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ABSTRACT Traffic congestion is increasing in over populated urban areas, our traditional traffic manage-
ment system can no longer solve this problem. However, this problem can be solved by converting our road
networks into queueing networks. This paper proposes, the use of an open Jackson Queueing Model which
can be equated with our existing road network to calculate the waiting time of vehicles in the network,
which can be further processed to put the network into an optimized state. In this model, the waiting time
depends on both arrival rate and service rate. Our implementation designates a set of service rates from a
range of possible service rates for each road within the network and these designated service rates are used
to calculate waiting time. As these various combinations of service rates of different roads produce multiple
waiting times, we select the combination set of service rates which has the lowest set of waiting times.
This set of service rates is also compared with quadratic optimization problem of the same road network to
evaluate implementation’s accuracy.

INDEX TERMS Traffic congestion, queueing model, Jackson queueing network, optimization theory,
quadratic programming, quadratic optimization, arrival rate, service time, mean customer waiting time, mean
number of customers.

I. INTRODUCTION
In modern times at Dhaka city, the exponentially increasing
vehicular traffic congestion has been a serious alarming factor
for the entire nation. Traffic blockage is a basic situation and it
has transformed into typical marvels in Bangladesh, particu-
larly in Dhaka city. It is impeding exchange, trade, commerce
as well as ruining our day-to-day life. At the point when
traffic request is substantial enough that the collaboration
between vehicles eases back the speed of the traffic stream,
gridlock is experienced. Dhaka city has various significance
in the national and territorial chain of importance. Legislative
and every other capacities of the nation are decided in this
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capital city. Dhaka city’s traffic framework is viewed as one
of the most disordered ones on the planet. The occupants
are constrained to experience physical pressure and endure
financial losses andmisfortunes regardingworking and active
hours lost on working days. Newspapers, televisions, online
news portals, radios have always been featuring the sufferings
of the inhabitants and citizens in Dhaka city in view of
the pestering traffic issue. The inhabitants are constrained
to experience the torment in terms of physical and mental
stress. Besides, financial setbacks are also experienced by the
people and it takes a toll on their mental health as valuable
working hours are lost. However, no clear answer for the
issue is in sight located, at any rate, in the short and medium
terms, however a great deal has been said and a large enough
program, attempted with the help from a multilateral bank
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to improve the traffic circumstance of the capital city as of
late [1]. Having a citizen count of over 18 million people,
Dhaka is regarded as the biggest and most heavily inhabited
cities in the world, and this number is predicted to arrive
at 22 million by 2025, at an annual growth rate of 4.4%
according to United Nations [2]. Dhaka megacity is regarded
as one of the most over populated cities of the world having
a density of 11,910 persons per km2 [2]. The density is
mainly concentrated in the central regions of Dhaka city. The
megacity is also regarded as the 11th largest megacity in the
world according to United Nations [2]. Its quick development
has made numerous difficulties; impediments and the traffic
congestion are themost commonplace among these. In excess
of 7 hundred thousand rickshaws handle the city street, yet
just 75 thousand have legitimate number [2]. From time to
time endeavors are made to decrease the number, yet the
activity as a rule delivers moderate effects. Despite the fact
that Dhaka has become as the Asia’s least mechanical capi-
tals, its traffic clog is the most exceedingly awful and consis-
tently decaying. According to a report which was published
by World Bank, in the past 10 years, the average traffic speed
in Dhaka has dropped from 21 kilometers per hour (kph) to
7 kph, and by 2035, the speed might drop to 4 kph, which is
slower than the walking speed [3]. Another study, which was
conducted and commissioned by BRAC Institute of Govern-
ment and Development, says traffic congestion in Dhaka eats
up around 5 million working hours every day and costs the
country US Dollars 11.4 billion every year. The financial loss
and budgetary misfortune were calculated from an estimation
of the expense of time lost in rush hour gridlock clog and the
cash spent on working vehicles for the additional hours [3].
Sometime in the near past, workers and city dwellers endured
traffic blockage just on the fundamental city boulevards, yet
now it begins directly from one’s doorstep. Car influx has
transformed day by day stumbles into bad dreams. Every
day, students go out to attend at their respective institutions.
In most of the cases, despite the distance home to destination
is often very less in terms of numbers, each trip becomes a
horror story for both the student and working-class people.
People face severe traffic slowdown from just outside local
neighborhoods. Thousands of more examples of such misfor-
tune and tragedy can be given which the residents of the city
suffer due to this unbearable traffic congestion. This problem
has turned the alarm bell on for the entire nation’s economy.
This is because even thoughDhaka is only covering a few pro-
portions of the country’s total area, its contribution to GDP is
more than the quarter proportion that of the entire nation, and
it has created roughly half of the country’s total employment.
Traffic congestion affecting Dhaka city’s working efficiency
is costing the entire nation heavily. Different endeavors and
steps were taken by past governments incorporating extraor-
dinary gathering with the offices worried to devise intends to
help decrease the power of traffic issue in Dhaka city. Some
substantial upgrades were guaranteed inside the briefest con-
ceivable time. In any case, in actuality nothing has occurred
with the traffic police remaining uninterested, much of the

time, to their standard obligation. The drivers of transports
and trucks and the rickshaw pullers proceed to be as resistant
as in the past. In the past legislators were regularly accused
halfway for the clamorous traffic due to their supposed con-
tribution in a billion Bangladeshi Taka cost assortment from
transport and truck proprietors and transport terminals. The
guides of the overseer governmentwere accepted to be perfect
in this regard. However, there was no improvement in the
traffic circumstance.

