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Abstract—In the internet era, Intelligent Transportation System (ITS) for smart cities is gaining tremendous attention since
it offers intelligent smart services for traffic monitoring and
management with the help of different technologies such as microelectronics, sensors and IoT. However, in the existing literature,
very few attempts are made towards effective traffic monitoring
at road junctions in terms of providing faster decision making so
that the traffic present in heavily congested urban environments
can be dynamically rerouted. In order to tackle this issue, this
article proposes a new Controller framework that can be applied
at junction-points in order to the control the traffic movement.
Specifically, the proposed framework utilizes a multi-logic ruleset
database to estimate the traffic density dynamically at the first
stage followed by the usage of signal-time computation algorithm
at the second stage in order to streamline the traffic and achieve
faster clearance at the junction-points. The experimental results
conducted with the help of test environment using MEMSIC
nodes clearly demonstrate the improved efficiency of the proposed
framework in terms various performance metrics including move
command frequency, ruleset score and fluctuation score.
Keywords—Intelligent transportation systems; junction-point
traffic monitoring; ruleset database; traffic density estimation

I.

I NTRODUCTION

Nowadays, Intelligent Transportation System (ITS) for
smart cities is gaining huge attention, which offers smart as
well as intelligent services towards traffic management and
monitoring with the help of technologies including electronic
sensing, data communication, and advanced information management systems [1],[2]. Further, the transportation efficiency
can be significantly enhanced with the aid of the proximity
cooperation of the user over the road and vehicle targeting
towards reducing the congestion of the traffic [3]. Precisely,
the prime idea of ITS is to address the all sorts of problems
associated with traffic density over the network of the road [4].
In general, ITS system consists of the different sophisticated
components such as Advanced Traffic Information Service
System (ATIS), Emergency Rescue System (ERS), Freight
Management System (FMS), Electronic Public Transport System (EPTS), Advanced Public Transportation System (APTS),
Advanced Vehicle Control System (AVCS) and Advanced
Traffic Management System (ATMs) and so on [5].
Though enormous amount of research efforts are made
towards ITS research domain, yet several serious issues of
traffic density control are however remaining unresolved till

now in almost all the major cities in every part of the world.
In addition to that, an increase in traffic density gives rise to
severe congestion problems and induces pollution and thereby
adversely affects economic losses. In the current scenario, the
successful deployment of ITS for facilitating effective traffic
monitoring is significantly affected by these two limitations: a)
To standardize the elementary factors in order to compute and
predict the state of deadlock condition of traffic over larger
traffic density and b) To ensure the reliability associated with
the predictive concept in traffic management along with higher
accuracy [6]. The former limitation is addressed up to a certain
extent, in the existing literature by means of Vehicular Ad-hoc
Networks using forecasting approaches [7]. The latter issue is
addressed using infra-structure based approaches by employing
GPS data [8]. However, the state-of-the art techniques in
both the cases, fail to provide effective performance, due to
problems such as inaccurate estimates of traffic, delay and
inadequate accuracy in dynamic and large-scale urban traffic
environment.
From setup perspective, the existing literature towards
ITS traffic monitoring can be broadly classified into two
categories namely, infrastructure Vs non-infrastructure-based
techniques. The infrastructure-based techniques primarily focus on essential functionalities such as traffic light management, route suggestion, congestion detection, re-routing and
speed adjustment whereas non-infrastructure-based approaches
primarily concentrate on cooperative congestion identification, congestion avoidance accident detection and warning.
However, one of the significant research challenges in the
existing literature is, the complexity in design framework due
to which only normal classification over test environments
can be performed. Further, the traffic density computations
are assessed using certain formulated theories without suitable
validations with real-world traffic systems, which results in
significantly poor performances [9],[10]. Due to these aspects,
promising techniques are needed for traffic monitoring in ITS
which can effectively make faster decisions for rerouting traffic
in heavily congested urban environments. In this article, a
novel controller design framework is proposed, which can be
deployed at junction-points in order perform effective traffic
monitoring and management by formulating a unique multilogic ruleset. The organization of the article is described as
follow: Section 2 discusses the existing literature, Section
3 describes the proposed along with detailed discussion of
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system design as well as algorithm. Section 4 details result
analysis followed by the illustration of conclusion in Section
5.
II.

