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ABSTRACT 
Railways have always been playing a vital role in economic growth and development of 

Bangladesh by hauling both goods and passengers. Bangladesh Railways has been facing 

many alarming challenges from alternative modes of transport during the past decades. In 

this regard they have taken an initiative to reduce the congestion of the city road and en-

sure a safe journey by introducing commuter train service in different routes in the coun-

try. This research is aimed to asses users perception about this commuter train service. 

The service quality (SQ) of commuter train has been carried out by developing two mod-

els named (i) Adaptive Neuro Fuzzy Inference System (ANFIS) (ii) Probabilistic Neural 

Network (PNN) in this research. For this purpose a questionnaire survey has been carried 

out among 802 respondents whom are travelling in commuter train as their mode of 

transport. This questionnaire was comprises in four sections (i) personal and socioeco-

nomic information (age, gender, occupation etc) of the respondents (ii) 24 questions 

about the service quality (SQ) of commuter train (iii) rating the overall SQ of commuter 

train (iv) selecting at least 10 questions or attributes as the most significant attributes. Da-

ta collection has been conducted at Dhaka, Rajshahi, Narayangonj. The respondents were 

asked to number every question by 1 to 5 where ―5‖ corresponds to excellent quality and 

―1‖ corresponds to very poor quality. About 61% of the total respondents rate the overall 

SQ of commuter train as satisfactory or good and 20% thought that the SQ of commuter 

train is poor. From the data of questionnaire survey 12 attributes have been selected for 

model development. In prediction of Service Quality (SQ) ANFIS has given 61.50% ac-

curacy in training period which is about  395 of total 641 predictions and in testing period 

the accuracy is 47.80% which is about 77 out of 161 predictions which matches with the 

actual value. In PNN the accuracy is 67.40% in training period which is 433 out of 641 

predictions and 44.10% in testing period which is 72 out of 161 predictions which match-

es with actual Service Quality (SQ). Finally, a stepwise approach was followed for rank-

ing the commuter train SQ attributes influencing its overall SQ and the results were com-

pared with that of the public opinions. Attribute ranking was conducted by using Root 

Mean Square Error (RMSE) and correlation coefficient R values and comparing these 

values with the public opinion about the attributes which are most significant. From the 
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results, it is found that 'Bogie condition', 'Cleanliness', 'behavior of staff', 'toilet facility' 

are the most significant attributes. This indicates that some necessary measures should be 

taken immediately to recover the effects of these factors to improve the service quality of 

commuter train. This research came to a result that ANFIS is most suitable for commuter 

train service quality analysis than PNN model. 
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CHAPTER 1 

Introduction 
 

1.1 Background of the study 

Bangladesh is the world‘s most densely populated country with 993 people per square 

kilometer (Bangladesh Economic Review 2011). Like other countries in the world, Bang-

ladesh has also been experiencing intense traffic problem which is increasing day by day. 

It is becoming one of the most intolerable and burning issues for the country. The traffic 

problem has become to a very dangerous arena and has already implicit agonizing extent 

in the cities of Bangladesh. Traffic congestion is a common occurrence almost in all the 

cities of Bangladesh. Among the major urban cities like Dhaka, Chittagong, Khulna and 

Rajshahi especially the Dhaka city is now facing serious traffic problem along with 

drainage, housing, water, sewerage, gas and electricity scarcity.  

Traffic congestion is a common occurrence almost in all the cities in Bangladesh. A large 

number of non-motorized vehicles (scooters, bikes, rickshaws, human haulers) and mo-

torized vehicles (vans, push carts, microbuses, cars, jeeps, trucks) occupy the road, reduc-

ing road capacity and creating congestion, thus making  the roads unsafe for not only the 

pedestrians but the motorists as well. In addition, increases in urban population are creat-

ing pressure on the existing transportation system. This expansion of population is mak-

ing city dwellers life standstill on the roads of major cities during the rush hours of morn-

ing and evening. In order to prevent problems caused by the increase in traffic congestion 

from increased motorization, researchers and public decision makers have become more 

and more prone to public transport that provides continuing general or special transporta-

tion to the public excluding school buses, charter and sightseeing services. Public trans-

portation includes various modes such as buses, subway, rail, trolleys and ferry boats. 

Railway is very popular sector of transportation practice in Bangladesh because of low 

costing and enjoyable journey. It made a great contribution to solve the communication 
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demand as well as the employment problems which have a significant effect in the na-

tional economy of Bangladesh. A large group of peoples are engaged with this subsector 

from staff to executive level to operate the whole system. However as it serving great 

amount of passengers, the quality of service is the main concerning issue in that way. So 

ensuring desire quality of service for the passenger of all groups is the main challenge for 

this sector. Targeting this challenge to identify satisfaction situation regarding the present 

service quality is the main aim of this study. Railway is a dominating enterprise over oth-

ers in Bangladesh. It captures a large amount of land resource of this country. This sector 

share around 20% passengers among all transport sectors in Bangladesh, it is just after 

roadway which covers around 65% and waterway have a contribution of  about 16% of 

total passengers. For freight transportation it covers around 16% on the other hand road-

way cover 48% and waterway cover about 35%.  

In consideration to this situation, the Government of Bangladesh formulated a ―Strategic 

Transportation Plan (STP)‖ with the cooperation of World Bank in 2015. The STP com-

piles a policy as ―Urban Transport Policy‖, identified priority issues and recommended 

implementation of mass transit system and urban expressway in the city. The plan has 

received official node of the government of Bangladesh. Therefore it is expected that do-

nors will come forward to assist improvement of the traffic situation and urban environ-

ment on the basis of STP. In this context a JICA study team is now conducting a study 

with the aim of formulating basic concept of urban development and formulating devel-

opment projects for JICA assistance. During the study process, while confirming the ra-

tionale and necessity for introduction of a mass transit system  it is felt essential to ex-

pand rail based commuter services in and around Dhaka and integrate it with mass transit 

system. Bangladesh Railway (BR) concentrate its services aiming long haul passenger 

and goods but not responding to the transport services required for the densely populated 

country, particularly nearby areas of cities like Dhaka. However, BR has now started ap-

preciate the requirement and started operation of commuter services on a limited scale 

with their available rolling stocks not suitable for commuter services.   

The evaluation of public transport service quality provides a valuable feedback to com-

muter operators to ensure continuous improvement of level of service. Recently, the gov-

ernment of Bangladesh has taken an initiative to reduce the traffic congestion in Dhaka 
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by introducing elevated expressways, Mass Rapid Transit (MRT) and Bus Rapid Transit 

(BRT) systems and for the districts adjacent to Dhaka the commuter railway services . 

Compared with other modes, such as bus or subway, commuter rail service typically has 

low operating costs per passenger mile. Safety and equipment standards are largely regu-

lated separately from those of passenger service convenience and necessity. In Bangla-

desh commuter train service has been introduced in some routes by Bangladesh Railway. 

These routes include Kamalapur to Tongi, Dhaka-Joydebpur-Dhaka route, Kamalapur-

Narayanganj, Chittagong-Najirjhat route, Chandpur-Laksham-Comilla etc. Encouraging 

the use of commuter train and improving its service quality can meet the increasing de-

mand of mobility in an environment friendly and energy efficient way. Statistical and 

empirical models are most commonly used for evaluating service quality of existing 

transportation system. Evaluation of service quality of Railways may give the true picture 

about the short comings in Railway passenger service.  

1.2 Commuter Train Service 
 Commuter rail, also called suburban rail, is a passenger rail transport service that primar-

ily operates between a city centre, and the middle to outer suburbs beyond 15 km (10 

miles) and commuter towns or other locations that draw large numbers of commuters—

people who travel on a daily basis. Trains operate following a schedule, at speeds varying 

from 50 to 200 km/h (30 to 125 mph). Distance charges or zone pricing may be used. 

 

  

 

https://en.wikipedia.org/wiki/Passenger_rail_transport
https://en.wikipedia.org/wiki/Commuter_town
https://en.wikipedia.org/wiki/Commuting
https://en.wikipedia.org/wiki/Zone_pricing
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Figure 1.1 : Commuter Rail Service in Bangladesh 

Bangladesh Railway presently operating nineteen pair of Commuter Trains mainly on the 

following three routs: (a) Dhaka (Kamlapur) - Narayanganj, (b) Dhaka (Kamlapur) - 

Tongi-Joydevpur, (c) Chittagong - Chittagong University route. Except on these routs, it 

also operates sevenmore trains in the name ‗Commuter Train‘ but these are virtually me-

dium distance local trains. 

  

1.3 Definition of Service Quality 
Many scholars agree that service quality can be decomposed into two major dimensions 

(Grönroos, 1983; Lehtinen and Lehtinen, 1982). The first dimension is concerned with 

what the service delivers and is referred to by PZB (1985) as ―outcome quality‖ and by 

Grönroos (1984) as ―technical quality‖. The second dimension is concerned with how the 

service is delivered: the process that the customer went through to get to the outcome of 

the service. PZB (1985) refer to this as ―process quality‖ while Grönroos (1984) calls it 

―functional quality‖. However, while PZB (1985) and PZ (2006) confirmed these distinc-

tions, they often confusingly use ―service quality‖ when they mean ―service process qual-

ity.‖ Thus to avoid any 2 of 16 further confusion a distinction will be made between ―ser-

vice process‖ and ―service outcome‖. Whenever the word service is used, it should be 

taken as the total service which is a combination of process and outcome. Likewise, ser-

vice quality shall be used to refer to the totality of process quality and outcome quality. 
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1.4 Objectives with specific aims and possible outcome 

This study is concerned with the commuter train service quality (SQ) analysis which is 

depending on a number of attributes in different routes in Bangladesh. The objectives of 

the study can be as follows : 

i. To develop ANN and ANFIS-based empirical models for the estimation or prediction 

of service quality(SQ) of commuter trains in Dhaka city. 

ii. To identify and rank the significant attributes influencing SQ of commuter trains de-

pending on neuron's connection weights as well as the results obtained from step-wise 

approach. 

Possible outcome of the studies are as follows 

The expected outcome of the proposed study will help in understanding the existing prob-

lems for the users in using or traveling in commuter trains and also will help to improve 

the service quality of the commuter trains in Bangladesh. The policy makers may also get 

an idea for improving the most important attribute from the model developed. 

1.5 Scope of Works  
The main goal of the study is to expand the rail based commuter services in greater Dha-

ka, its periphery and integrate it with mass transport system of Dhaka. The present condi-

tion of Commuter Services on Bangladesh Railway, current condition of its infrastructure 

including rolling stock, signaling equipment and communication system is required to be 

examined to prepare a development plan for the goal. BR‘s development plan and meas-

ure to this end are also to be considered while envisaging an expended commuter service 

development plan. The structure of this study is therefore, the current condition of com-

muter services, its routs; number of trains, train schedule and number of passengers etc 

are provided. It also describes the current condition of railway infrastructure and rolling 

stock and also describes available passenger amenities, discusses concerning issues of 

Bangladesh Railway for expansion of commuter services, proposing  suggestions on im-

provement plan in respect of policy, infrastructure, rolling stocks and advices target of 
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passenger. Finally it gives indicative investment cost for the commuter service expansion 

and development.  

 

1.6 Organization of the Thesis 
 

This thesis paper comprises of six chapters including this introduction.  

Chapter 1 represents the background of the study. Objectives and scope of the study is 

also discussed in this chapter.  

Chapter 2 represents the past studies about Service Quality (SQ) that helps to understand 

the contributing attributes that affects the quality of service of commuter train.  

Chapter 3 states the study methodology that divided into three parts. These three parts 

contains detail information of survey procedure, description of survey location and de-

velopment of two models, i.e. PNN and ANFIS. 

Chapter 4 investigates and analyses the survey data. The analyses are shown in tabulated 

form and pie chart.  

Chapter 5 compares the performance of the proposed PNN model with that of ANFIS, 

using the commuter train SQ dataset. It also presents the significant attributes which af-

fect the SQ of intercity trains. 

Chapter 6 presents the conclusion, recommendations and prospects of this study and also 

summarizes the major findings. 
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CHAPTER 2 

Literature Review 

2.1 General 

Railways in transportation system always play a vital role in economic growth and devel-

opment of Bangladesh by hauling both goods and passengers. Bangladesh Railways has 

been facing many formidable challenges from alternative modes of transport during the 

past decades. In this chapter a overview of the past studies that had been carried out by 

using various model is discussed briefly. For the development or improvement of the ser-

vice quality of any mode of transportation a detailed discussion is always needed. In this 

purpose a background history and some brief discussion of the ANFIS and PNN model is 

discussed in this chapter. 

2.2 Background of the study 

BR conducted a passenger survey on Commuter trains of Dhaka-Narayanganj route, in 

May 08, which shows that on an average 8,720 passengers per day are travelling by 10 

pair of trains on the section. The trains were over crowded; many passengers are travel-

ling on the carriage roof even at midday lean period. Consultant, after a ride on the train 

on this section, estimates that the ridership has farther increased and it has exceeded 

10,000 passengers per direction per day (PPDPD). Present study encompasses nearest 

district headquarters (HQ) Narayanganj, Joydevpur(Gazipur) and Narshindhi, connected 

by railway from Dhaka. The district headquarters are also well connected with Dhaka by 

regional and national highways. 

Philip Kotler (1997) defined service as 'an action or an activity which can be offered by a 

party to another party, which is basically intangible and can not affect any ownership. 

