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DESIGNING AND INVESTIGATING ERGONOMIC PATTERNS OF  DEPLOYMENT 

IN IRAN TRACTOR COMPANY  

Jaffar Beikzad, Assistant Professor of Public Management, Islamic Azad University, beikzad_jafar@yahoo.com and 

Amir Gharifard, MS Student of Public Management (Human Resources), Islamic Azad University, 

a.gharifard@yahoo.com 

 

ABSTRACT 

The main purpose of this research is recognition and precedence of elements that are 

efficient on the ergonomic, for designing and investigating the patterns of deployment in Tractor 

Company in Iran. To this end, some books and articles were reviewed and the expertsô ideas were 

studied too. During the study, 62 efficient elements were identified. The statistic society of this 

research is all of employers (785 persons) of Tractor Company. The size of the statistic sample, 

calculated by KoKran bond, is 258 persons used from stratified random sampling. Factor analysis 

was utilized on two ergonomic questionnaires at Aarhus University given to statistic sample after 

validity, stability and assurance. Descriptive and illative statistic methods were also used for 

analyzing of statistics data.  

Descriptive method is used for classification, precis and explanation of statistic data, and 

in illative level, proportion method is used for calculating size of employersô responsibility. Factor 

analysis technique is used by ñSPSS19ò software for replying identification questions and 

prioritizing effective elements of ergonomic establishment. LISREL software is used for 

endorsement of structural equation modeling. The final results showed the ergonomic 

establishment occurred at the acceptable level. Also 23 elements of main 62 elements, issue 

effective elements recognized and classified in 4 groups: person, organization, job and technology. 

The establishment of ergonomics method is also designed. 

 

Keywords: Ergonomic, Human Factors Engineers, Anthropometry, 5S 
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TIME -DEPENDENT ARC ROUTI NG PROBLEM : A CASE STUDY IN TURKEY  

Merve Kayacē ¢odur, Ataturk University, Faculty of Engineering, mkayaci@atauni.edu.tr, Mustafa Yēlmaz, Ataturk 

University, Faculty of Engineering, mustafay@atauni.edu.tr  

 

ABSTRACT 

 

Many practical arc routing problems involve finding paths or tours that traverse a set of arcs in a 

graph. The aim of solving such problems is to determine a least cost tour which covers all or subset 

of arcs in a graph with or without constraints. The Chinese postman problem (CPP) is one of the 

most central problem in arc routing. This problem was first solved Mei-Ko Kuan, a Chinese 

mathematician, in 1962. In practice, there are a lot of applications such as road maintenance, waste 

collection, bus scheduling, electric meters reading, snow plowing, salt gritting, patrol vehicle 

routing application etc. Most of these studies for arc routing reported in the literature assume 

constant travel distance or cost. Clearly, the travel time between two nodes is ignored. In time 

dependent variant, the travel time is depend on the departure time of the vertex i within time 

interval. The objective is to find a route that travelling all arcs with the minimum travel times. In 

this study, the time-dependent mathematical model for the CPP is proposed. The proposed model 

is applied to a case study in Turkey and results are discussed.  

 

Keywords: Time-Dependent Arc Routing 
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FOOD BEHAVIOR OF MANAGERS 

Hossein Fattahi, Kharazmi University,  

ABSTRACT 

Food behavior of managers have direct impacts on their bodies, meetings results, lectures and 

feedbacks.  Manager, men or women, must have a special charisma and fit bodies. Eating less is 

good in all nations. IBN SINA says that: ñLow food is medicine, average is food, and high is toxin. 

 According to the research on bosses and administrators of 50 faculties, results are surprising and 

troubling, only 2% of this population in working meetings use herbal tea and healthy drink and 

98% use black tea. Black tea has short and long effects. For instance, short-term effects of black 

tea are creation of dizziness and increased gastric acid. Therefore, it is necessary to change the 

pattern of drinks at meeting. By combination of herbal and medicinal plants (herbal tea such as 

Thyme/ Cinnamon/ Rose-water/ Borage/ Citrus Aurantium/ Elettaria, and even green tea) due to 

the sedative neuromuscular, nerve tonic, removing bad breath, and refreshment you can use better 

drinks. High mental activity to a supervisor or manager increases the bodys metabolism. The brain 

use glucose instead of fat for energy supplies. The brain needs 1.8 calories per minute or 10.8 per 

hour. A smart chief or senior managers must know that an employee who drinks plenty of ice or 

ice water, perhaps has iron deficiency, or if eating a lot of chocolate has magnesium deficiency 

and eating greedily corn probably has deficiency of sodium. Talking on the phone 39 calories, 

attending office meeting (including talking and eating at meeting) 59 calories, and also secretary 

director approximately 34 calories in an hour, for paperwork 110 calories burn for a normal person. 

Furthermore, managers must chew more their food to control stress levies during the day. 

 

Keywords: Food behavior, Herbal tea, Smart Chief 
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A MODEL OF REVERSE LOGISTICS NETWORK OPTIMIZATION IN CELL 

PHONES INDUSTRY IN IRAN  

Nasim Sorayaie Azar, Department Of Management, College Of Literature Science, Najafabad Branch, Islamic Azad 

University, n.sorayaie@gmail.com and Majid Zamani, Islamic Azad University, majidzamani66@gmail.com 

 

ABSTRACT 

In recent years with the advent of electronic devices such as cell phones and continuously updated 

communications equipment, electronic waste is one of the most vulnerable challenges on 

environment. We believe in this paper is to examine the economic and environmental aspects of 

returning mobile phones into life cycle to reuse them. The overall goals of plan includes the reuse 

of cell phones (at the end of life) by collection centers, avoiding waste further useful materials 

such as gold, silver used in mobile phones and during this process (reverse logistics network) will 

create employment and entrepreneurship. This paper presents the design of a reverse logistic 

network for End-of-Life cell phones in Iran. The deliverables of the proposed mathematical model 

includes: routing vehicles to collect delivered cell phones, allocating of fixed and operational costs 

to collection centers, and considering the transportation cost of returning processes. 

 

Keywords: Reverse Logistics Network, End-of-Life, Transportation Costs, Sustainable 

Environment 
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THE MOTIVATIONAL CHALLENGES OF ENGINEERS IN OLD INDUSTRIES: A 

CASE OF IRAN 

Rahman Bakhtiyari, rahman.bakhtiyari@gmail.com; Rozita Davoodi,davoodi.rozita@gmail.com and Sajad 

Bakhtiyari, sa.bakhtiari94@gmail.com 

 

ABSTRACT 
 

After the 1979 Islamic Revolution in Iran, the number of engineers has sharply increased in line 

with the policy of independence so that the country would rely on its own domestic engineers 

among many other technicians and practitioners. Thus, finding a job has been challenging for 

Iranian engineers since the number of engineers outweighs that of the available positions. On the 

other hand, those who are employed mostly in old industries find the jobs monotonous, boring and 

at times depressing. That is because such old industries have not been modified well. Therefore, 

this study tries to investigate the motivational factors among Iranian engineers in 5 different 

provinces of Iran. The data comes from semi-structured interviews with 50 engineers. The results 

of the study revealed that most of the interviews feel demotivated because of (a) low income, (b) 

uncompetitive job atmosphere and (c) routine tasks. Thus, the authors argue that company owners 

as well as officials should focus on the needs of the labor force to come up with more productive 

factories. At the end, some recommendations are made.  

 

Keywords: Motivation, Engineers, Job Satisfaction 
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INDUSTRIES IN DEVELOPING COUNTRIES AS THE MAIN SOURCE OF 

POLLUTION : A CASE OF IRAN 

Reza Davoodi, Tehran University of Medical Sciences, Reza_yello_2000@yahoo.com 

 

ABSTRACT 

Pollution is one of the biggest issues that many countries are dealing with these days. In developing 

countries, however, the problem is even worse as the economy is not strong enough to provide 

financial resources to overcome this important environmental crisis. Therefore, most of the 

developing countries are having difficult time regarding pollution in general and air pollution in 

particular. The main source of air pollution in developing countries is the old industries. 

Unfortunately, such industries do not care about upgrading their facilities and moving toward 

having more green equipment. Thus, this study tries to investigate the challenges that 

environmental agencies have when they are dealing with old industries which produce a lot of 

pollutions. To this end, 20 semi-structured interviews were conducted by head of such 

organizations in four different cities in Iran. Similarly, 10 CEO of old industries were interviewed 

too. The results of the study revealed that financial issues are the biggest challenge that such 

companies have which prevent them from upgrading their facilities. Also, lack of education 

regarding the consequences of air pollution created by such factories was another finding of this 

study. Therefore, the author argues that how private and state-run sectors can help old industries 

to both receive enough education and funding so that they can work together to solve this issue in 

developing countries. 

 

Keywords: Pollution, industries, developing countries. 
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PREDICTIVE MODELING OF AIRCRAFT FLIGHT DELAY  

Anish M. Kalliguddi, The University of Texas at Arlington, kalliguddianish@gmail.com and Aera K. Leboulluec 

The University of Texas at Arlington, aeral@uta.edu 

 

ABSTRACT 

Flight delay has been one of the major issues in the airline industry. A study by Frankfurt-

based consulting company ñAviation Expertsò, presented that costs of $25 billion were incurred 

in 2014 due to flight delays worldwide. Domestic flight delays have an indirect negative impact 

on the US economy, reducing the US gross domestic product (GDP) by $4 billion. This project 

investigates the significant factors responsible for flight delays in the year 2016. The data set 

extracted from Bureau of Transportation Statistics (BTS) containing one million instances each 

having 8 attributes is used for the analysis. We describe a predictive modeling engine using 

machine learning techniques and statistical models to identify delays in advance. The data set is 

cleaned and imputed. Techniques such as decision trees, random forest and multiple linear 

regression are used. We attempt to put forth a solution to the delay losses incurred by the airline 

industry by identifying the critical parameters responsible for flight delay. Not only airlines incur 

a huge amount of cost per year, airport authorities and its operations are also affected adversely. 

This leads to inconvenience to the travelers. Predictive modeling developed in this study can lead 

to better management decisions allowing for effective flight scheduling. In addition, the 

highlighted significant factors can give an insight into the root cause of aircraft delays. 

Keywords: - Decision Trees, Machine learning techniques, Multiple linear regression, 

Predictive modeling, Random Forest, Flight delay. 

I. Introduction  

Flight delay has been the subject of several studies in recent years. With the increase in the 

demand for air travel, effects of flight delay have been increasing. The Federal Aviation 

Administration (FAA) estimates that commercial aviation delays, cost airlines more than $3 billion 

per year (Nicholas G. Rupp, 2007). According to Bureau of Transportation Statistics, the total 

number of arrival delay in 2016 were 860,646. Impacts of flight delay in future are likely to get 

worse due to an increase in the air traffic congestion, growth of commercial airlines and increase 

in the number of passengers per year. While air traffic delays are likely to persist in future due to 

unavoidable factors such as weather and unpredictable flight maintenance, we seek to identify 

mailto:kalliguddianish@gmail.com
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operational critical factors responsible for delays and create a predictive algorithm to forecast flight 

delay. 

There have been many predictive modeling and simulation attempts to forecast flight delays. 

Juan Jose Rebollo and Hamsa Balakrishnan (2014), summarized the results of different 

classification and regression models. The study reveals that amongst all the methods used on 100 

origin-destination pairs (OD pairs), random forest was found to have superior performance. 

However, the predictability might vary due to factors such as forecast horizon and the number of 

OD pairs. Dominique Burgauer and Jacob Peters (2000) develop a multiple regression model and 

show that factors such as distance, day and scheduled departure play a significant role in flight 

delay. While the model gives the significant factors, the prediction accuracy was found to be poor. 

In addition, the model is limited to only one flight route, namely Los Angeles to San Francisco. 

Q. L. Qin and H. Yu (2014) investigate the overall airline data. A comparison of the K means 

clustering and Fourier fit model yielded that Fourier fit model gave a thorough analysis of the JFK 

airport in different aspects and could predict the delay trend with a high precision. It is found that 

the two methods used work well for a single airport and are not suitable for multiple airport analysis. 

 

From the search of literature,1-5 one may conclude that, to better predict flight delays 

irrespective of the route, number of days and forecasting horizon, operational factors must be 

modeled. The objective of this paper is to analyze the on-time performance of domestic flights for 

the year 2016 and develop a predictive model to forecast flight delay. Background is described in 

section 2, Data description and method used are in section 3. Finally, the conclusions are provided 

in section 4. 

 

II.  Background 

A. Multiple Linear Regression (MLR) 

An MLR is a straight forward approach for predicting a quantitative response Y based on 

multiple predictor variables. The number of predictor variables should be two or more. This model 

assumes that there is approximately linear relation between X and Y. Linear relation meaning, as 

X increases/decreases, Y also increases/decrease. Mathematically we can write a multilinear 

relationship as 

             y = ‍0 + В ‍ix1 +                                                                                (2.1) 
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In equation 2.1, ɓ0 is the intercept and ɓ1é. ɓm are the constants that represent the slope 

of the respective variables. They are described as the mean change in Y when all other variables 

are constant. Many time, it is the case that the predictor variable are dependent on each other i.e. 

the effect of   xi on y depends on the value of xj. Now in this case the simple model as in equation 

2.1 is not sufficient. Terms that model two-factor interactions must be introduced into the equation.  

