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a b s t r a c t 

Mathematical morphology has been of a great significance to several scientific fields. Dilation, as one 

of the fundamental operations, has been very much reliant on the common methods based on the set 

theory and on using specific shaped structuring elements to morph binary blobs. We hypothesised that 

by performing morphological dilation while exploiting geometry relationship between dot patterns, one 

can gain some advantages. The Delaunay triangulation was our choice to examine the feasibility of such 

hypothesis due to its favourable geometric properties. We compared our proposed algorithm to existing 

methods and it becomes apparent that Delaunay based dilation has the potential to emerge as a powerful 

tool in preserving objects structure and elucidating the influence of noise. Additionally, defining a struc- 

turing element is no longer needed in the proposed method and the dilation is adaptive to the topology 

of the dot patterns. We assessed the property of object structure preservation by using common mea- 

surement metrics. We also demonstrated such property through handwritten digit classification using 

HOG descriptors extracted from dilated images of different approaches and trained using Support Vector 

Machines. The confusion matrix shows that our algorithm has the best accuracy estimate in 80% of the 

cases. In both experiments, our approach shows a consistent improved performance over other methods 

which advocates for the suitability of the proposed method. 

© 2016 Elsevier B.V. All rights reserved. 

1. Introduction and background 

Shape analysis is of paramount importance in different compu- 

tational fields, spanning from computer vision and robotics to opti- 

cal character recognition (OCR) and pattern recognition to medical 

imaging and modelling of organism’s growth, to industrial prod- 

uct inspection, etc, thus, capturing interest of both research and 

industrial world. Shape descriptors are most often associated with 

statistical and directional metrics that act on a binary image of a 

given object. 

Before attempting such analysis, pre-processing of non-binary 

images is normally carried out to segment the region of inter- 

est, whilst there exist some related methods that work on the 

grayscale intensity channel such as those that use energy minimi- 

sation algorithms (e.g., active contours). The latter type is not the 

focus of this paper. 

A known discipline that relates directly to binary shape pro- 

cessing is the mathematical morphology which illustrates its fun- 

damental operations using the set theory. Its non-linear process- 

ing and its direct relation to shape descriptors, tease it apart from 

the convolution operations deployed in signal processing. As far as 
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image processing is concerned, mathematical morphology offers a 

powerful and unified approach to tackle a number of problems [1] . 

Morphological operators are among the first image-based opera- 

tors where Dilation is one of the two primitive operators in math- 

ematical morphology and the other being the dual operator, known 

formally as erosion , with respect to set complementation. 

Dilation, which is the focus of this paper, is defined as the mor- 

phological transformation that combines two sets using vector ad- 

dition of set elements; as Haralick et al. like to put it [2] . Histor- 

ically, there were other definitions and they all boil down to how 

dilation operates. For instance, image spatial shifting to yield dila- 

tion is in fact closely related to the Minkowski addition concept. 

Dilation is implemented using binary kernels termed as struc- 

turing elements (SE). They can be of any shape: square, disk, di- 

amond, or any other arbitrary shapes. Dilation provides isotropic 

expansion of binary shapes which has been recently extended to 

grayscale objects, it can also bridge gaps in broken segments or 

smooth out shapes. 

Cuisenaire [3] defined a morphological operation as a variant 

of distance transformation algorithms using balls SEs that are lo- 

cally adaptable. We shed more light on the modern notion of 

distance transform in connection with dilation in Section 2 . Shih 

[4] described the sweep morphology operation that is rendered 
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adaptive by changing the rotation angles and scaling factors of the 

SEs which are defined with respect to the boundary of the curve 

of a given object (Ch. 11, p. 344). 

In the recent years, development around the topic of mathe- 

matical morphology migrated to grayscale images and 3D objects. 

Thus, all of the fundamental morphological operations on binary 

images have been successfully extended to grayscale spatial plane 

[5–8] , homography, 3D mesh and hyperplanes projective space 

[9–11] . Additionally, a current trend is the adaptation of classi- 

cal morphological tools from signal processing to graph structures 

(e.g., 3D projections), a survey paper on graph-based morphology 

is available in [12] . Such research venues are beyond the scope of 

this letter, therefore, for the sake of conciseness and clarity, we 

limit our discussion to binary image dilation. 

1.1. Example applications 

1.1.1. Binary image dilation 

Stahlberg and Vogel [13] applied a dilation operation with el- 

lipse shaped 3 × 3 kernel to increase thickness of handwritten 

text lines. Analogous to that was the work of Fouladi and Araabi 

[14] where they took the image of the main body of a glyph (an 

elemental symbol) and performed multiple dilation operations to 

thicken the body structure. 

