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Abstract— This paper describes an innovative approach for 

tracking white line on a multicolored background using 

image processing. Raspberry Pi model B version 1.1 along 

with Raspberry Pi camera is used for this purpose. The path 

is captured continuously through the camera, captured frames 

are processed with the help of OpenCv library. Various 

morphological operations such as dilation, erosion are used 

for further processing of captured frames. For achieving 

faster speed of operation and efficient utilization of the 

available built-in memory only Region of Interest (ROI) is 

processed instead of complete frame. Furthermore, the 

coordinates of line are continuously transmitted to the 

controller and steering is controlled accordingly in order to 

follow the line. For the front wheel steering control, servo 

motor is used in order to achieve the precise movement. 
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I. INTRODUCTION 

Line follower robots are one of the earliest automatic guided 

robots. They are able to follow a line marked on a 

contrasting background, usually a black line on a white 

surface or vice versa. The line follower robot works on a 

closed loop feedback algorithm where the feedback from the 

sensor or an image is used by controller for correcting the 

path of the robot. The sensors are generally a combination of 

Light Emitting Diode (LED), Light Dependent Resistor 

(LDR) or Photo-diode, Photo-transistor, whereas the 

controller executes the desired algorithm. The line follower 

robot presented here is designed to follow a white line on a 

multicolored background. It uses image processing instead 

of conventional sensor arrays. This system has many 

advantages such as interference due to changing light 

conditions is reduced considerably, system is independent of 

line dimension of line with more precise steering angle. 

II. LITERATURE SURVEY 

This section deals with the tools and technologies 

implemented so far in the field of line follower robots. 

Sarjoun Skaff et al. proposed preliminary 

development of autonomous sensor-guided behaviors for a 

six-legged robot. Simple motion models for RHex are 

explained and used for locomotion on straight line [1]. 

M. S. Islam et al. presented a 9W LDR sensor 

based line follower robot design and fabrication procedure 

which always directs along the black mark on the white 

surface [2]. 

Alka Verma et al. introduced a new microcontroller 

based robot working in 4 modes namely Line Follower, 

Edge Detector, and Obstacle Detector and Path Finder. The 

objective is achieved by using ATMEGA168 

Microcontroller along with combination of sensors and 

switches and LED [3]. 

Ramshetty K Sure et al. proposed a design 

approach to develop a robot having the ability to choose a 

desired line among multicolored lines. The robot can 

differentiate among various colours and choose a desired 

one to find its target [4]. The major drawbacks of these 

techniques are: 

1) They are light sensitive and color dependent. 

2) The output of sensor varies with the change in color 

hence these sensors are not flexible. 

3) Also the IR sensors are affected by other IR radiations 

if present in the same environment. 

4) The distance between the sensor and the surface is 

also a barrier as it should be minimum. 

The study is structurised in following manner, 

Section 3 describes the proposed system and problem 

statement. System implementation is discussed in section 4 

and the experimental results are demonstrated in section 5. 

The concluding remarks are finally presented in section 6. 

III. PROPOSED SYSTEM 

In proposed system, a robotic vehicle should follow the 

white line. The objective is to be achieved by using a 

feedback control algorithm. In this system the feedback 

element is the image captured by the camera placed on the 

robot. The captured frames are processed by Open Source 

Computer Vision (OpenCv) library. The detected 

coordinates of the line are used for actuating the steering 

mechanism. A continuous process of capturing images, 

processing frames and taking proper corrective action to 

control the steering will lead the robot to follow the path. 

A. Problem Statement 

The main challenge is to detect the white line on the surface 

with different colors, where the line has various curvatures 

and sharp angles with thickness of only 30 mm at each point. 

These curvatures and sharp angles are to be detected so that 

steering mechanism follows it precisely. The steering angle 

is to be changed so minutely that robot should not miss the 

line at any point along the path. The robot should have a fast 

speed of operation to complete task in given time constrain. 

The background colors given in table 1 are taken 

into consideration. This table also shows the Red Green Blue 

(RGB) values and Pantone values for different colors. 

Sr. 

No. 

Background 

Color 

R-G-B 

Values 

Pantone 

(Solid coated) 

1. Green 0-179-138 339 C 

2. Light Green 206-213-75 584 C 

3. Orange 234-113-37 158 C 

4. Pink 239-103-130 709 C 

5. Sky Blue 39-170-255 298 C 

6. Violet 103-115-183 7456 C 
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Table 1: Background color code 

B. Methodology 

The frames are continuously captured and processed at the 

rate of about 19 to 20 frames per second (FPS) and the 

average speed of the robot is 0.5 meter per second. So we 

are obtaining 40 frames per meter on an average. These 

frames are processed as per the steps given below: 

1) The default output of Raspberry Pi camera 

(OmniVision OV5647) is in Blue Green Red (BGR) 

format. The complete frame dimensions are set to 320 

X 240 Pixels and is converted into HSV format for 

convenience of the further operations. 

2) Initially the maximum and minimum values of 

Hue(tint), Saturation(amount of gray) and 

Value(brightness value) are calibrated manually by the 

operator using trackbars. 

3) The captured image is then threshed. In threshing all 

pixels in the range of minimum and maximum values 

calibrated in step 2 are retained while the others are 

rejected. At the end of this process we obtain a single 

channel image. 

