motives are 

responsible for the development entrepreneurship. Ironically the integrated theory proposes a 

set of factors responsible for generating entrepreneurship. On the basis of integrated approach 

several factors are responsible for the emergence of entrepreneurship. These are mainly 

internal and external factors. This different factors which affecting the development of 

transgender entrepreneurship are as following. 

(A) Internal Factors 

 
Internal factors arise or act from within or inside the transgender entrepreneurs. It is 

mainly the inner motives of the individual. The entrepreneurs here the transgender wish to 

work independently .This is the major reason for the development of entrepreneurship. The 

study shows 96%of the respondents are became the entrepreneurs, because of this reason. 

Transgender are the socially neglected category but they have the human desires and needs. 

Abraham Maslow‟s Hierarchy of Needs reveals the actual motivating factors of the 

entrepreneurship of the transgender. Here Maslow explains about the needs of self 

actualization and self realization through the fulfillment of the other needs. They are the 

human beings and they have their own person and social needs which motives them 

independently to achieve their needs. 

In the post modern era knowledge as well as money hold the power. It is essential for 

attaining the high social status and position in the society. The prestige issue is the real 

motivating factor behind their ambition to become the entrepreneur.92% of the transgender 

agreed this reason. The situational reasons is a compelling or forcing reason for the 

entrepreneurship of the transgender.90%of them opined this is the another factor for their 

entrepreneurship. They are pushed by their situation and the facilitating environment is the 
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supportive reason. Their work experience and self confidence which helps to start the new 

ventures. These internal factors or the personality traits of the individuals encourage them to 

select the entrepreneurship as their career. It is an opportunity and real challenge for these 

marginal people. 

(B) External Factors 

 
It is the opportunities and conditions which is favorable for entrepreneurship. The 

external environment has a vital role in the development of entrepreneurship. The major 

external factors are the financial factor. The availability of the financial assistance from banks 

and other financial institutions is an important external factor that promotes the 

entrepreneurship. The government and non government agencies supported the transgender 

entrepreneurs in their attempt to start a new attempt. The financial encouragement fostered the 

rate of transgender entrepreneurship. The training and guidance is available in the part of 

government and other concerned agencies, promoted their entrepreneurship. The post modern 

society is very open and meritocratic. It is the suitable condition for the transgender 

entrepreneurship. The members of the society are very generous in their outlook. Here ability 

and talents are valuable qualities. The open mind, positive attitude and mentality of the people 

also contributed the favorable condition. Beyond the traditional attitude on a day‟s society is 

more or less accepted the transgender as they are. These support systems and society are very 

external factor of entrepreneurship. The demand of the customer is the best scope for their 

entrepreneurship. The people are ready to accept the quality related goods and services. The 

availability of quality items and competitions also trained the transgender for better 

production and service. This increase their demand and necessity. The open market and free 

will also contributes the entrepreneurship in our society. 

Figure: 1 Favoring Factors of Transgender Entrepreneurship in Kerala 
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Problems and Barriers of Transgender Entrepreneurs. 

 
Transgender people in India face different types of problems. They are totally 

neglected community and excluded from effective involvement and denied the active 

participation of socio-cultural, economic and political participation. The study shows depth as 

well as intensity of the problems. 

Lack of acceptance 

 
Society is very doubtful about the abilities of the transgender. There is no history of 

successful transgender entrepreneurs in the country. Kerala people consider they are only sex 

workers. Nobody is willing to accept their abilities and talents. 

Financial problems 

 
Economically they are poor people. Their financial condition is very pathetic. The 

capital for the entrepreneurship is a difficult issue. Generally they have no any fixed income. So 

the transgender investment capacity is low. People are not ready to give any financial assistance 

to them. 

Lack of technical knowledge 

 
The higher education of the transgender is a difficult task. Only very limited persons 

attain high qualification. The technical knowledge is found at low level compared to others. 

They needed the technical education to become a successful entrepreneur. 

Lack of decision making capacity 

 
Their decision making capacity is very low. Transgender people never participate in 

any decision making process in their family. They do not have any courage to take risk in life. 

Entrepreneurship needs their greater involvement in entrepreneurial activities. 

Lack of motivation 

 
The aims and goals of the transgender people are very limited. Motivation .if we have  

a goal, we will boldly overcome any crisis..Lack of purpose is a major drawback of the 

transgender entrepreneurship 
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Lack of awareness 

 
Nowadays government and other private lenders are willing to finance them. But they 

are not aware of it. Moreover, transgender people are not aware of training programs and 

awareness classes that are held for entrepreneurs. 

Different types of discriminations. 

 
Transgender entrepreneurs experience social, cultural, religious political and gender 

discriminations. How well they perform, no one accepts or encourages them. That undermines 

their self confidence. This adversely affects their performance. 

Gender bias 

 
Gender bias affects them very much. Society not valued their existence and presence. It 

is also an issue of society‟s attitude. Others in the society regard transgender as inefficient and 

useless. This prevents the entrepreneurs doing well. 

Accommodation problem 

 
This is one of the biggest problems. They are always viewed with the eye of a doubt. 

Transgender do not always have the necessary facilities to do their work. Because of this, many 

of their ventures have to quit. All these problems always hinder their activities. 

Entrepreneurship demand high level of sociability and mingling capacity. Lack of self 

acceptance negatively affects the relationship. It reflects in all activities. A transgender 

entrepreneur has various obstacles in their life. It is so large that we cannot be numbered. The 

main barriers illustrated in the following table. 
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Table: 1 Barrier of Transgender Entrepreneurs. 
 
 

Barriers Number of respondents Total 

Yes No 

Avoidances 44( 88% ) 6(12%) 50(100%) 

Conservative outlook of the people 36( 72 % ) 14(28%) 50(100%) 

Denial of access to public accommodations 42( 84% ) 8(16%) 50(100%) 

Economic constraints 44(88% ) 6(12%) 50(100%) 

Exploitation 40( 80% ) 10(20%) 50(100%) 

Fear of taking risk 38(76 % ) 12(24%) 50(100%) 

Feeling of depression 32( 64% ) 18(36%) 50(100%) 

Gender discrimination 48(96 % ) 2(4%) 50(100%) 

Gender dysphoria 42( 84% ) 8(16%) 50(100%) 

Inadequate managerial skills 26( 52% ) 24(48 %) 50(100%) 

Lack of education 30( 60 % ) 20(40%) 50(100%) 

Lack of encouragement 40( 80 % ) 10(20 %) 50(100%) 

Lack of family support 36(72% ) 14(28%) 50(100%) 

Lack of self confidence 26( 52 % ) 24(48%) 50(100%) 

Lack of self esteem 38( 76% ) 12(24 %) 50(100%) 

Maltreatment 38( 76% ) 12(24 %) 50(100%) 

Rejection and prejudices 44( 88 % ) 6(12%) 50(100%) 

Social exclusion 44( 88 % ) 6(12 %) 50(100%) 

Social stigma 46( 92 % ) 4(8 %) 50(100%) 

Tough competition 30( 60% ) 20(40 %) 50(100%) 

Unfavorable attitude of society 46( 92% ) 4(8%) 50(100%) 

Violence at workplace 32( 64 % ) 18(36 %) 50(100%) 

 
 

Supportive Measures and Strategies for Transgender Entrepreneurship 

 
In the male dominated world all the weaker sections of the society struggling to establish 

their identity in the social system. It is essential to take right actions for the development of 

transgender entrepreneurship. They need special attention and support, trainings and meritorial 

awards etc. Vocational training is essential for the transgender entrepreneurs. The supportive 

measures include the different types of financial assistance, accommodation facilities, 
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Ensure active participation 

 
Provide the service of managerial experts 

Better educational facilities 

Support to improve coordination skills 

 
Organize vocational and soft skill training programmes 

Enhance professional competence 

Adequate training and continuous monitoring 

 
Arrange counseling facilities and motivational environment 

 
Provide territorial awards 

Transgender friendly policies will encourage them to participate effectively in the development 

process. 

For the greater participation in the entrepreneurial activities need the grossness to 

introduce certain strategies for the effective development of transgender entrepreneurs. Firstly 

we must consider they are a special target group. Provide the better educational facilities and 

ensure their utility of the opportunity. Conduct the training programs to improve their managerial 

skills. Give support their imitativeness. Organize vocational and soft skill training programs. 

Help to enhance their professional competence and leadership qualities. Adequate training and 

continuous monitoring system discarded one. Start counseling facilities for the needy persons. 

Take actions for bestowing more capital assistance by the government and other finance 

corporations. The table gives a clear idea about the strategies. 

 

Figure: 2 Strategies for Transgender Entrepreneurship 
 
 

 

 

Suggestions 

 
Ensure equality: According to the Indian constitution, all citizens are equal. Article 15 

guarantees the fundamental right to equality. This equality must also be ensured in the 

comprehensive areas of life. As a citizen of India, transgender people need to ensure  this 

equality. They should have the opportunity to engage in any kind of decent work they like. 
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Protection from violence and exploitation: Violence and exploitation should be eliminated, 

which is the critical problems of transgender entrepreneurs. We need to protect them from all 

kinds of exploitation. It is the duty of each of us. 

Schemes and Programs for empowerment: Transgender people are deprived of even the basic 

amenities in life. We have to give them all the help they need to increase their knowledge and 

work skill. This will help their financial well being. Then only transgender make a profit by 

engaging in new jobs with confidence. The government has to come up with many schemes that 

provide financial assistance to the transgender entrepreneurs. 

Empowerment through Education: We can raise the social position of the transgender people 

only by giving them a good education. They also need special learning facilities. They should be 

able to talk and share their problems. Their status can only be enhanced by providing good 

education .That way we can lift them up. 

Accept the society: Any change begins with the acceptance of society. For the transgender 

people to have a good place in our society, we must embrace them with our minds. All the 

necessary programs have to be organized at the government level and all humanitarian 

considerations have to be given to them by civil rights. 

Soft skill and Vocational training: We should be able to enable them to earn enough for their 

livelihood. Soft skills training and other vocational training are ways to help them become self 

sufficient. They must work, earn their own income and live well. This is empowerment. The way 

to do this is entrepreneurship. 

Confidence building workshops: It is very essential to give the confidence building training to 

the transgender entrepreneurs. A person can use his skills properly only when he has confidence. 

Those who face ridicule and neglect from society will never have self esteem. Everyone can do 

well if they have faith in their own abilities. Therefore, we should organize workshops for 

transgender people to build self confidence. 

Technology based knowledge classes: Technology based knowledge classes can be a great help 

to entrepreneurs if they get before starting a business. 

Thus more and potential transgender candidates should be motivated to join 

entrepreneurial activities. Today government and voluntary organization had taken different 

developmental programs for the upliftment of transgender. 
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Hope the Colorful Future 

 
The recognition of transgender is one of the most important events of the modern age and 

our society is ready to accept them. Despite its limitations, transgender  people have a place in 

our society. One of the main reasons is the change in attitude of the people. The society is ready 

to accept their limitations. Society values these people and tries to give them equality in 

everything. Transgender people are being accepted everywhere in all walks of life. Those who 

were once deemed despicable are now being given a place of honors in society. The recognition 

of the people makes it clear that they have a place in the general mind. This is a very positive 

thing. It is very important to take the oppressed and neglected into the main stream. This shows 

the infinite possibilities for development ahead of them. 

In the past the condition of transgender is worse in Kerala than any other states. This is 

related with our traditional viewpoint of gender binaries. It is very sad for transgender people to 

be excluded from social relationships. That limits the development possibilities of their lives. 

They do not come into the mainstream in Kerala society. The government of Kerala has made 

many changes in order to reverse the situation and improve their condition. Kerala government 

enacted legislative measures for the transgender. To protect constitutional rights and privileges, 

the government of Kerala has implemented a transgender policy in the state after Supreme Court 

Judgment. This gave them the right to legal protection to exercise their rights. Transgender 

people have a situation where they can live just as any other citizen .The state gives them the 

opportunity to engage in work suited with their talents. This demonstrates the great  potential 

they have in their careers. They can perform tasks based on abilities. Yes, the horizon opens up a 

huge scope for transgender to work according to their skills. As an entrepreneur, there is a 

situation in Kerala today where transgender are allowed to work. The existing condition is that 

enables them to work on their feet freely and happily. A bright future awaits the transgender 

community. 

Conclusion 

 
Entrepreneurship was a male dominated phenomenon in the world. But in the modern era we 

are witnessing the gender equity between in all spheres of life. Today a transgender 

entrepreneur enjoys high status and positions in our society. But transgender entrepreneurs 

face a various types of problems and challenges. This study has assessed the problems and 
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possibilities of transgender entrepreneurship. The income generating business activities is a 

feasible solution for the better status and empowerment of transgender in our society. Their 

own income will help them stay on their feet. Financial self-reliance is something that boosts 

our confidence. So it is the best time we can focus our genuine actions for the upliftment of 

the transgender people by increasing their work participation and entrepreneurship. 
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ABSTRACT 

Transgender people are the most oppressed and marginalized sections of India. Due to the hostile 

attitude of society, they are not able to succeed in life. But social change and development 

opportunities provide everyone with golden chances to show their individual skills. Transport 

facilities, push and pull factors leading to internal, national and international migrations.Each 

country provides individuals with opportunities to move to places where their abilities are 

recognized and freedom of action is ensured. A person's abilities, talents and skills greatly help 

one to excel in the profession.There are a lot of transgender people in India who have been very 

talented in their careers.In Kerala,several prominent transgender people have reached the top of 

their lives through systematic planning and ingenuity. This is a research paper on transgender 

who are in-migrants within the state of Kerala, who strive to excel in their careers by overcoming 

life's difficulties with great confidence.  

Key words: ‘Migration, Ambition, Profession,Transgender. 

INTRODUCTION 

Migration is a global phenomenon. This can happen between countries, within and 

outside the country. People move to other places for various reasons. They do this to improve 

their lives. It is motivated by good jobs, economic profit and social acceptance. Transgender 

people are a neglected and outspoken minority in our society. Even though Kerala is culturally 
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high, transgender people are still unacceptable. Traditionalist thinking and antagonistic attitudes 

in the society are creating obstacles to their inclusion.Structural and social stigmas lead to many 

forms of discrimination. Transgender persons are totally unacceptable in the areas of education, 

employment and health care. Due to changes in the socio-cultural level and the progressive 

mindset, there are some differences in favor of transgender people.  

They are quickly attracted to a place where they can work. They work there and live well. 

Thus transgender migrating to urban areas of Kerala and making their mark in the work place.In 

own homes transgender are not recognized by their parents, siblings or other relatives. Even their 

friends keep them away from them because of their unusual behavior. They don't like places 

where people are just mocking and ignoring them. They move to a place where nobody cares 

about them and teases them. In addition, the good living conditions of urban areas attract 

transgender people.  

A person's abilities, talents and skills greatly help one to excel in the profession.There are a lot of 

transgender people in India who have been very talented in their careers.In Kerala,several 

prominent transgender people have reached the top of their lives through systematic planning 

and ingenuity. They are able to work freely and earn money in their new place. Many studies 

show that the process of migration is a result of socio-cultural and economic factors. Women, 

men, children and people from different groups have different reasons for this.Just as there are 

many reasons to move from one location to another, there are certain factors that influence the 

choice of the right places. Transgender people tend to choose careers according to their 

tastes.They have good self-confidence and self-esteem.These people work hard to make the best 

of their jobs.  

METHODOLOGY 

 The present study designed to find out the in-migration; aspirations and career enhancement of 

transgender persons.In this work researcher try to analyses the internal migration of transgender 

from rural to urban settings in Kerala, especially in Ernakulum district. Here transgender means 

that individuals who live with a different gender identity, gender expression and behavior pattern 

which is mismatched from their assigned sex at birth.  Descriptive research design and snowball 

sampling method were used for the study. The tool of data collectionwas Interview schedule.The 

study was conducted among 50 transgender people who come to Ernakulum from different parts 
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of Kerala to find a job and now live here. Respondents belonged to the age group of 20 to 40 and 

were members of the ‘Mudra’ the CommunityBased Organization in Ernakulam.  

