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Optimization of Critical Factors of Northern
Railway Network using TISM and DEMATEL

Reetik Kaushik, Roopa Singh, Yasham Raj Jaiswal, Ranganath M. Singari

Abstract: The Indian railway network is one of the largest rail
networks that undergo continuous expansion. However, more
reliableand safe servicein-network is subject of growing attention
in India but to work on these challengesis a cumbersome task as
each factor isinfluencing each other. Studying these parameters
is tedious task and will contribute significantly to improving the
operations and overall management of railway network. The
purpose of thisresearch study isto identify and optimize different
wulnerable factors that are affecting smooth functioning of
railway network through identification of hierarchical
correlations among parameters and prioritizing performing a
specific order for identification and improvement. Thus keeping
in mind the perspective the research is based on an integrated
approach of DEMATEL (Decision-making trial and evaluation
laboratory) and TISM (Total interpretative structural modeling).
Based on extensive review of literature and expert opinion, 15
vulnerable parameters were identified and expert €elicitation was
applied to determine correlation among factors. The scope of this
research suggeststhat five layers structural model can be formed.
Network layout and emergency measure during disaster held
maximum weight and individual workload, stress, and different
environmental conditions were independent factors inclined at
lower levels. The research provides reliable information for
decision-makers to form active strategies and management
policies for more adequate and reliable system of network. Also
more safe and profitable network that will promote sustainable
development throughout I ndia. Thisstudy provides more efficient,
efficacious, robust and systematic way to surmount challenges.

Keywords: Challenges, DEMATEL, Railway Network Factor
Analysis, Reliability, TISM.

. INTRODUCTION

Every organization endeavors to enhance its productivity
and always in search of tools that on implementation present
limited resources and derives the best output. The study aims
to deliver a simple model which when employed in India
Railways, eight largest employers of world, helps in
smoothening its workflow, enhancing its reliability and
availability.
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Indian Railways is the fourth-largest rail network and runs
20,000 passenger trains and 9200 trains in freight segment
daily. Dueto itsimperative nature, the economic budget of the
fiscal year 2019-20 of Indian government gave a budgetary
allocation 0f % 65,837 crore. The datadisplaystheimportance
of this organization on daily economic, socia affairs of the
country and the demand for high reliability. The complex
large scale organization on which relies the functioning of a
vast section of the country faces disruptions, irregularities,
failures. Locomotive failure is one of the most challenging
and hindering tasks to the Indian Railways aiming for the
smooth running of its trains around the country. Daily at an
average, more than five locomotives are failed in between
their journey, leading to chaos and congestion in the route and
ultimately leading to heavy traffic block. Hence, there is an
urgent need to analyze the functioning of the organization to
reduce the cases of failures. The analyze will consider not
only the technical faults of locomotives but also the
functioning failures which are driven by factors such as
Individual technical capability, organizational structure,
network topology, safety investment, education and training,
emergency management plan, operating environment, rules
and regulations, individual workload and stress.

The research study attempt is to organize the complex
network of the organization into a structured form, which is
explicit and understandable also, which helps us to know the
inter-relationship and inter-dependency of various factors.
We have used an integrated approach of Decision-Making
Traill Evolution Laboratory (DEMATEL) and tota
interpretative structural modeling (TISM) for creating a
conceptual model with correlated parameters that are
prioritized using DEMATEL. The MICMAC analysisdone at
later stages which are based on multiplication property of
matrices graphically represents the interconnection, driving
and dependence power by forming clusters of all the factors
into four categoriess Quadrant 1 represents autonomous
variable, Quadrant 2 showsthe dependent variables, Quadrant
3 represents linkage variables and Quadrant 4 shows
independent variables, which are also caled as driver
variables.

[I. LITERATURE REVIEW

Considerable studies have researched the biggest network
of railwaysin the world that isthe Indian railway network and
analyzed those using different approaches. These studies have
been discussed below briefly. Awadhesh et al. (2013) intheir
study stepped towards a strategic analysis of reliability and
scientific management of diesel locomotives in Indian
railways.
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Thefailure analysisto doneto locate critical componentsin
the diesel locomotive system, to establish a uniform
understanding and practically useful approach for system
record, failure database and strategic analysis of failures. The
paper considered a basic theory of Pareto's principle of
scientific management for a detailed analysis of locomotive
systems failure data.

It recommends an ideal system of recording of linefailures,
computerization of failure database and it suggests three
levels of recording i.e. reporting, investigation and
assessment. Besides, it recommends a hierarchical system of
analysis of failures for better strategy and decision-making.
The findings of this paper should be applied to the Indian
railways system for better disposal of failures, to know the
root cause of failure and to minimize the failure cases. This
strategy can be applied to other industries as well.

Jena et al (2016) studies critical success parameters for
smartphone manufacturing industries ecosystem in India
using TISM modelling for 15 critical factors in smartphone
industry to develop a conceptual framework for different
critical factorsand devel op relationships among them. Results
can be used to promote framework in smartphone
manufacturing in India. Further cab be explored and assessed
to improve the drivers of framework.

