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Abstract

Today, with the rapidly advancing technology, the importance of image processing techniques is increasing. Image
processing is used in many areas from facial recognition to plant disease identification. One of the important image
processing stages is the filtering stage used for smoothing images and object detection. Among these filtering
techniques, basic filtering techniques such as mean, median and Gaussian are used in image processing. However,
these filtering techniques are known to be insufficient to achieve the desired results in some cases. In this study, a
new hybrid filtering approach named Mean-Median-Gaussian (MMG) is presented using these three basic filtering
techniques. It has been demonstrated that the obtained MMG hybrid algorithm gives more successful results than
these three basic filtering techniques in smoothing the images and determining the boundary lines.
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1. Introduction

Image processing is a method used to extract useful information from the image by converting the
recorded image to digital form and then processing it [1, 2]. Image processing takes place electronically
using computers, software and various algorithmic approaches [3]. Image processing involves three
steps [4]. The first step is to transfer the image to electronic media with various devices such as an
optical scanner and digital photography. In the second step, the transmitted image is improved, analysed
and processed to reduce the noise. The last step is the output step where the image is ready for use [5].

The concept of image processing first began with the digitization of newspaper images sent by the
submarine cable in the 1920s [6]. In a space conference in 1961, the idea of digital light-sensing was
proposed and a panel with the proposed logic was produced in 1968. In 1975, the first digital camera
was invented by Steven Sasson [7]. The majority of the research done in the field of digital image
processing was carried out in the 1960s at the Jet Propulsion Laboratory, Massachusetts Institute of
Technology, Bell Labs and the University of Maryland. With the development of technologies, the
potential in the field of digital images has also increased.

The image used in image processing must first go through the image pre-processing stage. Image pre-
processing is a step that directly affects the performance and quality of the process [8]. In the image pre-
processing phase, many different techniques are applied to improve the image for reducing the noise
and noise ratio [9]. One of the most used techniques in the image pre-processing stage is filtering
processes. In the filtering process, it is possible to interpret the image more easily by enabling the
distinction between physical properties to be clarified or eliminated thanks to the different effects given
to the image [10, 11]. Image smoothing filters are used to minimize colour differences in the image and
highlight sparse structures [12]. Smoothing is an essential process for many computer vision
applications [13]. In algorithms with image smoothing, gradient size is generally used as a hint [14].

In this study, a new hybrid filtering approach hamed Mean Median Gaussian (MMG), which is the
combination of mean, median and Guassian filtering methods is presented. In this filtering approach, a
new hybrid filtering technique named MMG is presented by using median, mean and Guassian basic
smoothing filtering techniques. These four filters were applied to the same image and their performance
was compared to show that the performance of the hybrid filtering technique was more successful than
the other three filtering techniques.
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2. Materials and Methods

It was stated that the MMG hybrid filtering technique used in this study was created by the combination
of mean, median and Guassian filtering techniques. For this reason, detailed information about mean,
median and Guassian filtering techniques is given below. In the method section, the working method of
the MMG hybrid algorithm is explained in detail.

2.1. Materials

The structures of mean, median and Guassian filtering methods that form the structure of the MMG
hybrid filter are examined in detail in this section.

2.1.1 Median Filter

Median filtering is a nonlinear smoothing filter and is used to remove unwanted noise in the image [15].
First, a kernel matrix is created on the image so that smoothing can be performed with the median filter.
The pixel value in the centre of the kernel is replaced by the median pixel value obtained by sorting the
density values of the kernel pixels neighbouring to the central pixel. Thus, with the median filtering
process, the noise-containing pixels are replaced by the median value of the neighbours. The
mathematical expression of the median value calculation applied to the pixels is given in Equation 1
[16].