Service may be related to tangible product or intangible product' On the other hand, 

Zeithaml and Bitner (2003:85) mentioned that, 'Service quality is a focused evaluation 
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that reflects the customer's perception of specific dimensions of service namely reliabil-

ity, responsiveness, assurance, empathy, tangibles.' Based on the assessment of service 

quality provided to the customers, business operators are able to identify problem quick-

ly, improve their service and better assess client expectation.  

Abenoza (2017) investigates a number of both normative and heuristic satisfaction ag-

gregation rules are tested on METPEX (A Measurement Tool to determine the quality of 

the Passenger EXperience) dataset for different types of trip configurations (Paper III). It 

is done to understand how travelers combine trip leg‘s satisfaction into an overall evalua-

tion of their trip, and to investigate the relative importance of satisfaction with access, 

main and egress legs for the whole travel experience of door-to-door trips. The results 

show that normative rules can better reproduce overall travel satisfaction than heuristic 

rules, indicating that all trip legs need to be considered when evaluating the overall travel 

experience. In particular, weighting satisfaction with individual trip legs with perceived 

trip leg durations yield the best predictor of overall travel satisfaction, especially when 

applying a penalty for each waiting time of 3 or 4 times in- vehicle or walking time. 

According to Nogc et al. (2017) the transport user behavior and key factors affecting 

them differ from country to country. For a developing country, a better understanding of 

the users‘ behavior helps transport operators to estimate the demand and to propose tar-

geted incentives, services, and tools. From a city perspective, this may also help to rede-

sign and improve existing transportation policies to increase public transport ridership. 

They also examine customer‘s behavioral aspects while attempting to develop a set of 

quality standards for public transport services in developing countries. Through identify-

ing the specific aspects to be considered in developing countries, their study addresses the 

applicability of various criteria under those specific conditions. Finally, a set of appropri-

ate criteria is proposed and recommendations for the design of quality standards for pub-

lic transport in developing countries are given.  

Service quality is the decisive factor for any service organization to create the difference 

and obtain competitive advantage. Evaluation of service quality of Railways may give the 

true picture about the short comings in Railway passenger service. Quality changes the 
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nature of business competition and, perhaps more than any other factor, it dictated how 

companies make products or deliver services. In the global economy quality is just the 

entry ticket. It is recognized that high quality service is essential for organizations that 

want to be successful in their business (Parasuraman et al 1988; Rust and Oliver, 1994). 

The organization has to battle many competitors who have attained it. The next step is 

figuring out how to differentiate you. This differentiating and improving is possible only 

through service quality measurement. In general, research articles on service quality ad-

dresses two types of problems i.e, instrument for measuring service quality and evalua-

tion of service quality. It is highly desirable to incorporate both problems in a compre-

hensive manner. To this end, a conceptual general methodology for measuring and evalu-

ating the service quality has been proposed. While there are a number of studies on rail 

passenger service quality (eg.Disney, 1988, 1999; Hann and Drea 1998; Drea and Hanna 

2000; Tripp and Drea 2002), there is very little published literature that reports the use of 

SERVQUAL in the assessment of railway passenger service quality. To understand ser-

vice quality there are an array of factors or determinants. A number of researchers have 

provided lists of quality determinants, but the best known determinants emanate from 

Parasuraman and colleagues from USA, who found five dimensions of service quality 

,namely tangibles, reliability, responsiveness, assurance and empathy and used these as 

the basis for their service quality measurement instrument , SERVQUAL (Parasuraman et 

al 1988; Zeithaml et al., 1990). The result was the development of SERVQUAL instru-

ment based on the gap model. The central idea in this model is that service quality is a 

function of the difference scores or gaps between expectations and perceptions. An im-

portant advantage of the SERVQUAL instrument is that it has been proven valid and reli-

able across a large range of service contexts.  

Early research work by Parasuraman et al. (1985, 1988) developed SERVQUAL service 

quality model, where they identified five dimensions—reliability, assurance, tangibles, 

empathy and responsiveness to measure service quality through questionnaires. Several 

researches such as—Gronroos (1984), Brady and Cronin (2001), Karatepe et al. (2005) 

performed extensive SQ assessment in context of user‘s perception. Later, the tech-

niques of SQ were widely implemented in several fields of market research including 
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performance evaluation of public transportation including bus, train and so on. Several 

authors introduced different quality measuring methods and parameters to assess railway 

passenger service quality. The organization named Steer Davies Gleave conducted a 

study between December 1999 to June 2000 to assess the importance of rail passengers 

into improvement of the range and quality of facilities and service on stations and in 

trains in the city of London (Gleave 2000). Wardman (2004) used demand elasticity to 

estimate influence of travel time, fuel cost, car ownership, population on railway service 

quality. Fu and Xin (2007) investigated the relationship between rail passenger satisfac-

tion and service attributes in the urban area of Cossenza of Italy. They conducted factor 

analysis and regression analysis to estimate relationship among attributes. Cavana et al. 

(2007) presented SERVQUAL method using regression analysis to evaluate passenger 

rail service quality by incorporating comfort, connection, and convenience. They re-

vealed that reliability, responsiveness and empathy had significant effects on overall ser-

vice quality. Nathanail (2008) developed framework for assessing the SQ of railway 

from questionnaire survey of passengers and grouped attributes into six criteria. Those 

were—itinerary accuracy, system safety, cleanness, passenger comfort, servicing and 

passenger information among which itinerary accuracy and system safety have been 

found most important attributes. Cantwell et al. (2009) developed a Multinomial Logit 

(ML) model and revealed that improvement in service, reliability and a reduction of 

crowding were related to passengers‘ satisfaction. Brons et al. (2009) assessed the im-

portance of access to the station with overall satisfaction of railway journey through a 

regression analysis. Geetika (2010) evaluated the factors that determine user satisfaction 

with the SQ provided on railway platforms. Determinants found from factor analysis 

were availability, safety and security, quality of refreshments, effectiveness of infor-

mation systems, behavior of railway staff, basic amenities provided on platforms. Re-

freshments and behavioral factors were considered the most significant by passengers. 

Prasad and Shekhar (2010) identified the quality of a rail service by SERVQUAL model 

incorporating assurance, empathy, reliability, responsiveness, tangibles, service product, 

social responsibility and service delivery. Among which service delivery was found as 

the most important factor. Agunloye and Oduwaye (2011) investigated the relationships 

http://www.tandfonline.com/doi/full/10.1080/15568318.2013.849318?src=recsys
http://www.tandfonline.com/doi/full/10.1080/15568318.2013.849318?src=recsys
http://www.tandfonline.com/doi/full/10.1080/15568318.2013.849318?src=recsys
http://www.tandfonline.com/doi/full/10.1080/15568318.2013.849318?src=recsys
http://www.tandfonline.com/doi/full/10.1080/15568318.2013.849318?src=recsys
http://www.tandfonline.com/doi/full/10.1080/15568318.2013.849318?src=recsys
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among arrival time of train, smoothness of ride, and cleanliness of the coaches. The re-

search proposed that the arrival time of trains at stations and trip frequency have signifi-

cant relationship with SQ of train. Chou et al. (2011) incorporated the quality satisfac-

tion-loyalty relationship into a Passenger Satisfaction Index (PSI) calculation to evaluate 

the SQ of high speed rail. The study concluded that level of access to a station and per-

sonal spaces on the train were the most important quality indicators to improve customer 

satisfaction. Irfan et al. (2012) evaluated passengers‘ perceptions about the SQ of a rail 

system through a modified SERVQUAL and service qualities are— empathy, assurance, 

tangibles, timeliness, responsiveness, information system, food, safety and security. The 

study showed that there is a positive relationship among the SQ attributes. Most signifi-

cant correlation was found among tangibles and empathy. 

Conventional models have underlying assumptions and predetermined fundamental rela-

tionships. Modeling non-linear relationship between users‘ satisfaction and attributes 

were widely adopted over last few decades. In these methods, SQ attributes were con-

sidered as independent variables and users‘ satisfaction was taken as dependent varia-

bles. Then coefficients were estimated by relating SQ attributes with users‘ satisfaction. 

Chou et al. (2014) proposed SEM model to test relationship among service quality, cus-

tomer satisfaction and customer loyalty on high speed rail service in Taiwan. The study 

showed that most significant attributes were—cleanness of train, attitude and appearance 

of employee, comfort of air condition, on time performance of the train. De Oña et al. 

(2014) focused on the factors affecting the SQ of railway in Northern Italy using the de-

cision tree approach. The research found that courtesy and competence in station, work-

ability of windows and doors, regularity of train frequency were the major factors for SQ 

of railway. Aydin et al. (2015) proposed a combined fuzzy hierarchy process to assess 

customer satisfaction levels of rail transit. The study provided operational deficiencies 

related to rail transit through customer satisfaction surveys. 

Non-parametric models of Artificial Intelligence (AI) such as ANFIS can provide ad-

vantages over other statistical regression models like linear regression, logistic regres-

sion, ridge regression, lasso regression etc, in analyzing large datasets. They can model 

non-linear relationships with progressive capability and have scope for model validation 

http://www.tandfonline.com/doi/full/10.1080/15568318.2013.849318?src=recsys
http://www.tandfonline.com/doi/full/10.1080/15568318.2013.849318?src=recsys
http://www.tandfonline.com/author/de+O%C3%B1a%2C+Juan


26 

 

as well. Recently, these models are applied widely in the field of science, engineering 

and market researches. Non-linear relationships in many transportation problems can be 

solved accurately by using Fuzzy logic based approach (Teodorovic and Vukadinovic, 

1998). Yen and Langari (1999), Passino and Yurkovich (1998), and Lewis (1997) have 

performed extensive study on fuzzy logic and Fuzzy Inference System (FIS). Later, Neu-

ral Network (NN) based learning was incorporated into FIS to solve many transportation 

problems. Teodorovic and Vukadinovic (1998) presented potential applications of fuzzy 

logic and NNs in solving transportation problems. Park (2002) forecasted freeway traffic 

volume by hybrid network-based fuzzy system. Pribyl and Goulias (2003) developed 

ANFIS for travel behavior study. Andrade et al. (2006) utilized an adaptive network 

based fuzzy logic for transport choice modeling. 

Hadiuzzaman et al. (2017) used Structural Equation Model (SEM) to explain the overall 

service quality of intercity train service by analyzing service quality (SQ) and customer 

satisfaction as perceived by 1037 passengers on intercity train services in Bangladesh. 

Their study presented two structural equation models to find out the influence of the ob-

served variables on the SQ of intercity train service in the context of a developing coun-

try. Out of the two models they selected the best one based on statistical parameters and 

resemblance with real life expectations. In another study, Hadiuzzaman et al. (2018) car-

ried out a modeling study to model the equilibrium speed-density relationship using a 

new fuzzy logic-based approach. To capture the randomness in traffic flow dynamics due 

to fuzziness and uncertainty, it presents the application of the single-unit Adaptive Neu-

ro-Fuzzy Inference System (ANFIS) trained with a hybrid algorithm. Furthermore, it 

proposes a new Premise-Consequent Effect (PCCE) relationship to estimate important 

fundamental diagram (FD) parameters from the ANFIS model.  

Mucsi et al. (2011) utilized ANFIS technique to estimate queue length precisely and ap-

plied it for queue management at signalized intersections. They adopted trapezoidal MF 

for computational simplicity and to capture the similarity with the inputs of simulation 

model. Islam et al. (2016) adopted PNN, Generalized Regression Neural Network 

(GRNN) and Pattern Recognition Neural Network (PRNN) to assess the significant at-

tributes which influence the SQ for Dhaka city bus transit. In another study, Islam et al. 



27 

 

(2016) used PNN and ANFIS to construct and compare the prediction models for bus SQ 

of Dhaka city. They ranked the SQ attributes according to their effect and identify the 

significant attributes. The study revealed that ANFIS performed better than PNN for the 

evaluation of bus transit SQ. 

Inspired by the most recent studies, this thesis paper depicts the application of the ANFIS 

and PNN in the development of a new fuzzy logic-based and neural network based ap-

proach for exploring the relationship among attributes of intercity train‘s SQ with pas-

sengers‘ satisfaction level. Particularly, previous studies showed that the ANFIS based 

SQ assessment seems to be a feasible approach for any mode of public transport. Dataset 

were trained and tested using ANN to check the fitness of the calibrated FIS for estimat-

ing the parameters of observed attributes or variables of railway SQ under normal days 

and special day scenarios. Despite uncertainties and nonlinearities, ANFIS represents a 

mathematical framework that can model the relationship among observed variables, hid-

den layers and output variables quite remarkably. 

2.3 Artificial Neural Network (ANN) 

Artificial Neural Networks are relatively crude electronic models based on the neural 

structure of the brain. The brain basically learns from experience. It is natural proof that 

some problems that are beyond the scope of current computers are indeed solvable by 

small energy efficient packages. This brain modeling also promises a less technical way 

to develop machine solutions. This new approach to computing also provides a more 

graceful degradation during system overload than its more traditional counterparts. 

Whenever we talk about a neural network, we should more popularly say ―Artificial 

Neural Network (ANN), ANN are computers whose architecture is modeled after the 

brain. They typically consist of hundreds of simple processing units which are wired to-

gether in a complex communication network. Each unit or node is a simplified model of 

real neuron which sends off a new signal or fires if it receives a sufficiently strong Input 

signal from the other nodes to which it is connected. 
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Traditionally neural network was used to refer as network or circuit of biological neu-

rons, but modern usage of the term often refers to ANN. ANN is mathematical model or 

computational model, an information processing paradigm i.e. inspired by the way bio-

logical nervous system, such as brain information system. ANN is made up of intercon-

necting artificial neurons which are programmed like to mimic the properties of m bio-

logical neurons. These neurons working in unison to solve specific problems. ANN is 

configured for solving artificial intelligence problems without creating a model of real 

biological system. ANN is used for speech recognition, image analysis, adaptive control 

etc. These applications are done through a learning process, like learning in biological 

system, which involves the adjustment between neurons through synaptic connection. 

