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Abstract:  Robot navigation method is to drive a robot in 
the unknown environment to a designate position, the target, 
without collision. In this, we propose a robot navigation 
approach for dynamic environment with static and moving 
obstacles. The navigation method consists of static navigation 
method and dynamic path planning. The static navigation 
drives the robot to avoid the static obstacles by using fuzzy 
logic controller, which contains four input and two output 
variables. If the robot detects moving obstacles, the robot can 
recognize the velocity and moving direction of each obstacle 
and generate the corresponding Trajectory Prediction Table to 
predict the obstacles future trajectory. If the table reveals that 
the robot will collide with an obstacle, the dynamic path 
planning will find a new path to avoid the obstacle by waiting 
strategy or detouring strategy. 
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1. INTRODUCTION 
 
A robot is a programmable machine, able to extract 
information from its surrounding using different kinds of 
sensors or web camera to plan and execute collision free 
path by avoiding the obstacle in front of robot within its 
environment without human intervention. Navigation is a 
crucial issue for robots. A navigation system can be divided 
into two layers: High level global planning and Low-level 
reactive/local control. In high-level planning, a prior 
knowledge of environment is available and the robot 
workspace is completely or partially known. Using the world 
model, the global planner can determine the robot motion 
direction and generates shortest paths towards the target in 
the presence of complex obstacles. However, since it is not 
capable of changing the motion direction in presence of 
unforeseen or moving obstacles, it fails to reach target or it 
may collide with the obstacle which came in their path. In 
contrast, in low-level local path planning, the robot work 
space is unknown and dynamic (presence of moving 
obstacle). It generates control commands based on coding 
given to the microcontroller, in which the robot uses current 
sensory information to take appropriate actions without 
planning process. Thus, it has a quick response in reacting to 
unforeseen obstacles and uncertainties with changing the 
motion direction [3].6 
 
Several Artificial intelligence techniques such as 
reinforcement learning, neural networks, fuzzy logic and 

genetic algorithms, can be applied for the reactive/local  
navigation of mobile robots to improve their performance. 
Amongst the techniques ability of fuzzy logic to represent 
linguistic terms and reliable decision making in spite of 
uncertainty and imprecise information makes it a useful 
method in control systems[4]. 
 
Fuzzy control systems are rule-based or knowledge-based 
systems containing a collection of fuzzy IF-THEN rules based 
on the domain knowledge or human experts[6]. The 
simplicity of fuzzy rule-based systems, capability to perform 
a wide variety tasks without explicit computations and 
measurements make it extensively popular among the 
scientists and researcher.  

 
2. SYSTEM DESCRIPTION 
 
2.1 Design of a Fuzzy Controller 
 
The schematic diagram of the fuzzy controller is shown in 
Fig-1. The fuzzy controller design steps include: 1) 
Initialization, 2) Fuzzification, 3) Inference and 4) 
Defuzzification. 

 

 
                                          
 

Fig-1: The fuzzy controller structure 

First step is identifying the linguistic input and output 
variables and definition of fuzzy sets (Initialization). 
Fuzzification or fuzzy classification is the process of 
converting a set of crisp data into a set of fuzzy variables 
using the membership functions (fuzzy sets). A rule base is 
obtained by a set of IF-THEN rules and inference evaluates 
the rules and combines the result of the rules. Objective of 
this part is to transform the subsets of the outputs which are 
calculated by the inference engine. The final step is 
Defuzzification which is the process of converting fuzzy 
rules into a crisp output[5].  
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INPUT 
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3. HARDWARE DESCRIPTION 
 

3.1 Block Diagram of Path Navigation System 

 
 

 
 

Fig-2: Block diagram of path  
navigation system 

 
Path navigation system requires following hardware as 
shown in Fig-2 which gives an overview of 
interconnection among various components. 

 Atmega 16A PU 
 L293D Motor driver IC 
 DC motor 
 Infrared sensor 

 
The experimental prototype, shown in Fig-2, is a rectangular 
shaped differentially steered robot. One infrared sensor is 
provided which is input to the microcontroller. A 
microcontroller board incorporating Atmega16A PU 
microcontrollers is designed to run fuzzy controllers. The 
infrared sensors present at the front of the robot constantly 
monitor the nearby environment for obstacles, the obstacles 
are assumed to be real-life obstacles, i.e not belonging to any 
particular shape or known structure. The sensors, after 
suitable calibration, provide analog voltage output 
proportional to the distance between a sensor and an 
obstacle. This analog voltage value is fed to the ADC of the 
Atmega16, which samples it and converts it into digital form, 
to be used for further processing. 
 