RESULTS 

This is a study of 50 transgender people who come from different parts of Kerala and live in 

Ernakulum city. It was conducted among 50 transgender people aged 20 to 40 years. From the 

total participants, 60% were Hindus, 10% were Christians, 26% were Muslims, and the 

remaining 4% were atheists. In terms of their living arrangements, 30% ofthe respondents live 

with their partners, 70% live with transgender friends. According to Stanislaus (1999) education 

leads to self reliance and involves self respect and self assurance which are helpful for the total 

upliftment of an individual.Among the total respondents 10% of them have only lower primary 

education 50% of them have upper primary education and 40% of them have high school and 

above. Transgender people are working and earning a good income. About 26% of transgender 

people have a monthly income of between10000 to 15000. 44% of the transgender earning a 

monthly income is between 15000 to20000.For 20% the monthly income is 20,000 to 25000. 

10%of transgender people earn more than 25000 in a month. The following table outlines the 

major types of jobs that transgender people are engaged in their life. 

Table1:Occupational status of the respondents 

Occupation Frequency Percentage 

Cochin metro workers 3 6% 

Transgender shelter home employees 2 4% 

Running beauty parlor 2 4% 

Makeup artists 9 18% 

Community Based Organization Staff  3 6% 

Dance Teachers  7 14% 

Shop Keepers  3 6% 

Food Delivery Service 1 2% 

Stitching and Tailoring Works  5 10% 

Designers  4 8% 

Modeling  3 6% 
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Stage programmers  5 10% 

Jewelry makers 3 6% 

Total 50 100% 

 

DISCUSSION 

James M Henslin (1997) states that the in-migrants always searching for a better life condition. 

Immigrants from rural areas to the city are liberated from many things. When they come here, 

they are completely freed from the family, religion, educational institutions and social 

institutions that are always trying to control their life and behavior. DehanjGhose  and V N P 

Sinha (2005) argues all migrants from rural areas to urban areas are free from old traditional 

agencies. Internal displacement refers to the forced movement of the people within a 

country. Coffee Annan former UN Secretary General opined "internal displacement is the great 

tragedy of our time .The internally displaced people are among the most vulnerable of the human 

family." 

                The push and pull factors prompted transgender people who migrated to the region to 

find work and make a living. Push factors have mainly forced them to leave their places of birth. 

These include financial insecurity, unemployment, limited opportunities, intolerance, poverty, 

ridicule and lack of recognition. Security feeling, career choices, different Jobs, better 

employment opportunities, better wages, better living conditions, tolerance and individual 

freedom are some of the important pull factors that have attracted them to the city and helped 

them to live here.  

                 All transgender people in this study live a good life with a variety of occupations. 

Unlike the traditional occupations of transgender people such as begging and prostitution, they 

are doing decent work. Getting higher education and good jobs is a natural desire of all human 

beings. But this is wrong for transgender people. The reason is that they are not getting the 

higher education, good job, or the opportunities they need. Here we see transgender people who 

work very well and earn income. Although they have experienced discrimination and violence in 

the workplace, they have adapted to the most conducive environment and are living well. It is 

with this in mind that they moved to the city, and the career chosen for them. These are all 
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positive changes. In this study, we can see that transgender people's vocation concerns and 

attitudes.  

 

               The research work shows 6% transgender are working in Cochin metro.34% want to do 

their own business in the future. The biggest obstacle is the economic deficit. They strive to rise 

further in the profession and achieve many. 62% of them have utilized the benefits received from 

the Government of Kerala and the Social Welfare Department. 88% of respondents said they feel 

great satisfaction when they work and earn a good income. 24 percent said they use their income 

to support their families. They try to participate in the training and complete the courses to gain 

expertise in their areas of interest. They realize that all this has a profound effect on their 

career.Although many are not well-educated, they have found suitable employment and 

succeeded. 18% of them are makeup artists. They even work in the film industry. There are 6% 

of transgender people who work in a very flattering way in the modeling.  In addition, they train 

and prepare for a variety of events, including school festivals, university-level competitions, and 

other stage events.  

Mustafa BilgehanOzturk  andAhuTatli(2016)  says that transgender people face a lot of obstacles 

in their careers. Difficulties starting from the time of recruitment and selection persist throughout 

the careers of gender identity minorities and they have to endure much.76% of respondents had a 

bitter experience with their work .65% said they were proud and accepted by the community. 

92% of respondents say they want to rise from their current social status. 96% of respondents 

said that they are constantly striving to reach their intended goal, regardless of any negative 

experiences.76% have their own savings.78% of respondents said that being able to work has 

eliminated the anxiety and uncertainty about life. They also shared that self-satisfaction gave 

them the sense that they were important people. 96% of respondents are confident that their 

transgender friends will always be there to assist in any of their needs. More than 90% of 

respondents feel that they need to be financially well off in order to have a good status in 

society. 70% of transgender people are capable of taking care of themselves. They are confident 

that they will be able to work and earn whatever they need.88% of the respondents said that it is 

the society's duty to ensure that the fundamental rights guaranteed by the Constitution of India 

and the rights of justice, equality, liberty and equality as per Supreme Court judgments.94% of 
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respondents said they needed good support from the community if they were to grow to the level 

they wanted.  

CONCLUSION 

Transgender people are one of the most neglected groups in Kerala.Nowadays transgender 

peoplehave a habit of migrating to other parts of the country in search of jobs to secure their 

future. Their departure from Kerala to other states for looking a safer place has also 

decreased.Today, transgender people in urban areas of Kerala are getting decent and high-paying 

jobs.  As a result of the new transgender policies of the Government of Kerala; they have seen 

some positive progress. They strive to make a decent living apart from the traditional forms of 

begging, sex work and dancing. They are striving to achieve self-sufficiency by participating in 

projects being implemented by the Social Welfare Department and Transgender Cell with the 

help of the Government of Kerala. They can live here only if we bring a radical change in the 

current way of our society. Transgender people need the support and encouragement of our 

Kerala community to find suitable employment, career advancement and socio-economic well 

being.  
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Editorial                                                                                                                l 

 
Good teaching emanates from Research. The teachers’ love for research and their 

experience in research are vital for the growth of the institution. Any institution is judged by 
the level and extent of the research work it accomplishes. This sets in a regenerative cycle of 
excellence. Experience of research leads to quality teaching and quality teaching imparted to 
the young in turn enriches the research. The campus dynamics needs such type of research 
teaching research environment. 
 

Technology is the non-linear tool available to humanity, which can affect fundamental 
changes in the ground rules of economic competitiveness. Science is linked to technology 
through applications. Technology is linked to economy and environment through 
manufacture of knowledge products. Economy and environment are linked to technology, 
which promotes prosperity to the society. We have to use innovation to generate high value 
added products for becoming a global player. The foundation for academic excellence is the 
research. 
 

Let us take would like to give, how you young friends can become a great inventors 
or discoverers. What is the unique nature of thinking minds of discoverers and inventors of 
the world. "Inventions and discoveries have emanated from creative minds that have been 
constantly working and imaging the outcome in the mind. With imaging and constant effort, 
all the forces of the universe work for that inspired mind, thereby leading to inventions or 
discoveries". Now there are three unique friends to make you great; they are great books, 
great human beings and great teachers. Teachers should have the capacities to nurture the 
"creative minds" and "imagining minds". 
 

So this conference has been designed to stimulate the young minds including 
Research Scholars, Academicians, and Practitioners to contribute their ideas, thoughts and 
nobility in these disciplines of engineering. It is a pleasure to welcome all the participants, 
delegates and organizers to this International Conference on behalf of IRAJ Research Forum 
and ITR family members. This conference has received a great response from all parts of the 
country and abroad for the presentation and publication in the proceedings. I sincerely thank 
all the authors for their valuable contribution to this conference. I am indebted towards the 
Reviewers and Board of Editors for their generous gifts of time, energy and effort for the 
Conference. 
 
 
 
 
Editor-In Chief 
 
Prof. R. M. Khaire 
Professor, COE, 
B. V. University, India 
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PROSPECTS AND IMPACT OF ‘COLONIAL HYDROLOGY’ IN 
MALABAR 

 
BRIGHTY ROBERT 

 
Assistant Professor, Department of History, Carmel College Mala, Thrissur 

E-mail: brightylikin@gmail.com 
 
 
Abstract -  
This paper analyses how was the concept of hydrology used as an imperial tool in the west coast of Malabar in Madras 
presidency. It conjoins the north and south regions of Malabar through the inland water way and it configure the market 
system of interior parts by interconnecting with principle ports near to it. However, as an impact of the integration of the 
natural inlets like rivers, backwaters and estuaries it brings out an uninterrupted line of inland waterway. The canal policy of 
British was a prime motive of imperial power that took up the natural water bodies especially rivers, backwaters and 
estuaries to join with artificial ways. 
 
Keywords - Canal, Hydrology, Malabar, Inland waterways. 

 
The canal system in the south western coast of 
Malabar was introduced by the Madras presidency. 
According to GeographicusIndicus, Malabar bounded 
from Mangalore to Cape Comorin, considerably 
lower and either muddy or sandy having shallow 
inlets termed as backwaters. The  inlets pass through 
the inland area and very close to the coast of Malabar, 
more or less navigable and receiving the drainage 
from the streams coming from  Western Ghats.1This 
geophysical position of Malabar made an exposure in 
the imperial plan of making of canal that principally 
interlink the maritime exchange centers from north to 
south. So, the construction of canal in Malabar 
mainly through the hydraulic as well as mercantile 
policies were used parallel and created some 
transitions in the economic sphere of Malabar. 
 
The history of Conolly canal underlies not the 
artificial creation but the imperial design of a coastal 
canal, passing through numerous backwaters, rivers 
and near to low sea board of the south western 
portion of the Indian subcontinent. It was primarily a 
colonial strategy that endowed through hydrological 
elements. Here, the concept ‘Colonial Hydrology’ 
that explores the colonial experience with floods, 
drainage, wetlands, lakes and inland river navigations 
which encapsulated the British interventions in the 
geographical areas which were naturally favourable 
for the hydrological configuration of the region. As in 
the process, British tried to transform the floodplains 
which was watered by seasonal or inundation canals 
to the site for perennial irrigation works that involved 
the permanent head works across river beds with 
barrages and weirs. These canal engineering is not 
only acted as the channel from the river flow but also 
reorient the ecological relation between land and 
water. According to the concept of ‘colonial 
hydrology’ the canal policy represented not as a 
commercial and revenue motives of colonialism but 

                                                            
1 Index GeographicusIndicus, J. FresrickBaness, W. Newman  and 
co., 3, Dalhousie square,1881.p.129. 

were intervention of social and physical colonial 
contexts.2 
 
The locale of the canal depends up on two main 
factors; one is geophysical position of Malabar and 
other with the imperial design and discussions of the 
canal. There was several discussions occurred 
between British officials the experts from Malabar 
district   which would be seen in the official letters to 
Madras presidency. The East India Company was 
very much conscious about the necessity of accurate 
geographical knowledge for the administration 
purpose and they executed series of survey in the 
newly acquired territories. In the case of Malabar, 
Francis Buchanan, a traveler who conducted 
agricultural survey and B.S. Ward and Conner made 
the geographical surveys which shaped strategic 
policy over the region. Evidently, Buchanan describes 
the navigable channels of Ponnani river broadest bed 
that was very shallow but during rains it was 
navigable within 15 miles of palakkad.3 
 
According to the survey report of B.S. Ward and 
Conner, the narrow navigable channel from the right 
bank of Beypoor which had numerous serpentine 
windings of north west to Kakyebridge, south of 
Calicut and 1 mile of bridge communicates with sea. 
The bar was opened only during south west monsoon 
and a direct distance from the Beypoorriver to the 
Calicut bridge was only 4 miles and its actual 
distance was 8 miles.4Moreover, in the administration 
report of Madras, the Malabar described as singularly 
but diversified in its configuration. Beyond the 
boundary limits, the region near to the sea board the 

                                                            
2RohanD’souza, ‘Water in British India; Making of a Colonial 
Hydrology’, History Compass, Vol.4, no.10, UK: Blackwell, 2006, 
pp.621-28. 
3 Francis Buchanan, A Journey from Madras through the Countries 
of Mysore, Canara and Malabar, Vol.2, Delhi: Asian Educational 
Services, 1988, p.423.  
4Ward and Conner,A Descriptive Memoirs of Malabar, 
Thiruvanthapuram: Kerala Gazetteers Department, 1995, pp.1-2. 
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low laterite table lands helve into rice plains and 
backwaters fringed with coconut palms. Numerous 
rivers have hollowed out for themselves long valleys 
to the coast for 145 miles; its breadth varies from 25 
miles on the north to 70 on the south. The coast runs 
in a south easterly direction, and forms a few 
headlands and small bays, with a natural harbor in the 
south at Cochin.5 
 
Along with natural advantages of Malabar which 
possess a connected inland water communication, the 
above imperial survey reports and official letters 
emphasized the feasibility of canal consideration. So 
the completion of first 6 mile length of canal can be 
provided an uninterrupted water communication of 
134 miles.6 By this integration of such a line, the 
company calculated the value of water with money 
valuation of two main purposes; irrigation and 
navigation.  In this, the irrigation which gets first 
priority that comprised with three ways of irrigation 
which include complete irrigation of crops, 
seasonally irrigated and longtime irrigation. Through 
this, the cultivation and supply of food were 
sufficient to the whole population that sometimes 
extended to the surplus production of food crops 
itself. So, one of the most extraordinary ideas on the 
subject of irrigation was too much food will be grown 
and it made some ruinous situation more food that 
can be consumed on the spot, unless there is 
communications to provide for its being taken to 
other markets’.7 Moreover, it was the object of the 
company, who wanted to extend the communication 
of grains which more than the consumption. And the 
problem that comes across the irrigation system was 
‘what is the use of growing system when it proposed. 
Hitherto, British made a justification about the 
communication system itself. The canal policy in 
Malabar was also justified navigation of men and 
material. 
 
Configuring of Regional and Market Networks in 
Malabar 
The mapping and designing of canal was occurred 
during the early half of twentieth century. The 
utilization process of canal and accessing the channel 
started at its early foundation. The canals networks in 
Malabar were not a wholly connected one but a 
linkage between the backwaters of the coast and 
estuaries of rivers. The channel consists with three 
major cuttings which was not a linear progression 
whereas it links about the six hundred to eight 
hundred miles that connects inland water 

                                                            
5Manual of the Administration of the Madras Presidency in the 
Illustration of the Records of Government and the Administration 
Reports, vol.2, Madras: government press, 1885, p.115. 
6Correspondence relating west coast canal project from July 1845 
to December 1856, 2nd volume, Madras record office 7175, Calicut 
regional archives. 
7Arthur Cotton, Public Works In India Their Importance; With 
Suggestions for Their Extension and Improvements, 2nd Edition, 
London: Richardson Brothers 23, Cornhill, 1854, Pp.176-177. 

communication with navigable rivers. The 
navigability of canal can be discussed through the 
evidences of the official correspondence of the 
deputy chief engineer of DPW, F.C.Cotton and 
Captain Francis, civil engineer ofseventh division 
who made a detailed examination about the wide 
range of navigation accessibilities on the western 
portion of Malabar region by navigating through the 
channel from the southern end of Tanoor canal to 
Ponnani.8 According to Cotton the waterways in 
Malabar was marvel, intermingled the canals with 
lakes and rivers and reiterated that the stretch which 
would be useful for commercial transportation 
between north and south of Calicut. 
 
The imperial discussion between the officials 
evidently shows the integration of inland network for 
the commercial purposes. As through the 
configuration of regional networks of Malabar 
prominently connected with the navigation system by 
which, it conjoins the inland parts of the Malabar. 
 
Moreover, in the case of south Malabar, line of water 
communication through the Ponnani – Chavakkad 
section, conjoins the Malabar and British Cochin. The 
line of this stretch was prominently used by the 
merchants, travelers and common people for the 
navigation purposes because of the accessibility of 
road transport was rare in this part of the district. The 
southern portion of Malabar includes two navigable 
rivers Ponnani and Chetuvai which was distance of 
20 miles between them.There was no communication 
between those rivers since the canal connection 
opened on those rivers.It was found the distance 
between Tirur to Cochin was 92 miles out of this only 
26 miles was artificial channel and this made the 
southern portion as a practically sole means of 
communication between the southern part particularly 
Cochin. 
 
