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Abstract 

This paper presents a multiple destination, multiple lines following robot which takes input from user and then selects the 

defined colored line on the basis of given input and follows it until it reaches its destination. Each destination is defined 

with a specific colored line. The robot is intelligent enough to avoid collision with obstacles blocking its path, and to 

bypass the obstacle and then continue following its path.  The robot has the ability to return to its initial position once the 

destination is achieved, thus completing a round trip successfully and getting ready to be employed again. The robot is 

able to turn across sharp turns as it follows the edge of the colored line and not the line itself. The robot is economical as 

least number of sensors are employed in the robot. 
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1. Introduction

Line following robots are the type of robots capable of 

following a specific colored line which works like a track 

for the robot. Pakdaman et al. [1] has designed a small 

line following robot with infrared (IR) sensors to detect 

the line drawn on floor. Patil [2] has developed an AVR 

based line following robot capable to detect the line 

drawn on the floor with the help of a sensor array. When 

it passes through the line drawn on the surface, the sensor 

reads 0 and vice versa [2]1. A two-wheels balancing robot 

is developed by Ghani et al. [4], which has the capability 

of following a line and uses infrared 

______________ 
 1AVRs are 8 bit or 32 bit microcontrollers (MCUs) supplied by Atmel® 

with ARM processors offering a unique combination of performance, 
power efficiency and design flexibility. They are based on the industry's 

most code-efficient architecture for C and assembly programming. No 

other microcontroller delivers more computing performance with such 
better power efficiency [3]. 

distance sensor for balancing and addressing the 

inclination problem [4]. Colak et al., [5] has designed a 

line following robot which uses 4.8 cm wide black line as 

a track upon any surface to carry a load of maximum up 

to 400 kg. It also involves external control through a 

remote control device [5]. Line follower robots are 

gaining widespread attention for diverse applications such 

as, in industries where automation in transportation is 

required, in offices to automate the movement of files 

among offices. Line follower robots can also work as 

waiters in restaurants serving the customers at their tables. 

A restaurant in Harbin, China employs 20 robotic waiters 

which are capable of working for five hours continuously 

just after two hours of charging [6]. However, most of the 

work reported in the literature mentions simulation results 

or theoretical design aspects only [7], [8]. Besides, the 

work in [8] reports a line follower robot for autonomous 

driving with a capability of staying on the line but lacks 

algorithm for collision detection with obstacles. The 

algorithm presented in [9] enables the robot to avoid 

obstacles. Zafri et al. [10] presents a mobile robot which 

can be used for navigation purpose [10]. An intelligent 

robot system has been designed by Bajestani [11] with the 
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capability to correct feedback in different colors of light. 

Kazi et al. [12] have presented a sensor based autonomous 

color line following robot with obstacle avoidance, 

capable of following lines of white, black and few other 

different colors. The robot is also capable of obstacle 

avoidance. Instead of microcontroller, the robot presented 

in [12] employs electronic logic gates for decision 

making.  In this paper, we present an input based multiple 

destination, multiple lines follower robot, with the 

capability to keep itself safe from crashing into any snag 

lying in its way and bypass the obstacle. Also, to make it 

more handy [13], it can turn back by itself without the 

mediation of any external interference, and return to the 

starting point [14], [15]. The collision avoidance with 

obstacles is accomplished by utilizing infrared sensors, or 

ultrasonic sensor in the robot which read the vicinity of 

the robot and pass on the data to the controller. The rest of 

the paper is organized as follows: Section 2 provides a 

system overview of the robot. In Section 3, we provide a 

discussion on the various sensors employed in the robot. 

The mechanism for human input to the robot is discussed 

in Section 4. We then discuss the line following algorithm 

in Section 5, the obstacle avoidance algorithm in Section 

6 and the returning back algorithm in Section 7. The 

driving and steering algorithm is explained in Section 8. 

In Section 9, results and the working prototype have been 

presented. Finally, the paper is concluded in Section 10. 

2. System Overview

The multiple destination, multiple lines follower robot is 

aimed at use for carrying certain loads from point of 

origin to some destination. So a touch sensor is introduced 

in the rack of the robot where the load should be kept. 

When the controller detects the load, it begins perusing 

about desired destination from infrared beacon through 

infrared sensor provided by the user. On the basis of that 

perusing, the controller drives the motors as indicated by 

the characterized calculation to help the robot achieve its 

craved goal. A digital color sensor is introduced at the 

base of robot to recognize eight diverse colored lines 

which serves as pathways’ directions to various 

destinations. Since the robot should be utilized as a part of 

regular day to day existence around the general 

population in workplaces or manufacturing plants, where 

the odds are constantly more prominent that an 

obstruction may come in the way of the robot. Keeping in 

mind the end goal to maintain a strategic distance from 

crash with hindrances, three infrared sensors are utilized. 

