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ABSTRACT

Edge detection is a technique to find the outlines of an object in an image by detecting
significant changes in brightness or discontinuities. This study discusses the comparison of edge
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Accepted: 29™ August 2023 that has been pre-processed with 1000 x 278 pixels. The test used in this study was comparing
the results of White Pixel values, MSE, and PSNR with test data as many as 24 data samples
from four types of mango leaves. The results of the comparison of edge detection methods using
the Laplacian operator get the lowest MSE value of 7.8577, the highest PSNR value of 39.2119,
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1. INTRODUCTION

Mango plant (Mangifera indica Linn) is an annual fruit plant originating from India[1], the plant then
spread to Southeast Asia, including Malaysia and Indonesia[2]. In Indonesia, mango is one of the fruits that
are very liked by the people of Indonesia. Mango fruit is favored by the people of Indonesia because it can
be consumed fresh or in processed form and contains vitamin C, vitamin A, high fiber and pectin to lower
cholesterol in the blood [3],[4].

The development of technology in image processing is also growing quite rapidly. For various purposes
and needs, various technologies have been developed to facilitate human work, including image processors,
image analysts, and image users[5],[6]. Often the image used is not in good condition to be researched
because of many disturbances such as shadows, unclear images, the appearance of unclear objects that will
cause problems and affect the analysis and planning to be carried out, so various image processing techniques
are needed to get the ideal image. Edge detection can be used as a feature to represent objects in an image. It
allows the computer to understand the structure of objects, such as contours, shapes, and textures. In object
recognition in an image, edges can be used as a first step to identify and separate objects from the
background.[7]-[9].

One of the image processing techniques used is edge detection. The edge detection method is the
process of generating the edges of objects on an image[10]. Edges are used to mark the detail parts of the
image and correct image details that are blurred by mistake[11]. The objects used in this study are 4 (four)
types of mango leaves, namely sweet arum mango, honey mango, golek mango, and kuweni mango.
Arumanis mango has a fairly large leaf characteristic with a leaf length of £ 45 cm, and in an oval shape and
tapered tip. Golek mango has characteristic oval-shaped leaves, with a tapered base and spearhead-shaped
tip, £ 24 cm long, with a width of 6 cm. Honey mango has relatively few leaves and branching, the leaves are
oval and folding, with a pointed + 22.5 cm. Mango kuweni has wavy leaves, tapering at the base and end, has
a length of £ 25 cm[12].

One of the problems with digital image processing is detecting an object so that the object can be
recognized automatically based on the data entered. To overcome this problem, one way that can be used is
to detect the edges of objects so that the pattern of an image can be recognized for further processing. The
roberts operator method is a gradient-based operator that uses two 2x2 pixel kernels. Roberts operators are
one of the simplest edge detection techniques and have fast calculations. Roberts operators tend to detect
sharp edges well. This means that when there is a sudden change in pixel intensity, Roberts operators can
best identify these edges, because using a 2x2 matrix kernel, Roberts requires only a small amount of data to
be processed. This reduces the consumption of computing resources. While the Laplacian Operator measures
the change of gradient in all directions, so it can detect vertical, horizontal, and diagonal edges. This makes
it a good choice for detecting different types of edges in images. Laplacian is not only useful for edge
detection but also useful in finding changes in brightness levels. It can help in identifying angles, curves, and
other features in the image. Laplacian operators are sensitive to small changes in intensity, so they can reveal
fine details in the image. In some applications, Laplacian can be used to enhance images by emphasizing
certain features.[13]. The roberts operator takes the diagonal direction for direction determination in the
calculation of gradient values[14],[15]. The laplacian operator method, also called the second derived
operator, is a method that is more sensitive to noise, can produce double edges, and detect edges more
accurately, especially at steep edges[16], [17].

The test method used to compare edge detection is to compare the quality produced in edge detection,
calculating MSE (Mean Square Error) and PSNR (Peak Signal to Noise Ratio) values. The number of white
pixels is the pixels obtained from the edge detection results, the more white pixels, the more edge detection
is produced[18].

The purpose of this study was to compare the Roberts and Laplacian methods to compare which method
displays the best results for edge detection on manga leaf objects, and find out the best results based on the
calculation of MSE and PSNR values.

