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ABSTRACT

Medical image processing has become one of the crucial elements of the diagnostic process
because of the increased usage of medical imaging recently, and clinicians' dependence on such
computer-processed medical images in diagnosing patients. As the traditional Canny edge
detection algorithm is sensitive to noise, it is easy to lose weak edge information when filtering
out the noise, and its fixed parameters show poor adaptability. The suggested algorithm
introduced the concept of image block intensity operator to replace image gradient. In addition,
the computing speed of the suggested algorithm is relatively fast because it works block by block
rather than pixel by pixel. Two adaptive threshold selection methods are presented, one based on
the median accumulative histogram of image gradient magnitude and the other on the standard
deviation for both types of image pixels (one with less edge information and the other with rich
edge information). The proposed algorithm can be dividing into four stages: Input the medical
digital image, convert the color medical image to gray-scale, applied improved canny edge
detection, then calculate the MSE & PSNR Measures, in addition conduct a visual questionnaire
by oncologists to find out which method that made the enhancement of the medical image clearer.

KEYWORDS: Medical tumors images, Median Accumulated Histogram, CED, Sobel.
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analysts utilize various interpretive

Image processing can be defined as an approach
for the application of operations on the image for
improving or extracting relevant information
from it. It can be defined as a type of signal
processing using an image for input, while
output is either that image or its features. In the
case of utilizing such visual tools, the image

fundamentals [1]. In addition, digital image
processing methods provide the ability of
computer-assisted alterations of the digital
images [2]. Preprocessing, display,
enhancement, in addition to information
extraction, represent the 3 general processes
which all kinds of the data have to go through in
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the case of utilizing digital approaches. Pixels
are the picture elements that make up digital
images [3][4]. Pixels are usually arranged in an
ordered rectangular array. The pixel array
dimensions define the image size [5] [6]. The
number of columns in the array determines the
width of the image, while the number of rows
determines the height of the image. The pixel
array is therefore a matrix with N rows and M
columns. We specify the pixel's coordinates at y
and x to refer to it within the image matrix
[21[7]1[8].
In 1986, the Canny edge detection (CED)
approach presented three distinct criteria,
namely the signal-to-noise ratio (SNR) criterion,
precision of localization criterion, and single-
edge response criterion, to evaluate the
effectiveness of edge detection operators. Based
on these criteria, the optimal CED operator was
derived [9]. In comparison to conventional edge
detection algorithms, the CED algorithm
generally yields superior edge detection
outcomes [9]. In contemporary times, a plethora
of scholars have proposed numerous enhanced
algorithms utilizing the principles of the CED
algorithm, which have been effectively
employed within the sphere of applied
engineering. Er-Sen Li enhanced the operator for
computing the magnitude of image gradients and
automated the edge detection process using
Otsu's threshold selection method, vyielding
moderately positive outcomes in terms of edge
detection performance [8].
In various computer vision applications, edge
detection has been considered as the first step.
Edge detection dramatically decreases the
quantity of data in an image by filtering away
insignificant or unwanted data and revealing the
important information. With regard to image
processing, such information is utilized for
detecting objects. Medical image edge detection
is a crucial preprocessing phase in medical image
segmentation for the object recognition of
human organs like ribs and lungs [10]. Edges
define the boundaries between the image's
various regions. Those boundaries are utilized to
distinguish objects for the purposes of matching
and segmentation. The following are the major
phases in medical image edge detection:
1. Smoothing: this phase attempts to eliminate as
much noise as possible while preserving actual
edges.
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2. Enhancement: this phase applies a filter for
improving image's edge quality (i.e,
sharpening).

3. Detection: this phase determines which pixels

of the edge must be deleted as noise and which

ones must be preserved (typically Thresholding
presents the criterion utilized for detection).

Localization: this phase determines an edge's

exact location (sub-pixel resolution could be

needed for certain applications, in other words,
estimate the edge's location more sufficiently
than spacing between the pixels). This phase
frequently necessitates edge linking and
thinning [9].

Traditional Edge Detection Techniques

Edge detection may be carried out in various
methods. It can, yet, be categorized into two types,
which are: Laplacian and gradient [11]. The latter
finds edges through looking for minimum and
maximum values in the 1st derivative of the image.
To locate the edges, Laplacian approach searches
for zero crossings in the 2nd derivative of the
image. The most widely utilized discontinuity-
based edge detection approaches, as indicated
below [11-13].