The linear developed in this project can be represented as a sum of k terms expressed in a 

generic form as 

       y = ‍0 + ‍1x1 + ‍2x2 + é + ‍i(k-1) xi(k-1) +                                                               (2.2) 

where each xi
j is a distinct term from the complete model. The collection of the chosen terms 

is referred as model terms. 

 

B. Decision Trees (DT) 

Decision trees involve stratifying or segmenting the predictor space into several simple regions. To 

make a prediction for a given observation, we typically use the mean or the mode of the training 

observation in the region to which it belongs. Decision trees are simple and easy to interpret. In 

addition, they can be applied to both regression and classification problems. A DT is composed of 

nodes where the topmost node is the root of the tree. Each node is split into two further nodes and 

the nodes that cannot be split further are called the terminal or leaf nodes. DTôs follow a top-down 

greedy approach. It is ñgreedyò because, while splitting, the best split is made at the present node 

rather than looking forward and picking a split leading to a better tree. Due to this approach pruning 

must done, once the tree is formed. An unpruned tree might suffer from overfitting problem and 

providing extremely good accuracy when compared to other models. 

The algorithm of decision tree recursively subdivides the training set into homogenous groups. 

These groups are created using discriminating variables. This procedure is repeated until all the 

data has been divided to belong to a pure subset. 

 

 

C. Random Forest Trees (RFT) 

Random Forest is a method for classification and regression which was introduced by 

Breiman and Cutler (2001). RFôs are an extension of the decision trees. It consists of a collection 

of decision trees that grow in parallel to each other. This helps in reduction of variance in the model. 
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In other word, RFT algorithm averages a set of observations to reduce the overall variance. In RF 

regression, an ensemble of regression trees is grown from separate bootstrap samples of the training 

data using the CART algorithm.7 In the random forest algorithm, the trees are not pruned back and 

the descriptor selected for branch splitting is selected from a randomly selected of predetermined 

size.  

 

D. Mean Squared Error (MSE) 

The mean squared error or mean squared deviation (MSD) measures the average of the 

squares of the errors or deviationsðthat is, the difference between the estimator and what is 

estimated. This difference between the estimator and the estimated value is seen because of the 

randomness in the data or to put in other words, it is because the estimator does not account for all 

the information which would result in a more accurate estimate. It can be stated that the MSE 

measures the quality of the estimator or the predictor. The more the value of MSE closer to zero, 

the better the quality of estimator. Although MSE is a measure of quality of estimator, taking the 

root of the MSE give root mean squared error. It basically measures the standard deviation. 

If Ȓi is the predicted value and yi is the response value, then the MSE of the predictor can be 

estimated by 

               MSE =  В ļi -yi)
2                                                                (2.3)  

In the above equation Ȓi in most cases is a vector of N predictions and yi is a vector of 

observed values or vector of response variable. 

 

III.  Data Description and Methodologies 

 

A. Data source 

The results presented in the study were obtained using the data from the BTS. The period 

for which we analyze the data is from beginning of January 2016 to December 2016. BTS data base 

provides detailed data for individual domestic flights. The fields used for the analysis of the data 

are Departure delay, Taxi in, Taxi out, Carrier delay, Security delay, Weather delay, Late aircraft 

delay, Distance and National air system delay. 

The data is cleaned and processed to obtain a more robust delay estimate. Imputations using 

additive regression, bootstrapping, and predictive mean matching were done to account for the 
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missing values. ñHmiscò package in R studio was used to run the imputations. The raw data set 

spanned for 1 million observations each having 8 attributes. Since the analysis is focused on flight 

delay only nine variables were selected for analysis. Following is the table describing all the 

variables: 

Sr. no. Attribute  Description 

1. Departure Delay Difference in minutes between scheduled and actual departure time. Early 

departures show negative numbers. 

2. Distance Distance between airports (miles) 

3. Taxi In Taxi in time, in minutes 

4. Taxi Out Taxi out time, in minutes 

5. Carrier Delay Aircraft carrier Delay, in minutes 

6. Weather delay Weather Delay, in minutes 

7. NAS Delay National air system Delay, in minutes 

8. Security Delay Security delay, in minutes 

9. Late Aircraft 

Delay 

Late aircraft delay, in minutes 

 

 

B. Data Analysis 

Preliminary analysis 

Figure-1 represents the Scatterplot matrix of all variables. It is observed that departure delay 

has linear relation with Carrier Delay, Weather Delay, NAS delay and late aircraft delay. Since we 

have a somewhat linear relation with four variables, we can use multiple linear regression on the 

data. The diagonal of the plot represents all the variables. A slight hint of multicollinearity between 

variables can be gained from the plot. The relation between Taxi out and NAS delay can have 

multicollinearity problems. However further tests should be carried out to confirm the same. 
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Also, we see that the distribution of all the variables is given in the diagonal of the plot. The 

response variable is highly skewed to the left. This can lead to the violation of the normality rule 

after the basic regression model is formed. 

 

Figure-1 

Scatter plot matrix of all the variables 

 

 

The Predictor Plot Correlation 

The predictor plot gives the Pearsonôs constant for the variables. Pearsonôs constant is 

another way of detecting multicollinearity within the variables. In this study, a value greater than 

0.5 is considered to have serious multicollinearity problems. But it is observed that no Pearsonôs 

constant exceeds this value, suggesting all the variables are independent. It is also observed that 

linear relation between departure delay and carrier delay exists. 
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Multiple Regression Model 

An MLR was developed on the training data set. It was observed that all the variables were 

significant with an r-square of 0.84. A stepwise regression was applied after the main model was 

developed. The stepwise regression gave same results as the original model. The RMSE for the 

MLR model is 21.2 minutes. The MLR equation is given below. 

DepDelay = 10.57 - (7.95) *  (10 -̂4)*Distance - 0.4392*TaxiIn - 0.5579*TaxiOut + 

0.9791*CarrierDelay +                                                                                                                                                          

0.991*WeatherDelay + 0.9088*NASDelay + 1.119*SecurityDelay + 0.8814*LateAircraftDelay 

After the main  MLR was formed, further analysis like residual analysis, normality test and 

constant variance test were conducted.  

a) Residual analysis :- Following is the plot for residual values versus fitted delay values. In the 

residual plot, the values are centered at 0 and the red line indicates the trend of the residuals. 

Some points are scattered in the negative and the positive region at the beginning going from 

left to right. Most of them come in the horizontal band centered around 0. In addition, three 

outliers are observed in the plot. 

However before                                                                                                                                                                         

conforming that those observations are 

outliers we need to do further tests. 

This suggests that the MLR model is 

appropriate. 

                               

 

Figure-2                                                                                                                                                                     

  

DepDelay Distance TaxiIn TaxiOut CarrierDelay WeatherDelay NASDelay SecurityDelay LateAircraftDelay

DepDelay 1 -0.008444647 0.074082215 0.077763781 0.526808035 0.248528239 0.300320601 -0.016650507 0.467740449

Distance -0.008444647 1 0.07150836 0.07118311 0.014189887 -0.027744382 -0.001452409 0.00085407 0.023294442

TaxiIn 0.074082214 0.07150836 1 0.066415487 0.008970034 0.039859885 0.235657187 -0.001850089 0.000618343

TaxiOut 0.077763781 0.07118311 0.066415487 1 0.010281969 0.092641674 0.447768289 -0.009421997 -0.02913716

CarrierDelay 0.526808035 0.014189887 0.008970034 0.010281969 1 -0.050103383 -0.076364223 -0.025475308 -0.133874366

WeatherDelay 0.248528239 -0.027744382 0.039859885 0.092641674 -0.050103383 1 0.018261117 -0.006999512 -0.050246439

NASDelay 0.300320601 -0.001452409 0.235657187 0.447768289 -0.076364223 0.018261117 1 -0.017283281 -0.082314787

SecurityDelay -0.016650507 0.00085407 -0.001850089 -0.009421997 -0.025475308 -0.006999512 -0.017283281 1 -0.042449764

LateAircraftDelay 0.467740449 0.023294442 0.000618343 -0.02913716 -0.133874366 -0.050246439 -0.082314787 -0.042449764 1
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b) Test for Normality:- Figure-3 shows the normal probability plot. We see that it is heavily tailed 

and can conclude that the normality rule is violated.  

The studentized residual tend to go to the negative side 

on the left of the plot and to the positive side to the right 

of the plot. We see that as the normal score increase as 

the studentized residuals increase. But this is not in a 

linear fashion. This suggests that there is no normality 

between the plotted residuals and the expected values.  

Figure-3 

 

c) Variance Inflation Factor (VIF):- Following is a table of all the VIFôs for all the parameters.  

 

VIF is a 

multicollinearity test to 

determine how each variable 

is correlated to another 

variable. The idea is, all 

variables should be 

independent to each other. 

However, almost all data in 

real world are affected by other variables. VIF test helps to identify serious multicollinearity 

problems. 

The decision criteria is, a serious multicollinearity problems occurs when VIF value is 

greater than 5. In the above table, we see that all the values are seen to be around one. This suggests 

that there are is no multicollinearity between any variables. 

 

d) Outliers:- For this test, we must first find the X and the Y outliers. The X outliers are identified 

sing leverage values (hii) and then they are compared to the average leverage values 2*(p/n). 

Where ópô is the number of predictor variables and ónô is the number of observations. We 

know that we consider an X value as an outlier if the (hii)> 2*(p/n). Following is the table of 

all the X and Y outliers. 

Attributes  VIF's  

Distance 1.014873 

Taxi In 1.081754 

Taxi Out 1.420426 

Carrier Delay 1.033722 

Weather Delay 1.077174 

NASDelay 1.345210 

Security Delay 1.011125 

LateAircraftDelay 1.034205 
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The Y outliers are found using the following formula. We identify them using studentized 

deleted residuals. 

 

The decision criteria is when |ὸi| > ὸ (1 īŬ/2n, ὲ ī ὴ ī 1), it is considered to be y outlier 

                         

e) Influential Observations:- Following is cookôs distance graph with respect to the number of 

observations. 

            

                         Figure-4                                                                          Figure-5 

                Cookôs distance                                                                 Leverage graph 

Here we see that observations 233607,319132,520602 are considered as influential 

observations. The observation 233607 is also an outlier as seen in Bonferroni test and residual 

graph. Influential observations are of a concern because they might tend to deviate the fitted line 

towards them. The second graph shows us the leverage values of the outliers. Leverage is defined 

Observation no. R-student Unadjusted p-value Bonferroni p 

233607 -41.01559 0.00E+00 0.00E+00 

631453 -40.0481 0.00E+00 0.00E+00 

319132 -36.28399 5.49E-288 3.72E-282 

619881 -35.00319 3.50E-268 2.37E-262 

520602 -34.65413 6.59E-263 4.47E-257 

646455 32.81721 5.14E-236 3.48E-230 

481652 -31.97198 3.93E-224 2.67E-218 

615562 -31.72412 1.05E-220 7.12E-215 

491093 -31.23493 5.08E-214 3.44E-208 

58303 -31.06832 9.11E-212 6.17E-206 
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as the distance of a point from the total mass of all the points. A normal thumb rule is that, if the 

cooks distance is greater than 1, that point is influential. But Rôs default algorithm considers points 

with a distance greater than 0.5 and classifies those points as outliers.  

Once the outliers are detected, we must remove them due to their effect on the fit of the 

model. In this study, these outliers are excluded from the data set for further analysis. 

 

Decision Tree  

Since the data was not exactly linear, a DT model was developed to analyze the data. The 

parameters of the model are chosen such that the error is minimal. Following are the graphs showing 

the r-square and relative error with respect to the number of splits. 

          

                    Figure-6                                                                                Figure-7 

           R- square Vs number of splits                                       Relative error Vs number of splits 

 

It is seen that the r-square does not increase significantly after 10 splits. Considering the 

cross validation error graph, the tree was pruned to 10 trees from an original size of 14. The splitting 

variables or the significant variable are found to be late aircraft delay, Carrier delay, weather delay 

and NAS delay. The package ñtreeò was used to build the decision tree model. All the parameters 

were kept at the default values. The RMSE for the decision tree model is 26.5 minutes. 

Random Forest 

Random to forest trees were developed for the data. Following table explains the parameters 

for the RF model: 

RF Parameters Values 

 Number of Trees 500 

Independent variable 8 

Number of predictions 290247 

Mtry (no. of split at each node) 2 
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It is seen that a total of 500 trees were constructed 

by the RF algorithm. This number is the default number in 

the ñrangerò package. The r-square is found to be 0.94. As we know RFTôs provides an advantage 

over decision trees, bootstrapping and bagging, construction a large number of decision tress can 

lead to an improvement in prediction results. Default values were used for parameters such as 

number of trees, mtry, variable importance, minimum node size and sample with replacement. The 

prediction error was found to be 153.94 and the RMSE for the RFT model is 12.5 minutes. 

