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Abstract-

Background: Vehicle-to-vehicle communication has become crucial in developing intelligent transportation systems.
Howewver, conventional routing protocols face limitations in coping with dense and dynamic traffic conditions.
Objective: This study aims to improve communication efficiency between vehicles by modifying an on-demand routing
protocol using a learning automata approach.

Methods: This study employed a simulation method with traffic modeling using traffic modeling software and network
simulation tools, based on data from highways in the Soekarno-Hatta International Airport area.

Result: The results of this study show that the developed protocol increases the packet delivery ratio to 87.7% and reduces
latency by 6.5%.

Conclusion: This study concludes that learning automata in vehicle routing enhance communication reliability and
support implementing a more adaptive and efficient transportation system.

Keywords: Highway Traffic Simulation, Intelligent Transportation Systems, Learning Automata-Based AODV, V2V
Communication, VANET Performance Optimization.

Corresponding Author:

Bryan Jonathan Hutapea,
Universitas Trilogi, Jakarta, Indonesia,
Email: bryan.jonathan@trilogi.ac.id

1. INTRODUCTION

Vehicle-to-Vehicle (V2V) communication within Vehicular Ad-Hoc Networks (VANETS) is a cornerstone
for enhancing safety and efficiency in intelligent transportation systems [1]. One widely adopted routing protocol
in VANETS is the Ad hoc On-Demand Distance Vector (AODV) protocol [2], recognized for its adaptability to
dynamic network topologies. However, AODV faces significant challenges in high-density traffic scenarios [3],
particularly on highways where the rapid mobility of vehicles and high traffic density often lead to increased
latency [4], reduced packet delivery ratios [5], and elevated jitter [6]. As the adoption of connected and autonomous
vehicles grows, the limitations of existing protocols like AODV become more critical. These limitations can affect
the reliability of essential applications such as collision avoidance [7], [8] and emergency warning systems [9],
[10]. The situation impacts the reliability of these systems. High mobility [11] and frequent topology changes in
VANETS further increase routing overhead and delays, degrading communication performance [12]. We tackle
these challenges by developing efficient communication systems for next-generation intelligent transportation.
This study highlights the urgent need to explore new improvements or alternative routing protocols to optimize
V2V communication. This study addresses these limitations by enhancing AODV using Learning Automata,
resulting in the Learning Automata-based AODV (LA-AODV) protocol [13]. The proposed protocol leverages
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real-time traffic pattern learning to improve route selection and reduce common issues such as delay and packet
loss inherent in standard AODV. By integrating adaptive learning mechanisms, LA-AODV is expected to perform
more efficiently under dynamic traffic conditions, particularly in scenarios with high mobility and density [14].

The study employs the Soekarno-Hatta International Airport area as a testbed for simulation, given its
high traffic density and dynamic vehicular movements, making it an ideal representation of real-world highway
conditions. This research utilizes the Simulation of Urban Mobility (SUMO) [15] and Network Simulator 3 (NS-3)
tools to create realistic traffic scenarios and assess the protocol’s performance [16]. The Methodology provides
valuable insights into Vehicle-to-Vehicle (V2V) communication efficiency in dense vehicular environments, an
area overlooked in previous studies. By addressing the challenges of the AODV protocol in dynamic traffic,
this research advances the field of VANETSs. It promotes optimism for future V2V communication solutions.
Due to their dynamic topologies, routing in VANETSs differs from traditional ad-hoc networks. While Mobile
Ad-hoc Networks (MANETS) protocols have been tested in VANETS, reducing message transmission delays
remains a challenge [17], [18]. The main focus of VANETS is to establish and maintain optimal communication
paths using various specialized routing protocols. One innovative approach piques interest is the combination
of Learning Automata (LA) with the AODV routing protocol. This unique blend is designed to enhance V2V
communication in changing traffic conditions. The LA-AODV [19] protocol optimizes relay node selection,
improving V2V communication efficiency. It uses real-time data on vehicle positions, speeds, and accelerations
to predict and select more responsive relay node clusters. This method seeks to enhance Quality of Service
(QoS) by evaluating metrics like Packet Delivery Ratio (PDR), throughput, delay, and jitter. Optimizing relay
nodes reduces information overload and aids in accident prevention. NS-3 simulations were used to compare the
effectiveness of LA-AODV with the standard AODV protocol [20].