According to their observation, the accessibility of 
road transport was rare in this part of the district and 
the inland network had been inevitable to this 
region.The accessibility of the direct navigation 
through inland waterways strategically paved the way 
for depreciating the importance of the subordinate 
ports. For instance, the Chetuvai port, a subordinate 
declined because of the systematic plan of the 
company was to create a direct navigation via 
northern to southern end. Here, we can see that the 
prominence given to the Cochin port was simply an 
imperial policy, that which explicitly seen in the 
communication between canal engineer, H.V.Conolly 
and the secretary of board of revenue. 

                                                            
8Letter from F.C.Cotton, deputy chief engineer DPW, fort st. 
George to Colonel E.C. Faber, chief engineer of DPW, 
dt.5thOctober 1855. Madras record office si.no.7175, 
correspondence relating   west coast canal project, 1845-1856, 2nd 
volume, Calicut regional archives. 
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The port is rising gradually in an importance and it 
was much frequented with British and foreign 
vessels, as well as steamers and country craft looking 
at the tonnage account, the average number of vessels 
of the description which are hereafter contribute to 
the customs, amount to more than 500 and then 
tonnage to 4500 a year, the traffic with free Indian 
ports is also considerable.9 Moreover, the impact of 
locale of the Conolly canal diverted the importance of 
the port cities of Malabar which was widely seen in 
these ports. The canal construction in Malabar creates 
a new paradigm to market system which was majorly 
linked with the port cities. It tried to convert the 
major ports of Malabar since 19th century in to the 
category of minor or subordinate ports where British 
intended to achieve the looping trade system that is 
port to port trade within the madras presidency 
through the Act VI of 1848. As per the act, the trade 
from port to port should be left free and unrestricted 
and take this opportunity as a modifying or abolishing 
the duties on articles used for the purpose of 
manufacture .10 
 
In the case of Malabar, the company targeted to the 
Cochin port as a port to port trading system, which 
was affluent with sea trade activities within the 
madras presidency.The advancements of Cochin port 
paved the way for the diminishing the necessity of 
other ports in the west coast. So, as a mercantile 
policy the company planned to maximum utilizing 
the accessibility of the Cochin port by connecting it 
with the inland areas, linked with the of artificial 
channel of conolly canal with the natural watercourse 
of the region brings out the southward relation. The 
geographical accessibility of the western coast with 
rivers, backwaters enriched the navigation 
possibilities through the coast. So forth, the bridging 
regional networks by connecting these natural 
waterways was possible through the artificial channel 
of canal. Here, British maximum utilized the 
hydrological elements of the region itself. The 
construction of the canal occurred as in systematic 
way, the proposal after the systematic survey, 
organized authority and accuracy in the canal cutting 
at considerable extent. By, this structuring of canal 
was mainly done in the 4 parts; Pyolee, Ellathur to 
Beypoor, Tanur to Calicut, Ponnani to Chetuvai, the 
unconnected parts of western coast division. 
 
The British policy of hydrological as well as 
mercantile interventions was done primarily through 
understanding of the landscape specialties which was 
done by the detailed survey of the region, by adapting 

                                                            
9Letter from H.V.Conolly to Esq. Pycroft, secretary of Board of 
Revenue, fort st. George, dt.23rd June 1848, proceedings of Board 
of Revenue (sea custom) vol.107.Madras Archives. 
10Letter from W.E.Underwood, Collector of Madras Sea Customs 
to H.V.Conolly, Collector of Malabar,dt.6th 
April,1848.Proceedings of Board of Revenue (Sea Custom) 
Vol.106.Madras Archives. 

the landscape peculiarities, the canal which was 
constructed along with the natural inundations; it 
solely connected the linkages of north and south 
direction, evidently parallel towards the sea coasts. It 
evidently reflects  the role of landscape peculiarities 
in orienting new level of mercantile tactics which 
penetrate the colonial capital resource to the micro 
regions of the Malabar. Here, at first through the 
construction of artificial channel allocated the 
colonial fund for the construction of it, later the 
emergence of new local marts which brought out the 
native capital to the British state. By this, the 
transfusion of the capital at the initial level as an 
investment to the development of the mercantile 
activities which was further reconstituted the capital 
resource of the native to the colonial country through 
emergence of new local based marts.So that, the 
making of canal and its construction policies was 
played a pivotal role in the transition in the system of 
market hierarchy as well as the configuration of 
regional networks.So that, the local markets become 
one of the major factor for the configuring the 
regional networks which was a controlling or 
intervention factor for the micro regions of Malabar. 
It was the strategic political idea combined with 
economy that the British who tried to penetrate in to 
the micro level economy from the gradual movement 
from the macro level. Not only had that, these shifts 
from the macro to micro which reconstituted to 
locating the original production centers, directly 
linked to the core region or grass root level of 
economy itself. 
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Abstract - In this paper we have proposed design for die for producing part namely   reinforcement C & E column bottom 
inner. For producing part various sheet metal processes were which were blanking, forming, blanking etc. But our part only 
required forming operation. So we designed forming die for that. Firstly tonnage calculations were made for die and 
according to its press load press was used. After that as per design company manufactured die by using their standard 
processes. Then final component obtained from die was inspected on inspection panel for dimension constraints and required 
surface finish. 
 
Keywords - Form Die, Inspection Panel, Die Design. 

 
I. INTRODUCTION 
 
Forming processes are particular manufacturing 
processes which make use of suitable stresses (like 
compression, tension, shear or combined stresses) to 
cause plastic deformation of the materials to produce 
required shapes. For that metal stamping die is ideal 
tool that can be used for better accuracy and quality. 
It may be defined as chip less manufacturing process 
by which various components are made from sheet 
metal. Sheet metal operations are classified in two 
categories cutting operation and forming operation. In 
cutting operation work piece is stressed beyond 
ultimate strength which includes blanking, punching, 
notching, perforating, trimming, shaving etc. In 
forming operation stresses are below ultimate 
strength. There is no actual cutting of metal just 
contour of work piece is changed to get desired 
product which includes bending, drawing, redrawing, 
squeezing. Dies are classified according to press 
operation used or according to method of operation. 
Some of them are as follows. 
 
A. Simple Dies: 
Simple dies or single action dies perform single 
operation for each stroke of the press slide. The 
operation may be one of the operations listed under 
cutting or forming dies. 
 
B. Compound Dies: 
In these dies, two or more operations may be 
performed at one station. Such dies are considered as 
cutting tools since, only cutting operations are carried 
out. Figure shows a simple compound die in which a 
washer is made by one stroke of the press. The 
washer is produced by simulation blanking and 
piercing operations. Compound dies are more 
accurate and economical in production as compared 
to single operation dies. 
 
 
 

C: Combination Dies: 
In this die also, more than one operation may be 
performed at one station. It is difficult from 
compound die in that in this die, a cutting operation is 
combined with a bending or drawing operation, due 
to that it is called combination die. 
 
D: Progressive Dies: 
A progressive or follow on die has a series of 
operations. At each station, an operation is performed 
on a work piece during a stroke of the press. Between 
strokes the piece in the metal strip is transferred to the 
next station. A finished work piece is made at each 
stroke of the press. 
 
II. COMPONENT DESIGN 
 

 
Fig 1 Component design 

 
III. LOCATION OF COMPONENT 

 

 
Fig.2 Location of part 
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Above figure shows location of part used in FORCE 
TRUMP 
 

 

 
Fig.3 Division of vehicle by axes and column 

 
Above figure is for better understanding of how 
vehicle is divided into axes and column name.   
 
IV. FORMING DIE DESIGN. 
 
Force required to deform the stock material with the 
upper form punch is form load. 
 
Force Calculations: 

 

 
Bending Force = (0.66 X 60 X 282 X 4)/ 8 

                      = 5.583 Tons (c=8 mm) 

 
Pad Force= 0.5 X 5.583 
                  =2.791 

 
 
Total Force = 5.583 + 2.791 

       =8.374 
 
Die set consist of bottom plate that forms base of tool 
and top plate which supports guide pillar. The die 
insert is housed above housing plate. Component is 
extrapolated and similar surface is generated which is 
further extruded to obtain shape of die insert. 
Similarly upper punch is designed by taking inner 
contour of component. Distance between two 
surfaces is equal to thickness of metal. Selection of 
spring was done according to force motors manuals. 

 
Fig. 4 Assembly of die 

 
Fig.5 Bottom tool plan 

 

 
Table1: List of components for bottom tool 

 
 

 
Fig. 6 Top tool plan 

 

 
Table 2 : List of components for top tool 
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V. MANUFACTURING 
 
Following manufacturing process is followed during 
manufacturing 

 
GENERAL PROCESS FLOW 

1. Bottom tool 
 Plate of  M.S. is taken as raw material 
 Edged were grinded in surface grinder 
 Marking and punching id done to get 

coordinates 
 Holes were drilled in vertical drilling 

machine 
 Clamp slots were cut by gas cut 
 Top and Bottom surface were grinded 
 Chamfering of 2×45⁰ done on all corners 

 
2. Bearing block 
 Gas cutting is done to get require shape 
 Milling is done to get required profile 
 Surface grinding is done on both sides 
 Marking is done to align block with other 

parts 
 Holes are drilled on block 

 
3. Top plate 
 Gas cutting is done to get to get required 

dimension 
 Edges were grinded 
 Top and Bottom milling 
 Milling only ate two corners 
 Holes are drilling in vertical milling machine 
 Layout marking is done on plate 
 Drilling and tapping is done 

 
4. Inserts 
 Gas cutting is done to get required shape 
 Milling is done to get required profile 
 Surface grinding is done on both sides 
 Marking is done to align one block with 

other 
 Holes are drilled on the block 

 
5. Stripper plate 
 The raw material of dimension of plate is 

taken 
 Edges were grinded in surface grinder 
 Marking is done to get coordinates 
 Holes were drilling in vertical milling 

machine 
 Tapping was done 

 
6. Bush bearing 
 Gas cutting is done to get require shape 
 Milling is done to get required profile 
 Surface grinding is done  for better surface 

finish 
 Marking for alignment 

 Proper positioning to the bush 
 
VI. OPERATION DESCRIPTION 

 

 
Table 4: Operation description for bottom tool 

 

 
Table 5: Operation description for top tool 
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VII. CONCLUSION 
 
The component Reinforcement C & E Column Bottom Inner was successfully manufactured with the help of 
forming die and inspected on inspection panel. Thus die is used for mass production of part used in FORCE 
TRUMP. 
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Abstract - The Automotive chassis is considered as the backbone of the vehicle. On chassis different members are provided 
to strengthen it and an important consideration in chassis design is also to have adequate bending stiffness for better handling 
characteristics. Thus, strength and stiffness are two important criteria for the design of the chassis. This paper is related with 
work performed towards the static structural analysis of the N1 type chassis and study of variation of bending stiffness of 
Chassis with different material properties as a part of final year graduate project at Automobile Research Association of 
India (ARAI).Structural systems like the chassis can be analyzed using the finite element techniques. Hence, a proper finite 
element model of the chassis is to be developed. The chassis in this project is modeled in CATIA V5. Analysis is done using 
the FEA software ANSYS. 
 
Keywords - Chassis, Catia, Ansys, Bending, Stiffness. 

 
I. INTRODUCTION 
 
A Vehicle without body is known as chassis frame. 
The frame serves as carcass to which the engine, the 
units of transmission, control system, and the body of 
automobile are fastened. It should exhibit sufficient 
stiffness so that the relative displacements of the 
mechanisms installed on it remains unchanged and 
the deformation of body is minimum under action of 
inertia and reaction loads. 
Chassis are made up of steel sections so that they are 
strong enough to withstand the loads and at the same 
time light enough to reduce the dead weight of the 
vehicle. The long sections which are at left and right 
positions are known as long members and the 
transverse sections connecting the long members are 
called as cross members. The total number of cross 
members is usually around 6-7. Cross members are 
joined to the long members using rivets or bolts and 
nuts to make the chassis robust and resistant to 
bending [1] 
 
II. FINITE ELEMENT MODEL VALIDATION 
 
2.1 FEA model specifications [2] 

 

 
Table 1: Modeling parameters of chassis 

 
Fig.1: Cross section of long member 

 

 
Fig.2: Cross sections of cross members 

 

 
Fig.3: Final draft of chassis model (Isometric view) 
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3.3. Meshing of chassis [8] 
 

 
Fig.5: Mesh of Chassis 

 

 
Table 4: Mesh specifications 

 
3.4 Defining loads and boundary conditions [8] 
 

 
Fig.6: Bending analysis deck with loads 

 

 
Table 5: Loads on chassis for bending 

 

3.5 Calculation of bending stiffness [7] 
For, Structural Steel: 
The maximum displacement value achieved is 
0.054649m 
The force acting at the maximum Displacement point 
is point I with a force of 750 N 
Therefore, 
The bending Stiffness = (Force/Deflection)   

=(750 / 0.054649)  
Bending stiffness = 13724 N/m 
 

 
Fig.7: Analysis results (Vector Displacement) for structural 

steel 
 
Similar process was carried out for other materials 
 

 
Fig.8: Vector Displacement plot for AISI 9255 

 

 
Fig.9: Vector Displacement plot for AISI 5120  
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Fig.10: Vector Displacement plot for AISI 2330 

 

 
Fig.11: Vector Displacement plot for AISI 1006 

 

 
Fig.12: Vector Displacement plot for AISI 1020 

 
 
 

IV. RESULTS 
 

 
Table 6: Bending stiffness values 

 
CONCLUSION 
 
Thus it was observed that the bending stiffness value 
changes by changing the percentage of alloying 
elements, the values of bending stiffness of all alloys 
of Steel are in the range of N1 type Vehicles that is 
within 22000N/m. 
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Abstract - With the large amount of growth in the data and use of social networking sites users share free text, image, audio 
and video data daily. Today’s OSNs (Online Social Network System) not provide much support to the users to avoid 
unwanted messages displayed on their own their wall. In existing system, if unwanted words are found, system directly 
blocks the message. But the problem is important articles which include unwanted words but having positive or good topics, 
gets blocked. So, to overcome the above problem, we proposed a system in which data will be divided into three categories: 
Normal, Low risk and High risk. Then filtering rules are applied to block corresponding data using human intervention. 
 
Keywords - Machine Learning Techniques (MLT), Filtering Rules, SVM, Online Social Network. 

 
I. INTRODUCTION 
 
Today modern life is totally depending on Internet. 
Now a day’s people cannot visualize life without 
Internet. Also, OSNs is also part of modern life. Now 
a day's people share their views, ideas, information 
with each other using social networking sites. Such 
communications may include different types of 
contents like text, image, audio and video data [1]. 
Whereas huge amount of data such as web links, 
news stories, blog posts, notes, photo albums, etc. are 
shared daily. But, in today’s social network, there is a 
very high chance of posting unwanted content on 
particular public/private areas, called in general walls. 
Therefore Information filtering can be used to give 
users the ability to automatically control the content 
of messages written on their social walls, by filtering 
unwanted messages. Today OSNs offer very small to 
avoid unwanted messages on user walls. For 
example. In Facebook users are only permitted to 
state who is allowed to put messages in their walls i.e. 
direct friends and indirect friends. Content-based 
preferences are not supported. The online social 
networking wall messages are representing by short 
text for which traditional classification methods have 
some limitations. Therefore the goal of the present 
work is to propose and demonstration evaluates an 
automated system, called Filtered Wall, able to filter 
unwanted messages from OSN. It assigns the 
message automatically to each short text message, a 
set of categories based on its content we utilize 
Machine Learning text categorization methods [6]. 
 
In proposed system we classify the data in three types 
1) Normal Risk 2) Low Risk 3) High Risk. In Normal 
risk it consists of regular words which can be post 
from GUI directly. Low risk in which data is first 
processed as a black list from where it is identified 
whether the data is of low risk or higher risk if data is 
of low risk we select randomly three users from entire 
friend list among which if the given data is accepted  
 

by any of two users which has been taken into 
consideration randomly then the given data is 
published otherwise it would be blocked. In higher 
risk if the given data is accepted all of the three users 
then it would be published or it would be blocked. 
The system provides a powerful rule layer a flexible 
language to specify Filtering Rules, by which users 
can state which contents shouldn't be displayed on 
their walls. FRs can support a variety of different 
filtering criteria that can be combined. The rules of 
filtering exploit user profiles, user relationships as 
well as the output of the ML categorization [6] 
process to state the criteria of filtering to be 
performed. In addition, the system will gives the 
support for user-defined Blacklists, the lists of users 
that are temporarily prevented to post any kind of 
messages on a user wall.  
 