4) The image is further processed by Erode and Dilation 

operations twice. 

Dilation is one of the two basic operators in the 

area of mathematical morphology, the other is erosion. 

These operators take two pieces of data as inputs. The first 

is the image which is to be dilated. The second is a (usually 

small) set of coordinate points known as a structuring 

element (also known as kernel). This structuring element 

determines the precise effect of the operator on the input 

image. 

The basic effect of the dilation operator on a binary 

image is to gradually enlarge the boundaries of regions of 

foreground pixels. Thus areas of foreground pixels grown in 

size while wholes within those regions become smaller. 

Similarly, the basic effect of erosion operator on a 

binary image is to erode away the boundries of regions of 

foreground pixels. As a result, areas of foreground pixels 

shrink in size, and holes within those areas become larger. 

5) The structuring element used to ”dilate” and ”erode” 

image is a 8 X 8 Pixels rectangle and 3 X 3 Pixels 

rectangle respectively.  

6) For elimination of noise and fast processing, 3 Regions 

Of Interest (ROI) are created and processed instead of 

complete frame. This also helps in efficient utilization 

of memory. 

7) A contour is a list of points that represent a curve in an 

image. Contours are represented in OpenCV by 

sequences which contain information about the 

location of the next point on the curve. Hence the 

single channel image obtained after step 6 is scanned 

for contour. 

8) The contour is ignored if its area is less then 20 X 20 

Pixels or if it is greater than 3/2 of the complete frame 

i.e. considered to be bad filter. 

9) From contour the coordinates of the centroid is 

calculated and its x coordinate is serially transmitted. 

10) For the purpose of serial communication asynchronous 

mode with the baud rate of 9600 is used.  

11) The algorithm is summarized in the flow chart as 

shown in figure 1. 

 
Fig. 1: Summary of Methodology. 

IV. IMPLEMENTATION 
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Fig. 2: General Block Diagram 

The system is implemented with the help of Raspberry Pi2 

model B, Raspberry Pi camera, Arduino Mega 2560 and 

Servo motor. The generalized block schematic of the system 

is as shown in figure 2. 

1) The Raspberry Pi2 model B version 1.1 having a 900 

MHz quad-core ARM Cortex-A7 CPU and 1GB RAM 

is used for the purpose of processing captured images.  

2) The Raspberry Pi (OmniVision OV5647) camera 

having still resolution of 5Mp is used for capturing the 

images with resolution of 320 X 240 M Pixels.  

3) OpenCV is a software library for programming 

functions mainly aimed at real-time computer vision 

and is used to carry out the various tasks listed in 

methodology section.  

4) The captured frames are processed to give x coordinate 

of the line which is to be followed. This x coordinate is 

32 bits wide and is serially transmitted to the Arduino. 

5) Arduino is an open-source prototyping platform based 

on easy-to-use hardware and software. It is an 8-bit 

AVR micro-controller. TTL compatible serial data 

pins, receive(Rx) and transmit(Tx) are used.  

6) Received x coordinate is then further processed using a 

proportional-integral-derivative (PID) control 

algorithm in order to produce appropriate corrective 

steering control signal. For PID the values of constants 

are: Kp=0.95, Ki=0.09 and Kd=0.5. 

7) This steering control signal is then applied to data pin 

of Servo Motor and the steering is controlled 

accordingly. 

V. RESULTS AND DISCUSSION 

1) At very early stage the captured BGR image is 

converted into HSV format and further it is thersholded 

as shown in figure 3. 

 
Fig. 3: Image format conversion 

2) For setting the appropriate Hue, Saturation and Value 

the respective trackbars are used which are as shown in 

figure 4. 

 

Fig. 4: HSV value setting using trackbar 

3) Further the ROI is created and processed as shown in 

figure 5, so as to efficiently utilize the available 

memory and to acquire enough processing speed. 

 
Fig. 5: Processed frames and ROI 

4) For different values of x coordinates, the turning angle 

for steering is to be precisely varied using servo 

mechanism. These possibilities are listed in table 2. 

Captured image Processed image Command 

  

User defined 

turn 

  

Sharp right 

  

Sharp left 

  

Curve left 

  

Curve right 

Table 2: Various possibilities of line 

VI. CONCLUSION 

This paper proposed a method for tracking white line on 

multicolored background in various lightning conditions 

using digital image processing techniques. Different 

morphological operations have been utilized for the line 

detection in captured images according to algorithms. 

Furthermore, the Hue, Saturation and brightness 

values are tunned at once to achieve filtered and well refined 

line to be tracked along with it’s coordinates. These 

coordinates are utilized for following the line via steering 

mechanism.  

The results shows that due to the algorithm 

discussed above it is possible to detect and track the white 

line on multicolored background and also because of 

processing of ROI’s instead of processing complete frames, 

the algorithm becomes memory efficient as well as faster as 

compare to conventional image processing algorithms. 

The suggested future work is directed for two aims: 

enhancing the proposed approach as well as increasing the 

capabilities and applications of the proposed approaches. 

The proposed image processing algorithm can be extended 
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to follow any complex curvature structure such as grids and 

meshes. Moreover, for the sake of increasing the speed of 

processing, the image processing may be designed with 

smaller but sufficient ROI’s and processing frame sizes. 
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