 

IV.  Conclusions 

This study develops a predictive model to forecast flight delays. Models based on multiple 

linear regression, decision trees and random forest algorithms are created and tested in R-studio 

software. Results show that Random forest model outperforms other two models based on the 

evaluation criteria. In addition, the study also sheds light on the significant factors responsible for 

departure delay. The splitting variables or the significant variable are found to be late aircraft delay, 

Carrier delay, weather delay and NAS delay which have the most effect on departure delay. 

Although the model gives a very good prediction accuracy, more variable can be used to 

develop a predictive model. For example, as we have seen weather delay is one of the significant 

factors causing departure delay, Weather data can be extracted and used to develop a predictive 

model for flight delay. The future scope of this study involves various approaches that can be used 

to analyze the data. Principal component analysis or transformation can be done to uncover hidden 

relations between variables. In addition, since the data is not exactly linear, artificial neural 

networks or Support vector machines can be used to analyze the effect of various variables on flight 

delay. 

 

 

 

 

 

 

 

 

R-square 0.94 

Split Rule Variance 
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ABSTRACT 

The number of active users of social media continues increasing on a daily basis, having 

more people using these sites to stay connected with family and friends. According to Rahmati, 98 

percent of American universities have presence on Facebook, and 84 percent are active on Twitter 

while 72 percent of incoming high school seniors report researching their prospective colleges on 

a social media sites. Thus, athletic departments are quickly realizing the impact that social media 

can have in the recruiting process. A well-developed social media strategy can enable coaches to 

more easily promote their schools, athletic departments, and specific programs to potential recruits, 

thus allowing them to find athletes that can satisfy their recruiting expectations, needs, and 

requirements. This research is based on a survey given the coaches and administrative personnel 

within the athletic department at an institution of Higher Education in south Texas. The purpose 

of this research was to investigate the social media usage, strategy and proliferation of this media 

for the recruitment of potential athletes and their knowledge of the regulations established by the 

NCAA for social media use. 

Introduction  

The current trend of social media usage in the process of recruiting student athletes, is 

becoming one of the largest tools in finding, and signing prospective student athletes into collegiate 

level sports. The increased use of social media by student athletes is a key factor changing the 

recruiting process and coaches are trying to keep up with the new trend of recruiting athletes using 

social media. According to DeShazo, 80% of the interviewed athletes (total number of 927 student 

athletes) had a social media account (DeShazo, 2015).  

Social media has forever transformed how recruiting works. For years, the recruiting 

process started with the high school coach. With the rapid increase of social media usage, the 

recruiting process is able to start much earlier, and much quicker. For coaches social media serves 

as an additional channel for contacting, recruiting, and gathering information about players. For 

student athletes, on the other hand, social media can be a means of getting recruited, by elevating 

their social profile through interactions with local fans, students, coaches, and other recruits, in 
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ways unimaginable just a few short years ago (Rahmati, 2016). Thus, social media can provide 

connections among coaches, staff, and prospects in an easy and affordable manner. However, if 

handled incorrectly, institutions can face serious penalties and sanctions from the National 

Collegiate Athletic Association (NCAA), the member-led organization dedicated to the well-being 

and lifelong success of college athletes.  

"Nothing has impacted recruiting more in the last 20 years than social media," Nebraska 

director of player personnel Ryan Gunderson said (Gunderson, 2016). Whether it's through 

Facebook, Instagram, Snapchat, Twitter or some other app, social media has invaded every aspect 

of the recruiting process. Social media has many benefits when it comes to the recruiting process. 

It provides incredible reach and opportunity to coaches, athletic departments and their recruiting 

efforts. Some ways that athletic departments can immediately begin realizing the benefits of social 

media are (Rahmati, 2016): 

¶ Program awareness ï social media provides access that cannot be captured through the 

university website, e-mails, or brochures. 

¶ Instant Connections ï coaches are able to simply connect with a recruit on any social media 

platform and start engaging into a conversation. 

¶ Recruiting insights ï coaches are able to monitor every word that the recruit shares on 

social media. This helps coaches learn more about their potential recruit. 

¶ Competitive intelligence ï coaches and athletic departments have the ability to easily 

identify social conversations around top prospects in order to see how competing schools 

are interacting with prospects.  

¶ Compliance ï the current NCAA regulations about social media usage are much less 

restrictive than traditional recruiting guidelines.  

¶ Free ï this is one of the most important benefits of social media. Social media is free 

making the recruiting process very convenient. Athletic departments are able to save 

considerable amounts of money using social media as a form of recruiting. 

It should be noted that coaches around the country are becoming frequent users of social 

media in the recruitment process.  "If you want to be a good recruiter in today's college football, 

you have to be on social media," Iowa State director of scouting John Kuceyeski said (Kuceyeski, 

2016). "If you're not doing it, you're going to get beat by somebody that's doing it. You have to be 

out there. You have to be different. You have to be completely visible and be accessible, and the 
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best way to do that in today's recruiting world is through social media." "We're using social media 

to rebrand Iowa State football," Campbell said. "We have to brand to recruits what's our style of 

play, who our coaches are, and what's the culture we're trying to put in place here. We're trying to 

create a culture that young people say, 'Man, I want to be a part of something like that,' or 'Hey, 

I'm interested in going to see what's going on,' and 'Why is that place special right now? (Campbell, 

2016). Coaches state that social media help them advertise their school and athletic programs in 

order to attract prospects easily. Social media helps both the potential student athlete and the coach 

to learn more about one another and see if they would be a good fit.  

Social media can be very beneficial to coaches, but it can be detrimental for potential 

student athletes. Many recruits seem to forget that their profiles are public and accessible not just 

to their friends but also to the coaches. Coaches can easily see what the recruits are posting, re-

tweeting , their favorites, likes and share, and in many cases they can also see what a prospect's 

inner circle of friends are doing (Rahmati, 2016). Social media might seem harmless and fun, but 

it has a lot of influence on an athleteôs future. There are numerous examples of recruits having 

scholarships pulled or being completely dropped because of social media entanglements. The 

University of Houston head football coach, Tony Levine, said in a 2014 interview that he has 

dropped three recruits from the 2014 class due to inappropriate remarks posted on social media. 

Levine stated: ñI think it gives you a little insight now into the young man you are talking about 

becoming a part of your program (Levine, 2014).ò In April 2014, Penn State offensive line coach 

Herb Hand issued a tweet indicating that a prospect had been dropped from recruitment due to his 

social media presence, he stated that via social media, he had seen the prospectôs genuine character 

(Associated Press, 2014). Their statements suggests that increasingly, college coaches and athletic 

department personnel are using social media to evaluate a future student-athleteôs character 

(Associated Press, 2014). One ill-conceived tweet, post, or comment can result in the loss of a 

scholarship and future career opportunities with the decision-making responsibility resting in the 

hands of athletic department administrators or coaches (DiVeronica, 2014). Most programs donôt 

have the recruiting budgets and resources that major Division One institutions have.  Therefore, 

smaller schools are doing as much research on recruits as possible before they commit to offering 

a scholarship. There is no room for error, so ñwhat better place to see what a person is really like 

than on their social media account,ò Enright, CEO of Recruit Look said (Enright, 2014). 
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Methodology 

 

Thus, marketing and social media have both a huge impact on every aspect of peopleôs 

lives. This also implies to the NCAA programs, and the process of recruiting potential student 

athletes. As mentioned earlier, it is already known that social mediaôs impact on peopleôs lives 

grows every day. This means that it is very important to find out what recruiting technique coaches 

are going to consider. This is especially crucial to programs with smaller budgets, since recruiting 

with the help of online marketing can save them a lot of money knowing the fact that almost every 

type of social media is free.  

For the purpose of this study, a survey was considered as the appropriate tool to analyze 

the use of social media as a recruiting tool used by current coaches. The survey was given to 31 

coaches at the collegiate level programs in the institution selected for this study. The survey 

included 8 questions about social media related to the process of recruiting, methods of searching 

for potential athletes, benefits of using social media in the recruiting process, and how social media 

has changed the way recruiting is conducted. The recruiting survey was handed to the selected 

group of coaches as a hard copy and then turned in. The names of the coaches selected was obtained 

from the official athletics website posted online. An Informed consent document was created and 

it was attached to each survey given to coaches. An e-mail was sent to the Athletic Director of the 

program in which permission to hand out the survey to coaches was requested. After approval, the 

paper survey was left in the offices of the coaches on campus. No identifiable information was 

requested in the survey. The Information obtained from the surveys was stored in computer files 

protected with a password. This consent form was filed securely in an official area. The questions 

asked in the survey revolved around the preferred social media venue for recruitment purposes, 

how these tools are used, and the level of knowledge about the regulations about social media 

usage stipulated by National Collegiate Athletic Association (NCAA). The survey also asked for 

their input about how they think the institution could help them in their recruitment efforts using 

social media.  
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Results 

 The collected data from the 31 surveys was analyzed using the Excel software. The data 

analysis showed that 94 percent of the institutionôs coaches use social media as a way to connect 

with potential student athletes. Facebook and Twitter were the most frequently used social media 

websites by coaches. Twitter was considered the most frequently used website with 52% of the 

coaches using it, while Facebook was favored by 48%.  Fourty one percent of the coaches see 

social media as a way of getting to know potential student athletes, 28% see it as a way to promote 

the team, 17% use social media as a way to offer scholarships, and 14% use social media to 

promote the schoolôs environment. As previously stated, several coaches have rejected potential 

athletes due to their activity in social media. Coaches at the institution stated that 62% of them 

have encountered the use of inappropriate language by potential student athletes on social media, 

31% have witnessed pictures showing the use of alcohol and drugs, and 7% have witnessed 

statements that could be deemed as discriminatory.  Even though 94% of the coaches stated that 

they are aware of the current NCAA regulations about social media usage, 81% of the coaches 

failed to provide the correct answer to the question regarding the number of NCAA regulations 

applicable to this area.  

Being aware of current NCAA regulations is very important for coaches at collegiate level. 

Since the analysis showed that 81% of the coaches at the institution are not fully aware of the 

existing regulations regarding social media usage, it is pivotal to raise awareness of what those 

privileges entail. Coaches were asked about diverse forms they would like to receive more 

education about social media use in the recruitment process. The survey showed that 58% of the 

respondents stated that they would like to receive training in order to feel more confident when 

they take the test, 32% of them would prefer handouts containing the relevant regulations and 

necessary information. Only 10% of the coaches stated that they would feel confident with their 

knowledge by simply watching a Power Point presentation explaining the regulations that are most 

relevant and that they should be cognizant of. Coaches are tested on a yearly basis, however social 

media use does not seem to be included in the examination.  

 

Conclusion  

Some applicable solutions to increment the knowledge of NACC regulations among 

coaches would be to include such questions in their yearly examination. Increased knowledge 
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during the testing process would facilitate the coachesô efforts in the recruitment process, without 

violating any possible regulations. Social media can be used as a tool to raise program awareness, 

make instant connections, learn more about potential student athletes, and most importantly, it can 

be done at no additional cost. Social media is the way several people communicate nowadays, 

specially the youth targeted by recruiters. This study showed that 94% of the coaches at the 

institution use social media as a way to communicate with potential athletes. For coaches and 

athletic departments, the key is finding the right strategy for targeting suitable recruits. If the 

strategy is using social media, the coaches need to abide with all the current regulations and be up-

to-date as these regulations may change overtime.  Thus, an important finding of this study was 

that coaches at this institution are not fully aware of the current social media regulations.  This can 

lead to serious problems not just for the Athletic Department, but also for the entire institution 

since their lack of awareness may lead to undesired violations of NCAA rules. This potential 

problem can be solved by three applicable solutions. One of the proposed solutions is to provide 

training for the recruiting test that coaches need to take every year. Another viable solution is to 

create handouts consisting of the regulations they need to know, and provide those as the 

regulations change. Finally, a formal Power Point presentation regarding the NCAA rules and 

regulations about social media is another solution that could be taken into consideration.  
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ABSTRACT 

 When measuring the performance of an institution business usually decide on a set of pre-

established and generally accepted criteria. The success of performance measurement depends on 

the organization of the institutions and the suitability of the selected technique. The Balanced 

Scorecard is a performance management system that can be used in different sized organizations. 

Indicators that have a significant share in the performance of the institution but are difficult to 

measure should also be evaluated. The Balanced Scorecard transforms an organization's financial 

and non-financial objectives into logical performance measures. Four dimensions; Financial 

dimension, customer dimension, internal business process dimension and learning and 

development dimension. In this study, a performance evaluation study was conducted for the 

Urban Transportation Unit of a Metropolitan Municipality by using Balanced Scorecard method. 

The fuzzy AHP method was used to eliminate ambiguities in the application of the method and to 

clarify the cases that can not be expressed clearly. 

 

1. Introduction  

Performance management is an important aspect for achieving the targets set by local 

governments. The methods used in performance measurement and the results obtained from these 

methods become increasingly essential. It is important to use multidimensional performance 

measurement methods since local governments do not have core financial targets. In a rapidly 

developing world, goals must be accurately determined and measured performance must be 

managed to achieve the specified goals. 

