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Abstract: Vehicle-to-everything (V2X) in networks is a communication technology that allows vehicles
to communicate with their surroundings. Traffic congestion and unawareness of the travel of
emergency vehicles (EVs) lead to delays in reaching the destination of the EV. In order to overcome
this time delay, we propose a jitter-to-highly reliable (J2H) approach of customizing the traffic signals
and an alert passer mechanism to alert other vehicles. Once an EV is started, its source, destination
and level of emergency will be updated on the network, and based on the traffic density, the fastest
route to reach the destination is determined. The V2X system in the J2H approach passes an alert
to all the traffic signals on that route. The traffic signals will continuously monitor the position of
the vehicle by using the Global Positioning System (GPS). Based on the position of the vehicle, the
distance between the vehicle and the traffic signal on that route is periodically updated. Once the
vehicle comes within the range of the closest traffic signal, based on constraints such as number
of lanes, emergency level, types of roads, traffic density, number of EVs approaching, and time of
arrival of the vehicles, the traffic signal will be customized. The V2X then passes the information to
all the traffic signals that are available in the route of the EV. The alert passer mechanism warns about
the approaching EV to other vehicles on that route. Thus, by adapting the J2H technique, EVs can
overcome the time delay to reach the destination. Traffic congestion is overcome by customizing the
traffic signals. Path blockage can be cleared by vehicle-to-vehicle (V2V) communication.

Keywords: V2V; emergency vehicles; GPS; traffic density; traffic congestion

1. Introduction

Vehicle-to-everything (V2X) provides the foundation for vehicles to communicate with
each other and everything around them, providing 360◦ coverage for enhancing road safety
and autonomous driving. V2X is an incumbent wireless communication type mainly used
to increase road safety by preventing vehicular collisions. It can exchange information
regarding road conditions, approaching vehicles, road accidents, and weather conditions
wirelessly [1,2]. V2X comprises V2V (vehicle-to-vehicle), V2I (vehicle-to-infrastructure),
V2P (vehicle-to-pedestrian), and V2N (vehicle-to-network) applications [3–5]. It also pro-
vides information about the navigation system in autonomous vehicles. It works efficiently
in high-speed vehicle mobility and even in extreme weather conditions such as rain, fog,
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etc. [6–8]. By knowing the traffic information in advance using V2X, the vehicle can reach
the destination easily [9]. Using 5G, V2X performance will increase by supporting mobile
network operators due to the dynamic network’s availability [7]. It also has advantages
such as longer range, low latency, high reliability, high throughput, wide-band ranging,
and positioning.

Traffic congestion arises when the demand for roads exceeds its capacity. Traffic
congestion often occurs in urban areas [10]. It will be even worse in peak hours in cities, as
all are traveling to their workplace and schools. Governments have taken many control
measures such as increasing public transportation, an odd–even license plate policy, and
vehicle restrictions on several roads. However, all these measures are ineffective. Traffic
congestion not only increases vehicle accidents but also increases emergency vehicle (EV)
response time [11–15]. EVs play a crucial role in saving lives. When it comes to ambulances,
it helps to reach the hospital in time, thus saving lives [15,16]. Likewise, fire engines help
in rescuing people in buildings on fire, also saving lives. EVs need to make a quick trip to
arrive to their objective to spare lives [17,18]. The cycle may become troublesome when
the EVs stall out in rush hour gridlock or when different vehicles do not perceive the
methodology of the EV. If the EV does not arrive to their objective at the right time, it
might prompt life dangers. Likewise, non-EVs may be slammed because of quick-moving
EVs [19]. To overcome such accidents, we use secure V2V communication to alert non-EVs
about the approaching EV.

In the event that different vehicles know about the EV’s maneuver and if there is
less traffic at the signals, the EVs can arrive to their objective on schedule. Since reaching
the destination on time, it becomes much easier to save lives compared to reaching the
destination later [20,21]. As the EV has traffic rule exemptions, it can pass through red
lights, which increases the probability of accidents during heavy traffic [22,23]. In order to
overcome the life loss within and outside of EVs during their movement, the movements
have to be monitored and to control their traversing routes. By smarting traffic signals
to monitor and control the flow of traffic and to change the sequence of signals, we can
enhance EV movement.