Same happen in the ANN. 

2.4 Probabilistic Neural Network (PNN) 

Probabilistic Neural Network (PNN) can map any input pattern to any number of classifi-

cations. It is a four-layered neural network which operates by minimizing the ‗expected 

risk‘ function (Specht et al. 1990). It is based on well-established statistical principles 

derived from Bayes‘ decision strategy and non-parametric kernel based estimators of 

Probability Density Functions (PDFs). Parzen et al. (1962) introduced a smooth and con-

tinuous class of estimators that asymptotically approach the real density. Later, Specht et 

al. (1990) used it in the PNN design. PNN uses the information during testing which were 

stored at the time of training the network. This implies that for each input data there is a 

node in the hidden layer. PNN is also an adaptation of radial basis network that is used 

for classification problems. It has a radial basis portion as activation function and a com-

petitive portion. The four layers of PNN architecture are: input layer, pattern layer, sum-

mation layer and output layer. Figure 1 shows a PNN architecture that recognizes classes 

to determine intercity train SQ by means of a set of user attributes. The first layer shows 

the input pattern consists of 18 user attributes. 
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Figure 2.1 Architecture of PNN 

The number of nodes in the pattern layer is equal to the number of training instances. The 

number of nodes in the summation layer is equal to the number of classes in the training 

instances. The input layer is fully connected to the pattern layer. The input layer does not 

perform any computation and simply distributes the values of user attributes to the neu-

rons in the pattern layer. The pattern layer is semi-connected to the summation layer. 

Each group of training instances corresponding to each class is just connected to one 

node in the summation layer. In other words, the summation units simply sum the inputs 

from the pattern units that correspond to the category from which the training pattern was 

selected. Finally, output layer shows the estimated class extracted from summation layer. 

PNNs are found to be the best neural classifiers among all other ANNs due to their design 

architecture (Jang et al. 1993). Training in PNN is relatively fast as each input is shown 

to the network only once. Unlike the traditional neural networks, no learning rule is re-

quired to train a PNN and no predefined criterions are needed. 

To build the network, at first, the products of the example vector and the input vector are 

summed. For each class node, these activations are summed. The pattern node activation 

(h) shown in the following equation, is simply the product of the two vectors (E is the 

example vector, and F is the input feature vector). 

i i
h E F …………………………………………………………………………………(1) 
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The class output activations (SQ) are then defined as: 
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……………………………………………………..…………………….(2)
 

Where,  

j
C = output class; N = sample size; i

h = hidden-node activation; γ =smoothing factor. 

2.5 Fuzzy Inference System 

Fuzzy Inference System (FIS) is a computational intelligent technique that computes out-

puts based on the fuzzy inference rules and present inputs. These techniques are based on 

fuzzy logic (Zadeh, 1994). FIS methods use fuzzification, inference and defuzzification 

processes. The mapping from the presented inputs to fuzzy sets defined in the corre-

sponding universe is the process of fuzzification that results in fuzzy inputs. In order to 

generate the corresponding fuzzy outputs of these inputs, the decision making inference 

process employs fuzzy inference rules. The defuzzification process produces nonfuzzy 

outputs (Siler & Buckley, 2004). Clustering of numerical data establishes the basis of 

many classification and system modelling applications. The objective of clustering is to 

locate natural groupings in a set of inputs with the intention of congregating similar in-

puts in the same region or class. When data clustering is used to compute fuzzy inference 

rules, the resultant rules are specifically tailored to the data. This is, therefore, an ad-

vantage when compared to FIS developed without clustering (Elwakdy et al., 2008). 

2.6 Adaptive Neuro Fuzzy Inference System (ANFIS) 

In Service Quality (SQ) evaluation, the complex relationships among all observed attrib-

utes create an environment that is difficult to define intuitively. A neuro-fuzzy approach 

which can learn from the training data was used accordingly. Artificial Neural Network 

(ANN) creates a computational structure which functionally can perform like human 

brain. It interconnects neurons or nodes those use input data and Membership Functions 

(MFs) to process and transmit outputs. Jang et al. (1993) adopted the network learning 
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algorithm to Fuzzy-Logic Inference System (FIS) and named the structure as ANFIS. It 

combines the FIS and ANN. A like human brain, ANFIS can process train data to grain 

experience and create a fuzzy-logic based network with complex algorithm. The algo-

rithm works stepwise. The FIS was used to model non-linear relationship and the NN was 

used to calibrate the parameters of input and output MFs. The ANFIS tool in MATLAB 

2014a was used in this research to predict train‘s overall SQ. This tool offers both 

Sugeno-type and Mamdani-type inference system. As Sugeno-type is a more compact 

and computationally efficient representation than a Mamdani system, it gives itself to the 

use of adaptive techniques for constructing fuzzy models (see, Sugeno 1985). Hence, the 

current study chooses the Sugeno-type model in FIS to capture the non-linear relationship 

between commuter train SQ and its attributes. The objective function of ANN training 

optimizes the weights for a specific set of inputs and outputs. The output calculated by 

the network was compared with the corresponding training data. Then the randomly set 

parameters were adjusted in order to reduce the errors of output. The optimization pro-

cess ends when the error reaches expected value. To calibrate parameters, back propaga-

tion or a combination of least-squares and back propagation gradient descent method is 

used in ANFIS structure. 

The calibration of MF was performed by using input data (i.e. observed attributes) and 

output data (i.e. overall passenger‘s satisfaction) through the learning process. The pro-

cess consists of two main steps, the collection of learning data and FIS generation. Data 

collection consisted of gathering sufficient relevant training data describing the relation-

ship between observed variables or attributes and the corresponding overall passengers‘ 

satisfaction level by using numerical ranking. For every individual test, a training data-

base with 802 respondents was collected from Stated Preferences (SP) survey. The struc-

ture of the FIS was constrained to allow 181 MFs for input attributes and the shapes of 

the input MFs were selected. The numbers of rules depend on the number of MFs and 

input variables. However, rule outputs have different strength. The rule outputs were 

combined to provide a single output. The questionnaire survey data was used to perform 

the calculations required by the ANFIS. During the learning process, ANFIS modifies the 

input and output MF parameters with the objective of minimizing the error. The error is 

the sum of the squared differences between the observed and modeled value.  
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The structure of ANFIS comprises of five-layers, those are—(i) fuzzification; (ii) fuzzy 

AND; (iii) normalization; (iv) defuzzification; and (v) output layer as shown in Figure 2 

(a). Each of these layers is connected through direct links and nodes. Nodes are process 

units which consist of adaptive and fixed parameters. By setting learning rules, adaptive 

parameters can be altered and the membership functions are reformed. In the structure of 

ANFIS, the first layer consists of attributes or observed variables of train SQ. Second 

layer comprises of MF of each input. Different rules are organized in the third layer. Each 

rule represents output MF in the fourth layer. Final output or overall SQ satisfaction is 

calculated by the weighted average method in the fifth layer. 

The first step of ANFIS is identification of the input and output variables. It uses first-

order Sugeno fuzzy model and two typical if-then fuzzy rules with a set of two input var-

iables (x, y) and one output (f) is considered. a and b are the coefficient of the input vari-

ables and c is the constant term. 

Rule 1: If x is P1 and y is Q1, then f1 = a1x+b1y+c1 …………………………………. (3) 

Rule 2: If x is P2 and y is Q2, then f2 = a2x+b2y+c2 ……………………………..……(4) 

All nodes in first layer i.e. fuzzy layer are adaptive. It is also known as input layer. The 

relationship between the output and input MFs of this layer is as follows: 

 =  (i); m= 1, 2 …………………………………………………...…….……......(5) 

 =  (j); n= 1, 2 ……………………………………………………………………..(6) 

Here, x and y are the input of nodes Pm and Qn respectively. Pm and Qn are the linguis-

tic labels used in the fuzzy theory for dividing the MFs. The second layer is labeled as M. 

The layer is also known as input MF. All nodes are fixed in this layer and perform as 

simple multiplier. The outputs of this layer are firing strengths represented as: 

 =wi =  (j); m, n = 1, 2 ………………………………………………….…… (7) 

The third layer is labeled as N. The layer is known as rule. Nodes are also fixed nodes 

and perform as a normalizer to the firing strengths from the previous layer. The outputs 

of this layer are normalized firing strengths and given by: 



33 

 

 = wavg =  ; m = 1, 2 ……………………………………………………….…….(8) 

All nodes are adaptive in the fourth layer. The layer is also known as output MF. The 

output of each node in this layer is the product of the normalized firing strength and a 

first order polynomial. The outputs of the layer are as follows: 

=  wavgfm= wavg (a1x+b1y+c1); m= 1,2 ……………………………..…………………(9) 

Only one single fixed node performs the summation of all incoming signals in the fifth 

layer and it is labeled as Σ. Therefore, the overall output of the model in the fifth layer 

represented as: 

 =   =  ; m = 1, 2 …………………………………………….. (10) 

 
Figure 2.2: Structure of ANFIS 
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2.7 Summary 

Attempts have been made to review the recent studies regarding the service quality anal-

ysis according to the selected parameters. In this chapter two Artificial Intelligence (AI) 

models namely Probabilistic Neural Network (PNN) and Adaptive Neuro-Fuzzy Infer-

ence System (ANFIS) has been discussed. Review of literatures reveals that not much 

similar works has been carried out in the past. But using these two types of Artificial In-

telligence model some research work has been made for different vehicular mode of 

transport. In this research work the service quality analysis of commuter train has been 

carried out using PNN and ANFIS and also finds out the most important attribute which 

should be improved for user‘s satisfaction.   
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CHAPTER 3 

Methodology and Data Collection 

3.1 General 

Bangladesh is a densely populated country, small in area and as such travel distances in 

most cases are short. This situation demands high frequency transportation mode for me-

dium and short distance travel. In particular this is true for people in and around cities. In 

this scenario BR should adapt policies for introduction of frequent short distance trains 

(Commuter Trains) in and around big cities and then may expand it as needed. In this 

chapter various Service Quality attributes has been discussed. The methodology of the 

selection of various attributes and their performance in the Service Quality (SQ) meas-

urement are also discussed in the following articles.  

3.2 Attribute Selection 

Service Quality (SQ) attributes were selected for the questionnaire survey. The attributes 

of evaluating commuter train service quality (SQ) were decided by group discussion 

among the expert academicians, practitioners, rail transit operators and policy makers. 

This process mainly consists of two steps. Firstly, the analysis of the commuter trains us-

ers‘ view. Secondly, the analysis of public transport specialists‘ view towards SQ indica-

tors. Initially, all the SQ attributes are collected from group discussions of both present 

and potential users. Another list is prepared from the consultations of public transport ex-

perts and recommendations of previous researches (Pandit et. al. 2013, Eboli et. al. 2009, 

Dell‘Olio et. al. 2010 and NCHRP Report, 2008). Finally, some SQ attributes were 

shortlisted and selected for carrying out the total research work. The flowchart of the 

methodology of the research and the list of selected 24 attributes is given below: 
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Figure 3.1: Flowchart of the methodology of the research 
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Figure 3.2: Framework for SQ Attributes Selection 

Table 3.1 Selected Attributes 

Serial 

No. 
Attribute Names Attribute References Recommended By 

01 Monthly Income Previous Research Academicians 

02 Travel Frequency Commuter Train Users Academicians 

03 Travel Time Delay Commuter Train Users 

Academicians, Policy 

Makers, Local Authori-

ties and Commuter Train 

Literature Review (Primary list of 
attributes) 

Panel of specialist opinion Commuter train user's desired 
quality 

Academicians 

Operators 

Policy Makers 

Local Authorities 

Commuter Train users 

Present Users 

Potential Users 

Hierarchy of Importance Desired quality Attributes 

Defined concise sets of  Service Quali-
ty Attributes 
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Serial 

No. 
Attribute Names Attribute References Recommended By 

Users 

04 Travel Time Commuter Train Users 

Academicians, Operators, 

Policy Makers, Local Au-

thorities, Commuter 

Train Users 

05 
Online Ticketing Fa-

cility 
Commuter Train Users 

Academicians, Operators, 

Policy Makers, Local Au-

thorities and Commuter 

Train Users 

06 
Counter Ticketing 

Facility 
Commuter Train Users 

Academicians, Policy 

Makers and Commuter 

Train Users 

07 
Ticket Receiving Sys-

tem 
Previous Research 

Academicians, Policy 

Makers, Commuter Train 

Users 

08 Ticket Cost Commuter Train Users 

Academicians, Operators, 

Policy Makers, Local Au-

thorities, Commuter 

Train Users 

09 Sitting Arrangement Previous Research 
Academicians and Com-

muter Train Users 

10 Comfort Level Previous Research Academicians 

11 Ease of Entry-Exit Commuter Train Users Academicians and Com-
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Serial 

No. 
Attribute Names Attribute References Recommended By 

muter Train Users 

12 Security of passenger Previous Research Academicians 

13 Ventilation Commuter Train Users 
Local Authorities and 

Commuter Train Users 

14 
Waiting Room Facili-

ty 
Previous Research Academicians 

15 Quality of Food Previous Research Academicians 

16 Toilet Facility Previous Research Academicians 

17 Eve teasing Problem Previous Research Academicians 

18 Behavior of Staff Previous Research Academicians 

19 Bogie Condition Previous Research  Academicians 

20 Rooftop Travelling Previous Research Academicians 

21 Cleanliness Previous Research Academicians 

22 Noise Level Previous Research Academicians 

23 Cause of Travel Previous Research Academicians 

24 Other Modes Previous Research Academicians 
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3.3 Procedure of Stated Preferences (SP) Questionnaire 

Survey  

In general transportation planning, surveys are meant to capture travelers‘ current travel 

behavior. For instance, one is interested in knowing the actual mode a traveler is using, 

actual travel times, destinations, and so forth. This is known as Revealed Preference (RP) 

data, as the traveler is currently experiencing that behavior and making a choice based on 

his or her knowledge of the available travel options. Another type of data is based on 

Stated Responses (SR), in which hypothetical situations are presented to the respondents, 

who are then asked to choose based on the given attributes for each alternative, without 

necessarily experiencing them in real situations. SP is a very popular sub-class of SR 

methods, focused on estimating the utility function for alternatives (Lee-Gosselin 1995).  