To the best of our information this is the first proposal 
of a system to automatically filter bad messages from 
OSN user walls on the basis of both messages content 
and the messages creator relationships and 
characteristics. 
 
II. LITERATURE SURVEY 
 
N.J.Belkin et al. [2] designed information filtering 
systems to classify a stream for generating 
information is dynamically to dispatched 
asynchronously by an information producer to satisfy 
according to user considerations. Nicholas J. Belkin 
has been talk about the relationship between 
information filtering and retrieval and they come to 
the conclude that both are two sides of the same coin 
the previous recommended systems use social 
filtering methods. 
 
P.J.Hayes et al. [3] modelled filtering activity to 
perform binary classification to partitioning incoming 
documents into relevant and non-relevant categories. 
But that was difficult to include multi-label text 
categorization automatically labelling messages into 
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partial thematic categories. By this system describe 
that a content-based book recommended system that 
utilizes information extraction method and a ML 
algorithm for text categorization. This way they 
improve access to relevant information and products. 
M. J. Pazzani et al. [4] adopted feature extraction 
methods and collection of samples. This procedure 
maps text into a compact representation of 
generalization this phases. In this system real-time 
classification accuracy, and classification speed and 
they conclude that Linear Support Vector Machines 
are most unique classifier, fastest to train, and quick 
to evaluate. 
 
D.D. Lewis et al. [5] had performed some 
experiments which proved that Bag of Words (BoW) 
approaches had good performance and prevail in 
general over more revealing text presentation that  
have superior semantics but lower statistical quality. 
F. Sebastiani et al. [6] had given comparative analysis 
of Boosting-based classifiers, Neural Networks and 
Support Vector Machines over other popular 
methods, such as Rocchio and Na ̈ıve Bayesian. The 
application of content-based filtering on messages 
posted on OSN user walls poses additional task or 
situation that given the short length of these messages 
other than the wide range of topics that can be 
discussed.  A different approach is proposed by 
Bobicev and Sokolova that circumvent the problem 
of error-prone feature construction by adopting a 
machine learning method that can perform reasonably 
well without feature engineering. 
 
B. Shriram et al. [7] proposed a classification method 
to categorize short text messages in order to avoid 
overwhelming users of micro blogging services by 
raw data. They focus on Twitter 2 and associate a set 
of categories with each argument describing its 
content. The user can then view only certain types of 
tweets based on his/her interests.  
 
S. E. Robertson and K. S. Jones,[8]proposed 
“Relevance weighting of search terms,” Journal of the 
American Society for Information Science, In this 
paper they examine the statistical techniques for 
exploiting relevance information to weight search 
term. These methods are presented as a neural 
extension of weighting method using information 
about the distribution of index term in documents in 
general .A series of relevance weighting functions is 
derived and is justified by theoretically. 
 
S. Zelikovitz and H. Hirsh,[9] proposed “Improving 
short text classification using unlabelled background 
knowledge,” We describe a method for improving the 
classic- fiction of short text strings using a 
combination of labelled training data plus a 
secondary corpus of unlabelled but related longer 
documents. We show that such unlabelled 
background knowledge can greatly decrease error 

rates, particularly if the number of examples or the 
size of the strings in the training set is small. This is 
particularly useful when labelling text is a labour-
intensive job and when there is a large amount of 
information available about a particular problem on 
the World Wide Web. Our approach views the task as 
one of information integration using WHIRL, a tool 
that combines database functionalities with 
techniques from the information-retrieval literature. 
 
Y. Zhang and J. Callan, [11] proposed “Maximum 
likelihood estimation for filtering thresholds, 
“filtering systems based on statistical retrieval models 
compute a numeric score indicating how well each 
document matches every profile. The one optimal 
dissemination threshold is maximizes a given utility 
function based on the distributions of the scores of 
non-relevant and relevant documents. The parameters 
of the distribution can be estimated using relevance 
information, but relevance information obtained 
while filtering is biased. This paper presents a new 
method of adjusting dissemination thresholds that 
explicitly models for this bias. The new algorithm, 
which is based on the Maximum Likelihood 
principle, the parameters is jointly estimates to the 
density distributions for relevant and non- relevant 
documents and the ratio of the applicable document 
in the collection. Experiments with TREC-8 and 
TREC-9 Filtering Track data demonstrate the 
effectiveness of the algorithm. 
 
C. Apte, F. Damerau, S. M. Weiss, D. Sholom, and M. 
Weiss, [12] proposed“ Automated learning of 
decision rules for text categorization,”  Online social 
network media in these days is most powerful way to 
share the Information, thought, event and many more. 
In the Definition of technology we usually follow the 
Industry of Information Technology where, we 
describe the high-level contributions of this paper and 
discuss potential future research directions. The 
massive popularity of online social media, 
surprisingly little is known about how people are 
using them to connect and share. To understand the 
structure of networks, we conducted a large-scale 
measurement study that collected data on the social 
networks of four popular sites, covering over 12 
million users and 400 million links. In this paper in 
order to remove the unwanted messages. 
 
III. PROPOSED SYSTEM 
 
In this we are using three layers such as follows, 
Social Network Manager, Social Network 
Applications, and Graphical User Interfaces. 
 
A. Social Network Manager (SNM):- The first layer 
is a Social Network Manager (SNM), which provides 
the basic OSN functionalities i.e., profile and 
relationship management. All user profile data is 
maintains in this layer. After maintaining all user data 
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will provide for second layer for applying Black Lists 
(BL) and Filtering Rules (FR). 
 
B. Social Network Applications (SNA):- On the other 
hand the second layer provides the support for 
external Social Network Applications (SNAs).In this 
layer Content Base Message Filtering (CBMF) and 
Short Text Classifier is used. In this layer the message 
categorization is down according to its CBMF filters 
rules it is very important part in this layer. In SNA we 
also provide three types of classification Normal, 
Low and High Risk. The supported SNAs need an 
additional layer for their desired Graphical User 
Interfaces (GUIs). 
 
C. Graphical User Interfaces (GUI):- Third layer 
provides Graphical User Interface to the user who 
wants to post his message as an input. In this layer to 
filter the unwanted messages we is filtering rules 
(FR) and provide black list (BL) for the user who 
publish message on user’s wall.  
 
The main operation of proposed system is down in 
the second and third layers, as shown in the 
architecture. By means of GUI users interact with the 
system to set up and manage their rules. The GUI 
provides filtered wall with a user’s, where only 
messages that are authorized according to their 
filtering rules and black list are published or post. The 
main components of the proposed system are the 
Content-Based Messages Filtering (CBMF) and the 
Short Text Classifier (STC) modules. STC classifies 
messages according to a set of categories. In content-
based message filtering we are dividing a post or 
message into three different forms for storage the 
message shown in the Fig.1. In Normal Risk regular 
words are stored; they are directly posted on the user 
wall. Second is Low Risk in this abused word like 
violence and etc. words will be stored. Third is High 
Risk in these abused words like vulgarity, sexually 
explicit and etc. words will stored. 
  
IV. SYSTEM ARCHITECTURE 
 
As shown in Figure 1, the path followed message, 
from its writing to the possible final publication can 
be given as follows:  
 
 

 
Fig.1. Filtered Wall Conceptual Architecture 

1) The user tries to post a message after entering the 
private Wall of his/her contacts which is 
interrupted by FW. 

2) From the message content a ML based text 
classifier extracts Metadata. 

3) A meta-data together with data extracted from 
the users’ Profiles and social graph provided by 
the classifier is used by FW, to impose the 
filtering and BL rules. 

4) The category of message will be decided. 
Normal Risk, Low Risk and High Risk. 

5) Suppose message should be Low risk or High 
Risk then Human authentication will be check 

6) The message will be published or filtered by FW 
depending on the result of the previous step. 

 
V. SHORT TEXT CLASSIFIER 
 
For datasets of large documents, existing techniques 
work well for text classification but gives problem 
when the documents in the corpus available are short 
in size. Here we defining a hierarchical model with 
two level strategies by assuming that it is better to 
identify and reduce “neutral” sentences, and then 
classify “non- neutral” sentences. In the first level 
work is a difficult classification where small size 
texts are labelled with crisp Neutral and Non-Neutral 
labels. In the second level soft classifier produces 
estimated accurateness or “gradual membership” for 
each and every of the conceived classes, without 
taking one of the “hard” decision of them. This list of 
grades will become successive phases of the filtering 
process. 
 
A. Text Representation 
The underlying model for text representation is the 
Vector Space Model (VSM) according to which a text 
document dj is represented as a vector of binary or 
real weights dj = w1j , . . . , w|T |j , where T is the set of 
terms (sometimes also called features) that occur at 
least once in at least one document of the collection T 
r, and wkj ∈ [0; 1] represents how much term t k 
contributes to the semantics of document d j . In the 
BoW representation, terms are identified with words. 
In the case of non-binary weighting, the weight w kj 
of term t k in document d j is computed according to 
the standard term frequency - inverse document 
frequency (tf-idf) weighting function, defined as 
 

 
where #(tk, dj ) denotes the number of times tk occurs 
in dj , and #Tr (tk ) denotes the document frequency 
of term tk , i.e., the number of documents in Tr  in 
which tk occurs. Domain specific criteria are adopted 
in choosing an additional set of features, Dp, 
concerning orthography, known words and statistical 
properties of messages. Dp features are heuristically 
assessed; their definition stems from intuitive 
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considerations, domain specific criteria and in some 
cases required trial and error procedures. 
 
VI. EXPECTED RESULT 
 
We present OSN site with basic functionalities of 
OSNs In this system, using Filtering rules we can 
filter wall for preventing unwanted messages. 
Initially, we focus on Violence, Vulgar, Offensive, 
Hate type of message, Sexual and filter these 
messages. We also, maintain Black list for the user 
who will send the prevented type of messages more 
times. 
 
VII. CONCLUSION 
 
Presented system in this paper filtering unwanted 
messages from OSN user walls. This system 
describes a ML soft classifier to enforce customizable 
content-dependent FRs. The flexibility of this system 
in terms of filtering options is enhanced through the 
management of BLs. Here the batch learning strategy 
which is based on the preliminary collection of the 
whole set of labeled data articles from authors 
allowed an accurate experimental evaluation but 
needs to be evolved to include new operational 
requirements. Our strategies and techniques limiting 
the inferences that a user can do on the enforced 
filtering rules with the goal of bypassing the filtering 
system, such as for instance randomly notifying a 
message that should be blocked, or detecting 
modifications to profile attributes that have been 
made for the only purpose of defeating the filtering 
system. 
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Abstract - Hand Posture detection and recognition are important steps in the Hand Gesture Recognition for Human 
Computer Interaction. This paper presents a novel approach for improving the most familiar Viola Jones classifier to detect 
and recognize Hand Postures. In the Viola Jones algorithm Haar like features are used for feature extraction and Adaptive 
Boosted Classifier is used for detection and classification. The proposed scheme includes Principal Component Analysis 
(PCA) method to adjust the weight of positive training feature samples for the improved performance in the cascaded 
adaptive boost learning algorithm. By using this method the complexity and time in training phase is reduced. The 
performance of the proposed scheme is investigated in terms of Recognition accuracy and computation time. 
 
Keywords - Hand posture, Haar-Like Features, Boosting, Principal Component Analysis. 

 
I. INTRODUCTION 
 
The automatic visual recognition of hand gestures is a 
challenging task in the fields of Human Computer 
Interaction and Sign Language Recognition. Hand 
posture or pose is defined solely by the (static) hand 
configurations and hand locations and Hand gesture is 
a series of postures over a time span connected by 
motions with global hand motion and local finger 
motion (1).The automatic vision based hand posture 
classification has two approaches (i) Appearance 
based approach and (ii)3D Hand model based 
approach. Appearance based approaches are based on 
direct registration of hand postures with 2D image 
features extracted from 2D images (6).  
The frequently used image features for the detection 
of human hand postures are colors and shapes, local 
hand features, optical flow, etc. The feature extraction 
is followed by complex probabilistic model based 
machine learning algorithms to detect the hand 
postures with minimum number of degrees of 
freedom (DOFs).3D hand model based approaches 
offer higher level of degrees of freedom for which 
employs comparison of input image with huge image 
data base describing the 2D appearance projected by 
3D hand posture model to cover all the postures under 
different perspective.  
Originally for the task of face detection the Viola 
Jones algorithm was proposed(2). In this algorithm 
the Haar like features are used for feature extraction 
and Cascaded AdaBoost classifier is used for hand 
posture detection and recognition. Chen et al have 
effectively implemented this algorithm for hand 
posture recognition (1).In this paper we use Principal 
Component Analysis method to improve the training 
phase and to improve the recognition rate by updating 
the weights of positive training instances.  
In this paper, Section 2 details about the main 
contributions in the proposed scheme of Hand posture  

 
detection and recognition. In Section 3 Haar like 
features that are used for feature extraction are 
reviewed. Section 4 explains about conventional Ada 
Boost learning algorithm. The steps involved in 
weight updation of positive training samples using 
Principal Component Analysis are detailed in Section 
5. Section 6 discusses experimental results of the 
proposed method. Section 7 concludes this paper and 
presents future enhancements. 

 
II. THE PROPOSED SCHEME 
 
Hand Posture Detection and Recognition is an 
important step in Hand gesture Recognition which 
can be used as an effective tool for Human Computer 
Interaction and Sign Language Recognition, etc. In 
the proposed scheme extended Haar like features for 
feature extraction. A new image representation 
technique called as “Integral Image” is applied which 
allows the features used by the detector to compute 
the summation very quickly required for extended set 
of Haar-Like features calculation.  
 

 
Fig.1. The proposed scheme for Hand Posture Recognition 

 
The set of Extended Haar-Like feature includes Edge 
features, Line features, Center-surround features, 
Corner features and Diagonal line feature. Once the 
Integral Image is computed, any one of the Haar-like 
features can be computed at any scale or location in 
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constant time. Haar-like features are used to meet the 
real-time performance requirements. 
A learning algorithm based on AdaBoost (Adaptive 
boost), which selects a small number of critical visual 
features and yields extremely efficient classifiers. In 
order to ensure fast classification, the learning 
process must exclude a large variety of available 
features, and focus on a small set of critical features. 
Feature selection is going to be achieved through a 
simple modification of the AdaBoost procedure. The 
weak learner is constrained so that each weak 
classifier returned can depend on only a single 
feature. As a result each stage of the boosting 
process, which selects a new weak classifier, can be 
viewed as a feature selection process. 
The method for combining classifiers in a “cascade” 
allows background regions of the image to be quickly 
discarded while spending more computation on 
promising object-like regions. The purpose of the 
cascade of classifiers is to achieve both accuracy and 
speed. The principal component analysis method is 
applied in training phase to updated the weights of 
the positive training instances to converge quickly 
and to improve the recognition rate during testing. 
 
III. HAAR LIKE FEATURES 
 
Haar-like features are rectangular features that can 
indicate specific characteristics in an image. The idea 
behind Haar-like features is to recognize objects or 
features based on the value of simple features, instead 
of pixel values directly. Hand detection procedure 
classifies images based on the value of simple 
features.   
Each Haar-like feature consists of two or three 
connected “black” and “white” rectangles. Figure 1 
shows the Extended Haar-like feature set. The value 
of Haar-like feature is the difference between the 
sums of the pixel values in the black and white 
rectangle is given in equation (1). 

 

 
Fig.2. Extended set of Haar-like features. 

The concept of “Integral Image” is used to compute 
the Haar-like features containing upright rectangles. 
The feature evaluation can be made fast by using the 
concept of “Integral Images”. The integral image, 
denoted ii(x,y) and the value of the integral image at 
each point (x,y) is given in equation (2), at location 
(x, y) contains the sum of the pixel values above and 
to the left of (x,y) is shown in Figure 3(a) formally, 

 
 
where i(x, y) is the input image.  
The integral image can be calculated using the 
recurrences given in equation (3.a) and equation (3.b): 

 
 
where s(x, y) is the cumulative row sum and s(x,-1)=0 
and ii(-1,y)=0. 
 