Routing algorithms such as AOMDV [12], DSDV [21], and DDSLA-RPL [22] were tested in highway traffic
scenarios, measuring performance through PDR, throughput, Network Routing Load [23], and End-to-End (E2E)
delay. Results showed that AOMDYV outperformed AODV and DSDV in throughput and NRL, while AODV
excelled in PDR. DSDV had the highest E2E delay. A gap has not been adequately addressed by previous
studies, namely the absence of an adaptive routing strategy that integrates learning mechanisms to predict
traffic behavior and adjust routes dynamically based on real-time vehicular movement. Most prior studies have
focused on static performance comparisons without incorporating intelligent systems capable of responding to
the highly dynamic nature of highway traffic. The novelty of this study lies in implementing a learning-based
adaptation within the routing protocol, which allows each vehicle to estimate its future location based on current
speed and acceleration, and to communicate this predictive information with surrounding vehicles. This method
enhances route selection by identifying more stable relay nodes, thus improving communication reliability and
reducing transmission delays.

The practical implications of these findings are significant, as AOMDV’s reactive and multipath design not
only improves bandwidth and reduces delay but also enhances security by utilizing multiple paths for consistent
communication [24]. Lastly, reactive and proactive routing protocols were compared under various traffic patterns,
assessing metrics like message redundancy, packet delivery, packet loss, throughput, E2E delay, and jitter. The
comparison was conducted with thoroughness and attention to detail, aiming to highlight the differences between
reactive and proactive protocols in dynamic V2V scenarios. This research aims to improve the effectiveness
of communication between vehicles in dynamic highway conditions by modifying existing routing protocols
through learning-based mechanisms. This study contributes to the advancement of intelligent transportation
technologies by introducing a new model for route optimization that performs better in environments with high
vehicle density. The proposed approach supports the development of more reliable and responsive communication

systems for autonomous transportation and traffic safety management.
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2. RESEARCH METHOD

The study introduces LA-AODV, a modified AODV protocol that enhances vehicle-to-vehicle commu-
nication in highway traffic. It uses data from Soekarno-Hatta Airport, SUMO for traffic modeling, and NS-3
for evaluation. LA-AODV aims to improve the original AODV protocol in dynamic, high-traffic situations.
Its performance was evaluated based on packet delivery ratio, throughput, delay, and jitter in three scenarios:
free flow, steady flow, and traffic congestion. The goal was to enhance packet delivery and reduce delays and
jitter, which are critical for implementing autonomous vehicles and intelligent transportation systems (ITS) in
real-world settings. As depicted in Figure 1, the research framework has practical implications for the future of
transportation engineering and intelligent systems.
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Figure 1. Research methodology

As shown in Figure 1, we used Ubuntu 20.04 for our simulations. Gathering data is essential, so we
generated XML trace files through NS3 to capture vehicle connectivity. SUMO-GUI was employed to create
realistic traffic scenarios with accurate passenger-vehicle interactions. We efficiently utilized NS3 version 3.35 for
network communication, integrating it seamlessly with SUMO to combine traffic modeling and communication

simulations. Figure 2 displays the LA-AODV flowchart diagram.
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Figure 2. The LA-AODYV flowchart diagram
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The comparison utilizes a modified version of the standard AODV protocol, LA-AODV. Figure 2 illustrates
the step-by-step process for implementing this modification. The source node in the network can utilize GPS
services to determine the location of the destination node and the positions of nearby nodes. To ensure that each
node in the network receives regular updates about the real-time locations of vehicles, every vehicle independently
predicts its future location using computational resources and shares this forecast with nearby nodes to assess
whether the node can serve as a relay. The LA-AODV protocol facilitates precise path estimation and route
selection by leveraging data from the vehicle communication network. This process is carried out by using
Equation (1) to estimate the relative positions of vehicles and compute their actual locations based on speed

and acceleration data.

<R . .
SUBproz, = Y321 certainprog -, CETtainproy, Iy (1)

he LA-AODV protocol employs Equation (1) to manage vehicle routing within a communication network.
It considers various factors such as vehicle proximity, the count of vehicles within transmission range, vehicle
speed, and the passage of time. Two additional equations are used to evaluate vehicle proximity and forecast

future positions to enhance road safety. These are by the principles outlined in (2) and (3).

