
Indonesian Journal of Electrical Engineering and Computer Science 

Vol. 24, No. 3, December 2021, pp. 1654~1662 

ISSN: 2502-4752, DOI: 10.11591/ijeecs.v24.i3.pp1654-1662      1654 

  

Journal homepage: http://ijeecs.iaescore.com 

Analysis the digital images by using morphology operators 
 

 

Hadeel Amjed Saeed, Sumaya Hamad, Azmi Tawfik Hussain 
Department of Computer Science, College of Computer Science and Information Technology, University of Anbar, 

Anbar, Iraq 

 

 

Article Info  ABSTRACT 

Article history: 

Received Jun 24, 2021 

Revised Oct 15, 2021 

Accepted Oct 27, 2021 

 

 In this paper, we deal with morphology images that try to improve the use of 

images. On the one hand, the process is used to obtain the histogram of the 

image then converted it into a non-color image (gray scale). The next step is 

to perform the erosion, dilation, open and close operations on the images, 

how these methods have important effects, and how can be used on a 

variable number of images, and found the differences between them. These 

operations were applied on four different images, check images, four basic 

operations (dilation, erosion, open and close) for each image were performed. 

Then, retrieving process to the original state of the image (the colored copy) 

was applied. The results found that retrieving the original images is difficult, 

and there is the occurrence of some noises on the image when it was 

retrieved. Finally, conclusions of the work are presented. 
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1. INTRODUCTION 

The problem of enhancement digital images could be addressed using several approaches, one of 

which is mathematical morphology (MM). Such operators pick a new gray level amidset two patterns 

(primary) for each point of the analyzed image based on some proximity criterion [1], [2]. MM was initially 

designed to analyze structures geometrically. However, its strong theoretical foundation has permitted its use 

in a variety of disciplines, including graphs, and digital image processing to mention a few [2]-[4]. 

Despite the domain is old completely, using morphological operators has a regenerate benefit for 

different image processing tasks in new year's. This is mostly owing to their ability to solve a variety of 

difficult shape-related challenge [2]. Segmentation, as well as automated counting and inspection, are key 

areas of application. Morphology is a strong and essential collection of methods that can be mathematically 

handled precisely within the context of set theory. Although the advantages of mathematical rigour are 

provided by this set-theoretic structure, it is not easily accessible to those who are not mathematically 

educated, and the key ideas and applications of morphology can be grasped far more easily through a realistic 

and intuitive discussion [4]. Morphological operations can be applied to any image, but the most common use 

of morphology is for processing binary images, and the most common morphological operators are dilation 

and erosion. It is possible to demonstrate that many more complex morphological procedures can be reduced 

to dilations and erosions [1], [2], [5]. 

For a range of image processing applications like segmentation, filtering, and edge detection, 

mathematical morphology offers strong nonlinear operators. It is presented and demonstrated in several 

applications how to apply these non-linear operators in an end-to-end deep learning framework. In different 
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cases, new layers based on morphological non-linearities that are complimentary to convolution layers are 

presented. These additional layers can be utilized to bring non-linear operations and pooling together in a 

single operation [6]. A method based on morphological signals and image processing techniques is presented 

to efficiently reduce noise and detect impulses. The proposed approach consists primarily of two 

components: a new double cross-correlation procedure for the reduction of noise and an enhanced image 

processing technique for identifying fault signals [7]. 

On the composite images of the total attenuated backscatter coefficient, an atmospheric boundary 

layer height (ABLH) estimator based on image processing techniques is proposed and used. To correctly set 

up and modify the images to identify edges, a pre-processing step basis of morphological filters is done to the 

composite total backscatter image. Finally, both mathematical morphology and object-based analytics are 

used to post-process the detected edges [8]. A new approach for automated analysis of fluorescence 

microscopy images is also given, which benefits from integrating several segmentation procedures to achieve 

the best final segmentation [9]. It is proposed to use label thickening and thinning to enhance road extraction 

recall from satellite photos convolutional neural network (CNN)-based. More aggressively extract roads is 

prompted to the CNN as a result of the thicker road labels, retaining the topological roads information. The 

anticipated segment maps must be narrowed back to their original width after inference [10].  