At the center of the problem of our research lies the number
of vehicles in Dhaka city which is increasing at an incredible
pace. According to Bangladesh Road Transport Authority
(BRTA), there are around 3.1 million registered vehicles in
Bangladesh and Dhaka city has around one million of them.
But 5 different studies show that around 5 million vehicles,
including the 3.1million registered are currently plying on the
road [3]. According to another report from BRTA, 20304 new
cars were appended to Dhaka’s traffic in 2016, meaning over
55 new cars hit the streets of Dhaka city every day [3]. The
traffic management system at important traffic points still
managed manually through blind guesses and fixed service
rates at interceding points, which is not being able to handle
the traffic congestion during important times and peak hours
as per situation demands. These factors became the major
reasons of motivation for our research. Therefore, the ques-
tion that this research is trying to answer is how effective
will be the combination of reducing waiting time and opti-
mization of service time in creating impact on our traffic
problem?

Through our research we addressed this problem of com-
plex traffic congestion situation and we proposed a solution
through a model which the traditional static traffic manage-
ment system based on blind guesses can’t resolve. The service
rate of traditional traffic management system is not based
on any logical data or assumption, nor any mathematical
calculation whatsoever. In other words, the system is not
autonomous and the traffic signals are being managed freely
without any solid data or estimation.
• Constructed a generic road network model and con-
verted it into an equivalent open Jackson Queueing Net-
work model.

• Determined an efficient service rate based on vehicles’
arrival rate.

• Optimized the overall waiting time of our road network
model from the equivalent queueing network model.

• Observed negligible deviation while comparing with the
solution obtained from the quadratic optimization algo-
rithm of the same model

The paper resources are organized as follows. In Section II,
a brief analysis of the previous and existing related research
works is shown. Section III shows the field of analysis by
introducing models and formulating the problem. Section IV
contains detailed methodology of our proposed work plan
and implementation details along with algorithms. The sum-
mary visualization and comparative analysis of our results
which we have acquired through data simulation are shown
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TABLE 1. Comparison of previous works.

in Section V. Finally, Section VI concludes with some final
words and research findings.

II. STATE OF THE ARTS
Traffic congestion has been a topic of concern around the
globe in recent times. As the number ofmotor vehicles around
the world are continuously increasing, the congestion prob-
lem is also growing at the same rate. For this reason, extensive
researches have been conducted around the globe regarding
this and various solution techniques have been proposed
by researchers around the globe. Some notable numbers of
researches were conducted for vehicular traffic congestion
while relating the road traffic model with a queueing model.

According to Guerouahane et al. [4] a queueing model
for road traffic was presented which preserved the finite
capacity property of a real-life road system. The proposed
stochastic queueing network model was based on M/G/c/c
state dependent queueing model which focuses on capturing
the stationary density-flow relationship in both uncongested
and congestion conditions. In our proposed model, we have
decided to model our queueing network based on Jackson
Queueing network where each queue is a single server
M/M/1 queue. Exponential distribution is used for both distri-
bution of inter-arrival time and service time inM/M/1 queues.
The exponential distribution is the probability distribution of
the time between events in a Poisson point process, a process
in which events occur continuously and independently at a
constant average rate, which is more accurate for vehicular
inter-arrival time and service time within a real-life road
traffic network. Moreover, the research in [4] demonstrates
and formulates themodel in algebraic theorem proof, solution
and statistical comparison-based manner, where the proposed
model’s traffic system is considered a simple two sections in
tandem. Our proposed model consists of a Jackson Queueing
network model where there are multiple sections having

multiple inwards and outwards possible directions for vehic-
ular traffic, which represents a realistic road-traffic scenario.
in heavily populated third world countries and megacities in
near future. Our proposed model was developed based on
the current vehicular traffic congestion we have in our hands
which is caused within the existing complex and stochas-
tic urban road network using a Jackson Queueing Network
consisting of M/M/1 queues. The model proposed in our
research attempts to minimize the average waiting time spent
by vehicles within a road network by optimizing the overall
mean service rate and service time within the road network.
According to Sumaryo et al. [5], the research was conducted
in Indonesia to construct a traffic model based on queueing
theory in which emergency vehicle (fire trucks, ambulance
etc.) is present. The researchers analyzed the traffic flow on a
single road in the presence of emergency vehicle using three
different queueing models such as M/M/1, M/G/1 and G/G/1.
At the end of the research the simulation results illustrated
that the emergency vehicle on the road had less effect on
the travel time and among all the three queueing models,
G/G/1 showed the best result with low variance achieving the
lowest traveling time. However, the research conducted only
considered reducing the travel time only in the presence of
emergency vehicles where different inter-arrival and service
times are considered to be independent which is not a real
case scenario. Besides, reducing travel time in one road does
not necessarily mean it does same for the other road as
roads are connected in different manner. On the other hand,
the approach we are following will consider a network of
roads to reduce overall waiting time of a vehicle. According
to Wang et al. [6] a futuristic imaginary scenario was con-
sidered where there will exist a special lane in a segment
of a highway. Vehicles are categorized in different classes;
vehicles of each class have an average number of passengers
and uses a particular amount of space in the lane. Vehicles
which wish to use the special lane have to send access request
ahead of time to be able to use the lane, based on the traffic
situation at that particular requested time for usage, the access
control may accept or reject the special lane use request. The
primary goal of the proposed system is to optimize usage of
the lane space by maximizing the usage of limited resources
while maximizing the throughput of the passengers in the
long-run. The proposed model uses a multi-class M/G/C/C
state dependent queueing model for a specific allocation of
vehicle where vehicles of all classes arrive as independent
Poisson arrival rates and there are no priorities. The research
addresses both static and dynamic allocation of the given
problem to reach the optimal usage of the lane at a given
point of time. Even though the research formulates a quite
interesting problem formulation, set of solutions, calculating
and statistical demonstration of the numerical results. How-
ever, the futuristic scenario which was considered for this
research doesn’t really provide a solution to the current traffic
congestion problem within the existing traffic network that is
being faced worldwide. Moreover, urban traffic congestion
within complex road networks which exists within city limits
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has caused more stumbling block than highway traffic around
the globe. The futuristic scenario considered in this research
does not seem discernible. According to Bi et al. [7], this
research was conducted to reduce traffic congestion caused
by fuel vehicle and electric vehicle using a mobile application
which provides optimal route and incentive to take these opti-
mal routes. The research suggested that drivers will carry a
cellular device which will collect the road network data using
the Geographical Information System and their position. This
data will be sent to the cloud to be converted into a graph
representation which will be later used to calculate the traffic
intensities of nodes and edges. After that the gradient descent
algorithm will calculate the optimal flow ratio at the nodes
which represents the road interactions. With the following
data, the RNN will calculate the optimal routes for the user.
The user will also be given tasks with incentive to follow the
optimal routes to maximize acceleration and minimize decel-
eration in the whole network. Their solution revolves around
controlling the arrival rate while giving users incentive to take
longer routes which may or may not work depending on the
users. On the other hand, our research suggests finding the
optimal service rate regardless of the arrival rate. Accord-
ing to Cejka and Šedivýý [8], the research was conducted
for the development of a mobile application implementing
queueing theory to help decision making process for finding
parking spots near destination. Drivers spend a lot of time
on roads searching for suitable parking spot which can result
in losing valuable time and keeping more vehicles on the
roads. They proposed a solution by installing illuminated
panels at non-parking and parking spaces which gathers data
of spot availability and using data on a queueing model
(M/M/∞) to help user flexibly choose the best option. With
regards to potential flood risk, this proposed system can also
provide information on evacuation routes. However, the root
cause of traffic congestion is when demand of traffic stream
overwhelms the supply of traffic streams rather than finding
parking slot nearby. We tried to address the primary cause of
traffic congestion which occurs in urban road networks.

