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Abstract

Aim: This work aims at developing an artificial intelligence tool which focuses on enhancing the quality of
input images. Edge-preserving filter is used for image smoothing and enhancement in image preprocessing
stage. Innovative edge preserving filters such as bilateral filtering and anisotropic diffusion filtering design have
been attempted in this work.

Materials and Methods: In this research, a bilateral filter for edge preserving in images is proposed and
developed for collected images and the proposed work is compared with another innovative edge preserving
method called anisotropic diffusion filtering method. Input images (N=20) of both groups were downloaded
from standard medical database kaagle.com. The enrolment ratio is obtained as 1 with 95% confidence interval
and a threshold value 0.05.

Results: The performance of image enhancement is measured using two parameters namely PSNR and SSIM.
These parameters are calculated and evaluated to assess the proposed methods efficacy. High values of PSNR
and SSIM indicate better edge preserving filtering. Bilateral filtering provides the mean PSNR (p=0.536) value
of 20.247 and mean SSIM (p=0.083) value of 0.9441. Anisotropic diffusion filtering provides the mean PSNR
value of 30.423 and mean SSIM value of 0.9079.

Conclusion: Based on the experiments results from MATLAB software and from independent sample t-test
results of IBM-SPSS software, edge preserving filtering using bilateral filtering significantly performed better
than the anisotropic diffusion filtering.

Keywords: Innovative edge preserving filtering, Bilateral filtering, Anisotropic Diffusion filtering, Peak Signal
to Noise Ratio (PSNR), Structural Similarity Index Measure (SSIM), Artificial Intelligence.
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1. Introduction

Edge-preserving image filtering is an essential task
in computational photography and imaging.
Filtering is the most fundamental operation of
image processing and computer vision (Plataniotis
and Venetsanopoulos 2013). In the broadest sense
of the term “filtering” the value of the filtered
image at a given location is a function of the values
of the input image in a small neighborhood of the
same location (Dejace 1989). Artificial intelligence
plays a major role in image filtering. Edge-
preserving filters are designed to automatically
limit the smoothing at edges in images measured,
e.g., by high gradient magnitudes (Jin et al. 2021).
Image filtering is done to improve the quality of the
image. For example, smoothing an image reduces
noise and blurred images can be rectified. There are
broadly two types of algorithms, linear and
nonlinear (Saha and Xu 2010). One of the most
widely used filters to remove the noise while
preserving edges is bilateral filter. Averaging filters
and gaussian filters work well in applications
where the amount of noise is less. However, when
the noise is present in high amount, it requires
average pixels to remove the noise, the above two
filters over-smooth sharp edges and corners
(Thiruvikraman 2019; Chen 2008). Artificial
intelligence has many applications in image
processing. For example, developing computer
aided diagnosis systems that help doctors in
interpreting images of X-ray and MRI. MATLAB
provides artificial intelligence capabilities similar
to those of dedicated artificial intelligence tools
like Caffe and TensorFlow. MATLAB helps to
integrate artificial intelligence into the complete
workflow for developing a fully engineered system.
The over-smoothing can be avoided using
anisotropic diffusion filter, where the amount of
smoothing is controlled using the image features
(Nie and Unbehauen, n.d.). Bilateral filtering is a
technique to smooth images while preserving
edges. The use of bilateral filtering has grown
rapidly (Bhonsle, Chandra, and Sinha 2012).
Bilateral filters can be traced back to 1995 with the
work of Aurich and Weule on nonlinear gaussian
filters. It was later rediscovered by Smith and
Brady in 2017 as part of their SUSAN framework,
and Tomasi and Manduchi who gave it its current
name.