R ELATED W ORK

In the existing literature, a lot of research attempts are
made towards incorporating novel features in ITS so that
different sorts of traffic monitoring issues can be addressing.
For instance, Calabuig et al. [11] presented a novel techniques
which is responsible for managing alert message for the
remotely positioned vehicle by means of utilizing cluster-head
selection strategies of VANETs in ITS. However, it suffers due
to huge requirement of resources for unicast communication
as well as non-availability of potential broadcasting features
incellular networks. Also, recently, Derrouz et al. [12] developed a vehicle type classification framework using both the 3D
parameters and 2D features in order to to control traffic as well
as violations of road code.Specifically, 3D parameters are used
to reconstruct complete dimension of given vehicle in terms of
height, width and length whereas 2D features are utilized for
dimensionality reduction. Though the proposed classification
system can accurately detect vehicles from different view angles, yet the performance may get seriously affected due to the
errors calibration process used for estimating 3D parameters.
Recently in 2019, Blazek et al. [13] addressed the communication latency problem by presenting a burst-error performance modelling, which utilizes the formulation of the
maximum likelihood function to measure the various extensive
records based on channel-based parameters. Though, the authors successfully employed the fading information from the
target channel and signal noise to investigate the degree of
burstiness, yet few of fault-tolerance aspects such as burstiness
for stress testing may degrade the performance of the system.
Very recently in 2020, Chavhan et al. [14] proposed a
context-aware public transport system based on IoT, which
uses both the context information and emergent intelligence,
in order to enable public transport services in metropolitan
areas. Though, the proposed system provides better results,
yet it fails to address towards security issues. Javed et al.
[15] addressed the security problems in ITS by developing
a mechanism that can detect outliers and un-authenticate the
false data and thereby enhance the decision of the traffic.
A study towards safety standards in ITS is carried out by
Naufal et al. [16], where a control and supervision system is
designed for autonomously transport systems. Dotoli et al. [17]
introduced have used multi-objective optimization framework
in order to perform routing of vehicles by evaluating the
user’s preference. A similar kind of case study is considered
by the adoption of blockchain technology in ITS by the
authors in [18]. Szymanski et al. [19] presented a vehicle
positioning framework using spatio-temporal features of the
delay caused in public transportation systems with the help
of GPS. The work carried out by Zhao et al. [20] includes a
probabilistic framework in order to study the pattern of flows of
passengers over different trains and routes. Calvillo et al. [21]
have investigated connecting bridges between all the connected
devices in smart cities. The study hypothesizes on distributed
energy system, which plays an important role in performance
improvement in smart cities.

Recently, Tian et al. [22] developed a recurrent attention
framework for identifying the traffic signs by making use of
deep neural networks, which suffers due to its computational
complexity. Cai et al. [23] introduced a vector-based query
processing system, which carries out query processing of
ITS. Very recently in 2020, Choy et al. [24] proposed a low
power speed monitoring framework with the help of radio
frequency as well as neural network architectures. However,
the performance of the proposed framework primarily depends
on the estimation accuracy and antenna design. Rafter et al.
[25] developed an adaptive traffic signal system with multiple
modes that integrates position data of linked vehicles with data
extracted from a network in a decentralized manner over a
single intersection of the road.
To summarize, in the existing literature, huge efforts are
made towards introducing the usage of sophisticated mechanisms to perform traffic monitoring, which are not much
explored towards compatibility issues. Specifically, every vehicle’s practical scenario over the road is given least preference,
which on the other way plays a vital role in the realistic traffic
situations. More specifically, in most of the existing traffic
monitoring systems fail to include the practical constraints
such as bi-directional traffic, routing viewpoint and directionality and so on in their decision making process, which
may result in slightly less realistic estimations. In addition to
that, in existing literature, very few attempts are carried out
towards embedding automated decision-making or intelligence
within the system to perform traffic monitoring. On the other
hand, the adoption of the Global Positioning System (GPS)
and sensors are widely popular in the existing literature for
controlling navigation and traffic monitoring. However, GPS
suffers from outages many times, and they are not always
accurate. Usage of the sensor is a good idea, but the sensors
are used in a very simplified manner which cannot capture
dynamic information about the mobility of the vehicles based
on direction in a two-lane system. Furthermore, generally the
bottleneck condition of the traffic density is witnessed in intersection points or junctions. When one junction has multiple
routes connected, it becomes the most challenging scenario
to provide the command for vehicle clearance by executing
different commands of the signal light. Unfortunately, most of
the existing traffic monitoring systems perform slightly less
effective due to manual process in traffic monitoring. Based
on these aspects, promising traffic monitoring systems are
needed, which can carry out faster decision-making as well as
streamlining the traffic based on dynamic traffic events over
the peak density conditions on the road.
A. Motivation and Contributions
In this article, a novel Junction-point Movement Controller
framework, named as JMC Framework is presented, which
makes use of multi-logic ruleset database, in order to estimate the traffic density dynamically and also perform faster
clearance at the junction-points. More precisely, the main
contributions of the proposed JMC framework are given by,
⋆
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Construction of a new Ruleset Database consisting of
multi-value logic rulesets, which are used to generate
aggregated traffic density inferences in the form of
vehicle statistics and thereby effectively control the
traffic movement.
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Introducing a novel Traffic Density Estimation and
Signal-time Computation Algorithm, named as TDMSC Algorithm, in order to achieve consistent traffic
density estimation followed by effective path determination, so that faster clearance of the vehicles can
be ensured at the specified junction-points.

