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ABSTRACT 

 

DIGITAL IMAGE RESTORATION AND ENHANCEMENT APPLICATION IN MATLAB 

 

By  

 

Ayrin Golestanian 

Master of Science in Software Engineering 

 

 

Image processing is a technique to apply some operation on an image and extract or change 

the data for a specific use. Image processing is a correction of a deformed image and is already 

being used by many corporations such as medical, agriculture, and production automation; thus, it 

can be accepted and applied in more fields.  

This thesis is for CSUN students who are interested in work on image processing. The 

application is written in MATLAB, and this thesis goal is to help students to understand the image 

and the processes that can apply to it to change an image matrix for different purposes. Moreover, 

it is a general idea to display how image processing functions. The application works on few forms 

of digital images such as RGB, Grayscale, and Black and white. The application has the function 

to convert colorful images into grayscale or Black and White and prepare them for further analysis.  

This application can add noise or deformation to a picture to show the problems caused by taking 

an image and how to improve the image resolution. It has Morphological operations, and also, it 

will show edge detection with different techniques. 
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Introduction 

1.2 Background  

1.1.1 Image Processing Technology  

An image plays an essential role as a mass communication medium in today's society and 

carries valuable information. Human vision has an intricate mechanism and can collect data from 

an image to process it; however, it is not enough to extract specific information by looking at it 

[1]. The technology came in to help humans to manipulate images to reach a particular set of goals. 

Digital image processing is a technique that operates a set of computer algorithms to perform a 

fascinating work on an image, such as create an image, process, display, etc., to extract some useful 

information [2]. Image processing becomes a practical technique in many branches, such as 

environmental science, biology, vehicle guidance, robots, satellite, medical, etc. 

Degradation and deformation happen during formatting a digital image. In these cases, 

image restoration techniques come in use to reduce the issue. Such methods will help to recover 

or reconstruct the digital image and improve the quality of it. Examples of digital image 

enhancement techniques are noise reduction, filtering, deblurring, and fixing the contrast [3]. The 

following is an example of image processing in the medical field. In the medical field, the 

resolution of the taken images plays the most critical role. Most of the MRI or CT scan images are 

in low resolution, contrast, or geometric deformation. Also, ultrasound causes lots of noise while 

taking images. Moreover, a patient can move in the duration of taking an X-ray, and the outcome 

will be a blurred image. Today's medical field image processing techniques can remove the 

degradation and deformation to have a clear vision to diagnoses the disease in the early stage [4]. 
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1.3 MATLAB 

MATLAB is an interactive programming platform for technical computing. MATLAB 

most uses are in developing an algorithm, data analysis, embedded system, Image processing and 

computer vision, robotics, math, and computation [5]. The MATLAB means matrix laboratory. 

For matrix computation, EISPACK and LINPACK, the Fortran packages, developed in the 1970s. 

Furthermore, MATLAB was developed 1984 to help easy access to those packages [6]. 

MATLAB has a visual system, and it has two- and three-dimensional image processing 

and data visualization high-level commands [7]. The GUI environment used for this thesis is App 

Designer in MATLAB 2018b. The GUI will have buttons, input field state elements, single and 

multi-option components to interact with each other to show the result. Using GUI is going to 

make the work easier and understandable for the user. 

1.4 Motivation 

The image processing topic was new for me before I start the project. I search a lot to 

understand the principle of this topic. My thesis research will introduce the basics of Image 

processing to students who like to work on digital images. The MathWorks website has tons of 

information and small codes. However, for someone new in this field, the codes are scattered and 

must retype, connect, then run to see the result. This application contains the main concepts and 

displays different effects on an image by choosing a few options. 

1.5 Similar Work 

There are many strong and powerful image processing tools out there written for companies 

working in these fields. For example, Varex Imaging works with x-Ray in the medical field [8]. 

However, this project is for small use, and the purpose is to introduce this technique to new users.  
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In this project's research, I found many designs about image processing on the MathWorks website. 

They were single applications that focus only on one aspect of this topic, such as designing a 3-

dimensional graph after analyzing the image's colors. Also, APPS in MATLAB provides a section 

for Image Processing and Computer vision. Such as Image region Analyzer, Image viewer, 

segmentation, etc. Moreover, I found online applications with fixed data. It means the user could 

not upload an image and must work with the developer’s default image. In some cases, no passing 

parameters, and it was impossible to see the result with different inputs. I tried to find the general 

use of methods in this field and sum them up in this application.  

1.6 My Approach 

This application's first step is to Converting an RGB image into grayscale and RGB into 

black and white. This method changes the image's data type so further the user can apply other 

masks to these pictures.  There are histograms to show the distribution of color in each pixel in 

the image.  

Filters are other features of this application. They are smoothing the image and change 

frequencies in it. The filters are Average, Median, Wiener, and Gaussian. Also, the other process 

in this application is edge detection. The edge detection method uses to find the boundaries of an 

object inside of an image. The techniques that operate in this thesis are Sobel, Canny, Prewitt, and 

Roberts. The application has Morphological processing, with Erosion, Dilation opening, and 

closing procedures.  
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Image 

2.1 Digital Image 

Digital images create when we use a camera, scan an image using a scanner, or create 

pictures using graphic design tools. Thus, a digital image is another version of a real image 

generated with numbers for a computer to handle it [9].  

2.1.1 Image Layout  

A digital image has two dimensions filled with values called pixels or picture elements [9]. 

Usually, they are ordered in an array, and the size of an image depends on their pixel array size. 

The image's width is defined by the number of columns of the array, and the height is the number 

of rows. The pixel array is a M×N matrix where M is the column and N the row [3]. 