We propose a jitter-to-highly reliable (J2H) approach of customizing the traffic signals
and an alert passer mechanism to alert other vehicles. Once an EV is started, its source,
destination and level of emergency will be updated on the network, and based on the traffic
density, the fastest route to reach the destination is determined. The V2X system in the
J2H approach passes an alert to all the traffic signals on that route. The traffic signals will
continuously monitor the position of the vehicle by using the Global Positioning System
(GPS). Based on the position of the vehicle, the distance between the vehicle and the traffic
signal on that route is periodically updated. Once the vehicle comes within the range of the
closest traffic signal, based on constraints such as number of lanes, emergency level, types
of roads, traffic density, number of EVs approaching, and time of arrival of the vehicles,
the traffic signal will be customized. The V2X then passes the information to all the traffic
signals that are available along the route of the EV. The alert passer mechanism warns
about the approaching EV to other vehicles on that route.

The remainder of this paper is organized as follows. In Section 2, we discuss some
existing related works. The system model is introduced in Section 3, and then, it follows
with our proposed solution in Section 4. Simulation results are presented to validate the
performance of our proposed method in Section 5. Finally, this paper is concluded in
Section 6.

2. Literature Survey

In [24], unmanned aerial vehicles (UAV) and deep-learning-based vehicle detecting,
tracking, and counting systems showed more accuracy in traffic density calculations. The
vehicle was detected with type identification based on deep learning and the number
of vehicles counted. Using these data, their deep vehicle counting framework (DVCF)
calculated the traffic density over that region. Dynamically flying UAV can record from
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the reverse side, which leads to a total collapse in traffic density estimation and to a
drawback of this method. In [2], V2X communication with an energy-efficient relay-assisted
transmission scheme in the uplink cellular networks for delay-insensitive applications was
proposed. It maximizes the energy efficiency of the uplink considering both the circuit
power and transmit power consumption. The optimal resource allocation policy satisfied
the delay constraint and minimized energy consumption. The proposed system can achieve
significant energy saving with less delay compared to the traditional direct scheme, the
decoding-and-forward based transmission scheme, and the opportunistic store–carry and
forward-based transmission scheme, especially when the cell radius is large.

In [25], using roadside units (RSU) and onboard units (OBU), V2I was established and
then was able to find the nearby hospital and shortest route using GPS. A microcontroller
inside the EV sends the information to the RSU. The RSU then customizes the intelligent
traffic system (ITS) and transfers the information to the nearby RSU via ethernet, and infor-
mation is removed from the current RSU. This follows until the EV reaches the determined
nearby hospital. When more than one EV approaches a junction, it will customize more
than one signal to the green light, leading to traffic congestion and accidents. This is a
major drawback of this work. As discussed in [7], dedicated short-range communication
(DSRC) usually refers to the wireless technology for automotive and ITS applications
through short-range information exchange between different DSRC devices, such as OBU
equipped in vehicles, RSU deployed as infrastructure, or a handheld device carried by a
pedestrian. DSRC supports interoperable services between vehicles and infrastructure as
well as between vehicles.

In [26], DSRC devices such as OBU and RSU provided wireless communication for ITS,
and this wireless communication was achieved through reserved radio spectrum bands.
Cellular technology uses a base station (BS) to broadcast the information to all vehicles
in a wide range. The benefits of internetworking of both DSRC and cellular networks are
that vehicular data can be backed up when the connection is broken while accessing the
network and controlling message dissemination. DSRC and cellular technologies are subject
to change; therefore, some limitations may vanish. This becomes a major disadvantage
of this method. In [27], intelligent vehicle systems are designed for accident prevention,
which include the collision warning system (CWS) and lane-keeping assistance (LKA).
V2I communication is essential for reducing accidents by managing traffic situations. The
AUTOPIA approach has been adapted for intelligent traffic management using V2I. An
efficient algorithm that keeps each vehicle at a safe and comfortable distance and adjusts
speed for avoiding collision and better traffic flow was developed. This proposed solution
was obtained by an IEEE-802.11p-based communications study.

