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Effective Morphological Image Processing Techniques and 

Image Reconstruction 

Abstract— Morphological image processing is a collection of 

non-linear operations related to the shape or morphology of 

features in an image. Morphology is a broad set of image 

processing operations that process images based on shapes. 

Morphological operations apply a structuring element to an 

input image, creating an output image of the same size. In a 

morphological operation, the value of each pixel in the output 

image is based on a comparison of the corresponding pixel in 

the input image with its neighbors. By choosing the size and 

shape of the neighbourhood, you can construct a morphological 

operation that is sensitive to specific shapes in the input image. 

The most basic morphological operations are dilation and 

erosion. Dilation adds pixels to the boundaries of objects in an 

image, while erosion removes pixels on object boundaries. The 

number of pixels added or removed from the objects in an image 

depends on the size and shape of the structuring element used to 

process the image. In the morphological dilation and erosion 

operations, the state of any given pixel in the output image is 

determined by applying a rule to the corresponding pixel and its 

neighbors in the input image. The rule used to process the pixels 

defines the operation as a dilation or an erosion. This table lists 

the rules for both dilation and erosion. 

Keywords—Image Processing; Morphology; Structuring 

Element; Dilation; Erosion; Opening And Closing. 

I. INTRODUCTION  

Morphological operations rely only on the relative ordering of 

pixel values, not on their numerical values, and therefore are 

especially suited to the processing of binary images. 

Morphological operations can also be applied to greyscale 

images such that their light transfer functions are unknown and 

therefore their absolute pixel values are of no or minor interest. 

Morphological techniques [13] probe an image with a small 

shape or template called a structuring element. The structuring 

element is positioned at all possible locations in the image and it 

is compared with the corresponding neighbourhood of pixels. 

Some operations test whether the element "fits" within the 

neighbourhood, while others test whether it "hits" or intersects 

the neighbourhood, white and grey pixels have zero and non-

zero values, respectively.  

 

Fig.1 Probing of an image with a structuring element 
 

 

A morphological operation on a binary image creates a new 

binary image in which the pixel has a non-zero value[8] only if 

the test is successful at that location in the input image. The 

structuring element is a small binary image, i.e. a small matrix 

of pixels, each with a value of zero or one:  

 The matrix dimensions specify the size of the 

structuring element.  

 The pattern of ones and zeros specifies the shape of the 

structuring element.  

 An origin of the structuring element is usually one of 

its pixels, although generally the origin can be outside 

the structuring element.  

A common practice is to have odd dimensions of the structuring 

matrix and the origin defined as the centre of the matrix. 

Structuring elements play in morphological image processing 

the same role as convolution kernels [17] in linear image 

filtering. When a structuring element is placed in a binary 

image, each of its pixels is associated with the corresponding 

pixel of the neighbourhood under the structuring element. The 

structuring element is said to fit the image if, for each of its 

pixels set to 1, the corresponding image pixel is also 1. 

Similarly, a structuring element is said to hit, or intersect, an 

image if, at least for one of its pixels set to 1 the corresponding 

image pixel is also 1 [6].  

 
Fig. 2 Fitting and hitting of a binary image with structuring 

elements s1 and s2.  
Zero-valued pixels of the structuring element are ignored [12], 

i.e. indicate points where the corresponding image value is 

irrelevant. The fundamental morphological operations are 

dilation and erosion [16]. 

II. DILATION  

Dilation is an operation that grows or thickens objects in an 

image. The specific manner and extend of this thickening is 

controlled by a shape referred to as a structuring element. 

Graphically, structuring elements can be represented by a matrix 

of 0s and 1s or as a set of foreground 1-valued pixels [12]. We 

use both representations interchangeably, therefore regardless of 

the representation; the origin of the structuring element is 

clearly identified. The dilation of an image f  by a structuring 

element s, denoted by f s produces a new binary image g = f 

s with ones in all locations (x,y) of a structuring element's 

origin at which that structuring element s hits the the input 

image f, i.e. g(x,y) = 1 if s hits f and 0 otherwise, repeating for 

all pixel coordinates (x,y). Dilation has the opposite effect to 
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erosion [7], it adds a layer of pixels to both the inner and outer 

boundaries of regions. 

