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Abstract:

This article is devoted to the Sobel algorithm implementation for detection an
object contour in the mobile robot’s workspace in real time. Mathematical models
of the algorithm functioning were examined in detail, and the developed program in
Python in the PyCharm environment was subjected to a series of experiments. The
experimental results indicate the outstanding performance of the algorithm, reaching
30.00 frames per second when processing a video stream. However, the contouring
speed of 1.19 frames per second indicates potential performance challenges when
working in dark conditions using artificial side lighting. The research results
presented in the article highlight the effectiveness of the algorithm in real-time
conditions and highlight the importance of taking into account lighting features
when using it in mobile robots.
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Introduction

In the context of the rapid development of technological progress and the
transition to Industry 5.0, the implementation of innovative solutions in the field of
mobile robotics is becoming extremely relevant. In this context, the field of
Computer Vision Systems becomes particularly important [1]-[13], where modern
image processing technologies and computer vision algorithms play a key role in
increasing the efficiency and autonomy of mobile robots [14]-[28]. Here, other
approaches can also be used to find new solutions [29]-[32].

One of the fundamental aspects in the development of mobile robots is the
ability to accurately perceive the environment and make informed decisions based
on the information received. In this context, implementing the Sobel algorithm to
extract the objects contours in the mobile robot’s workspace in real time becomes
an important step in achieving accurate navigation and obstacle detection [33],[34].
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The mobile robots’ workspace is an environment full of dynamic changes,

requiring continuous monitoring and adaptive response. The real-time
implementation of the Sobel algorithm allows mobile robots to effectively detect the
contours of objects, which is a fundamental element for effective navigation and
collision avoidance.

Such research is justified by the need to develop technologically advanced
mobile robotics systems capable of functioning in difficult work environments. At
the same time, the use of the Sobel algorithm in Industry 5.0 becomes an important
tool for ensuring high accuracy and responsiveness of mobile robots in real time

Related works

Among many studies devoted to the extraction of object contours, many
researchers prefer to use the Sobel algorithm. Let us look at just a small part of them.

Lynn, N. D., and co-authors in [33] presented results of comparison Canny
and Sobel algorithms. After using both algorithms to detect edges of real-time
images, the result showed that the Canny algorithm produced thick edges compared
to the Sobel algorithm. More so, Canny uses a double threshold for edge revelation
and applies the Gaussian filter which removes of any noise from an image, unlike
Sobel which is not resistant to noise.

Authors in [34] note that Sobel edge detection is widely used in computer
vision and image processing but its processing time becomes a serious problem in
real-time environments, especially when an image is very large. They propose their
own algorithm that reduces the number of arithmetic operations and data loads, so
that processing speed is increased and energy consumption reduced.

There is proposed an improved edge detection algorithm based on Sobel
operator in [35]. There is noted that raditional Sobel edge detection operator has
several disadvantages, such as low accuracy of image edge location and rough edge
extracted.

In Sobel edge detection algorithm hardware implementation is chosen because
it can work with less decline in noise at high level. But where the edge detected
image cannot obtained completely and the time and space complexity are also high
[36]. In order to rectify these drawbacks, the proposed system has the addition of
extra masks and also changes the coefficients of each masks in image filter.

AS,R. A., & Gopalan, S. in their work [37] Sobel algorithm with 8-directional
template is implemented for improving the detection of edges in brain tumor MRI
images.

Reserchers in [38] write that one popular algorithm for edge detection is the
Sobel. Many researchers have focused on accelerating the Sobel filtering, but to the
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best of theirr knowledge they are the first to propose a 5%5 convolution kernel

implementation using OpenCL. In this work [38], they implement the Sobel filter,
one of the most effective and popular edge detection algorithms in image processing,
in the OpenCL programming language.

In the study [39], authors propose a hybrid scheme that considers both
weighted guided image filtering and the Sobel mask for accurate edge detection. The
weighted guided image filtering enhances edges, while the Sobel mask is used for
edge detection.