1
$€Uproz, = Ziiﬁ;;%x(certainpmw( + (L, . e)+ ((2 (Al)) * 2) (2)

x e . 1
5€Uprozy = Zgéft,e:?{ (certaingrozy + (L - €) + ((2 (Al)> * 2) (3)

At the beginning of the iteration, the changes in the horizontal position Ax( and vertical position Ax# are
calculated based on the difference between the vehicle’s position at prediction time e (I,) and its position at the
previous iteration l._1, assuming that the initial value of [._; is zero. The prediction time, denoted as e, takes
values of 1, 2, 3, and so on, and must be less than the maximum number of iterations represented by X. The
simulation involves a vehicle v, with R representing the total number of vehicles within the transmission range.
The variable I, refers to the vehicle’s speed at prediction time e. Two formulas are employed to estimate a vehicle’s
location accurately. Equation (2) calculates the horizontal position (¢) using factors such as speed, distance, and
time. Equation (3) determines the vertical position (), considering vehicle status, speed, surrounding vehicles,
and simulation time. Both equations are essential for effective V2V communication. Time (s) and length (X)
limitations help ensure the accuracy and timeliness of the predictions. The LA-AODYV protocol enhances vehicle
communication networks by forecasting vehicle positions and updating the routing table. This process boosts

the efficiency of V2V communication in dynamic traffic environments.

S€Vintco = \/(|A$vamgcC — AsevpmxeD (4)

Where:
Asevproxg = (Sevproa%Jrl - Sevpr(m%) (5)
Asevy = (Sevprox9+1 - Sev:m”ome) (6)

Equation (4) determines the vehicle’s position (sevinicp) by accounting for changes in both the horizontal
(¢) and vertical (f) coordinates. This calculation depends on the values of Asevpror, and Asevyroq,, Which are
derived from Equations (5), and (6). To estimate the change in the horizontal position, Equation (4), subtracts

the predicted position at time e + 1 (sev from the predicted position at time (s) sevprog c Likewise,

prox <+1)
the equation computes the variation in the vertical position by subtracting sevpros 1 from sevpros ,,,- The
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variable sevinsco predicts the locations of neighboring vehicles across a given simulation period by incorporating
the expected horizontal and vertical positions at two distinct time points. Finally, (7) compares the anticipated

vehicle movement along the horizontal (¢) and vertical () axes during two predicted time intervals.

$€Vjntco = Min <I§j esy \/ |sevprox ., ; — Sevprox<|2 — |sevproxy,, — sevpr0X9|2> (7)
Equation (7) applies Euclidean distance and dynamic coordinates to assess and compare vehicle positions
to identify the optimal route. The ideal routing conditions guarantee efficient vehicle communication. Equation

(8) selects the relay node by computing the communication stability index between nodes m and n.

com_stab_idx, = ’ <m> ’ !

Where:

L f <
com_stab_idxy, = { <stab,zf_1>} (9)

unstab, if > 1

Equation (8) calculates the communication stability index between nodes m and n. It does so by dividing
the predicted position of neighboring vehicles by the maximum communication range and verifying if the result
is less than or equal to 1. If the condition holds, it indicates a stable communication environment. Additionally,
the distances between node m and nearby vehicles are measured over time, with weights assigned based on speed

and position, as described in the Equation (9) formula.

TW Ry = Sp2f (g # (Isn = sal)) + (9a * (Jan — aal)) + (ga * (|dn — dal)) + (gq * comgty,,)  (10)

Where:

0.6 >TWR =1, Optimal, and TW R < 0.59, suboptimal.

The Total Weight Route (TWR), a measure for assessing the quality of the standard route, is calculated
using the LA-AODV protocol (10). TWR considers various factors such as distance traveled, speed, acceleration,

and communication quality. Following the formula in (11), each of these factors is assigned a weight of one.

Wsum:gs+ 9o + Gga + ngl (11)
Q (6) ; Pselected = 17 reward
Pe+1 = ) (12)
Q (6) ’ +17pignore = 07 penalzze

Equation (11) combines various factors with assigned weights to provide a comprehensive evaluation
for route selection in the LA-AODYV protocol. This assessment is based on speed, distance, acceleration, and
communication quality. The TWR uses the LRI algorithm as the learning rate to assess route quality. Equation
(12) describes how the LRI algorithm adjusts its learning process based on past experiences.

TW Rypar = S0 =15 SSX(TWR,, + p) (13)

m=1,e=1

In Equation (13), the value is integrated into the latest TWR to update its value, allowing continuous
refinement and adaptation for different vehicles or nodes. This dynamic method enhances routing efficiency
and improves vehicle communication during the simulation. Table 1 shows the V2V Communication simulation

setup.
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Table 1. Kinerja sistem

Parameters Value(s)

Total Number of actual Nodes (Vehicles) Random, based on the Poisson distribution
Simulation Time (s) 300-700 seconds

Traffic Scenario e Smooth Flow (prob 0.55)
e Steady Flow (prob 0.33)
e Heavy Traffic (prob 0.1)

Route Selection Random Route Selection

Node Speed Random Speed

Initial node position Random position

Node Movement All moving nodes

Data Packets Configuration Real-time traffic data packets from the Soekarno-Hatta
International Airport traffic maps.

