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Abstract: In this paper we examined the simulation study of public road trans-
port vehicle at various route from Atal Indore City Transport Services Limited
(AICTSL) bus stop, Indore to different four places by considering each route as
a single server queueing (M/M/I ) model and determines performance measures
arrivals, queue length and service of passengers by analytical technique and Monte
Carlo simulation technique. We know arrivals of passengers are at random, which
may produce long queues and bottlenecks. With the help of simulation study we
evaluate whether the public transport was overloaded and which route is overloaded
with queuing of passengers during its operations. On the basis of obtained results
we conclude that which route requires more public transport (bus) facility without
the need for long queuing. We use MATLAB software for plotting the performance
figure. With utilizing queuing theory, the paper strives to compare arrival and
service rates, an indicator of service level, of different routes over the regular buses.
The work is established based upon queuing theory formulas and data collected
from the AICTSL office. On the basis of this analysis the study of arrival rate,
queue length and service rate is helpful in making decision in improvement of the
current scenario.

Keywords: Queueing theory, Arrival Rate, Queue Length, Service Rate, Simula-
tion.
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1. Problem Definition
Buses are an important and convenient form of public transportation all around

the world. In cities and due to expansion of global market where demand is high,
it is generally met by either private taxi, Metro or Train. The use of private taxi
is very costly and use of metro and train have their fixed time to operate. A new
concept of high quality AICTSL sky buses is being implemented in Indore city for
the passengers. These are buses with high service level that dedicate all the focus
to time, efficient information system, safety measures, and comfort. The work
done in this paper used concept of single server queueing model and analyzing
the performance measures, findings the figures using simulation techniques , and
choosing the best schedule of public transport (buses) that serves the passengers
and enhances the quality of the service provided in time.

The aim of this research is to analyse the performance measures of these four
routes with the help of a quantitative approach (queueing theory and simulation
techniques.) .The result analysis also suggests to the management which route
requires more attention in term of increasing the bus service, passengers satisfaction
with public transport services etc.

In this paper we employ the concept of the single server M/M/I queuing model,
due to its simplifying assumptions. Based on the analysis of the M/M/I queue
we will also outline some more concept applicable to more complex systems in the
future.

The service rate was used to analyse the improvement of the service level upon
the change of the capacity of the bus or increasing in the server (i.e. bus), using
queuing model to optimize bus dispatch. The simulation study of the system
indicates that satisfactory results can be obtained.

2. Introduction
In this paper, we collected 5 months data of passengers on each route. We

divide above monthly data into 22 weeks for finding more accurate result. For the
evaluation the various performance measures and results we use queueing theory
(single-queue systems and the M/M/I queue) and simulation techniques for better
result.

Queue theory is the mathematical study of waiting lines, or queues. Queue
theory deals with the phenomena and processes that are having the character of
large scale and with the creation servicing requirements and operating time are
exposed to random influences. In queueing theory, a model is constructed so that
queue lengths and waiting time can be predicted, K. Sanjay [1].

Queuing theory is a mathematical techniques in optimization techniques which
was first used for solving telephone congestion problem in the 20th century by a
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Danish mathematician A.K.Erlang. Queuing theory is the mathematical study of
queuing lines, it uses a set of mathematical formulas to predict properties of the
waiting processes with a random arrival and service time in the waiting lines or
queues, Erlang, A [2,3] . After the success, his works inspired engineers, mathe-
maticians to deal with queueing problems using probabilistic methods. Queueing
theory became a field of applied mathematics and many of its results have been
used in operations research, computer science, telecommunication, traffic engineer-
ing, reliability theory.

The literature on queuing theory and its applications area has grown strangely
over time. Many authors discussed in their research papers and in articles on
applications of queuing theory and to solve many real world problem. (Prabhu [4];
Takagi and Boguslavsky [5]; Medhi [6]; Otokiti [7]).