The proposed JMC framework along with construction of ruleset database and TDM-SC algorithm along with the detailed
design is illustrated in Section 3.
III.

P ROPOSED F RAMEWORK

Fig. 1 describes the overview of proposed JMC framework
architecture consists of two stages. In the first stage, the
number of inbound and outbound vehicles over the specific
route are first inputted into the system. Precisely, the inbound
and outbound vehicles are tracked with the help of sensors,
which are placed on both the entry as well as exit points of
routes, assuming that the multi-routes meet at the junction
points. In the second stage, the entire aggregated vehicle
movement data is then passed to a controller system hosted
over the junction point. The controller processes the aggregated
vehicular information and applies a multi-value logic system
where different possibilities of ruleset are constructed based on
traffic density. The resultant information helps the controller
node to understand the degree of traffic density in different
routes meeting at the junction. Based on the inferences derived from the ruleset, the controller decides for clearing the
vehicles from their routes, by providing three different forms of
commands including MOVE command, WAIT FOR command
and STOP command, whereas MOVE command plays a vital
role in clearing the traffic. In this way, the proposed system
provides a solution in order to handle the variable traffic
density on different routes by means of introducing a faster
decision-making system for facilitating traffic monitoring and
management in the urban environment. The complete system
design including the analytical modelling of the proposed
framework is detailed in the forthcoming section.
IV.

Fig. 1.

Overview of the Proposed JMC Framework.

which performs execution of the ruleset in order
to implement the automated and intelligent traffic
management in the urban region.
Apart from this, the proposed JMC design also
assumes that, any street with a higher capacity is
capable of introducing larger number of vehicles
within it.
The proposed framework also assumes that all the
sensory devices are powered with a battery of finite
lifetime.

•

•

B. Formation of Ruleset Database

S YSTEM D ESIGN

In this section, the main concept of the proposed JMC
framework design is illustrated in detail, which in turn can
be fully automated to optimize the traffic system, especially
for any level of traffic density, so that smart traffic monitoring
and controlling can be achieved. Specifically, system design
modules including assumptions considered, Ruleset Database
Formation followed by algorithm design are illustrated.
A. Assumptions
The implementation of the proposed JMC system is carried
out by considering the following assumptions given by:
•
•

•

Each vehicle V1 is equipped with a sensing device,
which is having the unique identity of the vehicle.
Every entry and exit points of a road are equipped
with a transceiver which performs identification of the
vehicles and aggregates the information about several
inbound and outbound vehicles.
A controller system with specific traffic commands
tc is assumed to be present in every junction point

Fig. 2.

Formation of Ruleset Database.

The proposed JMC framework, utilizes a Ruleset Database
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using which it controls the movement of the traffic by means
of employing multi-values logic systems in the form of vehicle
statistics from four sample streets. Precisely, Fig. 2 describes
the concept of Ruleset Database formation based on the traffic
density over the street.More precisely, in the first step, the
proposed system uses two primary logical operators, namely,
“and” and “then” in order to checks the density of all streets
and thereby derives the inferences about the traffic density as
shown in the top portion of figure. Specifically, a simplified
version of a rule in the given ruleset database is given as
follows:
IF (cond1)&(cond2)&(Cond3)&(Cond4)−−T HEN −−Inf 1
(1)
In the above rule expression, cond1 to Cond4 represent
four different street conditions corresponding to its respective
traffic density in terms of low, medium, and high traffic.
More specifically, cond1 includes {low,medium,high} which
represents various combination of street 1 traffic to be low,
medium, and high. The similar type of rules are constructed
for all combinations of traffic conditions. The inference is the
outcome of the combination of these conditions resulting in
selection of specific direction of a vehicle to move by choosing
an outbound street, and thereby the inferences represent the
outbound street. Precisely, in the proposed JMC framework,
a complete Ruleset Database consisting of 80+ combinations
of rulesets is constructed in order to generate the aggregated
traffic density inferences and a snapshot of this database is
shown in Fig. 3. After this step, the resultant traffic density

proposed TDM-SC algorithmic with step-by-step procedure is
detailed as given below.
Input: V (vehicles), tc (traffic command), iv (inbound vehicle)
Output: α (execution of traffic command)
Start
1:
2:
3:
4:
5:
6:
7:
8:
9:
10:
11:
12:
13:
14:
15:
16:
17:
18:
19:
20:
21:
22:
23:

For i∈(1: V)
init V, tc, iv
sim→f1(V, tc)
vrand →f2(iv)
V→V + vrand
If V < [max(Vden )]
logrule = f 3(V, ruleset)
For m ∈ {(i + 1), mmax }
If logrule ≤ m
mc(i) = k
End
[denmc(i)] = argmax (v)
gotime (i) = f 4(V, mc, iv, et, durcom)
For j = 1 : gotime (i) + 1
v(mc(i)) = v(mc(i)) − ov
V = v + f 5(rand, iv, χ)
If v(mc(i)) < 0
α=simulate traffic command(V, tc)
End
End
End
End
End
End

C. Algorithm Design

a) The working of TDM-SC algorithm is illustrated
as follows:: The first initialization step of TDM-SC algorithm
is to turn on the controller system for computation of the vehicle’s signal-time calculations. Then, the proposed algorithm
takes the inputs namely, input of V (vehicles), tc (traffic command), and iv (inbound vehicle), which after processing yields
an outcome of α (execution of traffic command). Precisely,
the algorithm initially considers all the vehicular nodes v as
specified in step-1 of Fig. 4 (Line-1). The variable tc (traffic
control) represents a controller system that directs the vehicle’s
movement using standard signal lights. The variable iv and ov
represent the total number of vehicles sensed by sensors over
the streets entry and exit points respectively. The proposed
study considers four entry points that meet at the junction
where the controller system resides. An explicit function f1(x)
is implemented which is responsible for simulating the vehicles
V and traffic command tc over the junction point as shown
in step-3(Line-3). The proposed system considers the junction
point as a prominent bottleneck condition of routing within the
junction itself in the urban traffic system.

The proposed JMC framework presents an algorithm
named as, Traffic Density Estimation and Signal-time Computation Algorithm (TDM-SC), which is in short indicated as
TDM-SC algorithm for optimizing the traffic density monitoring efficiency in the urban traffic environment. Specifically, in
the proposed JMC framework, first traffic density information
is calculated with the help of execution of rules in Ruleset
database followed by the classification of the traffic density.
Then the resultant density estimations are further employed by
the Controller in order to compute signal passing time allowed
for every vehicle in the specified route. More specifically, the

The next part of the implementation focuses on generating
the random number of vehicles vrand by considering the
function f2(x), which in turn takes a random number of
incoming vehicles iv in step-4 (Line-4). Therefore, the total
number of vehicles on each route is the addition of vehicles
V and a random number of vehicle vrand as specified in step5 (Line-5). In order to depict a realistic traffic scenario, the
proposed algorithm takes a fixed number of maximum vehicle
density vden on all of four considered routes as given in step6 (Line-6). A logical ruleset logrule is computed by applying
a function f3(x) considering the input argument of vehicles

Fig. 3.

Snapshot of Ruleset Database.

inferences are fed to the controller, so that it can understand
the current traffic data aggregation. Followed by this step, the
controller uses similar ruleset to compute the result of go time
algorithm based on the traffic density and thereby performs
decision-making.
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V and ruleset created earlier as specified in step-7 (Line-7).
After this step, the function f3(x) performs the logical ruleset’s
evaluation by considering the four membership functions of 4
constituent routes meeting at the junction point.
Depending on the deployed environment of vehicular
movement on the four test routes, the algorithm compares the
value of the ruleset logrule with the m variable, representing
the output degree of density of the road as shown in step-8
(Line-8). Depending on the degree of road density encountered
m, the algorithm assigns k to the move command mc as given
in step-9(Line-9).It should be noted that k << m, which
means that if the vehicles density is found higher, the number
of move command towards every 4 points of streets, is k=1,
2, 3, 4 (Line-10). For example, if the value of the logrule is
found less than 3, it will signal move command mc to 1st route
(k=1). If the value of logrule is found less than 6, it will signal
move command mc to 2nd route (k=2). Similarly, if logrule is
found less than 9, it signals move command mc to 3rd route
(k=3), and so on as shown in Fig. 4.

