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Abstract

In railway transport all trains operate according to pre-established timetable of trains. But also there
are some worst punctuality performance. In this paper related mathematical model and methods from
operational research, are applied to enhance railway service. An integer programming model is taken in
consideration to solve the problems. Delays affect the performance of railway transportation and quality of
service provided to passengers and terms related to cost and benefits. The proposed method is applied in
case studies of some running trains on Indian railway tracks between multi platform stations. Some
improvement are suggested to obtain better results and to make railways more attractive to travellers by
giving quality services with minimum cost and punctuality. An arrangement of trains on a multi platform
stations is formulated to support the effective and efficient running of railways on tracks.

Introduction

Railway transportation is one of the most dependable modes of transport in India. Indian railways has
the fourth largest rail networks in the world. Indian railways has a multi-gauge, multi-traction system
covering 67,368 KM of route length. Railways runs about 13,300 passenger trains and 9200 freight trains
daily, covering around 7,200 stations. Trains are fast and least affected by weather problems. It has fixed
routes and scheduled. Studies in this field can help to make railway transport more efficient and
sustainable. It can help railways to provide a number of good services with reducing cost to the customer.
To improve the quality of railway transportation it is necessary to build optimal train schedules. In most
countries like India, government is paying large subsidies for railways. In previous year Indians railways
had poor performance. The main cause of poor performance is due to lack of coordination between trains
and station arrangement. There is lack of ensuring timely arrival and departure of trains from stations. This
should be one of the most important parameters of the quality of services being provided to the passengers.
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CAG selected 15 stations in 10 zonal railways falling on the routes with heavy passenger traffic for audit. It
analysed one month data to study how scheduling and infrastructure leads to detention of trains at
adjoining stations in routes and on platforms. It was found that only 100 platform out of 164 have the
capacity to handle trains with 24 or more coaches. The committee on Restructuring Railways had noted
that with high levels of capacity utilisation, and the introduction of new trains, trains tend to slow down.

Solving of railway transport circulation by mathematical methods is a necessary step to it optimization.
Generally the optimization aims at minimizing the cost and maintaining the time table also the process of
getting delayed trains back to schedule is called delay recovery.

The objective is to create a master plan for stations with heavy passenger traffic to identify constraints
of station line capacity and devise measures to be taken to address these constraints on priority. Main focus
of this paper is to improve railway services and minimize cost of operation without any change in
infrastructure.

So our aim is to design a mathematical model for optimisation of railway transportation with
consideration of the constraints of trains characteristics, track gradients, curves, loops and speed time.

Literature Review

For delay determination , the importance of punctuality is discussed in [15]. The aim of this paper is to
provide a critical literature review on delay in railway transport.

The survey work has been done on this paper.Survey includes train related time tabling, train departure,
train arrival, route problem track allocation from s strategic, tactics and operational level [17].

For high speed railway network [7] it gives a brief plan to provide a better service. This is a multi
objective optimization model based on train scheduling.

The author in [2] studies about the importance of regularity, which is represented by passenger train
time tables, this is based on optimization of railway vehicle circulation in passenger train transport system.

An advanced traffic management system[TMS] [13] is proposed in this paper. This gives a management
in traffic fluency in large railway network with block signalling system. It definitely reduces the delays in
train system.

This paper [9] is also a study on blocking problem and train scheduling design problem which includes
train origin destination and route. In a train network system solving blocking problem for better service
quality in train transportation system.

In a single track line a work has been done to provide optimal speed profile to reduce delays and save
energy consumption but the methods used in [1] is a multi track optimization method a study on a time
space network representation technique was used to represent car moves on possible sign of car-to-block
and block-to-train assignment on a general merchandise rail service network has been done.

IJCRT24A4691 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | 0691


http://www.ijcrt.org/

www.ijcrt.org © 2024 IJCRT | Volume 12, Issue 4 April 2024 | ISSN: 2320-2882

In each major US railway ships million of cars over its network so a study to identify the classification
plan for all shipments at all Yards has done [8]. hence the main purpose is to minimize the total shipment
cost in railway network.