In 2017, Bangladesh Railway operated 90 bi-directional inter-city trains, 52 mail or ex-

press trains, 64 commuter trains (DEMU), 135 shuttle or local trains and 2 internation-

al services. Two times per week, a passenger train operates a service to India. 

Survey location has been randomly selected for collecting data. There are many routes 

that have been introduced by BR for the easement of movement of passengers. These 

routes are given below in Table 3.1. In this study some convenient routes are selected for 

data collection. These routes include Kamalapur to Tongi, Dhaka-Joydebpur-Dhaka 

route, Kamalapur-Narayanganj, Rajshahi-Chapainababgonj etc. 

Table 3.2: Available Commuter Train routes in Bangladesh 

Serial 

No. 
Train Name Starting Location Destination 

01 Dewangonj Commuter Dhaka Dewangonj Bazar 

02 Balaka Commuter Dhaka Jharia Jhangail 

03 Jamalpur Commuter Dhaka Dewangonj Bazar 

04 Dinajpur Commuter Lalmonirhat Berol 

05 Lalmoni Commuter Lalmonirhat Parbotipur 
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Serial 

No. 
Train Name Starting Location Destination 

06 Burimari Commuter Burimari Lalmonirhat 

07 Parbotipur Commuter Lalmonirhat Parbotipur 

08 Laksam Commuter Chittagong Comilla 

09 Chadpur Commuter Chadpur Comilla 

10 Noakhali Commuter Noakhali Comilla 

11 Comilla Commuter Akhaura Comilla 

12 Joydebpur Commuter Dhaka Joydebpur 

13 
Narayangonj Commut-

er 

Dhaka 
Narayangonj 

14 Tongi Commuter Dhaka Tongi 

15 Nazirhat Commuter Nazirhat Dhaka Chittagong 

16 Benapol Commuter Khulna Benapol 

17 Rajshahi Commuter Ishurdi Chapainobabgonj 

18 Rajshahi Commuter Rajshahi  Chapainobabgonj 

19 Rajshahi Commuter Rahanpur Ishurdi 

20 Khulna Commuter Khulna  Benapol 

21 Rongpur Commuter Parbotipur Lalmonirhat 

22 Panchagar Commuter Parbotipur Panchagar 

 

3.4 Study locations 

In this study the location has been selected randomly. The convenient location for data 

collection were Dhaka (Kamalapur Railway Station, Airport Railway Station), Rajshahi, 

Joydebpur, Narayangonj. 
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Figure 3.3 : Railway routes of Bangladesh 
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Figure 3.4: Survey Location (Dhaka) 

 

Figure 3.5: Survey Location (Rajshahi) 
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Figure 3.6: Survey Location (Narayangonj) 

 

3.5 Data Collection 

A questionnaire survey was conducted among around 802 users of commuter train of dif-

ferent age, gender, occupation type and different purpose of using commuter train. The 

questionnaire survey was  constructed into two sections (a) to collect information about 

the socioeconomic characteristics of the users ( gender, age, occupation, purpose of trav-

elling) and (b) to collect service quality attributes about the commuter train (e.g. fitness 

of train, seat comfort, service availability, movement flexibility, safety, journey end con-

nectivities and security). The survey was carried out in both weekdays and weekends and 

also in different hours (peak and off-peak hours) in a days.  At last the respondents  were 

asked to rank the overall service quality of the commuter train service in Bangladesh and 

also the most important attribute which should be improved immediately. These attributes 

are in a close ended arrangement with relevant multiple choices. The respondents are 

asked to assess the present situation of the service by marking the checkboxes from their 

point of view against each attribute. The multiple-choice check boxes are numbered by 1 
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to 5 where ―5‖ corresponds to excellent quality and ―1‖ corresponds to very poor quality. 

Data was collected for the selected 24 attributes in the questionnaire survey but for the 

best performance of model 12 attributes were finally selected. They are listed below. 

Table 3.3: Finally Selected Attributes for Model Development 

Serial 

No. 
Attribute Names Attribute References Recommended By 

01 Ticket Cost Commuter Train Users 

Academicians, Operators, 

Policy Makers, Local Au-

thorities, Commuter 

Train Users 

02 Bogie Arrangement Previous Research 
Academicians and Com-

muter Train Users 

03 Comfort Level Previous Research Academicians 

04 Ease of Entry-Exit Commuter Train Users 
Academicians and Com-

muter Train Users 

05 Security of passenger Previous Research Academicians 

05 Ventilation Commuter Train Users 
Local Authorities and 

Commuter Train Users 

07 
Waiting Room Facili-

ty 
Previous Research Academicians 

08 Toilet Facility Previous Research Academicians 

09 Female Harassment  Previous Research Academicians 

10 Behavior of Staff Previous Research Academicians 

11 Cleanliness Previous Research Academicians 
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Serial 

No. 
Attribute Names Attribute References Recommended By 

12 Noise Level Previous Research Academicians 

 

3.6 Model Development 

In this research, PNN and ANFIS are introduced and by the collected data forecasting 

technique is applied to examine the predictive power of those models. The accuracy of 

the prediction model is tested by comparing its predicted outputs with corresponding ob-

served targets. Accordingly the data samples are divided into two sub-samples: a training 

sample (80% of the total data sample set) and forecasting sample (20% of the total data 

sample set). MATLAB 12 is used for development of the models. To get the best perfor-

mance, the parameters of the model are randomly altered by trial and error technique. The 

parameters of PNN and ANFIS models are shown in Table 3.4. 

Table 3.4: Parameters Related to Probabilistic Neural Network (PNN) and Adaptive 

Neuro-Fuzzy Interface System (ANFIS) for Commuter Train SQ Prediction Models 

PNN ANFIS 

Number of input varia-

bles 

12 Number of input varia-

bles 

12 

Number of layers 4 Number of layers 5 

Initial function Initlay Number of membership 

function 

181 

Performance function Mse MF type Gaussian 

Performance parameter regularization Transfer function of hid-

den layer 

Tansigmoid 

Scaling method normalization Scaling method Normalization 

Training algorithm Radial basis Transfer function of out-

put layer 

Linear 

  Training algorithm Back-
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PNN ANFIS 

propagation 

  Training cycles, epochs 10 

  Training goal 0.01 

Four layered neural networks are created by using the Probabilistic Neural Network 

(PNN) whereas in Adaptive Neuro-Fuzzy Interface System (ANFIS) there are five lay-

ered neural networks. Every network has an input layer and an output layer. The SQ at-

tributes are applied as input variable and the commuter train SQs as output. Some proper-

ties have to be defined to build the models to get best performances which are shown in 

above Table 3.3. Adaptive Neuro-Fuzzy Interface System (ANFIS) is defined with two 

hidden layers, membership functions, tansigmoid transfer function of hidden layer, linear 

transfer function of output layer, normalization as scaling method, 0.01 as training goal 

and training cycle is 10. The training algorithm of PNN performs their training by follow-

ing radial basis algorithm.   

On the other hand, PNN is defined with four layers in which there is one pattern layer and 

one summation layer, initlay as initial function and mse as performance function. 

Both PNN and ANFIS use normalization technique as scaling method. The training algo-

rithm of ANFIS is back-propagation, whereas PNN perform their training by following 

radial basis algorithm.   

3.7 Summary 

In this study neurons' connection weight and stepwise approach is followed for ranking 

significant attributes. The results obtained from the model is compared with the users 

comment on the overall service quality of the commuter train to confirm the accuracy of 

the model developed. This chapter gives an overall summery of the attribute selection and 

the attribute ranking process. After that a detailed discussion about the study location has 

been carried out and then a brief discussion about the model development is given in this 

chapter. 
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CHAPTER 4 

Data Analysis and Model Development 

4.1 General 

This chapter contains a detail overview of the characteristics of commuter train us-

ers and their perception of the service quality of commuter train. It is done by ex-

plaining the questions of the questionnaire survey that has been carried out from 

different location of the country. Passenger overview is presented by some tables 

for better clarification. Detailed descriptions of the questions and user’s perception 

or rating are described in this chapter.    

 

4.2 Characteristics of Commuter Train User 

For this research purpose the number of total respondent was around 867. From them 802 

respondents are selected for analysis. The commuter train users are usually office going 

person who uses commuter train almost in an everyday basis. But some other passengers 

also use commuter train service for travelling.  Table 4.1 illustrates the general character-

istics of the respondents collected from the questionnaire survey. 

Table 4.1 General characteristics of the Commuter Train Users 

Characteristics Statistics No. of Respond-
ents Percentage 

Gender 
Male 569 71.13% 

Female 231 28.87% 

Age 

11 ~ 20 Years 
old 

71 8.87 % 

21 ~ 30 Years 
old 

410 51.25 % 

31 ~ 40 Years 
old 

169 21.12 % 
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Characteristics Statistics No. of Respond-
ents Percentage 

41 ~ 50 Years 
old 

82 10.25 % 

51 ~ 60 Years 
old 

44 5.50 % 

> 60 Years old 19 2.37 % 

Occupation 

Service Holder 226 28.25 % 

Business 92 11.50 % 

Student 349 43.62 % 

Worker 86 10.75 % 

Housewife 47 5.87% 

Motivation of Choosing Commuter 
Train 

Captive Rider 48 6% 

Economical 87 10.87% 

Comfortable 217 27.12% 

Safer 426 53.25% 

Other 22 2.75% 

Will choose Alternative Mode if 
Delay 

1hr+ 380 47.50% 

2hr+ 208 26% 

3hr+ 118 14.75% 

4hr+ 57 7.12% 

5hr+ 37 4.62% 
 

4.3 Users’ satisfaction ratings 
Based on the questionnaire survey conducted among the 802 respondents, pie chart anal-

yses are provided below. Each questions of the questionnaire survey is briefly discussed 

and respondent's overview is also described here.   



50 

 

4.3.1 Questions of the Questionnaire Survey 

The questions that are provided to the respondents for questionnaire survey are given be-

low. Respondents had five choices (1.Very Poor 2. Poor 3. Good /Satisfactory 4.Very 

Good and 5. Excellent) for each question to answer. 

Table 4.2: Questions of questionnaire survey 

No. Question 

1 What is your monthly income? 

2 How frequently you travel in commuter train? 

3 What is opinion about travel time delay of commuter train service? 

4 How many time is required to reach the destination? 

5 How convenient is to find ticket by online ticketing system? 

6 How convenient is to find ticket by counter ticketing system? 

7 Is it easy to find ticket? 

8 What is your opinion about the cost of ticket? 

9 What is your opinion about the bogie arrangement? 

10 How comfortable is travelling in commuter train? 

11 How convenient is the entry and exit procedure in the commuter train? 

12 How secure is traveling on commuter train? 

13 What is your opinion about the ventilation system inside the train? 

14 What is your opinion about the waiting room of the railway station? 

15 What is your opinion about the food quality inside the train? 

16 What is your opinion about the toilet facility for passengers? 

17 What is your opinion about the female harassment during travelling on train? 

18 What is your opinion about the behavior of the staffs? 

19 What is the condition of the bogie? 
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20 What is your opinion about the rooftop travelling of the passengers? 

21 What is your opinion about the cleanliness of the train? 

22 What is your opinion about the noise level inside the train? 

23 What do you think about the steps taken by Bangladesh Railways for the develop-
ment of railway and passenger satisfaction? 

24 How much extra cost will you spend for the extra facility if provided? 

25 If you didn't get train ticket then which mode of transport you will choose? 

4.3.2 Response of the Questionnaire Survey 

Respondent‘s answer of the questions of the questionnaire survey have been plotted as 

pie charts as shown in Figures 4.1 to 4.25. Respondents answers for each questions are 

discussed below: 

Question 1:  Monthly Income 

Monthly income is a very important attribute for choosing a convenient mode of travel. 

As traveling in commuter train is very economical so it is very popular among the middle 

class and lower middle class people. In this study it is found that maximum number of 

passenger who are using commuter train as their travel mode are lower middle class or 

whose monthly income is very poor. About 350 respondents which is 44% of total 802 

respondents have very poor monthly income.  
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Figure 4.1: User's Perception about their Monthly Income 

Question 2:  Travel Frequency 

In Bangladesh commuter train service is yet not very popular among people. But some 

use this train service for avoiding local congestion in roadway. By this questionnaire sur-

vey it is observed that people are using commuter train as their mode of transport not 

very frequently. About 46% of total respondents rate travel frequency 1 which is very 

poor or not frequently.  