2. RESEARCH METHODS

The stages of research include research steps from beginning to end. The steps will be described in
detail and will be depicted in chart form in Figure 1.
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Figure 1. Stages of research
The steps taken in the research stage will be explained in the following stages.
1. Literature Review

At this stage, the main focus carried out is to review the results of previous research related to the
proposed research. In previous studies, detecting objects using Roberts and Laplacian operators was still not
optimal, because it produced pixels with fewer white colors. Thus, it still needs to be developed or improved
on the edge detection system to make it more optimal|[16],[17].

2. Pre-Processing Image

After the image is collected, the image preprocessing stage is then carried out to equalize the pixel size
of each image object. The application used for preprocessing is Adobe Photoshop 2020. The pixels in each
image are made into (1000x278). From the images that have been collected, Resize, and Rotation are carried
out in accordance with the data needed when testing image detection into edge detection applications so that
the resulting data is appropriate.

3. Edge Detection using Roberts Operators

Robert's operator is another name for the differential technique in the horizontal direction and the
differential in the wvertical direction, with the addition of the binary conversion process after the
differential[19], [20]. Binary conversion is used to even out the black and white color distribution. The
Roberts operator uses two 2x2 kernels (Gx and Gy) with gradient magnitudes (G) based on Equation (1) and
Equation (2).

Gy = [(1) _01] Gy = [_01 (1)] @

G=J1*Gx2+I*Gy2 )

The * operator declares a 2 —dimensional convolution operation and declares an image.
4. Edge Detection using Laplacian Operators

The Laplacian operator (Pierre-Simon Laplace) used transformation techniques in probability theory.
This technique was invented by Leonhard Euler, a Swiss prolific mathematician in the 18th century. The
second derivative operator is also called the Laplace operator. Laplace operators detect edge locations more
accurately, especially on steep edges[21], [22]. The Laplacian operator uses a 3 x 3 kernel. In this operator
there are various forms of kernels that are used as needed. Here is the kernel used in this study in Equation

(3).
-1 -1 -1
[—1 8 —1] (3)
-1 -1 -1

5. Testing

In the testing stage, a comparison will be made between the Robert and Laplacian methods by
comparing the quality produced in edge detection, and a comparison will be made using the MSE and PSNR
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functions. MSE is a metric used to measure the extent of the difference between two images or between the
original image and the processed image. If the smaller the MSE value, the better the image repair procedure
used. By this point that the image quality after undergoing noise correction is almost similar to the original
image quality. While PSNR is the opposite, if the PSNR value is greater, the quality of the original image
will be more similar to the quality of the resulting image. Equation (4), is the formula used to calculate the
MSE value.

MSE = — Y TN _(Syy — Cry)? 4)
Information:
MSE = Mean square error value of the image.
M = Stego image length (in pixels).
N = Stego image width (in pixels).
Sy = Pixel value of the cover image.
Cxy = Pixel values of stego image.

After obtaining the MSE value, the PSNR value can be calculated from the square of the maximum
value divided by MSE. Mathematically, the PSNR value can be calculated using Equation (5).

2552
PSNR = 1050010 (o) 5)

Information:
PNSR = The PSNR value of the digital image.
MSE = The Mean Square Error value of the image.

Test results from edge detection using Roberts and Laplacian operators are presented in the form of
tables and graphs to assess the best method of detecting edge image of mango leaves and compare with the
results of previous studies.

3. RESULTS AND DISCUSSION

The discussion that will be carried out begins with carrying out the image pre-processing process, then
carrying out edge detection using the Robert and Laplacian methods. The results obtained after detecting the
edge can be used as information among the public or of course the author himself in comparing edge detection
of mango leaf images using the Robert and Laplacian Methods.

3.1 Pre-Processing Image

The image preprocessing process is carried out on all test image data, the following are the results of
image preprocessing from the original camera image into test image data for use in Matlab.

Table 1. Pre-Processing Image

Original Image Image Preprocessing Results

e

Mango Golek

R 4




BAREKENG: J. Math. & App., vol. 17(3), pp. 1815- 1824, September, 2023 1819

Mango Harum Masin
o~ |
Mango Honey

T e

Mango Kuweni

3.2 Convert Image to Grayscale using Matlab

This stage the image used is entered into the program then converted to Grayscale mode. The images
entered into the application have JPG format with RGB mode (Red, Green, Blue) then converted to grayscale
mode to facilitate the image processing process at a later stage. The image conversion process using the
Roberts method using the matlab application is shown in Figure 2 below.