There are 265 articles in ScienceDirect and 2876
articles in Scopus related to edge preserving
filtering using bilateral filtering. Since then, the use
of bilateral filtering has grown rapidly and is now
ubiquitous in image processing applications. It has
been used in various contexts such as denoising,
texture editing and relighting, tone management,
demosaicing,  stylization and  optical-flow
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estimation (Paris et al. 2009). The bilateral filter is
a nonlinear filter that does spatial averaging
without smoothing edges. It has shown to be an
effective image denoising technique. It can also be
applied to the blocking artifacts reduction (Aizawa,
Sakaue, and Suenaga 2004). An important issue
with the application of the bilateral filter is the
selection of the filter parameters, which affect the
results significantly. Another research interest of
bilateral filters is acceleration of the computation
speed (Zhang 2009). The anisotropic diffusion
filtering was proposed to adaptively remove the
noise and to maintain the image edges. Anisotropic
diffusion filtering has been successfully employed
in the context of image processing to remove high
frequency noise while conserving the main edges
of existing objects. It was used in the context of
medical resonance imaging (Palma et al. 2014).
Our institution is passionate about high quality
evidence based research and has excelled in
various domains (Vickram et al. 2022; Bharathiraja
et al. 2022; Kale et al. 2022; Sumathy et al. 2022;
Thanigaivel et al. 2022; Ram et al. 2022; Jothi et al.
2022; Anupong et al. 2022; Yaashikaa, Keerthana
Devi, and Senthil Kumar 2022; Palanisamy et al.
2022).Based on the above studies it is found that
color images can be enhanced further by improving
contrast to enhance the quality of any input images.
Artificial  intelligence  contributes to  the
improvement of image quality and this research
works on two artificial intelligence algorithms.
This research aimed at improving the quality of
color images using an innovative edge preserving
filters called bilateral filtering and anisotropic
diffusion filtering.

2. Materials and Methods

This study was carried out in the Saveetha School
of Engineering's simulation lab. The study does not
require ethical approval. MATLAB software was
installed on the computer. The study is divided into
two groups. Group one is edge preserving filtering
using bilateral filtering of images with gaussian
kernels and group two is edge preserving filtering
using anisotropic diffusion filtering. Each group
has a sample size of 20 (Thiruvikraman 2019).
Total 20 images were collected as a collection of 5
medical images, 5 satellite images, 5 nature images
and 5 microscopic images in which medical image
and microscopic image were collected from
standard database website kaagle.com (Pandra
2020). The threshold value is set to 0.05 and the
confidence interval is 95% .

Sample preparation for two groups was done by
collecting 20 images as a collection of 5 medical
images, 5 satellite images, 5 nature images and 5
microscopic images. In this work the proposed
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algorithms are innovative edge preserving filtering
using bilateral filtering of images with gaussian
kernels and anisotropic diffusion filtering. Testing
setup was done by installing the MATLAB R2021a
software.

First the input images were collected and a
MATLAB code was implemented for edge
preserving filtering using bilateral filtering of
images with gaussian kernels and anisotropic
diffusion filtering. Output images were obtained.
An additional code was added to the algorithm
codingfor both methods to find which algorithm
performed significantly better for enhancing
images. The steps involved in the bilateral filtering
algorithm are shown in Fig. 1 and the steps
involved in anisotropic diffusion filtering algorithm
are shown in Fig. 2.

PSNR is an engineering term for the ratio between
the maximum possible power of a signal and the
power of corrupting noise that affects the fidelity of
its representation. Because many signals have a
very wide dynamic range, PSNR is usually
expressed as a logarithmic quantity using the
decibel scale. Which is given in equation (1). (Lee
2015)

(L-1)2
MSE

PSNR =10 log
-(1)

Here, L is the number of maximum possible
intensity levels (minimum intensity level supposed
to be 0) in an image. MSE is the mean squared
error.