Sobel Filter

Sobel proposed the Sobel edge detection
technique in 1970 (Rafael C. Gonzalez 2004).
The Sobel approach of image segmentation edge
detection utilizes Sobel approximation to
derivative for the purpose of discovering the
edges. In addition, the Sobel filter represents a
basic approximation regarding the gradient with
smoothing concept. The 3 x 3 convolutional
mask is typically utilized for identifying Y and
X direction gradients as illustrated in Figure 1.

X — Direction Kernel Y — Direction Kernel

-1 0 1 -1 -2 1
-2 0 2 0 0 0
-1 0 1 1 2 1

Figure 1. Masks that are utilized by Sobel operators [5].

Those kernels, one for each one of the 2
perpendicular orientations, have been developed
for responding in a maximal way to edges
traveling horizontally and vertically relative to
the grid of pixels. The kernels could be
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individually applied to input images for the
purpose of providing separate measurements of
the gradient component in every orientation (Gy
and Gx). The problem of this method is the
absolute magnitude regarding the gradient at
every point as well as its orientation can after
that be specified through the combination of such
results [14][15].

Prewitt's Operator

Prewitt can be defined as a suitable approach for
the estimation of orientation and magnitude of
the edge. In contrast to other approaches of
gradient edge detection, requiring very time-
consuming computation for estimating the
direction from magnitudes in y & x directions.
The problem of this method is that it is only able
to go in 8 directions; however, experience has
revealed that the majority of the direct
estimations of the direction aren't much better.
For 8 directions, such a gradient-based edge
detector is estimated in a 3 x 3 neighborhood as
shown in Figure 2 [4][16][17].

-1 0 +1 +1 +1 +3
-1 0 +1 0 0 0
-1 0 +1 -1 -1 -1
Gy Gy
Figure 2. Masks utilized in Prewitt gradient edge

detector[17].

Robert's Cross Operator

Lawrence Roberts is the developer of Roberts’s
edge detection (1965). It computes a simple 2D
spatial gradient measurement on an image within
a short amount of time as shown in Figure 3. This
approach highlights areas with high spatial
frequency that are usually corresponding to the
edges. Which is why high spatial frequency
regions, frequently corresponding to edges, have
been highlighted. Both operator's output and
input are gray-scale images in the most usual
utilization. There are 22 convolution masks. The
operator consists of a pair of (2x2) convolutional
kernels. One of the kernels is just 900 rotated

from the other one. This is a lot like the Sobel
operator [18][19].

+1 0 0 +1

0 | -1 -1 ( O

Gx Gy

Figure 3. Masks utilized by Robert operator [3].

Those kernels, (1) for each one of the (2)
perpendicular directions, have been developed
for responding in a maximal way to edges
running at 45° to pixel grid. The problem of this
method is the kernels could be applied to the
input image separately to provide separate
measurements of gradient components in every
one of the orientations (Gy and Gx) [20][21].

Laplacian of Gaussian

The Laplacian of Gaussian (LOG) operator
determines the best edge detection filter based on
the image's SNR. To find the edges, first apply a
Gaussian function to low-pass smooth the image;
after that apply a high-pass filter to the Laplacian
operator based on the 2nd derivative of zero. The
problem of this method is that we need to
discover a discrete convolutional kernel which
might approximate 2nd derivatives in the
formulation of Laplacian because the input
image has been represented as a series of the
discrete pixels [22]. Figure 4 shows the most
typically utilized small kernels.

-l |2 -] | |1 1
. -4 |1 | |8 |1
-1 |2 -] | |1 |
Gx Gy

Figure 4. Mask of Laplacian filter [22].

Traditional Canny Operator
Edge detection, localization, and only one
response to one edge are all good features of the
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CED classical method. The stages taken by CED

are as follows:

e To remove the noise, it first smoothed the image
with the use of a Gaussian filter.

e |t then uses the Sobel operator for finding the
image gradient and highlighting regions.

e Followed by suppressing any pixel that isn’t at
maximum (non-maximum suppression).

¢ To follow along the remaining pixels that weren’t
suppressed, hysteresis is utilized. The Double
Threshold approach employs two thresholds, T2
and T1, to divide gradients into 3 groups:
x Gradients < T1: definitely non-edge point
x Gradients > T2: definitely edge point
x Or else, the decision is made based on the
point's direction and the present edge paths.
Automatically determining T2 and T1 threshold
values is complicated, particularly when the
boundaries of the image are vague [23][24]. The
traditional CED algorithm have two problems the
First, conventional algorithms assume limited
first-order differences of 2x2 neighboring regions
to compute the image gradients [25]. A second
problem is that the double threshold of the
conventional CED algorithm is set to a fixed
value. For images rich in edge information, the
adaptability of traditional CED algorithms is not
ideal, and local characteristic edge information is
prone to loss.

