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Abstract: In this paper an educational mobile 

robot platform for line tracking is being presented. 
The stages of development of the prototype are being 
described. An algorithm for line tracking has been 
developed. Line tracking in a closed contour in both 
directions as well as moving through a random route 
with stopping on a stop marker are conducted as 
tests. The results as well as possible future stages of 
development are being presented. 
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I. INTRODUCTION 

Line tracking robots are autonomous mobile 
vehicles which track lines built into the floor or the 
ceiling of a warehouses and/or factories. The lines can 
be visible or invisible - like magnetic or electric fields 
generated through rooted magnetic lanes or electric 
cables. Usually, when utilizing the visible lines method, 
black lines on a white background are used for tracking, 
although white line on black background is also 
possible. In factory automation, mobile transport 
robots are used to deliver from one point to another 
various parts and products when servicing production 
lines. Tracking a line is one of the important matters in 
educational robotics. The aim is to create a mobile 
robot that can move along a given route, tracking a line 
without leaving it. The developed educational robot 
platform offers an easy-to-implement solution, 
presenting its own algorithm for answering the task, 
based on the hardware used in the development of the 
prototype [1]. 

 

II. HARDWARE 
This section presents the hardware used in the design 
and development of the mobile robot tracking 
platform. 
1. Arduino NANO, (Fig.1). When choosing a 
microcontroller development board, some 
characteristics are crucial, such as processor, power 
consumption and size. The  
selected Arduino NANO [2], Consists of an 8-bit ATMEL 
microcontroller ATmega328, with electrically erasable 
programmable read-only memory (EEPROM) and 
internal random-access memory for storing temporary 
information (RAM). 
 

 
Fig.1. Arduino NANO 

 
2. TT DC Gearbox Motor [3], (Fig. 2). Only two DC 
motors are needed, as a chain drive is chosen in the 
design, which is preferable compared to more energy-
intensive drives with 4 motor wheels. The motors have 
a nominal voltage: 3 ~ 6V. The gearbox ratio is: 1:48. 
Dimensions: 70 x 22 x 18mm. 
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Fig.2. TT DC Gearbox Motor 

 
3. Cytron Maker Line, (Fig. 3) is a module with five 
infrared sensors for line tracking [4] and is designed for 
the development of line tracking robots. The module 
has the following characteristics: digital and analog 
outputs; built-in EEPROM memory, allowing easy 
calibration of the module; operating voltage: DC 3.3V 
and 5V; the recommended line width is between 13 
mm to 30 mm; selectable line color (light or dark); 
sensing distance (height): 4 mm to 40 mm (Vcc = 5V, 
black line on white surface); Sensor refresh rate: 
200Hz; Easy calibration process. 

 

 
 

Fig.3. Cytron Maker Line 
 
4. Motor Driver TB6612FNG, (Fig. 4).  

 
Fig.4. Motor Driver TB6613FNG 

The TB6612 motor control module (driver) is based on 
the TB6612FNG chip [5], which provides up to 1.2 A 
motor consumption and has a two-channel output in 
the MOSFET-H bridge structure. Thus, one driver can 
drive two motors simultaneously. Dimensions: 19mm x 
19mm, Weight only 1.5g 
5. Power supply (Fig. 5). Two 3.7V lithium-ion batteries 
type 18650 at 2200mAh are used, providing the robot 
with more than 3 hours of working time. It should be 
emphasized that lithium-ion batteries have a negligible 
effect on memory. In practice, this means that the 
batteries can be recharged at any time. Lithium-ion 
batteries, at relatively the same weight, store twice as 
much energy as nickel metal hydride (NiMH) batteries 
and three times as much as nickel cadmium (NiCd) 
batteries. 
 

 
 

Fig.5. Power supply 
6. Chassis. The chassis and wheels are made of 
lightweight PVC material convenient for processing 
with hand tools. The platform is driven by using drive 
chains with rear drive wheels (Fig. 6). For designing the 
chassis as well as the outer appearance of the robot 
3DS Max Autodesk was used. 

 
6-A 
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Fig.6.  A) - 3D model created using 3DS MAX,  
           B) – picture of the real life prototype. 

 
7. Track for conducting the tests. For the construction 
of the track white lightweight PVC panels with 
dimensions 1000x1155 mm and thickness 5 mm were 
used. A black electrical insulating tape with a width of 
15 mm was used to create the line. Figure 7 shows the 
two tracks used- one with a closed path (7-A) and one 
with an open path (7-B). 

 

 
Fig.7. Tracks with open and closed contour 

 
8. Control system. On figure 8 is shows the block 
diagram of the control system of the mobile robot 
platform, including the controller, drivers, sensors and 
batteries of the robot. 

 

 
Fig.8 Block diagram of the controlling system of the 

mobile robot platform 
 

III. SOFTWARE 
The tasks given to the robotic platform is to move along 
the route tracking the line without leaving it. In the first 
case, the robot moves in a closed contour and the 
experiment is performed in both directions (clockwise 
and counterclockwise), and in the second case (open 

7-B 

7-A 

6-B 
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line) the robot passes through the entire route and 
stops when recognizing a stop marker at the end. The 
basic concept and algorithm for solving the problem 
are described below. 
The working principle of the robot’s line tracking is 
related to the absorption of light. Here we use the 
behavior of light on a black and white surface. The 
white color reflects the light that falls on it, whereas 
the black color absorbs the light. 
Each CYTRON MAKER-LINE sensor is an electronic chip 
that has an integrated IR transmitter (LED) and receiver 
(photodiode). They are used to send and receive a light 
signal. When IR rays fall on a white surface, they are 
reflected to the IR receiver, generating voltage 
changes. When the infrared rays fall on a black surface, 
they are absorbed and don’t  reflect to the IR receiver, 
thus the receiver does not receive a signal (Fig.9) [6]. 
 

