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ABSTRACT

Detecting the edges of objects in images is an essential issue in the field
of computer vision and image processing, especially in light of the increas-
ing need for immediate and online interaction in determining the content
of these images, which requires adopting an appropriate algorithm. This
paper introduced a new Simple and Effective Edge Detection (SEED) al-
gorithm. This algorithm relies on Boolean operations to detect edges in
binary digital images. SEED analyses every pair of adjacent pixels, hori-
zontally and vertically, in a smoothly and easily manner. This algorithm
showed high performance in identifying edges with advanced ability to
overcome false edges. To evaluate the SEED algorithm, it has been com-
pared with both the Sobel and Canny algorithms by adopting quantitative
evaluation metrics such as the peak signal to noise ratio (PSNR) and the
mean square error (MSE), in addition to the intersection-to-union (IoU)
ratio index, or what is called Jaccard. The values of the above metrics
reflected a higher performance of the proposed algorithm. It has been also
found that the detection rate of false edges decreased significantly, making
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it an effective tool for applications in this field.
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1. INTRODUCTION

Edge detection is an important and sensitive issue
in image processing and computer vision applications,
where this process is usually performed to identify
and diagnose objects in images. The location where
a significant change in brightness or color occurs in
an image is often represented by an edge [1]. Iden-
tifying edges leads to distinguishing and identifying
objects or features in images [2]. Detecting and iden-
tifying edges results in binary images, which paves
the way for analyzing the content of the images, seg-
menting them, and identifying the objects in their
contents [3]. Several edge detection techniques have
been commonly used, such as the Sobel, Prewitt [4],
Roberts [5], and Canny [6]. Although there are many
mathematical methods that estimate the gradient of
the image intensity function, all of these algorithms
share a basic goal: identifying regions within the im-
age where there is a noticeable shift in brightness [7,
8.

Many edge detection techniques based on machine
learning have been developed [9-13].

By identifying the edges of the image, it is possi-
ble to recognize the topology of shapes and determine
their features [14]. Still, the possibility that these
edges contain some of adjacent pixels may increase
the width of the edge and negatively affect the recog-
nition of these features, which often requires the use
of some algorithms to thin these edges [15, 16].

Li X. et al. (2020) [17] introduced an edge detec-
tion algorithm for images representing cancer cases
using deep learning. The first stage included cre-
ating a 3-D model to reconstruct the surface struc-
ture of the cancer image. Next, an edge contour
feature extraction method had been used to extract
the complex features of cancer cells within the im-
age. Then, a recombination model established for
the multi-dimensional pixel feature distribution of the
cancer image, using an accurate feature segmenta-
tion method to accomplish regional fusion and infor-
mation recombination. Chen J. et al. (2021) [18],
presented a novel approach for edge detection using
cluster spectral curvature. The used strategy refor-
mulates the challenge of edge detection as a classifica-
tion problem, taking advantage of the distinct spatial
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properties of image edge points, homogeneous points,
and noise points. The proposed method efficiently
separates homogeneous points from edge points. Liu
and Zhu (2021) [19] utilized a subpixel edge detection
algorithm to fulfill the stringent accuracy needs for
locating spot edges in beam quality detection. The
first stage involved using a Sobel operator to approx-
imately locate the point of light and then reposition-
ing the edge of the initially acquired pixel plane. Fi-
nally, identify the true sub-pixel edge points in the
image based on the improved edge judgment criteria,
thus achieving the sub-pixel edge extraction of the
light spot image. Ultimately, they identified the gen-
uine subpixel edge points in the image based on en-
hanced edge judgment criteria, thereby accomplish-
ing the subpixel edge extraction of the light spot im-
age. Sun H. et al. (2022) [20] put forward an im-
proved flame edge detection method that uses a con-
volutional neural network (CNN). This approach is
practical for creating and extracting edge maps. The
grid structure used for this purpose mostly based on
VGG16. Wu Ji et al. (2022) [21] presented a deep
learning-based approach for edge detection in single-
mode multimode fiber imaging. This approach uses a
neural network that accepts a one-dimensional light
intensity sequence as its input and produces the edge
detection results of the target as its output. This neu-
ral network can recognize edge information of multi-
ple, non-specific forms. The results showed that the
proposed technique can determine edge details even if
the sampling rate is low. Yan J et al. (2022) [22] pro-
posed a model called dynamic threshold-directed neu-
ral P systems, or ODTNP systems for short. These
systems combine the features of dynamic threshold
and elevation mechanisms, considering both the di-
rection and magnitude of the gradient. The results
demonstrated the ability of this method to detect
edges efficiently. A similar computational model of
neurobehavior is spiking neural nonlinearity system
(NSNP). Sheyan R. et al. (2023) [23], modified this
system for custom image edge detection. The system
runs on two convolutional cores supported by Particle
Swarm Optimization (PSO) technology. Test results
of this system gave effective results on standard im-
ages.

