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ABSTRACT 
Robotics is heading its way to innovation integration modifying 

its definition to a field that studies the creation of robots that do 

jobs that are hazardous to people such as defusing bombs, mines 

and exploring shipwrecks. Collision Free Robot operates using 

external sensors like sonar sensors which aids the robot in 

avoiding obstacles ahead of it using controlling element in the 

form of microcontrollers as well as its embedded code. The 

approach in its embedded code is the so called fuzzy logic 

which helps the robot creates more efficient decisions regarding 

its target seeking capability. However, the more complex the 

fuzzy logic is, the more powerful controller is needed to 

implement it. One good approach for this is to use large 

computers like personal computers that have more powerful 

Random Access Memory (RAM) than that of the 

microcontrollers. But the problem is how personal computers 

could be integrated to mobile robots, like collision free robots. 

Prevalent nowadays are the wireless devices that provide 

services wherein two devices can communicate with each other. 

One of these is the Zigbee protocol technology that is capable of 

transmitting and receiving files between devices. This gives 

solution to the problem. The physical component of the robot 

performs the operations of the sensors and actuators while the 

computer does the decision making and returns useful 

information to the robot. This concept is integrated to 

implement this project. 
 

Keywords: Collision Avoidance; Fuzzy Logic; 

Microcontrollers; Object-Oriented Programming; 

Robotics; Zigbee. 

1. INTRODUCTION 

Prevalent nowadays is the exploration and navigation of 

places that are hazardous to human. To aid the humans in 

doing these, the use of mobile robots like obstacle 

avoidance robots are very popular all over the world. In 

the study of Mamaril in 2014[1], trajectory following an 

obstacle avoidance behaviors were in integrated. But, for 

a larger scale, it is not enough to use the same controller 

for the actuation and the sensing of obstacles because of 

the complex computation needed by the decision making 

algorithm. Thus, the use of wireless technology is 

necessary to separate the actuation and the sensing of 

obstacles [6].On the study Collision-Free and Wireless 

Trans-Processing for Wi-T Robot using Fuzzy Logic 

Approach [2], the use of XCode has been used to connect 

an agent to a desktop through Bluetooth devices. 

However, XCode only operates on a Mac OS. 

So the objective of this study is to apply fuzzy logic and 

XBee trans-processing for collision-free mobile robot 

with the use of XBee modules as a mode of transmission 

of data between the robot and the device that will process 

the data from the environment. Specifically, this design 

project intends to: 
 

 Analyze the specifications of the mobile robot. 

 To design and develop a Fuzzy Controller using 

XBee for transmission.  

 To design and develop the environment of 

mobile robot.  

 Test and establish the fuzzy rules if it has met 

the desired output 

 Evaluate the over-all performance of the mobile 

robot according to the hardware, software and 

communication specifications. 
 

This study intends to test the fuzzy logic in a mobile robot 

connected to a processing component by XBee modules. 

This is helpful in the on-going study of exploration and 

navigation of places that are harmful to human beings. 

Since the agent is connected to a PC using a wireless 

medium, monitoring and surveillance of the perceived 

environment can be made possible.  

For the scope and limitation of this study, it focuses on 

planning, designing and developing a mobile robot that 

uses a fuzzy controller in its decision-making process in 

order to avoid an obstacle in a given environment. Its 
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fuzzy system uses trapezoidal membership function. It is 

capable of sending data to a remote processing 

component through XBee communication. 

The whole study is limited only to a structured and static 

environment with a dimension of 4x2 m and 150cm-range 

for the ultrasonic sensor sensing capability. The robot is 

only capable of sending data in 10-to-20-meter distance 

from the processing component. 

The conceptual framework of this study as shown in 

Figure 1, presents three major parts: the Environment, the 

Agent and the PC (Processing Component). 

 

 

Fig. 1. Conceptual Framework of the Mobile Robot System 

 

Generally, the flow of the system starts with the sensing 

mechanism of the agent using its sensor from the given 

static environment. The agent transmits the data through 

its transceiver to the PC. The computation of data 

received by the transceiver of the PC is done using the 

Fuzzy Logic approach and gives back the corresponding 

result in a form of instruction to the agent’s transceiver. 

