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Abstract

The Internet of Things (loT) currently examines vehicle ad hoc networks (VANETs) for usage in intelligent transportation
systems. For example, the widespread use of various automobile sensors has opened up new opportunities for enhancing
routing performance in VANETs. This research proposes ECFL-loVT, Emergency Communications using Fuzzy Logic for Internet
of Vehicle Things. Finding the highest-quality reliable pathway among an origin and an end node is the foundation of the logic
for the Internet of Vehicle Things protocol, which builds on hybrid fuzzy and ACO techniques. In ECFL-1oVT, the path finding
process is intelligently enforced restrictions and the fuzzy control system are constrained extra overhead controls reducing
the number of routing requests. The hybrid fuzzy logic rule selects the next reliable vehicle for data transmission through the
rules evaluation towards the emergency vehicle to inform about the currently available freeway. The systematic and robust
rules were introduced by considering various parameters such as mobility, congestion, and queue quality. By computing an
improved fitness function, the type-2 fuzzy logic system for this contribution intelligently chooses the most stable and ideal
path out of all known routes. Comparing ECFL-IoVT to other routing protocols, the simulation results show that it significantly

upgrades the network performance, ‘Routing Overhead’, ‘Packet Delivery Ratio’, and ‘Delay’.
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1. Introduction
Mobile Adhoc Network (MANET) is a particular type of
Adhoc Network that composes many wireless-mobile nodes
which operates excluding the aid of a centralized control
system and with little to no infrastructure. These networks
have dynamic topologies, energy restrictions, and bandwidth
restrictions. For example, loT-connected VANET (Fig. 1), a
specific class of IoT, offers a variety of distinctive properties,
including predictable mobility, freedom from constraint
energy, and quick adjustments to the network architecture.t?!
Compared to MANETs.P4 in these networks automotive
machines that are relatively long have avoided restrictions in
exothermic reaction.

VANETs allow for communication involving automobiles
close to one another and between moving vehicles and
permanent units installed in specific places, including
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driveways and junctions. V2V (Vehicle-To-Vehicle) and V2I
(Vehicle-To-Infrastructure) are two modes of communication
that exist within networks (V2I). In vehicle-to-vehicle (V2V)
communications, automobiles that are close to one another
share data via Dedicated Short Range Communications
(DSRC) and Wide Area Voice Exchange (WAVE), among
other technologies.”! In contrast, vehicle-to-infrastructure
(V2I) communications are linked to roadside infrastructures to
exchange data.! Inter-vehicle networks raise passenger
pleasure and enjoyment, promote safe driving, and improve
traffic flow.

Vehicle ad hoc networks do face several challenges, though.
These challenges include deteriorating signals, a bandwidth
cap, security and confidentiality issues, connection problems,
and routing. Nevertheless, when signals of danger are sent
promptly after collisions and accidents, it may be possible to
stop further accidents from occurring. Reliable data packet
routing can achieve this goal. Therefore, to improve vehicle
security and please consumers, a routing system that could
transfer data packets quickly and with the fewest packet losses
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was developed.

From the source node making a path through middle nodes
till the destination node is particularly challenging because of
high movement of vehicles, restrictions on wireless sources,
and frequent wireless channel losses. Each wireless link that
makes up the route is essential to its effectiveness.>#I These
networks present significant obstacles for routing. Vehicle
traffic continuously modifies the topology of networks.
Additionally, significant increases in routing overheads result
from large-scale network expansion.>101!]

Preventing the routing of the VANET from becoming stuck
in the optimum local presents another issue.!'”) Peer-to-peer
networks employ several strategies, to improve efficiency of
routing, just as other networks and wireless communication
systems.['*5] To enhance routing in VANETs, a variety of
techniques introduces. To determine the best path, various
communication protocols use the structure of the intermediary
links.!"®! In contrast, others!'” base their designs on the location
of the vehicles.
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Fig. 1 IoT Connected VANET.

The latter focuses on where connections are located and
anticipating where the vehicle will go next to identify the best
path.l's201 As for introducing routing protocols, fuzzy logic is
also highly useful.?'2! Several studies use bio approaches to
determine the best routing. These techniques provide low-
complexity solutions to compute problems while particularly
effective for large-scale VANETSs.[2>-20] A hybrid approach may
thus be quite successful.