Shaus et al. [15] dilated bounding octagon in order to account 

for certain inaccuracies in the Hebrew texts of the Iron Age (First 

Temple period) in facsimiles (black and white images of ancient 

inscriptions). Zelenika et al. [16] dilated binary images of different 

Sobel filters by a rectangular structuring element. Desai [17] anal- 

ysed the basic dilated shape of characters for building feature set 

for their support vector machine classifier. Jamal [18] used mor- 

phological reconstruction method by dilation that is based on an 

estimated baseband from shape analysis for Arabic handwritten 

texts segmentation. Khayyat et al. [19] proposed detection of hand- 

written text lines by applying an adaptive mask to morphological 

dilation. In [20] binary handwriting samples were morphologically 

dilated using a 7-pixel-width diamond-shaped structuring element. 

They claimed that this step enhances the template matching out- 

come due to the resulting different degrees of word shape “fuzzi- 

ness”. 

On another frontier, Han et al. [21] demonstrated an eye 

detection system using morphological operation. They called it 

morphology-based eye-analogue segmentation. Its aim is to re- 

duce the interference of the background. Basically they performed 

a closing operation, a type of morphology that uses dilation fol- 

lowed by erosion, and clipped different portions to find the candi- 

date eye-analogue pixels. 

1.1.2. Voronoi diagram /Delaunay triangulation 

The use of these techniques in the literature is not scarce either. 

For instance, Cheddad et al. [22,23] extracted the outer vertices of 

the Delaunay triangulation (DT) to segment grayscale images by 

processing only a small set that contains no more than 255 points 

(i.e., equivalent to the total possible number of image histogram 

bins) which makes it a very fast segmentation algorithm. Xiao and 

Yan [24] and Xie and Lam [25] applied DT to model human faces in 

images for biometric applications (e.g., face recognition, simulation 

of facial expression, etc.). 

The aforementioned applications are but a few examples ex- 

tracted from a larger pool of morphology applications which we 

hope will rekindle the interest in revisiting this central and vital 

field. 

Fig. 1. Expanded taxonomy model of shape representation domain techniques and 

the unique connection this work makes (dotted arrow). 

1.2. Research statement and contribution 

The outcome of dilation is dependent on the used structuring 

element and the number of iterations as well as the characteristics 

of the shape being processed. If we desire to have a mild effect in 

each dilation pass one can use a small SE which for a flat disk SE 

object it translates to 5 neighbours and for a flat square SE object 

it translates to 4 neighbours. Repetitive passes quickly evolve to an 

unrecognisable thickened shape especially for small binary objects. 

Shih [4] stated that “traditional mathematical morphology uses a 

designed structuring element that does not allow geometric variations 

during the operation to probe an image.” (Ch. 11, p. 341). Although, 

[3] and [4] have proposed adaptive dilation processes, however, 

both still utilise some sort of structuring elements. Therefore, it is 

the intent of this paper to propose an approach to address this 

void. Thus, the contribution of this paper is in our attempt to re- 

vive the area of mathematical morphology by suggesting to also 

consider, in addition to the set theory, the pure geometry associa- 

tion of dot patterns in the Euclidean space. We namely propose the 

use of the DT for binary image morphing. To the best of our knowl- 

edge, such concept has not been proposed before, thus reinforcing 

its novelty. Our results reaffirm the usefulness of this notion and 

confirm the stability and the mild thickening effect that helps pre- 

serve shape properties which is inevitability a good property for 

many applications including pattern recognition algorithms. Fig. 1 

shows that morphology is among those techniques that represent 

shapes as a non-linear transformation. Our ultimate objective in 

this work, illustrated as a dashed line, is to adapt the Delaunay 

triangulation topology to perform basic mathematical morphology 

(i.e., dilation in this case). 

2. Common dilation methods 

In order to make this paper self-contained, we briefly review 

the widely used dilation methods. A morphing procedure usually 

consists of two steps. The first step is to choose a proper flat struc- 

turing element (kernel) with a specified neighbourhood, the latter 

is a square matrix containing 1’s and 0’s (the pattern formed by 

ones and zeros dictate the shape of the structuring elements); the 

second step is to apply a morphology filtering method with the 

chosen matrix to achieve a morphology effect (probing and ex- 

panding the shapes contained in an input binary set). 

We can state that symbolically as follows. Let I and S be sets 

in the 2D space N 

2 that correspond to the binary image and the 

structuring element, respectively. And let i = {i 1 , i 2 ,…i n } and s = {s 1 , 

s 2 ,…s n } be the elements in I and S , respectively. The dilation of I by 

S , denoted by I �S , is defined as: 

I � S = { d ∈ N 

2 | d = i + s, i ∈ I, s ∈ S } (1) 
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