 
Fig.3. Concept of “Integral Image” 

 
Using the integral image any rectangular sum can be 
calculated in four array references. P1, P2, P3 and P4 
are reference points to calculate the value of the sum 
of gray level value within the area “D”. According to 
the definition of “Integral Image”, the sum of the grey 
level value within the area “D” in Figure 2 (b) can be 
computed using the equation (4). 
 

 
The integral image at a points P1 is A, P2 is A+B, P3 
is A+C, and P4 is A+B+C+D. The difference 
between the two rectangular sums can be calculated 
in six array references, eight in the case of three-
rectangular features, and ten in the case of four-
rectangle features. 
To detect the hand in an image, the image is scanned 
by a sub-window containing Haar-Like features. 
Resolution of the sub-window is 24x24. Haar-Like 
features within the sub-window is scaled by factor 
1.25. Resolution of an image is 640x480. Rectangle 
features are very sensitive to presence of edges, bars 
and other simple image features. Totally there are 
45,396 rectangle features associated with each image 
sub-window. It is far larger than the number of pixels. 
In our system, four  hand postures are tested the 

P4 
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“little finger” posture, the “two fingers” posture, the 
“palm” posture, the “fist” posture. 
 
IV. ADABOOST CLASSIFIER WITH 
CASCADED CLASSIFICATION 
 
AdaBoost learning algorithm is used to select the 
features and to train the classifier. The number of 
features associated with each sub-window is far 
larger than the number of pixels. Even though each 
feature can be computed very efficiently, computing 
the complete set is prohibitively expensive. The 
AdaBoost learning algorithm steps are summarized as  
i. Given example images x , y ,…, x , y  where 

y =0,1 for negative and positive examples 
respectively. 

ii. Initialize weights w , ,  for y =0, 1 

respectively, where m and l are the number of 
negatives and positives respectively. 

iii. For t=1,…,T: 

 
AdaBoost learning is used to boost the classification 
performance of a simple learning algorithm. It does 
this by combining a collection of weak classification 
functions to form a stronger classifier. The simple 
learning algorithm is called a weak learner. The weak 
learners are boosted, to solve a sequence of learning 
problems. After the first round of learning, the 
examples are re-weighted which were incorrectly 
classified by the previous weak classifier. The final 
strong classifier is a weighted combination of weak 
classifiers. 
Cascade of classifiers achieves increased detection 
performance while radically reducing the 

computation time. More efficient boosted classifiers 
can be constructed which reject many of the negative 
sub-windows while detecting almost all positive 
instances. An intentional cascade is used to speed up 
the process. A positive result from the first classifier 
triggers the evaluation of a second classifier, which 
has also been adjusted to achieve very high detection 
rates. A positive result from the second classifier 
triggers a third classifier and so on. To be detected by 
a trained cascade, the positive sub-windows must 
pass each stage of the cascade. A negative outcome at 
any point leads to the immediate rejection of the sub-
window. Figure 4 shows the detection of positive 
sub-windows using a trained cascade. To be detected 
by a trained cascade, the positive sub-windows must 
pass each stage of the cascade. A negative outcome at 
any point leads to the immediate rejection of the sub-
window. 
 

 
Fig.4.  Detection of positive sub-windows using the trained 

cascade. 
 
To hand posture database are collected. The hand 
posture database contains 512, 415, 412, 420positive 
samples with different in-plane rotations, out-of-plane 
rotations and different lighting conditions and the 
sample’s size is 640x480. 1339 hand samples in the 
database taken as the set of positive samples. 700 
images that do not have hand are collected as 
negative samples for training process. 
 
V. PRINCIPAL COMPONENT ANALYSIS 
 
Principal component analysis (PCA) is a statistical 
procedure that uses an orthogonal transformation to 
convert a set of observations of possibly correlated 
variables into a set of values of linearly 
uncorrelated variables called principal components.  
This transformation is defined in such a way that the 
first principal component has the largest 
possible variance (that is, accounts for as much of the 
variability in the data as possible), and each 
succeeding component in turn has the highest 
variance possible under the constraint that it 
is orthogonal to the preceding components. The 
resulting vectors are an uncorrelated orthogonal basis 
set. The principal components are orthogonal because 
they are the eigenvectors of the covariance matrix, 
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which is symmetric. PCA is sensitive to the relative 
scaling of the original variables. 
In this work, we use Principal Component Analysis 
(PCA) method to update the weights assigned in 
AdaBoost classifier during training and speed up the 
training process. The following steps are executed by 
Principal Component Analysis to update the weight 
values. 

i. Get the Weight vectors of positive samples 
(Wi) 

ii. Calculate the mean value(µi) Subtract the 
mean from each weight value. 

iii. Calculate the covariance matrix(CV) 
iv. Calculate the Eigen value Êk s and Eigen 

vectors of  covariance matrix 
v. Choosing the components and forming a 

feature vector 
vi. Deriving the new weight vectors Vi 

The results are compared for conventional AdaBoost 
algorithm with the proposed scheme where in the 
weight values of positive instances updated using 
Principal Component Analysis. 
 
VI. RESULTS AND DISCUSSION 
 
The two data sets are collected from two different 
people. In each data set images with different DOF of 
each posture are taken for evaluation. The 
performance of recognition is evaluated in two 
different datasets from different person and the 
reports of evaluation are given as confusion matrix in 
figure5. 
An our current implementation is in MATLAB, a 
more efficient implementation using programming 
languages like C++ would lead to further reduction in 
the process time. In the table 1 lists the recognition 
rate and processing time of are listed for various hand 
postures like palm, fist, two fingers, and little finger. 
 

 
Fig.5.(a),(b) Confusion matrix for hand posture recognition of 

different data sets.  

 
Table 1: Recognition time for the hand postures 

 
VII. CONCLUSION AND FUTURE 
ENHANCEMENT 
 
In this paper, a new weight adjustment method for 
Haar-like features in detecting hand postures was 
proposed. This method uses PCA over the positive 
training instances to assign new weights to the 
features in cascaded classification technique. The 
above presented experimental results demonstrate 
that the system correctly recognizes the hand postures 
and the performance is suitable for real time 
implementations. Future work is to create an 
algorithm to recognize hand gestures with a suitable 
probabilistic finite state machine from the recognized 
series of hand postures and implement complete 
algorithm in the suitable hardware to evaluate the real 
time performance. 
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Abstract - The mechanical design validation of transformer is usually performed in the engineering industry by finite 
element analysis. Ideally the analysis should be nonlinear incorporating both geometric as well as material nonlinearities but 
due to time and computational constraints, often the analysts prefer to perform linear analysis while trying to keep the 
induced stresses well below the yield point at all locations other than regions of concentrated stress which will get relieved 
by yielding of the material. The design validation is required for both pressure as well as vacuum tests. The analysts usually 
perform the simulations for pressure and vacuum separately. In this paper, a time saving strategy that saves almost half of the 
analysis time is explained and demonstrated. The tremendous time saving along with the perfect accuracy is achieved by this 
method. 
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I. INTRODUCTION  
 
The transformer tank is subjected to pressure and 
vacuum tests during its testing phase. It is required to 
be strong enough to withstand both pressure as well 
as vacuum loads as prescribed by the standards and 
the customer requirements [1]. The transformer tank 
is usually made of mild steel and the stresses induced 
in the tank are aimed to be limited to less than a 
fraction of the yield stress. But it must be noted that 
the stresses are calculated using semi empirical 
formulae for design purposes and do not give an 
actual value of stress in the structure. Generally, it is 
not possible to limit the stress values below the yield 
point since very high stress concentration factors at 
the geometric discontinuities like edges. Hence some 
amount of yielding is allowed even as per standards 
[2]. The procedure to perform such an analysis is 
available in the literature [3]. However, due to 
paucity of time and computational resources, the 
finite element analysts prefer the linear analysis for 
this application. While the concentrated stresses 
cannot be limited below the yield point, the stresses 
occurring in other regions can be designed to be less 
than the yield stress. This means that with the 
exception of a few small regions, the tank remains 
elastic and consequently, the permanent deformation 
is expected to be small and lesser than the limit. It has 
been seen that this approach works well for 
conventional transformer tanks. The high 
concentrations do not affect the strength of the tank 
since it is made of ductile material [4]. The design 
process flow for a transformer tank is as shown in 
fig.1. The finite element analysis for transformer 
tanks is demonstrated in the following sections.  
The design is carried out by analytical calculations 
which are semi-empirical in nature and do not give an 
accurate calculation for deflections and stresses. The 
tank designed on basis of these formulae may not be 
strong enough and its strength can be assessed more  

 
reliably by Finite Element Analysis which is widely 
used in the industry. The designs that fail the FEA test 
are redesigned on basis of FEA alone. The analytical 
calculations are used for initial design only and cannot 
be used for design verification. 
 

 
Figure 1 

 
II. ANALYTICAL CALCULATION FOR THE 

TRANSFORMER TANK 
 
The hand calculation for the transformer tank is 
carried out by using semi empirical formulae. The 
calculation is as follows. 
The deflection of a plate clamped at the edges is [5] 

Equation 1 

3

4..

Et

aP     Where,  

α is a parameter dependent on the ratio of length of 
sides 
P is the pressure 
a is the length of the shorter side 
E is the young’s Modulus of steel 
t is the thickness of the plate 
 
Stress at the edge is [6] 
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Equation 2 

2

2..

t

aP   

In this problem, b = 900 mm, t = 12 mm, E = 200GPa 
 
In Vacuum test, P = -0.1 MPa. Thus, 

Deflection δ = 5.38 mm 
Stress σ = 281.22 MPa 
 

In Pressure test, P = 0.14 MPa. Thus, 
Deflection δ = 7.54 mm 
Stress σ = 393.71 MPa 

 
III. FINITE ELEMENT ANALYSIS OF A 

TRANSFORMER TANK 
 
The finite element analysis of a transformer tank 
shown in the fig.2 is performed. The tank is made of 
mild steel having Young’s modulus = 200 GPa, 
Poisson’s ratio = 0.3 and yield stress = 250 MPa. The 
design was carried out with the intent to limiting the 
stress below 210 MPa for the transformer tank. 

 
Figure 2 

 
The tank is meshed with higher order tetrahedral 
elements which have one mid-side node on every 
element edge. These offer good convergence rate [7], 
[8], [9]. A higher order tetrahedral element with one 
mid side node per side is shown in fig.3. 
 

 
Figure 3 

 

A. Vacuum Test 
The vacuum test is performed by applying a pressure 
of - 0.1 MPa to the surface of the inner cavity of the 
tank. The bottom of the tank is fixed. The load and 
boundary conditions are shown in fig.4. 
 

 
Figure 4 

 
In the vacuum test, the tank experiences external 
pressure which tends to bend the tank inwards as 
shown in fig.5.  

 
Figure 5 

 
The solution convergence test was carried out and the 
convergence plot obtained is shown in fig.6. the 
converged mesh is shown in fig.7 
The von Mises failure theory [10] was used. 
It may be seen that most portion of the tank has von 
Mises stress well below the yield stress of 250 MPa 
except for certain small regions where it is 
concentrated as shown in fig.10. Thus the tank is not 
expected to have appreciable permanent deformations 
and the tank design is considered safe. 

 

 
Figure 6 
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Figure 7 

 

 
Figure 8 

 
The displacement plot is shown in fig.3. The stress 
plot is shown in fig.8 

 
Figure 9 

 

 
Figure 10 

B. Pressure Test 
T While in the vacuum test, the response of the tank to 
external pressure was seen, in pressure test the 
response of the tank to internal pressure is validated. 
The pressure test analysis is performed by applying a 
pressure of 0.14 MPa to the insides of the tank cavity. 
The schematic is shown in fig.11. 
 

 
Figure 11 

 

 
Figure 12 

 
The displacement plot obtained is shown in fig.12. 
Note that since the same mesh is used, there is no need 
to perform solution convergence again. Fig.13 shows 
the induced von Mises stress plot 
 

 
Figure 13 

 
IV. INNOVATIVE SHORTCUT TO REDUCE 

ANALYSIS TIME 
 
The linear analysis equation is of the form 

[k] [Q] = {f}  ...eqn.3 
Where {f} is the load vector which in this case, 
depends on the pressure applied and varies linearly 
with the pressure. It must be noted that if the pressure 
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is scaled, the force vector gets scaled by the same 
factor which in turn means that the displacement gets 
scaled by the same factor since the stiffness matrix 
remains constant. 
In a linear analysis, Displacement, u α P and Stress, σ 
α P, 

Where, 
P is the pressure 

It may be noted that that the proportionality constants 
of u and σ with P are, in general, different but remain 
constant with a change in P. This means that if P is 
scaled by a factor, C, then both displacement and 
stress get scaled by C. 
Since the loading of the loading of pressure is only a 
scaling of the loading of vacuum test load, this 
transformation can be applied to the problem and once 
one of the simulations – pressure or vacuum - is 
performed, it is not necessary to run the simulation 
again for the other test. For example in this case, the 
simulation was run for a vacuum of 0.1 MPa, in order 
to get the displacement and stress in pressure test 
simulation, the results have only to be scaled by a 

factor, Va
C

Pr


 
Where, Pr is the magnitude of pressure and Va is the 
magnitude of vacuum. 
In this particular case, c = -0.14/0.1 = -1.4. The scaled 
displacement and von Mises stress plot results are 
shown in fig.14 and fig.15. 

 

 
Figure 14 

 
V. ANALYTICAL VS SIMULATED RESULTS 

 
The tabulation of the simulated Vs the analytical 
results is given in table.1and 2. 

 
Table 1 

 
Table 2 

 
It may be seen that there is a significant difference 
between the analytical and the simulated results. The 
reason for this is that the analytical calculations are 
based on the assumption of a fixed panel while the 
simulations take into account the elastic deformation 
of the rest of the structure. It may also be noted that 
the values of the deflection and pressure obtained by 
simulation are consistently more than those calculated 
by analytical formulae implying that the design by 
analytical formulae should be performed with a large 
factor of safety. 

 
Figure 15 

 
VI. COMPARISON OF SIMULATED AND 

SCALED RESULTS OF PRESSURE TEST 

SIMULATION 
 
The comparison of the simulated and scaled results of 
the pressure test is shown in the table.2 
 

 
Table 3 

 
It may be seen that the results are exactly the same for 
both displacement as well as stress. This validates the 
process. 

 
Figure 16 
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The comparison of the simulation run time is shown in 
the fig.10. The scaling of results eliminated the need 
for second simulation thereby reducing the simulation 
by almost half. 
 
VII. CONCLUSION 
 
The scaling of results by the method shown eliminates 
the need for separate simulations for pressure and 
vacuum tests while achieving 100% accuracy thereby 
saving almost half of the simulation time for the 
transformer tank linear analysis. 
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Abstract - CMOS based devices are highly recommended for low static power consumption and noise immunity. CMOS 
technology is used in various analog circuits like comparators, Amplifiers, Digital to Analog, Analog to Digital Converters, 
Phase Locked Loop(PLL) and many others. Here, in this paper we have studied various CMOS based PLL Circuits using 
different technologies like True Single phase Clock(TSPC), Injection Locked frequency Divider(ILFD) etc. to achieve low 
power consumption . 
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I. INTRODUCTION 
 
A PLL is a feedback system where one signal tracks 
to another signal till both of the signals get 
synchronized in the mean of frequency as well as in 
phase. Basically we can say that PLL is a server 
system which controls or try to reduced the phase 
error to minimum between output and reference 
phase Fig. shows the block diagram of PLL in which 
we have connected different components like phase 
detector, low filter and VCO [1]. 
 
