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Abstract: In this paper, a line tracing algorithm for a robot was 

developed. The line tracing algorithm uses the robot’s car 

attached camera to detect the black line. The steering angle of the 
robot car’s wheels is then adjusted according to the black line 

detected. The performance of the proposed algorithm was 
evaluated by using the simple line tracking. We found out that 
using this technique the robot car is having a smooth drive 
following the black line. This study involves both hardware and 
software: raspberry pi as the microcontroller for the hardware and 
C++ for the software. 

 
Keywords : Line tracing algorithm, image processing.  

I. INTRODUCTION 

Robot is one of the technologies rising in the industry. 

Robot is automated machine which program in software, this 
robot can be programming controlled using embedded 
software and constructed to make life easier and do the human 
job. Robot can be autonomous and capable of moving 
independently using programming and perform complex 
actions, this can be also replica of human being. One of the 
robots made up by the researchers and programmers is the 
four-wheeled car robot which can be basically used into line 
tracing robot. Line tracing robot is a machine that can detect a 
line a following the path which is predesigned and can be a 
black line on a white surface. This kind of program is usually 
used in the factory, where the researchers studying algorithm 
and mathematical model that computer systems use to 
progressively improve their performance on a specific task 
using of microcontroller. 

Microcontroller is a small computer on a single integrated 
circuit to govern a specific operation in an embedded system. 
The usual microcontroller includes the memory, input and 
out(I/O) and processor. This can be varied to many 
applications and the memory ranges 4-bit, 8-bit, 16-bit, 32-bit 
and 64-bit microprocessor it depends on the complex of the 
program [1]. Microcontroller can use random access memory 
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(RAM), flash memory, Erasable Programmable Read-Only 
Memory (EPROM) and Electrically Erasable Programmable 
Read-Only Memory (EEPROM). Flash memory can be 
electrically erased and reprogrammed. EPROM is a type of 
memory retain its data when its power supply is totally 
switched off and retrieve the data that is programmed when it 
is turned on. EEPROM is usually used in smart cards and 
remote keyless system, and other electronic devices to store 
relatively amount of data and can be re-write memory chip 
[2].  

Many different kinds microcontroller in the world but there 
are two development board where usually used in the industry 
which called Arduino and Raspberry pi. Arduino is an 
open-source hardware and software, the company design this 
microcontroller to designed or building a digital device that 
can be sense of an object, moving the object using the 
program or control the objects using physical and digital 
world [3]. The other one is called Raspberry Pi. This was first 
developed in in United Kingdom by the Raspberry Pi 
Foundation to promote teaching computer science in 
countries to have an innovative world [4]. 

This paper focused on constructing an automated robot car 
following black line on the white surface. Alongside, the 
researchers also aim: to understand the environment of robot 
car interfaced using the Raspberry pi and to solve complexity 
of hardware design construction. Also, this project aimed to 
familiarize coding in the raspberry pi using the command 
prompt and to experiment on the compatibility of the working 
relation among the Raspberry pi microcontroller and other 
components that is belong in this study research. 

The purpose of this paper is to improve and support 
electrical systems for the benefit of the community. One of the 
ways that is occurring today is the usage in deliveries of 
parcels.  By this research paper, this can be contributed and 
helping the growing and innovating society by using some of 
the ideas being analyzed and tested by the researchers. This 
can be used in many areas like for example in domestic 
application, these can be used like for domestic purposes like 
cleaning the floor. Using also for using a guide for blind 
people going to mall, public places or other places to provide 
the path. Industrial application can be used as automated 
equipment carries in industries replacing traditional conveyer 
belt. For automobile application, using line follow running on 
the road following the path that is to designated place or can 
use also in military purposes with specific dimension and 
weight according to the military services. Many ways to 
generate a robot creating a human’s life easier and effortless. 
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II.  REVIEW OF RELATED LITERATURE 

The three laws of robotics were made and defined by the 
Russian science fiction author Isaac Asimov or in shorter term 
“Asimov’s Law”. The Asimov’s Law is quoted from the 

“Handbook of Robotics, 56th Edition, 2058 A.D” [5,6] which 
is basically A robot should not mutilate or harm to human life 
physically.  