One of the multi-dimensional performance methods, the Corporate Performance Card method 

(Balanced Scorecard method), was first introduced to the literature by Kaplan and Norton with 

their published paper in 1992. This method is mainly based on the idea that performance 

measurement methods based on financial accounting measurements are now obsolete and lose 

their validity. The Corporate Performance Card is not only an advanced performance measurement 

system, but also a good management system. The system considers four dimensions that must be 
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balanced in measuring enterprise performance: financial, customer, internal processes, learning 

and growth. In this study, it was aimed to create a Corporate Performance Card for the Urban 

Transportation Unit of the Metropolitan Municipality of Erzurum and analyze the factors affecting 

the performance. Within the overall framework mentioned, the second part of the study indicates 

the work done by various authors with the Corporate Performance Card. In the third part of the 

study, information on performance management and Balanced Scorecard was given. In the same 

section, technical information of the fuzzy AHP method used to determine the factor weights of 

the performance card created in practice is also included. In the fourth part of the work, the work 

done for the Urban Transportation Unit of a Metropolitan Municipality for performance 

measurement was given. In this context, the creation of the Balanced Score Card is explained. In 

addition, fuzzy AHP was used in converting the linguistic variables determined into numerical 

results. In the fifth part of the study, the obtained results are briefly summarized and suggestions 

were given in the direction of scientific studies to be done in the future. 

 

2. Literature Review 

 

With the increasing demands and expectations of their stakeholders, government agencies 

now need to deliver more efficient and effective public services while overcoming the burden of 

reduced public budgets and resources(Sivarajah, Irani, & Weerakkody, 2015). 

Local self government carries out diverse activities relating to the development of its 

managed area and ensuring local inhabitants quality of life. With limited financial, material and 

human resources is therefore necessary to carry out their activities looked foresight into the future 

and their activities implemented thoughtfully and with the expectation of a positive outcomes 

(Gec²kov§ & Papcunov§, 2014) 

The decision-making process tends  to be similar in all organizations, even if the decisions 

concern particular issues either in  the  public  or private sectors. The effectiveness of decision 

models depends on the circumstances that shape the organization(Nogueira & Jorge, 2016). The 

reforms introduced in the management and accounting structures of public sector entities, in 

response to Public Management requirements, reinforce the role of accountability as a means to 

improve economy, efficiency and effectiveness in Public Administration. Accountability is no 

longer conceived as merely reporting about complying with norms and procedures, but as the need 



International Conference on Industrial Engineering and Technology Management  

Dallas, Texas - April 7 -9, 2017 CONFERENCE PROCEEDINGS - ISSN 2572-1887 

32 
 

to report on the allocation and use of public resources and the results attained, in order to allow 

assessing public officialsô responsibilities(Nogueira & Jorge, 2016). 

 Here, contingency and institutional theories can be used to explain the reforms in public 

sector accounting, particularly to explore factors possibly affecting information usefulness in the 

decision-making process in the context of public sector entities, namely local authorities (Nogueira 

& Jorge, 2016). Kaplan and Norton (1992) developed the BSC as a new tool including operational 

measures, as well as financial ones, for performance evaluation. The BSC provides management 

with a set of measures that give a fast and comprehensive view of the business. The aspect of non-

financial assetsô accounting for 50-80% of a firmôs value supports the importance of the BSC 

approach (T¿r¿d¿oĵlu, Suner, & Yēldērēm, 2014),(Kaplan & Norton, 2004) 

Financial measurement alone does not reflect the organizational mission of governmental 

and non-profit organizations. Also the greatest difference between businesses and non-profit 

organizations is the achievement of the mission (Ekmek­i, 2014). Since the balanced scorecard 

doesnôt require the measurement of financial terms, it could be easily applied by the public sector 

and non- profit organizations (Ekmek­i, 2014). The urban transportation system is generally based 

on the ISO LCA standards, requiring inclusion of all the life cycle stages mentioned in 

environmental product declarations [13]. The urban public transportation system, considered as a 

special industrial product, is composed by three components , namely infrastructure (road and bus 

station), fuel and vehicles (Meng, Liu, Yang, Hao, & Ulgiati, 2016). 

BSC method is not just a grouping of important indicators of performance evaluation. Its 

consistent application provides a modern way of management, because it helps to align the 

businesses activities with the business processes of company Ӣs value creation and  the BSC to a 

method of strategic management which role is to align the interests of management with the 

interests of employees and the strategic goals with the operational management (Les§kov§ & 

Dubcov§, 2016). As a strategic management tool, the BSC facilitates the translation of the 

organizationôs vision and strategic objectives into operational measures and critical drivers. The 

integration of both financial and nonfinancial performance measurement within the four 

perspectives contributes to a ñbalancedò approach in the monitoring of organizational performance 

(Zin, Sulaiman, Ramli, & Nawawi, 2013).  
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Staying competitive in the global economy needs to move forward new management 

practices in areas such as marketing, design, engineering, manufacturing, finance, accounting and 

human resources. The challenge is to implement new management tools so that available resources 

are thoroughly utilized in the production of quality products and services, which in turn enhance 

organizational competitiveness(Afonso & do Ros§rio Cabrita, 2015). 

The BSC comprises four perspectives, namely finance, customer relations, internal 

business process and lastly, learning and growth. The financial perspective plays a dual role of 

defining the financial performance of an organization with the implementation and execution of 

the company's strategic plans, as well as evaluating the organizationôs profitability using tools such 

as the ROI (Return on Investment) and the EVA (Economic Value Added). The customer 

perspective is a leading indicator that helps the organization evaluates customer satisfaction with 

its brand or services. This is necessary to ensure strong customer loyalty, besides attracting new 

customers (Zin et al., 2013). 

A wide range of research documenting the application of BSC in healthcare, education,  

banking and retailing has been reported. The evolving applications of BSC and strategy 

map in the healthcare sector in Ontario, Canada, have been illustrated. A number of innovative 

approaches adopted by healthcare organizations and health systems in their implementation of 

Kaplan and Nortonôs strategy map and balanced scorecard are described. In 1995, Peel Memorial 

Hospital in Brampton, Ontario, BSC provided with a ñframework for performance management 

and evaluation; the ability to translate the organizationôs strategic objectives into coherent 

performance measures; the alignment of seemingly disparate elements with organizational 

objectives and a focus on accountability at all levels (Farooq & Hussain, 2011). 

 

3. Method 

3.1.Balanced Scorecard 

This approach has been used extensively in developing a strategic plan that incorporates 

more realistic goals and initiatives for achieving the outlined goals. The BSC enables managers to 

have a formalized mechanism that will achieve the balance between financial and nonfinancial 

results in the short and long term and is also a means to evaluate the performance of an organization 

through four traditional perspectives: financial, internal business process, customer and learning 

and growth . Following the identification process, the BSC is applied to these metrics with the 
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intention of evaluating clearly the performance of SC. Each of these perspectives should be 

translated into corresponding metrics and measures that reflect the strategic objectives. These 

perspectives should be periodically reviewed and updated as necessary and may even be extended 

in number. Measures included in the BSC should be monitored over time and integrated explicitly 

in the strategic processes of the SC. In order to make the BSC a successful approach, organizations 

should articulate goals for time, quality, performance and services and finally translate these 

objectives into specific performance measures. It makes no sense for organizations to have only 

financial measures, but rather a combination of these with operational measures (Afonso & do 

Ros§rio Cabrita, 2015). 

Kaplan and Norton (1996) present the Balanced Scorecard as a model that provides 

executives with a comprehensive framework that can translate a companyôs vision and strategy 

into a coherent and linked set of performance measures.  The model views the organizational 

performance from four perspectives: customer, financial, internal processes and learning and 

growth (Ivanov & AvasilcŁi, 2014): 

a. Customer perspective  

Chuck Hannabarger, Frederick Buchman, Peter Economy  agreed that all four Balanced 

Scorecardôs perspectives have the same importance, but the customers are the main reason of 

existence for any organization. They think that employees from many organizations do not know 

what customers need and in which extent their activity affects them.  The main concerns of the 

customers can be classified in four categories: time, quality, performance and service.  

b.  Internal business perspective  

This perspective focuses on all activities and processes that are critical for the organization 

in providing the expected value for the customers.  The main condition in obtaining the desired 

results from process improvements is to assess the organization performance, to identify the 

possible problems that affect the quality of the products.  

c.  Financial perspective  

It is very important to know from where to get your money and how to invest them to 

become profitable. The financial indicators that are analyzed differ from company to company. 

The most common mistake that most of the organizations do is to focus too much on the financial 

indicators ignoring totally or partially the other perspectives.   
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d. Learning and growth perspective  

Organizations must learn that employees are very important not only for their specific 

tasks, but also for their creativity and ability of developing new ideas.  The need for employee 

knowledge, skills and abilities can be very important especially when new technologies and 

processes come to the market. 

 

3.2.Fuzzy AHP Method 

The analytic hierarchy process (AHP) is a multi-criteria decision-making tool developed by Saaty. 

AHP is a systematic procedure to represent elements of any problem in a hierarchical way. Since 

decision-making in the field of strategy formulation have a great deal of uncertainty associated, 

managers should be able to express some degree of confidence in their judgments. The hierarchy 

is structured from the top, usually the main objectives set by management, through the intermediate 

levels to the lowest level, usually the alternatives. These judgments are then translated into 

numbers. This method uses pair- wise comparison in the same hierarchy elements in each level 

using a scale indicating the importance of an element in relation to another. In the context of 

performance evaluation of SC, the AHP can be the best tool for prioritizing and selecting the best 

measure of performance in a given situation (Afonso & do Ros§rio Cabrita, 2015). 

The Fuzzy AHP Method. AHP is one of the most extensively used MCDM analysis tools for 

modeling the unstructured problems in diǟerent areas such as politics, economic, social, and 

management sciences. AHP assumes that evaluation criteria can be completely expressed in a 

hierarchical structure. The data acquired from the decision makers are pairwise comparisons 

concerning the relative importance of each of the criteria, or the degree of preference of one factor 

to another with respect to each criterion. In the conventional AHP, the pairwise comparison is 

made by using a ratio scale. Even though the discrete scale has the advantages of simplicity and 

ease of use, it does not take into account the uncertainty associated with the mapping of oneôs 

perception (or judgment) to a number. In order to deal with the uncertainty and vagueness from 

the subjective perception and the experience of human in the decision-making process, many fuzzy 

AHP methods are proposed by various authors (Erkayman, Gundogar, & Yēlmaz, 2012). 

 

4. Illustrative Example 

Financial dimensions criteriaôs 
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DIMENSIONS  GOALS 

F
IN

A
N

C
IA

L
 D

IM
E

N
S

IO
N

S
 

f1 Research and development studies need to be done 

f2 Increasing business capacity 

f3 Increasing Return on Investment 

f4 Increasing income 

f5 Increase resource efficiency 

f6 

Increasing the budget realization rate and making efforts to ensure that 

the budget is realized 

f7 Shortening the return period of the investment 

f8 Use of income for the right investment purposes 

f9 Increase revenue per employee 

Customer dimension criteriaôs 

C
U

S
T

O
M

E
R

 

D
IM

E
N

S
IO

N
S

 

  

c1 Increasing service quality 

c2 Increasing customer loyalty 

c3 Increasing customer satisfaction 

c4 Reduction of customer complaints 

c5 Meeting or even exceeding customer expectations 

 

 

Internal Processes Dimension Criteriaôs 

 

IN
T
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R
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D
Ķ
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C
R
Ķ
T
E
R
Ķ
A

 

ip1 

Providing fast, easy, transparent, economical, secure and all-around e-

localgovernment applications 

ip2 Applying the digital document and archive system 

ip3 
Increasing operational efficiency and productivity 

ip4 

Reduce error and repeat rate in business processes 

 

 

 

 

Learning and development dimension criteriaôs 
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C
R
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E

R
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ld1 

Improving and enhancing employee skills 

ld2 

Assigning at least 15 staff members to 

outside seminars every year 

ld3 

Determining and ensuring training needs of 

personnel by carrying out training needs 

analysis 

ld4 

Increasing Employees' Participation to 

Management 

ld5 Increasing employee satisfaction 

 

 

Refinement Process Outcome 

 

FINANCIAL DIMENSIONS 9,0% 

CUSTOMER DIMENSIONS  50,7% 

INTERNAL PROCESS DIMENSION  11,2% 

LEARNING AND DEVELOPMENT DIMENSION 29,1% 

 

5. Conclusion  

As a result of the meticulous work carried out in the public transport branch, it was decided that 

the Corporate Performance Card method could be most suitable, and this meticulous work 

continued in the design process. Working with a group of experts who have fully mastered the 

process within the organization has increased the accuracy of the information obtained as a result 

of the study. One of the important points to reach success in establishing the corporate performance 

card is created for the institution and none of the important points are missed. The application of 

a specific method from the literature directly to the firm causes misconception in the study because 

the focus of each firm is vital and accordingly their purpose will be different. The work is based 

on this awareness and is specifically designed for the corporate performance card for  

The vision and mission statements as well as strategies have been clarified before the 

dimensions of the corporate performance card are determined. The dimensions to be worked on 

after this phase are determined as: finance dimension, customer dimension, internal processes and 

learning development dimension. Critical success factors have been identified for each of these 

dimensions. Performance criteria were established in order the institution to measure them in line 

with the objectives set for these success factors and to see the activities of the work done. After 
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the objectives prepared for each dimension, these goals were to determine the contribution to the 

main dimension performance and to set the priority order. 

