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ABSTRACT
In this paper we have discuss Defuzzification method as Centroid method and apply
fuzzy logic tool as a for assessment different type of four wheeler vehicles like as Alto
car and swift desire car according to their feature or parameters. And also present
the graph and example to illustrate the use of our result in practice.
Key words:- Decision making under uncertainty - Defuzzification - Hurwicz’s
criterion - Centroid method - Optimal pure strategy
1.1 INTRODUCTION:-
Vehicles are very important in our life. But one of the problems faced by customer is
the assessment of their vehicles features. In fact our society demanded not only best
vehicles mileage condition but also to classify the comfortable, maintenance, power
and safety of the vehicles according to their performances being suitable or
unsuitable for going from one place to another place. In this section, we introduce
some basic concepts in fuzzy set theory and their rules and introduce centroid
method which is used for selection of best vehicles and calculate their parameters.
[11] Fuzzy Logic, which is based on fuzzy set theory, was introduced by Zadeh in
1965. Fuzzy set theory proposed in terms of membership function operating over the
range [0, 1] of real numbers. Fuzzy Logic resembles the human decision-making
methodology. It deals with vague and imprecise information. [8] Defuzzification
process is converse of fuzzification process. It is performed by converting a fuzzy
output to a crisp value. There are many types of techniques available in
defuzzification method, but in this chapter we use center of gravity method. It's is also
known as centroid method, developed by Takagi et al. in 1975. [2, 3, 4] In this chapter
we develop a fuzzy model for assessment or judge vehicle’s groups according to their

feature / parameter. Parameter under assessment (comfort, millage, maintenance,
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power and safety) which are represented as a fuzzy subset of the set of linguistic label
parameters and consider some example of four wheeler vehicles like as different
types of cars and its parameter are calculates. Defuzzification method is converting
our fuzzy output to a crisp number. In this chapter, we apply Centroid defuzzification
method and find the best vehicles performance. And also present the graph and
example to illustrate the use of our result in practice.

1.2 DEFINITIONS AND PRELIMINARIES:

In this section we have discuss some definition related to Center of gravity method or
centroid method and some important concept and term using our chapter discussion
are given:

DEFINITIONS 1.2.1. [12] FUZZY LOGIC: - Fuzzy logic is a form of many valued logic in
which the truth values of variables may be any real number between 0 and 1 both
inclusive.

DEFINITIONS 1.2.2. [2] DEFUZZIFICATION:- Defuzzification is such an inverse
transformation process, which maps the output from the fuzzy domain back into the
crisp domain.

DEFINITIONS 1.2.1. [3] COG METHOD: - COG method is basic concept of finds the
point xc, Where a vertical line would slice the aggregate into two equal masses and

is a membership function. He

Xc

Figure 1.1: Membership function p as a function of xc

1.3. DEFUZZIFICATION METHODOLOGY:

The Defuzzification process is performed by converting the fuzzy sets into a crisp
value. In this paper, we discuss new technique center of gravity method. It is used
with an example.

1.3.1 THE CENTROID METHOD:- [2, 4] The center of gravity (COG) Defuzzification
Technique is an Assessment Method which is one of the most popular methods in

fuzzy mathematics.

11 International Journal of Engineering, Science and Mathematics
http://www.ijesm.co.in, Email: ijesmj@gmail.com




ISSN: 2320-0294 L Impact Factor: 8.215

Let as consider A= {(x, u(x)), X€ X} as a fuzzy set determined the problem solution and
U is a universal set of discourse x€ U, where U replace with a set of real intervals.
Then we construct the graph F of the membership function y = m(x). This is
commonly used in FL approach to represent the system’s fuzzy data by the
coordinates (X, yc¢) of the Center of gravity, say Fc, of the area F. Given below is the
formula which is used to calculate x¢, and y.. Which we calculated from Mechanical

formula:
” xdxdy I[ vaydy

e lT drdy YT ‘l.lat?f‘(f?}'
()

[5, 6, 7] In this chapter we shall apply the centroid method as a defuzzification

technique for the different type of four wheeler vehicle groups like Alto car and Swift

Desire car. Assessment model developed in this section. For this, we feature a

vehicle’s performance as comfort

(a) ifye [0, 1), as millage

(b) if ye [1, 2), as maintenance

(c)ify € [2, 3), as power

(d) ify € [3, 4) and as safety

(e) if ye [4, 5) respectively.