𝑖 = $
𝑖(1,1) 𝑖(1,2)					⋯ 𝑖(1,𝑀)
⋮ ⋱ ⋮

𝑖(𝑁, 1) 𝑖(𝑁, 2)				⋯ 𝑖(𝑁,𝑀)
0 (1.1) 

To refer to a specific pixel in the image matrix, we need a coordinator, and it is defined by 

x and y. In digital image processing in MATLAB, the X coordinate starts from left to right, and 

the Y coordinate starts from the top left and goes down. It means the Y coordinate is flipped, and 

the (0,0) coordinate is located on the top left corner (Figure 2.1) [10]. 
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Figure 2. 1 The 2-Dimensional coordinate space of the digital image  

Usually, in the cartesian system (0,0) located on the bottom left side, it is flipped in the 

digital image because it follows the scanning pattern of an electron beam designed for television. 

The beam scans from the top left corner of the screen to display an image and moves to the right. 

When scanning reaches at the end of the line, it does not move from right to left. It comes one row 

down and again starts from the left to right [11].  

2.2 Pixel  

Pixel is a word that is invented for "picture element" [9]. In some cases, it appears as (x, y) 

and sometimes column and row (N, M). A pixel represents the smallest property of an image and 

contains numbers that describes the quality of that image, such as resolution and brightness [12]. 

Figure (2.2) is an example of creating a 4×4 array and display it as an image. Every element of the 

array represent a color number, and The image() function specifies that number to 1 pixel in the 

image. The result is a 4×4 grid of pixels, and the color bar next to the image represents the current 

image colormap (Figure 2.3) [13]. 
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Figure 2. 2 Code to create an image of matrix data  
 
 

 
Figure 2. 3 Display image of matrix data 

  

In figure (2.4), the magnified section demonstrates the pixels of the image. Choosing the 

pixel region tool from MATLAB Image Viewer helps users move the mouse over the picture, 

extract a portion, and see the shade of colors and their brightness. Each pixel carries one color and 

the pixel information [13]. 
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Figure 2. 4 Magnified portion to display the pixel 
  

2.3 Size 

The number of pixels in an image represents the Size of a digital image, and it should not 

confuse with real word image size. If they say the image's size is 1284×1024, it means 1284 pixels 

are from the left side to the right and 1024 pixels from top to bottom. And by multiplying these 

numbers, we can find 1,310,720 pixels on that image [10]. 

2.3.1 Resolution 

The number of two-dimension pixels grid with the size of the data stored in a digital image 

is called resolution [10]. Resolution of an image measures with a pixel per inch(ppi). Ppi refers to 

pixel array, and it is different for Dpi, which stands for dot per inch and uses for resolution of a 

physical printed image [11]. To illustrate, if an image has a size of 34501024, it has a total of 

3,532,800 pixels and a resolution of 3.5 megapixels [14] 

2.4 Reading and Displaying Image in MATLAB 

After knowing the digital image, pixel, and resolution, I can now show a few commands 

to display a digital image in MATLAB.  
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To read a file from the current folder you only need to use the imread() function.  

 

The function imread() is case sensitive and must type the file name in the exact name that 

you saved before. We pass the value of the function into ‘I’ argument for further use. 

To display an image on the screen, can use imshow(). 

 

 

Figure 2. 5 Displayed image in the MATLAB 

2.5 Image format  

The data stored in the image describes the format of that image. Each structure has its 

specific use and has advantages and disadvantages. For example, TIFF is suitable for printing 

purposes, and web designers more often use PNG. The images used in this project are PNG and 

JPEG. 
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2.5.1 Lossy compression  

Loss-prone or lossy are terms used for an image that lost part of its data. More often, to 

store images, we compress them; thus, it requires less space and can transfer them faster. When 

we compress an image, some data disappears from the original file. When the image is lossy 

compressed, it is impossible to go back. And if this process happens continuously, the image will 

lose more data [11].  

2.5.2 Image format types 

The Joint Photographic Experts Group or JPEG sometimes comes in ‘.jpg’ or ‘.jpeg’ 

format. JPEG is a lossy format because it is a reduced size image. Its best use in digital cameras, 

printing, web design, PowerPoint, etc. [15] [11]. The second format is PNG in this project. PNG 

stands for Graphics Interchange Format files, and it is a lossy type too. This format supports sixteen 

million colors and designed to replace GIF [15] [11].  

2.6 Opening Image in the Project 

In this application, I design a panel that contains a window and a load button to open an 

image file. The MATLAB 2018b has no option for displaying an image. That is why we have to 

use the ‘Axe’ option to display a plot and graph. Have to clear the values in x and y-axis and 

generate code to display the image in that Aux.  

The application runs, and the user in this section can press the load button to load an image. 

To give functionality to the button, I had to create a callback function. In the function section 

having some codes will open a file from a browser.  To open a modal dialog box, I use uigetfile(). 

This command opens a dialog box in the current folder where you run your program file. It allows 

the user to select or enter a file name if it is valid. To avoid displaying all kinds of files, I used 
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filters to choose only .png .jpeg and .jpg files in the dialog box. When the user clicks to open, the 

file name and path will save in [filename, pathname]. The strcat() concatenate and keeps the file 

name and its full path and pass it into an argument. Then, imread used that information to open the 

file. And ismshow() displays the image on the designed location on the panel. 

 

Figure 2. 6 The code to open a file 

 

After pressing the ‘Load’ button, the file browser window opens, and the user can choose 

the specific image format file from any location from the computer, and it displays in the panel 

after loading an image (Figure 2.7). 

 

Figure 2. 7 Panel after load an image 
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Color 

3.1 Color components 

The digital image carries a significant amount of information about the color and can detect 

the image's quality by analyzing it. The principal identifiers of color are hue, saturation, and 

lightness. These three properties together create a high or low-quality image. 