 

 
Fig.9. Schematic diagram of IR transmitter (LED) and 

receiver (photodiode). 
 
The CYTRON MAKER-LINE module is properly 
calibrated, when its sensor detects a white surface and 
the Arduino Nano controller receives a 0 (LOW) signal, 

and when it detects a black line, the Arduino receives 
1 (HIGH) as the input signal. 
Based on these input signals, the program must 
provide the correct output signal to the motors to 
control the robot's movement. For this purpose, a 
diagram of all possible combinations of the readings of 
the sensors of the module and what action the robot 
must take to follow the line has been developed. The 
main cases, on which the line tracking algorithm was 
based and developed, are as follows (Fig. 10): 
 

Combination 
of sensor 
readings 

 

Position of the 
robot relative 
to the line 
 

Required action 

   

0 0 0 0 0 Line not 
found 

Move straight 
ahead and 

search for a 
tracking line 

0 0 1 0 0 Central to 
line 

Move straight 
ahead 

0 1 1 0 0 Slightly right Slight left turn 
0 1 0 0 0 Further right Left turn 

1 1 0 0 0 Even more to 
the right 

Hard left turn 

1 0 0 0 0 Almost out of 
line (right) 

Sharp left turn 

0 0 1 1 0 Slightly left Slight right turn 
0 0 0 1 0 Further left Right turn 

0 0 0 1 1 Even more to 
the left 

Hard right turn 

0 0 0 0 1 Almost out of 
line (left) 

Sharp right turn 

1 1 0 1 1 Found a stop 
marker 

Stop moving 

Fig.10. Table with the combinations of the line tacking 
sensor readings. 

 
IV. TESTS 

The use of differential drive in the development of the 
line tracking mobile robot platform is implemented. 
What’s notable of this type of drive is that the chains 
on both sides slip during a turn. When we decelerate 
one side (therefore accelerate the other side), the 
robot makes a turn around the wheel moving at a 
lower speed. The greater the difference between the 
speeds of the two motors, the sharper the turn. In 
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order for the robot to move straight, both motors must 
move at the same speed (Fig. 11). The same principle 
of movement is used for chained vehicles (for example, 
a tracked tractor, tank or service mobile robot with a 
chain drive) when making turns. 

 
 

Fig.11. Working principle of the differential drive of 
the robot platform 

 
At the beginning of the program are set as constants, 
the maximum power (setting the fill factor of the Width 
Pulse Modulation PWM -PWM-127) for both motors 
and two speed correction coefficients for the left and 
right motor, respectively. Initially, these coefficients 
have a value of 1.0, which when you start the robot 
makes it move straight forward. This is because the 
power supplied to both motors is determined by the 
constant maximum power of the motors multiplied by 
the respective coefficients. At first, the power is the 
same for both motors, but in the process of the 
program the coefficients change their value from 0.0 to 
2.0, thus changing the current speed of the motors and 
making the robot turn left or right. The aim is to 
determine the speed coefficients of the two motors 
based on the readings of the module's sensors, 
depending on the position of the robot relative to the 
line. In the first test, we deliberately set the 
coefficients in their limit values so that regardless of 
the distance the robot deviated from the line, it made 
a turn to the line with the speed coefficient of 0 for the 
inner wheel (current speed - 0) and 2 for the outer 
wheel (speed - max). When the test started, the robot 
began to make sharp zig-zag movements around the 
line. In the next attempts, we gradually began to 
"soften" the turns, as our goal was the closer the robot 
is to the line, the smoother the turn needs to be and 
the sharper when it distance away from the line. On fig. 
12 is shown a graph of the results of the initial test, the 
intermediate test and the final result test. 

 

 

Fig.12. Results from the conducted tests 
 
On the table (Fig. 13) are shown the optimal 
coefficients with which the robot successfully 
completed the task on both routes. 
 

Combination 
of sensor 
readings 

 

Position of the 
robot relative 
to the line 

 

Coefficients for 
speed regulation 

   

0 0 0 0 0 Line not 
found 

Left – 1.0 
Right 1.0 

0 0 1 0 0 Central to 
line 

Left – 1.0 
Right 1.0 

0 1 1 0 0 Slightly right Left – 0.8 
Right 1.25 

0 1 0 0 0 Further right Left – 0.6 
Right 1.5 

1 1 0 0 0 Even more to 
the right 

Left – 0.4 
Right 1.75 

1 0 0 0 0 Almost out of 
line (right) 

Left – 0.2 
Right 2.0 

0 0 1 1 0 Slightly left Left – 1.25 
Right 0.8 

0 0 0 1 0 Further left Left – 1.50 
Right 0.6 

0 0 0 1 1 Even more to 
the left 

Left – 1.75 
Right 0.4 

0 0 0 0 1 Almost out of 
line (left) 

Left – 2.0 
Right 0.2 

1 1 0 1 1 Found a stop 
marker 

Left – 0.0 
Right 0.0 

Fig.13. Table with coefficients for speed regulation 
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IV. CONCLUSION  

From the design point of view and the motion 
algorithm, the mobile robot platform achieves the 
given task of line tracking. By adding additional 
sensors, the developed mobile robot platform can be 
upgraded or modified to perform more complex tasks, 
such as line tracking with the ability to avoid obstacles 
on the line and get back on it afterwards or line 
tracking combined with movement in free space with 
obstacles and finding a way out of it, etc. By adding 
additional markers on the track, the logic of the 
program can be changed. The developed robot 
platform is an autonomous system, but as an 
additional functionality, a tele-control can be added, in 
which the robot can be controlled by voice commands, 
gestures and a virtual joystick. 
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