Type of Protocol AODV [9] and LAAODV

Type of Traffic Urban and Highway Traffic

Performance Matrix (QOS) Flod ID, PDR, PLR, Throughput, end-to-end delay

LAAODV parameter setup fs:0.4; fa: 0.3; fd : 0.3; a: 0.2; Reward : 1.

Table 1 categorizes real-world vehicle simulations into three traffic scenarios: smooth flow, steady flow,
and heavy traffic. To evaluate the LAAODYV protocol, we used metrics such as Packet Delivery Ratio, delay,
throughput, packet loss, and jitter. Vehicle communication efficiency relies on speed, acceleration, and distance.
Equation (14) provides the Poisson distribution formula to determine the probability of a specific number of

vehicles in time-based simulations.

e A !
I

The Poisson distribution (13) estimates the number of vehicles passing a point based on the average event

J(H =0) = (14)

rate (\) and Euler’s number (approximately 2.71). Soekarno-Hatta International Airport in Jakarta, a pivotal
transportation hub connecting routes like the Jakarta-Merak toll road and the Jakarta Outer Ring Road (JORR),
plays a crucial role in our traffic analysis. Its access roads handle various vehicles, but a mix of private cars,
buses, trucks, motorcycles, and construction activities leads to traffic congestion.

LostPackets

PacketLossRatio = —————— 15
achetfossiato SentPackets (15)

The Packet Loss Ratio (PLR) measures the proportion of successfully received packets to the total sent
within a specific time frame. A low PLR is essential for reliable vehicular communication, as a high PLR
can cause safety hazards, increased congestion, and lower driver confidence. Another key metric is the Packet
Delivery Ratio (PDR), calculated by dividing the total transmitted packets by those successfully received. The

PDR is important for evaluating packet delivery effectiveness in the communication network.

ReceivedPackets
SentPackets

Equation (16) calculates the Packet Delivery Ratio (PDR) by comparing the amount of data received

PacketDeliveryRatio = (16)

by a destination node (ReceivedPackets) to the data sent by the source node (SentPackets). Ideally, the data
delivered and received should be the same. A higher PDR value indicates better network performance and a

higher success rate for the routing protocol.

Total PacketsSent
TotalTime

AvgThroughput = (17)
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Equation (17) provides a simple formula for calculating Average Throughput, which measures the network’s
performance by dividing the total number of packets successfully received by the destination node within a
specific time interval by the duration of that interval. This metric offers a tangible measure of the network’s
data transmission efficiency.

delay, = Soi o (Trecv [i] — T'sent [i]) (18)
Total Packets

Equation (18) computes the average delay by averaging the differences between the time a packet is sent

and the time it is received. End-to-end jitter delay, described by Equation (19), measures the delay variation

caused by data processing errors and packet reordering.

VariatonDelay
NumPackets — 1

jitter = (19)

Equation (19) calculates jitter by determining the variance in delay times, dividing the difference between
the maximum and minimum delay values by the number of delay samples minus one (NumPackets - 1). Jitter
helps assess how consistently data is transmitted across the network, with lower jitter indicating more stable

and reliable communication.

3. RESULT AND DISCUSSION

The findings of this study are that the proposed LA-AODV routing protocol significantly enhances
V2V communication performance in dense and dynamic traffic scenarios. Compared to the conventional AODV
protocol, LA-AODV achieved a higher packet delivery ratio of up to 87.7% and demonstrated a 6.5% reduction
in end-to-end latency. These improvements were particularly evident under traffic congestion conditions, where
LA-AODV maintained more stable throughput and exhibited lower jitter, highlighting its robustness in real-world
vehicular communication environments.

Previous studies in adaptive routing in vehicular networks support these findings. Bintoro and Priyambodo
[13] reported similar improvements when applying Learning Automata to optimize AODV-based routing, especially
in simulations involving fluctuating vehicle density and mobility. Their work demonstrated that adaptive learning
mechanisms enhance protocol responsiveness to topological changes. In line with this, Anantapur and Patil [5]
confirmed that learning-based modifications to AODV reduced packet loss and improved delay performance in
MANETSs. Additionally, Kushwaha et al. [24] provided empirical evidence that multi-path routing strategies
such as AOMDV consistently outperform standard AODV regarding packet delivery and throughput, reinforcing
the relevance of protocol enhancement through intelligent adaptation.