Scientists [40] try to reduce Sobel algorithm disadvantage that is the detection
effect is not ideal when the image contains noise. In order to solve this problem, they
propose an optimized scheme for edge detection. In this scheme, the weighted
nuclear norm minimization image denoising algorithm is combined with the Sobel
edge detection algorithm.

Research [41] introduces a quantum improved Sobel edge detection algorithm
with non-maximum suppression and double threshold techniques for novel enhanced
quantum representation method.

Joshi, R., & et al. [42] proposed a novel CMOS VLSI bit-sliced near-memory
computing architecture for rapid Sobel edge detection for 10T edge devices to
address this issue. The proposed architecture is compact, modular, scalable, and
capable of processing a single image in a constant amount of time, irrespective of
image resolution.

So we see that the Sobel algorithm has a series of advantages and
disadvantages. And many scientists are exploring the possibilities of detecting the
edges of objects using this algorithm. Next, we will consider the application of this
algorithm to detect the edges of an object in the mobile robot’s workspace.

The Sobel Algorithm Implementation for Detection an Object Contour

in Real Time

The Sobel algorithm is an operator for detecting edges in an image. It is used
to distnguish intensity changes in an image, which often correspond to the
boundaries of objects. The Sobel operator is based on convolving an image with two
Sobel kernels (masks), one for horizontal edge selection and the other for vertical
edge extraction. The use of these kernels allows one to calculate intensity derivatives
along both axes, and then combines the results, usually using a gradient
approximation method.

Let us describe the Sobel algorithm for detection the object contour in real
time in the form of mathematical expressions.

Let 1(x,Yy) — is the pixel intensity in coordinates (x,Y).
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Then the Horizontal (G,) and vertical (G,) gradient of the image can be

expressed by the following formulas:
G =X X 10x+iy+])-S,0. 1), €y

1 1

G, =X Y 1(x+i,y+ )-8, i, J). 2)

i=—1j=-1

G,, G, — are the horizontal and vertical gradient of an image, which is
calculated using the Sobel operator;

1

> —horizontal summation operation on a 3x3 matrix around each pixel;

i=-1
l - - - - -
> —vertical summation operation on a 3x3 matrix around each pixel;

j=—1

I (x+1,y+ j) — is the intensity of the pixel in the image in coordinates

(X+1L,y+]);
S, (i, j) —element of the Sobel kernel matrix horizontally at position (i, j);
S, (i, j) —element of the Sobel kernel matrix vertically in position (i, j).

The next step is to calculate the gradients G,, G, horizontally and vertically,
respectively

~101 ~1-1-1
S,=|-202[; S,=| 00 0| (3)
~101 121

Based on the results, the calculation of gradientsG,, G, horizontally and

vertically allows for a “gradient calculation,” which is the amount of change in the
intensity (brightness) of the image at each point. In the Sobel algorithm, the gradient
is calculated horizontally G, and vertically G, and the magnitude of the gradient

(G) is defined as the Euclidean norm of these two components:
G=,G;+G/. 4)
This means that for each point in the image, the gradient magnitude is the
length of the gradient vector at that point. The magnitude of the gradient shows how
quickly the intensity of the image changes at a given point and in what direction.
The higher the gradient value, the more pronounced the boundaries of objects

are. Gradient magnitude can be used to detect edges, boundaries, and textures in an
image, making it useful in image processing operations such as edge extraction.
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It remains to calculate the gradient inclination angle (&) — this is the angle

that indicates the direction of the greatest change in intensity (brightness) in the
image at each point. In the context of the Sobel algorithm, the slope of the gradient
is calculated using the Horizontal G, and vertical components G, of the gradient,

and is calculated by the formula:

Gy
0 = arctg (G—) : (5)

X

The slope of the gradient (&) is measured relative to the horizontal axis and
indicates the direction in which the intensity changes. For example, if the angle is 0
degrees, this means that the greatest change in intensity occurs along the horizontal
axis. The 90 degree angle indicates the vertical direction of the intensity change.

