
International Journal of Mechanical And Production Engineering, ISSN: 2320-2092,        Volume- 5, Issue-2, Feb.-2017 
http://iraj.in 

Parameter Optimization of Sedan Cars for Proper Selection by Multiple Attribute Decision Making (MADM) Technique 
 

157 

PARAMETER OPTIMIZATION OF SEDAN CARS FOR PROPER 
SELECTION BY MULTIPLE ATTRIBUTE DECISION MAKING 

(MADM) TECHNIQUE 
 

1KRISHNA G. BAHETI, 2D . N . KASHYAP 
 

1Mtech Student Mechanical Dept, Yeshwantrao Chavan College of Engg. Nagpur, India 
2Prof. of Mechanical Engg. ,  Yeshwantrao Chavan College of Engg Nagpur, India 

E-mail: karishma.baheti@gmail.com, diptikashyap22@gmail.com 
 
 
Abstract - Automobile industry is the fastest growing industry today. In the competitive business the automobile companies 
have to pay attention for the cost of vehicle, its efficiency and service. Today, many auto makers are interested in the 
compatibility of standard vehicle for the best performance so they can reign over the present market scenario. Among 
various important parameters which considered being very important for the best car, most important primary parameters are 
mileage and cost for customers. automotive lightweight is quite important and active demand which indirectly increases the 
mileage, due to the requirements of automotive industry progress, energy saving and emission minimization. 
In this paper, optimization of sedan cars for the best and most suitable car has been done by considering eleven parameters 
which are quite important and active in demand for thirty three car models from different manufacturers with the help of 
numerical techniques (MADM Technique). Parameters are ground clearance, track width, wheel base, cost, fuel efficiency, 
engine capacity, turning radius, power, Curb weight, range and cargo volume parameters have greatest influence on the 
performance of the sedan car. 
 
Keywords - sedan car parameters, MADM technique, customer survey. 
 
I. INTRODUCTION 
 
A sedan or saloon is a passenger car consisting of 
three-box configuration with A, B & C-pillars and 
principal volumes articulated in different 
compartments for engine, passenger and cargo. The 
passenger compartment features two rows of seats 
and enough passenger space in the rear compartment 
for adult passengers. The cargo compartment is 
typically in the back, with the exception of some rear-
engine models, such as the Renault 
Dauphine,  Volkswagen Type 3 and Chevrolet 
Corvair. It is a common car body styles. A battery 
electric sedan such as the Tesla Model S has no 
engine compartment, but a front cargo compartment 
and a back compartment for cargo or optionally for 
additional passengers. 
Consumer behaviour considers the many reasons 
personal, situational, psychological, and social why 
people shop for products, buy and use them, 
sometimes become loyal customers, and then dispose 
of them.  The passenger car market changed very 
rapidly due to the fierce competition and advance 
technology, therefore, it requires the automotive 
manufactures to understand the consumer’s 
preference on time and take fast actions to reflect 
market changes quickly. So it would be very 
interesting to know consumer’s preference in today’s 
fast-changing passenger car market and how is the 
customer’s buying process.  
To optimize the parameter of different model of         
and then select the best average car.  The multi- sedan   
cars by the multi-attribute decision making technique 
attribute decision-making (MADM) problem is one of 
the key sectors in modern decision science, the theory 

and method of which have been widely applied in the 
fields of engineering design, social life, investment 
decision-making and project evaluation. The multi-
attribute decision-making problem is of profound 
theoretical significance and has a wide practical 
application background in various industries; 
therefore, research on multi-attribute decision-making 
problems has always been a key subject for people. 
 
