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Computed tomography (CT) images are an essential factor in the diagnosing
procedure for various diseases affecting the internal organs. Edge detection
can be used for the appropriate enhancement of the lung CT scan images for
the diagnosis of the various interstitial lung diseases (ILD). In order to solve
the issues of edge detection provided by the traditional Sobel operator, the

paper proposes a Sobel 12D edge detection algorithm which uses the

additional direction templates for the better identification of the edge details.
First, the vertical and horizontal directions available in the traditional Sobel
operator are extended to few more directions (a total of 12 directions) which
enhances the edge extraction ability. Next part, compute the edge detected
image using the Sobel 12D, Laplace, Prewitt, Robert’s Cross and Scharr
operators for edge detection separately. It is followed by image fusion
method which optimizes the edge detection by combining the edge detected
images obtained using the Sobel 12D approach and the Laplace operator.
The experimental results shows that the proposed algorithms generates a
better detection of the edges than the other edge detection operators.
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1. INTRODUCTION

There is a wide range of application of the digital images in various areas specifically in medical
field. Digital images are used in the advanced imaging techniques such as magnetic resonance imaging
(MRI), computed tomography (CT), ultrasound and X-rays [1]. In these techniques there is a possibility of
the interference of noise in the images generated [2]. Hence in order to eliminate these noises there is a
necessity of improving the clarity of the images generated. The process of identification of the smaller units
in the images and enhancing the features of the image is image enhancement. Image enhancement improves
the details of the image which results in better appearance of the image. There are many enhancement
techniques available such as image sharpening, edge detection and image smoothing. This process has much
significance in medical image diagnosis. As a result of the enhancement of medical images of human organs
the physician can diagnose the internal features for the identification of various diseases.

There is a high increase in the cases of lungs related diseases due to the issues such as pollution, life
style change and family history. Many of the lung related diseases if diagnosed at the initial stage can be
recovered. The perfect diagnosis of these diseases will be mainly dependent on the quality of the images
generated using the various scanning technique [3]. We discuss in this paper about the diagnosis of idiopathic
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pulmonary fibrosis (IPF). IPF is a type of chronic interstitial lung diseases (ILD) which affects the internal parts
of lungs. The early diagnosis of the disease can help the physician understand the stages of the disease. Based
on the appropriate identification from the CT scan lung images, immediate medication can be suggested. The
requirements and the constraints to be considered for the image-based diagnosis of various categories of ILD
which uses only the support of the CT scan images D [4]. There are many methods identified and used in the
detection of the various types of Interstitial Lung Diseases such as lung cancer, IPF [3], [5].

IPF results in gradual fibrosing and mostly shows cases of pneumonia which affects the interstitium
of the lungs. In most of the cases reported it is diagnosed in the older adults with symptoms of
malfunctioning of the lungs. There are a few cases of IPF such as Intralobular interstitial thickening (IIT),
IPF thickening, parenchymal bands (PB) and honeycombing (HC). In most of the cases there are many
details available in the images which needs to be identified specifically along the edge region. Hence
identification of an approach which focuses on the edges appears to be very important.

Edges contains the most valuable information in an image. Due to this, the retrieval of edge content in
an image is a very important part in image enhancement. The edge information retrieved should be of very good
quality. Along with that the complete knowledge about the properties of the image is obtained. So as a part of
improving the quality in an image there is a necessity of identification of the edges. Hence the process of
identification of the edges in an image is referred as edge detection [6]. Study on the performance of the various
edge detectors such as Sobel, Prewitt, Robert, Laplacian, Canny operators discussed [7], [8]. Also, it highlights
the significance of the frequency components of the edge detection operators. Edge preservation is considered
as one of the basic step in edge detection. Particularly in medical image analysis, where the identification of
diseases by the physician is done using the various imaging techniques such as CT scan and X-rays. Filters
suggested as a part of denoising identifies and removes the unwanted noise in these images [9], [10].

