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Abstract

A transformative advancement in intelligent transportation systems by integrating artificial intelligence,
advanced sensing technologies, and automated control mechanisms to achieve safe and efficient
autonomous navigation is Self-driving Car. Among the major challenges in autonomous driving, one
crucial one is handling uncertainty arising from dynamic road environments, imprecise sensor
information, and human-like decision-making necessities.

This chapter focuses on the application of fuzzy logic in self-driving cars, analyzing how soft computing
addresses the inherent facts that exists in real-world driving environments such as- uncertainty,
imprecision, and vague, human-like linguistic expressions etc. It starts with the historical evolution and
the Society of Automotive Engineers (SAE) six levels of vehicle automation. Then the text details the
multi-layered system architecture of autonomous vehicles: ranging from sensor layers, sensor fusion, and
localization/mapping (SLAM), to decision-making and mechanical control. Also the complementary roles
of artificial intelligence paradigms: like computer vision, deep learning, and reinforcement learning are
outlined. Above all fuzzy logic as a primary methodology for handling non-binary, qualitative decisions
remains the main focal point.

Fuzzification, rule-base construction, inference processing (such as Mamdani and Sugeno models), and
defuzzification are explained- which forms the core mechanics of a Fuzzy Inference System (FIS). The
chapter examines practical automotive implementations across key subsystems, which consist: Adaptive
Cruise Control (ACC), Lane Keeping Assistance (LKA), Automatic Parking, Collision Avoidance, Traffic
Signal Decision-Making, and Road Surface Assessment. Thereafter, emphasis shifts to the integration of
hybrid intelligent systems that combine fuzzy decision-making with deep neural networks and sensor
fusion algorithms. The chapter identifies challenges such as rule explosion and manual parameter
tuning, at the same time it highlights promising future directions, that includes Adaptive Neuro-Fuzzy
Inference Systems (ANFIS), Type-2 Fuzzy Logic, Explainable Al (XAl), and Vehicle-to-Everything (V2X)
communication, to ensure robust, human-like, and transparent autonomous navigation.

Keywords: Self driving Cars, Fuzzy Logic, Driverless Cars, AVs, ACC

1. Introduction: Since the invention of the automobile, currently transportation is experiencing one of
the greatest paradigm shifts in terms of technological revolutions. Vehicles are no longer merely
considered as mechanical machines but intelligent cyber-physical systems those are capable of sensing,
learning, making decisions, and driving with minimal or no human intervention. These advanced versions
of vehicles are often called self-driving cars, autonomous vehicles (AVs), or driverless cars.
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Self-driving cars are designed to continuously perceive their environment using multiple sensors,
artificial intelligence (Al) is added to interpret road situations, intelligent algorithms are attached to make
driving decisions, and electronic control systems are placed to execute these decisions.
Among the most significant challenges in autonomous driving, a common one is dealing with
uncertainty. Human drivers often face vague concepts and capable of making decisions such as:

- The vehicle ahead is too close

- Theroad is slightly wet

- The curve is very sharp

- The pedestrian is moving slowly

- Traffic is moderately dense etc.

By nature these descriptions are linguistic expressions and not precise numerical values which is a basic
requirement for systems like SDC. The traditional binary logic is not capable of efficiently handling such
uncertain conditions.

Fuzzy Logic: Lotfi A. Zadeh in 1965 introduced fuzzy logic. Basically it provides a mathematical
framework for reasoning with imprecise and uncertain information. Fuzzy Logic uses linguistic variables
rather than exact numbers. This enables machines to represent knowledge and imitate human decision-
making process. Thus, for developing autonomous vehicles, fuzzy logic has become one of the prominent
computational intelligence techniques.

