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Abstract 

Fuzzy logic is a form of many valued logic in which the truth values of variables may be any real number between 0 and 1. By 

contrast, in Boolean logic, the truth values of variables may only be the integer values 0 or 1. Fuzzy logic has been employed to 

handle the concept of partial truth, where the truth value may range between completely true and completely false. The purpose of 

this review paper is to address the application of fuzzy logic to both address common challenges and incorporate human procedural 

knowledge into the vehicle control algorithms. Fuzzy logic is a powerful way to put engineering expertise into products in a short 

amount of time. It’s highly beneficial in automotive engineering, where many system designs involve the experience of design 

engineers as well as test drivers. Classical logic only permits conclusions which are either true or false. However, there are also 

propositions with variable answers, such as one might find when asking a group of people to identify a color. In such instances, 

the truth appears as the result of reasoning from inexact or partial knowledge in which the sampled answers are mapped on a 

spectrum.       
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

Since the fuzzy system output is a consensus of all of the inputs and all of the rules, fuzzy logic systems can be well behaved when 

input values are not available or are not trustworthy. Weightings can be optionally added to each rule in the rule base and weightings 

can be used to regulate the degree to which a rule affects the output values. These rule weightings can be based upon the priority, 

reliability or consistency of each rule. These rule weightings may be static or can be changed dynamically, even based upon the 

output from other rules. 

The general method for execution of a fuzzy logic in an application is as follows: 

1) Fuzzify all input values into fuzzy membership functions. 

2) Execute all applicable rules in the rule base to compute the fuzzy output functions. 

3) De-fuzzify the fuzzy output functions to get "crisp" output values. 

Fuzzy logic function of Zadeh takes the value of one of its arguments or a negation of an argument. Thus, a fuzzy logic function 

can be given by a choice table where all the variants of ordering of arguments and their negations are listed.  

A fuzzy logic function represents a disjunction of constituents of minimum, where a constituent of minimum is a conjunction 

of variables of the current area greater than or equal to the function value in this area (to the right of the function value in the 

inequality, including the function value). Fuzzy Logic requires some numerical parameters in order to operate such as what is 

considered significant error and significant rate-of-change-of-error, but exact values of these numbers are usually not critical unless 

very responsive performance is required in which case empirical tuning would determine them.  

Fuzzy inference systems rely on membership functions to explain to the computer how to calculate the correct value between 0 

and 1. The degree to which any fuzzy statement is true is denoted by a value between 0 and 1. 
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II. FUZZY SETS 

Fuzzy logic starts with and builds on a set of user-supplied human language rules. The fuzzy systems convert these rules to their 

mathematical equivalents. This simplifies the job of the system designer and the computer, and results in much more accurate 

representations of the way systems behave in the real world. You can create a fuzzy system to match any set of input-output data. 

The Fuzzy Logic Toolbox makes this particularly easy by supplying adaptive techniques such as adaptive neuro-fuzzy inference 

systems (ANFIS) and fuzzy subtractive clustering. 

Fuzzy logic models, called fuzzy inference systems, consist of a number of conditional "if-then" rules. This natural phenomenon 

can be described more accurately by Fuzzy Set Theory.  

 Fuzzy Logic in Automotive Industry 

The first case study of a fuzzy logic anti-lock braking system (ABS) shows how fuzzy logic and conventional design techniques 

can complement each other. Fuzzy logic is used to optimize the existing ABS system to achieve a better performance in all braking 

conditions. An estimation system for the road surface state has been built that parameterizes the conventional ABS. Road tests 

show that the fuzzy logic estimator is able to improve the performance of the conventional ABS, especially on dry surfaces. 

The advantages of the fuzzy logic system are that multiple types of input such as that from vision and sonar sensors as well as 

stored map information can be used to guide the robot. Sensor fusion can be accomplished between real time sensed information 

and stored information in a manner similar to a human decision maker. 

The final case study shows the Design and Implementation of Fuzzy Logic Controller for Online Computer Controlled Steering 

System for Navigation of a Teleoperated Agricultural Vehicle. 

 ABS with Fuzzy Logic 

Mathematical models for a car’s braking system exist, but the interaction of the braking system with the road is far too complex to 

model adequately. Hence, today’s ABS contains the engineering experience of years of testing in different roads and climates. 

Because fuzzy logic is an efficient way to put engineering knowledge into a technical solution, it’s no surprise that many ABS 

applications are already on the market. Currently, Nissan and Mitsubishi ship cars with fuzzy ABS. ABS also benefits from fuzzy 

logic’s high computational efficiency.  