II. METHODOLOGY 
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III. LITERATURE REVIEW 
 

Model Development and Validation for Studying 
Consumer Preferences of Car Owners   possible: 
parameters and a framework development, that 
influence the consumer purchase behaviour patterns 
of passenger car owners in the State of Kerala, so that 
further research could be done, based on the 
framework and the identified parameters. The 
objective is to explore and conceptualize various 
parameters, which influence the purchase patterns of 
passenger cars in the State of Kerala. The aims to 
develop a framework to study the behavioural 
patterns, and also validate the acceptability of the 
research model so developed, which might eventually 
influence the consumer purchase, of the passenger 
cars in the State. 
Analysis of Research in Consumer Behaviour of 
Automobile Passenger Car Customer factors 
influencing: customer’s preferences for particular 
segment of cars. This paper also attempts to 
consolidate findings & suggestions to overcome 
present scenario of stagnancy in sales and cultivate 
future demand for automobile car market. To be a 
successful marketer it is absolutely essential to study 
the perceptions of the prospective buyers and track 
their drivers of those perceptions. 
A Study on Consumer Preference and Satisfaction 
towards Sedan Cars in Coimbatore City: Customer 
preference and satisfaction towards SEDAN cars in 
Coimbatore city has been prepared based on the 
survey conducted to study the awareness level and 
satisfaction of customers’ with regard to SEDAN car 
in Coimbatore city.  These cars provide exceptional 
value for any person to buy this car either for work or 
for leisure. The selection is also done based on the 
customer rating. 
Design, Evaluation Technique and Parameters of 
Automotive Light weight: Automotive lightweight 
is quite important and active demand, due to the need 
of automotive industry development, energy saving 
and emission reduction. The physical and technical 
importance of parameters in the lightweight 
coefficient equation is explained also. A more direct 
parameter, lightweight exponent Li is suggested, and 
the physical and technique significations of those 
parameters in lightweight exponent Li equation are 
explained for various conditions of lightweight. The 
execution approaches of automotive lightweight and 
the relationship of the efficiency of various parts with 
the performance of materials are discussed. A life 
cycle design method is presented to evaluate the 
economy, selection and application of the lightweight 
materials and technologies. This chapter illuminates 
the signification, the conception and comprehension, 
characterization parameters and execution methods 
about automotive lightweight and lightweight design. 
Brand preference and purchase behaviour of B – 
segment passenger cars in Vellore city: Yesterday’s 
luxuries are today’s necessities. Cars once considered 

as a luxury now takes a part of one’s day to day life 
and it has become a necessity. Several research works 
have been done on impact of brand preference among 
B-segment Cars and Buying Behaviour of Customers 
at various cities in India. Such a research was not 
done in Vellore District. Hence the study was based 
on both primary and the secondary data. The primary 
data was collected by using a structured questionnaire. 
The researcher met the customers in three main 
regions of Vellore district and collected data by 
interviewing personally. The statistical tools like Chi 
square test, ANOVA test has been used to analysis 
the primary data. This study was intended to scrutiny 
the customers brand preference among B-segment 
cars and their buying behavior with special reference 
to Vellore City. 
Design Optimization of Ground Clearance of 
Domestic Cars: Drag and lift forces plays a vital role 
in the performance and stability of vehicles. Less 
drag means less fuel consumption and hence less 
vehicular pollution Also, lower lift force means 
higher chance of adhesion of the car body with the 
ground causing less overturning of the vehicle, which 
improves the vehicle performance. Both drag and lift 
forces can be manipulated by varying the ground 
clearance of the cars. Wind tunnel studies with a 
notch-back car model revealed increase in drag and 
decrease in lift with increase in ground clearance. 
Therefore, optimization is required for designing the 
best ground clearance and a preferable value of the 
same is thus obtained. The present study concentrates 
on studying the effect of ground clearance on these 
aerodynamic forces experimentally 
 