SSIM is used for measuring the similarity between
two images. SSIM is a perceptual metric that
quantifies image quality degradation caused by pre-
processing methods including data compression or
by losses in data transmission.It is a metric that
requires two images i.e the input image and a
processed input image. SSIM is usually used in the
video industry, but it has a strong application in
photography. SSIM mathematically written as in
equation (2). (Bovik 2009)

u xu y+51)(2‘7 xytc 2)

u 2x+u 2y +c (0 % 4o §,+c2)

-(2)

SSIM(x,y) = (

Statistical Analysis

Statistical analysis was used to verify the results of
both algorithms using IBM-SPSS software. The
independent samples t-test for the two independent
variables Peak signal to Noise Ratio (PSNR) and
Structural Similarity Index Measure (SSIM) was
used because the two algorithms are independent of
one another. There is no dependent variable
involved in this study.
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3. Results

Input images such as medical image, microscopic
image, nature image and satellite image are
considered and shown in Fig. 3a, Fig. 3c, Fig. 3e
and Fig. 3g respectively. The bilateral filtering
algorithm is applied to the images and results of
medical image, microscopic image, nature image
and satellite image for bilateral filtering algorithm
are shown in Fig. 3b, Fig. 3d, Fig. 3f and Fig. 3h
respectively. The simulation results of anisotropic
diffusion filtering for the same input images is
shown in Fig. 4. The anisotropic diffusion filter
algorithm is applied for input images Fig. 4a, Fig.
4c, Fig. 4e and Fig. 4g and the results are shown in
Fig. 4b, Fig. 4d, Fig. 4f and Fig. 4h.

The outcomes such as PSNR and SSIM of both
algorithms are tabulated in Table 1 and the values
of PSNR and SSIM parameters for medical image,
microscopic image, nature image and satellite
images for bilateral filtering is higher than
anisotropic diffusion filtering. Table 2 shows the
mean and standard deviation of PSNR and SSIM
values of bilateral filtering algorithm and
anisotropic diffusion filtering algorithm. The mean
value of bilateral filtering and anisotropic diffusion
filtering PSNR is 20.247 and 30.423 respectively.
The mean values of bilateral filtering and
anisotropic diffusion filtering SSIM is 0.944 and
0.907 respectively. Where the mean value of
anisotropic diffusion filtering PSNR is high and
the mean value of bilateral filtering SSIM is high.
The significance of PSNR and SSIM of both
algorithms are tabulated in Table 3. The P values of
PSNR is 0.536 and SSIM is 0.083, it is considered
insignificant as the values are above 0.05.

Figure 5 consists of a bar chart representing the
comparison of mean PSNR of bilateral filtering and
anisotropic diffusion filtering. Figure 6 consists of
a bar chart representing the comparison of mean
SSIM of bilateral filtering and anisotropic diffusion
filtering.

4. Discussion

Based on independent sample t-test results, the
bilateral filtering method performed better than
anisotropic  diffusion filtering method with
insignificant Peak Signal to Noise Ratio (PSNR)
values (P=0.536; P>0.05) and insignificant
Structural Similarity Index Measure (SSIM) values
(P=0.083; P>0.05).

Medical image denoising using bilateral filters are
proposed and they apply bilateral filtering on
medical images which are corrupted by additive
white gaussian noise with different values of
variances. Artificial intelligence is wused in
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denoising of images. (Bhonsle, Chandra, and Sinha
2012) demonstrated the efficacy, various
performance and quality parameters such as peak
signal to noise ratio were evaluated. On conducting
the experiment, a high value of peak signal to noise
ratio was obtained. Hence it is clear that bilateral
filtering gives better performance to remove
additive white gaussian noise. (Liu et al. 2018)
performed analysis on the performance of bilateral
filters in multifocus image fusion. Initially, each
input image was decomposed into approximation
and detailed images by employing edge preserving
techniques. Secondly, approximation and detail
images were fused by employing separate fusion
rules. Finally, the fused image was reconstructed
by combining the final fused approximation and
detail images. The results of this study was found
to be effective. (Guan et al. 2014) worked on
anisotropic  diffusion filtering for ultrasound
speckle reduction. They implemented the filters in
MATLAB and the study has shown that anisotropic
diffusion filters can reduce noise effectively while
preserving the boundaries of objects without
enhancement. This filter increases the signal to
noise ratio and contrast to noise ratio and decreases
the variance of the image as well, but it was found
to have some artifacts.