Queuing formulae are usually applied to a limited number of pre-determined,
simplified models of real processes for which analytical formulas can be devel-
oped.Queuing modeling has been applied in many sectors, namely health care,
Owojori [8], Ozcan [9]. In transport, Osorio [25], Hongqi [26] applied queuing
theory to solve service system queue phenomenon related to bus transit dispatch.
Buses were considered as dynamic service windows.

A deterministic queueing model is used for traffic network by dividing the road
into free road and congested sections, Helbing [10]. He estimated the average trav-
elling time and congestion pattern, assuming a fundamental diagram with linear
free and congestion branches.

A detailed study of the bus stop problem in congested transit networks, Bouzeine,
Gendreau, and Nguyen [11]. Authors proposed a new general model for which they
were proved a number of good properties and they imparted equivalent formula-
tions. Two cases were examined, with and without capacity constraints.

In this paper the Authors explore queuing systems models where variable service
rates depending on the queue length can be applied, and customers can arrive in
groups (similar to transport service systems, where passengers are observed to
arrive to stations in groups at peak periods like the start of work, lunch time and
the end of work), Zherovyi, [12]. The paper utilize M/M/I queue system with
threshold of switching service between two regimes when the number of customer’s
changes.

Many authors reviewed a single server queue with pre emptive resume discipline,
and related such queues to queues with random service interruptions and the tran-
sient behavior of M/M/I queues to analyze non-stationary traffic flow. White and
Christie [13], Gaver [14] and Keilson [15], Heidemann [16].

In this paper it is asserted that short queues are correlated with customers
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satisfaction, though costly. However, managers are willing to allow some waiting
if a significant saving in service balances the waiting costs. The model used in
this paper assumes a service time and passenger arrival time both approximately
looked upon as Poisson distribution. According to the analysis of four scenarios,
each of case is related to a specific bus capacity, Adedayo [17].

The authors proposed a self-organized traffic-light control at intersections with
live data input that minimizes the total waiting time. This paper provides an
overview the standard method used to model and analyze the performance of queu-
ing systems, Lammer [18] and Helbing (2008).

Simulation has been applied successfully for modelling small and large complex
systems and understanding queuing behavior. The analysis of the models helps
to increases the performance of the system. In this paper the authors determine
the use of queueing models via empirical data and simulation, respectively,[19,20]
Woensel and Vandaele and Woensel .They conclude that M/G/1 queueing models
are the best models to describe normal traffic flow on a highway, while state-
dependent GI/G/m queues were more realistic for the congested traffic. In this
paper we analyse various models of the Single server queuing system with neces-
sary implementation using Matlab software. A number of researchers studied the
implementation of queuing systems in construction simulation modeling.

Thus simulation may be defined as a quantitative technique that uses a com-
puterized symbolic model in order to represent actual decision making under un-
certainty for determining alternative courses of action based upon facts and as-
sumptions. For any system, it may be defined as: It is the process of designing a
model of areal system and conducting experiments with this model for the purpose
of understanding behavior of the system and/or evaluating various strategies for
the operation.

In this paper the aim of the authors is to study about the limitations of the
analytical approach and presents how to build a simulation procedure. This pro-
cedure is able to measure the performance of an airport runway used only for
arrivals, with different traffic mixes. The authors have concluded that time vary-
ing Poisson arrivals is a good assumption given heavy utilization and some amount
of unscheduled aircraft, [24], Thiagaraj.

The authors analyze the future behaviour of railway users. In the numerical
examples, the authors find the Monte Carlo simulation method is efficient/feasible.
They infer that the queue length is very large from the simulation table there-
fore the authors suggested the railway management to introduce more number of
counters. Also the average arrival and service is approximately coinciding with ex-
cepted arrival and service, when they compared with the analytical method, [23],
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Shanmugasundaram.