Moreover, there were some methodologies other than
queueing theory were used to solve the traffic congestion
problem world wide. China, having the largest population
in the world, faced this problem early on. Hence, various
researches were conducted based on china over the past
few decades. In a research based on the traffic congestion
and management in China, the current urban traffic is wors-
ened by China’s major economic growth. There are always
serious traffic delays and frequent accidents. The problem
cannot be solved by the expansion or constructing new
roads. Nevertheless, intelligent transport system (ITS) is the
most useful and appropriate way to solve traffic problems
worldwide. As an important component of ITS, the traffic
management approach gains greatly and enhances traffic
management. According to Cai and Yang [9], the research
can help reduce the problem of urban traffic in China by
using it for traffic management. In the context of a model
of group decision support system for decentralized urban

traffic control, the Multi-agent system (MAS) is used. The
system consists of four types of agents such as segment,
crossing, section and central decision agent. But traffic man-
agement is characterized by the involvement of people in
traffic and the non-lineal, random, vague and uncertain char-
acteristic of urban traffic management. The inclusion of the
system for multi-agent and group decision support is thus the
best way to resolve the unstructured problem scientifically.
By sharing information and applying complicated traffic con-
trol in an area, it can understand intelligent traffic man-
agement. The system can achieve good level optimization
by reducing traffic jam, vehicle emissions, and increasing
traffic management efficiency. According to Kong et al. [10],
this research acknowledges the previous research model we
have discussed and successfully implementation of the idea
known as Parallel Traffic Management System (PtMS) in
China before. This system operated directly on the physical
transportation system and acted largely as ITS (Intelligent
Transportation system). PtMS consisted on five major com-
ponents. The research then moves on to its major part of
concern regarding implementing PtMS in one of China’s
major cities called Qindao. However, Qingdao’s implemen-
tation of PtMS was different from previous classical ones,
as the Qindao’s ITS was different from other cities which
consists of one center, three major platforms and eight sub-
systems. So, the researches proposed a new improvement
and upgrade to the present existing PtMS system to provide
unique control and management support which will make the
PtMS more versatile, with improved compatibility, so that it
can be applied in more scenarios. They designed a frame-
work where the newly designed PtMS works in cooperation
with ITS of Qindao where ITS executes the control manage-
ment operations in physical transportation system and PtMS
provides crucial parallel traffic decision making support to
ITS by gathering traffic data from it. A similar kind of
problem was addressed for Taiwan, where the gap between
traffic control system and information and communication
technologies prevents traffic control systems from benefit-
ing from the advantages of information and communica-
tion technologies. According to Lin et al. [11], the research
paper introduces a novel traffic control system framework,
the Mobile Intelligent Traffic Control System (MITCS),
designed for Taiwan for the next generation. The proposed
solution was to develop a non-intrusive multi-functional traf-
fic controlling system which will be integrated with var-
ious micro-mechanical and electronic technologies, image
processing and solar power module. The proposed smart
traffic management system also aimed to be a cost-effective
mobile system which will be using image processing algo-
rithms to detect vehicles and utilize the artificial intelli-
gence technologies to adapt to real-time traffic dynamics
and adapt to the continuous changing traffic situation. The
research also sees an experimental setup and application of
the proposed system where a virtual traffic setup was built
which was consisted of Virtual Traffic Police (VTP) and
Traffic Control Integration Module (TCIM). The system was
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expected to be highly cost efficient and self-organized by
the researchers. In a recent research, the traffic congestion
problemwas addressed and describes of the ineffectiveness of
the hard-coded traditional traffic management system which
independently switches signal regardless of the current sit-
uation. According to Kanungo et al. [12], the research was
conducted to solve the problem through video and image pro-
cessing. The proposed solution would require real time live
feed obtained from surveillance camera feed from important
traffic junctions. The feed camera will be placed on top of
the signals in 4 sides of the junction considering the junction
as a four-way point. A server will be placed centrally which
will be able to receive and process the surveillance camera
data from various junction. The real time video data will be
recorded in 30 fps. Upon receiving the real time video data,
the researchers also proposed an algorithm which through
which and using image, video processing the server will be
able to measure the density of the vehicles in the frames
in real time. Upon measuring the density of vehicles in all
four sides, the system will also give dynamic and current
situation-based traffic signal decisions which will eventually
lead to dynamic traffic management. The implementation of
the proposed system will ensure the lessen of waiting time in
traffic signals especially during rush and peak hours.