One is introduced on front and other two on left and right 

sides of the robot separately. At the point when an 

obstruction comes before robot, the front infrared sensor 

identifies it and controller beeps a caution. It waits for a 

specific timeframe to get the course cleared. Once the 

course is cleared, it continues to move forward. On the 

other hand, if the course is not cleared within the specified 

timeframe, the robot turns leftwards. The right side sensor 

will begin sending readings about the position of 

obstruction to the controller. As the controller senses that 

the deterrent is no more in the right side in the vicinity of 

the robot inferring that the obstruction has been avoided, 

the robot attempts to continue the journey. The robot 

“remembers” the color of the line and can resume its 

journey on the same colored line after the obstacle is 

bypassed.  The block diagram of the multiple destination, 

multiple lines follower robot is given in Figure. 1. There 

are different sensors utilized in the robot for persistently 

sending data about the environment and condition of the 

robot. There is a color sensor introduced in it which helps 

in identifying and following a specific line. 

Correspondingly, the touch sensor helps the controller to 

identify if the robot is loaded. The infrared sensors pass 

on data to controller about the region of the robot and 

aides in maintaining a strategic distance from and in 

bypassing the hindrances lying in the way of the robot. On 

the premise of the readings from the sensors, the 

processor creates control data based on the sensors’ 

reading and thus, helps the robot in moving from 

beginning position to the target position.  

3 Sensors 

There are three different types of sensors utilized in the 

robot for various fundamental functions. They are: 

3.1 Digital Color Sensor: 

The premise of the robot is the EV3 Digital Color Sensor 

available in market provided by LEGO Mindstorms 2. 

This sensor can be considered as the eyes of the robot as 

the purpose of this sensor is to "SEE", i.e., it makes the 

robot able to separate between the diverse colored lines 

and pass on this data to the controller. The controller then 

takes choices to take a specific path till the robot achieves 

its goal. Generally, the different color sensors work by 

utilizing Reflected Light Intensity (RLI) i.e., the intensity 

of light reflected from various colors. Such sensors work 

on the basis of a light emitting diode (LED), as shown in 

Fig 2. By the LED, a light dependent resistor (LDR) is 

installed to peruse the reflected light intensity in terms of 
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voltages, which is then changed over into digital form and 

processed.  

LDRs, also referred to as photo conductors, photo 

conductive cells or simply photocells are devices whose 

resistivity is a function of the incident electromagnetic 

radiation. They are light sensitive devices made up of 

semiconductor materials having high resistance. Their 

resistance decreases when light falls on them and vice 

versa. When an LDR is kept in dark, its resistance is very 

high. Conversely, if an LDR is allowed to absorb light, its 

resistance will decrease drastically. If a constant voltage is 

applied to it and intensity of light is increased, the current 

starts increasing. Figure. 3 shows resistance vs. 

illumination curve for an LDR. The EV3 Digital Color 

Sensor differentiates between 8 different colors i.e. Black, 

Blue, Green, Yellow, Red, White and Brown and No 

Color.  The inside views of the color sensor are shown in 

Figure 4 and 5. On the top of the printed circuit board 

(PCB), the two LEDs are clearly visible in which the 

upper one having two pins is the photo detector while the 

bottom one is the LED having 4 pins, one for each color 

component (Red, Green and Blue) and a common cathode 

or anode. The processor used in the sensor is of Atmel. 

 

3.2 Infrared Sensor and Touch Sensor 

The infrared sensor as shown in Figure 6, is vital for 

obstacle bypassing and collision avoidance. In this robot, 

three infrared sensors are installed making one of them as 

the primary and the remaining two act as auxiliary.  A 

touch sensor is utilized in the robot to tell the controller 

about the loading status of the robot. Thus, the robot 

becomes aware if a load is placed onto it to be carried to 

another location. In this case, a simple push button 

performs the task, conveying status 0 or status 1 for 

loading/unloading respectively. 

4 Taking Input From The User 

Besides the signals being provided by the sensors, the 

robot can also accept input from a human user. For this 

purpose, the infrared beacon is used as the input interface. 

The infrared beacon acts as a remote with buttons 

representing a unique digital signal (as 1, 2, 3 up to 11). A 

user may instruct the robot using the beacon. The input 

signal from the infrared beacon is received by the 

controller through the primary infrared sensor and then 

processed for driving the motors.   

5 Line Following Algorithm 

A proficient algorithm is developed to make the robot 

capable of reaching its destination from the starting 

position following the line for which it is given 

guidelines. Ideally, the robot is capable of taking the 

desired path with no events of missing the path even if a 

sharp turn exists in a path.  The robot under discourse is 

programmed in such a manner that it follows the edge of 

the line. Once a specified color is perused by the color 

sensor, the robot will turn towards right by giving positive 

power to left motor and negative power to the right one. 

PLeft Motor >> PRight Motor: Conversely, for any other 

color, the robot will turn towards the left by providing 

positive power to the right motor and negative power to 

the left motor. 

