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ABSTRACT 

In recent years, the interest of robots has received a large gain in popularity. However, to navigate a robot 

manually requires a skilled pilot and highly constant concentration for long duration. Therefore, there is a strong scientific 

interest to develop solutions that enable robot to navigate autonomously without constant human supervision into various 

potential applications range from aerial filming over remote visual inspection of industrial sites, surveillance and 

reconnaissance purposes to military applications. Firstly, is the ability of the robot to know where it’s located? Unlike to 

human, the robot needs the sensing ability to sense the environments and find out the location. Therefore, components like 

sensors need to be integrated on the robot. Examples of these sensors include ultrasonic sensor and infrared sensor in order 

to contain the sensing ability. After the ability of perceive level of the robot to sense the environment, another problem is 

occur, where am I going to and how do I go to the destination? To this, the robot must have the ability to generate the path 

toward the destination and decide which path to take. In addition, the robot also has to detect if there any objects or 

obstacles when moving towards the destination and ability to avoid from collided with the obstacles. The using of cutting-

edge FPGA DE0 Nano board will provide a portable extensive computational platform to handle the current problem with 

lower complexity of design. Moreover, the performance of the obstacle avoidance system has been improved. There are 

three modules in a path planning approach - the first generates a route to the desired location, the second detects if there are 

obstacles, and the third is for collision avoidance. After information from the sensors was received, the DE0-Nano sent 

proper signals to the L293D to control robots motors. The result of this thesis revealed that the output reading voltage of 

the IR sensor exhibited high reflectivity for white coloured objects compared to other colours like black and blue. The DE0 

Nano achieved a maximum operating frequency up to 1.3 GHz and total logic elements are 6,032. This means that the 

robot platform’s frequency requirements were achieved to that level. Thus, high performance was achieved by using FPGA 

with multi sensors.  

 
Keywords: embedded system, FPGA, obstacle avoidance, high performance. 

 

INTRODUCTION 
Autonomous robot is a system for autonomous 

navigation which is an auto-piloted robot and devoid of 

human guidance. This practical autonomous system for 

navigation is very useful in the present human world. 

There are three primary components essential for 

autonomous robots: hardware (control unit for processing), 

mechanics (motion) and software (decision and control 

making). 

Thus, an autonomous robot should possess the 

intelligence or characteristics that are present in the 

cognitive and the perception level of senses: goal-

directedness, flexibility, and self-control and it must be 

highly adapted to various environments. In order to attain 

the above goals, the robot should be capable of detecting 

the obstacles that enter its range of senses; move 

unharmed without any impact, and successfully follows 

the shortest path.  

An embedded system contains various 

interdependent software and hardware components, often 

developed to interact with a particular environment (e.g., a 

pacemaker, a car, a television, or a control system for 

industries). Those elements are generally based on 

fundamental blocks, namely CPUs and bus controllers, 

which are combined into an entire custom system. When 

fabricated in large quantities, such customisation results in 

a substantial cost reduction [1]. 

The development process of an autonomous robot 

system presents several challenges and problems which 

are solved by experts in the field of robotics. Therefore, 

three of the primary questions, namely, “Where is robot’s 

own location?”, “Where is the robot going?”, and “How to 

arrive at the destination?” are required to be answered by 

the expert in the process of developing the autonomous 

robot navigation system. 

Obstacle prevention technology is very crucial in 

the area of the autonomous ground mobile robot, and is 

also one of the most significant components of the 

intelligent robot. Superior performance of barrier 

avoidance is the fundamental premise of a robot for a 

specific action. Obstacle prevention ability is the most 

important embodiment of the autonomous ground mobile 

robot, and the fundamental action of the ground mobile 

robot to operate in various conditions. Obstacle prevention 

technologies are of two kinds, where one depends on the 

global map and another depends on the sensors [2]. 

At the time of navigation, obstacles prevention is 

very critical for an autonomous robot to avoid a collision 

with an obstacle on the route. To achieve this, various 

sensing techniques are discussed in this portion of the 

research. The operating frequency and the accuracy of the 

sensors are considered to be the most important factors. 

