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ABSTRACT 
 

A project is proposed to develop an obstacle avoidance robot with depth obstacle and color signal detector. 
The main objective is to produce an obstacle avoidance system that can avoid depth-type obstacle (i.e. holes or 
steep) and can react to color signal, to facilitate disabled people who suffer visual impairment. The development 
of the robot in this project is divided into two parts - the depth obstacle detection, and color signal detection. In 
depth obstacle detection part, the robot system is constructed so that it can detect height differences in the robot’s 
track and respond by moving away from the surface with big height difference. Two types of distance sensor 
were considered to be used - an ultrasonic sensor, UltraSonic Range Finder Maxbotic LV-EZ, and an infrared 
sensor, Infrared Proximity Sensor Short Range GP2D120XJ00F. On the other hand, for the color signal detection 
part, the robot system is built so that it can distinguish the color types then execute the instructions that have 
been set for the particular color signal (as in traffic light application). A color sensor that has been created from 
the combination of a tri-color RGB light-emitting diode (LED) and a light-dependent resistor (LDR) has been 
used. The robot’s mechanical design is built consisting of an acrylic sheet, two wheels which is moved by two 
DC motors and a motor driver. The microcontroller used for this project is PIC16F877A, while the program for 
the system is written in C language. The programs in this project consists of the robot’s movement, the input / 
output control and also data mining and processing. The study was implemented in three phases i) requirement 
analysis process that was carried out by analyzing existing obstacle avoidance robot ii) based on this 
requirement, Obstacle Avoidance Robot with Depth and Color Signal Detector are designed and implemented 
iii) an evaluation process as the last phase to determine the effectiveness of the Robot.  
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Introduction 

 
Through this modernization era, the use of high technology is becoming more and more important in human 

life. Whether in industrial or agricultural sector, robots now replace human in carrying out heavy works or 
works that need constant supervision for a very long period (Muhammad Faisal Bin Mat Saad, 2007). Robot is 
used to prevent accident and boredom because unlike human, robot can operate continuously for many hours, 
and sometimes months. A lot of robot systems have been developed these days, and a popular one is the obstacle 
avoidance system. 

Obstacle avoidance is crucial in autonomous system. Autonomous system is a system that functions 
independently without control or influence from other systems. It uses software approach that can make a robot 
move, such as mobile robot to steer around according to the surroundings (Niwa Y., Yukita S. & Hanaizumi H., 
2004). Usually, the obstacle avoidance system is built to avoid solid objects in the robot’s path such as walls, 
humans or other robots. This system can be applied into a wheelchair that is being used by disabled people who 
suffer visual impairment. However, existing system usually is capable only to detect solid obstacles in front of 
them. Hence, we are interested in developing an obstacle avoidance system that is capable to avoid a depth-type 
obstacle, such as holes or edges, which cannot be detected by regular obstacle avoidance system. 

A robot is also usually built with ability to respond with external stimulation depending on the type of 
sensor attached to it. In this research, the type of stimulant that is intended to be used to control the robot is 
color stimulant. Since there are a variety of colors, there are a variety of instructions that can be given to the 
robot through colors. The research of developing a depth obstacle and color signal detector is meant to develop a 
high technology wheelchair and a new traffic system that can help disable people who suffer visual impairment. 

 
Materials And Methods 

 
A. The Sensors: 
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Distance Sensor: 
 

Infrared Proximity Sensor Short Range GP2D120XJ00F: 
 

 
Fig. 1: Infrared Proximity Sensor Short Range 

 
Distance sensors as shown in Figure 1 provided by Sharp are popular choice for many projects that require 

accurate distance measurements. This IR sensor is more economical than sonar range finders, yet it provides 
much better performance than other IR alternatives. Interfacing to most microcontrollers is straightforward: the 
single analog output can be connected to an analog-to-digital converter for taking distance measurements, or the 
output can be connected to a comparator for threshold detection. The detection range of this version is 
approximately 4 cm to 30 cm (1.5" to 12"). It uses control circuitry to compensate for ambient conditions and 
optical triangulation to determine distance which is far more robust than simply measuring the intensity of 
returned infrared light (Sharp GP2D120XJ00F). 

