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Abstract -This project presents a hybrid Edge-Fog
computing framework for autonomous vehicle communication
within an intelligent transportation environment. The system
focuses on minimizing decision latency and enhancing road
safety by distributing computational tasks across edge nodes
and fog infrastructure instead of relying solely on centralized
cloud systems. A simulated multi-lane highway scenario is
developed where vehicles dynamically interact using Vehicle-
to-Vehicle (V2V) and  Vehicle-to-Infrastructure(V2I)
communication. Python is used to model traffic behaviour and
visualization, while MATLAB handles real-time decision-
making, including lane selection, speed control, and collision
avoidance. The system incorporates adaptive offloading
strategies based on network conditions, vehicle state, and
infrastructure load. Experimental results demonstrate
improved responsiveness, reduced latency, and efficient traffic
coordination, indicating the effectiveness of integrating edge
and fog computing in future autonomous transportation
systems.
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1. INTRODUCTION

Autonomous driving systems depend heavily on continuous
data exchange and fast decision making. Vehicles mustreact
instantly to surrounding conditions such as traffic density,
obstacles, and speed variations. Any delay in processing can
lead to unsafe situations.

Traditional centralized computing models rely on remote
servers, which introduce communication delays due to long
transmission distances. These delays become critical in
applications where decisions must be made within
milliseconds.

To address this limitation, distributed computing
approaches have been introduced. Edge computing enables
data processing near the source, while fog computing
provides an intermediate layer that aggregates regional
information.

Together, these technologies create a hierarchical
processing structure thatbalances speed and computational
capability. This project focuses on designing a system where
vehicles operate collaboratively using decentralized

communication and intelligent decision mechanisms,
ensuring safe and efficient traffic flow.

2. LITERATURE SURVEY

Existing research in autonomous transportation primarily
explores cloud-based framework for vehicle coordination.
While these systems offer high computational power, they
suffer from significant communication delays, making them
unsuitable for real-time decision-making scenarios. Studies
have highlighted that latency beyond a few milliseconds can
lead to unsafe driving conditions.

Recent advancements have shifted focus toward edge
computing, where processing is performed near data sources.
Research demonstrates that edge-based architectures reduce
response time and improve system reliability. However, edge
nodes alone may lack sufficient computational resources for
complex analytics, leading to the integration of fog computing
as a supplementary layer.

IoV based communication models have also gained attention
for enabling cooperative driving. V2V communication
facilitates direct interaction between vehicles, improving
awareness of nearby traffic conditions, while V2I
communication connects vehicles to infrastructure for
broader environmental insights. Despite these advancements,
challenges remain in efficiently distributing computational
tasks and maintaining network stability under dynamic
conditions.

This project builds upon these concepts by combining edge
and fog computing with loV communication into a unified
framework, addressing both latency and scalability
challenges.

3. METHODOLOGY

The proposed system follows a structured simulation based
methodology designed to emulate real-world autonomous
vehicle coordination under dynamic traffic conditions. The
approach integrates vehicle behaviour modelling,
communication mechanisms, and distributed computing
decisions into a continuous execution cycle.

The process begins with environment initialization, where a
multi-lane highway is defined with fixed spatial dimensions
and directional constraints. Vehicles are introduced into this
environment with randomized attributes such as position,
velocity, and lane assignment. This randomness is not
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arbitrary—it is essential to prevent predictable patterns and
to replicate heterogeneous traffic conditions observed in real

processing by the decision engine. Care is taken to
include both physical metrics (like speed and position)

scenarios.
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Fig-1 Edge - Fog/I0V Dynamic Control for 3+3 lane
Highway

At each simulation interval, vehicle states are updated
using discrete-time motion equations. Instead of
continuous modelling, a step-based update (with fixed
time intervals) is used to balance computational
efficiency and simulation accuracy. This allows the
system to scale while still maintaining realistic motion
behavior. Boundary conditions are handled using a
wrap-around logic, ensuring uninterrupted vehicle flow
and eliminating artificial stopping points. A key part of
the methodology lies in situational awareness
generation. Each vehicle continuously scans its
surroundings to identify nearby entities within a
predefined communication radius. This local perception
is constructed using relative position, lane alignment,
and speed differences. Rather than relying on global
knowledge, the system intentionally limits awareness to
nearby vehicles, mimicking real-world sensor
constraints and decentralized intelligence. The collected
environmental data is then transformed into a
structured representation known as a sensor frame.
This step is critical because raw simulation data is not
directly usable for decision-making. The frame
consolidates spatial, dynamic, and network-related
parameters into a unified format, enabling efficient
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and network indicators (such as signal strength and
infrastructure load), ensuring that decisions consider
both traffic and communication conditions.