The robot must be always aware of the obstacle and also 

be able to respond quickly. Thus, the sensors must have 

great accuracy and very fast response time. 
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RELATED WORK 
Several methods able to achieve the object 

detection or tracking, one of the popular methods are the 

vision based camera. For example, utilizing single camera 

to detect the leg motion of the human object, using stereo 

vision to identify the object and obstacle, utilizing single 

camera to detect the IR signals transmitted from the 

object, etc. Inertial sensors were also used to compute the 

object orientation and speed. RFID was adopted to follow 

the object by the intensity RF information. Laser Range 

Finder (LRF) in general is a sensor with high precision, 

wide detection range, and high reliability. There for in 

order to get precise motion information, the algorithm 

which is capable of recognizing people intention by using 

laser range finder (LRF) was reported [3]. 

Initially, few brainstorming sessions happened to 

identify the resources that could be used within the given 

budget constraint. The idea was to use off-the-shelf 

components to quickly design a working prototype to 

validate the proof-of-concept before me moved further. 

The students were able to dig out an old chassis and due to 

prior knowledge on using AutoCAD and the availability of 

3D printers. 

We used an RF-transmitter to be able to send 

commands to move the robot. Material used to prototype 

electronic components that would fit onto the Arduino 

Uno board using the header rails as mounts. A small 

resistor divider network and a hand full of pushbuttons 

were utilized to build a circuit that was read by the analog-

to-digital converter (ADC) of the Arduino. These ADC 

values where translated into movement commands and 

sent to the robot over an RF communication channel to 

make the robot move in different directions such as 

forward, backward, etc [4]. 

The system able to divided into two parts, which 

can be considered as transmitter and receiver. The 

transmitter part consists of sensors (IR and US), 

microcontroller, conditioning circuit and RF wireless Tx 

modules 433MHz. The receiver part contains of 

microcontroller, RF wireless Rx modules 433 MHz and 

alarming units (e.g., buzzer, vibrator and audio module). 

Trigonometry functions are utilized to calculate the 

distance between the user and obstacle by using ultrasonic 

sensor [5]. 

 

FIELD PROGRAMMABLE GATE ARRAYS (FPGA) 

BASED PLAT FORM 
For many systems, FPGAs are quickly gaining 

popularity as integrated components. For example, the 

wide scale availability of FPGAs with one or more hard 

microprocessors likely fuel the popularity in coming years. 

Although integration of FPGA fabrics done with a range 

of different computing elements, there have been 

limitations for the analyses of I/O organisation on FPGA 

routing architecture [6]. 

A set of interrelated architectural parameters 

strongly influence the logic density and performance of 

FPGA architectures. The layout of FPGA typically 

includes an array of identical platform. Each FPGA 

platform consists of Connection Blocks (CB), Logic Block 

(LB) and a Switch Block (SB). The programmable routing 

components implemented with a variety of circuit 

components, including switch and connection blocks. The 

portion of the connection block linking a logic block’s 

output pins to the routing tracks implemented in the form 

of a combination of pass transistors and buffers in bi-

directional routing architectures. A large number of 

multiplexers are included in a FPGA platform in terms of 

logic blocks and programmable routing resources [7]. 

To achieve high performance, programmable 

hardware has been proposed in the form of FPGA as a 

conventional platform [8]. 

At different abstraction levels, estimations of 

accurate system performance are crucial to implement 

model-based design approaches. For early design 

estimations, both hardware-based approaches and 

simulation are employed [9]. 

With the development of microcontroller system 

and microprocessor technologies, robotic embedded 

systems have also evolved side by side. In robotics, the 

concurrency problem is one of the most difficult 

challenges: how all data is processed simultaneously from 

multiple sensors, and at the same time, send command 

instructions to numerous actuators. To achieve more 

complex tasks, the number of actuators and sensors in 

robots has been increased considerably. Excellent 

embedded solutions for robotic applications achieved 

through the integration of multicore processors, where 

FPGAs offers multicore processors to improve the 

performance of parallel multi-thread. Also, FPGAs offer a 

soft-core-implementation interface that coupled with 

custom hardware easily for both fast and parallel 

processing [10]. 

 

INFRARED DISTANCE SENSOR 
In this paper, three infrared sensors were utilised 

to detect and avoid obstacles. The robot successfully 

detected the obstacle when it entered the range of infrared 

light beam from the two sensors that were placed in front 

of it. It was able to do this because the obstacle stayed 

between the two infrared light beams’ intersection area. 

This intersection is a result of the infrared that was 

divergent from the two infrared sensors used.  