 
Ultrasonic Range Finder Maxbotic LV-EZ1: 

 
Fig. 2: Ultrasonic Range Finder Maxbotic 

 
Ultrasonic Range Finder Maxbotic LV-EZ1 as shown in Figure 2 produced by Maxbotic Inc. has a size of 

less than 1 inch cube. Placing 0.5 Watt peak power to the transformer that controls the sensor, it produces high 
acoustic output power. This high acoustic power, combined with continuous variable multiplexer, background 
real-time automatic calibrator, real-time waveform analysis and real-time de-noise algoritm, produce noise-free 
distance reading for many users, virtually (MaxBotix Incorporated, 2011). 

Also used is serial interface RS232, which is different from the normally used TTL standard. With PWM 
interface and analog, it is easy to use to communicate with microcontroller. This sensor also gives accurate 
distance reading in range of 0 to 255 inch, with small increment of 1 inch or no dead space. It uses ultrasonic 
wave with the frequency of 42 kHz and operate with 2.5 to 5.5 V voltage supply and low current supply of 
2mA. It takes the reading with the rate of 20 readings per second, giving 10 mV/inch output analog and 147 
µS/inch PWM output (Sparkfun Electronics, 2011). 

Both Infrared Proximity Sensor Short Range GP2D120XJ00F and Ultrasonic Range Finder Maxbotic LV-
EZ1 were tested to determine a more suitable one to be used as depth sensor. The comparison of the voltage 
output versus distance measured is shown in the graph below. 

Figure 3 shows that the infrared sensor gives more apparent measurement with the change of distance 
compared to the ultrasonic sensor, in the range of 2.8 to 40 cm. The ultrasonic sensor’s reading is only practical 
for 20 cm and above applications. Since the robot must be able to detect a 2 to 4 cm depth differences, the 
infrared sensor is selected to be used. 

 
Color Sensor: 

 
LED-LDR Combination Color Sensor: 

 
A light-emitting diode (LED) and light-dependent resistor (LDR) can be used to produce a color sensor. 

The concept used is that a colored surface will reflect more light intensity of the same color and absorb more 
light intensity of any other colors. By using this concept, a surface of any particular color can be distinguished 
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from any other colored surface. For example, to distinguish a red-colored surface from any other colored 
surface, a red LED can be used. A red light from the red LED is directed to the colored surfaces and the 
brightness of reflected light for each surface are measured using a light-dependent resistor (LDR). The 
brightness of reflected light is measured by the value of voltage received by the microcontroller which is the 
result from the varied resistance of the LDR. The colored surface which produces the highest brightness reading 
is supposed to be the red-colored surface. To prove this concept, a test circuit is built and the result has been 
recorded. The circuit diagram and the result are illustrated in Figure 4 and Table 1. 

 

 
Fig. 3: Ultrasonic sensor versus infrared sensor 

 

 
 

Fig. 4: Circuit diagram 
 

Table 1: Experimental results 

Surface Color Number of Reading 
Brightness Reading (5/1024 V) 
LED Light Color 
Red Blue Green Orange 

Red 

1 768 512 574 560 
2 768 604 608 575 
3 704 575 560 579 
Avg. 746.67 563.67 580.67 571.33 

Blue 

1 512 704 608 496 
2 512 768 512 560 
3 480 775 527 512 
Avg. 501.33 749.00 549 522.67 

Green 

1 512 704 704 575 
2 543 704 704 527 
3 512 668 736 543 
Avg. 522.33 692.00 714.67 548.33 

Orange 

1 704 527 639 632 
2 704 608 655 624 
3 768 624 624 624 
Avg. 725.33 586.33 639.33 626.67 

 
As shown in the table above, the brightness reading is the highest when the color of the surface and the 

color of the LED is the same. 
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B. Mechanical Parts: 
 
Figure 5 shows the mechanical part, acrylic sheet has been chosen to be the base of the robot because of its 

light-weightness and durability. Two small DC motors were used to rotate two small wheels for robot 
movement. The small DC motors were actually a modified RC servo motor which usually is used as humanoid 
robot limbs. This 38 g- weighed DC motor operates using voltage ranged from 4.8 to 6 V, with the torque of 5.5 
to 6.5 kg/cm. 

 

 
Fig. 5: Mechanical parts 

 
C. Research approach: 

 
The approach of this research is described as follows in Figure 6: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6: Research approach 
 

D. Methodology: 
 
For this study, two methodologies were used, library studies and prototype development. Methods that were 

used for data collection and development will be discussed further.  
 

Literature review. 

List all sensors that can be used.

Do testing on all listed sensors. 

Write a program for the 
microcontroller to decode 

received input.

Design mechanical structure of 
the robot.

Test the synchronization 
between the electrical and 

mechanical part.