2. RELATED WORKS

Edge detection is applied for the investigation of the image details of medical, satellite, forensics
and vehicular images traffic maintenance. There are few techniques used in the diagnosis of interstitial lung
diseases available in literature. For example, Wong ef al. [11] suggest methods to diagnose and classify the
different types of ILD. Several updated illustrations of the identification of ILD using various techniques in
CT scan images [3]. The identification of the advancement of the stages of IPF and the diagnosis based on
the symptoms using the various scanning techniques illustrated [12], [13].

The extraction of specific parts in an image are performed using the various enhancement techniques.
There are many research works based on the application of edge detection operators such as Laplacian, Sobel,
Canny, Prewit [14], [15]. Similarly [16] focuses on Haar wavelets, Sobel, Gabor and Laplacian filters. Edge
detection using a threshold parameter provides better enhancement results on images [16]. There is more focus
given in object detection as patterns using the Laplacian operator together with the convolution approach [17].
Among the various operators available for edge detection Laplacian operators also provides good results. It is
applied for pedestrian detection for driving assistance systems of cars and other vehicles [18]. Literature on
various categories of edge detection algorithms such as ISEF, Canny, Marr-Hildreth, Sobel, Kirsch, Laplal and
Lapla2 shown with classification based on the pros and cons discussed [19].

The edge detection operators are categorized based on two methods such as the gradient and
Laplacian. Sobel, Laplace and Canny are few categories of gradient based filters used for edge detection [20].
The modified Sobel edge detection approaches preserves the sharp thin and noiseless edges [21]. White
Gaussian noise is eliminated using an approach which combines the Sobel edge detection with soft threshold
wavelet noise removal scheme [22]. Among the various edge detection algorithms available, the concepts
of gradient orientation and the direction templates are mostly applied in medical imaging. Sobel operators
performs the gradient calculation in the horizontal and vertical directions [23]. The identification of the edges
in the other directions are performed as a result of the extension of the direction templates to other directions.
There is more work available in the literature based on the direction template extension performed on
radar remote sensing with four directions [24] grayscale face images two directions [25] hardware
applications [26], [27] provides better accuracy and edge perseverance with continuity of the edges. The
results generated using these algorithms are found to be of less significance in noisy images. Identification of
exceptional objects as well as growths in human parts were diagnosed using the images generated. There are
various regions in these images which needs to be highlighted. A filter generated using the Markov approach
along with the Laplacian operation is applied here to detect the medical image’s edges [28].

The method of the combination of the operator with the current technique called image fusion
provides better enhancement results. The image fusion approach combines the Sobel operator with other
operators like Canny and Laplacian of Gaussian (LoG) operator and solves most of the issues with the
normal Sobel operators. The smoothing extension of the direction templates used helps in the edge
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extraction. The overall results generated using the approach increases the possibilities of better edge
detection [29].

2.1. Traditional Sobel operator

Sobel filter is a convolution filter used for edge detection in images. The derivative of the image is
calculated for edge detection. The high magnitude estimated region in an image using the derivatives are
considered as the edges. There are two 3x 3 filters applied in the approach assigned for the horizontal and
vertical direction edges identification. As a result of the application of the filters there are two gradient
images generated.

The edge detected image generated is shown in (1),

G=|Gx| + |Gy (1)

where Gx and Gy represents the gradient in x and y direction respectively. The convolution template of the
original Sobel Filters or mask can be represented as shown in Figure 1.
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Figure 1. Sobel filters: (a) horizontal Sobel filter and (b) vertical Sobel filter

The traditional Sobel operators performs the gradient calculation along the horizontal and vertical
directions only. Due to which the sufficient information about edges apart from these horizontal and the
vertical directions cannot be identified. The measurement of the gradients in different other directions helps
in the identification of the edges accurately from the image given. The application of this proposed approach
of Sobel edge detection succeeds in the detection better than the conventional methods.