PRight Motor >> PLeft Motor: This will enable the robot 

to follow the line till it reaches its destination. The robot 

follows the same steps to turn back to the point of origin. 

Besides, the robot is able to turn around sharp curves 

without missing the line. The line following algorithm is 

summarized in Table. 1. 
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6 Obstacle Bypassing Algorithm 

The robot presented in this work is proposed to be used in 

real environments in everyday life implying that obstacles 

may come into the path of the robot. The existing work 

reported in [12] achieves obstacle avoidance by stopping 

the robot when it is confronted by an obstacle. Similarly, 

collision avoidance is introduced in [16] however, it is 

limited for the case when a robot is confronted by another 

robot. This work presents an approach to improve 

obstacle avoidance such that: the robot detects the 

obstacle in the way and if the obstacle does not get away, 

the robot is capable to bypass it. This is achieved through 

the infrared sensors installed on the robot. A primary 

sensor is installed front of the robot to receive input. Two 

secondary sensors are installed, one on either side of the 

robot. As soon as the primary sensor senses an obstacle, 

the controller receives a signal from it and stops the 

motors in response to the signal. Followed by this, the 

robot waits for a particular period of time to let the 

obstacle get away (e.g., a human being who might get 

away of the path). If the obstacle does not move, the robot 

turns towards the left. Now, the secondary infrared 

sensors start sending signals to the controller regarding 

the proximity of the robot. The controller then moves the 

robot forward until it starts sensing no obstacle in the 

proximity (via the secondary infrared sensor) implying 

that the obstacle has been left behind. This step of 

bypassing obstacle is graphically represented in Figure 8. 

Similarly, the obstacle bypassing and No Obstacle 

scenarios are presented in Figure 9 and Figure 10, 

respectively.  The robot is able to turn back to its point of 

origin and get ready to be employed again. The robot can 

determine if it has reached its required destination by 

detecting a specified color. The obstacle bypassing 

algorithm and the turning back mechanisms are 

summarized in Table. 2 and Table 3, respectively. 

7 Driving And Steering Mechanism 

The steering mechanism for a line follower robot needs to 

be highly accurate to develop an efficient line follower 

robot  [1]. In this robot, two servo motors are employed 

which are responsible for the movement of the robot. A 

free moving wheel is set at the back of the robot which 

moves freely with the movement of the two basic wheels 

of the robot. The steering of the robot is controlled in such 

a way so that the robot is able to turn across sharp turns. 

The mechanism is summarized in Table. 4.  

Move Straight: PLeft Motor = PRight Motor  

Turn Right: PLeft Motor >> PRight Motor  

Turn Left: PLeft Motor << PRight Motor  

Stop: PLeft Motor = PRight Motor = 0 

8 Results 

A prototype of the robot discussed in this paper is 

developed utilizing Lego Kit [17]. All the algorithms as 

discussed are coded into the controller having the EV3 

Intelligent Brick upheld by ARM Processor with Linux 

based operating system. The sensors are connected with 
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the controller as appeared in Figure 11 and Figure 12. The 

prototype is powered by 9V battery installed in the block, 

and the sensors are powered by the controller itself. The 

motors utilized in the robot are the EV3 Servo Motors 

able to move with a maximum speed of 160 rpm and 

running torque of 20 N.cm, sufficient enough to carry 

small loads with sensible speed. The battery of the unit 

could bolster the prototype in keeping it in working state 

for 60 minutes. Different test drives were carried out in 

various situations checking the impeccability of the 

calculations and the sensors utilized in the robot. The 

paths were turned with sharp turns of acute angles and 

after that the drives were done. Hindrances of various 

lengths and widths were set in the way of the robot to 

check the immaculateness of obstacle avoidance 

algorithm. All of the test drives gave precise outcomes, 

thus confirming the accuracy of the developed algorithms 

and the promising performance of the sensors utilized. 

9 Conclusion and Future Work 

In this paper, we have presented hardware implementation 

of an input based multiple destination, multiple lines 

follower robot with obstacle bypassing ability. The robot 

is able to follow the colored path and can identify the 

destination by using color information. Once the 

destination is reached and the robot is unloaded, it is able 

to return to its initial position to get ready for loading. 

During its journey, the robot is able to bypass the 

obstacles. Though, there has been significant work in the 

field of line following robots, no cost effective solution 

seems to have been reported for multiple lines following 

to reach at multiple destinations. Besides, the obstacle 

avoiding task has been addressed with some limitations. 

The robot discussed in this paper is able to bypass the 

obstacles effectively and efficiently. Additionally, it is 

also capable of returning to its initial position. The robot 

presented in this work accounts for obstacles only. An 

interesting future work is to make the robot more 

intelligent by using deep learning approaches such as 

those in [18], [19], [20], [21]. In this way, the robot can be 

trained for speech data so that the robot identifies voices 

and responds to both speech and image signaling.  
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