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Abstract - One of those renewable energy sources that gives hope for the estimated high energy demand in the near future is 
wind energy. However the studies and innovations made in this field has been done with just considering the technical 
aspects for its development and only a very little part of it has been gone into the human aspect for any improvements. Stress 
is any body’s reaction to change that requires an adjustment or response. There are various factors inducing stress in an 
individual working in a wind farm which could directly affect the efficiency of the system. The main cause of stress is 
analyzed using combined disjoint block fuzzy cognitive maps (CDBFCM) and the major stress factors are identified. 
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I.  INTRODUCTION 
 
Fuzzy Cognitive Maps (FCM’s) were introduced by 
L.A Zadeh in the year of 1965. A decade after this, in 
the year of 1976, Political Scientist R.Axelord used 
this fuzzy model to improvise the social and political 
systems by studying over their decision making 
capacity using the same. Still it was very limited to 
what could have been done with these cognitive 
mapping until B.Kosko[17],[18] improvised their 
power considering fuzzy values for the concepts of 
the cognitive maps and fuzzy degrees of 
interrelationships between concepts. It was hence 
found that the behavior of a system can be found as 
FCM’s can completely represent knowledge and 
human experience along with introduced concepts to 
show the essential elements and the cause and effect 
relationships among the concepts to model the 
behavior of any system. It has already found its 
applications in the fields such as medical, social, 
economical etc being convenient, simple and very 
powerful. 
 
The purpose of this study is to identify the risk groups 
in a wind farm environment. Stress is a normal part of 
life. One does experience this from various 
contributors he comes across in his daily life. It is 
basically a reaction by a body to any change around it 
and these reactions happens as physical, mental and 
emotional responses. In this paper the various factors 
of stress in a windfarm environment are discussed 
and finally the major factors are identified 
 
II. PRELIMINARIES 
 
Fuzzy Cognitive Maps model the universal cases as a 
collection of classes and casual relations between 
classes. FCMs work on the opinion of experts and are 
more applicable when the data at the first place is 
unsupervised 

 
Definition 1 
When the nodes of the FCM are fuzzy sets then they 
are called fuzzy nodes. 
2 
FCMs with edge weights or causalities from the set -
1,0,1 are called simple FCMs. 
3 
An FCMs is a directed graph with concepts like 
policies, events etc, as nodes and causalities as edges 
It represents casual relationships between concepts 
4 
Consider the nodes/concepts C1, C2,,…, of the FCM. 
Sup-pose the directed graph is drawn using edge 
weight ∈ {-1, 0, 1}. The matrix E be defined by E = 
(푒푖푗 ) where is the weight of the directed edge . E is 
called the adjacency matrix of FCM, also known as 
the connection matrix of the FCM. It is important to 
note that all matrices associated with an FCM are 
always square matrices with diagonal entries as zero. 
5 
Let 퐶1, 퐶2, … , 퐶푛 푏푒 푡ℎ푒 be the nodes of an FCM. 
A= (푎1,, 푎2,…,푎푛) where 푒푖푗 ∈	{-1, 0, 1}. A is called 
the instantaneous state vector and it denotes the on-
off position of the node 
at an instant. 푎푖 = 0 if 푎푖 is off and 푎푖 = 1 if 푎푖 is on 
for i = 1, 2,…, n. 
6 
Let 퐶1, 퐶2, … , 퐶푛 푏푒 푡ℎ푒 be the nodes of an FCM. 
Let 퐶1퐶2 , 퐶2퐶3 , 퐶3퐶4 ,…,퐶푖퐶푗 be the edges of the 
FCM(i ≠ j). Then the edges form a directed cycle. An 
FCM is said to be cyclic if it possesses a directed 
cycle. An FCM is said to be acyclic if it does not 
possesses any directed cycle. 
7 
An FCM is said to be cyclic is said to have a 
feedback. 
8 
When there is a feedback in an FCM, , i.e, when the 
casual relations flow through a cycle in a 
revolutionary way, the FCM is called a dynamical 
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system. 
9 
Let C1C2 , C2C3 , C3C4 ,…,Cn Cn−1 be a cycle. 
When is switched on and if the causality flows 
through the edges of a cycle and if it again causes, we 
say that the dynamical system goes round and round. 
This is true for any node for i = 1,2,…,n. The 
equilibrium state for this dynamical system is called 
the hidden pattern. 
10 
If the equilibrium state of a dynamical system is a 
unique state vector, then it is called a fixed point. 
Consider an FCM with 퐶1, 퐶2, … , 퐶푛 as nodes. For 
example let us start the dynamical system by 
switching on 퐶1 . Let us assume that the FCM settles 
down with 퐶1 푎푛푑 퐶푛 표푛 i.e., in the state vector 
remains as(1,0,0, … 0)푖푠 called fixed point. 
11 
If the FCM settles down with a state vector repeating 
in the form A1→ A2→…→ Ai→ A1 then this 
equilibrium is called a limit cycle. 
12 
Finite number of FCMs can be combined together to 
produce the point effect of all the FCMs. Let퐸1, 퐸2, 
… , 퐸푝 be the adjacency matrices of the FCMs with 
nodes 퐶1, 퐶2, … , 퐶푛 then the combined FCM is got 
by adding all the adjacency matrices 퐸1, 퐸2, … , 퐸푝 . 
We denote the combined FCM adjacency matrix by E 
=퐸1 + 퐸2 + ⋯	+	. 
– Exposure to noise and vibrations 
13 
Let C1,  C2, … ,Cn be n distinct attributes of a 
problem very large and a non-prime. If we divide n in 
to k equal classes i.e., k/n = t which are disjoint and if 
we find the directed graph of each of these k classes 
of attributes with t attributes each, then their 
corresponding connection matrices are formed and 
these connection matrices are joined as blocks to 
form a n×n matrix. This n×n connection matrix forms 
the combined disjoint the large and a non-prime. If 
we divide n into k equal classes i.e., k/n=t which are 
disjoint and if we find the directed graph of each of 
there k classes of attributes with t attributes each, then 
their corresponding connection matrices are formed 
and these connection matrices are joined as blocks to 
form a n x n matrix. This n x n connection matrix 
forms the combined disjoint block FCM of unequal 
classes/size. 
14 
Suppose A = (푎1, 푎2, … , 푎푛 ) is a vector which is 
passed in to a dynamical system E. Then AE = (푎1 ′ 
,푎2 ′ , … , 푎푛 ′ ) after thresholding and updating the 
vector suppose we get (푏1, 푏2, . . . , 푏푛), we denote 
that by (푎1 ′ ,푎2 ′ , … , 푎푛 ′ ך ( (푏1, 푏2, . . . , 푏푛). 
Thus the symbol ך means the resultant vector has 
been threshold and updated. FCMs have several 
advantages as well as some disadvantages. The main 
advantage of this method is simple. It functions on 
expert’s opinion. When the data happens to be an 
unsupervised one the FCM becomes handy. This is 