The ability of traditional algorithms and some ma-
chine learning techniques to effectively identify and
map object edges within images has made these meth-
ods widely used. Some of them have proven to be
highly efficient, but they also have drawbacks and
complexities, as some methods involve using several
algorithms to achieve the result, and this requires
many calculations, which may increase the compu-
tational burden and limit the practical use of real
time applications. Some of these algorithms also
require pre-training processes that need to prepare
many models to cover the state-space. Moreover,
reaching generalization requires several epochs, which

takes a fair amount of time during this stage. On the
other hand, some of these algorithms required care-
fully selecting thresholds and specifying parameters
that can be adjusted, and their results may be af-
fected by noise, in addition to the high detection rate
of false edges in some of them.

This paper presents a new simple and effective
edge detection (SEED) algorithm in binary images,
based on Boolean logical operations. The computa-
tional ability and efficiency of Boolean logic in binary
systems, in addition to its simplicity, made it an effec-
tive tool for comparing pixel intensities and deciding
whether to consider it an edge or not. The proposed
algorithm has been compared with well-known stan-
dard algorithms such as Sobel and Canny. The com-
parison results showed the outstanding performance
of the proposed SEED algorithm with high PSNR
and low MSE values, in addition to achieving a higher
value of the Jaccard index with shallow false edges.
On the other hand, the edges of the image extracted
using this algorithm do not require any thinning. The
results achieved using the proposed technique repre-
sent a significant contribution to the field of image
processing. The results achieved using the proposed
technique represent a significant contribution to the
field of image processing, which can be reflected in
many practical applications.

The remainder the paper follows this organiza-
tion: Section 2 provides a detailed explanation of the
SEED algorithm. In Section 3 the results of the algo-
rithm, tested against a set of images, are presented,
along with a comparative analysis. Finally, Section 4
presents the conclusions drawn.

2. PROPOSED EDGE DETECTION ALGO-
RITHM

Boolean logic is characterized by its simple method
and computational efficiency in dealing with binary
data, which made it an incentive to rely on it in de-
signing an algorithm to detect the edges of objects
in binary images. This requires converting color and
grayscale images into binary images. The basic prin-
ciple on which the algorithm works is to process each
successive pair of pixels horizontally and vertically to
determine whether there is an edge or not based on
a model designed for this purpose.

The SEED algorithm operates in two distinct
phases. The first phase is intended to adjust the value
of any isolated pixel in a 3x3 window that is distinct
from its surroundings, as this distinction could sug-
gest that the pixel represents noise, and might be
processed.

Specifically, if the central pixel value of a window
differs from all the pixel values surrounding it, it will
be considered noise. The center pixel’s value is then
adjusted to match that of its surrounding pixels, as
shown in Fig. 1. In other words, the noise removal
process in this phase works exclusively on isolated
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Fig.1: (a) Isolated Noisy Pixel, (b) Noise Removal.

pixels caused by salt and pepper noise, also known as
impulsive noise, which presents itself as sparsely black
and white pixels [24]. In this phase, to ensure uniform
treatment of all pixels in the image of size (M*N), a
temporary row with zero values will be padded be-
fore the first row and after the last row. Similarly, a
temporary column of zero values will be padded on
the left and the right of the image.

To remove the noise from the pixels depicted on
the left part of Fig. 1(a), the Boolean operation of
Eq. (1) is adopted for any arbitrary pixel I(i,j) in the
image, for i = (2,3,...,M —1),j=(2,3,...,N—1),
k=(-1,0,1), and | = (—1,0,1):

I(i,j) = 1(6,9) NG+ k, ) VIG5 + D] (1)

And, for the pixels depicted on the right part of Fig.
1(a), the corresponding bitwise relation used to re-
move the noise is:

I(i,j) = 1(6,5) Ui+ K, 5) 0V 10,5+ 1] (2)

for (i +k,j+1) # (4,7).