The actuators will act based on the given instructions 

through the wheels of the agent in the environment. 

 

 

Fig. 2. Schematic Diagram 

 

 

Fig. 3. Dimension of the Environment 
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To implement this study, terms in fuzzy logic serves as a 

technical background in understanding its concept. Fuzzy 

logic is the approach used in the decision making process 

[7]. It uses the idea of partial truth. Fuzzy rules on the 

other hand are rules set using a series of if-then 

statements. Weighted average is used to get the value for 

the motor. Fuzzy sets are sets whose elements have 

degrees of membership [8].Membership function (MF) is 

a curve that defines how each point in the input space is 

mapped to a membership value (or degree of membership) 

between 0 and 1. 

The researchers reviewed different obstacle detecting 

robot mechanisms that has been built by a lot of students 

and other practitioners that are in existence. For an 

autonomous mobile robot performing a navigation-based 

task in a fuzzy environment, to detect and to avoid 

encountered obstacles is an important issue and a key 

function for the robot body safety as well as for the task 

continuity. Obstacle detection and avoidance in a real 

world environment - that appears so easy to humans is a 

rather difficult task for autonomous mobile robots and is 

still a well-researched topic in robotics [4]. In many 

previous works, a wide range of sensors [5] and various 

methods for detecting and avoiding obstacles for mobile 

robot purpose have been proposed. Some of these studies 

are as follows:  
 

 Robotic Hand Using Arduino [3] 

 Fuzzy-Neuro Trajectory Following and 

Collision-Free Detection for NDUMobileBot [1] 

 Collision-Free and Wireless Trans-Processing 

for Wi-T Robot using Fuzzy Logic Approach [2] 

2. METHODS 

2.1 Research Design 

This study employs the experimental research design 

because it can determine causality. It involves analysis 

and training, and conducts pre-test and posttest, 

intervention, presence of experimental and control 

groups, randomization and control of extraneous 

variables. With experimental research design, the 

researchers can manipulate the variable to arrive at 

conclusions or else to come across findings. Since the 

validity of the research findings are often questioned as 

human behavior changes when they are aware of being 

observed, this can affect the research findings and 

produce incorrect conclusions. 

This study was developed using the Software 

Development Life Cycle (SDLC) inspired incremental 

model. It was developed separately from one module to 

another and then integrates all the modules at the end to 

complete the project.  It has four modules, the 

Input/Output, the Graphical User Interface, the Fuzzy 

Controller and the Communication. 

2.2 Research Procedure 

2.2.1 Developing the Input and Output Module 

2.2.1.1 Assembling the I/O of the Mobile Robot 

The specifications were established to develop the input 

and output modules. In the design process, the battery 

specification was determined. In this study, the four-pack 

AA batteries (6 Volts) specifications were justified to 

provide power supply to the DC servo motors. Further, a 

power bank of rating 2600 mAh is used to supply the 

Arduino.  

When the power sources are in place, the servo motors 

were mounted under the chassis, one on the right side and 

another on the left and secure them with knots, bolts, and 

angle bars. After placing the servo motors, wheels were 

attached to the rotating blade of the servo motors.  

In developing a mobile robot, it must be considered how 

external connections like wires be placed in the design. 

Since the design includes two servo motors, the source 

pins and ground pins of both were connected in parallel. 

The control pins of the servo motors were divided into 

two separate connections to the controller, one for the left 

and another for the right. The source and ground pins of 

the servo motors were connected to the battery. 

Since the microcontroller controls the inputs and outputs, 

the Arduino was placed strategically at the center of the 

design. A breadboard placed on top-center of the robot 

was used to established fix connections of the Arduino. 

The control pins of the servo motors were attached to the 

pins of Arduino.  

Most of the commercial robot chassis are designed to 

have three ultrasonic sensor slots intended for the left, 

front and right sensors, the three ultrasonic sensors were 

mounted and secured with knots and bolts. When the 

sensors are shaky, data may vary that can alter the results. 