In doing this study, the literature search was meticulously conducted and it was decided 

that it was most appropriate to translate the linguistic expressions given by the experts into a 

mathematical system by translating them into meaningful numbers. The most suitable method for 

this purpose is the fuzzy AHP because the appropriate method for weighting each of the linguistic 

expressions is the fuzzy AHP. In this method, it is advantageous to use it in more uncertain 

situations where definite expressions can not be determined and to evaluate the criteria by means 

of a binary comparison method. 

As a result of the study, the order of importance of the four dimensions determined. 

Customer dimension is the most important dimension with 50.7%, followed by learning and 

gaining dimension (29.1%), internal process dimension is 11.2% and financial dimension has 9% 

designation. Once the weights of the objectives set in the customer dimension have been identified, 

the order of priority for these objectives has also been determined. The first two of the objectives 

that impact success are: meeting or even anticipating customer expectations (34.2%) and 

increasing service quality (30.8%). On the level of learning and development, the increase in 

employee satisfaction (54,3%) and the development of employee talents (22,4%) took priority. 

The dimensions of finance and internal processes with close percentages in terms of major 

dimensions are also measured in terms of sub-objectives. 
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ABSTRACT  

Wire-cut Electro Discharge Machining (WEDM) is a special form of conventional EDM 

process in which electrode is a continuously moving conductive wire. The present study aims at 

determining parametric influence and optimum process parameters of Wire-EDM using Taguchiôs 

technique and Genetic algorithm. The variation of the performance parameters with machining 

parameters was mathematically modeled by Regression analysis method. The objective functions 

are defined as Dimensional Error (DE), Surface Roughness (SR) and Volumetric Material 

Removal Rate (VMRR). Experiments were designed as per Taguchiôs L16 Orthogonal Array (OA) 

where in Pulse-on duration, Current, Pulse-off duration, Bed-speed and Flushing rate have been 

considered as the important input parameters.  The matrix experiments were conducted for the 

material Hot Die Steel (HDS) having the thickness of 40 mm. The Heat Affected Zone (HAZ) 

characteristics of the eroded materials was assessed by Scanning Electron Microscope (SEM) and 

the microhardness of the material was tested using Vickers microhardness tester. The results of 

the study reveal that among the machining parameters, it is preferable to go in for smaller pulse-

off duration for achieving over all good performance. Regarding pulse-on duration, higher values 

are recommended for error constrained machining with higher MRR and constrained/limited 

values for attaining good surface texture. Smaller current is suggested for better surface 

finish/texture control, medium range for error control and high value for MRR. Finally, the 

validation exercise performed with the optimum levels of the process parameters. The results 

confirm the efficiency of the approach employed for optimization of process parameters in this 

study. 

Key words: Genetic Algorithm, Regression, Taguchi Analysis, Wire Cut Electro Discharge 

Machining (WEDM).   
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1. Introduction  

The mechanism of material removal in a conventional EDM process has been well 

documented. By choosing the electrode as a continuously moving conductive wire, the capability 

of the machining can be augmented.  

A wire cut EDM can machine exotic material and complex shapes. Higher productivity, 

desired accuracy and better surface finish are the stay features of WEDM. Researchers have 

conducted studies on the performance of WEDM and concluded that even a skilled labourer finds 

it difficult to obtain optimal performance due to operational constraints. An effective way to tide 

over this problem is to determine appropriate relationship between the performance indicators of 

the process and its controllable input parameters such as pulse-on duration, current, pulse-off 

duration, bed-speed and flushing rate. In this present study of WEDM, the effect of controllable 

input parameters on HDS are investigated. 

Since Wire-cut EDM is an essential operation in several manufacturing processes, several 

research work have been carried out to improve the machining performance of WEDM; namely 

surface finish, accuracy and material removal rate. Because of its complex and stochastic nature 

and the increased number of variables involved in the operation, the full potential utilization of 

this process is not completely solved. Number of authors has performed their research related to 

optimal parameter setting in this process. 

Lin, et al, [1] presented the use of grey relational analysis based on an orthogonal array and 

the fuzzy-based Taguchi method for the optimization of EDM process with multiple process 

responses. Both approaches can greatly improve process responses such as the electrode wear ratio, 

material removal rate and surface roughness. However, it seems that the method based on the 

orthogonal array with the grey relational analysis method is more straightforward than the fuzzy-

based Taguchi method for optimizing the EDM process with the multiple process responses.  

Kiyak and Akēr [2] have carried out a study on influence of EDM parameters on surface 

roughness for machining the tool steel (AISI P20) which is widely used in the production of mold 

and die. It was observed that surface roughness of workpiece and electrode were influenced by 

pulse current and pulse-off duration. Higher values of these parameters increased surface 

roughness. Lower current, pulse off duration and relatively higher Pulse-off time produced a better 

surface finish.  
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S. S. Mahapatra & Amar Patnaik [3] identified the relationship between the control factors 

and responses by means of nonlinear regression analysis, resulting in a valid mathematical model. 

Genetic Algorithm is employed to optimize the WEDM process with multiple objectives. The 

study demonstrates that the WEDM process parameters can be adjusted using these techniques to 

achieve better metal removal rate, surface finish and cutting width simultaneously. 

K.H. Ho et al [4] investigated the interrelationship between the various factors affecting 

the process and identifying the optimal machining condition from the infinite number of 

combinations. Several monitoring and control algorithms based on the explicit mathematical 

models, expertôs knowledge or intelligent systems have been reported to reduce the inaccuracy 

caused by the vibration behavior and static deflection of the wire. 

2. Experimental Details 

The experimental studies were performed on a CONCORD DK7720C WEDM machine. 

Different settings of five controllable factors such as pulse-on duration, current, Bed speed, pulse-

off duration, and flush rate were used in the experiments, while wire tension and Servo voltage 

were kept constant throughout the experiment. The value of wire tension is fixed to 1500gf and 

value of servo voltage is fixed to 100V.      

Molybdenum wire with 0.18 mm diameter was used as wire electrode in the experiments. 

A block of square cross section having dimensions 10 mm Ĭ 10 mm was cut on a workpiece. The 

thickness/height of the work piece was 40 mm (eroding section 10 Ĭ 40 mm2) and the angle of cut 

was vertical. The gap between wire and work piece was 0.02 mm and was (constantly) maintained 

by a computer controlled positioning system.  After considering the machining conditions, control 

factors and their four levels were chosen as shown in Table 1.  
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Table 1 Control factors and their levels 

Control Factors Level 

I II  III  IV Unit 

Pulse-on (Pon) 16 20 24 28 Õs 

Current (C) 3 4 5 6 A 

Bed speed (BS) 15 20 25 30 Õm/s 

Pulse-off (Poff) 5 7 9 11 Õs 

Flush Rate(FR) 1.2 2.4 3.6 4.8 Lit/min 

 

The dimensional accuracy was measured using a digital micrometer having least count 

0.001mm (1 micron). By measuring the dimensions of the machined part at three different 

positions along the length of the work piece, the error was calculated. The maximum deviation is 

considered as the response variable. To evaluate the volumetric material removal rate, (mm3/sec) 

the machined volume was calculated and divided by the elapsed machining time.  

Volumetric Material Removal Rate = (0.09 + 0.02) Ĭ 2 Ĭ 40 Ĭ (10 Ĭ 4 + 1.5) / Time taken 

Diameter of the Molybdenum wire = 0.18 mm. 

Spark gap = 0.02 mm. 

Wire entry & exit length = 1.5 mm. 

The average surface roughness value Ra (Õm) was obtained by measuring the mean 

absolute deviation from the average surface level using a Handysurf E-35A portable surface 

measuring unit. Among various parameters available in the surface measuring instrument, the 

parameter Ra was considered in the present study. Surface roughness along the length and across 

the length was measured. Generally surface roughness is measured parallel to movement of the 

wire. In the present study, roughness was measured along both parallel and perpendicular to the 

direction of the wire movement in machining. The maximum dimensional deviation and surface 

roughness are considered for the analysis. The traverse length considered for the measurement of 

surface roughness was 12.5 mm along the length and 6 mm across the width of the work sample. 

The dimensional error is checked on points along Y1Y2 direction and the surface roughness is 

measured along X1X2 direction over a sampling length of 6 mm as shown in Figure 1. 
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  Figure 1 Measuring directions 

For microstructure analysis, JOEL 6510LV Scanning Electron Microscope (SEM) was 

used. 

3. Multi -Objective Optimization Problem (MOOP) & Genetic Algorithm (GA)  

As the name suggests, a Multi-Objective Optimization Problem (MOOP) deals with more 

than one objective function. A multi-objective optimization problem has a number of objective 

functions which are to be minimized or maximized. There are several multi-objective optimization 

techniques used for this purpose. It was decided to select Genetic Algorithm (GA) for the present 

work. They operate on a randomly generated population in the search space simultaneously and 

perform a global optimization by the three genetic operations, ie., selection, cross over and 

mutation. According to evolutionary theory, only the fittest suited elements of a population can 

survive and generate offsprings, there by transmitting their biological heredity to new generations. 

The evolution starts from an initial population of completely random individuals represented in 

binary strings of 0ôs and 1ôs and are involved in the generation process. In the present study, the 

target is to minimize the Dimensional Error and Surface Roughness and maximize the material 

removal rate. Accordingly, the objective function for the optimization problem considered here is 

defined as f (objective) = DE+SR-MRR [5]. 

4. Results and Discussions 

The data pertaining to parametric influence on dimensional deviation, surface roughness 

and material removal rate are presented in the Table 2.  
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Table 2 Parametric influence on DE, SR and MRR 

Run Pulse-on 

duration 

(Õs) 

Current 

(A) 

Bed Speed 

(Õm/s) 

Pulse-off duration 

(Õs) 

Flush 

rate 

(lit/min) 

Dimensional 

Error 

(Õm) 

Surface 

Roughness 

Ra (Õm) 

MRR 

(mm3/ min) 

1 16 3 15 5 1.2 2 2.08 3.338 

2 16 4 20 7 2.4 10 2.27 3.926 

3 16 5 25 9 3.6 22 2.35 4.8 

4 16 6 30 11 4.8 24 2.48 6.08 

5 20 3 20 9 4.8 28 2.36 3.338 

6 20 4 15 11 3.6 30 2.44 3.204 

7 20 5 30 5 2.4 3 2.43 7.023 

8 20 6 25 7 1.2 8 2.5 6.407 

9 24 3 25 11 2.4 16 2.49 4.76 

10 24 4 30 9 1.2 10 2.6 5.002 

11 24 5 15 7 4.8 6 2.7 3.4 

12 24 6 20 5 3.6 4 2.7 6.086 

13 28 3 30 7 3.6 10 2.85 7.4 

14 28 4 25 5 4.8 6 2.47 6.389 

15 28 5 20 11 1.2 16 3.06 5.186 

16 28 6 15 9 2.4 12 3.02 4.337 

 

The values indicated are the average of 3 readings (trials). With lower levels of machining 

parameters, the experimental value shows the least deviation. 

4.1 Parametric Influence on Dimensional Error (DE)  

Response plots on dimensional deviation are shown in Figure 2. Higher Signal to Noise 

(S/N) ratios are for minimizing the target (dimensional deviation) ie, minimum deviation in 

dimension can be obtained with higher S/N ratios. 
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Figure 2 Response plot on Dimensional Error 

 

Among the machining parameters, Pulse-off duration and Flush rate influence most on 

dimensional deviation. With smaller Pulse-off duration and Flush rate, greater control on 

dimensional deviation can be obtained. Also with smaller Bed Speed, an improvement in 

dimensional deviation control can be obtained. Regarding Pulse-on duration and Current, medium 

range exerts better control.  

4.2 Micrographic Observation 

Basic microstructure of HDS (before machining) and the cross section of spark eroded 

HDS material with conditions leading to higher dimensional error (30 ɛm) is shown in Figure 3 

and 4 respectively. The basic microstructure clearly shows finely dispersed carbides with Ferrite 

boundary ensuring medium hardness.   
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Figure 3 Microstructure of HDS (before machining)                                          resolidified layer 

Figure 4 Typical HAZ ï Micro structure of 

sample-6 (conditions leading to higher 

dimensional error) 

Figure 4 shows relatively thicker (20 ɛm) white layer of resolidified material. The 

resolidified layer is relatively non-uniform containing solidified loops - Also relatively coarser 

structure below the resolidified material can be seen, accounting  for the heat affected, coarsening 

of the material. This results in reduction of hardness/strength of the material in the surfacial region 

(below the white layer). Typical micro hardness variation over the cross section of the eroded 

specimen machined with conditions leading to higher dimensional deviation is shown in Figure 5. 

 

  Figure 5 Variation in Microhardness 

 

The surface has been spark hardened with the substrate experiencing a reduction in 

hardness possibly due to coarsening of the material and over heating. This gradient in hardness 
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affect the performance of this material. Medium pulse-on duration, current and high pulse-off 

duration result in such a variation. 

4.3 Parametric Influence on Surface Roughness 

Typical monitored response plots on surface roughness are shown in Figure 6. 

        

         Figure 6 Response Plot on Surface Roughness 

 

It is seen that pulse-on duration and current exert visible influence on surface texture, 

followed by pulse-off duration. Bed speed and flush rate are seen to influence only marginally. 