 

Figure 4.2: User's Perception about Travel Frequency 
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1(VeryPoor) 2(Poor) 3(Good/Satisfactory)

4(Very Good) 5(Excellent)

46% 
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12% 

8% 3% 

Travel Frequency 
1(VeryPoor) 2(Poor) 3(Good/Satisfactory)

4(Very Good) 5(Excellent)
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Question 3:  Travel time delay 

By this question it can be understand that maximum how much time the respondent will 

wait for the train to arrive or start. About 15% of the total respondents rate this question 

as 5 that is excellent and 23% rates this as 1 or very poor. Among the total respondents 

about 22% rates this question as good and very good. 

 

Figure 4.3: User's Perception about Travel Time Delay 

Question 4: Travel Time 

About 350 respondents rate this question as very poor which is 44% of total 802 respond-

ents. 4% of the total respondents rate this excellent.   

 

Figure 4.4: User's Perception about Travel Time 
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Question 5: Online ticketing system 

Online ticketing service is one of the most recent undertakings taken by Bangladesh 

Railway. Though some passengers who use commuter train are not educated or cannot 

use internet so it is difficult for them to buy ticket online. In this questionnaire survey it is 

found that maximum respondents are satisfied about the online ticketing service. They 

rate this as 3 which mean good. 

 

 

Figure 4.5: User's Perception about Online Ticketing System 

 

Question 6:  Counter ticketing system 

Counter ticketing service is most common ticketing service in maximum sector of public 

transport system. For commuter train service a special ticket is provided for regular 

commuter train passengers. The main facility of this ticket is that they can have one ticket 

for one month. This ticket provides a one month service. Many passengers are not aware 

of this service. In this survey it is found that about 31% respondents rate counter ticketing 

service as poor.  

11% 

31% 

32% 

19% 

7% 

Online Ticketing System 
1(VeryPoor) 2(Poor) 3(Good/Satisfactory)

4(Very Good) 5(Excellent)
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Figure 4.6: User's Perception about Counter Ticketing System 

Question 7:  Ticket receiving system 

About 278 respondents rate this question as poor which is 35% of total 802 respondents. 

6% of the total respondents rate this excellent. 

 

 

Figure 4.7: User's Perception about Ticket Receiving System 
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Question 8:  Ticket cost 

For a developing country like Bangladesh cost of travel is very important for passengers. 

In this survey about 55% of the respondents rate the cost of travel good. they are satisfied 

with the cost of travel and about 6% respondents rate this as very poor. 

 

Figure 4.8: User's Perception about Ticket Cost 

 

Question 9:  Bogie Arrangement 

Bogie arrangement is very important factor. Because a perfect arrangement of bogie can 

make easier to find the right seat by the passenger. In this research about 304 respondents 

rate this question as good which is 38% of total 802 respondents. 6% of the total re-

spondents rate this very poor. 
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4(Very Good) 5(Excellent)
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Figure 4.9: User's Perception about Bogie Arrangement 

Question 10: Comfort Level 

Passenger always wants a comfortable journey. So comfort level is one of the most im-

portant factors to choose the mode of transport. In this study about 31% respondents says 

that comfort level in the commuter train in not satisfactory i.e they rated this as 2 or poor 

and about 24% says that it is good. 

 

 

Figure 4.10: User's Perception about Comfort Level 
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Question 11: Ease of Entry-Exit 

Entry exit procedure is very inconvenient in the rush hours in Bangladesh. But in off peak 

periods it is very convenient to enter and exit in the trains. So about 41% respondents 

rates this very positively as very good and about 13% rated this very poor. 

 

Figure 4.11: User's Perception about Ease of entry and exit 

 

Question 12: Security of Passengers 

Security of passengers is the first priority of the service provided by the railway authori-

ty. So, about 38% respondents give this 3 out of 5 or which is good or satisfactory and 

about 26% says that as good or satisfactory. 
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Figure 4.12: User's Perception about Security of Passengers 

Question 13: Ventilation System 

Air ventilation inside the train is very important. Without proper ventilation it feels very 

uncomfortable in the train. About 40% respondents‘ rate air ventilation condition as good 

or satisfactory and 33% says that it is very good and rated this 4 out of 5. 

 

Figure 4.13: User's Perception about Ventilation System 
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Question 14: Waiting room Facility 

About 277 respondents rate this question as good or satisfactory which is 35% of total 

800 respondents. 24% of the total respondents rate this poor. 

 

Figure 4.14: User's Perception about Waiting room Facility 

Question 15: Food Quality 

Sometimes food is served in the train. Maximum respondents rated this service as good 

or satisfactory. About 38%of the total respondents rated this 3 out of 5 and 5% rated this 

service 5 i.e excellent. 

 

Figure 4.15: User's Perception about Food Quality 
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Question 16: Toilet Facility 

About 236 respondents rate this question as poor and very poor which is 29% of total 802 

respondents. 26% of the total respondents rate this good or satisfactory. 

 

Figure 4.16: User's Perception about Toilet Facility 

Question 17: Female Harassment 

Female harassment is a vital problem nowadays. Maximum respondents react positively 

about this point. About 28% respondents rate this 3 which is good that means they are 

observe female harassment during their travel in the train. 

 

Figure 4.17: User's Perception about Female Harassment 
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Question 18: Behavior of Staffs 

Overall behavior of the staffs in general is satisfactory in the train. In this survey about 

50% of the respondents rate this question 3 which means good or satisfactory. 

 

Figure 4.18: User's Perception about Behavior of Staff 

Question 19: Bogie Condition 

Bogie condition gives a huge impact in the service quality analysis. About 46% of the 

total respondents rate this 3 or satisfactory and 24% rate this 2 or poor. 

 

Figure 4.19: User's Perception about Bogie Condition 
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Question 20: Rooftop Travelling 

Rooftop travelling is a major problem observed while travelling in train. About 30% re-

spondents rate this as satisfactory because it is less seen in commuter train. 

 

Figure 4.20: User's Perception about Rooftop Travelling 

Question 21: Cleanliness 

Keeping the train clean and tidy is a very important job for attracting the passengers to 

travel in train. Maximum respondents i.e 42% response positively and rate this as 3 which 

is satisfactory or good. 

 

Figure 4.21: User's Perception about Cleanliness 
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Question 22: Noise Level 

Trains are the most crowded public transport. Noise level should be very high in the 

trains. About 46%  respondents rate this 2 or poor and 19% rate this 1 or very poor.  

 

Figure 4.22: User's Perception about Noise Level 

Question 23: Steps taken for Safe journey by BR 

Passengers are satisfied with the service provided by Bangladesh Railway. About 42% 

respondents rate this question 3 i.e good. 

 

Figure 4.23: User's Perception about Steps taken for Safe journey by BR 

19% 

46% 

21% 

11% 
3% 

Noise Level 
1(VeryPoor) 2(Poor) 3(Good/Satisfactory)

4(Very Good) 5(Excellent)

14% 

18% 

42% 

23% 

3% 

Steps Taken by BR for Safe Journey 
1(VeryPoor) 2(Poor) 3(Good/Satisfactory)

4(Very Good) 5(Excellent)



65 

 

Question 24: Extra Cost for improving Facilities 

Respondents are not interested in paying extra cost for extra facility. About 65% re-

spondents rate this 1 or very poor. 

 

Figure 4.24: User's Perception about Extra Cost for Improving Facility 

Question 25: Other modes 

In this pie chart it is found that maximum respondents gives 3 which indicates that they 

will choose bus if they didn't get train ticket. About 17% respondents will find another 

mode rather than the given options if train tickets are not available. 

 

Figure 4.25: User's Perception about Steps taken for Other Modes 
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These pie chart analyses are based on the respondent‘s overview taken during question-

naire survey. By this analysis it is found that people have different types of opinion about 

travelling by commuter train. Some are enjoying travelling by commuter train while 

some didn't. It is seen that for cleanliness, safety, bogie condition, behavior of staff etc 

has got positive response by respondents. On the other hand rooftop travelling, female 

harassment, noise level etc got negative response. 

4.4 Overall Service Quality of Commuter Train 

Respondents are asked to rate the exiting overall quality of the commuter train. About 

61% of the total respondents rate the overall quality of commuter train as good or satis-

factory. On the other hand about 20% rate this poor. Maximum respondents are satisfied 

with the overall service provided for commuter train users. 

   

 

Figure 4.26: User's Perception about Overall service quality 

The overall rating of the respondents are given below in Table 4.2 where the percentage 

of the rating are also given. About 5% are very happy with the service provided as they 

rate this 5. About 61% are satisfied and rate this 3. 10% rate this 4 that is very good and 

20% rate this poor that is 2. 
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Table 4.3: Overall Service quality of Commuter Train 

Characteristics Statistics 
No. of Respond-

ents 
Percentage 

Overall Service Quality from User‘s 

Perspective 

Very Poor 35 4% 

Poor 157 20% 

Satisfactory/Good 483 61% 

Very Good 80 10% 

Excellent 41 5 % 

 

4.5 Summery of User's Perception about Commuter 

Train 

Respondent‘s overview of the attributes of the questionnaire survey is given below by 

Table 4.2. By this table one can have an idea about the user's perception about the com-

muter train service. 

Table 4.4: Summary of Users‘ Perception about Commuter Train Service 

 Attribute Excellent 
Very 

Good 
Good/Satisfactory Poor 

Very 

Poor 

01 Monthly Income 4 % 8 % 21 % 23 % 44 % 

02 Travel Frequency 3 % 8 % 12 % 31 % 46 % 

03 Travel time Delay 15 % 22 % 22 % 18 % 23 % 

04 Travel Time 4% 8 % 21 % 23 % 44 % 

05 Online Ticketing System 7 % 19 % 32 % 31 % 11 % 

06 
Counter Ticketing Sys-

tem 
3 % 9 % 29 % 31 % 28 % 

07 Ticket Receiving Sys- 6 % 8 % 24% 35 % 27 % 
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 Attribute Excellent 
Very 

Good 
Good/Satisfactory Poor 

Very 

Poor 

tem 

08 Ticket Cost 1 % 10 % 55 % 28 % 6 % 

09 Bogie Arrangement 9% 21 % 38 % 26 % 6 % 

10 Comfort Level 4% 18 % 24 % 31% 23% 

11 Ease of Entry-Exit 7% 41 % 22 %  17 % 13 % 

12 Security of Passenger 8% 26 % 38 % 18 % 10 % 

13 Ventilation System 5% 33 % 40 % 18 % 4 % 

14 Waiting Room Facility 4 % 14% 35 % 24 % 23 % 

15 Food Quality 5 % 19% 38% 24 % 14 % 

16 Toilet Facility 5 % 11 % 26 % 29 % 29 % 

17 Female harassment 8 % 26 % 28 % 18 % 20 % 

18 Behavior of Staff 7 % 25 % 50 % 10 % 8 % 

19 Bogie Condition 6% 15% 46% 24% 9% 

20 Rooftop Travelling 8% 11% 30% 20% 31% 

21 Cleanliness  2% 16% 42% 28% 12% 

22 Noise Level 3% 11% 21% 46% 19% 

23 
Steps taken by BR for 

safe journey 
3% 23% 42% 18% 14% 

24 
Extra Cost for Improv-

ing Facility 
3% 3% 10% 19% 65% 

 

The above table gives a clear concept about user's perception about travelling in commut-

er train. They find some services as satisfactory like (i) Ticket cost (ii) Ventilation Sys-

tem (iii) Behavior of Staff (iv) Bogie condition etc. In some cases respondents find that  

some services are not satisfactory i.e poor like (i) Travel frequency (ii) Travel time (iii) 

Rooftop travelling (iv) Noise level (v) Extra cost for improving facility (vi) Toilet facility 

etc.  
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4.6 Summery 

In this chapter user's perception about the quality of service that is provided for commut-

er train users are described. Every attribute and user's reaction about the attribute has 

been discussed by preparing pie chart and table. From these tables a clear view of the us-

er's perception about the service quality of commuter train has been found.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



70 

 

CHAPTER 5 
Model Evaluation and Result 

5.1 General 

In this chapter a detailed discussion on the model development, model evaluation and re-

sults are reflected. An overview of ANFIS and PNN model performance and also com-

paring the two methods by confusion matrix are also discussed. Attribute ranking by both 

methods and commenting on the most significant attribute to be improved for better ser-

vice quality are also discussed in this chapter.  

5.2 Model Evaluation 

Two models have been developed by ANFIS and PNN by the training sample (80% of 

the total sample). Then models have been tested by the test sample (20% of the total 

sample). After that model performance have been evaluated by (i) Confusion Matrix (ii) 

Root Mean Square Error (RMSE) (iii) Correlation coefficient (R). Confusion matrix will 

be used to check the one-to-one matching between output classes of predicted Service 

Quality (SQ) and target classes of actual SQ and R and RMSE values will help to find out  

the correlation and error between actual SQ and predicted SQ of commuter train. After 

that ranking of attributes will be done for both ANFIS and PNN.  

5.2.1 Confusion Matrix 

A confusion matrix contains information about actual and predicted classifications done 

by a classification system. Performance of such systems is commonly evaluated using the 

data in the matrix. In predictive analysis confusion matrix is a table with two rows and 

two columns that reports the number of false positives, false negatives, true positives, 

and true negatives. This allows more detailed analysis than mere proportion of correct 

classifications or accuracy. Accuracy is not a reliable matrix for the real performance of a 

classifier, because it will yield misleading results if the data set is unbalanced (that is, 

when the numbers of observations in different classes vary greatly). Confusion matrix is 

https://en.wikipedia.org/wiki/Predictive_analytics
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used to check the one-to-one matching between output classes  (1 to 5) and target classes 

(1 to 5). The diagonal green boxes in Figure 4 illustrate the amounts and percentages that 

are identical in both output and corresponding target classes. The red boxes illustrate the 

amounts of misclassifications. The right-bottom blue box represents the total correct clas-

sifications (green) and misclassifications (red) in percent (%). 