Final test.
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Library studies: 
 
The purpose of this study was to examine how barriers depth and color signals can be detected by sensors in 

the system to avoid obstacles and to develop obstacle avoidance system that can helps especially disabled 
people who suffer visual impairment. The information required is about the needs of a new robot development 
and the design specification for the said robot. Requirement analysis process was carried out to determine and 
identify the requirement and design specification by analyzing existing and available documents about obstacle 
avoidance robot system to collect data and to identify its importance to consumers. 

 
Prototype Development: 

 
From the data and analysis requirement previously collected, Obstacle Avoidance Robot with depth and 

color signal detector is implemented. Testing and evaluation process were the last phases to determine the 
effectiveness of the robot. 

 
E. Algorithms: 

 
The algorithm for the robot is divided into two parts, the depth-obstacle avoidance part and the color-signal 

sensor part. The flowchart for the depth obstacle avoidance is as shown in Figure 7. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7: Depth-obstacle algorithms 
 
For the color-signal sensor part, there are three colored surfaces used; red, green and blue. Each color 

represents a signal. The color sensor uses a tricolor LED that produces three types of colored light, similar to the 
colored surfaces. The algorithm on how the sensor detects a color is as shown in Figure 8. 

 
Results: 

 
The final result of this project is a mobile robot that uses depth obstacle avoidance system and can detect 

color signal.  
 

Depth obstacle avoidance: 
 

The depth obstacle avoidance system was designed to increase the function of existing obstacle avoidance 
system and to create a special traffic signal system for visually impaired group. When the robot detects an 
obstacle in the form of depth such as hole or steep, it will react by turning 90º degrees clockwise and continue 
the journey. Infrared sensors are used compared to ultrasonic because ultrasonic sensors become less sensitive 
when detecting in a distance of less than 10 cm. Since the applications in this robot require distance sensors that 
can detect the distance between the sensitive ranges, the infrared sensor was chosen because it meets the said 
requirement. 

 
Color signal detector: 
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Color signal detector was applied to control the vehicle speed limits in certain areas. The robot records 
brightness reading in the normal way before starting to move. When the robot moves, the brightness readings 
will be taken continuously and compared with the brightness readings recorded in the time before the robot 
moves. If there is no significant difference between the two readings, the robot will continue moving as usual. 

 

 
Fig. 8: Color-signal algorithms 

 
While the robot detects a surface that matches the color signal, the brightness reading will be significantly 

different to the recorded values of early readings. When this happens, the robot will stop and start taking three 
readings of brightness by using three different colors of light from tricolor Light Emitting Diodes (LED) namely 
red, green and blue. After taking all three readings, the readings are then compared by the microcontroller to 
determine what color is detected by the robot. The LED color reading with the highest brightness indicates that 
the detected color signal is the same color with the color of the LED. For example, if the reading using the red 
LED light gives the highest reading, then the detected signal is red. 

When the color signal is identified, then the robot will react according to the specified signal to the color. 
For example, if the signal set for the color blue is “spin 180º and continue the journey”, then when the color is 
detected by the robot has been ascertained as blue, then the robot will rotate by 180º and then back to move 
forward.For color sensors, a combination of LED and LDR was chosen because it is more effective and suitable 
for this study which is using only the basic colors (red, green and blue) for detection. 
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Discussion: 
 
Through this study, a lot of important things have been learned in order to develop this robot. Among them 

is how to produce a product that not only of a high quality but also beneficial and able to solve problem. 
Another thing learned is how to choose the component and sensor to be used to develop the robot, the method of 
mobile robot navigation, the design of the mechanical structure of robots and how to test the uniformity of 
electrical and mechanical components of the robot, and the function of each component used such as color 
sensor and distance sensor. Also how the component selection is considered based on the suitability of 
functionality, cost, physical conditon and reliability of a system function.  

 
Conclusion: 

 
Overall, the system that we proposed to develop in this research project, which is an obstacle avoidance 

robot with depth obstacle and color signal detector has been successfully produced. The obstacle avoidance 
system design that can detect depth obstacles and color signal has been built and implemented in a robot mobile 
produced in this project research. The electronic part and mechanical part are synchronized accordingly to run 
this obstacle avoidance system. The microcontroller used can control the flow of inputs and outputs from the 
hardware like motor drive, DC motors, and sensors effectively. The robot moves with average speed and can 
react immediately whenever the depth obstacle or the color signal is being detected. The robot fulfills the 
expected result at the end of the project. 
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