Comparing the optimized parameters for controlled dimensional deviation and surface texture, 

distinct difference in the value of pulse-on duration, bed speed and flush rate can be seen. While 

higher pulse-on duration is recommended for error control, minimum pulse-on duration is for 

surface control, smaller current value for texture control, larger bed speed and flush rate for texture 

control. Thus it can be inferred that unlike the dimensional tolerance control/error toleranced 

machining, for attaining good surface texture preference is for smaller pulse-on duration, smaller 

current, smaller pulse-off duration and higher flush rate. 

4.4 Parametric Influence on MRR 

The response plots indicating the parametric significance with regards to MRR are shown 

in Figure 7. 
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Figure 7 Response Plot on MRR 

The parameters that influence material removal rate are pulse-on duration, current, bed 

speed and flush rate. Flush rate exerts a moderate influence on material removal rate while bed 

speed has a direct influence in a positive manner. Pulse-off duration has a negative influence.The 

optimized parameters on DE, SR and MRR are illustrated in Table 3. 

Table 3 Optimized parameters on DE, SR and MRR 

Sl No. Control Factors Optimum level 

on DE 

Optimum level 

on SR 

Optimum level on 

MRR 

Unit 

      

1 Pulse-on 24 16 28 Õs 

2 Current 5 3 6 A 

3 Bed Speed 15 25 30 Õ/s 

4 Pulse-off 5 5 5 Õs 

5 Flush rate 1.2 4.8 3.6 ltrs/min 

 

The values are typical for rough machining conditions facilitating higher MRR. It is seen 

that upper bound values of MRR tend to progressing rise with high pulse-on combination, which 

lower bound values tend to increase marginally. Comparing the optimized values for dimensional 

deviation, surface roughness and material removal rate, it is seen that for control of dimensional 

deviation and higher MRR, relatively higher pulse-on duration is recommended, while for surface 

finish medium pulse-on duration is recommended. Also higher current is recommended for 

dimensional deviation control and higher MRR. All criteria call for least pulse-off duration. Higher 

Flush rate is recommended for surface finish; it can be inferred that higher beam intensity is for 
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MRR and error control while medium intensity and higher flush rate (facilitating debris/shorting 

free electrode gap) for finish control.  

4.5 Regression Model 

The statistical analysis of data pertaining to parametric influence on dimensional deviation, 

surface roughness and material removal rate  results in equation 1, 2 and 3 respectively. The 

regression coefficient (R squared = 1 - (Residual Sum of Squares) / (Corrected Sum of Squares)) 

for the above said equations are 0.889, 0.882 and 0.880 respectively. 

DE   =    7.976   Ĭ   P-on -0.750    Ĭ   C -0.436    Ĭ   BS -0.352    Ĭ   P-off 1.930    Ĭ     FR 0.394       -          (1) 

SR   =    0.498    Ĭ    P-on  0.394   Ĭ   C  0.150   Ĭ   BS  0.1200   Ĭ  P-off  0.098   Ĭ   FR - 0.004   -        (2) 

MRR   = 0.086   Ĭ   P-on    
0.442   Ĭ   C  0.345   Ĭ   BS   0.853   Ĭ  P-off   -0.235   Ĭ  FR  0.027   -        (3) 

Regression analysis on dimensional deviation (equation 1) shows that Pulse-off duration 

and Flush rate exert positive/direct influence on dimensional deviation, while Pulse-on duration, 

current and Bed Speed exert an inverse influence. From the regression analysis on S/R (equation 

2), it is seen that all the parameters barring flush rate exert a direct/positive influence on surface 

roughness.  

4.6 Multi -Objective Optimization Using Genetic Algorithm (GA) 

The dependant parameters/performance evaluation parameters are Dimensional Error 

(DE), Surface Roughness (SR) and Material Removal Rate (MRR) which are the functions of 

independent parameters Pulse-on duration (Pon), Current (C), Pulse-off duration (Poff), Bed-speed 

(BS) and Flushing Rate (FR). So a function has been generated in relation between the various 

dependant and independent parameters of the following form.ie., 

DE    =  F1 (Pon, C, Poff, BS, FR),       

SR    =   F2 (Pon, C, Poff, BS, FR) and  

MRR =   F3 (Pon, C, Poff, BS, FR).  

This functional relation is obtained by performing multiple linear regression analysis. In 

this problem, the target is to minimize the dimensional deviation, surface roughness and maximize 

the material removal rate. Thus the problem formulation becomes a multi-objective optimization 
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considering the above three objective functions [6]. The multi-objective optimization is done using 

genetic algorithm in which the objective function is defined as a composite functions of the above 

three, defined as obj = DE+SR-MRR. The objective function is minimized by executing the GA. 

The convergence history or fitness characteristics of the GA is illustrated in Figure 8. It is clear 

from the figure that no substantial change in the fitness value is observed after 40 generations. This 

indicates that, the parameters have reached the optimum values ensuring minimum dimensional 

error, surface roughness and maximum material removal rate. The values are shown in Table 8. In 

executing the GA, the following values of input parameters are used [7]. 

Population size = 100 

Number of variables = 5 

Probability of crossover = 75%  

Probability of mutation = 5%. 

 

The lower and upper bound/level of these process variables used in the optimization 

procedure are respectively given by  

LB =    [16    3    15     5    1.2]   

UB =   [28    6    30    11   4.8] 

 

The convergence history of the fitness value is regularly monitored as the generation 

proceeds and the algorithm is terminated when the fitness value reaches at threshold consistent 

value for a certain number of generations. However the optimized parameter values can change if 

any of the desired performance indicators (DE, SR or MRR) is given weightage. The optimized 

parameters for the function with equal and more weighting for the responses are shown in Table 

4.  
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Table 4 Optimized values and attainable values 

Sl No. Dependant 

parameters 

Equal 

weighting 

weighting  for 

DE 

weighting  for 

SR 

weighting  for 

MRR 

      

1 Pulse-on 

duration 

27.995974 27.997039 16.25252 28.002 

2 Current 5.999558 5.997720 3.099925 6.0070 

3 Bed speed 29.992016 29.987529 15.25652 30.003633 

4 Pulse-off 

duration 

5.012633 5.002980 5.652555 5.002408 

5 Flush rate 4.754172 1.201789 1.205286 4.800906 

Attainable  

 

Values 

DE =3.76 

SR  = 4.23 

MRR=9.04 

DE = 2.17 

SR   = 4.26 

MRR= 8.71 

DE =5.71 

SR   = 2.83 

MRR= 4.96 

DE =3.76 

SR   = 4.23 

MRR= 9.84 

Experimental Values DE =3.06 

SR  = 3.13 

MRR=9.84 

DE = 2.05 

SR   = 4.28 

MRR= 7.92 

DE = 5.20 

SR   = 2.63 

MRR = 4.66 

DE =3.25 

SR   = 4.15 

MRR= 9.95 

 

For a given weighting on DE, the objective function is changed as obj = DEĬ10+SR-MRR. 

The corresponding fitness characteristics is shown in Figure 9. A reduction is observed only in 

flush rate level. When the weighting is given for SR the objective function gets modified as obj = 

DE+SRĬ10-MRR. Pulse-off duration remains steady with its lower value and all other parameters 

are showing a downward trend. Further, with weighting on MRR, and the modified objective 

function obj = DE+SR-MRRĬ10. There is no appreciable change in parameter levels. 
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      Figure 8 Equal Weighting (3 responses)          Figure 9 Weighting for DE 

 

The confirmation run was conducted taking into account the multi-objective optimized 

parameters for the HDS material. It was found that the machining performance was improved 

and the experimental values are correlating well with the theoretical values/attainable values 

as shown in Table 4. 

With equal weighting for end parameters, the dimensional error estimated using the 

genetic algorithm is 3.76 ɛm while the experimental value is 3.06 ɛm. The estimated value of 

surface roughness is 4.23 ɛm while the experiments gave the result of 3.13 ɛm. The actual 

material removal rate was 9.84 mm3/min while the calculated value gave only 9.04 mm3/min. 

All the three parameters indicate marginal difference between theoretical prediction and 

experimental results. 

In the next step, weighting was given for dimensional error by modifying the algorithm 

and was subjected to close scrutiny. Here, the estimated and experimental values of accuracy 

were 2.17 ɛm and 2.05 ɛm respectively. The surface roughness was 4.26 ɛm and 4.28 ɛm 

respectively indicating very close relation between end results. However, the volumetric 

removal rate fell drastically from 8.71 mm3/min to 7.92 mm3/min indicating a clear loss in 

MRR. 

Further, weighting in the algorithm was given to surface roughness. The accuracy was 

changed from 5.71 ɛm to 5.2 ɛm between theoretical and experimental values. The surface 
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roughness was very proximate and varied to 2.63 ɛm from 2.83 ɛm. There was a positive 

decline in the material removal rate from 4.96 mm3/min to 4.66 mm3/min. 

Finally, the algorithm was modified giving weighting to material removal rate. As was 

done in the previous cases, the theoretical values were computed using the algorithm and 

verified with the laboratory results for its consistency. The accuracy were 3.76 ɛm and 3.25 

ɛm respectively. The surface roughness was 4.23 ɛm and 4.15 ɛm and material removal rate 

changed from 9.84 mm3/min to 9.95 mm3/min. 

While confirming the validity of the Genetic Algorithm, the tabulated statement 

reveals the following. 

1. The algorithm developed can be used as a flexible tool for controlling the end 

parameters. 

2. The algorithm can be used to provide priority for parameters by suitably changing the 

index, there by the weightage. 

3. Higher surface finish can be obtained only at the expense of the material removal rate. 

4. The MRR can be augmented only by sacrificing the dimensional accuracy/surface 

finish. 

 

5. Conclusions 

The following are the important conclusions drawn from the present work. 

ü It is preferable to adopt larger spark intensity in terms of higher pulse-on duration, low 

pulse-off duration, high current, low flush rate and bed-speed for reducing dimensional 

deviation in the erosion of HDS material. 

ü Low pulse-on duration (16 Õs) low current (3A), low pulse-off duration (5 Õs), low bed-

speed (15 Õm/s) and low flushing rate are the optimized parameters for good surface texture 

production. 

ü High MRR can be attained by adopting high spark intensity parameters, high bed-speed 

and medium flush rate. 
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ü Multi ï objective hybrid optimization has shown that with pulse-on = 28 Õs, Current = 6A, 

Bed-speed = 30 Õm/s, Pulse-off = 5 Õs and flush rate of 4.8 lit/min are the optimized values 

for good erosion of HDS material. 

ü HDS machined with low level of erosion parameters has shown a HAZ containing thin 

white layer of re-solidified material and thermally softened substrate material. 

ü The thickness of the white layer in HAZ, spark hardening and coarsening of the substrate 

are directly related to spark intensity. 

ü Minimum pulse-off duration is ideal for better dimensional accuracy, surface finish and 

high material removal rate.          
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ABSTRACT 

Facility layout directly affects the material handling costs of a company. Material handling 

costs are a major part of the total production cost. The most important objective of the facility 

layout problems is to minimize the material handling cost. The material handling cost is stated as 

multiplication of the distance, the volume of handled products and the unit cost of the material 

handling between the facilities or departments. Because it is difficult to change the volume of the 

production, most facility designers focus on reducing the distance between the facilities or 

departments. In this paper, two different facility layout altenatives are implemented for a company 

which produces tubes. The total facility layout area of the company is divided into equal areas and 

assigned to the existing departments by solving the classic Quadratic Assignment Problem (QAP) 

formulation in GAMS mathematical programming language. Additionally, activity relationship 

schedule between departments are expressed as fuzzy numbers and used in objective function of 

QAP. The results obtained have shown that fuzzy weighted Quadratic Assignment Problem 

(FQAP) solution have been better classic QAP.  

Keywords: Facility layout, QAP, Fuzzy weighted QAP, Fuzzy logic 

 

1. Introduction  

Facility layout design problems are commonly studied by the non-polynomial hard (NP-

hard) optimization problems. Facility layout design means planning for the location of all 

workstations, machines, service areas, material and other storages, restrooms, lunchrooms, 

drinking fountains, offices, etc. within the buildings [1]. The facility layout problem determines 

the physical organization of a manufacturing or service system, which is the most widely-studied 

combinatorial optimization problem. It is concerned with finding the most efficient arrangement 

of m indivisible departments with unequal area requirements within a facility [2].  

The facility layout design is a key to improving the productivity of a production system 

[3]. Its objective is to minimize the total cost relationships among the departments, machines and 

facilities [4]. Additionally, an efficient facility layout can reduce the manufacturing lead time [3]. 

mailto:b.turanoglu@atauni.edu.tr,
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Conventionally, the effectiveness of layout problems has been attributed to the flow of materials. 

The material handling cost is  

 commonly used to evaluate alternative layout designs. The location of facilities in a 

production system is determined under the criterion of material handling cost minimization [5]. 

The objective function for minimizing the total material handling cost is given by [6]:  

         

1 1,

. .ij ij ij

n n

i j i j

d f c
= = ¸

ä ä                                                               

n= the number of departments;     

fij= the total flow between department i and j, where i,j= 1,2,é,n; 

dij= the distance between department i and j, where i,j= 1,2,é,n; 

cij= the cost for moving per unit material from department i to department j, where i,j= 1,2,é,n. 