Rade et a. (2017) worked on the ISM method in a system
of hot dyeing waste durry. In his study, he computed
vulnerable factors that will affect the rate of heat transfer of
hot dyeing waste slurry and ISM model created for them to
identify their interdependence and estimate the level of
significance on each other. He also mentioned that ISM is a
part of the soft operation research family. It isan approach for
simplifying complex relationships among various elements of
a complex system by creating a simple clear structure, map,
and graph. It uses practica knowledge of experts to
decompose the structure and create a multilevel structural
model. Kunar et al. (2013) presented a study intending to
analyze the reliability by using Weibull distribution, various
data plots, and failure rate information to determine results
that can be utilized by railway locomotive engines for a
reduction in unexpected breakdowns and to enhance the
reliability and availability of engine. The objective of his
study was to determine the reliability, availability and
mai ntai nability aspects of the two most significant constituent
of railway diesel locomotive engine i.e. Power pack
assemblies, Engine System. A broad study is done to gather
accurate data at a suitable level of detail for availability
analysis. For maintenance of spare part inventory, the ABC
analysis was done. Weibull Distribution was used for
reliability analysis. The RAM measurement and eval uation of
diesel locomotive engine helps in bringing down the
unexpected breakdowns and to minimize the expenditure on
maintenance. He also concluded that this study is useful in
future for other industries as well to minimize the breakdown
of machines, to effectively apply predictive and preventive
maintenance which can help in cost reduction as well.

Sayai et al. (2014) suggested a way to improve
productivity inindustry by using TISM that helpsin managing
complexity, determination of various factors, their
interdependence, and driven, driving capacity. As every
organization focus on its productivity, that is a representation
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of the effective and efficient conversion of resources into
marketable products. His study focused on improving the
productivity of the construction industry by using TISM. This
methodology gave a systematic relationship between the
factors affecting labor productivity.

Rajesh et al. (2013) in his work tried to develop a method
that helpsinidentifying astructure and interpreting amodel in
acomplex system for the ease of identifying relations between
various components, elements that can be utilized further
research. He gave an overview of the interpretive structural
modeling I1SM approach. He used the systematic application
of basic concepts of graph theory and Boolean algebrathat on
implementation in a human-computer interaction utilized the
theoretical, conceptual and computational advantage to
construct a directed graph that is a representation of the
hierarchical structure of a system.

The above method had two advantages i.e. advance
mathematical knowledge viewpoint and efficiency in terms of
economizing computer time. He concluded that the method
can be used in the field of process design, career planning,
strategic planning, engineering problems, product design,
process re-engineering, complex technical problems,
financial decision making, human resources, competitive
analysis and electronic commerce to process and structure
details and establish relationship among various components
and their interdependence for better analysis purpose. In
addition, he mentioned that the |SM process fixes the unclear,
poorly organized mental models into well-defined and
structured models that can help to find the key factor that can
create issues or problems that can be used for strategy
development for the eradication of certain issues or problems.

Macigj et a. (2014) focused his study to analyses a
particular model of adiesel locomotive, the objective was to
evauate the reliability, availability, and maintenance of
SM48 diesel locomotive, which was a locomotive sample of
Polish rail company PKP CARGO S.A. The operational data
was analyzed to calculate the reliability, availability, and
maintainability, the tests and analysis of wear and tear of
locomotive assembly provided the basis for modification and
enhancement of the locomotive maintenance cycle. The
reliability ratiosthat are determined in his study can also form
the basisfor a Life Cycle Cost (LCC) analysis.

Liangliang et al. (2017) worked on a research to use the
AHP and ISM to perform a quantitative anaysis of
vulnerability factors to provide quality information that can
be used to take proactive strategies and guarantee the safety
operation of an urban rail transit system. The study tried to
explore the vulnerability factors based on an integrated
method consisting of AHP (Analytical Hierarchy Process)
and ISM (Interpretative Structural Modeling). This study
focuses on exploring the global system vulnerability where
vulnerability means susceptibility to injury or attack. It is the
manifestation of the inherent states of the system that express
the extent of adverse effects caused by disruptive events that
originate both within and outside the system boundary. The
methodology used in this study is an integrated approach of
AHP and ISM for better understanding of 21 vulnerability
factors.
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The AHP is used to assign a weight to each vulnerability
factor and evaluate their relative importance while ISM is
used to describe the interdependence among these factors
This new techniqueis better than conventional safety analysis
and makes the result more subjective. It allows the production
of new perception into elevating the safety of urban rail transit
operations.

The integrated method makes the extraction possess
superior credibility. The study provides useful insight and
knowledge of safety operation of the urban rail transit system
and the calculated factors should be formulated which can
prove to be a safer and reliable option. In this paper for the
sake of simplicity AHP method was applied however, it is
encouraged to use ANP method for future research purposes.

Mordin et al. (2015) worked on a project that aims to
establish an evaluation method that can be applied in the
railway system for excellent RAM performance. The
objective of the study wasto establish amethod that can either
decrease the occurrence of root causes or increase the
detectability of failure. Also to evaluate the reliability, to
determine the effect of availability and maintainability of train
operation using RAMS analysis and to find the best concept
of RAMS engineering to provide guidelines on how these
concepts can be implemented to improve the RAMS of a
diesel locomotive. The reliability of the system was done by
qualitative and quantitative methods. FMEA and FTA were
used in qualitative analysis and the quantitative method is
used to measure the amounts of reliability, availability, and
mai ntainability of the system, based on MTBF and MTTR of
different components of the system. The proposed assessment
methods were applied and investigation on the RAMS
performance was done to analyses the failure cause. Also,
suggestions to improve system reliability based on the FTA
model were introduced.

Table- I: Vulnerable Parametersfor Northern Indian

Railway network
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work as experience for new recruits
and staffs.