II. BASICS OF THE COMPONENTS OF PHASE 
LOCK LOOP (PLL) CIRCUITS 
 
a) Phase Detector 
Basically the phase detectors are divided into two 
categories that is square signal detector and another 
one is the sinusoidal Phase detector. The square 
signal phase detectors may also named as sequential 
phase detector because they have their 
implementation mostly in sequential circuits. Since 
sequential phase detector have passed amount of 
memory which is used to generate phase detector 
character which is difficult or we can impossible to 
get by any multiplier circuit while sinusoidal phase 
detector has interval of phase detection from −𝜋/2 to 
+𝜋/2. It operates as a multiplier i.e zero memory 
device and square signal phase detectors 
characteristic are of linear type over interval of phase 
detection is from −𝜋/2 to +𝜋/2 for any triangular 
phase detector, for saw tooth phase detector is from –
𝜋 to +𝜋 and for sequential frequency or phase 
detection is from -2𝜋 to +2𝜋and in square signal 
phase detector if we increase interval of phase 
detector then it will provided the larger tracking 
range, increase the lock limit than which can be 
obtained from sinusoidal phase detector [2]. 
 
b) Voltage Controlled Oscillator (VCO) 
The VCO which is an oscillator whose output 
frequency is proportional to the applied input voltage 

and it can be oscillate from frequency of few Hertz to 
hundred of GHz the VCO has an LC tank circuit with 
an inductor, a capacitor along with one or two 
transistors the VCO used in PLL or very same as that 
we used for other application like we used in 
modulation and automative frequency control. There 
are few basic requirement of VCO i.e 1. it should 
have phase stability 2. it should have large frequency 
deviation 3. It should have linearity of frequency 
versus controlled voltage. 4. It should have the 
capability to accept wide band modulation 5. It 
should have high modulation sensitivity the other 
four requirements are in direct position to the phase 
stability [3]. 
 
c) Loop Filter 
The Loop Filter used in the PLL is a low pass filter. it 
is used to suppress the signal component of high 
frequency generate from phase detector and to 
suppress noise. it also helps to provide a DC 
controlled signal to the voltage controlled oscillator 
(VCO). if we assumed that the loop is in lock range 
then we can say that phase detector is linier and its 
outputs voltage to phase error because the loop filters 
the phase error voltage. the loop filter also affect the 
ability of loop to change frequency. A filter with low 
cutoff frequency will only pass low frequency and 
this corresponds to slow changes in voltage level 
while a loop filter with high cutoff frequency will 
performed the changes faster [4]. 
 
III. OPERATIONAL FUNCTIONALITY OF 
PHASE LOCK LOOP (PLL) CIRCUITS 
 
Let the phase difference between signal and VCO 
voltage is 𝜙radians, then the output voltage of phase 
detector is given by 

 
𝑘𝜙 is the phase angle to voltage transfer coefficient 
of phase detector then the loop filter which is a low 
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pass filter filters the High frequency component of 
output voltage of phase detector after that the output 
of loop filter is amplified and applied as a control 
voltage Vc or input voltage to the VCO it is given by 

 
where A is voltage gain of Amplifier and the input 
voltage or control will shift the VCO frequency from 
its free running frequency f0 to a new frequency f and 
it is given by 

where Kv is voltage to frequency transfer coefficient 
of VCO. 
 
LOCK-IN RANGE 
When the PLL is initially locked state with the signal 
a phase difference 𝜙 is established between VCO 
output voltage and signal voltage and it is given by 
[5] 

and then frequency will be in extent synchronization. 
Lock-in frequency range is PLL is 2 Δ , where 

 
Figure 1: Capture Range of PLL Circuit [6] 

 

 
Figure 2: Capture Range of PLL Circuit [7] 

 
CAPTURE RANGE 
Initially when the PLL is not in the locked state the 
frequency of VCO is f0 which is the free running 
frequency. Therefore the phase angle between the 
VCO voltage and signal is 

change with respect to time is given by 

if the loop filter is simple RC low pass network and 
its transfer function is approximately is given by 

Therefore, 

has 

Therefore maximum frequency shift of VCO is 

and since f = fs to capture maximum signals μ 
frequency and the maximum signals frequency range 
captured by PLL is [8] 

Where 

Therefore, the range of frequency that can be 
captured by PLL 

 
 
IV. LITERATURE SURVEY OF CMOS BASED 
PHASE LOCK LOOPS (PLLS) CIRCUITS 
 
Jeng-Han Tsai, Shao-Wei Huang and Jian-Ping 
Chou (2014) analyzed that by utilizing the 
transformer feedback VCO and a high speed True 
Single Phase Clock(TSPC) divider, the 5.5 GHz PLL 
achieves the low power consumption of 9.23 mW and 
they placed a rail-to-rail buffer amplifier in between 
VCO and TSPC to get the full swing of voltage for 
TSPC input because it is the challenge for using high 
speed TSPC i.e it needs full voltage swing of input 
voltage. In the design of high frequency PLL, the 
Injection Locked Frequency Divider (ILFD) for 
divider’s chain first stage and Current Mode Logic 
(CML) Frequency Divider requires large power 
consumption for high frequency operation therefore 
at the place of Injection Locked Frequency Divider 
(ILFD) and Current Mode Logic (CML) divider 
authors have used TSPC Divider which consumes 
less power than CML is utilized at the Divider’s 
chain first stage [9-12]. Finally authors have designed 
a 5.5 GHz PLL and implemented on the TSMC 
standard 0.18μm IP6M CMOS process. The PLL 
consist of a transformer feedback VCO and high 
speed TSPC to reduce power consumption in PLL . 
Authors have measured the total power consumption 
was 9.23mW and In-band phase noise is -85dBc/Hz. 
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I-Wei Tseng and Jen-Ming Wu presented a 10 GHz 
PLL design for high speed networking with low 
power consumption. Authors had implemented a 
mixed design of Current Mode Logic (CML) and 
True Single Phase Clock (TSPC) to reduce the power 
consumption of Frequency Divider. In addition of 
gain boosting design of charge pump and this design 
leads to low jitter and low reference spur. To improve 
the gain of the VCO authors had proposed an 
additional diversity of VCO i.e user body bias. The 
PLL circuit by RF CMOS process in TSMC 0.13μm. 
The three main contribution of this paper are firstly 
authors had proposed a combination of CML and 
TSPC based design to optimize the frequency divider 
for low power consumption , Second contribution is 
thee use of charge pump with gain boosting final and 
the last one is the VCO with gain boosting to improve 
gain . The frequency divider combine low speed 
divider with high speed divider to reduce the power 
consumption and takes two step to reduce power 
consumption. Firstly authors removed current tail 
from the high power consumption divider (CML-
DFF). Mainly the function of current tail is to give 
current stability. To improve the operation speed 
authors had removed current tail because the CML 
buffer which is connected to first divider and 
appropriate amount of swing can be provided from 
each divider stage . Secondly, they have removed the 
number of high speed divider replaced by TSPC-DFF 
which is a low power consumption divider. The 
TSPC-DFF takes more time to switch the logic level, 
contrary, TSPCDFF is a dynamic logic and save more 
power of the divider compared to CML-DFF. In this 
proposed PLL they had chosen the divider number 
N=64 and therefore 6 divider of 2 are needed . they 
had chosen 4 divider with medium speed (2.5GHz 
and below) and 2 divider with high speed (10 GHz, 
5GHz) to reduce the power consumption in the 
frequency divider section of the PLL [13-18]. 
 
Therefore finally they had implemented a 10GHZ 
PLL which is fabricated in 0.13μm CMOS and it 
consumes only 18.7mW which is the lowest power 
consumption by any 10GHz PLL design and to get 
lower jitter and much better spur they had used a 
charge pump to get better performance of PLL. 
Architecture of PLL designed by authors is given in 
Fig below  

 

 
Figure 3: Architecture of PLL Circuit [I-Wei Tseng and Jen-

Ming Wu] 

Changhua Cao, Yanping Ding and Kenneth K.O had 
proposed a 50GHz charge pump PLL that utilized an 
LC oscillator which is based on Injection Locked 
Frequency Divider (ILFD) and it was fabricated in 
0.13μm logic CMOS process. By adding ILFD the 
PLL can be lock from 45.9 to 50.5 GHz and its output 
power level is about -10dBm. They had increased the 
operating frequency range by tracking the 
selfoscillation frequencies of the frequency divider 
and the VCO. 
 
The static frequency divider which are widely used 
can be operated above 44GHz till that time and if one 
want to operate at much higher frequency then it can 
be made possible only to built the static frequency 
divider in SiGe BiCMOS technology but their power 
consumption will be high. Therefore to get low power 
consumption and to achieve higher frequency 
operation authors had proposed an Injection Locked 
Frequency Divider (ILFD) . However operating 
frequency of ILFD is much narrower than that for 
static frequency divider. In this they had worked to 
increase the range of operating frequency by using an 
ILFD and by tracking the VCO and ILFD’s self-
oscillation frequencies. Oscillator Injection Pulling or 
Locking phenomena is defined as when a continuous 
wave close to the fundamental of oscillator 
subharmonic or super-harmonic will pull away or 
even it may lock the oscillator output. If one further 
want to extend the locking range the ILFD is 
designed in such a manner that the resonant 
frequency of its tank tracks that of the VCO and to 
tune the self-oscillation frequency of the ILFD they 
had used the MOS varactors. MOS varactors control 
voltage tied with the control voltage of the VCO and 
therefore the self-oscillation frequency of the ILFD 
tracks that of the VCO. Therefore self-oscillation 
frequency of VCO should be twice as that of ILFD. 
ILFD output frequency is around 25GHz and at this 
frequency a static divider can be used but its main 
advantage is that it can achieve much wider range of 
frequencies and it also occupies much smaller area 
like the 1/512 static divider which contains nine 
divider-by-2 stage and schematic of divider-by-2 
stage based on Masterslave D flip flop in which they 
had connected the inverted slave output to the master 
input and each of the master slave latch is 
implemented by Current Mode Logic (CML). 
 
The result of this paper is that the loop can be locked 
from 45.9 to 50.5 GHz and power consumption is 
57mW. This is the highest frequency to be locked by 
PLL despite of noise fabricated in Si technology even 
they had arose a problem also that to understand the 
noise at push-push node . A 192 GHz push-push 
VCO can be built in 0.13μm CMOS . Therefore 
CMOS PLL which can be operate at hundreds of 
GHz also be possible [19-23]. The architecture 
designed by authors is given below: 
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Figure 4: Architecture of PLL [Changhua Cao,Yanping Ding 

and Kenneth K.O] 
 
Jri Lee, Mingchung Liu and Huaide Wang had 
presented a paper in which they had designed and 
verified experimentally a 75GHz Phase Locked loop 
(PLL) which they fabricated in 90nm CMOS 
technology. In the circuit they had incorporated a 
three quarter wavelength oscillator to achieve two 
major issue , first one was high frequency operation 
another one was to get appropriate Phase and 
frequency detector based on SSB mixer which is used 
to suppress the reference feed through and PLL 
shown in figure given below Figure 5: Architecture of 
PLL [Jri Lee, Mingchung Liu and Huaide Wang]This 
architecture demonstrates an operation range of 
320MHz and consumed 88mW of power from 1.45 
voltage supply. A robust VCO with properly arranged 
dividers are main requirements to design an Ultra 
high speed PLL and their operation locking range 
should be overlapped with each other. At such high 
frequency , to make blocks individually is easy to 
build than to make connecting blocks with aligned 
frequency in a loop because any unexpected change 
may shift the VCO frequency that may prohibited the 
loop from lock. One more issue is in the charge pump 
PLL i.e the spurs occurs because of the comparison of 
pulse width in phase detector which is used to 
translate the periodic perturbation to the control line 
and this issue may cause serious interferences in 
wireless system. 
 
Therefore authors had presented a fully integrated 
PLL fabricated in 90nm CMOS technology to tackle 
with above described issues. The stringent tradeoff 
between locking range and operation speed could be 
relaxed by appropriate arrangement used for different 
divider topologies. For this authors had proposed a 
new frequency and phase detector topology which is 
based on SSB mixer to obviate the pulse generation 
that leads to ‘quiet’ phase comparison and 
substantially suppressed the reference sidebands. Till 
that time to authors best knowledge it was the fastest 
and fully integrated PLL for all technologies [24-26]. 
The three main technical aspects used in this paper 
are Novel VCO topology which leads to improve the 
speed and noise , second is appropriate arrangement 
for dividers which ensures the locking along loop, 
third and the final one is SSB mixer based phase 
frequency divider which is used to achieve quiet 
phase comparison that leads to ultra-low spurs. 

V. CONCLUSION & DISCUSSIONS 
 
This paper Review shows the various design method 
of CMOS based PLL circuits that have been 
discussed here such as utilizing an LC oscillator 
based Injection Locked Frequency Divider (ILFD) to 
achieve low power consumption and higher 
frequency operation , by utilizing transformer 
feedback VCO and high speed True Single Phase 
Clock (TSPC) , using a combination of Current Mode 
Logic (CML) and True Single Phase Clock (TSPC) 
these all logic designed to reduce the power 
consumption of the frequency divider circuit of the 
PLL . This paper provides us a comprehensive 
solution to many of the solution that will impact on 
power consumption of PLL Circuit 
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Abstract - With the increasing success of Wireless Sensor Network(WSN) and RFID technologies using this theory 
continues to set a milestone, but as far as the Medical Areas are concerned these technologies are still lacking in such 
domains.This is the domain where the part of Body Area Network comes into play. WSN is one of the effective technology 
which can be used in the advancement of medical fields and applications. This technology can be used vastly in the future 
advancements of e-health and thus helping remote areas in an effective manner and can even track patient's condition from a 
far distance. This leads to an independent living of a hearing or vision impaired person without even caretakers. With an 
advantage comes a disadvantage, similarly is the case with the mentioned technology of Body Area Network. Due to this 
emerging technology, the demand for hospitals , doctors and clinics are getting reduced.  
Also there is a danger for leaking the Patient Information leading to manipulation of any personal information. Thus, keeping 
all the constraints in mind we have designed this paper to make the Body Area Network effective ,compiling the 
technologies and bringing it all over to remote controlled sensors as well as securing the data transmission and thus securing 
the patient's information to a good extend. 
 
 Keywords - Wireless Sensor Networks, RFID, E-health, Secure Transmission Channel. 

 
I. INTRODUCTION  
 
With the increasing population and urbanization, 
mankind tends to head towards an unhealthy lifestyle 
resulting in diseases such as diabetes, heart attacks 
and hypertension. These chronic ailments slowly 
dominate the body and many people do not have 
access to health centres and proper medical attention. 
Also, the rate at which these diseases are occurring is 
greater than the number of health centres ready to 
provide assistance. It is important that a patient gets 
enough medical care even if doctors and hospitals are 
out of reach. This can happen in cases such as floods, 
calamities and people staying in deserted/ rural areas. 
By creating an economically and geographically 
feasible solution through technological 
advancements, people can get help without having to 
take any stress about the cost and reach of the 
available treatment. 
 
According to [12], the role of electronic health care is 
an important part of Wireless Body Area Network. 
Apart from devices available in hospitals, there is a 
requirement for devices which can be easily available 
at a person’s doorstep. In [1] the author has explained 
how Wireless sensor devices cater this need as they 
have the capability of mobility along with 
transmission of data. Therapeutic and diagnostic 
functions can be monitored and a treated sooner.  
 
These sensors can be internally or externally attached 
to the body and can indicate whenever an odd 
condition or an abnormality strikes the body through 
an alarm, reminder, etc. The internally placed sensors 
once configured cannot be changed in future. The 
abnormal conditions (pH change, heart attack, blood 
pressure, cancer, etc.) after being detected can be sent 
over the wireless channel in the form of processed 

data to any health caretaker. The caretaker can then 
take care of the patient’s condition by sending across 
a certain treatment or prescription through the same 
wireless channel. The role of these devices doesn’t 
end here. Even after a treatment is given, the device 
can trustfully be set to an option where it will keep 
reminding the patient of his medicine timings, 
lifestyle routine, etc. 
 
Suppose a situation where an aged person is staying 
alone and independently at home and he suddenly 
suffers a heart attack. The person won’t be able to 
move or go to the hospital; neither will any neighbour 
or relative be aware of this incident. In this case, the 
sensor device on the body of the patient will detect the 
heart attack and transmit the issue in the form of a 
phone call on an alert to the hospital. The location of 
the person will be detected through GPS and an 
ambulance will be sent immediately. Similarly, this 
can be helpful for a person wanting a body diagnosis. 
The data can also be sent through an app on a Smart 
phone and the doctor can prescribe treatment through 
the same application. Featuring another use, after the 
treatment is prescribed; the device can be placed on a 
box containing capsules. When it’s time to have the 
medicine, the amount of dose will be popped out of 
the box and a reminder for the same will be sent to the 
patient through an alarm. 
 