the only known fuzzy technique that gives the hidden 
pattern of the situation. As we have a very well 
known theory, which states that the strength of the 
data depends on ,the number of experts opinions. At 
the same time the disadvantages of the combined 
FCM is when the weightages are 1 and -1 for the 
same 퐶푖퐶푗 , we have the sum adding to zero, thus at 
all times the connection matrices 퐸1, 퐸2, … , 퐸푘 may 
not be conformable for addition. 
 
Combined conflicting opinions tend to cancel out and 
assisted by the strong law of large numbers, a 
consensus emerges as the sample opinion 
approximates the underlying population opinion. This 
problem will be easily overcome if the FCM entries 
are only 0 and 1. 
 
III. THE HIDDEN PATTERN 
 
Lets take into consideration an attribute with a 
response. Let A1, A2, … , A푛 be the nodes of an FCM 
and F be the associated adjacency matrix. Let us find 
the hidden pattern when A1 is switched on. When an 
input is given as the vector 퐴1 = (1,0,….,0), the data 
should pass through the relation matrix F. Hence 
when multiplying 퐴1 by the matrix F. Let 퐴1F = (푎1, 
푎2, … . , 푎푛) with the threshold operation. We update 
the resulting concept; the concept A1 is included in 
the updated vector by making the first coordinate as 1 
in the resulting vector. Suppose 퐴1F ך 퐴2 then 
consider 퐴2F and repeat the same procedure. This 
procedure is repeated till we get a limit cycle or a 
fixed point. 
 
IV. ATTRIBUTES OF THE STUDY 
 
Using the linguistic questionnaire and the detailed 
observation we have taken the following fifteen 
attributes {퐴1, 퐴2, … , 퐴15}. 
 
퐴1 – Travelling off-road continuously for repair and 
maintenance teams 
퐴2 – Issues between locals and company employees 
퐴3 – Working in Confined Spaces 
퐴4 – Production and Updating of Indigenous machine 
parts and equipment’s 
퐴5 – Exposure to noise and vibrations 
퐴6 – Unavailability of refreshment facilities 
퐴7 – Falling of Machine parts or equipment’s 
퐴8 – Contact with moving parts 
퐴9 – Fatigue from Climbing Ladders and fixed 
postures 
퐴10 – Working long hours 
퐴11 – Violating Maintenance Protocols 
퐴12 – Chronic illness or Injury. 
퐴13 – Short-circuits, Overcharges or such 
undesirable electrostatic phenomenon 
퐴14 – Working with Dangerous Substances in Labs 
and Workshops without adequate safety 
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퐴15 – Environmental Conditions 
These 15 attributes are divided into 3 classes 
퐶1, 퐶2, 퐶3 with 5 in each class. 
Let 퐶1 = {퐴1, 퐴3, 퐴5, 퐴6, 퐴15} 
퐶2 = {퐴4, 퐴7, 퐴8, 퐴13, 퐴14} 
퐶3 = {퐴2, 퐴10, 퐴9, 퐴11, 퐴12 } 
 