Operating
environment (F8)

Operation condition means the|
working condition of Railway diesel
sheds as well as the travel
environment for passengers.

Szkodaet al.
(2016)

Safety investment
(F9)

Indian railways invest a substantial
amount for safety as any disaster or

Ishaet.a
(2015), Ping et.

damage causes huge amount for|al (2017)
repairs.

Education and
training (F10)

Social conditions refer to employee’s|Jena et. al
connectivity with each other and for|(2016)
passenger sociad conditions  of
facility.

Rules and Rules and regulations are important|Attri et. a
Regulations (F11) |for the smooth functioning of any|(2013)
company
Organizational Organization structure means an|Sayali €. a
structure (F12) overall network and layout. Indian|(2014)
ralways have wel defined
organizational structure  with
relevant departments for

coordination and supervision.

Station layout (F13) |The layout of the Railway station is|Ping Lu et al.
very crucia as it helps in better|(2017)

service to passengers. It is very
important in areas where space is|

Sscarce.

Network topology | The topology of network is a dire|Szkodaet al.
(F14) factor as connectivity planning is|(2016), Ghosh
necessary. For example if one ling|et. a (2013)
needs repairs It should not stop
functioning of other lines or create
train delays.
Emergency The emergency management plan is|Ishaet al.
management plan  |necessary for disaster situations to|(2015), Burton
(F15) prevent losses both economic and|et a. (2001)

social.

Parameters Description References
Individual technical |Technical capacity of individuals|Awadhesh et al.
capability (F1) known as skills, knowledge, and|(2013), Burton

experience of individual. A capable|et al. (2001)
employee can handle situations with
relatively fewer mistakes.
Individual workload |Individuals work and stress is|Szkodaet al.
and stress (F2) directly related to the performance of | (2016), Jena et.
employee al (2016)
Equipment/facility |The Facility and Equipment|Ghosh et. al
condition (F3) condition is very prominent for|(2013)
optimum output.
Equipment/facility |Facility and Equipment performance|Botre et. al
performance (F4) isavariable of reliable technologies|(2014), Jena et.
and advanced materials for the|al (2016)
railway network.
Equipment/facility |Protection is a major issue for the|Radeet. a
protection (F5) reliability of any Plant / Equipment|(2017)
as better security for passenger and
better Equipment is necessary for any
company and network.
Natural environment (It is evident to avoid natural|Awadhesh et al.
(F6) disaster-prone areas for railway|(2013)
Fecilities or networks as it can
disrupt the working of Railways.
Socia environment |Employee’s education and training|Ghosh et. a
(F7) are very important as it improves|(2013)
operational capability as well as|
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1. RESEARCH METHODOLOGY

The Research methodology divided into four steps had
better understand the relationship between the vulnerable
factors found using extensive literature review. After that
factor were analyzed, an integrated approach of
Decision-Making Trail Evolution Laboratory (DEMATEL)
and tota interpretative structural modeling (TISM) is used.
DEMATEL used to set a priority order for vulnerable factors
in Indian railways and weights assigned to each one of them
so that a complex and impact relationship can be drawn
among factors. TISM model used to find correlation between
different subset of factors so that a model based on
dependencies formed for better layout and priority
management of northern Indian railways network. In spite the
fact that both techniques are decade old but they stand on the
merit of flexibility and robustness. Furthermore, they had not
utilized in Indian railway network beforefor robust and sturdy
model of organizational layout.

A. ldentification and categorization of vulnerable
factorsthrough an extensivereview of literature

Based on the study of different research papers of Indian
railways 15 vulnerable factors are identified and further
categorized into six categories so that the integrated model of
DEMATEL and TISM can be applied.
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B. Factorsareprioritized and correlationsaredrawn
using TISM model

The TISM methodology stands for Total Interpretive
Structural Modelling (TISM).

TISM is pair examination strategies to advance various

leveled connections among a lot of components. This
technique helps to change over poorly organized mental
models into well-explained models that go about as base for
conceptualization and hypothesis building. Over the ongoing
decade, numerous examinations have been done on the use of
TISM and wide ranges of variations have been advanced in
thewriting. Thetotal interpretive structural modeling (TISM)
technique is an extension of interpretive structural modeling
(ISM). The TISM strategy is utilized to build up the various
leveled relationship among the factors of interest. The focal
instrument of 1SM, for example reachability matrix and its
partitions are embraced, asitisapart of TISM technique. The
TISM technique is a nine-step procedure, this figure 1
explains about the steps followed in series in this research
methodology. The steps have been discussed later the flow
chart. Various steps have been followed to apply thisresearch
methodol ogy.
The very first step isto find out the parameters to be linked.
Then a suitable relationship is identified around the
parameters based on expert opinion. The next step is to
devel op the questionnaire done with the help of google form
for collecting the data based on expert opinion. Later the
guestionnaire is sent to various experts of the industries send
through messenger, mails and personally visiting the experts
to complete this step of the process. The fourth step is the
anaysis of the data, which is reliability anaysis of factor
analysis (rel ationships among parameters). The software used
to complete the process is Microsoft Excel. After the
parameter analysis, next step is to implement the TISM
approach is gradually applied in order to conclude the result.
A digraph is used for finding the result and conclusion.

| I Identify Various Crtical parameterto be correlated |

l

Identify Relationships amongst various identified parameters |

i

Elucidate correlation amongestablished parameters ‘

!