IV. CUSTOMER SURVEY RESULT 
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V. PARAMETERS FOR OPTIMIZATION 
 
These most important parameters that has greatest 
effect on performance of the sedan cars are: 
Wheelbase: The wheelbase is distance between the 
center of the front and back wheels. 
Ground clearance: It is defined as the minimum 
distance between the lower end of the chassis and the 
road. In other words, it indicates the height of the 
lowermost part of the vehicle with respect to ground.  
Width: The track width is the measurement from tire 
center to tire center. With twin tires, measurement is 
done from the center of the twin tire to the center of 
the twin tire. 
Cost: cost plays an important role in selection of 
suitable car. 
Fuel efficiency: Fuel consumption is a more accurate 
measure of a vehicle’s performance because it is a 
linear relationship while fuel economy leads to 
distortions in efficiency improvements. 
Engine capacity: Engine capacity refers to the 
volume swept by all the pistons of an engine, within 
their bores, from the top to the bottom of their travel. 
Measured in litres, cubic centi-metres (cc). 
Turning radius: The turning radius of a vehicle is 
the diameter of the narrowest circle it is capable of 
maneuvering and is dependent on many design 
factors, including wheelbase length, axle width, and 
the steering mechanism design. 
Power: Engine power or horsepower is the 
maximum power that an engine can put out. It can be 
expressed in kilowatts or horsepower. The power 
output depends on the size and design of the engine, 
but also on the speed at which it is running and 
the load or torque. Maximum power is achieved at 
relatively high speeds and at high load. 
Kurbweight:  Kurb weight is the total weight of 
a vehicle with standard equipment, all necessary 
operating consumables such as motor oil, 
transmission oil, coolant, air conditioning refrigerant, 
and a full tank of fuel, while not loaded with 
either passengers or cargo. 
Range: The total distance which a land vehicle is 
capableof covering without taking on fresh fuel . 
Cargo volume: This is the amount of space, 
measured in cubic feet, that your vehicle will hold in 
its cargo areas. Cargo areas can include the trunk, 
behind the rear seat in hatchbacks, or the entire 
interior space of a minivan or SUV with the rear seats 
removed. 
 
VI. DESIGN OF EXPERIMENT 
 
 Data accumulation 
33 sedan car models with their 11 parameters which 
has greatest influence are mentioned in the following 
table. 

Number of 
attribute Attribute 

1 Ground clearance (mm) 

2 Track width(mm) 
3 Wheelbase(mm) 
4 Cost(Lac) 
5 Fuel efficiency (kmpl) 
6 Engine capacity(cc) 
7 Turning radius(m) 
8 Power(BHP) 
9 Kurb weight(kg) 
10 Range(km) 
11 Cargo volume(ltrs) 

 
 Applying different MADM techniques 
 
 
A) SIMPLE ADDITIVE METHOD (SAW 
METHOD):  
Prepared normalized data of attributes based on 
beneficiary and non beneficiary variables. Beneficial 
values of each parameter considered as 1 and 
normalized data matrix completed based on beneficial 
values of parameter for every attribute. Beneficial 
values with their respective attributes are shown in 
the following table. 
 
Number of 

attribute Attribute Beneficial value 
considered as 1 

1 Ground clearance 170 
2 Track width 1814 
3 Wheelbase 2703 
4 Cost 6.08 
5 Fuel efficiency 28 
6 Engine capacity 1998 
7 Turning radius 4.9 
8 Power 164 
9 Kurb weight 930 
10 Range 1171.5 
11 Cargo volume 595 

 
Weightage factors are given to indicate the relative 
importance or impact of that alternate in the group. 
The purpose of assigning weightage factors is to help 
in measuring an accurate overall performance rating. 
So the decision maker has to repeat different 
experiments and test its validity. Hence a study has 
been made with different weightage factors given to 
car parameters and its influence on the proposed 
problem. As mentioned earlier, to the best car, one 
has to look for low price and high fuel efficiency. 
Different weighatge factors were considered such that 
the cost and mileage has more weightage followed by 
all parameters with respective weightage. The 
detailed weightage factors are shown. 