The supply, ground and trigger pins of the sensors were 

connected to the Arduino.  

Communication modules like XBee come with a shield 

that can be connected to the Arduino by simply mounting 

it on top. This makes a parallel connection between the 

Arduino and XBee pins. By doing so, the Tx (pin 2) and 

Rx (pin 3) pins of the XBee are connected to the Rx (pin 

2) and Tx (pin 3) pins of the Arduino. 
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2.2.1.2 Programming the I/O Modules 

The I/O devices must come with codes for it to operate. 

Sonar sensors are connected to three pins in the Arduino. 

The built-in code of Arduino for sonar sensors were 

modified by changing the pin assignments on the code. 

Since three sensors are to be used, the code was designed 

in a way that the three will send and receive the pulses 

simultaneously. The serial monitor was used to display 

the instantaneous data gathered during sensing. This is to 

ensure that the mobile robot sends a valid input to the 

processing component. The data were encrypted and 

prepared for its transmission. 
In the same manner, since two servo motors are to be 

used, the built-in code of the Arduino for controlling a 

servo motor was modified. The pin assignments being 

used in assembling the I/O modules were used. The speed 

of the servo motor depends on the decision of the fuzzy 

controller. Thus, it must decrypt the received information 

first before it can actuate. However, while the fuzzy 

controller and the communication has not been 

established yet, user defined values can be used to test the 

functionality of the servo motors. 

In order for the mobile robot to communicate with the 

processing component, a link must be created. The XCTU 

version 6.3.4 software application was used to create 

connection between the two communicating device. With 

this application, the properties of the XBees were 

configured with their settings in PAN ID, Coordinator 

Enabled, Destination Address High, Destination Address 

Low and Node Identifier. The serial connections were 

tested right after the configuration of settings. When the 

connection was already established, one of the XBees was 

still connected to the PC and was programmed in 

MATLAB 2010a GUI, and the other one was removed 

from the connection to the PC, mounted on the Arduino 

wireless shield of the mobile robot and programmed in 

Arduino software. By this time, the communication was 

implemented between MATLAB and Arduino software. 

2.2.2 Developing the Graphical User Interface of the 

Processing Component 

The Graphical User Interface (GUI) links the mobile 

robot to the processing component. It controls the 

connection as well as shows the data sent and received by 

the processing component.  

For flexibility, the GUI was made to connect with 

multiple devices, one at a time. A dropdown list was 

included to display the available ports where the devices 

can connect. Numbers of baud rates were available for 

selection. To establish a connection between the robot 

and the processing component, a valid com-port and baud 

rate must be selected.  

Including two buttons, Connect and Execute were 

necessary to ensure valid connection before any operation. 

The Connect button is disabled unless a valid port and 

baud rate is selected. If the selection made is just one of 

the two selections, a message box will appear upon 

clicking the Connect button, preventing the user from 

proceeding. If connected, the Execute button in enabled 

to start the exchanging of data. 

2.2.3 Developing the Fuzzy Controller Module 

One part of the codes for the GUI is the Fuzzy Controller. 

The method Fuzzy Controller () is invoked every time the 

Execute button is pressed. The received data from the 

mobile robot is being decrypted and parse to a useful 

form. Since programming languages are sensitive of the 

data types, it must be ensured that proper data type is 

being used. When transmitting a data, it usually comes in 

a String type while mathematical operations require 

Numeric data types. Since numbers can both be of String 

and Numeric type, we must have a method to convert one 

to another. At the beginning of the Fuzzy controller, the 

data from the sensor must be converted from String to 

Numeric type.  

The trapezoidal membership function has been tested to 

be efficient in implementing a collision-free mobile robot. 

A sensor value may or may not have a membership to the 

linguistic variables. Using three linguistic variables, close, 

medium and far, the value from the sensor can be 

categorized. This will be useful in designing the fuzzy 

rules. The length on which a certain value can be 

considered as close, medium or far is designed depending 

on the environment. It may have a membership on more 

than one linguistic variable but it will vary on the degree 

of membership.  