The Asimov’s law of robotics has become a key part of a 
science fiction culture that has gradually become mainstream, 
by this nature of law the researchers might know what the 
robots they should make. 

The first industrial robot was made by an American 
inventor George Charles Devol Jr. invented the first digital 
operated and programmable robot in late 50’s or 60’s together 

with his partner Joseph Engelberger. The robot was Unimates 
built that went online in a General Motors automobile factory 
in New jersey. The line detection concept on a line-follower 
four-wheeled car robot is to utilize the color that is captured 
by the camera to guide path. Many researches have been 
implemented and using some of the theories [7-12]. One of 
that theory is Fuzzy-trace theory (FFT) this theory proposed 
by Charles Breinard and Valerie F. Reyna. The concept of 
fuzzy set theory can be applied to a routing system and to 
predict and explain cognitive phenomena, particularly in the 
memory and reasoning domains. 

RGB color line following robot can be used in line tracing 
and constructed by using light dependent resistor (LDR) and 
three-color Light Emitting Diode (LED) which is called Blue 
LED, Red LED and green LED. LDR is a resistance that 
changes the light intensity upon it [7]. When the color is too 
bright and high intensity the LDR will have a low value. So, 
LED can be a path guiding to a sensor to sense the reflected 
light and follow the desired color. [13] The researchers have 
studied the fuzzy logic simulation they process the 
LDR-based sensor output voltages; this simulation uses the 
input from sensor and generate the motor control if when to 
turn right or turn left. As you can see in the figure 1, the 
sample hardware for a four-wheeled car wherein the usual 
sample of ideal sensor located in the middle of the robot car so 
when the IR sensor sense color it will be in the middle and 
following the track middle. 

 

 

Fig. 1. Sample hardware of four-wheeled car with 
infrared sensor. 

Ralph [14] introduces also in the research industry, this is 
an navlab autonomous vehicles, obtaining a hybrid version 

vision system that tracks a road and cars better than those two 
system in isolation. Ralph takes more global image processing 
approach and can provide this missing information, as well as 
a good estimate of curvature so that the combined curvature 
estimate is superior to both taken in isolation, also this 
improves also in tracking performance estimating the tracked 
performance of the car. If the tracking is better, a better where 
the road is and realize to implemented a fully autonomous 
vehicle. 

One of the example tracing a line is “Bresenham's line 

algorithm” this algorithm determines the points of an 

n-dimensional raster that should be selected in order to form a 
close approximation to a straight line between two points. 
11Second example could be “Line drawing Algorithm” this is 

graphical algorithm for approximating a line segment on 
discrete graphical media. On discrete media, such as 
pixel-based displays and prints, line drawing requires such an 
approximation. The elaborated concepts that has been 
mentioned is what we came up to this research paper 
following the line and driving smoothly using the gathered 
algorithm of RGB line following and concepts in navlab 
image processing. 

III. METHODOLOGY 

The line tracing robot was designed to follow a line that 
may be physical on the floor, the four-wheeled car robot was 
mounted with camera, and the camera will do the job 
communicating in microcontroller by sensing the line [9].  An 
algorithm was constructed using Altino, a robot car 
manufactured by SAEON in South Korea [15]. Altino is 
interfaced with a Raspberry Pi microcontroller. OpenCV 
codes are used to determine the designated color programmed 
which is black color. The representation of system 
architecture is shown in Fig. 2. The connection between the 
hardware and software parts is highlighted in the figure to 
provide information about the behavior of the system. 

 

 

Fig. 2. System architecture. 