(a) (b) 

(c) (d) 

Figure 5.1: Confusion matrices for ANFIS of, (a) tested model (b) trained model and, 

confusion matrices for PNN of, (c) tested model (d) trained model  



72 

 

Comparison between the accuracy of ANFIS and PNN model in predicting the Service 

Quality (SQ) of commuter train is given below by Table 5.1. 

Table 5.1 ANFIS and PNN model accuracy in predicting Service Quality (SQ) 

 Training Period Testing Period 

ANFIS 

61.50% 

(395 out of 

641) 

47.80% 

(77 out of 161) 

PNN 

67.40% 

(433 out of 

641) 

 

44.10% 

(72 out of 161) 

 

In prediction of Service Quality (SQ) ANFIS has given 61.50% accuracy in training peri-

od which is about  395 of total 641 predictions and in testing period the accuracy is 

47.80% which is about 77 out of 161 predictions which matches with the actual value. In 

PNN the accuracy is 67.40% in training period which is 433 out of 641 predictions and 

44.10% in testing period which is 72 out of 161 predictions which matches with actual 

Service Quality (SQ).  

5.2.2 Correlation Coefficient 
The correlation coefficient of two variables in a data set equals to 

their covariance divided by the product of their individual standard deviations. It is a 

normalized measurement of how the two are linearly related. The quantity r, called the 

linear correlation coefficient, measures the strength and the direction of a linear relation-

ship between two variables. The linear correlation coefficient is sometimes referred to as 

the Pearson product moment correlation coefficient in honor of its developer Karl Pear-

son. The value of r is such that -1 < r < +1. The + and – signs are used for positive linear 

correlations and negative linear correlations, respectively. Positive Correlation: If x and y 

have a strong positive linear correlation, r is close to +1. An r value of exactly +1 indi-

http://www.r-tutor.com/elementary-statistics/numerical-measures/covariance
http://www.r-tutor.com/elementary-statistics/numerical-measures/standard-deviation
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cates a perfect positive fit. Positive values indicate a relationship between x and y varia-

bles such that as values for x increase, values for y also increase. r is a dimensionless 

quantity. That is; it does not depend on the units employed. A Perfect Correlation of ± 1 

occurs only when the data points all lie exactly on a straight line. If r = +1, the slope of 

this line is positive. If r = -1, the slope of this line is negative. A correlation greater than 

0.8 is generally described as strong, whereas a correlation less than 0.5 is generally de-

scribed as weak. These values can vary based upon the "type" of data being examined. A 

study utilizing ‗core‘ scientific data may require a stronger correlation than a study using 

social science data. A dependent variable‘s values are continuously being changed by its 

relationship with the independent variable. However, an independent variable‘s values 

are not changed by its relationship with another variable. All variables have values, but 

not all are necessarily related. 

Correlation co-efficient(R) is defined as:  
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Where: 

x = mean of target classes;  = mean of predicted classes; 

xi = ith target class; and yi = ith predicted class. 

5.2.3 Root Mean Square Error (RMSE) 
The Root Mean Square Error (RMSE) (also called the root mean square deviation, 

RMSD) is a frequently used measure of the difference between values predicted by a 

model and the values actually observed from the environment that is being modelled. 

These individual differences are also called residuals, and the RMSE serves to aggregate 

them into a single measure of predictive power. The RMSE of a model prediction with 

respect to the estimated variable Xmodel is defined as the square root of the mean squared 

error: 
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where Xobs is observed values and Xmodel is modelled values at time/place i. 

It indicates the absolute fit of the model to the data–how close the observed data points 

are to the model‘s predicted values. Lower values of RMSE indicate better fit. RMSE is a 

good measure of how accurately the model predicts the response, and is the most im-

portant criterion for fit if the main purpose of the model is prediction. In this research it is 

found that the RMSE value for ANFIS is 1.05147 and for PNN is 1.071946. RMSE value 

of ANFIS model was smaller than PNN model. It showed that based on user stated pref-

erences, ANFIS performs better than PNN in SQ prediction of commuter train. In this 

study 12 attributes are used in ANFIS and PNN models to estimate the commuter train 

SQ. As the relationship between input variables (SQ attributes) and the output variable is 

indistinct, ranking of these SQ attributes can be performed by analytical techniques. 

Cross-correlation, principal component analysis (PCA), stepwise approach and connec-

tion weights are some of the techniques for attribute ranking. However, in this study, 

stepwise approach is followed for ranking the significant commuter train attributes which 

is shown in following section. 

5.2.4 Stepwise Approach 
In statistics, stepwise regression includes regression models in which the choice of pre-

dictive variables is carried out by an automatic procedure. Stepwise methods have the 

same ideas as best subset selection but they look at a more restrictive set of models. 

Stepwise regression is a semi-automated process of building a model by successively 

adding or removing variables based solely on the t-statistics of their estimated coeffi-

cients. Properly used, the stepwise regression option in Statgraphics (or other stat pack-

ages) puts more power and information than does the ordinary multiple regression option, 

and it is especially useful for sifting through large numbers of potential independent vari-

ables and/or fine-tuning a model by poking variables in or out. Improperly used, it may 

converge on a poor model while giving a false sense of security.  

https://gerardnico.com/data_mining/regression
https://gerardnico.com/data_mining/feature_selection
https://gerardnico.com/data_mining/feature_selection
https://gerardnico.com/data_mining/best_subset
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In this study stepwise approach is used to evaluate the most significant attributes among 

all which should be treated immediately. Stepwise approach is done here by evaluating 

RMSE value for both ANFIS and PNN models. Forward stepwise regression approach is 

considered in this research. For example, in the case of developed model with ‗Cleanli-

ness‘, the prediction is most inaccurate. Because this model has the lowest RMSE value. 

It means, this variable has significant control on SQ determination. Conversely, ‗Ease of 

entry and exit‘ is less important due to the corresponding RMSE values. All attributes can 

be divided into two categories (i) physical condition (ii) service features which can be 

found most concerning factors that will decide service satisfaction of commuter train. As 

physical conditions-cleanliness, bogie condition, toilet facility, waiting room facility and 

seat comfort level are the most influential factor for users in determining SQ. As service 

features-travel cost, behavior of staff, female harassment, overall security, ease of entry 

exit and noise level are the most influential factor for users in determining SQ. 

5.3 Attribute Ranking 

Rankings have the important function of helping us to navigate content and provide guid-

ance as to what is considered ―good‖, ―popular‖, ―high quality‖, and so on. They fulfill 

the need to filter content to obtain a set that is likely to be interesting but still managea-

ble. When rankings are based on a single attribute or are completely subjective, their dis-

play is trivial and does not require elaborate visualization techniques. If a ranking, how-

ever, is based on multiple attributes, how these attributes contribute to the rank and how 

changes in one or more attributes influence the ranking is not straightforward to under-

stand. In order to interpret, modify, and compare such rankings, we need advanced visual 

tools. 

Some of the statistical tools for attributes rankings are—cross-correlation, principal com-

ponent analysis (PCA) stepwise approach and connection weightage. This study follows 

stepwise approach to rank the commuter train service quality attributes. In stepwise ap-

proach a single attribute is considered to develop models both in ANFIS and PNN to find 

out the significant attribute and the output of every developed network by a single attrib-
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ute was then compared with the actual SQ of the test sample. This comparison has been 

done by evaluating RMSE and correlation coefficient R value. 

Table 5.2 shows the RMSE values and ranking of the attributes using ANFIS and PNN 

model. The ranking of attributes by RMSE value indicates the significance of the indi-

vidual attribute under different case. From table it is found that 'Bogie Condition' has got 

the lowest RMSE value using ANFIS model and ranked as first significant attribute to be 

treated. Whereas by using PNN model, also 'Bogie condition' became the first attribute 

that should be considered for improving SQ of commuter train because of the lowest 

RMSE value. Practically it is seen that bogies of the train are not very clean and also the 

seat arrangement and other service for the passengers are not properly provided in the 

study area. Comparing the practical scenario and model analysis the results are quite sim-

ilar is this case. Considering the second ranking 'Cleanliness' has got second lowest 

RMSE value using both ANFIS and PNN. Bogie cleanliness is one of the major factors 

that may rise some effect on the overall quality. Sometimes passengers face some behav-

ioral problems by the staffs of commuter train which affects the overall SQ provided by 

the BR. From table it is found that 'Ease of entry-exit', 'Ticket cost', 'Air ventilation' etc 

has got highest RMSE value which indicates the better quality of service provided for 

passengers. So these are not very significant attributes for taking immediate action. 

In the questionnaire survey respondents were asked to give their opinion about 10 most 

significant attribute that should immediately be treated for better SQ of commuter train. 

From their perception a ranking of the attributes have been made in ascending order to 

understand the performance of the model and respondents response. It should be noted 

that respondents were independent to give their valuable opinion in this section. From 

Table 5.2, it is found that about top 4th attributes matches to the public opinion. From 5th 

to 8th attribute there is dissimilarity in the sequence. Last four attributes were randomly 

matched to the public opinion.  

Public opinion data (obtained from fourth section of the questionnaire) are not the same 

of the data used for ANFIS and PNN models development (obtained from second section 
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of the questionnaire). The respondents were very much precise in answering questions of 

different sections of the designed questionnaire showing the data accuracy and validity.  

Table 5.2 Attributes ranking comparison among ANFIS, PNN and Public Opinion  

Attributes 
ANFIS model  PNN model  Public  opinions 

 RMSE RANK RMSE RANK 

Bogie Condition 0.807079 1 0.811409 1 1 

Cleanliness 0.807573 2 0.815228 2 2 

Female Harassment  0.811409 3 0.939142 4 3 

Behavior of Staff 0.837773 4 0.863332 3 4 

Noise Level 0.838738 5 1.150209 12 8 

Toilet Facility 0.949011 6 1.000000 5 7 

Ventilation System 1.009274 7 1.074839 11 5 

Waiting Room Facil-

ity 
1.036597 8 1.045547 6 6 

Ease of Entry-Exit 1.042572 9 1.071846 7 9 

Comfort Level 1.045547 10 1.072146 10 12 

Overall Security 1.048513 11 1.072046 9 10 

Ticket Cost 1.05147 12 1.071946 8 11 

 

5.4 Summary  
This chapter is about the overall performance of ANFIS and PNN model, their results and 

the best model performance among  ANFIS and PNN for evaluating commuter train ser-

vice quality. Attribute ranking was also conducted by using RMSE and R values and 

comparing these with the public opinion about the attributes which are most significant. 

From the results, it is clear that 'bogie condition', 'cleanliness', 'female harassment'  'be-

havior of staff', 'toilet facility' are the most significant attributes. This indicates that some 

necessary measures should be taken immediately to recover the effects of these factors to 
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improve the service quality of commuter train. This research came to a result that ANFIS 

is most suitable for commuter train service quality analysis than PNN model.   
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CHAPTER 6 
Conclusion and Recommendation  

6.1 General 
In recent time, many suburb and urban city dwellers prefer to use commuter train for their 

mode of transport almost every day. This indicates that commuter train service is very 

important factor for many who are the regular passenger of commuter train. The use of 

commuter train may help to reduce congestion in the roadway and also passenger will 

have a smooth journey. This research has been conducted to evaluate the current com-

muter train service quality of Bangladesh. This has been carried out by two models (i) 

Adaptive Neuro Fuzzy Inference System (ANFIS) and (ii) Probabilistic Neural Network 

(PNN). This chapter focuses the major findings of the research work. Also some scopes 

and future research aspects related to this research is recommended in this chapter. 

6.2   Conclusion  

This study was conducted to analyze the service quality of commuter train by ANFIS and 

PNN model, to find the most significant attribute that have to be solved immediately and 

also compare the performance of the two models. In this regard a questionnaire survey 

was conducted among some passengers of commuter train at some cities in Bangladesh. 

The questions of questionnaire survey have about 24 questions. These questions were 

about the commuter train service and service provided in the railway station. Among the 

24 questions 16 questions were about the commuter train service quality. This indicates 

that these are the 16 attributes which are used in the model. The subjective assessment 

was made using a rating scale of excellent, very good, good/satisfactory, poor, and very 

poor.  

Respondents were asked to rate the exiting service quality of commuter train in 1 to 5. By 

this rating the ranking of the attributes have been made by which the most significant at-

tribute can be identified. RMSE and correlation coefficient R were used in ranking the 

attributes. 
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As commuter train is very popular in Bangladesh now-a-days, so to keep the popularity 

and to encourage more passengers to ride in commuter train some steps should be taken 

to improve the existing limitations of commuter train service. During the questionnaire 

survey respondents were asked to identify the main limitations of the service quality of 

commuter train. From their point of view, 'Bogie condition' is the most significant limita-

tion among all. Other limitations that have been found in this research are 'Cleanliness', 

'Staff behavior', 'Female harassment',  'Toilet facility' etc. 