3.1.1 Hue 

Hue means color or, in other words, a pure tint that contains three primary colors (red, blue, 

and green) in it. Also, it is a color identifier [16]. The color wheel is a calculated degree of the 

color. It starts from 0 and ends on 360. 0 and 360 are red, 120 on the color wheel is green, and 240 

degree is blue [17].   

3.1.2 Saturation 

The saturation stands for the pureness and intensity of a hue. Pale colors are unsaturated, 

but vivid colors are saturated [16]. The vivid colors are bright, and they are shining because they 

are rich in color, and when it loses its vividness, it is fade and unsaturated. A black and white 

image is de-saturated because it lost the hue, and there is no intensity [18]. The Saturation 

calculates by a percentage between 0 to 100. The 0 percent is the black color, and 100 is the full 

color [17].   

3.1.3 Lightness 

The Lightness of a color, which sometimes identifies as value or tone, shows how dark or 

bright a color is. Color with low brightness and low value is 0 or black. The opposite of black, if 

brightness and tone are high, the color gets close to white or 1. The Lightness measures by percent, 

so 0 is black, and white(lightness) is 100 percent [17]. 
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3.1.4 Contrast 

A high-quality image has the right amount of brightness and contrast. Brightness works on 

the lightness and darkness of an image, and contrast is the distinction between brightness of the 

objects in space [19].  Imagine a white bear is walking on a snowy, white background. Visually it 

is hard to separate the bear from the environment, and this a low contrast if we locate a person in 

a black jacket in the same space that gives us a good contrast [19]. The range of intensity on the 

histogram is wide for high contrast images compare to low contrast ones [12]. 

3.2 Images data type 

3.2.1 RGB 

In the color model, the two primary colors are red (R) and blue (B), and one of the 

secondaries is green (G). An RGB image uses these three-color scales for its primaries. RGB is 

like three-layer colors on top of each other and produces a colorful image [20].  

 

Figure 3. 1 Three layer of an RGB image 

They call RGB also a true-color image, and it is a three-dimensional array. In MATLAB 

RGB array show as M×N×3; thus, each pixel stores the value of R, G, and B in itself to show the 

actual color of an image in that location. The array number 3 represents a channel number, and the 

channel order is R0G0B0, R1, G1, B1, ..., RnGnBn [11]. RGB in MATLAB can have a datatype of 
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unit8, unit16 or double, and this represents the range of values in an image. RGB range of value 

for double is 0 and 1, for unit8 is [0-255], and unit16 [0-65535], and these numbers are the possible 

numbers of colors in the image [13].  

 

Figure 3. 2 Pixels from an RGB image 

In figure 3.2, we can see pixels with different values stored in R, G, and B; a combination 

of these three-color panels can create the intensity of the image. This image is ‘unit8’, and each 

color component can have a number in the range of 0 to 255 [21].  

3.2.2 Grayscale 

Grayscale or intensity image is a two-dimensional array. This format assigns a numerical 

number to each pixel, and that number represents the intensity of that image. This type of image 

is a single layer [21]. 
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Figure 3. 3 Grayscale image 

 

Figure 3. 4 Values stored in a grayscale image pixel 

Grayscale images can take directly from a camera or convert a true-color image into 

grayscale. Also, it is possible to create a grayscale image using R, G, and B channels to combine 

these colors in a way to produce different shades of gray. The outcome will be a grayscale image 

that has hue, saturation, and lightness [21]. A grayscale image has some advantages compared to 

RGB. The true-color image has 24 bits (8 bit for each color), but when we convert it to grayscale 

has only required 8 bits to store pixels. Because of the grayscale image structure, it is beneficial in 

most image processing techniques [10].  
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3.2.3 Black and white 

Black and white images are also called binary. They are two-dimensional arrays with value 

of 0 and 1 in each pixel [10]. The region of interest in a binary image is marked with 1, and it uses 

0 for background color [21]. 

 

 

Figure 3. 5 Binary image 
 

 

Figure 3. 6 Values stored in a binary image pixel 
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3.3 Image conversion 

In MATLAB with a simple function, we can convert a true-color image into grayscale, 

grayscale, or true-color into a binary image. This process reduces amount of information from a 

file. For example, a converted grayscale has fewer data compared to an RGB image. However, the 

essential and significant information is maintained, such as edges and regions, etc.  In this project, 

I converted RGB into grayscale and binary because this type of formatting plays a critical role in 

this application.  

3.3.1 RGB to grayscale 

The function MATLAB uses to convert the RGB image into grayscale is rgb2gray. This 

command clears the hue and saturation of the colormap image.  

I = rgb2gray(RGB_Image); 

To rgb2gray function first reads the true-color image. Then extracts three colors of the R, 

G, and B and saves each color separately in three two-dimensional files. It means now we have 

three two-dimensional files, and each one of them contains information about R, G, and B.  After 

that, the function creates a new two-dimensional matrix, then weighted sum of R, G, and B's 

components and transfers the new values into an (i,j) location inside the file [22]. 

The rgb2gray algorithm:  NewMatrix (i , j) = (0.2989×R) + (0.5870×G) + (0.1140×B) 

[21]. 
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Figure 3. 7 RGB into grayscale 
 

3.3.2 Grayscale to black and white 

To convert grayscale into a binary image, thresholding is the most common method. If we 

do not fix a number, MATLAB will use its default by finding the best threshold with analyzing 

the image. Otherwise, we can generate a number that works as a borderline. If the gray value is 

above the number, it will turn into 1, it means white, and below the number into 0, black [23]. 

𝑔(𝑥, 𝑦) = 41															𝑖𝑓	𝑓(𝑥, 𝑦) ≥ 𝑇ℎ𝑟𝑒𝑠ℎ
0																			𝑏𝑒𝑙𝑜𝑤	𝑡ℎ𝑒	𝑇ℎ𝑟𝑒𝑠ℎ

	  (3.1) 

To convert gray scale to black and white MATLAB uses im2bw() function.  