A bi-level programming model for the multi classification yard location[MCYL] problem is proposed [11]
in which a simulated annealing [SA] algorithm is then applied to solve the MCYL problem of a large scale
railway networks.

The author describes the starting point as a format structure for service intention thus the augmented
periodic time table problem is solved [10].

Also models based on time tabling are classified by time horizon and infrastructures constraints [5].

Two heuristic approaches has been done [4] to solve the [RAS] problems based on a MILP formulation
and to get results and to compare to other approaches to the [RAS] problem.

An investigation for a broad range of algorithmic problem in both freight and passenger railway
transportation problem is given [3].

Mathematical Model Formulation

The approach of this mathematical model is to provide an arrangement for trains in certain multi
platform stations and to recover from their delay timing if there is any or to maintain their schedule if there
is no delay timing travel informations regarding their running time stopping time etc are from their last
stoppage in multi platform station and their current stoppage in multi platform stations. Now according to
these data we set some general notification first for formulation then we defines parameter and variables.
After that we define objective functions and different constraints for the model.

Subscript and Superscript

S - Scheduled Time L - Latest Time s - Stopping Time r - Running Time t - Total Time Duration c - Current
Multi-platform Station /s - Last Multi-Platform Station
a - Arrival Time d - Departure Time
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Parameters and Variables

P1i- Running priority (i.e. Priority variable for Running time)

P2i- Sopping priority (i.e. Priority variable for Stopping time)

Uii- Delay Deviation of Running Time

Uzi- Delay Deviation of Stopping Time Us; - Delay Deviation of Total Time A1 - Expected Running Time Az;-

Expected Stopping Time

(Sac)i- Scheduled Arrival At Current Station

(Saia)i- Scheduled Arrival at Last Station

(Sdia)i- Scheduled Departure at Last Station

Objective Function

The objective function of this problem is to find the priority value for different constraints to minimize
delay time of a train. All the delay times are positive deviations. Thus the multi objective functions modelled
by using the goal programming method.

minZi= (priority1)i(U1i) + (priority2)i(Uzi) (D

In equation (1) the first term form right side is the priority value with weight of running time deviation
and second term form right side is the priority value with weight of stopping time deviation.

Constraints

For the model we take different constraints related to a trains during its travelling. We consider the train
running and stopping constraints with total time duration constraints.

Equation(1) is the running time priority constraints in which expected time of running with some
underachievement in scheduled time is equated with scheduled running time between two multi platform
stations. that is,

Ali+ Uli = (Sac)i - (Sdla)i (2)
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Equation (2) is the stopping time priority constraints in which the expected time of stopping with
underachievement in scheduled stopping time is equate with the scheduled stopping time on last multi
platform station. that is,

A2i + U2i = (Sdla)i - (Sala)i (3)

Equation (3) is the total time priority in which the expected number of total time duration of a train with
underachievement is equate with the scheduled total time of a train from arrival at last multi platform
station to the arrival at current multi platform station.

Ali+ A2i + U3i = (Sac)i - (Sala)i (4)

ALLA21,U15U25,U3i2 0

Solving

After formulation of different constraints with multi objective functions we are applying the simplex
method to solve goal programming problem in the modified form.

Here we write the pre-emptive priority goals that is P1,P2in order.

There is no profit maximization or cost minimization in the objective functions. Here we minimize the
unattained need portion of the goal as much as possible by minimizing the derivative variable (A1;A2i)
through the use of certain pre-emptive priority factor and different weights attached with the deviation in
the objective function. During solving by simplex method for the test of optimality we compute the value of
Zjand (Cj - Zj) values separately for each of the different goals P1,P2. It is because the different goals are
measured in the different units.

Now after solving there can be cases like;

Case:1
priority1= 0 priority2=0
this shows that there is no priority with weight attached. So there is no
delay in time.
Case:2
priority1> 0 priority2=0

then this implies that there is some delay or priority with weight
attached, which is greater than zero in running time.
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Case:3

priority1= 0 priority2> 0

then this implies that there is some delay or priority with weight at-
tached,which is greater than zero in stopping time.