Keywords: Autonomous Vehicle (AV), Driverless Car, Intelligent Transportation System (ITS), Fuzzy
Set, Membership Function, Linguistic Variable, Fuzzification, Rule Base, Inference Engine,
Defuzzification, Mamdani Inference, Sugeno Inference, Adaptive Cruise Control, Lane Keeping
Assistance, Sensor Fusion, SLAM, Kalman Filter, ANFIS, Type-2 Fuzzy Logic, Explainable Al (XAI)

2. Evolution of Self-Driving Cars: Autonomous vehicles developmental journey spanned over several
decades.

Period Development

1920s First radio-controlled vehicles

1980s Carnegie Mellon autonomous navigation
1995 No Hands Across America project
2004-2007 DARPA Grand Challenges

2010 Google Self-Driving Car Project

2015 Tesla Autopilot

At present autonomous vehicles employs all the modern day advanced concepts such as deep learning,
computer vision, sensor fusion, high-definition maps, cloud computing, and fuzzy decision-making
systems etc.

Published on 16/08/2026. Edited by: Dr. Sisir Kumar Rajbongshi | Dr. Kshirod Sarmah | Dr. Rajdeep Ghosh | Dharmeswar Tarang
Department of Computer Science, Pandit Deendayal Upadhyaya Adarsha Mahavidyalaya, Amjonga, Goalpara, Assam-783124, India



Advances in Multidisciplinary Research and Innovation page no: 167
Published in August 2026 by Deep Science Publishing (USA | UK | India | Turkey)
ISBN: 978-93-7185-118-3 | E-1SBN: 978-93-7185-110-7 | DOI: https://doi.org/10.70593/978-93-7185-110-7

® DeepScience

3. Levels of Vehicle Automation: The Society of Automotive Engineers (SAE) defines six levels of
automation as off now.

Level Description

Level 0 No automation

Level 1 Driver assistance

Level 2 Partial automation
Level 3 Conditional automation
Level 4 High automation

Level 5 Full automation

Once it reaches Level 5, the vehicle requires no steering wheel or driver intervention.

4. Architecture of a Self-Driving Car: A self-driving car consists of several intelligent subsystems.
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FUZZY LOGIC CONTROLLER
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5. Artificial Intelligence in Self-Driving Cars: Numerous Al facilities work together in successful
design & implementation of autonomous vehicles.

a. Computer Vision techniques are utilizes for: Object detection, Lane detection, Traffic sign
recognition, Pedestrian detection etc.

b. Machine Learning concepts are used for: Classification, Prediction, Driver behavior analysis etc.

c. Deep Learning techniques such as: CNN, RNN, Transformers etc. are implemented for perception
building and data analysis for decision making.

d. Reinforcement Learning enables us to decide Optimal driving policies.

e. Fuzzy Logic provides capability for Decision making under uncertainty.

6. Introduction to Fuzzy Logic: Usually implemented classical Boolean logic allows only two values:
True & False. On the contrary, Fuzzy logic allows partial truth. For example:

Let’s have a situation of Temperature = 30°C

Boolean Logic will say: Hot = True, Cold = False

But Fuzzy Logic is capable of saying: Cold = 0.1, Warm = 0.6, Hot = 0.8. This means that one value can
simultaneously belong to multiple sets with different membership degrees.
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7. Components of a Fuzzy Logic System: Normally a fuzzy inference system consists of four modules.
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v
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DEFUZZIFICATION
Convert Aggregated Fuzzy Sets to Crisp Values

1
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v
[ OUTPUT ]

¢ ———

Output 1: Value + Output 2: Action

7.1 Fuzzification: This is a process of converting numerical inputs into fuzzy variables. Example:

Distance = 8 meters

l
Near = 0.8
Medium = 0.3
Far=0

7.2 Rule Base: In this stage Knowledge is stored as IF-THEN rules. Example:

IF Distance is Near

AND Speed is High

THEN Brake Hard
7.3 Inference Engine: The engine determines which rules should be activated.
The common methods are: Mamdani, Sugeno, Tsukamoto etc.
7.4 Defuzzification: It is a process of converting fuzzy output into a precise control signal. Common
methods include- Centroid, Mean of Maximum, Bisector etc.
8. Why Fuzzy Logic is Suitable for Autonomous Driving: For any vehicle, driving decisions are rarely
binary. Examples include: Slightly left, Moderately crowded, Fairly safe, Very close, Almost stopped etc.
The unique capability of the Fuzzy logic to naturally model these human-like concepts makes it a
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preferred choice for SDCs. It is capable of providing: Smooth steering, Comfortable braking, Human-like
acceleration, Better passenger comfort, Robust decision making