Upon determining the membership function and linguistic 

variables to be used a set of Fuzzy rules must be analyzed 

to come up with the desired output. So many fuzzy rules 

may  confuse  the  processor  but  too little may not give a 

favorable result. Trial – and – Error method was used to 

gradually put fuzzy rules in the system. Fuzzy rules are 

user-defined. Thus, optimization is necessary to come up 

with the desired result.  

Firing strength measures the degree to which the rule 

matches the inputs. After the rules and its corresponding 

firing strength are defined, the weighted average was used 

to get the value of the servo motor to be fired. The 

product of firing strength of every rule and its wheel 

constant were added then divided by the sum of all the 

firing strength. 
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2.2.4 Developing the Communication Module 

To develop a communication, the communicating device, 

XBees, should be set-upped correctly. In setting up the 

XBees, first the S2C XBee modules were properly 

plugged on the explorer boards. The first explorer board 

was connected to one of the USB ports of the PC using 

the A-B cable. Same way, another explorer board was 

connected to another USB port of the PC. Second, the 

Device Manager of the PC was checked to confirm that 

the explorer boards were recognized and allotted. Third, 

the XCTU was fired up and the Discover Devices button 

which can be found at the upper left of the XCTU was 

clicked. Then, comport of the first XBee was selected. As 

for the researchers’ PC, the first XBee is connected to 

COM14. The properties of the first XBee: baud rate entry 

- 9600, flow control – none, data bits – 8, parity – none, 

and stop bits – 1 were confirmed. Then, the steps were 

repeated in adding the second XBee which is connected 

to COM16 with same properties applied to it. After the 

installation of the modems, the Modem Configuration 

button was clicked. Fourth, the two modems were 

configured as COORDINATOR and ROUTER in their 

Node Identifier settings, respectively. 

2.3 Research Instruments 

There are three main components to be used in order to 

implement the project successfully. These are: Processing 

Component, Software, and Hardware. The method for 

transmitting the data between the robot and the controller 

was using the two XBees which it was configure able to 

communicate wirelessly and use XCTU, GUI or 

Arduino’s serial monitor to determine whether the data 

was sent or received. Upon parsing, it uses the method 

that indicates the series of data to be parsed and separates 

the data to its corresponding variables. 

3. RESULTS/ DISCUSSION 

3.1 Kinematics 

 

Fig. 4. (a) – Dimensions of the Mobile Robot – Side View 

 

Fig. 4. (b) – Dimensions of the Mobile Robot – Front View 

 

 

Fig. 4. (c) – Dimensions of the Mobile Robot – Top View 

 

Height: 16 cm 

Length: 26cm     

Width: 12cm 

Microcontroller: 5V Supply 

Sonar Sensors: 5V Supply 

Servo Motors: 6V Supply 

Diameter of the Wheel: 6.7cm 

Thickness of the Wheel: 0.8cm 

3.2 Inputs 

The researchers used three ultrasonic sensors (US-100) 

with a range of 2 to 350 centimeters. The three sensors 

are positioned in different directions facing right (55 

degrees), facing front (90 degrees) and facing left (55 

degrees). Each sensor has pin assignments, the right 

sensor on pins 4 and 5, the front sensor on pins 6 and 7, 

and the left sensor on pins 8 and 9, in the digital I/O port 

of the Arduino board. The researchers also used XBee 

module which is assigned to pins 2 & 3 (Tx& Rx 

respectively). 
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Fig. 5. – Data Input 

3.3 Sensor Inputs 

Figure 6 shows the actual reading of sensor values. The 

three sensors read data from the environment 

simultaneously. 

 

Fig. 6. Sensor Input 

3.4 Membership Function 

 

Fig. 7. Membership Function 

 

The Trapezoidal Membership Function of the Mobile 

Robot is presented in Figure 7. There are three Linguistic 

Values used: Close, Medium, and Far. These will classify 

each of the sensor values acquired during the sensing 

process. The corresponding center and width of each is 

stated in Table 1. The researchers used undistributed 

membership function to consider the environment’s 

probability. Close and Far have 50 for the value of width 

to assure that it will contain only the critical values. The 

researchers set the Medium values with a width of 60 so 

that the most of the values can be considered as safe zone, 

thus, it will have a higher degree on the other Linguistic 

Values. 