Develop a matrix defining contextualrelations among
parameters along with mterpretive knowledge behmd
the relations

)

Form a reachability matrix

| II.

‘ oL

-

Reexamine the

V.

No Transtvtv

mterpretrve logic and
knowledge base

Transitivitv Identified

| VI. Decide thelevels of all parameters by level apportioning |

'

Build up a digraph of initial reachability matrix |

|

| VIII. Develop aninteraction matrix from the finaldigraph |

l

| X Develop a TISM modelapportioning |

| v
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Fig. 1. Flow for TISM modeling

= Step 1: Identify the parameters
The parameters in the study for the modeling which critical
for northern railways network are identified through literature
and expert opinions.

= Step 2: Define a dependent relationship
To build up the structure, it is basic to characterize the logical
connection between the factors/variables of interest. Here, the
relevant relationship distinguished between the vital variables
is"Factor A will impact or improve Factor B". A model might
be "Government approaches will impact or upgrade furious
challenge”.

= Step 3: Understanding of the relationship
Thisprogression gives TISM an edge over conventional I1SM,
asthe previouslooks for an understanding of the connections.
Concerning this research, the understanding will be "How to
factor A will impact or improve factor B?' It will help
accomplish inside and out learning express.

= Step 4: Interpret the logic of pair-wise examination
An "Interpretive Logic-Knowledge Base" can be made for
pair-wise examination of the parameters; the response for
every correlation might be Yes (Y) or No (N). In the event
that the appropriate response is Y, further interpretation is
fundamental done by the experts to understand the reason for
the relationship between two parameters. The views of the
experts are used to develop an interpretive logic knowledge
base.

Table- 11: Structural self-interaction matrix
(SSIM)Error! Not avalid link.Table- I11: Rulefor
transforming SSIM to Reachability matrix

(i) Entry | (i toj) Relation | (i toj) Relation
X 1 1
o o o
\Y 1 O
A O 1

= Step 5: Forming of reachability and transitivity check
Theinterpretations of theidentified relationship set upin Step
[l have been utilized as a premise to the reachability matrix.
It is acquired by entering 1 or O in the I-j cell of the network
(where | is line and j is section) instead of 'Y' or N,
individually. At that point, the network istried for transitivity.
Transitivity exists if a backhanded relationship exists among
variables that mean if factor A prompts factor B and factor B
prompts factor C, at that point factor A will likewise prompt
factor C. By embedding transitivity in the reachability matrix,
the last reachability matrix has been acquired.
Transitivity adding in the initial reachability matrix is an
iterative process. For every transitivity link, the initial
reachability matrix is updated and ‘N’ entry is altered to Y’
entry. Finally, C‘transitive’ has been written in the
interpretation column.
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Table- IV: Final Reachability Matrix for Critical Success Factors

FL|F2| 3| F4a|Fs|Fe|F7|F8|Fo|Fi0] Fi1 | F12 | F13 | F14 | F15 | Drivin
g
Power
FL [1 [o [o |o |o o o [o [0 |oO 0 1 0 1 0o |3
F2 |1 |2 |12 |12 ]2 ]2 1o 1|1 0 0 0 0 0 |9
F3 oo |1 oo ]o |1 ]o oo 0 0 1 0 1 4
F4 o o |o |1 |1 oo 1o o 1 0 0 0 o |4
F5 (o o o |1 |12 oo |1 o0 ]oO 1 0 0 0 o |4
F6 [0 [1 [o o |1 |1 o 1 o |1 0 0 0 0 0 5
F7 o |o |1 oo |o |1 o o ]oO 0 0 1 0 1 4
Fge (o [o |o |1 |1 oo |10 o 1 0 1 0 0 5
Fo [o [o o |o oo o o |1 |oO 0 1 0 0 0 2
Flo{o [1 [o o [o |1 [o [o [o |1 0 0 0 0 0o |3
Fizl{o [o [o |1 |12 o o |1 [0 |oO 1 0 0 0 o |4
Fi2|1 [o [o o o |o [o [o o |oO 0 1 0 1 0o |3
Fi3[o [o [1 o o o |1 o [1 |oO 0 0 1 0 1 5
Fi4|1 [o [o |o [o o [o o o |oO 0 1 0 1 0o |3
Fis5|{1 [o [1 o o o |1 [o [1 |oO 0 0 1 0 1 6
5 |3 |5 |5 |6 3|5 |5 4 [3 [4 |4 5 3 4
= Step 6: Level partitioning of the reachability matrix 9 9 29,1315 9 I
The reachability set and the antecedent set have been 10 | 2610 2,6,10 2,6,10 \
identified for each parameter from the initial reachability 11 | 45811 45811 45811 v
matrix. When both the intersection set and the antecedent set 13 | 3,791315 3,7,813,15 371315 I
aresimilar, alevel has been assigned to each parameter. Once 15 | 1,37,9,13,15 3,7,1315 13,15 I
thelevel isallocated to afactor, it isnot considered in the next . .
iteration. This procedure is repeated until levels of al the Table- VII: Variable and Respective level
parameters are identified as shown in Table 5 and Table 6. S.No. | Factors Cod | LevelinTISM
e
Table- V: Iteration 1 1 Individual technical capability | F1 [
CSF | Reachability Antecedent Set | Intersectio | Leve 2 Organizational structure Fiz |1
Set n | 3 Network topology F14 |
1 1,12,14 1,2,12,14,15 1,12,14 [ 4 Safety investment F9 1l
2 12345,6,7,9 2,6 2,6 5 Equipment/facility condition F3 1
3 37 237 37 6 Socia environment F7 1
4 45 25,6 5 7 Station layout F13 |1
5 458 245,68 4,58 8 Emergency management plan F15 | 1l
6 2,56,8,10 2,6,10 2,6,10 9 Equipment/facility performance | F4 IV
7 3,713 237,13 3713 10 Equipment/facility protection F5 vV
8 58,11,13 56,811 5811 11 Operating environment F8 IV
9 9,12 29,1315 9 12 Rules and regulations Fi1 | IV
10 6,10 6,10 6,10 13 Individual workload and stress | F2 Y,
11 811 811 811 14 Natural environment F6 Vv
12 112,14 191214 112,14 I 15 Education and training F1I0 |V
13 | 7,91315 7,8,13,15 7,13,15 i _
% | 11214 112,14 112,14 | = Step 7: Digraph formation
5 [ 191315 315 315 A digraph formed consists of nodes and arrows. Each node
represents parameters and each arrow represents direction of
relationships between two parameters. Every parameter is
Table- VI: Iteration 2-7 arranged in the digraph as per the level obtained during level
CSF | Reachability Antecedoni s T iniarsectio | Love partitioning_. The di re_ctions_of rel ationshi ps established as per
Set n | the reachability matrix. Indirect relationships are thus shown
2 2,345,6,7,9 26 26,10 Y in the final digraph with the dotted line.
3 3,7,13,15 2,37,13,15 3,7,13,15 m = Step 8: Interaction matrix
4 453811 245811 453811 v A binary matrix formed by trandlating thefinal digraph. Inthis
5 458,11 2,4,5,6,8,11 458,11 v matrix, ‘1’ used to indicate direct and significant transitive
6 256810 2,610 2,610 Y, links. Further developed as an interpretive matrix by
7 3,7.13,15 2,3,7.13,15 3,7.13,15 i providing the relevant interpretation from the knowledge base
8 45811,13 456,811 45811 v