9. Fuzzy Logic Controller in Self-Driving Cars: Let’s consider obstacle avoidance. Here input
parameters are: Vehicle speed, Distance from obstacle, and Relative angle. And the output will be:
Steering angle and Braking force.

Example rule table:

Distance Speed Action

Near High Brake Hard
Near Low Brake Slowly
Medium High Reduce Speed
Far High Continue

Far Low Maintain Speed

Here comes the controller, which continuously evaluates these rules and produces smooth control actions.
10. Applications of Fuzzy Logic in Autonomous Vehicles

- 10.1 Adaptive Cruise Control: ACC helps in maintaining safe following distance by adjusting
speed according to traffic conditions. Adaptive Cruise Control (ACC) is an advanced driver assistance
system that automatically maintains a safe distance from the vehicle ahead by adjusting the speed of the
autonomous vehicle. Unlike traditional cruise control, which maintains a constant speed, ACC
continuously observes surrounding traffic using sensors.

Typical sensors include: Radar, LIDAR, Cameras, Ultrasonic sensors etc.

Since traffic conditions constantly change, fuzzy logic provides smooth acceleration and braking
decisions instead of abrupt control actions.

Inputs to the Fuzzy Controller: The fuzzy controller receives- Distance to the front vehicle, Relative
speed, Desired speed, Current vehicle speed etc.

These values are fuzzified into linguistic variables. For example: Distance- Very Close, Close, Medium,
Far, Very Far etc. And Relative Speed- Much Slower, Slower, Same, Faster, Much Faster etc.

Fuzzy Rules
Example rules include:

Rule 1 Rule 2 Rule 3
IF Distance is Very Close IF Distance is Medium IF Distance is Far
AND Relative Speed is AND Relative Speed is Same | AND Relative Speed is
Faster THEN Maintain Speed Slower
THEN Strong Brake THEN Accelerate
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Advantages includes: Smooth acceleration, Comfortable ride, Reduced fuel consumption, Less driver
intervention, Human-like driving behavior etc. The working process is displayed below with a block
diagram.

Radar / LiDAR

v

Distance & Relative Speed

Estimation

]

Fuzzification

(Convert Crisp Inputs into
Fuzzv Membership Values)

v

Rule Base
IF-THEN Fuzzy Rules

v

Inference Engine

Evaluate Rules & Aggregate
Fuzzv Output

\

Defuzzification

Convert Fuzzy Output into
Crisp Control Value

v
Throttle / Brake Control

Adjust Vehicle Speed Safely

10.2 Lane Keeping Assistance: Determines steering corrections based on lane position and heading
angle. Lane Keeping Assistance helps autonomous vehicles remain centered within the lane. The system
continuously monitors lane markings using cameras and calculates steering corrections. Since lane
boundaries may not always be clearly visible, fuzzy logic effectively manages uncertain information.

Inputs- The fuzzy controller uses: Lateral lane deviation, Heading angle, Vehicle speed etc.
Example fuzzy sets:

Lane Position: Left, Slight Left, Center, Slight Right, Right

Heading Angle: Large Left, Small Left, Straight, Small Right, Large Right

Output- Steering correction: Sharp Left, Left, Slight Left, Straight, Slight Right, Right, Sharp Right
Sample Rules:
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Rule 1 Rule 2 Rule 3
IF Vehicle is Left IF Vehicle is Slight Right IF \Vehicle is Center
AND Heading is Left AND Heading is Straight THEN Keep Steering
THEN Turn Right Strongly | THEN Turn Slight Left Straight

The working process is as follows:

Camera - Lane Detection - Position + Heading - Fuzzy Controller - Steering Motor

Advantages includes: Smooth steering, Reduced lane departure, Improved passenger comfort, Handles
imperfect lane markings etc.