The quality of a medical image is determined by
the imaging method, the characteristics of the
equipment and the imaging variables selected by
the operator. Image quality can be degraded by
factors such as low contrast, high blur, high noise,
high artifacts and high distortions. When some
algorithms are applied to input images, noise is
introduced, images are blurred as a result of
incorrect placement of imaging sensors. Artifacts
occur when power sources affect interference in
image pixels and when processing parameters are
not correctly configured for the raw image. These
are the limitations and are solved by using suitable
preprocessing techniques. As this study involves 20
samples for each group, insignificant results of
peak signal to noise ratio and structural similarity
index measure may be obtained. The results
obtained are insignificant in peak signal to noise
ratio and structural similarity index measure
because the algorithm is directly to the input
images without using any preprocessing methods.
In the future, three dimensional images can be used
for image enhancement by preserving the edges
and also transform based enhancement techniques
can be applied to improve the quality of image
further.

5. Conclusion

Edge preserving filtering using bilateral filters
significantly performed better than anisotropic
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diffusion filtering by the use of innovative edge
preserving techniques.
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Table 1. Performance parameters such as PSNR, SSIM of two algorithms namely bilateral filtering and
anisotropic diffusion filtering are tabulated. Bilateral filtering provides maximum PSNR (87.1416)dB and SSIM
(100)% and anisotropic diffusion filtering provides PSNR (46.1373)dB and SSIM (99.46)%.

ANISOTROPIC DIFFUSION
BILATERAL FILTERING
ALGORITHM FILTERING ALGORITHM
INPUT IMAGES
PSNR SSIM PSNR SSIM
Medlcal1 Image- 28.832 86.530 26.169 88.630
Medlcal2 Image- 41.105 94.410 32.914 94.240
Medlcal3 Image- 87.141 100 40.442 97.420
MedlcaLImage— 27,732 92.410 20.447 93.900
Microscopic 40.083 99.140 42.633 99.460
Image-1
Microscopic 48.087 99.240 46.137 99.100
Image-2
Microscopic 40586 99.820 43.946 99.900
Image-3
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Microscopic 35.778 98.590 37.919 99.130
Image-4
Microscopic 30.300 91.180 29.532 92.370
Image-4
Satellitellmage- 39.448 99.360 26.279 96.210
Satellitezlmage- 32.544 97.460 31.981 98.240
Satelliteslmage- 28.240 93.020 26.122 93.160
Satellitilmage- 32.549 97.760 22.476 87.790
Satellitzlmage- 32.549 98.760 28.764 93.940
Nature Image-1 28.933 86.520 25.242 88.090
Nature Image-2 27.782 85.820 21.901 61.190
Nature Image-3 32.687 95.720 23.706 78.510
Nature Image-4 34.621 93.620 26.979 83.480
Nature Image-5 23.383 94.330 21.997 92.540

Table 2. Comparison of innovative edge preserving filtering using bilateral filtering of images with gaussian
kernels and anisotropic diffusion filtering based on PSNR and SSIM values. The PSNR and SSIM values of the
bilateral filtering method are high when compared to the anisotropic diffusion filtering method. The mean value

of anisotropic diffusion filtering PSNR is high (30.423) and the mean value of bilateral filtering SSIM is high

(0.944). The standard deviation of bilateral filtering PSNR is high (13.348) and the standard deviation of
anisotropic diffusion filtering SSIM is high (0.095).

STD. STD.

GROUP N MEAN DEVIATION  ERROR MEAN
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PSNR DAL 20 20.247 13.348 2,984
PSNR gsiivies 20 30.423 7.731 1.728
SSIM ealisioe 20 0.944 0.051 0.011
SSIM Ao’ 20 0.907 0.095 0.021

Table 3. Independent sample T-test comparison of PSNR, SSIM of edge preserving filtering using bilateral
filtering of images with gaussian kernels and anisotropic diffusion filtering. The P values of PSNR is 0.536 and

SSIM is 0.083, it is considered insignificant as the values are above 0.05.