These observations are usually on the basic survey reports prepared by the customer

during the survey on vehicles and the final results of the evaluate parameters in form

of membership degree.

Consequently we have thaty; =m(x) =m(F) Vxin [0, 1), y2 =m(x) =m(D) V xin [1,2),

y3 =m(x) =m(C) V xin [2,3), y4 = m(x) = m(B) V xin [3,4), ys = m(x) = m(A) V x in

[4,5).

In this case, the graph F of the membership function y = m(x), corresponding fuzzy

subset of U is the bar graph of Figure 1 consisting of 5 rectangles, say S;,i=1, 2, 3,4, 5

having the lengths of their sides on the x axis equal to 1.
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Figure 1. 1: The graph of the COG method

Formulas (1) are transformed into the following form:

1 (y1+3yz+5y3+ 7ys+9ys) 1 (E+yi+yi+yi+yd)
(2)
2 (yi+y2+y3+ys+ys) 2 (yi+y2+y3s+ystys) (3)

Normalizing our fuzzy data by dividing each m(x), x € U, with the sum of all
membership degrees we can assume without loss of the generality that y; + y, +

y3 + ¥4 + ys = 1. Therefore, we can write
Xc= % (y1+3y2+5y3+7ys+9ys),
(4)
ye= = (V2 +y2+y3+yi+y?) (5)
with

_ m(xi)
- ¥ mxi)=1

yi
Where x1 =F, x2 =D, x3=C, x4=B, xs =A and i = 1, 2, 3, 4, 5. Note that the membership
function y= m(x), as it usually happens with fuzzy sets, can be defined, according to
the user’s choice, in any compatible to the common logic way. We define here y = m(x)
in terms of the frequencies, as in

> m(xi) =1

But 0 BB(y i - yj)? = yi?¢ +y 2 — 2yiyj, therefore yi? + y;? @@2yiyj, with the equality
holding if, and only if, yi = y;. For i= 1 and j= 2. 0 B(y1 - y2)? = y1? + y22 - 2y1y>,
therefore y12 + y22 BI@A2y1y2, with the equality holding if, and only if, y1 = y2. In the
same way one finds that y12+y32 B2y1y3, and so on.
Hence it is easy to check that (y1 + y2 + y3 + y4 + ys)? B@S5, with the equality holding if,
and only if y1=y2=y3=y4 =ys.

However, y1 +y2 + y3 + y4 + ys=1;
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Therefore, 1 BA5(y? + y2 + y2 + yZ + yZ) (3), with the equality holding if, and only if
y1=y2=y3=y4 =ys= 1/ 5 In this case the first of Formulas (2) gives that xc = g

Further, combining the Inequality (3) with the second of Formulas (3) one finds that

1 BA10yc, or y . AREARARRARIN case 1 (rm) the unique minimum for corresponds to
5 1

the center of gravity Fm ( > 710

). In case 2 the ideal case (Fi) is when y1=y2=y3=y4=0

and y = 1 Then from Formulas (2) we get that xc = ; andy .= i Therefore the center of
gravity in the ideal case is the point Fi ( 3, %). On the other hand the worst case (3) (F
w) is when y1 = 1 and y2 = y3 = y4 = y5 = 0. Then for formulas (2) we find that the
center of gravity is the point Fw (% , %). Therefore, the area in which the COG F lies is

the area of the triangle F w, F n, Fi(Figure 3).

Figure 1. 2 Graphical Representation of the “area” of the Center of gravity.
Using elementary algebraic inequalities and performing elementary geometric it
follows that for two groups of vehicles observations (e.g. Section 3) one obtains the
following assessment criterion:
1. Among two or more groups the group with the biggest x . performs better.
2. If two or more groups have the same x. B@2.5, then the group with the higher y.
performs better.
3. If two or more groups have the same x. < 2.5, then the group with the lower y.
performs better.
1.1.2. PROCEDURE:
The solution of a problem in terms of FL involves in general the following steps:
Choice of the universal set U of the discourse.
Fuzzifications of the problem’s data by defining the proper membership functions.
Evaluation of the fuzzy data by applying rules and principles of Fuzzy Logic to

obtain a unique fuzzy set, which determines the required solution.
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Defuzzification of the final outcomes in order to apply the solution found in terms
of FL to the original, real world problem.