Figure 2 shows the hardware and software structures of the 
system. For the hardware part there are 5 parts listener, 
command, image analyzer, 
image processing and main 
thread. 
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 The process starts by capturing images with cameras. The 
captured image is then sent to the Raspberry pi. The 
Raspberry Pi analyses the image. The first one that received 
the data is the Image Analyzer Thread. The first thread 
involves recapturing the image with the camera and saving the 
data. After processing the image, it is time for the hardware 
for second component.  

Image Processing Thread is detecting the line that is 
captured by the camera and analyze by the hardware, this is 
also to computes the curve of the line where to turn. Main 
thread, in this part this where programming starts and sending 
command going to another thread. Command thread, this 
thread is where the software communicating to the hardware 
and sending message what contained on the main thread. 
Listener thread function is to listen what does Altino react to 
the command thread and giving back feedback of the 
program. For hardware the robot car is receiving the 
commands from the raspberry pi wherein it communicate also 
to motor for turning right or left. The system required also for 
hardware requirements, wherein the Raspberry pi is the board 
controls of the whole system, 12 Volts power supply is used 
for power supply unit, the same with the software. Software 
needs a cable to connect from the Altino directly connected to 
a computer so that the user can control the Altino and do the 
programming side. In achieving the task, the controller is 
loaded with written Embedded in C++ languages with open 
computer vision codes. To achieve this the user must know 
about the environment of programming language like java, 
python, C or C++. The idea of this program is to follow the 
black line or line tracing and there are many different 
algorithms to guide us to smoother program. [10] Many 
algorithms, but this paper focus on making a difference on 
other algorithm and make its own and send commands to a 
robot, while the robot send the required information to the 
motor. Since the program is already programmed with the 
OpenCV it needs to implement about driving the car on which 
track should the car go. 

 

 

Fig. 3.  Flow chart of the Line Tracing algorithm. 

The objective of the flow chart of Fig.3 is to determine the 
steering of the car and the direction of the car. Depending of 
the situation, the car is going to go forward or backward, and 
the calculation of the steering will change with the direction. 
We have on the flow two parts, the part A when we have some 
pixels of the chosen color in the part of the image that the 
algorithm is treating and the part B when we do not have any 
pixels of the chosen color. After this, we update the steering of 
the car and we go back to the beginning of the code to treat the 
new image captured by the camera. We use a code to calculate 
the number of pixels of the chosen color in a define row divide 
in eight columns of same width. The number of pixels in each 
part is stock in an array which name is pixelCount and the 
total number of pixels of the chosen color is stock in the 
variable which name is totalPixelCount. We enter in the for 
loop to read through all the value of the array and every time 
we multiply the number of pixels by the define steering of the 
block. For example, the steering of the block on the left is 
-127 and for the block on the right it’s +127. After exiting the 

for loop, we divide the steering by totalPixelCount, the 
number total of pixels, to have our steering between -127 and 
127 for the four-wheeled car. 
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Fig. 4.  Flow chart for the direction of robot car. 

Before the calculation of the steering, we see if we have at 
least a pixel of the chosen color in the row and if it is not the 
case we enter in the two if cases of the Fig. 4. It represents 
here the case B of the Fig.3. We have again two different 
cases. The first one is when the car was not going backward 
and in this case the steering of the car is now the opposite 
steering of the car just before it lost the line and the car is now 
going backward. The other case is when the car is already 
going backward so in this case the car just continues to go 
backward with same steering. It will continue until the car 
sees some pixels of the chosen color in which case, we use the 
code of the Fig.3. 

IV. PERFORMANCE EVALUATION 

For the performance evaluation, we use an Altino to come 
up with the line tracing algorithm. We used a track which you 
can identify the in the Fig. 5 with composed of different turns 
where turns have different angle. In the track, Altino can 
follow the black line and driving smoothly using the technique 
that was proposed in this paper. 

 

 
Fig. 5.  Track line with Altino. 