Levene’s Test for Equality of t df Sig(1- | Sig(2- | t-test Equality 95% Confidence
Variances sided | sided of Means interval of the
F Sig p) p) Difference
Mean | Std.Err | Lower | Upper
Diff Diff
Equal 0.390 | 0.536 | 1.688 38 0.050 | 0.100 | 5.823 3.449 -1.159 | 12.806
PSNR | variances
assumed
Equal 1.688 | 30.450 | 0.051 | 0.102 | 5.823 3.449 -1.216 | 12.863
variances
not
assumed
Eur. Chem. Bull. 2023, 12 (S1), 3855 — 3867 3862
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Equal 3.165 | 0.083 | 1.495 38 0.072 | 0.143 | 0.0362 | 0.024 | -0.0128 | 0.085
SSIM | variances
assumed
Equal 1.495 | 29.240 | 0.073 | 0.146 | 0.036 0.024 -0.013 | 0.08570
variances
not
assumed
I/{ [mage H-\\I
N e
Eilateral filtering
Laplacian of Gaussian Filtering
T
+
Threshold of LOG ocutput
Detect edges from 1 and 2 derivative
[
¥
Hough Transform ‘
[
|
Thresholding parameter space image
Dilating image based on morphology
[
|
Comnect component on parameter image
[
I
Output Image Y
Fig. 1. Steps Involved in Bilateral Filtering Algorithm
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-~
Set the number of estimated
iteration M and the current
number M

Compute the gradient in eight
directions -

Compute the diffusion
coefficient in eight
directions

coefficient in 2ight
directions

value at each pole

after filttering

[ Compute the diffusion ]
[ Compute the greyscale }

Fig. 2. Steps Involved in Anisotropic Diffusion Filtering algorithm
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(h)
Fig. 3. Simulation results of innovative edge preserving filtering using bilateral filtering method. (a) Input
image (medical image) (b) enhanced image of (medical image) (c) Input image (microscopic image) (d)
enhanced image of (microscopic image) (e) Input image (nature image) (f) enhanced image of (nature image)
(9) Input image (satellite image) and (h) enhanced image of (satellite image)
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(d)

(h)
Fig. 4. Simulation results of innovative edge preserving filtering using anisotropic diffusion filtering method.
(@) Input image (medical image) (b) enhanced image of (medical image) (c) Input image (microscopic image)

(d) enhanced image of (microscopic image) (e) Input image (nature image) (f) enhanced image of (nature

image) image (g) Input image (satellite image) and (h) enhanced image of (satellite image).
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1000

- BILATERAL FILTERING ANISOTROPIC DIFFUSSION FILTERNG

GROUP
Ermror Bars: 9%5% C1
Emor Bars: +- 1 5D

Fig. 5. Bar chart representing the comparison of mean PSNR (+/-1 SD) of bilateral filtering and anisotropic
diffusion filtering. Bilateral appears to produce most variable results with its standard deviation ranging from
the lower 22.00 to the upper 50.00 and anisotropic diffusion filter appears to produce consistent results with
minimal standard deviation. X-axis represents groups bilateral filtering vs anisotropic diffusion filtering and Y -
axis represents Mean PSNR with +/-1 SD.

0ED

&0

Mean SSIM

040

0.20

0.00

EBILATERAL FILTERING AMNISOTROPIC DIFFUSSION FILTERING

GROUP
Error Bars: 95% Cl

Fig. 6. Bar chart representing the comparison of mean SSIM (+/-1 SD) of bilateral filtering and anisotropic

diffusion filtering. Anisotropic diffusion filtering appears to produce most variable results with its standard

deviation ranging from the lower 0.80 to the upper 1.00 and bilateral filtering appears to produce consistent

results with minimal standard deviation. X-axis represents groups bilateral filtering vs anisotropic diffusion
filtering and Y-axis represents Mean SSIM with +/-1 SD.
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