Gradient slope values are an important parameter used in various image
processing algorithms, such as edge detection, object recognition and other
computer vision tasks.

Thus, the Sobel algorithm extracts object boundaries using convolution
operations with horizontal and vertical Sobel kernels. The result is two images G,

and G, which can be combined to produce the final gradient image G .

This gradient image is widely used for edge detection in Computer Vision

Systems, including real-time image processing on mobile robots.
Software implementation and experiments

To check the correctness of the reasoning, we will develop a program in
Python in the development environment PyCharm 2022.2.3 (Professional Edition).
Let us give an example of software implementation of the above described
mathematical expressions.

# Open video stream from camera (usually O for built-in camera)

cap = cv2.VideoCapture(0)

This piece of code is responsible for opening a video stream from a camera
using the OpenCYV library. Thus, after executing this piece of code, the cap variable
becomes associated with the video stream from the camera, and makes it possible to
use it for subsequent frame capture, processing and display.

# Convert an image to grayscale

gray = cv2.cvtColor(frame, cv2.COLOR_BGR2GRAY)
This piece of code converts a color image in BGR (Blue, Green, Red) format
to a grayscale image. The process is carried out using the cvtColor (color conversion)
function from the OpenCV library.
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# Using the Sobel operator

sobel x = cv2.Sobel(gray, cv2.CV_64F, 1, 0, ksize=3)
sobel y =cv2.Sobel(gray, cv2.CV_64F, 0, 1, ksize=3)
edges = cv2.magnitude(sobel_x, sobel_y)

This code snippet uses the OpenCV library to apply the Sobel operator to a
grayscale image. The Sobel operator calculates the gradient of an image, which
allows you to highlight the boundaries of objects in the image. Thus, the edges
variable will contain an image where each pixel represents the magnitude of the
gradient at that point, which ensures that the edges of objects in the original image
are highlighted.

The following hardware was used for research: CPU Intel(R) Core(TM) i5-
9300H CPU @ 2.40GHz, RAM 16 Gb, GPU NVideo GeForce GTX 1660Ti (Ram
8Ghb), Web-camera HD WebCam, OS Windows 10 Pro ( Version 22H2). A program
for implementing the Sobel algorithm for obtaining the contour of an object in real
time from a camera was developed in the PyCharm 2022.2.3 (Professional Edition)
environment in Python. The results of the program are presented in Figure 1.
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Figure 1: Results of the Sobel algorithm implementing program for detection
the object contour in real time.

The results obtained (Fig. 1.a, b) of the Sobel algorithm indicate its high
performance when processing video streams, reaching a speed of an impressive
30.00 frames per second. At the same time, the speed of constructing object contours
is 1.19 frames per second, which confirms the effectiveness of the algorithm in real
time. At the same time, the results are presented in Figure 1.c, d; they revealed a
high speed of processing video frames at the level of 30.00 frames per second, which
emphasizes the efficiency of the algorithm in real time. However, the edge rendering
speed of 0.77 frames per second indicates a potential performance penalty when
performing additional calculations to generate the gradient image. This is due to the
fact that the streaming video was obtained in the dark using lateral artificial
lightening.

Conclusion

In the study conducted on the Sobel algorithm implementation for detection
the objects contour in the mobile robot’s workspace in real time, mathematical
models of the algorithm functioning were considered. The developed program in
Python, implemented in the PyCharm development environment, went through a
series of experiments, the results of which indicate the high performance of the
algorithm. The processing speed of video frames was 30.00 frames per second,
which indicates its efficiency in real time.

Thus, the results of the study not only highlight the effectiveness of the Sobel
algorithm in real-time conditions, but also highlight the importance of considering
lighting characteristics when using video processing algorithms on mobile robots.
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Further improvements could include adapting the algorithm to different lighting

conditions to improve stability and overall system performance.
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