10.3 Automatic Parking: Controls steering and speed in tight parking spaces using fuzzy rules.

Automatic parking enables a vehicle to park itself with minimal human intervention. Parking requires
simultaneous control of: Steering angle, Speed, Distance from obstacles. The environment often contains
uncertainty due to narrow parking spaces and moving objects, making fuzzy logic highly suitable.

Inputs are :Distance from front obstacle, Distance from rear obstacle, Distance from side obstacle,
Steering angle.

Outputs are: Steering command, Vehicle speed, Braking force.

Example Rules

Rule 1 Rule 2 Rule 3

IF Front Distance is Close IF Side Distance is Small IF Parking Position is

. ) . . Correct
AND Rear Distance is Far THEN Turn Steering Right

THEN Reverse Slowly THEN Stop Vehicle

The Parking flow is:

Sensors — Obstacle Distances — Fuzzy Controller — Steering + Speed — Vehicle Movement
Advantages includes: Accurate parking, Smooth movements, Reduced collision risk, Works in narrow
spaces.

10.4 Collision Avoidance: Estimates collision risk and selects appropriate braking intensity.

Collision avoidance systems monitor nearby vehicles, pedestrians, cyclists, and obstacles.

If collision risk increases, fuzzy logic determines the appropriate braking intensity. Unlike threshold-
based systems, fuzzy logic applies braking progressively according to the level of danger.

Inputs are: Distance to obstacle, Relative speed, Time to Collision (TTC), Road condition

Outputs are: Brake intensity, Steering correction, Warning level.

Sample Rules

Rule 1 Rule 2 Rule 3
IF Distance is Very Close IFTTC is Small IF Distance is Medium
AND Speed is High AND Road is Wet AND Speed is Low
THEN Emergency Brake THEN Strong Brake THEN Mild Brake

System diagram is given below:
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Camera/Radar/LiDAR - Obstacle Detection - Fuzzy Risk Assessment - Brake Controller

Benefits includes: Early collision prevention, Smooth braking, Reduced false alarms, Better passenger
comfort

10.5 Traffic Signal Decision: Adjusts speed based on traffic signal timing and congestion.

Autonomous vehicles must decide whether to stop, continue, or adjust speed when approaching
intersections. Traffic signals, congestion, and vehicle speed create uncertain situations that are ideal for
fuzzy reasoning.

Inputs are: Signal color, Distance to signal, Remaining green time, Traffic density, Vehicle speed etc.
Outputs are: Accelerate, Maintain speed, Decelerate, Stop

Example Rules:

® DeepScience

Rule 1 Rule 2 Rule 3
IF Green Time is Long IF Green Time is Short IF Signal is Red
AND Traffic is Light AND Distance is Large THEN Stop
THEN Accelerate THEN Slow Down

Decision process is as follows:
Traffic Camera - Signal Recognition - Traffic Density - Fuzzy Decision - Vehicle Speed Control
Advantages includes: Reduced fuel consumption, Less waiting time, Improved traffic flow, Comfortable
driving

10.6 Road Surface Assessment: Responds differently to dry, wet, icy, or uneven roads.

Road surface conditions significantly influence vehicle safety. Dry roads provide good traction, whereas
wet, icy, gravel, or uneven roads reduce tire grip and increase stopping distances. Fuzzy logic enables
autonomous vehicles to adapt their behavior based on uncertain road conditions rather than relying on
fixed thresholds.