In [28], cooperative-ITS (C-ITS) utilized vehicular ad hoc networks (VANET) for inter-
vehicle wireless communication and networking. Real-time relative positioning (RRP)
provides a lane-level positioning accuracy using GPS, DSRC, and real-time kinematics
(RTK). RRP provides a warning on the basis of information communicated using DSRC,
which includes vehicle position, speed, and distance about every vehicle in that lane. This
majorly helps in avoiding major accidents occurring due to collisions. Any malfunction
of one or more subsystems of RRP may lead to accidents; this is the major disadvantage
of this method. In [17], the integer linear program (ILP) gives information about the EV’s
movement through a transportation link. After collecting the vehicle’s speed and location,
ILP finds an intra-link path, and vehicles in that path will receive the emergency response
vehicle’s (ERV) maneuvering instructions and a request to stop at its place. However, this
system only works for a single ERV, which is a major disadvantage, as it fails to deal with
multiple ERVs.

In [29], V2V safety applications are based on forward error correction (FEC) codes such
as raptor Q. Their mobility model is used to update the position, speed and acceleration
every 100 ms. They evaluated full-duplex operation for cellular V2V for safety broadcast.
The system evaluated the comprehensive performance of V2V safety broadcast using
cellular and IEEE 802.11p technologies. In [30], to alert other vehicles about the EV’s
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approach, exchanging of safety-related broadcast messages between vehicles occurred
using V2V communication. These messages are sent periodically to announce each vehicle’s
current state to other neighboring vehicles, and its performance is increased by a relaying
system called relay-assisted enhanced V2V (RA-eV2V). As it is a 360◦ communication, we
cannot say it is an alert coming only from the vehicle behind it. It is a major drawback of
this paper.

An optimal transmission reliability enhancement mechanism (OTREM) was proposed
in [31] for enhancing the emergency warning system through a cooperative driving strategy.
OTREM improves the propagation of the warning messages and modifies the solution
for the problems in the warning message transmission. In [32], adaptively changing the
sequence of traffic signals based on the traffic density is obtained by using image processing
on several road patterns. The server will collect these data and the control traffic lights.
Contrast-limited adaptive histogram equalization (CLAHE) is used to reduce the noise in
the image. Bilateral filtering is used to smooth the process by maintaining the structure of
the image. A binary threshold converts the image into binary. The major disadvantage is
that this system will not work at night or in bad weather conditions, and for calculating
traffic density, it needs high-definition cameras.

In [9], decentralized environmental notification messages (DENM) help vehicles to
notify an accident or other hazards on the road. Cellular vehicle-to-everything (C-V2X),
characterizes the DENM latency and reliability performances. The conducted study does
not work better in bad weather conditions, such as rain or storms, leading to a drawback.
In [10], the congestion control protocol tests and validates any V2V-equipped vehicle with
the J2945/1 standard. This system works even under heavy traffic congestion with 600 ms
of inter-transmit time (ITT) so that a vehicle can be tracked accurately. As it is a 360◦

communication, we cannot say it is an alert only from the vehicle behind it. It is a major
drawback of this paper. In [33], VANET is used to carry sensing data using DSRC. Multi-hop
transmissions for gathering data to RSU in VANET have low data rates and long end-to-end
delays. This problem is overcome by using a traffic-differentiated clustering routing (TDCR)
mechanism in a software-defined network (SDN)-enabled hybrid vehicular network.

Overall, most of the existing solutions consider only the location of the vehicles or the
distance of the vehicles in that location. Thus, considering the limited number of factor
delays the EV in reaching the destination makes room for this research. Hence, in our
proposed J2H approach, we considered additional factors such as the number of lanes,
emergency level, types of roads, traffic density, number of EVs approaching, and time of
arrival of the vehicles in real time for finding the best way for the EV to travel and reach the
destination on-time. In J2H, the location of each EV is updated to the network. Once the EV
is started, based on that, the alert passer mechanism alerts other vehicles and customizes
the traffic signals. This enables the EVs to travel smoothly throughout the journey and
helps in reaching the destination without delay.

