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ABSTRACT

Adaptive Cruise Control (ACC) systems have considerably improved high-
way driving comfort and safety by automatically controlling the gap with
the vehicle in front. Traditional ACC systems struggle, though, in challeng-
ing city environments with unforeseen traffic conditions, repeated braking,
and pedestrian and cyclist crossings. This study introduces an innovative
method to ACC through incorporating Artificial Intelligence (AI), Edge
Computing, and Vehicle-to-Vehicle (V2V) communication, as part of the
Intelligent Adaptive Cruise Control 1IACC) model. The resultant system
advances reactive control through leveraging predictive modeling of traf-
fic conditions as well as dynamic real-time vehicle cooperation. The ap-
proach allows for smoother acceleration, enhanced safety buffer, and opti-
mum adaptation to challenging urban environments. By integrating a com-
bination of Al algorithms, edge processing units, and V2V networks, the
iACC system seeks to fill the existing gap between available ACC capa-
bilities today and the expected needs of advanced smart cities tomorrow.
Simulation models and hypothetical case studies are outlined to illustrate
the system’s anticipated effectiveness.
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1 Introduction

The car manufacturing industry is quickly transforming into more intelligent and secure transportation networks. Adaptive
Cruise Control (ACC) is one such cornerstone technology that allows cars to automatically regulate their speed to keep a safe
distance from the leading car. Although ACC systems have been very effective on freeways, they are largely reactive in nature,
depending solely on real-time sensor data without predictive features.
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Urban settings, though, have special challenges: recurring traffic jams, intricate road layouts, unstructured pedestrian
motion, and adaptive traffic signals. Conventional ACC systems, intended primarily for structured highway environments, are
not adequate for these adaptive urban situations.

This study seeks to improve ACC functionality by proposing an Intelligent Adaptive Cruise Control i(ACC) system.
Through the incorporation of Artificial Intelligence (Al) for predictive behavior modeling, Edge Computing for low-latency
processing, and Vehicle-to-Vehicle (V2V) communication for cooperative awareness, the proposed iACC system hopes to
enhance vehicle decision-making in intricate, real-world urban environments [1, 3].

This study seeks to overcome the limitations of traditional Adaptive Cruise Control (ACC) systems under challenging ur-
ban driving conditions through the proposition of an intelligent ACC (iACC) system which incorporates Artificial Intelligence,
Edge Computing, and Vehicle-to-Vehicle (V2V) communication. The research simulates dynamic urban scenarios to assess
and validate the improved performance, responsiveness, and safety of the suggested system over regular ACC. In addition, it
presents a vision roadmap for the future integration of such intelligent systems into smart urban transport systems, promoting
safer, more efficient, and connected mobility solutions.

2 Limitations of Traditional Adaptive Cruise Control

While Adaptive Cruise Control (ACC) systems have redefined comfort and safety in highway driving, their performance is
usually poor in challenging urban traffic. The following are some of the serious shortcomings that have been realized: [2, 3, 4]

2.1 Reactive Rather Than Predictive

Conventional ACC systems are inherently reactive. They modify vehicle speed only when a change in the distance to the lead
vehicle is recognized. This lag frequently leads to sudden braking or acceleration, which is uncomfortable for passengers and
may be dangerous.

2.2 Narrow Field of View

Traditional Adaptive Cruise Control (ACC) systems are dependent mostly on radar and camera sensors that are directed at the
immediate space immediately in front of the vehicle. Consequently, they tend to miss important features such as cars entering
the adjacent lane, pedestrians stepping out between cars, and congestion just out of range from the sensors. Such narrow
situational awareness can result in less-than-optimal or even dangerous driving choices, particularly in dynamic and changing
urban situations.

Figure 1: Blind Spots and Delayed Reaction in Traditional ACC
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2.3 Failure to Cope with Nonlinear Traffic Behavior

Urban traffic presents extremely nonlinear and unpredictable behavior, such as sharp lane changes, arbitrary pedestrian walks,
and intermittent hurdles like parked cars or roadwork zones. Such dynamic circumstances are quite challenging to conven-
tional ACC systems implemented using basic feedback control algorithms like PID controllers, which are not designed to
respond smoothly and effectively to such abrupt and anomalous changes in the driving conditions [5].