3. PROPOSED EDGE DETECTION APPROACH
3.1. Proposed Sobel 12D edge detection approach

In the approach used here, the gradient information of each successive 30° from 0° to 330° is
calculated. Let the gradients be assumed as Go, Gso, Geo, ..., G330. The final edge detected image, Gfinal is
obtained as pixel-by-pixel comparison of all the gradient images. For a given position (i, j), the (i, j) pixel
value across all the gradient images are compared; and the maximum pixel value is assigned to the (i, )™
position of the final output edge image.

Giinal(1, j) = max(Go(i, j), G3o(i, j), Geo(i, j), ---- - , Ga3o(1, J))

Or a 3%3 section of an image, the gradient can be estimated with respect to the x and y axis as shown in the (2),
G = (2(f-d)+(c+i-a-g)) i + (2(b-hyHate-g-i) ]
G=Mi1+N]j 2)

where G represents the gradient and the pixel values are a, b, ¢, d, e, f, g, h, and 1.

The implementation of the traditional Sobel operators are simple and fast. There are thicker edges
identified with less accuracy due to the usage of only two direction templates such as horizontal and vertical
templates [30]. So, in order to improve the edge features of the image to be diagnosed the Sobel operator
direction templates can be extended by including few more directions. In addition to directions 0 and 90 there
are 10 more direction templates included such as 30°, 60°, 120°, 150°, 180°, 210°, 240°, 270°, 300°and 330°.
Figure 2 shows the twelve direction templates. Each of the twelve direction templates are used for the
operation of convolution in a pending image pixel by pixel from left to right and from top to bottom; thereby
resulting in twelve convoluted images. These images are used to build the final edge image. Each pixel of the
final edge image is obtained by taking the maximum value among corresponding pixels of these 12 images.
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Figure 2. Direction templates, (a) Sobel 0° filter, (b) Sobel 30° filter, (c) Sobel 60° filter, (d) Sobel 90° filter,
(e) Sobel 120° filter, (f) Sobel 150° filter, (g) Sobel 180° filter, (h) Sobel 210° filter, (i) Sobel 240° filter,
(j) Sobel 270° filter, (k) Sobel 300° filter, (1) Sobel 330° filter

3.2. Sobel 12D approach

Based on the various factors estimated in the previous section the step wise description of the Sobel
12D edge detection approach is described. Convert the input lung image into Grayscale image. Extend the
direction of the templates to 10 different directions apart from the horizontal and vertical directions.
Convolving the lung image with the 12 templates separately to generate 12 convolved images. The gradient
value is calculated as a new gray value by using the convolution values. Find edges using the Sobel
convolution filters. Combine the resulting edge images using max. Generate the edge detected output image.
Figure 3 illustrates the Sobel 12D approach using the phases such as the calculation of the convolution filters
followed by the edge identification. At the last phase the combination using the maximum corresponding
pixel results in the final edge detected output image.

SOBEL 12D FILTERS

EDGE DETECTED IMAGES
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Figure 3. Block diagram of Sobel 12D algorithm
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3.3. Image fusion approach

The various operators used in edge detection provides and considers the different issues in edges to
be identified. Each operator contributes in its own pattern of generating the edge preserved and smoothness
output image. While some operators are better at identifying the thin edges in different orientations, there are
a few which could be suggested to discard or eliminate the random noise. Hence there is a possibility of
obtaining a better edge preserved image as a result of the combination of the output images generated using
the gradient operators of edge detection. Th image fusion approach combines the image obtained from the
Sobel 12D approach and the Laplacian operator. Laplacian operator is suggested as it considers the edge
details with continuity in maintaining the edge preservation index. Here a weighted average of the edge
preserved output images obtained using the gradient filters are used for better results.

Sobel 12D and Laplace filters are applied on the input image to obtain the output images represented
as S and L respectively. The weights assumed for the operators are 1 for both the filters. The final edge
preserved image is obtained as a result of the combination of the weighted average of the Sobel 12D edge
image and Laplace edge image as illustrated in (3).