3. System Model

Every traffic signal in an ITS has wheel speed sensors (WSS) at a certain distance away
from them. It will count the number of vehicles crossing and their speed for a given period.
These data will continuously be updated in the central server. Using these data, the server
can predict the density of vehicles on all roads.

Prediction of the traffic density using vehicle speed is given in Equation (1).

Vav =
∑n

k=1 Sk

n
(1)

where Vav is the average speed of n vehicles, Sk is the spot speed of the kth vehicle, and n is
the number of vehicles crossing per unit of time.

Time Delay =
Distance of the road

Average speed
(2)
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Equation (2) is used to predict the time delay at each signal. The centralized server
will find the path between the source and destination with a less than average time delay.
The path will be sent back to the EV.

The information about the EV such as the EV’s ID, level of emergency, the destination
address is given to all the traffic signals in that route. To alert the non-EVs, an alert is
passed using V2V communication. Thus, the EV may receive a way to travel without
path blockage.

V2V is a communication-technology-based wireless local area network (WLAN); thus,
latency is a major factor in wireless communication. Latency can be either measured as
round-trip time (RTT) or time to first byte (TTFB) [9].

The RTT of vehicle 1 is given in Equations (3) and (4).

RTTv11 = t2 − t1 (3)

RTTv12 = t5 − t4 (4)

where RTTv11 indicates the first round-trip time of vehicle 1, and RTTv12 indicates the
second round-trip time of vehicle 1.

The RTT of vehicle 2 is given in Equations (5) and (6).

RTTv21 = t3 − t2 (5)

RTTv22 = t7 − t6 (6)

where RTTv21 indicates the first round-trip time of vehicle 2, and RTTv22 indicates the
second round-trip time of vehicle 2.

Total average RTT is given by

Average Sever RTT =
RTTv11 + RTTv12

2
(7)

Average Client RTT =
RTTv21 + RTTv22

2
(8)

Average Total RTT = Average Sever RTT + Average Client RTT (9)

The packet loss on the V2V communication is given by

TCP/UDP Checksum = Pseudo header + TCP/UDP header + TCP/UDP body (10)

Communication between two systems may often end in packet loss, which can be
checked by checksum.

The EV’s position is periodically updated to all the traffic signals in that route. Once
the EV comes within the range of the traffic signal, J2H customization of the traffic signals
takes place. The traffic system will guide the traffic signal when to change to red or green
color. After each EV crosses every signal, the information about that vehicle will be removed
from the traffic signal. On reaching its destination, all the details about the EV will be
removed from the centralized server.

4. Proposed Work

Once an EV is ready to start its travel, its source, destination, unique ID, and level
of emergency are sent to the centralized server of that particular city. Figure 1 shows the
architecture diagram of the J2H approach for emergency vehicles. The server will check
for the EV’s ID in the database. If there is any match, the following process will take
place; otherwise, the server will send an error to the EV. The centralized server uses the
fastest path algorithm to calculate the route, which has less average density among all other
possible routes to reach the destination. In Algorithm 1, the nodes are the traffic signals,
and the edge weight is the traffic signal’s time delay. If the average speed is high, then
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traffic density will definitely be low, and if the average speed is low, then the traffic density
will be high.
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The average speed is calculated by placing a WSS at a distance of 250 m before each
signal. The sensor’s controller is connected to its respective signal by an ethernet cable. As
we are placed 250 m before the signal if the traffic congestion is high, the average speed
will be low at that place (i.e., vehicles will be moving slowly, and thus, the density will be
high). Using the average speed, time delay can be calculated by Equation (2).