This
communications system for the Internet of Things for vehicles

research suggests a revolutionary emergency
that solve the issue from earlier investigations (ECFL-IoVT).
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To inform the emergency vehicle about the currently open
motorways, we develop the hybrid fuzzy logic?’?" rule that
chooses the following trustworthy vehicle for data transfer.
Systematic and reliable guidelines consider various factors,
including mobility, congestion, and queue quality. For this
contribution, we will employ the type-2 fuzzy logic system.
This protocol cleverly used fuzzy techniques by providing
new fitness functions that consider numerous crucial factors
when determining the best regular route connecting the origin
and the target nodes.

The Fuzzy Logic algorithm for Emergency Data
Transmission initially determines the pathways in the sender.
Then it calculates the fitness function based on parameters like
velocity, traffic, and distance to determine which route is the
best and free from the other available routes. The NS2
simulator determined that the essential network statistics,
including Packet Delivery Ratio, Throughput, communication
overhead, and delay, are 90.4871, 233.42, 2.75, and 0.17758,
respectively.

The rest of this work follows: The past research in this area
is reviewed in Section 2. A summary of a few important
concerns related to fuzzification is given in section 3. In
section 4, ant colony optimization is explained. Procedure and
experimental strategy are presented in Section 5. The proposed
routing protocol (ECFL-IoVT) and performance parameter
and metrices in Section 6. Section 7 contains the simulation
findings and a performance evaluation criteria report. The task
from Section 8 has now been finished.

2. Literature survey

Routing is a challenging problem with VANETs, as was
previously mentioned. This section reviews the most
significant initiatives toward creating a routing algorithm for
VANETs.

This protocol offers a favorable profile for data packet
delivery rates and transfer delays. This protocol's data packet
transmission rate will significantly increase with a more
precise choice of carriers.['” Selecting appropriate carriers, for
instance, can be done by choosing municipal buses that stop at
various places according to a schedule.

ECFL-IoVT uses fuzzy logic to choose the best reception
connections for appropriate route requests (RREQ) in contrast
to AFMADR. Designing efficient fitness functions depending
on the lifespan of the linkages helps create stable pathways. In
addition, selecting a reliable route increases packet delivery
rates and decreases packet loss.

Using trust in MANET's forbidding search as its
foundation,” has suggested a multi-level routing protocol.
The top cluster head links display in a table. The most effective
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linkages are chosen based on distance, speed, and direction.
Therefore, lower link failure rates and packet losses attribute
to this protocol. However, to compare this protocol to other
protocols, the overhead has yet to be considered.

For the ant colony optimization (ACO) protocol, “F-

ANT”?l has created an enhanced, fuzzy logic inference system.

ACO, designed for VANETSs, uses elements including
bandwidth, signal strength at the receiver, and congestion
criterion to assess the reliability of the link. This protocol
needs to be improved by high overhead since it uses fuzzy
logic and an ant colony algorithm.

When looking for routes to a destination*”), R2P employs
a route discovery process. Then, although it might only
sometimes choose the fastest path, it chooses the safest one.
The delays decrease by this routing strategy, which is more
effective than the alternatives. Its message transmission is
minimal at a few preset simulating rates, but it does not
outperform other approaches in terms of overhead.

Fuzzy logic is used in this protocol to evaluate the wireless
link while considering many factors, including the amount of
available bandwidth, the link's quality, and the vehicle's
direction. Then, it discovers the optimum route through
messages such as Hello and RREQ. This protocol's
independence from lower layers explains its flexible and
helpful routing capabilities. Its overhead performance,
however, is not favorable.

By using fuzzy logic to restrict route discovery and reduce
the available network control packets, the ECFL-IoVT in this
article lowers overhead.

The method described in Ref. [31] recognises hazardous
conditions brought on by quick shifts in topology and selects
the best route to the target node using a location-based strategy
that incorporates fuzzy logic and the BFOA (Bacterial
Foraging Optimisation Algorithm).