 
After identifying the suitable weights, apply different 
schemes of MADM methods and using the data of 
table 4 and table 5, evaluate the measure of 
performance. A Simple Additive Method (SAW 
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method) approach of calculating measure of 
performance (mop) for alternate 1 is shown below 
Pi = ∑ w m  
Where  
Pi is performance score of each alternate  
wj is weighting factor of the particular attribute  
mij Normal is a normalized matrix of basic table. 
 
Alternate 1:  
0.05 x 0.9588 + 0.05 x 0.9272 + 0.05 x 0.9445 + 0.15 
x 0.6235 + 0.15 x 0.8076 + 0.1 x 0.7497 + 0.05 x 
0.98 + 0.1 x 0.631+ 0.1 x 0.7542 + 0.1 x 0.7682+ 0.1 
x 0.5546 = 0.75096 
Similarly, the performance scores of each alternate 
can be calculated.  
 
B) TOPSIS: 
In this method two artificial alternatives are 
hypothesized: 

Ideal alternative: One which has the best 
attributes values (i.e. max. benefit attributes and min. 
cost attributes)  

Negative ideal alternative: One which has the 
worst attribute values. (i.e. min. benefit attributes and 
max. cost attributes) 
TOPSIS selects the alternative that is the closest to 
the ideal solution and farthest  from negative ideal 
solution. 
 
Step 1 – standardize the decision matrix. 

This step transforms various attribute 
dimensions into non-dimensional attributes, which 
allows comparisons across criteria. For standardizing, 
each row of decision matrix, is divided by root of 
sum of square of respective rows. 
for example, attribute 1  

0.9588 ÷ 5.554 = 0.1726 
Step 2 – Construct weighted standardized decision 
matrix by multiplying attributes weight to each rating. 
       for example, attribute 1 rating for alternative 1 is 
0.1726 and attribute1 weight factor is 0.05 (from 
table5). 
0.1726 ×0.05 = 0.00863 
Step 3 – Determine ideal solution and negative ideal 
solution from weighted standardized decision matrix 
        A set of maximum values for each Attribute is 
Ideal solution 
Ideal solution = {0.009, 0.0092, 0.0091, 0.0386, 
0.035, 0.0235, 0.0091, 0.0281, 0.0215, 0.0238, 
0.0228} 
A set of minimum values for each criteria is Negative 
Ideal solution  
Negative Ideal solution = {0.0082, 0.0081, 0.0081, 
0.0138, 0.0156, 0.014, 0.0081, 0.012, 0.0132, 0.0103, 
0.0122}  
Step 4 – Determine separation from ideal solution.  
Si* 

first calculate the square of subs traction of each 
attribute from its respective ideal solution. for 
example, 

for alternative1 attribute1 value = (0.0086 - 0.009)2  
= 0.00000016 
Similarly, the square of substract of each attribute 
from its respective ideal solution can be calculated. 
then to calculate Si* for each alternate, calculate root 
of sum of all attributes in each alternative. 
Step 5 – Determine separation from  negative ideal 
solution. Si’ 

first calculate the square of subs traction of each 
attribute from its respective negative ideal solution. 
for example, 
for alternative1 attribute1 value = (0.0086 - 0.0082)2  
= 0.00000016 
Similarly, the square of substract of each attribute 
from its respective negative ideal solution can be 
calculated. then to calculate Si’ for each alternate, 
calculate root of sum of all attributes in each 
alternative. 
Step 6– Determine relative closeness to ideal solution 
Si’ /(Si*+Si’ )  
CLOSENESS to ideal solution Ci* = Si’ /(Si* +Si’ ) 
 
C) ANALYTIC HIERARCHY PROCESS (AHP):  
 
AHP algorithm is basically composed of two steps:    
1. Determine the relative weights of the decision 
criteria 
2. Determine the relative rankings (priorities) of 
alternatives 
Both qualitative and quantitative information can be 
compared by using informed judgments to derive 
weights and priorities. The process requires the 
decision maker to provide judgments about the 
relative importance of each criterion and then specify 
a preference for each decision alternative on each 
criterion. The output of the AHP is a prioritized 
ranking indicating the overall preference for each of 
the decision alternatives. 
 