The graph F of the membership function y = m(x). There is a commonly used in FL
approach to represent the system’s fuzzy data by the coordinates (x ¢, yc¢) of the
Center of gravity, say F., of the area F. below given formula used to calculate x., and
ye.

1.3.1. AFUZZY MODEL FOR ASSESSMENT VEHICLES GROUPS PERFORMANCE:

In this paper according to the standard method of assessment or evaluate a grade
/present parameters value ,express either with a numerical value within a given scale
( example from 0 to 1) or with a letter ( example from A to F) corresponded to the
present of vehicles success, is assigned in ordered to parameters its performances.
Use of fuzzy logic as tool we can easy assessment vehicles feature.

Let as consider a class of n vehicles n 21 and let us assume that the customer wants
to assessment the following different type of four wheeler vehicles like as Alto
car(s1),and swift desire car(s;) However the more one vehicles chose for assessment
our model. Denote by a ,b, ¢, d and e the linguistic label (fuzzy expression) and it's
parameters as comfort, millage, maintenance, power and safety denoted as
membership function of a vehicles in each of the S;i and set U={u, v, w, X, y}.

Now we are going to attach to each vehicles S;, i = 1, 2, 3 a fuzzy subset A; of U where
U is a universal set of X, and U replace with a set of real intervals.

Numerical Examples

The following data was obtained by assessing the mathematical skills of two groups
of Different type of Vehicles of the survey in Indore by BHAWNA. Here first group
obtained 20 four wheeler cars studies according to survey features with membership
functions are given below:

A11={(y, 0.25), (v, 0.25), (w, 0.5), (x, 0), (y, 0),}

A2 ={(u, 0.5), (v, 0.25), (w, 0.5), (x, 0), (v, 0.25)}

A1z ={(u, 0.25), (v, 0.5), (w, 0.25), (x, 0.25), (v, 0)}

Where A11 are the first groups of swift desire car, A1z are the groups of Artinga car and
Aq3z are the groups of wagon R car.

And here second group obtained 20 four wheeler cars studies according to survey
features with membership function is given below

Az1={(u, 0), (v, 0.5), (w, 0.25), (%, 0.25), (v, 0)},
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Az2={(u, 0.25), (v, 0.5), (w, 0.25), (%, 0), (v, 0.5)}

Az3 ={(u, 0.25), (v, 0.5), (w, 0.5), (%, 0.25), (v, 0.25)}

Where Az: are the second groups of Alto car, Az are the groups of maruti 700, A2z are
the groups of swift car.

According to the above notation the first index of Aj; denotes the group Si (i = 1, 2) and
the second Index denotes the corresponding different type 4 wheeler vehicles feature
Sj (j = 1, 2, 3) for compare between two groups swift desire car and Alto car

We have:

A11 = {(u, 0.25), (v, 0.5), (w, 0.5), (%, 0), (v, 0), and A21= {(u, 0), (v, 0.5),(w, 0.25),(x,
0.25),(y, 0)} respectively

Xc= % (y1+3 y2 + 5y3 + 7y4 + 9y5),

Ye=5 (V2 +y3 +yE+yE+y2)

A11 ={(u, 0.25),(v,0.5),(w, 0.5),(x, 0),(y,0)},

Az1 ={(u, 0),(v, 0.5),(w, 0.25),(x, 0.25),(y, 0)}

xc11 =  (0.25+3%0.5+5X0.5+0+0)

y 21 =2 (0+0.5X0.5+0.25X0.25+0.25%0.25+0)

Xc11 = 4'725 ,Ye21 = %75 y Xei1= 2.125,yc21= 0.1875

Similarly for compare between two groups Artinga car and maruti 700. We have:
A12={(1,0.5),(v,0.25),(w, 0.5),(x, 0),(y,0.25)},
Az2={(u, 0.25),(v, 0.5),(w, 0.25),(x, 0),(y, 0.5)}

xc12= 7 (0.5+3X0.25+5X0.5+7x0+9x0.25),

ycz2 =3 (0.25+ 0.5X0.5+0.25X0.25+0x0+0.5X0.5),

o)}

xc12= =, yc= 0.8125/2

2
xc12=3 , yc22=.40625

Again similarly for compare between two groups Wagon R car and swift car
We have:

A1z ={(u, 0.25),(v, 0.5),(w, 0.25),(x,0.25),(y, 0)},

Ay3={(u, 0),(v,0.5),(w, 0.5),(x, 0.25),(y, 0)}

xc13 = (0.25+3X.05+5%0.25+7X0.25+0),

ycz3 =~ (0+0.5%.05+0.5X0.5+0.25X0.25+0x0)
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XC13= 4'775, yC23 = 0'52625,XC13= 2.375, ycz= 0.28125

1.4. RESULT:

Clearly the centroid deffuzification techniques give the result of the compares
different type of vehicle’s and their feature assessment. (According Section 1.1) one
obtains the following assessment criterion: for A11and A21 groups

1. Two or more groups the group with the biggest x c performs better.

2. If two or more groups have the same x. @@2.125, then the group with the higher y.
performs better.

3. If two or more groups have the same xc < 2.125, then the group with the lower y.
performs better. Similarly apply this process in A12 and A22, also A13 and A21.
Similarly apply for A1z, A2z and A1z, A23 calculate Xc and yc and find result between two
groups.

1.5. CONCLUSION:

In this paper a new COG method using fuzzy logic is applied to survey of selection
of different types of 4 wheeler vehicles assessment and generated different
membership function. The conclusion presented in this chapter fuzzy logic, due to its
nature of including multiple values, offers a wider field of resources for assessing the
vehicles performance. We can easily calculate (xc, yc) and show first group cars (swift
desire car) are best performance of the groups use to fuzzy logic deffuzification
technique.

References

1. Houston, ].M.; Harris, P. The Aggressive Driving Behavior Scale: Developing
a Self-Report Measure of Unsafe Driving Practices. N. Am. ]J. Psychol. 2003,
5,193-202.

2. Dula, C.S.; Ballard, M.E. Development and Evaluation of a Measure of
Dangerous, Aggressive, Negative Emotional, and Risky Driving 1. J. Appl.
Soc. Psychol. 2003, 33, 263-282.

3. Krahé, B.; Fenske, 1. Predicting Aggressive Driving Behavior: The Role of
Macho Personality, Age, and Power of Car. Aggress. Behav. Off. ]. Int. Soc.
Res. Aggress. 2002, 28, 21-29.

4, Ullah, I; Liu, K;; Yamamoto, T.; Zahid, M.; Jamal, A. Prediction of Electric

Vehicle Charging Duration Time Using Ensemble Machine Learning

17 International Journal of Engineering, Science and Mathematics
http://www.ijesm.co.in, Email: ijesmj@gmail.com




ISSN: 2320-0294 L Impact Factor: 8.215

Algorithm and Shapley Additive Explanations. Int. ]. Energy Res. 2022, in
press.

Ullah, I.; Liu, K.; Yamamoto, T.; Al Mamlook, R.E.; Jamal, A. A Comparative
Performance of Machine Learning Algorithm to Predict Electric Vehicles
Energy Consumption: A Path towards Sustainability. Energy Environ. 2021,
0958305X211044998.

Ali Aden, W.; Zheng, |.; Ullah, I.; Safdar, M. Public Preferences Towards Car
Sharing Service: The Case of Djibouti. Front. Environ.Sci. 2022, 10, 889451.
Aljaafreh, A.; Alshabatat, N.; Al-Din, M.S.N. Driving Style Recognition Using
Fuzzy Logic. In Proceedings of the 2012 IEEE International Conference on
Vehicular Electronics and Safety (ICVES 2012), Istanbul, Turkey, 24-27 July
2012; pp. 460-461.

WAhlberg, A.A. Driver Behaviour and Accident Research Methodology:
Unresolved Problems; CRC Press: Boca Raton, FL, USA, 2017.

Jamal, A.; Umer, W. Exploring the Injury Severity Risk Factors in Fatal
Crashes with Neural Network. Int. J. Environ. Res. Public Health 2020, 17,
7466.

18

International Journal of Engineering, Science and Mathematics
http://www.ijesm.co.in, Email: ijesmj@gmail.com