The computations get incredibly difficult as the population
grows, although this strategy results in fewer delays and faster
delivery rates. However, this has a higher processing
complexity than our metaheuristic technique.’!) When a node
wants to transfer data packets, AODVPB2, a dynamic protocol
based on Bellman-Ford, establishes routes.**] Discover, data
transfer, and route maintenance are the three steps of AODV.
Its usage of sequence numbers is what sets AODV apart from
other protocols.

Data transfer is possible after the route is chosen. If any
links are lost during the maintenance phase, this step will help
find a replacement route. But due to its recurrent baking, this
protocol consumes a lot of bandwidth.

By buffering the nodes, this technique for enhancing GPRS
routing performance in Ref. [34] reduces network congestion.
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The transference nodes consequently select from the nodes
with greater probability assignments.

The best local problem is not addressed by this protocol,
which also provides a recovery method.’* FCAR (Fuzzy
Control-Based AODV Routing) protocol described in Ref. [35]
uses fuzzy logic and fuzzy control to determine the best course
of action. Two factors used to evaluate routes are their length
and the percentage of vehicles traveling in a single direction.
However, in contrast to AODYV, it generates additional
overheads when there are few network nodes.

By limiting the route discovery phase and utilizing fuzzy
logic to choose the links receiving RREQ, ECFL-IoVT, in
contrast, has been able to regulate the overhead in a generally
adequate manner.[!

The relay vehicles in the candidate set are only as good as
the accuracy of this forecast.?” Depending on how valuable a
relay device is, it will have a different priority. This algorithm's
development should have considered the effects of variables
like packet length and transfer stages to avoid getting false
results.

Broadcast storms, network splinters, sporadic vehicle
connectivity, and capacity constraints are only a few of the
significant problems that data transmission in VANETs faces.
An information-dissemination protocol for VANETs that
distributes emergency messages in various scenarios and
traffic conditions. DDP4V uses segmentation of a vehicle's
transmission region (NFV) to choose the best next-forwarding
vehicle in heavy traffic situations.

To ensure message delivery during periods of low traffic,
it separates a vehicle's transmission region into three
independent segments. Then, it chooses one or more vehicles
inside the highest priority segment to convey the message to
all nearby vehicles. As a result, DDP4V has the ability®® to
offer effective data dissemination in various VANET settings
with fluctuating traffic levels. Furthermore, it exhibits
respectable performance in three different evaluation
situations—a highway scenario, two urban scenarios, and a
network split scenario.

Internet of Things in Vehicles (IoT-V)P** is evolving as a
global variety of vehicular networks. The underlying idea
behind IoT-V is the newly developed notion of the associated
Internet in intelligent transportation systems. loT-V's primary
goals are to commercialize vehicular networks and
computerize extra vehicle security and competency elements.
It proposes to use the analysis to confirm that implementing
the mediator system as a stunning upgrade to the routing
methods is practical. The main objective is to provide a multi-
mediator routing method for VANETs. Four mediators are
working in unison to find the best routes and reduce traffic
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within the network, forming the foundation of this novel
routing strategy. An effective hybrid clustering method for
traffic congestion in smart cities that uses loT-enabled
vehicular ad hoc networks to distribute data.

Route finding performance in VANETs demonstrates to be
enhanced using discrete forms of the cuckoo search
optimization (DCSO) algorithm!“*#!l precisely the random
walk approach. Furthermore, it demonstrates that the
suggested solutions perform better in various vehicle density
scenarios. To assess how well they perform in actual use, they
can also expand to the situation of actual data transfer in more
realistic VANET scenarios.

3. Proposed methods

3.1 Fuzzy logic

Things that are unclear or ambiguous are said to as fuzzy.
From Fig. 2, The four fundamental stages of fuzzy logic
control are Fuzzification, Knowledge Base, Inferences, and
Defuzzification. Fuzzy values are created using linguistic
variables and membership functions.

The second stage introduces a small collection of rules

which are used to take a decision based on the final fuzzy
value.The rules present in the rule base are used to generate
fuzzy decisions during the third inference step.+>4S]
During the last stage, non-fuzzifying procedures are
transformed into digital values and the membership output
functions are predefined. When it's impossible to define non-
linear models or simple mathematical procedures for complex
processes, this approach can be pretty helpful. Without using
mathematical models, fuzzy logic is utilized to solve
difficulties related to routing because it can handle erroneous
and variable input. Using linguistic, non-digital variables,
fuzzy logic could interpret approximations of data to describe
the facts.l®!