              

Fig.3 Morphological Dilation of a Binary Image 

 

              

Fig.4 Morphological Dilation of a Gray Scale Image 

Morphological functions position the origin of the structuring 

element, its centre element, over the pixel of interest in the input 

image. For pixels at the edge of an image, parts of the 

neighbourhood [3] defined by the structuring element can 

extend past the border of the image. To process border pixels, 

the morphological functions assign a value to these undefined 

pixels [5], as if the functions had padded the image with 

additional rows and columns [4]. The value of these padding 

pixels varies for dilation and erosion operations.  

III. EROSION  

Erosion shrinks or thins objects in a binary image. As in 

dilation, the extend of shrinking is controlled by a structuring 

element. The erosion of a binary image f by a structuring 

element s, denoted by f s produces a new binary image g = f 

s with ones in all locations (x,y) of a structuring element's 

origin [10] at which that structuring element s fits the input 

image f, i.e. g(x,y) = 1 is s fits f and 0 otherwise, repeating for all 

pixel coordinates (x,y). Erosion with small (e.g. 2×2 - 5×5) 

square structuring elements shrinks an image by stripping away 

a layer of pixels from both the inner and outer boundaries of 

regions. The holes and gaps between different regions become 

larger, and small details are eliminated. Larger structuring 

elements have a more pronounced effect [11], the result of 

erosion with a large structuring element being similar to the 

result obtained by iterated erosion using a smaller structuring 

element of the same shape. If s1 and s2 are a pair of structuring 

elements identical in shape, with s2 twice the size of s1, then 

f s2 ≈ (f s1) s1.   ------------------------(1) 

Erosion removes small-scale details from a binary image but 

simultaneously reduces the size of regions of interest, too. By 

subtracting the eroded image from the original image, 

boundaries of each region can be found: b = f − (f s ) where f 

is an image of the regions, s is a 3×3 structuring element, and b 

is an image of the region boundaries. 

 

Fig.5 Erosion of a gray scale image 

Erosion and dilation can be done in 3D space, that is, with gray 

levels [15]. 3D structuring elements can be used, but the 

simplest and the best way is to use a flat structuring element B. 

1D cross section of dilation and erosion of a grayscale image A 

by a flat structuring element B [2]. In the figure, B has an anchor 

slightly to the right of the center as shown by the dark mark on 

B. 

 

Fig.6 Cross Section of Dilation and Erosion of AxB 

IV. RESULTS AND DISCUSSION 

A. Structuring Element 

We have used MATLAB 2014a for our experiments on the 

morphological image processing. Strel function is used to create 

the morphological structuring element. SE = strel(shape, 

parameters) creates a structuring element, SE, of the type 

specified by shape. Depending on shape, strel can take 

additional parameters. The shapes can be diamond, disk, line, 

rectangle, square etc. SE = strel('diamond', R) creates a flat, 

diamond-shaped structuring element, where R specifies the 

distance from the structuring element origin to the points of the 

diamond. R must be a nonnegative integer scalar. 

                         

Fig. 7 a flat, diamond-shaped structuring element 

B. Dilation 

IM2 = imdilate(IM,SE) dilates the grayscale, binary, or packed 

binary image IM, returning the dilated image, IM2. The 

argument SE is a structuring element object, or array of 

structuring element objects, returned by the strel function. If IM 

is logical and the structuring element is flat, imdilate performs 

binary dilation; otherwise, it performs grayscale dilation. If SE 

is an array of structuring element objects, imdilate performs 

multiple dilations of the input image, using each structuring 

element in SE in succession. 
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Fig.8 Original Fingerprint image after Erosion and Dilation 

C. Erosion 

IM2 = imerode(IM,SE) erodes the grayscale, binary, or packed 

binary image IM, returning the eroded image IM2. The 

argument SE is a structuring element object or array of 

structuring element objects returned by the strel function. If IM 

is logical and the structuring element is flat, imerode performs 

binary erosion; otherwise it performs grayscale erosion. If SE is 

an array of structuring element objects, imerode performs 

multiple erosions of the input image, using each structuring 

element in SE in succession. 