Once the data is prepared, it is transmitted to the
decision-making module, where computational
intelligence is applied. Instead of embedding logic
directly into the simulation, the system separates
decision processing into an external controller. This
separation is intentional it improves modularity, allows
independent tuning of algorithms, and reflects real-
world deployment where vehicles rely on external
computational support. The decision engine evaluates
multiple factors simultaneously. It prioritizes safety by
analyzing inter-vehicle distances and predicting
potential conflicts. Lane selection is treated as a
constrained optimization problem, where only feasible
neighboring lanes are considered based on direction and
available space. Speed adjustments are derived from
proximity conditions rather than fixed rules, allowing
adaptive responses to traffic density.

Another critical component is the computation
offloading strategy. The methodology does not assume
that all decisions should be processed locally or
remotely. Instead, it dynamically determines the
execution location based on system conditions. Factors
such as vehicle speed, surrounding traffic density,
communication quality, and infrastructure load are
evaluated before making an offloading decision. This
ensures that the system avoids unnecessary
communication delays while still leveraging external
computational resources when beneficial. After
decisions are generated, they are reintegrated into the
simulation environment. Vehicles update their states
accordingly, modifying their trajectory, velocity, and
processing mode. This closed-loop interaction between
simulation and decision engine creates a feedback
system where each cycle influences the next, enabling
emergent behavior rather than scripted motion.

Finally, the methodology incorporates continuous
monitoring of system performance. Metrics such as
latency, safety events, and communication transitions
are recorded during execution. This is not just for
reporting it allows validation of whether the design
choices (like edge offloading or communication ranges)
actually improve system behavior under varying
conditions.

4.SYSTEM ARCHITECTURE

The system follows a hierarchical distributed
architecture designed to minimize delay while
maintaining coordinated decision-making across
multiple vehicles. Instead of relying on a single
centralized unit, computation is divided across different

ISO 9001:2008 Certified Journal | Page 1464



’// International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056

JET Volume: 13 Issue: 04 | Apr 2026

www.irjet.net

layers based on urgency and complexity. At the lowest
level, vehicles act as intelligent agents that continuously
sense their surroundings and exchange information with
nearby entities. They do not operate blindly—each
vehicle builds a localized understanding of traffic using
short-range communication and onboard sensing. This
ensures immediate awareness without waiting for
external processing.
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Aggregated Data
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Fig-2 System Architecture of the proposed system

The intermediate layer consists of Road Side Units,
which function as edge nodes. These units handle time-
sensitive computational tasks that are too heavy for
individual vehicles but still require low latency. Their
placement along the road ensures that vehicles can
quickly connect to the nearest unit, reducing
communication delay and enabling faster response.

Above this, the fog layer serves as a regional
coordinator. It does not deal with individual vehicle
actions directly butinstead processes aggregated data to
support broader traffic-level insights. This separation
prevents overload at lower layers and improves
scalability when vehicle density increases.

The decision-making layer is implemented through an
external controller that evaluates incoming data and
generates optimized actions. By isolating decision logic
from simulation, the system achieves flexibility, allowing
algorithm improvements without modifying the entire
structure.