III. SYSTEM MODEL
A. ROAD TRAFFIC MODEL
Aswe are trying to solve the traffic problems through Jackson
queueing Network and Optimization theory, it is best if we
get the intuition from real life example. In figure 1, we can
see there are mainly four roads where Road 1 and Road 4
are connected to both Road 2 and Road 3. We can also see
that Road 2 and 3 are separately connected to some other
roads apart from Road 1 and 4 where those roads can have
external vehicle entries or can move to other roads apart from
Road 1 and 4. In the given figure below every road has a
traffic system with different operating time and service time.
Moreover, vehicles can choose to move from one road to
another of the other connected roads. So, the amount of cars
Road 1 has can get split between Road 2 and Road 3 and
any other road. Similar rule apply for all other roads in this
network. So basically if a car tries to move to another road or
destination, one or more lines of car has to wait in situations
like this. We try to optimize these situation by reducing the
amount of time a car has to wait in the network.

B. QUEUEING NETWORK MODEL
Using the intuition of figure 1, we can consider each road as a
queue. Each queue is connected to another queue, creating a
queueing network as a whole. Our main focus will be reduc-
ing overall waiting time in the network so that a customer has
to spent less time in the network. As we mentioned earlier,
moving to another queue might create waiting time in other
queues in a network if they are connected to one another.
It results in longer queue line. Thus, reducing mean customer
in the network can result in less waiting time. We try to

FIGURE 1. Four-way traffic representation.

FIGURE 2. Queue representation of traffic model.

optimize for each and every queue in the Jackson queueing
network to find what should be done to reduce the waiting
time. In Figure 2, we see a very simple transformation of
roads into a queueing network which represents our previous
example. Here each queue, Q1, Q2, Q3, Q4 has individual
queue length, customer arrival rate and a service time rate.
In this queueing network, the probability of moving to Q2 and
Q3 queue from Q1 and external arrival rate determines the
arrival rate of Q2 and Q3 and for queue Q4 the arrival rate
would be determined by the summation of the probability of
moving to Q4 from both Q2 and Q4.

C. PROBLEM FORMULATION
To manage the queue length and optimize the service time of
customers we need to get familiar with notions that are used
to represent them. Basically, the arrival rate of customers in
a queue is represented by λ which is equals to 1/[expected
inter -arrival time] and service rate of each customer is repre-
sented by µ which is equal to 1/[average service time]. After
getting service time in one queue the customer can move to
another. The customer can move to one or many queues with
a probability P. Again, α represents the external arrival rate
of customers in the queue. Our goal here is to optimize mean
waiting time in the networkW . Using Little’s formula [13] in
Jackson network we get,

W =
N
3

(1)
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TABLE 2. Table of notations.

Here, N is the mean number of customer in the
network [14], [15]

N =
M∑
i=1

ρi

1− ρi
(2)

Here, ρ is the utilization of the server [14], [15].

ρi =
λi

µi
(3)

We can calculate the λ using the formula [14], [15],

λi = αi +

K∑
i=1

λjPji; where 1 ≤ i ≤ K (4)

Here, Pji indicates the probability of moving a customer
from ith queue to jth queue.
Now, putting the value of ρ into N we get,

N =
M∑
i=1

λi

µi − λi
(5)

Now, putting the value of N in Little’s formula we get,

W =
1
3

M∑
i=1

λi

µi − λi
(6)

For our traffic model,
W =Mean waiting time of transports in the road
3 = Rate of transportation entering from all external

source of traffic
λ = Rate of transportation entering into a road
µ = Rate of transport moving to another road while the

lane is open
As in real life we can see that, the greater number of

transports is in the road, the more it is prone to traffic con-
gestion. So theoretically, reducingW will result in less traffic
congestion. Thus, we want to minimizeW .

minimize
µ

1
3

M∑
i=1

λi

µi − λi

subject to 3, λi, µi > 0

3, λi, µi 6= ±∞

µi 6= λi (7)

Here, if 3 = ±∞, then W will become zero which in
reality is not possible as external inter arrivals time cannot

be zero and if 3 = 0 the W will be undefined because it
divides 1. If λ = ±∞ then again W will be undefined as
infinite will be divided by infinite. Moreover, if λ = 0 it will
resultW in zero as there are infinite inter arrival time which is
not possible in real life scenario. Again, if µ = 0 thenW will
become negative also if µ = ±∞ it will result in 0 and again
if we take µ = λ it will be undefined which is not possible in
real life.

IV. METHODOLOGY
A. SYSTEM WORKFLOW
Based on our study, we have decided to conduct our research
by the following steps given below in the figure 3.

FIGURE 3. Workflow of queueing theory based vehicular traffic
management system through Jackson network model and optimization.

In the very beginning, we will use simulated arrival data to
optimizemeanwaiting time of a customer by determining ser-
vice time. As we are not using real time arrival data, we will
use M/M/1 queue to implement on Jackson network. Our
Jackson networkwill an open network as real road traffic does
not work on closed network. Then we will determine how
much the service time should be provided in order to optimize
our mean waiting time of a customer in the networkW . After
that, we will implement an optimization theory according to
our function to minimize mean number of customer in the
network N . Next, we will use the optimized value of N to
predict the value of W . finally, we will evaluate both results
to see if they match and will come to an conclusion.