E = (IXS+IxL)/ (1+1) (3)

Here Sobel 12D operators, Laplace filters and the edge preserved images are denoted as S, L and E
respectively. As a part of detection of the edges in the lung images a fusion method is proposed which
combines the Sobel 12D approach along with the Laplacian operator. The quality of the edge detected lung
image is very much better compared to the other results generated. The various operators used in edge
detection provides and considers the different issues in edges to be identified.

The enhancement of the images is performed by taking a difference between the edge detected
image and the original input image. Here, the edge image coefficients are scaled by a factor value of 0.5
before taking the difference as a part to limit the sharpening effects. Due to which there will be selective
darkening of the edges in the resulting image, which increases the contrast of the edge regions with respect to
other regions. Along with this the boundaries of the other regions in the image becomes well defined and
results in the sharpening of the image. The image obtained using this step is the final enhanced output image
with good clarity. Hence the diagnosis becomes easier for the physician.

4. EXPERIMENTAL RESULTS AND OBSERVATIONS

MATLAB R2019a is used in the implementation of the algorithm. IPF lung images are used in the
experiment. There are few cases of IPF such as Intralobular Interstitial thickening, IPF thickening
parenchymal bands and honeycombing. In most of the cases there are many details available in the images
which needs to be identified specifically along the edge region. Hence identification of an approach which
focuses on the edges appears to be very important.

The computational experiments are performed using the variety of filters such as Sobel 12D,
Prewitt, Robert’s Cross, Laplace, Scharr. In addition to that the combination or the fusion of the weighted
averages of the Laplace filter with the proposed Sobel 12D algorithm is performed. Experiments were
performed using a few critical cases of pulmonary images. The final edge detected image generated as a
result of the application of a few of the existing edge detection operators (Prewitt, Robert’s Cross, Scharr),
Laplacian operator and the 12D Sobel edge detection operator are shown using the result generated. Based on
the output image generated on all the cases the comparison is performed to evaluate the analysis. The input
lung images used in the work for edge detection includes the cases of Intralobular interstitial thickening,
honeycombing, IPF thickening. There are also a few traditional edge detection operators used to enhance the
pulmonary images. It can be experimentally shown that these operators have distinct advantages in the
detection of edges of an image.

Figure 4 shows the enhanced results of “intralobular interstitial thickening image” where
Figure 4(a) is the original Input image, in an effort to illustrate the working of the proposed algorithms there
are Figures 4(b)-(g) included in the illustration. Figure 4(b) shows the output obtained as a result of the Sobel
12D algorithm. Even though the image generated using the proposed algorithm identifies the edges there
were few noise distracted parts identified in the image. The results generated for Prewitt, Robert’s Cross,
Laplace, Scharr operators are shown in figures. When we compare Figure 4(b) with Figure 4(c)-(f) and it can
be understood that the level of detection of the edge details accomplished using the proposed algorithm is
very much better than the other approaches used in the experiment. In the other approaches shown there is a
lot of information unavailable and as a result of which the diagnosis process becomes difficult for the
physician. In order to obtain an edge detected image to overcome the issues noticed in Figure 4(c), image
fusion is suggested between Sobel 12D and Laplace filter, since the edge detection outcome generated using
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them seems to be better. Figure 4(g) shows the output of image fusion and the resultant image obtained are
very much better compared to the other images generated. The edges extracted are found to be continuous
and information recovery can be performed without interruption.