 
Table 1: Specification of Trapezoidal Membership Function 

Linguistic Values C M F 

Center 0 45 90 

Width 50 60 50 

 

Every value acquired by the sensor has its membership on 

each linguistic value but differs on the degree. Table 2 

shows an example of which. 

 
Table 2: Membership Function Table 

x 0 10 20 30 40 60 70 80 90 99 

C 1 1 0.5 0 0 0 0 0 0 0 

M 0 0 0.5 1 1 0.6 0.2 0 0 0 

F 0 0 0 0 0 0.4 0.8 1 1 1 
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The greater the degree of membership, the greater it 

affects the firing strength of the servo motor. 

The degrees of membership were determined using the 

following equations:   
 

   (1) 

   (2) 

 

where m is the slope of the line (change in y-value over 

change in x-value) and b is the y-intercept (value of y at 

the point where the line crosses the y-axis).  
 

Figure 8 – Equations of Trapezoidal Membership Function Rules 

 

 
The set of rules are defined to determine in what 

combination of the linguistic values would cause the 

robot move in a certain direction or stop. Each rule has a 

premise which will be filled by the degree of membership 

and a consequent that will define how the robot should 

move on the environment. The researchers used four 

variations for the robot’s movement: Slow Forward, Fast 

Forward, Turn Left and Turn Right. 

 
Fig. 9. Definition of Rules 

 
a.) Slow Forward 

 
b.) Fast Forward 

 

 

 

 

 
c.)Turn Left 

 

 
d.) Turn Right 

 

In the premise, Triangular Normalization Method or T-

Norm was used to solve its firing strength. This was 

achieved by multiplying each of the degrees of 

membership of the sensor values on the specified 

linguistic values. 
 

Table 3:  Degrees of Membership of each Sensor Values 

Sensor Values 

Sensor1 Sensor2 Sensor3 

33 53 14 
 

Sensor C M F 

S1 0 0.68 0.32 

S2 0 0 0.88 

S3 0.44 0.56 0 
 

Table 4: Movement of the Robot 

Movement  WL  WR  

Stop  90  90  

Fast Forward  180  0  

Turn Right  130  45  

Turn Left  125  50  

Slow Forward  125  55  
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Table 3, sensor1 has memberships on M and F, sensor2 

has memberships on F and sensor3 has memberships on C 

and M. These values affect the firing strength of the rule. 

Table 4 shows the movement of the robot and the 

corresponding values for left (WL) and right (WR) servo 

motors. 

3.5 Weighted Average 

After the rules and its corresponding firing strength are 

defined, the researchers used the weighted average to get 

the value of the servo motor to be fired. This can be 

computed by adding the results of multiplying the firing 

strength of the rule to the consequent constant then 

dividing it by the sum of all the firing strengths. The 

result of this gives the value of the servo motor. 

3.6 Algorithm 

3.6.1 Arduino Base Program 

Begin.  

The program starts sensing the environment.   

Sense the environment.  

Derive distance using speed of sound concept.  

If the derived distance is less than 0 then, clipped it to 0. 

If greater than 100 then, clipped the value to 99. 

Store these values as Sensor Values.  

Convert Sensor Values to String.  

If Sensor value is one digit long  

 Then, append “0” at the beginning.  

Append the 3 Sensor Values together.  

Store this value as Sensor_Value.  

Transmit Sensor_Value in via XBee.  

Wait for 100 milliseconds.  

Check Serial Connection.  

If Serial Connection is available  

 Then… 

Receive character from XBee.  

Append each character in Servo_Data.  

Decrypt Servo_Data into integers.  

Store as Servo Values for Left and Right.  

Clear Servo Data.  

Drive Servo Motor.  

End. 

3.6.2. XCTU Base Program 

Begin. Receive Data form XBee Decrypt data.  

Store as Sonar Values.  

Solve Degree of Membership.  

Define Rules.  

Solve Weighted Average.  

Store Values to Servo Values.  