2.4 Failure to Cooperate

Traditional ACC vehicles act on their own independently without the ability of any form of coordination or communication
with surrounding traffic [7]. The independence aids higher traffic instability and often yields stop-and-go waves, lowered
global traffic capacity, and higher energy expenditure owing to excessive frequent braking and accelerating cycles.

2.5 Stop-and-Go Traffic Challenges

Urban driving frequently involves stop-and-go maneuvers, which are very challenging for conventional ACC systems. The
systems have difficulty in estimating stopping distances accurately, restarting smoothly, and keeping suitable spacing without
producing unnecessary gaps between cars [5, 6]. Consequently, conventional ACC tends to disengage during heavy traffic
situations, necessitating driver intervention and decreasing overall system reliability and efficiency in urban driving conditions.

3 Al-Enhanced Adaptive Cruise Control: Proposed Approach

In order to overcome the limitations of existing Adaptive Cruise Control (ACC) systems, we introduce an Intelligent Adaptive
Cruise Control (IACC) system. This system leverages Artificial Intelligence (AI), Edge Computing, and Vehicle-to-Vehicle
(V2V) Communication to develop a predictive, cooperative, and context-rich driving experience, particularly in crowded
urban environments.

3.1 System Architecture Overview

The Intelligent Adaptive Cruise Control (iACC) system is designed into three fundamental layers. The Perception Layer uses
sophisticated sensors like LIDAR, cameras, radar, and Vehicle-to-Vehicle (V2V) communication modules to gather detailed
environmental information from the ego-vehicle as well as from surrounding connected vehicles. The Decision-Making
Layer uses Artificial Intelligence, in the form of Reinforcement Learning (RL) and Deep Learning (DL), to forecast traffic
patterns, pedestrian activity, and optimal driving paths. Lastly, the Execution Layer converts the decisions into real-time
control commands by controlling the throttle, braking, and steering systems of the vehicle, providing responsive and adaptive
behavior in challenging urban situations.

3.2 Al Techniques Used

The iACC system combines a number of Al methods to maximize its responsiveness and decision-making abilities. Reinforce-
ment Learning (RL) is utilized to maximize long-term rewards like safety and passenger comfort by optimizing following gaps,
acceleration styles, and lane-changing tactics. Convolutional Neural Networks (CNN5s) are utilized for object detection, lane
detection, and the detection of dynamic hazards around the vehicle. Recurrent Neural Networks (RNNs) manage temporal
predictions, which allow the system to predict changes in traffic flow and pedestrian movement. Predictive Modeling also uses
both real-time and historical data streams to predict future traffic states so that the vehicle can proactively adjust to changing
urban conditions.

3.3 Role of Edge Computing

Edge nodes, placed strategically in the vehicle or embedded in surrounding infrastructure, mitigate latency tremendously by
locally processing high amounts of sensor data. Local processing of data improves the responsiveness of the system, allowing
for quicker decision-making, real-time threat detection, and decreased reliance on remote cloud infrastructure for operations
critical to safety.
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Figure 2: Architecture of autonomous vehicles based on edge computing

3.4 Function of V2V Communication

In the iACC system, vehicles proactively share critical information including speed, position, acceleration, and braking inten-
tion with each other. This forward-looking communication helps vehicles to avert potential crashes in blind zones, coordinate
speed changes, and allow smoother flow of traffic in crowded urban landscapes, making safety and efficiency higher.
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Figure 3: V2V Communication

4 System Work Flow: An Example Scenario

To better explain the operation of the suggested Intelligent Adaptive Cruise Control (1ACC) system, let us take the following

urban driving scenario.

4.1 Scenario: Urban Intersection with Pedestrian Crossing

As the car travels at 40 km/h on a moderately congested city road, a pedestrian suddenly steps onto a crosswalk ahead.