3.2 Ant colony optimization
Marco Dorigo (1990) created the Ant Colony Optimization

foraged for food. Ants are eusocial insects that place a higher
priority on the long-term health and survival of their
communities than on the survival of particular kinds.
Pheromone connection and sounds are the main means of
communication between them. The ants produce pheromones,
organic chemicals that influence how other members of their
species behave in social situations.

These chemicals are hormone-like substances that function
outside of the body of the individual secreting them, having an
impact on how other people behave. Since most ants reside on
the ground, they usually use the soil's surface where they can
create pheromone trails for other ants to follow (smell).

The basic idea behind ACO.*1 is to observe the ants as they
quickly depart their social nests in search of food. Ants live in
communal nests. In the beginning, ants initially start to scurry
aimlessly in and out of their nests in quest of food. This
random search produces many pathways from the nest to the
food supply. A piece of the meal is now carried back by ants
with the right concentration of pheromones on its return trip,
depending on the food's quality and quantity.

According to the outcomes of these pheromone trials, the
likelihood that the following ants will select a specific path
would act as a compass for their trek to the food source. The
basis for this possibility is unquestionably the concentration
and velocity of pheromone evaporation. Because the
pheromone evaporation rate also influences the length of each
path, the length of each path may be simply explained.

For simplicity's sake, just one of the routes within the food
supply and the nest of ants are shown in the diagram below.
The following section looks at each phase (Fig. 2):

Stage 1: All ants are in their nests at this stage. The
surroundings don't contain any pheromones. The number of
residual pheromones can be taken into account when
designing algorithms without changing the likelihood.

Stage 2: The likelihood of the ants starting their search
along each trail is the same (0.5). The curved route is
obviously longer, requiring ants to go further to reach the food

technique, which was purely based on how ant colonies source.
FI
T o Fuzification Base of Rules Defuzzification —»
pi DF*
L ]

Fuzzy inputs ¥

Fuzzy owtputs

Inference System

Fig. 2 Design of type-2 fuzzy logic method.
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Fig. 3 Phases of ACO.

Stage 3: Due to the reduced distance, the ant colony reaches
the food source faster. They now clearly meet the same
selection issue, but this time selection is more likely as a result
of the pheromone trail along the shorter, already-open path.
Stage 4: The shorter path is used by more ants, which causes
the pheromone levels to rise. In addition, evaporation reduces
the pheromone concentration along the longer path, which
makes it less likely to be picked later. The entire colony
eventually chooses the faster route with a higher probability.
Therefore, path optimization is achieved.

3.3 Algorithmic design

It is now possible to create an algorithmic design because the
ant's behavior has been established. To keep things simple,
only two different ways to get from one ant colony to another
have been researched. With the ant colony and the food source
serving as the vertices (or nodes), the paths serving as the
edges, and the pheromone concentrations serving as the
weights applied to the edges, weighted graphs can be utilised
to create the complete situation.

Let the graph be denoted by G = (V, E), with V and E acting
as vertices and edges, respectively. According to our research,
the vertices are Vs. Supply vertex, which symbolizes the ant
colony, and the Vd Destination vertex, representing the food
source. The lengths L1 and L2 of the two edges, E1 and E2,
are, respectively. We may suppose that R1 and R2 are the
corresponding pheromone values (indicating their intensities)
for vertices E1 and E2, respectively. Use the following
formula to calculate each ant's initial probability of path
selection (between E1 and E2):

Ri

= R1+R2;1 =12

(M
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If R1>R2 and vice versa, selecting E1 is more likely. As soon
as the user returns by this shortest way, let's say Ei, the
pheromone value is changed for the pertinent path. An update
is performed in accordance with the pheromone's rate of
evaporation and the breadth of the paths. The actions that can
be performed to implement the upgrade are listed below:

In accordance with path length —

Ri «Ri+g )

The model's parameter in the aforementioned update is
represented by the integers i = 1, 2, and "K." The length of the
path also affects the updating. The amount of pheromone
added increases with path length.
In accordance with the evaporation rate of pheromone —

Ri « (1—v)=*Ri 3)
The 'v' parameter controls the pheromone evaporation and is
part of the [0, 1] interval. I also equal 1 and 2.