We propose the queueing model to be used is Jackson
queueing network along with each individual queue hold-
ing the properties M/M/1 queue. Here we use Kendall’s
notation to define various queueing model needed for our
research. Kendall first described his notation in 1953 using

VOLUME 9, 2021 136023



M. G. R. Alam et al.: Queueing Theory Based Vehicular Traffic Management System

the format of A/S/c [16]–[19]. Here A denotes the time
between arrival or arriving time in a queue, S denotes the
service time distribution of the customers in the queue and c
denotes the number of servers which services the customers
in the queue [16]–[19]. This notation has later been extended
to A/S/c/K/N/D where k represents the capacity or length
of queue, N represents the customers to be served at a node
and D represents the queueing discipline/algorithm that is
used to serve the customers [16]–[19]. When only the first
three notations are used to define a queueing model such
as M/M/1, other symbol will represent, K = ∞, N = ∞
and D as queueing algorithm FIFO [16]–[20].M/M/1 is the
most fundamental queue model among the all [21]. In our
traffic system the arrival of vehicles is independent of one
another and the arriving time is continuous and not discrete.
M/M/1 model consider the arriving time as continuous and
use poison distribution [16], [22]. The service time of our
traffic system in real life is arbitrary and does not follow
any specific patterns. AsM/M/1 queue has exponential dis-
tribution for service time, this model is only used when we
simulate data to test the result of service rate [23], [24]. For
the network consisting a number of queues, Jackson network
can be an open or closed network andmoving from one queue
to any other connected queues requires a probability after
being served from one queue [23]–[25]. The network is open
network when external arrival rates can enter the network
which comes as a form of Poisson distribution and customer
can also have the probability to leave the network otherwise it
is only closed network [25], [26]. Jackson network also uses
FIFO algorithm as a service discipline [20], [27]. Each queue
in the system has an independent service time which means
service can differ from queue to queue [14], [15]. The purpose
of our proposed model is to reduce the waiting time of the
transports that have been waiting on the queues by optimizing
service time using real time arrival data.

In this algorithm we are first taking the arrival rate of all
the road/queue from the topology (AR1-AR4). Also, we are
taking the external arrival rate of all the roads/queue (EXAR).
Next, we are taking a list of possible service rate that can
be given in each road/queue (SR1-SR4). After that, we care
using every possible combination of service rate of all roads
(given in possible range) and calculating the valid (positive)
waiting time. After finding all the waiting time, we are finally
showing for that particular minimumwaiting time what is the

FIGURE 4. Example of an Jackson queueing network model containing
M/M/1 queues.

Algorithm 1: Jackson Network Simulation
Algorithm
input : AR1, AR2, AR3, AR4 the variables containing

arrival rate of roads
EXAR containing total external arrival rate of

those roads
SR1, SR2, SR3, SR4 the list containing the

range of possible
service rate of the roads

output: List M, containing values of SR1, SR2, SR3,
SR4 list for which minimum waiting time is
calculated

begin
Initialize WT = [ ] where it will contain the waiting
time for all possible service rate;
Initialize WTC = [ ] where it will contain the SR1,
SR2, SR3, SR4 list values of corresponding WT
list value;
for each value i in SR1 list do

for each value j in SR2 list do
for each value k in SR3 list do

for each value l in SR4 list do
WTV = 1/ EXAR * ( AR1/(i- AR1)
+ AR2/(j- AR2) + AR3/(k- AR3)
+ AR4/(l-AR4) );
if WTV > 0 then

Append WTV to WT;
Append[i, j, k, l] to WTC;

end
end

end
end
Calculate minimum value of WT using
MINV = argmin(WT);
MINIDX← index of MINV in WT;
M← value of index MINIDX of WTC;

end

value of the service rates. That’s how we find the minimum
service rate for each road/queue that will optimize the whole
server.

B. APPROXIMATION OF OPTIMIZATION
As per our system workflow, we will be using Optimization
theory to minimize the mean number of customer in network

N =
M∑
i=1

λi

µi − λi

=

M∑
i=1

λi(µi + λi)
(µi − λi)(µi + λi)

=

M∑
i=1

λiµi + λ
2
i

µ2
i − λ

2
i
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=

M∑
i=1

λiµi + λ
2
i + λ

2
i

µ2
i

=

M∑
i=1

2λ2i + λiµi
µ2
i

=

M∑
i=1

2λ2µ−2 + λµ−1

Now, let us review the standard form of quadratic
optimization [28], [29]

minimize
x

1
2
xTPx + qT x

subject to Gx � h

Ax = b (8)

Gx � h stands for the inequality that is taken element-wise
over the vectors Gx and h and xT indicates the transpose
of x. if P is positive-semidefinite, then the above function is
convex [30].

As our equation became an NP-Hard problem, we have to
construct an equivalent problem to solve it using quadratic
optimization. We can write the our problem in the given
standard form of quadratic optimization and transformation

minimize
µ

1
2
4λ2µ2

+ λµ

subject to λ ≥ 0

µ ≥
1
c1

µ ≤
1
c2

(9)

Here, we took 1/µ2 and 1/µ respectively as µ2 and µ and
so we changed the constraints c1 and c2 respectively as 1

c1
and

1
c2

for the equivalent transformation of our equation.
We can rewrite the above problem in the given matrix form

minimize
µ

1
2

[
λ

µ

]> [ 0 0
0 4λ2

] [
λ

µ

]
+

[
0
λ

]> [
λ

µ

]

subject to

−1 0
0 −1
0 1

[ λ
µ

]
�


0
−1
c1
1
c2

 (10)

In this quadratic programming algorithm, we first need
to convert the equation we are trying to optimize into the
standard form. We also need to convert the inequality con-
straints of the optimizing equation into standard form, which
is ≤ form. All the terms containing variables in both the
optimizing equation and it’s constraints must be placed in
the left hand side of the equation whereas the constants will
be placed in the right hand side of the equation. Secondly,
we need to construct the p, q, G, g, A, b matrices using
the coefficients and constants of the standard form of the
optimizing equation and it’s constraints, as per stated in the
algorithm. Finally, we input all these constructed matrices to