(e) (2

Figure 4. Traditional operator and modified operator edge image of pulmonary image: (a) original image,
(b) Sobel12d operator, (c) Prewitt operator, (d) Roberts operator, (¢) Laplace operator, (f) Scharr operator,
and (g) image fusion approach

Finally, the optimization of the proposed approach of edge detection is performed using the image
fusion approach. According to the algorithm proposed the different directional templates are implemented
along with the edge detection process. As a result of which the required edge detected image is generated.
This helps the physician diagnose the various parameters to be highlighted in the image’s edges. It is also
observed that the usage of the different direction templates shows additional information about the original
input image. The additional parameters focused is information about the edges and also edges contains more
data. The various issues such as problem with lack of smoothness, interval between the edge parts identified
in the traditional Sobel edge detection are resolved here. Finally, the edges detected are very much better
compared to other methods available. Figure 5 illustrates the enhanced results for the same case of IPF shown
in Figure 4 and Figure 5(a) is the original “intralobular interstitial thickening” image. As a part of illustration
of the final enhanced pulmonary image there are different results generated using the various existing
operators shown in Figures 5(b)-(g). Figure 5(b) shows the enhanced output obtained as a result of the Sobel
12D algorithm. The performance evaluation of the proposed approaches and the existing approaches are
shown in Table 1.

Table 1. Performance metric values for various edge detection operators and proposed approaches
IPF Image Types Metric Laplace  Prewitt  Robert  Scharr  Sobel 12D Fusion

1T PSNR 24.094 13.682 15904  12.155 26.418 25.934
RMSE 11.266 52.771 40.862 62918 28.486 22.828
SSIM 0.931 0.655 0.725 0.535 0.6333 0.847
EPI 0.995 0.948 0.966 0.928 0.945 0.982
Entropy 6.56 593 5.87 6.23 6.88 6.86

PB PSNR 23.860 14.613 17.937 12.926 24.877 23.818
RMSE 6.509 47.412 32334  57.575 25.991 21.038
SSIM 0.962 0.5816 0.760 0.405 0.512 0.784
EPI 0.999 0.9739 0.985 0.965 0.968 0.984
Entropy 6.34 6.15 6.35 6.01 6.76 6.98

HC PSNR 20.094 13.682 15.682 12.155 21.418 22.934
RMSE 11.266 52.771 40.862 62918 28.486 25.828
SSIM 0.931 0.655 0.725 0.535 0.633 0.847
EPI 0.995 0.982 0.966 0.928 0.945 0.982
Entropy 5.98 5.88 6.23 6.45 6.67 6.78
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Figure 5. Enhanced pulmonary output image: (a) original image, (b) Sobell12D operator, (c) Prewitt operator,
(d) Roberts operator, (e) Laplace operator, (f) Scharr operator, and (g) image fusion approach

The performance assessment parameters used here are peak signal to noise ratio (PSNR), structured
similarity indexing method (SSIM), root mean square error (RMSE), entropy power inequality (EPI) and
entropy. The identification of the compatibility of the proposed approaches are performed based on these
parameter values calculated. Four cases of IPF were used here for the performance evaluation of the
proposed approaches and the existing operators for enhancement. The PSNR value is found to be very much
better for the Laplace operator, Sobel 12D and the image fusion approaches. Since a higher value of PSNR
denotes the enhancement factor as sharpness to be good. EPI metric used here determines the amount of
noise removed and edge preservation achieved.

The other metrics used for evaluation also shows the better edge detection for the proposed
approaches compared to the standard operators. Thereby it can be concluded that the algorithm proposed in
the work is very much better than the other edge detection techniques available. So the enhanced output
image obtained is also found to be much clear and better in the proposed approaches.

5. CONCLUSION

This study proposes a modified Sobel edge detection approach along with an image fusion method
for better edge detection and enhancement of the CT scan pulmonary images. The diagnosis of the various
stages of IPF is performed successfully. Three cases of IPF which focuses on the boundaries are mainly
considered for the performance evaluation and most of them shows the superiority of the proposed
approaches. This study describes the possible applicability of the proposed technique in medical image
diagnostic and detailed understanding of the edges of the CT scan pulmonary images. Although the proposed
method enhances color images (as well as grayscale image) the output image generated remains grayscale.
This is an immediate future research direction.
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