The robot was also able to detect the obstacle 

using the third infrared sensor placed at the back. The first 

step was then to identify and measure the output of the 

different distances that the obstacle could enter in the 

range of the infrared light beam. The analogue infrared 

sensor GP2Y0A02YK0F provided the voltage output that 

corresponded to the detection distance. This is 

demonstrated in Figure-1. 
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Figure-1. Distance Measurement of Output Voltage of IR 

Sensor GP2Y0A02YK0F [11]. 

 

Figure-1 shows the output voltage’s distance 

measuring characteristic versus the detection distance. It is 

apparent that the output reading is not proportional or 

linear to the distance of the reflective object. Thus, it is 

necessary to conduct some degree of post processing on 

the output reading. 

 

ACOUSTIC (ULTRASONIC) SENSOR 

One US sensor was placed in front of the robot to 

help detect and avoid the obstacles. Specifically, the 

acoustic sensor utilised was HRLV-MaxSonar®- EZ™ 
Series. The HRLV MaxSonar-EZ sensor line sits in a 

package measuring less than one cubic inch and it is 

capable of providing high resolution and high accuracy 

ultrasonic proximity detection. This ultrasonic sensor line 

has 1-mm resolution, operating-voltage, and target-size 

compensation for superior rejection of outside noise 

sources, improved accuracy, temperature compensation, 

internal speed of sound and optional external speed-of-

sound temperature compensation.  

This particular ultrasonic sensor is capable of 

detecting obstacles that measure in the range of 1 mm to 5 

metres. It is also sense objects from distances of 30 

centimetres to 5 metres. Furthermore, large objects that are 

closer than 30 centimetres are normally reported as 30 

centimetres. The formats of the interface output are 

analogue voltage, pulse width, and serial digital in either 

TTL or RS232. Factory calibration is set as standard [12].  

Ultrasonic sensor utilises high frequency instead 

of light. The ultrasonic sensor works by transmitting a 

packet of pressure waves and measuring the time it takes 

for that pressure wave to be reflected in order to get the 

reading for the distance. Because a divergent signal is 

transmitted by the sensor, different angle measurements 

were carried. The HRLV-MaxSonar®- EZ™ Series is 
made up of 7 pins. 

 

 

 

 

 

 

 

Table-1. Pin out Description of Ultrasonic Sensor. 
 

Pin1 
Temperature Sensor 

Connection 

Pin2 Pulse Width Output 

Pin3 Analog Voltage Output 

Pin4 Ranging Start/Stop 

Pin5 Serial Output 

Pin6 Positive Power VCC 

Pin7 Sensor Grand Pin 

 

Ultrasonic sensor does three output readings 

using three methods - PWM, analogue and UART. This 

project used the analogue output reading. 

 

 
 

Figure-2. Beam Characteristic of Ultrasonic Sensor [12] 

 

Differences in voltage supply affect the range of 

the detection distance. To detect an object that is farther, 

the ultrasonic sensor was supplied with 5V.  Moreover, the 

ultrasonic sensor was also tested in order to measure its 

accuracy and the minimum reading that should be used for 

obstacle avoidance. 

 

OBSTACLE AVOIDANCE DESIGN  

This section presents the sensor arrangement 

concept. For distance measurements, both the IR and US 

sensors were used. A US sensor (HRLV-MaxSonar®- 

EZ™ Series) and a sharp IR sensor (GP2Y0A02YK0F) we 
used for collision avoidance and obstacle detection. This 

approach was used in order to address the inherent 

limitations of the IR and US sensors. IR sensor insufficient 

if the environment has poor lighting intensity or if the 

reflectivity of the obstacle’s surface area is not ideal.  

On the other hand, US sensors are sensitive to the 

obstacles’ spectacular surfaces and wide beam-width. 

Other than the two sensors, a sharp IR sensor of the same 

model was also placed behind the robot in order to get a 

measurement of the distance within the obstacle. This was 

done in order to control the distance within the areas of the 

robot and the obstacles. The top view design of the 
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internal design in Quartus II 13.0 SP1 is shown in Figure-

3.2 [11]. 

Range-based sensors such as US and IR were 

used to detect obstacles or objects. Both sensors used the 

distance measurements found within the object. The 

obstacle was under static mode for this research. Thus, the 

robot avoids a collision with enough time. Since all of the 

required data or information is always updated with the 

sensors, the robot safely navigates towards the final 

destination. 