3.4 The proposed ECFL-IoVT protocol
ECFL-IoVT is novel Emergency Communications using
Fuzzy Logic for Internet of Vehicle Things (ECFL-IoVT).
ECFL-IoVT: For effective emergency data transmissions in
VANETS connected to the Internet of Things, we proposed this
protocol. The edge layer, fog layer, and cloud storage layer are
just a few of the various layers that make up loT-enabled
VANETs.
e The RSUs or Gateway nodes' periodic data will be kept
in the cloud storage layer for later analysis and decision-
making.
e Data from the edge layer is collected at the fog layer,
where processing, storage, and network connectivity
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resources are distributed. The amount of energy used is
considerably decreased, the complexity of space and time
is reduced, and the usefulness and performance of this data
are increased.

e The routing protocol is crucial at the edge layer for
performing V2V or V2I communications in emergencies.
the traffic
communicate with the intended destinations, the edge layer

To periodically sense conditions and
is made up of a set of vehicles, RSUs, and gateway nodes.
Due to high mobility and network dynamics, constructing
the route from a source to a destination node is a complex
research problem for the VANET-assisted IoT edge layer.
ECFL-IoVT is another invention of this research. We

design the hybrid fuzzy logic rule that selects the next reliable
vehicle for data transmission through the rules evaluation
towards the ambulance to inform about the currently available
freeway. The systematic and robust rules will be designed by
considering the various parameters such as mobility,
congestion, queue quality efc. We will use the type-2 fuzzy
logic system for this contribution. The implementation and
evaluation of this contribution perform with state-of-art
similar techniques.

Table 1 shows the working of the proposed ECFL-IoVT
protocol where the vehicle speed, traffic at a node, and
distance-based routes are constructed from each pair sv — dv.
As showing in algorithm 1, the fitness function computed
using three key parameters such as node velocity, node traffic,
and distance parameters. getVelocity (N!) function computes
the velocity of i ant node as:
mobility(Nit)

i—1_
Vi=1-¢ 150 )

“)

where, mobility(Ni, t) sends back the vehicle's current speed
at time t.
For emergency data transmission, traffic awareness is also
important, thus we included the traffic parameter of next node
for fitness computation. getTraffic (N!) returns the level of
traffic of i'" ant node as:
i recvACK(E,N!
= el 6)
where, recvACK(E, N') denotes the number of received ACK
at current emergency data transmission node E and
recvHello(E, N') generates the number of HELLO packets
from E to N1,
The getDist (NV!,N) computes the geographic distance
between NV to N'. Using their current network positions, the
distance is calculated. The RSSI values give the locations. The
distance! using the node's trust score N' is computed as:
r! = getRSSI(NVY)
r? = getRSSI(N')

(6)
(7
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r2 —rt|
( (X+Y/2))

®)

where X and Y stand for the VANET network's height and
width, respectively, and distance! between 0 and 1. The
higher the D! value of the node N! better the chance of
becoming the next forwarder node.

D'=1-

Each fuzzy input variable VI, T, and D' computed, and its
results fall between 0 and 1. The method used to determine
these trust characteristics for each vehicle is demonstrated by
equations (1), (2), and (5). The membership functions for each
fuzzy input are defined in Table 2 in accordance with that.

Table 1. Pseudocode for ECFL-IoVT.

Emergency Data Transmission using Fuzzy Logic

Inputs

sv: emergency data transmission vehicles
dv: corresponding destination vehicles
nb: Set of neighbouring nodes

temp: temperory Vehicle

t: Current simulation time

P: number of iterations

RT: Initial pheromone value

Output:

Emergency Data Transmission

1. While (P)
For each sv
temp « sv
sv discovers the neighbouring nodes nb
Broadcast RREQs
Received RREPs
For each RREP node N' € nb
V! « getVelocity (N')
9. T! « getTraffic (N')