3. Notations and Performance Measures used in the model M/M/I

Queues are characterized by a number of properties that represent the interre-
lationships between the entities involved in a queuing system. The arrival process,
service duration, and queue discipline are among the most important properties of
a queue [21]. In addition to these basic properties, the numbers of servers, capacity
of the queue,and the population of entities to be served are some of the other prop-
erties of a queuing system. The basic notations and various performance measures
used in the M/M/I queueing model are:
λ = mean or expected number of arrival per time period (mean arrival rate)
µ = mean or expected number of units served per time period (mean service rate)

ρ = Utilization Factor =
λ

µ

P0 = Probability of that no unit in the system = 1 − λ

µ

Pn = Probability of that there are ‘n’ unit in the system =

(
λ

µ

)n

when
∞∑
n=0

Pn = 1

Ls = Expected (or average) number of units in the system =
λ

µ− λ

Lq = Expected (or average) number of units in the queue =
λ2

µ(µ− λ)

Ws = Expected (or average) waiting time in the system =
1

µ− λ

Wq = Expected (or average) waiting time a unit spend in the queue
λ

µ(µ− λ)
In queueing system, a notational system is widely used to distinguish between

different systems. To develop queueing models that help narrow alternatives in
the initial stages of system design. Queueing system is typically specified using
Kendalls notation (A/B/C): (D/E/F), where: A denotes Probability distribution
for the arrival time of customer or arrival distribution, B denotes distribution of
service times or probability distribution according to which the customer are being
served, C number of server channels or service stations, D denotes maximum total
number of customers which can be accommodated in system i.e., capacity of the
system, E denotes Calling source or population., F denotes Queue discipline or
Queueing service [22].

In this paper we have used M/M/I queueing model where M represent Marko-
vian (Poisson) arrival or departure distribution and I represent single server.
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4. Data Collection
The object of this research is to determine the arrivals, queue length and service

length using M/M/I queueing model of each route separately. For this we collected
the data on daily period for five months and for better result interpretation con-
vert in to 22 weekly period. The table [1] shows arrival of passengers with their
cumulative probability of each routes namely Route 1, Route 2, Route 3, Route 4
for 22 weeks. The table [2] shows service time distribution with their cumulative
probability of passengers of each routes Route 1, Route 2, Route 3, Route 4 for 22
weeks. The table [3] shows generation of Tag No. and their interval. The table [4]
and table [5] shows simulation study with generation of random number and queue
length of collected data by taking 75 random numbers.

Table 1:Arrival Distribution with their Cumulative Probability Table
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Table 2: Service Distribution with their Cumulative Probability Table

Table 3: Generation of Tag No. with their interval
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Table 4: Simulation Table with generation of random number and queue length
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Table 5: Simulation Table with generation of random number and queue length
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4. Calculation of performance measures

Simulation Technique

Analytical Method

5. Performance Figures

5.1 Graphical Representation of Arrival, Service and Queue length based
on actual data

Route 1
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Route 2

Route 3

Route 4
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5.2 Graphical Representation of Arrival, Service and Queue length using
Simulation technique
Route 1

Route 2

Route 3
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Route 4

5. Result Interpretation and Conclusion
This paper implied mathematical analysis applied to queuing theory to build up

a good queuing system for AICTSL bus service dispatch, with regard to improved
service level at some (or all) routes from Indore city. The result in this paper are
based on determining the various performance measures like arrival, queue length
and service time distribution with the help of simulation technique and concept
of M/M/I queueing model (analytical method).For the study of the analysis of
the various performance measures, we considered buses dispatching at each route
as a single server system, from which passenger (or customers) are serviced and
Simulation technique used to handle such a complicated problem and real-time
updates should be an option for improving the model results. It will certainly
facilitate our research and application to real problems. We observe that arrival
of passengers is high than the service of passenger in all over the week for the 5
months data and queue length is more in some week at all routes for the 5 months
data. On the study we see that Monte Carlo simulation result and analytic method
both are coincident well, so that no conclusions can be drawn from this comparison.

The result indicates that AICTSL management should increase bus dispatch
on daily period or increase capacity of seating in the bus at each route to increase
the passenger satisfaction.
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