Generally, several parameters have to be taken 

into consideration when choosing a suitable sensor for the 

design. These parameters include:  

 

 Range - the sensor’s operating range  

 Linearity 

 Resolution 

 Bandwidth or frequency - the sensors’ speed when it 

comes to generating and managing the data  

 Hardware interface  

 Signal type 

 Others parameters like size, weight, and power 

consumption 

 
 

Figure-3. Top View Level of Internal Design. 

 

A: Analogue digital converter 

The analogue input signal produced by the 

sensors was transformed by the ADC and turned into the 

digital signal that DE0 board is capable of processing. 

This built-in ADC on DE0 Nano board is of the model NS 

ADC128S022. A 12-bit A/D input is available and used to 

read analogue inputs with voltages between 0 to 3.3V, a 

characteristic which restricts DE0 Nano board. Due to 

hardware safety issues, the DE0 Nano was only made to 

process 3.3V. To obtain the most accurate readings, the 

clock frequency provided to this ADC was kept at a range 

of 0.8 to 3.2 MHz. This ensures that the ADC functions 

well. The throughput rates were 50ksps to 200 ksps in 

order to receive the eight input signal [13]. 

 

B: Input manager 
The input manager is a module that controls the 

formatting data which get it from different sensors and 

make it ready to deal with the processing unit. 

 

C: Processing unit 

The module that controls the robot after getting 

data from sensors and the robot take action in it. The main 

processing unit handles all the modules, including the 

sensor and the actuator. This processing unit generates the 

output for the command to the actuator using the input 

signal obtained from the sensors. 

 

D: PLL 

Phase Locked Loop (PLL) present on Altera 

FPGAs was used to produce the two clock signals. The 

PLL synthesized the new signals from the system clock. A 

PLL is a device that contains an oscillator whose 

frequency is adjusted such that there is no phase difference 

between it and the input clock signal. PLLs in FPGAs 

have two primary uses: 

 

 Reduce clock skew in large clock distribution nets. 

 Frequency synthesis [14]. 

E: Master clock 

The DE0-Nano board includes a 50 MHz 

oscillator. The oscillator is connected directly to a 

dedicated clock input pin of the Cyclone IV E FPGA. The 

50MHz clock input can be used as a source clock to drive 

the phase lock loops (PLL) circuit[15]. 

 

F: PWM generator 
In PWM, the wave’s time period remains 

constant and the time when the signal stays high is 

modulated or varied. Furthermore, the average DC value 

and duty cycle of the signal are varied as well. PWM 

offers a powerful way to control analogue circuits with the 

assistance of a digital system’s output[16]. 

 

G: Output module 

Output Module is the module that control the 

robot after calculates the data in processing unit and 

L293D chip send the data to the motors. 

 

H: L293D chip 

To control the motor’s direction, a VHDL code 

was used. The variations in the output of the L293D chip 

allowed the robot to perform different movements such as 

moving forward, turning right, and so on. The L293D has 

two built-in H-bridge driver circuits. This means that there 

are two DC motors that are simultaneously driven. Among 

the 16 pins of the L293D chip, pin pairs 2 and 7, 10 and 15 

controlled the motor operations. An input at 00 or 11 stops 

the corresponding motor while an input of 01 and 10 

allows the motor to rotate in a clockwise and 

anticlockwise direction, respectively. To activate and start 

the motor, pins 1 and 9 have to be enabled. 

 



                                VOL. 14, NO. 9, MAY 2019                                                                                                                     ISSN 1819-6608 

ARPN Journal of Engineering and Applied Sciences 
©2006-2019 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                                      1824 

INTERNAL DESIGN INTEGRATION 
We used an acoustic sensor and three infrared 

sensors. Furthermore, the IR & US output is analogue for 

this project. The two sensors were connected to the 8-pin 

GPIO (pin 19 to 25) of the DE0 Nano board’s 2x13 

header. These pins are considered the ADC input pins of 

the DE0 Nano board. Then, the motor is driven by the 

DE0 Nano with the help of an L293D motor-driven chip. 

The pins 10&15, 2&7, and 1&9 of the L293D motor 

driven chip were then linked to one of the pins of the DE0 

Nano Board’s 40-pin GPIO header. Next, the DE0 Nano 

board is powered up on the robot platform by provisioning 

5V to the GPIO header’s two DC +5 (VCC5) pins or 

supplying 3.6V to 5.7V to the 2-pin header. Thus, these 40 

pins are general purpose and either an input or output pin.  

 

 
 

Figure-4. Connection of Robot Components. 