 

The arrangement of the facilities in the service area is referred to a ñfacility layout problemò 

in general. Facility layout is known to have an important effect on manufacturing costs, 

productivity, etc. A well-designed placement of the facilities contributes to the effectiveness of 

processes and can reduce the total operating expenditures up to 50% [1]. 

The facility layout problem (FLP) is the most studied combinatorial optimization problem 

in a facility layout design [7]. The various methods and approaches are used for solving FLPs in 

the literature. Some of these use several heuristics such as the genetic algorithm 

[8,9,10,11,12,13,14,15,16,17,3,18,19] simulated annealing [5,20,21,22], the hybrid heuristics 

[23], the ant colony algorithm [24,25,4,26,1,27,23,19], the Quadratic Assignment Problem 

[28,29,30,31,27,32,19,33], the simulation-based techniques [34,35,36]. 

In this study, we have assumed that the total facility layout area of the company is divided 

into equal areas and assigned to the existing departments of these equal areas by solving the QAP 

and FQAP in GAMS mathematical programming language. 

 

2. Industry Application  

2.1.  Improving the Layout Alternatives Using the Classic QAP and Fuzzy Weighted QAP 

The facility layout design problem is a largely studied non-polynomial hard (NP-Hard) 

combinatorial optimization problem [1]. QAP was introduced by Koopmans and Beckman in 1957 

and a NP-Hard problem [25]. The QAP is a significant combinatorial optimization problem in 
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theory and practice. Many problems (backboard wiring, campus and hospital layout, etc.) can be 

formulated as QAPs. The QAP can be defined as the problem of assigning a group of pieces to a 

group of facilities or departments with given distances between the facilities or departments and 

flows between the pieces. The goal is to place the pieces on facilities in such a way that the total 

material handling cost is minimal [32]. 

The Quadratic Assignment Problem is a variety of assigning problem often seen in facility 

location and layout studies. The basic difference of the Quadratic Assignment Problem from the 

classic assignment problem is that in the Quadratic Assignment Problem there is interaction 

between assigning pairs, leading to a non-linear objective function. Facility layout problems are 

problems that needed the assessment of various flow relationships and in the literature the 

Quadratic Assignment Problem is frequently used for solving these problems. The Quadratic 

Assignment Problem is one of the most difficult problems in the NP-hard class, which implies that 

finding a polynomial time algorithm to solve it is unlikely [28]. Indeed, the computational 

complexity of QAP is such that even instances of size 20Ò n Ò30 represent a real challenge for the 

current exact approaches [38]. 

The QAP initial formulation is due to Koopmans and Beckman, where the cost of assigning 

facility i to j and of facility k to location l is fik.djl with fik denoting the material flow per unit 

time between facilities i and k and djl denoting the distance between locations j and l. Define xij 

to be 1 if facility i is assigned to location j, and 0 otherwise [39]. The formulation of the QAP is 

as follows: 

Minimize = 
, , , 1

. . .ik jl ij k

i l

l

n

j k

f d x x
=

ä  

1

1,
n

ij

i

x
=

=ä     { }1,...,j n" Í  

1

1,
n

ij

j

x
=

=ä  { }1,...,i n" Í  

}{0,1ijx Í  

The application of this study is to assign existing departments to equal areas by solving the above 

QAP formulation in GAMS mathematical programming language if the total facility layout area 

of the company is divided into equal areas.  

The inputs and the assumptions of the problem are as follows: 



International Conference on Industrial Engineering and Technology Management  

Dallas, Texas - April 7 -9, 2017 CONFERENCE PROCEEDINGS - ISSN 2572-1887 

62 
 

 The production area to be designed for the company includes seven departments. 

These are raw material storage, press department, weld department, supplier manufacturing 

department, mechanical test department, finish department and storage. 

 The from-to chart which shows the volume of handled products between the 

departments is given by Table 1. This chart has been created for monthly average production 

capacity of the company. Furthermore, each value of this chart has been implied as strongbox 

number which is executed back and forth between the departments because materials are handled 

by strongboxes.  

 

Table 1. The from-to chart 

Departments Departments 

1             2              3               4              5               6               7 

1 

2 

3 

4 

5 

6 

7 

0 

0 

0 

0 

0 

0 

0 

200 

0 

0 

0 

0 

0 

0 

0 

300 

0 

100 

0 

0 

40 

0 

67 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2500 

0 

0 

0 

2500 

0 

2500 

0 

75 

0 

0 

0 

0 

0 

2500 

0 

 

 

 The total facility layout area of the company is divided into equal areas. According 

to this, the total area (1350 m2) assigned to the departments have seven equal areas, each one about 

192.8 m2. For each department, the area needed is no more than 198.2 m2 (Fig.1). 

  

Figure 1. The total facility area 
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 The distances between these areas are rectilinear distances between the centres of 

gravity of these areas (Table 2). 

 

Table 2. The rectilinear distances between the locations (meter) 

Areas         1              2               3                 4               5                6                7 

1 

2 

3 

4 

5 

6 

7 

- 

15 

30 

16.875 

28.125 

39.375 

50.625 

15 

- 

15 

31.875 

32.675 

32.675 

31.875 

30 

15 

- 

46.875 

37.5 

20.625 

16.875 

16.875 

31.875 

46.875 

- 

15 

22.5 

30 

28.125 

32.675 

37.5 

15 

- 

15 

22.5 

39.375 

32.675 

20.625 

22.5 

15 

- 

15 

50.625 

31.875 

16.875 

30 

22.5 

15 

- 

 

The number of facilities of this layout problem we have discussed is fewer. Because of that, 

the solution is reached by the QAP model in a matter of seconds. Under the specified constraints, 

at the end of 21 iterations, the optimum value of the objective function has been found to be 

1631057,5. According to the solution, variables Xij that takes value 1 are: X13, X24, X32, X41, 

X55, X66, X77 . Therefore, the assignments are as follows; raw material storage to location 

number 3, press department to location number 4, weld department to location number 2, supplier 

manufacturing to location number 1, mechanical test to location number 5, finish department to 

location number 6 and storage to location number 7 (Fig.2). 

 

 

Figure 2. The new layout by solving the QAP model 
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Fuzzy set theory was proposed by Zadeh in 1965. A fuzzy set is a set with a straight limit 

which permits a partial membership. Consequently, the concept of a membership is a degree which 

reflected as a number between 0 and 1, We have accepted triangular fuzzy numbers for qualitative 

expressions used in an activity relationship schedule. As shown in the Table 3, in this study, 

qualitative expressions used in activity relationship schedule between departments are transformed 

into triangular fuzzy numbers as  =(l,m,u). These fuzzy numbers are clarified using the formula in 

equation (1) and added as a multiplier (wik, fuzzy relation weight between department i and 

department k) to the objective function of classic QAP. Constraints for fuzzy weighted QAP are 

as classic QAP model.  

           P( ) = M = (l+4m+u)/6                                               (1) 

Table 3. The triangular fuzzy numbers corresponding to qualitative expressions 

Qualitative expression Triangular fuzzy number 

Absolutely necessary (A) 

Especially important  (E) 

Ķmportant  (I) 

Ordinary closeness (O) 

Unimportant (U)                      

(8,9,9) 

(6,7,8) 

(4,5,6) 

(2,3,4) 

(1,1,1) 

 

In Table 4, 5 and 6 respectively activity relationship schedule between departments, 

activity relationship schedule which is expressed as triangular fuzzy numbers and activity 

relationship schedule which is clarified are shown. 

 

Table 4. Activity relationship schedule between departments 

Departments Departments 

1              2              3               4              5              6               7 

1 

2 

3 

4 

5 

6 

7                            

   

U 

O 

U 

U 

U 

U 

U 

O 

U 

O 

U 

U 

U 

U 

U 

O 

U 

O 

U 

E 

O 

U 

U 

O 

U 

U 

U 

U 

U 

U 

U 

U 

U 

A 

U 

U 

U 

E 

U 

A 

U 

E 

U 

U 

O 

U 

U 

E 

U 
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Table 5. Activity relationship schedule with triangular fuzzy numbers 

Departments Departments 

1               2               3               4              5              6               7 

1 

2 

3 

4 

5 

6 

7                            

   

(1,1,1) 

(2,3,4) 

(1,1,1) 

(1,1,1) 

(1,1,1) 

(1,1,1) 

(1,1,1) 

(2,3,4) 

(1,1,1) 

(2,3,4) 

(1,1,1) 

(1,1,1) 

(1,1,1) 

(1,1,1) 

(1,1,1) 

(2,3,4) 

(1,1,1) 

(2,3,4) 

(1,1,1) 

(6,7,8) 

(2,3,4) 

(1,1,1) 

(1,1,1) 

(2,3,4) 

(1,1,1) 

(1,1,1) 

(1,1,1) 

(1,1,1) 

(1,1,1) 

(1,1,1) 

(1,1,1) 

(1,1,1) 

(1,1,1) 

(8,9,9) 

(1,1,1) 

 

(1,1,1) 

(1,1,1) 

(6,7,8) 

(1,1,1) 

(8,9,9) 

(1,1,1) 

(6,7,8) 

 

(1,1,1) 

(1,1,1) 

(2,3,4) 

(1,1,1) 

(1,1,1) 

(6,7,8) 

(1,1,1) 

 

Table 6. Activity relationship schedule which is clarified (wik) 

Departments Departments 

1              2               3              4              5              6               7 

1 

2 

3 

4 

5 

6 

7                            

   

1 

3 

1 

1 

1 

1 

1 

3 

1 

3 

1 

1 

1 

1 

1 

3 

1 

3 

1 

7 

3 

1 

1 

3 

1 

1 

1 

1 

1 

1 

1 

1 

1 

9 

1 

1 

1 

7 

1 

9 

1 

7 

1 

1 

3 

1 

1 

7 

1 

 

As in classic QAP, fuzzy weighted QAP has been solved in GAMS. Under the specified 

constraints, at the end of 21 iterations, the optimum value of the objective function has been found 

to be 1240371,250. According to the solution, variables Xij that takes value 1 are: X17, X24, X32, 

X41, X55, X66, X73 . Therefore, the assignments are as follows; raw material storage to location 

number 7, press department to location number 4, weld department to location number 2, supplier 

manufacturing to location number 1, mechanical test to location number 5, finish department to 

location number 6 and storage to location number 1 (Fig.3). Compared to classic QAP solution, it 

is seen that raw material storage and storage are replaced. Despite this small change, there has 

been a reduction of about 24% in the objective function. This means a reduction of transportation 

cost of 24%. 
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Figure 3. The new layout by solving the fuzzy weighted QAP model 

 

 

3. Conclusion 

The facility layout problem is one of the well-studied problems in the field of combinatorial 

optimization. We have implemented two different layout alternatives for a company which 

produces tubes in this study. We have solved the QAP formulation in GAMS mathematical 

programming language. The QAP and fuzzy weighted QAP formulation have been traditionally 

used to model the facility layout problem. However, the solution time increases exponentially with 

the number of facility in a facility layout problem. Therefore, it would be logical to use heuristic 

methods (such as genetic algorithms, simulated annealing, tabu search) for large-scale problems.   
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ABSTRACT 

This research portrays the robot arm design using SolidWorks CAD for TAMU-K 

Humanoid Robotic Arm and develops a decision-making process for selecting the best set of smart 

servo motors considering weight, cost and lifting capacity. This research elaborates Profile Model, 

Checklist Model and Analytical Hierarchy Process for motor selection. Lastly, the LP and NLP 

models are used to find optimal set of motors. The results show that this decision making procedure 

is effective yet efficient for not only the motor selection process but the selection process in various 

area with many candidates. 

Introduction  

Robotics is the discipline concerning the robot control, design, and application in industry. 

While designing robot arm with multiple degrees of freedom, the Torque required at each joint to 

lift the assumed load varies according to the geometrical parameters of arm components, the 

weight of components and also the weight of preceding motors. It becomes very tedious and time-

consuming process for designers to select an optimal set of motors considering multiple criteria 

such as cost, weight, stall torque, different brands of motors in the market, voltage ratings and 

range of lifting capacities at the same time.  

The TAMU-K Humanoid Robot Arm as seen in the appendix was designed in 2015 [1], 

however, does not have a gripping mechanism integrated within it and it lifts 350 grams of weight. 

Hence, the version 2 was designed with addition of gripper. The CAD and FEA analysis results 

showed 1000 grams of load without any component failure. However, the estimated cost was 

higher than the original for all components of new design.  So, this research begins with the cost 

estimation of the version 2 and lastly develops the version 3 and the version 4 by Decision-making 

process and Mathematical Programming models respectively. Details of the version 1 are 

presented in the Appendix 1. 

Literature Review 

Dr. Saaty gave the example of selection of best vendor through AHP considering factors 

such as suppliersô proximity, material cost and material quality. Ranking has been given per the 

importance of factors and final best one vendor which is the best combination of all factors is 

selected to supply material [2]. Generally, AHP technique evaluates the distinction of values 

between the options deliberately. The issue is separated into sub-components inside lower levels 
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to sort out the fundamental rationality and afterward, the priorities at every level are evaluated 

utilizing pairwise comparison predictions. Similar methodology has been followed in the selection 

of electric drive system for hybrid vehicles [4]. 