PRI WD

10. D! « getDist (NVI,N1)
11. DF! « type2fuzzy(V', T, D))
12. F(i) « DF!
13. End For
14. temp < max (F)
15. If (temp # dv)
15.1. Update RT
15.2. sv « temp
15.3. Go to step 3
16. Else
16.1. Build reverse route
16.2. Update RT
16.3. Initiate data transmission
17. End if
18. End For
19. End While

Type-2 fuzzy decision-making block, using a foundation of
rules from Table 3 to map fuzzy input sets to output sets. The
27 rules demonstrate that we allocated decreasing priorities
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order for V!, T' and D! in order to preserve network
dependability. The inference model categorised the sensor
node as one of the linguistic outputs such as best, good, and
bad, as indicated in Table 3 in accordance with the linguistic
variables of each parameter (given in Table 2) of the sensor
node.

Table 2. Fuzzy input in FIS membership functions for speed,
traffic, and distance.

Variable  low medium high
Vi Vi<03 Vi>03&&Vi<0.7 Vi=0.7
Variable low medium high
T Ti<03 Ti>03&&Ti<0.7 Ti>07
Variable far average near
Di Di<03 D' >03&&Di<0.7 Di>0.7
Table 3. Basic laws.

Rules V! T! Di Fuzzy Output

1 low low far bad

2 low low average bad

3 low low near bad

4 low medium far bad

5 low medium average good

6 low medium near good

7 low high far bad

8 low high average good

9 low high near good

10 medium low far bad

11 medium low average good

12 medium low near good

13 medium medium far good

14 medium medium average good

15 medium medium near good

16 medium high far good

17 medium high average good

18 medium high near good

19 high low far bad

20 high low average good

21 high low near good

22 high medium far good

23 high medium average good

24 high medium near best

25 high high far good

26 high high average best

27 high high near best

4. Evaluation methodology

We run comprehensive simulations and contrast the outcomes
with those of DTIOT, DDP4V, RWDCSO, EDTA*to assess
the efficiancy and performance of ECFL-IoVT. We assess
throughput, routing overhead, packet delivery ratio, average
delay.

© Engineered Science Publisher LLC 2024

Network Scenarios
Table 4 In this scenario, number of nodes connected in a
network at a time is varied and thus varying the number of

connections, for evaluation of routing protocol ECFL-IoVT.

Table 4. Performance parameter.

Parameter Scenario 1 Scenario 2
50,100,150,200,250,30
Vehicle Density 0 100
Ambulance
. 5 5
Moving
Simulation Time 300 second 300 second
Mobilit
oorty 40 km/hr 45, 50, 55, 60, 65, 70
(Km/hr)
ECFL- ECFL-
Routing Protocol  [oVT,DDP4V,DTIOT,R IoVT,DDP4V,DTIOT,
WDCSO RWDCSO
MAC 802.11p 802.11p
Propagation
Two-Ray Ground Two-Ray Ground
Model
Area 7050 x 7050 7050 x 7050
. Manhattan grid
Mobility Random Walk .
mobility model
Antenna Omni Antenna Omni Antenna
Traffic Model CBR CBR

4.1 Performance metrics

4.1.1 Average throughput

This measurement determines the total number of packets, or
messages, that are delivered per second. Average throughput
measured in Kbps is:

7= (7=7) * (som) ©)

R is the total number of full packets received at all destination
nodes, T? is simulation stop time and T! simulation start time.

4.1.2 PDR

It involves calculating the proportion of packets transmitted
by the various sources of the various traffic patterns and
received by the destinations. The calculation is:

P,
p= (P—) % 100

g

(10)
Where, P, is the number of packets that were received and P,

is the total number of packets produced.

4.1.3 Average delay
It is calculated as the proportion of total network data packets
to total routing packets. It's calculated as:

o=% (&) (1)

where, RT' is the overall quantity of routing packets and DT*
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contains all data packets at time t.

4.1.4 Communication Delay: The average amount of time
between the time a packet leaves all sources and arrives at all
destination nodes is determined by this measure. It is
calculated as:

¥R, di+dh+dio+dl

° (12)

N is the total number of transmission links, di is delay in

D

transmission of i"link, di, is delayed propagation of i™'link,

di,c is delays in processing of i link, and d}] is delay in

transmission of i™link.