This treatment can be modified according to a 
person’s need. If a person is deaf or blind, the alert 
can be sent through vibrations in a device which the 
person can wear as a ring or a smart band. The paper 
has been divided into 6 sections. In Section II we 
have discussed about the related works, where we 
have explained about the works previously done. In 
Section III we have described the problem 
formulation for which we have proposed a solution. 
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In Section IV we have explained about the patient 
monitoring and system design in which we have 
discussed about the architecture of the system and 
also discussed about the process and where it is 
applicable. The proper working of the system is 
explained in Section V. We have discussed about the 
future works and concluded our paper in Section VI.  
 
II. RELATED WORK 
 
A number of research works have been proposed in 
the area of WSN and also the concept of Big Data 
was also used. According to [5], in recent years the 
concept of e-health has emerged which has helped 
people in digitalized treatment. As given in [4], the 
sensor nodes or the motes collect data from the 
environment and then it transfers it to other 
intermediate nodes. This is a simple and handy 
process and not that expensive. As soon as any 
abnormal condition occurs, a message is sent through 
mobile. When the risk increases then e-solutions are 
taken care of and the ambulance is sent to the location 
of the person. Here the doctor is updated with the 
patient’s profile and medical history and the ways of 
avoiding any risk.  
 
The communication between the patient and the 
doctor/ caretaker is divided into priority. For e.g.: If a 
person is having fever and the other person gets a 
heart attack then the person who got heart attack will 
be given priority and steps would be taken 
accordingly.  
 
According to [9], Wireless Sensor Networks (WSN) 
has been popular in the news in recent years and is 
expected to flourish further in fields like: cyber 
security, underwater sensing, privacy control, etc. 
 Mobile IP protocol is used when the home network is 
informed by the foreign network about a care of 
address where the user’s device’s packets will be 
sent. Location independent routing of IP datagram is 
allowed on the internet by the mobile IP protocol. 
 
Ignoring its current location, a mobile node is 
identified by the address it is associated with (home 
address). The feature of mobile IP is that it specifies 
how a datagram are routed to the mobile node 
through the tunnel by the home agent, and also how a 
mobile node is registered with its home agent. 
 
In [21] the author suggests that in order to track a 
target, the sensor nodes within the range of the target 
can sense the target and are kept in an active mode, 
whereas the rest of them are kept in an inactive mode. 
This enables conservation of energy at the same time. 
A group of sensors is required to be kept active as the 
target may be mobile and it would be mandatory to 
monitor the target continuously. The amount of 
sensors that need to be kept active depends upon how 
fast the target is moving. CODA or Continuous 

Object Detection And Tracking Algorithm for 
Wireless Sensor Networks is a widely used algorithm 
for the same. 
 
The author in [7] has used RFID readers to 
manipulate working objects by mounting them on 
hand gloves.This was done for activity recognition. 
 
The author in [3] and [17] proposed wireless sensor 
network architecture for smart home care that has the 
crucial elements of each of the future medical 
applications like:  
 
- Wearable sensors, 
- Assistance to the old and chronic patients, 
- Long term, Real time, remote monitoring. 
 
The author in [2] and [19] used the sensors and 
pervasive computing infrastructure to help the staff 
identify when elderly patients actually need 
assistance, such as when one becomes restless and 
could not sleep in the night and wander here and 
there. The paper aimed at front line delivery. 
 
In [22] the author has focused on Biometrics to 
identify and verify the patient by certain 
characteristics. This technique was useful in terms of 
security as it ensured data integrity, confidentiality 
and proper authenticity.  
 
But our paper proposes a much better way to ensure 
security. This is possible by using a mobile which has 
an in-built sensor that could sense the fingerprint and 
ensure if the person is the actual patient or not. 
In [23] the author has explained about various 
environments where the sensor networks can be used 
and which proved to be of an important use in the e-
health sector. An infrastructure named Ayushman 
could collect data. Software was also designed to 
collect data from people who live in remote areas.  
 
But our paper talks about the way people who live in 
remote areas can actually consult doctors while being 
away from the hospital. It has allowed the interaction 
of doctor and patient by using a mobile app. In 
today’s world Smart phone is handy and mostly 
everyone knows about its features and applications. 
Therefore it helps a patient to get primary treatment. 
 
The paper [24] aims at giving help to elderly by the 
data generated by the sensors. Then this data is sent 
to the medical servers and caregivers. 
 
But our paper focuses on giving help to not only 
elders but physically challenged people with 
alternative ways to alert them about their medication 
and the intelligent pillbox automatically pops correct 
dosage of medicine for the patient to have.  The data 
is shared between a doctor and patient only and it is 
stored in the cloud. 
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III. PROBLEM FORMULATION 
 

It is a common problem of all patients to forget about 
taking their medicines on time. Most of the times they 
don’t remember which medicine to take at what time. 
In this case it becomes difficult for the doctor to 
supervise the patient’s recovery by remote 
monitoring. Is there any intelligent hardware 
available to alert the patients as well as the guardian 
to take the medicine dosage properly on time? 
 
IV. SYSTEM ARCHITECTURE 

 
 To solve such a problem, we are proposing a model 
of Intelligent Pillbox – a device which automatically 
reminds the patient about their medication.  
System Design: The hardware of our system consists 
of a Motor Controlled Pill Box. Here the box contains 
the PIC microcontroller (PIC16F877A) which 
controls the motor that dispenses the medicine after 
daily monitoring of the patient as prescribed by the 
doctor.  
 
The backbone of the system is Body Area Network 
(BAN) and Personal Area Network (PAN) which are 
maintained by a gateway node. At the application 
level when an abnormal situation is encountered, it is 
taken care of by the caretakers who get a message 
through the app which has been made keeping in 
mind, the progress of the patient. An emergency 
situation is tackled by the alarm produced by the 
mobile device which notifies the needful person as 
given in figure 1.  

 
Figure 1: The working of the Intelligent Pillbox System. 

 
The scenario of the following sub-system: 

 
1) Body Area Network Subsystem: It helps to 

connect different nodes which can be sensor 
and actuators that are located internally or 
externally of a human body. According to [6], 
it is widely spread over the whole body of the 
human and the motes communicate with each 
other. These sensors can quantify different 
biological functions. By this network the 

patients’ lives become easy, accurate and 
faster. 

2) Personal Area Network Subsystem: It 
comprises of all IT devices interconnected 
together in a range of an individual. For e.g. it 
can be mobile, laptop or P.D.A. Nowadays 
wireless technologies are mostly preferred. 
Intelligent Pillbox Subsystem: According to 
[18] , features of the intelligent pillbox are as 
follows: - 
 The medicines pop out of the box 

according to the dozes prescribed by the 
doctor after the checkup. An alert is sent 
on the phone for the same. 

 For physically handicapped people; like 
the ones who are deaf/blind, a smart band 
can be worn on the wrist which will 
indicate the alert in the form of vibrations; 
which can be felt. 

3) Gateway to Wide Area Network: Security 
gateway is the platform which provides us a 
secured communication between the backbone 
and the application. It also prevents the 
network from congestion, by managing the 
transfer of data. The gateway provides context 
awareness which helps in choosing a suitable 
network through which the proposed data can 
be sent securely. This security is mainly 
handled by the subsystem gateway. It should 
process the data which comes from the verified 
identity of the source and it makes sure it is not 
a modified patients’ data.   
Security: According to [11],[13] and [14], the 
scheme which we have proposed in this paper 
consists of keys which protect gateway attacks. 
It also provides us with a solution which 
prevents any middle way attack, fake data 
injection and session keys.  
It also contains a RFID tag that helps in 
collecting data by operations which are battery 
free with the help of low cost tags.  
 

4) Wide Area Network: Wide Area Network 
connects different equipment from remote 
areas that are located in diverse areas to 
connect with the areas from all over the globe. 
Even if there is a malfunction in the Personal 
Area Network then it allows the data to be 
stored in the cloud which can be restored when 
the devices start functioning properly. 

5) End User Health care Monitoring 
Applications: The interface the health care 
centres uses are secure and protect the personal 
concerns of a patient and maintain a standard. 
The user interface of the application is 
expandable and user-friendly. It is the most 
important part of the system which allows data 
to be collected and then an action is delivered 
in response to the data. The processing of the 
data can be done by using processing 



Health Monitoring in Remote Areas Using WBAN 

Proceedings of ARSSS International Conference, 30th September, 2020, Kolkata, India 

39 

algorithms. The graphical user interface is used 
to identify real time problems by identifying 
vital signs during emergency.    

 
According to [16], there can be three types of 
patients:  
 

1) Children and Acute ill people: These 
particular groups of patients consist of 
young aged people who are unable to take 
care of themselves. For e.g. those people 
who need to be told about their dosage.  

2) Aged and Permanent disease struck: 
According to [8] the ones who are not 
comfortable in moving from one place to 
another, so they prefer this technology so 
that they can be diagnosed even when they 
are sitting at home. 

 
People living in remote areas: According to [20] they 
usually live in the outskirts and they are not able to 
avail the hospital facilities. From those areas they can 
consult with the specialized doctors of dignified 
hospitals. 
 
The types of caregivers: 
 

1) Caretakers: This group consists of people 
such as the parents, and helpers of baby, 
children, and aged people.  

2) Professionals: They are the trained 
professionals, physicians or other staffs 
from the health care centre who monitors 
the emergency situations and deals with it 
accordingly. 

 
V. SYSTEM WORKING AND PATIENT 
MONITORING 
 
The working of our pillbox is described in this 
section with steps that helps in monitoring the patient 
and as well as understand it properly. 

 
Step I: Doctor and patient download the app on their 
smart devices as discussed in [10] and register 
themselves for further use. Patient applies the sensors 
on the body – anywhere and at any time.  The sensor 
then collects data, said to be the full body diagnosis 
which is processed into the app and saved. The 
working of the system is given in figure 2. 
 

 
Figure 2: Working of the system 

Step II: A particular doctor nearest to the patient’s 
location is detected and the diagnosis is sent to him. 
The diagnosis is compared to the standard ranges. If 
the patient’s readings are within the normal range, the 
reading is shown with a green light, else a red light, 
indicating that the patient needs attention.  The doctor 
can go through the same and prescribe medicines if 
needed, via a sms alert which is shown in figure 3.1 
and 3.2. 
 

 
Figure 3.1: Doctor- Front Panel (Normal condition) 

 

 
Figure 3.2: Doctor- Front Panel (Abnormal condition) 

 
Step III: After the dosage and timing of medicine is 
saved on the patient’s dashboard, the SMS alert is 
shown on the patient’s device whenever it is time to 
take the medicine as shown in figure 4. 
 

 
Figure 4: First sms alert on patient’s mobile 

 
Step IV: If the medicine is not consumed within one 
hour of the SMS alert, another warning message is 
shown. If the patient again fails to abide by the 
prescription; an alert is sent to the doctor, and the 
concerned caretakers are contacted through the app as 
sown in figure 5. 
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Figure 5: Sms sent to the caretakers/ Relatives 

 
Step V: If the entire diagnosis is normal and a sudden 
change in the patient readings occur, say, the blood 
pressure rises unexpectedly, in that situation the 
doctor alerts the patient instantly as shown in figure 
6. 
 

 
Figure 6: Sms alert by the doctor to the patient 

 
VI. CONCLUSION AND FUTURE WORKS 

 
The automatic pillbox which has been described in 
this paper has made the work of the doctors much 
easier.It even helps the patients to take their 
medicines in a timely manner. It alerts the patients to 
whenever there is an emergency. Along with other 
patients it also serves physically disabled people who 
cannot visit the hospital frequently. The e-
prescription helps to keep record of the patient’s 
medical  information. It s better than the paper – 
based concept. It helps the doctor to access their 
patient’s report from anywhere. The only thing 
required to keep the pill box activated is to keep it 
charged and keep it connected with the internet. 
Researchers have worked a lot to emerge different 
application of WSN and it has made the life of 
researchers and patients life easier.  
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Abstract - Cost-effective transmission expansion planning (TEP) is a major challenge of the power system optimization 
problems. The main purpose of TEP problem is to determine the optimal expansion plan of the electrical transmission 
system. Furthermore, TEP should specify the new circuits that have to be added to an existing network to guarantee adequate 
operation for a specified planning horizon. Usually, TEP can be categorized as static or dynamic (multistage) planning 
according to the study period. Static planning involves a single planning horizon, whereas dynamic planning is a derived 
generalization that considers the separation of the planning horizon into multiple stages. In the past few years, various 
evolutionary algorithms, heuristic or metaheuristic algorithms are being applied for expansion planning. Differential 
evolutionary algorithm (DEA) has been used to solve a wide range of power system problems such as static TEP, short-term 
scheduling of hydrothermal power systems, power system planning etc. In a number of cases, DEA is proven to be reliable 
providing optimal solutions with acceptable computational effort. In this paper DEA is proposed to solve the TEP, based on 
AC-OPF problem, using AC model. In practical scenario, the load/generator is not in a single type. In this paper TEP is 
approaches to be carried out with generator model and various load models. In order to optimize the transmission network 
topology by minimizing the objective function, this paper deals with selection of new circuits which should be added to the 
existing transmission network. It is, however subjected to operating conditions for generating units and transmission 
network.  
 
Keywords - AC-OPF, Differential Evolution Algorithm, Frequency Control, Generator Model, Load Models, Transmission 
Expansion Planning. 

 
I. INTRODUCTION  
 
The objectives of transmission expansion planning 
are based on existing systems, future load, generation 
scenarios, available right-of-ways, cost of line etc. 
The TEP is an important part of power system 
planning. It consists of determining the optimal 
expansion plan of transmission network such that the 
total cost of new constructed transmission lines to be 
minimize, while satisfying the operational constraints 
of the power system. TEP can be divided in to two 
types 1) static TEP and 2) dynamic TEP. Static TEP 
performs all the expansions in a single stage of 
planning horizon. While dynamic TEP decides when, 
where and the number of new circuits to be installed 
to meet the growing electricity demand in an optimal 
way. The heuristic and metaheuristic techniques 
prove to be very well suited for many optimization 
problems. Many techniques such as genetic algorithm 
(GA), particle swarm optimization (PSO), simulated 
annealing (SA), tabu search (TS) etc. have been 
proposed and tested.  
 
Recently an accurate AC network modeling has been 
proposed [3]. In the first phase use of the AC model 
is found incipient.  Later there are a few technical 
literatures on the subject [3, 7, and 8]. Owing to the 
large-scale nature of a transmission system and its 
complexities, TEP has always been a complex and  
 

 
non-convex optimization problem. For better power 
systems utilization, developing a TEP model for the  
operating conditions is therefore desirable. Therefore 
reactive power sources are desire for increasing 
power transfer, improving power factor, reducing real 
power losses and maintaining voltage profile in a 
permissible range. 
 
A differential evolution algorithm (DEA) introduced 
by Storn and Price in 1995 [9] is an evolutionary 
computation method. DEA developed is a reliable 
and versatile function optimizer readily applicable to 
a wide range of optimization problems [10]. DEA 
uses rather greedy selection and less stochastic 
approach to solve optimization problems than other 
classical evolutionary algorithms. There are also a 
number of significant advantages when using DEA, 
which were summarized by Price in [11] are (i) 
Ability to find the true global minimum regardless of 
the initial parameter values, (ii) Fast and simple with 
regard to application and modification, (iii) Requires 
few control parameters, (iv) Parallel processing 
nature and fast convergence, (v) Capable of providing 
multiple solutions in a single run, (vi) Effective on 
integer, discrete and mixed parameter optimization 
and (vii) Ability to find the optimal solution for a 
nonlinear constrained optimization problem with 
penalty functions etc. TEP has been studied on the 
standard test systems Garver – 6 bus system.  
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II. FREQUENCY CONTROLS AND MODELS 
 

A. Generator Models 
Under normal conditions, system frequency is 
maintained constant and generators are operated at a 
scheduled voltage and output. When system load 
changes, however, output of generators is varied by 
instruction from the Automatic Load Frequency 
Control (AFC). Governor setting is changed so that 
operation returns to a point on the governor load-
speed curve corresponding to system operating 
frequency, When the system is disturbed by loss of 
generation or tie line support, the governor restores 
balance automatically, while generator terminal 
voltage is kept to a reference voltage within the limits 
of the exciter rating, and some generators are 
controlled automatically by their reactive power 
output.  
 