 Braking Basics 

There are different ways in which fuzzy logic is used in ABS design. The implementation of Nippondenso that is presented exhibits 

an intelligent combination of conventional techniques with fuzzy logic. If a wheel rotates exactly as fast as it corresponds to the 

speed of the car, the wheel has no braking effect at all. If the wheel doesn’t rotate at all, it is blocked. The blocking situation has 

two disadvantages. First, a car with blocking wheels is hard to steer. Second, the brake effect is not optimal. Brake effect is between 

these two extremes.  

If a driver can estimate the road surface from the car’s reaction, fuzzy logic can implement the same ideas into the ABS. 

Nippondenso did exactly this. When the ABS first detects the wheel blocking, it starts to control the brake-fluid valves so each 

wheel rotates with a slack of 0.1.  

 Design and Implementation 

The objective for this controller was autonomous guidance of the car in the track at slow speed, where no skidding and sliding yet 

occurs. 

III. FUZZY LOGIC CONTROLLER FOR AUTOMATED GUIDED VEHICLE SYSTEM 

Automated Guided Vehicle (AGV) is an intelligent machine that has ‘intelligence’ to determine its motion status according to the 

environment conditions. For an AGV to operate it must sense its environment, be able to plan its operations and then act based on 

this plan. This type of system must be placed in a known space from which it can determine its orientation via the use of markers. 

The model of the AGV itself may be easy to establish, however, the environmental model is difficult to obtain. The running 

environment could be varied, such as the path orientation, road flatness, obstacle position, road surface friction, etc. In the last 

years, fuzzy logic has been applied mobile robot and autonomous vehicle control significantly. The road direction may be changing 

while the width of the road remains stable. There will be obstacles blocking the road. Currently three approaches to mobile robot 

navigation are generally discussed: model-based approaches, sensor-based approaches, and hybrid approaches. Model-based 

approaches need an accurate description of the environment to generate an obstacle free path. Techniques for model-based path 

generation include road mapping cell decomposition, and potential fields. All of these methods can generate a path from an initial 

point to the end point using a model of the environment. The main advantage of sensor-based approaches is that the robot can 

travel safely in a changing environment, since it can react immediately to avoid obstacles detected by sensors. The major 

disadvantage of sensor-based approaches is that the robot may travel without a goal, even if the path to such a goal exists, such as 

when it loses its track. It first generates a path via a model-based planner, and then the path is integrated into the sensor-based 
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controller to navigate the robot. In this way, the robot navigates along the path while avoiding obstacles unknown to the model. 

This approach is thus able to achieve the optimality of model-based approaches and the reactivity of sensor-based approaches. This 

paper brings together much of the key research work on the overall controls of sensors and planning which was inspired during 

the AGV development. The paper focuses on the development of fuzzy control logic that improves the AGV’s performance. 

IV. SYSTEMS DEVELOPMENT 

The main components of the robot include: the central CPU, Iscan and two CCD cameras as vision sensor, Plariod ultrasonic sonar, 

two 12V batteries as motor power source, GALIL digital controller and two DC motors. Relationships among component are 

illustrated in Figure. 

 
Fig. 1: Block Diagram of Functional Components of Bearcat 

 Fuzzy Logic Development of Bearcat II 

There are generally two approaches in AGV fuzzy logic control: (1) Using dead reckoning and navigation sensors to track pre-

defined path. (2) Tracking natural landmark features in the environment using external sensors. The first tracking strategy needs 

precise information of the travel map as well as an accurate vehicle position status. The controller plans the next vehicle motion 

based on the current position and its physical constrains. In the second tracking strategy, the controller gets information directly 

from external sensors. Sensors are usually used to track features of the environment and provide information directly into the 

controller. The controller could then use various control methods to control the vehicle reaction. In this paper, we consider only 

the second tracking strategy since the Bearcat II often runs in different environment and no position strategy has been built into its 

control. During its operation, Bearcat II would take care of two things: 1.It’s status on the road, i.e. distance to the border of the 

road and the angle of its body to the orientation of the road. The distance from the nearest obstacle, and the obstacle’s angle relative 

to the vehicle body. The vehicle tries to keep its position in the middle of the road by keeping its body parallel to the borderline 

and within a certain distance. In this design, we assumed the right camera could always capture the white border line. The result 

may be a set of feasible angle range before defuzzification, called the desired direction. In this way, the vehicle could run along 

the track and at the same time, keep its position in the center of the road. 
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Fig. 2: Fuzzy Controller Functional Blocks 

 

However, there are obstacles embushed along the track. They are generally put along one border of the road. The sonar detection 

range is from 0 meter to 6 meters. When obstacles are found, its position and distance are reported to the fuzzy controller. These 

data are fuzzified and then the controller applies obstacle avoidance fuzzy rules.  