Retrieval Number: F3502049620/2020©BEIESP

DOI: 10.35940/ijitee.F3502.049620
Journal Website: www.ijitee.org

63

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication




Study of Total interpretive structural model of Northern railway network ussing DEMATEL

Table- VIII: Representsthetransitivity links between the factors

F F F F F F F F F F1 F1 F1 F1 F1 F1
1 2 3 4 5 6 7 8 9 0 1 2 3 4 5
F1 - 0 0 0 0 0 0 0 0 0 0 1 0 1 0
F2 1 - 1 1 1 1 1 1* |1 1* 1* 1* 1* 1* 1*
F3 1* | 0 - 0 0 0 1 0 1* | 0 0 1* 1* 1* 1*
F4 1* | 0 1* | - 1 0 * | 1* | 1* | 0 1* 1* 1* 1* 1*
F5 1* | 0 1* | 1 - 0 1* 1 1* | 0 1* 1* 1* 1* 1*
F6 1* | 1 1 [ 1* | 1 - 1* |1 1* |1 1* 1* 1* 1* 1*
F7 1* | 0 1 0 0 0 - 0 1* | 0 0 1* 1 1* 1*
F8 1* | 0 1 [ 1* | 1 0 1* | - 1* | 0 1 1* 1 1* 1*
F9 1* | 0 0 0 0 0 0 0 - 0 0 1 0 1* 0
F1 * (1 |1 | 1| 1|1 1 |1 | 1* | - 1* 1* 1* 1* 1*
0
F1 1* | 0 1* | 1* | 1* 1* |1 1* | 0 1* 1* 1* 1*
1
F1 1 0 0 0 0 0 0 0 0 0 0 - 0 1* 0
2
F1 1* | 0 1* | 0 0 0 1 0 1 0 0 1* - 1* 1
3
F1 1 0 0 0 0 0 0 0 0 0 0 1* 0 0
4
F1 1 0 1* | 0 0 0 1* | 0 1 0 0 1* 1 1*
5

= Step 9: Forming aTISM model
In the fina step, a TISM based framework has been
developed using a digraph and interpretive matrix. In this
framework, the interpretation of each relationship of
parameter is mentioned. This framework clearly displays the
driving power as well as the dependence power of each
parameter affecting the working of northern Indian railways

the most.
E Topology (F14)

I F
L LEVEL II
Equipment . Emerzency
iy e s e
Condition zining (F7) F13) P P15
F3) v

T LEVELIV

LEVELY

Natuzal

( Individual Workload
Exvironment (F6)

L md Stress (F2)

—— Direct Links

Social Environmant
F10) S
———1 Significant Transitive Links

Fig. 2. Digraph representation of links and nodes

C. DEMATEL approach for finding the priority of
grouped factors categorized using TISM model above

The DEMATEL methodology is Decision making trial and
evaluation laboratory (DEMATEL) considered an efficient
method for the identification of cause-effect chain
components of a complex system. It deals with finding
interdependent relationships among factors and finding the
critical onesthrough avisua structural model. Over the recent
decade, many studies done on the application of DEMATEL
and many different variants had forward in the literature.