Inputs are: Tire slip ratio, Wheel speed, Road friction coefficient, Rain sensor, Temperature,
Accelerometer, Camera-based road texture

Road Categories: Road condition may be classified as- Dry, Wet, Snow-covered, Icy, Gravel, Uneven
Outputs: The fuzzy controller adjusts - Maximum speed, Braking force, Steering sensitivity, Traction
control, Stability control

Sample Rules are:
Rule 1 IF Road is Dry

THEN Normal Speed

Rule 2 IF Road is Wet

THEN Reduce Speed Slightly
Rule 3 IF Road is Icy

THEN Strong Speed Reduction
AND Gentle Steering

Rule 4 IF Road is Uneven
THEN Moderate Speed
AND Soft Suspension Control
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System diagram look like:

Camera/Rain Sensor/Wheel Sensors/Temperature Sensor - Road Condition Estimation - Fuzzy
Controller - Speed + Brake + Steering.

Advantages includes: Improved vehicle stability, Better traction, Reduced skidding, Safer braking,
Enhanced passenger safety etc.

11. Hybrid Intelligent Systems: Modern autonomous vehicles rarely rely on a single Al technique.
Hybrid systems combine multiple methods.

® DeepScience

Technique Purpose

CNN Obiject detection
Deep Learning Scene understanding
SLAM Localization
Kalman Filter Sensor fusion

Fuzzy Logic Decision making
Reinforcement Learning Policy optimization

A hybrid approach leverages the strengths of each technique to improve overall performance.
12. Case Study: Fuzzy Logic-Based Lane Keeping
Problem: Keep the vehicle centered in its lane.
Inputs: Lateral deviation from lane center, Heading angle error
Output: Steering angle
Sample Rules:
1. IF deviation is Left AND angle is Left THEN steer Right Strongly.

2. IF deviation is Left AND angle is Straight THEN steer Right Moderately.
3. IF deviation is Center THEN keep Steering Straight.
4. IF deviation is Right AND angle is Right THEN steer Left Strongly.

This controller continuously makes smooth steering adjustments, reducing oscillations and improving
passenger comfort.
13. Advantages of Fuzzy Logic

- Handles uncertainty effectively.

- Mimics human reasoning.

- Does not require an exact mathematical model.

- Robust to noisy sensor data.

- Produces smooth control actions.

- Easy to interpret and modify through rule bases.

- Integrates well with neural networks and optimization algorithms.

14. Limitations
- Designing an effective rule base can be time-consuming.
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- Performance depends on expert knowledge.

- Scaling to many input variables increases complexity (rule explosion).

- Membership functions may require tuning.

- Pure fuzzy systems do not learn automatically unless combined with learning algorithms.

15. Future Research Directions: Research is moving toward adaptive and intelligent fuzzy systems
capable of learning from experience. Promising directions include:

a.

Adaptive Neuro-Fuzzy Inference Systems (ANFIS): Combining neural networks with fuzzy
inference to automatically tune membership functions.

b. Type-2 Fuzzy Logic: Better handling of higher levels of uncertainty in dynamic driving
environments.

c. Explainable Al (XAl): Using fuzzy rules to make autonomous driving decisions more
transparent and interpretable.

d. Vehicle-to-Everything (V2X) Communication: Integrating fuzzy decision-making with
connected vehicle networks for cooperative driving.

e. Edge Al and Real-Time Computing: Deploying lightweight fuzzy controllers on embedded
automotive hardware.

. Autonomous Driving in Adverse Conditions: Improving performance in rain, fog, snow, and
low-visibility scenarios.

g. Multi-Agent Fuzzy Systems: Coordinating decisions among multiple autonomous vehicles to
improve traffic flow and safety.

16. Summary

Self-driving cars integrate sensing, perception, localization, planning, and control to enable autonomous
navigation. Because real-world driving involves uncertainty and imprecise information, fuzzy logic offers
an effective framework for human-like reasoning and decision-making. Fuzzy controllers are widely
applied in adaptive cruise control, lane keeping, collision avoidance, parking, and speed regulation.
While fuzzy logic has limitations, its integration with machine learning, deep learning, and advanced
sensor technologies continues to enhance the intelligence, safety, and reliability of autonomous vehicles.
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