Generator real power output is adjusted by the static 
response of the prime mover. This may be expressed 
as  

 
 

B. Frequency Controls 
Automatic Load-frequency Control (AFC): Frequency 
fluctuations due to changes in load are monitored 
continuously, and the frequency is maintained 
constant by using a governor motor or limit to control 
generator output. AFC does this automatically and are 
(i) Flat Frequency control (FFC), and/or (ii) Flat Tie-
line Control (FTC), and/or flat (iii) Flat Tie-line 
frequency Bias Control (TBC) on interconnected 
systems. 
 
Flat Frequency control (FFC): In response to 
changes in system frequency, the power outputs of 
generators within a prescribed area are automatically 
regulated to maintain scheduled system frequency. 
Since the system frequency remains constant (i.e., 

0f  ), f  is replaced by the new variable RQP . 

Power output for the regulating generators is  

 
Where giP  -  is the real power output of the generator 

at 
thi  bus 

0g iP  - is the scheduled power generation at 
thi  bus 

RQP  -  is the supply insufficiency in a given area, 

i  - is the load distribution factor of 
thi  generator 

such that 0i   

 
C. Load Models 
Load models are traditionally classified into two 
broad categories, static models and dynamic models.  
Static Load Models: These models express the active 
and reactive powers, at any instant of time, as a 
function of the bus voltage magnitude and frequency. 
Static load models are used in both static and 
dynamic load components.  
 
Dynamic Load Model: A Dynamic load model 
expresses the active and reactive powers at any 
instant of time as functions of the voltage magnitude 
and frequency. Studies of inter area oscillations, 
voltage stability, and long term stability often require 
load dynamic to be modeled. 
 
Different types of Static and Dynamic Load Models: 
The following different types of static and dynamic 
load models  
a. Constant impedance load model is a static load 
model where the power varies directly with the 
square of the voltage magnitude. It may also be called 
a constant admittance load model.  
b. Constant current load model is a static load model 
where the power varies directly with the voltage 
magnitude.  
c. Constant power load model is a static load model 
where the power does not vary with changes in 
voltage magnitude. It may also be called constant  
 
MVA load model.  
The static load model that represents the power 
relationship to voltage magnitude as a polynomial 
equation, usually in the following form:  
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III. TEP PROBLEM FORMULATION 
 
TEP problem is usually refers as a static transmission 
model. Generally, the objective of fitness function is 
to find optimal solution, measure performance of 
candidate solutions and check for violation of the 
planning problem constraints. Fitness function of the 
static TEP problem is basically a combination 
between objective function and penalty functions. 
The purpose of applying penalty functions to the 
fitness function is to represent violations of equality 
and inequality constraints. In this static TEP problem, 
there are two equality constraints, which is node 
balance of AC active and reactive power flow. In 
contrast, there are several inequality constraints to be 
considered, namely power flow limit on transmission 
lines constraint, active and reactive power generation 
limit, injection right of way constraint and bus 
voltage limit.  
 
The TEP based on AC-OPF problem can be 
mathematically expressed as follows: 

 
 
A. Objective Functions  
Minimization of investment cost: The objective of this 
function is to minimize the investment cost ICof the 
system and this objective can be formulated as 
follows: 

 
 

Where IC is the investment cost, ijc is the cost of the 

candidate circuit for addition to the branch i-j and ijn  

is number of circuits added to the branch i-j and nl  is 
the number of candidate circuits. 
Minimization of operation cost: The objective of this 
function is to minimize the operation cost OC  of the 
system and this objective can be formulated as 
follows: 

 
 

Where OC is the operation cost (fuel cost), giP is the 

power generation of thi generator, ,ia ib and ic are the 

constant coefficients of power generation 
Minimization of real power loss: The objective of this 
function is to minimize the real power loss PL of the 

system and this objective can be formulated as 
follows: 

 
 
Where PL is the real power loss of the system, nij is 
the number of candidate lines between buses i and j, 

vi, vj are the bus voltages and i and j  are the 

voltage angles at buses I and j respectively. 
 
State Variables: The state variables of a TEP based 
on AC-OPF consists of active power generation at 

slack bus
1

( )
g

P , voltage magnitude and phase angles 

of all load buses ( , )
i i

v  , generator reactive power 

outputs ( )
gi

Q , transmission line loadings ( )
li

S . The 

state vector X can be expressed as: 

 
 
where nl , n  and n g  represents the number of 

transmission lines, number of buses and number of 
generators respectively. 
 
Control Variables: The control variables of TEP 
based on AC-OPF consists of active power 

generation output ( )giP , number of additional lines 

( )in  and reactive power injections ( )ciq . The control 

vector u can be represented as: 

 
 
where ng , nl and nq  are the number of generators, 

number of transmission lines and number of reactive 
power injections 
 
B. Constraints 
The TEP based on AC-OPF has to follow equality 
and inequality constraints strictly. The real and 
reactive power equilibrium is considered as equality 
constraints and various operating limits are 
considered as inequality constraints. 
Equality constraints: These constraints are shows 
load flow equations of both active power and reactive 
power. Mathematically represented as follows: 

 
 

where giP , giQ are active and reactive power 

generations at 
thi  bus respectively. diP , diQ are 

active and reactive power demands at 
thi bus 

respectively. ciq is injected reactive power at
thi bus. 
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n is number of added lines vector. G and B are the 
conductance and susceptance matrices respectively 
and are given by 

 
 

where 0

ijg and 0

ijb are conductance and susceptance of 

the transmission line connected between buses i  and 

j  at initial conditions and 
ijg

 
and 

ijb  are 

conductance and susceptance of the transmission line 
connected between buses i  and j  at added line 

conditions. 0

ijn
 

and 
ijn are the number of lines 

between buses i  and j  at initial and added line 

condition respectively. 
 
Inequality constraints: These constraints are 
represent the system operating limits and are as 
follows: 
Generation constraints: Generator voltages, real 
power outputs and reactive power outputs should be 
within their minimum and maximum limits. 

 
 
Reactive power injection limits: Reactive power 
injection at load buses should be within minimum and 
maximum limits 

 
 
Security limits: These constraints include the limits of 
voltage magnitudes at all load buses, voltage angles 
at all buses and transmission line loadings of 
candidate lines. 

 
 
Number of lines limits: The number of lines added in 
the candidate lines should not exceed the maximum 
number of lines 

 
 
IV. DE ALGORITHM FOR TEP PROBLEM  

 
The proposed optimization program is expected to be 
able to solve a number of mathematical and 
engineering problems, such as economic power 

dispatch, unit commitment, optimal power flow, 
power system planning, transmission expansion 
planning, etc. The overall procedure of the DEA 
optimization program for TEP based on AC-OPF has 
been described as follows:  
 
Step 1: Set up all required parameters of the DEA 
optimization process i.e. Set up control parameters of 
the DEA optimization process that are population size 
(NP), scaling mutation factor (F), crossover 
probability (CR), convergence criterion ( ), number 
of problem variables (D), lower and upper bounds of 

initial population ( min

ix  and max

ix )and maximum 

number of iterations or generations ( maxG );  

 
Step 2: Set generation G = 0 for initialization step of 
DEA optimization process; 
 
Step 3: Initialization step i.e. Initialize population P 
of individuals according to equation (24) where each 
decision parameter in every vector of the initial 
population is assigned a randomly selected value 
from within its corresponding feasible bounds;  

 
 
Step 4: For each generation check the equality criteria 
i.e. sum of all generations should be equal to load 
demand 

 
 
Step 5: Run optimum power flow 
 
Step 6: Calculate and evaluate the fitness values of 
the initial individuals according to the problem’s 
fitness function;  
 
Step 7: Rank the initial individuals according to their 
fitness; 
 
Step 8: Set iteration G = 1 for optimization step of 
DEA optimization process; 
 
Step 9: Apply mutation, crossover and selection 
operators to generate new individuals using equations 
(26 – 28) 

 
 
Step 10: For each generation check the equality 
criteria i.e. sum of all generations should be equal to 
load demand 



Optimal Transmission Expansion Planning With Generator/Load Models And Frequency Controls Using Differential Evolution Algorithm 

Proceedings of ARSSS International Conference, 30th September, 2020, Kolkata, India 

46 

 
 
Step 11: Run optimum power flow 
 
Step12: Calculate and evaluate the fitness values of 
new individuals according to the problem’s fitness 
function;  
 
Step 13: Rank new individuals by their fitness;  
 
Step 14: Update the best fitness value of the current 
iteration ( gbest ) and the best fitness value of the 

previous iteration ( pbest )  

Step 15: Check the termination criteria; i.e. If 
best

i iX X  
 

or pbest gbest    but the 

number of current generation remains not over the 

maximum number of generations
maxG G , set G = G 

+ 1 and return to step 9 for repeating to search the 
solution. Otherwise, stop to calculate and go to step 
16;  
Step 16: Output gbest of the last iteration as the best 

solution of the problem. 
 
V. SIMULATION RESULTS 
 
The Transmission Expansion Planning is executed 
using Differential Evaluation Algorithm has been 
implemented in MATLAB 7.10.0.499, 32 bit, 3 GB 
RAM, Intel Core 2 Duo T6600 2.20 GHz Processor 
with Windows 7 Operating System. Garver 6 – bus 
standard electrical transmission network is considered 
for the expansion planning. The TEP problem has 
been investigated in three case studies. The objective 
functions are investment cost, operation cost and 
power losses are tested in case studies. The generated 

power at each generator varies between max

g
P and min

g
P . 

Garver 6 – bus system consists of 6 buses, 15 
possible branches, 760 MW, 152 MVAR demand and 
maximum 5 lines can be added to each branch. The 
complete date of the system is available in [3] and 
also shown in Fig.1.The dotted lines represent new 
possible line additions and solid lines are the existing 
lines. The detailed data of the test system was 
available in the above paper. Reactive power 
injections are at all the load buses 2, 4 and 5, the 
upper and lower limit of bus voltages are 1.05 and 
0.95 p.u respectively are considered. The minimum 

generation min

ig of each generator is considered as 

zeros, the maximum generation max

ig of each 

generator, resistance and reactance of candidate line, 
permissible line loading of each line is given in[14]. 
To obtain optimum values of all objective functions, 
the algorithm was run for 10 times. DE parameter are 

D=15, NP=50, F=0.358, CR=0.458 and maximum 
iterations are 500. 
 
TEP has been studied for Garver – 6 bus system by 
considering three (3) case studies are as follows: 
 
Case – I: Reactive power is not injected at any load 
bus, investment cost $130 million obtained in base 
case [12]. 
Case – II: The selection of reactive power injections 
at all load buses has been varied between minimum 
and maximum limits (0 MVAR and 0.1 MVAR 
respectively). Thus the investment cost $110 million 
obtained in base case [13]  
Case – III: The selection of reactive power injections 
at all load buses has been varied between minimum 
and maximum limits (0 MVAR and 1.5 MVAR 
respectively) so that investment cost has been 
decreased to $ 80 million compared to Case – I and 
Case – II. 
 

 
Fig.1 IEEE 6-bus Garver test system 

 

A. Case- I results 
Transmission Expansion Planning based on AC-OPF 
using AC network. TEP using DEA with various DE 
parameters and system parameter and constraints are 
considered. In this case reactive power is not injected 
at any load buses. The results are tabulated are shown 
in TABLE 1 for investment cost, operation cost and 
real power loss as the objective function 
simultaneously. 
  
Without injection of reactive power at load buses, 
investment cost as objective function,  investment 
cost $ 130 million was in base case and the optimum 
investment cost $ 80 million was resulted in 
combination of flat frequency control generator 
model and constant impedance load model i.e. 
FFC+CZ LM. 
 
By maintaining the system security and all constraint 
limits, operation cost as the objective function, 
optimum operation cost 593.4596 $/h resulted in 
combination of flat frequency control generator 
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model and constant impedance load model (FFC+CZ 
LM). The healthy system voltage profile has been 
maintained and also line loadings are within the 
permissible limits by without injection of reactive 
power at load buses.  
 
Power loss as the objective function, the optimum 
loss 2.8507 MW resulted in combination of flat 
frequency control generator model and constant 
impedance load model (FFC+CZ LM). 
 

 
TABLE 1: SUMMARIZED RESULTS OF GRAVER 6-BUS 

SYSTEM FOR CASE - I 
 

 
Fig 2: Convergence characteristics of Investment cost for Case 

- I 
 
B. Case- II results 
The reactive power injection at all load buses was 
varied between upper and lower limits (0 MVAR and 
0.1 MVAR respectively). The optimum values of 
investment cost, operation cost and power loss as 
objective function are presented in TABLE 2.  
 
With injection of reactive power at all load buses, 
investment cost $ 110 million was in base case where 
as the optimum investment cost $ 80 million resulted 
in (a) constant impedance load model (CZ LM), (b) 
combination of flat frequency control generator 
model and constant current load model (FFC+CC 
LM) and (c) combination of flat frequency control 
generator model and constant impedance load model 
(FFC+CZ LM). 
 
By maintaining the system security and all constraint 
limits, operation cost as the objective function, 
optimum operation cost 593.4513 $/h resulted in 
combination of flat frequency control generator 
model and constant impedance load model (FFC+CZ 
LM). The healthy system voltage profile has been 

maintained at all buses and also line loadings are 
within the permissible limits in all lines. 
 
Power loss as the objective function, the optimum 
real power loss 2.8188 MW resulted in combination 
of flat frequency control generator model and 
constant impedance load model (FFC+CZ LM).  
 
C. Case- III results 
In this case study to obtain better results, compared to 
case – I and case – II the reactive power injections are 
varied between upper and lower limits (0 MVAR and 
1.5 MVAR respectively) at all load buses. 
Summarized results of investment cost, operation cost 
and power loss are objective functions are shown in 
TABLE3. 
 

 
TABLE 2: SUMMARIZED RESULTS OF GRAVER 6-BUS 

SYSTEM FOR CASE - II 
 

 
Fig 3: Convergence characteristics of Investment cost for Case 

- II 
 
Reactive power injected at all load buses are varied 
between minimum and maximum limits such that bus 
voltages are within limits and line loadings are also 
within their limits. Investment cost $ 80 million was 
in base case and also the optimum investment cost $ 
80 million resulted in (a) base case, (b) constant 
power load model (CP LM), (c) constant current load 
model (CC LM), (d) mixed load model (mixed LM), 
(e) flat frequency control generator model (FFC), (f) 
combination of flat frequency control generator 
model and constant power load model (FFC+CP 
LM), (g) combination of flat frequency generator 
model and constant current load model (FFC+CC 
LM), (h) combination of flat frequency control 
generator model and constant impedance load model 
(FFC+CZ LM) and (i) combination of flat frequency 
control generator model and mixed load model 
(FFC+mixed LM).  
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In addition of reactive power injection at all load 
buses, the power generations are varied by each 
generator within their minimum and maximum limits 
to maintain system healthy conditions. Operation cost 
as the objective function, optimum operation cost 
593.4513$/h resulted in combination of flat frequency 
control generator model and constant impedance load 
model (FFC+CZ LM). 
 
Likely the system was stabilized with respect to all 
equality and inequality conditions with different 
constraints. Power loss as the objective function, the 
optimum power loss 2.7851 MW resulted in 
combination of flat frequency control generator 
model and constant impedance load model (FFC+CZ 
LM).  
 

 
TABLE 3: SUMMARIZED RESULTS OF GRAVER 6-BUS 

SYSTEM FOR CASE - III 
 

 
Fig 4: Convergence characteristics of Investment cost for Case 

- III 
 
VI. CONCLUSIONS 

 
This paper explored the possibility of applying AC-
OPF based models to the TEP problem. Nine TEP 
models are presented in this paper. The formulation 
of each model is shown and discussed in detail. A 
validation process guarantees the resultant TEP plan 
is strictly AC feasible. The conclusions of this paper 
are: The AC model can be applied to model TEP 
problems. The solution of DEA-based AC-TEP 
models is still challenging.  By reformulation and 
relaxation, it is possible to solve the DEA-based 
ACTEP problem and obtain a optimal solution.   
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