Also, there is a study looking into the morphological features of mature follicles with clinical 

significance. In 72 natural ovulation cycles, the five morphological indices of follicles have been assessed. 

The follicle pictures were taken the day before ovulation [11]. The model used the application of the 

morphological operators to design a road extraction algorithm for processing National Aeronautics and Space 

Administration satellite pictures, and then the detection of the roadway network. The fast stage is to increase 

information extraction by utilizing a variety of picture improvement methods. The next step in the design 

process is to extract the road characteristics from the national aeronautics and space administration (NASA) 

picture using an unsupervised classification approach. Then the system applies to improve morphological 

operator extraction [12]. A novel technique for modeling the volume-controlled invasion of a non-wetting 

phase into voxel pictures is proposed. The approach is used in conjunction with the classic morphological 

image opening approach, which simulates invasion by pressure. The method is tested upon morphological 

image opening and achieves near-perfect agreement at equal saturations, which is what theory predicts. The 

envelope of peak pressures also provides the pressure-based capillary pressure acquired by morphological 

opening. Therefore, the suggested algorithm's results are a superset of the morphological approach's findings [13]. 

In the multi-scale morphological gradient (MSMG) domain, an efficient IR and VIS picture fusion using non-

subsampled shearlet transform (NSST) and pulse-coupled neural network (PCNN) is presented. Firstly, the 

source images are decomposed through NSST to obtain high-frequency sub-images and low-frequency sub-

images. Secondly, to integrate both frequency sub-images, a PCNN with parameters controlled by the multi-

scale morphological gradient (MSMG) fusion technique is utilized. Lastly, an inverse NSST is utilized to 

recreate the merged picture [14]. 

An oxide transistor and a memristor-based crossbar array are used to show an effective defect 

detection technique with minimum power usage that may be used to neuromorphic computing. When 

compared to a traditional complementary metal-oxide-semiconductor (CMOS)-based digital implementation, 

an increased defect detection performance is effectively demonstrated using a codesigned hardware and 

software neuromorphic system paired with a dynamic Gaussian blur kernel operation [15]. The automated 

study for using image processing of root structure is required for research on rice (Oryza sativa) roots. It's 

difficult for a digital filter to distinguish major roots from lateral roots in the face of an opaque and crowded 

background. Alejandro F. Frangi introduced the initial Frangi filter (FF) in 1998. It is a low-pass filter 

specialized to blood vessel image improvement. The FF is used to detect the roots due to the similarities 

between vessels and roots. The original FF, on the other hand, simply increases the tube-like core roots while 

erasing the lateral roots. As a result, a novel approach is created to satisfy the demands by preserving the 

lateral and primary morphological structure of roots at the same time [16]. 

A new approach to classify hyperspectral image (HIS) with few training samples using a 

convolutional neural network in that context is proposed. The proposed approach employed an extended 

morphological profile cube (EMPC) to extract rich spectral-spatial features and then used a 3D densely 

connected network for classification. Besides, we used sparse principal component analysis to reduce the 

high spectral dimension of intensity-hue-saturation (IHS) [17]. 

In this work, a brief background on morphological transformation is presented on images. 

Approximation of the image background to the background using block analysis and adjustments to improve 

photographs with poor illumination. The concept of a multi-background is presented through the 

reconstruction of the opening. A comparison of many strategies for improving image contrast. We aim to find 

out the image background and boost the contrast in the poor lighting of gray level image. The first operator 

applies histogram and then the operator uses dilation and erosion then opening and close by reconstruction. 
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Finally, the organization of this paper is as follows: section 1 describes some of the related works, 

section 2 contains the background of the proposed system and its concepts. Subsection 2.3 illustrates the 

methodology and results. Conclusions and future works are presented in section 3. 
 