 I = im2bw(Gray_Image); 

MATLAB reads a file; if it is an RGB image, it will convert it into a grayscale then will 

start the process. The function im2bw() creates an image array with the same row and columns as 

the grayscale image and makes all values of that array equal to 0. Now the comparison starts; this 

function reads (x0,y0) from the grayscale image, and if it is greater than or equal to the threshold, 

the value of new arrays (i0,j0) turns into 1; otherwise 0. In this method, im2bw fills the entire new 
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array’s row and columns with 0 and 1s. The figure 3.8 displays the conversion of a grayscale image 

into black and white one. 

 

 Figure 3. 8 Grayscale into Black and white 

3.4 Histogram 

A histogram is a graph and can find in any documents that work with statistics. It has an x 

and y-axis and bars that show the distribution of data. MATLAB also uses histogram in the image 

processing, and it displays the intensity values of pixels inside an image. For example, for an 8bit 

grayscale image, the range of intensities is from [0-255]. On the x-axis, we can see the 0-255, 

which represents the intensity of the pixels and the y-axes' frequency [12]. 

The histogram also works for RGB images in MATLAB. It can show them as a two-

dimension histogram, or separate each R, G, B channels and desplay in a different histogram. Also, 

a three-dimension histogram with z-axis. 

Figure 3.9 displays the histogram of a black and white image created by imhist(Image) 

MATLAB command. The color bar at the bottom of the histogram shows the intensity level. And 

the numbers on the y-axis frequency of pixels with that number of intensities.  
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Figure 3. 9 Grayscale image and its histogram 
 

3.5 Convert RGB to grayscale in the Project 

In the project, after loading the image from ‘Convert’ panel, user can choose ‘Convert to 

Grayscale’ button. The callback called the rgb2gray function and convert the image. Then it 

displays it in the designed window.  

3.6 Convert Grayscale to B&W in the Project 

Another option of the ‘Convert to' radio button section is ‘Black and White’. This radio 

button actives another panel named ‘Black and White.' In this section, if the user hits the ‘convert’ 

button, the image will convert into a grayscale. If ‘Black and White’ is the user's first choice, then 

the program's image will first convert into grayscale then into black and white. If this were the 

second choice of the uses after choosing the ‘Grayscale’ radio button, the previous grayscale 

converted would be used.   
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3.7 Image Enhancement in the Project 

A low-quality image can be dark due to low lighting, or environmental phenomena affect 

the quality, such as fog or rain. These types of images are called Haze, and they lack both contrast 

and light. MATLAB has a technique to fix these problems. The imreducehaze() function improves 

the visibility of an image. The first step is to invert the original image to see the low-light areas in 

it. These areas are a bit hazy, so to reduce them imreducehaze() function is helpful. To see the 

result of improvement areas, have to invert the image for the second time. Figure 3.10 from the 

project reveals the differences between the low-light and improved ones next to each other. As a 

result, the histogram of the improved image has a wide range of intensity. 

Figure 3. 10 Hazy image improvement  

The brightness of an image can change by adding or subtracting values to the image matrix. 

I designed a slider next to the converted image that moves in the range of 0 to 1. The value of the 

slider affects the value of image matrixes. By sliding it down, the value gets close to 0, and the 
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picture becomes darker, and when it slides up, the image turns lighter because the value gets closer 

to 1. Also, it affects the histogram too. When the image lightness rises up, the number in bins from 

a range of 0-254 droppers and bin with the value of 255 becomes the longest bin. Figure 3.11 

shows the difference between the three images and histograms when the brightness of the image 

changes. 

 

Figure 3. 11 Three-stage of change in brightness and histogram of an image 
 

3.8 Histogram in the Project 

When the user converts the image into grayscale or Black and white, the image below of 

the converted image can see the histogram of the image (Figure 3.10). The black and white image 

histogram has only two bars because the pixels carry the values of 0 and 1. 
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Figure 3. 12 Project’s Grayscale image histogram 

The histogram(Image) function creates a histogram plot for the downloaded image. This 

function uses an algorithm that automatically produces bins with a uniform width to show the 

range of color distribution. The bin shape is rectangular, and the bin's height is the frequency of 

that pixel in the image.  

Each bin in the histogram represents the different values of R, G, and B that are used to 

create a color. Every number between 0 to 255 carries a different hue, saturation, and brightness. 

A new color will create when these three colors (R, G, B) with different intensity combine. For 

example, to create an original Orange color, we need R:255, G:165, B:0, and Halloween orange 

requires R:230, G:108, B:44, and Tangerine orange R:255, G:132, B:0. If we design a histogram 

for these three colors, we are going to have figure 3.12. The x-axis numbers are the color range, 

and the y-axis the pixels' frequency in a specific color range. Bins carry the information of both 

the x and y-axis. 
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Figure 3. 13 Histogram example of three different orange colors 

Using histogram(), I separated three primary colors, Red, Blue, and Green, and designed a 

histogram for every single one of them (Figure 3.13). 

Figure 3. 14 Color histogram for separated color levels 
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Morphological Operations 

During scanning or taking an image, deformation happens, and because of that, we may 

see two separate objects connected or small unexpected dots appear on top of an object. For 

example, first image in figure 4.1, a black dot inside the white circle is called false-negative and 

contains a ‘0’ value. On the black background, a white object with a value of ‘1’ is called false-

positive. The second image two objects are connected with few pixels and the false-positive 

between two separate objects makes our eyes see them as one.  

 

Figure 4. 1 Images with false-negative and false-positive pixels 

Morphological processing can help us to solve these problems. The definition of 

Morphology is to study the shape and structure of an image.  Morphological Operations in image 

processing are nonlinear, and they work on the morphology of features in an image. This method 

works on binary images with the value ‘1’ as foreground and 0 as background.  