 

This paper is not meant to build a robot. Instead, 

its aim is to design and implement an obstacle avoidance 

robot system to accurately navigate with the help of an 

FPGA platform. PIC was used to control the robot’s 

default system. Therefore, the PIC also controlled the 

motion and obstacle detection sensors. 

 

DESIGN AND CONNECT OVER ALL VHDL TO 

CONTROL THE ROBOT 

The robot was able to satisfy the four conditions 

needed for obstacle detection:  

a) The obstacle emerges from the front - The infrared 

and ultrasonic sensors obtain the same output reading  

b) The obstacle is from the left hand side - The left 

sensor obtains an output reading that is different from 

the initial reading.  

c) The obstacle is from the right hand side - The right 

sensor obtains an output reading that is different from 

the initial reading.  

d) The obstacle emerges from behind - The back sensor 

obtains an output reading that is different from the 

initial reading.  

 

 

 

 

 

 

 

Table-2. Control the Motion of Motor. 
 

MOVEMENT ENA ENB 

CMD 

(RARBLALB) 

(2-7-10-15) in 

L293D chip 

BACKWARD 1 1 0101 

FORWARD 1 1 1010 

RIGHT 1 0 1000/1001 

LEFT 0 1 0010/0110 

 

CMD was the command used to control the 

vehicle’s direction. LA and RA were the inputs used to 

instruct the motor to turn clockwise, while RBLB was the 

input used to rotate it anti-clockwise. The VHDL block 

was linked to two of the L293D chips enable pins, which 

in turn activated the quadruple high current half of the H-

Driver chip and controlled the motor speed. To produce a 

different direction, different outputs were produced for the 

input to the chip. Table-2 shows the different output logic 

that the L293D chip generates for various movement 

operations. 

 

RESULT 

Differences colours of obstacle and differences 

size of the obstacle were tested. So that could make sure 

all sensors and components were suitable implemented on 

the project. 

With the advantage of FPGA, the design for auto-

navigation system is easier and flexible due to the 

reprogrammable gate arrays on the board. Besides that, the 

FPGA board is rich on logic elements which are more 

flexible to implement the complex auto-navigation system. 

The auto-navigation system is designed using Quartus II 

13.0 SP1 and FPGA design. 

 

IR sensor testing 

All the infrared sensors have a range of sensing 

from 20 to 150 cm. The infrared sensor used for obstacle 

avoidance. Infrared sensor already tested depend on the 

characteristic graph which provided by the data sheet. 

During the sensors testing process, according to the IR 

sensor limitation which is affected always by the 

reflectivity of the obstacle colour, there are three different 

colours were used as objects. These colours are black, 

white, and blue. The testing result of IR sensor is show in 

Figure-5. 
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Figure-5. Sensor Setup of IR GP2Y0A02YK0F. 

 

The oscilloscope used to measure the reading of 

the IR sensor. Figure-6 show the display of oscilloscope. 

 

 
 

Figure-6. Oscilloscope Display. 

 

We get the result of IR sensor testing by using 

oscilloscope. Table-3 shows the result of o/p voltage with 

different colours. 

 

Table-3. Measuring the O/P Voltage with 

different distance. 
 

The distance 

between sensor 

and reflective 

obstacle (cm) 

different distance for obstacle to 

test the O/p voltage 

White Blue Black 

20 1.65 1.55 1.52 

25 1.58 1.37 1.23 

30 1.35 1.32 1.14 

40 1.22 1.14 1.02 

50 1.07 1.02 0.96 

60 0.94 0.93 0.9 

100 0.8 0.7 0.58 

120 0.65 0.54 0.4 

140 0.5 0.18 0.14 

The testing process was repeated by moving the 

different distance object towards the sensor to get the 

output reading of different distance in different light 

condition. Figure-7 shows the testing process. 

 

 
 

Figure-7. Testing Process of white Colour Object. 

 

Ultrasonic sensor testing 

Ultrasonic sensor (HRLV-MaxSonar®- EZ™ 
Series) has sensing range of 30 cm to 5 meter, the 

ultrasonic sensor used for obstacle avoidance. The US 

sensor has been tested its preciseness to see the 

comparative according to the characteristic which 

supported by data sheet. According to an US data sheet, 

ultrasonic sensor (HRLV-MaxSonar®- EZ™ Series) 
affected according to the angle of the obstacle and the size 

also when doing measuring and testing for it. As 

mentioned by data sheet for ultrasonic sensor in the testing 

process it has been sensed two different sizes of obstacles 

are compared. The bigger obstacle is about 11 inches and 

the smaller obstacle is about 3.5 inches. Figure-8 shows 

the sensor setup of ultrasonic sensor. 