Figure 3 explains about series of steps followed in research
methodology. These steps discussed below after the flow
chart. Different steps followed in flowchart of research
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methodology. The first step is to identify the challenges,
which are collected on the basis of expert opinion.The expert
opinion istaken by sending questioner and the second step is
questioner development, which isdone by Google form. After
this questioner is sent to different experts in the railway
industry working in different industry which is send through
mail, messenger and by visiting industries and diesel sheds.
The fourth step is collection of dataand analysiswhichisalso
of two types one reliability analysis and other is factor
analysis. This was done using software’s and they are as
follows —SPSS-23 and Microsoft Excel. After factor analysis
and reliability analysis, the next step is implementation of
DEMATEL approach in which systematic approach applied
so that we can come with results and conclusions. The casual
diagram helpsin finding out the result and conclusion.

Based on expert opinion H Tdentification of challenses H Literature Review
v
| Quesiones |
¥
| Data collection and statistical |<—( Factor analysis

| Implementation of DEMATEL Algorithm |

Result

Fig. 3. Flow chart of Research M ethodology
Expert opinions collected through e-mail, questionnaires,
and face-to-face interaction. The entire research intention
isto find out the main SCM challenges of dairy industry.
Identified challenges may be represented as- M1-
Government Policies, M2 — Individual Performance, M3 —
Management of overall network and coordination among
employees, M4 — Environment Conditions of diesel sheds,
M5 — Emergency Measures during disaster situation, M6 —
Network and layout of northern railways, and M7 —
Condition of Equipment and Facilities at railway diesel
shed.
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The DEMATEL approach deal swith both direct aswell as
indirect influences of one criterion over another criterion
and filters the efficacious criteria. The existing steps of
DEMATEL method are given as-
= Step 1: Calculate the average direct relation matrix:-

In this step, the data collected in the form of the opinion of
expert that was regarding the impact of i" criteria over the
j"criteria. For i = j, the diagonal elements are set to zero.
For each respondent, a non-negative matrix given as.

g
¥Fr= [}?‘J]nxn, (1)
Where ‘r’ is the number of respondent’s i.e. (1 =7 = m)

and *ij represents the degree of respondents believes of
i criteria over the j™ criteria Then summarize the

opinions of ‘m’ respondents and find out the average direct
relation matrix as given in equation 1.

B = [bu‘] )
1
Where i = m 2r=1%)

Table- IX: Averagedirect relation matrix

M1 | M2 | M3 | M3 | M5 | M6 | M7 | SUM
M1 | 12 | 3625|312 | 312 | 3285|387 | 325 | 20.85

5 5 7 5 2
M2 3 0 325(325|3375|337| 35 |19.75
5

M3 | 25 3 0 |375] 35 [375] 35 20
M4 | 3.37 3 375 0 35 35 | 3.625 | 20.75
M5 | 3.75 | 3.625 | 3.87 | 3.62 0 35 | 3125 | 215

5 5
M6 | 4.22 4 312 | 287 | 3.25 0 | 3625 | 21.09
5 5 7
M7 | 371 | 3375 | 362 | 3.62 | 3.625 | 3.5 0 21.46
5 5 4
SUM| 205 | 20.62 | 20.7 | 20.2 | 20.53 | 21.5 | 20.62
6 5 5 5 5 5

= Step 2: Determine normalized direct-relation matrix ‘N’
N=C=E 3

1
C= mu_tz,; B i:_._f:].;z,....._.ﬂ
Where 1zizm 11 Y

Table- X: Normalized direct relation matrix

M1 M2 M3 M3 M5 M6 M7

M1 0 0.16 0.14 0.14 0.15 0.18 0.15

M2 0.13 0 0.17 0.15 0.17 0.17 0.16

M3 0.11 0.13 0 0.17 0.16 0.17 0.16

M4 0.15 0.13 0.17 0 0.16 0.16 0.16

M5 0.17 0.16 0.18 0.16 0 0.16 0.14

M6 0.19 0.18 0.14 0.13 0.15 0 0.16

M7 0.17 0.15 0.16 0.16 0.16 0.16 0

= Step 3: Estimate the total relation matrix ‘T’ using
equation 3:-

T=N{-N)? ©)
Where ‘I’ isthe |dentity matrix.

Table- XI: N (N-1) INVERSE (TOTAL RELATION
MATRIX)

M1 M2 M3 M3 M5 M6 M7

M |-0.09173]| 0.11057 | 0.07657 | 0.08265 | 0.08837 | 0.12208 | 0.08715
1 2 2 7 6 2

Retrieval Number: F3502049620/20200BEIESP
DOI: 10.35940/ijitee.F3502.049620
Journal Website: www.ijitee.org

I SSN: 2278-3075 (Online), Volume-9 I ssue-6, April 2020

0.06728 | -0.0945 | 0.11269 | 0.08497 | 0.11492 | 0.11031 | 0.09994
7 5 1 5 6 8
0.03833 | 0.07315 |-0.09317| 0.12323 | 0.10388 | 0.11701 | 0.10456

7 6 6 8 3
0.09343 | 0.06892 | 0.11458 |-0.09197| 0.09993 | 0.09472 | 0.10964
5 2 7 5 5 1
0.11611| 0.10614 | 0.11868 | 0.10749 |-0.09874| 0.08937 | 0.07233
3 7 2 5 4 1
0.14735 0.13089 | 0.07233 | 0.06167 | 0.08123 |-0.10289| 0.10841
2 2 8 7 5 4
0.11221 | 0.08948 | 0.10230 | 0.10756 | 0.10437 | 0.09027 |-0.09668