Overall, the architecture is designed around proximity-
based processing: immediate decisions occur close to
the vehicle, while complex analysis is handled at higher
layers. This distribution is what reduces latency and
avoids bottlenecks

5.IMPLEMENTATION

The system is implemented as a co-simulation
framework combining Python for environment
modelling and MATLAB for decision computation. The
core idea is to separate simulation logic from control
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intelligence while maintaining real-time interaction
between them. On the Python side, the road
environment and vehicles are modelled using object-
oriented design. Each vehicle instance maintains its own
dynamic state and updates it at every simulation step
based on motion equations. A scheduler controls the
execution loop, ensuring consistent time progression
and synchronized updates across all entities. To enable
interaction between vehicles, a proximity-based search
mechanism is implemented. Instead of checking every
possible pair inefficiently, distance filtering is applied to
identify only relevant neighboring vehicles within a
defined range. This reduces computational overhead
and keeps the simulation scalable as the number of
vehicles increases. A structured data interface is then
created to bridge Python and MATLAB. Instead of
passing raw variables, all relevant parameters are
packaged into a standardized data structure. This
ensures compatibility between the two environments
and avoids data inconsistency during transmission.
MATLAB component is responsible for executing the
decision-making algorithms that govern vehicle
behavior. Upon receiving structured data from the
Python simulation, MATLAB processes the inputs using
control logic that may include rule-based systems or
optimization techniques to determine appropriate
actions such as speed adjustment, lane changes, or
collision avoidance. The computed decisions are then
transmitted back to the Python environment, where
they are applied to update each vehicle’s state in the
next simulation cycle.

Fig-3 Program for Over Speed of the Vehicle
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Communication between Python and MATLAB is achieved
using the MATLAB Engine API. Python invokes the MATLAB
function, transfers the structured data, and waits for the
response. This synchronous interaction guarantees that
each simulation step uses updated decisions before
proceeding further. Within MATLAB, the control logic is
implemented as a modular function. The function evaluates
incoming data using conditional rules and generates outputs
that directly influence vehicle behavior. The logic is
designed to be lightweight so that it can process multiple
vehicles efficiently without introducing delays. On receiving
the controller output, Python applies the decisions
immediately by updating vehicle attributes such as lane
position, velocity, and processing mode. Instead of abrupt
changes, constraints are applied to ensure transitions
remain realistic and stable.

The implementation also includes a resource management
mechanism for RSUs. Each unit tracks its current processing
load, and updates are applied dynamically as vehicles
offload tasks. This prevents unrealistic unlimited processing
and introduces practical system limitations. To maintain
continuity in communication, a handover mechanism is
implemented. When a vehicle moves beyond the coverage of
one unit, it automatically switches to another based on
proximity. This transition is handled seamlessly without
interrupting the simulation flow.

Finally, a visualization module renders the entire system in
real time. It reflects vehicle movement, communication
links, and processing states, allowing direct observation of
system behaviour. Alongside this, performance data is
continuously logged for evaluation.

6.RESULTS AND DISCUSSION

The simulation demonstrates that the integration of edge
and fog computing significantly enhances system
performance compared to traditional centralized
approaches. Vehicles exhibit improved responsiveness due
to reduced processing delays, enabling timely decision-
making in critical scenarios

Edge-Fog Controlled A

Fig-3 Real time simulation Result

Collision avoidance mechanisms effectively maintain safe
distances between vehicles, reducing the likelihood of
accidents. The implementation of intelligent overtaking
strategies contributes to smoother traffic flow and
minimizes congestion

Task offloading to edge nodes is observed to balance
computational load efficiently, preventing overload in any
single component. Additionally, the system adapts
dynamically to varying network conditions, ensuring
consistent performance. Latency measurements indicate a
notable reduction when edge processing is utilized,
validating the effectiveness of the proposed architecture.
Overall, the results highlight the importance of distributed
computing in achieving reliable and efficient autonomous
vehicle systems.

7. CONCLUSION

This work presents a comprehensive approach to
autonomous vehicle communication using a hybrid Edge-
Fog architecture. By combining decentralized computing
with oV communication models, the system addresses key
challenges related to latency, scalability, and safety. The
integration of MATLAB-based decision-making with Python
simulation enables a flexible and powerful framework for
analyzing traffic behavior. The results confirm that
distributing computational tasks across multiple layers
improves system efficiency and enhances real-time
responsiveness.

While the current implementation provides a strong
foundation, further enhancements such as machine
learning-based decision models and advanced network
simulations can extend its capabilities. The proposed system
represents a significant step toward the realization of
intelligent and adaptive transportation systems for future
smart cities.
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