After removing noise from all rows and columns,
as directed by Eqs. (1) and (2), the two padded rows
and the two padded columns will be deleted, to return
the image to its original size. The second stage task
depends on identifying the edges of the image using
the model shown in Figure 2. This model came from
collecting all the possibilities that a pixel could be in
an edge position.

Fig.2: Proposed Edge Prototype Model.

In the model provided in Fig. 2, white pixels sym-
bolize data and are assigned a value of 1 in the bi-
narized image, otherwise the pixel value is zero. Fig-
ure 3 shows the flowchart that uses Boolean algebraic
relationships based on the model of Figure 2. The

Im =Read Image
I=Binanze (Im)

P = azero matnix of size M*N (reserved for
storing theimage after edge detection)
i=13=1

<Y

| PGi)=[GH)AND NOTAG+DIORPG) |
v

I P(ij+1) = [NOT(I(ij) AND I(ij+1)]OR P(ij+1) l

[ PGj) = (1) AND NOT(1(+1.7)] OR P(ij) |

| P(i+1.§) = [NOT(I(, i) AND I(++1.§)] OR P(i+1.{) |

model identifies edges based on the relative values of
successive pixels, at the row level or at the column
level. Specifically, if a pixel P with a value of one is
immediately followed by a pixel with a value of zero,
or vice versa, the pixel with value one is identified as
an edge. In all other circumstances, the pixel is not
considered an edge. In row-wise, the adopted Boolean
logic operations are:

P(i,j) = [I,j) NNOT(I; j41)) ] U Pu gy (3)

P(i,j +1) = [NOT (L 3y) N Iii j11y] U Piijrry (4)
Where “N” and “U” represent the “AND” and the

“OR” operations, respectively. Likewise for columns,
the logical operations for edge detection are:

Py = [, N NOT(Iiy15)] U Py jy (5)

Plit1g) = [NOT(I(i 5y) NV iy1.5) U Pigay)  (6)
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3. RESULTS

Original

This work tested several images using the proposed
system, adopting MATLAB R2019b 64-bit (Win64).

The tested images represent two sets of images re-
lated to different applications. The first set of images
were clear and free of noise, while the second set in-
cluded the same images with a certain level of noise
added before the edge detection process.

Original SEED

Sobel
Fig.5: Brain CT-Scan Edge Detection.

Original SEED

Fig.4: Camera Man Edge Detection.

The resulting edge detection outcomes compared
to those produced by two well-known standard edge
detection algorithms, Sobel and Canny. Noise-free
images do not need to apply the first stage of the
SEED algorithm. Thus, only the second phase, which
is responsible for edge detection, was used. Fig. 4
to Fig. 7 show the results from the first set of im-
ages. The top-left images in these figures represent
the bitmap versions of the original images.

For the purpose of verifying the results and evalu-
ating the presence of false edges, a certain segment of
Figure 4 has been enlarged, as shown in Figure 8. It is
evident that the proposed algorithm produces free of
false edges results, in contrast to those made by the
Sobel and Canny methods. Additionally, the edges
detected using the SEED algorithm show no need for

Sobel Canny

Fig.6: Ishtar-Gate Edge Detection.

thinning.
The same applies to Figures 5-7, where specific Table 1: PSNR and MSE for Noise-Free Images.
locations were selected and Magnified, as shown in Imace PSNR MSE
Figures 9-11. & SEED | Sobel | Canny | SEED | Sobel | Canny
Performance evaluation also involved calculating iE;m 271 | 193 | 1.98 | 0.53 | 0.64 | 0.63
the peak signal-to-noise ratio (PSNR) and the mean s(‘T 16l | 355 | 330 | 031 | 044 | o045
square error (MSE) as presented in Table 1, where “can
the SEED algorithm recorded the maximum PSNR E;I:;l 52 | 424 | 407 | 030 | 037 | 0.39
and the minimum MSE for all tested images. Flowers | 4.96 | 4.56 | 4.51 031 | 034 | 035

The Jaccard Index, also called Intersection over
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Fig.9: Searching for False Edges in ‘Brain’.

Fig.7: Flowers Image Edge Detection.
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Fig.10: Searching for False Edges in ‘Ishtar Gate’.

Sobel Canny

Fig.8: Searching for False Edges in ‘Camera Man/ .