To get a better model performance total 12 attributes among 16 were considered in both 

models. For analyzing the service quality of commuter train two models were developed 

using ANFIS and PNN structures with all the 12 attributes. From the results, it was found 

that ANFIS gives a better result than PNN in SQ prediction capacity with 47.80% accu-

rate prediction, whereas PNN shows 44.10% accurate prediction. ANFIS predicted supe-

rior to PNN in prediction cases because, ANFIS executes neuro-fuzzy neural network 

algorithm, which is well classifier and accurate in predicting heterogeneous data than 

PNN models.  

By considering the lowest RMSE value 'Bogie condition' has became the first significant 

attribute that should be improved at first. According to both ANFIS and PNN 'Cleanli-

ness', 'Staff behavior', 'Female harassment', 'Waiting room facility', 'Toilet facility' and 

'Comfort level' are the most significant attributes which will influence the service quality 

of commuter train. The authority can take steps to improve the service quality of com-

muter train to encourage the passengers for using commuter train by providing better ser-

vice quality. This research will help the authority to take initiative by understanding the 

attributes and their ranking. 

In Bangladesh, rail communication is considered to be the most environmental-friendly, safe, and 

affordable form of transport. However, based on a 2007 World Bank Report, it was found that the 

railway only represents 4% of passengers modal share and 4% of freight modal share – a striking-

ly low percentage considering the many benefits of the railway sector. This is due to railway‘s 

poor infrastructure, insufficient funding, deteriorated physical assets, and low efficiency of ser-

vices compared to other available transport types. According to Bangladesh Railway (BR), 

approximately 40,000/day passengers are carried to and from Dhaka by commuter rail 
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services. Dhaka-Narayanganj commuter rail service is the most popular amongst all these 

services with approximately 12,000 daily passengers. The existing commuter rail services 

connecting Dhaka with surrounding districts is progressively attracting more passengers. 

However it has become difficult to increase service frequency due to the decaying single 

railway tracks and other infrastructures, and a shortage of rolling stocks as well. For re-

ducing congestion in the roadway and to provide adequate transport service for all, it is 

necessary to encourage the passengers to move on commuter train. This will reduce the 

pressure on roadway and hence congestion in the city.  

This research will help the decision maker to take initiative for improving the service 

quality of commuter train. As a overall preference of the passengers have taken in this 

study it will help the policy makers too to make policies. Besides of public opinion, two 

models have been generated to evaluate the commuter train service quality according to 

some attributes. These attributes will help the authority to understand the exiting prob-

lems of the passengers while travelling on the commuter train. By this study it has been 

found that the most significant problem of exiting commuter train service is the existing 

bogie condition of the train. Passengers found that the inside space of the train is not 

properly arranged and cleaned every time. This makes them to avoid commuter train for 

their movement. Public opinion and the model results both gives the same output about 

the existing condition of bogies of the train. So the first initiative of the authority can be 

providing a proper arranged and cleaned bogie of the train. In second case, from this re-

search, it is found that cleanliness is not very satisfactory into the train which also affects 

the public opinion about to ride in commuter train.  

The policy makers and practitioners can get some suggestions and direction to improve 

the exiting service quality by this research. Also this research will help to understand the 

performance of two models (i) ANFIS and (ii) PNN in analyzing the SQ of commuter 

train and their prediction about the most significant attribute by the ranking of attributes. 

However these model are not satisfactorily fit for commuter train service quality analysis 

by this data sample. Any other model like Structural Equation Model (SEM), Multi-

Layered Perceptron (MLP) Neural Network, Generalized Regression Neural Network 

(GRNN) etc may be used for analyzing SQ of commuter train. 
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From the above discussions the following conclusions can be made: 

1. Among the two models ANFIS prediction is better than PNN for service quality analy-

sis of commuter train. The accuracy of ANFIS in testing stage is 47.80% whereas in PNN 

the accuracy is 44.10%. Because ANFIS executes the combined algorithm of Neural 

Networks and  Fuzzy Inference System. 

2. For both models, attribute ranking, stepwise approach and public opinion gives the 

same attribute as most significant and that is 'Bogie condition'.  

3. 'Cleanliness', ' Staff behavior' and 'Toilet facility' are the next three significant attribute 

that should be improved. 

6.3 Recommendations for Future Research 

Safe, efficient and reliable mass transportation is a priority issue for any governments 

around the world. Rail transit is widely viewed as sustainable solution, yet its develop-

ment always comes with a multitude of challenges. For improving the service quality of 

commuter train there remains some influencing factors that demand the improvement. 

This research shows some of the influencing factors that should be immediately im-

proved. Following this research, there are many scopes for future study about improve-

ment service quality of commuter train. Some are listed below. 

1. In this research total 802 data have been taken and these data are belong to some par-

ticular route of the country like Dhaka, Sylhet, Rajshahi, Narayangonj etc. In future some 

other routes can be selected as the study area and evaluating the service quality of com-

muter train in that particular study area. 

2.  Research targeting particular user groups ( i.e female, student, senior citizen, people 

with different monthly income etc) may lead to other major findings which will give a 

valuable outcome into the commuter train service quality analysis. 

3. In this research work ANFIS and PNN model has been used to analyze service quality 

of commuter train. Although in this research the model performance in ANFIS and PNN 
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is satisfactory, for better model performance other models like Structural Equation Model 

(SEM), SERVQUAL, Multi-Layered Perceptron (MLP) Neural Network, Generalized 

Regression Neural Network (GRNN) etc may be used for analyzing SQ of commuter 

train.  

4. Among the two models ANFIS is more accurate than PNN for this research work.  

However, ANFIS is greatly influenced by the parameters such as membership function, 

learning algorithm etc. This study reveals that the accuracy is not up to the standard level. 

For getting more accurate result the some other membership functions like triangular, 

trapezoidal or other shapes may be used.  An investigation of additional learning algo-

rithm (resilient propagation, nonnegative least square) may be used for improving the 

performance of ANFIS. 

5. The prediction capabilities of ANFIS and PNN models found in this research work are 

expected to encourage practitioners around the world to apply these tools for SQ studies 

of other transport systems (intercity bus, train, ferries etc.). 

6. Two models have been checked for finding SQ of commuter train in this research. 

Other modeling techniques such as Structured Equation Modeling (SEM) and SERV-

QUAL method may be compared in predicting SQ of this service in future. 
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Appendix A 
 

QUESTIONARY SURVEY ON USERS’ SATISFACTION OF COMMUTER TRAIN 
SERVICE OF BANGLADESH 

 
USERS INFORMATION 

Name: 

Age: 

Occupation: 

Destination: 

Date: 

Aim of Travel: 

Reason of Travelling: 

Time of Choosing Alternative Mode: 

COMMUTER TRAIN SERVICE QUALITY INFORMATION 

A.    What is opinion about travel time delay of commuter train service?(Travel time delay) 

      (1) Very Poor       (2) Poor      (3) Satisfactory      (4) Very Good      (5) Excellent 

B.     How many time is required to reach the destination? (Travel time) 

      (1) Very Poor       (2) Poor      (3) Satisfactory      (4) Very Good      (5) Excellent 

C.   How convenient is to find ticket by online ticketing system? (Convenience of online ticketing system) 

      (1) Very Poor       (2) Poor      (3) Satisfactory      (4) Very Good      (5) Excellent 

D.    How convenient is to find ticket by counter ticketing system? (Convenience of ticket purchasing at counter) 

      (1) Very Poor       (2) Poor      (3) Satisfactory      (4) Very Good      (5) Excellent 

E.     What is your opinion about the cost of ticket? (Travel cost) 

      (1) Very Poor       (2) Poor      (3) Satisfactory      (4) Very Good      (5) Excellent 

F.     What is your opinion about the bogie arrangement? (Bogie arrangement) 

      (1) Very Poor       (2) Poor      (3) Satisfactory      (4) Very Good      (5) Excellent 
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G.     How comfortable is travelling in commuter train? (Comfort level) 

      (1) Very Poor       (2) Poor      (3) Satisfactory      (4) Very Good      (5) Excellent 

H.    How convenient is the entry and exit procedure in the commuter train? (Ease at entry-exit) 

      (1) Very Poor       (2) Poor      (3) Satisfactory      (4) Very Good      (5) Excellent 

I.     How secure is traveling on commuter train? (Overall security) 

      (1) Very Poor       (2) Poor      (3) Satisfactory      (4) Very Good      (5) Excellent 

J.   What is your opinion about the ventilation system inside the train? (Ventilation system) 

       (1) Very Poor       (2) Poor      (3) Satisfactory      (4) Very Good      (5) Excellent  

K.   What is your opinion about the waiting room of the railway station? (Waiting place condition) 

      (1) Very Poor       (2) Poor      (3) Satisfactory      (4) Very Good      (5) Excellent  

L.   What is your opinion about the food quality inside the train? (Food quality) 

      (1) Very Poor       (2) Poor      (3) Satisfactory      (4) Very Good      (5) Excellent 

M.    What is your opinion about the cleanliness of the train? (Cleanliness) 

      (1) Very Poor       (2) Poor      (3) Satisfactory      (4) Very Good      (5) Excellent 

N.    What is your opinion about the female harassment during travelling on train?  

        (Female harassment) 

      (1) Very Poor       (2) Poor      (3) Satisfactory      (4) Very Good      (5) Excellent 

O.   What is your opinion about the behavior of the staffs?  (Behavior of staff) 

      (1) Very Poor       (2) Poor      (3) Satisfactory      (4) Very Good      (5) Excellent 

P.   What is your idea about fitness of the car of commuter train?  (Fitness of car) 

       (1) Very Poor       (2) Poor      (3) Satisfactory      (4) Very Good      (5) Excellent 

Q.   What is your opinion about noise insulation in the car of commuter trains? (Noise level) 

      (1) Very Poor       (2) Poor      (3) Satisfactory      (4) Very Good      (5) Excellent 

R.   What is your opinion about the toilet facility for passengers? (Toilet facility) 

      (1) Very Poor       (2) Poor      (3) Satisfactory      (4) Very Good      (5) Excellent 
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S.    What is your opinion about the rooftop travelling of the passengers? (Roof top travelling) 

      (1) Very Poor       (2) Poor      (3) Satisfactory      (4) Very Good      (5) Excellent 

T.    What do you think about the steps taken by Bangladesh Railways for the development of railway and passenger satis-
faction? (Steps taken by BR) 

      (1) Very Poor       (2) Poor      (3) Satisfactory      (4) Very Good      (5) Excellent 

U.    How much extra cost will you spend for the extra facility if provided? (Cost for extra facility) 

      (1) Very Poor       (2) Poor      (3) Satisfactory      (4) Very Good      (5) Excellent 

V.    If you didn't get train ticket then which mode of transport you will choose? (Other modes) 

      (1) will not go      (2) Taxi      (3) Bus      (4) Airplane      (5) Other modes 

W. What rating point will you give as Overall Service Quality of the Train you have traveled recently? (Overall Service 
Quality) 

      (1) Very Poor       (2) Poor      (3) Satisfactory      (4) Very Good      (5) Excellent 

 
Rank 15 most important features of Service Quality you will mention from the train journey you have 
experienced recently from table below. 

Serial 
No  Rank 

01 Travel time delay 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

02 Travel time 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

03 Convenience of online 
ticketing system 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

04 Convenience of ticket 
purchasing at counter 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

05 Travel cost 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

06 Bogie arrangement 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

07 Comfort level 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

08 Ease at entry and exit 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

09 Overall security 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

10 Ventilation system 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

11 Waiting room condition 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

12 Food quality 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

13 Toilet facility 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

14 Female harassment 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

15 Behavior of staff 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

16 Bogie condition 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

17 Cleanliness 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

18 Noise level 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
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19 Rooftop Travelling 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

20 Steps taken by BR 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

21 Cost for extra facility 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

22 Other modes 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
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Appendix B 
 

Probabilistic Neural Network (PNN) Matlab Coding 

 

load TrainSQ.prn; load TestSQ.prn; 

 

SQ1 = TrainSQ'; SQ2 = TestSQ'; 

Y1 = ind2vec (SQ1); Y2 = ind2vec (SQ2); 

 

load TrainAtt12.prn; load TestAtt12.prn; 

load TrainAtt11.prn; load TestAtt11.prn; 

load TrainAtt10.prn; load TestAtt10.prn; 

load TrainAtt09.prn; load TestAtt09.prn; 

load TrainAtt08.prn; load TestAtt08.prn; 

load TrainAtt07.prn; load TestAtt07.prn; 

load TrainAtt6.prn; load TestAtt06.prn; 

load TrainAtt05.prn; load TestAtt05.prn; 

load TrainAtt04.prn; load TestAtt04.prn; 

load TrainAtt03.prn; load TestAtt03.prn; 

load TrainAtt02.prn; load TestAtt02.prn; 

load TrainAtt01.prn; load TestAtt01.prn; 

 

 

P12 = TrainAtt12'; T15 = TestAtt12'; 

P11 = TrainAtt11'; T15 = TestAtt11'; 

P10 = TrainAtt10'; T15 = TestAtt10'; 

P09 = TrainAtt09'; T15 = TestAtt09'; 

P08 = TrainAtt08'; T15 = TestAtt08'; 

P07 = TrainAtt07'; T15 = TestAtt07'; 

P06 = TrainAtt6'; T15 = TestAtt06'; 

P05 = TrainAtt05'; T15 = TestAtt05'; 

P04 = TrainAtt04'; T15 = TestAtt04'; 

P03 = TrainAtt03'; T15 = TestAtt03'; 

P02 = TrainAtt02'; T15 = TestAtt02'; 

P01 = TrainAtt01'; T15 = TestAtt01'; 

 

 

NN12 = newpnn(P12,Y1); O12 = sim(NN12,T12); 