The number of nodes supporting free movement rises from 1,052 at 300 to 2,134 at 700 nodes, indicating
network capacity limits. Growth slows between 600 and 700 nodes, suggesting reduced capacity for free-flow
traffic. Figure 3 shows the distribution of nodes in Free Flow, Steady Flow, and Traffic Jam as the total nodes
increases from 300 to 700. Figure 3 shows that nodes in the Steady Flow category increase from 1,351 to 2,843,
causing higher loads and reduced efficiency. The Traffic Jam category rises sharply from 3,067 to 6,797 nodes,
indicating severe congestion above 500 nodes. This data has significant implications, highlighting the urgent
need to address the network’s limited ability to handle high-density traffic. Figure 4 presents average vehicle
speeds across three categories: Free Flow, Steady Flow, and Traffic Jam, as the number of nodes increases from
300 to 700. In Free Flow, speeds stay stable at 11.15 to 11.52 m/s. In Steady Flow, speeds drop from 12.16 m/s
to 10.84 m/s, then rise slightly to 11 m/s at 700 nodes. The Traffic Jam category sees a significant speed decline
from 11.64 m/s to 9.78 m/s, emphasizing the impact of congestion. Overall, Traffic Jam conditions are most

affected by increased density, while Free Flow remains more stable. Figure 5 compares time loss.
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Figure 3. Vehicle density during all simulation Figure 4. The average vehicle speed in the
scenarios simulation environment

Figure 5 illustrates the increase in "time loss” as node counts rise from 300 to 700 across three categories:
Free Flow, Steady Flow, and Traffic Jam. In Free Flow, time loss grows from 38.82 seconds at 300 nodes to
85.51 seconds at 700 nodes, indicating a slight efficiency decline. Steady Flow sees a more significant rise to 91.3
seconds at 700 nodes, while Traffic Jam escalates from 39.64 seconds to 108.72 seconds. These results emphasize
the pressing need to tackle congestion issues. Figure 6 reiterates the key points by highlighting congestion levels
at node counts from 300 to 700. The Free Flow category remains congestion-free, while Steady Flow sees eight
incidents at 700 nodes. In the Traffic Jam category, congestion starts at 500 nodes (one incident) and escalates
to 43 incidents at 700 nodes, demonstrating that higher node counts significantly raise congestion risk. This

reiteration ensures a clear understanding of the data and its implications.
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Figure 5. Time loss across different time intervals Figure 6. Highlights rising congestion with
for three traffic density levels increased node count, particularly in steady flow
and traffic jam categories

Figure 7 depicts travel durations as node counts increase from 300 to 600. In the Free Flow category,
times rise from 160.26 to 278.47 seconds, while the Steady Flow category increases from 161.76 to 271.32 seconds.
The Traffic Jam category, however, shows lower durations, ranging from 148.12 to 249.69 seconds, indicating
more time spent stationary in congestion. LA-AODYV outperforms AODV in throughput. At 300 nodes, it
achieves 29.81 Kbps versus AODV’s 26.13 Kbps. LA-AODV ranges from 45.81 Kbps to 68.16 Kbps in more
extensive networks, while AODV ranges from 38.93 Kbps to 43.76 Kbps, showing LA-AODV’s better efficiency

in denser networks.
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Figure 7. Highlights rising congestion with Figure 8. Displays higher waiting times with
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Figure 9 presents emergency braking incidents by node count. In free flow, incidents decrease from 3 to
1. In steady flow, they rise from 1 to 4. In traffic jams, incidents increase significantly from 1 to 8, indicating
higher braking risk. When node counts exceed 500, traffic jams lead to lower speeds and longer travel times,
increasing waiting times and emergency braking incidents, elevating collision risks. However, implementing
optimized routing protocols, such as AODV or LA-AODYV, can significantly enhance traffic management and
safety, providing potential solutions to these challenges. Figure 10 illustrates that LA-AODV, compared to
AODV, marginally reduces the packet loss ratio. With 300 nodes, LA-AODV shows a ratio of 73.67%, while
AODV shows 74.33%. As the number of nodes increases from 400 to 700, LA-AODV maintains a stable packet
loss ratio of 79% to 87.7%, whereas AODV fluctuates between 79% and 88.7%. Overall, LA-AODV’s effectiveness
in minimizing packet loss under higher traffic conditions is evident, making it a superior choice.
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Figure 9. It lists emergency braking incidents Figure 10. Comparison of packet loss ratio
rising with node count, particularly in traffic jams.  between routing protocols LA-AODV and AODV