Case:4

priority1> 0 priority2 > 0 then this implies that there are some delay or priority with weight attached,

which are greater than zero in both running and stopping time.

Arrangement

Now on the basis of these priorities achieved, we assign the platform numbers to the certain train.
We fix the first platform [platform no.-1] of the current station for the train that have no delays in both
running and stopping time.

The second platform [platform no.-2] of the current station to assign the train that have the running
priority with some weight attached.

Next the third platform [platform no.-3] of the current station to assign the train that have the stopping
priority with some weight attached.

The fourth platform [platform no.-4] of the current station to assign the train that have the both priority
with some weight attached.

In this way of arrangement we can reduce the complexity in the multi platform station, so that there will
be no cases to put the trains in loops and to recover from there delay timing.
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Results

The result present in this paper is according to possible real problem scenarios on track during train
travelling .

The two time table of trains between two multi platform stations[station A and station B ] is given below
by table 1 and table 2

STATION A
Train no. Arrival | Departure Stop Time
07007 10:45 11:00 15 min
03287 11:10 11:20 10 min
05592 13:05 13:10 05 min
18616 21:25 21:40 15 min
18109 15:20 15:35 15 min
table-1
STATION B
Train no. Arrival | Departure Stop Time
07007 12:10 12:13 3 min
03287 12:33 12:35 2 min
05592 14:18 14:20 2 min
18616 23:05 23:25 20 min
18109 16:55 17:30 35 min
table-1

The mathematical model formulation has been done based on our proposed work as follows; For train

1:

minZ1l = P11U11 + P21U21

such that constraints;

A11 + U11 = (Sac)1 - (Sdla)1 A21 + U21 = (Sdla)1 - (Sala)1 211 + A21 + U31 = (Sac)1 - (Sala)l
A11,A21,U11,U21,U312 0
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From table 1 and table 2 we have;

(Sac)1 - (Sdla)1 =70
(Sdla)1 - (Sala)1 = 15
(Sac)1 - (Sala)1 =80

After solving by simplex method in modified form we get;

(priority1)1=0
(priority2)1=5
This shows that there is priority with weight value =5, thus this train 1 is delay in stopping time. Hence we

assign this train 1 in the platform no.3 in the current station.

For train 2:

minZ2 = P12U12 + P22U22

such that constraints;

A12 + U12 = (Sac)2 - (Sdla)2 222 + U22 = (Sdla)2 - (Sala)2 A12 + 222 + U32 = (Sac)2 - (Sala)2
A12,A22,U12,U22,U32 = 0

From table 1 and table 2 we have;

(Sac)2 - (Sdla)2 =45
(Sdla)2 - (Sala)2 =10
(Sac)2 - (Sala)2 =55

After solving by simplex method in modified form we get;

(priority1)2=0
(priority2)2=0
This shows that there is no priority with weight value, therefore there is no delay for train 2. Hence we

assign this train 2 in the platform no-1 in the current station. And for the same arrangement with other
trains.
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P.
p-1 5.2 P-3 P-4 P-5 2

In this way we are getting an arrangement as shown in above diagram which is helpful in maintain their
scheduled time table on tracks and also to reduce delay timing.

Conclusion

Railways play a major role in transportation people mostly prefer travelling by railways and goods can
easily carried via trains. Railway transportation has fixed route and scheduled. Its services are more certain
uniform and regular compared to other modes of transport. Now it has evolved into a modern, complex
sophisticated system used both in urban and cross-country networks over long distances.

In perspective of Indian railways there is large increase in passengers as well as number of trains in
comparison to available tracks in stations. So there are many uncertainties and complexities arises in
railway transportation and hence the need of studies in this field is required.

In this paper the proposed work of an arrangement in multi platform station is given to make a
significant difference in case of management and delay timing. Also to maintain the routine bases work on
tracks and stations without any disturbance.
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