NN11 = newpnn(P11,Y1); O11 = sim(NN11,T11); 

NN10 = newpnn(P10,Y1); O10 = sim(NN10,T10); 

NN09 = newpnn(P09,Y1); O09 = sim(NN09,T09); 

NN08 = newpnn(P08,Y1); O08 = sim(NN08,T08); 

NN07 = newpnn(P07,Y1); O07 = sim(NN07,T07); 

NN06 = newpnn(P06,Y1); O06 = sim(NN06,T06); 

NN05 = newpnn(P05,Y1); O05 = sim(NN05,T05); 

NN04 = newpnn(P04,Y1); O04 = sim(NN04,T04); 

NN03 = newpnn(P03,Y1); O03 = sim(NN03,T03); 

NN02 = newpnn(P02,Y1); O02 = sim(NN02,T02); 

NN01 = newpnn(P01,Y1); O01 = sim(NN01,T01); 

 

OI12 = (vec2ind (O12))'; 

OI11 = (vec2ind (O11))'; 
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OI10 = (vec2ind (O10))'; 

OI09 = (vec2ind (O09))'; 

OI08 = (vec2ind (O08))'; 

OI07 = (vec2ind (O07))'; 

OI06 = (vec2ind (O06))'; 

OI05 = (vec2ind (O05))'; 

OI04 = (vec2ind (O04))'; 

OI03 = (vec2ind (O03))'; 

OI02 = (vec2ind (O02))'; 

OI01 = (vec2ind (O01))'; 

 

OTT = sim(NN12,P12); 

TSMO = (vec2ind (OTT))'; 

 

x = TrainSQ'; 

y = TSMO'; 

A = ind2vec(x); 

O = ind2vec(y); 

plotconfusion(O,A); 

 

OTestSQ = ind2vec(TestSQ'); 

 

plotconfusion(O15,OTestSQ);  
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Appendix C 
 

Fuzzy Logic Toolbox 

Version 2.2.19 (R2014a) 27-Dec-2013 

GUI editors 

    anfisedit   - ANFIS training and testing UI tool. 

    findcluster - Clustering UI tool. 

    fuzzy       - Basic FIS editor. 

    mfedit      -  Membership function editor. 

    ruleedit    -  Rule editor and parser. 

    ruleview    -  Rule viewer and fuzzy inference diagram. 

    surfview    -  Output surface viewer. 

  

Membership functions 

    dsigmf      -  Difference of two sigmoid membership functions. 

    gauss2mf    -  Two-sided Gaussian curve membership function. 

    gaussmf     -  Gaussian curve membership function. 

    gbellmf     -  Generalized bell curve membership function. 

    pimf        -  Pi-shaped curve membership function. 

    psigmf      -  Product of two sigmoid membership functions. 

    smf         -  S-shaped curve membership function. 

    sigmf       -  Sigmoid curve membership function. 

    trapmf      -  Trapezoidal membership function. 

    trimf       -  Triangular membership function. 

    zmf         -  Z-shaped curve membership function. 
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 Command line FIS functions 

    addmf       -  Add membership function to FIS 

    addrule     -  Add rule to FIS. 

    addvar      -  Add variable to FIS. 

    defuzz      -  Defuzzify membership function. 

    evalfis     -  Perform fuzzy inference calculation. 

    evalmf      -  Generic membership function evaluation. 

    gensurf     -  Generate FIS output surface. 

    getfis      -  Get fuzzy system properties. 

    mf2mf       -  Translate parameters between functions. 

    newfis      -  Create new FIS. 

    parsrule    -  Parse fuzzy rules. 

    plotfis     -  Display FIS input-output diagram. 

    plotmf      -  Display all membership functions for one variable. 

    readfis     -  Load FIS from disk. 

    rmmf        -  Remove membership function from FIS. 

    rmvar       -  Remove variable from FIS. 

    setfis      -  Set fuzzy system properties. 

    showfis     -  Display annotated FIS. 

    showrule    -  Display FIS rules. 

    writefis    -  Save FIS to file. 
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Advanced techniques 

    anfis       -  Training routine for Sugeno-type FIS (MEX only). 

    fcm         -  Find clusters with fuzzy c-means clustering. 

    genfis1     -  Generate FIS matrix using generic method. 

    genfis2     -  Generate FIS matrix using subtractive clustering. 

    subclust    -  Estimate cluster centers with subtractive clustering. 

  

Miscellaneous functions 

    convertfis  -  Convert v1.0 fuzzy matrix to v2.0 fuzzy structure. 

    discfis     -  Discretize a fuzzy inference system. 

    evalmmf     -  For multiple membership functions evaluation. 

    fstrvcat    -  Concatenate matrices of varying size. 

    fuzarith    -  Fuzzy arithmatic function. 

    findrow     -  Find the rows of a matrix that match the input string. 

    genparam    -  Generates initial premise parameters for ANFIS learning. 

    probor      -  Probabilistic OR. 

    sugmax      -  Maximum output range for a Sugeno system. 

  

GUI helper files 

    cmfdlg      -  Add customized membership function dialog. 

    cmthdlg     -  Add customized inference method dialog. 

    fisgui      -  Generic GUI handling for the Fuzzy Logic Toolbox 

    gfmfdlg     -  Generate fis using grid partition method dialog. 

    mfdlg       -  Add membership function dialog. 

    mfdrag      -  Drag membership functions using mouse. 
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    popundo     -  Pull the last change off the undo stack. 

    pushundo    -  Push the current FIS data onto the undo stack. 

    savedlg     -  Save before closing dialog. 

    statmsg     -  Display messages in a status field. 

    updtfis     -  Update Fuzzy Logic Toolbox GUI tools. 

    wsdlg       -  Open from/save to workspace dialog. 

 



99 

 

Genfis1 Coding 

function fis = genfis1(data, numMFs, inmftype, outmftype) 
%GENFIS1 Generates an initial Sugeno-type FIS for ANFIS training using 

a grid 
%        partition. 
% 
%   FIS = GENFIS1(DATA) generates a single-output Sugeno-type fuzzy in-

ference 
%   system (FIS) using a grid partition on the data (no clustering). 

FIS is 
%   used to provide initial conditions for ANFIS training. DATA is a 

matrix with 
%   N+1 columns where the first N columns contain data for each FIS in-

put, and 
%   the last column contains the output data. By default, GENFIS1 uses 

two 
%   'gbellmf' type membership functions for each input. Each rule gen-

erated by 
%   GENFIS1 has one output membership function, which is of type 'line-

ar' by 
%   default. 
% 
%   FIS = GENFIS1(DATA, NUMMFS, INPUTMF, OUTPUTMF) explicitly speci-

fies: 
%     * NUMMFS   number of membership functions per input. A scalar 

value, 
%                specifies the same number for all inputs and a vector 

value 
%                specifies the number for each input individually. 
%     * INPUTMF  type of membership function for each input. A single 

string 
%                specifies the same type for all inputs, a string array 
%                specifies the type for each input individually. 
%     * OUTPUTMF output membership function type, either 'linear' or 

'constant' 
% 
%   Example 
%       data = [rand(10,1) 10*rand(10,1)-5 rand(10,1)]; 
%       fis = genfis1(data,[3 7],char('pimf','trimf')); 
%       [x,mf] = plotmf(fis,'input',1); 
%       subplot(2,1,1), plot(x,mf); 
%       xlabel('input 1 (pimf)'); 
%       [x,mf] = plotmf(fis,'input',2); 
%       subplot(2,1,2), plot(x,mf); 
%       xlabel('input 2 (trimf)'); 
% 
%   See also GENFIS2, ANFIS. 

 
% Change this to have different default values 
 

default_mf_n = 2; 
default_mf_type = 'gbellmf'; 
default_output_type = 'linear'; 
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if nargin <= 3, 
    outmftype = default_output_type; 
end 
if nargin <= 2, 
    inmftype = default_mf_type; 
end 
if nargin <= 1, 
    numMFs = default_mf_n; 
end 

  
% get dimension info 
data_n = size(data, 1); 
in_n = size(data, 2) - 1; 

  
% error checking 
 if length(numMFs)==1, 
   numMFs=numMFs*ones(1, in_n); 
 end 

  
% Check arguments defining system inputs 
if length(numMFs) ~= in_n | (size(inmftype, 1) ~=1 & size(inmftype, 1) 

~= in_n), 
    error('Wrong size(s) of argument(s) defining system input(s)!'); 
end 
% Check argument defining system output 
if size(outmftype,1) ~= 1 
    error('Argument data entered may only have one output!'); 
end 
if (strcmp(outmftype,'linear') | strcmp(outmftype,'constant')) ~= 1 
    error('Output membership function type must be either linear or 

constant!'); 
end 

  
if size(inmftype, 1) ==1 &  in_n>1 
   for i=2:in_n 
      inmftype(i,:)=inmftype(1,:); 
   end 
end 

  
rule_n = prod(numMFs); 

  
fis.name = 'anfis'; 
fis.type = 'sugeno'; 

  
fis.andMethod = 'prod'; 
fis.orMethod = 'max'; 
fis.defuzzMethod = 'wtaver'; 
fis.impMethod = 'prod'; 
fis.aggMethod = 'max'; 

  
range = [min(data,[],1)' max(data,[],1)']; 
in_mf_param = genparam(data, numMFs, inmftype); 
k=1; 
for i = 1:in_n, 
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 fis.input(i).name = ['input' num2str(i)]; 
 fis.input(i).range=range(i,:); 
 for j=1:numMFs(i) 
  MFType = deblank(inmftype(i, :)); 
  fis.input(i).mf(j).name = ['in' num2str(i) 'mf' num2str(j)]; 
  fis.input(i).mf(j).type = MFType; 
  if strcmp(MFType,'gaussmf') | strcmp(MFType,'sigmf') ... 
                | strcmp(MFType,'smf'), 
     fis.input(i).mf(j).params= in_mf_param(k,1:2); 
  elseif strcmp(MFType,'trimf') | strcmp(MFType,'gbellmf'), 
     fis.input(i).mf(j).params= in_mf_param(k,1:3); 
  else 
     fis.input(i).mf(j).params= in_mf_param(k,1:4); 
  end   
  k=k+1; 
 end 
end 

  
fis.output(1).name='output'; 

  
fis.output(1).range=range(end,:);  
for i = 1:rule_n, 
  fis.output(1).mf(i).name=['out1mf', num2str(i)];   
  fis.output(1).mf(i).type=outmftype; 
  if strcmp(outmftype, 'linear') 
   fis.output(1).mf(i).params=zeros(1, in_n+1); 
  else 
   fis.output(1).mf(i).params=[0]; 
  end 
end 

  
rule_list = zeros(rule_n, length(numMFs)); 
for i = 0:rule_n-1, 
    tmp = i; 
    for j = length(numMFs):-1:1, 
        rule_list(i+1, j) = rem(tmp, numMFs(j))+1; 
        tmp = fix(tmp/numMFs(j)); 
    end 
end 
rule_list = [rule_list (1:rule_n)' ones(rule_n, 1) ones(rule_n, 1)]; 
fis.rule=[]; 
fis=setfis(fis, 'rulelist', rule_list); 

  
if length(fis.rule)> 250 
    wmsg = sprintf('genfis1 has created a large rulebase in the FIS. 

\nMATLAB may run out of memory if this FIS is tuned using ANFIS.\n'); 
    warning(wmsg); 
end 
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Genfis3 

Genfis3 

Generate Fuzzy Inference System structure from data using FCM clustering 

Syntax 

fismat = genfis3(Xin,Xout)  

fismat = genfis3(Xin,Xout,type)  

fismat = genfis3(Xin,Xout,type,cluster_n)  

fismat = genfis3(Xin,Xout,type,cluster_n,fcmoptions)  

 

Description 

genfis3 generates a FIS using fuzzy c-means (FCM) clustering by extracting a set of rules 
that models the data behavior. The function requires separate sets of input and output data 
as input arguments. When there is only one output, you can use genfis3 to generate an 
initial FIS for anfis training. The rule extraction method first uses the fcm function to de-
termine the number of rules and membership functions for the antecedents and conse-
quents. 

fismat = genfis3(Xin,Xout), generates a Sugeno-type FIS structure (fismat) given input 
data Xin and output data Xout. The matrices Xin and Xout have one column per FIS in-
put and output, respectively. 

fismat = genfis3(Xin,Xout,type), generates a FIS structure of the specified type, where 
type is either 'mamdani' or 'sugeno'. 

fismat = genfis3(Xin,Xout,type,cluster_n), generates a FIS structure of the specified type 
and allows you to specify the number of clusters (cluster_n) to be generated by FCM. 

The number of clusters determines the number of rules and membership functions in the 
generated FIS. cluster_n must be an integer or 'auto'. When cluster_n is 'auto', the func-
tion uses the subclust algorithm with a radii of 0.5 and the minimum and maximum val-
ues of Xin and Xout as xBounds to find the number of clusters. See subclust for more in-
formation. 

fismat = genfis3(Xin,Xout,type,cluster_n,fcmoptions), generates a FIS structure of the 
specified type and number of clusters and uses the specified fcm options for the FCM al-
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gorithm. If you omit fcm options, the function uses the default FCM values. See fcm for 
information about these parameters. 

The input membership function type is 'gaussmf'. By default, the output membership 
function type is 'linear'. However, if you specify type as 'mamdani', then the output mem-
bership function type is 'gaussmf'. 

The following table summarizes the default inference methods 

Inference Method Default 
AND Prod 
OR Probor 

Implication prod 
Aggregation sum 

Defuzzification wtaver 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