LA-AODYV consistently outperforms AODV in terms of packet delivery ratio. At 300 nodes, LA-AODV
achieves a delivery ratio of 25.33%, slightly higher than AODV’s 24.67% (see Figure 11). Across the entire range
of node counts (300 to 700), LA-AODV maintains a higher delivery ratio (79% to 87.7%) compared to AODV
(79% to 88.7%). This demonstrates that LA-AODV ensures more consistent and efficient packet delivery across
varying network conditions. LA-AODYV outperforms AODV in throughput, as shown in Figure 12. At 300 nodes,
LA-AODV achieves 29.81 Kbps, slightly above AODV’s 26.13 Kbps. In more extensive networks (400 to 700
nodes), LA-AODYV ranges from 45.81 Kbps to 68.16 Kbps, compared to AODV’s 38.93 Kbps to 43.76 Kbps.
These results highlight LA-AODV’s superior bandwidth efficiency in denser networks.
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Figure 11. Comparison of packet delivery ratio Figure 12. Comparison of throughput between
between routing protocols LA-AODV and AODV routing protocols LA-AODV and AODV

Figure 13 shows that AODV generally has higher end-to-end delays than LA-AODV. At 300 nodes, AODV
experiences a delay of 129 milliseconds compared to LA-AODV’s 132 milliseconds. In denser networks of 400 to
700 nodes, AODV delays range from 144 to 221 milliseconds, while LA-AODV maintains a range of 132 to 242
milliseconds. Overall, LA-AODV proves more effective at minimizing delays, reflecting better communication
efficiency. LA-AODV has a lower jitter delay than AODV, achieving 91 ms at 300 nodes compared to 67 ms
at 300 nodes, indicating better communication stability. The analysis examined three traffic scenarios: free,
steady, and traffic jam. In free flow, with smooth traffic and low node density, LA-AODV performs slightly
better. During steady flow, it achieves higher throughput and lower delays. In traffic jams characterized by
high node density, LA-AODV shows improved delivery ratios, better throughput, and reduced jitter. Overall,
LA-AODV is more efficient for communication in densely populated and congested traffic conditions, suggesting
that protocol modifications greatly enhance performance in challenging situations.
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Figure 13. Comparison of throughput between Figure 14. Comparison of end-to-end delay
routing protocols LA-AODV and AODV between routing protocols LA-AODV and AODV

4. CONCLUSION

The simulation evaluated V2V communication on highways across three traffic scenarios: free flow, steady
flow, and traffic jams, using the LA-AODYV protocol. LA-AODV outperformed AODYV in terms of throughput and
packet delivery and demonstrated its efficiency by reducing end-to-end delay. It achieved a throughput of 29.81
Kbps in free-flow conditions, compared to AODV’s 26.13 Kbps. Both had similar packet loss rates: LA-AODV
at 25.33% and AODV at 24.67%. Under steady flow, LA-AODYV improved its packet delivery ratio to 86.7%
and throughput to 64.88 Kbps, while AODV reached 79.0% and 83.05 Kbps. LA-AODV had a delivery ratio of
87.7% and throughput of 68.16 Kbps during traffic jams, whereas AODV had 82.7% and 43.76 Kbps. LA-AODV
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reduced end-to-end delay, averaging 2.23E+11 ns compared to AODV’s 2.28E+11 ns, further demonstrating its

efficiency. LA-AODV demonstrated superior performance in congested traffic scenarios, with better throughput,

lower packet loss, and improved delay management. Future research should focus on optimizing the LA-AODV

protocol for high-density traffic and V2X (Vehicle-to-Everything) networks. The promising areas of artificial

intelligence for vehicle movement prediction and dynamic route management, as well as the use of real-time

vehicle sensor data for adaptive routing, offer hope for the future of V2V communication.

REFERENCES

1]

[10]

[11]

[12]

S. Adnan Yusuf, A. Khan, and R. Souissi, “Vehicle-to-everything (V2X) in the autonomous vehicles domain
— A technical review of communication, sensor, and Al technologies for road user safety,” Transportation
Research Interdisciplinary Perspectives, vol. 23, p. 100980, Jan. 2024. poI: 10.1016/j.trip.2023.100980.

A. A. Abdullhaj Saif and K. Kumar, “Enhance the performance of AODV routing protocol in mobile
ad-hoc networks,” Journal of Physics: Conference Series, vol. 2327, no. 1, p. 012057, Aug. 2022. DOI:
10.1088/1742-6596/2327/1/012057.

P. K. Shrivastava and L. Vishwamitra, “Comparative analysis of proactive and reactive routing protocols
in VANET environment,” Measurement: Sensors, vol. 16, p. 100051, Aug. 2021. DOI: 10.1016/j.measen.
2021.100051.