D. Opening and Closing 

Opening and closing are two important operators from 

mathematical morphology. They are both derived from the 

fundamental operations of erosion and dilation. Like those 

operators they are normally applied to binary images, although 

there are also graylevel versions. The basic effect of an opening 

is somewhat like erosion in that it tends to remove some of the 

foreground (bright) pixels from the edges of regions of 

foreground pixels [9]. However it is less destructive than 

erosion in general. As with other morphological operators, the 

exact operation is determined by a structuring element. The 

effect of the operator is to preserve foreground regions that have 

a similar shape to this structuring element, or that can 

completely contain the structuring element, while eliminating all 

other regions of foreground pixels [14]. 

IM2 = imopen(IM,SE) performs morphological opening on the 

grayscale or binary image IM with the structuring element SE. 

The argument SE must be a single structuring element object, as 

opposed to an array of objects. The morphological open 

operation is an erosion followed by a dilation, using the same 

structuring element for both operations. IM2 = imclose(IM,SE) 

performs morphological closing on the grayscale or binary 

image IM, returning the closed image, IM2. The structuring 

element, SE, must be a single structuring element object, as 

opposed to an array of objects. The morphological close 

operation is a dilation followed by an erosion, using the same 

structuring element for both operations. An image will undergo 

a series of dilations and erosions using the same, or sometimes 

different structuring elements. There are three most common 

combinations of dilation and erosion: opening, closing and hit-

or-miss transformation.   

 

Fig. 9 Fingerprint image after Opening, Closing and Combining 

both Erosion and Dilation 

http://homepages.inf.ed.ac.uk/rbf/HIPR2/close.htm
http://homepages.inf.ed.ac.uk/rbf/HIPR2/matmorph.htm
http://homepages.inf.ed.ac.uk/rbf/HIPR2/erode.htm
http://homepages.inf.ed.ac.uk/rbf/HIPR2/dilate.htm
http://homepages.inf.ed.ac.uk/rbf/HIPR2/binimage.htm
http://homepages.inf.ed.ac.uk/rbf/HIPR2/gryimage.htm
http://homepages.inf.ed.ac.uk/rbf/HIPR2/strctel.htm
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E. Applications 

   

                         

 

                           

 

Fig.10 Extraction of a frame after removal of shadow by 

morphological dilation 

CONCLUSION 

Morphological smoothing is performed by opening followed by 

a closing, which results in removal or attenuate both bright and 

dark artifacts and noise. Dilation and erosion are used to 

compute the morphological gradient of an image. It highlights 

sharp gray-level transitions in an image, which is obtained using 

symmetrical structuring elements tend to depend less on edge 

directionality. Top-hat transformation is done by cylindrical or 

parallelepiped structuring element function with a flat top, 

which helps in enhancing details in the presence of shading. The 

objective of textural segmentation is to find the boundary 

between different image regions based on their textural content. 

For textural segmentation we close the input image using 

successively larger structuring elements. Then, single opening is 

performed and finally a simple threshold that yields the 

boundary between the textural regions. Granulometry is a field 

that deals principally with determining the size distribution of 

particles in an image. Because the particles are lighter than the 

background, we can use a morphological approach to determine 

size distribution, which is useful to describe regions with a 

predominant particle-like character. Thus morphological image 

processing is very effective in removal of unnecessary details 

and reconstruction of images.  
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