Smit Shedge (2025). Towards Intelligent Adaptive Cruise Control: Integrating Ai, Edge Computing, And V2v
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Figure 4: Pedestrian Crossing

4.2 Step-by-Step Operation of iACC

Algorithm 1 Step-by-step operation of iIACC
Step 1: Multi-Source Data Collection

The front sensors rapidly identify the pedestrian, while the radar recognizes slowing vehicles ahead. At the same time, V2V
communication gets a notification from the neighboring vehicle, stating that it is slowing down for the pedestrian crossing.
Step 2: Edge-Based Processing

The onboard Edge Computing module quickly processes and aggregates all sensor data, minimizing latency and allowing the
vehicle to quickly become aware of the environment. This enables a quick and effective response to the situation.

Step 3: Al Prediction

The Reinforcement Learning model predicts that the pedestrian will keep walking for a further 1.5 seconds. The system then
analyzes a number of potential trajectories, testing each for comfort and safety, to ensure the best response is chosen.

Step 4: Decision-Making

Based on this analysis, the iACC system determines to begin a smooth braking 30 meters before the crosswalk, in order to
provide a gradual and controlled slowdown. The system also prepares to stop the car altogether if the pedestrian moves further
onto the road.

Step 5: Actuation

The brake control system is applied, slowing the car down in a smooth manner, and a dashboard warning is displayed for the
human driver as a back-up option to alert them to be prepared to take over manually if necessary.

Step 6: Post-Event Management

After the pedestrian crosses and the way is clear, the iACC system gradually gets the vehicle moving again to its set cruise
speed, continuing driving without interruption.

Smit Shedge (2025). Towards Intelligent Adaptive Cruise Control: Integrating Ai, Edge Computing, And V2v
Communication For Urban Environments, Issue 4(3), 24-32.



ISSN: 2583-5343 Int. J. of IT, Res. & App, Vol. 4 No. 3: Sept 2025 Page 29

5 Advantages of iACC Over Traditional Adaptive Cruise Control

The Intelligent Adaptive Cruise Control (iIACC) system provides substantial advancements over conventional ACC, especially
in urban environments with complex traffic scenarios. Through the use of Al, Edge Computing, and V2V communication, the
1ACC system eliminates the shortcomings of conventional ACC, with the following benefits.

5.1 Improved Predictive Capabilities

In contrast to conventional ACC, which is reactive, iACC utilizes predictive Al models to look ahead and expect potential
dangers and traffic flows. This enables the system to fine-tune vehicle speed in anticipation, allowing smoother changes and
decreasing sudden braking or acceleration.

The iACC system takes advantage of sophisticated Al to predict different aspects of the driving world. For example, it
anticipates the action of front-running cars from their past actions and historical trends so that it can expect changes in traffic
direction. Furthermore, the system applies Al-driven pedestrian detection to predict pedestrian movement, which enables
timely response to any possible hazard. It also monitors the change of traffic light colors, modulating the car’s speed and
preparing for stop-and-go conditions, facilitating smooth accelerations and reducing harsh braking.

5.2 Enhanced Traffic Flow and Safety

The addition of V2V communication enables vehicles to share real-time information, which promotes cooperative decision-
making among vehicles. This cooperation reduces traffic congestion and avoids accidents due to sudden lane changes or
sudden braking. With the capability to predict others’ actions in real time, vehicles can keep higher safety margins. By
ironing out the usual "stop-and-go" waves of urban driving, the iACC system not only enhances safety but also increases
traffic throughput and lessens fuel usage through more optimized acceleration patterns, making urban driving smoother and
greener.

5.3 Smooth Handling of Complicated Traffic Situations

iACC performs well in dealing with dynamic obstacles that are typical in city driving, including pedestrians stepping into the
road, cyclists moving through lanes, and surprise roadwork areas. Through the use of sophisticated sensors and predictive
software, iACC is able to smoothly adjust to these real-world situations, making the vehicle react accordingly in real-time. In
comparison, traditional legacy ACC systems without the required adaptability will de-engage or fail to respond properly in
these scenarios, affecting safety and fluidity in urban traffic.