The Proposed Improved CED Algorithm

This paper introduced the concept of
accumulated histogram to divide each region of
the image into blocks by calculating the median
value rather than mean value for each block in
the image because of the mean value may distort
for a large change in color values intensities of
the block, while the median value is impervious
to spurious values. The purpose of dividing
image into blocks to replace the image gradient,
and proposed two adaptive threshold selection
methods for two kinds of medical sample
images.

MATERIALS AND METHODS

The proposed method involves four main stages
applied in MATLAB in order to achieve a
diagnosis of human brain tumors using improving
canny edge detection. And make a comparison
between the improved CED and traditional edge
detection methods to find out the quality of the
suggested algorithm based on the values that were
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calculated by the MSE and PSNR measures. And
finally applied subjective measures depending on
oncologists evaluation. The proposed system is as
follows:
Stage 1: Input RGB medical image: We use JPEG
format of human brain tumor image.
Stage 2: Convert the color image to gray- level.
Stage 3: Applying improved canny edge detection:
a. Smooth the image to reduce the noise by
using a sobel filter.
b. Divide image into K blocks with size Ux V.
c. The block values are arranged in ascending
order, after that calculate the median value
for the first block in the image by the

Equation 1.
Median
®(2)+(5(3)+1)

) if (n)isodd > i

1)

n+1

={B( 2
(n) represents the number of values in the
block and is equal to (U x V), B (n+1/2)
represents pixel value in block in location
(n+1/2), B(n/2) represents pixel value in
block in location (n/2).

d. Save the values in a temporal matrix.

e. Calculate the frequent of the median values
saved in the matrix (temporal).

f. Find the most common median. The most
common median represents the number of
pixels containing the same color value in the
first block.

g. Advance to the next block then repeat
previous steps (secondly, fourthly). These
steps continue until the last block of image.

h. Threshold Selection Adaptive, the result of
the matrix is understood as image gradient,
and when the intensity on a pixel is higher
than the threshold, the pixel is considered to
be an edge point. The threshold for pixels is
calculated based on the median of the
gradient magnitude and standard deviation
of the matrix image gradient, whose center is
the pixel I[i,j] (N is an odd number, generally
larger than 20). Then, the threshold value of
the pixel can be obtained by Equation 2.

SRS BT

(m*n)

(2)

When the pixel I [i, j] is in the image's border
region and the matrix is less than NxN, the
incorrect parts are set to null, and the median and
standard deviation of this matrix were used to
calculate the threshold. As a result, each pixel

E,
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has its own double threshold, and the entire
image's edge information may be acquired by
detecting and connecting edges. Algorithm 1
depicts the key stages of the improved CED
algorithm.

Algorithm: Improved CED.

Input: Medical Colored Image.

Output: Shape Boundary of Medical Image

Stepl: Read RGB Medical image.

Step2: Convert RGB into Grey-level.

Step3: Divide the medical image into K blocks, k=4 with

2 x 2 size.

Calculate a median value for the first block and

save these values in a temporal matrix.

Step 5: Calculate the median values frequently and find
the most median value frequent.

Step 6: Create the first block based on the blocks that
contain the most frequent median values.

Step 7: Move to the next block and repeat steps from 2 to
4. And continue until complete the last block of the
medical image.

Step 8: Adaptive Threshold Selection.

Step 9: Calculate MSE & PSNR to measure the quality of
the resulting edge image.

End.

Step4:

Stage 4: Make a comparison between the
proposed improved CED and the traditional
methods (Sobel Filter, Prewitt Filter, Roberts
Filter, Laplacian Filter, and traditional Canny
algorithm) using PSNR and MSE to get the error
ratio of the resulting medical image for each
method. The MSE represents the total difference
between the original and compressed image.
MSE reduces error and enhances image quality
when used in small amounts. The smaller the
MSE, the better image's edge quality. MSE is
defined as follows:

1 m-1 n—-1
MSE =%Z Z UG)-KG—D1% @)
i=0  j=0

where PSNR is most easily defined via the mean
Squared Error (MSE). The bigger the PSNR, the
better the edge quality of the resulting image.
The PSNR (in dB) is defined as:

@"-1"

PSNR = 10log10
g VMSE

(4)

Figure 5. explains the overall block diagram of
the suggested method.

pre-processing

Input the medical Convert RGB to

Smooth image by

image by the user

Gray level

Main processing

processed image

sobel filter Apply
imoroved CED

|

|

|

- |
Final pre- I
|

|

|

1

1

]

{ | Divide image into
1 K blocks
1

Apply median
accumulated

Adaptive
Threshold

Show the final

1 | Result image one

& PSNR for all the

|
|
|
Calculate the MSE |1
|
|
resulted imaee 1

Figure 5. The block diagram of the Improved CED algorithm.