(1)

{Mi(k+1)/2 k is odd }
Median(M) = Med{M;}

1/2 [Mi(k/z) + Mi(k/z) + 1] k is even

In Equation 1, M;, M,, M5, ..., M}, is the index of neighboring pixels. Before filtering, the pixels in the
image are sorted and the median value is selected. The median filter may be insufficient to remove high-
density impulse noises. For this reason, with the development of the standard median filter (SMF)
method; different types of the median filter are proposed, such as the adaptive median filter (AMF), the
weighted median filter (WMF), the adaptive weighted median filter (AWMF), the fast and efficient
median filter (FEMF), and the noise adaptive fuzzy switching median filter (NAFSMF) [17]. AMF
determines the window size based on the noise intensity for identifying and removing defective pixels.
Determining the size of the filtering window greatly affects the filtering performance [18]. WMF
suppresses noise intensity, noise reduction and image restoration by preserving the details of the image.
AWMF defines a pixel as noise if its level is not between the maximum and minimum grey levels
suitable for the filtering window. The pixel defined as noise is replaced with the average of the normal
pixels in the filtering window. If the filtering window does not have a normal pixel, AWMF increases
the window size [19]. FEMF uses previous information to get the original pixels in the restoration
process. It detects noises quickly, intuitively, without iteration, and only improves the pixels that contain
noise, without changing other pixels. NAFSMF uses histogram of the distorted image to identify noise
pixels. With the obtained information, it performs fuzzy reasoning to eliminate the uncertainty caused
by noise [17].

2.1.2 Mean Filter

Mean filter is a sliding window based spatial filtering method used for image smoothing and reducing
or eliminating noise in the image. In the mean filter method, the value of the centre pixel in the window
is found by taking the average of the neighbouring pixel values. The window size determines the number
of neighbour pixels to be averaged. The mathematical equation given in equation 2 is used for the spatial
filtering response at any (i, j) point of the image by shifting the window on neighbor pixels [20].

Wil = 5 S B fTk 1] 2
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The M value in the equation refers to the number of pixels used in the calculation, the k and [ values
represent the location of these pixels.

2.1.3. Gaussian (Smoothing / Blurring) Filter

The Gaussian filter is a low-pass filter commonly used in image processing applications to remove detail
and noise in the image. Using the Gaussian filter, smoothing and blurring are applied on the image to
remove the noise and improve the image quality [21-22]. With the Gaussian filtering method, various
image/video processing applications such as edge detection, image blurring and mosaicization are easily
performed [21]. The general mathematical expression of the Gaussian filter is given in Equation 3, and
the mathematical expression of the Gaussian filter for two-dimensional images is given in Equation 4
[23].

G(x) = Jz;lr7 e 202 (3
1 x?+y?
6oy = Ly o5 @

where G (x, y) represents gaussian filter value, x and y represent row and columns and o is the standard
deviation of the Guassian distribution. Standard deviation plays an important role in the behaviour of
the Gaussian function [23].

2.2. Methods

In this study, the method shown in Figure 1 was used. First, a kernel matrix size was determined by
using a sample image. In the method part of the study, a 3x3 kernel matrix is used as an example. With
this kernel, matrix size mean, median and Guassian filters were applied on the sample image. The
resultant vectors of the same pixels from the images which mean, median and Guassian filtered are
applied were calculated and a single image was obtained. The normalization process on the image
obtained by taking the resultant vectors was done using the mathematical equation given in equation 5.
Using this equation, the normalization was performed by calculating the resultant vector of the pixel
values corresponding to the three filtering methods.

\/(Meani,j)z +(Mediani,j)2 +(Gaussiani,]-)2

Max(MMGj ) ®)

In the equation, MMG represents the new image that has been softened by filter and Max (MMG; ;)
represents the maximum pixel value obtained from the resultant vector before normalization. The results
obtained using a sample image to test the performance of the MMG hybrid filter are given in the research
findings section.

3. Research Findings

The performance of the MMG filter used in the study was evaluated according to the histogram and
edge detection/segmentation image processing methods and the following findings were obtained.
Firstly, mean, median and Guassian filtering methods with 5x5 kernel matrix were used on an image for
smoothing and noise removal processes. The results of these transactions are given in Figure 2.
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Figure 1 MMG hybrid filter structure
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© (d)

Figure 2 (a) original image, (b) mean filter applied image (c) median filter applied to image (d) Guassian filter
applied image

When the images in Figure 2 are examined, it is seen that the results obtained from three different filter
methods applied to the sample image are close to each other. Histogram curves of mean, median and
Gaussian filters are given in Figure 3.
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Figure 3 (a) Histogram curve of mean median and Guassian filters (b) Enlarged view of the 10 to 50-pixel range
of histogram curve of mean, median and Guassian filters

The histogram curve of the entire image is given in Figure 3 (a). However, due to a large number of
black pixels, a sample area with a change on the histogram curve is enlarged in order to examine the
graphic in detail and enlarged image is given in Figure 3 (b). When Figure 3 (b) is examined, it is seen
that mean, median and Guassian filtering methods give similar results. It is seen that the applied mean,
median and Guassian filtering methods do not achieve the desired smoothing result on the image.