A. Lombard, A. Abbas-Turki, and A. El-Moudni, “V2V-Based Memetic Optimization for Improving
Traffic Efficiency on Multi-Lane Roads,” IEEFE Intelligent Transportation Systems Magazine, vol. 12, no. 1,
pp- 35-46, 2020. DOI: 10.1109/MITS.2018.2879183.

M. Anantapur and V. C. Patil, “Ant Colony Optimization Based Modified AODV for Secure Routing in
Mobile Ad Hoc Networks,” International Journal of Intelligent Engineering and Systems, vol. 14, no. 6,
pp. 115-124, Dec. 2021. DOL: 10.22266/ijies2021.1231.11.

S. S. Mohamed, A.-F. I. Abdel-Fatah, and M. A. Mohamed, “Performance evaluation of MANET routing

b))

protocols based on QoS and energy parameters,” International Journal of FElectrical and Computer

Engineering (IJECE), vol. 10, no. 4, p. 3635, Aug. 2020. DOI: 10.11591/ijece.v10i4.pp3635-3642.

P. Shen et al., “Platoon of autonomous vehicles with rear-end collision avoidance through time-optimal
path-constrained trajectory planning,” in 2017 11th International Workshop on Robot Motion and Control
(RoMoCo), Wasowo Palace, Poland: IEEE, Jul. 2017, pp. 232-237. DOI: 10.1109/RoMoCo.2017.8003918.

J. Santa et al., “An analysis of communication and navigation issues in collision avoidance support systems,”
Transportation Research Part C: Emerging Technologies, vol. 18, no. 3, pp. 351-366, Jun. 2010. DOI:
10.1016/j.trc.2009.05.007.

K. Afzal et al., “An Optimized and Efficient Routing Protocol Application for IoV,” Mathematical Problems
in Engineering, vol. 2021, T.-H. Meen, Ed., pp. 1-32, May 2021. DOI: 10.1155/2021/9977252.

M. Zhu, X. Wang, and J. Hu, “Impact on car following behavior of a forward collision warning system
with headway monitoring,” Transportation Research Part C: Emerging Technologies, vol. 111, pp. 226—244,
Feb. 2020. po1: 10.1016/j.trc.2019.12.015.

D. Yagiie-Cuevas et al., “Mission based systems for connected automated mobility,” Robotics and Au-
tonomous Systems, vol. 180, p. 104772, Oct. 2024. DOI: 10.1016/j.robot.2024.104772.

U. S. Kushwaha et al., “Comparative Analysis of DSR, AODV, AOMDV and AOMDV-LR in VANET by
Increasing the Number of Nodes and Speed,” Indian Journal Of Science And Technology, vol. 16, no. 14,
pp. 1099-1106, Apr. 2023. DOL: 10.17485/1JST/v16i14.2448.

Journal Homepage: hitps://journal.universitasbumigora.ac.id/index.php /bite


https://doi.org/10.1016/j.trip.2023.100980
https://doi.org/10.1088/1742-6596/2327/1/012057
https://doi.org/10.1016/j.measen.2021.100051
https://doi.org/10.1016/j.measen.2021.100051
https://doi.org/10.1109/MITS.2018.2879183
https://doi.org/10.22266/ijies2021.1231.11
https://doi.org/10.11591/ijece.v10i4.pp3635-3642
https://doi.org/10.1109/RoMoCo.2017.8003918
https://doi.org/10.1016/j.trc.2009.05.007
https://doi.org/10.1155/2021/9977252
https://doi.org/10.1016/j.trc.2019.12.015
https://doi.org/10.1016/j.robot.2024.104772
https://doi.org/10.17485/IJST/v16i14.2446
https://journal.universitasbumigora.ac.id/index.php/bite

H 50

Jurnal Bumigora Information Technology (BITe), Vol. 7, No. 1, June 2025

[13]

[15]

[16]

[17]

[20]

[21]

K. B. Y. Bintoro and T. K. Priyambodo, “Learning Automata-Based AODV to Improve V2V Communi-
cation in A Dynamic Traffic Simulation,” International Journal of Intelligent Engineering and Systems,
vol. 17, no. 1, pp. 666-678, Feb. 2024. DOI: 10.22266/1jies2024.0229.56.

K. B. Y. Bintoro et al., “The Performance Analysis of Reactive and Proactive Routing Protocols for
V2V Communication in Dynamic Traffic Simulation,” Jurnal Teknik Informatika (Jutif), vol. 5, no. 5,
pp. 1277-1286, Oct. 2024. DOL: 10.52436/1. jutif.2024.5.5.2237.