5.3.1 Less Driver Dependency

While iACC still allows the driver to step in, the system dramatically diminishes the workload on the driver, particularly under
heavy traffic. The capability of the system to predict and act in real time implies that the drivers can work on other duties or
relax knowing the vehicle handles the sophisticated traffic environment.

5.4 Smart City Scalability

The modularity of iACC facilitates integration with already deployed smart city infrastructure. As future development on
V2X (Vehicle-to-Everything) networks takes place, iACC can be made even more optimized through interaction with traffic
signals, roadside units, and other urban systems to provide autonomous, cooperative traffic management.

5.5 Comparison of Traditional ACC vs iACC

The comparison of Traditional ACC vs iACC in Urban Traffic Scenarios in the form of a table:

Smit Shedge (2025). Towards Intelligent Adaptive Cruise Control: Integrating Ai, Edge Computing, And V2v
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Table 1: Comparison of Traditional ACC vs iACC

Feature

Traditional ACC

iACC (Intelligent Adaptive Cruise
Control)

Core Functionality

Speed Regulation

Pedestrian Detection

Obstacle Response
Traffic Adaptation
Handling Stop-and-Go
Traffic

Braking

Swerving & Steering
Assistance

Sensor Technology

Urban Traffic
Suitability

Driver Interaction

Reaction Time

Maintains a constant speed
and distance from the car
ahead

Adjusts speed based on the car
in front

Does not detect or react to
pedestrians

Responds only to vehicles in
front

Designed for highways,
struggles with urban
environments

Cannot handle frequent stops
and starts effectively

Brakes when the car in front
slows down

No steering assistance or
swerving capability

Uses basic radar and some
cameras

Primarily suited for highway
driving

Requires manual intervention
for sudden obstacles or stops

May not react quickly enough
in congested or dynamic
traffic

Maintains speed, adjusts distance, and
responds to dynamic urban conditions
(pedestrians, obstacles, etc.)

Adjusts speed based on traffic, road conditions,
and pedestrians/crosswalks

Detects pedestrians and adjusts speed
or applies emergency braking if
needed

Responds to vehicles, pedestrians, cyclists,
and other dynamic obstacles
Optimized for urban environments,
capable of handling stop-and-go
traffic

Effectively handles stop-and-go
traffic, adjusting speed and braking as
needed

Brakes in response to traffic and
obstacles, including sudden
pedestrian appearances

Can provide steering assistance to
avoid pedestrians or obstacles in
emergencies

Uses advanced radar, cameras, and
LIDAR for better detection and
prediction of pedestrians and other
objects

Designed to handle complex urban
environments with unpredictable
obstacles

Provides more autonomy, with fewer
interventions required from the driver

Fast reaction time to both vehicles and
pedestrians, reducing accident risk

6 Future Research Directions

The evolution of Intelligent Adaptive Cruise Control 1IACC) systems has been very promising, but there are still a number of
directions to explore and develop further. In order to extend the limits of iACC and make it scalable for urban areas, future
work may be directed toward the following.

6.1 Integration with Fully Autonomous Vehicles

One of the most exciting future prospects for iACC systems is their linkage to Level 4 and Level 5 autonomous vehicles.
Although iACC is a major step towards semi-autonomous driving, it can be effortlessly modified to complement fully au-
tonomous vehicles. Important research themes under this integration may involve defining complex communication protocols
between autonomous and semi-autonomous vehicles to facilitate coordination on the road. Moreover, extending effective
safety precautions during handover conditions, wherein control changes over from manual to autonomous modes, will be of
vital importance for facilitating a smooth and secure switch-over in blended traffic conditions.

Smit Shedge (2025). Towards Intelligent Adaptive Cruise Control: Integrating Ai, Edge Computing, And V2v
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6.2 Advanced AI Models for Predictive Traffic Management

While iACC now employs Al to anticipate car and pedestrian behavior, there is great potential to push this area even further
through predictive traffic modeling. Next steps could involve using Deep Reinforcement Learning (DRL) to enhance real-
time decision-making so that the system can respond more effectively to changing traffic dynamics and intricate driving
situations. In addition, the incorporation of multi-modal data sources—e.g., traffic camera images, weather, and even social
media intelligence on traffic updates—would further allow the system to make more accurate predictions and respond to
changing conditions, ultimately resulting in smarter and more efficient traffic management.