 

2. BACKGROUND OF THE PROPOSED SYSTEM 

The difference between the image's highest and lowest intensity levels, or its spectrum of intensity, 

and it a measure of its contrast called the range of intensity. There are standard techniques to improve the 

degraded image poor contrast, such as histogram equalization [1], [18]. However, because image attributes 

differ greatly from one region to the next within a single image, and the local histogram does not always 

match the global histogram, context-sensitive approaches based on local contrast variance are required. The 

enhancement level is insignificant, and it produces good results only for certain images. It does not produce 

good results for all images. For the majority of the photos, especially those taken in low light [18]. 
 

2.1.  Morphology 

Morphology is an image processing technique that is focused on the shape and form of objects [2], [19]. 

Morphological methods use a structured element to construct an output image that is the same size as the 

input image. A contrast of the corresponding pixel in the input image with its neighbors determines the value 

of each pixel in the input image. A morphological operation may create to respond to particular shapes in the 

input image by adjusting the shape and size of the neighbor. The morphological operations can be described 

first on gray scale images with a planar source image (single-channel). After that, the concept can be 

extended to include full-color photographs [1]. 
 

2.2.  Morphological operations 

Morphological image analysis is frequently performed using a mixture of morphological procedures 

such as (erosion, dilation, opening, and closing) [4], [20]. Mathematical morphology can be defined using 

these operations [21]. Morphological operations apply structural features to an input image and produce a 

similar-sized output image. Regardless of the element's size. The origin is in the heart of the center [5]. 
 

2.2.1. Dilation  

Dilation is a transition that results in a picture that has the same shape as the original but various 

size. The initial figure is extended or shrunk by dilation [1], [22]. The dilation of A by the structuring element 

B is defined by [23]:  
 

𝐴 ⊕ 𝐵 = 𝑈b ∈ 𝐵 𝐴 (1) 
 

When B have a center on the origin, as before; then the dilation of A by B as the center of B moves within A 

can be thought of as the location of the B-protected locations. 

As previously mentioned, if B's center is on the root, then A's dilation by B can be interpreted as the 

locus of the B-covered points as B's center moves within A. f ⊕ s is the dilation of image f caused by 

structuring element s. s is a structuring function. This rule is used to calculate the new pixel value: located 

with its radix at (x,y) and by applying the rule, the new pixel is calculated [1]: 
 

𝑔 = {
1  𝑖𝑓 𝑠 ℎ𝑖𝑡𝑠 𝑓 

0 𝑖𝑓 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
} (2) 

 

Take note of how structural elements define the neighborhood of the circled pixel of interest. The function of 

dilation applies the relevant rule on pixels in the vicinity, then the correspondent pixel value assigns in the 

output picture. 
 

2.2.2. Erosion  

Erosion used in the image to reduce the size of objects, and it is understood the erosion reduces 

peaks and widens minimum regions, so it can eliminate positive noise but has little effect on negative 

impulsive noise. The structuring factor B's erosion for the binary image A is described as follows [23]-[25]:  
 

𝐴! 𝐵 = { 𝑧 ∈ 𝐸 |𝐵≈ ⊆ 𝐴! } (3) 
 

If all of the pixels in a binary image are assigned to 0, the output pixel is also assigned to 0. f 𝛳s is 

the erosion of image f caused by structured element s. The structuring factor s is centered at (x,y) then the 

value of the new pixel is calculated by applying following rule [1]: 
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𝑔 = {
1  𝑖𝑓 𝑠 ℎ𝑖𝑡𝑠 𝑓 

0 𝑖𝑓 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
} (4) 

 

The equation above, fit implies that all pixels in the structuring factor cover on pixel in the image. The 

dilation function assigns a correspondent pixel value in the output image after applying the relevant rule to 

the pixels in the neighborhood [26]. 
 

2.2.3. Opening 

The opening of A by B is obtained by eroding A by B and then dilating the resulting image by  

B [27]-[30]: 
 

𝐴 o 𝐵 = (𝐴! 𝐵) ⊕ 𝐵 (5) 
 

The opening is a square of side ten with rounded corners and a corner radius of two within the instance of a 

square of side ten and a disc of radius two as the structural element. The sharp edges begin to fade. Erosion 

which is then followed by dilation using the same structural element causes the opening of the image [26].  
 