◦

All the routes have both inbound and outbound vehicles in terms of 2-lane system with bidirectional
traffic is considered.
The entry and exit point are simulated with standard
MEMSIC nodes which are responsible for estimating
both inbound and outbound vehicles. Specifically,
with one MEMSIC node in each route, the setup is
implemented by 4 MEMSIC nodes which can capture
from 5 to up to 3000 vehicles in entire simulation
rounds.
The junction point is equipped with the proposed
centralized JMC system, which accepts the aggregated data from all the routes and performs the
traffic density estimation followed by the signal-time
computations by making use of TDM-SC algorithm,
as described in the previous section in order to control
the traffic density.
Further, the duration of individual outbound cars is
considered as 0.3 seconds. Also, the average number
of inbound cars are set as 2 whereas for outbound
cars it is 12.
The simulations are carried out from a lower bound
of 50 iterations to 500 iterations, in order to test the
efficiency of the proposed framework.
The simulation is also carried out for sample traffic
conditions, where same number of vehicles are allocated in all streets at same time. For an example, all
streets have 60 vehicles to be cleared in one signal.
This sample scenario is also considered and proposed
framework utilizes suitable rulesets in order to make
appropriate decisions.

◦

◦

◦

◦
◦

Fig. 4.

Signal-Time Computation for Directing Vehicles Through Signals.

V.

R ESULT AND D ISCUSSION

A. Experimental Setup:
The experimental setup of the proposed JMC framework
including the test environment, deployment scenario as well
as simulation nodes are detailed in this section as follows.
Precisely, the deployment scenario including the urban traffic
for the proposed JMC framework is shown in Fig. 5, in
which the simulation environment consisting of inbound and
outbound vehicles are visible on the assigned routes connected
to respective junction points. More precisely, simulations are
carried out with the help of MATLAB and the primary details
considered in this setup are illustrated as follow:
◦

Urban traffic scenario is created by the deployment of
Junction-points, that are constructed with 4 orthogonally joined routes.

Fig. 5.

Simulation Environment for Proposed JMC Framework.
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B. Results and Discussion
The performance of the proposed JMC framework is
evaluated in terms of analyzing different parameters, such as
no. of vehicles passed and effectiveness multi-value logic set
and so on. More specifically, the efficiency of the proposed
framework is demonstrated in terms of analyzing the four
important parameters as given by,
a)
b)
c)
d)

Analysis of Frequency of MOVE Command and
number of vehicles passed.
Analysis of Fluctuation Score.
Analysis of Ruleset score and
Analysis of Command Transition duration.

lesser than 2 seconds or 5 seconds or more than 5 seconds, then
the system automatically allocates scores of value of 0.8, 0.9,
and 1 respectively in order to calculate the rate of fluctuation.
Fig. 7 clearly indicates that, though different fluctuation rates
are shown in the various routes inbound to the junction points,
however the fluctuation score is restricted within the maximum
of 1-2 units only. In this way, Fig. 7 demonstrates the improved
consistency of the proposed JMC framework in terms of lower
degree of fluctuations, by means of balancing the complete
traffic system without any occurrences of deadlock situations.

1) Analysis of MOVE Command Frequency and number
of vehicles passed: Fig. 6(a) and (b) show the simulation
results of move command frequency as well as vehicles passed
in terms of bar graphs with respect to the corresponding
routes, which are inbound to junction points. Precisely, move
command frequency is defined as the number of times the
controller executes signal for moving the vehicles in order to
facilitate clearance to move, which is similar to green light
signal. The simulations are carried out up to 500 iterations,
in which it exhibits increasing occurrence of vehicle clearance
for all four sample routes as shown in Fig. 6(a). Similarly,
a number of vehicles that are allowed to pass also exhibit
an incremental curve as indicated in Fig. 6(b), which in turn
proves the efficiency of the proposed framework.

Fig. 7.

Analysis of Fluctuation Score.

Fig. 8.

Analysis of Ruleset Score.

Fig. 6. (a) Analysis of Move Command Frequency (b) No. of Vehicle Passed.

2) Analysis of Fluctuation Score: Fig. 7 shows the results
of second performance parameter -fluctuation score, which
is a dimensionless unit, for a maximum of 500 simulation
rounds. Specifically, Fluctuation score is defined as, the degree
of execution of the logical ruleset considering three scenarios
including lower, medium and higher traffic along with the time
for move command is computed. More specifically, the goal is
to find differences in the duration of the move command which
is needed for vehicle clearance in every defined route. Using
ruleset, if the time duration of the move command is found

3) Analysis of Ruleset score: Fig. 8 illustrates the results of
Ruleset score, which is an essential parameter, since it plays a
significant role in predicting performance of the proposed JMC
framework. Precisely, ruleset score responsible for finding out
the actual need of the ruleset on 4 test routes. It is to be noted
that, in the proposed system, ruleset database consisting of 81
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security features, adaptive properties and so on, so that it can
be reasonably applied in real-world urban traffic situations.
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