If the time delay is high at that signal, we can assume that there is less traffic density,
and if the time delay is low, then the traffic density is high. Thus, here, traffic density at
each signal is inversely proportional to the average speed at its respective sensor. This
value is sent to the centralized server by all the traffic systems. The centralized server will
determine the fastest route by taking an average of the traffic densities in every possible
route. The selected route will be directed to the EV.

The advantage of Algorithm 1 is to find the route that has less average density among
all other possible routes to reach the destination. Algorithm 1 works based on Dijkstra’s
algorithm, which is the best algorithm to find the shortest path from one node to every
other node. The limitation of Algorithm 1 is that we must give a complete representation
of the graph for finding the appropriate fastest path. In our proposed system, the cen-
tralized server will provide a global view of the road structure, which is used to find the
shortest path.

The source is the starting node of the EV, the destination is the ending node of the EV,
and the adjacent matrix represents the connection between the nodes.
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Algorithm 1: Fastest Path

Input: source, destination, adjacent matrix
Output: fastest path
For vertex v in graph do
distance[v] = ∞;
end for
distance[source] = 0;
while !Queue.empty() do
e = extract-min(Queue);
for each neighboring nodes u near v do
if distance[u] + distance between (u, v) < distance[v] then
distance[v] = distance[u] + distance between(u, v);
remove e from Q;
end if
end for
end while
ans = ∞
for d ε D do
if distance[d] < ans then
ans = distance[d];
next = d;
end if
end for
return fastest route;

All traffic signals continuously update the traffic density. Using these data, approxi-
mate estimated travel time through that road is calculated. The roads are considered as
edges, junctions are as vertices, and the calculated time delay is represented as the weight
of the edges. The fastest route algorithm will take the source and destination points and
the adjacent matrix as input, and the output path has a minimum average travel time.

All the traffic signals in the selected route will receive EV information including
destination, ID, and level of emergency. The position of the EV is continuously updated to
these signals using GPS. After receiving the route from the server, the EV starts to travel.
On this route, to alert other non-EVs, an alert about the approaching EV is passed through
V2V communication.

V2V communication works in 360◦, and it may receive an alert from the downstream
vehicles. This will lead to confusion for the drivers. To ensure that the alert is only from
the EVs behind them, the EV will send the lane ID and EV position in the alert. Thus, the
confusion can be resolved. This alert passing mechanism is followed until the destination
is reached.

In real time, the EV may not be able to complete its journey on time due to the heavy
traffic scenarios. To avoid this, the proposed J2H approach considers various factors such
as the number of lanes, emergency level, types of roads, traffic density, number of EVs
approaching, and time of arrival of the vehicles. By considering all these factors, the fastest
path to reach the destination is calculated, and the traffic signals in the traveling path
are customized. The centralized controller used in J2H is responsible for updating the
network if any instantaneous events happen, and the EVs receive the updated information
through the backbone network. Thus, the proposed solution works optimally even under
instantaneous events in real conditions.

Once the EV comes within range of the traffic signal (which is 250 m where the sensor
is also placed), the information of the EVs (ID, level of emergency, destination address) is
sent along with the time of arrival to the traffic system. This traffic system uses Algorithm 2
and guides when to customize the green light. The yellow light is converted in between
because a sudden change to a red light may lead to a collision.

To overcome crashes, the yellow light is converted first before the red light. After
converting all the signals in that junction to a red light, conversion of the green light in
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the selected signal will be performed. We customized all the other signals to a red light to
handle some corner cases such as a U-turn or turning right or left. In addition, through
V2V communication, all the non-EVs cannot move to the left lane, as there may be no space;
thus, when switching to a green light only, the right lane vehicles should move. To ensure
that only the light is customized because of the EV’s approach, in the timer display, an
emergency symbol is displayed, and the timer will be paused. When the EV crosses every
signal, information about that vehicle is removed from that signal, and the timer will be
resumed. This process is followed until the destination is reached.