70

@ @ @ Copyright © 2023 Al-Mustansiriyah Journal of Science. This work is licensed under a Creative Commons Attribution \‘isi
Noncommercial 4.0 International License. A.,,._., A



Taher et al.

Applied Improved Canny Edge Detection for Diagnosis Medical Images of Human Brain Tumors 2023

RESULTS AND DISCUSSION

The case study in the proposed method is
implemented and tested using MATLAB on two
samples of human brain tumor images which are
256-level gray for each sample, in order to
identify medical image tumors. The results from
figures (6-9) & table (1-3) illustrates the major
stages of the suggested approach. Beginning
from input the RGB image (brain tumor), convert
the color image to gray- level, applying the
improved CED and the traditional edge detection
methods on gray image (Sobel Filter, Prewitt
Filter, Roberts Filter, and Laplacian Filter,
traditional CED) one after another for each
sample of medical image, and compute the MSE
& PSNR Measures the quality of the improved
CED.

Depending on the measures of PSNR & MSE in
Table 1 and 2 that show an improved CED
algorithm is better than the traditional methods,
and then Prewitt Filter, Sobel Filter, Roberts
Filter, and then Laplacian Filter in ascending
order.

original Image

=N

- 5
[LE R P -

Ro berts_

Improved Canny

original Image

Figure 6. The process of input RGB brain tumors image.

gray

Figure 7. Convert RGB medical image into gray-level.

gray

Laplacian

T e

Figure 8. Results after applying improved CED & traditional method on 1%

sample of brain tumors image.
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original Image

Improved Canny

Laplacian

P —

Figure 9. Results after traditional method on 2

Sample of Brain Tumors Image.

applying improved CED &

Table 1. The output results of the MSE & PSNR measurements for the 1** Medical Image sample.

MSE | Improved CED | Traditional CED Sobel Prewitt Roberts Laplacian
Values 2.5345e+04 3.7645e+04 6.9872e+03 6.9868e+03 6.9877e+03 6.9957e+03
SN 9.8722 9.3737 7.6878 7.5880 5.7875 5.6825
Values

1st

sample
Table 2. The output results of the MSE & PSNR measurements for the 2" Medical Image sample.

MSE Improved CED | Traditional CED Sobel Prewitt Roberts Laplacian
Values 0.4269e+04 1.5272e+04 4.5265e+04 4.5264e+04 4.5267e+04 3.0108e+04
PSNR
Values 9.7918 9.39405 6.2918 6.2941 6.1132 4.3440

2nd .j:f?@\.w\. ~— =
sample L /
Table 3. The Subjective Measure of 1% & 2™ samples.
Oncologists Opinion of Improved Traditional - ]
1 & 29 sample CED CED Sobel Prewitt Roberts Laplacian
1% Oncologist v v
2" Oncologist v v
3 Oncologist v
4" Oncologist v v
5th Oncologist v
6™ Oncologist v
7" Oncologist v v
8" Oncologist v v
9" Oncologist v v
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Table 3 explains the oncologist’s evaluation of
subjective measure, a questionnaire was
conducted for 9 oncologists to know their
opinion about the best method that gives more
accurate details to help them in the process of
diagnosing a brain tumor. Where the eight
oncologists found the result of improved CED in
15t & 2" samples is very efficient than other
filters because it visually gives more details
about the tumor image that has been entered,
which helps them in the diagnosis process more
accurately.

CONCLUSIONS

This study emphasizes the diagnosis of human
brain tumors and aims to assist the medical
community in utilizing computer image
processing techniques for more accurate
diagnostic outcomes. The proposed enhanced
algorithm initiates by segmenting the image
region into  2x2  Dblocks,  prioritizing
computational speed over individual pixel
intensity calculations simultaneously. Instead of
employing the mean value susceptible to
distortion from significant shifts in color value
intensities within the block, two adaptive
thresholds are chosen through median
accumulated histogram analysis.

This algorithm focuses on edge identification in
medical images by initially smoothening the
image and removing noise. Subsequently, an
enhancement process is implemented to achieve
higher image quality. A comparison among five
filters was conducted to determine the most
effective filter based on objective metrics such
as MSE and PSNR measures. Moreover,
subjective evaluations were conducted by nine
Oncologists to ascertain the filter's performance.

Disclosure and Conflict of Interest: The
authors declare that they have no conflicts of
interest.
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