 

 
 

Figure-8. Ultrasonic Sensor Setup. 

 

Sensitivity of the different angles for an US 

sensor already measured. In addition, during the testing 

process of US same result have been got in both side left 



                                VOL. 14, NO. 9, MAY 2019                                                                                                                     ISSN 1819-6608 

ARPN Journal of Engineering and Applied Sciences 
©2006-2019 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                                      1826 

and right in 40 degree. Also it senses the obstacle for 

lower and upper angle of the sensor and already tested. At 

the end the result for reading angle is same for both sides 

in 40 degree. Figure-9 shows the result of sensitivity angle 

of the sensor. 

 

 
 

Figure-9. US sensor is testing on the angle range. 

 

 
 

Figure-10. Oscilloscope display when no object 

For Analog. 

 

 
 

Figure-11. Oscilloscope display when there is an object 

For Analog. 

 
 

Figure-12. Oscilloscope display when no object 

For PWM. 

 

 
 

Figure-13. Oscilloscope display when there is an object 

For PWM. 

 

In the figure above, both analogue and PWM 

output was shown. The ultrasonic sensor transmits 

divergently; the sensor was tested with several angles. 

These result shows that the sensor detect an object start 

from 40 degree. 

 

Results of sensor in system memory reading 

The in system memory editor is very important 

function to check the output reading of sensors. Three 

infrared sensors and an ultrasonic sensor already used for 

obstacle avoidance. The testing result of these sensors has 

been done already in system memory chip and show in 

this section. 

 

Infrared sensor 

In this section the testing result for infrared 

sensor In-system memory reading has been done for two 

different distance which its 30 cm and 50 cm. These 

results has been done by used the VHDL code to control 
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on the range of the maximum and minimum distance for 

obstacle avoidance.  

 

 
 

Figure-14. IR Sensor Reading in System Memory Chip. 

From Figure-14 it shows the result of the reading 

for infrared sensor in system memory reading for 30 cm. 

This numbers already changed to binary then written in the 

code to choose the minimum distance for obstacle 

avoidance. 

 

Ultrasonic sensor 
In this section the testing of the result of 

ultrasonic sensor in system memory chip has been already 

done for two different distance also which its 30 cm and 

50 cm that show in Figures 15 and 16. This result already 

taken and use in the code of FPGA to control the range of 

the maximum and minimum distance for the obstacle 

avoidance.  
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Figure-15. US Sensor Reading in System Memory Chip. 

 

From Figure-15 it shows the result of the reading 

of ultrasonic sensor in system memory chip for 30 cm. 

This numbers already changed to binary then written in the 

FPGA code to choose the minimum distance for obstacle 

avoidance. 

 

 

 
 

Figure-16. US Sensor Reading in System Memory Chip. 

 

From Figure-16 it shows the result of the reading 

of ultrasonic sensor in system memory chip for 50 cm. 

This numbers already changed to binary then written in the 
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code to choose the maximum distance for obstacle 

avoidance. 

 

 
 

Figure-17. The Robot During Navigate to the Destination. 

 

From Figure-17 it show the robot detect obstacle 

and avoid from collision in order to navigating to reach the 

destination.  

 

CONCLUSIONS 

The project objectives have been achieved 

successfully. The main point is to improve the 

performance of obstacle avoidance. The high performance 

here is emphasizing about the complexity of localization 

system implement on the platform, flexibility and the 

frequency of processing unit. The result that was 

highlighted in this project has been achieved. 

The robot auto navigation system has enough 

flexibility to be utilized with any two wheeled robot 

platform with certain soft modification. Besides that, the 

percentage utilization of logic element proves that DE0 

Nano board having the potential to implement a complex 

accurate navigation system, best choice for future 

betterment. In addition, the characteristics of FPGA 

configured multiple times enable the worker make changes 

on the design directly without any hardware re-wiring. At 

the end, the maximum frequency of DE0 Nano achieved 

up to 1.3 GHz and total logic elements are 6,032, it is 

mean the frequency requirements of this robot platform 

able to go to that level. Therefore, by using FPGA 

platform highly performance is achieved. 
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