4 Metode Robents -

Golek3.jpg Citra Deteks! Tepi Roberts

)*  Histogram Biner

Open Fie Wetose Robert

Figure 2. Matlab view for image conversion using Rbberts method
Edge detection in grayscale images with the Roberts method. The process in the Roberts method in
detecting edges in image data by convolution using the Roberts kernel with a 2x2 matrix. The result of
convolution using the Roberts kernel Figure 3.
(@) (b) (©) (d)

Figure 3. Results of conversion using Roberts kernel (a) mango golek, (b) mango harum manis, (c) mango
honey, (d) mango kuweni

The image conversion process using the Laplacian method using the matlab application is shown in
Figure 4 below.

*  Mistogram RGB

Golek.jpg Citra Detoksl Topi Lapkacian

A2

/' Hastogram Biner

Figure 4. Matlab view for image conversion using Laplacian method
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The Roberts operator processes to detect edges in image data by convolution it using a Laplacian kernel
with a 3x3 matrix. The result of convolution using the Roberts kernel can be seen in Figure 5.

@ (b) ©) @
Figure 5. Results of conversion using Laplacian kernel (a) mango golek, (b) mango harum manis, (¢) mango
honey, (d) mango kuweni

3.3 Comparison of MSE Values on Roberts and Laplacian Operator Edge Detection

The results of edge detection using Roberts and Laplacian operators using four types of mango leaf
objects, namely golek mango leaves, sweet arum mango, honey mango and kuweni mango have been tested
and succeeded well. The test used 6 samples from each type of mango leaf used for edge detection. Table 2
is the result of edge detection using the roberts and laplacian operators in finding MSE values.

Table 2. MSE Value Test Results
Method Roberts Method Laplacian

Image

MSE MSE
Golekl 10.6612 11.2253
Golek2 10.2502 10.2444
Golek12 10.2580 10.1154
Golek22 10.2885 9.5667
Golek30 8.9723 7.8577
Golek31 10.1948 8.8748
ArumManis15 12.3889 12.4002
ArumManis19 13.2682 13.5829
ArumManis23 13.2060 13.3644
ArumManis28 13.2982 13.6547
ArumManis35 12.3646 12.8109
ArumManis45 12.0374 12.4431
Madu3 11.3666 10.9183
Madul2 11.6453 11.5063
Madul3 11.4135 10.7503
Madul5 11.8839 12.3494
Madul7 11.0797 10.5845
Madul8 11.2947 11.3396
Kuweni3 10.8634 9.7127
Kuwenill 10.0903 8.8504
Kuwenil3 10.9394 9.7345
Kuwenil7 10.9957 9.4819
Kuweni38 10.5795 8.1016
Kuweni44 11.1390 10.9260

Table 2 provides information that the parameter of the MSE value is that the smaller the MSE value
(close to 0) indicates that the image quality is getting better. Table Il shows the smallest MSE value from 24
data samples for four types of mango leaves. The lowest MSE value is in the Laplacian operator on the mango
golek leaf image object with a value of 7.8577. While the Robert operator with the same object, namely the
image of mango leaves, golek obtained the lowest MSE value with a value of 8.9723. This shows that the
image quality of edge detection using the Laplacian operator produces better result quality than the Robert
operator.
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3.4 Comparison of PNSR Values on Roberts and Laplacian Operator Edge Detection

The results of edge detection using Roberts and Laplacian operators are by finding PSNR values on
four types of mango leaf objects, namely golek mango leaves, sweet arum mangoes, honey mangoes and
kuweni mangoes have been tested and succeeded well. The test used 6 samples from each type of mango leaf
used for edge detection. Table 3 is the result of edge detection using the Roberts and Laplacian operators in
finding the PSNR value.