In the J2H algorithm, the traffic system will receive information on all the surrounding
signals in that junction. If more than one EV enters at the same time, the vehicle that is
closest to the traffic light will be given a way to cross the signal while the other signals
will be customized to yellow and then to red. If more than one vehicle is closer to the
traffic system, then the level of emergency also equals the maximum distance to reach the
destination, which will be considered first. Figure 2 shows the flow of enhancing the alert
systems for emergency vehicles in the J2H approach.
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Algorithm 2 is used for customizing traffic signals based on the position of the EV.
Using this algorithm, the EV can reach its destination without any road blockage and delay.
Algorithm 2 is a heuristic algorithm, which is the best way to obtain a quick and effective
solution. However, the heuristic algorithms may not provide the optimal solution. We used
this algorithm for customizing the traffic signal, because in our scenario, we need a quick
solution to customize the traffic signal rather than the optimal solution.

The proposed approach considers the emergency level as an important factor, which
helps the network to differentiate between various emergency vehicles.

Phasing the traffic lights at intersections may affect the performance of the surrounding
network. However, when enabling the EVs to have smooth travel to reach their destination
on time without any delay for saving lives, the minimal deviations in the performance of
the surrounding network can be negligible, as the passage of EVs is communicated with
the non-emergency vehicles through V2V communication.

TL_id is the traffic light, EV is the EV, d is the distance between the emergency vehicle
and traffic light, and lvl is the level of emergency.

Algorithm 2: J2H algorithm for customizing traffic signals

Input: TL_id, EV, d, lvl
Output: TL_id
do:
if queue is not empty then
if more than one have same d then
if more than one have equal lvl then
Serve vehicle with longest destination
else
Serve vehicle with highest lvl
end if
else
Serve vehicle with the smallest d
end if
else
Follow normal sequence
end if
return ID of the EV to be given way

5. Analysis and Discussions

The efficiency of the J2H scheme is evaluated by carrying out extensive simulations
on SUMO and NS3. The SUMO simulation tool helps in modeling the mobility of vehicles,
and the NS3 tool helps in simulating the network environment such as V2X. The main
objective of the J2H approach is to effectively utilize the benefits of V2X communication
by minimizing the traveling time of the EVs. We find the fastest route for EV based on
the traffic density, which is more efficient than the shortest path algorithm, which can also
predict the total travel time to reach the destination.

The J2H approach has the time complexity of O(ElogV), where E is the number of
edges and V is vertices. Typically, V2V works at 360◦ and when passing an alert to the
non-EVs. From the literature, we observed that it is not assured that the alert is only from
the vehicle approaching behind it. We overcome this by assigning an identification number
to the roads so that the vehicles will travel without confusion. Each road will have a unique
ID, and while sending an alert, this ID is also included in the warnings even to the non-EVs.

We consider the same source and destination for both models, and the path is deter-
mined for the given information. Figure 3 denotes the route given by the shortest path
algorithm, and Figure 4 denotes the fastest route given by our proposed algorithm based
on traffic density. From Figure 4, we can infer that the selected path has less time delay
than the path in Figure 3. From the figures, we can analyze that the waiting time at every
traffic signal is less when compared to the existing model because our work does not need



Appl. Sci. 2023, 13, 1950 10 of 16

any intermediate such as RSU to communicate with a traffic signal and then to customize
it. Instead, we use ITS, which itself contains a receiver and transmitter that receives the
information about the EV and customizes the traffic signals on its own as a result of the
waiting time at every traffic signal reducing gradually. Thus, the EV reaches its destination
on time. Thus, J2H works more efficiently than the shortest path algorithm.
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In traffic customization, our J2H algorithm will work efficiently, as every signal knows
which way the EVs will come. To enhance their decision making, while more than one EV
comes at the same time, J2H takes the decision based on constraints such as the distance
between the vehicle and the signal, the level of emergency, and the distance between the
signal and their destination. Thus, customization takes place easily. As a result of our work,
the EV can reach its destination without any delay.