Union (IoU), measures the similarity between two bi-
nary masks or two binary images. IoU scores span
from 0 (indicating no overlap) to 1 (indicating com-
plete overlap). It offers a straightforward numeri-
cal representation of the alignment between detected
edges and their corresponding ground truth. A higher
ToU indicates a closer match. It’s worth noting that
the thickness of the detected edge compared to the
ground truth can influence the IoU score. Table 2
shows the calculated Jaccard index for the tested
noise-free images. SEED Sobel Canny
Table 2 clearly shows that the Jaccard index re-
sults for the SEED algorithm are superior to those of Fig.11: Searching for False Edges in ‘Flowers’.
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Table 2: Jaccard Index (IoU) for Noise-Free Im-
ages.
Image SEED | Sobel | Canny
Camera Man | 0.1698 | 0.0629 | 0.0771
CT-Scan 0.2358 | 0.0989 | 0.1005
Ishtar Gate 0.1869 | 0.0710 | 0.0653
Flowers 0.0776 | 0.0361 | 0.0376

the Sobel and Canny algorithms.

The second set of images uses the images of the
first set with the addition of 3% “salt and pepper”
noise. In this test, the first phase of the SEED algo-
rithm has been activated, followed by the edge detec-
tion phase. Fig. 12 to Fig. 15 presented the results.

In a qualitative assessment, examining of the fig-
ures representing the edges of the noisy images shows
that both the ‘SEED’ and ‘Sobel” algorithms typically
outperform the ‘Canny’ algorithm. Table 3 includes
the calculated PSNR and MSE values from which a
quantitative evaluation can be made. In this evalu-
ation, the SEED algorithm once again registered the
highest PSNR and the lowest MSE compared to the
other two algorithms.

Noisy image SEED

Sobel

Fig.12: Edge Detection of Noisy ‘Camera Man'.

The Jaccard index results for the noisy image set,
as presented in Table 4, demonstrate that the SEED
algorithm outperforms both the Sobel and Canny al-
gorithms.

277

SEED filter

Noisy image

Fig.13: Edge Detection of Noisy ‘CT-Scan’.

Noisy image SEED

Sobel

Fig.14: FEdge Detection of Noisy ‘Ishtar Gate’.

Table 3: PSNR and MSE for Noisy Images.

taee | PSNE MSE
™MAage  SEED | Sobel Canny | SEED | Sobel | Canny
Camera | o 2z | 199 | 205 | 052 | 063 | 0.62
Man
CT- 475 | 3.63 | 351 | 033 | 043 | 0.44
Scan
Ishtar |00 1 yog | 401 | 030 | 0.37 | 0.39
Gate
Flowers 4.94 4.52 4.30 0.32 0.35 0.37
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Noisy image SEED

Fig.15: Edge Detection of Noisy ‘Flowers’.

Table 4: Jaccard Index (IoU) for noisy Images.

Image SEED | Sobel | Canny
Camera Man | 0.1706 | 0.0653 | 0.0843
CT-Scan 0.2431 | 0.0953 | 0.1022
Ishtar Gate 0.1856 | 0.0732 | 0.0855
Flowers 0.0843 | 0.0364 | 0.0702

4. CONCLUSION

In this era, the field of computer vision and im-
age processing is gaining increasing importance. To
understand images and recognize their details, com-
ponents, and objects they contain, the need arises to
use edge detection techniques, one of the most funda-
mental problems in the field of computer vision and
image processing. This research introduced a Sim-
ple and Effective Edge Detection (SEED) algorithm,
a novel approach leveraging Boolean logic operations
to enhance edge detection in binary images. The ex-
perimental results highlighted the efficiency of SEED
compared to commonly used methodologies, such as
the Sobel and Canny methods. The main advan-
tage of SEED is its computational efficiency based
on Boolean operations, which are processed quickly
by analyzing successive pairs of pixels. SEED was
able to overcome and, in some cases, process noise,
which resulted in a significant reduction in false edge
detection.

Moreover, the proposed algorithm obtains thin
edges, with one pixel wide, for the processed images.
Slimming edges reduces the amount of data to pro-
cess and puts the focus on the data that represents

the actual edges. An important metric in evaluating
the effectiveness of edge detection algorithms, espe-
cially on binary images, is the intersection over union
(IoU). Here, it is necessary to confirm that the thick-
ness of the borders has an impact on the outputs of
the IoU values. Even if edge locations are captured
accurately, thicker edges may negatively affect IoU
results. In conclusion, in addition to the improved
accuracy and quality provides in detecting edges, the
SEED algorithm can open the way to more efficient
and powerful techniques in the field of dealing with
computer vision and digital image processing.
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