5. Result and discussion

5.1 An evaluation of the simulation's settings based on the
changing number of vehicles

This section analyses the average throughput, packet delivery
rate, communication overhead, and average latency metrics in
relation to the number of cars. The comparisons of this
protocol's 50, 100, 150, 200, 250, and 300 nodes' test results
and findings are satisfactory. The intended results are still
generated despite the increasing number of cars, as seen in
Figs. 4, 5, 6, and 7, demonstrating the scalability of the
suggested procedure.

250

=

£

£ 150 - N EDTA

-

- 0 DDP4V

)

: 100 - N DTIOT

= B RWDCS0
501 B ECFL-loVT

50 100 150

200
No of Vehicles

250 300

Fig. 4 Throughput based on number of vehicles.

5.1.1 Average throughput

Figure 4 shows a throughput performance comparison
between ECFL-IoVT and EDTA, DDP4V, DTIOT, and
RWDCSO. According to simulation results, ECFL-IoVT
performed better than the other four procedures. In contrast,
EDTA, DDP4V, DTIOT, and RWDCSO employ ACO and
take longer to converge, making it more difficult to choose the
best route.
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5.1.2 PDR

Figure 5 shows a comparison of the effectiveness of ECFL-
IoVT for packet delivery ratio with EDTA, DDP4V, DTIOT,
and RWDCSO. The ECFL-IoVT protocol's fuzzy logic idea
and the intelligent setting of fitness function parameters like
velocity, traffic, and distance are to blame for this increase.
These factors have a favourable impact on the data packet
delivery ratio by encouraging the use of more stable routes as
the best option. ECFL-IoVT outperforms DDP4V, DTIOT,
and RWDCSO in terms of PDR: PDR for AODV, RPSPF,
VACO, and EDTA, according to simulation data.

120

100

Bﬂ 4
o B EDTA
=
= 60 - B DDP4Y
[+ 4
g B DTIOT
qﬂ -
B RWDCSO
20 B ECFL-IoVT
u p
50 100 150 200 250 300
No of Vehicles

Fig. 5 Packet delivery ratio based on the number of vehicles.

7
6
-
]
[}
£5
g
8 EDTA
~ 4
8 B DDP4Y
3
E B OTIOT
=
E 2 1 BRWDCSO
8 ;. B ECFL-IoVT
u -
50 100 150 200 250 300
No of Vehicles

Fig. 6 Communication overhead based on number of vehicles.

5.1.3 Communication overhead

Figure 6 shows the communication overhead values for the
various car counts for the ECFL-IoVT, EDTA, DDP4V,
DTIOT, and RWDCSO. While other routing protocols carry
out this phase with extra system overhead, ECFL-IoVT
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controls the discovery phase without broadcasting route
request control packets. Due to the use of the ACO
metaheuristic algorithm, fuzzy logic notion, and storing of all
of the colony's data, other routing protocols place a burden on
the system as well. ECFL-IoVT outperforms other protocols
in terms of produced overhead. Fig. 6 shows how the
communication overhead increases as the number of vehicles
increases.

5.1.4 Average delay

The average delay also rises as the number of vehicles
increases. When the ACO algorithm and the fuzzy logic idea
are applied to the ECFL-IoVT protocol, the optimum route can
be chosen faster than with the other four protocols. In contrast
to EDTA, which converges slowly because of the ant colony
optimisation algorithm (ACO), ECFL-IoVT converges
quickly and can find the best route more quickly. Additionally,
this protocol's fitness function's intelligent setup and
consideration of variables like the available buffer have
proven to be highly helpful in the deselection of crowded
routes. Fig. 7 illustrates how choosing less congested routes
has reduced average delays.

0.3

B EDTA

B DDP4Y

B oTIOT

B RWDCS0

W ECFL-oVT

50 100

150 200
No of Vehicles

250 300

Fig. 7 Average delay based on number of vehicles.

5.2 On the basis of the variable speed in km/hr, an
evaluation of the simulation's parameters

This section analyses the average throughput, packet delivery
rate, communication overhead, and average latency metrics in
relation to the number of cars. The comparisons and test
findings between 45, 50, 55, 60, 65, and 70 km/hr vehicle
speed were adequate in this procedure. The intended outcomes
are still generated despite the increasing number of cars, as
seen in Figs. 8, 9, 10, and 11, demonstrating the scalability of
the suggested procedure.
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Fig. 8 Throughput based on speed km/Hr.