8 4 5 5 2 8

N~NZ|oZ|loZ|xr=Z(w v

= Step 4: Development of causal diagram

The sum of rows (H) and the sum of columns (V) of the
total correlation matrix ‘T’ are calculated. Then,
‘Prominence’ (H + V) and ‘Relation’ (H - V) have been
caculated, to provides the relative importance and
categorization in to cause and effect group of each
criterion. It is predicated on positive and negative
criterion, If ‘Relation’ is positive, then criterion will
subsist in cause group while with negative ‘Relation’, falls
under effect group. By mapping the dataset of (H + V, H -
V), casual diagram is obtained, to observed some visions
for decision making

T= [tl-j]ﬂm ij = L2u..n

@
ki
H= [Z tL'_f] = [ti]ﬂxl
=1 " dpey (5)
) [¢]
v=> & =l
i=1 d 1wm 1 1xn (6)
Table- XI1: The sum of influences given and received
on criteria
H R H+R H-R

M | 047567 | 0.48300 | 0.95868 | -0.00733

1 9 6 5

M | 049564 | 0.48467 | 0.98032 | 0.010969

2 6 7 3

M | 046701 | 050400 | 0.97102 | -0.03699

3 8 5 3

M | 048927 | 0.47562 | 0.96489

4 1 1 2 0.013651

M | 051140 | 0.49399 | 1.00539 | 0.017411

5 1

M | 049902 | 052091 | 1.01993 | -0.02189

6 2 1 3

M | 050954 | 0.48536 | 0.99490 | 0.024173

7 7 7

IV. RESULT AND DISCUSSION

TISM model was obtained in Figure 2 and further priority
mapping of grouped vulnerable factors was obtained through
the DEMANTEL approach. In order to further classify the
critical parameters affecting Indian railways network, the
driving and dependence correlation of these factors was
obtained from final reachability matrix. The driving and
dependence of these factors were then plotted graphically for
MIC-MAC analysis. The ordinate represents driving power
whereas the abscissa represents the dependence power.

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication




Study of Total interpretive structural model of Northern railway network ussing DEMATEL

The graph is further divided into four quadrants. Quadrant
1 represents autonomous variable, Quadrant 2 shows the
dependent variables, Quadrant 3 represents linkage variables
and Quadrant 4 shows independent variables, which are also
called driver variables. Any factor, which is present in
quadrant, | is considered as more or less independent in
nature. It is not linked with other parameters for change.
Parameters in quadrant 1l are mostly dependent on other
factors but they do not influence other parameters. They are
known as dependent factors. The quadrant 111 parameters are
connecting factors asthey act aslink among other parameters
and are termed as linkage factors. Finaly, the parameters of
IV clusters have highest driving power, they influence other
factors mostly, and by themselves, they are independent in
nature. Thus, special attention is required for these
parameters, as they are known as game-changer variables.

Independent Variables
5 F2,F6,F10

Linkage Variables

F4,F5F8F11

F3,FTFI3FI5

FLFI2F14

Driving Power — 4

12 |3 41567 8|9 1 B 14|15

Autonomous Variables Dependent Variables

Power

Fig. 4. Driving power and Dependence Power Diagram

The Tota interpretative structural modeling based
conceptua framework was developed and shown in Figure 2.
The derived model is obtained from critica parameter
determined from vast review of the literature and
expert-based opinions of northern railway network. The
theoretical model present gives idea for management of
Indian railways network for better performance and greater
reliability. The direction of correlations established among
factors gave a wide view of dependence and as well as
independence relations of various factors so that immediate
attention can be drawn in case of failurein railway network.

Individual workload and stress, Natural environment,
Education and training emerged as the key parameters
essential for developing the strong and reliable network for
Indian railways as they come under the fourth quadrant
meaning independent variable. These factors are responsible
for driving others to change while they remain independent
change from others. So Indian railway network should focus
on training and education of employees for better
performance and reliability in diesel locomotive sheds. In
addition, thereis need to focus I ndividua workload and stress
asit can create problems due high pressure and fatigue. Each
individual should be given prescribed work hours and
achievable goals throughout the working period for better
results. Locations of railways networks and diesel sheds are
also important as certain locations in India are disaster-prone
and can cause delay/ damage due to natural environment. So
robust and fail-proof planning is required to ensure smooth
working of network and better service. Also, thereistransitive
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link between individual stress and education training as they
are correlated to performance factors that analyzed using
DEMANTEL approach. Furthermore above factors are
correlated to each other on some level meaning improvement
in one parameter can greatly benefit other factors as well.

Equipment and Facility performance can be enhanced if
individual workload and stress are reduced which can further
benefit protection of Equipment and facilities. It is clear
indicator in TISM model that operating environment, rules,
and regulations are correlated to each means they can be
influenced and optimized mutually which can further enhance
the whole chain of facility protection and performance that is
further connected to level V parameters of model that are
discussed above. In addition, it can be seen from model that
there are many direct links among parameters that can be used
to improve the functioning of Indian railway network. Level |
factorslike Individual technical capability, network structure,
and network topology are directly correlated to each other as
better organizational structure can only be achieved through
capable employees and better network layout of railways also
safety investment that are mostly carried through government
policiesisdirectly related to organizational structure that can
influence the whole network. Other parameters that directly
correlated in model are emergency management plans, station
layout, social environment, Equipment, and facility condition.
Correlation among which are clearly indicated in the TISM
model diagram above.