In order to evaluate the performance of the J2H approach, the extensive simulation
results were compared with the OTREM and constant rate algorithm (CRA) approaches.
The CRA approach transmits the warning messages at an invariant rate without any
consideration of other factors. We simulated the approaches based on two major categories.
One has low vehicular density and the other has high vehicular density. Figures 5 and 6
refer to the transmission delay of the warning system when the road has a low vehicular
density (n = 0 to n = 100) and high vehicular density (n = 0 to n = 500). From Figure 5, it is
observed that the transmission delay of OTREM and CRA rises gradually until the density
of vehicles reaches 30, yet the same for J2H does not have any sharp rising transmission
delay. J2H reaches the maximum transmission delay of 0.003 s, when the number of
vehicles reaches the maximum of 100. However, OTREM and CRA have 0.008 and 0.02 s,
respectively. In the analysis of Figure 6, it is observed that with the increase in traffic density,
all the approaches have comparatively higher transmission delay than with lower density.
J2H has a lower rate of increasing delay until the number of vehicles is 150, after which the
delay increases at a slightly higher speed and reaches a maximum delay of 0.013 s. On the
other hand, the OTREM has a delay of 0.015 s, and CRA has 0.025 s.

Appl. Sci. 2023, 13, x FOR PEER REVIEW 12 of 16 
 

One has low vehicular density and the other has high vehicular density. Figures 5 and 6 
refer to the transmission delay of the warning system when the road has a low vehicular 
density (n = 0 to n = 100) and high vehicular density (n = 0 to n = 500). From Figure 5, it is 
observed that the transmission delay of OTREM and CRA rises gradually until the density 
of vehicles reaches 30, yet the same for J2H does not have any sharp rising transmission 
delay. J2H reaches the maximum transmission delay of 0.003 s, when the number of vehi-
cles reaches the maximum of 100. However, OTREM and CRA have 0.008 and 0.02 s, re-
spectively. In the analysis of Figure 6, it is observed that with the increase in traffic density, 
all the approaches have comparatively higher transmission delay than with lower density. 
J2H has a lower rate of increasing delay until the number of vehicles is 150, after which the 
delay increases at a slightly higher speed and reaches a maximum delay of 0.013 s. On the 
other hand, the OTREM has a delay of 0.015 s, and CRA has 0.025 s. 

 
Figure 5. Analysis of transmission delay in transmitting alert messages with low density of vehi-
cles. 

 
Figure 6. Analysis of transmission delay in transmitting alert messages with high density of vehi-
cles. 

In order to estimate the constant rate of transmission delay, we simulated the ap-
proaches five times, each with a low density and high density of vehicles, and the results 
are plotted in Figures 7 and 8. On the analysis of maximum transmission delay, it is ob-
served that both the J2H and OTREM approaches have a similar rate of increase in the 

Figure 5. Analysis of transmission delay in transmitting alert messages with low density of vehicles.



Appl. Sci. 2023, 13, 1950 12 of 16

Appl. Sci. 2023, 13, x FOR PEER REVIEW 12 of 16 
 

One has low vehicular density and the other has high vehicular density. Figures 5 and 6 
refer to the transmission delay of the warning system when the road has a low vehicular 
density (n = 0 to n = 100) and high vehicular density (n = 0 to n = 500). From Figure 5, it is 
observed that the transmission delay of OTREM and CRA rises gradually until the density 
of vehicles reaches 30, yet the same for J2H does not have any sharp rising transmission 
delay. J2H reaches the maximum transmission delay of 0.003 s, when the number of vehi-
cles reaches the maximum of 100. However, OTREM and CRA have 0.008 and 0.02 s, re-
spectively. In the analysis of Figure 6, it is observed that with the increase in traffic density, 
all the approaches have comparatively higher transmission delay than with lower density. 
J2H has a lower rate of increasing delay until the number of vehicles is 150, after which the 
delay increases at a slightly higher speed and reaches a maximum delay of 0.013 s. On the 
other hand, the OTREM has a delay of 0.015 s, and CRA has 0.025 s. 

 
Figure 5. Analysis of transmission delay in transmitting alert messages with low density of vehi-
cles. 

 
Figure 6. Analysis of transmission delay in transmitting alert messages with high density of vehi-
cles. 