Step 1 – The first step in the AHP is to develop a 
graphical representation of the problem in terms of 
the overall goal, the criteria, and the decision 
alternatives 

 
 
Step 2 – Ranking of criteria: 
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Ranking of priorities: 
 Consider [Ax = lmaxx] where 
A is the comparison matrix of size n×n, for n criteria, 
also called the priority matrix. 
x is the Eigenvector of size n×1, also called the 
priority vector.  
lmax is the Eigenvalue.  
 To find the ranking of priorities, namely the 

Eigen Vector X: 
1) Normalize the column entries by dividing each 

entry by the sum of the column. 
2) Take the overall row averages.(x) 

 

 

 
 
Step 3 – Checking for Consistency 
 The next stage is to calculate a Consistency Ratio 

(CR) to measure how consistent the judgments 
have been relative to large samples of purely 
random judgments.  

 AHP evaluations are based on the aasumption 
that the decision maker is rational, i.e., if A is 
preferred to B and B is preferred to C, then A is 
preferred to C. 

 If the CR is greater than 0.1 the judgments are 
untrustworthy because they are too close for 
comfort to randomness and the exercise is 
valueless or must be repeated. 
 

 The next stage is to calculate lmax so as to lead to 
the Consistency Index and the Consistency Ratio.  
Consider [Ax = lmax x] where x is the 
Eigenvector 
lmax = Average {1.423/0.11 + 2.102/0.16 + 
2.197/0.17 + 0.195/0.01 + 0.245/0.02 + 
0.335/0.03 + 2.390/0.19 + 0.833/0.07 + 
1.458/0.12 + 0.566/0.05 + 0.741/0.06} 

lmax = 12.042 
Consistency index , CI  is found by  
CI=( lmax -n)/(n-1)=(12.042-11)/(11-1)= 0.09 
C.R. = C.I./R.I. where R.I. is the random index  
C.I. = 0.09 

 n = 11 
 R.I. = 1.53(from table) 
 So,     C.R. = C.I./R.I.  = 0.09/1.53 = 0.058 
C.R. ≤ 0.1  indicates sufficient consistency for 
decision 

Step 4 – Ranking alternatives: 
Since all alternatives are quantitative measures, ratios 
can be used to determine the relative ranking of 
alternatives 
 
D) WEIGHTED PRODUCT METHOD (WPM 
METHOD):  
Weighted Product Method (WPM) is another scoring 
method where the weighted product of the criterion is 
used to select the best alternative. The score 
computing procedure in terms of Step1 and 2 are 
identical to SAW approach.  
Step 3: Construct weighted normalized decision 
matrix 

vij =  rij  
Step 4: Calculate the score of each alternative 

Mi =  vij 

Step 5: Select the best alternative 
BAwpm = max Mi 

 
Performance scores of each alternate by MADM 
methods: 
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RESULT 
 
Selection preference of each alternate based on 
mop calculated: 
 

 

 
 
CONCLUSIONS 
 
In this paper, optimization of sedan cars for the best 
and most suitable car has been done by considering 
eleven parameters which are quite important and 
active in demand for thirty three car models from 
different manufacturers with the help of numerical 
techniques (MADM Technique).  
From the results we have found that alternative serial 
no. 18 is preferred by three methods (SAW, TOPSIS 
and WPM). The best Average car is to be 18 sr no. 
i.e. Tata Indigo eCSLX CRS BS4.  
 Also we conclude that “Consumer behavior consists 
of all human behavior that goes in making before and 
post purchase decisions”. One can succeed in the 
competitive market only after understanding the 
complex consumer behavior. An understanding of the 
consumer enables a marketer to take marketing 
decisions which are compatible with its consumer 
needs. 
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