To obtain the desired softening results, image softening was performed using the mathematical model
given in equation 5 in MMG hybrid filtering method. In Figure 4, the image obtained from MMG hybrid
filter is given.
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Figure 4 MMG filter applied image

When Figure 4 is examined, it is seen that the results obtained from MMG hybrid filter are more
successful than the results obtained from mean, median and Guassian filters in Figure 2. It is seen that
the results obtained from the MMG hybrid filter are more pronounced and there is a sharp transition
between the pixels compared to the results obtained from the other three filtering methods. For example,
the values of the black or white pixels in the MMG hybrid filtered image appear to be sharper than the
black or white pixel values obtained in the other three filtering methods. In Figure 5, histogram curves
of mean, median, Guassian and MMG filters are given.
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Figure 5 (a) Histogram curve of mean, median, Guassian and MMG filters (b) Enlarged view of the 10 to 50-
pixel range of histogram curve of mean, median, Guassian and MMG filters.

The histogram curve of the entire image is given in Figure 5 (a). However, due to the large number of
black pixels, a sample area with a change on the histogram curve is enlarged in order to examine the
graphic in detail and enlarged image is given in Figure 5 (b). As mentioned before in Figure 5 (b), it is
seen that mean, median and Guassian filtering methods give similar results. However, in the results
obtained with MMG filter, it is seen that pixel distribution is more suitable. Since there is a sharper
change between pixel values in MMG filtering method, it is thought that this method will give more
successful results in image processing methods such as edge detection, segmentation and object
detection.

MMG filtering method was used to determine the edges on the image and the following findings were
obtained about its performance. First of all, using the 5x5 kernel matrix, object edge detection was
performed on the image with mean, median, Guassian and MMG filters. The results of these processes
are given in figure 6.
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Figure 6 Edge detection of objects using (a) Mean filter (b) Median filter (c) Gaussian filter (d) MMG hybrid
filter

When Figure 6 is examined, it is seen that edge detection with MMG method is more successful than
mean, median and Guassian filtering methods and it also eliminates the effect of the noise in the image.
Therefore, it has been determined that MMG hybrid filtering method is more successful in both edge
detection and noise reduction than mean, median and Guassian filtering methods. Masked object edge
detection images are given in Figure 7.

Figure 7 Masked object edge detection image of (a) Mean filter (b) Median filter (c) Gaussian filter (d) MMG
filter

When Figure 7 is examined, it is seen that MMG filtering method gives more successful results than
mean, median and Guassian filtering methods.

4. Conclusions
Today, with the rapid development of technology, image processing techniques have started to be used

frequently in many fields. In this study, a new hybrid filtering method, which is an alternative to mean,
median and Guassian basic image processing filtering methods, is presented. This method is based on
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the results obtained from mean, median and Guassian filtering methods. In this method, the MMG
hybrid filter was created by calculating the resultant vectors of the results obtained from mean median
and Guassian filters. In order to convert the created image to a 1-byte unsigned integer (uint8) format,
normalization was performed by dividing it by the maximum pixel value in the image and multiplying
by 255. The following results were obtained by comparing the designed MMG hybrid filter with mean,
median and Guassian filtering methods for histogram and edge detection.

Firstly, in the comparison made according to histogram curves; It has been determined that MMG hybrid
filter gives more suitable results than mean, median and Guassian filtering methods both on image and
on histogram curves.

The second performance test of the MMG hybrid filtering method was carried out for edge detection
and segmentation image processing methods. It has been observed that MMG hybrid filtering method
gives more successful results in edge detection compared to mean, median and Guassian filtering
methods.

It is thought that the MMG filter presented in this study will be a hybrid filtering method that can be
used in the literature for more stable image softening in basic image processing and filtering methods.
Also, we aimed to improve the newly developed hybrid filtering method by using different methods and
optimization techniques in future academic studies.
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