Encrypt Values as String.  

Transmit via XBee.  

End. 

3.7 Sample Output 

 
Fig. 10. (a) Connection of the two XBees 

 

 

Fig. 10. (b) Connection of the agent and the processing 

component via XBee (i) From Processing Component to Agent 

 

 

Fig.. 10. (b) Connection of the agent and the processing 

component via XBee (ii) FromAgent to Processing Component 
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Fig. 10. (c) Display Data from the Sonar Sensors and via 

MATLAB 

The Figure 10 shows the sample output of the XCTU 

program. This window form will appear after building the 

program. This form will serves as the serial monitor of 

the XCTU. The data transmission can be seen in this 

serial monitor. But before the transmission, the XBee of 

the processing component must be connected to that 

XBee module of the robot. It can be done by simply 

selecting the serial port listed in the given form. Once the 

robot and the processing component paired to each other, 

all data sensed by the sensors as an input and the data on 

how the rules drives the servo motors as an output can be 

seen in the space part of the MATLAB form. 

3. 8 Issues and Concerns 

During the implementation of the mobile robot, several 

issues and concerns were encountered. Purchasing the 

materials and equipment for the robot took time for the 

researchers. This is one reason for the delay on schedule 

for the robot implementation. Another concern of the 

researcher is the calibration of the servo motors. The data 

sheet specified that the value for the servo to stop is 90. 

During the testing, the researchers found out that it stops 

if its value is 95. This concern was addressed by 

calibrating it to 90. Though this issue has been addressed 

through calibration, the varying input power source of the 

battery gives an undesirable speed. To resolve this issue, 

an alternative power source was used in a form of a 

power bank. There were times that the researchers notice 

that some wires mounted on the breadboard grounds. 

Another challenge that the researchers encountered was 

the issue on the compatibility of the operating system to 

the robot. There were several OS used during the 

implementation but most of them hang on the process. 

The researchers used a personalized GUI using the 

MATLAB software. The biggest challenge that the 

researchers have met was the mounting and the 

connections of the hardware components since it affects 

most the testing of the design project. 

3.9 Summary of Findings 

The researchers had implemented the robot according to 

the analyzed specifications of each component. The 

transmission of data was first implemented in computers 

with Windows 8 operating system. The MATLAB 10 was 

used as its compatible IDE software. The use of the 

Gaussian membership function to solve the degree of 

membership was not successful. However, the researchers 

used the Trapezoidal membership function to simplify the 

decision making process. It is successful if the value of 

the degree of membership met the desired value based on 

the planned graphical representation. They created a 

program having inputs of an algorithm and flowchart 

applying the methods of the fuzzy logic. Several testing 

were made to get the upright rules to drive the servo 

motors. Numbers of rules were considered since these 

will be the basis on how the motors drive in a smooth and 

efficient movement in its environment. The researchers 

also applied many processes of evaluation in order to 

meet the desired output of the design project. 

4. CONCLUSION AND 

RECOMMENDATIONS 

This study of implementing a collision-free and XBee 

trans-processing mobile robot using fuzzy logic approach 

was successfully implemented. The fuzzy logic approach 

specifically, the trapezoidal membership function, is an 

efficient decision-making algorithm for implementing a 

collision-free mobile robot. XBee modules are good 

communicating devices since it can connect two distant 

objects at a maximum distance of 350cm. MATLAB 

software is proven to be not just software to compute 

complicated mathematical calculations but also in making 

graphical user interface that can integrate communicating 

devices like XBee modules. 

Based on the findings and results, the researchers 

recommend the use of other operating systems in order 

for the agent to maximize its flexibility.  The researchers 

acquired more time on the testing part, so it is 

recommended to incorporate the concept of high learning 

process found in Neuro-Controller.  

On the process, detection of obstacle was not verified 

since ultrasonic sensors provide input from sounds. The 

use of a camera boosts the efficiency of collision 

detection for better decision making and fine movement 

of the robot.   Adding an integrated camera is also 

suggested in order for the users to be able to visualize the 

possible obstacle that an agent can encountered in an 

environment. 
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