Algorithm 2: Quadratic Programming Based Traffic
Management Algorithm
input : p, q, G, h, A, b matrices containing different

coefficients and constants of the standard form
of optimizing equation and it’s linear inequality
constraint

output: List of values for optimal solution
begin

initialize p= [ ] matrix where it contains coefficients
of the quadratic terms of the optimizing equation;
initialize q= [ ] matrix where it contains coefficients
of the linear terms of the optimizing equation;
initialize G = [ ] matrix where it contains
coefficients of the left-hand side terms of linear
inequality constraints;
initialize h = [ ] matrix where it contains right-hand
side constant(s) of the linear inequality constraints;
initialize A = [ ] matrix where it contains
coefficients of the left-hand side terms of linear
equality constraints;
initialize b = [ ] matrix where it contains right-hand
side constant(s) of the linear equality constraints;
calculate optimal solution via quadratic
programming using

solution = solvers.qp(p,q,G,h,A,b) where
solvers.qp() is the quadratic programming function;
print the calculated optimal solution;

end

the Quadratic Programming Solver function, which will then
return us the solution containing the list of optimized values
for our optimizing equation.

In the figure 5 after simplifying the Ni, we replaced λ with
it’s original value which is represented by C also we have
used 1

µ
as x.

V. SIMULATION AND EXPERIMENTAL RESULTS
Considering our system model (fig:1 & fig:2), four different
arrival and service rates can be seen in the table 3 above.
If we go by our model, λ1 is independent, while λ2 and λ3
are dependent on λ1. Moreover, λ2 and λ3 are also dependent
on the external arrival rate α1 and α2 respectively. Lastly,
λ4 depends on λ2 and λ3 as well according to our model.
On the other hand, services rates and external arrival rates
are independent.

We have implemented the equation we have formulated for
our problem scope in a code based simulation environment.
We have provided a given range of values for one of the
variable to observe the changes in another co-related vari-
able, while keeping the rest of the related variables constant.
We have repeated the process for multiple pair of variables
to visualize and analyze the co-relation. We have also simu-
lated the results using quadratic programming and visualized
comparative results between the results we have derived from
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FIGURE 5. Visual representation of quadratic programming based traffic
management algorithm.

the simulation of our formulated equation and the quadratic
programming optimization used in our formulated equation
and related constraints.

TABLE 3. Default simulation parameters.

A. WAITING TIME IN RESPONSE TO CHANGE
IN OTHER VARIABLES
In the following section, we will visualize and reflect upon
the co-relation of waiting time with the other variables of our
model based upon the experimental results, and gain insights
upon the changes and effects in waiting time in respect to the
changes in other related variables.

1) WAITING TIME IN RESPONSE TO CHANGE
IN SERVICE RATE
In the figure 6, we can see the changes in Waiting Time
(denoted in Y-axis) in response to the changes in Service Rate
(denoted in X-axis) for each queues in separate curve lines.
Value of λ1 was considered and kept constant at 0.55, Value
of λ2 was considered and kept constant at 0.35, Value of λ3
was considered and kept constant at 0.32, Value of λ4 was
considered and kept constant at 0.48.

Additionally, the value of external arrival rate for Queue 2
was considered as 0.15 and the value of external arrival rate
for Queue 3 was considered as 0.17.

After keeping other variables such as arrival rate, external
arrival rate constant, We can clearly see that, as we keep
increasing the service rate in a specific range of values,
the waiting time keeps decreasing. Value of µ1 was ranged in
between 0.575 to 0.875, Value of µ2 was ranged in between

0.375 to 0.575, Value of µ3 was ranged in between 0.345 to
0.595, Value of µ4 was ranged in between 0.505 to 0.78 with
a step size of 0.025.

This graph derived from our simulation shows that if there
is increase in the rate of vehicles being served and leaving
each queue, the average waiting time of the vehicles for
each queue decreases without any exception for any of the
queues. Faster the vehicles gets served in each road and
leave, lesser the waiting time for vehicles staying in a road
will be.

B. WAITING TIME IN RESPONSE TO CHANGE
IN ARRIVAL RATE
In the figure 7, we can see the changes in Waiting Time
(denoted in Y-axis) in response to the changes in Arrival Rate
(denoted in X-axis) for each queues in separate curve lines.
Value of µ1 was considered and kept constant at 0.90, Value
of µ2 was considered and kept constant at 0.60, Value of µ3
was considered and kept constant at 0.60, Value of µ4 was
considered and kept constant at 0.80.

Additionally, the value of external arrival rate for second
queue was considered as 0.15 and the value of external arrival
rate for third queue was considered as 0.17.

After keeping other variables such as service rate, external
arrival rate constant, We can clearly see that, as we keep
increasing the arrival rate in a specific range of values,
the waiting time keeps increasing.

Value of λ1 was ranged in between 0.425 to 0.775 with a
step size of 0.025 and for each λ1, we calculated λ2 such that
it is equal to (external arrival rate of queue 2 + 40% of λ1),
λ3 is equal to (external arrival rate of queue 3 + 50% of λ1),
finally λ4 = (70% of λ2 + 80% of λ3).

This graph derived from our simulation shows that if
there is increase the rate of vehicles entering each queue,
the average waiting time of the vehicles for each queue
increases proportionally without any exception for any of
the queues. Faster vehicles arriving in each road will lead to
higher waiting time of the vehicles in the each of the roads
will be.

FIGURE 6. Waiting time vs service rate in each queue.