5.2.1 Average throughput

A comparison of the throughput capacities of the ECFL-IoVT,
EDTA, DDP4V, DTIOT, and RWDCSO results from the
simulation show that the ECFL-IoVT fared better than the
other four protocols. Also, as compared with Fig. 4, the
average throughput increased, as shown in Fig. 8. The
throughput for the variable number of vehicles with the fixed
speed is less than the throughput for the same number of
vehicles with a different speed. From Fig. 8§, it is clear that as
the speed increases, the throughput decreases.

100
90
Sﬂ -
70
£ 60 B EDTA
£ e
e U B DDP4V
o
B DTIOT
30
20 - B RWDCSO
10 B ECFL-loVT
u -

45 50 55 60 65 70
Speed in km/Hr
Fig. 9 Packet delivery ratio based on speed km/Hr.

5.2.2 PDR

Comparison of the performance of ECFL-IoVT with that of
EDTA, DDP4V, DTIOT, and RWDCSO for packet delivery
ratio This improvement is due to the fuzzy logic concept in the
ECFL-1oVT protocol and the intelligent configuration of the
fitness function parameters such as velocity, traffic, and
distance, which positively affect the data packet delivery ratio
via the selection of more stable routes as the optimal route.
From Fig. 5 and Fig. 9, it is clear that the packet delivery ratio
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is greater with the fixed speed. If the speed of the vehicle is
variable, then the packet delivery ratio is reduced as compared

with a fixed speed.
16
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T
]
912 =—
[
g1 B EDTA
=
i 8 N DDP4Y
-
E 6 oTIOT
E
E 4] B RWDCS0
8 2 ] B ECFLIoVT
0 -

Speed in km/Hr

Fig. 10 Communication overhead based on speed km/Hr.

5.2.3 Communication overhead

The communication overhead values of ECFL-IoVT, EDTA,
DDP4V, DTIOT and RWDCSO for various numbers of
vehicles. As the speed is increses the communication overhead
is also increases gradually.It is greater than the fix speed along
with variable number of vehicles as shown in Fig. 6.
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= .8
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&
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g
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0 -
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Speed in km/Hr
Fig. 11 Average delay based on speed km/Hr.
5.2.4 Average delay

When the number of vehicles increases, average delay also
increases. Applying the ACO algorithm along with fuzzy logic
concept to ECFL-IoVT has helped in the selection of the best
route in a shorter time than the other four protocols. In contrast
with Fig. 7, Fig. 9 shows that the delay is also reduced.

10 | Eng. Sci., 2024, 28, 1056

6. Conclusion

Ad hoc networks with a specialisation in VANETSs are made up of
nodes connected by wireless links that lack any fixed
infrastructure. In these networks, efficient routing has become a
serious difficulty due to this and the absence of a centralised
administration. In this paper, we propose the ECFL-IoVT routing
protocol for VANETS. This protocol made intelligent use of fuzzy
logic and ant colony optimisation. In ECFL-IoVT, the fuzzy logic
system is utilised to restrict the route discovery phase, and by
restricting the route request messages, it partly regulates the
generated extra overhead.

The three variables of velocity, traffic, and distance are the
inputs for the fuzzy logic system. The ACO algorithm is invoked
after determining the routes in the source node. One of the most
successful bioinspired algorithms, particularly in the broad search
area, is this one. By computing the fitness function based on
factors like velocity, traffic, and distance, it chooses the most
stable and ideal route out of all the known routes.

According to the findings of the simulation, ECFL-IoVT
outperformed EDTA, DDP4V, DTIOT, and RWDCSO in terms of
average throughput, packet delivery ratio, communication
overhead, and average delay. It is feasible to choose a path that is
more stable using the fitness function's velocity parameter, traffic
parameter, and distance. Along with the available buffers, these
characteristics can boost the delivery rate of data packets.
Because it uses the ACO algorithm and its distinctive properties,
such as fitness function, which is distribution in this algorithm,
ECFL-IoVT is suggested to be superior than the EDTA protocol
employed by the ant colony algorithm.
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