In Morphological processing, a set of data is needed, and it is called a structuring element 

(SE).  It is a small binary image and a matrix of pixels in different shapes. The pixels have a value 

of 0 or 1. Morphological processing uses this structure to probe an image, and can help to fill the 

holes in the object or clear pixels outside of the foreground that we do not need them. The 

command to create the shape of the morphological structuring element is strel(shape, parameter). 

The chosen flat Structuring elements for this project are Disk, Diamond, Sphere, and Square. The 
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parameter, known as neighborhood, is the radius from the origin, and it creates a matrix of 1 and 

0, based on Shape [24]. The Origin is the center of the matrix and it calculates by 

floor((size(parameter)+1) /2) [24]. Figure 4.3, is a sphere SE made by strel(‘sphere’,3). R is the 

distance from the origin to the edge of the sphere. 

 

Figure 4. 2 SE in shape of a sphere shape 
 

4.1 Morphological Operation Types 

The essential Morphological Operations are Erosion and Dilation. The other operations in 

the Morphological are based on these two. Other operations collected for this project are Closing 

and Opening 

4.1.1. Dilation  

Dilation uses a structuring element to add a pixel to the boundaries in an image. The amount 

of adding pixels depends on the size and shape of the structuring element. This process makes the 

object inside of the image tick.  The mathematical term for Dilation is: 𝐴⊝ 𝐵. The A is the image 

and B Structuring element. Suppose the pixelated yellow object below is part of an original image, 

and the cross shape is the structuring element [25] [26].  
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Figure 4. 3 The structuring element and pixel Image 

 Slide the structuring element (SE) on top of the image. The center pixel of SE, when it hits 

a pixel with a value of 1 will add another pixel to the object [27].  

 

Figure 4. 4 The SE moves on top of the image and removes pixels 
 

4.1.2. Erosion 

Erosion uses a structuring element to reduce pixels from the boundaries of an object. The 

amount of removing pixels from an image depends on the size and shape of the structuring element. 

After Erosion, the object shrinks or becomes thinner [25]. The mathematical term for Erosion is: 

𝐴⊖ 𝐵. In figure 4.5, we will slide the structuring element (SE) on top of the image. The center 

pixel of SE will move on the object. If SE’s shape does not entirely cover the image, it will remove 

the pixel; otherwise, the image’s pixel will remain [27].  
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Figure 4. 5 The SE moves on top of the image and adds pixels 
 

4.1.3. Closing 

Closing first does Dilation on the image then Erosion. Closing joins or blends the narrow 

breaks, it closes the gap between objects, and closes the holes. The mathematical term for Closing 

is: 𝐴 ∗ 𝐵 = (𝐴⊕𝐵)⊝ 𝐵. In the figure 4.7 The Dilation happens first. The bridge between two 

shapes becomes smoother, ticker and also the gap is closed. Nest Erosion happens and removes 

the added pixels from the boundaries [27]. 

 
 

Figure 4. 6 Closing process 
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4.1.4. Opening 

Opening first does the Erosion on the image then Dilation. This method is used to clear 

small objects from a binary image, separates images that are just touching, and smooths the 

object’s contours. The mathematical term for Closing is: 𝐴 ∘ 𝐵 = (𝐴⊝𝐵)⊕𝐵. In figure 4.8, two 

objects are connected with a bridge. The first step of Opening is going to use the SE to struct the 

Erosion on the objects to clean the bridge and separate them. However, the size will shrink [27] 

[26].   

 

 

Figure 4. 7 Erosion - First step of the Opening 
 

When the bridge is cleaned on the second step, Dilation uses the same SE to recover the 

lost pixels. This operation adds pixels to the shrunk object’s boundaries. the size and shape may 

be a bit different from the original connected objects before Opening [27].  

 

Figure 4. 8 Dilation - Second step of the Opening 
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Table 4. 1 Summary of four Morphological operations 

Morphological 
Operation 

Function 
(MATLAB) 

Description 

Dilation Imdilate(Image,SE) 
Background pixels that are a neighbor with foreground 
with dilation will become part of the foreground. 

Erosion imerode(Image,SE) 
Foreground pixels that are a neighbor of SE and cannot 
cover the SE will become part of the background. 

Closing imclose(Image,SE) With the same SE, first, dilate the image, then erode it. 

Opening imopen(Image,SE) With the same SE, first erode the image then dilate it. 

 

4.2 Morphological Processing in the Project 

This section of the project requires a binary image with objects in it. For better 

understanding and analysis, need to load an image that contains shapes; otherwise, the result would 

not be clear (Figure 4.9). If the user loads a busy image such as a sunset view, the changes will not 

be recognizable.  

 

Figure 4. 9 Example of image with object 
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After uploading the image, application has a panel where the user can choose the shape 

and size of the structuring element. The structuring element that I chose for this example from the 

project is ‘Diamond’ with size of 6 (Figure 4.10).  

 

Figure 4. 10 Diamond shape SE in size of 6 

 In figure 4.11, we can see the MATLAB functions for Morphological operations. The 

app.se passes the value 6 to the operations. As it shows, ‘imdilate’ uses for dilation, ‘imerode’ for 

erosion, ‘imclose’ and ‘imopen’ for closing and opening. The imshow will display the result in the 

specified window. 

Figure 4. 11 SE radio buttons functions 
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Figure 4.12 is the outcome of choosing ‘Diamond’ SE with a size of 6. And by comparing 

it with the original image, we can see the differences where it clears some shapes in erosion while 

reducing the size of them in Opening. Also, in dilation, the outline of the objects appears thicker 

and it means it added pixels.   