136026 VOLUME 9, 2021



M. G. R. Alam et al.: Queueing Theory Based Vehicular Traffic Management System

1) WAITING TIME IN RESPONSE TO CHANGE
IN EXTERNAL ARRIVAL RATE
In the figure 8, we can see the changes in Waiting Time
(denoted in Y-axis) in response to the changes in External
Arrival Rate (denoted in X-axis) for each queues in separate
curve lines. Value of µ1 was considered and kept constant at
0.90, Value of µ2 was considered and kept constant at 0.60,
Value of µ3 was considered and kept constant at 0.60, Value
of µ4 was considered and kept constant at 0.80.

FIGURE 7. Waiting time vs arrival rate in each queue.

Additionally, Value of λ1 was considered and kept constant
at 0.50, Value of λ2 was considered the summation of 50%
of λ1 and external arrival rate of queue 2, Value of λ3 was
considered the summation of 40% of λ1 and external arrival
rate of queue 3, Value of λ4 was considered the summation
of 70% of λ2 and 80% of λ3.
After keeping other variables such as service rate, arrival

rate etc. constant, We can clearly see that, as we keep increas-
ing the external arrival rate in a specific range of values,
the waiting time keeps increasing. Value of external arrival
rate for both queue 2 and queue 3 was kept same for the sake
of simplicity in simulation and plotting.

Value of External Arrival Rate for both Queue 2 and
Queue 3 was ranged in between 0.13 to 0.28 with a step size
of 0.03.

This graph derived from our simulation shows that if there
is increase in the rate of vehicles entering externally from
outside of the network inside second queue and third queue,
the average waiting time of the vehicles for each queue
increases proportionally without any exception for any of the
queues. More the vehicles arriving in road network external
of the network will lead to higher waiting time of the vehicles
in the each of the roads will be.

C. UTILIZATION OF SERVERS IN RESPONSE TO CHANGE
IN OTHER VARIABLES
Utilization of Servers indicate the density of vehicles are
occupying each queue, meaning how much occupied and
utilized each servers are. From the queueing theory, we can
get to know that if the value of utilization of server, ρ is

greater than 1 for a queue, then the queue becomes unstable.
This means arrival rate is greater than service rate for that
particular queue and the queue will face traffic congestion.
In the following section, wewill visualize and reflect upon the
co-relation of utilization of servers with the other variables
of our model based upon the experimental results, and gain
insights upon the changes and effects in utilization of servers
in respect to the changes in other related variables.

FIGURE 8. Waiting time vs external arrival rate for each queue.

1) UTILIZATION OF SERVERS IN RESPONSE TO
CHANGE IN SERVICE RATE
In the figure 9, we can see the changes in Utilization of
Servers (denoted in Y-axis) in response to the changes in
Service Rate (denoted in X-axis) for each queues in separate
curve lines. Value of λ1 was considered and kept constant at
0.55, Value of λ2 was considered and kept constant at 0.35,
Value of λ3 was considered and kept constant at 0.32, Value
of λ4 was considered and kept constant at 0.48.

After keeping other variables such as arrival rate, external
arrival rate constant, We can clearly see that, as we keep
increasing the service rate in a specific range of values,
the value of utilization of servers keeps decreasing. Value of
µ1 was ranged in between 0.575 to 0.875, Value of µ2 was
ranged in between 0.375 to 0.575, Value of µ3 was ranged in
between 0.345 to 0.595, Value of µ4 was ranged in between
0.505 to 0.78 with a step size of 0.025.

This graph derived from our simulation shows that if there
is increase in the rate of vehicles being served and leaving
each queue, the utilization of the servers for each queue
decreases without any exception for any of the queues. Faster
the vehicles gets served in each road/queue and leave, lesser
the occupied and utilized each road will be.

2) UTILIZATION OF SERVERS IN RESPONSE TO
CHANGE IN ARRIVAL RATE
In the figure 10, we can see the changes in Utilization of
Servers (denoted in Y-axis) in response to the changes in
Arrival Rate (denoted in X-axis) for each queues in separate
curve lines. Value of µ1 was considered and kept constant
at 0.90, Value of µ2 was considered and kept constant at
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0.60, Value of µ3 was considered and kept constant at 0.60,
Value of µ4 was considered and kept constant at 0.80. After
keeping other variables such as service rate, external arrival
rate constant, We can clearly see that, as we keep increasing
the service rate in a specific range of values, the value of
utilization of servers keeps increasing. Value of λ1 was ranged
in between 0.425 to 0.775 with a step size of 0.025 and for
each λ1, we calculated λ2 such that it is equal to (external
arrival rate of queue 2+ 40% of λ1), λ3 is equal to (external
arrival rate of queue 3 + 50% of λ1), finally λ4 = (70% of
λ2 + 80% of λ3).

FIGURE 9. Utilization of servers vs service rate in each in each queue.

This graph derived from our simulation shows that if
there is increase in the rate of vehicles arriving and entering
each queue, the utilization of the servers for each queue
increases proportionally without any exception for any of the
queues.More the rate of vehicles arriving and entering in each
road/queue, more the occupied and utilized each road will be.

D. TOTAL WAITING TIME IN THE NETWORK IN RESPONSE
TO CHANGE IN OTHER VARIABLES
In the following section, wewill visualize and reflect upon the
co-relation of Total waiting time in the network with the other
variables of our model based upon the experimental results,
and gain insights upon the changes and effects in total waiting
time in the network in respect to the changes in other related
variables.

1) TOTAL WAITING TIME IN THE NETWORK IN RESPONSE
TO CHANGE IN ARRIVAL RATE
In the figure 11, we can see the changes in TotalWaiting Time
(denoted in Y-axis) in response to the changes in Arrival Rate
(denoted in X-axis) for each queues in the total road/queueing
network in a curve line. Value of µ1 was considered and kept
constant at 0.90, Value of µ2 was considered and kept con-
stant at 0.60, Value of µ3 was considered and kept constant
at 0.60, Value of µ4 was considered and kept constant at
0.80. Additionally, the value of external arrival rate for second
queue was considered as 0.15 and the value of external arrival
rate for third queue was considered as 0.17.