We consider the experts opinion for each of these 
classes and take the matrix associated with the 
CDBFCMs. The experts opinion for the class 퐶1 = { 
A1, 퐴3, 퐴5, 퐴6, 퐴15} is in the form of the directed 
graph. 

 
According to this expert the attribute Travelling off-
road continuously for repair and maintenance teams 
is interrelated with Exposure to noise and vibrations. 
The attribute heavy work load is interrelated with 
working long hours. Also the attributes working 
under dangerous conditions, heavy work load, being 
insecure, working long hours are all the reasons for 
being unhappy in the job which leads to stress. The 
related connection matrix 1 is given below. 

 
The directed graph representing the experts opinion 
the expert about class C2 is, C2 = { A4, 퐴7, 퐴8, 퐴13, 
퐴14} 

 
According to this expert the attribute Production and 
Updating of Indigenous machine parts and equipment 
is interrelated with Falling of Machine parts or 
equipment’s. 

Also the attribute Working with Dangerous 
Substances in Labs and Workshops without adequate 
safety is related with Production and Updating of 
Indigenous machine parts and equipment’s and 
contact with moving parts. The attribute – contact 
with moving parts is related with Falling of Machine 
parts or equipment’s. The related connection matrix is 
given below. 

 
The directed graph is given by the expert on { A2, 
퐴10, 퐴9, 퐴11, 퐴12 } which forms the class 퐶3 

 
According to this expert the – Issues between locals 
and company employees is interrelated with Violating 
Maintenance Protocols. Also the attribute of chronic 
illness or Injury is related with Violating 
Maintenance Protocols . Whereas the attribute of 
Fatigue from Climbing Ladders and fixed postures is 
related with both Working long hours and Chronic 
illness or Injury. 
The related connection matrix is given below 

 
 
Now the combined disjoint block connection matrix 
of the fuzzy cognitive maps F is given by 
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Suppose we consider the on state of the attribute 
Travelling off-road continuously for repair and 
maintenance teams and all other states are off ,the 
effect of 

 
 
푋1 is a fixed point of the dynamical system. When 
the state 퐴1 is on they felt exposure to noise and 
vibrations and environmental conditions which leads 
to stress. suppose we consider the on state of the 
attributes issues between locals and company 
employees, working in confined spaces fatigue from 
climbing ladders and fixed postures, working long 
hours, chronic illness or injury and all other nodes are 
in off state. Now we study the effect of the dynamical 
system F. Let. Y=(0 1 1 0 0 0 0 0 1 1 0 1 0 0 0) 
be the state vector depicting the on state vector T in 
to the dynamical system F. 
 
YF 1)  (1 0 0 1 1 1 0 0 0 0 0 0 0 0 0) ך=Y1 
Y1F 1) (1 0 0 1 1 1 0 0 0 0 1 0 0 0 1) ך=Y2(say) 
Y2F 1) (1 0 0 1 1 1 0 0 0 0 1 0 0 1 1) ך=Y3(say) 
Y3F 1) (1 0 0 1 1 1 0 0 0 0 1 0 0 1 1) ך = Y4(say) =Y3 
Then Y is a fixed point of the dynamical system. Thus 
the attributes 퐴1 , 퐴2 , 퐴5 , 퐴10 , 퐴11 , 퐴12 , 퐴15 are 
in the on states, then the attributes working in 
confined spaces, production and updating of 
indigenous machine parts and equipment’s, falling of 
machine parts ,unavailability of refreshment facilities 
, contact with moving parts, fatigue from climbing 
ladders and fixed postures short-circuits, overcharges 
or such undesirable electrostatic phenomenon, 
working with dangerous substances in labs and 
workshops without adequate safety is in the off state 
and all other attributes become on. 
 
CONCLUSION 
 
We analyzed what are the reasons for stress using 
CDBFCM model. The limit point of the dynamical 
system reveals that the attributes A1, A2, A5, A10, 
A11, A12,A15 are the main reasons for stress. this 
means, travelling off-road continuously for repair and 
maintenance teams, issues between locals and 
company employees, exposure to noise and 
vibrations, working long hours, violating 
maintenance protocols, chronic illness or injury and 
environmental conditions are all the main reasons for 
stress. 
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