The fuzzy rule base, has been burnt in the microcontroller, 
after coding. The VERY CLOSE, CLOSE and FAR distances for 
obstacles are considered as 3 digital threshold values in the 
digital domain for programming purposes. After, the 
processing is done by the microcontroller for the given 
code’s logic, the required output pins are activated (PORT 
B), which are connected to the motor driver circuit L293D. 
To drive the dc motors from microcontroller, a motor 
interface board is designed using L298D integrated circuit 
chips. 
 
The motor driver circuit makes the wheels of the robot go 
forward or backward based upon the polarities of voltages 
at its 4 outputs. Two dc motors independently control two 
wheels on a common axis. Two caster wheels are provided 
for support. 
 
Then, the rear wheels are fitted in the grooves and the 
castor wheel is fitted at the front as an alternative to fitting 
two more front wheels. Then, the DC motors are fitted to the 
rear axles[7]. These motors are specially designed motors 
that provide high torque to the wheels. Sensor modules are 
then fitted at the front, of the robot. Then drilling and cutting 

operations are carried out to fix various components into 
the chassis. Sensors are checked for correct working by 
waving one’s hand in front of them. The detection of an 
obstacle by the sensor is confirmed by the glow of a LED. 
Then, the sensors are calibrated by setting the range of 
detection of all sensors equal. This can be done by tuning the 
potentiometer knob present on the sensor. This is important 
to ensure that all sensors detect the presence of an obstacle 
from the same distance, which is of utmost importance while 
taking turns and especially sharp turns. The motor driver 
module should also be checked by giving power supply and 
checking the voltage at its output pins by a multi-meter. It 
should also be checked and ensured that the wheels are 
moving parallel. The sensors are suitably calibrated to 
provide analog voltages proportional to the distance 
between sensor and obstacle. The alignment of the IR sensor 
LEDs should be made pointing outwards from their location 
on the robot’s body and all the sensors should be checked 
properly for this[8]. This will ensure seamless acquisition of 
input obstacle distances from the environment by both 
sensors present on each of the three sides of the robot. 
 
3.2 Operation of The Robot 
 
General program for the robot operation is created for robot 
rules. At first step the program read all sensors value that 
attached to the robot. Then the distance value of obstacle 
sensor is calculated. The program receives ranging data from 
the sensors then uses this to conduct the fuzzy logic 
operations[6]. Robot then will make the turns left, then right, 
then right and returns to original path to avoid the obstacle 
depend on the output of the fuzzy logic program. When the 
turning process is complete, the sensor detects or read again 
for the next input. If there is obstacle again, the avoiding 
process still running until there is no obstacle[1]. 
 
If  no obstacle is detected, the robot will move forward in fast 
condition. After each movement, then the sensor is read 
again to continue the next movement process. From the 
sensor reading, the mathematical rule is applied to find the 
obstacle distance and obstacle difference value. 
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3.3 Circuit Diagram 

 
Fig-3: Circuit diagram of path navigation system 

 
Fig-3 shows a circuit diagram for fuzzy logic based path 
navigation for robot. In this path navigation robot, we have 
used an infrared sensor for detecting obstacle in front of the 
robot and a comparator IC for comparing voltages. 
Comparator configured in non-inverting mode and 10K 
potentiometer is connected at its inverting terminal for 
adjusting reference voltage and infrared receiver’s is directly 
connected to non-inverting pins of comparator. One red LED 
is connected at output of in the sensor board, when this led 
blinks then it means our sensor is working, then signal goes 
to microcontroller IC Atmega16A PU which is programmed 
and gives the output to the motor driver IC l293d having 

basic function to increase the voltage and current required 
to operate the dc motor. Then L293D motor IC rotates the 
motor as per the programming of microcontroller IC. Thus 
the motor driver IC is responsible for the wheels movement 
i.e forward, left, right[1][2]. 

 
5. RESULT AND DISCUSSION 
 
5.1 FUZZY SETS OF THE INPUT AND OUTPUT 
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                Fig-4: Fuzzy Set Definition for Input Variable 

Sensor Right 
 
There are three inputs to the fuzzy logic system and one 
output. The inputs are basically the sensor right (Fig-4), the 
sensor straight (Fig-5), and sensor left (Fig-6). Output is 
direction ( Fig-7). This particular set of sets are equally 
spaced on the input range of  0 to 10. The vertical axis of this 
graph is degree of membership that goes from 0 to 1. 
 