Transitive links among factors mean though they are not
directly related but are changed mutually in simple
mathematical terms meansif X isfactor of Y and Y isfactor
Z,thenthereistransitivelink if X isafactor of Z aswell. Thus
in TISM model transitive links are shown and it is clearly
understood that safety investment can cause change in
network topology indirectly as safer network is much more
reliable. In addition, education, training, individual workload
and stress are indirectly influencing the organizational
structure of Indian railways network. Other prominent
transitive links are correlation among Equipment and facility
performance, protection, and condition as they are all
subgroups of Equipment and Facility as whole parameter.
Rules and regulations form significant transitive link between
management plans at the time of emergency.

The MIC-MAC analyses done above are formed by the
property of multiplications in matrices. The main motive of
this analysis classifies the factors above shown in figure 4. It
is clear that there are no autonomous factors that are cluster I,
which means that all factors in system are interconnection
with each other. Parameters such as Individua technical
capability, Organizationa structure, and Network topology
falls under cluster Il and are called dependent factors. These
are primarily responsible for dependence rather than driving.
These occupy top-level in TISM model and are highly
influenced factors like Equipment and facility performance,
individual workload, and stress, social environment, etc.
cluster Il refers to the connecting factors that act as
correlating link between the driving and dependent factors of
the model.
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Equipment/facility condition, Social environment, Station
layout, and Emergency management plans are dependent on
the elements of cluster 1V, such as Equipment/facility
performance and protection, Operating environment, Rules
and regulations, Individual workload and stress, Natural
environment, Education and training. They are also liable for
driving factors of cluster I1.

To further improve the study model DEMATEL approach
was applied to prioritize the grouped parameters. Since
applying the approach to 15 critical factors is very tedious
task and not much information of priority can be drawn from
casual diagram. Therefore, determined critical factors were
grouped to form 6 main categorical variablesand DEMATEL
approach was applied. The identified challenges were :- M1-
Government Policies, M2 — Individual Performance, M3 —
Management of overall network and coordination among
employees, M4 — Environment Conditions of diesel sheds,
M5 — Emergency Measures during disaster situation, M6 —
Network and layout of northern railways, and M7 — Condition
of Equipments and Facilities at railway diesel shed. The
casual diagramisdrawn below.
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Fig. 5. Casual Diagram for priorities

M6 - Network and layout of northern railways comes out
with highest importance rating of 1.0199 and with lowest
importance rating of 0.9586 is M1 — Government policies.
M1- Government Policies, M3 — Management of overall
network and coordination among employees and M6 —
Network and layout of northern railways exist in effect group
due to negative (H-R) vaue while M2 — Individual
Performance, M4 — Environment Conditions of diesel sheds,
M5 — Emergency Measures during disaster situationand M7 —
Condition of Equipments and Facilities at railway diesel shed
comes in cause group category with positive (H-R) value and
have significant impact on effect group practices. Finaly the
importance order can be seen as M6>M5> M7>M2>
M3>M4>M1.

V. CONCLUSION

The research study attempted a TISM — DEMATEL
integrated approach to provide insightsto both academics and
practitionersworking in Indian railways network as safety and
reliability is considered most crucia consideration of railway
network. Thus understanding the main influencing parameters
in Indian railways through literature and expert opinions was
the key role of this study. Based on vulnerable factors
obtained TISM model was prepared and key driving and
dependence factors was jotted down using MIC MAC
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analysis. TISM technique used was very helpful in
determining the conceptual framework for indian railway
network after that key factors were further grouped in 6
categorical variables which was further optimized for getting
and cause and effect groups among parameters. As the
DEMATEL, approach gave priority order for cluster of
variable thisresearch study can be used to create better model
with priority factors for better organization management in
Indian railways network for much reliable and efficient
system. The crucia weighted parameters were quantified and
interrelation among them are used to propose a integrated
method.

Thusit can be suggested the network layout of railways are
most crucial when comesto cost cutting and profits of railway
network and main independent factors which most crucial
including priorities weights are emergency management
plans, Equipment and Facility conditions and network layout
of Indian railway network.

However, the assessment of these critical parameters are
based on subjective result of expert opinion and literature thus
it requires rigorous validation for acceptance throughout the
network of Indian railways. Beside these limitations of study
the presented the prioritized framework which was devel oped
for foundation managerial effort for reliable and better system
of railway network.

VI. SCOPE FOR FUTURE RESEARCH

This research effort provide an opportunity for future
research in Indian railway sector that is considered biggest
railway network in world. The current study is limited to only
15 vulnerable parameter for building the conceptual
framework that can serve as foundation for future models as
more and more parameters can be correlated together for
much reliable and robust system. Also, the group factors can
be analyzed using different operation research model for
better optimization of factors and greater priority graphs can
be drawn.

In addition, the model can be formed and applied to amore
functional level so that it can help the organizational structure
of Indian railways. For future in this study, a comparative
analysis of importance ratings obtained from DEMATEL
approach and can be done by Preference rating approach.
This preference rating approach has been integrated in two
phases as stage 1, CPR way to deal with deciding the RIR of
issues was utilized. For this execution, PG depends on field
master's assessments utilizing chart hypothesis based
portrayal system was produced. Further, in arrange 2: CSA
approach was utilized to assess the competitive priority rating
of each issue as for each thought to be focused methodology.
This approach can be utilized as a part of future with
DEMATEL keeping in mind the end goal to enhance
exactness.
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