Table 3. PNSR Value Test Results
Method Roberts Method Laplacian

Image

PNSR PNSR

Golekl 37.8868 37.6628
Golek2 38.0575 38.0599
Golek12 38.0542 38.1150
Golek22 38.0413 38.3572
Golek30 38.6358 39.2119
Golek31 38.0810 38.6832
ArumManis15 37.2345 37.2305
ArumManis19 36.9367 36.8349
ArumManis23 36.9571 36.9053
ArumManis28 36.9269 36.8120
ArumManis35 37.2430 37.0890
ArumManis45 37.3595 37.2155
Madu3 37.6085 37.7832
Madu12 37.5033 37.5554
Madu1l3 37.5906 37.8506
Madu15 37.4152 37.2483
Madul7 37.7195 37.9181
Madu1l8 37.6361 37.6188
Kuweni3 37.8051 38.2914
Kuwenill 38.1257 38.6952
Kuwenil3 37.7748 38.2817
Kuwenil7 37.7526 38.3959
Kuweni38 37.9202 39.0791
Kuweni44 37.6964 37.7802

Table 3 provides information that the parameter PSNR value is that the greater the PSNR value,
indicating that the image quality is better or more powerful than the original image. Conversely, the smaller
the PSNR value, the worse the image quality. Table 111 shows the highest PSNR value is in the Laplacian
operator on the mango golek leaf image object with a value of 39.2119 dB. While in the Robert method with
the same object, namely the image of mango leaves, golek obtained the highest PSNR value with a value of
38.6358 dB. This shows that the image quality of edge detection using the Laplacian operator results in better
quality than the Robert operator.

3.5 Comparison of Edge Detection on White Pixels for Roberts Operator and Laplacian Operator

The results of edge detection using Roberts and Laplacian operators to find white pixel values in four
types of mango leaf objects, namely golek mango leaves, sweet arum mangoes, honey mangoes and kuweni
mangoes were successfully tested well using 6 samples from each type of mango leaf used for edge detection.
Table 4 results from edge detection using the Roberts and Laplacian operators to find white pixel values.
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This shows that edge detection image quality using the Laplacian operator results in detection
capabilities with better results compared to Robert's method.

Table 4. White Pixel Test Results
Method Roberts Method Laplacian

Image - : - -
White Color Pixel ~ White Color Pixel
Golekl 168668 182668
Golek2 161334 174749
Golek12 177844 191164
Golek22 182779 191591
Golek30 179661 192645
Golek31 139544 150313
ArumManis15 184163 189441
ArumManis19 155148 160196
ArumManis23 179014 184650
ArumManis28 169540 175190
ArumManis35 176237 181611
ArumManis45 177411 182768
Madu3 173408 185037
Madul2 176852 185633
Madul3 161481 172578
Madu15 180157 190467
Madul7 159983 169431
Madul8 168148 178383
Kuweni3 150203 156742
Kuwenill 140917 146747
Kuwenil3 150039 157191
Kuwenil7 142599 149886
Kuweni38 133256 140298
Kuweni44 172275 179643

Comparison graph of PSNR values in Roberts and Laplacian methods with four types of mango leaves
in Figure 6.

Comparison of White Pixels on Roberts and Laplacian

Operators
185000 178942
180000
175000 168411
170000
165000 162606 160697
160000 157182 157361
152925
155000 150041
150000
145000
140000
135000

Golek ArumManis Madu Kuweni

m Metode Roberts  ® Metode Laplacian

Figure 6. PSNR Value Comparison Graph
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Based on the data presented in Table 4 and Figure 6 is a comparison of white pixel values using the
Roberts and Laplacian operators. In an edge detection comparison using the Roberts and Laplacian operators
on mango leaf-type objects to find pixel values, the Laplacian operator produces more white pixels with an
average value of 164951.5 compared to the roberts operator produces fewer white pixels with a value of
155889.75. This shows that edge detection image quality using the Laplacian operator results in detection
capabilities with better results compared to Robert's method.

This shows that edge detection image quality using the Laplacian operator results in detection
capabilities with better results compared to Robert's method.

4. CONCLUSIONS

Comparison of edge detection on mango leaf objects with four types, namely golek mango leaves,
sweet arum mango, honey mango, kuweni mango using Roberts and Laplacian operators in finding accurate
information goes as expected. Based on the results of trials on the mango leaf objects used, a variety of MSE,
PSNR and white pixel values were obtained due to differences in the shape and texture of the leaf objects.
The Roberts operator produces the smallest MSE value of 8.9723, while the Laplacian operator produces the
smallest MSE value of 7.8577. The Roberts operator produces the largest PSNR value of 38.6358 dB, while
the Laplacian operator produces a PSNR value of 39.2119 dB. The Roberts operator results in an average
white pixel value of 155889.9 while the Laplacian operator results in an average white pixel value of 164951.
It can be concluded that Laplacian operators have better capabilities than Roberts operators in detecting edges
on mango leaf objects.
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