 

Figure 4. 12 The result of applying ‘Diamond’ SE with size of 6 

In Figure 4.13, I added size 18 to the ‘Diamond’ SE and on the Erosion section the objects 

almost disappeared.  

 

Figure 4. 13 The result of applying ‘Diamond’ SE with size of 18 
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Edge Detection  

 

5.1 What is edge detection 

Each object inside an image has lines around it that separate it from the background or 

other items; that is why eyes can distinguish the objects from each other. In image processing, the 

lines around an object are a series of connected pixels that define the objects’ boundaries. To find 

the object, we have to simplify the image by cleaning the noise and filtering the useless data, this 

method is called edge detection [28].  

MATLAB has a function called 'edge.’ This function scans an image and finds places 

where intensity changes rapidly. On the first scan, if the intensity is larger than the threshold, it 

identifies it as the image’s edge. On the second scan, if 'edge' finds lines less than the designed 

number for the threshold, it will ignore that area and make it zero; means it will become part of 

the background and not the object. To calculate this, we have to approximate the gradient of the 

intensity values of the pixels. Image approximating the gradient refers to changing the direction of 

the intensity inside of an image [28]. 

 

 
Figure 5. 1 The gradient 
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To find edges in intensity of an image MATLAB uses: 

edge (Image . method); 

Image is the name of the input image and the method is the edge detection algorithm. 

There are different edge detection methods in MATLAB, and for this project, I chose Sobel, 

Canny, Prewitt, and Robert. Before explaining the edge detection methods, I will discuss about 

‘convolution mask’ which plays an important role in the detection process.  

The Kernels used in this example belongs to Sobel. The two x and y-direction kernels 

convolve with every single pixel in the image to find the regions where the gradient is 

maximized(change). This technique is called ‘convolution mask.’ The center pixel is called an 

anchor [29]. To find magnitude of the edge have to calculate I𝐺KL + 𝐺NL. where Gx be the 

direction of x Kernels and Gy direction of y, and to find the direction of the gradient 𝜃 = atan STU	
TV
W 

[29]. To calculate the gradient approximation of the converted grayscale image, we need x and y- 

direction Kernels. The matrix below is part of the grayscale image and we convolve the selected 

area with the Gx and Gy [30].  

X – direction Kernel 

-1 0 1 

-2 0 2 

-1 0 1 

 

y – direction Kernel 

-1 -2 -1 

0 0 0 

1 2 1 

 

Grayscale image with intensity values  
[0-255] 

150 150 150 183 183 1 

150 150 255 210 1 1 

150 255 255 1 1 1 

250 255 1 1 1 1 

210 1 1 1 1 1 

1 1 1 1 1 1 
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Which becomes: 

 

 

 

 

 

 

 

| Gx| = (-150 + 0 -150) + (-300 + 0 + 500) + (-150 + 0 + 255) = 315 

| Gy| = (-150 + -300 - 150) + (0 + 0 + 0) + (150 + 500 + 255) = 315 

Now we have to combine values of Gx and Gy to find the magnitude of gradient at (x, y).  

X315L + 315L = 445 

In grayscale intensity matrix, the anchor is the selected gray area, and the value of that cell 

is 150. Now we replace the new value 445 with old 150.  If we repeat this method on the entire 

matrix, we will find pixels with highest magnitude which are the  

part of the edge [30].  

 
  

-1*150 0*150 1*150 

-2*150 0*150 2*255 

-1*150 0*255 1*255 

 
 

-150 0 -150 

-300 0 500 

-150 0 255 

 

-1*150 -2*150 -1*150 

0*150 0*150 0*255 

1*150 2*255 1*255 

 
 

-150 -300 -150 

0 0 0 

150 500 255 
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5.1.1 Sobel  

Sobel operation or Sobel filter is one of the techniques to detect the edges in image 

processing and includes a pair of three-by-three kernels (matrix). Image approximating the 

gradient refers to changing the direction of the intensity inside of an image [29].    

 

 Figure 5. 2 Sobel Kernels to approximate intensity change in x and y-direction 

The algorithm of Sobel needs a binary image; if it is RGB or grayscale will convert it into 

a binary one. In the next, Sobel defines the its x and y-direction kernel mask then convolve it 

with the original image to compute the gradient approximation. Then threshold the image to 

detect the edges (Figure 5.3) [31]. 

 

Figure 5. 3 Detected edges using Sobel 
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5.1.2 Canny 

Canny is the most powerful edge detection technique. It uses edge tracking technique called 

Hysteresis, to detect the edges it uses two types of the threshold for strong and weak edge. It will 

detect the fragile edges if they are connected to the strong ones. Canny uses pattern recognition 

technique. This method maximizes the probability of detecting edges for multiply times in this 

case no failure in detecting edges [29]. The Image blow is the x and y-direction Kernels in Canny.  

 

Figure 5. 4 Canny Kernels to approximate intensity change in x and y-direction 

To detect the edges, Canny applies the Gaussian method to the image to make it smoother 

and removes some noises. Then it works on the gradient intensity of the image to highlight the 

regions. Algorithm of canny uses the double threshold (hysteresis) on these areas to find both weak 

and strong regions and if the magnitudes are less than the threshold, put an end to them. If the 

magnitude is a number between two thresholds it turns to zero too. Unless that pixel is connected 

to a strong pixel with a gradient above max threshold [29]. 



 37 

  

Figure 5. 5 Detected edges using Canny 
 

5.1.3 Prewitt 

This algorithm of Prewitt works like Sobel, and it is a gradient base operation. The 

advantage of the Prewitt is that you can easily detect the magnitude and orientation of an image. 

It is strong to detect horizontal and vertical edges. The Prewitt’s magnitude of the coefficients is 

fixed by default and is unchangeable. And if there are diagonal directions, Prewitt finds trouble to 

maintain them, so it ignores them and does not show them in the outcome [29]. 