6.3 Extension of V2V Communication to V2X Networks

The present iACC system uses Vehicle-to-Vehicle (V2V) communication to share data between cars. In the future, it will
develop to support extension to Vehicle-to-Everything (V2X) communication so that vehicles can communicate not just be-
tween themselves but also with other infrastructure. This will be achieved by communicating with traffic signs and signals
to regulate traffic flow, pedestrian signals to predict pedestrian flow and avoid accidents, and road conditions like potholes,
construction areas, and accidents to enhance route planning and safety. To do all this, standards for communication protocols
for V2X systems will need to be created, and their compatibility with current smart city infrastructures will need to be ensured.

Infrastructure i}
Devices

Pedestrians

u
t
Vehicles E

Smart Home

Figure 5: V2X (Vehicle-to-Everything)

6.4 Enhancing Edge Computing and Real-Time Decision Making

Edge Computing is also instrumental in reducing latency in iACC systems through the real-time processing of sensor data.
Yet, there is much room for expansion. There is much more potential for optimization of edge algorithms to process sensor
data more quickly and at higher volumes, enabling even faster decision-making. Furthermore, investigating distributed edge
systems, under which multiple vehicles or roadside units work together in processing tasks, may decrease computation loads
overall. This would not only enhance decision-making in real-time but also make iACC systems more scalable and efficient
in complicated cityscapes.

6.5 Ethical and Regulatory Considerations

As 1ACC systems become increasingly sophisticated, they will create new ethical and regulatory issues that must be addressed
with serious consideration. Among the main concerns will be making sure that Al-based decision-making in autonomous
vehicles is transparent and accountable, so that users and regulators can know how and why a decision has been made.
Another challenge will be crafting extensive critical safety guidelines for hybrid systems combining conventional manual
operation with partially autonomous control and ensuring seamless integration between the two modalities. Resolution of
liability issues as well will be essential, especially for accidents involving Al-driven systems, as assignment of blame among
the vehicle’s Al, the driver, and manufacturers will necessitate established legal guidelines and regulations.

6.6 Human-Machine Interface (HMI) and Driver Acceptance

The human factor is an important factor to consider when incorporating Al and automation into vehicles. Future studies may
investigate how drivers engage with iACC systems, with the aim of maximizing the user interface to become more intuitive and
easy to use. This would enable drivers to intuitively understand and manage the system, enhancing both safety and comfort.
In addition, studies may examine the extent to which iACC systems are embraced in various regions and demographic groups,

Smit Shedge (2025). Towards Intelligent Adaptive Cruise Control: Integrating Ai, Edge Computing, And V2v
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considering differences in cultural disposition, belief in autonomous technology, and regional road conditions. This would
make sure that iACC systems are engineered for broad appeal and performance in international markets.

Figure 6: Human-Machine Interface (HMI)

7 Conclusion

This paper suggests an Intelligent Adaptive Cruise Control system (iACC) that integrates Al, Edge Computing, and V2V Com-
munication to improve traditional ACC systems for urban driving. Leveraging predictive models, real-time data processing,
and cooperative awareness, iACC offers a safer and more efficient drive experience in challenging city scenarios.

Major findings involve enhanced response times with predictive functionality, greater safety through real-time V2V col-
laboration, and improved urban traffic adaptability with respect to inconsistent pedestrian behavior and stop-and-go traffic.
The system surpasses traditional ACC systems, which can only function within freeway conditions.

Potential future studies may include embedding iACC with autonomous vehicles, developing V2X communication net-
works further, and improving real-time decision-making using sophisticated edge computing.

In summary, iACC is vital for the development of smart city infrastructure and autonomous cars, propelling the future of
urban transportation toward safer, more efficient, and responsive travel.
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