Using the technique RGB color space and canny edge 
detection converting images to grey scale, the program can 
identify the road if the road in the camera has identified the 
respective color of the line in the program. The researchers 
used a reference also using the RGB color code. This is 
wherein it constructs all the color in Red, Green and Blue. 

 
(a) Raspberry Pi Interfaced with Command Shell 

 
 
 
 
 
 
 
 
 
 
 

 
 

(b) Division of pixels 

 
(c) Altino robot in the road track 

Fig. 6.  Raspberry Pi interface with command shell and 
Altino. 

In Fig. 6(a), at the left most of the picture there is a black 
object that is on the camera and blue shading the black one. 
For Fig. 6(b), using the algorithm by dividing the vertical by 8 
and have a strip in the the horizontal part. Raspberry pi 
camera when it is turned on, it will determine the number of 
pixels per column and row and the Altino program now 
determining if which is the part has the most higest pixels, by 
using this the logic program that can be figured out in the 
Algorithm section. For Fig. 6(c), this is the time when the car 
will detect that Altino and analyzing if the robot car should 
turn left or right because of detecting the black line. At this 
moment the Altino will turn left because the majority of the 
pixels of the track are on the left side. 

 

 
Fig. 7.  Altino car in the track road. 
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In Fig. 7 shown, Altino is having a degree for turning right 
at this manner, the car will go drive to the right slightly until 
no black pixels detected. When no black pixels detected this 
is the time where the robot will go backward and slightly turn 
to the old steering value finding new black pixels to continue 
driving. Since we prioritize driving smoothly following the 
black pixels that is why it is turning at this manner. 

 

 
Fig. 8.  Altino robot car turning right and left. 

In Fig. 8(a), it is shown that the track having a solid turning 
left which is the black line wherein the Altino is smoothly 
rotating to respective side where the black pixels is going, in 
this manner the Altino is not turning back because having a 
perpendicular angle of the black line. In the manner for 
turning right,  

Fig. 8(b), same with the behavior of part a wherein it will 
go drive turning right and continuing following the black 
pixels. In Fig. 9(a), each section has a different speed and 
turning point of the wheel wherein the angle of the caster 
wheel is changing each time. The purpose of this 
measurement is to determine the angle and how speed will the 
Altino speed when it is turning. For example, in the section 1, 
it is a straight line and when the Altino goes from right to left. 
The left corner is going to left wherein the manner of the 
wheel is to turning left smoothly. For the section 2, having an 
angle turning first from left and turning to right in such 
manner that the Altino will do many different turns and 
checking the accuracy test for examining the turning point of 
the wheel. For the section 3, same behavior for the first 
section but with different manner of speed and angle. Same as 
the section 4. 

 

 
(a) Four sections in the track 

 

 
(b) Angle and velocity measurements in each section 

Fig. 9.  Results of angle and velocity dependency.  

Fig. 9(b) represents how speed of Altino will do what 
section, for the red part it is linear regression wherein it is 
straight and sometimes the angle is in -25 or -50, for the green 
is which is y=x2 the speed of the car and it is not straight and 
the point angle is for going right is 75 and left -125 & -100. 
While for the dark blue and sky blue is parabola but always 
going to left. The result show that the algorithm needs more 
calibration that should be done by the future researchers. 

V. CONCLUSION 

Through the gathering data from a application of algorithm, 
the researcher were able to implement line tracing algorithm 
using the PaLo Technique. During controlled testing, the 
researchers were able to tuned the program of the Altino robot 
car, in order to arrive with the 
best result in terms of accuracy 
and smooth driving.  

1 

2 

3 
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It is highly recommended for future researchers who wish 
to pursue to the study to utilize the device, which can provide 
high accuracy for turning the Altino in the accurate angle.  
The device Altino aimed to drive smoothly in the track with 
the black line that raspberry do read the black pixels.  In by 
doing so, the device further aimed to help in future industrial 
application automated carrying equipment in the factories, 
military or in the airport doing such thing following the path 
and making the world being automotive. 
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