 

Figure 5. 6 Prewitt Kernels to approximate intensity change in x and y-direction 
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Figure 5. 7 Detected edges using Prewitt 
 

 

5.1.4 Roberts 

Roberts uses a two-by-two kernel mask and is simmer to Prewitt and Sobel. For this 

method, it is not hard to find the both directions of edges, and also it can follow the diagonal edges. 

On the other hand, it is very sensitive to the noises; this interferes the accuracy of Roberts in edge 

detection. The algorithm of starts to reading an image then convert it to double. On the next step 

defines its two-by-two Kernel mask and starts to compute the magnitude and gradian. Last step is 

the thresholding the process displays in figure 5.9 [29] [32].  

 

Figure 5. 8 Robert Kernels to approximate intensity change in x and y-direction 
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Figure 5. 9 Detected edges using Robert 
 
 

Table 5. 1 Edge detection Operations advantage and limitation 
 

Operator Advantage Limitation 

Sobel 

• Can find smooth edges 
• Has simple computation 

• Diagonal lines are not always 
retained 

• Very sensitive to noise 
• Edge detection result is not very 

accurate  
• Cannot detect the thick edges 

Canny 

• It is fast and accurate (low 
error rate) 

• The noise has less effective 
compare to the other methods 

• Using Gaussian filter to 
smooth a noisy image 

• Cannot detect edges if Gaussian filter 
increases the % of the smoothness 

• The algorithm is expensive 

Prewitt 

• Works on vertical and 
horizontal edges 

• Fixed and unchangeable magnitude of 
the coefficient 

• Cannot follow points on diagonal 
direction 

Robert 

• Can follow point on diagonal 
direction 

• Works on vertical and 
horizontal edges 

• Noise sensitive 
• Not accurate to detect edges  
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5.2 Edge Detection in the Project 

After uploading an image, edge detection options are available to choose from the provided 

list. I decided Sobel for this practice. Assigning the threshold to operation increases the sensitivity 

of the edge detection. This section aims to detect and edge and display the outside boundaries on 

top of the image. Each operation has its algorithm to detect the edge base. After checking the 

contrast of the image, it calculates the gradient. The method applies a three-by-three Sobel Kernel 

mask.  

 

Figure 5. 10 Detected edges using Sobel 

here are gaps inside the outline of the object. Thus, I designed a cross-shaped (two 

perpendicular linear SE) segmentation element to dilate the objects. The dilation closes the outside 

line, but there are holes inside of the detected items. After closing them using imfill() function, we 

will clean the lines attached to images borderline with imclearborder() function. That lines are part 

of the shape, and they cannot be the whole object to detect. To make the outlines of the detected 

object smoother, I use Erosion. It can clear extra pixels and make the segmented object more 

natural. In the final step, to display the outline of the shape over the original image, I used 

bwperim(), and Segout().  
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Figure 5. 11 Process of Edge detection and Morphology  

 

  Figure 5.12 is compering four edge detection algorithms next to each other. The chosen 

threshold is 0.150 to raise sensitivity. Canny detected more lines than the rest because it finds week 

lines with low intensity if connected to strong ones. They detected the coin's outline because the 

intensity is high at that point, and the coin has high contrast with the background. Because I raised 

the threshold, they found inside lines intensity less than the designed number, so they ignored that 

area and made it zero. If I increase the number of the threshold rapidly, the outlines will also 

disappear (Figure 5.13). 
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Figure 5. 12 Comparing edge detection algorithms Th = 0.150 
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Figure 5. 13 Comparing edge detection algorithms and Morphology Th = 0.250 
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Noise 

The noise in the image means the arbitrary of the brightness in the image constructing time. 

The noise happens when hands are shaking while taking a picture, during scanning, processing, 

transmission, etc. The original image loses part of its information because of the noise. To remove 

the noise, we have to know the type of noise and amount of the damage to find a solution to 

reconstruct it [33]. Noise creates unwanted effects in digital images, and visually it is not pleasant 

such as blurring the objects, artifacts that make small cells like pixels. Often noise deforms the 

background of the image or creates edges [33]. This section focuses on a few models of prevalent 

noises and techniques to remove them.  

MATLAB has a function called imnoise( ) with that we can simulate some noises like 

Gaussian, Salt and pepper and Motion.  

6.1.1 Gaussian 

Gaussian is electronic noise and caused by discrete radiation of heat and terminal vibration 

of atoms [34]. In a digital communication system, 1 turns on the voltage, and 0 does not change it. 

There is an integrator that collects the energy when it comes in. The duration of transferring signals 

makes them weak, so we need an amplifier in the system to boost them. Also, we need a power 

supply, and turning it off and on makes the integrator wait to receive a signal. When the power is 

on, it heats up. Heat causes electrons to start to move in both amplifier and integrator and affects 

the voltage. This additive effect causes the Gaussian noise.  

A result in mathematics says that if you collect all the moving electrons probability, the 

overall impact is the probability density function (PDF). Bell-shape graph is the standard form of 
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PDF is based on Gaussian noise model. Gaussian noise affects grayscale images; that’s why its 

histogram graphed concerning gray value [33].  

 

Figure 6. 1 A Grayscale image with Gaussian noise 

The function to add Gaussian noise in MATLAB is: 

imnoise (I, ‘gaussian’, m, var_gauss) 

in this function, I is the grayscale file that you are going to apply the noise, ‘gaussian’ is 

the noise type, m is the mean, and var_gauss is the variance between [0 1]. If we apply noise 

without any parameter, imnoise( ) by default uses m = 0 and var_gauss = 0.1 [35]. 