In order to estimate the constant rate of transmission delay, we simulated the ap-
proaches five times, each with a low density and high density of vehicles, and the results 
are plotted in Figures 7 and 8. On the analysis of maximum transmission delay, it is ob-
served that both the J2H and OTREM approaches have a similar rate of increase in the 

Figure 6. Analysis of transmission delay in transmitting alert messages with high density of vehicles.

In order to estimate the constant rate of transmission delay, we simulated the ap-
proaches five times, each with a low density and high density of vehicles, and the results
are plotted in Figures 7 and 8. On the analysis of maximum transmission delay, it is
observed that both the J2H and OTREM approaches have a similar rate of increase in
the transmission delay, whereas the CRA possesses an extremely high transmission de-
lay versus the J2H and OTREM approaches. From Figure 7, it is observed that the J2H
possesses a maximum transmission delay of 0.01 s, and OTREM has 0.03 s. However,
the CRA approach has a maximum of 0.35 s. Similarly, from Figure 8, when the density
of vehicles reaches a maximum of 500 vehicles, the approaches J2H and OTREM have
maximum transmission delays of 0.05 and 0.07 s, respectively. However, the CRA approach
reaches 0.35 s when the number of vehicles is 80. The reason behind the efficiency of J2H is
that the traffic density at traffic signals following normal signal sequence is considerably
higher when compared to traffic density at traffic signals using our J2H approach of signal
customization at the time of EV approach. This is because knowing the EV movement in
prior J2H will customize the traffic signal in such a way to minimize the traffic density in
the EV route.
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The number of alert packets transmitted in the J2H approach when time changes
is plotted in Figure 9 for the conditions with high traffic density and low traffic density.
When the network has a high density of vehicles, the J2H approach transmits a maximum
of 65 data packets, whereas with low density of vehicles, the J2H approach transmits a
maximum of 80 data packets. This is because the usage of V2V for alert passing and J2H
for customizing the traffic signals helps in reducing traffic congestion, thereby decreasing
traffic density. Thus, from the above graphs, we can analyze the traffic density at each
signal, and the alert packets are then transmitted accordingly.
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The comparative analysis of throughput for the approaches J2H, OTREM, and CRA
is plotted in Figure 10. From Figure 10, it is observed that the J2H approach has higher
throughput than the OTREM and CRA. When it is 75 s, the throughput of J2H, OTREM,
and CRA reaches 4600, 410, and 2250 Kbps, respectively. As, J2H uses ITS, which does
not require any intermediate RSU, the response time for customizing the traffic signals
will be low. RSU has a high processing time, resulting in a high response time from the
traffic signals.
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Thus, from the overall analysis, we can observe that the proposed J2H approach
has higher efficiency in the dissemination of warning data packets and optimizes the
path of EV to travel. In this way, the EVs can overcome the time delay to reach the
destination by choosing the fastest route based on traffic density. Traffic congestion is
overcome by customizing the traffic signals, and the path blockage can be cleared by
V2V communication.

6. Conclusions

Our proposed work will help EVs to overcome the time delay in reaching the destina-
tion by finding the fastest route based on the traffic density of every ITS that is continuously
updated to a centralized server and updates the interworking of DSRC and cellular network
technologies. When the ITS is within a close range, DSRC can be used in long-range 4G-LTE
to overcome the limitations of both DSRC and 4G-LTE. Traffic congestion is overcome by
customizing each traffic signal using J2H and by updating it to the next traffic signal. Path
blockage can be cleared by V2V communication. Thus, the EV can maneuver smoothly and
reach the destination without any delay, thereby saving lives. The results obtained show
that the proposed J2H approach performed well in terms of transmitting the alert messages
in high traffic density with a delay of 0.013 s, and with a 0.003 s delay in the low traffic
density scenarios when compared with the existing systems. In terms of throughput, J2H
has 32% higher throughput than the existing solutions. Thus, the proposed solution moves
from a jitter to a highly reliable solution for the EVs in the ITS.
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