Another similar approach called Fuzzy AHP has been elaborated in supplier selection 

problem in one of the gear motor company [3]. This research suggests that fundamental AHP does 

exclude dubiousness for individual judgments, and thus fuzzy logic approach could be used for 

enhancement. At the time of solving the problem of selection of automobile purchase model [6], 

another methodological expansion of the AHP is implemented by concentrating on two issues. 

First, consolidates pairwise correlation with a spreadsheet method utilizing rating scale of 5. While 

doing implementation and rankings they made two groups of managers who answered about their 

satisfaction with automobile. Then synthesized priorities and numbers were tabulated and the 

consistency ratio (C.R.) is used as the decision-makersô weights. At the end, to verify the results, 

sensitivity analysis has been carried out. The results of sensitivity analysis matched with AHP and 

the best is selected as the best choice. While researching on best Fuel selection in the market, Dr. 

Keswani and A. Damle used AHP approach [5]. Here three significant criteria namely fuel 

economy, pick up of vehicle and pollution from the vehicle were considered. They put these 

criteria in the hierarchy of relative importance. 

In Bredilletôs project selection process [7], Project Saturn has a higher risk rating for its 

anticipated return than other projects. Since Project Mercury offers us a 16% rate of return and at 

the same time shows a lower risk than the current efficient frontier, it is considered as an alluring 

choice and a superior option than Project Saturn. The efficient frontier serves as decision-making 

guide by building up the limit level of risk versus reward choices that all future selection decisions 

must be assessed against. In the case of Invariant coordinate selection (ICS), introduced by Tyler 

et al. (2009) together with a one-dimensional variant called projection pursuit (PP) [9] common 

location measure is utilized and eigenvector decomposition is carried out to correlate the data.  

In general, typical project selection models neglect the project scheduling. However, for a 

research on contractor selection problem based on project scheduling under uncertainty [11], it is 

proven that it is one of the measures of candidate selection. While validating results in Innovative 

Artificial Neural Network (ANN) model [10], author calculated the R2 value to check the 

correlation between MLP input and output. It concluded that finest performances during training 
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and validation are the outcome of a repeated trial and error process, matching the properties of 

learning ability of the nodes and the simplification capability of the layers [10]. 

Methodology 

From Cost and weight analysis of the version 1 and the version 2, the cost of the version 2 

is $410 higher than that of the previous design. Similarly, the weight of new design is also getting 

increased by 177 gm. However, it lifts 1000 gm of weight which is 650 gm more lifting capacity 

than the version 1. As seen in comparisons of two versions, once lifting capacity is increased, the 

overall weight and the manufacturing cost are increased. In general, three major factors, such as 

cost, lifting capacity, and the weight, in a robot arm design are correlated, so this research 

discusses, first of all, the correlation using the regression analysis and, next, the optimal selection 

process, which increases the lifting capacity without increasing the cost and weight.  

Regression and Correlation Analysis for Weight, Cost and Lifting Capacity 

Thirty-four different sets of motors are selected from thirty-eight motors which include a 

variety of brands of motors with a variety of voltage ranges. The motor and set details are in the 

Appendix 2 and Appendix 3 respectively. Lifting capacities ranging from 400 grams to 1200 grams 

with an increment of 50 grams were considered. While deciding the set, motors which have less 

cost for calculated torque were selected. However, for deciding the second set, the priority is given 

for motors with lower weight. Each set has six motors for three joints of robotic arm namely 

shoulder, elbow and wrist, i.e. two motors on each joint.  

To ensure that all three considered variables (cost of the motor, weight of motor and lifting 

capacities) are correlated to each other, the regression analysis has been performed using Matlab 

with the following hypothesis, 

H0: Two variables are NOT related. 

H1: Two variables are related each other. 

The Matlab output gave the value of the correlation coefficient of respective variables. The 

values from the output are tabulated below. 

 

 

 

 

Table 1: Output values from Matlab - Correlation coefficient. 
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Variables compared in Matlab Matlab Output - (R Value) 

Lifting Capacity Vs Cost of motors 0.9461 

Lifting capacity Vs Weight of Motors 0.9171 

Weight of motors Vs Cost of motors 0.8656 

 

From the Pearsonôs table, all R values pass the test, so H0 has been rejected in each case. 

This proved that all the three combinations of variables are correlated. After this, scatter point 

graphs for 34 sets of all three combinations were plotted to analyze the data through profile model. 

Profile and Checklist Models for narrowing down the candidates 

In the profile model, this research sets the limits for the lifting capacity (more than 400 

gm), cost (less than $1,081) and weight (less than 451 gm), so that it allows selecting a better 

option. All the limitations are marked on graphs in dotted lines and the sets which fall inside these 

boundary limits were taken into consideration for profile model. Sets which are closely related are 

taken into same group and best sets amongst the group were selected.  

   
(a)                                                              (b) 

 
(c) 

Figure 4: Profile Model: (a) Lifting Vs Cost (b) Lifting Vs Weight (c) Weight Vs Cost. 

Table 2 shows selected good sets from above three scatter plots and Table 3 represents 

checklist model for selected good sets from profile model. From Table 3, it is clear that the set 5 

is selected in all three graphs; the set 10 is selected in both lifting capacity vs. cost of motors and 

lifting capacity vs. weight of motors plots. Similarly, the set 26 is also selected in two graphs. So, 



International Conference on Industrial Engineering and Technology Management  

Dallas, Texas - April 7 -9, 2017 CONFERENCE PROCEEDINGS - ISSN 2572-1887 

75 
 

set 5, 10 and 26 are considered for the Analytical Hierarchy Process. However, all the remaining 

sets are selected only once and it is tough to decide which one to select for the AHP process. 

                

To decide which sets are better, the pairwise comparison based on the checklist model is 

followed as seen in the table 3. Five pairs of sets are formed. To form the pair, the closely related 

sets are considered e.g. pair 1- set 7,8; pair 2- set 11,12; pair 3- set 13,15; pair 4- set 19,20; pair 5- 

set 13,26. Then, two sets in pair are compared at the same time in all the three plots and if any set 

is getting selected in more than one plot then that set is finalized as the best set in the pair. The sets 

8, 12, 15, 15 and 26 are selected as candidates from the five pairs. To select the best candidate, the 

Analytical Hierarchy Process has been implemented. 

Analytical Hierarchy Process for Selection of Best Candidate 

First of all, the pairwise comparison of all three criteria (lifting capacity, weight of motors 

and cost of motors) is performed with the scale of 1-9 showing the level of importance.   

ở

Ở
ờ

#ÒÉÔÅÒÉÁ#ÏÓÔ,ÉÆÔÉÎÇ #ÁÐÁÃÉÔÙ7ÅÉÇÈÔ ÏÆ ÍÏÔÏÒÓ
#ÏÓÔ ρ υ ω

,ÉÆÔÉÎÇ #ÁÐÁÃÉÔÙρȾυ ρ σ
7ÅÉÇÈÔ ÏÆ ÍÏÔÏÒÓρȾω ρȾσ ρ

3ÕÍ ρȢσρρ φȢσσ ρσ Ợ

ỡ
Ỡ

 

The priority vector displays the relative weights among considered criteria. The criterion 

with the highest priority is the cost of all motors 74.82%. The second is the lifting capacity of the 

arm 18.03% while the least on the list is the weight of all the motors with 7.12%. To justify that 

the opinion is consistent, it is required to check consistency index (C.I.) and consistency ratio 

(C.R.) Therefore, Consistency Index = (ɚ max ï n) / n ï 1 = (3.0464 ï 3) / 3 ï 1 = 0.0232; Consistency 



International Conference on Industrial Engineering and Technology Management  

Dallas, Texas - April 7 -9, 2017 CONFERENCE PROCEEDINGS - ISSN 2572-1887 

76 
 

Ratio = ὅὍὙὍ. The consistency ratio is 4% which is smaller than the limit of 10% which validates 

that our evaluation is consistent. 

To select the best set, the paired comparison of selected sets from the profile model is 

performed. Table 3 shows rankings assigned for seven selected sets from profile model.  

Table 3: Ranking according to the criteria. 

Set # Cost of motors Lifting Capacity Weight of motors 

Set 5 9 1 9 

Set 8 8 3 7 

Set 10 6 4 7 

Set 12 5 5 6 

Set 15 4 6 4 

Set 20 3 7 5 

Set 26 1 9 3 

Table 4 shows the weights of the criteria after the pairwise comparison. The set 5 with the 

highest sum of 0.2587 is concluded as best set with AHP technique.  

Table 4: Set of motors with corresponding criteria weights. 

C

riteria  

W

eight 

S

et 5 

S

et 8 

S

et 10 

S

et 12 

S

et 15 

S

et 20 

S

et 26 

C

ost of 

motors 

0

.7482 

0

.3051 

0

.2755 

0

.1342 

0

.1009 

0

.0739 

0

.0558 

0

.0306 

L

ifting 

Capacity 

0

.1803 

0

.0308 

0

.0623 

0

.0748 

0

.1053 

0

.1581 

0

.202 

0

.3667 

W

eight of 

motors 

0

.0712 

0

.3507 

0

.1494 

0

.1494 

0

.1413 

0

.0657 

0

.0934 

0

.0501 

S

um 
1 

0

.2587 

0

.2279 

0

.1245 

0

.1045 

0

.0884 

0

.0848 

0

.0925 

With the set 5 selection, the total cost and the weight are reduced at the same time and it achieves 

a higher lifting capacity. However, AHP technique and the profile model depend on the opinion of a 

designer or a decision maker. Here, the cost of the motor has been given the maximum priority. 

LP and NLP for the optimal selection 

To find the optimal set when all the criteria are equally prioritized LP and NLP models have been 

formulated. For formulations, the following parameters are used. 

C = Cost of Motors, 

 L = Lifting Capacity,  

W = Weight of motors 

a1 = Slope of the fitting line in L Vs C plot 
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a2 = Y-axis intercept of the fitting line in L Vs C plot 

a3 = Slope of the fitting line in L Vs W plot 

a4 = Y-axis intercept of the fitting line in L Vs W plot 

a5 = Slope of the fitting line in W Vs C plot 

a6 = Y-axis intercept of the fitting line in W Vs C plot 

b1 = Y-axis intercept of the surface in multiple regression analysis plots for C, L, W 

b2 = Partial regression coefficient in multiple regression plot for C, L, W (variation in the mean   

        response equivalent to a unit change in X1 when X2 is held constant) 

b3 = Partial regression coefficient in multiple regression plot for C, L, W (variation in the mean   

        response equivalent to a unit change in X2 when X1 is held constant) 

b4 = Value of error between plotted data for multiple regression plots for C, L, W 

YFIT = Z-axis value in multiple regression plot for C, L, W 

X1FIT = X-axis value in multiple regression plot for C, L, W 

X2FIT = Y-axis value in multiple regression plot for C, L, W 

LCR = Lifting Capacity Requirement  

MCR = Motor Cost Requirement  

MWR = Motor Weight Requirement  

 

Table 5 shows generalized equations for Line fitting graphs when all the above parameters are taken into 

consideration. 

 

Table 5: Generalized Equations for Plots. 
Plot Generalized Equation 

Lifting capacity (L) Vs Cost of Motors (C) C = (a1 Ĭ L) + a2 

Lifting capacity (L) Vs Weight of Motors (W) W = (a3 Ĭ L) + a4 

Weight of motors (W) Vs Cost of Motors (C) 

 

C = (a5 Ĭ W) + a6 

multiple regression for L, W, C YFIT = b1+ (b2 Ĭ X1FT) + (b3 Ĭ X2FIT) + (b4 Ĭ X1FIT Ĭ 

X2FIT) 

  

The objective is to find optimal set of motors whose cost is less than that of previous design, which 

was $1,081 also lifting capacity need to be greater than 400 grams and weight of all motors used 

must be less than 451 grams. Figure 5 (a), (b) and (c) shows regression analysis plots for three 

combinations and Figure 5 (d) shows the graph of multiple linear regressions.  
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(a)                                                                  (b) 

                              

         (c)                                                                   (d) 

Figure 5: Line fitting plot ï (a) Lifting Vs Cost, (b) Lifting Vs Weight, (c) Weight Vs Cost 

                           (d) Multiple Linear Regression 3D plot for cost, lifting capacity and motor weight. 

 

Figure 6 shows examples of generalized LP models for all the three variable combinations. 

 

   
(a)                                                           (b)                                                         (c) 

 

Figure 6: Generalized LP models - (a) Lifting Capacity Vs Cost of Motors (b) Lifting Capcity Vs 

                        Weight of Motors (c) Weight of motors Vs Cost of Motors. 

If the objective is to find a set with cost as low as possible, minimum weight and at the 

same time the higher lifting capacity the problem gets converted to Non-Linear. It is clear from 

above study when lifting capacity increases, weight and cost increases. However, in this research, 

objectives are contradictory to the relations between criteria considered; the objective is to find a 

minimal cost with minimal weight and maximum lifting capacity. Figure 7 (a) shows NLP model 

and Figure 7 (b) shows its output. 