6.1.2 ‘Salt & pepper’ 

‘Salt & pepper’ noise occur when sudden changes happen in the image signals. Generally, 

signals damage when the camera's sensor has defected, software or transmission failure, and 

hardware damage while taking a picture. The effect on the image is black and white dots [20].  Salt 

noise adds random brightness to an image. The brightness is white noise, so the value of the pixels 

is 255. Pepper noise adds random dark to an image with a value of 0 [20].  
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Figure 6. 2 Salt & pepper noise effect on a grayscale image 

The function to add ‘salt & pepper’ noise in MATLAB is: 

imnoise (I, ‘salt & pepper’, d) 

in this function, I is the image file that you are going to apply the noise, ‘salt & pepper’ is 

the noise type, and d is the density. If we apply noise without any parameter, imnoise( ) by default 

uses d = 0.05. when we assign a value to d, it changes nearly d×numel(I) pixels [35]. 

Function a = numel(I) saves number of elements in matrix I into a. for example if I is 8×8 

matrix numel(I) will return 64. 

6.1 Remove Noise 

6.1.3 Median 

The median method uses to remove the 'salt & pepper' noise. Before applying the Median 

to a noisy image, we have to define a size for the filter window (n × m neighborhood). Then 

Median will start the process by sliding that over the matrix. It collects data in the filtered area, 

sorts them, and find the median. Next, it replaces the first matrix cell with the founded median 

value and will start the process on the neighbor cell [20]. Figure (6.3) is an example that shows the 

process of cleaning the noise. 
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Figure 6. 3Median removing noise process 

The function to remove ‘salt and pepper’ noise in MATLAB is: 

medfilt2 (I, [m n]) 

in this function, I is the image file that we are going to remove the noise from it, the m and 

n are m-by-n filtering window size. If we apply Median without any parameter, medfilt2 ( ) by 

default will use 3 × 3 window size [36]. 
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6.1.4 Wiener 

Wiener's purpose is to remove noise, and its best use is for Gaussian noise. The other filters 

are designed to accept frequency to remove the noise; however, Wieners does the noise filtering 

differently. It works base on estimation and statically approach [37]. Given an example of seeing 

a blurred flower picture, we guess the image based on our previous knowledge. Wieners to filter a 

noisy signal, it compares the noisy signals with its desirable signals [37]. 

Wiener function in MATLAB creates an m-by-n window around neighbor cells to estimate 

the mean and standard deviation. Wiener adapts the local image variance, and If the area's variance 

is high, Wiener makes that part less smooth; otherwise, it will do the opposite. There are no 

designed takes for this function; it does the calculation based on estimating the entered noisy image 

[38].   

The function to remove ‘Gaussian’ noise in MATLAB is: 

Wiener2 (I, [ m n] , noise) 

in this function, I is the grayscale image that we are going to remove the noise from it, the 

m and n are m-by-n filtering window size [38].  

 

6.2 SNR and PSNR 

We have two images one is original and the second one the noisy one, PSNR compares the 

ratio of the signal-to-peak between two images. And if the number is higher the quality will be 

better. SNR is a signal-to-noise ratio. It computing the ratio of noise that added to the original 

image [20].  
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6.3 Noises in the project 

In this project, the user uploads an image, and from the ‘Apply Noise’ panel, chose the type 

of noise. There are ‘salt & pepper’ and ‘Gaussian’ noise, and each one of them has its own 

parameters to enter, and noise will apply based on that. Figure (6.4) is an example of ‘salt and 

pepper noise’ with a density of 0.5.  

 

Figure 6. 4 RGB and Grayscale image effected by ‘salt & pepper’ noise d = 0.5   
 

The filter applies to both RGB and Grayscale images. We are able to remove noises from 

any of them. Removing noise from the grayscale is simply followed by the MATLAB function 

medfilt2(). The challenging section is removing the noise from the RGB image. First had to get 

the dimension of the image, such as a row, column, and color band (amount of R, G, and B). then 

extract color channels and apply Median on each of them individually, at the end concatenate them 

together and display as a noiseless image. 

To remove the Gaussian noise, I used Wiener. Users can apply different parameters the see 

the effect of the Gaussian noise and how Wiener works to remove it. 

I designed a section to display information about SNR and PSNR using the MATLAB 

function: 
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[peaksnr, snr] = psnr () 

To find similarity between to original image and noise removed one I used MATLAB 

function:  

ssim (Original_image, Filtered_image) 

 

Figure 6. 5 Displaying filtered image, SNR, PSNR, and similarity  
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Future Work 

Image processing is a vast topic, and my project is a small extraction from it. Due to time 

constraints, I was able to add the most useful and common features to the project. 

In the image converting section plus RGB, grayscale, and binary, there are few other types 

of color images in future work; I will add them. I did not include those types in the project because 

they have a different pattern and use. Also, it can add some functions to work with high dynamic 

range images (HDR). 

Morphological operations are limited to four flat Structuring elements in this application 

and would like to add the dimensional ones. Also, Morphology works on images that contain 

shapes, and in the future, I would like to add more functions to work with busy images.  

I like to add filtering to this project to apply effects like smoothing them because, in image 

processing, these techniques are very useful. Like the Canny edge, detection uses a Gaussian filter 

to smooth the image and improve the quality of detection. 

.  
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Conclusion 

A digital image is a two dimensions file filled with values called pixels or picture elements. 

Digital image processing focuses on improving image information, and it plays a vital role in 

today's technology. You can see the application in medical, agricultural, robotic fields, etc. For 

instance, in the medical field, they use this technique to fix the taken images by X-ray or any other 

devices because the patient moves while taking the X-ray. 

This thesis focuses on some aspects of image processing, and it is for CSUN students who 

are interested in work on image processing. For this purpose, I design an application in MATLAB. 

This thesis goal is to help students understand the image and the processes that can apply to it to 

change an image matrix for different purposes. Moreover, it is a general idea to display how image 

processing functions.  
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