2.2.4. Closing operation 

The operation of closing an image is the inverse of the operation of opening it. Lastly, The dilation 

of A by B, accompanied by the erosion of the resulting structure by B, results in the closure of A by  

B [25], [27], [28], [30]: 
 

A •   B =  (A ⊕  B) B! (6) 
 

2.3.  Methodology 

The first step read the image and enhancement by histogram.it is begin by Convert the RGB image 

into HSV image format, as show in the equation. 
 

𝐻𝑆𝑉 =  𝑟𝑔𝑏2ℎ𝑠𝑣(𝐼) (7) 
 

Where: I=Read image. Then perform histogram equalization on intensity component and convert to RGB. 
 

𝐻𝑒𝑞 =  ℎ𝑖𝑠𝑡𝑒𝑞(𝐻𝑆𝑉(: , : ,3)) (8) 
 

𝑅𝐺𝐵 =  ℎ𝑠𝑣2𝑟𝑔𝑏(𝐻𝑆𝑉_𝑚𝑜𝑑) (9) 
 

Then moving mask (3*3) matrices on to the block analysis phase, in which the image is divided into 

several blocks, enhancement of each block being individually as shown in the Figure 1, and then the erosion 

and dilation method applied, which is similar to analysis of block but uses morphological operations 

(dilation, erosion, close and opening) rather than splitting the entire image into blocks. 

These operations in morphology (erosion, dilation, close, open) are used to utilized grayscale 

images, which were then converted to color images by improving and concatenating them one by one 

individually to create the enhanced images depicted in the Algorithm 1 and Figure 2. In figures show the 

steps of operations and steps of proposed system to process image: 
 

 

 

 

 

Figure 1. The block of mask and image 

 

Figure 2. The block diagram of the proposed system 
 
 

Algorithm 1 

Input: Original image (I) 

− Read image (I) 

− Find the Histogram og image (I,U) 

− Convert the colored image (RGB) to gray (U,S) 

− Apply dilatation P=MAX (W⊕S) 
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− Apply erosion P1=MIN (WӨS) 

− Apply open P2=MIN (W⦁P) 

− Apply close P3=MIN (W∘P1) 

− Convert the gray image to RGB image 
 

 

2.4.  Results 

The test material used in this paper belongs basically to four different images. Four morphological 

operations are applied for each image as shown in the following figures. The picture can be seen in Figure 3 

that when applying the histogram, the colors of the picture changed and became clearer and when applying 

the morphological stages, we will notice the changes that occurred to the pictures in terms of increasing the 

blackness or whiteness of the picture as shown in the pictures. 
 

 

 

 

 

 
 

Figure 3. Four morphological images (before histogram, after histogram, dilation, erosion, open, and close) 

 

 

We note that the process of retrieving the image from gray scale to the previous colors was a small 

percentage of coloring, and light colors were recovered more than dark colors as shown in Figure 4 (seen in 

Appendix). The retrieve color image its difficult and we note in the image with light color like pink with a 

gradation and blue with its gradation are the most visible in the retrieved photos, as in the pictures of (the 

bridge and Lina). 

 

 

3. CONCLUSION 

As we see, the background on morphological transformation is presented briefly. The erosion, 

dilation, open and close operations are performed on various and different images. The process dealing with 

non-color images in terms of applying morphology processes is easier than color images. But the process of 

converting the image from non-colored to colored image is difficult. Artificial intelligence algorithms can be 

used to find the best value for the colored image to improve the image's condition as future work. 

 

 

  



Indonesian J Elec Eng & Comp Sci  ISSN: 2502-4752  

 

Analysis the digital images by using morphology operators (Hadeel Amjed Saeed) 

1659 

APPENDIX 
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Figure 4. Four morphological images (dilation, erosion, open, and close) for four original images and 

retrieved colored images after operations 
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Figure 4. Four morphological images (dilation, erosion, open, and close) for four original images and 

retrieved colored images after operations (continue) 
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