According to input, robot changes its direction. 
If (SR is far) and (SS is far) and (SL is far) then (Direction is 
Straight)  
If (SR is far) and (SS is far) and (SL is close) then (Direction is 
Soft Right)  
If (SR is far) and (SS is far) and (SL is veryclose) then 
(Direction is Hard Right)  
If (SR is far) and (SS is close) and (SL is far) then (Direction is 
Soft Right)  
If (SR is far) and (SS is close) and (SL is close) then 
(Direction is Soft Right)  
If (SR is far) and (SS is close) and (SL is veryclose) then 
(Direction is Hard Right)  
If (SR is close) and (SS is far) and (SL is far) then (Direction is 
Soft Left)  
If (SR is close) and (SS is close) and (SL is far) then 
(Direction is Soft Left)  
If (SR is veryclose) and (SS is far) and (SL is far) then 
(Direction is Hard Left)  
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Fig-5: Fuzzy set definition for input variable sensor 
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Fig-6: Fuzzy Set Definition for Input Variable Sensor Left 
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Fig-7: Fuzzy Set Definition for Output Variable Direction 

 
 
 
 
 
 
 
 

5.2 Simulation Results 
 

 
 

Fig-8: Robot simulator environment  

 
Path tracking controller is tested with various initial and 
final positions of robot in indoor environments. The 
controller first orients the robot perpendicular to the 
desired path and then minimizes the distance to track the 
path. Several navigation experiments were conducted in an 
arena with yellow obstacles (sensed by sensor) and a red 
box representing the target that the robot has to reach as 
shown in Fig-8. Fig-9 shows the steps taken by the robot to 
follow the straight line trajectory.  

 

 
(a) 

 

  
(b) 
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(c) 

 

 
(d) 

Fig-9: Robot moving towards target 
 
In this section, the mobile robots have to navigate in 
environment with obstacles. Fig-9 shows the step by step  
behaviour of robot that the proposed algorithm avoids the 
obstacle[2]. We notice that if the infrared range sensors 
detect an obstacle, the robot is forced to make an adequate 
turn to avoid collision with the object. 
 
The navigation is a process of locating position from where 
the robot will search the moving path. If we are considering 
the movement of robot in the given environment. According 
to the environment given we have to set up the image 
representation. Let select the image where you need to 
move that robot. 
 
After selecting the environment in the let select the start 
point by double clicking on that specified point. Also select 
the end point by double clicking on that specified point. Now 
the program will find the shortest path and it will show the 
model image containing the path direction[1].  
 
For the navigation process we need programming on fuzzy 
controller. Controlling the direction is basic task. It will 
initialize the fuzzy controller for operating the direction of 
robot[1]. After initializing the fuzzy controller navigation 
process will start. It will show the exact moving path of the 
robot. The visualization will also show the direction one by 
one. Say, if the robot is moving to the left direction it will 

show left. Also same for straight and right direction. After 
completion it will show the simulation process will end. 

 

 
6.1 Conclusions 
 
Review of different works showed that Fuzzy Logic control 
is one of the most successful techniques in the design and 
coordination of behaviors for mobile robots navigation. In 
this chapter first we performed a study to describe how the 
fuzzy logic can be applied to design individual behaviors 
simply and solve complex tasks by the combination of the 
elementary behaviors[9]. The Fuzzy control addressed a 
useful mechanism to design various behaviors by the use of 
linguistic rules. It also provided a robust methodology for 
combination and arbitration of behaviors. Then, two fuzzy 
controllers designed to demonstrate influence and 
robustness of the fuzzy control in a navigation system. The 
obtained results proved the successful operation and 
effectiveness of the fuzzy control in generating smooth 
motion, reducing navigation time and increasing the robot 
safety[10]. Overall, advantages of fuzzy control in the design 
of a navigation system are: i) Capability of handling 
uncertain and imprecise information, ii) Real time operation, 
iii) Easy combination and coordination of various behaviors, 
iv) Ability of developing perception-action based strategies, 
and v) Easy implementation.  
 
6.2 Future Scope 
 
The work done in project highlights the importance of 
behavioural based model of robot navigation as important 
pathways for the future of autonomous robotics. The work 
implemented in this project of making an obstacle avoidance 
robot would not have been possible with traditional method. 
Thus in the day to come, we will see more and more 
application of fuzzy models of robot controllers which are 
less dependent on sensor quality, can deal with noisy data, 
are open to newer features addition, are robust in nature 
and more importantly have been found to take the correct 
decision in maximum cases when put to test as compared to 
traditional, highly constrained robot. This work is extending 
to multiple robots instead of single robot. 
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