T. Wégner et al., “SPaT/MAP V2X communication between traffic light and vehicles and a realization
with digital twin,” Computers and Electrical Engineering, vol. 106, p. 108 560, Mar. 2023. DOI: 10.1016/j.
compeleceng.2022.108560.

Y. D. Gloriawati, R. Primananda, and M. H. H. Ichsan, “Studi Perbandingan Kinerja Routing Protokol
DSDV dan OSLR dengan Skenario Pemutusan Link menggunakan NS3,” Jurnal Pengembangan Teknologi
Informasi dan Ilmu Komputer, vol. 5, no. 11, pp. 4878-4884, Oct. 2021.

S. Sharma and P. Sharma, “Comprehensive Study of Various Routing Protocols in VANET,” in 2019
International Conference on Intelligent Computing and Control Systems (ICCS), Madurai, India: IEEE,
May 2019, pp. 1272-1275. DOL: 10.1109/ICCS45141.2019.9065878.

F. De Rango et al., “Grey Wolf Optimization in VANET to manage Platooning of Future Autonomous
Electrical Vehicles,” in 2020 IEEE 17th Annual Consumer Communications & Networking Conference
(CCNC), Las Vegas, NV, USA: IEEE, Jan. 2020, pp. 1-2. DOI: 10.1109/CCNC46108.2020.9045632.

K. B. Y. Bintoro, T. K. Priyambodo, and M. N. Musthofa, “Optimizing AODV Routing Protocol to
Improve Quality of Service Performance for V2V Communication,” in 2024 International Conference on
Smart Computing, IoT and Machine Learning (SIML), Surakarta, Indonesia: IEEE, Jun. 2024, pp. 180-185.
DOI: 10.1109/SIML61815.2024.10578106

S. Salah, R. Zaghal, and M. Abdeljawad, “A Mathematical-Based Model for Estimating the Path Duration
of the DSDV Routing Protocol in MANETS,” Journal of Sensor and Actuator Networks, vol. 11, no. 2,
p- 23, May 2022. DO1: 10.3390/jsan11020023.

R. N. Hidayah, I. Indrabayu, and I. S. Areni, “Analisis Performansi Protokol Routing Proaktif pada
Jaringan Mobile Adhoc,” Jurnal Penelitian Enjiniring, vol. 22, no. 2, pp. 120-128, Nov. 2018. DOI:
10.25042/jpe.112018.04.

M. H. Homaei et al., “DDSLA-RPL: Dynamic Decision System Based on Learning Automata in the RPL
Protocol for Achieving QoS,” IEEE Access, vol. 9, pp. 63 131-63 148, 2021. Do1: 10.1109/ACCESS.2021.
3075378.

T. K. Priyambodo, D. Wijayanto, and M. S. Gitakarma, “Performance Optimization of MANET Net-
works through Routing Protocol Analysis,” Computers, vol. 10, no. 1, p. 2, Dec. 2020. DOI: 10.3390/
computers10010002.

P. Keshavamurthy et al., “Resource Scheduling for V2V Communications in Co-Operative Automated
Driving,” in 2020 IEEE Wireless Communications and Networking Conference (WCNC), Seoul, Korea
(South): IEEE, May 2020, pp. 1-6. DOI: 10.1109/WCNC45663 . 2020.9120846.

Journal Homepage: hitps://journal.universitasbumigora.ac.id/index.php /bite


https://doi.org/10.22266/ijies2024.0229.56
https://doi.org/10.52436/1.jutif.2024.5.5.2237
https://doi.org/10.1016/j.compeleceng.2022.108560
https://doi.org/10.1016/j.compeleceng.2022.108560
https://doi.org/10.1109/ICCS45141.2019.9065878
https://doi.org/10.1109/CCNC46108.2020.9045632
https://doi.org/10.1109/SIML61815.2024.10578106
https://doi.org/10.3390/jsan11020023
https://doi.org/10.25042/jpe.112018.04
https://doi.org/10.1109/ACCESS.2021.3075378
https://doi.org/10.1109/ACCESS.2021.3075378
https://doi.org/10.3390/computers10010002
https://doi.org/10.3390/computers10010002
https://doi.org/10.1109/WCNC45663.2020.9120846
https://journal.universitasbumigora.ac.id/index.php/bite

	INTRODUCTION
	RESEARCH METHOD
	RESULT AND DISCUSSION
	CONCLUSION
	REFERENCES