After keeping other variables such as service rate, external
arrival rate constant, We can clearly see that, as we keep
increasing the arrival rate in a specific range of values,
the total waiting time in the network keeps increasing.

Value of λ1 was ranged in between 0.425 to 0.775 with a
step size of 0.025 and for each λ1, we calculated λ2 such that
it is equal to (external arrival rate of queue 2 + 40% of λ1),
λ3 is equal to (external arrival rate of queue 3+ 50% of λ1),
finally λ4 = (70% of λ2 + 80% of λ3).

FIGURE 10. Utilization of servers vs arrival rate in each in each queue.

This graph derived from our simulation shows that if there
is increase in the rate of vehicles entering in the network,
the average total waiting time of the vehicles for the network
increases proportionally in the network. Faster vehicles arriv-
ing in the network will lead to higher total waiting time of the
vehicles staying in the network will be.

2) TOTAL WAITING TIME IN THE NETWORK IN RESPONSE
TO CHANGE IN TOTAL EXTERNAL-ARRIVAL RATE
In the figure 12, we can see the changes in Total Waiting
Time (denoted in Y-axis) in response to the changes in Total
External Arrival Rate, which is the summation of external
arrival rate of queue 2 and queue 3 (denoted in X-axis) for
total road/queueing network in a curve line. Value of µ1 was
considered and kept constant at 0.90, Value of µ2 was con-
sidered and kept constant at 0.60, Value ofµ3 was considered
and kept constant at 0.60, Value of µ4 was considered and
kept constant at 0.80.

Additionally, Value of λ1 was considered and kept constant
at 0.50, Value of λ2 was considered the summation of 50%
of λ1 and external arrival rate of queue 2, Value of λ3 was
considered the summation of 40% of λ2 and external arrival
rate of queue 3, Value of λ4 was considered the summation
of 70% of λ2 and 80% of λ3.

After keeping other variables such as service rate, arrival
rate constant, We can clearly see that, as we keep increas-
ing the total external arrival rate in a given range of val-
ues, the total waiting time in the network keeps increasing.
The increased the value of total external arrival rate λ by
increasing the external arrival rates of queue 2 and queue 3
individually.

136028 VOLUME 9, 2021



M. G. R. Alam et al.: Queueing Theory Based Vehicular Traffic Management System

FIGURE 11. Total waiting time vs arrival rate in the network.

FIGURE 12. Total waiting time vs external-arrival rate in the network.

TABLE 4. Values derived from proposed algorithm and baseline
optimization algorithm.

External Arrival Rate of Queue 2 and Queue 3 was kept
same for the sake of simplicity in simulation and plotting,
which is ranged in between 0.13 to 0.28 with a step size
of 0.03.

Hence, the value of Total External Arrival Rate of the
network, 3 was ranged in between 0.26 to 0.56 with a step
size of 0.06 (0.03+0.03).

This graph derived from our simulation shows that if there
is increase in the summation of rate of vehicles entering
externally into the network, the average total waiting time of
the vehicles for the network increases proportionally in the
network. Faster vehicles arriving in the network from outside
of the network will lead to higher total waiting time of the
vehicles staying in the network will be.

FIGURE 13. Comparison of mean service rate between proposed and
baseline optimization algorithm.

FIGURE 14. Comparison of mean utilization between proposed and
baseline optimization algorithm.

FIGURE 15. Comparison of mean waiting time in the network between
proposed and baseline optimization algorithm.

E. COMPARATIVE RESULT ANALYSIS
In this section, we will gain some insights regarding the
values we have calculated and derived by simulating Jackson
Queueing Network Simulation Algorithm and Quadratic Pro-
gramming Based Traffic Management Algorithm. Here in
the table 4, we have put together the calculated values for
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the different variables such as service rate (µ) and utilization
of server (ρ), mean waiting time in the network (W ). If we
compare the values for the same variable calculated in both
algorithms, we can see that the difference between the results
derived from the two algorithms is minimal and negligible.
We have considered the value of Arrival Rates λ1 = 0.55,
λ2 = 0.35, λ3 = 0.32, λ4 = 0.48. Additionally, we have
considered the value of External-Arrival rates α1 = 0.15 and
α2 = 0.17 for the comparison.

All the values are showing consistency after being cal-
culated and simulated in both the algorithms, indicating
the precision and correctness of our formulated queueing
network model and equations based upon it.

VI. CONCLUSION
Traffic congestion has been critically hampering the lives of
millions if not billions in many third-world, under-developed
and developing countries around the planet. However,
the developed countries are not far away from facing this
problem as it is uprising in these countries as well. Both
the population and the quantity of vehicles in the world are
increasing day by day, so there’s no going back without
facing this crisis. The only feasible solution to this situa-
tion is to deal with this problem efficiently. The traditional
hard-coded traffic management and signaling system has
proven ineffective and inefficient to resolve this problem. Our
proposed model is going to relate a traffic system with an
open Jackson Queueing network to virtually create a model
of traffic network. The traffic signal decisions will be made
based on data which we will provide to our model on a given
range arbitrarily. Then, our proposed model will process this
data using our formulated equations from our research and
optimize the customer waiting time using quadratic optimiza-
tion. Finally, our proposedmodel will provide dynamic traffic
feedback and management decisions depending on current
vehicle density and other co-related variables. To conclude,
the proposed model focuses on implementing an autonomous
and intelligent traffic management system which will reduce
and optimize waiting time in traffic junctions and signals
to face the challenge of this continuously expanding hurdle
around the globe.
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