 Fuzzy Logic Controller for Online Computer Controlled Steering System for Navigation of a Teleoperated Agricultural 

Vehicle 

The diminishing number of agricultural wages in India is a momentous issue for Indian agriculture. Robot tractors have been 

introduced to replace human labors for field work and for improving work efficiency. However, robot tractor needs safety devices 

to ensure safe operation when it is not operated by a human. Therefore, the safety issue is an important research topic for agricultural 

robots when utilized on a farm. Autonomous navigation and vehicle guidance, a global positioning system (GPS), a gyroscope, 

machine vision, and other sensors have been used in most of those studies. There are two vital issues to be resolved for developing 

a safety device for a teleoperated agricultural vehicle; one is to detect an obstacle surrounding the vehicle and the other one is to 

determine the location of the obstacle. The performance of various sensors for detecting obstacles has been investigated in recent 

studies to improve the safety of an autonomous vehicle or assist human driving. Noguchi et al. have introduced a master-slave 

robot system in which a wireless local area network was utilized to broadcast the GPS position of a slave robot to a master robot, 

so that the master and slave robots could work together without collision of two robot tractors but could not detect other objects 

except the robot. In order to identify general obstacles, radar and stereo vision were used in some studies for automobiles.  

V.  ARCHITECTURE OF THE PROPOSED SYSTEM  

The obstacles around the vehicle are detected using IR sensors. The seed box open and close operation is controlled by solenoid 

valve during sowing operation. Stepper motor is used to control the up and down movement of ploughing tool. The depth of 

ploughing can also be controlled by this stepper motor by varying its step angle. 

The steer angles of the non-driven wheels are controlled by two DC motors connected with the rear driven wheels of the vehicle. 

Based on the desired steering angle values, the desired speed values of the DC motors are calculated by using the developed 

algorithm. The speeds of the DC motors are controlled to the desired value by the designed fuzzy logic controller. 

The length and width of the agricultural land are measured. The time taken by the vehicle to travel a particular length is determined. 

Based on this determined time value and the length of the land, the time taken by the vehicle to reach one end of the land to the 

other end is calculated. The timer value is set to this calculated time value to navigate the vehicle in forward direction. For this 

calculated time period, the vehicle moves in forward direction, subsequently turns left, and moves in forward direction for the 

same period and then it turns right and moves forward.  

 Fuzzy Logic Controller 

General proportional integral (PI) and proportional integral derivative (PID) controllers are extensively used for motor control 

applications. But they do not give satisfactory results when control parameters, loading conditions, and the motor itself are changed. 

But fuzzy logic controller can be designed without the exact model of the system. This approach of fuzzy logic controller (FLC) 

design guarantees the stable operation even if there is a change in the parameters and the motor. 
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Fuzzy logic control is derived from fuzzy set theory introduced by Zadeh in 1965. In fuzzy set theory, the transition between 

membership and non-membership can be gradual. Therefore, boundaries of fuzzy sets can be vague and ambiguous, making it 

useful for approximate systems. Fuzzy logic controller (FLC) is an attractive choice when precise mathematical formulations are 

not possible. 

The designed fuzzy logic controller has two inputs and one output. The inputs are error value and change in error and the output 

is duty cycle. The seven linguistic variables used for “error” and “change in error” are NVB (negative very big), NB (negative 

big), NM (negative medium), NS (negative small), Z (zero), PS (positive small), PM (positive medium), PB (positive big), and 

PVB (positive very big). The duty cycle output uses seven linguistic variables like NVB (negative very big), negative big (NB), 

negative medium (NM), negative small (NS), zero (Z), positive small (PS), positive medium (PM), PB (positive big), and PVB 

(positive very big). The rule table for the designed fuzzy logic controller is given in Table below. From the rule table, the rules are 

manipulated as follows. 

VI. CONCLUSION 

Implementation of the fuzzy ABS leads to excellent results of braking behavior of the test vehicle. The deceleration level and steer 

ability is comparable to commercially available systems. Thus the ABS with FUZZY logic will help the driver to steer while 

braking heavily and could prove to be lifesaving. The paper describes component functions of the robot and developed a fuzzy 

logic based on two behaviors. Two fuzzy logic approaches in mobile robot control have been discussed and one is used. The 

developed fuzzy logic let the mobile robot have the ability to follow the track and avoid obstacles. The paper also applied an 

efficient command fusion technology, which helps the fuzzy controller to generate crisp command that carries information from 

both behavior requirements. Further works needs to be done. One can add neural networks into the fuzzy membership function 

approximation, path tracking approach may also be developed. Also in this paper, a teleoperated agricultural vehicle capable of 

performing ploughing, sowing, and soil moisture sensing was successfully developed.   
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